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ABSTRACT

The present investigation entitledEVvaluation studies on exotic plum
germplasm under Kashmir conditions was carried out with the objective to
study the phenological stages (vegetative and Iflosad physico-chemical
characters of different exotic plum cultivars aheit grouping on the basis of
their maturity.

Exotic plum cultivars have been introduced at GCantinstitute of
Temperate Horticulture, Srinagar in order to inseed@he spectrum of existing
germplasm and recommendation of better cultivars tleeir commercial
cultivation. The present study consisted of fourteferent plum cultivars of
uniform age replicated thrice in a Randomized CatepBlock Design (RCBD).
The data recorded revealed that the bud swell ighd ¢luster stage was first in
cultivar Beauty on 30 March and ? April, respectively. The early date of first
flower bloom was observed in cultivars Frontier,dR&eaut, Tarrol, Au-Rosa,
Krassivica Plum and Beauty®{April), while the date of full bloom (fDApril),
first petal fall (12" April) and complete petal fall (17April) was reported late in
cultivar Beauty. Maximum duration of flowering (1days) was recorded in
cultivars Frontier and Au-Rosa whereas minimum tioinaof flowering (9 days)



was registered in cultivar Red Plum. Highest nundfeflower per branch was
recorded in cultivar Au-Rosa (104.83) whereas, ésgjipercentage of fruit set was
recorded in cultivar Krassivica Plum (52.85 %). kgt percentage of fruit drop
was observed in cultivar Frontier (44.21 %). Aletbultivars under study had
round fruit shape except Grand Duke and Au-Rosahviiere oblong and heart
shaped. Highest fruit weight (65.78 g) was recordedultivar Frontier while
lowest (26.44 g) was recorded in cultivar Krassivitlum. Most of the cultivars
were cling stone type except Frontier, Au-Rosa @nahd Duke cultivars which
were free stone type. Maximum values for total ssigggas recorded in cultivar
Frontier (8.96%), reducing sugars in cultivar Mara(6.98 %) and non-reducing
sugars in cultivar Tarrol (2.78 %). Maximum totalluble solids (TSS) was
recorded in cultivar Au-Rosa (16.0B), whereas, highest acidity was recorded in
cultivar Black Amber (2.22 %) and sugar: acid ratias registered in cultivar
Frontier (7.59). Cultivar Red Plum matured earliashong all the cultivars
whereas cultivar Grand Duke matured late. Maximunit fyield (52.54 kg/tree)
was registered in cultivar Frontier while minimut®(07 kg/tree) was recorded in
cultivar Kubio Plum. On the basis of the fruit plogd (fruit weight, fruit colour,
fruit shape and stone adherence), fruit chemicabé¢sness), yield and maturity
period, cultivars “Frontier”, “Au- Rosa” and “Grarguke” performed best. These
cultivars can be further evaluated and used indangeprogramme for further
improvement of plum.
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Chapter — 1
INTRODUCTION

Plum @runus salicinal.) is one of the most important stone fruit of
temperate zone. It belongs to famRpsaceaesub familyPrunoideaeand order
Rosales. This group contains 20-40 species (OkikHencock 2008), that are
distributed in different part of the world. Thisrges has a wide range of ploidy
levels viz., the Japanese plurRr@nus salicinaLindl.), Myrobalan plum P.
cerasiferaEhrh.) and American plumP( americanaMarsh., P. munsoniana
Wight and P. angustifolia Marsh) are diploid (2n=2x=16)P. spinosal.
(2n=4x=32) is tetraploid and the European plum @omestichis hexaploid
(2n=6x=48) (Shimadat al, 1999). The most important commercial species of
plum belong to only two groupsiz., the European and Japanese types. The
European plum has been reported to originate frem Minor as a diploid hybrid
betweerP. cerasiferaMyrobalan plum) and thB. spinosd.., whereas, Japanese
plum is native to China, although it became a consrak fruit of Japan and

America.

Plum has assumed greater significance as fresh dnal in processing
industries. It is a delicious fruit prized both fits exquisite fresh fruit flavor and
aroma. The fruits are fairly attractive but usuahg soft, clingstone, round and
heart shaped (Teskey and Shoemaker 1978). Besmtesgghmedicinal properties,
it is fairly good source of carbohydrates (63.88gyigars (38.13 g), phosphorus
(69 mg), potassium (732 mg) per 100 g of fresh Weand vitamin A (781IU)
(Westwood, 1993). Plums are rich in sugars, VitaWinB (Thiamine), riboflavin
and some minerals like calcium, phosphorous and. iBuropean plums are
consumed dry and fresh while Japanese plums ardyncoasumed fresh (Ertekin
et al, 2006). The dried plums are known as prunes. Winpcultivars cannot be
used for drying purpose that is why it is said ‘fallims are not prunes but all

prunes are plums”.



Plum requires varying type of climate ranging freobtropical plains to
the temperate high hills. It thrives well in lowl&iand in the sub mountain tracts
where high chilling fruit crops like apple and atyenot be grown profitably.
European plum thrives best at 1300-2000 m abovenrsea level and requires
about 1000-1200 chilling hours (below %3 during winter to break rest period
where as Japanese plum requires 700-1000 chiltigsh(below 7.2C) which is
in mid hill areas located at an elevation of 1080 m above mean sea level.
Japanese type plums are usually borne laterallghamt, thick spurs and twigs
(Teskey and Shoemaker, 1978). The spurs are fowstlynon 2-8-year-old wood
and live for 5-8 years. Commonly, three flowersarirom one flower bud. Plum
trees can grow in a variety of soil types. Howewsep, well- drained, loamy
soils are preferred. Plums are more tolerant t@yhea wet soils than most other
stone fruit types. Plum are grown over the five townts of the world and
production level exceeds 11 million tonnes (Milaseand Milosevic 2012).

Plum is one of the important and widely cultivatetione fruits
predominantly grown in temperate and sub-tempeeg®ns of different states of
India, which provide excellent and congenial climatonditions for its
cultivation. Plum is quite spread on earth, espigcia the temperate northern
hemisphere ranking fourth after apple, pear anctlpd®ishnuet al, 2012).
European plum is mostly grown in temperate staies Jammu and Kashmir and
Himachal Pradesh, whereas Japanese plum in suletatapstates like Punjab,
Uttarakhand, hills of Uttar Pradesh and North Haststates Sikkim and
Arunachal Pradesh. In Jammu and Kashmir, plum ocanparea of 4,279 ha with
a production of 11,658 MT (Anonymous, 2016). Thealtevorld production of the
plum is 99,21,953 MT in which China occupied firsink (53,72,899 MT)
followed by Serbia (6,62,631 MT) and USA (5,61,36%) whereas India is at™
rank with annual production of 1,96,900 MT (FAO18).

The common plumR. domesticpis known for its diversity in fruit size,

color, flavor and is one of the most desirable pkpacies in terms of fruit quality



(Gonez-Pleza and Ledbetter, 2010). Plum speciesuwtidars are quite diverse in
fruit characters such as fruit size, shape, cdamxure, aroma and quality. The
Domestica plum require relatively more chilling for succedsfecultivation,
whereasSalicina group can be grown under comparatively warmer c¢ardi.
Cultivar generally will not flourish well until andnless it is correctly identified
and placed in its respective group and then recamdew for commercial
cultivation. Thus, there is a need to at leastemily place such cultivars in their
respective groups, if varietal identification ist possible. This can be unrivalled
through taxonomical studies, which could serveragmdex for assigning correct
status of a genotype. Santa Rosa is one of thentpadltivars of plum in hills of
Jammu and Kashmir and occupies about 75 per cetiteototal under plum
cultivation. But, the predominance of the singldticar leads to the glut in the
market and the farmers do not get remunerativeepfic their produce and
sometimes even they do not get back the cost alystmn. Hence, there is a need
to extend the ripening period to avoid the gluthe market. This is possible, if
new exotic introductions are made and evaluatedewrtde local climatic

conditions.

The necessity of improving fruit quality is a pitgrfor the modern plum
culture. The changes into plum culture completetth wew varieties assessment
and new research concerning the various phenologitd physico-chemicals
characteristics of the fruit according with theigas ecological conditions when
growing the introduced plum -cultivars, it is impoit to determine their
characteristics under local conditions. Few exgilam cultivars have been
introduced at Central Institute of Temperate Haoitioe, Srinagar with the
objective to increase the size of existing germplasnd further their
recommendation for commercial cultivation. Stilleth is no report regarding
these new introductions under the temperate camditf Kashmir. These varieties
exhibit tremendous variability in growth, yield awmgiality attributes. To bring

more area under these new exotic varieties andctease the total production of



plums is possible after proper evaluation on eageet of these exotic cultivars
with the following objectives:

» To study the phenological stages and morphologreéts of exotic plum

germplasm
» To evaluate their physico-chemical traits and ygghlibutes.

» To designate the plum germplasm according to thaburity period.



Chapter — 2
REVIEW OF LITERATURE

Plum (Prunus salicinalL.) is one of the most important stone fruit of
temperate zone. It belongs to famRpsaceaesub familyPrunoideaeand order
Rosales. Currently, the botanical classification pdum has a wide range of
ploidy level viz; the Japanese plufrgnus salicinal.) are diploid (2n=2x=16),

P. spinosal. (2n=4x=32) is tetraploid and the European plltn domesticpis
hexaploid (2n=6x=48) (Shimads al, 1999). Botanically speaking, drupes are a
fruit that have a soft, edible exocarp/mesocarg tharound a hard, lignified
endocarp which in the case Bfunus persicas referred to as the stone or pit
(Abbottet al.,2007).

All stone fruits (apricot, peach, cherry and plu@e strictly self-
incompatible, which promotes complete out breedings, very high genetic
hetrozygosity is accepted within the germplasm. E\mv, heterozygosity within
cultivars remained fixed because of their vegegagixopagation through grafting,
which limit the chance of increasing the diversityorchards. Therefore, these
cultivars have limited value as gene pool for breggrograms for production of
improved cultivars. Generally, the genetic diversis represented by wild,
landraces, cultivars and plant materials availdbden the crosses through the
breeding programs and other related species. M@idheo genetic diversity is
available in the wild types and landraces from ¢beter of origin. Wild species
are probable gene resources for the breeding olgsciuch as resistance to pests
and diseases, more appropriate cultivars for tabteindustry, extending harvest
season and developing new resistant and dwarfiotstarks. Therefore, it is
necessary to characterize and preserve these spg@&senirsoy and Demirsoy,
2004).

According to Hallauer (2000) the two main factoeeded for successful

breeding programme are adequate genetic variatiah effective selection.



Hence, selection from available cultivars has pdoteebe useful in the hands of
fruits breeders to tap the available genetic vdiighn these populations. In this
chapter, brief review of available literature orakestion studies on exotic plum

germplasm has been revealed under following heading
2.1 Phenological stages
2.2  Leaf characters
2.3 Physical characters of fruits
2.4  Stone characters
2.5  Chemical traits of fruits
2.6 Fruit yield/harvesting
2.1 Phenological stages
2.1.1 Bud stage

Parez-pastest al. (2004) reported that apricot flower bud swell dgriL8"
to 25" February and bud open during™® 27th February. Flower start to open
during 7" March, full bloom during 7 to 9" March and complete petal fall during
10" to 14" March, respectively.

Sharmaet al. (2012) observed that peach cultivar “Suncrest” eadiest
in bud swell (28 February to 28 February), pink bud {iMarch to # March)
and full bloom (§ March to 18" March) but the petal fall stage (281arch) was
late in July Elberta.

Thakuret al. (2014) reported that the time of bud burst and &udll in
the studies plum cultivars (Au- Rosa, Santa RosafuRe, Queen Rosa and
Florida 1-2) extended from second week of Februarythe second week of
March.

2.1.2 Floral stages

Tomer and Singh, (1981) recorded earliest flomgenn peach cultivar

L]



Peshawari Gola and Flordasun was the last to bleetin,the minimum flowering
duration (28' days), whereas the cultivar Safeda took the maximperiod (48

days) to complete its flowering.

Farugi et al. (1988) and Sharma and Sharma (1991) reportedthieat
flowering period in apricot started from last wesk=ebruary to middle of March,
with the duration of 20 to 28" days and all the cultivars set fruit within 12-17

days after full bloom under appropriate climatioadiions with a good fruit set.

Khokhar and Agnihotri (1990) reported that the ager dates of full
bloom in cultivar Bonita, Early Amber, Flordaredpilasun, and Shan- i-Punjab
were 29 39 8" 17" and 2& March, respectively.

Bellini (1992) reported that the flowering time ®& European plum
selections was between"2®arch and T April. Billini et al.(1992) reported that
the early flowering was observed in Florida 1-2drflowering in Red Beaut,
Fortune, Queen Rosa, Ruby Sweet and Santa Rodatarftbwering in cultivars
Au- Rosa and Frontier plums. The average numbépwkring days was 5in

the studied cultivars.

Kemp (1996) recorded the flowering time of fourrmpleultivars in Europe
and observed that first flower opened froth/&pril to 11" May and attained full
bloom from 12" April to 19" May. Szabo and Nyeki (1996) reported that the

flowering period varied from®to 15" days in various European plum cultivars.

Bal (1997) reported that in plum, flowering stariadhe second week of
February and tree attained full bloom if % 10" days after the first flower
appeared. Mahajagt al. (2002) reported that the date of full bloom wadiest in
Azar Shah and Red plum. While date of full bloormsuatest in Black plum and
Green Gage plums. Badt al. (2004) reported that cultivar Black Beauty was an
early blooming cultivar than the other studies pluttivars.

Clark et al. (2005) reported the average full bloom date wdsN@rch for
cultivar White Rock and 6March for White County in peach. Chaudhary and



Mehta (2005) reported that under India subtropamalditions, peach flowering
lasts for 12.9+0.5 days from bud stage. The flovemained in bud stage for

maximum period of 9.9+0.1 days with range of 0.gda

Caliskanet al. (2006) observed that the date of full bloom wadiesd in
Black Diamond, Black Beauty and Oblinaja and lates$s observed in President,

October Sun and T.C. Sun cultivars of plum.

Vermaet al. (2009) reported that the date of full bloom in gdeaanged
from 239 January to 28 March. They further observed the greater diffeecat

109 days between the earliest and latest matudogsaions.

Levent (2010) observed that the full bloom periadged from 13 March
for Black Diamond to % April for T.C. Sun plum in Turkey. Cosmuleset al.
(2010) reported that the period between the begiof flowering and the end
varied from 1% to 17" days in plum cultivars and difference occurredneen

cultivars.

