VSC 611 BREEDING OF VEGETABLE
CROPS (2+1)

Course Content Prepared by

Dr. T.Uma Maheswari
Assistnat Professor
Department of Horticulture

Faculty of Agriculture
Annamalai University
&

Dr. K.Haripriya
Professor
Department of Horticulture

Faculty of Agriculture
Annamalai University



VSC 611 BREEDING OF VEGETABLE CROPS (2+1)

Objectives

To impart knowledge on principles and practices of breeding of
vegetable crops.

Theory
Origin- botany- taxonomy- cytogenetics- genetics- breeding
objectives- breeding methods (introduction- selection- hybridization-
mutation)- varieties and varietal characterization- resistance breeding for
biotic and abiotic stress- quality improvement- molecular markers-
genomics- marker assisted breeding and QTLs- biotechnology and their

use in breeding in vegetable crops- issue of patenting- PPVFR act of
the following crops:.

Unit I Breeding of solanaceous vegetables

Tomato, brinjal, chilli and sweet pepper.
Unit 11 Breeding of cucurbitaceous vegetables

Cucurbitaceous vegetables.
Unit 111 Cool season vegetables

Cabbage, cauliflower, carrot, beet root and radish.
Unit IV Bulb and tuber crops

Onion, garlic, potato, tapioca and sweet potato.
Unit V Greens and beans

Okra, moringa, peas, beans and amaranthus.
Practical

Modes of pollination and reproduction- pollen morphology and
viability- palanological studies- selfing and crossing techniques in
vegetable crops- assessment of variability- estimation of genetic
distance- techniques of hybridization in vegetable crops- emasculation



and hybridization- techniques of handling segregating progenies- D2
analysis- heterosis and combining ability- diallel and line x tester
analysis- assessment of character association- path analysis- study of
superior varieties and hybrids in vegetable crops- visit to vegetable
crops breeding centers and research institutes.

Lecture schedule

Origin- botany and taxonomy- genetics- cytogenetics- plant
genetic resources- anthesis- pollination- fertilization mechanism-
sterility and incompatability- constraints- breeding objectives- methods
and achievements of the following crops:

1. -2. Tomato.
3. -4. Brinjal.
5. - 6. Chilli.

7. Sweet pepper.

Bitter gourd.
9. Ridgegourd.

10. Pumpkin.

11. Ash gourd.

12. Watermelon.

13. Muskmelon.

©

14. Cabbage.
15. Cauliflower.
16. Carrot.

17. Mid -semester examination
18. Beet root.

19. Radish.

20. -"21. Onion.
22. Garlic.

23. - 24. Potato.
25. Tapioca.

26. Sweetpotato.
27. - 28. Okra.
29. Moringa.

30. Peas.

31. Beans.

32. Amaranthus.
33. Issue of patenting, PPVFR act.
34. Marker assisted breeding and QTL.



Practical schedule

1. Study of pollination mechanisms, pollen morphology and viability
in solanaceous vegetable crops.

2. Study of pollination mechanisms, pollen morphology and viability

in cucurbits.

Study of pollination mechanisms, pollen morphology and viability

in crucifers.

Assessment of variability for vegetable improvement.

Estimation of genetic distance — D2analysis

Estimation of heterosis and combining ability

Study of diallel and line x tester analysis

Study of correlation and path analysis

Floral biology and techniques of hybridization in solanaceous
vegetables.

10. Floral biology and techniques of hybridization in leguminous
vegetables.

11. Floral biology and techniques of hybridization in cucurbitaceous
vegetables.

12. Practices in breeding methods of cruciferous vegetable crops.
13. Practices in breeding methods of potato, tapioca and sweet potato.
14. Practices in breeding methods of root vegetables.

15. Practices in breeding methods of onion and garlic.

16. Practices in breeding methods of moringa and amaranthus.

17. Practices in breeding methods of okra.

%
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Tomato L-182

Solanum lycopersicum

Solanaceae
2n=2x =24

Tomato is the most widely grown fruit vegetable. It is marketed in fresh as well as
in processed form. It is a rich source of Vitamin A, Vitamin B, Vitamin C, Vitamin K and
minerals like Ca, P, K and Fe. They are the potential source of anti-oxidants like lycopene,
B-Carotene, Chlorogenic acid and the flavanoid naringenin present in fruit skin. The
meager amount of carbohydrate present is in the form of fibre. India ranks second in the
world production next to China with a productivity average of 21 t / ha. The demand for
this vegetable is constantly on increase as in recent times; focus on tomato based products
of food industry is catching up in Mediterranean and Arabian countries. Therefore the crop
is profitably cultivated throughout the year under protected conditions also.

Origin

The wild relatives of cultivated tomato are native of Western South America along
the Coast and High Andes from Central Equador, through Peru and Bolivia. Therefore,
South America is recognized as primary centre of origin. Domestication occurred in
Mexico of North America. One of the most dramatic changes through domestication is fruit
size. Wild tomato has tiny berries while modern tomato cultivars are large and succulent.
Mutations in about six Quantitative Trait Loci (QTLS) appear to be responsible for this
remarkable transformation in size. The gene loci « fw 2-2” accounts for about 30 % of the
changes in fruit weight.

Related Genera

Capsicum

Cyphomandra

Related Species

It has been established through biosystematic studies that Lycopersicon is represented as a
‘Section’ under the subgenus, Leptostemonum. Further clarity on gene substitutions has
lead to the fixation of recent changes in nomenclature as given below:

Solanum pimpinellifolium

S. lycopersicoides

S.pennellii

S.sitiens

S.habrochaites( L.hirsutum)

S. chmielewskii

S.peruvianum

S.cheesmaniae

S.neorichii ( L. parviflorum), S.rickii, S. juglandifolium, S. ochranthum



Solanum pimpinellifolium

1)
2)
3)
4)
5)
6)
7)
8)
9)

S.cheesmaniae

R

S.Pennelli

S.habrochaites

All these species of Solanum and a few others have either
through introgression or by gene transfer mechanisms has lead to modifications in present
day cultivated tomatoes (i.e) Improvement in

Resistance to pest

Resistance to Pathogens
Tolerance to humidity

Tolerance to drought

Tolerance to chilling temperature
Tolerance to high temperature
Tolerance to salinity

High Brix content

More of anti-oxidants

10) Thick pericarp

BOTANICAL VARIETIES

Solanum lycopersicum var commune

Common tomato

Solanum lycopersicum var pyriforme

Pear shaped tomato

Solanum lycopersicum var validum

Upright tomato

Solanum lycopersicum var cerasiforme

Cherry tomato

Solanum lycopersicum var
Grandifolium

Large leaved tomato plants




Common Tomato Cherry Tomato

Habit

The crop is a short- lived perennial in its native habit, but grown as an
annual for production. A tomato breeder needs to be aware of the growth habit of
the crop to distinguish the variants. Besides, the objective determined for yield
characteristics fluctuates within certain limits based on the growth habit.

Growth Habit

The primary shoot of a young tomato plant produces 5- 10 leaves, after
which it produces a flower cluster. In indeterminate cultivars, the growth of this
primary shoot ends with the formation of first flower cluster. From the axils of last
leaf before the first flower cluster, a side shoot develops that grows upward. This
new shoot produces 3 more leaves before it ends in a flower cluster. This process of
new shoot development from the axils of last leaf initiated before every flower
cluster continues indefinitely, giving the appearance of a main stem with a flower
cluster between every three leaves.

In determinate cultivars, the process differs in that the upward growth above
the first flower cluster produces 0-2 leaves and a flower cluster but no further
vegetative shoots. But many side shoots arise from the main stem, giving the plant a
bushy appearance. Each of these secondary shoots eventually terminates in a flower
cluster.

Shoots of semi-determinate or intermediate plants produce several flower
clusters to the side of an apparent main stem, like indeterminates, but eventually the
shoot terminates in a flower cluster as in determinate plants.
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Floral Morphology

Flowers are borne in three fashions (i.e) singles, in simple cyme and in
dichotomous cymes. Each flower cluster is called a ’truss’. Five to twelve flowers
are present in a truss. Individual flowers (each flower is borne on short pedicel
which is constricted at the middle point marking the position of abscission layer)
pendent, perfect and hypogynous, calyx or sepals are green, mostly six in number
that alternate with petals. They are persistent. Corolla or petals are rotate with a
short tube of six lobes and look yellow or pale yellow in colour. Stamens are also
six, each with two elongated comportments. Base is attached with corolla tube and
filaments are bright yellow joint at top forming a cone. There are six carpels that are
united and the basal_ovary is typically six celled with a central fleshy placenta. The
style is first short and later elongates. Petioles, peduncles, stem, flower buds are
throughout covered with hairs.
Floral biology

The bottom most flower in a truss is the oldest and this will open first.
Anthesis is between 6 to 11 am. On the same day or the next day, anthers dehisce
longitudinally releasing pollen. This pollen easily get deposited over the stigma
placed in most varieties inside the anther cone. This structure of the flower by
nature favours self-pollination. Hence under green house condition mild shaking
of the truss is done artificially to improve the fruit set. The optimum temperature for
pollination is around 21°C.

sepal

petal

BN stamen

carpels

pedicel

Breeding objectives

The average productivity in India is 21t/ ha whereas the world productivity
is > 30t/ ha. We do have developed hybrids that yield around 100 t/ha. Any crop
improvement strategy adopted does not have choice of compromise on yield, which
is prioritized as main objective. Coupled with this trait is ‘earliness’. Flowering
generally occurs within one month of transplanting. Further, ‘uniformity’ in
flowering with genes for jointless pedicel is advantageous to facilitate harvesting



with less energy spent on labour or mechanical means. ‘Adaptation’ to a particular
soil or climatic condition warranting tolerance to abnormal abiotic situations like
high or low temperature, humidity, drought, extended rainy days is advantageous.
(ie) varieties or hybrids with high ‘stability index’ is preferred. Potential yield of
preferred cultivars are drastically brought down due to attack of pests including
nematodes and pathogens. Therefore development of high yielding varieties
exhibiting multiple disease resistance as well as tolerance to attack of common
pests including nematodes is popular among farmers.

Tomatoes are compulsorily subjected to either short or long distance
transportation. Hence, tough skinned types’ possessing ripening inhibitors or non-
ripening genes is meritorious. Eye appeal by consumers rests with deep and
uniformly coloured, medium sized fruits having smooth surface. Those grown for
local consumption are preferred with good flavor and richness of vitamin C. Large,
thick fleshed, crispy textured fruits are procured by restaurants where salads,
display or food decorations are made with such types. Tomato plants meant for
processing sector are developed with good sugar: acid ratio, less seeds, more flesh
and good colour. Of late, purple skinned tomatoes have also been developed
holding nutraceutical value. Therefore a group of breeders or scientists work
together in the development of a variety.

Important tomato genes

CHARACTERS GEN
ES
Anthocyanin pigments Af
Potato leaved C
Elongated Fruit El
Exerted stigma Ex
Fascicated F
No fruit formation a,fhl,
ms-31
High pigment Hp
Jointless pedicel J
Light green foliage Lg
Macro calyx Mc




Yellow flesh R
Compound inflorescence S
Tangerine T
Non ripening Nor
Aubergine Abg
Locules L

Breeding Methods
Breeding Methods
Conventional Breeding
Methods
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Introduction
Selection
Hybridization
Pedigree method
Bulk method

Back cross method
Heterosis
Mutation
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Non Conventional Breeding Methods
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* Tissue culture
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1) INTRODUCTION:

<> Seeds of improved varieties from one ecological area
are introduced into another and evaluated.
<> Several introductions like Sioux, Roma, Marglobe,

Best of All and La Bonita became popular with farmers for
large scale cultivation

2) SELECTION:

¢ Mainly Individual Plant Selection is adopted where
chance variants, superior types from a mixed

* Genetic engineering (Recombinant DNA technology)



homozygous population is selected.
% Effectively done to make maximum use of germplasm.

Source

Selections

Meeruti

Improved Meeruti

Local Cultivars

Punjab Kesar , Angur Lata

Tip Top Arka Vikas

V-685 Arka Saurabh

Exotic Line HS 110

Ottawa-60 Arka Ahuti

ucs83B Arka Aashish

Pearl Harbour (BWR 1) CO-1

AC 238 Pant Bahar

VC 8-1-2-1, CL 114-5-1-0 Arka Alok (BWR
5)

3) HYBRIDIZATION( Heterosis breeding)
+* First tomato hybrid cultivar was “Karnataka”

introduced by Indo- American Hybrid Seed
Company (IAHS) in 1973.

