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ABSTRACT OF THE THESIS OF

MUHAMMAD IQBAL FOR DOCTOR OF PHILOSOPHY
Major : Plant Breeding and Genetics

TITLE: INHERITANCE AND COMBINING ABILITY STUDIES FOR

EARLINESS, YIELD AND YIELD COMPONENTS IN 6 X 6

INTRA-SPECIFIC HYBRIDS OF Gossypium hirsutum L.

The node above white flower (NAWF) technique was used to monitor the growth,
development and maturity of ten cotton varieties viz. Reshmi, CRIS-9, MNH-93, MNH-
329, MNH-395, MNH-439, S-12, S-14, CM-1100 and NIAB-78 during the years 1996,
1997 and 1998. The NAV/F counts were made at weekly intervals. By regressing NAWF
means over time, the number of days to reach NAWF of 5.0 (NAWF-5) was determined.
Days to NAWF-5 were highly correlated with percent first pick of seedcotton yield. It
was observed that NIAB-78 and CRIS-9 achieved NAWF-5 earlier by 109.86 and 109.09
days (average of three years). Days to NAWF-5 provided a focal •point for all
management decisions. Therefore, it became evident that NAWF technique could be used
for monitoring cotton plant after flowering, earliness determination of variety/strain and
detecting fruiting problems during growth season.

Six upland cotton (G. hirsutum L.) varieties were crossed in all possible
combinations. The parents and F] were sown in a replicated experiment. Hayman’s diallel
cross analysis was employed to investigate the nature of gene action involved in the
inheritance of node of first fruiting branch, number of monopodia! branches per plant,
number of svmpodia! branches per plant, days taken to first flower, days taken to open
first boll, number of flowers per plant, number of bolls per plant, boll weight, yield,
percent of seed cotton yield in first pick (percent first pick), ginning out tum %, staple
length, fiber fineness and fiber strength. Griffing’s technique was used to estimate the
general and specific combining ability of parents and also genetic components of
variances for above-mentioned traits.

The diallel analysis revealed that all the characters were polygeneically inherited
and exhibited partial dominance with additive gene action. Significant estimates of
general combining ability (GCA) were determined for all traits under study. Estimates of
specific combining ability were significant for the node of first fruiting branch, number of
monopodial branches per plant, number of sympodial branches per plant, days taken to

first flower, number of bolls per plant, seed cotton yield, ginning out tum, staple length
and fiber fineness. Specific combining ability estimates further indicted that hybrids
DPL-54 x MNH-93, Reshmi x DPL-54 and Reshmi x MNH-93 for seed cotton yield,
Reshmi x NIAB-78 for earltness (node of first fruiting branch, days taken to first flower,
days taken to open first boll and percent first pick) and Reshmi x S-14 for ginning out

tum may be preferred for these traits. The cross Reshmi x MNH-93 is valuable cross for
seed cotton yield and fiber quality which can yield segregates for fiber quality to meet

international standard. The proportion of variance due to GCA was higher than SCA for

XV
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I. INTRODUCTION

Cotton is the most important textile fiber crop and second most important oilseed crop in

the world (Chary and Leffler, 1984). It is also one of the most important cash crops of Pakistan

which accounts for 60% of total foreign exchange earnings through export of lint and value

added cotton products. It provides raw material to domestic cotton industry comprising 503

textile mills, 1 139 ginning factories and over 5000 oil expelling units (Mahmood, 1999). It has

85% share in total vegetable oil produced in the country. Cottonseed cake, an important by¬

product of cotton, is a valuable source of protein for ruminant cattle. In addition, 40 percent

labour force of the country is employed in cotton fields and cotton processing mills (Mahmood,

1999). Keeping in view the above facts, cotton is rightly described as the backbone of Pakistan

economy.

Pakistan ranks fourth in area and production of cotton in the world. Pakistan has 9.36%

of total world cotton area, 10.18% of production, 8.06% of consumption and 4.5% of total world

export of raw cotton (Mahmood, 1999). The highest ever production of 12.8 million bales was

achieved during the year 1991-92. But there was a reversal trend in the succeeding two years

and the production dropped to 11.2 million bales in 1999-2000 (Anonymous, 2000). There is a

lot of scope to improve the cotton yield of Pakistan to compete with other cotton producing

countries of the world.

The main causes of low yield in Pakistan are as following:

Low genetic yield potential

Low ginning outturn

Inadequate pest control.

Climatic changes

High prices of inputs.

Shortage of water.

However, there is a scope to improve the lint yield, as most of the resources required for

cotton cultivation are available in our country. The above mentioned problems can be overcome

as best environmental conditions (high temperature in early days and moderate at the time of

maturity, early dry season, occasional rainfall, almost no frost at the time of maturity, and sun

shine throughout the season) are available in cotton belt of Pakistan. Similarly the best irrigation

system of the world is present in Pakistan and by proper utilization of canal water, the problem

of water shortage can also be solved.