Sharmaet al. (2012) observed that the maximum flowering duration

July Elberta and minimum in Glohaven followed bylg&lberta peach cultivars.

Milatovic et al. (2013) reported that the date of flowering of Jegse
plum cultivar was ¥ March compared to the standard cultivar Cacanghatica.
The flowering started in plum™to 10" days earlier and last fof"4o 5" days

longer in the area of Central Serbia.

Ondraseket al. (2013) reported that the average date of the beginof
flowering of Stanley plum in the Lednice area wa&% April. Cultivar Zurna had

the earliest beginning of flowering and Brigaditkad the last start of flowering.

Kumaret al. (2013) reported that the time of petal fall wadieain plum
cultivar Florida 1-2 (18 February) and last in cultivars Shiro 14-4 {1arch)
followed by Queen Rosa and Ruby Sweet. He alsategbthat the flowering was

earliest (second week of February) in Florida Ir@ kate (second week of March)

in cultivar Shiro 14-4.



Singhet al. (2014) reported that the time of full blooming iwcultivars
extended from 22 January in Saharanpur Prabhat and Pratap®t6ebruary in
Tropic Snow and Flordaglo. The longest duration (2§s) of flowering was

recorded in Pratap and shortest (28 days) in Tr8pieet and Early Grande.

Thakur et al. (2014) reported that the time of bud burst extenfiem
second week of February to the second week of Mardifferent plum cultivars.
They further reported that the size and numbetosidrs per bud varied between
2 to 3. The cultivars were divided into three g the basis of flowering time
l.e. early flowering (Florida 1-2), mid floweringRéd Beaut, Fortune, Queen
Rosa, Ruby Sweet and Santa Rosa) and late flowgkimgRosa and Frontier).

2.1.3 Fruit set (%)

Almaguerel al. (1987) reported 6.3 and 16.3 per cent fruit-seplum
cultivars Shiro and Prune, whereas 1.1 and 8.Iceet fruit-set was recorded in
cultivars Titron and Green Gage, respectively.

Keulemans (1991) reported low percentage of freiiths two cultivars of
plum which was due to the presence of self- pal&her than insufficient pollen
on the stigma. He concluded that low yield was daeinsufficient cross
pollination or pollination with unsuitable cultivarBajwaet al. (1991) reported
that in Kala Amritsari cultivar, the fruit-set ireased to 23 per cent when

pollinated with Titron, while self-pollination reed in 11.6 per cent fruit-set.

Childers et al. (1995) reported that self-fruitful, cultivars ofupean
plums set 30 per cent fruit whether cross or sellifpated whereas self-unfruitful
cultivars set only 1.5 per cent fruits. He desdfilbeost of Japanese cultivars of

plum as self-unfruitful.

Sharmaet al. (2012) reported highest fruit set per cent inicalt “Early
Elberta” (94.31%) whereas lowest fruit set (93.13%@s recorded in cultivar

“Suncrest” of peach.

Ondraseket al. (2013) reported highest fruit set in cultivar “Sy”,

L]



“Topper” and “Topking” while the “Nevena” and “Bystka” had the lowest fruit

set in the studied plum cultivars.

Kumaret al. (2013) reported the highest fruit set per cerglum cultivar
Shiro 14-4 (30%) whereas lowest (4.06%) was reabidecultivar Ruby Sweet

and Qween Rosa.

Shashiet al. (2014) examined the adaptation potential of pesfeties
under lower Shiwalik Himalaya conditions. They abvee that there occurred no
significant difference in the fruit set of diffetenultivars except that for Snow
Queen, Red Heaven and July Elberta which were gagomparatively lower

fruit set.
2.1.4 Fruit drop and fruit retention

Sharmaet al. (2012) reported that the fruit drop was maximurb.83%)
in cultivar July Elberta and minimum (29.01%) innStest cultivars of peach and
also reported higher percentage of fruit reten{iod.03%) in cultivar Suncrest

and minimum fruit retention (60.74%) in July El@edultivars of peach.
2.1.5 Leaf characters

Kishoreet al. (1991) characterized the leavesRstinus salicinaas sharp,
pointed, medium in size and free from hair on losnface.

Billini (1992) reported the leaves of plum cultiydirenze 90 was dark-
green above and light grey-green below with creretge, tapered base and
pointed apex. Graf (1992) reported that the leafdzrunus domesticavere dull
green, ovate, 10 cm long and serrated at marghshenleaves dPrunus salicina
were obovate, pointed and serrated at the margiwdstlae leaves oPrimus
cerasiferawere ovate, 4-8 cm long, dark purple turning grelerbronze in late

summers and having crenate margins.



Lal (1993) observed that leaf area in eight pluntivars ranged from
13.82 to 42.71 cmand the leaf fall occurred from “%20ctober till 14

November.

Mohapatra (1994) reported that the leaf petiolgtlenn seven Japanese
plum cultivars ranged from 1.1 to 2.0 tnHe also reported that the leaf area
ranged from 10.75 to 23.09 éim all the cultivars.

Sharmaet al. (2012) recorded maximum leaf area (53.68 and 5dn49
in peach cultivar Early Elberta and minimum leagaa(40.58 and 40.07 é&nin
July Elberta during two consecutive years.

Chatzicharissiset al. (2013) reported that the leaf petiole length was
highest in cherry cultivar Kapsiotica (5.29 cm) aeavest in Late Karamela
Tripoleos (3.89 cm) however the maximum leaf petiblickness was observed in
cherry culrivar Nepoleon Karamela (0.15 cm) and dswin cultivar Kifisias
Proimotero (0.11 cm).

Singh et al. (2015) reported that the leaf length was highaspéach
cultivars Tropic Beauty (17.91 cm) Tropic Sweet.G27cm) and Tropic Snow
(17.47 cm) and lowest in Pratap (14.37 cm). He edported the leaf breadth was
recorded highest in in peach cultivar Tropic Sw@et49 cm) and Tropic Snow
(3.16 cm) and lowest was recorded in cultivar Rrgdfa56 cm). The maximum
leaf area (47.72 chobserved in peach cultivar Tropic Sweet follovbgdTropic
Snow (46.87 cr), Tropic Beauty (46.50 cfjpand the minimum (37.56 cénin
Pratap.

2.2 Fruit characters
2.2.1 Fruit size

Hansche (1989) observed that in cultivars ValleynG®alley Sun, and
Valley Red had large sized fruits with average Wweigf 135, 130 and 210 g,
respectively. Rouse and Sherman (1989) reported aberage fruit weight of

peach cultivars Tropic Snow and Tropic Beauty wasenthan 110 g.



Khokhar and Agnihotri (1990) evaluated salelow chilling peach
cultivars and observed maximum fruit size and weigh Shan-i-Punjab and
maximum fruit diameter in Early Amber. Fruit lengihd diameter was minimum

in Flordasun.

Ozguvenet al. (1997) recorded that the fruit weight ranged betw&2.5
and 51.8 g, fruit diameter and length ranged fratrtb30 41.7 mm and 27.6 to
49.3 mm, respectively. Sharma and Mohapatra (196@drted that physico-
chemical characteristics of 12 plum cultivars inmdchal Pradesh and found that

in cultivar Santa Rosa fruit length was 3.97 cm faod breadth was 4.05cm.

Milatovic et al. (2006) observed that average fruit weight of cheanged

from 16.5 g in cultivar Stella to 68.1 g in culth@elena.

Vermaet al. (2007) observed that the maximum fruit size lengtireadth
was 45.80 x 45.43 mm in cultivars Tarrol and minm(20.40 x 22.01 mm) in

Azarshah, respectively.

Singhet al. (2011) reported that the maximum values of frizie $45.02 x
45.56 x 43.15 mm) were observed in cultivar Franti¢hile the minimum value
of fruit size (28.81x30.10 x27.40 mm) was obserwvedultivar Azarshah in the

studies plum cultivars.

Kumar et al. (2013) reported that the fruit size (length x litbax
thickness) was maximum (43.81mm x 41.27 mm x40.2®) in cultivars Ruby

Sweet and minimum (31.79 mmx33.12 mmx33.79 mm)harg plum.

Bhat et al. (2013) observed that the maximum fruit length dremeter
were obtained in cultivar Conian Italy (37.06 x 3Bmm) and lowest in cultivar
Charmagz (31.20 x 29.00 mm) and Quetta (31.91x430&) in studied apricot

cultivars.

Singh et al. (2014) reported the maximum fruit length (56.18 yrend
fruit breadth (59.30 mm) in Flordaglo whereas mimmfruit length (36.01 mm)

and fruit breadth (40.52 mm) were observed in V@ltande peach cultivars.



Thakuret al. (2014) observed maximum fruit length in cultivésrtune
(50.32 mm), Frontier (48.00 mm) and Queen Rosd{l8im) and minimum fruit
length was observed (28.59 mm) in Florida 1-2 impkultivars. He also reported
that the maximum fruit breadth in plum cultivarsg@a Rosa (50.48 mm), Ruby
Sweet (49.09 mm) and Fortune (48.52 mm) and minif6r61 mm) in cultivar
Florida 1-2.

2.2.2  Fruit weight

Kellerhalset al. (1991) reported that average fruit weight of plcmitivars
ranged from 15 g to 56 g in the studied plum calsv

Vermaet al. (2007) observed that the maximum fruit weight 0@99) was
recorded in cultivar Tarrol, while the minimum fruveight (6.41 g) in cultivar

Azarshah in plum.

Levent (2010) conducted an experiment on determoimabn quality
characteristics of some important Japanese plutivatd and observed that fruit
weight ranged from 46.71 g (Obilnaja) to 91.26 ¢afR Diamond) whereas the
cultivars, Black Diamond, Queen Rosa and October reaorded biggest fruits.
Furthe also, reported that the maximum fruit wei(#t.26 g) was observed in
variety Black Diamond, while the minimum fruit wéig(46.71 g) in cultivar

Obilnaja in plum.

Singhet al. (2011) reported that the maximum fruit weight (&2g) was
observed in variety Frontier, while the minimumifnweight (14.40 g) in cultivar
Azarshah in plum.

Ondraselket al. (2013) observed that the average fruit weighthi plum
cultivars was 35.2 g. The average fruit weightufticar Stanley was 37.3 g. The
cultivars with the highest fruit weight were Top[65.43 g) and Grossa di Felicia
(59.7 g) while the cultivars with the lowest frweights were De Nancy (9.52 g)
and Bystricka (17.2 g). Cultivars with average tfnweights over 50 g included



Tophit (65.43 g), Grossa di Flicia (59.7 g), Pieest 55.4 g), Ariel (55.0 g), Valor
(52.2 g) and Karpatin (51.4 g).

Corneanuet al. (2013) reported that the studied an evaluatiomei
sweet Cherry cultivars released at the Fruit GrgwResearch Station Romania,
for some physico- chemical properties of nine svebetry cultivars. The largest
fruit weight was recorded in cultivars Alex (10.4 gudovic (10.0 g), Anda (9.5
g), Cociu (9.5 g) and Paul (9.0 g), and lowest fneeight was recorded in cultivar
Mihai (7.3 g).

Chatzicharissi®t al. (2013) reported that the in sweet cherry fruit gini
was highest in cultivars Rainier (8.8 g), Fraoulaloy (7.3 g), Kifisias
Proimotero (7.1 g) and Petrokeraso Tragano (6.9Mpgreas the lowest fruit
weight was recorded in cultivars Moshato Tragand @ and Late Karamela

Tripoleos (4.9 g).

Kumar et al. (2013) reported that the maximum fruit weight ilurp
cultivar Ruby Sweet (49.12 g) whereas the fruitgheiwas minimum in cultivar
Cherry plum (25.12 g).

Shashiet al. (2014) observed highest fruit weight (69 g) ingleaultivars
Pratap Grande, Florida Prince and July Elbertait Fseight was 52-57g in
cultivars May Fire, Snow Queen and Florida Sun hawehe fruit weight was
lowest (42 and 40 g) in cultivars Prabhat and Redvdn.

Thakuret al. (2014) carried an experiment on floral and physieemical
characters of Japanese plum cultivars and obseivadthe maximum fruits
weight was recorded in cultivar Fortune (80.51dallpived by Queen Rosa (80.19
g), and lowest in cultivar Florida 1-2 (29.20 g.

Thakur et al. (2014) reported highest fruit weight in plum cwstis
Fortune (80.51 g) and Queen Rosa (80.19 g) andsloimecultivar Florida 1-2
(29.20 g).



2.2.3 Fruit shape

Chadha and Sankhyayan (1974) observed that fragiesbf peach cultivar
Worlds Earliest was roundish whereas fruits ofieats Early White Giant, July

Elberta, Foster, Elberta and J.H. Hale were roimdigate in shape.

Tomer and Singh (1981) found that cultivars Halaslfeand Foster bore
fruits of round cordate shape and fruits of culsvaGolden Blush were

compressed cordate in shape.

Mishraet al. (1984) reported that fruit shape of peach culév@eshawari,
Sure Crop, Florin and Early Stark Glo was roundishl. Alton, J.H. Hale and
July Elberta bore fruits of roundish ovate shapenghs fruit shape in case of Sah

Pasand and Nishiki was roundish.

Singh et al. (2011) reported that the all plum cultivars weoainded
except cultivar Au-Rosa (heart shape) and Au- Ghgalliptic) in studied plum

cultivars.

Milatovic et al. (2013) evaluation Japanese plums and reported that
studied cultivars had predominantly round or rotiat-shape of the fruit (SI=
0.69 to 0.98) with the exception of the cultivarrn®mo di Primavera, which
recorded elongated (heart) shape of fruit (SI=)1.27

2.2.4 Fruit and flesh colour

Singh et al. (2011) reported various colours of plum fruit ifffetent
cultivars viz; Black Amber, Cherry plum, Queen RdRaby Sweet and Shiro 14-
4 had fruits with red purple colour, fruit colouras/ grey purple in Florida 1-2,
Frontier, Laroda and Santa Rosa, red colour fugse observed in Au- Amber,
Au- Rosa and Red Beaut, only one variety Kanto & yelow fruits. He also
reported that the fruit flesh colours in differgsitim cultivars viz; Au- Amber,
Queen Rosa, Laroda, Red Beaut and Santa Rosaédsd\iith yellow colour,
orange red in Black Amber, Cherry plum, Florida &% Ruby Sweet, yellow

orange observed in Azarshah and Kanto 5.