Examples
= Arka Vishal (IHR-837 X IHR-932)

Arka Vardan: IHR-550-3 X IHR-932

= Arka Shreshta: 15-SBSB X IHR-1614

= Arka Abhijit: 15-SBSB xIHR-133

= COTHL: IHR 709 x LE. 812

= COTH2: LCR 2x CLN 2123A

=  TNAU Tomato Hybrid CO3: HN2x CLN 2123A

Varieties Parentage
Pusa Ruby Sioux X Improved Meeruti
Pusa Early Dwarf Improved Meeruti X Red Cloud
HS -101 Selection 2-3 X Exotic Cultivar
HS-102 S 12 X Pusa Early Dwarf
Punjab Chhuhara Punjab Tropic X EC 55055
Marglobe Marvel X Globe
Sel.1 Pusa Early Dwarf X HS 101




Sel.2

(HS 101 X Punjab Tropic) X (H-14
X Punjab Tropic)

Improved Cultivars developed by Interspecific Hybridization

Hisar Anmol

S. esculentum X S. hirsutum
f.
Glabratum

Pusa Red Plum

S. esculentum X S. pimpinellifolium

4) BACK CROSS METHOD

+ Successfully used in breeding varieties resistant to
diseases such as  Fusarium,  Verticilium,
Stemphylium and Root Knot Nematode.

5) HYBRIDIZATION FOLLOWED BY PEDIGREE SELECTION

X/
0’0

X/

Most common breeding method in tomato.

*%* Single plant selection is initiated in F2 and

continued through successive generations till pure

7
0’0

X/
0’0

lines are obtained (generally till F6).

Selection pressure is on heritable characters.

EX : Pusa Ruby - Sioux X Improved Meeruti

6) HYBRIDIZATION FOLLOWED BY SINGLE SEED DESCENT
METHOD:

7 7
0’0 0’0

SSD is a modification of bulk method.

SSD is  a system  to rapidly develop pure
lines followed by selection among those pure
lines.

This is classic procedure of having a single seed
in each plant, bulking the individual seeds, and
planting out the next generation.

One or two seeds bulk are collected from each F2
plant and then F3 generation is grown.

Now encouraged to be used by tomato breeder as
generation can be advanced in the off-season.
Allows the maintenance of broad genetic base in
advanced generation Hybridization

7) MUTATION BREEDING

% PKM 1 -This is induced mutant from a local variety

called

Annaniji.

¢ CO3(Marutham)- It is an induced mutant from Co 1.
¢ Pusa lal Meeruti — Mutant from Improved Meeruti.




BREEDING FOR BIOTIC STRESSES

J J
0‘0 0‘0

Include disease and pest resistance.
Existing old/new variety, land races and closely related species

provide genes for resistance.

particular breeding method.

by major genes.

primary source of genes for resistance.

* Genetics of resistance should be known before using a

** Emphasis should be given for development of complete resistance

** In tomato, the wild related species of Solanum are the

%« Successful transfer of genes for resistance from related

species to the cultivated species is done by back

crossing and of late by genetic engineering.

Many wild species widely used as donors of genes for disease resistance

DISEASE

RESISTANCE SOURCE

RESISTANT VARIETIES

Buckeye rot

S. pimpinellifolium

Early Selection,KT-10,
KT-15, Flat Large Red,

Red Cherry

Fusarium Wilt

S. hirsutum f. glabratum,
S.hirsutum,

S. peruvianum,

Pant Bahar, BSS-20,
Roma, Meenakshi, Roza,

HS-110, Pan American for

S. pimpinellifolium racel and Walter for race2
Leaf Curl Virus S. hirsutum f. glabratum, , | H-24, H-36,Hissar
S. peruvianum Gaurav, Hissar Anmol
S. pimpinellifolium
S. glandulosum
Spotted Wilt Virus S. hirsutum f. glabratum, , | Pearl Harbour,
S. peruvianum, Red Currant
S. pimpinellifolium
Early Blight S. hirsutum f. glabratum, H-22, H-25, Solan Vajar,
S.hirsutum, Kalyanpur No.1
S. peruvianum,
S. pimpinellifolium
Late Blight S. pimpinellifolium Ottawa 30, Ottawa 31,

S. esculentum var.
cerasifolrme

Red Cherry, Early Market




BREEDING FOR ABIOTIC STRESSES

Include environmental conditions such as;

+¢+ Low and high temperature
+¢ Drought conditions

+¢ Flooding

+¢* Moisture stress

+» Soil salinity

+¢* Water logging conditions

A few species tolerant to abiotic stresses are

Salt tolerance, heat tolerance for
fruit
Set

S. cheesamanii

S. pimpinellifolium

Heat tolerance for fruit set, drought
Tolerance

S. chilense Drought tolerance, cold resistance

S. hirsutum Cold tolerance, chilling tolerance,
salt Tolerance

S. pennelii Drought tolerance, salt tolerance

S. lycopersicoides

Cold tolerance

Abiotic stress resistant varieties

VARIETY

FEATURES

Pusa hybrid-1

Fruit set upto 28° C (high) night
Temperature

Pusa Sadabahar

Fruit set at both low (6° C) and high
(30° C) night temperature

Sabour Suphala

Salt tolerant at seed germination stage

Arka Vikas

Tolerant to moisture stress

Varietal Achievement

VARIETY ORGANIZATIO | PARENTAGE

N

FEATURES




Pusa Ruby IARI, New Delhi | Sioux X Indeterminate, early,
Improved firm, medium size,
Meeruti uniform ripening
Pusa Early | IARI, New Delhi | Improved Meeruti X | determinate Plants
Dwarf Red Cloud, dwarf, early maturing,
medium size
HS 101 HAU , Hisar Sel. 2-3 X An exotic | A very promising
culture variety, determinate,
dwarf, fruit medium
size juicy, wide
stability
HS102 HAU ,Hisar S 12 X Pusa Extremely early,
Early Dwarf Fruits medium to
small, round
juicy, thin pericarp
HS110 HAU , Hisar Selection from an Determinate, late,
exotic line potato leaf type,
fruit large, highly
suitable for table
purpose.
Hisar Arun HAU , Hisar Pusa Early Dwarf Extremely early and
X K1 high yielding,plant
dwarf,
fruimedium to large
Hisar Lalima HAU , Hisar Pusa Early Dwarf Early, determinate,
X HS 101 fruits round, large,
high Yielding
Hisar Lalit HAU , Hisar HS 101 X Semi- determinate,
Resistant early, fruit round,
Bangalore medium to large,
resistant to root
knot nematode
Hisar Anmol HAU , Hisar Hisar Arun X L. Field resistance to
Hirsutum f. tomato leaf curl
glabratum virus, plant
determinate, fruit
medium size
PKM 1 TNAU, Mutant of Annanji | Long distance
Coimbatore Transportation
CO3 TNAU, A mutant of CO 1 Determinate, fruit red
Coimbatore round, medium size




COTH1 TNAU, Coimbatore [IIHR 709 x LE. 812 Fruit are acidic
(0.61%)
High yielding
COTH2 TNAU, Coimbatore [LCR 2x CLN 2123A Resistance to leaf curl

virus disease.

TNAU Tomato
Hybrid CO 3

TNAU, Coimbatore

HN2x CLN 2123A

Suitable for high
density planting.
Resistant to leaf curl
virus diseases.

KS 2

Kalyanpur

Determinate,
round, high yielding

Punjab
chhuhara

PAU , Ludhiana

EC 55005 X
Punjab Tropic

Determinate, dwarf,
high yield, pear
shaped fruit, suitable
for long
transportation .

Sel .120

IARI , NewDelhi

Semi- determinate,
late, fruit large,
root knot nematode

Pant T3

GBPUAA&T,
Pantnagar

Pure Line Selection

Plant semi-
determinate, fruit
medium round,

Smooth

Arka Vikas

IIHR , Bangalore

A selection from a
variable population
American variety Tip

Top

Plant indeterminate,
fruit medium large,
suitable for fresh
market

Arka Saurabh

IIHR , Bangalore

Selection from a
line V-685,
introduced from
Canada

Semi determinate,
suitable for both
processing and fresh
Market

Arka
Rakashak

IIHR , Bangalore

Triple disease
resistance

to ToLCV, Bacterial
Wilt and early blight.

Arka Samrat

IIHR ,Bangalore

Triple disease
resistance

to TLCV, Bacterial
Wilt and early blight

Pusa Gaurav

IARI , NewDelhi

Fruit yellowish red,
good
for processing and




long distance
transportation

Pant Bahar GBPUA&T .Patna Bushy branched,
gar flattish round, M
Fruit
Pusa Hybridl IARI , Newdelhi F1 hybrid Determinate
plant, prolific
bearing, round fruits
Pusa  Hybrid 2 | |ARI, New delhi F1 hybrid Semi  —

determinate, dwarf
plant, medium sized
fruits

IMPORTANT HYBRIDS AVAILABLE IN PRIVATE SECTOR

Century

Century-12, Maitri, Rishi

Indo American

Karnataka, Mangla, Vaishali,
Rupali, Naveen, Rashmi, Sheetal

MTH-1, MTH-2, MTH-6, MTH-15, MTH-

Mahyco 16, S-28, Sonali

Namdhari NS-386, NS-815, Summerset, Cross
B, Gotya

Nath NA-501, NA-601

Nijjar NH-15, NH-25, NH-38

Pioneer LIHB-230

Sandoz Learika, Rasika, Avinash 11

Sungrow Arjuna, Krishna, Bhim

Sutton Sutton Grom, Prolific

Beejo Sheetal

BSS-39, BSS-20, BSS-40, BSS-90




VARIETIES OF TOMATO

Arka Raskshak

Arka Samrat

18
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Vaishali Naveen

TNAU Tomato Hybrid CO3 PKM 1
Technology of production of hybrid seed

Hand emasculation and hand pollination is to be practiced. Two parents having good
combining ability are selected. Varieties maintained by selfing can be taken as parents. Ina
few cases 2-3 years selfing is done to maintain the purity. A large number of such parents
crossed in different combination and resultant hybrids evaluated at one or more location. In a
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few cases sca is studied to select a potential hybrid. Practically, superiority is judged by per
se performance.

Hybrid seeds largely produced by hand emasculation and hand pollination. Seed
plants and pollen parents are grown under healthy condition in 12:1 ratio. Emasculation of
seed parent is taken 12-15 hr before anthesis, by forceps, needle or fingernail. Generally
emasculation is done in the afternoon and pollination is done in the following morning.
Pollen collected from anthers by needle, forceps or electric vibrator. Generally fresh pollen is
used. Pollen can be stored for 2-3 days under normal condition. Soon after pollination, 2-3
sepals of the pollinated flowers are removed for easy identification. (No need to put bag or
cotton). 4-5 days - ovary start swelling. More than 90% fruit set after hybridization.

Questions
1. Name botanical varieties of tomato
2. What are the breeding objectives in tomato breeding?
3. What is the chromosome number of tomato?
4. Name multiple resistant varieties in tomato
5. List out tomato varieties released from IARI.

References

Kalloo, G. 1994. Vegetable Breeding — Combined Edition — Panima Book Publishers, New Delhi.
Vegetable Breeding. Kalyani Publishers, Ludhiana.

L- 3&4

Brinjal
Solanum melongena
Solanaceae
2n=2x=24
Brinjal is proved to have originated in India with many diversified forms and China is
the secondary centre of diversity. In the south East Asian Countries the crop finds a place in
native medicine besides its versatility in consumption as vegetable as it is simple and
delicious. In addition to bringing in a unique texture and mild flavour to recipes brinjal brings
a load of health benefits. It is a nutrient dense food as it contains considerable amount of
Vit.C, Vit. K folate, Manganese and Potassium. It is high in fibre and polyphenols, solasodine
which helps in fighting against a type of cancer. Rich anthocyanin content also contributes to
this quality. It is reported that ‘Nasunin’ is a type of antioxidant predominantly found in
fruits. Owing to such merits, the crop is widely cultivated in all tropical and subtropical parts
of the world. Moreover native cultivars respond to ratooning and give satisfactory yield.

Breeding objectives
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Preference for fruit colour, shape and size determines market potential in any
particular region. Therefore development of high vyielding varieties with preferred fruit
characteristics is given importance. Since drastic yield reduction occurs due to the major pest,
shoot and fruit borer, disease, little leaf; resistance breeding for incorporation of interested
specific genes in otherwise good cultivars are progressing. Further, development of tolerant
genotype for drought, salinity is advancing. Related rootstocks are also utilized in breeding
strategies. Since technique of grafting is successful in brinjal.

