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INTRODUCTION




1. INTRODUCTION

Brinjal, botanically known as Solanum melongena L. is an important
vegetable crop of the tropics and subtropics. It is known by different names viz.,
eggplant, aubergine (French word) in European countries, garden egg, guinea squash

and melongena ( Sekara et al., 2007).

de Condolle (1966) stated that S. melongena L. has been known to Indians
since ancient times, and is regarded as a native of Asia. Now, it is grown in
temperate, tropical and warmer temperate zones of the world. In India, brinjal is
grown throughout the year in all parts of the country except in higher altitudes. It
occupies an area of 711.3 thousand hectares which accounts for nearly 7.6 % of the
total area under vegetables, with a productivity of 19.1 metric tons per hectare. India
is the second largest producer of brinjal with a world production share of 26% [NHB
database 2014].

The unripe fruits of brinjal are consumed as a cooked vegetable and the dried
shoots contribute to fuel in rural areas. Brinjal contains water, proteins, carbohydrates
and is low in fat and calories. It is a rich source of vitamins and minerals, total sugars,

protein and other nutrients.

A wide range of fruit shapes are present in Brinjal. The shape varies from
ovoid or oblong to long cylindrical. The fruit colour may be white, yellow, green or
purple. The oblong shaped brinjal fruits are rich in total sugars whereas long fruited
cultivars have higher content of phenols, glycoalkaloids and amide proteins (Bajaj er
al., 1979). Glycoalkaloid is a major constituent of Solanaceae family which

contributes to the bitterness of fruits.

Brinjal is known to have medicinal properties and is a good remedy for

diabetes and liver ailments (Shukhla and Naik, 1993). Even the skin of brinjal
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contains fibre, potassium, magnesium and anti oxidants. Owing to all these facts,

eggplant is one among the top ten preferred vegetables in the world.

Inspite of all these significances, majority of high yielding varieties of brinjal
are susceptible to a wide range of pests and diseases, among which fruit and shoot
borer (Leucinodes arbonalis) causes severe crop loss of about 38-55% (Tripathy ef
al., 1966). Other pests of brinjal include epilachna beetle, mealy bug, aphids,
tetranychid mite and leafhoppers. Among the diseases affecting brinjal, phomopsis
blight, Cercospora leaf spot, damping off and bacterial wilt are severe. The pest and

disease incidence is a limiting factor in accelerating the yield potential of brinjal.

Many wild allied species of brinjal (S. melongena) are good donor sources
with respect to hardiness and resistance to pest and diseases. The important allied
species of S. melongena are S. incanum L. (thorn apple), S. viarum Dunal (tropical
soda apple), S. indicum Linn. (Indian night shade), S. gilo Raddi (scarlet egg plant), S,
macrocaron L. (Gboma eggplant) efc. Hence, it is the need of the hour to transfer the
desirable genes from the wild species to the cultivated ones. Many research works are
going on for the development of transgenic brinjal types with resistance to biotic and
abiotic stress. Though work on Bt brinjal was started in 2000, no GM crop has been
released so far for cultivation in open condition. Adaptability of the GM crops among
the people is also poor. Hence, the conventional techniques receive special attention
in the development of resistant types. However, for distant or interspecific
hybridization, the knowledge of the breeding behaviour of the different species as
well as the crossability of the important species is essential. Besides these, the
crossability and hybridization studies of S. melongena and the related species are in
general inconclusive and often contradictory (Rao, 1979; Rai et al., 2004). Keeping in
view of the above facts, the present investigation entitled “Breeding biology and
cross compatibility of close wild relatives of brinjal (Solanum melongena 1.)” was

undertaken with the following objectives:
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I. Elucidate the reproductive biology of the variants of the related wild species
of brinjal.

2. Evaluate the cross compatibility of the wild species with brinjal.
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2. REVIEW OF LITERATURE

Solanum melongena 1. belonging to the genus Solanum is an important
solanaceous crop of the tropics and subtropics. The sanskrit name ‘Amar kosh’ which
prevailed during 1106 AD, refers to brinjal and it provides a strong evidence for its
cultivation in India since ages (Bhaduri, 1951). Chandra and Murthy (1968) provided
the earliest record for existence of egg plant in India. Swarup (1995) reported that
there was existence of brinjal in India since 3™ century BC. Atleast 33 sanskrit names
are reported for eggplant in ancient Indian literature, the most commonly used ones

being Varttaka, Bhantaki and Nattingan.
2.1. Origin and distribution

Scientists have varied opinions with regard to the origin of brinjal. According
to Vavilov (1926), brinjal is believed to have originated in Indo-Burma region.
However, Sampson (1936) was of the opinion that brinjal originated in African
continent. But, there is no evidence for its origin in Africa, though there is spiny

African brinjal .

There is also a concept that India is the centre of diversity of brinjal
(Bhadhuri, 1951; Vavilov, 1951; Lester and Hasan, 1991). Later, Zeven and
Zhukovsky (1975) stated that brinjal had its origin in India and was distributed to
China by 5" century BC.

There are evidences to indicate that brinjal originated in Asia. Khan (1979)
reviewed that southwest Asia including Arabia, Indoburma, China and Japan were the

probable places of origin of brinjal by different authors.

According to Lester and Hasan (1991) eggplant is a native of India, and

China is considered to be the centre of diversity.
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Isshiki er al. (1994) based on isoenzyme and morphological variations
noticed in the germplasm collection from India, arrived at the conclusion that

Bangladesh is the centre of origin of brinjal.

Karihaloo and Gottlieb (1995) reported that several advanced cultivars and
numerous land races of brinjal were cultivated in India for their young unripe fruits

which were consumed in fresh, dried or pickled form.

According to Swarup (1995) India or Indochina could be recognized as the
centres of diversity of eggplant. Lawande and Chavan (1998) stated that eggplant is a
vegetable belonging to Solanaceae family, and had its origin in India and China

regions.

Daunay et al. (2001) stated that the cultivation of brinjal gradually extended

to the Mediterranean region during the Arab inquists in the 7" century.

Chattopadhyay er al. (2009) reported that rich diversity of brinjal was
observed in various parts of India like Eastern Ghats, north — eastern region, central

and east India.
2.2. Biodiversity and evolution

The family Solanaceae comprises of 2300 species, out of which nearly half
belongs to the genus Solanum. The genus Solanum has tremendous species diversity.
Various scientists have traced the evolutionary relationship between brinjal and wild

relatives over the years (Bitter, 1923).

Choudhary (1976) described 3 botanical varieties under the species melongena,
viz., Solanum melongena var esculentum (round or eggshaped fruits), S. melongena

var serpentinum (long slender fruits) and S. melongena var depressum (dwarf brinjal).
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Daunay et al. (1991) stated that within the eggplant complex, there is high

level of morphological plasticity manifested at genera, species and cultivar levels.

Lester and Hasan (1991) adopted an informal taxonomic scheme for brinjal.
They also mentioned about the taxonomic confusion between S. melongena and S.

incanum.

Karihaloo and Gottlieb (1995) described a number of wild taxa that were
present in India, and having close similarity to S. melongena. They proved high
genetic identity among S. melongena, S. incanum and S. insanum, based on

enzymatic electrophoretic studies.

Sakata and Lester (1997) stated that S. incanum and S.macrocarpon were

closely related to S. melongena.

The use of molecular markers, assisted by morphological analysis could enable
proper classification of eggplant accessions cultivated around the world. Other
parameters like morphological features, crossability and fertility of Fi were
insufficient to attain proper classification (Daunay and Lester, 1998; Furini and
Wunder, 2003).

Lester (1998) stated that S. aethiopicum and S. macrocarpon were
domesticated in Africa from their wild relatives S. anguivi and S. dasyphyllum

respectively.

Daunay er al. (2001a) reported that S. melongena would have been derieved

from S. incanum and was domesticated in India and south east regions of China.

Daunay et al. (2001b) reported that cultivation of S. aethiopicum and S.

macrocarpon was limited to Africa.

Doganlar er al. (2002) stated that genomics in genus Solanum is evolving at a

moderate pace compared to other plant species.
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Karihaloo er al. (2002) found that all the members of eggplant complex

possessed very high similarity among each other.

According to Furini and Wunder (2003) all the members of eggplant family

exhibited sufficient genomic flexibility, to adapt to environmental changes.

Levin et al. (2005) and Levin et al. (2006) observed that species belonging to
the subgenus of Solanum viz., Leptostemonum included a number of economically
important species, such as cultivated eggplants. According to them, the common
name “eggplant” encompassed three closely related cultivated species, which could
be broadly grouped into two sections, viz., section melongena comprising of S.

melongena and S. macrocarpon and section oliganthes comprising of S. aethiopicum
|

Singh et al. (2006) established close phylogenetic relationship between S.

melongena and S. incanum.

All the wild and weedy relatives of brinjal found across the globe are

collectively referred to as brinjal eggplant complex according to Samuel (2010).
2.3. Phytographic characters
2.3.1. Plant

Eggplant is a herb with semi spreading or erect habit. Though it is perennial in
nature it is widely cultivated as an annual. Plant is erect and well branched with
fibrous or lignified root system. Leaves are large, simple and are arranged in alternate
fashion of phyllotaxy. In certain cultivars, spines were present on the leaves and

calyx (Swarup, 1995).



2.3.2. Flowers

According to Prasad and Prakash (1968) young flower buds of eggplant were
oval or conical in shape. Corolla of the eggplant consisted of 5-10 petals. Colour of
the corolla varied from purple or pink or white, depending on the variety. Filaments
were short with yellow coloured anthers arranged around the pistil (Mc Gregor,

1976). Konys (1993) reported that eggplant flowers showed positive geotropism.

According to Lawande and Chavan (1998) eggplant flowers were large and
showy, that appeared alone or in clusters of 2-3 flowers. Flowers were complete,
actinomorphic and hermaphrodite. Spines were present on the calyx of certain
flowers (Lawande and Chavan, 1998).

2.3.3. Fruits and seeds

Seeds of eggplant were uniform in colour, but highly polymorphic with
respect to size (Cooke, 1984).

George (1985) reported that fruits of eggplant were green, violet or purple in
colour at utility ripeness and brown or yellow at physiological ripeness. According to
Swarup (1995) fruits of egg plant attained brown, red or yellow colour at

physiological ripeness.

SDS — PAGE of seed protein is widely used to distinguish between the
cultivars of eggplant (Sathaiah and Reddy, 1985; Gupta and Robbelen, 1986:
Gardiner and Forde, 1988; Huaman and Stegimann, 1989; Rao er al., 1990:
Stegemann et al., 1992; Yupsanis et al., 1992; Wang et al., 1994).
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2.4. Heterostyly

Flowers of brinjal exhibited heterostyly. Magtang (1936) classified the flowers
of eggplant based on the correlation of the length of style with anthers, into
homostylic or heterostylic flowers. According to him heterostyly was a condition in
which style length was higher or lower than the level of anthers and homostyly was

the condition in which style length was as high as the level of anthers.

Tatebe (1938) reported the abortive nature of short styled flowers. Pal and
Singh (1943) observed three types of flowers in brinjal viz., long styled, pseudo short
styled and true short styled. True short styled flowers did not set fruits on hand
pollination, while long styled and pseudo short styled fruits produced fruits

abundantly.

Krishnamurthy and Subramanian (1954) classified flowers of eggplant into
four groups based on length of style viz., 1) long styled flowers with large sized ovary
2) medium styled flowers with medium sized ovary 3) pseudo short styled flowers

with rudimentary ovary 4) true short styled flowers with rudimentary ovary.

Oganesjan (1965) reported that the highest percentage of fruitset was obtained

when longstyled flowers were selected as female parents.

Several other authors (Prasad and Prakash, 1968; Rylski ef al., 1984; Handique
and Sharma, 1995; Gorecki and Espinosa — Flores, 1996; Passam and Bolmatis, 1997;
Kowalska, 2003a and 2006) also reported the heterostylic nature of eggplant flowers.

Handique and Sharma (1995) studied the significance of heterostyly in

promoting cross pollination in brinjal.

Percentage of occurrence of long pistilled flowers were high compared to
medium and short pistilled flowers (Gorecki and Espinosa — Flores, 1996; Passam
and Bolmatis, 1997; Kowalska, 2003a and 2006).
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2.5. Flowering biology

Prasad and Prakash (1968) reported that flowering initiation occurred in brinjal
nearly 40 — 45 days after transplanting and maximum number of flowers opened
between 7 to 8 a.m. The flowers began to close by 2 p.m. By late evening, the flowers
were completely closed. Flowers opened again the next day and this procedure was

repeated for 1-3 days after the opening of flowers.

According to Vijay et al. (1977) peak flower production in brinjal occured 70-
75 days after transplanting. They also reported that flowers of brinjal opened between

4.30 a.m. and 9 a.m.

Deshpande er al. (1978) observed anthesis in eggplant between 6 a.m. and 4
p-m. While Sindhu er al. (1980) reported that anthesis occurred in the flowers of

brinjal between 7.30 a.m. and 11 a.m.
2.5.1. Stigma receptivity

Kakizaki (1930) reported that stigma became receptive in the flowers of

eggplant, immediately after anthesis and receptivity persisted for a period of 2-3 days.

According to Tatebe (1938) stigma receptivity initiated a day prior to flower

opening and continued for 2 days even after flower opening in brinjal.

Pal and Singh (1943) stated that stigma receptivity initiated nearly 2hrs after
anthesis and continued for 3 days. In certain varieties of brinjal, stigma receptivity
lasted for a period of seven days. They also observed peak receptivity during 2™ day

of flower opening.

Popova (1958) stated that stigma receptivity persisted for a period of 6-8 days
in eggplant.
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Prakash (1968) reported that sensitivity of stigma depended on the age of the

flower. Maximum receptivity was observed on the day of flower opening.

Oyelana and Oguwenmo (2012) reported that in certain wild species of
Solanum viz., S. aethiopicum, S. gilo, S. anguivi, and S. scabrum, stigma receptivity
initiated about 45 minutes before anthesis. In S. melongena, S. torvum and S.
erianthum peak stigmatic receptivity was observed nearly 60 minutes prior to the
opening of flowers. Receptivity of stigma could be observed from plumpy and sticky

appearance of the stigmatic cup.
2.5.2. Anther dehiscence

Kakizaki (1930) observed that soon after anthesis, pollen grains emerged

through the apical pores of the anthers of Solanum sp.

Magtang (1936) reported that anthers of egg plant flowers exhibited

dehiscence, one after the other.

According to Prasad and Prakash (1968) duration of anther dehiscence was
dependent on temperature and atmospheric humidity. They observed that anthers

bursted in upward direction, 15-30 minutes after flower opening.

Oyelana and Oguwenmo (2012) observed that in S. torvum, S. anguivi and S.
erianthum, anthers dehisced 20 minutes after the opening of flowers. However in the
flowers of S. gilo, S. melongena and S. scabrum, anthers dehisced 30 minutes prior to

anthesis.

2.5.3. Palynology

Evaluation of pollen viability is crucial in the process of hybridization. The
viability of pollen grains in brinjal was found to be affected by many endogenous
factors like nutritional status of the plant (Howlett, 1936), agricultural pesticides and

other chemicals (Mac Daniels and Hildebrand, 1939; Dubey and Mall, 1972), low
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temperature (Chira, 1963), luminosity (Gross, 1971), stage of flower development

(Lacerda ef al., 1994) and high temperature (Giordano et al., 2003).

Pal and Singh (1943) observed maximum pollen fertility on the 2™ day of
flower opening in brinjal. Popova (1958) found that pollen grains remained viable

upto 7-10 days in brinjal.

According to Prasad and Prakash (1968) pollen grains of eggplant were heavy

and could be transferred to a distance of 1 m only.

The amount of pollen grains produced was influenced by high temperature,
low light intensity and improper N: P ratio (Gosiewski and Skapski, 1988; Wysocka —
Oweczarek, 1993).

Abak and Guler (1994) stated that under low temperature, pollen fertility
ranged from 6 to 45 %. The ideal temperature for pollen germination ranged from 20
—27°C (Dobromilska and Fawceet, 1999).

Oyelana and Oguwenmo (2012) reported that the shape of pollen grains was
round, oblong, triangular or rectangular depending on the species of Solanum. The

largest pollen grains were observed in S. gilo.

Kumchai er al. (2013) evaluated the viability of eggplant pollen based on the
methods given by Alexander (1969). The aborted pollens stained blue in colour and

viable pollens stained red in colour.

Devi er al. (2015) evaluated the viability of eggplant pollen by staining the
crushed pollen grains with 0.5 % lodine and 1 % KI for 15 minutes. The viable pollen
grains were stained red and semi sterile pollen grains were pink in colour. The

unstained cells indicated the sterility of the pollen grains.
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2.6. Pollination

Kakizaki (1930) stated that flowers of eggplant were self pollinated to certain

extent. However, Schmidt (1935) observed cross pollination in brinjal.

Magtang (1936) observed that flowers of eggplant did not set fruits on
bagging. Dascalov and Murtazov (1937) found that cross pollination occurred in

brinjal to an extend of 30 to 40%.

Popova (1958) reported that fruit set was maximum in brinjal when stigma
received pollen from different plants. An out crossing to an extend of 6.7% was

reported by Sambandam (1964) in the flowers of eggplant.

Appropriate pollination of flowers is one of the principal conditions for
achieving good quality and yield (McGregor, 1976; Polyverente et al., 2005) in

brinjal.

According to Agarwal (1980) as out crossing occurred to an extent of 0 to 48

%, eggplant can be treated as an often cross pollinated crop.

Cross pollination occurred in brinjal due to transfer of pollen by thrips, ants
and bees (George, 1985; Lawande and Chavan, 1998).

Abak ef al. (1995), Stepowska (1996) and Dobromilska (1997) observed that

bumble bees were helpful in increasing fruit set in eggplants.

Eggplant was reported to be self fertile and required cross pollination for better

fruit set (Amoaka and Yeboah Gyan, 1995).

An out crossing to an extent of 3.7 % was observed in eggplants in China by

Chen er al. (2000)
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Kowalska (2003a, 2003b, 2006) reported that flowers pollinated by insects
showed early fruit set and produced high quality fruits compared to self pollinated

plants in brinjal.
2.7. Wild relatives of brinjal

Brinjal (S. melongena. L) has potential wild relatives that exhibited resistance
to a large number of pests and diseases (Behera and Singh, 2002). The wild relatives

and the resistance reported are presented in Table 1.
2.7.1. Solanum gilo

Collonier et al. (2001) reported that S. gilo plants were resistant to bacterial
wilt. S. gilo recently renamed as S. aethiopicum is a fruit and leaf vegetable (Macha,
2005). S. gilo was found to be less susceptible to many pathogens including fungi,

bacteria and root knot nematodes (Kouassi et al., 2014).
2.7.2. Solanum viarum

The gelatinous layer surrounding the seeds of S. viarum is a rich source of

solasodine, a nitrogenous analogue of diosgenin (Saini, 1966).