Kumar et al. (2013) reported the various fruit colour in di#fat plum
cultivars viz; Florida 1-2, Cherry plum, Ruby Swe@ueen Rosa, Shiro 14-4 and

Black Amber in red purple, respectively.

Kumar et al. (2013) reported various fruit flesh colours infeliént plum
cultivars viz. Florida 1-2, Cherry plum, Ruby Swe@ueen Rosaand and Shiro
14-4 in orange red, only one variety Black Ambed hed purple fruits.

Thakur et al. (2014) observed various fruit colours in differesttdies
plum cultivars viz; Florida 1-2, Frontier and SaR@sa were grey purple and Au-
Rosa, Quee Rosa and Ruby Sweet were in dark rdg.t®a cultivars Fortune

and Red Beaut had red colour.
2.3 Stone characters
2.3.1 Stone size

Kumar et al. (2013) reported that the maximum stone size (fergt
breadth x thickness) was (22.37 x 15.74 x 7.13 mngyltivars Ruby Sweet and
minimum was (15.48 x 10.75 x 5.62 mm) in Cherrynplu

Thakur et al. (2014) recorded maximum stone length in plum cais
Frontier (20.47 mm) and Fortune (20.15 mm) and mum (16.60 mm) in Au-
Rosa however maximum stone breadth was recordeclliivar Queen Rosa
(18.77 mm) and the lowest in Florida 1-2 (13.10 nmplum cultivars.

Singh et al. (2014) reported that the average stone lengthedarigpm
23.00 mm in peach cultivars Valle Grande to 42.08 m Saharanpur Prabhat.
The maximum breadth of stone was (22.84 mm) inddprince and minimum
(18.14 mm) in Valle Grande.

2.3.2 Stone weight

Mohapatra (1994) reported stone weight between Og60(Early
Transparent Gage) and 1.85 g (Beauty) in the sdyalian cultivars.

Milatovic et al. (2013) evaluation Japanese plums and observedtthrae



weight ranged from 0.83 to 1.47 g and its shatdenfruit weight was from 1.2 to
3.5 per cent, when compared to standard cultiveggadese plums had smaller

stone and lower share of the stone in fruit weight.

Chatzicharissi®t al. (2013) reported that the highest sweet cherryeston
weight was in cultivars Napoleon Karamela (0.65Kkg@ramela Lilantiou (0.65 g),
Kifisias Proimotero (0.50 g) and Petrokeraso Trag@&50 g), whereas the lowest

stone weight was recorded in cultivar Late Karanieipoleos (0.34 g).

Thakur et al. (2014) reported that the heaviest stone weightuiivar
Fortune (2.90 g) and smallest in cultivars Florid2 and Red Beaut (0.95 g).
Bostan (1997) recorded the lowest average fruitstode weight (18.6 g and 0.84
g, respectively) in can and the highest (52.2 g arikb g, respectively) in

President cultivar of plum.
2.3.3 Pulp: stone ratio

Mohapatra (1994) reported that the pulp: stoneoratas highest in
Frontier (55.02) and lowest in Beauty (20.08) ealtiof plum.

Singhet al. (2011) reported maximum fruit pulp: stone rati®.g&t) in
plum cultivar Frontier, while the minimum fruit gul stone ratio (19.10) was in

cultivar Au- Rosa.

Kumar et al. (2013) reported maximum pulp: stone ratio (41.52)
cultivar Ruby Sweet, while the minimum pulp: staa#io (20.95) was observed

in cultivar Black Amber.

Thakur et al. (2014) reported that the maximum pulp: stone ratas
found in plum cultivar Frontier (59.13) and SantasR (49.23) while the

minimum pulp: stone ratio (19.56) was observedultivar Florida 1-2.
2.3.4 Stone adherence

Singhet al. (2011) reported that plum cultivars Au-Rosa anohker were

free stone however cultivar Shiro 14-4 was semigctitone.



Kumar et al. (2013) reported that all the studied plum accessiwere of
clingstone type (Cherry plum, Queen Rosa, Ruby $aré Florida 1-2) except
Shiro 14-4 (semi clingstone) and Black Amber (ftees).

Thakuret al. (2014) reported that all the studied plum accessigere of
clingstone type (Queen Rosa, Ruby Sweet and Floti® except Frontier
(freestone).

2.4 Chemical traits
2.4.1 Sugars

Singhet al. (2011) reported that the maximum total sugars7@Jjlwere
recorded in cultivar Azarshah, while the minimumatosugars was recorded

(6.07) in cultivar Queen Rosa.

Kumaret al. (2013) reported that the maximum total sugarsS5@)pPwere
recorded in plum cultivar Shiro 14-4 and the minimtotal sugars was recorded
(6.07%) in cultivar Queen Rosa.

Szalayet al. (2013) studied fruit quality parameters of foreigpricot
cultivars in Hungary. They studied the phenologtcaits, morphological features
and fruit quality of new cultivars (Laycot, Pinkc&ungiant, Sylred, Sylvecot and
Veecot). The sugar content increased and acid ibdexreased during ripening.
The higher sugar content was recorded in cultivaycbt (16.0B) and lowest was
recorded in cultivars Pinkcot (108) and Veecot (1078).

Kumar et al. (2013) reported that the maximum reducing sugéuz106)
were observed in variety Ruby Sweet and the minimeducing sugars (3.24%)
in cultivar Queen Rosa in plum. He also reported the maximum non-reducing
sugars (4.15%) were observed in variety Shiro 1¥hile the minimum non-

reducing sugar (0.69%) in cultivar Ruby Sweet.



Thakuret al. (2014) reported that the maximum total sugars4@)Pwere
observed in plum cultivar Frontier and the minim{i14%) in cultivar Au-

Rosa.

Thakuret al. (2014) reported that the maximum reducing sugaré3fo)
in plum cultivar Queen Rosa while the minimum radgcsugars (5.34%) were

recorded in cultivar Au- Rosa.

Thakuret al. (2014) reported maximum non-reducing sugars (1)70%
plum cultivar Au-Rosa and the minimum non-reducsagars (1.02%) in cultivar

Queen Rosa.

Jana (2015) studied the performance of some loW peach, under
eastern plateau regions of India and observedntbatmum total sugars (13.5%)

was recorded in the cv. Shan-i-Punjab.
2.4.2 Total soluble solids (TSS)

Vermaet al. (2007) observed highest total soluble solids (T&®)tent in
plum cultivar Settler (19.4%B) and lowest (11.68B) in cultivar Fortune.

Singh et al. (2011) reported that the maximum TSS (19°B) were
observed in variety Azarshah. While the minimum T{$800°B) in cultivar Au-

Amber in plum.

Ondraseket al. (2013) reported that in a plum collection, fruddhan
average value of total soluble solids content a’® The average content of
soluble solids of Stanley fruit was 1883 The highest average values in the
whole collection were achieved by Topking (B) and De Nancy (23B), while
Cacak Early (12°B) and Herman (12°8) had the lowest values.

Kumaret al. (2013) observed the highest total soluble soll&S) content
was in plum cultivar Black Amber (16.%95) and lowest was recorded (9°B% in

cultivar Queen Rosa.

Thakur et al. (2014) reported that the total soluble solids (I 85the



studied plum cultivars ranged from 12B9to 15.43B. The maximum total
soluble content was observed in Au- Rosa (1%®B¥and lowest was recorded in
Red Beaut (12.18).

2.4.3 Titrable acidity (%)

Chaudharyet al. (1987) carried out investigations on 8 cultivafgm
and total soluble solids (19.66%) and lowest agi(lit51%) in “Japanese Gold”
which was followed by “Hollywood” with 17.66 per metotal soluble solids and
1.67 per cent acidity.

Kumar et al. (2013) observed the highest acidity content waglum
cultivar Florida 1-2 (2.59%) and lowest (1.12%Yirtivar Ruby Sweet.

Thakuret al. (2014) observed the highest titrable acidity cohta plum
cultivars Fortune (1.67%) and Frontier (1.45%) dodest (1.11%) in cultivar
Queen Rosa.

2.4.4 Sugar: acid ratio

Cantinet al. (2009) reported that the pH value in peach rariged 3.5 to
3.9 in different cultivars. The maximum pH was atved in cultivar Mercil x
VAC-9516 (3.9) and lowest was reported in culti@aion x VAC-9517 (3.5).

Singhet al. (2011) reported that the maximum sugar: acid r@if9) was
observed in cultivar Ruby Sweet and the minimumasugcid ratio (2.02) in
cultivar Cacanska Rana plum. Milosevic and Milosef2011) reported that the
value of pH in plum cultivars ranged from 3.33 @atanska Lepotica) to 3.66 in
(Stanley).

Kumar et al. (2013) reported that the maximum sugar: acid rggi@l)
was observed in plum cultivar Ruby Sweet while ti@imum sugar: acid ratio

(2.40) was recorded in cultivar Florida 1-2.

Thakuret al. (2014) reported that the sugar: acid ratio rarfgaa 2.40 to

6.21 in plum cultivars Florida 1-2 and Ruby Swégte maximum sugar: acid



ratio (6.21) was observed in cultivar Ruby Swedtilevthe minimum sugar: acid
ratio (2.40) was recorded in cultivar Florida 1-2.

2.5  Time of maturity and yield

Kuden et al. (1994) reported that the ripening period of pluaiticars
extended from June to the end of August and cladsihe cultivars according to
their maturity time as early, mid and late seasaltivars. They also studied the

yield characteristics of the cultivars.

Ayanoglu and Yilmaz (1997) described harvest date@oductivity of 37
selections of plum and classified them as very higgh, intermediate and low
productivity cultivars. Bal (1997) reported 29.5/tkge yield in plum cultivar
Satluj Purple and 40-50 kg/tree yield in Kala Arsaiti.

Turcuet al. (1998) reported that the average annual yieldwdied plum
cultivars varied from 7.9 tons/hectare to 26.1tbesfare. Vitanovat al. (1998)
recorded the average yield per tree in 5 cultivatk the lowest (52.3 kg/tree) in
Nevena and highest (125.0 kg/tree) in Strinavatrii@ann (1998) studied the yield
and ripening time of plum cultivars and observeat tthe earliest to mature was

Katinka and latest was Presenta.

Levent (2010) conducted an experiment on determimabf quality
characteristics of some important Japanese plutivard and observed that fruit
maturation was earlier in Black Beauty and Obilrajtivars than those of other

cultivars.

Sharmeet al.(2012) reported that the peach cultivar Glohaves galiest
to mature followed by Suncrest and July Elbertareae Early Elberta was late in
maturity. They further reported that maximum vyiedshd productivity were
recorded in Early Elberta while as minimum yieldd groductivity was recorded
in July Elberta.

Milatovic et al. (2013) evaluation Japanese plum and revealed some

phenological and pomological properties of sevgradase plum cultivars. They



reported that the time of maturing ranged fromehd of June to the beginning of

September.

Ondraselet al. (2013) carried out pomological evaluation of plaaitivar
and observed that the average date of the begimfingening of Stanley fruit in
the Lednice region was $4August. In the plum collection, the earliest bejiny
of ripening was in Ruth Gesteter which start 45sdagfore the cultivar Stanley.

Ondraseket al. (2013) reported that the plum fruit yield of thénole
collection of cultivars studied averaged 8 kg/tr@mnley produced an average of
13.2 kg/tree. The highest yield was achieved byhitod7.10 kg/tree) and Cacak
Fruiful (14.2 kg/tree). On the other hand, Neve2®Z kg/tree) and De Nancy (4
kg/tree) had the lowest yields. The differencesvben the highest and lowest
producing cultivars were statistically significa@n the other hand, there were no
significant differences among Cacak Fruiful, Tom¢ii Cacak Best, Arbacher,
Prezident and Topper. Cultivars with yields highlean 10 kg/tree included
Tophit (17.1 kg), Cacak Fruiful (14.2 kg), Arbacl{@B.5 kg), Stanley (13.2 kg),
Topking (11.8 kg), Cacak Best (11.8 kg) and Topfé&r6 kg).

Corneantet al. (2013) studied the physico-chemical propertiesioé sweet
cherry cultivars released at the Fruit Growing Rede Station Romania. The highest
yield was recorded in cultivars Margo (17.4 kghreed Ludovic (13.5 kg/tree)
followed by Anda (11.8 kg/tree), Paul (11.8 kg/iraed Alex (10.3 kg/tree).

Chatzicharissi®t al. (2013) reported that the highest fruit producgivit
Sweet cherry was recorded in cultivars Late Karamigipoleos (115 kg/tree)
followed by Rainier (99 kg/tree) and the lowesitfproductivity was recorded in
cultivars Kapsiotika (30 kg/tree), Napoleon Karam5 kg/tree) and Moshato
Tragano (35kg/tree).

Shashiet al. (2014) observed that the highest yield of 91 kg weported
for Shan-i- Punjab whereas the lowest yield wasnded in Red Heaven, Snow

Queen and July Elberta peach cultivars.



Chapter- 3
MATERIALS AND METHODS

The present investigation entitled “Evdion studies on exotic plum
germplasm under Kashmir condition” was carried attCentral Institute of
Temperate Horticulture (CITH), Srinagar, Kashmiridg the year 2014. The

experimental details are as follows:
3.1 Material

Twelve-year-old bearing plum trees of differenttimalrs having good,
vigour, health, bearing and agronomic practicesevgetected for experimentation
at Experimental Farm of Central Institute of TensperHorticulture (CITH)
Srinagar, situated at an altitude of 1588 metevalmean sea level and latitude of
34.8" and longitude 74.83' N. The orchard soil wasderately deep with medium
fertility status. The trees were spaced 5x5 metesgjuare system of planting and
uniform cultural practices as per package and pextvere followed during the

period of study.
3.2 Treatments

Fourteen cultivars of plum viz., Monardhiontier, Red Beaut, Tarrol,
Beauty, Grand Duke, Black Amber, Burbank, Au- Cheku- Rosa, Kanto-5,
Krassivica Plum, Kubio-Plum and Red Plum were eaf@d. Single tree in each
cultivar constituted an experimental unit and eachivar was replicated three

times.