Related genera
Capsicum

Cyphomandra

Related species

Solanum sisimbrifolium- ancestral form, leaves are variegated.
S. aethiopicum

S. macrocarpum- leaves are edible

S. indicum

S. trilobatum

S. viarum

S. nigrum

S. xanthocarpum — all are used in native medicine
Botanical varieties:

S. melongena variety esculentum — bears round fruits
S. melongena variety serpentium- bear long fruits

S .melongena variety depressum — dwarf plant stature.
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Solanum melongena var esculentum

S. melongena var depressum

The crop is cultivated as annual and grows to a height of 1 to 2 m. Flowers are in cluster
Individual flowers are perfect. Corolla is purple mostly and white is also seen rarely. Anthers
are dark yellow arising from base of petals. They are lengthier than filaments. Ovary is
superior and length of style in individual flower varies rendering the chances of fruit set per
cent to vary accordingly. This phenomenon is called heterostyly where stigma either
coincides the tip of anthers or stays just below it or slightly protrudes making it visible
outside. The other two forms namely pseudo short and true short style flowers do not set
fruits whose style length is just the half or quarter of anther length. As the dehiscence of
anthers takes place in their tips( apical dehiscence) and they are arranged together in the top
portion, the dispersed pollen doesn’t get deposited over the stigmatic lobes, which results in
no fruit set. Genetic as well as physiological factors are reasoned for distribution of varied
style length in a particular variety grown under specific climatic condition.
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Long styled Medium styled

Floral biology

Corolla or petals are showy in purple colour. Calyx or sepals are 5 and united at the
base. They are persistent. Anthers are bilobed, dark yellow attached to base of petals by short

filaments.

Flowers open in morning hours from 6 am to 8 am under tropical climate. Anthers
dehisce through apical pores on the same day after an hour of anthesis. Stigma is receptive a
day before flower opening and on the day of anthesis. Stigmatic fluid dries up after bright sun

shine on the next day of flower opening.

Breeding methods

Pure line selection

IIHR

Arka Shirish-Pureline from I1HR-194.
Arka Kusumakar-from I1HR- 193.
TNAU

Co-1

Co-2(from Varikathirikaai)
MDU-1(From kallampatti local)
VRM-1(From Elavambadi village of vellore)
KKM-1(From Kulathur local)
Pedigree method

Arka Nidhi

Short styled



Bulk method

Modified pedigree (single seed descent)
SINGLE LINE SELECTION

PPI1(B)-From Karungal local type.

PLR-2 - From Sevanthampatti local).

Combination of bulk and pedigree methods

Backcrossing

Heterosis breeding

Mutation breeding

PKM-1(From Puzhudhikathiri).

Heterosis is commercially exploited

Hand emasculation and pollination is practiced.

Methods of crossing

Extent of cross pollination is about 29 %.

Hence , called as often cross pollinated or facultative cross pollinator.
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Out crossing by means of insects like bumble bees,wild bees & domestic

bees(entomophilous).

Use of male sterility — ‘Blackey’ — male sterile

Inducing male sterility through growth regulators and gametocides is achieved.

Interspecific hybridization

» Related species of S. melongena for disease resistance

S. melongena,

« S.incanum (S. coagulans)
e S. xanthocarpum,

« S.indicum

* S. maccani

Among 22 Indian species, 5 are closely related



» S. melongena — readily crossable with S. melongena var. incanum
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» Hybrid between S. melongena and S. sisymbrifolium — failed to produce viable

seeds

« Sources of resistance

Species

Resistance

S. melongena var. incanum

Bacterial wilt ( Pseudomonas
solanacearum)

S.xanthocarpum, S. sisymbrifolium,
S.nigrum

Fruit rot( Phomopsis vexanas)

S. sisymbrifolium

Root knot nematode

S. indicum

Wilt ( Verticillium alboatrum)

S. torvum, S.mammosum,
S.khasianum

Spotted beetle( Epilachna
vigintioctapunctata)

* Intergeneric grafts

« Solanum, Capsicum and Lycopersicon are intergraftable

 Side grafting and patch budding — successful

» Problematic areas — one genus thrives well

Varieties and hybrids

Arka Anand

It is a high yielding F1 hybrid with resistance to bacterial wilt. Average fruit weight
is 50-55 g. Yields 60-65 t/ha in 140-150 days.

Arka Neelkanth

Arka Anand
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Violet blue glossy fruit skin with green purple calyx. Resistant to bacterial
wilt. Duration 150 days. Yield 43 t/ha

Arka Neelkanth

ARKA NIDHI (BWR)
Resistant to bacterial wilt. Duration 150 days. Yield 48.5 t/ha.

Arka Nidhi
Arka Shirish

Tall plants with white flowers. Fruits green, extra long. Solitary bearing habit.

Arka Shirish

Some popular brinjal varieties and hybrids

Name Methods Organization Attributes
Arka Sheel PLS from Kodagu IIHR, Bangalore | Plants well branched
local and erect, Fruits

medium long, tender,
deep purple. Less

seeds, yields 39t/ ha
in 110-120 days.
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Arka
Kusumakar

PLS from Karnataka
local selection

IIHR, Bangalore

Dwarf plants, fruits
small, Finger shaped,
light green in colour
and borne in clusters
of 5to7. Yield 45t/
ha in 110-120 days

Pusa Purple
Long

Selection from Batia
, Punjab

IARI, New Delhi

Semi erect, dwarf
plants, 20-25 cm
long purple fruits,
suitable for autumn
and summer
planting, susceptible
to bacterial wilt.

Pusa Purple
Cluster

Selection from local
material

IARI, New Delhi

Medium early, erect,
purple pigmentation
on stem, leaves
purple and non
spiny, fruits in
clusters, deep purple
, moderately resistant
to bacterial wilt.

Pusa Kranti

(PPLxHyderpur)x
Wynad Giant
( Hybridization
followed by
Pedigree selection)

IARI, New Delhi

Plants medium tall,

purple pigmentation
on young leaves, non
spiny, fruits oblong,

thick, less seeded,

Pusa Bhairav

Complex

IARI, New Delhi

Fruits dark purple,
non spiny, glossy,
resistant to
phomopsis fruit rot

MDU1

PLS from local
Kallampatti

ACRI, Madhurai

Fruits round, bright
purple, less seeded,
yields 30 t /ha

CO2

PLS from local
variety, Varikathiri

TNAU, Coimbatore

Fruits oblong, with
dark purple streaks
under pale green
background, without
spines on the calyx
surface. Yields 35t/
ha in 150 days.
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PKM1 Induced mutant from | HCRI, Periyakulam | Fruits small, oblong
Puzhuthi Kathiri ovate with green
stripes, suitable for
rainfed cultivation.
PLR1 Selection from VRS, Palur(TNAU) | Egg shaped fruits,
Nagpur ecotype bright glossy purple
colour, yields 25 t/
ha.

Pant Samrat Selection from local Pantnagar Medium long fruits
cultivar ,/Agricultural in clusters,resistant
University to bacterial wilt,
tolerant to shoot and
fruit borer.
KKM1 Selection from local Agricultural White colured egg
type of Kulathur College, shaped fruits, cluster
Killikulam(TNAU) bearing (2-4) with
green calyx. Yields
36t/ ha.
PPI1 Single line selection Long plae green
from Karungal local fruits, less seeded,
type bitter less,yields
about 50 tonnes/ ha
in a crop duration of
185 days.
F1 hybrids
Pusa Anmol PPLx Hyderpur IARI, New Delhi Gives 80 % more
yield than PPL.
Azad Hybrid | Azad b1x Kalyanpur C.S.Azad Agri Early fruiting, bright
3 University, purple coloured
Kaliyanpur, (UP) fruits, less prone to
fruit and shoot borer
infestation, yields 45
t/ha.
Arka Navneet | IIHR 221x Supreme IIHR, Bangalore Fruits round to oval,

big sized, black
purple, yields 65-75t/
ha.

NDBH1

PBR 91-1xK202-14

Plant semi erect, non
spiny, round purple
fruit, soft textured,

less seeded.




s

COBH 1 PLR 1 PPI (B) 1 KKM 1

Questions

1.
2.

is the origin of brinjal.

What is heterstyly?

What are the botanical varieties of brinjal ?

Name some brinjal varieties released from IIHR
Name some brinjal varieties resistant to bacterial wilt.
References
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L- 5&6

Chilli
Capsicum annuum L.
Solanaceae
2n=24
It is an important vegetable cum condiment. The pungent or hot types are

grouped under Red pepper or hot pepper (Capsicum annuum L.), whereas the less
pungent types are grouped under sweet pepper (Capsicum annuum var.annuum)
locally called as ‘Kudai Milagai’, which are used as vegetable.Pungency of the chilli
is due to the presence of Capsaicin C18 H27 NO3 and the coouring principle is due to
the presence of Capsanthin.
ORIGIN & DISTRIBUTION

The domestication of Capsicum annuum L. first occurred in Central America,
most likely in Mexico where archaeological remains from almost 7000 B.C. indicate
that pepper were used by man even before the advent of Agriculture. Chillies were
introduced by Portuguese into South India probably in 16th century as evidenced by
the fact that there were three races of chillies being cultivated in India by 1542. By the
end of 19th century, its cultivation spread throughout India. Chilli is mainly cultivated
in Brazil, Mexico, Spain, South and Central America, China and India. In India,
Andhra Pradesh, Maharashtra, Karnataka, Tamilnadu and Himachal Pradesh grow the

crop extensively.

CULTIVATED SPECIES ARE:-

e C.annuum - Mexico

e C.frutescens - Amazonia

e C. chinense - Amazonia

e C. pendulum - Peru and Bolivia

e C.pubescens - Peruand Bolivia (Extinct)
e C. pendulum - C. baccatum var. pendulum

e C. microcarpum - C. baccatum var. baccatum



Capsicum frutescens -Upright fruits

Capsicum chinense
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Horticultural classification of Pepper
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Groups [Size (inch) Pungency of Common [Uses
cultivars
Bell 3to5X2t04 California  and Yolo [Fresh market, salad, and canning
wonder (non & few)
Pimiento R.5to5X2to3 Pimiento and pimsan |Fresh market, salad, and canning
non)
Squash 1to2X2to 4 'Yellow cheese, (non) Processing, canning, pickling
Ancho 1 t0 6 X 2t0 3 Ancho, Mexican [Powder, dried chilli
chilli(mild)
cayenne Hto10X 0.5to1 [Cayenne long red(high) |Dried, powder, sauce, salads
Jalapeno  [L.5t0 3 X.75to 1 Palapeno (high) Green,
Anahelm | 5 to 8 X 0.75 | Paprika (non pungent) Color, canning
t0l.75
Cuban 3to6X0.5t02 Cuban, golden greek | Salads, pickled
(mild)
Small 1.5t0 3 X0.25to | Fresno chilli, Serrano | Seasoning and Sauce
hot 1 (high)
Cherry 0.5t02 Pungent Pickling
Short 2to 3 X 1to 2 Cascabella, floral gem Processing, pickling
wax

Morphology of fruit
® Fruit type is berry

Capsaicin glands — between placenta and endocarp - produce capsaicin
Calyx — Persistent calyx

Seeds — rich in lecithin, capsaicin absent, hotness due to absorbance
Placenta — metabolic exchange fruit to seed
Chilli hotness measured by SHU (Scoville Heat Unit )
Bhut jolokia — 1,001,304 SHU
Naga morich — 1,598,227 SHU
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Fruit structure

Flowers
* Flower - Actinomorphic, Bisexual, Pedicellate, Hypogynous
e Gynoecium - Superior ovary,
e Androecium - Stamens 5-6, Epipetalous
Flower structure
Floral Biology

e Both self and cross pollination occur, the latter being about 16% by bees, ants and
thrips. Flowering begins 1-2 months after planting and it takes another month for
fruiting.

e Flowers open in the morning between 5.00 a.m. to 6.00 a.m. Anthers normally
dehisce between 8.00 a.m. to 11.00 a.m..

e  Flower opening and anther dehiscence depend on the weather conditions to a large
extent.

e During cool as well as cloudy days, the flower opening is delayed.

e Pollen is fertile on the day of anthesis and stigma is receptive for about 24 hours after

flower opening.

BREEDING OBJECTIVES:
1. Earliness
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2. Desirable fruit shape and size (obovate and round fruit in bell pepper and long fruits in
chilli).

3.Superior fruit quality (pleasing flavour, high sugar/ acid ratio, high pigment content and
high capsaicin).

4. Resistance is to diseases (fruit rot, cercospora leaf spot, powdery mildew, bacterial leaf
spot, phytopthora root rot, root knot, common TMV).