1)

2)

3)

4)

5)

6)

i
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The physical features that determine the yield of a cotton plant include the number of

bolls per plant or per unit area, the size of boll (boll weight) and percentage of lint. It has been

estimated that increase in one percent ginning outturn is equivalent to three percent increase in

seed cotton yield (Afzal, 1949). Thus the total lint production of the country can be enhanced by

improving ginning outturn of the commercial cotton varieties. Size of the seed is generally

associated with the boll size (Poehlman, 1986). Large seeded varieties normally have low lint

percentage and small seeded varieties have a high lint percentage.

The quality of fiber also plays an important role in cotton marketing. The main

characteristics of cotton fiber, which influence its end-user and its price, are fiber length, fiber

strength and fineness. According to Afzal (1999) Pakistani cotton has lost its prominent position

in fibre strength, which has come down to around 90,000 lbs. per square inch (PPSI) from its

previous value of 100,000 (PPSI). Finer cottons are the need of the day as they are required for

spinning fine yarn. High yielding cultivars will be of small comfort when they fetch decreased

price due to their coarseness.

On world basis, 40 percent yam is spun from cotton having 27.0 mm to 28.0 mm staple

length and 4.5 to 4.8 micronaire value and 18 percent yarn is spun from 28.0 mm to 29.0 mm

and 4.3 to 4.5 micronaire values. While in Pakistan, the staple length of existing commercial

varieties ranged from 25.5 mm to 26.0 mm on commercial level with 4.8 to 5.2 micronaire

values, which fits only for below 20-count yarn (Afzal, 1999). Therefore to compete in

international market, early maturity and increased lint yield with good fiber characters should be

the major breeding objectives of cotton breeding program in Pakistan.

Early maturity in cotton has many advantages. It enables the cotton crop to develop

during periods of favorable environmental conditions and to be picked before damage from

unfavorable weather. Moreover, early maturity helps to fit the crop into double cropping pattern

as in cotton growing area of Pakistan, normally the wheat crop is followed after cotton. Early

maturity, therefore, is an important component of cotton production in Pakistan farming system.

Several methods have been used to produce an early cotton crop, such as chemical termination,

early irrigation cut off, early defoliation, genetically induced earliness or the combination of all

or some of these methods (Neil, 1991). Genetically induced earliness is determined by many

plant characters including the days taken from sowing to square formation, number of days

taken for flower development and the time required from the boll formation to maturity. The

relative length of these periods varies in different varieties, moreover, environmental conditions

in which the cotton plant is grown affect these periods. To develop early maturing cotton,

2
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concentration should be focused to reduce the periods of above mentioned factors by changing

the genetic constitution of the plant.

Losses caused by the diseases and insects attack can also be reduced by the use of early

maturing varieties. The damage from the pink bollworm (Peciinophora gossypiella) can be

avoided by the cultivation of early maturing cotton cultivars. The damage by the pink bollworm

was less in moderately early and very early cottons than the long season cottons (Wilson et al.

1981). In Multan region the high population ofHeliothis is found in the month of April and third

week of September to fourth week of October (Anonymous, 2000). Similarly high population of

pink bollworm existed during the month of September and first week of October. Whitefly also

makes colonies in the month of September and severely damages the cotton leaves (Anonymous,

2000). Therefore, to save the cotton crop in this region from the above mentioned insects, it is

necessary to evolve cotton varieties having the characters of early maturity and tolerance against

high temperatures during the months of July and August. By evolving such cultivars the use of

chemical pesticides can also be minimized alongwith other inputs like irrigation water and

fertilizer. As water shortage is the main problem now a days, by reducing the maturity period we

can save the quantum of irrigation water required for cotton. Non-chemical approach for pest

management coupled with optimal agronomic management (e.g avoiding over watering and high

nitrogen inputs and use of growth regulators to avoid late crop and excessive vegetative growth)

can go a long way in maximizing cotton productivity (Neil, 1991).

Due to certain limitations, a little selection pressure has been applied to improve

earliness, yield and yield components and fiber quality simultaneously. There are a little reports

regarding the genetic parameters (genetic behavior, combining ability, heritability and

correlation) among cotton genotypes for earliness related traits (node of first fruiting branch,

days taken to first flower, days taken to open first boll, number of monopodial branches per

plant and percent first pick), seed cotton yield and its components (number of sympodial

branches per plant, number of bolls per plant, and boll weight) and fiber quality traits (staple

length, fiber fineness and fiber strength) in a experiment of one environment. Less efforts were

made to improve all these three basic components of cotton. In view of these facts, this study

was conducted to get detailed information about the genetic parameters of earliness related traits,

seed cotton yield and its components and fiber quality characters in 6 x 6 diallel cross under

local conditions, so that new superior genotypes may be developed having all the desirable

characters such as earliness, high seed cotton yield and good fiber quality i.e. above 28 mm

staple length, 4.0 to 4.3 micronaire value and more than 100 TPPSI fiber strength. Evolution of

such new early maturing genotypes could lead to reduce the usage of pesticide, saving of foreign

3
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exchange being spent on import of pesticide, minimizing the environmental pollution caused by

excessive use of harmful pesticides in cotton fields. These genotypes would ultimately increase

the earnings of the farmer through increase in their yield and decrease in cost of production. The

country can be benefited through revival of its economy by producing quality lint, which fit for

spinning above 20 count yam being demand of international market.

