
IMPROVEMENT OF POINTED GOURD ( Trichosanthes 

dioica Roxb.) THROUGH CLONAL SELECTION AND 
POL YPLOIDIZATION 

Thesis 

Submitted to the 

Bidhan Chandra Krishi Viswavidyalaya 

for the award of the Degree of Doctor of Philosophy 

In 

VEGETABLE CROPS (HORTICULTURE) 

BY 

RAJIB GHOSH 

J)1!PJ\It'I'Jn~Nfl' 011 VI~GI~TABLli (~IIOI)S 
Fil(~lJ1;rY Ol~ IIOlrrlf;lJ1~TURE 

11I1)IIAN (;IlANJ)IIA liRISBI Vls"rAVIDYJIlJlYi\ 

MOIIANI)(JII, NilUIA, 'fllS'J' nEN4~AJ .. 

2{}nO 



f])~dlea1£d go 

~.lJly 

(}3eloOlUl qJClPI!PlfA. 



BIDHA" CHfittDRft KitlS I VISWfiVIDYA VA 

Dr, P. Hazra 
Reader 

"" .. " .. "" •• , Ii"" 

RTA4ENT 

CERTIFICATE 

CROPS 

Gram 
Fax 
Enwil : dr 

. I ~,I 
Vated , ' , , " ", 

This is to certify that the work recorded in the thesis entitled 

'IMPROVEMENT OF POINTED GOURD (Trichosanthes dioica Roxb.) 

THROUGH CLONAL SELECTION AND POL YPLOIDIZATIONIt submitted 

by Shri Rajib Ghosh for the award of the Degree of Doctor of Philosophy in 

Vegetable Crops (Horticulture) of the Bidhan Chandra Krishi 

Viswavidyalaya, is a faithful and bonafide research work carried out 

my personal supervision and guidance. The results of the investigation 

reported in this thesis have not so far been submitted for any other Degree 

or Diploma. The assistance and help received during the course of 

investigation have been duly acknowledged. 

Signature of the Advisor 
2000 



Approval Sheet 

Approval of 

Vegetable 

award of the Degree 

(Horticulture). 

r the undersigned, ving been satisfied with the 

voce examination, conducted 

today, the 

the Degree. 

1, , P, Hazra 

3, 

I 
b 

Ghanti 

K. Maity 

. M, Hossain 

the thesis be accepted for 

External Examiner 

fvlember of the Advisory 
Committee 

- do-



Acknowledgement 

I feel g1'eat JJleasu1'€ to oeepest sem€ of l11ceSSat1t humble 

gyatituoe to D1'. HaZl'tl, ReaDer, DefJtlrtr!1€l1t of vegetable Crof'S] of 

Horticulture} B.C.K.V. foy se[ect1n9 the problem anO umtintea helrJ,[j(ieral guioance, 

inten:st, iHexhaustible encouragement anD invaluable suogestlons 

throughout the course of tbis dose mOl1itoril1f_J ana eHcourafJ€ment 

maoe tbe work complete with perfection. I am much (ieho{o€n to him. 

I implore m~ earnest gratefulness to Dr. T. K. Mait~1 

Crops for his (::leip, (ibera{ suggestions 

encouragement. 

of 

I also express m~ sincere gratituoe to Dr. P. Ghantl) Reaoer ana Heaa 

of tbe Department for tbe kinD anD valuable aDvice During tbe tenure of 
Tl1'l}estigatiol1s. I express m;9 earl1€st gratefulness with profOlmo ano vivacious 

to Prof. M. G. Sam, Ex-VicechanceUor anD prof. P. MukhopaDb~a;'91 

of tbe facu(t;9 for their keen anD sustaineD aDvice anD inspiration ourlHg m~ 

cowrse investigations. 

I feel extreme{;g 

ScieHce anD TecbJ10lo9;g for his 

carr;Yll1g out tbe experiment. 

]Jr. 

(lssistance cmo constant guiDance in 

With a profounD anD unfaDing sense of gratitUDe, I WOUlD [i~e to COl1ve;y 

{1eaytfelt tbanks to Dr. P. K. Dr. M. K. Panoit, Dr. N. Ma110a!, Dr. P. S. 

J. Hore for helpil1fJ me During investigation. 

Tbanks are also Due to Mr. S. Farm Manager, Hortlcu{tural 

Research Station, MOltDOUri ano other staffs for their continuous help altO care 

Guying m~ fieto' experiment. 

I must express sincere gratltHoe to the Departltlent of Science & 



Go'Vt. of w. fiatU1Cial asslstaace 

01)/1"''''''' programme, I grateful to 

Govt. of Trjrn,rra ~tte wlt~, tbe OprJOl'tHnlt;9 

Not to be I Jt1Ust extenD m;9 

frieno Dr. Manas Deb, his contlnueD assistal1ce. Thaaks are 

oue to Uttam Ro;g, Reasearch scholar; SaraOT110u Biswas, Asis Dutta, Asok 

chauoburi, Tapan Achar;g;ga, Kal'u;m sharma, Krishaau cbahabort;g anD also to 

friel1os, seniors for their 

I also express S111cere 

for their co-operatloH 

Masimonl, Mesomasai anD BouDl 

During H/t;'9 coune 

I feel extremel;g to aU famjl;g members. sacrifice aHO 

of »1;'9 parents, wife anD Daughter has overwhehneD me without their 

befr) 1t woulb have beea impossible complete the thesis. AckrlOwleDgemeJ1t is not 

cYl011gh for it. 

last I conve;:9 thanks to TECH 

skillful tm'i»g Clao help them. 

Mo{,anpur 

2000 



CHAPTER 

m 

(CONTENTS) 

INTROOUCTION 

REVIEW OF LITERATURE 

2.1 Biosysternics 

2.2 Cytology 

2.3 Origin, distribution, area, nutritional 

status and utili:z.at.i()I1 

2.4 Characterization 

Genetic divergence 

2.5.1 Multivariate 
2.5.2 Isozyme pattern for the 

of genetic diversity 

2.5.3 Petiole anatomy 

Stomata! 

Genetic 

Character associaUonshlp 

2.8 Alteration of 

2.9 Methods of ploidy determination 

MATER1ALS AND METHOOS 

3.1 Grouping and characterization the female clones 

PAGE NO. 

19-40 

.1 Differences means for characters between groups 1 

3.1.2 Multivariate analysis through 02 statistics 24-26 

3.1.3 Analysis of diversity through isozyme pattern 27~31 

3.1.4 Petiole 31 

3.2 Genetic variability different charactes and 

character 



CHAPTER 

IV 

V 

VI 

PAGE NO. 

3.3 Development of 32-34 

3.4 Preparation of 1 solution 34-35 

3.5 Statistical and Biometrical analysis 35-40 

3.5.1 Analysis of 35-36 

3.5.2 Component variances 37 

3.5.3 Analysis of 38 

3.5.4 Path coefficient analysis 38~39 

3.5.5 Multivariate 3940 

RESULTS AND DISCUSSION 41~68 

4.1 Grouping and characterization the female 

4.1.1 Differences means for the characters betvv'een groups 4144 

4,1.2 Multivariate analysis through 02 statistics 4548 

4.1.3 Isozyme pattern for characterization of genetic diversity 49~51 

4.1.4 Petiole anatomy ·54 

4.1.5 Stomatal 54-58 

4.2 Genetic variability different characters 

4.3 Character associationshlp study 

4.3.1 Correlations 

4.3.2 Path coefficients 

4.4 Application of induced polyploidy in pointed gourd 

4.4.1 Development colchiploids 

4A2Growing of coichiploids 

SUMMARY AND CONCLUSION 

FUTURE SCOPE OF RESEARCH 

BIBLIOGRAPHY 

APPENDiX. 

APPENDIX n 

5&-60 

63-65 

65~68 

69 .. 12 

13 

i"xiv 



TABLE NO 

1, 

2, 

3, 

4. 

5. 

6, 

7. 

8, 

9, 

10, 

11. 

12, 

13. 

14. 

15. 

(!IST OF TABLE~ 

PAGE IN BETWEEN 

Stomatal features different crops 

Brief description of the 68 female clones under study 

Group means of female clones for growth, fruit 

characters and 

Significance of the mean difference between the groups 

for different characters 

Clustering pattern of the 68 female ciones determined 

through mUltivariate analysis 

Average intra and inter cluster D2 distance 

Clusterwise mean values for different characters 

Features of petiole anatomy of the clonal groups 

Stomata! features of clonal groups 

Variance analysis for different characters over 68 clones 

Grand mean, component of variances (GCV, PCV), 

heritability in sense (H%) and genetic advance as 

percentage of mean 

over 68 clones 

°/o} for different characters 

Phenotypic correlations among different characters 

Genotypic correlations among different characters 

Path co-effiCient :;;,n"""''''''' using phenotypfc 

correlation co-efficients 

Consequence of colchicine treatment to the seedlings 

(observation after 10 days) 

11 & 

19 & 22 

42&43 

43&44 

45&46 

47 &48 

48&49 

52& 

55& 

58&59 

59&60 

61 & 62 

61 &62 

62&63 

64 &65 



TABLE NO 

Consequence of 

seedlings (observation 

to the 

Morphological and reproductive features of 

the 25 colchipJoids 

Features of stomata! frequency and dimensions 

in the diploid clones and colchlploids 

Features of pollen 

and male colchiploids 

in male diploids 

PAGE IN BETWEEN 

64& 

65 &66 

&68 

67 &68 



PLATE NO 

t 

2, 

3, 

4. 

5, 

6. 

7, 

8. 

9, 

11, 

C..__LI_S_T _O_F_P_L_A_T_E_S __,,) 
(Photographs) 

Variability in fruit shape 

Transverse section of petiole 

Stomata of upper leaf 

Representative peroxidase isozyme pattern 

in four clonal groups 

Seedling stage for colchicine treatment 

Consequence of colchicine treatment 

Concequence of colchicine treatment 

Concequence of treatment 

Aborted female flower female colchiploid 

Deformed male flower male colchiploid 

Normal male flower with spreading petal of male diploid 

PAGE IN BETWEEN 

& 

&42 

& 51 

&.51 

63& 64 

63 & 64 

63&64 

65&66 

&66 

67 &68 

67 & 68 



,f 
, ' , 

; CIIAPTER - I 
, 

: 
, 

I 

il 
1\ 

INTRODUCTION 



I ntrodaction 
Vegetables are components of our diet 

<luse their contributions vitamins, 

ca and the huge 

due to inadequate take of the low cost protective 

foods. Although our country second largest producer 

vegetables in the world, per capita availability of vegetables here is 

still far behind the recomm.ended quantity of 280-300 g/caput/day. 

Furthermore, the alarming rate of the population growth win further 

worsen situation. It has estinlated that by 2005 A, D., m 

vegetables will be required af.'~ against the production 

m tonnes. Low productivity lev of different vegetable crops 

the main reason of such availability of vegetables to our huge 

population. So genetic improvement plays the vital role in enhancing 

the potential of crops. 

Among the di t vegetable species in Ind 

of the family of rbitaceae have enriched and diversified 

our d for centuries. It is the genetically most diverse group 

kingdom as a family as well as individual crop. Not only 

in these crops vary in characteristics but also the 

same tivar grown in diff(~rent areas responds differently to the 

varying growing conditions. 

Pointed gourd ( dioica Roxb.), also called 

" or II pataI" is an inlportant cucurbitaceous v 

extensively cultivated in particularly in Bihar, eastern Uttar 

Pradesh, West BengaL Assam and Tripura, to sonle extent in Orissa, 

Madhya Pradesh, Maharastra and Gujarat. In the 'diara land of Bihar 

and eastern Uttar Pradesh crop rainfed. This perennial and 

dioecious vegetable crop a highly accepted one, and available 



t months the . It IJ King of 

nutrient content than any cucurbits. tender 

pointed gourd are as vegetable. 

and leaves are particularly of 

It is extremely nutritive, wholesome/ 

diuretic laxative. It also heart and brain and useful in the 

disorders of the circulatory system. The fruits show some prospects in the 

control of certain cancer like conditions (Som et 1993). 

Improvement of highly 

llot be paved concertedly in West the 

the country. reason, total area under pointed 

over country as well as the state is several variable 

which hinders the realization yeild potential as well as quality 

Pointed gourd is essentially popagated vegetatively and naturally cross 

pollinated due to dioedous sexform. improvement approaches for 

pointed gourd will be than would be applicable for other 

propagated and cross pollinated vegetable In the 

are heterozygous and 

",rr .. ",,,, for clonal 

allows wide 

Such occasional 

Obligatory outcrossing system 

recombinants with natural 

grown seedling segregates also enrich the 

diversity in the farmers' field which is maintained indefinitely through 

vegetative propagation. However, creation of diversity in the 15 

in comparision to sexually propagated 

- Bengal to be the centre of origin of this 

which amply suggests of diversity of pointed 

eastern and north eastern 

mainly on the extent of the 

}lB' F; .. ,., in clonal selection depends 

of the available proper 

characterization of the clones, assesment of variability present in the crop 

different characters and determination of character assodationships. 

2 



Value addition to the product through differential 

may be worthw 

induction of 

for the deve 

in pointed gourd, Alteration ploidy 

and triploldy has 

of high quality two 

vegetable water Inelon and musk 

approach not 50 far been employed in pointed 

the same chromosome (2n = 22) as that of water melon. Main 

induced for practical utilization is the 

unstabiHty the higher level plants due to cOlnplex 

unstability in the plants of higher ploidy level due to imbalanced 

'.-H'''''''"' can overcome in pointed gourd by rendering to 

propagation of the induced high ploidy level plants. 

Keeping the necessity of initiating improvement approaches of 

pointed gourd, the highly priced vegetable crop in West Bengal and 

considering the effective breeding approaches for such asexually 

propagated, dioecious, perennial and cross pollinated crop, the present 

was undertaken on two breeding approaches: Clonal 

Polyploidization. Different aspects these studies were: 

L Grouping and characterization of female clones through group means, 

nlultivariate analysis, isozyme pattern, petiole anatomy and stomatal 

features. 

2, Genetic variability for different characters. 

3. Character associationship study through genotypic and phenotypic 

correlation coefficients path coefficient analysis. 

4. Development and the colchiploids. 

5. Study of the colchiploids through morphological and reproductive 

features, stomatal features and pollen characters. 

3 



CHAPTER .. II 

REVIEW 
OF 

LITERATURE 



Rvview of Literature 
The literatures reviewed on different aspects for the present 

ions were outlined u 

1 Biosystemics 

2.2 tology 

2.3 Origin, distribution, area, nutritional status and utilization. 

Characterization 

2.5 Genetic divergence 

.1 Multivariate analysis 

Isozyme pattern for the characterization of genetic 

2, Petiole anatomy 

Stomatal features 

Genetic variability 

Character associationship 

Alteration of ploidy 

Methods of ploidy determination 

2.1 Biosystemics 

The pointed gourd (Tnchosanthes dioica Roxb.) belongs to 

the family Cucurbitaceae. There controversy over the tribe to which 

genus Trichosanthes belongs. J eHrey (1980) put the genus under the 

tribe Trichosantheae of the subfamily Cucurbitoideae. On the 

otherhand, Chakravarty (198 kept this genus under the tribe 

Cucurnerineae. Of the different species of Trichosanthes, the species 

under which the pointed gourd belongs (Trichosanthes dioica Roxb.) 

is principally the species of lnd distribution (Seshadri, 1986). 



2.2 Cytology 

Cytological studies have shown that T, dioica 

2n = 22 chromosomes and Roy, 1973; Sarkar 

1988).. Strong male determining role of Y chromosome was also 

evident (Seshadri, 1986). 

2.3 Origin, distribution, area, nutritional status and utilization 

DecandoUe (1882) wrote his book IlOrigin of Cultivated 

Plants!! that the species of were of old world origin, most 

probably from India, especially in case of pointed gourd Trichosanthes 

Although the centre origin Trichosanthes not precisely 

11, most authors agree India and Indo-Malayan region is 

home (Seshadri, 1986). Chaudhury (1990) concluded that 

Assam-Bengal region was the primary centre of origin, although its 

wild forms are found throughout North India. 

Pointed Gourd widely cultivated in eastern part of India 

particularly in West Bengal, am, Bihar and Uttar Pradesh (Nath 

and Subramanyan, 1972). area under pointed gourd cultivation 

is about lO/OOO ha in Uttar and 14,000 ha in North Bihar 

(Singh, 1989). Hundred gram of the fresh fruit contains 2.0g protein, 

ten times that of bottle gourd (02g)1 about four times that of ash gourd 

(OAg), snake gourd (O.Sg) and ridge gourd (O.5g) and beside these, 

vitamin A content (255 LU.) four and half times that of ridge gourd 
~ 

LU.); about three times that of pumpkin (84 LU.) and hundred 

that of the ashgourd bottle gourd. As regards vitamin C, it 

much higher (29 mg) as compared to any of the gourds mentioned 

(N ath et al., 1987). Pointed gourd is easily digestible, diuretic 

and laxative. It is also found very useful for heart and brain and very 

effective in curing disorders of the circulatory system (Chaudhury, 

1990) 

5 



2.4 Characterization 

Singh (1989) so far for the time characterized pointed 

gourd dones and grouped on the basis shape, size and striation of 

fruits as foHows. 