5. Resistance to insects (thrips, mite, aphid, fruit borer)

6. Resistance or tolerance to abiotic stress (heat, water stress, salinity etc.)

BREEDING METHODS:
Pure line selection:

This method is applicable to land races or local cultivars being grown by farmers. Eg .,
G1, K1, CO.1, CO. 2, Sindhu, PLR. 1

Pedigree method:

It involves selection of superior plants following hybridization between superior cultivars.
Eg., Andhra jyothi(G5), pusa jawala, Punjab lal, Jawahar 218, K2, PKM.1, Pusa Sada Bahar

Back cross method:

It is used to transfer single gene or few genes from primitive cultivars or wild forms to
leading cultivars.

Heterosis breeding:

F1 hybrids are popular in USA and Europe and gaining popularity in India after the
initiation. A hybrid MS12x LLS has been identified for commercial production at PAU |,
Ludhiana.

F1 hybrids in chilli

Public sector

PAU(Ludhiana) : CH-1, CH-3

IHR-: Arka Suphal, Arka Meghana, Arka Sweta, Arka Harita
Private Sector

Hung Nong : Delhi Hot, Hot green, Skyline

Mahyco: : Tejaswini

Sandoj - Agni

Scoul :Champion
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Mutation breeding:

Found to be effective and efficient breeding tool in pepper. MDU-1 has been
developed at the Agriculture College, Madurai by treating the seeds of K.1 by gamma rays @
30 Kr. It posses compact plant type and determinate growth habit with fruits borne in clusters
of 4-9 at nodes as against single fruit borne at nodes in K.1 or K.2 varieties. Duration 205-
215 days with a dry pod yield of 1809 kg/ ha.

Sterility in chilli
First male sterile( ms) plant was isolated from an Indian accession.
GMS:

The ms-509 was renamed as ms-10. This ms-509 line (bell pepper type) of Dr.
Pochard was introgressed in 3 chilli genotype, viz., MS-12, MS-13 and MS-41. MS-12
Line has been developed by transferring ms-10 gene into cultivar “punjab Lal” through
backcrossing. Using MS-12 line 3 chilli hybrid CH-1, CH-3 and CH-27 has been released
by PAU.

CGMS:

First reported in an introduction from India (P1-164835). Chilli CGMS lines (CCA-
4261) introduced at the 1IVR from AVRDC is utilized to produce hybrid — Kashi Surkh
(CCH-2). 1IHR, Bangalore has also developed CGMS based hybrids i.e. Arka Meghna
(MSH-172),Arka Harita (MSH-149) and Arka Sweta (MSH-96).

Genes considered too important for breeders

Important Capsicum genes

Gene symbol Phenotype

A Anthocyanin- basic gene for purple colour
in foliage, incompletely dominant

B Beta carotene-high in mature fruit

T High Beta carotene, complementary with B
Y Yellow or orange mature fruit colour

Ys Yellow spot on corolla of C.pendulum

Yt Yt Young expanding leaves are yellow

dwy, dw; Dwarf plant




HL Hairless

Bs: Bacterial Spot resistance

N Root knot nematode resistance to
M.incognita

@) Oblate or round fruit shape dominant over
elongate

P Pointed fruit apex incompletely dominant
over blunt

ms Male sterile

Crossing technique:
Emasculation and pollination in chilli

Crossing technique

A bud one day prior to anthesis should be selected for emasculation.

#

36

Emasculation should be carried out without damaging female reproductive parts and bagged

it.

#

At a same time pollen should be collected from the fully opened male flowers.

#

Gently transfer the pollen to the stigma, bagging and tagging should be done simultaneously.



Emasculation and pollination in chilli

[ Crossing techniqueJ

Varieties & Hybrids

and tag

A bud one day prior to anthesis should be selected
for emasculation

At a same time pollen should be collectedfromthe
fully opened male flower

Emasculation should be carried out without
damaging female reproductive parts and bagged it

Gently transfer the pollen to the stigma , bagging
ging should be done simultaneousl

Variety Institution Parentage Breeding Remarks
Methods
Arka Haritha IHR, CMS F1 Green &  dry;
Bangalore Resistant to
Powdery mildew &
virus
Arka Sweta CMS F1 Dual purpose
Arka Meghana CMS F1 Dual purpose;
tolerant to Powdery
mildew & virus
Arka Suphal CMS F1 Indeterminate, PM
PMR 57 resist, Tolerant to
virus
Arka Lohit Ihr324local PLS Tolerant to powdery
collection mildew
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Arka Abhir Devanur PLS Paprika variety
dubha suitable for
extraction of colour
Kashi Anmol VR, 1C-523656, Introduction Dwarf , Umbrella
Varanasi Sri Lanka type
Kashi Heterosis Tall indeterminate(
Surkh(CCH-2) breeding( F1) 110-120 cm)
Kashi Heterosis indeterminate(  80-
Early(CCH-3) breeding( F2) 100 cm)
Pant C1 GP Pant | NP46AX PLS Tolerant to virus,
Agricultural | Kanthari erect bearing
Uinversity,
Pantnagar
Pant C2 NP46AX PLS Pendant fruits
Kanthari
Pusa Jwala IARI, New | NP46Ax Puri | Pedigree Tolerant to thrips,
Delhi Red mites, aphids
Pusa Pusa Jwalax | Pedigree Virus resistant
Sadabhahar 131339
CH.1 Punjab MS12xLLS GMS Tolerant to virus
Agricultural and fungi
University,
Ludhiana
CH.3 MS12xS- F1 Mild Pungent,
2530 Processing
Punjab Lal Perennial long Resistant to CMV,

Red

TMV, LCV.
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CO2

CO4

PKM1

KKM1



PKM2 Arka Harita

Arka Lohit Arka Meghana

Arka Suphal PMR 57 Arka Sweta

Questions

1. What is the pungency pricnciple of chilli ?
2. What is the origin of chilli?
3. What are the breeding objectives of chilli?

4. What are the related species of chilli?

40
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5. What is the breeding system in chilli?

References
Kalloo, G. 1994. Vegetable Breeding — Combined Edition — Panima Book Publishers, New Delhi.
Ram. 2001. Vegetable Breeding. Kalyani Publishers, Ludhiana

CAPSICUM
L-7
Scientific name : Capsicum annuum var. grossum
Common name : Bell pepper, Sweet pepper.
Family : Solanaceae
Chromosome number : 2n=2x=24
Origin :South America

Importance of the crop:

e Bell pepper is grown as autumn- winter crop in the plains and summer crop in the hill
regions of India.

e Itis consumed both in green mature and ripe form, salads, cooked, mixed and stuffed
vegetable.

e Itiswidely used in the preparations of pickles, sauces, soups and stews.

Floral biology and pollination:
Flower:

e The flowers of bell pepper are larger than chilli.
e They are bisexual located in the nodes of the stem.

Anthesis :5:30t0 6:30 AM

Pollination : Self-pollinated crop; cross pollination occurs to an extent of
62 %. Insects are responsible for natural crossing. Therefore
treated as often cross pollinated crop

Stigma receptivity : 2 hrs before and 2 hrs after anthesis
Cytogenetics:

e Chromosome number : 2n=2x=24
e Somatic chromosome number : 2n= 24



42

e Polyploids - 2n=36
e Aneuploid -2n=25 has been reported.

Breeding objectives:

e High yielding and earliness.

e Good quality: high vitamin C content, high oleoresin content, pigment content,
pleasing flavour, shiny fruits, pungent and non-pungent.

e Desirable fruit shape and size: oblate or round.

e Resistance to diseases like fruit rot, cercospora leaf spot, powdery mildew, common
TMV, etc.

e Resistance to insects like thrips, mites, aphids, fruit borer.

e Resistance to abiotic stresses like heat, water stress, salinity.

Breeding methods
Conventional breeding methods:

Introduction, Selection, Pureline selection, Pedigree method, Backcross method,
Heterosis and Mutation breeding.

Non-conventional breeding methods:
Tissue culture and Genetic engineering.
Introduced varieties:

California Wonder, Yolo Wonder : Introduction from USA by IARI, New Delhi_World
Beater, Chinese Giant : Introduced by IAHS, Bangalore.

Varieties developed by selection:

e Arka Mohini : Selection from Titan of USA by IIHR, Bangalore.
e Arka Gaurav : Selection from Golden California wonder_of USA by IIHR,
Bangalore. Indeterminate variety tolerant to bacterial wilt.
e ArkaBasant : Selection from Hungarian variety “Soroksari” by IITHR, Bangalore.
Excellent keeping and cooking qualities.
e Nishant1 : A selection from Capsicum Sel-2 (SKUAS&T, Srinagar)
Arka Mohini



Arka Basant

Arka Basani
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California wonder
- . ‘ 4

Pedigree method:

Selection of superior plants in the segregating generations. Hybridization is done between
superior cultivars along with maintenance of pedigree record.

Some of such cultivars are

e Spartan Garnet: (California Wonder x Dwarf Pimiento Selection from variety
Santanka)

e Spartan Emerald: (Morgold x California Wonder)

e Sonnette: An F2 line (Morgold x California Wonder) x Keystone Resistant Giant.

Backcross method:

e In bell pepper generally 4-5 backcrosses are required to produce near-isogenic lines
for the novel gene in the pure line.

e Backcrossing is used whenever disease resistance, improvement of male sterile line or
any other simply inherited morphological trait is to be transferred because its
application is convenient in bell pepper.

e Incorporation of resistance (powdery mildew) from C. baccatum var. pendulum.

Mutation breeding:

Direct mutant cultivars:
MDU 1 developed from TNAU by gamma rays induction inthe year 1976. Plants are
compact, high yield and capsaicin content.

Heterosis breeding:
First hybrid variety was Bharat from IAHS.
Private sector hybrids:

* Mahabarath



* Chocolate wonder

 Mamatha
e Lakshmi
« Super gold

Public sector hybrid:
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e Pusa Deepti (Kt - 1): hybrid between Yolo Wonder and Reunion Yellow, released by
IARI Regional Station, Katrain (HP). High yielding, tolerant to bacterial leaf spot and

anthracnose.

e Solan Hybrid - 2: Released by YSPUHF, Solan. Resistant to fruit rot and virus.

e Solan Hybrid - 1: Released by YSPUHF, Solan.
e Solan Bharpur: Released by YSPUHF, Solan.

e KTCPH - 3: Yolo Wonder x HL-201, released by IARI Regional Station, Katrain

(HP).
e KTCPH - 5: Yolo Wonder x EC- 143570, released by IARI Regional Station, Katrain
(HP).
e Punjab - 27
Varieties / Hybrids Breeding methods Features

Sweet Banana

California Wonder

Introduction from USA

Plants vigorous, upright, prolific
bearer, medium thick flesh, Early
harvest in 70 days

Yolo Wonder

Introduction from USA

Arka Mohini

Introduced from USA

Determinate, medium large fruits,
dark green skins

Arka Gaurav

Introduced from USA

Dark green fruits, erect, 4-5 lobed
thick flesh, Tolerance to bacterial
wilt

Arka Basant

Introduced from Hungary

Proloific bearing,
good export potential, creamish
white colour

King of North

F1 Hybrid

Pusa Deepthi Yolo Wonder x Russian
Yellow
Kt-1 -
Bharath F1 hybrid 1% F1 Hybrid (1973)by IAHS,
Bangalore
Mahabharath Tolerant to TMV
Chocolate Wonder Dark brown colour fruit
Mamatha Red colour fruit
Lakshmi Red colour fruit

Super Gold

Yellow colour fruit




Indam bharath

Yolo wonder

Lakshmi
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Chocolate wonder

Tissue culture:
Bulgarian cultivars

* Hebar

« Stryama
Indian cultivar

+ Mathania

Important donors for resistance to disease and pests

Disease/ insect

Resistant sources

Fruit rot C. chinense Accs 1555, Chinense Giant
Cercospora leaf spot California wonder, Hungarian Wax
Root Knot Santaka

Leaf curl Pant C1, Puri red, Puri Orange

Thrips Caleapon Red, Chamatkar

Mite Kalyanpur Red, Punjab Lal

Aphid

Kalyanpur Red x 1068

47



48

Questions :

1.Name a F1 hybrid f Capsicum

2, —-mememmmmeeeeee is the resistance source for fruit rot.
3. What is the Chromosome number of Capsicum?
4. What is the mode of pollination in Capsicum?

5. What is the time of anthesis in capsicum?

References
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BITTER GOURD

L-8
Scientific name : Momordica charantia L.
Family : Cucurbitaceae
Origin : Indo-Burma region
Chromosome No : 2n=22
Importance
1. The vegetable Momordica charantia L. belongs to cucurbitaceae, is known variously

as bitter gourd, balsam pear, bitter melon, bitter cucumber and African cucumber.

It occupies first rank among the cucurbits in respect of iron (1.8mg/100g), vitamin C
(88mg/100g).

Alkaloid momordicasoides gives the bitter taste of the fruit.