3.3 Plum cultivar used in present study
NS(;' Name of cultivars Species Origin
1 Frontier Prunus salicina USA
2 Red Beaut Prunus salicina California
3 Tarrol Prunus salicina China
4 Grand Duke Prunus domestica England
5 Black Amber Prunus salicina USA
6 Burbank Prunus salicina Burbank
7 Au-Cherry Prunus salicina USA
8 Au-Rosa Prunus salicina USA
9 Kanto 5 Prunus salicina China
10 | Kubio Plum Unknown Unknown
11 | Red Plum Inter species USA
12 | Krassivica Plum Inter species USSR
13 | Monarch Prunus domestica England
14 | Beauty Prunus salicina Burbank

3.4  Phenological stages

Four representative branches from each treatmen¢ wieosen for the
study of various phenological stages. The branchese selected at random,

giving due regard to the four directions of theetcanopy, to ensure precision.
Phenological stages observed were:
3.4.1 Bud swell (date)

When over 50 per cent or more of thenteal buds were enlarged and bud



scale split, exposing the green colour of the leatlee stage was regarded as bud
swell stage and date were recorded.

3.4.2 Tight cluster (date)

Date of tight cluster was recorded when blossonshbudstly exposed and

tightly grouped and the date was recorded.
3.4.3 Open cluster (date)

Open cluster was recorded when blossom buds opgp ahd date was

recorded accordingly.
3.4.4 First bloom (date)

First bloom was recorded when 10 per cent flower dizened and the date

was recorded accordingly.
3.4.5 Full bloom (date)

Full bloom was recorded on the date when 80 pet oérlowers had
opened.

3.4.6 First petal fall (date)

This stage was recorded when the exgariah trees exhibited 10 per cent

of the petal fall.
3.4.7 Complete petal fall (date)

This stage was recorded when the experimenta grkibited 80 per cent

of the petal fall.
3.4.8 Duration of flowering (days)

The number of days taken from the date of openiniiysi flower to the

date of opening of last flower was taken as thatiom of flowering.
3.4.9 Number of flower per branch

The total number of flowers per branch of each arpental unit were



counted and averaged.
3.4.10 Fruit set

Fruit set was measured by counting nundeflower buds during full
blooming and mature number of fruits at pea stdgewr pre-selected branches
in four directions (N, E, S, W) of the same treeuifFset was calculated from
number of flowers and mature fruits on individualamches. Flowers were
counted during full bloom and the number of frurgmaining on the same
branches was recorded before harvest.

No. of fruitlets at pea stage

No. of flowers * 100

Per cent of fruit set =
3.4.11 Fruit drop

The fruits dropped after initial fruit set were obved and the percentage of
fruit drop was calculated. The fruit drop was detieed by dividing the number
of fruits initially set to the number of fruits ehed at harvest and multiplied by
100.

No. of fruits initially set

i 0, =
Fruit drop (%) No. of fruits retained at harvest

x 100
3.4.12 Fruit retention

The fruits retained in all the cultivars were aeted one week before

harvesting, averaged and expressed in percentagelas

. . No. of fruits harvested
0p) =
Fruit retention (%) No. of fruitlets at pea stage x 100

3.5 Leaf characteristics
3.5.1 Leaflength

Leaf length of the mature leaf was measured witfitali Vernier Calliper

and expressed in mm.



3.5.2 Leaf breadth

Leaf breadth of the mature leaf was measured wgfitadl Vernier Calliper

and expressed in mm.
3.5.3 Petiole length

Petiole length was measured from the ldighe petiole to its conjunction
with the lamina, with the help of Vernier Callipsmd expressed in mm.

3.5.4 Petiole thickness

Petiole thickness of leaf was measurethfthe base of the petiole to its
conjunction with the lamina, with the help of VegniCalliper and expressed in

mm.
3.5.5 Leaf area (crf)

Five leaves from each quadrant were pidkem each cultivar and their

leaf area was measured by using leaf area meteeadihg was averaged in €m
3.5.6 Leaf Colour

The following leaf color was visually recoged as per the descriptor
(IBPGR, Rome, 1984)

« Pale green
* Green
e Dark green
* Other
3.5.7 Leaf margin

The leaf margin was examined for the presence serate of serration in

each cultivars.

e Crenate



e Serrate

* Bicrenate

» Biserrate
3.6 Physical characteristics
3.6.1 Fruit weight

The weight of 15 randomly selected &uitom each treatment in each
replication was taken on a top pan balance ancveeage weight per fruit was

expressed in grams (Q).
3.6.2 Fruit length

The length of 15 randomly selected fruits from ea@atment in each
replication was measured with the help of digitafMer calliper. The fruit length
was measured between calyx and style ends andvérage were expressed in

mm.
3.6.3 Fruit breadth

The diameter between cheeks of 15 nauhgleelected fruits was measured

with the help of digital Vernier calliper and theesiage was expressed in mm.
3.6.4 Fruit size

The length and breadth of individual fruits wasomeled. The length was
measured from base to apex, and breadth from sisiel¢ with the suture halfway
between. The measurements were taken with the dfelfernier Calliper. The
sample fruits of each treatment were measured.al/keage of all the readings

thus obtained was calculated in mm.
3.6.5 Fruit colour

A random sample of five fruits from each treatmeiilt be taken and
individual fruits were recorded the horticulturablaur chart by the Royal

Horticultural Society.



3.6.6 Fruit colour

A random sample of five fruits from each treatmeit be taken and
individual fruits were recorded the horticulturabl@ur chart by the Royal

Horticultural Society
3.6.7 Stone characteristics
3.7 Stone weight

The stone weight was recorded in gramit the help of electronic

balance and the mean weight was expressed in gfam (
3.7.1 Stone length

The length of fruits stones measured from eachtrreat in each
replication on each sampling date were picked awyth was measured in
centimeters (cm) with the help of Vernier Calliprd average length of fruit

stone was recorded.
3.7.2 Stone breadth

It was recorded in centimeters (cm) in the samenaiaas stone length.
3.7.3 Stone size

The average stone size was obtained by extradiemgtones from the fruit
samples and freeing them from adhering flesh antghweg in a sensitive
monopan balance in gram (g) and dividing the ctllecweight obtained by the

number of stones.
3.7.4 Pulp: stone ratio

Pulp: stone ratio was obtained by sulitng the average stone weight

from the average fruit weight and divided by averatpne weight.

Fruit weight — Stone weight
Stone weight

Pulp : stone ratio =



3.7.5 Stone adherence

Stone adherence to flesh of fully ripe fruit wetassified into following
types:

* Free stone
* Semi-freestone
* Cling stone

3.8 Date of maturity

The date of maturity was determined by visualizpgper fruit size,

colour changes and ease in picking.
3.8.1 Yield/tree

The entire fruit which reached to its maturity waarvested by hand
picking from each tree, weighed by a field balaacel yield was recorded in

kilograms (kg).
3.9 Chemical characteristics
3.9.1 Total soluble solids (TSS)

The total soluble solid content of frwias directly determined with Zeise
hand refractometer. The prism of the refractometas washed with distilled
water before taking each reading. A drop of frasbg of fruit was taken on the
prism of refractometer and the line of refractomeggve the per cent total soluble
solids present in the fruit. Temperature corredioaere applied when the reading
were recorded at temperature other thaiCq@.0.A.C., 1984).

3.9.2 Titrable acidity

The per cent titrable acidity (as malic acid) wasineated by titrating a
known quantity of homogenized juice against 0.1 MOM solution using
phenolphthalein as indicator. The acidity was esged in terms of malic acid as

percentage of total titrable acidity.



Titrate value x 0.1 x Equivalent weight of acid #ufion factor x 100

Titrable acidity (%) =
y (%) Weight of sample x volume of filterate for estinoatix 1000

3.9.3 Total sugars

Lane and Eynon’s volumetric method wapleyed for the estimation of
sugars. 250 ml of juice extract remaining afteréeBmation of acid was used. To
this 250 ml of juice extract, 5 ml of saturateddeaetate solution was added. The
solution was filtered into a flask containing 5 aflpotassium oxalate so that the
excess of lead was removed. The solution wasddtagain. Out of this filtrate 50
ml was taken for total sugars estimation. To tHismdl, 5 ml of concentrated
hydrochloric acid was added and was left as suemight. Next day the excess
of hydrochloric acid was neutralized with concetgdasodium hydroxide (NaOH)
solution using phenolphthalein as indicator andlfiolume was made to 100 ml.
This solution was then used for titrating 10 minofked Fehling solution using
methylene blue as indicator. Brick-red colour waasidered as end point of the

titration.
3.9.4 Reducing sugar

The filtrate left after taking 50 ml for total sugavas used for estimation
of reducing sugars. For this, 10 ml of mixed Feaflgolution (5ml Fehling A+ 5
ml Fehling B) was taken in titration flasks. Ab@&@-40 ml of distilled water was
added to it. This solution was then titrated agathe fruit juice extract, using
methylene blue as indicator, till brick red coldand point) appears.

Fehling’s factor x Dilution x 100
Titrate value x weight of sample

Reducing sugar (%) =
3.9.5 Non- reducing sugar

Non-reducing sugars were calculated uiytracting reducing sugars from
total sugars and multiplying the difference by Ov@thich is standard factor. Non-

reducing sugar content was also expressed as pegeeof fresh pulp weight.



3.9.6  Fruit juice pH

The pH was determined by using digital peten. The pH meter was first
calibrated using buffers of pH 4.0 and pH 7.0 atnnatemperature. The sample
was then taken in the 100 ml beaker, stirred aectrelde of pH meter was put in

it and direct reading from pH meter was taken wienreading stabilized.
3.10 Statistical analysis

The statistical methods described tolyaeaand interpret the data. The
experimental design was randomized complete bloekigd (RCBD). Each
treatment comprised of a single plant and was cefdd three times. The test of

significance was made with 5 per cent level of gigance.



Chapter-4
EXPERIMENTAL FINDINGS

The results of the study entitle “Evaluation stgdien exotic plum
germplasm under Kashmir conditions” conducted a& @entral Institute of
Temperate Horticulture (CITH), Srinagar, Jammu #&adhmir during the year
2014 are presented in this chapter. Data pertaitongarious parameters for

evaluation were statistically analysed and resartsdescribed as follows:
4.1 Phenological stages

The observations pertaining to bud swell, tightstdn, open cluster, first
bloom, full bloom, first petal fall, complete pettlll, fruit set and duration of

flowering on the exotic plum cultivars are presertere under.
4.1.1 Bud swell

The date of bud swell ranged from™®@larch to & April in Beauty and
Kubio plum cultivars, respectively (Table 1). Therleest bud swell was observed
on 30" March in cultivar Beauty, *1 April in cultivar Frontier and Krassivica
Plum, 29 April in cultivar Red Beaut, Tarrol and Au-RosadaB® April in
cultivar Monarch and Au- Cherry. Late bud swell vadiserved in cultivars Kubio
Plum (8" April), Grand duke (8 April), Black Amber (£ April), Burbank (&'
April), Kanto-5 (4" April) and Red Plum (& April).

4.1.2 Tight cluster

The date of earlier tight cluster was observedcuttivar Beauty (¥
April), followed by cultivars Frontier, Red Beadtarrol, Au-Rosa and Krassivica
Plum (4" April). However late tight cluster was observectidtivars Kubio Plum
on (11" April) and in cultivars Grand Duke, Black Ambemi®ank, Kanto-5 and
Red plum on 7 April (Table 1).
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4.1.3 Open cluster

The date of earlier open cluster was first obsemvedltivar Beauty, Frontier,
Red Beaut, Tarrol, Au-Rosa and Krassicica PIufhA®ril), whereas, cultivars it was
7" April in Au-Cherry and 8 April in cultivars Grand Duke, Black Amber, Burtian
Kanto-5, Red Plum and Monarch (Table 1). The lgtenocluster was observed in
cultivar Kubio Plum (1% April) during the present studies.

4.1.4 First bloom

Data on date of first bloom (10% flower are opesvpresented in Table
2. Among the cultivars studied, the earlier firkidm was observed in cultivars
Frontier, Red Beaut, Tarrol, Au-Rosa, Krassivicanland Beauty {7 April)
followed by cultivar Au-Cherry (8 April). These cultivars were considered to the
earlier in blooming whereas cultivars Grand Dukel &ed Plum (12 April),
Black Amber, Burbank and Kanto-5 {1#8pril) were mid to late blooming and
cultivar Kubio Plum (1% April) and Monarch (1% April) were late blooming.

4.1.5 Full bloom

Beauty and Tarrol were earliest in completion wlf bloom (16" April)
followed by Frontier, Red Beaut, Au-Cherry, Au-Rasal Krassivica Plum (1?2
April) (Table 2). These cultivars were consideredthe earlier in blooming
whereas cultivars Black Amber, Burbank, Kanto-5"1pril) and Red Plum
(15" April) were found to be mid to late blooming andtivar Kubio Plum (21
April) and Grand Duke (IBApril) late blooming during the present studies.

4.1.5 First petal fall

Data on date of first petal fall (10% petal fallasvpresented in Table 2.
Among the cultivars under studied, the earliestlpit! was observed in cultivar
Beauty (13' April) followed by Tarrol (14 April). These cultivars were considered
to the earlier in first petal fall followed by cutirs Frontier, Red Beaut, Au-Rosa,
Krassivica Plum (18 April) and Au-Cherry (18 April). First petal fall was recorded
in cultivar Kubio Plum (24 April) followed by Black Amber, Burbank, Kanto-5,
Red Plum (1% April) and Grand Duke, Monarch (£@\pril).



Table 1: Phenology of vegetative bud stages of exoplum cultivars

Date of tight

Date of open

Cultivars Date of bud swell

cluster cluster
Frontier £ April 4™ April 5™ April
Red Beaut % April 4™ April 5" April
Tarrol 2 April 4™ April 5™ April
Grand Duke B April 7" April 9" April
Black Amber A April 7" April o™ April
Burbank A April 7" April o™ April
Au-Cherry 3 April 5™ April 7" April
Au-Rosa 34 April 4™ April 5™ April
Kanto 5 & April 7" April o™ April
Kubio Plum & April 11™ April 14™ April
Red Plum X April 7" April o™ April
Krassivica Plum 1 April 4™ April 5™ April
Monarch & April 6" April o™ April
Beauty 38 March 29 April 5™ April




Table 2: Phenology of floral bud stages of exoticlm cultivars

Date of Date of Date of Date of Duration
Cultivars first full bloom first complete of

bloom petal fall | petal fall | flowering
Frontier 7 April | 12" April | 15™ April | 21" April | 15 Days
Red Beaut % April | 12" April | 15" April | 19" April | 13 Days
Tarrol 7" April | 10" April | 14" April | 18" April | 12 Days
Grand Duke 1% April | 16" April | 19" April | 23" April | 12 Days
Black Amber | 1Y April | 14" April | 17" April | 21" April | 11 Days
Burbank 11 April | 14™ April | 17" April | 21" April | 11 Days
Au-Cherry & April | 12" April | 16™ April | 19" April | 11 Days
Au-Rosa ¥ April | 12" April | 15" April | 21™ April | 15 Days
Kanto 5 11 April | 14" April | 17" April | 22" April | 12 Days
Kubio Plum 17 April | 215 April | 24" April | 28" April | 11 Days
Red Plum 19 April | 15" April | 17" April | 20" April | 9 Days
Krassivica 7" April | 12" April | 15" April | 20" April | 14 Days
Plum
Monarch 18 April | 17" April | 19" April | 23" April | 11 Days
Beauty P April | 10" April | 12" April | 17" April | 11 Days




4.1.5 Complete petal fall

Data on date of complete petal fall (85% petal faths presented in Table
2. Among the cultivars studied the earliest conglettal fall was observed in
cultivar Beauty (17 April) followed by Tarrol (18 April), Red Beaut and Au-
Cherry (19" April). These cultivars were considered had eariemplete petal
fall, whereas complete petal fall was observed @hA&oril Red Plum, Krassivica
Plum. Complete petal fall observed on®2April in cultivars Frontier, Black
Amber, Burbank, Au-Rosa and on"22April in cultivar Kanto-5 which was
considered as mid while it was observed in culti¢abio Plum on (28 April)
and Grand Duke and Monarch orf"28pril which was late complete petal fall.