Drugs made out of solasodine proved to be effective in treating cancer,

rheumatic arthritis and Addison’s disease (Chandra and Srivastava, 1984).
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Table 1. Biotic stress resistance reported in wild relatives of brinjal

Wild species Resistance reported
S. gilo Resistance to bacterial wilt (Collonier er al., 2001)
S. indicum Resistance to little leaf and shoot and fruit borer

(Patel er al., 2001; Bahgat er al., 2008)

S. viarum Resistance to the attack of shoot and fruit borer
(Ghosh et al., 2007)

S. torvum Resistance to pests, nematodes and pathogens
(Collonier et al., 2003; Clain ef al., 2004; Gousset
et al., 2005)

S. macrocarpon Resistance to fungal diseases (Bukanya, 1994;
Macha, 2005)

S. incanum Resistance to verticilium wilt (Robinson ef al.,

2001; Prohens et al., 2013)

S. integrifolium Resistance to phomopsis blight, little leaf,
bacterial wilt and shoot and fruit borer (Kalloo,

1993)

S. viarum is often treated as a noxious weed by Mullahey and Colvis (1993).

However, Wunderlin ef al. (1993) considered S. viarum as a woody herb.

According to Ghosh et al. (2007) S. viarum exhibited resistance to the attack of

shoot and fruit borer.
2.7.3. Solanum torvum

S. torvum was found to be an effective rootstock in grafting susceptible tomato

with eggplant varieties (Peregrine and Ahmad, 1982 ; Singh and Gopalakrishnan,
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1997). It exhibited high level of resistance to pests, nematodes and pathogens

(Collonier ef al., 2003; Clain er al., 2004; Gousset et al., 2005).

It is closely related to S. melongena and possessed desirable traits like
resistance to diseases, that could be transferred to the genome of eggplant by

introgression (Singh et al., 2006; Baysal et al, 2010).
2.7.4. Solanum macrocarpon

S.macrocarpon is used as a vegetable. Fruits were sweeter compared to other
relatives of brinjal. It exhibited considerable resistance to fungal diseases (Bukanya,

1994; Macha, 2005).
2.7.5. Solanum incanum

According to Nishio ef al. (1984) S. melongena was more closely related to S.
incanum than any other species. S. incanum exhibited resistance to verticilium wilt

(Robinson et al., 2001; Prohens er al., 2013).
2.7.6. Solanum indicum

S. indicum is widely used for its medicinal properties to cure human ailments.
Apart from this, it is highly resistant to little leaf as well as shoot and fruit borer

(Patel er al., 2001; Bahgat et al., 2008).
2.7.7. Solanum integrifolium

S. integrifolium exhibited higher level of resistance to phomopsis blight, little
leaf, bacterial wilt and shoot and fruit borer (Kalloo, 1993).
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2.8. Cross compatibility

Unilateral success was reported when S. melongena was used as female parent
in hybridization with S. melongena var insanum and S. melongena var potangi

(Bhaduri, 1951).

Hybridization studies in brinjal have generally been inconclusive and the
results were often contradictory (Nasrallah and hopp, 1963; Rao, 1979; Attavian et
al., 1983).

Rajasekharan (1969) studied the interrelationship among eight different species
of Solanum by making crosses in all possible combinations. He obtained successful

hybrids from S. indicum x S. melongena as well as S. xanthocarpum x S. trilobatum.

Rajasekharan (1970) reported that S. melongena is cross compatible with S.

indicum.

Omidiji (1974) studied the relationship between five cultivated species of
brinjal. Fertile diploid and hexaploid hybrids were obtained from the cross between S.
macrocarpon X S. melongena as well as S. nodiflorum x S. nigrum, respectively. The
diploid hybrid obtained from the cross between S. macrocarpon x S. incanum was
partially fertile. The F2 plants derived from S. macrocarpon x S. incanum and
S.macrocarpon x S. melongena were quite variable in fertility. But the F2 plants
derived from the cross between S. nodiflorum x S. nigrum were vigorous and
uniform. The morphological comparison of these species and their inter crossability
as well as the crossability and fertility of their hybrids indicated that S. macrocarpon

is more closely related to S. melongena than to S. incanum.

According to Vishwanathan (1975), Rao (1975) and Handique (1986) S.
melongena was not cross compatible with most of the wild relatives except S.
incanum. Other wild species viz., S. indicum, S. sisymbrifolium, S. nigrum and S.

torvum were incompatible with the cultivated S. melongena genotypes. The fruits
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obtained from the cross between cultivated S. melongena (Punjab Sadabahar) and S.

torvum produced a few seeds which later failed to germinate.

Rao (1979) observed bilateral success when S. melongena was crossed with S.

melongena var insanum and S. melongena var potangi.

Successful hybrids were obtained in the cross between S. melongena and S.

macrocarpon by Schaff et al. (1980).

Schaff er al. (1982) mentioned about the possibility of transferring genes for
resistance to two spotted mites from S. macrocarpon to S. melongena as well as

resistance to Pseudomonas solanacearum from S. gilo to S. melongena.

Nishio ef al. (1984) classified Solanum species into the following three groups

based on cross compatibility.

1. S. melongena, S. incanum and S. macrocarpon
2. S. integrifolium, S. gilo and S. nodiflorum
S. indicum, S. mamosum, S. torvum, S. sisymbrifolium and S.

taxicarum

Cross compatibility was observed within and between the first two groups. They also
found that S. melongena was more closely related to S. incanum than any other

species.

According to Lester and Niakan (1986), Hasan (1989) and Daunay et al.

(1991), S. melongena, S. gilo and S.macrocarpon were highly inter crossable.

Gowda et al. (1990) conducted interspecific hybridization between
S.macrocarpon and S. melongena to transfer genes for resistance to shoot and fruit

borer.
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The crossability of S. melongena with S. aethiopicum, S. incanum and S.

torvum was also reported by (Daunay et al., 1991; Nee, 1991; Rao, 2011).

Production of hybrid seeds was found to be hampered by pre and post
fertilization barriers (Gowda and Seenappa, 1991; Behera and Singh, 2002) in

Solanum sp.

Possibility of production of fertile hybrids between S. melongena and S.
aethiopicum was reported by Daunay et al. (1993). According to Collonier et al.
(2001) S. aethiopicum could be easily crossed with S. melongena, but the fertility of

their progeny was very low.

Behera and Singh (2002) had undertaken interspecific hybridization involving
5 different species of Solanum. S. indicum when used as a pollen parent was cross
compatible with S. incanum and S. melongena, whereas F1 seedlings died after 10 —

15 days of germination in the reciprocal cross (S. indicum x S. melongena).

Rizza et al. (2002) developed dihaploids through anther culture of somatic
hybrids between S. melongena and S. gilo. The dihaploids showed complete

resistance to fungal wilt caused by Fusarium oxysporum fsp melongena.

Alba et al. (2005) reported that S. aethiopicum and S. macrocarpon possessed
many agronomically desirable traits and could be used for the genetic improvement

of S. melongena.

Ali and Fujieda (2007) reported that S. melongena was found to be compatible
with S. gilo, S. insanum and S. integrifolium. S. indicum when used as male or female
parent, produced unfilled seeds. Poor germination of pollen, retarded growth of
pollen tubes before reaching ovary, irregular callose deposition etc could be observed

in incompatible crosses.
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According to Sekara er al. (2007) inter specific hybridization is an important

approach to incorporate useful genes in crop improvement of brinjal.

Pugalendhi ef al. (2010) conducted a study in brinjal utilizing the wild relative
(S. viarum) as a resistant source to shoot and fruit borer in brinjal. Hybridization was
done between S. viarum and S. melongena and the Fi hybrids were raised. Selfing
was done in every generation followed by selection till F9 generation. In the Fo
generation high yielding plants with negligible infestation of shoot and fruit borer
were selected. Molecular studies also confirmed the introgression of genes from

donor parent, S. viarum to brinjal.

Ghosh et al. (2011) obtained successful hybrids when S. melongena was

crossed with S. viarum.

Kumchai er al. (2013) developed interspecific hybridé of S. torvum and S.
melongena. These hybrids exhibited lesser pollen viability compared to the parents,

due to abnormal meiosis.

Devi et al. (2015) conducted hybridization programme involving 13 cultivated
genotypes of brinjal and four wild relatives (S. incanum, S. aethiopicum, S.
integrifolium, and S. indicum ) of brinjal. Maximum fruitset was recorded in the cross
DBSR - 91 x S. aethiopicum followed by Pusa bindu x S. aerhiopicum. Among the
four wild species of brinjal, S. incanum was found to be highly cross compatible with

S. melongena types.
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The investigation entitled “Breeding biology and cross compatibility of close
wild relatives of brinjal (Solanum melongena 1..)” was carried out in the department
of Plant Breeding and Genetics, College of Horticulture, Vellanikkara during August

2014 — July 2016. The details regarding the experimental materials and the

21

3. MATERIALS AND METHODS

methodology followed for the present investigation are described below.

A. Materials

The variant forms of four wild species of Solanum maintained by NBPGR —
RS, Vellanikkara, as well as two high yielding varieties of S. melongena (Haritha and

Surya) from Kerala Agricultural University formed the material for the study, the

details of which are presented in Table 1.

Table 2. Details of the Solanum species used for the study

SL.No. Species Acc. No. | IC No. Common name
1 S. viarum TCR 1C241673 | Tropical soda apple
190
2 S. gilo NE 45 IC611554 | Scarlet egg plant,
(S. aethiopicum L). Ethiopian
egg plant, Bitter tomato
3 S. incanum TCR 1C203609 | Thorn apple, Bitter apple
212
4 S. indicum TCR 1C241674 | African egg plant, Indian
196 night shade
5 S. melongena Brinjal, Egg plant
Haritha - - -
Surya - - -
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Before raising nursery, the seeds of all the wild types (Plates 1 and 2) were
treated with one per cent KNOj; solution for one hour and washed thoroughly in
distilled water three to four times to enhance germinability (Shim ef al., 2008; Giri
and Tamata, 2012). The seedlings were transplanted at two leaf stage into grow bags
of size 35 x 25 x 20 cm in a replicated fashion with five replications (Plate 3). The
agronomic practices as per the Package of Practices Recommendations by KAU
(2011) was followed.

B. Methodology

The vegetative, floral and fruit characters were critically evaluated in the four
different wild species as well as S. melongena varieties, Haritha and Surya. The
descriptor developed by IPGRI (1988) was followed for the evaluation of vegetative,

floral and fruit characters.
3.1. Vegetative characters

Both qualitative and quantitative characters were considered for evaluation of
the genotypes. Observations were recorded from five different plants of each
genotype and mean was computed. The descriptor and descriptor states used for

evaluation are presented as Annexure I.
3.1.1. General features

The days to germinate, germination per cent and days to transplanting were
observed in different genotypes evaluated. Plant growth habit and branching intensity
were recorded as per the descriptor. The height as well as stem girth were also
recorded at flowering stage. The height was measured from the ground level to the tip

of the main stem. Stem girth was measured at ground level.
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3.1.2. Leaf

The fully mature leaf at the 3™ node from the tip of the main stem from five
different plants of each genotype was taken for recording observations. The colour of
petiole, colour as well as the lobing of lamina, angle at the tip of the leaf blade and
presence or absence of prickles on the leaf were the qualitative characters considered
for evaluation. The characters viz., length of petiole, length and breadth of lamina
were recorded for biometric evaluation. The breadth of lamina was taken at its

broadest point.
3.2. Flowering biology
3.2.1. Flowering behaviour

The days taken for visual observation stage of first flower bud since
transplanting into the grow bag as well as the days taken for the opening of the flower
bud from visual observation stage were recorded from five different plants of each
genotype. The number of flowers per inflorescence and longevity of flowers were

also observed from all the genotypes evaluated.
3.2.2. Floral morphology

The floral features of the four different wild variants as well as Haritha and
Surya were described after examining the fresh flowers on the first day of blooming.
The presence of pseudo or heterostyly if present in any of the evaluated genotypes

were also noted.

The observations on the following biometric characters were taken from five

flowers each of the different genotypes studied.

. Length of flower bud (c¢m)
2. Circumference of the flower bud at the broadest point (cm)

3. Number of sepal lobes per flower

)
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Length of sepal lobe (cm)

Number of petal lobes per flower
Length of petals (cm)

Length of filament and anther lobe (¢cm)

Length of style (cm)

° PN S o

Number of carpels per flower
The length of sepal and petal lobes were taken at their longest points.
3.3. Anthesis

The process as well as the time of flower opening, anther dehiscence and

stigma receptivity were closely observed in all the genotypes evaluated.
3.3.1. Determination of anther dehiscence

Ten fully mature flower buds of each type, were examined with hand lens
since a day prior to anthesis, at regular intervals of one hour starting from 5 a.m. till
the dehiscence of pollen grains to determine the time of anther dehiscence (Prasad

and Krishnaprasad, 1994).
3.3.2. Determination of stigmatic receptivity

The stigmatic surface was observed at hourly interval starting from 5 a.m. on
the previous day of flower opening for any change in colour or appearance in the
same selected buds to find out the onset of stigma receptivity. Duration of stigma
receptivity was also determined following standard procedures (Radford et al., 1974).
Moist conditions of stigmatic surface and/ or change in colour of stigmatic surface
were considered as indications of onset of receptivity. Loss of receptivity was also

indicated by fading of the colour or drying up of stigmatic surface.
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3.4. Palynology

The pollen grains were examined in detail as per the standard procedures
suggested by Nair (1970). Size, shape and viability of pollen grains were examined.
The size of the pollen was measured using phase contrast microscope. The fertility of
pollen grain was estimated following acetocarmine staining technique (Moore and
Webb, 1972). Pollen grains were obtained by squeezing the anthers with a sharp
needle. They were then stained with one percent acetocarmine. The well stained
pollen grains were considered to be fertile and the unstained ones as sterile.
Observations were taken from five different fields of the prepared slides in each

genotype. The fertility was computed and expressed as percentage.
3.5. Pollination biology

Three sets of ten fully mature flower buds each from each of the genotypes
were used to find out the mode of pollination prevailing in the species variants. Only
long styled flower buds were used for this study. First set of ten flower buds in each
genotype was protected with butter paper cover starting from a day prior to flower
opening till the completion of anthesis. Another set of buds from each genotype was
emasculated but kept unprotected. The third set, kept unprotected without
emasculation was taken as the control. The extent of fruit set in protected buds,
emasculated but unprotected buds and unprotected buds were recorded and expressed

as percentage.
3.6. Fruit characters

The days taken from anthesis to fruit set, days taken from fruit set to fruit
maturity as well as length, breadth and weight of fruits were recorded. The qualitative

characters of the fruits were also studied following the IPGRI descriptor (1988).
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3.7. Cluster analysis

Cluster analysis based on qualitative characters was done using NTSYS.
MINI TAB was used for cluster analysis in the case of quantitative characters. Cluster

diagrams were also drawn.

The descriptive statistics like Phenotypic Coefficient of Variation (PCV),
Genotypic Coefficient of Variation (GCV), Heritability and Genetic gain were also
computed. The genotypic and phenotypic coefficients of variation (GCV and
PCV) were worked out according to the method given by Singh and
Chaudhary (1977). Heritability in broad sense and expected genetic advance
on the basis of per cent of mean at five per cent intensity of selection were

worked out according to the method given by Allard (1960).
3.8. Cross compatibility

The cross compatibility of the four wild species variants with S. melogena
types, Haritha and Surya, were assessed by making crosses, both direct and reciprocal
and examining the fruit set in each case. The flowers of the selected female parents
were emasculated on the day prior to anthesis. Both hand emasculation and soda
straw methods were tried.

The long styled flowers alone were used for the study. The emasculated
flowers were carefully bagged to avoid contamination by foreign pollen. On the next
day, during the period of peak stigma receptivity, pollen from the desired male parent
was dusted on the stigma of the emasculated flower. After pollination also the flowers
were kept protected with proper labelling.

The details of crosses are presented in Table 3.
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3.9. Evaluation of the progeny

The progenies from different crosses were raised in the field, in progeny row
fashion (Plate 4) and evaluated based on various phytographic, leaf, floral and fruit

characters.
4.0. Incidence of pest and diseases

Incidence of pest and diseases in the parental generation as well as the F,

generation was recorded.

Table 3. List of crosses between S. melongena varieties and wild variants

Direct crosses Reciprocal crosses
Haritha x S. incanum S. incanum x Haritha
Haritha x S. indicum S. indicum x Haritha
Haritha x S. viarum S. viarum x Haritha
Haritha x S. gilo S. gilo x Haritha
Surya x S. incanum S. incanum X Surya
Surya x S. indicum S. indicum x Surya
Surya x §. viarum S. viarum x Surya
Surya x S. gilo S. gilo x Surya

4.1. Statistical analysis

Appropriate statistical analysis was done where ever necessary.
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4. RESULTS AND DISCUSSION

The results of the work entitled “Breeding biology and cross compatibility of
close wild relatives of brinjal (Solanum melongena 1..)” carried out in the department
of Plant Breeding and Genetics, College of Horticulture, Vellanikkara, during 2014 —

2016 are presented below.
4.1. Evaluation of vegetative characters

The observations on various vegetative characters, both qualitative and
quantitative, were recorded from the four wild variants of Solanum and S. melongena

varieties, Haritha and Surya.
4.1.1. General features

The wild variants of Solanum along with S. melongena varieties, Haritha and
Surya were evaluated based on days to germinate, germination percent, days to
transplanting (two leaf stage), plant growth habit, branching intensity, height as well

as stem girth. The results are presented in Table 4 and Plate 5.

All the wild species except S. indicum were on par with respect to the days
taken for germination. Among the wild species, the speed of germination was the
highest in S. indicum which took only 5 days to germinate. The S. melongena
varieties Haritha and Surya differed among themselves (5.80 days and 9.00 days

respectively) and also from the wild variants in the days taken for germination.

The wild variants exhibited comparatively lower germination per cent ranging
from 21.13 in S. gilo to 48.45 in S. indicum. Gisbert et al. (2011) also observed poor
germination in the wild variants of Solanum and reported that low germination may
be due to dormancy of the seeds. The varieties of S. melongena, Haritha and Surya

recorded 63.43 per cent and 60 per cent germination respectively.
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Among the wild types, S. viarum and S. gilo were on par with respect to days
to attain the two leaf stage, making it ready for transplanting. They also differed from
the other two wild species, S. indicum and S. incanum significantly. S. incanum took
the highest number of days (55 days) and S. indicum the lowest (28 days). All the
wild variants evaluated varied significantly from S. melongena varieties, Haritha and
Surya. S. melongena varieties, Haritha and Surya exhibited significant difference

among themselves with Surya taking only 32 days to attain the two leaf stage.

It can hence, be concluded that in the wild species S. incanum initiation of
germination as well as initial growth was slow. The wild type S. indicum exhibited
faster germinability and initial growth than even the cultivated species, S. melongena
represented by Haritha and Surya. It’s germinability was nearly double that of the

other wild types S. incanum, S. viarum and S. gilo studied (Table 4).