Fruit is rich in P (55mg/100g), Ca (20mg/100g) and vitamin A (2101U/1009).

Fruit is wormicidal and cure stomach disorders and has beneficial effect on the
persons suffering from diabetes arthritis and asthmatic complaints.

Powder prepared from plants is useful against ulcers.
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7. Protein of bitter gourd inhibit the growth of HIV 1 viruses in human cell cultures
Taxonomy

The genus Momordica has 45 species domesticated in Asia and Africa. The genus
Momordica has only six valid species in India, which can be grouped under two headings.

Monecious
M.charantia L.
M.balsamina L.

Dioecious
M.dioica
M.cochinchinensis
M. foetida

Indian bitter gourd is classified into two botanical varieties based on fruits, size,
shape, colour, and surface texture:

M.charantia var.charantia has large fusiform fruits,which do not taper at both ends
and posses numerous triangular tubercles giving the appearance of crocodiles back.

M.charantia var.muricata(wild) which develops small and round fruits with tubercles,
more or less tapering at ends.

M.dioica



Momordica cochinchinensis
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Momordica balsamina

M. charantiais propagated through seeds and is monoecious. M. dioicaand M.
cochinchinensis are propagated through underground tubers and are dioecious in nature.
Both species have small fruits covered with spines. Main differences between the two

species are as follows,



Kakrol or sweet gourd

(Momordica cochinchinensis Roxb)

Roots develop bigger tuber
Leaves are bigger.
Flowers large and white to light yellow in

colour.
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Kartoli or spine gourd

(Momordica dioica Roxb)

Roots develop small tuber.
Leavers are small.

Flowers small and yellow in colour.

There are three small circular dots at the base of No circular dot on the base of petals.

petals which are deep blue.

Anthesis during early morning (3.30-6.30 hours) Anthesis during evening (16.30-18.00

and flowers take 72 hours to open.

Fruits are large and oblong

Individual fruit weight is around 60-80g and

attains upto 500g.

Fruit ripening starts from periphery to inner

Fruit light green to light yellow in colour
Tough spines on fruit.

It takes 26 days to reach edible maturity from

days to bud formation

Short flowering and fruiting period

hours) and flowers take 7-22 minutes to
open.

Fruits are small and round to oval.
Individual fruit weight is around 10-15 g
and attains upto 30g.

Fruit ripening starts from inner to
periphery.

Fruits dark green in colour.

Smooth and false spines on fruit.

It takes 20 days to reach edible maturity
from days to bud formation.

Flowering and fruiting continue for long

period.
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CYTOGENETICS

e Chromosome number is 2n=22, x=11

e Tetreploid lines with 2n=44, were obtained by treatment by seedlings with 0.2
% colchicines for 18 hr to the shoot tips and triploids by crossing 4x with 2x
plants.

e The natural triploid (2n=33) of the cultivated M.charantia was reported from
India.

Floral Biology

Bitter gourd is highly cross pollinated. Flowers are auxiliary with long pedicel and are
yellow in colour. Stamens are 5 in number with free filaments and united anthers.
Stigma is divided

Anthesis and Pollination:
The anthesis starts from 4am and extends till 9am.

Anthers dehisce from 5am to 7am.

Stigma is receptive 24hr before and extends for a day even after anthesis.
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Female flower Male flower

BREEDING OBJECTIVES

N

o

Early fruiting.

High female to male sex ratio.

Whitish green to glossy green fruit colour depending upon consumer’s
preference.

Less ridged fruit surface.

Immature seeds for longer period during edible stage.

Higher yield (number of fruit weight). Fruit sizevariation as per consumer’s
preference (small 7.5-10cm long, medium long 10-15cm long 15-20cm and
extra long 20-40cm).

Resistance to red pumpkin beetle, fruit fly, downy mildew and mosaic virus.
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BREEDING METHOD

Bitter gourd is highly cross pollinated in nature due to pre dominantly monoecious
sex form and entomophilous nature.

Selection

Single plant selection and mass selection methods were followed to develop high
yielding lines of bitter gourd in India.

Pusa Mousami, Priyanka, Konkan Tara, Arka Harit and Pusa Vishesh.
Heterosis Breeding

Heterosis in bitter gourd was investigated at the Indian Agricultural Research
Institute, New Delhi,

Pusa hybrid-1
RHR BGH-1
Mutation Breeding

One such bitter gourd cultivar, MDU 1, developed as a result of gamma radiation
(seed treatment) of the landrace cultivar MC 103, was found to posses improved
yield.

Hybridization: Major varieties developed through hybridization are

Pusa hybrid-1 : Pusa Do Mausami x Pusa Vishesh
Pusa hybrid-2 : S-63 x Pusa Do Mausami.

Urvasi : IC-85650B x 1C-4435

Phule Green Gold : Green long x Delhi Local
BTH-7 : VRBT-3A x VBRT-82-1
BTH-165 : KB-1 x VRBT-36

Polyploidy Breeding:

Tetraploidy was induced by colchicines treatment. Soaked seeds(24hr) and sprouted
seeds were treated separately with 0.1 and 0.3 % colchicines for 6,12 and 24 hr.
Soaked seed treatment for 24 hr colchicines were effective.

Intergeneric hybrization:
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M.charantia with Trichosanthes anguina was crossed. Over 50% of the pollinated
flowers developed into fruit. Of the seeds, 50% germinated well, producing a normal
crop. The floral and vegetative characters of M.charantia were dominated.

Resistance Varieties for biotic and Abiotic stress

Varieties

Features

Kalayanpur Barahmasi

Tolerant to fruit fly and mosaic virus

Phule BG4

Resistance to fruit fly

Kalyanpur Sona

Tolerant to mosaic virus and fruit fly

Phule Green Gold

Tolerant to downy mildew

BG 98 and BG 102

Resistant to red pumpkin beetle

IC 68275

BDMV Bitter gourd distortion mosaic
virus resistant

Pant karela-1

Highly resistant to red pumpkin beetle

BTH-7 Field tolerant to powdery mildew
Green rough, Green smooth, White Resistant to fruit fly

Rough and White smooth

BTH-165 Tolerant to powdery and downy mildew
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VARIETIES AND HYBRIDS

Consumer preferences in bitter gourd vary from region to region depending on size,
colour, presence or absence of tubercles / ridges and bitterness of fruits. Accordingly a

number of varieties are developed in India and details are furnished below:

Variety

Organization

Breeding
method

Characteristics

Pusa Do Mousmi

IARI, New Delhi

Selection

This variety has been
obtained through
selection from local
germplasm at IARI and
released by the same
organization. It is
suitable for both the
spring —summer and
rainy season. The fruit
are dark green long
(18cm), medium thick,
somewhat club shaped,
and 7-8 continuous ribs.
Fruit weight 100-120 g.
Yield 12-15 t/ha.

Pusa Hybrid 1

IARI, New Delhi

Hybridization

Fruits medium thick,
long and gloss green,
yield 20 t/ha in 120 days

Pusa Vishesh

IARI, New Delhi

Selection from a
local collection

suitable for growing
during summer. Fruits
glossy green medium
long and thick.

Priya (VK1)*

KAU,
Vellanikkara

Selection

This variety came as a
result of selection at
KAU,Vellanikkara in
the local germplasm. It
is  characterized by
extra-long fruits (about
50 fruits/plant) Extra
long green spiny fruits
with white tinge at stylar
end, av. Fruit length 39




cm. av. Fruit weight 235
g. productivity 24.5 t ha’
1

Preethi( MC 4)*

KAU,
Vellanikkara

Selection

High vyielding variety
released  from  the
KAU,Vellanikkara.

Medium sized greenish
white fruit, with spines,
av. Fruit length 30 cm,
av. Fruit girth 24 cm, av.
Fruit weight 0.31 kg.
Average vyield is 10-
35t/ha. Relatively less
susceptible to fruit fly
attack.  Suitable  for
growing in
Thrisur,Palakkad  and
Ernakulam districts.

Priyanka

Large white spindle
shaped  fruits  with
smooth  spines, thick
flesh and less seeds. Av.
Fruit length 25 cm. av.
Fruit girth 20 cm. av.
Fruit weight 0.30 kg.
Productivity 28.0 t/ha-1

Arka Harit

IIHR, Bangalore

Selection

The fruit are short,
spindle shaped,
attractive, glossy green
with smooth regular ribs
and thick flesh with
moderate bitterness.
Yield 9-12 t/ha.

Pant Karela 1

GBPUAT,
Pantnagar

Selection

This is a selection from
inbreds of indigenous
germplasm at
Pantnagar released in
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1999 by UP State
variety release
committee. Fruits are
thick 15cm long, Yield

is about 150qg/ha.
Coimbatore long | TNAU, Selection It is a local type selected
Green Coimbatore at TNAU, Coimbatore.
Fruit are extra long, up
to 60cm, dark green
weighing 300-400g
yield potential is
180g/ha
Co.1 TNAU, Fruits dark green with
Coimbatore medium length (20-25
cm) and weight (100-
120 g). Yield 14 t/ha.
MDU.1 Tamil Nadu Fruit weight 300-450 g.
Agricultural yield 15-18 t/ha.
University Induced mutant with
long (30-40 cm)
greenish white fruits,
fruit length 30-40 cm,
yield 30-35 t/ha.
Coimbatore Long | TNAU, Extra long fruits (60-65
White Coimbatore cm) with white colour,
yield 15 t/ha.
COBgH 1 TNAU, Hybridization F1 hybrid developed by
Coimbatore crossing MC 84 x

MDUL. Fruits are light
green in colour, plumpy
with more warts, each
weighs 200g.-300g.
Yields 44.40 t/ha in 115-
120 days. Itis rich in
momordicin (2.99 mg
per 100g).
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Phule Green Gold

MPKYV, Rahuri

Hybridisation

It has been developed by
pedigree method from a
cross of Green long x
Delhi Local at MPKV,
Rahuri. Fruit is dark
green, 25-30cm long and
prickled. yield potential
is about 200g/ha in 150-
180 days, tolerant to
downy mildew.

Phule Priyanka

MPKYV, Rahuri

Hybridisation

Hybrid variety with dark
coloured fruits. Fruits
are 20-25cm long with
tubercles.

Phule Ujwala

MPKYV, Rahuri

Selection

Fruits 18-20cm long,
dark green in colour
with a few white
tubercles, average yield
30-35t/ha.

Hirkani

MPKYV, Rahuri.

Fruits dark green, 15-20
cm long, spindle shaped
with warts and prickles,
yield 14 t/ha in 160
days.

Konkan Tara

Konkan Krishi

Fruits green, prickly,

Vidya Peeth, medium long (15-16 cm)
Dapoli and spindle shaped.
Yield 24 t/ha

Punjab 14 Punjab Plants bushy and bear
Agricultural light green fruits with
University, average weight of 35 g.
Ludhiana Yield 14 t/ha.

Kalyanpur CSAUA&T. Fruits long (30-35 cm),

Baramasi Kanpur light green, thin and

tapering, tolerant to fruit
fly and mosaic, yield 20
t/ha in 120 days.
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Arka Harit MDU1
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CoBgH1

Questions:
1.What are all the dioecius species of bittergurd?
2. Name some varietes released from TNAU
3. What are the breeding objectives in bittergurd?
4. What is the mode of pollination?
5. Name some F1 hybrids of bittergourd
References
Peter, K.V. and T. Pradeepkumar. 2008. Genetics and Breeding of Vegetables, Revised,
ICAR, New Delhi.
Rai, N. and M. Rai. 2006. Heterosis Breeding in Vegetable Crops. New India Publ.
Agency, New Delhi.

Rana, M.K. 2011. Breeding and Protection of Vegetables. New India Publishing
Agency. New Delhi.
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RIDGE GOURD

Ridge Gourd (Luffa acutangula Roxb.)) (Hindi : Ghia tori)
Smooth Gourd (Luffa cylindrica Roem.) (Hindi: Kali tori)
Cucurbitaceae
CHROMOSOME NO : 2n=26

Ridge gourd can be grown throughout the year and are used as vegetables. It is more
popular vegetables in the south and east India.

ORIGIN: India
wild species
Luffa graveolens
Luffa echinata

=]  The wild species, Luffa graveolens is progenetor of cultivated species

Luffa acutangula
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Luffa cylindrica

Importance of the crop

Both ridge or ribbed gourd and smooth or sponge gourd contains a gelatinous
compound called luffein. It has lot of medicinal uses.

Ridge gourd is very important for those who suffering from diabetes and
hypoglycemia.

Ridge gourd is also a good anti-inflammatory agent thus helping with cardiovascular
disease, strokes, and cancer.

The oils from the seeds are known to cure coetaneous complaints, the roots have
laxative effects.