4.1.5 Duration of flowering

Duration of flowering varied from 9 to 15 days argdhe cultivars taken
for evaluation study (Table 2). Maximum duration fldwering (15 days) was
recorded in cultivars Frontier and Au-Rosa and mium (9 days) was recorded
in cultivar Red Plum. Flowering duration (11 dayss recorded in cultivar Black
Amber, Burbank, Au-Cherry, Kubio Plum, Monarch aBdauty, whereas (12

days) in cultivar Tarrol, Grand Duke and Kanto-8 &mwrassivica Plum (14 days).
4.2 Foliage characters
4.2.1 Leaflength

The leaf length of the studied exotic plum cults/aanged from 92.33 mm
to 116.13 mm (Table 3). The largest leaf length wlaserved in cultivar Frontier
(116.13 mm) which was statistically at par withtar Krassivica Plum (115.80
mm) and Monarch (115.66 mm). Cultivar Au-Rosa (562nm) were statistically
at par with cultivars Beauty (112.46 mm), TarralZ150 mm) and Black Amber
(111.96 mm). Cultivar Red plum (107.06 mm) weretistigally at par with
cultivar Kubio Plum (105.93 mm) followed by cultrgaGrand Duke (102.76 mm)
and Au —Cherry (102.33 mm). The minimum leaf lengts recorded in cultivar
Red Beaut (92.33 mm) which was statistically atyeiin cultivar Burbank (94.16



mm) and Kanto-5 (97.70 mm). The coefficient of atian for the leaf breadth

was 5.89 per cent.
4.2.1 Leaf breadth

Perusal of data presented in the Table 3 reveatgdfisant difference
exists in the leaf breadth of different plum cudtis. Leaf breadth ranges from
33.46 mm (Burbank) to 49.66 mm (Au- Rosa). The mmaxn mean leaf breadth
(49.66 mm) was recorded in cultivar Au- Rosa and #ignificantly higher than
all the other cultivars, the cultivar Red Plum @y mm) was statistically at par
with cultivar Grand Duke (47.83 mm) whereas, cualti¥rontier (43.33 mm) was
statistically at par with Kanto 5 (41.80 mm), Tarfd1.66 mm) and Beauty
(41.20 mm). The minimum mean leaf breadth (33.26)mwas observed in
cultivar Burbank followed by Red Beaut (35.46 midybio Plum (36.00 mm),
Monarch (37.50 mm) and Black Amber (39.00 mm) wigsiBcantly different
from each other.

42.3 Leafarea

Statistical analysis among different plum cultivashowed highly
significant differences and the values ranged f&i4 cni Au-Rosa to 56.22
cn? Burbank (Table 3). Leaf area of cultivars KrassavRlum (52.27 cf) was
statistically higher than cultivars Frontier (51287 and Red Plum (50.90 é&n
whereas, cultivar Grand Duke (48.92 %mwas statistically at par with cultivars
Tarrol (47.12 crf) and Beauty (47.10 cih Black Amber recorded (44.14 &n
leaf area which was statistically at par with awlts Monarch (43.34 cf)) Au
Cherry (42.84 cr) and Kanto 5 (41.02 ¢th The minimum mean leaf area (31.24
cn?) was observed in cultivar Burbank which was sigaiftly lower than
cultivar Kubio Plum (37.98 cf The coefficient of variance for leaf area were

4.11 per cent, respectively.
4.2.3 Petiole length

A significant variation was observed in petiolagéh among exotic plum



cultivar under studies (Table 3.) The maximum petiength was recorded in
cultivar Grand Duke (21.17 mm) which was statislycat par with cultivar

Kanto-5 (21.00 mm), Au-Cherry (20.33 mm), Krasswilum (19.58 mm),
Frontier (19.57 mm), Red Beaut (19.52), Monarch{28nm), Au-Rosa (18.31
mm) to each other respectively. whereas minimurolgelength was recorded in
Burbank (13.96 mm) which was statistically at pathwcultivar Kubio Plum

(14.58 mm) Tarrol (15.78 mm) Red Plum (16.75 mmackB Amber (16.79), and
Beauty (16.96 mm) respectively. The coefficientvafiance for petiole length

was 7.97 per cent.
4.2.3 Petiole thickness

A significant variation was observed in petioléckmess among exotic
plum cultivars under studies (Table 3). The petitieckness was recorded
maximum in cultivar Frontier (1.67 mm) and it wastistically at par with
cultivars Red Beaut (1.60 mm), Beauty (1.58 mm)rb@nk (1.56 mm), Grand
Duke (1.50 mm), Red Plum (1.44 mm) and Tarrol (143), whereas petiole
thickness was recorded minimum in cultivars Au- ©heand Au- Rosa (1.17
mm) followed by Black Amber (1.19 mm), Kubio Pluh.Z1 mm), Krassivica
Plum (1.28 mm), Monarch (1.29 mm) and Kanto 5 (In88), respectively. The

coefficient of variance for petiole thickness weré5 per cent.
4.1.6 Leaf margin

Leaf margin was categorized as crenate to seryae {Table 3). Only
cultivars viz; Grand Duke had crenate type of keafrgin, whereas it was serrate
type in rest of the 13 plum cultivas understudy, irontier, Red Beaut, Tarrol,
Black Amber, Burbank, Au-Cherry, Au- Rosa, Kantokaibio Plum, Red Plum,
Krassivica Plum, Monarch and Beauty.



Table 3: Leaf characteristics of exotic plum cultiars

_ Leaf Leaf Leaf Petiole F_’etiole Leaf
Cultivars length breadth area length | thickness .
(mm) | (mm) | @) | (mm) | (mm) | TN

Frontier 116.13 43.33 51.28 19.57 1.67 Serrgte
Red Beaut 92.33 35.46 32.42 19.5p 1.6D Serrate
Tarrol 112.50 41.66 47.12 15.7§ 1.43 Serrate
Grand Duke 102.76 47.83 48.92 21.17 1.50 Crengte
Black Amber| 111.96 39.00 44.14 16.79 1.19 Serrate
Burbank 94.16 33.26 31.24 13.96 1.56 Serrgte
Au-Cherry 102.33 42.40 42.84 20.33 1.17 Serrgte
Au-Rosa 112.56 49.66 56.22 18.31 1.17 Serrate
Kanto 5 97.70 41.80 41.02 21.0( 1.36 Serrdate
Kubio Plum 105.93 36.00 37.98 14.58 1.21 Serrate
Red Plum 107.06 47.90 50.90 16.73 1.44 Serrate
glrlzjlrsnsivica 115.80 44.70 52.27 19.58 1.28 Serrate
Monarch 115.66 37.50 43.34 18.7% 1.29 Serrate
Beauty 112.46 41.20 47.10 16.96 1.58 Serrate

Mean 107.09 41.41 44.77 18.08 1.38 -

CD(0.05) 1.61 1.58 0.88 2.44 0.23 -

CcVv 5.89 10.82 4.11 7.97 9.65 -




4.3.1 Number of flower per branch

The number of flowers per branch among the culiiverder studied ranged
from 64.91 to 104.84. The cultivar Au- Rosa (10%.84d maximum no. of flowers
per branch followed by cultivars Red Plum (103.98y-Chery (102.55) and
Monarch (101.65). Cultivar Black Amber (99.35) wsististically at par with
cultivars Kubio Plum (98.44) and Beauty (96.87)e Thinimum number of flowers
per branch was recorded in cultivar Kanto 5 (64.849pectively. The coefficient of
variation for number of flowers per branch weres58r cent respectively.

4.3.2 Fruit set

A significant variation was observed in percentafefruit set among
exotic plum cultivars under study (Table 4). Maximdgruit set was recorded in
cultivar Frontier (52.44) which was statistically @ar with cultivar Red Plum
(51.78) and Beauty (50.74). But differs signifidgntvith cultivar Krassivica
Plum (49.92), Monarch (49.28), Kanto 5 (48.92), iigrduke (48.14) and Red
Beaut (47.54) whereas, Au- Rosa (45.98) was gtatist at par with cultivar
Kubio Plum (45.56), Burbank (45.40), Tarrol (45.28)d Au- Cherry (43.84)
respectively. The minimum fruit set was recordeduttivar Black Amber (40.88)
which was differs significantly from rest of theupt cultivars under studies, the
coefficient of variance for fruit set were 9.11 gent,

4.3.3 Fruit drop

A significant variation was observed in fruit drgmong exotic plum
cultivars under studies (Table 4). The fruit drogswrecorded maximum in
cultivar Frontier (44.21) which was statisticalligher than cultivar Grand Duke
(43.44) and Red Plum (43.08). Cultivar Tarrol (&).@as statistically at par with
cultivar Krassivica Plum (42.24), Au- Rosa (41.28hd Beauty (42.16),
respectively. Whereas fruit set was recorded minmmucultivar Burbank (32.14)
followed by Au- Cherry (34.52) and Monarch (35.0Bje coefficient of variance

for fruit set were 3.40 per cent.



Table 4: Fruit set, fruit drop and fruit retention in exotic plum

. No. of , Fruit drop Fruit_
Cultivars flower/branch Fruit set (%) (%) Rezgez)tlon
Frontier 91.44 52.44 44.21 55.59
Red Beaut 88.89 47.54 37.85 61.48
Tarrol 85.53 45.28 42.85 56.15
Grand Duke 81.46 48.14 43.44 56.56
Black Amber 99.35 40.88 38.73 60.27
Burbank 89.02 45.40 32.14 67.86
Au-Cherry 102.55 43.84 34.52 65.48
Au-Rosa 104.84 45.98 41.20 58.80
Kanto 5 64.91 48.92 40.01 59.99
Kubio Plum 98.44 45.56 37.00 62.63
Red Plum 103.98 51.78 43.08 56.92
Sassivica 74.39 49.92 42.24 S7.76
Monarch 101.65 49.28 35.09 64.91
Beauty 96.87 50.74 42.16 57.84
Mean 91.66 47.55 39.60 60.16
CDo .05 2.07 1.88 0.26 1.08
CcVv 5.36 9.11 3.40 4.00




4.3.4 Fruit retention

Fruit retention among exotic plum cultivars underdses (Table 4). The
maximum fruit retains (67.86 %) was observed irticat Burbank followed by
Au- Cherry (65.48 %), Monarch (64.91 %) and ReduB€61.48 %). However
minimum number of fruits retain in cultivar Fronti®5.59 %) followed by Grand
Duke (56.56 %) and Red Plum (56.92 %) respectividig coefficient of variance

for fruit retention were 4.00 per cent.
4.4  Fruit physio-chemical characters
4.4.1 Fruit colour

Fruit colour varied greatly among thierent plum cultivars. Red purple
colour possessed by cultivar (Grand Duke, Black AamiAu- Rosa, Kubio Plum
and Krassivica Plum), red colour by cultivar (Reshiit, Tarrol, Burbank, Red
Plum and Beauty), grey purple by only plum culti&rontier), yellow colour
was observed in cultivar (Au- Cherry, Kanto 5 andndrch), respectively.

4.4.2 Flesh colour

Data on the fruit flesh colour among the differguitim cultivars
revealed that yellow orange colour is dominant witke traces of the other
colour depending upon their genetic constitutiom gmgmentation. Yellow
orange colour was dominant in seven cultivars (EesnRed Beaut, Tarrol,
Grand Duke, Red Plum, Burbank and Beauty), darkflesh was observed in
three cultivars (Black Amber, Kubio Plum and Krassa Plum), red flesh
only cultivar Au- Rosa, yellow flesh in three cwiirs (Au- Cherry, Kanto 5

and Monarch), respectively.



Table 5 : Qualitative characteristics of exotic plun cultivars

Cultivars Fruit colour Flesh colour Fruit shape
Frontier Grey purple Yellow orange Round
Red Beaut Red Yellow orange Round
Tarrol Red Yellow orange Round
Grand Duke Red purple Yellow orange Oblong
Black Amber Red purple Dark red Elliptic
Burbank Red Yellow orange Round
Au-Cherry Yellow Yellow Elliptic
Au-Rosa Red purple Red Heart shape
Kanto 5 Yellow Yellow Round
Kubio Plum Red purple Dark red Round
Red Plum Red Yellow orange Ovate
Krassivica Plum| Red purple Dark red Ovate
Monarch Yellow Yellow Round
Beauty Red Yellow orange Round
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4.4.4 Fruit shape

Data revealed that wide variation was observed gntba different plum
cultivars for their fruit shape (Table 5). Eighupi cultivar viz; (Frontier, Red
Beaut, Tarrol, Burbank, Kanto 5, Kubio Plum, Mortaend Beauty) had rounded,
two plum cultivars (Red Plum and Krassivica Plunadhovate, two cultivar
(Black Amber and Au- Cherry) had elliptic, cultiv@@rand Duke) had oblong and
cultivar (Au- Rosa) had heart shape.

4.5 Fruit physical characters
4.5.1 Fruit weight

The perusal of the data presented in (Table 6)atedeghat maximum fruit
weight (65.78 g) was recorded in cultivar Frontsdrich was statistically higher
among all the studied cultivars followed by cultvaGrand Duke (53.34 g) and
Kanto 5 (51.72 g) whereas, cultivar Red Beaut teggsl of fruit weight of (48.91
g) which was significantly at par with cultivar Beg (47.65 g). The minimum
fruit weight was recorded in cultivar Krassivicaufl (26.44 g) followed by
cultivars Kubio Plum (28.45 g), Black Amber (34.82 Red Plum (36.56), Au-
Rosa (38.92 g) and Tarrol (42.40 g), respectivElyefficient of variation value
for fruit was 10.23 per cent.