All the wild variants of Solanum except S. indicum resembled S. melongena in
having upright growth habit. S. indicum exhibited an intermediate growth habit and
was distinctly different from the other wild variants. According to Swarup (1995)

eggplant is a herb with semi spreading or erect growth habit.

In all the wild variants except S. indicum and also in S. melongena varieties,
Haritha and Surya the branching intensity was found to be weak. The mean number
of primary branches ranged from two to five in these genotypes. However, the wild

species S. indicum, was characterized by very weak branching habit (Plate 5).

S. indicum did not flower during the entire experiment period. This may be
due to the endemic nature of this species to Tamil Nadu. Hence, the height and stem
girth measured at flowering stage in all the other types could not be taken in S.
indicum. All the wild variants of Solanum were taller than S. melongena variety
Surya (Table 4). However, the height at flowering in S. viarum and S. incanum was
on par with that of S. melongena variety Haritha. Among the wild variants, S. gilo

was the tallest with a mean height of 105¢m.
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All the wild variants exhibited significantly higher stem girth, compared to S.
melongena variety Surya. However, the stem girth in S. incanum and S. gilo were on
par with S. melongena variety Haritha (Table 4). The wild types S. viarum and S.

incanum were on par. S. gilo was on par with S. incanum. However, it was

significantly different from S. viarum in this character.
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4.1.2. Evaluation of leaf characters

Both qualitative and quantitative characters of leaves of different species were

observed and features were recorded.

The observations on qualitative characters of leaf viz., colour of the petiole,
colour as well as lobing of the lamina, angle at the tip of leaf blade and presence or

absence of prickles on leaf are depicted in Table 5 and Plates 6a and 6b.

S. incanum differed from other wild types as well as S. melongena represented
by Haritha and Surya in the colour of petiole. The petiole was greenish violet in S.

incanum where as it was green in all the other genotypes evaluated.

The lamina was dark green in colour in all the wild types except S. gilo where
it was light green. The S. melongena variety Haritha resembled S. gilo in lamina
colour. However, Surya, another high yielding variety under S. melongena was
having green lamina and it differed from all the other genotypes evaluated in this

character.

The lobing of lamina was intermediate in all the wild species evaluated except
S. indicum. S. indicum however, exhibited strong lobing and hence, differed from the
other wild types. S. melongena cultivars Haritha and Surya also resembled the wild

types S. incanum, S. viarum and S. gilo in the lobing of lamina.

Leaf tip angle of §. incanum was intermediate. S. melongena cultivars,
Haritha and Surya also resembled S. incanum in the nature of leaf tip angle. The wild
types S. viarum and S. gilo were having acute leaf tip, The leaf tip angle of S. indicum

alone was very acute (Plate 6b).

S. viarum was found to bear prickles on the leaves (Plate 6a). S. incanum and
S. gilo resembled S. melongena varieties, Haritha and Surya in the non prickly nature.

Sen Gupta (1961) and Babu and Hepper (1978) also observed that stem of S. viarum

63



S. viarum

S. gilo

S. incanum

Plate 6a. Leaves of different Solanum species
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was herbaceous and woody, bearing short, straight, slender prickles mixed with stout,
compressed, or hooked prickles. Mullahey er al. (1993) also reported the prickly

nature of S. viarum.

Observations on various biometric characters of leaf such as petiole length,
length and breadth of the lamina taken from the leaf at the 3™ node from the tip of the

plant, in all the selected members of Solanum species are presented in Table 6.

From Table 6 it can be seen that there was significant difference among the
species studied, for various biometric characters of the leaf. Among the wild species,
the petiole length ranged from 2.02 cm in S. incanum to 19.4 cm in S. indicum. The
three wild species except S. indicum were on par with S. melongena represented by

Haritha and Surya.

The length and breadth of lamina were significantly higher in the wild type S.
indicum (26.20 cm and 22.80 cm respectively). The other three wild species S.
viarum, S. gilo and §. incanum were on par with respect to length and breadth of
lamina. Among the S. melongena varieties, Haritha was having longer leaves with a
length of 16.54 cm and a breadth of 13.42 cm. However, the leaves of Haritha were
significantly smaller than S. indicum which was bearing the biggest leaves among the

evaluated genotypes.

The wild variant S. viarum was characterized by upright growth habit and
presence of prickled dark green leaves with acute leaf tip. The light green non
prickled leaves with acute tip helps in distinguishing S. gilo. S. incanum could be
distinguished by its intermediate growth habit and leaves with greenish violet
petioles. Intermediate growth habit, very weak branching intensity, leaves with long
petiole, large, strongly lobed lamina having very acute leaf tip are the features of S.

indicum.
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Table 5. Qualitative characters of leaf in different species of Solanum

Types Petiole Lamina Lobing of Leaf tip Leaf
colour colour lamina angle prickles

S. viarum Green Dark green | Intermediate | Acute Few

S. gilo Green Light green | Intermediate | Acute None
S. incanum Greenish | Dark green | Intermediate | Intermediate | None

violet

S. indicum Green Dark green | Strong Very acute | None
S. melongena

Haritha Green Light green | Intermediate | Intermediate | None
Surya Green Green Intermediate | Intermediate | None

Table 6. Biometric characters of leaf in different species of Solanum

Types Petiole | Lamina length | Lamina breadth

length (cm) (cm)
(cm)

S. viarum 2.50 7.98 6.60

S. gilo 2.06 7.86 6.12

S. incanum 2.02 10.06 8.40

S. indicum 19.40 26.20 22.80

S. melongena

Haritha 5.24 16.54 13.42

Surya 3.18 10.04 8.56

CD (0.05) 5.88 6.01 3.11

CV (%) 78.61 35.13 21.71

4.2. Flowering biology

Observations on the flowering behaviour as well as floral morphology of the
four wild species and the cultivated species S. melongena represented by Haritha and

Surya are presented below.
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4.2.1. Flowering behaviour

The days taken for initiation of first flower bud, days for opening of flower
bud after initiation, as well as number of flowers per inflorescence were recorded and

the results are presented in Table 7.

No flowering was observed in the wild species S. indicum. The lack of
flowering in S. indicum can be attributed to its endemic nature to Tamil Nadu.
Among the wild species which produced flowers, S. gilo took the highest number of
days for flowering initiation (70.80 days) and S. viarum, the lowest (41.20 days).
Significant difference was observed among the S. melongena varieties Haritha and
Surya in the days taken for flowering (42.80 days and 55.00 days respectively). The
cultivated type Haritha however, was on par with the wild type S. viarum. Surya,
another high yielding variety under S. melongena resembled S. incanum in days to
initiation of flowering. Prasad and Prakash (1968) also reported that flowering

initiation occurred in brinjal nearly 40 — 45 days after transplanting.

Even though the different species differed significantly in the days to
initiation of flowering, no significant difference could be observed among the species
for days to opening of the flower bud after initiation. Irrespective of species, it took

only 9 to 10 days for flower opening after initiation of flower bud (Table 7).

S. viarum was significantly different from all the other species in the number
of flowers per inflorescence recording a value of 3.60. Haritha and Surya belonging
to S. melongena did not differ significantly in the number of flowers per inflorescence
(Table 7). Som and Maity (1986) as well as Pradeepa (2002) also observed that in S.

gilo flowers were borne either solitarily or in clusters of two or more.
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4.2.2. Floral morphology

The flowers of Solanum species are positively geotropic. In all the species
evaluated, flowers are pedicellate, zygomorphic, bisexual, hypogynous and complete.
Calyx is cup like, persistent and with five sepals which are united. Depending on the
species prickles may or may not be present on the calyx. Corolla is rotate with five
petals which are united. However, in S. gilo and S. melongena variety Surya petal
number showed a variation from 4 to 6. The aestivation is valvate in both calyx and
corolla. Androecium consists of five stamens, epipetalous and arranged in the form of
a cone around the style. Anthers are basifixed and dehiscing through apical pores.
Gynoecium is bicarpellary syncarpous with axile placentation. The ovary is oblique

in position with respect to the floral axis. This feature makes the flower zygomorphic.

Table 7. Flowering behaviour in different species of Solanum

Types Days to flower bud Days to opening of | Flowers per
initiation flower bud inflorescence

S. viarum 41.20 10.20 3.60

S. gilo 70.80 10.40 1.80

S. incanum 56.00 10.20 2.20

S. indicum No flowering

S. melongena

Haritha 42.80 9.60 2.00
Surya 55.00 10.00 1.40
CD (0.05) 1.97 NS 1.31

CV (%) 2.80 NS 15.46

The floral formula and fleral diagram are represented below

A _
@/ K5Cos) Am@_@
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Fig. 1. Floral diagram of Solanum species

In the flowers of S. viarum, calyx is green with prickles. The corolla in this
species is light violet in colour. The stamens are with yellowish white filaments and

yellow anthers. The stigma is glossy green.

The flowers of S. gilo are characterized by the presence of petals which are
white, stamens with yellowish white filaments and yellow anthers as well as glossy
green stigma. In this species calyx is non prickly. PROTA (2004) also reported that S.

gilo was having white or pale purple petals.

S. incanum flowers can be distinguished by the green non prickly calyx and
pale violet petals. The filaments of stamens are yellowish white and anthers are

yellow. The stigma is glossy green.

In S. melongena variety Haritha, the flowers are having green non prickly

calyx, white petals and stamens with yellowish white filaments and yellow anthers.

In the flowers of Surya, also a S. melongena variety, the calyx is non prickly
and purplish green in colour. The corolla is bluish violet. The stamens are with
yellow anthers and yellowish white filaments. Mc Gregor, 1976, also observed that
colour of the corolla would be purple or pink or white, depending on the variety and

filaments were short with yellow coloured anthers arranged around the pistil.
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In both Haritha and Surya belonging to S. melongena the stigma is glossy

green.

The presence of prickles on the calyx was observed to be a unique feature of
S. viarum. All the other wild variants, as well as S. melongena varieties, Haritha and
Surya, were devoid of prickles on the calyx. Irrespective of species difference, the
calyx is persistent. Lawande and Chavan, 1998 also observed that flowers were
complete with spines present on the calyx of certain species. Unlike in the present
study Lawande and Chavan (1998) however, reported that flowers were

actinomorphic in Solanum species.

Observations on the biometric characters of the flower like length and
circumference of flower bud, length of sepal, length of petal, length of filaments and
anthers as well as length of style were also recorded from the different species

evaluated. The results are presented in Table 8.

S. gilo was significantly different from all other species evaluated, in the
length and circumference of flower bud (0.80 cm and 1.32 cm respectively). S.
melongena variety, Haritha and Surya were on par with each other and also with the
wild species S. incanum in the length and circumference of flower bud. The length of
calyx was significantly different in different species evaluated. However, the varieties
under the species melongena (Haritha and Surya) were on par with respect to this
character (1.70 cm and 1.60 cm respectively). With regard to corolla length also,
Haritha (1.92 cm) and Surya (1.96 cm) were on par. The petals were the shortest in S.
gilo (0.82 cm). The evaluated types did not differ significantly in the length of
stamens. The length of style varied from 0.3 cm in short styled flowers to 1.20 cm in

long styled flowers (Table 8).

Irrespective of species, long and short styled flowers were common. Long

styled flowers had high frequency of occurrence compared to medium and short
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styled flowers as reported by Gorecki and Espinosa — Flores (1996); Passam and
Bolmatis (1997) and Kowalska (2003a and 2006). The medium styled flowers were
however, very rare. Hence, it can be stated that heterostyly is present in all the species
(Plate 7). Pal and Singh (1943) also observed three types of flowers in brinjal viz.,
long styled, pseudo short styled and true short styled. True short styled flowers did
not set fruits on hand pollination, while long styled and pseudo short styled fruits

produced fruits abundantly (Pal and Singh,1943).

4.3. Anthesis

Observations on the time of flower opening, changes in the colour of the

corolla associated with anthesis and blossom life are presented in Table 9.

The flowers of S. gilo and S. incanum opened between 5 a.m. and 6 a.m. as
well as 6 a.m. and 7 a.m. respectively. Seasonal influence on the time of anthesis was
prominent in the flowers of S. viarum. Here, the flowers opened between 11 a.m. and
11.30 a.m. during September — October period and between 6 a.m. and 7 a.m. during
the rest of the year. In S. melongena the opening time varied from 4 a.m. and 7 a.m.

depending on the genotype.

The colour of the corolla determined, following IPGRI descriptor, remained
constant throughout the flowering period in S. gilo as well as S. melongena variety
Haritha. However, in S. viarum, the corolla colour changed from white to light violet

on the day prior to flower opening.

In S. melongena variety Surya a change in colour from white to bluish violet
was noticed on the day prior to anthesis and the bluish violet colour was retained till
withering. In S. incanum the corolla was white in colour till two days prior to anthesis
and it changed to pale violet on the previous day of flower opening. No further
change in colour of the corolla was noticed after anthesis in any of the types

evaluated (Plates 8 to 12).
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Long styled flower

Medium styled flower

Short styled flower

Plate 7. Heterostyly in different Solanum species



Two days before anthesis Immediately before Fully opened flower
anthesis

Two days before anthesis Day before anthesis Fully opened flower

Plate 10. Stages of flower development in S. incanum



Immediately before
anthesis

Two days before anthesis Day before anthesis Fully opened flower

Plate 12. Stages of flower development in Surya
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4.3.1. Determination of anther dehiscence

The colour and appearance of flower buds were observed with hand lens in
fully mature buds starting from 6 a.m. on the previous day of anthesis in all the types

and the results presented in Table 10.

The time of anther dehiscence varied with the species (Table 10). In the wild
variants S. viarum and S. incanum, anthers dehisced between 9 a.m. to 10 a.m. and 9
am. to 12 a.m. respectively depending on weather conditions. The pollen grains
dehisced nearly two to five hours after flower opening in these species. The
dehiscence once started, continued for three days. However, in the cultivated types,
Haritha and Surya, anther dehiscence commenced along with the opening of flowers.
However, according to Oyelana and Oguwenmo (2012) anthers dehisced 30 minutes
prior to anthesis in S. melongena. In S. gilo, the anthers dehisced nearly 30 minutes
before flower opening. Oyelana et al. (2016) also reported that anther dehiscence in
S. gilo occurred 30 minutes prior to the opening of flower. The pollen grains were

dehisced through the apical pore of anthers in all the types evaluated (Plate 13).
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Table 9. Anthesis in different species of Solanum

Types Time of flower Corolla colour
opening Two days Previous day | At anthesis
before of anthesis
anthesis
S. viarum 6to7 am. White Light violet Light violet
11.to 11.30 a.m.
(Sept. — Oct.)
S. gilo 5to 6am. White White White
S. incanum 6to7 am. White Pale violet Pale violet
S. indicum Did not flower
o
melongena
Haritha 4to7 am. White White White
Surya 5to 7 am. White Bluish violet | Bluish
violet

Table 10. Anther dehiscence in different species of Solanum

Types Anther dehiscence

S. viarum 2-3 hours after flower opening

S. gilo 30 minutes before flower opening
S. incanum 2-5 hours after flower opening

S. indicum Not flowered

S. melongena

Haritha At flower opening

Surya At flower opening

4.3.2. Determination of stigma receptivity

The stigmatic surface was observed for presence of exudates or colour change
from the previous day of flower opening starting from 6 a.m. The onset of receptivity

was indicated by the change in colour of the stigmatic surface (Plate 13). The plumpy
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and sticky appearance of the stigmatic surface at the time of stigma receptivity was
reported by Oyelana and Oguwenmo (2012). The loss of receptivity is indicated by
the fading in the colour followed by drying up of the stigmatic surface. The results

are presented in Table 11.

The change in the colour of the stigmatic surface from glossy green to deep
yellow at the time of initiation of stigmatic receptivity is a unique feature of S. gilo.
In other wild variants of Solanum, the the stigmatic surface at the time of peak
stigmatic receptivity was observed to be moist plumpy and glossy green. The colour
was found to fade with the decline in stigma receptivity. The S. melongena varieties

Haritha and Surya also followed the same pattern.

Stigma became receptive an hour before flower opening in S. viarum and S.
incanum and remained receptive for 36 hrs after flower opening (Table 11). In §. gilo
stigma receptivity initiated an hour after flower opening and was retained till 48
hours after flower opening. Oyelana and Oguwenmo (2012) also reported that in wild
species of Solanum viz., S. aethiopicum, S. gilo, S. anguivi, and S. scabrum, stigma
receptivity initiated about 45 minutes before anthesis. In S. melongena variety, Surya,
the stigma became receptive 12 hrs before flower opening and remained receptive till
24 hours after flower opening. In S. melongena variety, Haritha, stigma receptivity
initiated an hour before flower opening. However, the receptivity was retained only
for 2 — 3 hours after flower opening (Table 11). In S. melongena peak stigmatic
receptivity was observed nearly 60 minutes prior to the opening of flowers by
Oyelana and Oguwenmo (2012). However, according to Tatebe (1938) stigma
receptivity initiated a day prior to flower opening and continued for 2 days even after
flower opening in brinjal. According to Kakizaki (1930) stigma became receptive

immediately after anthesis in the flowers of brinjal and receptivity persisted for a
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Plate]3. Anther dehiscence and stigma receptivity in different Solanum species
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period of 2-3 days. Unlike in the present study Pal and Singh (1943) also observed

that stigma receptivity initiated nearly 2hrs after anthesis in brinjal.

Table 11. Stigma receptivity in different species of Solanum

Types Stigma receptivity

S. viarum One hour before flower opening to 36

hours after flower opening

S. gilo One hour after flower opening to 48 hours

after flower opening

S. incanum One hour before flower opening to 36

hours after flower opening

S. indicum Not flowered

S. melongena

Haritha One hour before flower opening till 2-3

hours after flower opening

Surya 12 hours before flower flower opening till

24 hours after flower opening

All the species evaluated except S. gilo exhibited protogyny. S. gilo, a wild
species from N. E. India was found to be protandrous.

4.4. Palynology

The morphological features of the pollen grains including the size and shape
of pollen grains were observed with a phase contrast microscope and the results are

presented in Table 12.

The shape of the pollen grain was uniform in all the types evaluated (Plates 14
and 15). Pollen grains were oblong and bi or trizonocolporate. Exine was with

ornamentation in all the species. Oyelana and Oguwenmo (2012) reported that the
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shape of pollen grain might be round, oblong, triangular or rectangular depending on

the species of Solanum.

There was significant variation among the types for the length of pollen grain.
It was the highest (0.06 pm) in S. viarum and the lowest in S. incanum which was on
par with S. gilo. Pollen grains of S. melongena Haritha and Surya did not differ
significantly in length. However, their pollen grains were longer than that of the two

wild variants S. incanum and S. gilo.