L Plants bearing 1 13 em dark green fruits with white 

stripes. 

2. Plants bearing 10-16 em long, thick dark green fruit with 

very faint pale green stri 

3. Plants with small (5-8cm long) roundish dark green striped 

fruits. 

4. Plants with small fruits tapering toward the ends, green 

and strl ped. 

2.5 Genetic divergence 

The germplasm is the reservoir of genetic diversity which is 

often exploited to meet the changing needs for developing improved 

varieties of a crop. It is also important that considerable variability 

for economic traits must exist in the the germplasm for profitable 

exploitation following selection or recombination breeding. Pointed 

gourd is a perennial, heterozygous and asexually propagated 

vegetabIe crop which exhibit an wide of variation for utilization 

in donal selection programme for its' improvement. However, it being 

an vegetatively propagated crop, the generation of variability through 

sexual means naturally is limited. It is therefore; essen hal to 

characterize the genetic,divergence of the present donal assemblage 

selection of suitable and diverse clones for sustainable 

improvement programmes in pointed gourd. The importance of 

diversity in the improvement of a crop is stressed in both self 

and cross pollinated crops (Griffing and Lindstrom, 1954; Matzinger 

al., 1962; Timothy, 1963; Fonseca and Patterson, 1968; Anand et al. i 

1975). 

6 



2.5.1 Multivariate analysis through D2 statistic: Among the 

statistical method followed the divergence between the 

population, may it be sexua 

an ul tool in the quan 

importance of multivariate 

of genetic div 

1936; Smith, 1936). 

t multivariate analysis has been 

estirnation of genetic diversity. The 

nalysis been greatly emphasised for 

in biological populations (F 

'tv1ultivariate analysis by means of Mahalanobis's D2 statistic 

(1936) is an useful tool in quantifying the divergence between the 

populations at genotypic and to assess the e 

contribution of dIfferent components to the total divergence both at 

inter and intra cluster levels (Murthi and Arunachalam, 1966; Ram 

and Panwar, 1970; Sachan and Sharma, 1971; Jatasra and Paroda, 1978). 

This multivariate analysis effective because large amount of data 

about the germplasm can be reduced to manageable proportion 

(Malhotra and Singh, 1971; Katiyar and Singh, 1979). The procedure 

characterizing genetic divergence has been succesfully utilized in 

other perennial and asexually propagated crop like mulberry (Gupta 

al., 1991, Tikader et al., 999) and asexually propagated annual 

flower crop like gladiolus (Raj and Mishra, 1999). 

Works on genetic in pointed gourd limited. 

a joint exploration in collaboration with NBPGR, nVR(erstwhile 

and Central Horticultural periment Station (CHES),. Ranchi, 

Genotypes/landraces were sampled from North Bihar and West 

BengaL Ranges in magnitude of the characters were 3.67-45 for 

fruit weight, 10-30 for seeds/ fruit 0.30 to 0,48 cm for flesh thickness, 

fruit volume 15.4 ml to 66.0 2. to 4.10 em for fruit diameter, 5.3 

to cm for fruit length, 0 for number of stripes/fruit and 0 

7 



to 3.20 em pedicel length 

16 clusters 

et 1998). 167 genotypes were 

non-hierarchial euc an 

showing existence high 

and the characters, yield/ p t, 

diversity in the rna 

its/plant and fruit w 

contributed maximum towards divergence (Ram et al., 1998), 

t 

Dora et al. (1998) on the other hand, suggested that numerical 

taxonomic approach is relat ely more potent in classification 

biologic entities as compared Bta tistie as in the former 

approach, a large duster genotypically more or siInilar 

individuals (at higher phenon level) help the breeders in 

more precisely. 

2.5.2 Isozyme pattern for the characterization : The term 

(syn. Isoenzyme) was first introduced by Markert and Moller (1959) 

to refer to multiple molecular forms of an enzyme with similar or 

identical substrate or enzymatic sharing a catalytic activity 

and within the same Isozyme heterogeneity was 

discerned first in esterase and actate dehydrogenase enzymes (Hunter 

and Markert, 1957). 

In the isozym.es, s tural variation in the protein occurs 

with retention of enzymatic activities. Isozyme may through 

the bind of a single polypeptide to varying of numbers of co­

enzyme molecules (Jacobson, 1968), from allelic segregations at a 

single locus representating more 

molecule (Pierce and Brewer f 

(Shannon 1968). Genetic con 

changes in en me 

and due to ll1utations 

polymorphism 

to be monogenic with the involvement of both structural and 

modifier loci, and in rare instances genetic control is polygenic 

(Pierce and Brewbaker, 1973; Scandal 1974). 

8 



Enzymes can be separated into different molecular forms or 

many biochelnical methods, including chromatography, 

filtration, sedimentat on, electrophoresis and serological 

(Shannon, 1968), t gel electrophoresis the most 

powerful analytical techniques available to separate isozymes, In the 

undergoing theory of electrophoresis, direct current is used to separate 

the individual isozymes by taking advantage of the different and 

characteristic net charge of isoenzyme, Thus electrophoresis is 

basically a process of forced d within an electrical field (Pierce 

and Brewbaker, 1973). Protein molecules of the sample are moved 

through the medium (gel,. paper, cellulose) by applying electrical 

gradient. Different proteins assume different charges, often with 

different net sign, at different pH levels, and their rates of migration 

through the gradient differs in proportion to their charge and 

molecular weight. This results in separation of the different proteins, 

i.e, isoenzymes into bands (visible finger prints or zymogram) which 

can be resolved by staining, 

Population of pure lines, highly self pollinated and 

clones refers to cultivars, lines or even accession of a collection, The 

characterization of the genetic variability of a population is an 

important task of the breeder to determine the extent of response in 

crop improvement. The agronomic characters involve high genotype 

x environment interaction hence, reliable estimates of population 

values for these cparacters can only be obtained from replicated multi­

environment trials or from observation taken under standardised 

conditions. Again such phenotypic approach to characterizing and 

comparing populations does not provide genetic information 

(Crawford, 1983; Simpson and Withers, 1986), Therefore, isozymes 

are ideal biochemical/ genetic markers to estimate genetic variability 

9 



characterize plant 

are su mmerised 

as other 

lations. Advantage of isozymes as a 

and Brewbaker, 1973; De 1993) 

1 are less affected, if at all, 

environmental factors, b) many (young leaf, ledon, 

mesocotyl, radicle, pollen, etc), even morphologicaUy 

gUlshable ones (ba or root) can be assayed to produce 

fingerprints, c) phencrtypic difference of electrophoretic band 

are usually interpreted in terms of loci and alleles, d) alleles 

different loci are distinguishable, allelic expression is generally 

co~dominant and free of epistatic interactions, f) enzymatic terns 

to studied are usually technical reasons independent of 

level of genetic variability ~nd as a result of this, they can 

represent a random sample the genome and g) allelic differences 

are always detected as mobility differences, independent of 

functioning and level of variability each enzyme system. 

In pointed gourd, population characterization or varietal 

identification has not so far attempted through polymorphism 

at isozyme loci. However, protein variations have 

used in genetic in other cucurbits particularly 

summer squash, Cucurbita (Dvorak and Cernohorska, 1967; 

and Alexander, 1975; 19nart and Weeden, 1984; Loy, 1972)1 

cucumber (Wood, 1971; Isshiki aLI 1992; Knerr et al., 1995) and musk 

(Puchalski et al., 1978; Berg-Vanden and Gabillard" 1994; Yadav 

1998). 

The enzyme system - peroxidases 

Peroxidase isozyme, of their common occurence and 

the ease of their detection l have been investigated more than any other 

plant isozyme. Peroxidases are a complex and heterogeneous group 

mes which can utilize hydrogen peroxide to oxid a w 

10 



hydrogen donors 

and certain i 

1 . The 

as substances, 

especially 

aTe hemoproteins 

their requirement for hy peroxide 

2.5.3 Petiole anatomy 

The tissues of 

There is 

to the structure 

stem. 

which are 

supporting 

are comparable to primary 

petiole stem with 

ground parenchyma of 

of the cell 

the mesophy 11 

the petiole is nla or 

sclerenchyma and these nlay both disposition and structure 

similar to those in the stem (Esau, 1991). So, petiole anatomy can 

to 

be regarded as stem 

va structure in the 

relating the 

vascular pattern in 

and midrib. This 

into account 

ard (1979) 

at the level 

and successive 

study of the 

varia bil i ty 

a 

is important when the latter is u as a taxonomic character (Howard 

1979; Dehgan, 1982). Informat on regarding the characterization of 

the 

is 

diversity in the 

meagre. Recently 

specifici ty of 

petiole anatomy or stem 

. (1999) 

us relation to leaf anatomy. 

2.5.4 Stomatal features 

interests of stoma 

widespread perception their 

has arisen because 

in the control of waterloss 

and of carbondioxide uptake, and because they provide a simple 

1 character can in selection. It the 

11 



reports that huge intraspec 

exists for different stomatal 

genetic variation in various 

lers as presented in Table 1. 

Table 1. Stomatal features of different crops. 

Character and species Range 

Frequencyjmm2 

Apple (abaxial) 350-600 

Barley (abaxial flagleaf) 39-96 

Soybean (abaxial) 

Broad Bean (abaxial) 50-87 

cultigroup of 
cowpea (adaxial) 9-210.5 

(abaxial) 163.6-350.6 

Length (micron) 
Barley (abaxial, flag leaf) 40-56 

Soybean (abaxial) 19.2-21.7 

Broad bean (abaxial) .9-26.6 

Three cultigroups of 
cowpea (adaxial) .4-36.0 

(abaxial) 24.0-36.4 

2.6 Genetic varia hil ity 

Reference 

Beakbane and Majumder 
1975 . 

. J:-

M)f'skin and Rasmusson, 
1970 

Ciha and 
1975 

Singh et al., 1982 

Hazra et ai., 1996 

-do-

Miskin & Rasmusson, 
1970 

Ciha and Brun, 1 

Singh et al., 1982 

Hazra et al., 1996 
-do-

Assessment of 

of a particular 

presents in the assemblage of the 

fOf different characters helps successful 

of plant characters in developing suitable varieties through 

selection. The genotypic co-efficient of variation (GCV) is the measure 

of the range of genetic variability in the character, but with the help 

12 



heritable variation can not determined (Singh et al., 1 

(1952) suggested variability alongwith heritability 

should be considered for the maximum 

. Heritability interest to the plant breeder 

as a measure of the value of for particular character in v 

types of progenies and as an index transmissibility (Hayes et aI.! 

. Robinson et al. (1949) onsidered that additive genetic variance 

indicates the degree to which the progeny afe likely to resemble the 

parent and define heritability as the additive genetic variance per 

cent total variance. However, broad sense heritability estinl.ates 

additive genetic variance as well as dominance and epistatis, 

and the estimates so obtained should be considered as maximum 

heritabilities. Johnson et at (1955) suggested that heritability estimate 

combination with genetic advance would be more reliable than 

heritability alone for predicting the effect of selection. Genetic 

advance as percentage of mean suggests the percentage advance of 

the concerned charactet< if top 5 % plants are selected from the 

population. 

Shadique et aL (1 studied the genetic v ariabili ty in 

pointed gourd cultivars collected from different parts of eastern India 

recorded high GCV for main creeper length, leaf number/plant, 

days from bud initiation to fruit maturity, fruit volu111e! seed 

fruit and fruit yield plant. However, selection would be 

for fruit number I plant and fruit volume because of the 

revealation of high heritabiI coupled with higher gene advance 

for characters. Other 

indicated the registration of 

variability studies in pointed gourd 

magnitude of GCV, high broad sense 

heritability coupled with higr\ genetic advance for shoot number I 

plantE primary branches I plant, fruit number I plant, fruit length, fnnt 
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not 

fruit volume, fruit yield/ plant and skin thickness, 

probable conditioning these characters by addi 

hence, indicated 

donal selection 

scope 

1987; SarkarI 1989 and Yadav et 

Character assodationship 

improvement U1 

1985; Singh et al., 1 

1998). 

action 

traits 

et 

Indirect selection becomes imperative if the attribute in 

has low heritability 

and precisely meas 

diagnosis have to 

yield in most of the cases and/ or 

In such a condition, some criteria 

developed to rationalize the selection 

programme. The aim of correlation studies is primarily to know about 

the suitability of varioius characters for indirect selection because 

selection for one character H'sults in correlated response for several 

characters (Searle, 1965) resulting into changed patterns of 

variability (Waddington and Robertson, 1966). The studies on indirect 

response are/ necessary for simultaneous and 

improvement component traits. Normally, in study 

correlated response the s Hon is directed towards Her 

of the component character and its/ indirect effect 

observed on yield. In random selections both the homozygous and 

heterozygous genotypes are equally likely to be retained in the 

groups. In the case 

selection response lTIay 

correlated response are 

selection differential win low, but 

high. major factors which 

environmental variations, intensity 

selection and genetic constitution of the population I.e" whether the 

material under study are genotypes or segregating populations 

(Falconer, 1981). In the totality yield structure, it is obvious that 

component could either a direct or indirect effect on 

but such causal relati p among yield and yield components 
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can not be unveiled through study linear correlations. path 

which was first ap by Dewey and 

cause effect relationsllip well defined and it is possible to 

represent the whole system of variable the form of a diagram known 

as path diagram which gives a much more realistic interpretation 

characters involved. 

Different studies character associationship in pointed 

gourd are hereby reviewed. Fruit yield was positively and 

significantly correlated with tsl plant and vine length (Singh et 

ai., 1986). From other study et. (1987) recorded strong and 

correlation between it yield/ plant and length, diameter 

and weight of fruit. Significant positive correlation between yield/ 

plant and fruit number I plant (Singh and Prasad, 1989) revealed the 

importance of fruit number/plant as a major yield component. Prasad 

and Singh (1990) reported that yield was positively correlated with 

fruit weight, seed number I fruit and late flowering. SiInilarly Sarkar 

(1990) suggested fruit weight as the most important yield 

component foHowed by fruit iameter, prim.ary branches/ plant. In a 

recent study, high genotyp phenotypic correlations were 

recorded between fruit yield/ plant and fruit number / plant; negative 

correlations between yield and maturity traits, and negligible or near 

zero correlations of fruit yield with of fruits, fruit weight, fruit 

length, fruit diameter, specific of fruits, flesh thickness fruits 

and seeds/fruit (Yadav et aL, 1 In path coefficient analysiS, Singh 

993) suggested to consider fru plant, days to first picking, 

fruit weight and branches/plant as important fruit yield components. 

The above reports indicate that different fruit characters particularly 

number, length, and weight of fruit are the most important fruit yield 

attributing characters of 
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2.8 Alteration of ploidy 

In plants, the somatic number from r 

( lopapp us ( 0I11P 05i tae) to as many as 1260 In 

um (Pteridophyta), tancy in the number of 

material is necessary for maintaining the indentity of the 

Sometimes variation in the material occur involving some 

or set in the course evolution. Such type of change 

alteration of ploidy which causes an increase in the 

number of chromosome in multiples of the haploid number may be 

in breeding to deve! or certain desirable characters 

to the genotypes. Polyploidy which more than two 

i.ncrease the dose of whole genome. The method of inducing 

polyploids in plants artificially through the application of colchicine 

was first demonstrated by Nebel (1937) in Tradescantia and 

subsequently by Derman (1938) in Rhoeo. Still it is the frequently used 

of increasing the chromosome number of plant. 

Colchicine is a 

from the seeds and bulbs of autumn crocus (Colchicum autumnale). It 

is readily soluble in water, alcohol and chloroform, It blocks spindle 

formation and thus inhibit movement of sister chromatids to the 

opposite poles. The resul g restitution nucleus includes all the 

chromatids. As a result, the chromosome number of the cell 

doubled. 

pplication of indu lyploidy has been 

vegetable crops but not in pointed gourd. 

In 

in water 

melon belonging to same fami Cucurbitaceae and having the same 

chromosome number as that pointed gourd (2n = 22), induction of 

polyploidy has become a commercial method of breeding. In water 
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autotetraploids been as a 

1981), however, the tetraploids are u 

ploid and 1 

A 1 . Tan 1994). In 

tetrapIoidy and triploidy have utilized to dev new 

(Nugent and Ray, 1992; Raamsdonk and Visser, 1992), 

2,9 Methods of ploidy determination 

conventional method ploidy Uon 

chrOmS0I11eS 

pollen or ovule complete. such 

determination u trained skills and 

b) Chloroplast number in the of stomatal 1 

(s is an effective alternative method of ploidy determination. 