Estimating components of genetic variation may be justified at least for three reasons:-

Understanding fundamental genetic phenomena, predicting gain under selection in heterozygous

population and identifying parents which might yield superior F| hybrids (Chapman and

McNeal, 1971). Sprague (1963) listed three major factors that must be considered in the analysis

of quantitative genetic variation i.e., the number of genes involved, type of gene action and

genotype environment interaction. Stuber (1970) suggested the genetic models, which estimated

additive, dominance and additive x additive interactions, are realistic approach for the analysis

of quantitative variation in most self-pollinated species. For this purpose diallel crossing

scheme is a method which can be used \o depict the kind and relative magnitude of genetic

variability among the process of a group of varieties/strains. Diallel analysis as developed by

Jinks and Hayman (1953), Hayman (1954 a, b and 1958) and Jinks (1954 and 1956) provides a

systematic approach for the depiction of parents and crosses superior for the traits under

investigation and helps the breeders to choose the efficient method of selection for isolation of

superior genotypes among the offspring of hybrid progenies under investigation. For this

purpose combining ability analysis was attempted in present study. Combining ability is

categorized into two types viz. General combining ability (GCA) and Specific combining

ability (SCA). The GCA denotes the average performance of the varieties involved in hybrid

combinations; while SCA is explained as the deviation of individual crosses from the average

performance of a line in hybrid combinations (Sprague and Tatum, 1942). The method of

combining ability analysis was developed by Griffing (1956), which is a comprehensive tool for

selection of better parents possessing high general and specific combining abilities.

Selection is the most important activity in all plant breeding programmes. The various

types of selection schemes, viz., mass selection, progeny selection and recurrent selection, are

used depending upon the mode of pollination of the crop species, gene action and the breeding

objective. The efficiency of selection largely depends upon the extent of genetic variability

present in a population, and the heritabiiity of the concerned character. Selection is generally

more effective for characters with high heritabiiity than those having low heritabiiity.

Heritabiiity is the coefficient of transmissibility of performance potential to the filial generations

and obviously plays a predictive role with regard to the possibility of improvement in

!

1

!
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quantitative traits. It is invariably an established fact that different metric traits, depending upon

the complexity of their nature, are differentially influenced by the environmental variation.

Moreover,' the extent of heritability of a character is negatively correlated with its response to

environment. In this context the estimation of heritability of important agronomic traits has great

significance with regard to the efficiency and effectiveness of selection for superior genotypes.

Genetic advance is a further estimation of expected genetic gain resulting from selection

pressure in breeding material. The extent of contribution of genotype to the phenotypic

variation for a trait in a population is ordinarily expressed as the ratio of genetic variance to the

total variance, i.e., phenotypic variance. This ratio is known as heritability (Allard, 1960).

In cotton, both quality and quantity are equally important, but they are mostly negatively

correlated with each other. Selection based on phenotypic correlation, without taking into

account the direct influences and the indirect effects via other correlated characters, may not

prove fruitful. The path coefficient analysis is a tool for breeders, which partitions the genotypic

correlation coefficient into direct and indirect effects.

As plant is the best indicator of actual growth and development conditions within any

production field, the node above while flower (NAWF) measurement is an indicator of fruit load

relative to vegetative growth and can be used to monitor maturity of plants after flowering.

NAWF appears to respond to any factor that affects vegetative growth and fruiting of the plant.

Thus, fruiting behavior problems may be detected by study of NAWF during the growing

season.

Defining the flowering date of the last effective boll formation through using the NAWF

technique facilitates end season management decisions. Both economic (reduced costs and

improved quality) and environmental benefits should be directly realized by optimum timings of

termination of insecticides and irrigation water. NAWF-5 (established “cutout” bench mark)

provides a focal point for all management decisions to be considered in cotton cultivation

(Bourland, el al. 1991). Therefore NAWF-5 technique has been used for determining the

earliness in 10 varieties of upland cotton viz. Reshmi, CRIS-9, NIAB-78, S-12, S-14, MNH-

329, MNH-439, MNH-395, MNH-93, C1M-1100.