Table 12. Pollen morphology in different species of Solanum

Types Shape Size of pollen
Length Width Perimeter
(um) (um) (m)
S. viarum Oblong 0.06 0.03 0.14
S. gilo Oblong 0.02 0.04 0.13
S. incanum Oblong 0.01 0.03 0.11
S. indicum Did not flower

S. melongena

Haritha Oblong 0.05 0.03 0.14
Surya Oblong 0.04 0.05 0.12
CD (0.05) - 0.01 0.01 0.01
CV (%) - 21,1 14.9 4.92

S. viarum, S. incanum, S. gilo and S. melongena type, Surya were on par with
respect to the width of pollen grains. The width of the pollen grain was the highest in
S. melongena type Surya. There was significant difference among the entries with
respect to the perimeter of the pollen grains. However, Oyelana and Oguwenmo

(2012) observed that S. gilo was having the largest pollen grains.
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The fertility of the pollen grains in different species were also examined.
Repeated observations were taken on pollen fertility in each type under evaluation,
consecutively for three days after dehiscence and the results are presented in Table
13.

Table 13. Pollen fertility in different species of Solanum

Types Pollen fertility %
On the dayof | 2nd day of 3rd day of
flower flower flower
opening opening opening
S. viarum 94.04 90.08 97.33
S. gilo 75.50 87.50 44.61
S. incanum 83.35 92.42 69.15
S. indicum Did not flower
S. melongena
Haritha 87.70 91.90 85.30
Surya 91.60 87.95 97.33

In S. incanum, S. gilo and S. melongena variety Haritha pollen fertility was at
peak during the second day of flower opening and declined on the third day of flower
opening. Pal and Singh (1943) also observed maximum pollen fertility during the
second day of flower opening in S. melongena (brinjal). In S. viarum and S.
melongena variety Surya, pollen fertility declined during the second day of flower
opening (90.08% and 87.95% respectively). However, on the third day of flower
opening an increasing trend was noticed (97.33) and the fertility reached the peak on
the third day of flower opening. With the closing of the flower on the third day
evening the fertility was completely lost in all the species evaluated. Hence, it can be

concluded that pollen viability lasted for only three days in all the genotypes
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Plate 14. Structure of pollen grains in Solanum species

S. viarum

S. incanum

¥

Haritha

Surya

Plate 15. Pollen morphology of different species of Solanum
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evaluated. In contrary to this, Popova (1958) found that pollen grains remained viable

up to 7-10 days in S. melongena (brinjal).

4.5. Mode of pollination

Mode of pollination prevalent in the Solanum species was estimated by
observing the fruit set in three different sets of mature flower buds viz., protected,
unprotected and emasculated but unprotected buds (Plate 16). The long styled flowers

alone were used for this study. The results are presented in Table 14.

Table 14. Fruit set in protected and unprotected buds in different species of Solanum

Types Fruit set (%)
Protected Emasculated | Unprotected
but

unprotected
S. viarum 0 0 60
S. gilo 0 0 0
S. incanum 0 0 80
S. indicum - Did not flower
S. melongena
Haritha 0 0 80
Surya 0 0 100

None of the protected buds set fruits. It indicates the absence of self
pollination. Magtang (1936) also observed that flowers of eggplant did not set fruits
on bagging. However, according to Kakizaki (1930) flowers of eggplant were self

pollinated to certain extent.

No fruit set observed in emasculated but unprotected buds also. It may be

because of the absence of sufficient pollinators. Cross pollination occurred in brinjal
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Plate 16. Conditions of flower buds for estimation of mode of pollination
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due to transfer of pollen by thrips, ants and bees (George, 1985; Lawande and
Chavan, 1998). Abak er al. (1995), Stepowska (1996) and Dobromilska (1997)

observed that bumble bees were helpful in increasing fruit set in eggplants.

With unprotected buds, fruit set ranging from 60% in S. viarum to 100% in S.
melongena type Surya was observed (Table 14). This indicates that Solanum species

are adapted to cross pollination.

Cross pollination is reported to occur in brinjal due to the transfer of pollen by
thrips, ants and bees (George, 1985; Lavande and Chavan, 1998). Popova (1958)
reported that fruit set was maximum in brinjal when stigma received pollen from
different plants. Out crossing to an extend of 6.7% was reported by Sambandam
(1964) in the flowers of eggplant. According to Agarwal (1980), out crossing
occurred to an extent of 0 to 48 per cent in eggplant and hence, can be treated as an

often cross pollinated crop.
4.6. Evaluation of fruit characters

Various qualitative and quantitative characters of fruits belonging to the
different species of Solanum were observed since initiation of fruit set till ripening of

fruits.

Observations on various qualitative characters of the fruit such as position of
the fruit, presence or absence of prickles on pedicel, fruit colour at commercial
ripeness, colour at physiological ripeness, fruit shape (position of the broadest portion
of the fruit), fruit curvature, cross section of the fruit, fruit apex and fruit flesh density

were recorded following the IPGRI descriptor and are presented in Table 15.

The fruits were observed to be pendant in all the wild variants as well as in S.
melongena varieties Haritha and Surya. Prickles were present on the pedicel of fruits
in S. viarum alone. While the other wild variant exhibited non prickly nature, like that

of S. melongena varieties Haritha and Surya.
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At commercial ripeness, fruits of S. incanum were pale green in colour. S.
melongena variety Haritha also exhibited a similar colouration at commercial
ripeness. The fruits of S. viarum were green with white stripes and that of S.
melongena variety Surya were purple in colour. The fruit colour at commercial

ripeness recorded in different types are presented in Plate 17,

There was uniform distribution of colour in the fruits of S. incanum as well as
in S. melongena types Haritha and Surya at commercial ripeness. However, a mottled

distribution of colour was observed in the commercially ripe fruits of S. viarum.
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The fruit colour completely changed from pale green to deep yellow at
physiological maturity in S. incanum as well as S. melongena variety Haritha.
However, in S. viarum the fruit colour changed from green to deep yellow at
physiological maturity (Plate 18). In S. melongena variety, Surya the change in colour
was from purple to light brown. George (1985) reported that fruits of brinjal were
green, violet or purple in colour at utility ripeness and brown or yellow at
physiological ripeness. According to Swarup (1995) fruits of brinjal attained brown,

red or yellow colour at physiological ripeness.

No curvature was observed in the fruits of S. viarum, S.incanum as well as S.
melongena variety Surya. However, the fruits of S. melongena type Haritha were
slightly curved and distinctly different from Surya. The cross section of the fruits of
the wild variants as well as S. melongena varieties, Haritha and Surya were circular,

without any grooves (Plates 19).

The position of the broadest portion of the fruit belonging to the wild variants,
S. viarum and S.incanum, was at about half way from the base towards the tip, as in S.
melongena variety Surya. The fruits of S. melongena variety, Haritha had the

broadest portion at about 3/4"™ way from the base towards the tip (Plate 17).

The fruit apex was rounded in S. viarum, S.incanum as well as in S
melongena variety Surya. The apex of fruits in S. melongena type, Haritha was

protruded (Plate 17).

The flesh density of fruits in S. viarum and S.incanum were loose, while that
of S. melongena variety, Surya was dense. However, the flesh density of S.
melongena variety, Haritha was very dense (Plate 19). The cotyledon colour of seeds

was yellow in all the entries.

S. gilo, though flowered well, did not set fruits. This may be attributed to its

endemic nature to North — East regions.
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S. viarum S. incanum

S. viarum S, incanum

Haritha

Plate 18. Fruits of different Solanum species at physiological ripeness



S. viarum S. incanum

Haritha Surya

Plate 19. Cross section of fruits of different Solanum species
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The S. melongena variety, Haritha differed from Surya in the nature of fruit
apex, position of the broadest portion of the fruit, curvature of fruit and change in

fruit colour at maturity and physiological ripeness (Table 15).

The fruits in all the evaluated types were observed, since the initiation of fruit
set till the attainment of fruit maturity for various biometric characters like days from
fruit set to maturity, length and breadth of fruit, weight of fruit and relative fruit calyx

length per cent. The results are presented in Table 16.

There was significant difference among the entries with respect to days taken
for maturity of the fruits from anthesis. The wild variants, S. viarum and S. incanum
took significantly more number of days for the fruits to mature after their setting in
comparison with the cultivated type S. melongena. Even the cultivated types, Haritha

and Surya differed significantly in this character.

From the Table 16, it can be seen that fruit length varied from 4.50 c¢cm in S.
incanum to 16.40 cm in melongena variety, Haritha. The fruit length was
significantly lower in the wild variants S. viarum and S. incanum compared to the S.
melongena types Haritha and Surya. Haritha was having nearly double sized fruits

when compared to Surya (16.40cm and 8.80cm respectively).

Similarly, the fruit breadth in the wild variants, S. viarum and S. incanum
were on par. The fruits of S. melongena varieties Haritha and Surya were
significantly broader compared to the wild species. The highest fruit breadth was
observed in Surya and the lowest in S. incanum. There was a significant difference

among the S. melongena types Haritha and Surya in breadth of fruits as well.

The wild species exhibited significantly lower fruit weight compared to the S.
melongena variety Surya. The fruit weight of the wild species, S. viarum and S.

incanum were on par with that of Haritha, a S. melongena variety. Among the types
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evaluated, the heaviest fruits were found in S. melongena type, Surya and the lightest

in S. viarum.

Significant variation was observed among the entries for relative fruit calyx
length. The relative fruit calyx length in S. viarum was significantly higher than that
of §. melongena variety, Haritha but, lower than that of S. melongena variety, Surya.
The S. incanum was having relative fruit calyx length significantly lower than both

the S. melongena types (Table 16).
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4.7. Cluster analysis

Cluster analysis was done and dendrograms were constructed using ‘NTSYS’
software for qualitative characters and ‘Minitab 17" for biometric characters. Since
one species did not flower and another did not set fruits though flowered, separate
dendrograms were drawn taking into consideration vegetative characters alone,

vegetative and floral characters together and fruit characters alone.
4.7.1. Vegetative characters

Seven qualitative characters in all the evaluated types were considered and the
dendrogram obtained is depicted in Fig 2. The clusters obtained at 75% similarity and

the members included in each cluster are presented in Table 17.

At 75 per cent similarity level four clusters were obtained. Among the types
evaluated, S. viarum, S. indicum and S. incanum fell into three different clusters.
However, S. gilo, a wild type was grouped in the same cluster along with S.
melongena varieties, Haritha and Surya indicating its similarity with cultivated
species. Haritha and Surya exhibited cent per cent similarity in vegetative characters.
This may be because of the similarity in growth habit, branching habit and leaf
characters. The other wild variants were distinct from the cultivated varieties and also
from each other. Among the wild types, in qualitative vegetative characters, S.
indicum was found to be more distinct from other types followed by S. viarum and S.

incanum (Fig. 2).

Dendrogram was also constructed based on eight quantitative vegetative
characters. The Fig. 3 depicts the dendrogram based on biometric vegetative
characters. At 69% similarity three clusters were obtained (Table 18). S. melongena
varieties, Haritha and Surya, fell into the same cluster. S. viarum, S. incanum and S.

gilo were grouped together S. indicum formed a separate cluster. The cluster distances

46



56

are presented in Table 19. The highest cluster distance was obtained between cluster I

and cluster I1.

In the clustering pattern obtained based on qualitative as well as quantitative

vegetative characters S. indicum was distinctly different from all the other types.

Sglo

Fig. 2. Dendrogram based on qualitative vegetative characters

Table 17. Details of clusters formed based on qualitative vegetative characters

S1. Cluster No. Cluster members

No.

1 [ S. indicum

2 II S. viarum

3 11 S. incanum

4 v S. gilo, S. melongena types Haritha and Surya

B7
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Complete Linkage, Euclidean Distance
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Haritha Surya S.indicum S.viarum S.gilo S.incanum
Accessions

Fig. 3. Dendrogram based on quantitative vegetative characters

Table 18. Details of clusters formed based on biometric vegetative characters

SL Cluster No. Cluster members

No.

1 I S. melongena types Haritha and Surya
2 11 S. viarum, S. incanum, S. gilo

3 111 S. indicum

%%
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Table 19. Inter cluster distances based on vegetative characters

Cluster No. Cluster I Cluster II Cluster II1
Cluster | 0.00 62.40 48.18
Cluster II 0.00 56.47
Cluster 111 0.00

4.7.2. Vegetative and floral characters

The cluster analysis was also done taking vegetative and floral characters in
all the types but excluding S. indicum which did not flower. Both qualitative and
quantitative characters were considered. Results are presented in Tables 20, 21 and
22.

In the cluster diagram obtained based on seven qualitative vegetative
characters along wifh two qualitative floral characters (Fig. 4) four clusters were
obtained at 75 per cent similarity (Table 20). S. melongena varieties Haritha and
Surya were falling in different cluster. Though S. gilo, a wild species and Haritha, a S.
melongena variety were forming a single cluster. S. melongena variety surya as well
as the wild species S. incanum and S. viarum formed separate clusters. S. viarum
bearing prickles on leaf, stem and calyx was distinct from all the other types

evaluated.
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Table 20. Details of clusters formed based on qualitative vegetative and floral

Fig. 4. Dendrogram based on qualitative vegetative and floral characters

characters
SL. Cluster No. Cluster members
No.
1 | S. viarum
2 11 S. incanum
3 111 S. melongena variety Surya
4 0% S. gilo, S. melongena variety Haritha

The Dendrogram drawn considering 14 biometric vegetative and floral

characters together is shown as Fig. 5. At 69.58 per cent similarity level, three

clusters were obtained (Table 21). The cluster distances are presented in Table 22.

The highest cluster distance was observed between clusters I and II (64.82) followed

by clusters I and 111 (63.80). The cluster distance between clusters II and III is only

27.53. Hence, they are more closely related.
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Fig. 5. Dendrogram based on biometric vegetative and floral characters

Table 21. Details of clusters formed based on biometric vegetative and floral

characters
Sl. No. | Cluster No. Cluster members
1 | S. melongena varieties Haritha and Surya
2 II S. viarum
3 I S. incanum, S. gilo

Table 22. Inter cluster distances based on vegetative and floral characters

Cluster No. Cluster I Cluster II Cluster 11
Cluster | 0.00 64.82 63.80
Cluster II 0.00 27.53
Cluster II1 0.00
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4.7.3. Fruit characters

The cluster analysis was also attempted taking into consideration nine
qualitative and seven quantitative characters of the fruits of genotypes which had set

fruits. Hence, S. gilo and S. indicum were not included for this clustering.

At 60% similarity three clusters were obtained in the dendrogram drawn
considering qualitative fruit characters alone (Fig. 6 and Table 23). At 65 per cent
similarity, three clusters were formed. Fruits of both wild were observed to be distinct
from each other. Haritha and Surya, the varieties belonging to S. melongena were

falling in the same cluster.

Separate dendrogram was also drawn considering only the biometric
characters of fruits. Seven characters were considered. Among all the entries, S.
viarum and S. incanum were closely related. Three clusters were formed at 84.40 per
cent similarity (Fig. 7). The clusters formed and inter cluster distances are presented

in Tables 24 and 25 respectively.

All the clustering patterns revealed that S. melongena varieties, Haritha and

Surya were distinct from the wild species.
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Fig. 6. Dendrogram based on qualitative fruit characters

Table 23. Details of clusters formed based on qualitative fruit characters

SL Cluster No. Cluster members

No.

1 [ S. melongena varieties Haritha and Surya
2 Il S. incanum

3 11 S. viarum

1
os?
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Complete Linkage, Euclidean Distance
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Fig. 7. Dendrogram based on quantitative fruit characters
Table 24. Details of clusters formed based on biometric fruit characters
SI. Cluster No. Cluster members
No.
1 I S. melongena variety Haritha
2 11 S. melongena variety Surya
3 111 S. viarum, S. incanum
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Table 25. Inter cluster distances based on fruit characters

Cluster 1 Cluster 2 Cluster 3
Cluster 1 0.00 30.27 97.84
Cluster 2 0.00 123.56
Cluster 3 0.00

4.7.4. Descriptive statistics

Descriptive statistics for various biometric characters in Solanum species is

presented in Table 26.

High Phenotypic Coefficient of Variation (PCV) was observed for all the
characters except relative fruit calyx length. The highest PCV was observed for
petiole length (137.87%) and the lowest for relative fruit calyx length (17.10%).
Genotypic Coefficient of Variation (GCV) was high for most of the characters
observed. Petiole length recorded the highest GCV (113.26%). However, stem girth,
circumference of flower bud, fruit breadth and relative fruit calyx length exhibited
moderate GCV.

High heritability was observed for days to germinate, days to transplant, stem
girth, petiole length, lamina length, lamina breadth, days to flower bud initiation,
length of flower bud, sepal lobe length, petal lobe length, days from anthesis to fruit
set, fruit length, fruit breadth, days from fruit set to maturity and relative fruit calyx
length. Among the characters observed, the lowest heritability was recorded by
number of flowers per inflorescence (33.33%) and the highest by days to transplant
(99.60%)

Genetic Gain (GG) was high for all the biometric characters. Petiole length
recorded the highest GG (191.62%) followed by fruit length (126.44%).

15
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Petiole length and fruit length were having high Genotypic Coefficient of
Variation coupled with high heritability and Genetic Gain. Selection programme
based on petiole length can bring about an improvement of 191.62 % in the
population. An improvement of 126.44% can be brought about in the population if

selection programme is based on fruit length.
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Table 26. Descriptive statistics for biometric characters in different species of

Solanum

Character PCV GCV Heritability Genetic

(o) () (%) Gain (%)
Days to germinate 39.02 38.68 98 79.02
Days to transplant 23.66 23.62 99.6 48.56
Plant height (cm) 27.86 20.69 55.10 31.63
Stem girth (cm) 20.12 17.38 74.65 30.93
Petiole length (cm) 137.87 11326 | 67.50 191.62
Lamina length (cm) 62.92 52.17 68.84 89.24
Lamina breadth (cm) 49.54 46.28 87.00 88.92
Days for initiation of :
flower bud 22.65 22.48 98.46 45.95
Flowers/inflorescence 55.67 32.14 33.33 38.23
Flower bud length (cm) 32.19 27.33 72.10 47.80
Circumference flower bud
(cm) 23.58 16.87 51.18 24.86
Sepal lobe length (cm) 37.02 33.57 82.19 62.69
Petal lobe length (cm) 37.63 31.01 68 52.65
Petal lobe breadth (cm) 47.56 33.19 48.69 47.71
Days from anthesis to fruit
set 21.48 20.11 88.11 38.91
Days from fruit set to
maturity 21.58 21.04 95.12 42.29
Relative fruit calyx length
(cm) 17.10 16.51 92.93 32.74
Fruit length (cm) 63.45 62.44 96.76 126.44
Fruit breadth (cm) 20.46 18.75 83.81 35.30
Fruitweight (g) 60.42 43.55 51.96 64.66

PCV and GCV (Sivasubramanian and Menon, 1973): - Low: less than 10%,
Moderate: 10-20 %, High: more than 20%

h? (Johnson et al., 1955): - Low: less than 30%, Moderate: 30-60 %, High: more
than 60%

GG (Johnson ef al., 1955): - Low : less than 10%, Moderate: 10-20 %, High: more
than 20%
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4.8. Cross compatibility among wild and cultivated species of Solanum

The hybridization was done with S. melongena varieties Haritha and Surya
taking the wild variants as both male and female parents (Plate 20). The long styled
flowers in the selected female parents were emasculated on the previous day of
anthesis and carefully bagged. During peak period of stigma receptivity pollen from
the desired male parent was dusted on the stigma and again protected. Soda straw
method was also tried for emasculation.