4.5.2 Fruit size

Fruit size was recorded in terms of fruit lengftuit breadth and fruit
thickness and presented in Table 6.

4.5.2.1 Fruit length

It is apparent from the data presented in Tabtabthe fruit length in different
cultivars was ranging from 30.00 mm to 50.42 mm.xiktam fruit length was
measured in cultivar Grand Duke (50.42 mm) whicls w@nificantly at par with
cultivar Frontier (50.02 mm), whereas minimum fiflaitgth was measured in cultivar
Krassivica Plum (30.00 mm) was statistically at\peh cultivar Kanto 5 (30.45 mm),
Black Amber (30.85) and Kubio Plum (32.28 mm). Tétivar Beauty (43.44 mm)
was statistically at par with Monarch (43.32 mmj &urbank (43.30 mm), while the
cultivar Red Beaut (46.72 mm) was statisticallypat with Au- Rosa (46.00 mm).
Coefficient of variation for fruit length was 7.pér cent.



Table 6: Physical fruit characteristics of exotic fum cultivars

Fruit size (mm)

Cultivars Fruit weight

© Length Breadth Thickness

Frontier 65.78 50.02 47.70 44.56
Red Beaut 48.91 46.72 44.28 38.67
Tarrol 42.40 33.70 29.86 27.44
Grand Duke 53.34 50.42 47.00 44.22
Black Amber 34.82 30.85 30.57 28.85
Burbank 46.11 43.30 38.23 35.44
Au-Cherry 44.61 35.89 42.49 38.36
Au-Rosa 38.92 46.00 35.07 31.09
Kanto 5 51.72 30.45 30.97 27.70
Kubio Plum 28.45 32.28 30.99 27.48
Red Plum 36.56 38.44 32.93 28.95
Krassivica 26.44 30.00 28.62 27.18

Plum

Monarch 44.87 43.32 40.97 36.85
Beauty 47.65 43.44 40.58 38.39
Mean 43.61 39.63 37.16 33.94

CDo .05 1.17 0.88 2.21 1.30

CcVv 10.23 7.36 11.33 5.52




4.5.2.2 Fruit breadth (mm)

Fruit breadth in different studied plum cultivaesmged from 28.62 mm to
47.70 mm (Table 6). Maximum fruit breadth was meagdun cultivar Frontier
(47.70 mm) which was significantly at par with Gdabuke (47.00 mm). Cultivar
Kubio Plum (30.99 mm) was statistically at par witanto 5 (30.97 mm), Black
Amber (30.57 mm) and Red Plum (32.93 mm), respelstivWhile cultivar
Monarch (40.97 mm) was significantly at par withaBg/ (40.58 mm) and Red
Beaut (44.28 mm). Minimum fruit breadth was recarde cultivar Krassivica
plum fruits registered (28.62 mm) and was statdificat par with cultivar Tarrol
(29.86 mm), Au- Rosa (35.07 mm) and Burbank (38223, respectively.
Coefficient of variation for fruit length was 11.p@r cent.

4.5.2.3 Fruit thickness (mm)

It is apparent from the data presented in Tablea6 the fruit thickness in
different cultivars ranged from 27.18 mm to 44.58nMaximum fruit thickness
was measured in Frontier (44.56 mm) which was 8aamitly at par with Grand
Duke (44.22 mm). Cultivar Red Plum (28.95 mm) waigtically at par with
Black Amber (28.85 mm), respectively. While cultiBeauty (38.39 mm) was
significantly at par with Au- Cherry (38.36 mm) aied Beaut (38.67 mm).
Minimum fruit thickness was recorded in Krassiviglam fruits registered (27.18
mm) and was significantly at par with Tarrol (27.4¥m), Kubio Plum (27.48
mm) and Kanto 5 (27.70 mm), respectively. Coefficief variation for fruit
length was 5.52 per cent.

4.5 Stone characteristics
45.1 Stone size

Stone size was measured in term of stone lengthstore breadth and
presented in Table 7

4.5.3 Stone length

It is apparent from the data given in Table 7 it stone length was



ranged from 10.58 mm to 21.70 mm. The highest stength was observed in
cultivar Grand Duke (21.70 mm). Cultivar Au- Cher(t2.91 mm) was

statistically at par with Beauty (12.86), Front{@2.82 mm), Red Beaut (12.73
mm) and Krassivica Plum (12.15 mm), respectivelyhe¥éas cultivar Tarrol

(14.66) was statistically at par with Burbank (¥4r6m) and Black Amber (14.59
mm). The minimum stone length was recorded in RachH#10.58 mm) followed

by the cultivars Kanto 5 and Kubio Plum recordet.88) mm, and (11.35) mm
stone length, respectively. Coefficient of variatiwas 11.31 per cent.

45.4 Stone breadth

It is withessed from the data presented in Tabtbal the stone breadth
differs significantly among cultivars. Stone witrerimum breadth was recorded
in Grand Duke (14.94 mm) followed by cultivar Buna10.93 mm), Red Beaut
(10.80 mm) and Black Amber (10.76 mm), respectiv€lyitivar Krassivica Plum
(6.99 mm), Au- Cherry (6.62 mm), Frontier (6.44 mand Tarrol (6.13 mm)
were statistically at par with each other for stdmeadth. Cultivar Red Plum
(7.82 mm), Kubio Plum (7.47 mm) and Monarch (7.1&)mvere significantly at
par with each other. Whereas minimum stone breadih observed cultivar
Kanto 5 (4.87 mm) were statistically at par withaBgy (5.97 mm) and Au- Rosa
(5.64 mm). The coefficient of variation for thisazhcter was 7.19 per cent.

4.5.5 Stone weight

Significant differences were found ire tetone weight among different
plum cultivars (Table 7). Highest stone weight wesorded in Grand Duke (1.86
g) which was statistically higher among all thetisalrs. While cultivar Red Beaut
(1.84 g) were statistically at par with Monarchpfer, Tarrol, Beauty, Red
Plum, Au- Rosa, Burbank and Black Amber which reeor1.52 g, 1.48 g, 1.31
g, 1.22 g, 1.18 g, 1.17 g, 1.16 g and 1.00 g, wsmty whereas, lowest stone
weight was recorded in Au-Cherry and Kubio Plum89.g) which was
statistically at par with Kanto 5 (0.90 g) and Ksaga Plum (0.94 qQ),
respectively. Coefficient of variation for stoneiglg were 2.12 per cent.



Table 7: Stone characteristics of exotic plum culars

ne

Stone size (mm) Stone | Pulp:
Cultivars weight Stone a dﬁteorgﬁce
Length Breadth (9) Ratio
Frontier 12.82 6.44 1.48 43.44  Free stone
Red Beaut 12.73 10.80 1.84 25.58  Cling stone
Tarrol 14.66 6.13 1.31 31.36 Cling stone
Grand Duke 21.70 14.94 1.86 27.6[/  Free stone
Black Amber 14.59 10.76 1.00 33.82 Cling stone
Burbank 14.64 10.93 1.16 38.7%  Cling stone
Au-Cherry 12.91 6.62 0.89 49.12  Cling stone
Au-Rosa 15.00 5.64 1.17 32.2¢6  Free stone
Kanto 5 11.88 4.87 0.90 56.46  Cling stone
Kubio Plum 11.35 7.47 0.89 30.96  Semi cling st¢
Red Plum 10.58 7.82 1.18 29.98 Cling stone
Krassivica Plum  12.15 6.99 0.94 27.12| Cling stone
Monarch 15.71 7.18 1.52 28.51 Cling stone
Beauty 12.86 5.97 1.22 38.0% Semi cling stone
Mean 13.82 8.04 1.24 35.22 -
CDo.05 0.31 0.36 0.50 0.82 -
CVv 11.31 7.19 2.12 9.26 -




4.5.6 Pulp: stone ratio

Perusal of data revealed significant differencethen pulp: stone ratio of
cultivars evaluated (Table 7). Pulp: stone ratioged from minimum 25.58 to
maximum 56.46. The maximum pulp: stone ratio wasnmed in Kanto 5 (56.46)
followed by Au- Cherry (49.12) and Frontier (43.44hereas cultivar Burbank
(38.75) was statistically at par with Beauty (38,08espectively. Cultivar
Monarch (28.51) was statistically at par with Grdahake (27.67) and Krassivica
Plum (27.12) while the minimum pulp: stone ratioswa&corded in Red Beaut
(25.58) followed by Au- Rosa (32.26), Tarrol (31).38ubio Plum (30.96) and
Red Plum (29.98). Coefficient of variation for pigfpne ratio was 9.26 per cent,
pulp: stone ratio (25.58-56.46),

45.7 Stone adherence

Adherence of stone to the fruit flesh was categakias cling, semi cling
and free stone type (Table 7). Of the total cuf8vander investigation, nine
cultivars (Red Beaut, Tarrol, Black Amber, Burbaiki- Cherry, Kanto 5, Red
Plum, Krassivica Plum and Monarch) were cling stdpee, three cultivars
(Frontier, Grand Duke and Au- Rosa) were free stgpe and two cultivar Kubio

Plum and Beauty was semi cling stone type.
4.6 Fruit chemical characters
4.6.1 Total sugars

The data presented in Table 8 that total sugarengnthe cultivars
evaluated differed significantly. Total sugars retigrom 5.41 to 8.96. Maximum
total sugars was recorded in cultivar Frontier 8. @hich was statistically at par
with Black Amber (8.67), Tarrol (8.44) and KrasswiPlum (8.41) whereas,
cultivar Kanto 5 (7.84) was statistically at parttwiGrand Duke (7.66), Au-
Cherry (7.63) and Beauty (7.17), respectively. Mhaom total sugars was
recorded in Red Plum (5.41) and was statisticdllyaa with Au- Rosa (5.67). The

coefficient of variation for total soluble solidsa®/5.23 per cent.



Table 8: Physico-chemical characteristics of plumudtivars

Cultivars s-ll-ggls Rsegélggg relt;ll?(;}\g -I;SS Ac(i)dity S:Sizr: Juice
@) | o) |sugarsee)| O | OO ol | PH

Frontier 8.96 6.64 2.20 14.86 1.1§ 7.59 3|7
Red Beaut| 6.89 5.31 1.50 14.03 1.49 4.6 3.7
Tarrol 8.44 5.45 2.78 15.13 1.32 6.39 3.6
Grand 7.66 5.19 2.34 11.28 1.69 4.53 3.0
Duke
Black 8.67 5.86 2.66 10.60 2.22 3.90 3.7
Amber
Burbank 6.17 4.54 1.54 13.03 2.10 2.9] 40
Au-Cherry | 7.63 6.59 0.98 11.80 2.2( 3.46 4(1
Au-Rosa 5.67 3.88 1.70 16.06 1.29 4.2 3.6
Kanto 5 7.84 4.95 2.77 14.80 1.83 4.2¢ 37
Kubio 8.05 5.58 2.34 10.60 1.38 5.83 3.8
Plum
Red Plum 541 5.37 0.38 11.70 1.32 4.0 3.3
Krassivica | 8.41 6.36 1.94 10.00 1.65 5.09 4.1
Plum
Monarch 8.20 6.98 1.15 15.06 1.75% 4.6§ 442
Beauty 7.17 5.55 1.53 13.06 1.31 5.4] 311

Mean 7.51 5.31 1.82 12.56 1.66 4.35 3.40

CDo .05 0.62 0.09 0.34 1.3G 0.29 0.06 0.25

CcVv 5.23 10.05 10.92 5.97 10.51 7.76 4.08




4.6.2 Reducing sugars (%)

Reducing sugars ranged from 3.88 per cent to 6€38cpent (Table 8).
Maximum reducing sugars was recorded in cultivani®toh (6.98 %) which was
statistically at par with Frontier (6.64 %), Au- &hy (6.59 %) and Krassivica
Plum (6.36 %) to each other. Cultivar Black Amb&i86 %) were statistically at
par with Kubio Plum (5.58 %), Beauty (5.55 %), T&i(5.45 %), Red Plum (5.37
%), Red Beaut (5.31 %) and Grand Duke (5.19 %)peesvely. Minimum
reducing sugar was recorded in Au-Rosa (3.88 % vaaslstatistically at par with
cultivars Kanto 5 (4.95) and Burbank (4.54). TheefGoient of variation for
reducing sugars was 10.05 per cent.

4.6.3 Non-reducing sugars (%)

Under the present investigation, maximum non-rauycsugars was
recorded in cultivar Tarrol (2.78) and was stataty at par with Kanto 5 (2.77),
Black Amber (2.66), Grand Duke (2.34), Kubio Plu2i3d) and Frontier (2.20).
Cultivar Krassivica Plum (1.94) were statistically par with Au- Rosa (1.70),
Burbank (1.54), Beauty (1.53), Red Beaut (1.50)d adonarch (1.15),
respectively. Minimum non-reducing sugars was réedrin Red Plum (0.38)
were statistically at par with Au- Cherry (0.98eT coefficient of variation for

total soluble solids was 10.52 per cent.
4.6.4 Total soluble solids

In the cultivars studied, maximum total solubled®lwas recorded in Au-
Rosa (16.08) which was statistically at par with Tarrol (13°B) and Monarch
(15.06B). Minimum TSS was recorded in cultivar Krassivielam (10.068) and
was statistically at par with Black Amber (10°BY and Kubio Plum (10.68).
Cultivar Frontier (14.8%) was statistically at par with Kanto 5 (14°B), Red
Beaut (14.03), Beauty (13.08) and Burbank (13.08), whereas cultivar Au-
Rosa (11.8%B) with Red Plum (11.78) and Grand Duke (11.2B) were



statistically at par with each other for total dw&u solids. The coefficient of

variation for total soluble solids was 5.97 pertcen
4.6.5 Acidity (%)

It is evident from the data that there exist greatability among different
plum cultivars (Table 8). Acidity ranged from 1.482.22. Maximum acidity was
recorded in Black Amber (2.22) which was statisljcat par with Au- Cherry
(2.20) and Burbank (2.10). Minimum acidity was netsal in Frontier (1.18) and
was statistically at par with Au- Cherry (1.29),aB¢y (1.31), Red Plum (1.32),
Tarrol (1.32) and Kubio Plum (1.38) whereas, ReduBg1.49) with Krassivica
Plum (1.65), Grand Duke (1.69), Monarch (1.75) dfahto 5 (1.83) were
statistically at par with each other for acidityher coefficient of variation for

acidity was 10.51 per cent.
4.6.6 Sugar: acid ratio

Perusal of data revealed significant differencetheasugar: acid ratio of
cultivars evaluated (Table 7). Sugar: acid ratioged from 2.93 to 7.58. The
maximum sugar: acid ratio was recorded in cultivesntier (7.58) followed by
cultivars Tarrol (6.38), Krassivica Plum (5.09),a8&y (5.47) and Kubio Plum
(5.83). Cultivar Red Beaut (4.62) was statisticaltypar with Monarch (4.68),
Grand Duke (4.53), Red Plum (4.09) with Kanto 28}.and Au- Rosa (4.29).
While the minimum sugar: acid ratio was recorde@imbank (2.93). Coefficient

of variation for sugar/acid ratio was 7.76 per cent
4.6.7 Juice pH

Significant differences were found in thid of juice of the studied plum
cultivars (Table 8). Highest pH was recorded in Bimh (4.2) which was
statistically at par with Krassivica Plum (4.1),-ADherry (4.1) and Burbank (4.0)
while the lowest pH was observed in cultivar Bea@yL) which was statistically
at par with Red Plum (3.3) and Kubio Plum (3.3) boer no difference was

observed in juice pH of cultivars Au-Rosa, Tariégnto 5, Black Amber, Red



Beaut, Frontier and Grand Duke. The coefficienwvafiation for juice pH was
4.08 per cent, respectively.