A correlation between number of chloroplast the guard 

sta 

ploidy level many plants (Butterfass, 1973). 

chloroplast in the 

using bright field, 

cell can viewed with or wi 

or fluroscence 

more preferably microscope, 

c) Stomatal d 

comm.only used as 

plOidy in plants. Increase 

plOidy level were 

fa (Bingham, 1968; 

a compound 

d) The effect of 

in higher ploidy 

stomatal 

method for determination 

stomatal guard cell lengths with 

in barley (Borrino and 

1978). This 

micrometer. 

1 frequency where 

tends to be much than that of 

2n s has also been documented in many genera like wheat 

et 'f 1973); Bromus (Tan and Dunn, 1975; a 1977) 

(Chandler and 1 
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Pollen diameter 

the ploidy 

JL, 1991). 

f) Flow cytometr 

to chromosorne coun 

is measured (De 

cytometer-cell sorter systenl is U 

s 
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a COO'U110n alternative 

et Of 1990; and 

orne the recent altenlative 

contents 

1987). In this method flow 



CHAPTER - III 

MATERIALS 
AND 

METHODS 



Matcnials and MClthods 

Materials 

Different experimental proaches under the area of 

: donal selection and polyploidization were 

under the present research Field trials were out at 

Horticultural Research Statirm, Mondouri (located at 23°5 North latitude 

800 East longitude and at an altitude of 9.75 m from the mean sea 

of Faculty of Horticulture, Bidhan Chandra Krishi Viswavidyalaya 

AB Block farm, Kalyani (located 235°N, 89°E and at 75 m. above 

mean sea level) of Bidhan Chandra Krishi ViswavidyaJaya, during the 

period from 1996-'97 to 1998-199. Est~mation of protein In 

petiole anatomy and. stomatal study were carried out in the 

Department of Vegetable crops of the Faculty of Horticulture, Bidhan 

CI.1andra Krishi Viswavidyalaya, Mohanpur and Isozyme pattern the 

clones were determined in the laboratory of the Biotechnology unit, 

ty of Agriculture, Bidhan Chandra Krishi Viswavidyalaya t 

Mohanpur. 

3.1 Grouping and Characterization of the female clones 

Such studies were carried out fron1 different 

hereunder. 

mentioned 

3.1.1 Difference of means fm' the characters between groups 

Materials: Sixty ght fema clones of pointed gourd from 

major pointed gourd growing areas of West BengaL some parts 

and Tripura comprised materials of the study. Brief 

description of them along with the place of collection have been 

presented in Table 2. 
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Table 2. Brief description of the 68 female clones under study. 

Collection Place of Fruit shape Fruit skin 

collection and size colou.r/stripes 

W.B. Light with white 

Bl~-S-2 Nadia, W.B. round Dark grt"en with 

BC-S-3 24 Pgs(N), W.B, SmaIL oval shaped Light green with faint stripes 

Nadia, W.B. spindle Light green with faint stripes 

BC-S-5 Nadia, W.B. Dark with white 

BC-S-6 24 Pgs (N), W.R and Dark with white 

BC-S-7 24 (N), W.B. oval shaped Light green with faint 

BC-S-8 Tehamura, Tripura spindle shaped Light green with ribs 

BC-S-9 -do- and Cylindrical Moderate green with faint 

BC-S-l0 Bhagalpuf, Bihar and Dark green with white 

BC-S-l1 CoochBehar, W.B. spindle shaped Light green with faint 

Cooch Behar, W.B. Small and round Light green with faint 

BC-S-13 Kalyanpur, Tripura spindle shaped Light green with shallow Hnes 

BC-S-14 Kaloipara, Tripura spindle shaped Light green with shallow lines 

Teliamura, Tripura Small, spindle Light green with lines 

Nadia, W.E. Spindle Dark green with 

Teliamura, Tripura Spindle Light green with faint stripes 

BC-SP-3 24 Pgs(N), W.B. Spindle Light green with faint 

BC-SP4 Nadia, W.B. Light green with stripes 

CoochBehaT, W.B. Spindle Light green with faint 

BC-SP-6 CoochBehar, W.B. Light green ribbed 

BC-SP-7 Nadia, W,E. Spindle Dark green 

BC-SP-8 24 Pgs(N}, W.B. Spindle Light green ribbed 

South Dinajpur, W. B. Light green with faint 

8C-51'-10 24 Pgs(N}, W.B. Spindle Dark green with 

BC-SP-ll T eliamura, Tripura Spindle Li ht reen with faint stripes 



2] 

Be-SP-12 Burdwan, W. B. Light green with faint 

8C-S1'-13 S. Dinajpur, W.B. green with fait 

BC-SP-14 24 Pgs(N), W.E. Dark green with 

Nadia, W. B. Very dark green 

W. B. Very dark green broad 

BC-S1'·1? Nadia, W. B. Light green faint 

BC-SP-18 Nadia, W. B. Spindle Dark green with white 

BC-SP·19 Burdwan, W. B. Spind.le Moderate green with 

Bhagalpur, Bihar Spindle Light green with fait 

Bhagalpur, Bihar Spindle Dark green with white 

BC-SP-22 Nadia, W. B. Light green with faint 

8C-51'-2..'3 24 Pgs, W. B. Spindle Dark green with white stripes 

Be-O .. l Nadia, W. B. Oval Light green with faint 

Bc-0..2 Nadia, W. B. Oval Dark green with 

B('0·3 24 Pgs. (N), w. B. Oval Dark green with 

8C-()-4 24 Pgs.{N), W. 8. Oval Dark green with stripes 

24 Pgs. (N), W. B. Moderate green with 

8C .. 0-6 Nadia, W. B. Oval Light green with 

8(,0 .. 7 Nadia, W. B. Oval Light green with stripes 

8C..()..8 24 Pgs .. (N), W. B .. Oval Light green with 

BC"()..9 24 Pgs. (N), W .. B. Oval Light green with 

BC-O-I0 Nadia, W. B. Oval Light green with faint 

Nadia, W. B. ()val Light green with faint 

8C-('1-12 Nadia, W_ B. Oval Light green. with faint 

BC-O-13 24 Pgs. (N), W. B. ()val Light green with faint 

24 Pgs. (N), W. B. Light green wi.th striped 

BC-NC-2 24 Pgs. (N), w. B. Moderate green with 

BC-NC-3 Nadia, W. B. green with faint 

Nadia, W. B. Near cylindrical Light green with 

BC-NC-5 24 Pgs. (N), W. B. Near cylindrical Light green with faint 



24 Pgs. (N), W. B. Near Dark green with white 

BC-NC-7 Nadia, W. B. Near Light green with 

BC-NC...s Bhagalpur, Bihar Near Light green with 

BC-NC-9 W.B. Near green with 

BC-NC-1O Bhagalpur, Bihar Nf'ar Dark green with 

BC-NC-n Nadia, W. B. Near Dark green with 

Be-NC-12 24 Pgs. (N), W. B. Nt~ar cylindrical Light green with faint 

BC-NC-13 24 (N), W. B. Near cylindrical Dark green with prominent 

W.E. Ni'ar with 

BC-NC-1S Ranchi, Bihar Near Light green with 

SC-NC-16 24 Pgs. (N), W. B. Near Light green with 

BC-Ne-17 Nadia, W. B. Near cvlindrical Li ht reen with stri es 

Methods: The assemblage were grown by vine at 

Horticultural research station, Mondouri, during 1996-!97 for broad 

grouping as per fruit shape and The 68 clones fell under four broad 

groups based on fruit shape and size. 

Group 1 15 clones bearing small fruits of different sizes. 

2 22 clones bearing spind shaped fruits. 

3 

Group 4 

13 clones bearing oval shaped fruits. 

18 clones bearing near cy lindrical fruits. 

The clones belonging to these groups were grown separately 

by cuttings at spacing of 3 m x 60 em in 3 m x 3m bed following 

randomised block design with three replications in 1997-!98 1998-

!99 (October to August). Crop Husbandry were conventional and 10 

plants were ensured in populations. Data on 17 characters 

recorded from three randomly selected plants from each plot 

(replication) of the total ten plants alloted for each genotype per 

ication (3 x 3 m plot) in 

study. 

1997 -98 were utilized for the 



Observations recorded 

1. Vine lengths (cm): Vine length (main creeper length) the 

was recorded at last fruit L 

2, Internode lengths (em): Internode lengths were taken randomly 

along the vines (basal, middle portion and top portion) and then 

averaged. 

3. Primary branches/plant: The primary branches were taken at last 

harvest. 

4. Node at first flower: Node at which the first female 

appeared were counted the of vine. 

5. Leaves/plant: Total nun1ber of leaves in the plant (alongwith the 

leaves of the primary branches) were counted in the mid of the 

growing season and then averaged. Five fully developed leaves 

from the main creeper of each sampled plant per plot were taken 

recording leaf charachc>rs. 

6. Leaf length (cm): It was the length frOIl1 the point tiole 

attachment to the tip of lan1ina. 

7. Leaf width (cm): It depicted the maximum width of aL 

8. Leaf dry weight (g): FivE~ sampled leaves/replication were oven 

ond 

dried (excluding petiole) at 68° ± for two days to take the dry 

weight. 

Five labelled fruits 

of each sampled plant/ 

fruits characters, 

12 maturity from the periodical 

were taken to record the 

9. Fruit length (em) : It was length of the stem end and end 

and was taken by slide c ipers. 

10. Fruit girth (em) ~ It was maximum girth of the fruit and taken 

with the help of slide 
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11. Fruit weight (g) : Fruit w was taken from fresh 

12. Fruit volume (cc) : It was by water displacement 

sampled fruit were cut transversely into two for 

foHowing observations. 

13. Pulp content/fruit (g) : Pu content scooped from the two halves 

of a fruit constituted both mmature seeds, placenta and mesocarp. 

14. Pericarp thickness (cm) : scooping the middle portion of the 

fruits pulp, the pericarp from different positions 

the fruit halves were taken. with the help of slide calipers. 

15. Seeds/fruit: Five randomly samph'>d over matured fru (when 

seeds have become 

record this observation. 

inside fruit) were to 

16. Fruit number/plant: Fruit number the sampled plants per 

each clone were record 

August. 

in all the periodical harvest u pto 

17. Fruit yield/plant (g) : It was the average weight of the periodical 

harvest in the sampled 

3.1.2 Multivariate analysis through D2 statistic 

Materials: The same 68 

Methods: Average data of 

were employed for the study. 

clones from 1997- 198 and 1998-199 

trails were utilized for this analysis. In 1998- 199, two additional 

characters were taken namely leaf area and protein content of fresh 

fruits. So altogether 19 namely vine length, internode 

length, primary branches/plant, node at first flower, plant, 

length, leaf width, leaf leaf dry weight, fruit length, fruit 

girth, fruit volume; fruit pulp content, pericarp thickness, 

seeds/fruit, protein content the fresh fruit, fruits/ plant and fruit 

yield/plant were employed for multivariate analysis using 

Mahalanobis's D2 Statistic. 
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Observations: Record observations of the 17 

been 

below: 

remaining are 

Leaf area: Five fully 

sa plant/ replication 

d weight were 

area meter (Systronix 

that were 

leaf length, 

leaf area by 

211). 

d tal 

Protein content of the fresh fruits: The five sample fruits per 

replication in each clone for observations on fruit legnthT 

girth, fruit weight, fruit volume, pulp content 

were oven dried taking all the above observations. 

ovendried sample of the were utilized to 

total nitrogen on dry weight by Micro-kjeldahl method as 

described by Sadasivam and Manickam (1996). Nitrogen content 

on dry weight basis was later converted on the basis of fresh weight 

as the weight of 5 fru that was t.aken previously. 

content on fresh weight basis was I11ultiplied to 

protein content of the on weight basis, 

Preparation of reagent 

a) Concentrated sulphuric (specific gravity 1.84) A. R. 

b) Digestion mixture (K
2
S0

4 
: CuS04 : Selenium dioxide in 10 : 1 : 1 

ratio) 

rd sulphuric acid 10) 

indicator indicator 

methyl red solution 10 ml ethanol) were 

one of methylene blue (0.2 IOOInl) solution. 

two 

to 
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e) Boric acid solu hon : 40g 

boiling water and then add 

1TI .. ake up to 100 mL 

d (g_r_) was dissolved in 20 ml 

Sml mixed indicator solution and 

f) Sodium hydroxide solution (40%). 

Procedure: 200mg of ground fruit sample was taken in a micro 

kjeldahl flask, 1 ml of concentrated su Iphuric acid and Sg of 

digestion mixture were added to it. Digestion was carried out till 

digested material become colourless or light green in colour_ 

The flask was then cooled for a while. A 50 ml conical flask 

containing 10 n11 of 4% acid solution and indicator was taken. 

digest was transferred with two or three washings into the 

vaccum mantle of the micro distillation unit. 50 ml of NaOH (40 ) 

solution was added with 10-1S ml of distilled water. A 100 ml 

conical flask containing S 

was placed under the tube 

of 4 % boric acid and indicator solution 

a condenser so that distillate may be 

coHected. The distillation operation was continued for 20 minutes 

so that 20 ml of distillate (evolved ammonia) may be collected in 

receiving conical flask A blank was also caried out side by 

side. After each distillation the distillation appratus was washed 

with distilled water. The d llate was titrated with NllO H 2S04 

and the % of total nitrogen was calculated as per -

(I-B) x f x 0_014 

N(%) = -------.----- x 100 
w 

vVhere, T ::=: Burette reading the sample in ml 

B Burette reading of in ml 

f = ormality factor of filtration (0.01) 

0.014 = m.e. weight of nitrogen. 

100 = decimal to percentage conversion factor. 
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3.1.3 Analysis of diversity through isozyme pattern 

Peroxidase isozyme 

four broad groups 

random clones, five from 

it shape and size ( n 

ieI') were determined by 

method of Vallejos (1983). 

electrophoresis follow g the 

Clonal materials: 

BC-S-6, BC-S-8, 3 of group 1, Be-

BC-SP-12, BC-SP-16, BC-SP-21 of group-Z, BC-O-L BC-0-3, BC·· 

BC-0-8, BC-0-13, of group-31 BC-NC-I, BC-NC-7, BC-NC-12, BC­

BC-NC-18 of group-4 of 1998-199 field trials. 

Methods 

Reagents 

Phosphate buffer pH 7: extraction buffer was prepared in the 

following manner -

Preparation of X : 3. g NaH2 P04 • ZH20 in 100 ml water 

Preparation of Y : 3. g Na)'"-I P04 • 2H20 in 100 ml water 

ml of X + 61 mlof Y = 100 ml pH 7 phosphate buffer 

Solution A: It was by adding 14.6 g Acrylamide and 0.4 

g Bisacrylamide in 50 ml water. 

Solution B : It was prepared by adding 18.17 g TRIS (Hydroxy 

methyl amino methane) 

by adding HCl. 

m.l water. pH was adjus to 8 

Solution C : It was prepared just before use by adding 150 mg APS 

(Ammonium per sulphate) 10 ml water. 

Tank buffer (lOX) : This 

adding 1 g TRIS and g 

hon of pH: 8.3 was pre 

in 200 ml water. 
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Procedure 

1. 

2. 

Gel casting 

plates and spacers were cleaned properly, 

. Steel grip was used around the 

leakage. 

sufficient volume of 

followings for 7.5% geL 

bon A : 7.5 ml, B: 

was prepared 

,Solution : 1 

a 

o 

mixi 

(Tetramethyl ethylene diamine) : 50 Ill, and water: 17 mL 

t 

the 

solutions were Inixed 

was poured in the chamber 

was kept on the top of the 

and carefully and the gel solu 

plates. A 

and left to set for 1 hour. 

Extraction of sample for electrophoresis 

water 

actively growing same maturity per 20 random 

were sampled from the field in the morning, put in polyethylene 

packets and immediately in. a thermoflask with e it. 

2. pieces weighing 19 were sampled from 5 leaf exp]ants 

3. The Ig leaf sample was homogenised in a 

mortar and pestle using 1 ml phosphate buffer at 0-4oC temperature 

condition around the and by keeping ice. 

4. The homogenate was centrifuged at 20000 rpm at 4°C for 30 minutes 

refrigerated centrifuge. 

5. The supernatant was and atOOC. 

Loading of supernatant in the gel lane 

The dye was prepared by mixing Bromophenol blue and glycerol 

in 1 . 1 ratio. 25].11 supernatant was mixed with 10 Iii 

~tl of sample and dye mixture was loaded in each lane. 

. The 
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tllS was kept inside the at 

Electrophoresis run 

electrophoresis 

temperature condition. was flowed and at 20-

120 yoltage. The was run for 2-3 hour. A pre-run of 20-22 

rnA 'was given for 30 minutes h) elute the samples and then continued 

3 hours. 

Staining of the gel 

L The staining solution was prepared by adding 50 mg 0,-

dianisidine in 100 m! of tilled water. Before adding water, the 

stain was first dissolved few of acetic acid. 

2. After completion of t e run, he gel was removed fronl 

electrophoresis apparatus and glass plates. 