4.8.1. Evaluation of cross compatibility

Emasculation and pollination done using soda straw did not give any results
(Plate 20). However, when hand emasculation was done fruit set was obtained. The
fruit set in each cross was recorded and the results are presented in Table 27.

S. melongena variety, Haritha, when used as female parent, was not
compatible with S. viarum. However, the reciprocal cross (S. viarum x S. melongena
variety Haritha) was compatible with a fruit set of six per cent (Table 27).

When the pollen of S. incanum was dusted on S. melongena variety Haritha,
long pale green fruits were obtained. A fruit set of 5.55% was observed in this cross.
However, in the reciprocal cross there was a fruit set of 20 %.

S. melongena variety Haritha when used either as female or male parent with
S. gilo did not produce any fruits.

S. melongena variety Surya when used as female parent and S. viarum as male
parent a fruit set of 20 per cent was noticed. In accordance with this Ghosh et al.

(2011) obtained successful hybrids when S. melongena was crossed with S. viarum.

The reciprocal cross (S. viarum x Surya) was also successful. A fruit set of

20% was observed in the reciprocal cross also.

When the pollen of S. incanum was dusted on the stigma of S. melongena type
Surya, the fruits produced were dark violet with green triangular patches. Size and

shape of the fruits were similar to that of Surya. There was no fruit set in the

%
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Pollination

Bagging

Plate 20.Steps in hybridisation of Selanum species



68

reciprocal cross (S. incanum x Surya). According to Vishwanathan (1975), Rao
(1975) and Handique (1986) S. melongena was not cross compatible with most of the
wild relatives except S. incanum. Nishio et al. (1984) found that S. melongena was
more closely related to S. incanum than any other species. The crossability of S.
melongena with S. incanum was also reported by (Daunay et al, 1991; Nee, 1991;

Rao, 2011).

In the cross of S. melongena variety Surya with S. gilo there was initiation of
fruit set. However, there was fruit drop within 4 days after initiation of fruit set due to
embryo abortion. The reciprocal cross was also unsuccessful (Table 27). However,
Behera er al. (2006) obtained 54% fruit set in crosses between S. gilo as male parent
with various cultivars of S. melongena viz., Annamalai and Pusa kranthi. Yadhav et
al. (2005) obtained successful hybrids when S. gilo was used as a male parent in cross
between various variants of S. melongena viz., Pongal, Arka keshav and RCMB-1.

Ali and Fujieda (2007) also reported that S. melongena were compatible with S. gilo.

00



69

Table 27. Fruit set in different direct and reciprocal crosses

Crosses Fruit set Compatibility
(%)
S. melongena variety Haritha X S. viarum 0 No
S. melongena variety Haritha X S. incanum 5.55 Yes
S. melongena variety Haritha X S. gilo 0 No
S. viarum X S. melongena variety Haritha 6.00 Yes
S. incanum X S. melongena variety Haritha 20.00 Yes
S. gilo X S. melongena variety Haritha 0 No
S. melongena variety Surya X S. viarum 20.00 Yes
S. melongena variety Surya X S. incanum 6.00 Yes
S. melongena variety Surya X S. gilo 0 No
Fruit drop 4
days after
initiation of
fruit set
20 Yes
S. viarum x S. melongena variety Surya
S. incanum x  S. melongena variety Surya 0 No
S. gilo x S. melongena variety Surya 0 No

(0]




S. viarum = Haritha

S. incanum = Haritha

Surya = S. viarum S. viarum * Surya

Surya * S. incanum

Plate 21. Hybrid fruits from various inter specific croses of Solanum species
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4.8.2. Evaluation of hybrid fruits

The fruits obtained after crossing were harvested at the stage of physiological
ripeness. The qualitative characters of hybrid fruits obtained from different successful
crosses are depicted below.

The fruits from the cross S. viarum x S. melongena variety Haritha were small
green with white stripes. The colour and shape of the fruits were similar to that of the
female parent S. viarum. Fruit apex was rounded. The broadest portion of the fruit
was at about half way from base to tip (Plate 21).

Long pale green fruits were formed in the cross of S. melongena variety
Haritha with S. incanum as male parent. The fruit apex was protruded. The shape and
colour of the fruit was similar to that of the female parent , Haritha (Plate 21).

Pale green fruits similar to that of the female parent S. incanum in size and
shape were obtained in the cross of S. incanum as female parent with S. melongena
variety Haritha (Plate 21).

Small egg shaped fruits with green patches on the violet surface were formed
in the cross of Surya as female parent with S. viarum. The fruit apex was rounded and

the broadest portion of fruit was at about half way from the base to tip (Plate 21).

The hybrid fruits of S. viarum x Surya were green with white stripes. The
colour and shape of the fruits were exactly like that of the female parent S. viarum.
The position of the broadest portion of the fruit was at about half way from the base

to tip. The fruit apex was rounded (Plate 21).

The fruits produced in the cross Surya with S. incanum as male parent were
dark violet with green triangular patches. The size and shape of the fruits were similar

to that of Surya (Plate 21).

The biometric characters of hybrid fruits such as fruit weight, number of seeds

per fruit and 100 seed weight are presented in Table 28.
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The fruit weight was the highest in S. melongena variety Haritha x S. incanum
and the lowest in S. viarum x Surya. The highest number of seeds were observed in
the fruits from S. melongena variety Haritha x S. incanum and the lowest in S. viarum
x 8. melongena variety Surya. The 100 seed weight was the highest in S. viarum x
Surya fruits and the lowest in Haritha x S. incanum.

The mean number of days to germinate, germination per cent and survival in
the field exhibited by the hybrid seeds from various crosses involving wild variants

and S. melongena types are presented in Table 29.

The highest germinability was observed for the hybrid seeds from the cross
Surya x S. viarum (91.67%) and the lowest for seeds from S. viarum x Haritha (41%).
The days taken to germinate was the highest in S. melongena variety Haritha x S.
incanum seeds and the lowest in S. viarum x S. melongena variety Haritha seeds.

Table 28. Biometric characters of hybrid fruits and seeds from various crosses

Cross Fruit weight Seeds/ fruit | 100 Seed weight

(2) (2)
S. viarum x Haritha 29.80 131.00 2.65
Haritha x S. incanum 259.70 618.00 1.70
S. incanum x Haritha 66.28 233.00 2.03
Surya x S. viarum 43.40 124.66 2.68
S. viarum x Surya 28.07 114.66 3.79
Surya x §. incanum 215.70 462.00 2.58
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Table 29. Germinability of hybrid seeds and survival of hybrid seedlings

Cross Days to | Germination | Survival in

germinate % field
(V)

S. viarum x Haritha 2.67 41.00 0

Haritha x . incanum 70.00 7.00 0

S. incanum X Haritha 61.50 6.00 0

Surya x S. viarum 4.33 91.67 100.00

S. viarum X Surya 4.00 85.00 66.67

Surya x S. incanum 6.00 55.00 70.00

The seedlings of S. viarum x S. melongena variety Haritha, S. melongena
variety Haritha x S. incanum and S. incanum x S. melongena variety Haritha did not

establish in the field, indicating hybrid inviability. Seedlings of S. melongena variety

Surya x S. viarum and S. melongena variety Surya x S. incanum showed 100 per cent

survival in the field. However, seedlings of S. viarum x Surya showed a survival per

cent of 66.67 (Plates 22, 26 and 30) only. The production of hybrid seeds was found

to be hampered by pre and post fertilization barriers (Gowda and Seenappa, 1991;

Behera and Singh, 2002) in Solanum species.
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Surya Haritha
S.melongena S.melongena

-

"’"
%

viarum )

\
> Cross compatible and develop hybrid fruits

___________ - Progeny plants survive and develop fruits with seeds

> Progeny plants died at seedling stage

Fig. 8. Cross compatibility among the wild and cultivated varieties of Solanum

species

|06



74

4.9. Evaluation of the progeny

Among the successful crosses that set seeds, the progeny of only three crosses
viz., S. melongena variety Surya x S. viarum, S. viarum x S. melongena variety Surya
and S. melongena variety Surya x §. incanum, could be carried forward for field
evaluation. Four progeny plants of the cross S. melongena variety Surya x S. viarum,
ten plants of the cross S. viarum x S. melongena variety Surya cross and seven plants
of the cross S. melongena variety Surya x S.incanum established in the field and set
fruits. Progeny plants were subjected to evaluation based on various phytographic
characters. Both qualitative and quantitative characters were considered for

evaluation.
4.9.1. Progeny of the cross Surya x S. viarum
4.9.1.1. General characters

The growth habit and branching intensity of the progeny plants from this cross

are presented in Table 30.

Table 30. General characters of progeny of Surya x S. viarum

Characters Progeny Surya S. viarum
Growth habit Upright Upright Upright
Branching Very weak (<2) Weak (2 to 5) Weak (2 to 5)
intensity

All the progeny plants were upright in growth habit and resembled the parents
in this character. In the case of branching intensity, it was weak in both the parents.

The progeny plants differed from both the parents in this character.
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The observations on the qualitative characters of the leaf viz., colour of the

petiole, colour of lamina, lobing of lamina, leaf tip angle and presence or absence of

prickles on the leaf in the progeny of the cross Surya x S. viarum are presented in

Table 31.

Table 31. Leaf characters of progeny of Surya x S. viarum
Characters Progeny Surya S. viarum
Petiole colour Dark violet Green Green
Lamina colour Green Green Dark green
Leaf blade lobing Intermediate Intermediate Intermediate
Leaf tip angle Acute Intermediate Acute
Leaf prickles None None Few

The colour of petiole was dark violet in the progeny while that of the parents,
Surya as well as S. viarum were green (Plate 23). All the progeny plants were with
green lamina and resembled the female parent Surya in this character. S. viarum, the
male parent had dark green lamina. Leaf blade lobing was intermediate in the
progeny as well as parents. The leaf tip angle was acute in the progeny as well as
male parent S. viarum. Even though the male parent S. viarum had prickles on the leaf
progeny plants were devoid of prickles and resembled the female parent Surya (Plates
6a and 6b).

4.9.1.3. Floral characters

Observations on qualitative floral features viz., presence or absence of prickles
on calyx and corolla colour in the progeny of Surya x S. viarum are presented in

Table 32.




Plate 23. Leaves of Surya x S. viarum Plate 24. Flower of Surya x S. viarum
progeny progeny
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Table 32. Floral characters of progeny of Surya x S. viarum

Characters Progeny Surya S. viarum

Corolla colour Bluish violet Bluish violet | Light violet

Prickles on calyx | Few in 25%
None in 75%

None Few

Corolla colour was bluish violet in the progeny as in the case of the female
parent Surya. The progeny however, showed segregation for prickles on the calyx.
The female parent Surya was devoid of prickles and male parent S. viarum was with

prickles (Table 32).

The biometric floral characters viz., length as well as circumference of the
flower bud, and length of sepal as well as petal were recorded from the progeny of

cross Surya x S. viarum and presented in Table 33.
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Table 33. Biometric floral characters of progeny of Surya x S. viarum

Progeny / Length of | Circumference | Sepal length Petal length
Parents flower bud | of flower bud
(cm) (cm)
(cm) (cm)

Pl 2.36 2.68 2.14 1.66
P2 2.00 2.40 2.14 2.28
P3 2.18 2.38 2.26 1.76
P4 1.28 1.48 1.42 1.16
Surya 1.66 2.25 1.60 1.96
S. viarum 1.38 1.84 1.06 1.50
CD (0.05) 0.38 0.36 0.42 0.23
CV (%) 14.51 12.07 15.61 9.93

The length and circumference of the flower buds in progeny plants P1, P2 and
P3 were on par. It was significantly higher than that of P4. With respect to length of
sepal and petal P4 was significantly different from the other three progeny plants.
Progeny plant P4 was producing the smallest flowers (Table 33). The progeny plants
P1, P2 and P3 were significantly different from both the parents as well in length of
flower bud and length of sepal.

4.9.1.4. Fruit characters

Qualitative fruit characters of progeny plants of Surya x S. viarum are
depicted in Table 34 and Plate 25.
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Table 34. Fruit characters of progeny of Surya X S. viarum

Characters Progeny Surya S. viarum
Fruit position Pendant Pendant Pendant
Fruit shape (position of 1/2 way from 1/2 way 1/2 way
broadest portion) base from base from base
Fruit curvature None None None
Fruit apex Rounded Rounded Rounded
Fruit colour distribution Uniform Uniform Mottled
Fruit colour at commercial | Purple black in | Purple Green with
ripeness 75% and purple white stripes
in 25%
Colour at physiological Light brown Light brown | Deep yellow
ripeness
Fruit cross section Circular, without | Circular, Circular,
grooves without without
grooves grooves
Fruit flesh density Spongy Dense Loose
Pedicel prickles Few Absent Few

The progeny exhibited segregation in the colour of fruit at commercial
ripeness. In 75 per cent of progeny plants the fruits were purple black in colour where
as in the remaining 25 per cent the fruits were purple coloured like the female parent

Surya.

No variability was observed in the progeny for the fruit characters viz., fruit
position, fruit shape, fruit curvature, fruit apex, fruit colour distribution, fruit cross
section, fruit flesh density and pedicel prickles. Fruit position was pendant and fruit

apex was rounded in parents and progeny (Table 34).
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In fruit colour distribution and colour of fruit at physiological ripeness the
progeny resembled the female parent Surya. However, in the case of fruit flesh
density the progeny was distinctly different from both the parents. All the progenies
of this cross resembled the male parent S. viarum in presence of prickles on the

pedicel.

The observations on biometric characters of fruit viz., length, breadth and

weight of fruit in the progeny plants of Surya x S. viarum are presented in Table 35.

Among the fruit characters, the highest variability was observed for fruit
weight. Fruit length breadth and weight of progenies P1 and P2 from the cross Surya
x S. viarum were on par. P4 registered significantly lower values in the case of above

traits (Table 35).

Table 35. Biometric fruit characters of progeny of Surya x S. viarum

Progeny / Fruit length Fruit breadth Fruit weight
Faret (cm) (cm) (2)
Pl 10.60 18.00 112.19
P2 11.00 19.20 118.34
P3 13.60 21.00 200.06
P4 8.20 10.60 69.13
Surya 8.80 12.22 200.99
S. viarum 5.12 8.44 72.01
CD (0.05) 1.47 2.12 64.77
CV (%) 10.10 9.19 38.67

\13



Fruits of P1 Fruit of P2

Fruit of P3 Fruits of P4

Plate 25. Fruits of progeny plants of Surya x S. viarum
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4.9.2. Progeny of the cross S. viarum x Surya
4.9.2.1. General characters

The details of general characters of the progenies from the cross S. viarum x Surya
are presented in Table 36. In all the progenies the growth habit was upright like the

parents. Unlike in the case of parents, the branching intensity was very weak in the

progenies.
Table 36. General characters of progeny of S. viarum x Surya
Characters Progeny S. viarum Surya
Growth habit Upright Upright Upright
Branching Very weak (<2) Weak (2 to 5) Weak (2 t0 5)
intensity

4.9.2.2. Leaf characters

The observations on the qualitative characters of the leaf viz., colour of the
petiole, colour of lamina, lobing of lamina, leaf tip angle and presence or absence of

prickles on the leaf in the progeny from the cross S. viarum x Surya are presented in

Table 37.

In petiole colour and leaf blade lobing the progeny was distinctly different
from both the parents. The petiole colour was dark violet in the progeny while that of
parents, S. viarum as well as Surya were green (Plates 6a and 6b). Unlike the parents,
progeny exhibited strong leaf blade lobing. Leaf blade lobing was intermediate in the
progeny of the cross Surya x S. viarum. However, it was strong in the progenies of

reciprocal cross S. viarum x Surya (Plate 27).

The lamina colour was green in the progeny and male parent Surya, where as

it was dark green in the female parent S. viarum. Both S. viarum as well as Surya had
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intermediate lobing. The leaf tip angle was acute in the progeny and female parent S.

viarum where as it was intermediate in the male parent Surya.

Prickles were absent on the leaves of progeny of Surya x S. viarum. However,
that character segregated in the progenies of the reciprocal cross S. viarum x Surya
(70% of progeny with prickles and 30% without prickles). Presence of prickles on

leaf is a unique feature of S. viarum (Table 37).

Table 37. Leaf characters of progeny of S. viarum x Surya

Characters Progeny S. viarum Surya
Petiole colour Dark violet Green Green
Lamina colour | Green Dark green Green
Leaf blade Strong Intermediate Intermediate
lobing
Leaf tip angle Acute Acute Intermediate
Leaf prickles Few in 70% Few None

and

None in 30%

4.9.2.3. Floral characters

Observations on qualitative floral features viz., presence or absence of prickles on

calyx and corolla colour in the progeny of S. viarum x Surya are presented in Table

38.

Table 38. Floral characters of progeny of S. viarum x Surya

Characters

Progeny

S. viarum

Surya

Corolla colour

Bluish violet

Light violet

Bluish violet

Prickles on calyx

Few

Few

None

1




Plate 27. Leaves of S. viarum * Surya Plate 28. Flowers of S. viarum * Surya
progeny progeny
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The corolla colour was observed to be bluish violet in Surya x S. viarum
progeny as well as its reciprocal cross S. viarum x Surya (Table 38 and Plates 24 and
28). The progeny resembled Surya in this character. The prickles on the calyx showed
segregation among the progeny plants in the cross Surya x S. viarum. However, there
was no segregation for this character in the reciprocal cross S. viarum x Surya. All the

progeny plants were prickled like the female parent S. viarum.

Biometric floral features of individual progeny plants from the cross S.

viarum x Surya are presented in Table 39.

The progeny plants P1, P4, P6, and P10 were on par with respect to length of
flower bud and were significantly superior to others. In the case of circumference of
flower bud, the progeny plants P1, P4, P6, P8 and P10 were on par and significantly
different from other progeny plants of the same cross. The sepal length varied from
1.32 cm in P1 to 2.34 ¢m in P2. The petal length varied from 1.34 ¢cm in P2 to 2.30
cm in P3 and P4 (Table 39).