4.7 Fruit yield/harvesting

Fruit yield/harvesting was recorded in term of datenaturity and yield

per tree and presented in Table 9

4.8 Date of maturity

In the present investigation the data recorded ate @f maturity was
presented ifable 9. Fruits of Red Plum cultivar were the eatlito mature (28
May), it was closely followed by fruits of FrontieFarrol and Au- Rosa on"®
June, Au- Cherry and Krassivica Plum dh June, Black Amber, Monarch and
Beauty on ¥, 8" 9th June, respectively, while that cultivar Burband Kanto 5
fruits mature 16 to 12" June. The cultivar Kubio Plum and Grand Duke were

mature late from 20June to 28 June respectively.
4.9  Yield/tree (kg)

Perusal of data presented in Table 9 revealed fisigni differences
among cultivars with respect to fruit yield. Yieper tree in different cultivars
ranged from 18.07 kg to 52.54 kg per tree. Thedsglyield per tree was recorded
in Frontier (52.54 kg) which was statistically heghof all other cultivars. The
yield of cultivar Beauty (45.31 kg) which was s$éitially at par with Grand Duke
(42.49 kg) and Au-Cherry (44.13 kg). However, theddyof cultivar Tarrol (35.00
kg) was statistically at par with cultivars Burba(85.18) and Monarch (37.55
kg), respectively. Minimum fruit yield was recordéd cultivar Kubio Plum
(18.07 kg).



Table 9: Maturity date and yield characteristics ofplum cultivars

Cultivars Date of maturity Yield/tree (kg)
Frontier 29 June 52.54
Red Beaut BJune 32.24
Tarrol 2June 35.00
Grand Duke 28June 42.49
Black Amber 7 June 22.66
Burbank 18 June 35.18
Au-Cherry & June 44.13
Au-Rosa 24 June 22.95
Kanto 5 1% June 40.35
Kubio Plum 28" June 18.07
Red Plum 28 May 30.57
Krassivica Plum 8 June 26.56
Monarch & June 37.55
Beauty 4 June 45.31
Mean - 34.68
CDo.0s5 - 1.43
Cv - 6.83




Chapter-5
DISCUSSION

The present investigation entitled “Evaluation stgdon exotic Plum
cultivars under Kashmir conditions” was conductédihee Central Institute of
Temperate Horticulture (CITH) Srinagar, Jammu arshénir, as it was realized
that no work has been done in this area althougsh laas immense potential for its
commercial cultivation. The major emphasis in timgestigation was given to
identify the best cultivars which are superior ielg and fruit quality. Result

obtained from the present studies are discusseavbel
5.1 Phenological stages

The earliest date of bud swell was observed inivarltBeauty (38
March) and late bud well was observed in cultivaibld Plum (& April). The
date of tight cluster was earliest observed inivaitBeauty (2 April) and tight
cluster date was late in cultivar Kubio Plum {24pril). Date of open cluster was
earliest in cultivar Beauty (5April) whereas it was late in cultivar Kubio Plum
(14" April).

The date of first bloom was observed in cultivarsriier, Red Beaut,
Tarrol, Au-Rosa, Krassivica Plum and Beauty dhApril and late bloom was
observed in cultivar Kubio Plum (£7April) during the present studies. The date
of full bloom was recorded in cultivars Beauty afatrol on 18" April and late
was observed in cultivar Grand Duke {18pril) and Kubio Plum (21 April).
The duration of flowering in the studied cultivar@anged from 9 to 15 days.
Maximum duration of flowering was recorded in cwdtis Frontier and Au-Rosa
(15 days), however minimum duration was observeduliivar Red Plum (9
days).

The number of flowers per branch among the studidtivars ranged
from 64.91 to 104.84. Maximum flowers per branchievgbserved in cultivar Au-
Rosa (104.84) and lowest were observed in cultKemto 5 (64.91). The early



date of first petal fall was observed in cultivaeaBity (13' April) and late in
cultivars Grand Duke and Monarch k*lg\pril). Date of complete petal fall was
observed earlier in cultivar Beauty {12April) and late was observed in cultivar
Kubio Plum (28' April).

Highest fruit set was recorded in cultivar Front{e2.44 %) whereas as
lowest fruit set was recorded in cultivar Black Aenl§40.88 %). Fruit drop was
maximum in cultivar Frontier (44.21 %) and minimumcultivar Burbank (32.14
%). The fruit retention was maximum in cultivar Bank (67.86 %) whereas,

minimum fruit retention was recorded in cultivaoRtier (55.59 %).

The similar variations in traits different also ebged by Sud (1979),
Kumar et al. (2013), Aulakh (1999) and Josa al. (1999) in plum cultivars.
These traits depend on environmental conditionsgeFature, altitude, rainfall
etc.) and may change every year (Liveranal, 2010). Cosmulescet al. (2010)
stated that ‘flowering time duration’ is a featumdich is influenced both by

climatic as well as genetic factor.

Variable duration of flowering in different plum ltuars were also
reported by Jovancevic (1977) and Milosevic (2000)ey concluded that high
variation in flowering period pave the way for deygeng late flowering plum to
avoid damage due to spring frost under mid hilldibans. Similar variation in
duration of flowering in plum has been reportedB&}lini et al. (1992), Varga®t
al. (2001) and Vitanovaet al (1998). They attributed these variations to the
genetic makeup of the cultivars and their respdnsexisting soil and climatic

conditions.

Higher fruit set under present investigation mayhbedéter due to more
nutrient availability and weed control. These res@are in accordance with the
findings of Autioet al. (1991), Thakuet al (1993) and Mehragt al (2014), who
reported that an adequate nitrogen supply to teeléaf emerging in the spring as

well as to the flower was critical for fruit setigHer fruit drop in the present



study may be due to decrease in soil moisture atrient losses which resulted in
low fruit retention and higher fruit drop leadinglower yield. These results are in
accordance with the findings of Thaketr al. (1993), Bajaweet al (1993) and
Mehrajet al (2014).

5.2 Foliage characters

Maximum leaf length was observed in cultivar Fren{(116.13 mm) and
minimum leaf length was recorded in cultivar Reca@e(92.33 mm) however,
maximum leaf breadth (49.66 mm) was recorded intivaul Au-Rosa and
minimum leaf breadth (33.26 mm) was observed inivar Burbank. The leaf
area (crf) of the studied exotic plum cultivars ranged fr@&h.24 cri (Red
Beaut) to 56.22 cf(Frontier).

The petiole length was maximum in cultivar GrandkBy21.17 mm)
followed by Au-Cherry (20.33 mm), whereas minimuretiple length was
recorded in cultivar Burbank (13.96 mm). Maximumtigle thickness was
recorded in cultivar Frontier (1.67 mm) and minimyatiole thickness was
recorded in cultivar Au-Cherry and Au-Rosa (1.17 nrheaf margin was
categorized as crenate and serrate. Only cultivand@Duke had crenate type of
leaf margin, whereas it was serrate type in reghiofeen plum cultivars under

study. Similar variation was reported by Chaddlal. (2006) in peach.

Rozparaet al (2008) in cherry, Kaur and Kaundal (2009) in pgeaad
Fathia et al (2013) also reported similar type of variation different leaf
characters (leaf length, leaf breadth, leaf aretiple length and petiole thickness)
obtained in present studies which are in accordarttethe findings of Gonzales
(1992) and Wangt al. (2006) who reported that the traits viz, leaf indeaf
breadth, leaf area, petiole length and petiolektitess are genetically inherited
characters which varied from variety to varietye ag tree, location and fertility

status of the soil.



5.3 Physico-chemical characters
5.3.1 Fruit size

Fruit size was measured as fruit length x fruitaolt x fruit thickness.
The fruit length in different cultivars was rangifigm 30.0 mm to 50.42 mm,
fruit breadth from 28.62 to 47.70 mm and fruit ¥mess from 27.18 to 44.56 mm.
Maximum fruit length was measured in cultivar Grdduke (50.42 mm) whereas
minimum was observed in cultivar Krassivica Plur®.(B8mm). Maximum fruit
breadth and fruit thickness was measured in cult@ntier (47.70 mm and
44.56 mm) whereas minimum fruit breadth was reabntlecultivar Krassivica
Plum (28.62 mm and 27.18 mm). Fruit weight in pnéstudy ranged from 26.44
g to 65.78 g in different plum cultivars. Maximumuit weight (65.78 g) was
recorded in cultivar Frontier followed by Grand Ruk53.34 g) and minimum

fruit weight was recorded in cultivar Krassivicai®l (26.44 g).

Similar type variation with respect to fruit sizeshbeen reported by
Mohapatra and Sharma (1997) they reported thatigddysharacters such as fruit
weight was maximum in cultivar Frontier (62.19 g)daminimum in cultivar
Azarshah (14.40 g). Roberts@t al (1992) recorded heaviest fruit weight in
cultivar Fortune (80.51 g) followed by Queen Ro088.19 g) and smallest in
Floridal-2 (29.20 g). Balik (2004) and Caliskanal. (2006) reported that fruit
weight ranged from 46.71 g (Obilnaja) to 91.26 d¢ga® Diamond). In a study,
Karamursekt al (2007) reported that fruit weight of Presidenitigar was 57.04
g. Different soil and climatic conditions and maeagent practices could be the
reason for differences in fruit weight. Further thariation might be due to
differences in genetic constitution of cultivarsdacrop load that appear to be
responsible for difference in fruit weight. The ults are in agreement to the
findings of Bisla and Chitkara (1980), Ozakmetnal. (1995) and Chanaret al
(1992). Rouse and Sherman (1989) who reportedthigatause of variation in
fruit weight may be due to varied fruit size (lem@ind breadth) and difference in
crop load.



Similar type variation was also reported by Simgtal. (2011). Kumaret
al. (2013) reported similar results in which fruit ¢gh was maximum in cultivar
Ruby Sweet (43.81 mm) and minimum (31.79 mm) irica Cherry Plum. The
present findings are also in conformity with earbéudies conducted by Bal and
Chohan (1981) and Mishra and Srivastava (1973). vEm&tion in fruit breadth
and thickness in peach and other Prunus specieal$@m®een reported by other
workers (Chadha and Sankhayayan, 1974, Ladhar,)1978

Fruit colour varied greatly among the differentirnpl cultivars. Red purple
colour was possessed by five cultivars (Grand Ditack Amber, Au- Rosa,
Kubio Plum and Krassivica Plum), red colour by figaltivars (Red Beaut,
Tarrol, Burbank, Red Plum and Beauty), grey puipjeFrontier and yellow

colour by three cultivars Au- Cherry, Kanto 5 andrMrch.

The flesh colour of fruit among the different plultivars revealed that
yellow orange colour is dominant with the tracests other colour depending
upon their genetic constitution and pigmentatioall{v orange colour was found
dominant in seven cultivars Frontier, Red BeautydiaGrand Duke, Red Plum,
Burbank and Beauty, dark red flesh in cultivarscBl&mber, Kubio Plum and
Krassivica Plum, red flesh in cultivar Au-Rosa amtlow flesh in three cultivars
Au-Cherry, Kanto 5 and Monarch. Similar variatianghe fruit and flesh colour
characters have been reported by different worieirsghet al. 2011, Kumaret
al. 2013, Sharma, 1999 and Tandon, 2006).

Present data revealed that wide variation was ebdeamong the different
plum cultivars for their fruit shape. Eight plumlivars Frontier, Red Beaut,
Tarrol, Burbank, Kanto 5, Kubio Plum, Monarch ancaBty were round,
cultivars Red Plum and Krassivica Plum were ovate, cultivars Black Amber
and Au- Cherry were elliptic, cultivar Grand Dukesvoblong however cultivar
Au- Rosa had heart shape. Similar results have begorted by other workers
(Sharma, 1999 and Tandon, 2006). The variatiorrunt $hape might be due to



difference in agro-ecological and adaphic condgjogenetic makeup of plum
cultivars and most important is the nature andeptzfcorigin.

5.3.2 Fruits stone characters

During the study of stone size such as stone leagthstone breadth. The
stone length and breadth in different cultivarggethfrom 10.58 mm (Red Plum)
to 21.70 mm (Grand Duke) and 4.47 mm (Kanto 5)4®4 mm (Grand Duke),
respectively. Stone weight ranged from 0.89 g ®41g in studied cultivars.
Highest stone weight was recorded in cultivar Grande (1.86 g) and lowest
was recorded in Au- Cherry and Kubio Plum (0.89\Mgximum pulp: stone ratio
was recorded in cultivar Kanto 5 (56.46) and theimum pulp: stone ratio was
recorded in cultivar Red Beaut (25.58).

Adherence of stone to the fruit flesh was categatias cling, semi cling
and free stone types. Among the total cultivarseunndvestigation, nine cultivars
(Red Beaut, Tarrol, Black Amber, Burbank, Au- ClgerKanto 5, Red Plum,
Krassivica Plum and Monarch) were cling stone typpeee cultivars (Frontier,
Grand Duke and Au- Rosa) were free stone type aodctltivars (Kubio Plum

and Beauty) were semi cling stone type.