3 The gel was first immersed in staining solution. Then 1 ml hydrogen 

peroxide (H
Z
02) was added. The gel in a petridish immersed in 

the staining solution and 

Observation of banding pattern 

was kept in dark for 1 hour. 

The peroxidase en absorb the dye (O-dianisidine). 

Hydrogen peroxide (H
2
0z) act as inducer to start the reaction for colour 

tation. The isozymes in form of bands in the gel were seen 

reddish brown. For destainin the gel was placed in a petridish with 

distilled water. The banding Hern in the gel was examined through 

diffused illumination by fluroscent tube light as both very deep and 

bands were present. 

Estimation of protein following the method of Lowry et a 1. (1951). 

Materials 

Reagent A 

Reagent B 

2 % sodium carbonate in 0.1 N sodium hydroxide. 

0.5% copper sulphate (CUS0
4

f 5 H
2
0) in 1 potassium 

sodium tartarate. 
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Reagent C Alkaline copper solution (50 ml of A and 1 mi B prior 

to use). 

Reagent D: Folin-ciocalteau 

Protein solution (stock standard) : Accurately weighed bovine 

serum albumin was dissolved double distilled water and volume was 

ma upto 50 mi in a standard flask. 

Working standard: 10 mI of s solution was diluted to 50 ml with 

distilled water in a standard flask. 1 m.1 of this solution contain 200 Ilg 

protein. 

Buffer solution: Tris-Hel bu ofpH68. 

Procedure 

Extraction of protein from the leaf samples 

500 mg of actively growing leaf explants from the clones were 

ground well with a mortar and pestle in 5 ml of the buffer, centrifuged 

at 12000 rpm for 30 minutes supernatant was used for protein 

estimation. 

Estimation of protein 

1. 0.2, 004, 0.6, 0.8 and 1 m1 

out into a series of test 

the working standard were pipetted 

2. 0.1 and 0.2 ml of leaf sample extract were pipetted in two other 

test tubes. 

3. In all the test tubes volume was made to 1 mI. A tube with 1 ml of 

distilled water served as 

4. 5 mi of Reagent C was to test tube including the blank, 

mixed well and allowed to stand for 20 minutes. 

5. 0.5 mi of Reagent D was added to each test tube, mixed well and 

incubated well at room h:>'n'parature in the dark for 30 minutes. 
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Blue colour was developed to reducbon of phosphomolyb 

phosphotungstic of Fohn-Ci tean 

amino acids, tyrosine try phan present in 

development was due to d 

the alkaline cupric tartarate. 

t reactlOn of the protein with 

6, Optical density reading was taken at 660 nm in spectrophotemeter. 

7. Standard curve was prepared, amount of protein in the leaf sample 

was calculated and expressed in g leaf sample. 

3,1.4 Petiole anatomy 

Material : The same clones of 1998-199 field trials 

employed for the study isozyme pattern were also utilized for 

studying the petiole anatomy. 

Method: Five random pC'tioles per clone were and hand sectioned 

transversely with the help of a sharp blade. Five thin sections per 

clone were selected, 

slide in a drop of 

the microscope 

with saffranin, mounted on a 

and petiole anatomy was studied 

mpus, KIC 29285). Features and 

dimensions of some internal structures determined were: 

1. Length and width of epidermal cell layer (micron). 

2, Number of layers of hypodermal collenchyma cells, 

3. Length and width of hypodermal collenchyma cens (micron). 

Number of vascular bundles in cross sections. 

Stornatalfeatures 

Materials: The same 20 lanes of field trials 1998-199 employed for 

the study of isozyme pattern and petiole anatomy were also utilized 

this study. 
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Method: Five fully expanded leaves were sampled in each clone. 

Stomatal characters were following peel method. Five 

from each two of surfaces were final1y ut to 

record the foHOilving stoI11atai characters in each clone. 

1. Stomatal frequency per 111m2 in upper and lower leaf surface. 

2. Stomatal length (mkron) in upper and lower leaf surface. 

3. Stomatal width (micron) in upper and lower leaf surface. 

Longer axis of the stomata were measured and recorded 

as stomatal length. Similarly, region of maxhnum width of the 

stomata was recorded as stomatal width. For recording stomatal 

frequency, five counting in different field of vision comprising 25 

countings per clone were aken. For stomatal length and width 

three readings per field of vision comprising 75 reading per clone 

were taken. 

3.2 Genetic variability for different characters and character 

associationship studies 

Average data of the 68 clones from 1997-198 and 1998-'99 trials 

19 characters (mentioned earlier multivariate analys were 

analysed for the study. 

3.3 Development and growing of the colchiploids 

The freshly harvested seeds from the randomly harvested ripe 

fruits from different clones were sown in the plastic pot trays in both 

1997 and 1998. Aquous solution of colchicine (Siglna, USA) at 0.2 

concentration were soaked cotton and applied to the dome shaped 

apex of the just emerged having cotyledonary leaves 

t in following three methods. 

T1 12 hours soaking in two consecutive days at day time (5.0 to 

11 A.M.) under dark humid condition. 
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12 hours soaking in one d at day time (5.0 .M. to 5 P.M.) 

under dark and hurnid condi 

12 hours soaking sly at night followed next 

morning (6 P,M. to 6 .M.). 

100 seedlings were per treatment in both 

and treatments were given in a span of one month. After treatment 

duration, tip of the seedlings were washed thoroughly with running 

"vater. 

The colchicine seedlings were grown in the fleld til] 

1997 and 1998 as vine without allowing primary 

branches and diploid shoot from the base. In October 

1998, each colchiploid seedling was vegetatively propagated by 

single vine Cll tting. Different 

are mentioned below. 

racters recorded in the cokhiploids 

1. Morphological and reproductive features: The colchiploid 

lings of 1997 which were propagated by VIne 

cutting in October of that were grown upto August 1998 and 

subsequently cokhoploid seedlings of 1998 were grown upto 

August 1999 and subsequently propagated vegetatively. The 

morphological and reproductive features of the 25 colchiploids 

were taken on the basis one season gro\vth 1 to 

August, 1998 for 1997 colchiploids October 1998 to August 1999 

for 1998 cokhiploids). 

(em), internode length 

tions recorded were vine length 

branches / plant, leaves / plan t, 

length, leaf width, nodE' to first flower and fruits plant stomatal 

2. Stomatal features: Five expanded leaves fron1 each of the 25 

colchiploid seedlings of 1997- 198 growth and 1998- 199 growth were 

d and stomatal characters were examined under microscopes 
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peel method as done clone. Different stomatal 

were 

Stomatal frequency / upper and lower leaf su 

b) Stomatal length of both upper and lower leaf surface. 

Stomatal width (micn)n) of upper and lower leaf 

3 .. Features of pollen characters; Of the total 25 coIchiploids in 1997 

and 1998, 23 were I11ale. Tw flowers from each of these 23 male 

s were utilized for study, Composite pollens from the 

two flowers per male colchiploids were stained with 1 acetocarmine 

solu and the following pollen chatacters were studied under 

microscope. 

1. Viable pollen percentage/ : The viable pollens took stain and 

were counted in 10 field of vision under 40 x magnification. 

Pollen diameter: Diameter of two pollens per field of (total 

20 readings per male cokhiploid) were taken and expressed in 

micron. 

Ten randon1 diploid 

were utilized to study 

clones kept in the field for 

sante of the pollen as 

3.4 Preparation of 1 % acetocarmine solution 

Materials Carmine 19 

acid ml 

Distilled water ml 

len 

Preparation; Distilled water was to the glacial acetic acid to fornl 

acetic acid solu . The tion was kept in a 1 flask and 

heated to boiling. Carmine was added to the boiling solution slowly 

with stirring by glass rod, Gentle boiling was on till the carmine 
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. The acetocarmine was down to room re 

and stored in the 

3.5 Statistical and biometricaJ analysis 

The observations recorded on the various characters r e 

present investigation were subjected to the following statistical 

3.5.1 Analysis of variance 

Differences between clones for different characters were tested 

significance using analysis of variance. Analysis of variations was 

on the basis of the following model 

= nl + g. + r. + 
I J 

= Phenotypic observation in i-th clone and jth repllcation 

m= general mean 

gi =: effect of i-th 

rj = effect of j-th 

= random error ass ated with i-th done and J th 

replication. 

Structure of analysis 

ANOVA 

Source d.f. M.S. Expected M.s. F 

Clone (t - 1) Mtn ? + 2 (J~ ell r (J gn 

(r - 1) Mrll 

(r-l)(t-l) 

t = number of ones 

r = number of 
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ard error (S.E.), Standa error difference between two 111eanS 

.} and critical difference .) were calculated as 

S.E. ::;:: ~(MSe/r) and Ed.::;:: -..,I2(MSe/r) 

Mse ::;:: Error mean 

r::;:: number of 

C.D. = S.Ed. x t (table It' at error degrees of freedom). 

of variation (C.V.) was as follows-

Environmental variance = ; X ::;:: General mean 

character. Significance of the difference of mean for the 

the broad groups based on fruit shape and size were tested 

through J t' test as -

Xl - X2 
t := -;:::::::::::::::::::::-=-:::::::::-'--

and X
2 

:= two grou p means 

S2 
1 

:= 
2:(Xi1 -

n -1 2 

The calculated value 't' was compared with the tabulated 

of"' t' for significance at n + n., - 2 degrees of freedom. 

Standard deviations were ted as per the 

Y = Variables ations 
1 

Y = Mean 

n = Number of observations 
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Component of variances 

Considering aU were uniform 

mean SU1TI ares for error (1\1Se) will a 

random mean sum of een 

to will 

otypic differences of the and (ii) due to environmental 

the individuals 

v>/ill be as follows -

variance 

variance 

Phenotypic 

::::: ::::: 

::::; = (M 

::::: = cr2 

Mr1l' Mtn and Men for mean sum of 

replication, genotype and error, n~spectively, 

(pev) 

di 

+ 

an:~s 

genotypic 

were calculated the bv Burton 
J 

and De Vane (1953) -

deviation 
= 

= 
deviation 

_____ . __ ;.-:. ... ___ .~---.-.--.-.---- X 100 

e to 

ts 

rIeritability in broad sense (1-1) was estimated by the formula suggested 

(1956) -

expected as 

a) 

where, up = Phenotypic ation 

k ::::: Selection differential, a constant, 2.06 for 5 % selection 

intensity 1 
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3.5.3 Analysis of covariance 

Analysis of covariance was estimated for aU the 

their all possible combinations two variables at a time. 

structure of covariance table was a follows-

ANCOV 

Source d.f. M.P. Expected M.P. F 

(t - 1) Mt12 cre12 + r cr g12 Mtll! Men 

Replication (r -1) Mr12 -

(t-1)(r-1) Mel2 

where, rand t are number of replications and clones, respectively. 

Genotypic covariance = cr g12 =: (M tn - Me12)! r 

covariance = crP12 -

Phenotypic and genotypic correlation coefficients for all possible 

combinations were worked out by employing variance and covariance 

table as suggested by Aljibouri aL (1958) Computation was done 

as 

COY. xy 

r (xy) == ~Va;(x). Val' (y) 

where, r (xy) is the correlation. between characters x and y 

Cov. xy is the covariance between x and y 

Var (x) is the variance x 

Var (y) is the variance y 

3.5.4 Path coefficient analysis 

Path coefficients were lated to estimate the t and 

indi effects of the characters as per and Lu (1959). The 

set of simultaneous were formed and for 
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direct 

y::: ply + r12 
r2y = r21 ply + 

+ 
+ 

ts. 

+ ... ., ......... 1'1] 

+ "'n" ....• r21 

rly "" rIl ply + r12p2y r13 .............. ply 

to fly between 

1 to I y. 

r12 to I = ts among 

ply to rly ::: ts c racters 1 to 1 on 

Residual effect which measures the contribution of the 

considered 

+2 

3.5.5 Multivariate analysis 

- statistic (Mahalanobis, 

the clonal populations. 

two defined 

matrix to 

quantity 

1958) as 

ca 

common 

was as -

the genetic div 

distance 

two population for the 

39 



"IN (Sij) is the sample estimate d of 8. 
I I 

tation requ the the matrix, transformation 

correlated, unstanda.rdized character means to 

u ted variables was done to simplify the computational 

dure. This transformation was effected by pivotal 

met.hod (Rao, 1952). 

Determination of group consteHations or clusters 

The grouping of the populations was done as 

described by Rao 

method was any two clones 

The criterion used 

to the same 

s 

should at 

t, on an average, show a sma v than those belon to 

di clusters. 
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CHAPTER - 1\1 

RESULTS 
AND 

DISCUSSION 



Results Clnd Discussions 

4.1 Grouping and characterization of the female clones 

The highly heterozygous female clones pointed gourd are 

perpetuated uniformly and indefinitely in the farmers' field due to 

vegetative mode of propagation of tllis perennial vegetable crop as a 

convention. Despite the existence of wide clonal variation (Plate 1) very 

little work has so far been done for grouping, characterization and 

assesment of genetic diversity. The first experimental approach aimed 

at these aspects from different angles. 

4.1.1 Differences of means for the characters between groups 

Singh (1989) first assigned grou ps of pointed gourd clones 

based on fruit shape and size. In this approach the the basic 

grouping has been elaborated by cosidering 17 growth and fruit 

characters and at the same time taking the help of basic statistics to 

determine the significance of differences of rnean for the characters 

groups. 

The clones feU under four basic groups: 

Group 1: Plants bearing small fruits, fruit-shapes were ntostly 

oval and tapering, very small spindle-shaped fruit bearing 

clones were also kept in this group. 

Group 2: Plants bearing spindle. shaped fruits. 

Group 3: Plants bearing oval-shaped fruits. 

Group 4 ; Plants beari.ng near cylindrical 

Of the 68 female under study, 15 belonged to Group 1 f 

22 Group 2, 13 to Group 3 and 18 to Group 4. Four basic fruit colours 

were recorded namely: 



Photo 1 Variability in fruit shape and size 

Internal parenchyma 

Bundle cap 

Outer phloem 

Xylem 

Internal cambium 

Inner phloem 

Photo 2 



a) Dark green with white 

b) Dark green faint stripes 

e) Pale green fruit with inconspicuous stripes. 

d) Pale green fruits with shallow line in 

Characterization 

Group 1; This group was characterized by the highest mean length of 

vine (214.1 em) and internode (6.07 em). Range for these 

was very high, particularly length (85.33 em to 536 em). In 

group first flower appeared highest of 13.8 nodes (Table 3). 

Group rnean for leaf number was the highest (34.28) but leaf length 

cm), leaf width (6.15 em) leaf dry weight (0,15 g) was the lowest 

among the groups. All the fruit characters namely fruit length (5.17 em), 

fruit girth (8.11 em), fruit volume (22.53 cc), fruit weight (19.43 Pulp 

content (7.02g) and seed number/fruit (7.65) showed the lowest 

magnitude, however, pericarp thickness of the fruit (0.37 cm) was per 

with that of Group 2. Average fruit number/plant was second high 

but mean fruit yield this group was the lowest due to 

fruit weight. High range was 

-40.16) and fruit yield/ plant 

d for both fruit nu plant 

179.12 g). 

Group~2: This group revealed the mean growth characters quite in line 

with those of Group 1 (internode length 6.06 em, primary branches/plant 

3.81, node to first flower 13 leaves/ plant 31.53, leaf length 6.02 em, 

0.19 g) excepting vine length which 

registered highest mean fruit 

plant (25.89) and second high fruit 

42 

leaf width 6.41 cm, leaf dry 

was markedly low (173.37 

length (6.93 cIn) and fruit 

yield/plant (648.85 g). Magni 

between those of Group 3 and 

(30.50 ce), fruit weight (25 

of aU the other fruit characters lay in 

viz. fruit girth (9.28 cm), fruit volume 

pulp content (854 g), pericarp thickness 

(0.37 em) and seed number/fruit (10.16). 



-00 
t""l <:> 

t--- -...... 
00 

,-._ '"""" \0 \0 
00 0\ 
~ on 
on ...... . , 
.... \0 
~ -.:t: 
0\ 0\ - -"-"' '-" 

-a 
i-__ .+-__ ~ ____ '_'_. ___ c_c, cc, ___ 'c_~ _____ ~~ ____ ~ ___ - ------:6 



Group 3: This group was low vine length (1 

and internode length em) lowest number branches/ 

plant (3.34). Mean node number to first flower (12.42), leaves plant 

(32.27) and leaf (6.02 em) were much closer to p 

width (7.14 em) and leaf dry (0.26 g) was highest 

the four broad groups of the Magnitude of almost an the fruit 

characters excepting fruit length fruit number were the highest in 

this group (Table 3) viz., fruit girth (10.12 em), fruit volume (36.06 ec), 

fruit weight (30.15 g), pulp content (9.63 pericarp thickness (0.45 cm) 

and seed number/fruit (11.34). Highest mean fruit yield/plant (703. 

g) was recorded in this group. 