In both direct and reciprocal crosses between Surya and S. viarum,
transgressive segregrants were also observed with respect to biometric floral

characters.
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Table 39. Biometric floral characters of progeny of S. viarum x Surya

Progeny/ Length of | Circumference | Sepal length Petal length
Parents flower bud | of flower bud
(cm) (cm) (cm) (cm)
Pl 2.44 2.62 1.32 2.0
P2 1.36 1.60 2.34 1.34
P3 1.36 1.60 2.06 2.30
P4 2.42 2.60 2.32 2.30
P5 1.50 1.70 2.04 1.62
P6 2.26 2.50 1.64 1.46
P7 1.58 1.78 1.62 2.16
P8 2.00 2.28 1.98 1.98
P9 1.38 1.58 2.18 1.78
P10 2.06 2.26 2.00 1.86
S. viarum 1.38 1.84 1.06 1.50
Surya 1.66 2.25 1.60 1.96
CD (0.05) 0.42 0.41 0.44 0.41
CV (%) 17.83 15.72 17.44 17.14

1
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4.9.2.4. Fruit characters

Qualitative fruit characters of progeny plants of S. viarum x Surya are

depicted in Table 40 and Plates 29a to 29b.

In 50 per cent of the progeny plants of S. viarum x Surya cross the broadest
portion of the fruit was at 3/4™ way from base. In the remaining ones the broadest
portion of the fruit was at half way from base (Table 40). The fruits of 60 per cent of
the progeny plants of S. viarum x Surya, were green with white stripes and purplish
tinge at commercial ripeness. Green with white stripes was the feature of female
parent S. viarum and purplish tinge was that of male parent, Surya. In 20 per cent of
the progeny fruits were purple with white patches. Fruit colour at commercial
ripeness was green with white stripes in 10 per cent of the progeny. Another 10 per
cent of the progeny had pale green fruits a character neither of the parents possessed.
But, the shape of the fruit was exactly like that of S. viarum. The parent of Surya (Sm

-6) produced white, green as well as purple coloured fruits.

The presence of prickles on the pedicel was also showing segregation in the
progeny. Presence of prickles on the pedicel, a unique feature of S. viarum was

observed in 70 per cent of the progeny plants (Table 40).

Fruit position was pendant, fruit apex was rounded and fruit cross section was
circular without grooves in both the parents and progeny. There was no curvature for

the fruits in the parents as well as the progeny.
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Observations on biometric characters of fruits in the individual progeny plants
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of S. viarum x Surya are presented in Table 41.

Table 41. Biometric fruit characters of S. viarum x Surya

Progeny/ Fruit length Fruit breadth Fruit weight
Parents
(cm) (cm) (2)
Pl 7.20 12.4 48.72
P2 4.00 4.50 23.87
P3 6.00 13.20 42.28
P4 7.00 12.40 40.90
P5 4.50 5.00 24.27
P6 4.96 9.14 14.57
P7 6.60 11.60 35.76
P8 6.00 10.40 25.72
P9 6.10 11.16 31.16
P10 7.60 13.80 44.79
S. viarum 5.12 8.44 72.01
Surya 8.80 12.22 200.99
CD (0.05) 0.89 2.06 10.16
CV (%) 10.23 13.70 22.26
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Fruits of P1 Fruit of P2

Fruits of P3

Fruits of P4 Fruit of P5

Plate 29a. Fruits of progeny plants of S. viarum » Surya




Fruit of P6 Fruits of P7

Fruit of P8

Fruit of P9 Fruit of P10

Plate 29b. Fruits of progeny plants of S. viarum x Surya
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Significant variability was observed among the progeny of S. viarum x S.
melongena variety Surya cross for fruit length breadth and weight. The fruit length
varied from 4.00cm in P2 to 7.60cm in P10, fruit breadth from 4.5cm in P2
to13.80cm in P10 and fruit weight from 14.57g in P6 to 48.72g in P1 (Table 41).
Among the progenies P1 and P10 can be considered as superior with respect to these
characters.

4.9.3. Progeny of the cross Surya x 8. incanum
4.9.3.1. General characters

The details of general characters of the progeny from the cross Surya x S.
incanum are presented in Table 42. The growth habit was upright like the parents in
all the progeny plants. Unlike the parents the branching intensity was very weak in

the progeny members.

Table 42. General characters of progeny of Surya x S. incanum

Characters Progeny Surya S. incanum
Growth habit Upright Upright Upright
Branching Very weak (<2) Weak (2 to 5) Weak (2 to 5)
intensity

4.9.3.2. Leaf characters

The observations on the qualitative characters of the leaf viz. colour of the
petiole, colour of lamina, lobing of lamina, leaf tip angle and presence or absence of
prickles on the leaf in the progeny from the cross S. melongena variety Surya X S.

incanum are presented in Table 43.

Colour of the petiole was dark violet in the progeny while that of parents,

Surya and S. incanum were green and greenish violet respectively.
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The lamina colour was green and leaf blade lobing was intermediate in the
progeny of cross Surya x S. incanum. The lobing of leaf blade was intermediate in the

parents also (Plates 6a and 6b).

The lamina colour was found to be green in the progeny of all the three
crosses and can be considered to be contributed by Surya when used as either male or

female parent.

The leaf tip angle was very acute in the progeny of Surya x S. incanum cross
(Plate 31) while in both the parents it was intermediate. However, it was acute in the

progeny of Surya x S. viarum and it’s reciprocal cross.
The progeny of Surya x S. incanum were devoid of prickles (Plate 31).

Table 43. Leaf characters of progeny of Surya x S. incanum

Characters Progeny Surya S. incanum
Petiole colour Dark violet Green Greenish violet
Lamina colour Green Green Dark green
Leaf blade lobing Intermediate Intermediate Intermediate

Leaf tip angle

Very acute

Intermediate

Intermediate

Leaf prickles

None

None

None
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Plate 30. Progeny of Surya x S. incanum

Plate 31. Leaves of Surya x S. incanum Plate 32. Flowers of Surya x S. incanum
progeny progeny
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4.9.3.3. Floral characters

Observations on qualitative floral features viz., presence or absence of prickles
on calyx and corolla colour in the progeny of S. melongena variety Surya X S.

incanum are presented in Table 44.

Table 44. Floral characters of progeny of Surya x §. incanum

Characters Progeny Surya S. incanum
Corolla colour Light violet Bluish violet Pale violet
Prickles on calyx | None None None

The corolla colour in the progeny of Surya x S. incanum was light violet.
Corolla colour of one of the parents, Surya, was bluish violet and that of S. incanum
was pale violet (Plates 10, 12 and 32). The progeny from the cross between Surya and

S. incanum were having non prickled calyx and resembled the parents.

The observations on biometric floral features of the progeny from the cross S.

melongena variety Surya x S. incanum are presented in Table 45.

The length of flower bud varied from 1.50 ¢cm in P3 to 2.66 cm in P10 (Table
45). The circumference of flower bud ranged from 1.80 cm in P3 to 2.92 cm in P1.
With respect to sepal length and petal length also there were significant differences
among the progeny plants.

Transgressive segregants were also observed with respect to the biometric

floral characters.
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Table 45. Biometric floral characters of progeny of Surya x S. incanum

Progeny/ Length of | Circumference Sepal length Petal length
Parents flower bud | of flower bud

(cm) (cm) (et) (cm)
Pl 2.60 2.92 2.36 1.86
P3 1.50 1.80 2.50 1.76
PS5 2.18 2.50 2.10 1.56
P6 1.54 1.82 1.98 1.60
P7 1.78 2.24 2.34 1.74
P8 2.02 2.30 1.56 2.50
P10 2.66 2.88 2.16 1.38
Surya 1.66 2:25 1.60 1.96
§. incanum 1.76 2.06 1.33 1.22
CD (0.05) 0.45 0.42 0.35 0.52
CV (%) 17.20 13.72 12.58 22.6

4.9.3.4. Fruit characters

Fruit characters of progeny plants belonging to Surya x S. incanum cross are
presented in Table 46 and Plate 33.
The fruits characters of all the progeny plants of this cross were similar except

for fruit colour and shape (position of the broadest portion of the fruit). In 72 per cent
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of progeny, the broadest portion of the fruit was at about 3/4™ way from base, while
in 28 per cent of progeny, the broadest portion of the fruit was at half way from base
to tip. At commercial ripeness, 43 per cent of progeny were pale green with purplish
tinge. Green fruits with white stripes and purplish tinge were observed in 43 per cent
of progeny. Fruits were green with white stripes in 14 per cent of progeny. Fruit
colour distribution was mottled in the progeny where as it was uniform in parents.

In fruit characters viz., position, curvature, cross section and apex as well as
pedicel prickles the progeny resembled both the parents.

Observation on biometric fruit parameters of progenies from S. melongena

variety Surya x S. incanum is presented in Table 47.

There was no significant difference among the progeny plants for fruit length.
The fruit breadth of progeny plants P1, P3, P6, P7, P8 and P10 were on par. P5,
exhibited significantly lower value for fruit breadth. The fruit weight of P1, P3, P7
and P8 were on par. P5 exhibited significantly higher fruit weight among the progeny
plants (Table 47).
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Table 47. Biometric fruit characters of progeny of Surya x S. incanum

Progeny / Length of | Circumference | Sepal length Petal length
Parents flower bud | of flower bud
(cm) (cm)
(cm) (cm)

Pl 2.36 2.68 2.14 1.66
P2 2.00 2.40 2.14 2.28
P3 2.18 2.38 2.26 1.76
P4 1.28 1.48 1.42 1.16
S. melongena 1.66 2.25 1.60 1.96

type Surya
S. viarum 1.38 1.84 1.06 1.50
CD (0.05) 0.38 0.36 0.42 0.23
CV (%) 14.51 12.07 15.61 9.93

4.9.4. Heterotic effect in progenies

Heterotic effect for fruit characters in the progenies of different crosses was

estimated. Average heterosis and Heterobeltiosis were computed.

Heterosis estimated in the progenies of S. melongena variety Surya x S.

viarum is presented in Table 48.
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Fruits of P1 Fruit of P2

Fruit of P3 Fruit of P4 Fruits of P5

Fruits of P6 Fruits of P7

Plate 33. Fruits of progeny plants of Surya * S. incanum
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Table 48. Heterosis in the progeny of S. melongena variety Surya x S. viarum

Progeny Average heterosis (%) Heterobeltiosis (%)
Fruit Fruit Fruit Fruit Fruit Fruit
length breadth weight length breadth weight
Pl 52.30 74.25 -17.81 20.45 47.30 -44.18
P2 58.05 85.87 -13.30 25 57.12 -41.12
P3 95.40 103.29 46.56 54.54 71.85 -0.47
P4 17.82 2.61 -49.36 -6.82 -13.26 -65.61

Heterosis was positive (average heterosis and heterobeltiosis) for both fruit
length and fruit breadth among the progenies of cross S. melongena variety Surya x S.
viarum. The average heterosis for fruit weight was negative in all the progenies
except P3. However, Heterobeltiosis was negative for fruit weight in all the

progenies.

Heterosis estimated in the progeny of S. viarum x S. melongena type Surya is

presented in Table 49.

Table 49. Heterosis in the progeny of S. viarum x Surya

Plants Average heterosis (%) Heterobeltiosis (%)

Fruit Fruit Fruit Fruit Fruit Fruit

length breadth weight length breadth weight
Pl 3.45 20.04 -64.31 -18.18 1.47 -75.76
P2 -42.53 -56.44 -82.51 -54.55 -63.18 -88.12
P3 -13.79 27.78 -69.03 -31.82 8.02 -78.96
P4 0.57 20.04 -70.04 -20.45 1.47 -79.65
PS5 -35.34 -51.60 -82.22 -48.86 -59.08 -87.92
P6 -28.74 -11.52 -89.33 -43.64 -25.20 -92.75
P7 -5.17 12.29 -73.80 -25.00 -5.07 -82.21
P8 -13.79 0.68 -81.16 -31.82 -14.89 -87.20
P9 -12.36 8.03 -77.17 -30.68 -8.67 -84.49
P10 9.19 33.59 -67.19 -13.64 12.93 -77.72

The progenies P1, P4 and P10 exhibited positive average heterosis for fruit

length and fruit breadth. The progeny plants P3, P7, P8 and P9 showed positive

) 34
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heterosis for fruit breadth alone. Progenies P1, P3, P4 and P10 had positive
heterobeltiosis for fruit breadth. However, none of the progeny plants recorded

positive heterobeltiosis for fruit length and weight (Table 49).

Heterosis estimated in the progenies of S. melongena variety Surya x S.

incanum is presented in Table 50.

Table 50. Heterosis in the progeny of Surya x S. incanum

Plants Average heterosis (%) Heterobeltiosis (%)

Fruit Fruit Fruit Fruit Fruit Fruit

length breadth weight length breadth weight
Pl -0.75 24.51 -70.60 -25.00 4.75 -79.13
P3 2.26 25.49 -69.37 -22.73 5.56 -78.26
P5 8.27 -2.72 -63.13 -18.18 -18.17 -73.83
P6 -6.77 22.57 -75.67 -29.55 3.11 -82.73
P7 2.26 20.62 -71.41 -22.73 1.47 -79.71
P8 11.28 20.62 -68.87 -15.91 1.47 -77.90
P10 -3.76 15.76 -80.19 -27.27 -2.62 -85.94

The progenies P3, P5, P7 and P8 exhibited positive average heterosis for fruit
length. Except PS all the progeny plants from the cross S. melongena variety Surya X
S. incanum exhibited positive average heterosis for fruit breadth. All the plants
exhibited negative average heterosis for fruit weight. All the progeny plants exhibited
negative heterobeltiosis for fruit length and fruit weight. While P1, P3, P6, P7 and P8

showed positive heterobeltiosis for fruit breadth (Table 50).
4.9.5. Palynology

The fertility as well as shape and size of pollen grains were estimated by
making observations consecutively for three days. The results are presented in Table

51 and 52.
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Table 51. Pollen fertility in the progeny of different crosses

Crosses Pollen fertility (%)

Day | Day 2 Day 3
Surya x S. viarum 100 98 0
S. viarum Surya 97.33 94.70 100
Surya x S. incanum 85 89 73

The pollen grains of progenies from S. viarum x S. melongena variety Surya
exhibited maximum fertility on the 3™ day of flower opening and they remained
viable for 3 days after flower opening. However, a decline in pollen fertility was
observed on the 2™ day of flower opening in the progenies of cross S. melongena
variety Surya x S. viarum. In the progenies of cross S. melongena variety Surya X S.

incanum fertility was maximum on the second day of flower opening and then

declined (Table 51).

Pollen grains were found to be round and mono-,bi- or trizonocolporate (Plate
34). There was significant difference among the progenies in the length of pollen

only. Smaller pollen grains were found in the progenies of cross S. melongena variety

Surya x S. incanum.
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Table 52. Shape and size of pollen grains in the progeny of different crosses

Crosses Shape Length Width
(um) (um)
Surya x §. viarum Round 0.06 0.03
S. viarum x Surya Round 0.05 0.03
Surya x S. incanum Round 0.02 0.02
CD (0.05) - 0.01 NS
CV (%) - 20.02 25.32

4.10. Incidence of pest and diseases

The incidence of insect pests in the parental generation as well as in the
progeny population was noted and are presented in Table 53 and 54 as well as Plates

35ato 35b.

All the wild variants of Solanum were observed to be unaffected by the attack
of a wide range of pests affecting brinjal. S. melongena type Haritha was affected by
almost all the pests except stem borer. S. melongena type Surya was affected by all

the pests except tingid bug, mites and stem borer.

Among the wild variants of Solanum, S. viarum was unaffected by most of the
pests except grasshopper, tingid bug and mites. S. incanum was affected by
grasshopper and mealybug. S. gilo was affected by mites alone. It was observed to be

unaffected by the attack of other common pests of brinjal.

Unlike the other wild species of brinjal, S. indicum was affected by the attack

of almost all the pests of brinjal except tingid bug, epilachna beetle, aphids and
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Surya x S.viarum

S. viarum = Surya

Surya x S. incanum

Plate 34. Pollen morphology of the progeny of different crosses
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whitefly. Wild species of brinjal were observed to bear resistance to the attack of
pests of brinjal, compared to the cultivated varieties. Among the wild species, wider

range of resistance was observed in S. gilo.
S. indicum was observed to be susceptible to the attack of pests.

Most of the insect pest that caused severe damage to the parent generation did
not attack the progenies. The attack of Epilachna beetle and brinjal shoot and fruit

borer were prevalent in the progeny population.

The incidence of diseases in the parental generation comprising the different

species of Solanum is presented in Table 55.

The incidence of diseases in the evaluated genotypes was less when compared
to pest incidence. Damping off and Cercospora leaf spot were observed in S.
melongena types Haritha and Surya. The wild genotypes evaluated except S. viarum
were free from disease incidence. S. viarum was found susceptible to Cercospora leaf
spot. Kouassi er al. (2014) also observed that S. gilo was found to be less susceptible

to many pathogens including fungi, bacteria and root knot nematodes.

Incidence of diseases in the progeny populations from different crosses is

presented in Table 56.

No incidence of diseases was observed in the progeny. The diseases that

prevailed in the parental generation were not found in the progeny population.
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Table 55. Incidence of diseases in different species of Solanum

Types Damping off Cercospora leaf spot
S. viarum - X

S. gilo - -

S. incanum - -

S. indicum - -

S. melongena varieties

Haritha Y Y

Surya ¥ b 4

Table 56. Incidence of diseases in progeny populations of different crosses

Diseases

S. viarum x Surya

Surya x S. viarum

Surya x S. incanum

Damping off

Cercospora leaf

spot

42




Serpentine leaf miner Aphid

Epilachna beetle Tingid bug

Plate 35a. Pest and diseases in different Solanum species



Tree hopper Spider mite

Cercospora leaf spot

Plate 35b. Pest and diseases in different Solanum species
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5. SUMMARY

The investigation entitled “Breeding biology and cross compatibility of
close wild relatives of brinjal (Solanum melongena 1.)” was carried out in the
Department of Plant Breeding and Genetics, College of Horticulture, Vellanikkara,
during 2014 —2016.

Four wild species variants of Solanum viz., S. viarum, S. gilo, S. incanum
and S. indicum maintained at NBPGR - RS, Vellanikkara along with S. melongena
varieties Haritha and Surya from Kerala Agricultural University formed the material
for study. These genotypes were evaluated for various vegetative, floral and fruit
characters. The cross compatibility of the wild variants with S. melongena types were
also assessed by making crosses both direct and reciprocal. The progenies obtained
from the successful crosses were also evaluated based on various morphological

characters.

The wild variants exhibited comparatively lower percentage of germination
ranging from 21.13 in S. gilo to 48.45 in S. indicum. The varieties of S. melongena,
Haritha and Surya recorded 63.43% and 60% germination respectively.

The wild variant of S. viarum was characterized by upright growth habit and
presence of prickled dark green leaves with acute leaf tip. S. gilo could be
distinguished by light green non prickled leaves with acute tip. S. incanum had
intermediate growth habit and leaves with greenish violet petioles. Intermediate
growth habit, very weak branching intensity, leaves with long petiole, large strongly

lobed lamina having very acute leaf tip were the features of S. indicum.