Similar type of variation in stone size has alserbeeported by Kumaat
al. (2013) and Josaet al (1999). Variation in pulp: stone ratio in plumshaeen
reported by Thakuet al. (2014), Tripathiet al. (1984) and Josast al. (1999)
found that pulp: stone ratio ranged from 59.13 pent to 19.56 per cent.
Variation in stone weight has been reported by Déiaal. (1992), Vukojevicet
al. (2012) which ranged from 2.90 g in cultivar Foduand 0.95 g in Red
Beaut.The variation in pulp stone ratio dependshenfruit size and weight of the
fruit. Higher pulp stone ratio in some cultivarsyree due to higher fruit weight
and less stone weight. The variability with resgecstone adherence in different

plum cultivars might be due to varietal characterss Similar type of variation



has also been reported by other workers (Sietghl. 2011, Sharma, 2013 and
Tandon 2006).

54 Chemical characters

Different cultivars were studied with respect taifrchemical characters
such as total sugars, reducing sugar, non-redwiggr, TSS, acidity, sugar acid
ratio and juice pH. Maximum total sugars were rdedrin cultivar Frontier (8.96
per cent) and minimum total sugars were recordediftivar Red Plum (5.41 per
cent). Reducing sugar was ranged from 3.88 per (¢arRRosa) to 6.98 per cent
(Monarch) whereas non-reducing sugar ranged fr@@8@ pPer cent (Red Plum) to
2.78 per cent (Tarrol).

Maximum total soluble solids (TSS) were recordectutttivar Au- Rosa
(16.06B) while the lowest was recorded in cultivar Kragsa Plum (10.6B) in
present study. Acidity of different plum cultivaranged from 1.18 to 2.22. The
maximum acidity was recorded in cultivar Black Amlf2.22 %) and minimum
acidity was recorded in cultivar Frontier (1.18%#flaximum sugar: acid ratio was
recorded in cultivar Frontier (7.58 %) and the mmom sugar: acid ratio was
recorded in cultivar Burbank (2.93 %). The pH dtguwas maximum in cultivar

Monarch (4.2) and lowest in cultivar Beauty (3.1).

Significant differences in fruit juice pH amongfeifent cultivars and their
parents was reported by Milosevic and Milosevic1@0in plum and values
ranged from 3.35 (Cacanska Lepotica) to 0.04 (8tanBimilar type of variation
in fruit juice pH in plum has also been reporteddiier workers (Nergiz and
Yildiz, 2010, Tomas-Barberaet al., 2001). Sugar: acid ratio is an important
factor in determining the consumer acceptabilityany edible fruit. Variation in
reducing and non-reducing sugar, TSS, acidity addopjuice may be due to
genetical makeup of plum cultivars (Ertuekal. 2009) and may also be affected
by agro-climatic conditions, management practicészation and storage
conditions (Josaat al. 1999) and Sharma (1994).



Similar type of variation has also been reported Spn (2010) and
Paunovicet al (1994). He observed that in different plum cuts; the total
sugars varied from 7.14 per cent (Au- Rosa) to ®&4cent (Frontier), Thakuat
al. (2014) reported that the total sugar content rdrigem 6.07 per cent (Queen
Rosa) to 8.95 per cent (Shiro 14-4). Variationaducing sugar in plum has also
been reported by Erturit al. (2009) and (Nergiz and Yildiez, 2010) while Son
(2010) reported that the sugar: acid ratio in pleuttivars ranged from 7.93 to
4.29 and non-reducing sugar ranged from 0.69 par(Euby Sweet) to 4.15 per
cent (Shiro 1-4). Josaet al. (1999) also observed that mean TSS ranged from
9.72B to 16.95B in different cultivars of plum. The results atecin agreement
with those obtained by Singtt al. (1973) and Tomaet al. (1984) who reported
that TSS content in peach varied between 9.8 t8°Bfx in cultivar Sharbati.
Josaret al (1999) have also recorded lowest acidity in R8lyeet and highest in
Florida 1-2 plum. Similar, results have also begorted by Singlet al, (1973),
Dirlewangeret al (1999) and Promchet al, (2008) in peach and nectarines. The
chemicals constitute of the different cultivars elegls on the different rate of
conversions of complex organic acids into simplgass at the time of maturity
and has been variated by the agro-climatic condtiand nutritional factors
(Nergiz and Yildiez, 2010).

5.5 Yield character

In the present study, the date of fruits matuwigs earliest in cultivar
Red Plum (28 May) and late in cultivar Grand Duke {26une). The yield per
tree in different cultivars ranged from 18.07 kgs@&54 kg. The maximum vyield
per tree was recorded in cultivar Frontier (52.%) &nd minimum yield was

recorded in cultivar Kubio Plum (18.07 kg).

Similar type of variation has also been reported Bajik (2004) and
Sharmaet al. (1993) who reported that the time of maturity ddrp cultivars
ranged from the middle of June to the first weekSeptember. Caliskan (2006)
reported that plum cultivar Autumn Giant, T.C Surd&ngeleno were the late



ripening cultivars and matured in the first weekS#ptember. These different
findings are most likely attributed to the charastees of different species of
fruit. Also the differences in date may be the hesi different ecological

conditions.

The yield potential of a plum crop is inherentlypdadent upon their
adaptation to agro-climatic conditions and managenpeactices. The ultimate
objective of the grower is to have high yield, whis highly variable among the
different cultivars and is genetically controllédbwever, yield generally depends
on the health of tree, nutrition, age of plantdfwal practices adopted, pest and

disease incidence and finally climatic conditiohsutivated area.



Chapter-6
SUMMARY & CONCLUSION

The present investigation entitled “Evaluation sgdon exotic plum
germplasm under Kashmir conditions” was conductedCantral Institute of

Temperate Horticulture, Srinagar, Jammu and KasHaring the year 2014.

Different exotic plum cultivars were evaluated fdrenological stages and
physico-chemical characters which were studied udierent sub headings viz;
bud stage, floral stage and leaf characters of ptuitivars, physico-chemical
characters viz; physical fruit characters, stoneratters, chemical traits and fruit
yield or harvesting. The date of bud swell, tighister, open cluster, date of first
bloom, full bloom, first petal fall, complete petaill, no. of flowers per branch,
fruit set, fruit drop, fruit retention, leaf lengtleaf breadth, leaf area, petiole
length, petiole thickness and leaf margin wereisgudnder phenological stages
in plum cultivars. Whereas characters like fruiigis, fruit length, fruit breadth,
fruit thickness, fruit shape, fruit colour, flesblaur, stone weight, stone length,
stone breadth, pulp: stone ratio, stone adhereota, sugars, reducing sugar,
non-reducing sugar, TSS, acidity, sugar: acid ydtice pH, date of maturity and

yield per tree (kg) were studied under fruit phgsatiemical characters.
The important findings are summarized as under:-

» Significant differences were recorded among thduated cultivars
for bud swell stage. The bud swell was noticedeqadrly in cultivar
‘Beauty’, ‘Frontier’, ‘Krassivica Plum’, ‘Red BeautTarrol’ and ‘Au-

Rosa’ and late in cultivar ‘Kubio Plum’.

» Tight cluster was observed earliest in cultivar aBg/’, ‘Frontier’,
‘Red Beaut’, ‘Tarrol’, ‘Au-Rosa’ and ‘Krassivica &h’, and late in

cultivar ‘Kubio Plum’.



Open cluster was observed earliest in cultivar tBga ‘Frontier’,
‘Red Beaut’, ‘Tarrol’, ‘Au-Rosa’ and ‘Krassivica B’ and late in

cultivar ‘Kubio Plum’.

Among the cultivar studied, cultivar ‘Beauty’, ‘Friter’, ‘Red Beaut’,
‘Tarrol’, ‘Au-Rosa’ and ‘Krassivica Plum’ bloomsr§t while cultivar
‘Kubio Plum’ was late in blooming. Full bloom wasarBest in

cultivars ‘Beauty’ and ‘Tarrol’ and late in cultiveKubio Plum’.

Petal fall stage was recorded earlier in cultiMaeduty’ and late in
cultivars ‘Grand Duke’ and Monarch’. The completetg fall stage
was earliest in cultivar ‘Beauty’ and late in cudtis ‘Grand Duke’ and

Monarch’.

The duration of flowering ranged from 9 to 15 daysong the studied
cultivars. Maximum duration of 15 days was recordedcultivars
‘Frontier’ and ‘Au- Rosa’ and minimum duration addvering (9 days)

was recorded in cultivar ‘Red Plum’.

Among the cultivars evaluated, cultivar ‘Frontiéad maximum leaf
length whereas lowest in cultivar ‘Red Beaut’. @4alt ‘Au-Rosa’ had
maximum leaf breadth while cultivar ‘Burbank’ hadnmum leaf
breadth. Maximum leaf area per blade was recordectultivar

‘Krassivica Plum’ whereas minimum in leaf area uitivar ‘Burbank’.

Cultivar ‘Grand Duke’ showed highest petiole lengthereas cultivar
‘Burbank’ had lowest value for petiole length. Mawim petiole
thickness was recorded in cultivar ‘Frontier andnimum was

recorded in cultivar ‘Au-Cherry’.

Leaf margin was categorized as crenate and seygas. Only cultivar
‘Grand Duke’ had crenate type of leaf margin whenesst of cultivar

had serrate type of leaf margin.



» Maximum number of flowers per branch was registerecultivar

‘Au-Rosa’ and minimum in cultivar ‘Kanto 5.

» Highest fruit set was recorded in cultivar ‘Frontiand lowest in
cultivar ‘Black Amber’. Maximum fruit drop was reated in cultivar
‘Frontier’ and minimum in cultivar ‘Burbank’. Higls¢ fruit retention

was recorded in cultivar ‘Burbank’ and lowest itiuar ‘Frontier’.

» Cultivars ‘Grand Duke’, ‘Black Amber’, ‘Au-Rosa’Kubio Plum’ and
‘Krassivica Plum’ was red purple with respect taitfrcolour, red
colour was noticed in cultivars ‘Red Beaut, ‘TatrdBurbank’, ‘Red
Plum’ and ‘Beauty’, grey purple in ‘Frontier’ anellow in cultivars
‘Au-Cherry’, ‘Kanto 5’ and ‘Monarch’. Fruit fleshatour was yellow
orange in cultivars ‘Frontier’, ‘Red Beaut’, ‘Tatto'Grand Duke’,
‘Burbank’, ‘Red Plum’ and ‘Beauty’, dark red in twhrs ‘Black
Amber, ‘Kubio Plum’ and ‘Krassivica Plum’, red inultivar ‘Au-

Rosa’ and yellow in cultivars ‘Au-Cherry’, ‘Kantd &nd ‘Monarch’.

» Shape of fruit was round in cultivars ‘FrontielRed Beaut’, ‘Tarrol’,
‘Burbank’, ‘Kanto 5’, ‘Kubio Plum’, ‘Monarch’ andBeauty’, ovate in
cultivars ‘Red Plum’ and ‘Krassivica Plum’, elliptin cultivars ‘Black
Amber’ and ‘Au-Cherry’, oblong in cultivar ‘GranduBe’ and heart

shape in cultivar ‘Au-Rosa’.

» Fruit weight of different plum cultivars ranged ween 26.44 g
(Krassivica Plum) to 65.78 g (Frontier). Maximunuifrlength and
fruit breadth was recorded in ‘Grand Duke’ (50.4éhvand ‘Frontier’
(47.70 mm), respectively whereas minimum fruit kngnd fruit
breadth was registered in cultivar ‘Krassiviva PIy30.00 mm and
28.62 mm). Maximum fruit thickness was recorded aultivar
‘Frontier’ (44.56 mm) and minimum was in ‘Krassigi®lum’ (27.18

mm).



» Stone weight of plum cultivars ranged between @&8u-Cherry and
Kubio Plum) to 1.86 g (Grand Duke), stone lengthedfrom 10.58
mm (Red Plum) to 21.70 mm (Grand Duke) whereasestmeadth
varied from 4.87 mm (Kanto 5) to 14.94 mm (Grandk@&u Highest
pulp: stone ratio was recorded in cultivar ‘Kantq5%.46) and lowest

was recorded in cultivar ‘Red Beaut’ (25.58).

» Cultivars ‘Red Plum’, ‘Red Beaut’, ‘Tarrol’, ‘Burlmk’, ‘Kanto 5’,
‘Kubio Plum’, ‘Black Amber’, ‘Au-Cherry’ and ‘Kragsica Plum’
were cling types whereas cultivars ‘Frontier’, ‘@daDuke’ and ‘Au-

Rosa’ were free stone type cultivars.

» Maximum total soluble solids were recorded in ealti ‘Au-Rosa’
(16.06 %) and minimum in cultivar ‘Krassivica Plun0.00 %),
whereas maximum total sugars content was recordedultivar
‘Frontier’ (8.96 %) and lowest in cultivar ‘Red Pi (5.41 %).
Reducing sugar and non-reducing sugars ranged eet®:88 per cent
(Au-Rosa) to 6.98 per cent (Monarch) and 0.38 pet (Red Plum) to

2.78 per cent (Tarrol), respectively.

» Minimum titrable acidity content was observed irtigar ‘Frontier’
(1.18 %) and maximum in ‘Black Amber’ (2.22 %) wbhas maximum
sugar: acid ratio was observed in cultivar ‘Fronti€7.58) and
minimum in cultivar ‘Burbank’ (2.93). The highestige pH was
recorded in cultivar ‘Monarch’ (4.2) and lowest ¢altivar ‘Beauty’
(3.1).

» Plum cultivar ‘Red Plum’ matured and harvested meatier than all
other cultivars however in cultivar ‘Grand Duke’ tuaed late in
comparison to other cultivars. Maximum vyield peses was observed
in cultivar ‘Frontier (52.54 kg) and minimum yielfas observed in
cultivar ‘Kubio Plum’ (18.07 kg).



On the basis of fruit weight and vyield, the beslticar was ‘Frontier’
whereas Au-Rosa was best with respect to sweebiessit. ‘Frontier’, ‘Grand
Duke’ and ‘Au- Rosa’ were best cultivars as theeffrom stone. On the basis of
harvesting date, all the cultivars under study wgoeiped into early (last week of
May), mid (third week of June) and late (last weékune) cultivar. The cultivar
with distinct superiority in yield and quality cleateristics are recommended for

commercial adaption and in further improvement paagmes through breeding.
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