Group 4: This group was by lowest length (154.87 

em) and internode length (5.64 em) and highest mean primary branches/ 

plant (4.81) and leaf length (6.14 width and leaf dry 

was second high among the groups (Table 3). In this group, first flower 

appeared in the lowest of 11.09 nodes. fruit characters mean of 

group lay in between Group 2 Group 3 with inclination towards 

Group Mean fruit number of group was almost same 

to that of G 3 ), but mf:an yield this group 

was much lower than that of Group - 3 (703.26 g) mainly due to low 

fruit weight. 

Significance of mean difference and relative position of the groups 

Mean differences for growth characters were most of the time 

not significant mainly due to of hu ranges for 

characters indicating the presence of the clones in the groups 

overlapping characters. However, all characters excepting 

one (internode length) were significantly different between Group 1 and 

Group 4 (Table 4). length was significantly different between Group 

4i 
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4.1.2 Multivariate analysis using Mahalanobis's D2 statistics 

In the earlier characterization study through the significance 

of group mean difference 17 growth and fruit characters individually, 

it revealed huge intra variability and ovedappll\g nature tll.€ 

in the clones. In tIlis situation, multivariate analysis by means 

of Mahalanobis's D2 statistic would be a powerful statistical tool in 

quantifying the degree of divergence between the clonal populations 

and to asses the relative contributions of different component character 

to the total divergence. 

The present study aimed at analysing the genetic divergenc(:~ 

of 68 female clones of pointed gourd on the basis of two years average 

data (1997-;98, 1998-199) on 19 growth, fruit, quality characters and yield. 

Pointed gourd being basically a vegetatively propagated cropl 

generation of variation through natural means limited. It was 

essential to characterize the genetic divergence of the present donal 

assemblage to select suitable and diverse clones for sustainable 

improvement programmes. The analysis of variance for 19 characters 

revealed highly significant difference among the clones for all the 

characters excepting protein content/IOO g fruit (Table 10). The D2 

values were computed for aU possible 2278 pairs of comparisions [ n x 

(n-l)/2]. On the basis divergence, the 68 female clones under 

investigation have been grouped into 16 clusters. High range for most 

of the characters in the r broad groups earlier study (Table was 

mirrored by the revealation of large number of clusters in the grouping 

by multivariate analysis. Cluster 1, the largest one contained 18 clones,. 

on the other hand duster 11 and 15 contained single clone each (Table 

5). The next high of 9 clones were grouped together under cluster 4. 

Most of the clusters contained by few (1~3) clones. In the comparision 

of clustering pattern and grouping of the genotypes on the basis fruit 

shape and size, the following pictures emer 
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1) In most of the cases, fruit shape and size did not interfere 

clustering pattern through multivariate analys . As for example, of 

the 18 clones under cluster 1, eight were with near cylindrical fruits 

(Group 4),5 with oval-shaped fruits (Group 3),3 with spindle-shaped 

fruits (Group 2) and 2 with small fruits (Group 1). Similarly, of the 9 

clones under duster 4, 6 were with small fruits (Group 1),2 with spindle­

shaped fruits (Group 2), and 1 with near cylindrical fruits (Group 4). 

2) Clones having same fruit shape and size also clustered 

together. As for example, In duster 5, both the dones under it were 

having small sized fruits (Table 5). Similarly, all the 5 clones under 

cluster-6 fell under group 2 according to fruit-shape and size (clones 

bearing spindle-shaped fruits) and both the clones under cluster 12 bore 

oval-shaped fruits (Group 3). From the emergence of such two opposite 

pictures, implication of the broad grouping based on fruit shape and 

size could not altogether be ignored. Grouping of the pointed gourd 

genotypes into high of 16 clusters were also reported earlier (Ram et aL, 

1998). Works on genetic divergence in pointed gourd is very much 

limited. In other report (Gupta et al., 1998), high range in magnitude of 

characters were recorded which coroborated to the present findings. In 

the present study, no close corref;pondence was evident between the 

geographical distribution of the dones and their genetic divergence 

through multivariate analysis which agreed well to the earlier 

observations on different sexually propagated vegetable crops like 

cowpea (Hazra et al., 1993), brinjal (Doshi et al., 1998)/ etc. This showed 

that geographical diversity was nl,)t adequate as an index of genetic 

diversity, However, in some cases the clones collected from the same 

geographic region clustered together which suggested that although 

geographical distribution was not the sole criterion of genetic diversity T 

the importance of the fornler would be traced. In pointed gourd, where 
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generation of variability is limited to indefinite propagation of the 

heterozygous clones through vegetative means, genotype x environment 

interactions causing genetic must taken into consideration. 

The divergence within the cluster (intracluster distance) 

indicates the divergence among th~ genotypes falling in the same cluster. 

On the other hand, intercluster divergence suggests the distance 

(divergence) between the genotypes belonging to different clusters. The 

data suggested medium and consistent level of intracluster divergence 

all the clusters (D2 27.67-34.77) excepting the lowest of 16. among 

the clones falling in cluster 5. duster distances were in most of 

the cases not very high and at the same time quite consistent (Table 6). 

Pointed gourd is perennial in grow habit and remain in the field for 

about eight months which might caused the mutual balancing of 

the characters in the clones operat during such prolonged cropping 

duration. Vine growth of pointed gourd is not interruped by the flushes 

of fruiting rather, vine growth takes a spurt between two distinct fruiting 

flushes. Such growth habit leaves ample scope for mutual balancing of 

the characters. However, maximum intercluster distance existed 

cluster 5 and 15 (D2120.75) followed by between cluster 12 and 16 (D2 

105.28) and between cluster 4 and 

of the clones were taken into 

(D2 101.72). If fruit shape and size 

deration, it was evident that the 

clusters showing high distance between them contained clones having 

different fruit shape and size. 5 containing two clones bearing 

small fruits were most than cluster 15 containing 2 clones 

bearing oval shaped and spindle-shaped fruits. Similarly cluster 12 

containing two clones bearing shaped fruits were highly divergent 

than cluster 16 containing single c with cylindrical fruits. Cluster 4 

which was also widely divergent as compared to cluster 15 contained 6 

clones out of total 8 in this cluster with small sized fruits (Group 1, 
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based on fruit size and shape). broad grouping based on fruit 

and must be considered alongwith ing pattern 

multivariate analysis to have a picture on genetic 

rd. 

From the cluster mean (Table 7) it was clear that among 

the cluster showing wide divergence, the cluster means were 

substantially high for the characters, viz., vine length, fruit length, it 

w fruit volume, seeds/ ,fruits/plant and yield/planL 

Prominent contribution of these towards divergence of the 

clones find support from the earlier report (Raln et al., 1998). From the 

point of view of high fruit length, weight and yield/ plant, cluster-15 

and cluster-1I was deemed best for selecting diverse and rab1e 

clones. Clones belonging to thesE' clusters were Be-SF-I0 (du 1 ~1) 

and BC-0-12 and BC-SP-9 of clu 5 (Table 5). These promising and 

genetically diverse clones may as such be utilized as clonally selected 

varieties. However, these diverse clones may be utilized in homosexual 

as described in giant (lvfomordica 

the very important dioecious f perenial and ve tatively 

propagated cucurbit (Anonymous, 1995). In this method (Ali al. , 1991; 

Rajput al., 1994), foliar sprays with 300-600 ppm AgNO:,! or silver 

thiosulphate are applied at preflowering stage to induce bisexual 

flowers in the female clones. Intercrossing between the diverse female 

clones utilising the advantage 

population broad and desira 

the of diseriable fema 

can be maintained clonaHv. 
~ 

induced hermaphordite flowers, F, 

genetic base can be established 

honiOsexual hybrid seedlings which 
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4.1.3 Isozyme pattern for chara<:terization of genetic diversity 

General unerstanding on interdependence 

d i v e rsity, genotypic varia t on and main tenance of enz V In!:' 

lymorphism, i.e. functional among allozyme va t s.. It 

is widely accepted that genetic variation of loci encoding soluble 

enz is ubiquitons in natural populations in most of c1orH:'S 

1977). Genetic control isozyme polymorphism appears to be 

monogenic with the involvement of structural and mod loci 

and in rare instances such control is polygenic 

1973; Scandalios, 1974). Study on genetic diversity in tern1S 

isozyme variation have been 

summersquash, Cucurbita 

Denna and Alexander, 1975, 

used in different 

(Dvorak and Cernohors 1 

rt and Weeden, 1984; Loy, 1972), 

cucumber (Wood, 1971; lsshiki tt al., 1992; Knerr et aL, 1995) and .musk 

melan (Puchalski ei al., 1978; Berg-vanden and Cabillard, 1994; Yadav 

et aLt 1998). 

pointed gourd ty has not so far 

such enzyme polymorph.ism. In the present peroxidase me 

polymorphism stud y r casting loading of sample supernatant in 

the lane and electrophoretic run flatly standardised for other crops 

have been employed for this crop. Leaf ex plants of all the twenty clones 

four broad groups based an fruit shape and size exhibited a total 

of ei t bands of peroxidases almost similar rela ity 

va es. The relative peroxidases, i.e., 

the isozynle was on the graph paper as Rm ues 

IZm _. 
distance travelled by a band 

distance travelled by tracking dye 
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va es of the eight bands are furrtis below: 

Band No. Rm value 

1 0.075 

2 0.112 

3 0.156 

4 0.200 

5 0.237 

6 0.350 

7 0.387 

8 0.500 

The representative banding pattern of the four grou were 

shown in Plate 4. 

Ion 

From the banding 

to four groups 

rp enterged. 

the peroxidases in the 

on fruit shape and size, the 

peroxidases were absent so that associationship 

s isozymes with the could not be 

2. Hand 1 (Rm :=; 0.075), Band 2 (Rm = 0.112), Band 3 (Rm = 0.156), 

B,l 7 (Rm :::;: 0.387) and Barld 8 (Rrn 0:::: 0.500) were conspicuous in 

,III the clonal groups which indicated that these peroxi 

lIot employed to distingu c and clonal 

3. B'Uld 4 (Rm = 0.200), Band 5 (Rm == 0.237) and Band 6 (Rm = 

t hOll present in all 

with regard to the the 

yet showed some 

. As for exanlpl band 4 

Was inconspicuous in Group ! conspicuous in Group 2 and 3, while 

IhlS band in Group 4 was more conspicuous group 1 but less than 
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Photo 3 stomata of upper leaf surface (5X 100X, Total 1100 times 
magnification) 

Photo 4 Representative peroxidase isozyme pattern in four 
clonal groups 
(A: Group 1, 8 : Group 2, C: Group 3, 0: Group 4) 



4. 

Group 2 and 3. Band 5 and 6 was conspicuous than in 

and 4 but inconspicuous p 3. 

andardization of the this nle stu 

gourd needed for precision and accuracy in terrns 

of polynlOrphism. 

4.1.4 Petiole anatomy of the clones under four groups 

P 1, 2 

d 

Ion 

The petiole of pointed 

The petiole was wavy 

Tranverse section the 

was solid due to thE-~ integrity 

and showed distinct 

showed the 

tissues from the to the cen tre in 

belonging to 4 grou ps based on it and 

(Plate 

A. Epidermis: It constituted the outer most ceB layer of petiole. The 

con5i5 

tubular . Long and mul 

epidermis. Mean epidermal 

the four groups (Table 

of compact-set 

d 

notv much 

t mean of 

15. micron was recorded in Group 2 (spindle shaped fruit) follow 

by 1 micron in the clones of P 4 (nearly cylindrical fruit), 15.38 

in Group 3 (oval shaped and 15.21 micron in 

(small fruits). Similar trend was recorded for mean 

pl 

dth 

the epidermal cells where the h cell width of 11 .33 micron was 

In Group 2 and lowest 10.16 micron was record Itl 

pl. It to be n1.entioned here that dones under 2 d 

maXimUI11 mean fruit length <., 
cn! and those under 1 showed 

the length of 5.17 em (Table . Such anatomical tionships 

with fruit and other economic characters need much detailed 

investigations for the establishment cif this proposition. 

~ I 



Hu intragroup 

micron in Group 

B. Cortex: It was differentiated in 

a) Hypodermis: It lay 

collenchYlna cells, 3.1 (a 

colle rna cel generally 

interru the 

a did not vary much among 

means it was evident that 

cell range of 

5.47 

the 

following regions 

ermis and was 

1 ron In 

up 

4) eel] layers in thickness. The 

a cont UOllS band t. 

fv1ean hypodermal cell th 

8). From the study 

maximUlTI 

recorded minimum mean 

length (16 micron). MaxinlU111 vanation (range 7.62-47.58 micron) was 

in the clones this ps .mean 

hypodermal cells. Highest mean cell length of 17.52 micron was 

4 near cylindrical fruits). Mean 

erma} cells 

. 83 micron in 

intragroup 

hypodermal 

ot V Bluch among ps 

1 to 1 micron in 2 . 

so exhibited the Ineal1 

cells 

b) Internal parenchyma: Just intt.~l'nal to hypodermis layers of 

parenchymatous zones comprising 

a 

C) Stele; vvas found com 

a) Bundle cap: Few layers 

Oll tel' most rt of phloem 

to 

ocell as peri.-vascular fibres. 

big parenchyma cell occu 

by a layer c 

ow g 

of renc the 

to have become thick-w 
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b) Vascular budies 

(i) Number: Mean number of vascular bundles in the cross section was 

almost same in all the groups 1). 

(ii) Dimensions; Variation for mean vascu lar bundles 

Group 2, 3 and 4 were minimum micron - 331 

that of Group 1 was conspicuously high (370.23 micron). Upper 

of the mean length of the vascular bundles in the clones of Group 1 was 

also the highest (530.17 m.icron). Mean width of vascular bundle in 

Group 1 was also high (224.66 micron) compared to Group 2 (200.53 

micron and Group 4 (202.16 micron), Though huge intragroup variations 

existed for the dimensions of vascular bundles among all the groups, 

aparent associationship of high vascular tissues in the low Iding 

clones of Group 1 needs furtht;"r investigations to unveil the intricate 

relationship between the dimension vascular system i.e., transport 

system of the plants with the partitioning of photosynthates in the clones. 

(iii) Arrangement: In relation to the arrangement of vascular tissues in 

the stem the vascular bundles n1ay be colateral, bi-colateral or concentric 

(Fahn, 1990). In pointed gourd the arrangement bi-colateral where 

phloem occured on both side the xylem. 

(iv) Distribution: The vascular bundles were arranged like a ring and 

embedded within the parenchymatous ground tissuess. No variation 

was observed in the distribution of vascular tissues within the body of 

petiole among the clones belonging to 4 broad groups. 

(v) Sequence of tissues in vascular bundles: Each vascular bundle 

consisted of two patches of phloem and one patch of xylem and tissues 

in between appeared to be cambiu.m. the sequence of tissues 'Yvas : 

outer phloem, outer cambium, xylem, inner cambium and inner phloem. 

In the xylem vessel, both meta (longer vessels) and protoxylem 
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(smaller vessels) were present The outer cambium was composed of 

several layer cells while the cambium was comparatively 

layered. 

From the present study 

emerged. 

prominent observations been 

1) In the transverse section of petiole there existed no variation 

whatsoever in the plan of arrangement of tissues from the peripheri 

to the centre. 

2) Variation, though meagre, existed in mean dimensions of 

epidermal and hypodermal cells among the clonal oups. 

However, large intragroup indicated by huge ranges 

suggested the existence 

in the groups. 

having overlapping characters 

3) The clonal groups bearing tlH~ longest fruit also recorded longest 

epidermal cell. This associationship need to be established through 

some more detailed studies. 

4) Highest dimensions of vascular bundles was recorded in the 

yielding clonal group further investigations in the light 

of source-sink relationships. 

study that increased conducting 

mean improved partitioning 

of high yield. 

However, it was apparent frorn 

tissues in pointed gourd did not nc"·o",.~,,, 

photosynthates for the 

4.1.5 Stomatal features of the dones under four groups 

The interest in stomata has arisen because of the widespread 

perception of their crucial the conrol of waterloss (hence ot 

draught tolerance) and carbon dioxide uptake (hence of productivity), 

and because they provide a simple anatomical character that can be used 

in selection (Jones, 1987). 
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The continuity of ep 

pted by minu te openings. 

which limited by two specialized 

(leaf, petiole, steIn etc.) is 

tercellular 

called guard 

together with opening tween them constitute the stoma. T 

cell of the stomata of gourd appeared to elled 

relative to other epidermal cells. Of the four main types of stomata 

distinguished in dicotyledons on tile basis of the arrangement of 

epidermal cells neighbouring guard cells (Metcalfe and Chalk, 1979), 

stomata of leaves of pointed gourd appeared to be Anomocytic type 

(Plate 3) where the guard cells were by a certain nu 

cells that did not differ in and shape from the other epidermal cells. 