The juice from the leaves is used to cure granular conjunctivitis of the eye, adrenal
type diabetes and hemorrhoids.

Genus name was derived from the product “Loofah” used as bathing sponges,
scrubber pads, doormats, pillows, mattresses, cleaning utensils, etc.

Floral Morphology

The sex form in ridge gourd is monoecious, gynomonoecious, andromonoecious and
hermaphrodite.

Male inflorescence in raceme of several flowers.
Female flower solitary, borne axillary as male flowers.

The flowers are pale yellow to yellow in color.
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Calyx — 5 lobed, united at the base .
Corolla — 5 petals, companulate, bright yellow in colour .
Androecium — stamens are three attached to the calyx tube, anthers free.

Gynoecium — ovary is inferior, three carpellary with one or three called with 3 parietal
placements.

Floral Biology
ANTHESIS :
Anthesis starts in the evening by 5.00 p.m. and continues uptop 8.00 p.m
POLLINATION : cross pollination .
ANTHER DEHISCENCE
The anther dehiscence is seen immediately after anthesis.

Pollens are fertile from the time of dehiscence till 2 to 3 days in winter and 1 to 5 days
in rainy season.

The stigma is found to be receptive even 6 hrs before anthesis and continues to be
receptive till 84 hrs after anthesis.

Male flower Female flower

Breeding objectives

(=]

(=]
(=]
(=]
(=]

Earlyness

High fruit yield ( Arka swathi gives high yield 52t/ ha )
Earlyness

Uniform thick cylindrical fruits.

Tender , non fibre fruits for longer lime.( eg for tender : Punjab Sadabahar)
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[=]

Resistance to diseases like powdery mildew (eg.Hisar Kalitori) , downey mildew ,
virus (eg. Gujarat Anand ridge gourd-1).

Resistance to insects like red pumpkin beetle.
Resistance to biotic and abiotic stress.

FIBRE TYPE :

Bl E FM @

L. aegyptiaca may be allowed to mature and use as a bath or kitchen sponge after
being processed to remove everything but the network of xylem fibers.

[=]

BITTER TYPE : eg . Luffa amara

[=]

NON BITTER TYPE: Eg. Pusa Nutan and other cultivable varieties.

Bitter type

Breeding objectives
Single plant selection :, co-1, co-2

s pedigree method
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Useful to improve highly heritable characters interspecific hybridization.

Luffa actutangula x L.cylindrica
Luffa actutangula % L. graveolens

Luffaechinata  x L. graveolens

Polyploidy breeding

=1 Colchicine induced tetra ploids of Taiwan variety to exhibited thicker and shorter
fruits lower fertility than corresponding dipliods.
[=] Breeding for resistance to diseases in heritance of ridge gourd resistant to downy
mildew using dialleles crosses among 6 cultivars.
2] Hybridization
Major varieties developed through hybridization are
Arka Swathi : cross between Medium fruits at IIHR-54 x long fruit at IIHR- 18
Arka Sumeeth : cross between Early fruits at IIHR-54 x long fruit at IIHR-18
Maintanence of inbred lines
[=] Uniform inbreds of luffa could be developed with comparable vigor of open
pollinated varieties.
[=] They can be maintained through open pollination by growing them at proper isolation
distance.
[=] Isolation distance of 1000 m is quite appropriate.
[=] Inbreds can also be maintained by hand pollination.
Genetics of sex expression
Form Genotype Behavior on selfing
Monoecious AAGG Monoecious
Gynoecious A-gg Unstable and do not
breed true
Androecious aaGG
Andromonoecious a’a’ GG Andromonoecious
Gynomonoecious AAg’ g’
Hermaphrodite aagg Hemaphrodite
a’a’ gg Hermaphrodite
aag’ g’ Hermaphrodite
a’a’g'g’ Hermaphrodite
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Varieties
Varieties Organization Breeding Features
methods
Pusa Nasdar IARI, New Delhi Selection Midseason, flowering in 50

days,15-20 fruits/vine, fruits
ridged, light green. More
suited for rainy season.

Pusa Nutan IARI, New Delhi selection Fruits are long (25-30cm),
straight attractive green,
average fruit wt.105g, flesh

tender
Hisar Kalitori HAU,Hisar, Selection Early long thin and straight
Haryana fruited to Powdery mildew,

suitable for rainfed areas.

GJRGH-1 - GAU, Gujarat
The fruits of GJRGH-1 are long in size with green colour.
Suitable for kharif season
Gujarat Anand Ridge gourd -1
AAU, ANAND, GUJARAT

This variety is medium sized and elliptical shape with green fruit skin colour. The
variety has less mosaic virus and downy mildew disease reaction.

Pant Toria-1
GBUA &T, Pantnagar

The main shoot is 5m long. Fruits are 15-20 cm long and club shaped. It takes
about 65 days to first harvest.

It is specifically suitable for rainy season.
COo1
TNAU, Coimbatore
Fruits are long (60-75cm) light green and weight 300 g each. Yield 14t/ha.
CO-2

Fruits are very long(1m) green & fleshy. Yield 28 t/ha.




Satputia
RAU Sobour Bihar
Vine produce bisexual flowers instead of male and female flowers separately.
Fruit borne in clusters.
Arka swathi
IIHR, Banglore
Cross between medium fruits at 11HR-54 and long fruited IIHR. Yield 50t/ha.
Arka sumeeth
= |IHR, Banglore
= Itisa cross between early fruiting 1IHR- 54 and long fruited I11HR.
= yield 50t/ha.
Punjab Sadabahar
= PAU, Ludhiana

= This varieties are medium sized with dark green leaves. The fruit is 3-5 cm long
thick,smooth green ridged, tender, slightly curved and rich in protein.

Pusa Nutan Gujarat Anand
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GJRGH-1 Arka sumeet

DUsSERascal 5’:‘:{(1"&{‘?!“"": 1- |

Pusa Nasdar Pant Toria-1
Swarna Sawani(satputia 2013,1IVRC)
<+ Pureline selection
« Plant vigorous with 3-4m vine length

< Early flowering and fruiting
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% Suitable for rainy seasons
Swarna Uphar (2006,Gazette N0.1422)
+  Pedigree method
«  Early flowering and fruiting
Arka Prasanth (I1HR)
¢+ open pollinated ridge gourd
+ Release by Institute VTIC during 2016
% Early flowering & first female flowers appears at 9" node from the base of the vine.

Arka Vikram F1 hybrid

« Early flowering & first female flower appear.

Swarana Sawani Swarna Uphar

Arka Prasanth Arka Vikram

Varieties — Sponge gourd
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Variety Special features
Developing
institution
IARI, New Pusa Early variety. Fruits smooth dark green and cylindrical,
Delhi. Chikni 15-20 fruits / plant.
Pusa Fruits pale green, 15-20 cm long, straight and slightly
Supriya curved at stem end, pointed distal end with long peduncle,
average fruit weight 110 g at vegetable harvest stage.
Yield 10-11 t/ha.
Pusa Sneha Suitable for long distance transport, fruits dark green, 20-
25 cm long with hard skin and soft flesh. Yield 12 t/ha.
MPAU, Rahuri. Phule Fruits medium green with dark green sutures, yield 15

Prajakta  t/ha.
BAC, RAU, |Rajendra [Fruits long, greenish white, smooth and thick, resistant to
Sabour, Bihar Nenual  fruit fly and fruit rot. Yield 25 t/ha.

Questions :
1.Ridge gourd varieties released from IIHR
2. What is the origin of Ridgegourd?
3. What is the mode of pollination ?
4. Ridgegourd variety released from TNAU
5. Name some hybrids of Ridgegourd.
References
Fageria, M.S., P.S. Arya. & A.K. Choudhary. 2000. Vegetable Crops: Breeding and
Seed Production. Vol. I. Kalyani Publ.,New Delhi.

Peter, K.V. and T. Pradeepkumar. 2008. Genetics and Breeding of Vegetables,
Revised, ICAR, New Delhi.



PUMPKIN

BOTANICAL NAME : Cucurbita moschata
FAMILY : Cucurbitaceae

CHROMOSOME NO : 2n=40

= ORIGIN: : South America
= [FRUIT TYPE: : Pepo
Species

C.moschata - Pumpkin
C.pepo — Summer Squash
C.maxima — Winter Squash
C.ficifolia — Fig leaf gourd
C.mixta

C.foetidissima — Buffalo gourd

Diversity in size shape and colour:

S =
<7

R =3

Importance of the crop

Mature and immatre fruit: vegetables,

Large seed (Pumpkin nuts or pepitas)-rich in Zn,

Seed : De - worming treatment,
Nutritious,

Diuretic.

L-10
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Leaves: Pain killer.

Botany

Monoceous, annual Herb, viny growth, Runner.

Hairy trichomes, spring like long, branched tendrils.

Leaves: Five-loabed, long petiole, alternately arranged on the stem.

Flowers: Large, showy, yellow or creamy corolla.

Male flower: Near the centre of plant & long slender pedicels

Female flower: Short, slender pedicels, Calyx and corolla companulate.
3 Anther , thick style, stigma are three each are two loabed.

FRUIT: Pepo

Floral biology:

Anthesis, Stigma receptivity,

Pollen dehiscence at early morning.



Stigma receptivity til mid day.

Flower open at temperature above 50° F.

Breeding objectives

High yield

Earliness, high female to male ratio.

Brta carotine (yellow) rich,

Non ridged rind, Thick flesh and narrow seed cavity
First pistilate flower at early node numbers,

High Anti-oxidents specially carotinoids.

Rich in vitamin — A

High Anti-oxidents specially carotinoids

Tolerence to low temperature & saline,

Resistance to pest and disease

Genes responsible for various attributes

Deep colour fruit with vitamin — A(B gene)
Mottled light and dark green fruit colour(mldg)
Herbicide tolerence (T)

Silver leaf mottling (m)

Yellow mosaic virus (zym)

Fruit fly resistance in C.maxima ‘Arka suryamukhi’ (Fr)
Gynoceous sex expression on sp — foetidissima (G)
Green rind from ‘Long Neopotitan’ (Gr)

Hard rind — in ornamental gourds(Hr)

Powdery mildew resistance from C.lundelliana (Pm)
Umbrella like leaves (uml)

Breeding Methods
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= |INBREEDING:
= |nbreeding along with selfing.
= No inbreeding depression in cucurbita sp
= Even after prolonged selfing.
= Inbreeding applicable for all cucurbits
Hybrid breeding
= 1.MANNUAL POLLINATION:
= Maintain several female rows alternate with one male row.
= Male flowers detected and removed from female rows before anthesis.

= Female flowers in female parent row are hand pollinated by male flower of male
parent row.

= USE OF CHEMICALS:
= 2-chloroethyl phosponic acid(Ethephon)-

= Sex regulator( suppression of male flower)

Spray at 2 and 4 leaf stage at 600 ppm is completely supprese male flower in plant.
Interspecific Hybridization
F1 hybrid between 2 sp difficult because such hybrid are sterile.
C. maxima x C. moschata found to be fertile and produce fruit.
MMMM x PPPP-------- MMPP x MM------------- MMP x MM --------- MM P
M=C. moschata
p=C. maxima
SELECTION:
Punjab Chappan Kaddu 1(Inbreeding selection)
Arka Chandan-collection from Rajasthan.
High beta-carotene content.(C.moschata)
Arka Suryamukhi-selection from forign introduction, Resistant to fruit fly(C.maxima)

Pusa Bishwas- selection of line SM-107
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(C.moschata).
Hybrids
= Pusa alankar- EC-27050 x Sel.IP1-8
= Pusa hybrid — 1: Sel-107 x Sel -124
= transgenic varitiey:
Freedom: Resistant to Zucchini virus
Varieties

CO1

It was evolved at Tamil Nadu Agricultural University, Coimbatore. A local selection,
with late maturing fruits, medium large size with a characteristic broad proximal end. The
distal end will be slightly tapering to form a tip. Immature fruits are dark green in colour.
After full maturity, they become brownish orange. Each fruit weighs on an average 7-8 kg. It

yields 30 t/ ha in a crop duration 150-160 days.

CO2

Another selection from a local type with small flat fruits weighing 1.5-2.0 kg each. It
yields about 23-25 tonnes/ha. in a crop duration of 135 days. Suitable for kitchen garden and

family use.

Arka Chandan

It was developed at Indian Institute of Horticultural research, Hessarghatta.
A selection from Rajasthan Collection. Fruits are medium in size each weighing 2.3 kg with
depressed polar ends. Rind colour is light brown with creamy patches at maturity. The crop

duration is 125 days.