Among the different species evaluated S. indicum did not flower during the
entire experiment period. This may be due to the endemic nature of this species to

Tamil Nadu. Hence, the height and stem girth measured at flowering stage in all the
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other types could not be taken in S. indicum. All the wild variants of Solanum were

significantly taller than S. melongena variety Surya.

Among the wild species which flowered, S. gilo took the highest number of
days for flower bud initiation (70.8 days) and S. viarum, the lowest (41.2 days).
Significant difference was observed among the S. melongena varieties Haritha and

Surya (42.8 days and 55 days respectively) in the days taken for flower initiation.

Even though there was significant difference among the different species for
days to initiation of flowering, no significant difference could be observed for days to
opening of the flower bud after initiation. Irrespective of species, it took only 9 to 10

days for the flower bud to open after it’s initiation.

The flowers of all the Solanum species evaluated were morphologically
similar. In all the species the flowers are pedicellate, zygomorphic, complete,
hypogynous and positively geotropic with rotate corolla. Calyx is persistent with or

without prickles, depending on the species.

S. gilo was significantly different from all other species evaluated, in the
length and circumference of flower bud (0.80 cm and 1.32 cm respectively). S.
melongena varieties, Haritha and Surya were on par in the length and circumference
of flower bud as well as length of sepals and petals. Irrespective of species long and
short styled flowers were common. The medium styled flowers were however, rarely

found. Hence, heterostyly is present in all the species.

Flowers of S. gilo and S. incanum opened between 5 — 6 a.m. as well as 6
am. and 7 am. respectively. Seasonal influence on the time of anthesis was
prominent in the flowers of S. viarum, where the flowers opened between 11 a.m. and
11.30 a.m. during September — October period and between 6 a.m. and 7 a.m. during
the rest of the year. In S. melongena the opening time varied from 4 a.m. and 7 a.m.

depending on the variety.
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The flowers of all the species closed in the evening by 6 p.m. and opened
again the next day morning at the same time. This pattern continued till the 3" day of
flower opening after which the flowers withered. Unfertilized flowers, however,
dropped off completely after the third day of opening. The blossom life was hence,

three days in all the species.

A change in corolla colour prior to anthesis was observed in S. viarum, S.
incanum as well as S. melongena variety Surya. The corolla colour changed from
white to light violet in S. viarum, white to pale violet in S. incanum and white to

bluish white in S. melongena variety Surya.

Depending on the species there was variation in the time of anther
dehiscence. The pollen dehiscence occurred nearly two to five hours after flower
opening in S. viarum and S. incanum depending on weather conditions. In S. gilo, the
anthers dehisced nearly 30 minutes before flower opening. However, in the cultivated
varieties, Haritha and Surya, anther dehiscence commenced along with the opening of

flowers. The dehiscence once started, continued for three days.

The change in the colour of the stigmatic surface from glossy green to deep
yellow at the time of initiation of stigma receptivity is a unique feature of S. gilo. In
the other wild types of Solanum, stigmatic surface was observed to be moist and
glossy green with the onset of stigma receptivity. The colour was found to fade with

the decline in stigma receptivity.

In all the species of Solanum evaluated except S. gilo protogyny was
observed. However, in S. gilo pollen dehiscence occurred 30 minutes before flower
opening and stigma receptivity initiated an hour after flower opening. Hence, it was

considered to be protandrous.

The shape of the pollen grain was uniform in all the types evaluated and

more than 80% pollen fertility was observed till the withering of the flower on the
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third day of flower opening. With the closing of the flower on the third day evening

the fertility was completely lost in all the species evaluated.

None of the protected buds set fruits indicating the absence of self
pollination. However, with unprotected buds, fruit set ranging from 60% in S.viarum
to 100% in S. melongena variety Haritha was observed. This indicates that cross

pollination is the rule in Solanum species.

Fruits were pendant in all the wild variants as well as in S. melongena
varieties Haritha and Surya. However, prickles were present on the pedicels of fruits
in S. viarum. At commercial ripeness, the fruits of S. viarum were green with white
stripes and that of S. melongena type Surya were purple in colour. The fruits of S.
incanum and S. melongena variety Haritha were pale green in colour. There was
uniform distribution of colour in the fruits of S. incanum as well as in S. melongena
varieties Haritha and Surya at commercial ripeness. However, a mottled distribution

of colour was observed in the commercially ripe fruits of S. viarum

Hybridization was done with S. melongena varieties Haritha and Surya taking
the wild variants except S. indicum which did not flower during the experimental
period, as both male and female parents. The long styled flowers in the selected
female parents alone were used crossing. Out of the 12 crosses tried S. viarum x
Haritha, Haritha x S. incanum, S. incanum x Haritha, Surya x S. viarum, S. viarum x
S. Surya and Surya x S. incanum set seeds. However, the seedlings of S. viarum x
Haritha, Haritha x S. incanum and S. incanum X Haritha did not establish in the field,
indicating hybrid inviability. The seedlings of the crosses Surya X S. viarum, S.
viarum x Surya and Surya x S. incanum established in the field. Hence, only these
three crosses could be considered successful. Progeny plants from the successful
crosses were subjected to evaluation based on various phytographic characters. The
progeny of the cross Surya x . viarum was found to be superior in fruit weight as

well as absence of prickles on leaf and fruit pedicel.
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All the wild variants of Solanum except S. indicum were found to be
unaffected by majority of the common pests of brinjal viz., aphids, white fly, mealy
bug etc. In S. gilo, S. incanum and S. indicum no incidence of Cercospora leaf spot or
damping off was noticed. The incidence of pest and diseases were less in the

progenies from the crosses between wild and cultivated.
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ABSTRACT

The present study entitled “Breeding biology and cross compatibility of
close wild relatives of brinjal (Solanum melongena L.)” was carried out in the
Department of Plant Breeding and Genetics, College of Horticulture, Vellanikkara,
during 2014 — 2016. The objective of the study was to elucidate the reproductive
biology of the related wild species of brinjal and to ascertain their cross compatibility

with the cultivated species.

Four wild species variants of Solanum viz., viarum, gilo, incanum and
indicum, collected from NBPGR, RS, Vellanikkara along with S. melongena varieties
Haritha and Surya formed the material for the study. These genotypes were evaluated
for various vegetative, floral and fruit characters following the descriptor developed

by IPGRI (1988) and clustering was done.

Study of the reproductive biology revealed that flowering was profuse in S.
viarum, S.incanum and S. gilo. However S. indicum did not flower during the entire

experiment period and hence could not be utilized in the programme.

The flowers of Solanum species were found to be positively geotropic with a
floral formula of Q?/'K(S)C(;A(g)(}(g,, In all the species evaluated, flowers were
pedicellate, zygomorphic, bisexual and complete. Irrespective of species, long,
medium and short styled flowers were observed. However, the frequency of medium
styled flowers were very low. Unlike in the case of S. gilo and S. melongena variety
Haritha, a change in colour of the corolla was observed in S. viarum, S. incanum and

S. melongena variety Surya on the day prior to anthesis.

The time of anther dehiscence was found to vary with the species. The
pollen grains dehisced nearly two to five hours after flower opening in S. viarum and
S incanum. However, in the cultivated varieties, Haritha and Surya, anther

dehiscence commenced along with the opening of flowers. Among the different
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species protandry was observed only in S. gilo. The dehiscence continued for three
days in all the species. Irrespective of species, pollen grains were remained fertile for

three days.

The change in the colour of the stigmatic surface from glossy green to deep
yellow, at the time of initiation of stigma receptivity was a unique feature of S. gilo.
In all the other wild species of Solanum as well as the cultivated varieties Haritha and
Surya, the colour of the stigmatic surface was glossy green at the time of receptivity.

The colour was found to fade with the decline in receptivity.

Studies to assess the mode of pollination revealed that cross pollination is

the rule in Solanum species.

Cross compatibility studies were undertaken between the three wild species
which flowered and the two cultivated types under S. melongena. Among the twelve
crosses attempted, Surya x S. viarum, S. viarum x Surya, Surya x S. incanum, Haritha
X S. incanum, S. incanum x Haritha, S. viarum x Haritha were the successful ones.
Out of these, the progeny of three crosses viz., Surya X S. viarum, S. viarum x Surya
and Surya x S. incanum established in the field. The progeny of the cross Surya x S.
viarum was found to be superior with respect to fruit weight as well as absence of
prickles on leaf and fruit pedicel. Even though one of the parents of this cross, Surya
was susceptible to most of the common pests and diseases of brinjal, no incidence of

pests and diseases was noticed in the progeny population.
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Annexure 1

IPGRI descriptor for brinjal

Vegetative characters

SL.NO Character Code Trait
1 Cotyledon colour 3 Green
5 Light violet
7 Violet
2 Plant growth habit 3 Upright
: > Intermediate
7 Prostrate
3 Plant branching (no of primary branches 1 Very weak
per plant) (~2)
3 Weak (~5)
5 Intermediate
(~10)
7 Strong (~20)
9 Very strong
(>30)
4 Plant height (at flowering stage) 1 Very short
(<20 cm)
3 Short (-30
cm)
5 Intermediate
(~60 cm)
7 Tall (~100 cm)
9 Very tall
(>150 cm)
5 Plant breadth (at flowering stage) 1 Very narrow
(<30 cm)
3 Narrow (~40
cm)
5 Intermediate
(~60 cm)
7 Broad (~90
cm)
9 Very broad (>
150 cm)
6 Leaf blade length 3 Short (~10
cm)
5 Intermediate

17 4




(~20 cm)

Long (~30 cm)

Leaf blade width

Narrow (~5
cm)

Intermediate
(~10 cm)

Wide (~15
cm)

Leaf blade lobing

Very weak

Weak

Intermediate

Strong

Very strong

Petiole length

None

Very short (<5
mm)

Short (=10
mm)

Intermediate
(~30 mm)

Long (~50
mm)

Very long
(>100 mm)

10

Petiole colour

[

Green

(U]

Greenish
violet

Violet

Dark violet

Dark brown

11

Leaf blade colour (upper surface)

Light green

Green

Dark green

o || = O |

Greenish
violet

\O

Violet

12

Leaf blade tip angle

Very acute
(<15°)

Acute (<45°)

Intermediate
(~75°)
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iil

13

Obtuse
(~110°)

Very obtuse
(>160°)

Leaf prickles (number of leaf prickles on
upper surface of leaf)

None

Very few (1-2)

Few (3-5)

Lh|W|=— |

Intermediate
(6-10)

~

Many (11-20)

o

Very many
(>20)

Floral characters

14

Corolla colour

Greenish
violet
(Methuen
30A2)

White
(Methuen
1A1)

Pale violet
(Methuen
18A3)

Light violet
(Methuen
18A5)

Bluish violet
(Methuen
18A7)

15

Average no of prickles per calyx

None

Very few (<3)

Few (~5)

|| — |

Intermediate
(~10)

~]

Many (~20)

o

Very many
(>30)

Fruit characters

16

Fruit length

Very short (<
1 cm)

L

Short (=2 cm)

Intermediate
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(~5 cm)

Long (~10 cm)

Very long
(>20 cm)

17

Fruit breadth (diameter at the broadest
part)

Very small (<1
cm)

Small (~ 2 cm)

Intermediate
(~3 cm)

Large (~ 5 cm)

Very large (>
10 cm)

18

Fruit curvature

None (fruit
straight)

Slightly
curved

Curved

Snake shaped

Sickle shaped

U shaped

19

Fruit cross section

Circular, no
grooves

Elliptic, no
grooves

Few grooves

Many grooves

Very irregular

20

Fruit shape (position of widest part of
fruit)

L O (2|

About Y4 way
from base to

tip

About 2 way
from base to

tip

About % way
from base to

tip

21

Fruit apex shape

Protruded

wn

Rounded

Depressed
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22

Fruit colour at commercial ripeness

Green
(Metheun
27D8)

Milky white
(Metheun
1A2)

Deep yellow
(Metheun
3A8)

Fire red
(Metheun
7AR)

Scarlet red
(Metheun
9A8)

Liliac grey
(Metheun
16C3)

Purple
(Metheun
16D-E8)

Purple black
(Metheun
15F5-8)

Black

23

Fruit colour distribution at commercial
ripeness

Uniform

Mottled

Netted

Striped

24

Fruit colour at physiological ripeness

— (| ]|— |

Green
(Metheun
27D8)

Deep yellow
(Metheun
3A8)

Yellow orange
(Metheun
5A8)

Deep orange
(Metheun
6B8)

Fire
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Vi

red(Metheun
7TASB)

Poppy red
(Metheun
8A8)

Scarlet red
(Metheun
9AR)

Light brown
(Metheun
7D8)

Black

25

Fruit flesh density

o

Very loose
(spongy)

Loose
(crumbly)

wn

Average
density

Dense

Very dense

26

Fruit position

Erect

Semi- erect

Horizontal

| W=D

Semi —
pendant

Pendant

27

Fruit pedicel prickles

None

Very few (<3)

Few (~5)

wnmiw|— oo

Intermediate
(=10)

~J

Many (~20)

o]

Very many
(>30)
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The International Board for Plant Genetic Resources (IBPGR) is an autonomous interna-
tional scientific organization under the aegis of the Consultative Group on International
Agricultural Research (CGIAR). IBPCR was established by CGIAR in 1974. The basic
function of IBPGR is to promote and coordinate an international network of genetic
resources centres to further the collecting, conservation, documentation, evaluation ard
use of plant germplasm and thereby contribute to raising the standard of living and
welfare of people throughout the world. Financial support for the core programme is
provided by the Governinents of Australia, Austria, Belgium, Canada, China, Denmark,
France, FRG, India, Italy, Japan, the Netherlands, N orway, Spain, Sweden, Switzerland,
the UK and the USA, as well as the World Bank

Citation:
IBPGR. 1988. Descriptors for Eggplant. International Board for Plant Genetic Resources,
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c/o FAO
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00100 Rome

Italy
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DESCRIPTORS FOR EGGPLANT v

PREFACE

This descriptor list has been prepared in an IBPGR standard forimat by R.N.
Lester and L. Niakan following advice on descriptors and descriptor states from crop
experts throughout the world, and after consulting the Russian COMECON Descriptors
for Solanum melongena.

The descriptors have been designed for the fruit and leaf vegetables Solanum
melongena (Brinjal eggplant or aubergine), S. aethiopicum (scarlet eggplant) and S.
macrocarpon (Gboma eggplant) and their wild relatives. Since these plants encompass
a wide range of morphological diversity, this descriptor list applies to almost all other
Solanum species utilized for fruit (e.g. S. quitoense), leaf vegetable (e.g. S. scabrum) or
alkaloid production (e.g. S. aviculare, S. viarum). Only pinnate-leaved vines (e.g. S.
muricatum) are not accommodated: for such species the IBPGR Descriptors for Tomato
or Potato are more appropriate.

IBPGR encourages the collection of data on the first four categories of this list:
1. Accession; 2. Collection; 3. and 4. Characterization and preliminary evaluation. IBPGR
endorses the information in categories 1-4 as the minimum that ideally should be
available for any one accession. Other descriptors are given in categories 5 onwards that
will enable the simple encoding of further characterization and evaluation data and
which can serve as examples for the creation of additional descriptors in the IBPGR form
by any user.

Although the suggested coding should not be regarded as the definitive scheme,
this format has the full backing of [BPGR and is promoted worldwide. The descriptor
list given here provides an international format and thereby produces a universally
understood ‘language’ for all plant genetic resources data. The adoption of this scheme
for all data encoding, or at least the production of a transformation method to convert
otherschemes to the IBPGR format, will producea rapid, reliable and efficient means for
information storage, retrieval and communication. This will greatly assist the utilization
of gennplasm throughout the internutional plant genetic resources network. It is
recommended, therefore, that information should be produced by closely following the
descriptor list with regard to: ordering and numbering descriptors; using the descriptors
specified; and using the descriptor states recommended.

Any suggestions for modifications will be welcomed by IBPCR Headquarters,
Rome.
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Solarnun: cultigens and ancestors
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DESCRIFTORS FOR EGGPLANT 1

DESCRIPTOR LIST FOR EGGPLANT

IBPGR now uses the following definitions in genetic resources documentation:

()

(ii)

(iii)

passport_data (accession identifiers and information recorded by
collectors);

characterization (consists of recording thosecharacterswhichare highly
heritable, can be easily seen by the eye and are expressed in all environ-
ments);

preliminary evaluation (consists of recording a limited number of
additional traits thought desirable by a consensus of users of the
particular crop).

Characterization and preliminary evaluation will be the responsibility of the
curators, while further characterization and evaluation should be carried out by the plant
breeder. The data from further evaluation should be fed back to the curator who will
maintain a data file.