Stomata were present in both lower upper leaf surfaces as mostly 

found in the plants with Platesynthet capacity and plants living in 

full sun environments (Matt et al., 1982). In the present study taking the 

twenty clones under study as a whole without considering their group 

constellation based on fruit shape and 

for different stomatal 

stoma freq uency / mm 2 in upper 

/ mm 2 in lower leaf su 

huge intraspecific 

as presented in Ta 

surface (11.86-43.13), 

(32,72-118.84), stomatal 

tion 

In 

upper surface (16,72-24.74 micronL stomatal length in lower leaf 

(12.69-21.92 micron), stomatal Width in upper leaf surface (10.16-

18.48 micron), stomatal width in lower leaf surface (8.62-14. micron). 

This findings of wide intraspecific (interclonal) genetic variation 

characters agreed well to the earlier studies in different crops 

apple (Beakbane and Majumder, 1975), barley (Miskin and 

Rasmussan, 1970), soybean (Ciha and Brunt 1975), broad et 

./ 1982) and cowpea (Hazra et 1996). Existence of variation the 

group means also for the different stomatal characters in the present 

study suggested the provision of ample scope to effect selection on the 
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characters. llowever, such variation is expected to 

by large environmental component of as 

can change more than two fold in response to radiation 

and Hunt 1975), in response to water status (Rawson et ./1 or 

according to developmental (Meidner and Mansfield, 1968). 

vvorth of the present wide clonal variation for the stoma 

characters need to be fortified with the exclusion of environmental 

of variation from the observations. 

It was interesting to note from group means of stoma 

aracters and yield (Table 3 and 9) that mean stomatal ters 

the clones belonging to low ing group (Group 1, plants 

small fruits of different size and shape) were the highest stoma 

frequency / lUln2 (27.55 in u leaf surface and 68.35 in lower leaf 

surface), stomatal length (20.29 ron upper leaf surface and 17 

micron in lower leaf surface which was second high), stomatal th 

(14.07 rnicron in upper f su and 12.94 micron in lower leaf 

s contrast, stomatal characters in the clones belonging to the 

yielding group (Group plants bearing oval-shaped frul 

were aratively much low in some of the cases the lowest viz. 

stomatal frequency /mm2 (16. upper leaf surface an.d 63.99 in lower 

leaf surface), stomatal length (17.16 micron in upper leaf surface and 

16 micron in lower leaf surface), stomatal width (12.58 micron in upper 

leaf su ace and 10.36 micron in lower leaf surface). This find in 

that the relationship bet\veen total leaf pore area (consequence 

stoma frequency, length a width) th net photosynthesis and 

ultin1ately yield was not foreward as expected that 

carbondioxide assimilation due to higher total pore area in leaf would 

increase the yield. Earlier stu in different crops indicated that 

although production of dry maHer often limits crop yields, high 
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Pl~synthetic rate per unit area do not generally lead to high yield 

because on a crop basis, m.any other crop factors such as carbohydrate 

partitioning and leaf area development are involved and may 

compensate for changes assimilation per unit leaf area (Dusntone 

1973; Jones, 1983). Imbalanced partitioning of photosynthates in the 

clones of Group 1 was aparent due to revealation of higher length, 

internode length and leaves/plant (Table 3). From tll,e present 

investigations, it was also established that the clones of this low yielding 

group contained the highest dimension of conducting tissues in the 

petiole (Table 8). There were that fewer and less dense stomata 

increased net photosynthesis in French bean and maize (Izhar and 

Wallace, 1967; Heicket 1971). It also been suggested that lower 

stomata frequency leads to higher stomatal conductance (Das and 

KundragramL 2000), and low stomatal number also reported to be 

desirable for higher prod ity (Chaudhury and Tikhotiker, 1986). 

Hazra et al. (1996) recorded strong negative correlation between stomatal 

frequency / n1m2 in upper h:-af and pod yield/ plant cowpea. 

The present tions on the stomatal features in the 

clones of pointed gourd clearly depicted some inference and arosed 

some questions. 

1) Huge genetic variation in the clones under study at the 

disposal of breeder which can be used as selection indices. 

Clones of Group 1 (Plants bearing small fruits of different size and 

appeared as a dis group with the revealation highest 

slom.atai frequency, length width in both the leaf su 

Straight forward relationships between stomatal characters and yield 

could not be established, low stomatal frequency, length and 

width registering low pore area 

desirable for high productivity. 

unit leaf area was a rently 
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Parallelism between high unit leaf area (due to high 

frequency, length and width) and dimension of conducting 

(vascular bundles) was recorded in clones of low 

(Group-I, Plants bearing small 

4.2 Genetic variability for different characters 

Analysis of variances for the nineteen growtJl and 

reproductive characters namely, length, internode length, primary 

branches/plant, node at flower, plant, leaf length, 

width, leaf dry weight, leaf area, length, fruit girth, fruit 

fruit weight, pulp content/ fruit, thickness, seeds! fruit, 

content/lOOg of fruit, fruits! and fruit yield! plant based on the 

average data of 1997-198 and 1998-'99 the signifiance of all these 

characters in the clones execepting protein content/ 100 g of fruit (Table 

10) which showed the existence of significant difference among the clones 

for 18 characters. Wide phenotypic variation in term of variance of range 

of the clonal means did not Iy indicated the variability at 

genotypic leveL For this reason, estimates for the coefficients of 

genotypic and phenotypic (GCV and PCV), heritability in 

broad sense (H), and genetic advance as percentage of mean (GA) for 

these 19 characters over the 68 clones irrespective of the broad grouping 

were computed and presented in Table 11. In each characters excepting 

protein content/laO g of fruit, the estimates of CCV and PCV 

corresponded wen which that environment did not 

ITtuch on the expression of characters. On the other hand, wide 

between the estimates of and PCV for protein content of fruit 

ted huge environmental behind the expression of this 

character. High CCV (31.91-42.26%) was recorded for vine length, node 

at first flower, leaf dry weight, fruit length, fruits/plant, and fruit yield! 

plant and moderate CCV (20.84-28.17%) was registered for fruit weight, 
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internode length, primary branches/ plant, leaves/ plant, leaf area, fruit 

girth, fruit volume and pericarp thickness. These findings prov the 

existence of justifiable genetic distance among the clones under study, 

a fact indicative of the efficacy of these ones in clonal selection of 

pointed gourd. From such a study enrploying the clonal collections 

from different part of eastern India. Shadique et al. (1986) also recorded 

high CCV for main creeper length, leaf number/plant, days fronl. bud 

initiation to edible fruit maturity t fruit volume, seed number / fruit and 

fruit yield/ plant which agreed well to the findings of the present 

investigations. 

However, the genotypic co-efficient of variation helps to 

measure the range of genetic variability in the character and provides a 

measure to compare the genetic variability present various characters, 

but with the help of GCV alone the heritable variation can not be 

measured (Singh et al., 1974). Heritability of the character is interest 

of th.e plant breeder as an index of transmissibility of the character to 

the progeny (Hayes et aI., 1955). High heritability in broad sense (74,49-

99.06%) was recorded for all the characters excepting protein content/ 

fruit. This broad sense heritability values vvere likely to be overestimated 

because it was not possible to exclude the variations of the different 

genetic components and their inleractions in the present study. To asses 

the maximum effect of selection, genetic advance need to be computed 

because high heritability values does not necessarily mean increased 

genetic gain for the concerned character in the next generation (Johnson 

et ai" 1955). Genetic advance as per cent age of mean (Table 11) indicated 

few Significant trends. It was not necessarily true that the characters 

show ing high heritability would always exhibit high genetic ad vance. 

For this reason leaf length and leaf width exhibited high broad sense 
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heritability of 85.69% and 91.21 I respectively but their genetic advance 

was low, 23.67 and 25.78 respectively. Such an association 

heritability and low genetic advance was attributable to non-ad tive 

actions the polygenes for the conditioning of the character and 

Walter,1968). However, complementality of heritability a netic 

advance as suggested by Hanson (1961) was revealed in most of the 

characters. According to Panse (1957), if the expressivity of a charracter 

is governed by the additive action of polygenes, high heritability 

coupled with high genetic advance may be expected for the concerned 

characters. In the present investigation, high heritability coupled with 

high genetic advance was recorded for vine iength, internode length, 

primary branches/plant, node at first flowee leaves/plant, leaf dry 

weight, leaf area, fruit length. fruit girth, fruit volume, fruit weight, 

pericarp thickness, fruits/plant and fruit yield/plant which was .in 

agreement with the earlier reports (Shadique et al., 1986; Singh et al.I 

1985; Singh et al., 1986; Singh al., 1987; Sarkar, 1989 and Yadav aL 

1998). It was therefore, logical to infer that in respect of these characters 

registering high GCV, heritability and advance, clonal 

should effective and satisfactory practical purpose, 

4.3 Character associationshi p 

4.3.1 Correlations: The study of correlationship will help to know 

suitability of various characters for direct selection because selection 

for one or more traits results correlated responses in several other 

traits (Searle, 1965). Knowled of such correlationships is very much 

important for indirect selection involving the characters that are not 

measured and for those exhibit low heritability, and it might 

be easier to increase yield by increasing the smallest yield component 

in otherwise good cultivar ( afius, 1959), In the present study, 

magnitude of genotypic correIa Hon co-efficients were higher than 
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pic correlation all the pair of ters un 

12 and 1 cases wide 

tween the two estimates c 

uence environnlen on 

as proposed by 

coefficients (Table 12) being 

characters under study have 

irlt aspect 

of the 

bie correlations 

due to sirnultaneous vegetative 

over long period of time which 

of the characters. 

p nthates to different 

res the pair 

), The phenotypic cor tion 

relationships 

u ized to record the 

did either 

,les which might 

uctive 

internal 

period for 

and reproductive 

if 

r 

ations 

or 

e res ted 

plant 

and mutual 

oning of 

due to 

renniality in growth hab t of pointed gourd might have also 

contributed towards 

under study. The present 

ation 

were recorded 

. gnificant posi 

between vine length and 11 

node at first flower and 

. bet\,veen 

thickness; 

ume; between fruit girth 

it weight, pulp content and 

and pericarp thic 

of the pairs of c 

find ample support the 

negligib or near zero 

the pairs 

correlations were recorded 

first flower, leaves/ plant; between 

. between leaves/plant and frui 

leaf area, fruit and 

width and leaf area; fd 

area and fruit girth and it 

UInt':'; between fruit volume and 

rp thickness; bet\o\'een fruit weighL 

(Table 12). Fruit yield/ plant was 

ated positively and appreciably with fruit volume, fruit weight 
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and pulp content of the iru it 

significant correlation yield. Different earlier ., 

indicated the implica of the fruit characters 

fruit g it dianleter fHl it 

as highly characters of it /plant. et I., 

1986, Singh et aLI 1987, Singh and 

Sarkar et aL 1990, Yadav et al., 1998). 

1989, Prasad and 

4.3.2 Path coefficients: between pairs characters 

comprises a complicated pathway involving various other attributes. 

contribution of component characters to fruit yield/plant and the 

indirect effects which 

other were separated 

analysis using the phenotypic 

of (Table 14) 

weight had the highest 

pulp content of fruit 

(0.103). Singh al. (1998) 

a appreciable 

High positive indirect effects on 

was 

was 

pulp content of fruit, 

fruit weight (Table 1 

concertedly. Fruits/ plant 

fruit yield/plant, could not exert 

plant. However, importance 

component can not be overloo 

through their relationship 

path analysis. The path coefficient 

coefficient.s among the pairs 

fruit fruit 

on yield (0.326) followed 

volume (0. ) and plant 

that fruit weight had 

characters excepting leaves/ plant 

e correlation with fruit /pIant. 

plant exerted by 

pulp content of fruit and fruit volume 

these fruit characters 

positive correIa 

effect on fruit 

plant as a prime 

as 

/ 

High residual effect in present 

path analysis (0.767) might have occured due to registration of poor 

correlations among the pairs characters under study .. 
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From the studies character assoc tionshi p throll 

correlations and path analysis phenotypic level the characters namely 

leaves/plant leaf length, fruit number/plant, fruit weight, pulp content 

of fruit and fruit volume emerged as the most important fruit yield 

attributing characters of pointed gourd. From studies 

variability these characters appeared to have controlled 

by the additive action of polygenes thereby, showing their reliabili 

as selection indices for clonal selection in. pointed gourd 

4.4 Application of induced polyploidy in pointed gourd 

The phenotypic variation due to the increased chromosome 

number (tetraploid: four homologous sets, triploid: three homologous 

sets.) adds much to their morphological and physiological values which 

may have high value in vegetable breeding. Though application of 

induced polyploidy has been referred in many vegetable 

commercialization of such breeding approach has been accomplished 

in few vegetable crops including watermelon and musk melon (Karchi 

aLI 1981; Gray and Elmstrom, ; Gonzalez and Ayuso, 1992; 

al., 1993; et al., 1994; Nugent and Ray, 1992; Raamsdonk and 

Visser, 1992). Application of induced polyploidy in breeding pointed 

gourd has been investigated in the present study. 

4.4.1 Development of colchiploids : Seeds of pointed gourd are 

recalcitrant in nature hence, lose viability very soon. For this reason, 

fresh seeds extracted from fully ripe fruits were used the 

development of seedlings to induce polyploidy in them by colchicine 

treatment. After extraction, the seeds were thoroughly washed to 

remove the adhering placenta on It took 7-10 days for germination. 

Colchicine at the concentration 2 was applied to the seedling apex 

within 3-5 days of their emergence (Plate 5). In aU the three methods 



Photo 5 Seedling stage for colchicine treatment 

Photo 6 Consequence of colchicine treatment: 
Some what normal growth and slight chlorosis 

Photo 7 Consequence of colchicine treatment: 
Severe tip distortion and simultaneous 
regeneration of shoot from tbe base. 



plication of 

days of application were met 

summari in Table 

in 

consequences 

1997 and 1998 which 

10 

been 

In most cases seedlings were 

alongwith bursting of axillary chlorosis and 

of the tip of the seedlings (Plate 8). Affected seedlings in 1997 treatment 

was I'll m and which were 62, 51 and 60 

ely 1998 In another consequence, severe tip 

distortion the seedlings and regeneration of the 

from the base (Plate 7) occured 40, 32 percentage of seedlings 

under and respectively in 1997; and 35, 46, and 36 per in 

and T" respectively 

Very few colchicine 

T
1

, T 2 and respectively 1 

in 1998) 

ght leaf chlorosis and 

4 

(SF 2 and 6 per 

cent under 

normal th 

growth of axillary buds (Plate 6), 

T 
3 

e methods of dev oping c hiploids in t sent 

T" was found the best to develop the highest percentage 

of normal colchiploid So it was suggested to treat dome 

shoot apex of at cotyledonary with 0.2% 

aquous solution of colchicine soaked in cotton for 12 hors continously 

at followed by morning (6 to 6 am) to develop 

gourd. 

a 30 d of 

has been of the 

lings (94 per cent 1 and 95 per cent 1998 

treatment) showed abnormal'ty growth coupled with vigorous 

of diploid shoots which were rejected and 
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not transplanted in the field further Very few cokhiploids 

7 per cent from 1 treatment and 14 per cent from 1998 treatment) 

showed normal appearence growth which were transplanted in the 

for further study, 

4.4.2 Growing and study of the cokhiploids : Of the total 31 normal 

colchiploids dev oped during 1997 and 1998 treatment, six 

subsequently died after transplanting. The following studies were 

carried out on the colchiploid which were 

propagated vegetatively using vine cutting from each 

a) Morphological and reproductive features: Data on different 

morphological and reproductive of the colchiploids and their 

comparisons with respect to the mean data on the same of 

the diploid clones have been presented in Table 17. The colchiploids 

were very slow in growth and much in size ( Mean length 

115.95 cm. as compared to 178.38 cm of the diploids), having 

internode length (3.84 cm compared to 5.49 cm in diploids), marginally 

higher primary branches/plant (4.04 as against 3.96 in diploids)f 

leaves/ plant as 31 in the diploids), leaf length 

(5.16 cn1 as against 5.85 em in the diploids) and higher leaf width (6.26 

em. compared to cm in the diploids), 

Pointed gourd a dioecious crop and strong male determining 

role of Y chromosome was evident 1986). For this reason there 

always probability of getting per 111ale seedlings from the seeds 

the natural Of the co1chiploids, 23 were male and rest 2 

were female. The cokhiploi shy flowering and mean 

to first flower (male and female in respective colchiploids) 

was 22.36 conlpa to 11.41 to first flower (female flower in the 

female done) in the diplOid female cokhiploids produced 
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Photo 8 Consequence of colchicine treatment: 
Severe cbeck in growtb, bursting of axillary buds 
(excised), cblorosis and tbickening of tip. 