Ambili
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This variety was developed at the College of Horticulture, Kerala Agricultural
University, Vellanikara. It is a pure line selection made from a local cultivar of Thrissur. It is
a vigorously growing spreading variety having flat-round fruits of medium size with shallow
grooves. The fruits are green in colour in the immature stage. Leaves are characterized by
white spots on the upper surface of the lamina. Each fruit weighs on an average of 5-6 kg.

It has got an yield potential of 34 t/ ha.

Solan Badami

It was developed at University of the Horticulture and Forestry, Solan, Himachal

Pradesh. It is a small-fruited variety with a yield potential of 22.5 t/ ha.

Pusa Biswas

A local selection of the line CM 107 at 1ARI, New Delhi. It has vigorous growth,
darkgreen leaves with white spots including veins. Fruits are light brown with thick golden
yellow flesh and are spherical. Average weight is 5 kg. It matures in 120 days. The potential

yield 20 t/ ha.

Pusa Vikas

It was developed at IARI, New Delhi. It is a small-fruited semi-dwarf to dwarf type.
The fruits are small, round and flat weighing on an average 2.0 kg each, fruit flesh being
yellow. Highly suitable for cultivation in spring-summer season in North India. Its potential
yield is

30t/ ha.

Cucurbita pepo

Early Yellow Prolific
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It is a bush type with fruits medium in size and tapering towards the stem end;
skin orange yellow at maturity. It was released by IARI Regional Station at Katrain. Duration

80-90 days.

Australian Green

Fruits are dark green with longitudinal white stripes; 25-30 cm long, very tender at

edible stage. It was also released by IARI Regional Station, Katrain.

Patty Pan

An introduction from USA with disc shaped chalky white fruits, duration 85 days.

Released by IIHR, Hessarghatta, Bangalore.

Punjab Chappan Kaddu

It is an inbred selection from segregating local material of Punjab, developed at
Punjab Agricultural University, Ludhiana. Plants are bush type, foliage thick and erect.
Leaves non-lobed and green without white specks. Fruits green, disc shaped. Average fruit

weight 800 g and a plant bears about 10 fruits. It has a potential yield of 20-22 t/ ha.

Pusa Alankar

It is an F; hybrid of EC 27050 x Sel-1-P1.8 developed at IARI, Regional Station, Katrain. It is
an early maturing (50 days) variety with uniform dark green skin with light coloured stripes.

Fruits round with slightly tapering towards stem end.
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Cucurbita pepo( Spoon gourd) Cucurbita pepo( Summer squash)
Cucurbita maxima

Arka Suryamukhi

It is a selection made at IIHR, Hessarghatta from a foreign introduction. Fruits are
small (1 kg) round with flat ends and deep orange skin and pale white stripes just like rays of
sun; flesh firm, orange in colour and with pleasant flavour; Duration 100 days. This variety is

resistant to fruit fly (Daucus cucurbitae).

Cucurbita maxima( winter squash)



Arka Suriyamukhi TCR 011

Pusa Viswesh

Questions:

1.What are all the related species of Pumkin?
2. Name some varietes released from TNAU

3. What are the breeding objectives in Pumkin?
4. What is the mode of pollination?

5. Name some F1 hybrids of Pumkin

References
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Ash gourd

L-11

(Hairy melon, winter melon, ash pumpkin, white pumpkin, wax gourd, white gourd,
petha)

Scientific Name : Benincasa hispida
Family : Cucurbitaceae
Chromosome No : 2n = 24
Origin:
Ash gourd probably originated from India.
Distribution:
Southeast Asia, East Asia and South Asia
Importance of the crop
e Ash gourd is cultivated for its immature as well as mature fruits which are used as a
cooked vegetable and are used in confectionary and ayurvedic medicinal
preparations.
e The delicacy ‘Petha’ made out of ash gourd is famous all over India.
e A small fruited medicinal ash gourd is also grown in Kerala.
e The famous ayurvedic preparation ‘Kooshmanda rasayana’ is made of ash gourd

fruits.

e Ash gourd is good for people suffering from nervousness.

Botanical Description:

Habit: Robust, annual, usually monoecious, climbing herb up to several metres long.
Plant: Ash gourd is a crawling or climbing vine. The vines can be several meters long.

Leaves: Alternate, simple, reniform - rounded, 10-25 cm long and as broad, deeply cordate,
upper surface scabrous, lower.
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Root: Tap root
Stem: Branched, diffuse, having slender tendril.

Stem Anatomy of white gourd:

Inflorescence: Plants monoecious, male flowers solitary, pedicels 5-15 c¢cm long, densely
hispid and villous. Bracts ovate or broadly oblong, 6-15 x 5-10 mm, apex acute.

Calyx: Tubular 12 -15 mm in diameter, densely villose, lobes lanceolate, 8-12 x 3-5 mm.
Corolla: Yellow, lobes 3-6 x 2.5-3.5 cm, both surfaces pubescent.

Androecium: Stamens 3, free, inserted at the calyx tube, filament hispid, 2-3 mm long, base
expanded, anthers 4 mm long, base expanded, anthers 4 mm long, sub- trilobite.

Flowers: Solitary in leaf axils, large, 8-12 cm in diameter, yellow, unisexual, pentamerous,
pedicel densely hispid

Male flowers: 5-12 cm long, 5 stamens, 4 of these in connate pairs.
Female flowers: 3-4 cm long, cylindrical ovary and short style with three curved stigmas.

Fruit: Pepo, the outer layer covered with chalk white easily removable layer of wax, flesh 2-4
cm thick, white, succulent, slightly fragrant, spongy in the middle.

Seeds: Numerous, flat, ovate-elliptic, white, often with marginal rigid.
Floral biology

« Cross pollinated due to monoecious condition

* Male : Female 34:1

» Anthesis — 4.30 — 7.30 am anther dehiscence 3-5 am

« Stigma receptivity — 8 hours before anthesis to 18 hours after anthesis


https://i0.wp.com/dhcrop.bsmrau.net/wp-content/uploads/2016/06/K1600_DSC018461.jpg

» Pollen fertility — 95% at anthesis

MALE AND FEMALE FLOWER

Female (RN
S

Related Species and Genera:
Benincasa cerifera Savi

B . cylindrica Ser.

B. hispida var .chieh —qua
B.hispida var. hispita

B. pruriens (Parkinson)

B. vacua

Cucurbita hispida Thunb.
Gene symbol:

Sex controlled by two genes.

A-G : Monoecious
A-gg : Gynomonoecious
Aa G : Andromonoecious
Aagg : Hermaphrodite

Ar-1 : Anthracnose resistance to race 1
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: Farrowed fruit surface, recessive to smooth

: Dominant gene for resistance to race 1 of Fusarium oxysporum

sp. Niveum.

: Resistance to fruit fly dominant gene
: Powdery mildew susceptibility

: Tolerant to aphids.

Breeding objective:

1)
2)
3)
4)
5)

6)
7)

Earliness

High female to male sex ratio.

High fruit yield.

Resistance to drought and salt stress.

Resistance to common diseases like powdery mildew, downy mildew and virus and
the insects like red pumpkin beetle.

Tough skinned fruits for long transportation

Development of seedless ash gourd.

Breeding Methods:

Cross pollinated
Mass selection
Pedigree method

Bulk population method

Selection:

Ash gourd being a highly cross pollinated crop has a high degree of heterozygosity.

Therefore selfing followed by selection improves the population and helps to develop
a new variety with district feature from the original.

Different selection methods can be applied for population improved.

CO 1 & CO 2 developed through selection

Mass Selection:

The selection of superior plants form the base population and missing of their seeds
for raising the next generation are followed in this method.

This selection procedure is repeated in uniform growing conditions up to the selection
as a new variety / type.
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This method is effective in improving simply inherited and highly heritable
qualitative characters.

Single Plant Selection:

Single plant selection is a very common method of selection.

The selfed individually in the next generation for evaluation and maintained by
selfing.

The advanced progenies do not show loss of vigour due to inbreeding.

Therefore, homozygosity for the concerned, the best can be attained in the individuals
of the progeny by selfing.

After necessary evaluation, the best selection can be treated as a new type.

Several varieties have been developed by single plant selection is ash gourd.

Inbreeding and Selection:

Inbreeding is the mating of closely related individuals, that is either selfing or sib
mating.

Individual selection of practiced after attaining maximum uniformity and claimed as a
variety.

Hybridization:

Hybridization creates new genetic variability in the F2 and subsequent generations
that helps efficient selection of desirable types.

The hybrid progenies are advanced in the subsequent generations by selfing to
selected desired types.

Single plant selection by maintaining the pedigree of segregating generation is
applied.

Backcross Breeding:

Backcross breeding consist of crossing of F1 with one of the parents (Recurrent
parent) followed by selection of genotypes for specific characters.

One to three backcross may be made till homozygosity is attained. This method is
generally applied to transfer simple inherited characters like resistant and some
morphological traits to the unimproved variety.
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Two types of parents are involved in this breeding method: One as a recurrent parent
(high yielding) and the other as a donor parent (Low yield but processing specific
desirable traits).

This method is commonly used for the development of resistant varieties.

Heterosis Breeding:

1)
2)

3)

The heterosis for the number of fruits and total yield were found to be 46% and 26%,
respectively.

High yield of F1 hybrid was contributed by various traits such as early maturity,
longer vine, more fruits per plant, bigger fruit size and higher fruit weight.

In most of the crosses, all the characters were under the control of duplicated epistasis
indicating high promise for heterosis breeding in ash gourd.

It is a highly cross- pollinated crop therefore it is necessary to produce inbred lines.

If varieties / lines are maintained as pure lines by inbreeding, these lines can be used
as inbred lines.

These inbred lines will be crossed in different mating designs (diallel, line x tester) to
test the specific and general combining abilities of lines.

Once a good heterosis parental combination has been identified, the hybrid seed can
be easily produced by adopting any one of the following methods.

Pinching of staminate flowers before anthesis and head pollination where isolation
distance is not available.

Pinching of staminate flowers before anthesis on pistillate parent and insect
pollination where isolation distance is available.

Chemical suppression of staminate flowers and insect pollination (at proper isolation).

Mutation Breeding:

Generally mutations are heterozygous and recessive. Therefore, the mutant
phenotypes are not expressed in the M generation.

Several chemical mutagens (ethyl methane sulfonate, diethyl sulphate ethyl amine
etc.) may be used for inducing the mutation.

Besides, physical mutagens such as X- rays, gamma rays and neutrons also may be
used for induction of mutation.

In ash gourd the development of seedless fruits may be one of the mutation breeding.

Breeding Achievements:
Variability in ash gourd is limited except for size and shape of fruits. The improved varieties

are:

TNAU Ash gourd hybrid Co 1:
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e ItisaF1 hybrid between PAG 3 x CO 2.

e Plants are medium viny.

e Fruits are oblong and medium sized (4-5 kg) in a duration of 120-130 days and
suitable for small families.

e High yielding with an average yield of (91 -82 t/ ha).

e Developed by TNAU, fruits are oblong oval shaped.

e This is a local selection variety of Tamilnadu, each fruit weighing 8 to 10 kg with
crop duration 140 to 150 days.

e Yield about 50 to 60 kgs per acre.

e Selection from Coimbatore local variety.

e Fruits are oblong in shape.

e Each fruit weights about 2 to 4 kg with crop duration 120 to 130 days. Yield about 84
tons per acre.

INDU AG 1:
e Round shaped fruits with high flesh thickness, length 24 cm weighing about 4 to 5 kg
each.
e This variety is tolerant to mosaic virus diseases.

Ekalavya:
e Developed by innovative farmer, Shri A.S. Joy of Thrissur, Kerala as a Hybrid.
e This is a Mosaic resistant variety.
e Fruits weigh 12 Kg. Crop duration 140 days. Yield 250 tons per acre.

KAU Local:
e Developed by Kerala Agricultural University, Thrissur, Kerala, Oval shaped fruits
having high flesh thickness, length 45 to 55 cm and weight 6 to 8 kg.
e Yield about 70 tons per acre.
e This variety is tolerant to mosaic diseases.

Kashi Surbhi:
e Fruits oblong, ellipsoid, rind greenish white, flesh white, average fruit weight 10 -12
kg.
e Fruits are suitable for long distance transportation.
e |t has yield potential of 600 -700 q / ha.

Pusa Ujawal:
e Developed by IARI, New Delhi.
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e This is resistance to viral Disease.
e Average yield 40 ton / ha during summer and 43 ton / ha during Khariff season.

Kashi Dhawal (IVAG 502):
e Derived from a local collection, vine length 7.5 -8 m, fruit oblong, flesh white,
thickness 8.5 -8.7 cm, seed arrangement linear, average weight 11-12 kg, crop duration
120 days, yield 550 -600 q / ha.