The following internationally accepted norms for the scoring or coding of
descriptor states should be followed as indicated beiow:

(a)

(b)

(c)

(d)

measurements are made according to the SI system. The units to be
applied are given in square brackets following the descriptor;

many descriptors which are continuously variable are recorded on a 1-
9scale. Theauthorsofthislisthavesometimes described only aselection
ofthestates, e.g. 3,5 and 7 for such descriptors. Where this has occurrec’
the fullrange of codesis available for use by extension of the codes given
or by interpolation between them - e.g. in Section 8 (Pest and disease
susceptibility) 1= extremely low susceptibility and 8 =highto extremely
high susceptibility;

presence/absence of characters are scored as + (present) and 0 (absent);
for descriptors which are not generally uniform throughout the acces-
sion (e.g. mixed collection, genetic segregation) mean and standard

deviation could be reported where the descriptor is continuous or mean
and ‘x’ where the descriptor is discontinuous;
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(e)

(0

(g

(h)

when the descriptor is inapplicable, ‘0’ is used as the descriptor value,
e.g. if an accession does not form flowers, 0 would be scored for the

following descriptor
Flower colour

White
Yellow
Red

Purple

[ - S I N I

blanks are used for information not yet available;

standard colour charts, e.g. Royal Horticultural Society Colour Chart,
Methuen Handbook of Colour, Munsell Colour Charts for Plant Tissues
are strongly recommended for all ungraded colour characters (the
precise chart used should be specified in the NOTES descriptor, 11);

dates should be expressed numerically in the format DDMMYYYY,
where

DD - 2 digits to represent the day

MM - 2 digits to represent the month
YYYY - 4 digits to represent the year
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PASSPORT

ACCESSION DATA

1.1

1.2

1.3

1.4

1.5

ACCESSION NUMBER

This number serves as a unique identifier for accessions and is assigned
by the curator when an accession is entered into his collection. Once
assigned this number should never be reassigned to another accession
in the collection. Even if an accession is lost, its assigned number is still
not available for re-use. Letters should occur before the number to
identify the genebankornatioral system (e.g. MG indicates an accession
comes from the genebank at Bari, Italy; Pl indicates an accession within
the USA system)

DONOR NAME

Name of institution or individual responsible for donating the
germplasm

DONOR IDENTIFICATION NUMBER
Number assigned to accession by the donor
OTHER NUMBERS ASSOCIATED WITH THE ACCESSION
(other numbers can be added as 1.4.3 etc.)
Any other identification number known to exist in other collections for

this accession, e.g. USDA Plant Inventory number (not collection
number, see 2.1)

1.4.1 Other number 1
1.4.2 Other number 2
SCIENTIFIC NAME

1.5.1 Genus

1.52 Species

1.53 Subspecies

1.5.4 Cultivar group

/|86



4

DESCRIPTORS FOR EGGPLANT

1.6 PEDIGREE/CULTIVAR NAME
Nomenclature and designations assigned to breeder’s material
1.7 ACQUISITION DATE
The date in which the accession entered the collection
1.8 DATE OF LAST REGENERATION OR MULTIPLICATION
1.9 ACCESSION SIZE
Approximate number of seeds of accession in collection
1.10 NUMBER OF TIMES ACCESSION REGENERATED
Number of regenerations or multiplications since original collection
1.11  TYPE OF MAINTEMNANCE
1 Vegetative
2 Seed
3 Both vegetative and seed
4  Tissue culture
COLLECTION DATA
2.1 CCLLECTOR’S NUMBER
Original number assigned by collector of the sample normally com-
posed of the name or initials of the collector(s) followed by a number.
This item is essential for identifying duplicates held in different collec-
tions and should always accompany sub-samples wherever they are
sent
2.2 COLLECTING INSTITUTE
Institute or person collecting /sponsoring the original sample
2:3 DATE OF COLLECTION OF ORIGINAL SAMPLE
24 COUNTRY OF COLLECTION OR COUNTRY WHERE CULTIVAR/

VARIETY BRED

Use the 3 letter abbreviations supported by the Statistical Office of the
United Nations. Copies of these abbreviations are available from IBPGR

|9 9
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2.6

2.7

2.8

2.9

2.10

211
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Headquarters and have been published in the FAO/IBPGR Plant Ge-
netic Resources Newsietter number 49

PROVINCE/STATE

Name of the administrative subdivision of the country in which the
sample was collected

LOCATION OF COLLECTION SITE

Number of kilometres and direction from nearest town, and village or
map grid reference (e.g. TIMBUKTU 7S BOLA means 7 km south of
Timbuktu town in Bola village)

LATITUDE OF COLLECTION SITE

Degrees and minutes followed by N (north) or S (south), e.g. 1030S
LONGITUDE OF COLLECTION SiTE

Degrees and minutes followed by E (east) or W (west), e.g. 7625W
ALTITUDE OF COLLECTION SITE [m]

Elevation above sea level in metres

COLLECTION SOURCE

Wild

Farm land

Farm store

Backyard

Village market

Commercial market

Institute
Other (specify in the NOTES descriptor, 11)

(o= e G | I & I

STATUS OF SAMPLE

Wiid

Weedy

Breede:r's line

Primitive cultivar/landrace

Advanced cultivar (bred)

Other (specify in the NOTES descriptor, 11)

(oA ) I S OV I 6
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212 LOCAL/VERNACULAR NAME

Name given by farmer to cultivar/landrace/weed

213  ETHNIC GROUP
Name of tribe or language
2.14  NUMBER OF PLANTS SAMPLED

Approximate number of plants collected in the field to produce this
accession

215 PHOTOGRAPH
Was a photograph taken of the accession or environment at collection?

0 No
+ Yes

216 ORGAN USED

Fruit
Leaf
Fruit primarily and leaf secondarily
Leaf primarily and fruit secondarily

B W -

217  PRIMARY FRUIT USAGE

Vegelable

Flavouring

Medicine

Steroid alkaloids

Peison for vermin

Curdling milk

Other (specify in the NOTES descriptor, 11)

N U WA -

2.18  SECONDARY FRUIT USAGE

Vegetable

Flavouring

Medicine

Steroid alkaloids

Poison for vermin

Curdling milk

Other (specify in the NOTES descriptor, 11)

N U s 0N e
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2.19  PRIMARY LEAF USAGE

Vegetable

Flavouring

Medicine

Steroid alkaloids

Other (specify in the NOTES descriptor, 11)

Q1 b W N

220 SECONDARY LEAF USAGE

Vegetable

Flavouring

Medicine

Steroid alkaloids

Other (specify in the NOTES descriptor, 11)

D DN~

221  OTHER NOTES FROM COLLECTOR

Collectors will record ecological information. For cultivated crops,
cultivation practices such as irrigation, season of sowing, etc. will be
recorded
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CHARACTERIZATION AND PRELIMINARY EVALUATION

SITE DATA

|

COUNTRY OF CHARACTERIZATION
AND PRELIMINARY EVALUATION

3.2 SITE (RESEARCH INSTITUTE)
33 NAME OF PERSON(S) IN CHARGE OF CHARACTERIZATION
3.4 SOWING DATE
3.5 FIRST HARVEST DATE
3.6 LAST HARVEST DATE
PLANT DATA
4.1 VEGETATIVE
411 Cotyledon colour
3 Green
5 Light violet
7 Violet
4.1.2 Cotyledon length /width ratio
1 Very low (<2.0)
3 Low (~2.2)
5 Intermediate (~2.5)
7 High (~3.5)
9 Very high (>5.0)
413 Plant growth habit
3  Upright

5 Intermediate
7 Prostrate

414 Leaf blade length
3 Short (~10 cm)
5 Intermediate (~20 cm)
7 Long (~30 cm)
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4.1.5 Leaf blade width

The maximum width

3 Narrow (~ 5¢cm)

5  Intermediate (=10 cm)

7  Wide (~15 cm)
416 Leaf blade lobing

See Fig. 1

1 Very weak

3  Weak

5  Interinediate

7 Strong

9  Very strong

=0

B

5. Intermediate 7. Strong 9. Very strong

Fig. 1. Leaf blade lobing

41.7 Leaf blade tip angle
See Fig. 2
1 Very acute (< 159
3 Acute (~ 457
5 Intermediate (-~ 757
7  Obtuse (~1107)
9  Very obtuse (>1607)

1. Very acute 3. Acute 7. Obtuse 9. Very obtuse

Fig. 2. Leaf blade tip angle
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4.2

4.1.8 Leaf prickles
Number of leaf priclles on upper surface of the leaf
0 None
1 Very few (1-2)
3  Few (3-5)
5 Intermediate (6-10)
7 Many (11-20)
9  Very many (>20)
4.1.9 Leaf hairs
Number of hairs per mm? on lower surface of the leaf
1 Very few (<20)
3 Few (20-50)
5 Intermediate (50-100)
7  Many (100-200)
9  Very many (>200)
INFLORESCENCE AND FRUIT
4.2.1 Number of flowers per inflorescence
4.2.2 Corolla colour
1 Greenish white (Methuen 30A2)
3 White {Methuen 1A1)
5 Pale violet (Methuzn 18A3)
7 Light violet (Methuen 18A5)
9 Bluish violet (Methuen 18A7)
423 Fruit length

From base of calyx to tip of fruit

Very short
Short
Intermediate
Long

Very long

N U W
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DESCRIPTORS FOR EG3PLANT 11

4.2.4 Fruit breadth

Diameter at broadest part

1 Very small (<1cm)
3  Small (~2cm)
5  Intermediate (~ 3 cm)
7  Large (~5cm)
9  Very large (>10 cm)
4.2.5 Fruit length /breadth ratio
See Fig. 3
1 Broader than long
3  Aslong as broad
5 Slightly longer than broad
7 Twice as long as broad
8 Three times as long as broad
9  Several times as long as broad
1. Broader than long 3. As long as broad 5. Slightly longer
than broad
7. Twice as
long as broad
8. Three times 9. Several fimes [~ /¥

as long as broad as long as broad \,

Fig. 3. Fruit length/breadth ratio
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12 DESCRIPTORS FOR EGGPLANT

4.2.6. Fruit curvature
See Fig. 4
1 None (fruit straight)
3 Slightly curved
5 Curved
7  Snakeshaped
8  Sickle shaped
9  Ushaped

|
1. None 3. Slightly curved

5. Curved 7. Snake shaped 8. Sickle shaped 9. U shaped

Fig. 4. Fruit curvature
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DESCRIPTORS FOR EGGPLANT 13

427 Fruit cross section

Circular, no grooves
Elliptic, no grooves
Few grooves (~4)
Many grooves (~8)
Very irregular

O N W -

4.2.8 Fruit shape

Position of widest part of fruit

3 About 1/4 way from base to tip
5  About 1/2 way from base to tip
7 About 3/4 way from base to tip

429 Fruit apex shape
3  Protruded
5  Rounded
7  Depressed

4.2.10 Fruit colour at commercial ripeness

1 Green (Methuen 27D8)
2 Milk white (Methuen 1A2)
3 Deep yellow (Methuen 3A8)
4 Fire red (Methuen 7A8)
5 Scarlet red (Methuen 9A8)
6 Lilac grey (Methuen 16C3)
7 Purple (Methuen 16D-E8)
8  Purple black (Methuen 15F5-8)
9 Black

4.2.i1 Fruit colour distribution at commercial ripeness
1 Uniform
3 Mottled
5 Netted
7  Striped

| 7%



14 DESCRIPTORS FOR EGGPLANT

4.2.12

4.2.13

4214

4215

Fruit colour at physiological ripeness

e N DN

Green

Deep yellow
Yellow orange
Deep orange
Fire red
Poppy red
Scarlet red
Light brown
Black

Fruit flesh density

O N U e

Relative fruit calyx length

Very loose (spongy)
Loose (crumbly)
Average density

Dense
Very dense

(Methuen 27D8)
(Methuen 3A8)
(Methuen 5A8)
(Methuen 6B8)
(Methuen 7A8)
(Methuen 8AS8)
(Methuen 9A8)
(Methuen 7D8)

Measured as percentage of total fruit length

NN U1 W e

Very short
Short
Intermediate
Long

Very long

Fruit calyx prickles

(<10%)
(~20%)
(~50%)
(~70%)
(>75%)

Average number of prickles per calyx

OWNU W—=O

None

Very few
Few
Intermediate
Many

Very many

199
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42.16

SEED

4.3.1

43.2

433
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Fruit position

Erect
Semi-erect
Horizontal
Semi-pendant
Pendant’

O N Ul W -

Number of seeds per fruit

0 None

1 Very few (<10)

3  Few (~ 50)

5 Intermediate (~100)

7  Many (~300)

9  Very many (>500)

Seed colour

1 White (Methuen 1A1)
2 Light yellow (Methuen 2A4)
3 Grey yellow (Methuen 4B3)
4  Brownish yellow (Methuen 5C7)
5 Brown (Methuen 6D6)
6 Brown black (Methuen 7E3)
9 Black

Seed size

Diameter

3 Small (~2 mm)

5 Intermed iate (~3 mm)

7 Large (~4 mm)

100 seed weight [g]

00



16 DESCRIPTORS FOR EGGPLANT

FURTHER CHARACTERIZATION AND EVALUATION

5. SITE DATA
5.1 COUNTRY OF FURTHER CHARACTERIZATION
AND EVALUATION

5.2 SITE (RESEARCH INSTITUTE)

5.3 NAME OF PERSON IN CHARGE OF EVALUATION

5.4 SOWING DATE

5.5 FIRST HARVEST DATE

5.6 LAST HARVEST DATE

5.7 STANDARD CULTIVARS
The applied characteristics to be scored require standardization by
comparison with recognized cultivars (e.g. Solanum melongena cv.
Long Purple). The standard cultivars used will be constant at a given

evaluation site or group of sites. Different Solanum crops may require
a range of standard varieties for each site or group of sites

571 Cultivar 1
5.7.2 Cultivar 2 etc.
6. PLANT DATA
6.1 VEGETATIVE

6.1.1 Germination period

Number of days from sowing till first germination
6.1.2 +lant height

At flowering stage

1 Very short (<20 cm)
3 Short (~30 cm)
5 Intermediate (~ 60 cm)
7 Tall (~100 cm)
9  Very tall (>159 cm)

R0 |



6.1.3

6.1.4

6.1.5

6.1.6

6.1.7

DESCRIPTORS FOR EGGPLANT 17

Plant breadth

At flowering stage

1 Very narrow (<30 cm)
3 Narrow (~ 40 cm)
5 Intermediate (~ 60 cm)
7  Broad (~90 cm)
9  Very broad (>150 cm)
Plant branching

Number of primary branches per plant

1 Very weak (~2)
3 Weak (~5)
5  Intermediate (~10)
7  Strong (~20)
9  Very strong (>30)

Petiole length

0 None

1 Veryshort (< 5 mm)
3 Short (~ 10 mm)
5 Intermediate (-~ 30 mm)
7 Long (~ 50 mm)
9  Verylong (>100 mm)
Petiole colour

1 Green

3 Greenish violet

5 Violet

7 Dark violet

9 Dark brown

Leaf blade colour

Upper surface

1 Light green

3 Green

5  Dark green

7 Greenish violet

9 Violet

202



18 DESCR!PTORS FOR EGGPLANT

6.1.8 Leaf yield per plant

(Only for cultivars used as leaf vegetables)

Total fresh weight of leaves

3| Very low (<100 g)

3  Low (~200g)

5 Intermediate (~ 500 g)

7  High (~1000 g)

9  Very high (>2000 g)
6.1.9 Leaf flavour

(Only for cultivars used as leaf vegetables)

3 Bitter
5 Intermediate
4 Sweet

6.1.10 Leaf dry matter percentage

6.1.11 Leaf protein content [%]

Measured on a fresh weight basis

6.1.12 Leaf steroidal glyco-alkaloid content

In mg /100 g fresh weight
6.2 INFLORESCENCE AND FRUIT
6.2.1 Flowering time
Number of days from sowing till first flower opening

6.2.2 Number of hermaphrodite flowers per
inflorescence

1 Only one hermaphrodite flower on each inflorescence
Only two hermaphrodite flowers on each inflores-

cence
3 Only three hermaphrodite flowers on each inflores-

cence

203
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4 Four or more hermaphrodite flowers on eachinflores-
cence; but some other flowers functionally male

5  Fouror more hermaphrodite flowers on each inflores-
cence; no functionally male flowers

6.2.3 Relative style length

In hermaphrodite flowers, the extent to which the style is
longer than the stamens

3  Short (~1 mm)

5 Intermediate (~3 mm)

7  Long (~5 mm)
6.2.4 Pollen production

0 None

3 Low

5 Medium

7 High

6.2.5 Fruit pedicel length

1 Veryshort (<5 mm)

3  Short (~10 mm)

5  Intermediate (~25 mm)

7 Long (~50 mm)

9  Verylong (>75 mm)
6.2.6 Fruit pedicel thickness

1 Very thin (<1 mm)

3 Thin (~2 mm)

5 Intermediate (~3 mm)

7  Thick (~ 5 mm)

9  Very thick (>10 mm)
6.2.7 Fruit pedicel prickles

0 None

1 Veryfew (<3)

3 Few (~5)

5 Intermediate (~10)

7 Many (~20)

9  Very many (>30)

.?09_



20 DESCRIPTORS FOR EGGPLANT

6.2.8 Number of locules per fruit

6.2.9 Number of fruits per infructescence

6.2.10 Number of fruits per plant

6.2.11 Fruit yield per plant

Very low (<250 g)
Low (~500g)
Intermediate (~1000 g)
High (~2500 g)
Very high (>5000 g)

O N U1 e

6.2.12 Fruit flavour

3 Bitter
5 Intermediate
7  Sweet

6.2.13 Fruit transportability

3 Poor
5 Intermediate
7 Good

6.2.14 Fruit storage suitability

Period of satisfactory storage above 20°C

3 Short (2 weeks)
5  Intermediate (4 weeks)
7  Long (8 weeks)

6.2.15 Fruit dry matter percentage [%]

6.2.16 Fruit protein content [ %]

Measured as percentage of edible portion

6.2.17 Fruit steroidal glyco-alkaloid content
In mg /100 g fresh weight

6.3 SEED

205
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STRESS SUSCEPTIBILITY

Coded on a 1-9 scale, where:
3 Low susceptibility
5  Medium susceptibility
7  High susceptibility

7.1 LOW TEMPERATURE

72 HIGH TEMPERATURE

73 DROUGHT

7.4 HIGH SOIL MOISTURE

7 HIGH AIR HUMIDITY

7.6 SALINITY

7.7 ACIDITY

PEST AND DISEASE SUSCEPTIBILITY
Coded on a 1-9 scale, where:
3 Low susceptibility

5  Medium susceptibility
7  High susceptikility

8.1 PESTS

8.1.1 Aphid (Aphis gossypi)

8.1.2 Colorado beetle (Leptinotarsa
decemlineata)

8.1.3 Epilachna beetle (Epilachna
vigintioctopunctata)

8.1.4 Root-knot nematode (Meloidogyne arenaria)

8.1.5 Root-knot nematode (M. incognita)

8.1.6 Root-knot nematode (M. javanica)

206



22 DESCRIPTORS FOR EGGPLANT

8.2

83

8.1.7

8.1.8

8.1.9

8.1.10
FUNGI

8.2.1

8.22

823

8.2.4
8.2.5
8.2.6
8.2.7
8.2.8
8.2.9
BACTERIA

8.3.1

8.3.2

8.3.3

Shoot and fruit
borer

Red spider mite

White fly

(Leucinodes orbonalis)

(Tetranychus cinnabarinus
or T. urticae)

(Trialeurodes
vaporariorum)

Other (specify in the NOTES descriptor, 11)

Anthracnose

Damping-off

Fusarium wilt

Grey mould rot
Leaf spot

Phomopsis blight

Sclerotinia disease

Verticillium wilt

Colletotrichum
gloeosporioides)

(Rhizoctonia solani)

(Fusarium oxysporum
f.sp. melongenae)

(Botrytis cinerea)

(Cercospora melongenae)

(Phomopsis vexans)

(Sclerotinia sclerotiorum)

(Verticillium dahliae)

Other (specify in the NOTES descriptor, 11)

Bacterial wilt

Canker

(Pseudomonas
solanacearum)

{Corynebacterium
michiganense)

Other (specify in the NOTES descriptor, 11)
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8.4 VIRUSES etc.

8.4.1 Cucumber mosaic virus

8.4.2 Eggplant mosaic virus

8.4.3 Little leaf

844 Stolbur
84.4.1 Stolbur yellowing
8.4.4.2 Stolbur phyllody

8.4.5 Other (specify in the NOTES descriptor,11)

ALLOENZYME COMPOSITION AND ZYMOTYPE

CYTOLOGICAL CHARACTERS AND IDENTIFIED GENES

10.1 CHROMOSOME NUMBLR
Somatic total

10.2  PLOIDY LEVEL

NOTES

Give additional information where descriptor state is noted as ‘Other” as, for
example, in descriptors 8.1.10, 8.4.5, etc.

Also include here any other relevant information
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