Photo 9 Aborted female flower of female colchiploid 

Normal female flower of diploid 
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very few aborted female flowers (Plate 9) which did not set fruit 

foHowing hand pollination with the pollens from male colchiploids as 

well as normal diploids. 

b) Stomatal features: Different stomatal features of the colchiploids 

namely frequency jmm2, length and width and the significance of their 

mean difference with respect to those of the diploid clones have been 

presented in Table 18. Mean stomatal frequency of both the leaf surfaces 

of the colchiploids were significantly less than the diploid clones. In 

the upper leaf surface; mean stomatal frequency jmm2 in the colchiploids 

was 12.04 as against 22.15 in the diploids. Similarly in the lower leaf 

surface, mean stomatal frequency jmm2 was 30.29 while that of the 

diploids was 64.48. It was interesting to note that revealation of stomatal 

frequency jmm2 in both the leaf su.rfaces of cokhiploids was almost half 

of that was found in the diploid. The effect of ploidy on stomatal 

frequency has been documented in many crops where stomatal frequency 

in the higher ploidy plants tended to be much low than that of the 

diploid species (Dunstone et al., 1973; Tan and Dunn, 1975; Lea et 

1977; Chandler and Lyrene, 1982). The findings of the investigations 

agreed well to the earlier studies and suggested the use of stomatal 

fequency as a ploidy determining charcter of pointed gourd. 

Stomatal dimensions (length and width) of the colchiploids 

were significantly higher than those of the diploid clones. Mean stomatal 

length of the upper and lower leaf surfaces of the cokhiploids were 

30.69 and 21.24 micron respectively as compared to 18.41 and 17.36 

micron respectively in the diploid clones. Mean stomatal width of the 

upper and lower leaf-surfaces the colchiploids were 17.38 and 15.76 

micron, respectively as against 2.89 and 11.17 micron respectively in 

the diploid clones. Stomatal dirnensions particularly stomata] length 
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have been commonly used as an a.lternative method for determination 

ploidy in plants, and in stomatal length with doubled y 

were reported in many (Butterfass, 1973; Borrino Powel, 

1988; Bingham, 1968; Setter et al., 1978). Findings of the 

investigations in agreement with earlier reports dearly sugested use 

of stomatal dimensions as a method for determination of ploidy in 

pointed gourd. 

c) Pollen features: The male flowers in the male colchiploids were 

deformed shape (Plate 10) and longer than the normal male flowers 

with spreading petals of the diploid male clones (Plate 11), len 

production in the male flowers of the cokhiploids was much less than 

what was found in the diploid male clones. Pollen viability was 

determined by the application acetocarmine. 

i) Viable pollen percentage/mm2
: Mean viable pollen percentage in 

the diploid clones was significantly higher (94.3%) than that the 

male colchiploids (58.83 < Range of viable pollen percentage in 

diploid clones was much lesser then the range in the 

colchiploids (Table 19). This findings suggested imbalanced 

meiosis in the higher ploidy level plants which resulted the 

production such low percentage of viable pollens in the male 

colchiploids. Such decreased pollen viability per unit area may 

utilized in determining induced higher ploidy level in the 

plants, 

ii) Pollen diameter: Mean diameter in the diploid male clones 

was gnificantly less (56 micron) than the pollen 

diameter of the male colchiploids in the present study (60,06 

rnicron). So increased pollen diameter may be regarded as an 

effective alternative in determining the higher ploidy levels in 

67 



Photo 10 Deformed male flower of male colchiploid 

Photo 11 Normal male flower with spreading petal of male diploid 



Table 18. Features of stomatal frequency and dimensions in the diploid clones and 
colcbipJoids. 

! Geno~pes o~ '1 Stomatal frequenCY/mm;rStoma~ le~th (mie~n) 
I the ploidy 

l level I I 
Sto~atal Width-(micrOn)'-'] 

1 

'~----'''r'--"--"' -l : ----"~-f·;~r leaf Lower leaf ~;~~~ leaf l,ower leaf Upper leaf Lower leaf 

~----"-~ SUrf~c~" surface surface surfac~"_.---+_s_u_rf: __ a~~ ,_~~rface _I 
I Diploid clouet I 