Kashi Ujawal (IVAG 90):
e Derived from local collection, vine length 7.5 -8 m, fruits round with average weight
of 10 -12 kg fruit flesh white with 7 cm thickness, seed arrangement linear, crop
duration 110 -120 days, yield 55-60 t /ha.

Kashi Surbhi Kashi Dhawal
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Kashi Ujwal TNAU Ash gourd Hybrid CO 1
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KAU Local
Some other varieties of ashgourd
Developing Variety Special features
Institution

APAU, Hyderabad. |APAU Shakthi Fruits long and cylindrical, yield 30-35 t/ha in 140-150

days.

UAS, Bangalore. “Karikumbala”Local cultivar where the fruits are covered with ashy

coat.

In addition to above open pollinated varieties, a few F1 hybrids like MAH 1; MHAG

2 etc. are developed under private sector in the country.

Questions :

1.Ashgourd varieties released from IIHR

2. What is the origin of Ashgourd?

3. What is the mode of pollination ?

4. Ashgourd variety released from TNAU

5. Name some hybrids of Ashgourd.

References

Fageria, M.S., P.S. Arya. & A.K. Choudhary. 2000. Vegetable Crops: Breeding and
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WATERMELON
L-12

Scientific name : Citrullus lanatus
Family: Cucurbitaceae
Chromosome No: 2n=2x=22
Origin :
Primary: Southern Africa
Secondary: China (related species found in India)

Grown in Middle East, the United States of America, Africa, India, Japan and Europe.

OTHER SPECIES

Citrullus edulis 2n =22, 24

C. naudinus n = 22

C. colocynthes 2n = 22

C. fistulosus

Types : seeded, seedless

Sizes : ice-box, small, medium, large, giant
Shapes : round, oval, blocky, elongate

Rind patterns: gray, narrow stripes, medium stripes, wide stripes, light solid, dark
solid.

Flesh colours : white, yellow, orange, red

Variations in flesh colour
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BOTANY

Plants are viny type, monoecious, with angular stem.

Leaves are pinnately divided into 3-4 pairs of lobes

COROLLA: rotate, five lobed, sulphur yellow or chrome yellow.
cross pollinated crop

Fruit sizes varies from 1.5kg to 50kg(10-12kg common)

The greater part of fruit flesh is mostly derived from placentae.
Edible part : mesocarp.

Flower : less showy, monoecious cultivars. Pistillate or hermaphrodite flowers occur
every seventh leaf axil intervening axil are staminate flowers.

Three stamens are at the base of the corolla.
Andromonoecious

Controlled and open pollination

FLOWERS

Anthesis : 5.30 to 6.30 am

Fruit setting: watermelon does not have flowering peaks or fruiting cycle there is an
inhibitory influenced produced by fruit already set that reduces further fruit setting.
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Important genes :
e a - andromonoecious, recessive to monoceious.
® Ar;, Ary - Anthracnose resistance, resistance to Giomerella cingulata var. orbiculare
e C - canery yellow flesh, dominant to pink.
e d - dotted seed coat, black dotted seed when dominant for r, t and w
e dw-1 - dwarf-1, short internodes, due to fewer shorter cells than normal.
e dw-2 - dwarf-2, short internodes, due to fewer cells.
e e -explosive rind, thin, tender rind, bursting when cut.
e f - furrowed fruit surface, recessive to smooth
e g - light green skin, light green fruit, recessive dark green.
e g° - striped green skin, recessive dark green but dominant to light green skin.
® go -golden, yellow colour of older leaves and mature fruit.
e gms’ - glaborous male sterile, foliage lacking trichomes, male sterile.
e | - long seed, long recessive to medium length of seed, interact with s.
e m - mottled skin, greenish white mottling of fruit skin.
¢ nl - nonlobbed leaves, leaves lack lobbing, dominance incomplete.
e 0 -oval fruit
e p -pencilled lines on skin, inconspicuous stripes, recessive to netted fruit
e pm - powdery mildew susceptibility, susceptibility to Sphaerotheca fuliginea
e r -red seed coat, interacts with w and t
e 5 -short seed, epistatic to I.
e Scr - scarlet red flesh
® su -suppressor of bitterness, non- bitter fruit
e { -tanseed coat, interacts with r and w
e w - white seed coat, interacts with r and t

e W - white flesh, dominant to red
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Y? - orange flesh

y - coral red flesh

Variations in seed coat colour seed coat colour

wenshd ey - LULYMET

Breeding objectives

Earliness

Pistillate flowers at lower node number

Tough skinned fruits for long distance transportation

Dark red flesh

Firm and non fibrous flesh texture

Black seed

Proper sugar to acid ratio

TSS content not less than 10% (Arka Manik — 12-15%)

Firm flesh

Fruits with smaller and fewer seeds with attractive deep red flesh
Intermediate fruit shape between typical long and round ones

High yield (Arka Muthu — 55 to 60 t/ha)
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® Resistance to disease ,viz., virus, fusarium wilt (race 0,1,2), anthracnose, gummy stem
blight, powdery mildew

® Resistance to insect (cucumber aphids, fruitfly, cucumber beetle, red pumpkin beetle)
GENETIC RESOURCES
® USA — leader in watermelon breeding.

e The USDA watermelon collection is stored at the Regional Plant Introduction Station,
Griffin, Georgia with the back up collection at the National Seed Storage Laboratory,
fort Collins, Colrado.

e 1600 accessions in the collection, 300 heirloom cultivars in NSSL

e Germplasm conserved place :11VR, Varanasi, NBPGR, New Delhi and few SAUs and
ITHR, bangalore.

BREEDING METHODS
e Pedigree method — single seed descent method
e Backcross breding
e Hybrid breeding
SEEDLES WATERMELON
e |trequires:
v production of stable tetraploid
v crossing of tetraploid as female with a diploid parent
v

Evaluation and commercialization of triploid hybrids.

TETRAPLOID PRODUCTION
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e Triploid hybrids produce seedless fruit.

e Seedless cultivars are produce by crossing a tetraploid(2n=4x=44) inbred line as the
female parent with a diploid (2n=2x=22) inbred line as the male parent of hybrids.

e The reciprocal cross (diploid female parent) does not produce seeds.

e The resulting hybrid is a triploid (2n=3x=33).
STEPS

% Stage 1: involves choice of diploid lines to use in tetraploid production.
%+ Stage 2: production of tetraploid plants.
% Stage 3: tetraploid line development

%+ Stage 4: evaluation of tetraploids as parents of triploid hybrids.
TRIPLOID EVALUATION

e It’s similar to evaluation of diploid cultivars.

e Commercial production of elite triploid hybrids is done by hand where labor is
inexpensive or by bee.

e The tetraploid and diploid inbreds are planted together in alternating rows, or in
alternating hills within each row.

e The pollen in triploid male flowers is not viable and female flowers in triploid plants
require viable pollen to set fruit.

COMMERCIAL SEED PRODUCTION
¢ Through manual pollination

In this method tetraploid and diploid lines are planted in alternate rows or in
alternating hills within each row.

Female buds are capped in evening.

Next morning , freshly opened staminate flowers are collected from diploid male
parent and are used to pollinate the pistillate flowers

Pollinated flowers are again covered, tagged . Fruit can be harvested after 40-50
days.

e Pollination through bees in isolation blocks:

tetraploid and diploid are planted in alternate rows in isolation block.
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During flowering, all staminate flowers from seed parent are removed for a

period lasting several weeks. Pistillate flower on female are tagged with date.

Fruit harvesting is done after 40-50 days after anthesis.

BREEDING MEHODS

Highly cross pollinated crop. Supported methods are mass selection, pedigree method
and bulk population.

Modified backcross breeding: Arka Manik — an advanced generation derivative of
modified backcross between IIHR 21 and crimpson sweet. TSS 12-15%, average fruit
weight 6kg. Triple resistant to Powdery mildew, Downey mildew and anthracnose.

Introduction : Sugar baby, crimpson sweet and Asahi Yamato and New Hampshire
Midget

Heterosis breeding: heterosis expression for total yield, early yield, and quality
parameters and exploited along with disease resistance eg., Arka Jyoti - Crimpson
Sweet * IIHR 20

Polyploid breeding: Application of colchicine (0.2-0.4%) morning and evening to the
growing points of young seedlings over a period of 4 to 6 days and soaking of seeds
solution of colchicine(0.4%) for 24 hour.

Problems
Tetraploid lines are low in fertility.
The cost of seed is high
Yield of seedless watermelon is low
eg: Pusa Bedana- Tetra2xPusa Rasal

Interspecific hybridization : C.vulgaris readily crossable with Citrullus colocynthis

VARIETIES

Caltham gray, Summit, Shipper, White hope — resistance to Fusarium oxy f. sp.
Fairfax — resistance to Alternaria cucumerina

Alena is a tetraploid from diploid sugar baby

QUALITATIVE TRAITS

Example include A for monoecious vs. andromonoecious sex expression, Ar-1 and
Ar-2 for resistance to anthracnose races 1 and 2
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e C for canary yellow flesh color, dw-1 and dw-2 for dwarf vines, E for non explosive
rind, F for non furrowed fruit surface, Fo-1 for Fusarium wilt resistance, gs for striped
green rind pattern, Go for non golden rind at maturity, M for non mottled fruit skin.

e 0 for oval rather than elongate fruit shape, Pm for resistance to powdery mildew, s
and 1 for short seeds, Scr for scarlet red flesh, yo for orange flesh, and Y for coral red

flesh.

e Crop development: Crimpson Sweet, Sugarlee, Kengarden has dwarf vines.

o ‘Tri— X-313’ F1 3x is seedless.

Varieties

Breeding
methods

Features

PKM-1

It was developed at Horticultural College and Research
Institute, Periakulam. Fruits are bigger in size with dark
green skin and pinkish red flesh. It yields 36-38 t/ ha.
The duration is 120-135 days.

RAU, Rajasthan

Durgapura Selection from Developed at Agricultural Research  Station,
Meetha local cultivar Durgapura, Rajasthan.
Durgapura Selection from Yellow fleshed variety
Kesar local type
Durgapura Lal | Sugar baby x K-3 | Unlobed leaf marker
566
IIHR varieties
Arka F1 hybrid High yielding, good keeping and transport quality
Aishwarya
Arka Akash - -
Arka Manik ITHR — 21 X Resistant to anthracnose & powdery mildew
Crimpson sweet
F1 hybrid
Arka Jyoti ITHR -20 x The fruits are round in shape. Each fruit weighs on an
Crimpson sweet | average 6-8 kg, bright crimson flesh with good texture,
flavour and high sugar content (11-13 °B TSS) and low
seed content. The rind is pale green in colour with dark
green stripes. The fruits possess good keeping quality
and transport quality. It is an early variety and produces
about 80-85 tonnes/ha. in 90 days.
Arka Madhura | Triploid seedless | Suitable for year round production under protected
condition.
Amrut It is an F; hybrid | Fruits are oblong in shape weighing 6-8 kg. The skin is
developed by dark green with blackish shade and flesh is dark red. It
MAHYCO. has an yield potential of
100 t/ ha in 95-100 days.




VARIETIES AND HYBRIDS

Pink fleshed — little baby flower

Golden fleshed — yellow doll

Red fleshed — crimson sweet, mickylee

Super sweet — jubilee

Yellow flesh — golden midget

Lemon colored dots surface — moon and star
Miniature — pixie

Creamy fleshed —cream of saskatchewan

Scarlet coloured — sangria (non fibrous flesh)

Pink colour — starbrite

Amaranth colored fruit — starlight

Green stripes streaking across its rind — star ‘n’ stripes
Dark green rind — sugarbaby (ice box)

Summer flavour — Crimson sweet + all sweet

Sweet favorite — light green patches on a blue green rind, ruby coloured fruit

Yellow baby — similar to yellow doll.

SEEDLESS MELON

Extazy

Bijou — round deep red

Captivation — red flesh, crimson sweet stripe appearance, deep green rind
Kingman

SVO 258 WA

Citation

Cut above
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e Harvest moon
e Sweetpolly
e Traveler — deep red(hollow heart tolerance )

e Triple treat —red , ice box type .

VARIETIES

Watermelon- Arka Madhura

Arka NMacdhura

Triploid sceaedless wataermelon hybrid betweern Tetra-1
X Avdka Manik., Fruits round with dark gresen rind
Ccolaour with light grean bhroasd stripes Crim=on recd
flesh with pleasant aroma without seeds, TS 140

Brix. Average frult welght & kg Yield SO-6GO t/7ha. In
TO00-1T17T0 day=

VWATERMELON -

Aricas Aldiswaary s

- Fiisgzhy viaclclingg 1 hhybhricl, Ciyeaoimn wWwith
Dark gzrecaomn cdeoply lobhbheod Tollasgze,