I Mean I 22.15 64.48 18.41 [ 1736 I 12.89 11.17 I 

I Range 

I 
j Standard 

i deviation 

I 
I Colchiploids2 

) Mean 

! 
i Range 

I Standard 

I deviation 

11.86-
43.13 

8.75 

12.04 

9.52-16.22 

2.06 

32.72-
118.84 

23.43 

3039 

24.92-36.17 

4.18 

2,71 

30 .. 69 

1-37.56 

3.44 

1428-21.921 

2.83 

21.24 

17.52-25.17 

236 

I 
I 
I 
I 
I 

10.16-18.48 8.62-14.78 

3,0] 1.78 

17,38 15.76 

14.18-2032 I 12,78-17.76 I 
I 

].73 1.45 

I .~~----l-- ... ----." .. " .. t---~-+-------'1---------j 

[

' Significance T ** ** u I ** ** ** 

~~~_ee;n_e_n~:~"", .--,-1_(_12_.2_2_)_ ~_(2_2_.75)_..L.- ... (17.96) G~.5._6_) _ _L___(~~~)_._--,-_".(8~_56_)_" 
1. 

2. 

3. 

** 

Data from 20 random diploid clones (five random clones from 4 groups). 

Data from 25 colchiploid seedlings of both 1997 and 1998 plantings. 

Significance ormeau difference was determi.ned by't' test (actual't' vaDes ill parenthesis). 

Significant at P = 0.01. 



Table 19. }<'eatures of pollen charaders in the male diploids and male colchiploids 

!Geno~pes ~f the ploidy level Viable poUeD percentage fmm2 

! 

1. 

2. 

3. 

** 

Diploid clonesl 

Mean 94.30 

Range 89.16-98.22 

! 

Standard deviation I 
I 

1 

Colchiploids2 

Mean 
I 

58.83 

Range I 42.28-76.81 

Standard deviation 11.16 

Signific~nce of mean "'* 
difference> 

Data from 10 random diploid male clones in the field. 

Data from 23 male colcbiploids. 

Significance of mean difference (adual 't' in parenthesis). 

Significant at P = 0.01. 

Pollen diameter (micron) 

56.33 

45.30-62.56 

4.61 

60.06 

50.16-75.21 

7.72 

** 

(6.75) 

I 

I 



pointed gourd as suggested 

<Hanneman Jr. (1991) in other 

al., (1990) and Bamberg and 

Higher range in pollen diameter 

in the male colchiploid (50,1 micron) also BU the 

production of pollen having different ploidy level 1n t 

colchiploids (Table 19), 

Front the present investigations on induced polyploids in 

pointed gourd, it appeared that application of such alteration of ploidy 

as a breeding method did not d promise in improvement pointed 

gourd due to the following reasons -

1) Pointed gourd is basically a perennial and vegetatively propagated 

vine crop which leads to natural regeneration of the shoots from 

the fleshy root as well as of plant in higher propensities, 

This regeneration of the shoots the base is triggered due to 

check in apical dominance following colchicine treatment. 

2) Development of very low per cent age colchiploids capable of 

normal growth follow 

treatment. Overwhelming 

colchiploid virtually 

the present method of colchicine 

th diploid shoots from the 

Les the growth the tetraploid 

vine unless such diploid are excised at regular intervals to 

allow the growth of a co1chiploids as single vine. 

a matter of probability per cent colchicine treated seedlings 

would be male, though much excess was recorded in the present 

study. Male cokhiploids generally of no use in breeding pointed 

gourd. 

4. Infertility of the female ultimately suggested such 

alteration of ploidy to be an ineffective method of pointed gourd 

improvement. 
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SUMMARY 
AND 

CONCLUSION 



Summary and Conclusion 

Different experimental approaches under the broad area of 

investigation: clonal selection and polyploidization were out 

under the present research 

under respective headings. 

Results are summarised 

Grouping and characterization of the female clones: Such studies 

were carried out from different angles as mentioned below: 

Differences of means for the characters between the groups: The 

68 female clonal assemblage present study fell under four groups 

based an fruit shape and 

Group 1: Plants bearing 

mostly oval and tapering, very 

were also kept in this group. 

sized fruits, it-shapes were 

spindle-shaped fruit clones 

Group 2: Plants bearing spindle-shaped fruits. 

Group 3: Plants bearing oval-shaped fruits. 

Group 4: Plants bearing near cylindrical fruits. 

In aU the four group for 17 characters were very high revealing 

marked intragroup variation. However, clones of the Group 1 and those 

of Group 4 exhibited most conspicuous distinctness between themselves. 

Distinctness of Group 2 and based on such grouping of clones has 

been questioned due to revealation of no significant mean difference 

between them for any of the it characters. 

Multivariate analysis using Mahalanobis's D2~statistic : 

Quantification of the divergence between the 68 clonal 

populations employing 19 characters revealed 16 clusters. Cluster 1, 

the largest one contained 18 clones however, most of the clusters 

contained few (1-3) dones. most the cases, fruit shape and size 



did not interfere clustering pattern through multivariate analysis. 

However, some clones having same fruit shape and size clustered 

together which indicated some implications of the earlier 

based on fruit shape and size. 

Medium and consistent level, of intra and inter cluster divergence 

might have been caused due to ntutual balancing of the characters during 

prolonged cropping duration. 

Isozyme pattern for the characterization of the diversity: Such 

study exhibited a total of 8 bands of peroxidases having almost similar 

relative mobility values in all the clones belonging to four groups under 

study. Band 1, 2,3, 7 and 8 were conspicuous in all the groups. The 

other three bands of peroxidases (4,5 and 6) though present in all the 

clonal groups, yet showed some variations with regard to the intensity 

of the bands. 

Petiole anatomy: Arrangement of tissues in the transverse section 

of petiole from the peripheri to centre were: epidermis, cortex 

(collenchymatous hypodermis and internal parenchyma) and stele 

(bundle cap and bicolateral vascular bundles). Highest mean epidermal 

cell length was recorded in the of Group 2 (spindle shaped) which 

produced the highest fruit length, Number of vascular bundles was 

almost same in all the groups, as well as arrangement which was 

bicolateraI in all the clones, Mean dimension of the vascular bundles 

was markedly high in the of low yielding group (Group 1). 

Stomatal features: Stomata of the leaves of pointed gourd appeared 

to be anomocytic type. Stoma frequency was much higher the lower 

leaf surface than the upper h~af surface of the leaves. The stomatal 

characters viz., stomatal frequency jmm2
, stomatal length and stomatal 

width in both the leaf surfaces presented wide interclonal and intergroup 
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variations which indicated 

characters as selection indices, 

with the revealation 

wid th in both the leaf surface. 

possibility of using the stomatal 

of Group 1 appeared as distinct 

stoma frequency, length and 

Genetic variability for different characters 

The study through the coefficient of variations, heritability in 

broad sense and genetic advance as percentage of mean suggested the 

following reliable characters for effective clonal selection viz, vine length, 

internode length, primary branches/plant, node at first flowert leaves/ 

plant, leaf dry weight, leaf area, fruit length and fruit / plant. 

Expression of these characters was presumed to have been controlled 

by additive action of the polygenes. 

Character associationship 

Most of the 19 characters did register either insignificant or 

negligible correlations among themselves. Fruit yield/ plant was 

ted positively and th fruit volunle, fruit weight 

and pulp content of the fruit, but only fruit number/plant 

significant positive correlation with fruit yield. 

The path coefficient analysis using the phenotypic correlation 

ients showed that fruit weight had the highest positive direct 

effect on yield followed by pulp content of the fruit, fruit volume and 

leaves/ plant. 

From the studies ations and path ana the 

characters viz" leaves/ plant, length, fruit number / p] fruit 

wei pulp content of fruit and fruit volume emerged as the most 

important fruit yield attributin"g character of pointed gourd. 
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Indentification of the promising clones 

The promising, high and genetically diverse dones 

be utilized as donally selected were BC-SP-l0 (duster 

BC-SP-9 of cluster 

Application of induced polyploidy 

Treatment of the dome shaped shoot apex of the days 

seedlings at the cotyledonary stage with aquous solution of colchicine 

soaked for 12 hours at night followed by the morning 

time (6pm 6am) to develop cokhiploids in pointed gourd was found the 

Very few cokhiploids showed normal appearence in growth which were 

transplanted in the field for following further studies. 

a) Morphological and reproductive features: The colchiploids were 

slow in growth and much reduced in size having less internode length, 

marginally higher primary branches/ plant, less leaves/plant and less leaf 

length. Of the 25 colchiploids study, 23 were male and 2 

The cokhiploids were 

colchiploids produced 

set fruit following hand 

flowering in nature. The two 

aborted female flowers which 

b} Stomatal features: Mean stomatal frequency of both the 

not 

the colchiploids were significantly less than the diploid dones. On the 

other hand, stomatal dimensions of the colchiploids were significantly 

higher than those of the diploid clones, 

e) Pollen features: PoUen production in the male flowers of the 

was less than what was the diploid male clones. 

viability percentage of the diploid clones was significantly higher than 

that the lnale cokhiploids. :tviean pollen diameter in the diploid male 

clones was significantly 

colehi ploids. 

than the average pollen diameter of the male 

It appeared from the present investigation that alteration of ploidy 

as a breeding method did not hold promise in the improvement of 
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CHAPTER - VI 

FUTURE SCOPE 
OF 

RE:SEARClI 



Future! SCOpe! of resC!Cln:h 

L Initiation of clonal selection based on the identified growth and 

reproductive characters with the inclusion of tolerance to 

Phytophthora blight. 

Study on the stomatal characters in view of P&te'6ynthetic rate per 

unit area, dry matter partitioning and fruit yield. 

Study on the vascular bundles of the petioles or stem in the light 

of source-sink relationships. 

4. Study on the induction of hermaphrodite flowers in the female 

clones with the application of growth substances and other 

chemicals with a view to developing high yielding homosexual 

hybrids. 

Investigations on the extent of natural parthenocarpy and at the 

same time, induced parthenocarpy with the pollen stimulus of 

other cucurbits. 
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A~~endix 1. Meteorol nod r Year I . Tem~erature C 
I Montb Max ! . Min Max 
r-····~··--·-"-···-

_. _______ ."o" •• ",.n' ___ 

1 1996 

I Oct 31.5 l33.9 95.45 62.4 

Nov. 30.5 16.9 5.7 96.03 49.23 

I Dec 26.0 ll.4 0.00 94.64 44.03 

1

1997 
24.38 10.71 24.3 95.19 47.45 I Jan 

Feb 27.0 15.0] 6l.7 96.0 46.7 
I 

I March 32.7 111.3 95.8 49.0 

April 31.4 59.2 82.3 61.1 

May 35.1 184.3 93 56.52 

June 35.16 25.5 97.5 94 67 
July 35.2 399.8 98 89 
August 32.6 25.5 293.5 97 73 
September 32.8 25.2 246.3 98 78 
Oct 31.19 21.7 19.1 97.1 61.4 
Nov 30.4 18.5 2.2 93.9 56.1 

Dec 24.4 13.1 9.6 97.6 60.6 

1998 
Jan 22.8 1 .2 89.9 98.3 61.1 

Feb 27.9 1 39.2 96.8 52.7 
March 0.4 17.8 199.6 95.03 49.2 

April 30.03 76.9 94.4 62.0 
1v1ay 35.6 25.1 61.5 89.96 62.4 
June 36.2 27.02 119.2 92.87 66.22 
July 33.7 190.8 94.54 77.03 
August 33.2 26.5 217.3 96.29 79.67 
September 32.7 .5 273.4 97.56 79.30 
Oct 33.4 24.4 l33.1 97.06 69.61 

Nov 30.0 19.9 156.4 98.26 68.10 
Dec 27.3 1 0.00 99.80 53.51 

1999 
Jan 25.9 0.00 99 475 
Feb 30.0 1 5 0.00 98.3 43.7 
March 34.6 20.01 6.2 93.9 36.9 

April 37.3 1.4 93.1 49.1 
May 34.98 25.31 158.0 91.77 62.33 
June 34.22 25.79 277.5 93.53 74.53 
July 32.52 26,02 635.1 97.12 82.16 
August 32.28 25.95 251.3 97.61 79.54 
September 31.50 25.27 353.2 98.30 84.75 

Oct 32.07 24.06 414.9 99.39 73.07 
~ __ w __ .~_."'~'" 

~~"~---"~-"'-~-

* Average montbly meaD. 



Appendix II. M.eaD performaDce of the 68 femal,e clones * 

SI.No Clones VIleIeiVh 
Ian) 

f--- -
1 Be-$-1 93.27 

2 BC..g.·2 110.33 

3 Be-8-3 200.47 

4 BC-S-4 103.77 

5 BC-8-S 18543 

6 BC-S-6 277.10 

1 BC·8-? I46.97 

8 J3C....,<;...8 293.40 

9 BC-8-9 14L80 

10 6C .. S--10 151.27 

11 BC-8-n 177.03 

12 Be-S--l:! 165.17 

13 BC-S--13 252.13 

14 OC",S--14 155.10 

15 BC·S·IS 200.10 

16 Bc-srl 29537 

17 BC-SP2 143.80 

18 BC-SPJ 176.83 

19 BC-SP4 118,43 

20 BCSPS 158.40 

21 BC·SP6 

1 

102.33 

22 Be-SF? 318.63 

23 Be-SP8 

I 132.13 

24 BC-SP9 258.93 

25 BCSPl{I 165.43 

26 Be·srll 153.77 

27 SCAlPl:? I 19547 

28 BC·gP13 162.27 
I 

29 BCSPJ4 18563 

I 30 BCS]>.!5 217.07 

31 nC·SPI6 198.67 

32 Be-SPI? 154.37 

33 Be-SPIll 190,]7 

34 BCSPl'> 100.87 

35 I'!C·SI'2O 9707 

36 BC-SP21 95.17 

37 BC-sm 105.27 

38 BC-SP23 295.60 

39 BC-()..! 9LOO 

40 BC-o-2 160,90 

Inlemode 
length {an} 

4.77 

3.80 

5.47 

4.30 

537 

3.43 

4.30 

5.67 

7.15 

5.13 

7.03 

5.00 

5.77 I 
5.47 I 6.43 

4.87 

6.00 

7.00 

3.63 

8.47 

6.07 

5.03 I 
4.93 

8.17 

4.00 

6.97 

5,73 

5.07 

480 

5.83 

6.37 

2.73 

6.93 

4.97 

5.03 

7.17 

3.80 

3.43 

2.97 

6.13 

plant, 

2.83 

4.13 

4.00 

3.10 

6.07 

3.90 

:3 97 

4.00 

5.00 

2.87 

2.77 

3.73 

313 

3.00 

3.33 

4.43 

3.00 

4.03 

2.83 

SJ13 
5.43 

4.40 

4.9 o 
5.90 

2.67 

5.80 

48 o 
4.97 

28 o 
"1' 

487 

3."90 

H13 

2.87 

2.97 

2.40 

4,00 

},87 

I 

, 
I 

I 
I 

1 
! 
I 
1 

_~..-L.. 

~; ',: I 

Node at leaves leaf Ie!1gIh 
IifStber pel' plant (om} 

7.80 18.77 5.97 

13,00 26.17 5.40 

12.00 33.70 6.20 

12.97 36.07 6.43 

18.67 33.33 6.33 

14.93 50.67 5.50 

10.67 28.93 5.03 

12.97 43.83 6.03 

11.87 25.97 6.13 

9.60 29.37 527 

14.07 41.50 6.17 

9.93 29.47 5.50 

10.97 39.31 5.40 

8.43 37.93 4.63 

9.27 30.90 4.40 

18.87 41.93 5.83 

13.60 30.53 5.43 

12.10 30.17 6.03 

7.03 20.57 5.57 

15.60 29.30 6.70 

9.00 25 .. 57 5.13 

12.47 45.30 5.60 

9.77 25,80 5.13 

7.97 29.30 6.43 

14.80 33.03 5.33 

11.07 35.27 5.50 

9.97 29.63 5.20 

13.97 34,93 5.50 

6.10 24,20 5.37 

9.97 38.00 5.40 

11.93 26.81 5,17 

l3,93 39.10 5.33 

18.97 37.80 6.30 

11,77 21.40 5.53 

8.30 19,50 5,17 

6.53 16.00 5.17 

12.37 29.03 6.50 

19,30 59.50 5.47 

12.23 28,40 5.10 

9.17 31.27 6.23 

XVI 

Leafdry '1 
, .. -

Ulafwidlh Ulafarea 
(an) weight (g) I (an2) 

-+~~~--

no 0.20 53.13 

6.10 0,19 36.17 

6.00 0.30 43,23 

6.07 0.39 42.60 

6.20 0.11 42,83 

5.63 0 .. 29 30.17 

5.30 0.20 31.60 

6.20 0.12 35.80 

6.13 0.18 45.43 

6.20 0.15 29.70 

5.33 0.12 42,77 

6.70 0.13 34.10 

6.70 0.20 25.40 

6.30 0.21 25.30 

4.97 0.20 24,97 

6.40 0.16 49.87 

S.40 0.23 36,07 

7.17 0.09 58...50 

5.70 0.12 n.2\) 

6.33 0.18 55.07 

5,43 0.23 36.10 

7,63 0.23 6223 

4.,83 0.16 28.20 

6.23 O.IS 35.93 

5,70 0.12 31.87 

5.33 0.29 36.00 

5,13 0.13 31.83 

5,43 0.10 40,00 

5.57 0.22 35.10 

5.63 0.11 48.30 

5.17 0,20 37.90 
I 

6.13 0,11 49,57 

7.13 0.30 
! 

6UO 

607 0.11 50,00 

7.10 0.09 44,63 

7.10 0.14 59.07 

6.23 0.31 42,60 

5.70 0.31 30.40 

5.30 0.31 46.27 

5.31 0.15 43,57 



:~r:--' 
4 BC43 220.63 6.07 

4 BC-04 162.77 8.07 

4 BC-O-5 115.53 5.13 

44 
\ 

BC.(H) 16037 6.27 

45 I 
BC-O·1 14857 5.17 

46 OC-O-8 314.03 7.07 

47 I BC-O-9 135.37 4.9(} 

48 

I 

B(_"-Q.IO 130.47 

49 OC-Q.1I 120.47 3.90 

50 BC-{)-12 293.40 5.80 

5] BC-O·13 140.67 600 

52 IlC-NC-l 115,13 5A7 

53 Be-Ne-2 203.73 5.93 

54 BC-NC-3 136.43 4.77 

55 B('rNC-4 14L77 520 

56 BC-NC-5 208.47 9.00 

57 Be-NC-6 138.73 4.97 

58 B<>NC-1 150.]0 5.43 

59 BC-NC.s 10710 4.80 

60 BC-NC-9 10257 5.00 

61 BC-NC-IO 20323 5.97 

62 Be-Ne-ll 106.83 4.80 

63 BC-NC-12 210.33 6.63 

64 BC-NC-J3 Im20 7.00 

65 BC-NC-14 90.60 3.87 

66 BC-NC-15 140.23 3.97 

67 OC·NC-!6 135.33 5.00 

BC-N(>11 6.97 

n:::1-
90 16.90 35.13 3. 

6. 

4. 

5. 

4. 

3. 

4. 

3. 

3. 

2. 

5 

8_ 

17 19.00 32.93 

07 18.07 I 30.77 

23 8.13' 34.90 

70 

17 

m 
93 

! 5. 

I 4. 

17 

80 

93 

07 

93 

53 

I 4.90 

'i3 

II. :.~ .7 

5,00 

,0 I 4 '1 

1 

5.9 7 

n 

\

1 5.( 
5.00 

3.7 3 

!7 

4.00 

3.00 

3. 

6.00 

4.00 

r 

I 

12.00 27.45 

13.07 5~DO 

8.97 2497 

16.07 27.63 

9.13 30.90 

17.13 47.97 

14.00 25.27 

3.67 31.37 

9.10 3530 

2053 31.63 

9.23 23.40 

9.33 2830 

9.73 28.97 

10.27 30.13 

8.90 19,43 

12.97 21.30 

9.07 29.10 

9.00 15.73 

9.97 28.70 

5.00 28,77 

9.17 15.97 

8.10 30.70 

10.00 21.00 

9.00 35.70 68 190.23 L-__ _L ______ ~ ______ L_ ____ ~~_ 

xvn 

5.83 5.37 0.22 34.80 

5.50 6.33 0.14 45.13 

6.00 6.93 020 49.53 
I 

601 710 l 
0.12 52.90 

4.71 4.90 0.30 28.47 

5.27 5.63 0.11 36.00 

6.33 7.30 0.18 54.83 

7.23 7.67 028 68.43 

7.47 6.80 0.17 6L31 

I 
5.50 5.97 O.IS 38.17 

7.0 7.13 0.31 5930 

5.73 6.20 0.26 41.90 

6.30 7.17 0.30 41.80 

6.20 6.47 0.30 44,97 

8<70 8.93 039 60.97 

5.50 5.37 0.19 35.27 

5.93 6.03 0,25 32.83 

1.13 6.23 0.24 42.70 

6.10 637 0,25 40.33 

7.10 637 0.10 47.01 

6.17 7.33 0.39 49.37 

4.87 5.23 0.39 51.33 

5.23 6.17 0.12 39.13 

5.73 6.10 0.16 46.40 

7.10 7.17 0.11 49.87 

6.27 5.23 0.22 42.47 

5.27 6.20 0.26 39.70 

4.93 4.93 0.15 25.87 

Continued ...... " ill "" ... ,. •• "',. .. ,. ...... 



XVlll 

S1 Clones Fruit Fruit Fruit nlJUMliV" ~ Pericalp Seeds Pl'OIein Fruits per Fruit yield 

No = r: lIIlillme (gJ wntent Thickness I fruit wntenl(g) plan! IpIanI (0) 
(oo} 

'" 
Co} (an) 

I Be-S-l 5.77 920 29.47 22.93 8.60 0.38 9.57 1.80 17.00 389.77 

2 Be-S-2 4.33 8.13 29.90 2017 9.57 0.30 10.17 1.83 26.57 551.67 

3 Be-S-.) 5.50 8.30 21.37 IH)7 680 0.39 7.00 L60 32.73 558.80 

4 Be-54 4.97 8.63 35.43 n.n 9.57 0.49 810 1.83 26,47 856.13 

5 Be-S-5 6.13 

! 
8.27 29.60 24 (17 9,45 0.40 9.43 L7:-I 25.47 635.80 

6 J3C.S<>6 6.17 837 30.93 2987 9.77 0.41 11.33 1.83 3727 1146.60 

7 Be-S-7 5.17 7.93 20AO 14.13 6.10 OAO 7m 1.81 42.17 621.70 

8. Be-S-8 5.37 8.10 20.87 18.73 5.73 0.30 847 1.71 30.37 568.00 

<) Be·S·<_) 527 9.27 2037 lU;J 7.57 0.39 10.27 177 41.90 613.47 

10 Be-S-IO 567 

I 
9.43 30.10 

I 
28'70 10.10 0.38 8.53 1.83 27.27 78333 

11 IlC-S-ll 

I 
6.10 7.27 20.60 14.53 4.93 0.29 IU7 1.83 21.47 312.87 

I2 Be-S·12 5.07 

I 
&.30 25.43 i9.00 5.97 0.40 9JJ7 1.73 24<:)0 50131 

13 Be-S-13 6.03 8.93 24.33 25.60 7.73 0.49 9.13 1.80 56.63 1450.43 

14 BC·S-14 6.10 830 25.40 2557 7.61 0.29 8.87 1.77 51.57 B19~90 

15 BC-S-15 5.40 827 25.57 20A3 7.07 
i 

0.30 9.33 1.83 46.81 95863 

16 Be·SP] 5.03 9,87 36.87 29,60 9.97 0.30 15.30 1.97 29.03 859,73 

17 BC-SP2 8.90 10.20 35.67 30,'>0 8.53 0.39 9,50 1.87 32,07 1034.30 

18 Be.,_<;P3 8.70 10.57 25,87 29.57 7.23 0.29 13.17 1.83 34.33 715.47 

19 B(;'SP4 9.40 I 9.93 36.10 24.40 9.30 0.30 12.40 1.83 24,17 814.37 , 
20 Be..sFS 8.83 I 9.71 3500 24 SO 12,33 0.40 1231 L83 31.80 925.03 

21 BC-SP6 8.70 9.81 31.87 :>0.13 9.43 0.29 16.40 ].87 37.70 1045.41 

22 Be·SP7 8.83 10.23 38.83 3140 8..23 0.40 12.27 1.77 34.13 ]801.63 

23 BC-SPS 8.23 9,97 30.90 25.47 !l.60 0.21 13.17 1.87 57.30 1067.50 

24 BC~<;P9 10.70 1041 60.50 39,23 13.30 042 20.43 1.83 41.87 164503 

25 IlC-SPlO 9.13 &.67 44.90 3727 13J3 0.39 12.93 1.77 :H.41 [441.91 

26 BC-SPII 1.67 953 2767 1843 750 0.40 1083 L83 31,63 672.63 

27 Be-SF12 7.73 903 31.07 200 830 OAO 19.17 1.83 36.43 52L67 

28 Be-SP13 10.27 11.!3 40.27 2840 9.20 0.40 18.17 1,93 21.40 952.90 

29 Be-SPI4 I 8.43 HUO 41.83 3310 10.20 0.39 18,47 1.81 19.47 615.77 

30 Be-SPIS 8.13 10.43 31.67 2423 930 0,37 14.10 185 20.10 551.93 

31 Be-SPI6 8.40 1033 48.93 35.63 1l.07 0.31 16.93 1.83 25,60 914.00 

32 Be·SPI7 7.73 to.57 3653 2490 903 0.39 16,23 1.71 26.97 673.13 

33 Be-SPIS 8.47 10.70 3973 24.90 11.33 0.49 8.30 1.77 16.53 461.93 

34 BC-SFI9 8.53 I 10,43 25.33 2440 10.53 0.39 9.60 1.73- lIU1 408.33 

35 BC-SP20 9.30 10.60 28.27 24.53 10.27 0.39 9.47 1.77 3370 827.70 

36 Be·SF2l 7.S0 10.00 3093 21.'50 10.10 0.31 9.17 1.80 1943 418.03 

37 Be-SP22 820 10.97 3897 B.n 11.20 0.80 14.8J 1.77 18.S0 625.07 

38 Be-SF2:> 8.33 ll.20 4123 3] 20 11.20 0.4t> 14.53 1.77 20,13 628.4 

39 Be-O-l 7.03 9.37 27.07 25.J3 lO,1D (lAO IS.6? 1.93 3992 1013.40 

·10 Be·'()-2 g,OO 1O.l7 3!.20 29.27 10.17 OAO 14.93 177 11.53 33693 

41 Be-O·3 7.67 10.43 36.07 ,uo 11.17 0.51 9.43 1.90 24.47 765,93 

42 OC-04 7.30 lO.73 29.47 24.10 7.10 OAO 9.60 1.71 34.63 835.97 

43 OC .. ()·j 6.80 10.33 25.37 2J 27 10.07 0,30 13.60 1.73- 18.03 419.93 

44 BC-O·(' 7.17 10.27 26.30 23 !7 lO.30 0.40 9.50 1.77 21.73 504.03 

45 BC-O-1 8.83 10,45 21.27 25.00 I tOO 0.39 11.11 1.91 26.37 659.90 

46 BC-O-8 7.30 10.40 37.27 3143 13.10 0.49 18.20 1.90 32.07 1008.97 

47 Be-O-9 7.00 10.83 50.40 3800 12.10 0.59 13.23 1.91 13,20 502.33 



xix 

f3C·O-lO 7.83 J 1.03 (lA9 

BC·'()"11 7.87 13.00 {).50 

BC"()"12 720 Hl,80 36.10 29.07 9.93 O.M! 

BC-()-13 9.03 10.70 41.07 41,03 1233 049 

52 BC>NC-l 6.63 9.37 26.43 24.47 1047 OJ9 8.53 1&7 11.21 42337 

53 l3(>NC-2 6.00 9.40 22,30 20.17 830 0.49 993 1.87 12.73 254.17 

54 BC·NC-3 8.37 10.51 3127 29.53 10.43 0.39 9.20 1.97 21.13 625.33 

55 BC-NC-4 7.07 937 34.40 3UO 10.47 0.61 12.30 1.90 IUO 557,53 

)6 BC-NC-S 6.l!J 9.47 4633 <tUO 10.80 () (, i nO) 1.93 29.10 lI99.77 

57 [lC·NC-6 (,30 8.67 31.33 29.33 8.70 (lAS 10.27 1.77 15.87 465.40 

58 HC-NC-7 7.17 1007 3133 29.23 870 0.59 1303 1.77 20.17 590 . .37 

59 BC-NC-8 6.20 8.40 30-'0 2720 7.00 0.69 il.70 L80 24.47 66770 

6fJ BC-NC-9 7.00 g.gO 29.67 2623 8.27 0.67 10.13 l.7S 34.40 804.07 

61 6.03 7.83 29.73 27.33 1007 039 8.27 1.93 18 . .20 7()45(1 

62 BC-NC-ll 6.03 8.73 36.10 35.67 7.07 050 10.25 L93 11.80 341.70 

63 BC·NC-12 707 8.17 :30.90 29.40 7.20 0.49 10 . .23 L97 236.53 780.43 

64 IlC-NC-13 5.83 9()0 1 310J 30.43 7.27 050 8.43 1.97 20.4() 62137 

65 BC-NC-14 5.80 

lr 
3497 30.80 1000 0.50 12.07 un 14.41 44627 

66 BC·NC-lS 6.53 50 I 3007 2930 8.07 0.49 l(L()7 1.77 29.17 I 857.6.1 

BC-NC·J6 683 ;J 2973 29.17 8.73 040 11.5(1 1.73 27.90 815.47 

Be·NC-l7 693 07 2570 24.95 7.93 0.}8 35.97 L77 41.07 ~~ 
-----_ -

• Average performance of 1997-98 and 1998-99 field trials • 
Notations associated witb tbe name of tbe clones : 
S : Clon.es bearing small sized fruits, SP : Clones beating spindle shaped fruits, 0 : Clones 
bearing oval shaped fruits, NC : Clones bearing near cylindrical fruits. 