For the study of genetic analysis combining ability estimates and heritability estimates

for earliness, yield and yield components, and fiber quality traits, six selected varieties of upland

cotton viz. Reshmi, MNH-439, S-14, MNH-93, NIAB-78 and DPL-54 were selected on the

basis of genetic diversity. This information is breeder’s requirement, because the efficiency of

breeding methods employed for maximum genetic improvement of quantitative traits in the

population of the interest depends upon the utilization of this information.
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During the year 1987-88 a virus like disease appeared in cotton which gradually

increased and became epidemic from the year 1992-93 and caused heavy damage to the crop

during the year 1994-95 when the cotton production declined from 12.8 million bales to 7.9

million bales (Anonymous, 1997). This disease was then identified as Cotton Leaf Curl Virus

(CLCuV). The yield loss has become a constant phenomenon every year due to CLCuV and

about 7.1 million bales have been lost during last decade (Mahmood, 1999).

Similar type of damage to cotton (G. hirsutum L.) has been recorded by the CLCuV in

Nigeria, Sudan and Tanzania. The disease caused a reduction in number of bolls by 87.4%,

38.8% in boll weight and 92.2% in seed cotton yield (Singh et al. 1999). The crop management

strategies proved ineffective against CLCuV attack and the only option was to build genetic

resistance in varieties to provide the solution of this disease (Khan and Khan 1995). Much

attention has been paid toword breeding for resistant varieties in Pakistan and as a result eleven

CLCuV resistant varieties have been developed and released for general cultivation which

provided genetic barrier against CLCuV alongwith other desirable traits. The country is still

under constant threat as many of the farmers are still growing old susceptible varieties.

However, breeding CLCuV resistant varieties has become an essential and integral component

of the national cotton breeding program. Therefore, inheritance studies on CLCuV were also

carried out in this research program.
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II. REVIEW OF LITERATURE

2.1Earliness
Earliness of cotton has been extensively studied, however, the most relevant literature on

earliness is reviewed as under:

Richmond and Radwan (1962) reported the results of a comparative study of seven

methods of measuring earliness of crop maturity in cotton. Three of these measures dealt with

number of days from planting to appearance of first square, first flower and first open boll,

respectively and under system of classification, they would fail in the time event category. The

other three measures (amount of crop harvested, percentage of crop harvested, mean maturity

days) were concerned with ratios of various fractions of the crop to the total crop and under the

system of classification they would be called product quantity measures. The seventh method

measures, the combined weight of the first and second picking expressed as a percentage of the

total seed cotton harvested. This method was considered to be the most practicable to measure

earliness.

Richmond and Ray (1966) studied product quantity measures of earliness of crop

maturity in cotton. They studied three stocks of American upland cotton, Gossypium hirsutum L,

and the three possible crosses among them as experimental material for the study of product

quantity estimates of earliness of crop maturity. The investigation involved three measures of

earliness (l) amount of crop harvested (ACH), (2) percentage of crop harvested (PCH) and (3)

mean maturity date (MMD), They took data and calculated genetic and statistical parameters on

the parental lines and the F2 populations of the three crosses. MMD, which gave the highest

heritability values, was considered to be the most reliable of the three methods, both for the

studies of genetics of earliness as well as for the use in breeding program in which earliness,

without regard to total or potential yield, is the prime objective. The reliability of ACH and PCH

measures of genetic analysis of earliness is subject to further question because of the correlation

between their heritability and percentage of bolls open at the time of measurement. Since the

method of calculating MMD does not take yield into account directly, ACH or PCH measures

will be more effective in those phases of breeding program in which maximum yield in

minimum time is a major consideration. However, ACH appears to be the relatively more

desirable. However, no single measure stood out as being completely acceptable in all breeding

situations or under all conditions, the experiments showed that reasonably reliable measure of

estimates of earliness of crop maturity in cotton are available for application to specific, well-

defined plant breeding problems or crop improvement objectives.

7
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Ray and Richmond (1966) studied the morphological measures of earliness of crop

maturity in cotton and stated that certain features of the gross morphology of the cotton plant

furnished clues to earliness of crop production. Three such feature: (1) Node of first Fruiting

branch (NFB), (2) number of vegetative branches (NVB) and (3) percentage of bolls on

vegetative branches (PBV) were used as morphological measures of earlincss. All of the

morphological measures were significantly correlated, but because of higher heritability and

lower variability, NFB was considered the most reliable and the most practical one amongst the

three methods. NFB and NVB were significantly correlated phenotypically with product

quantity measures of earliness. Mean maturity date (MMD), a product quantity measure and

NFB, a morphological measure, were separate estimates of the same phenomenon i.e. earliness

of crop maturity. When used together, they were mutually supporting and they form a reliable

basis for estimating earliness in the genetic studies and breeding program.

Hearn (1969) studied growth and performance of cotton in desert environment and stated

that early maturity in cotton was determined by the faster squarig or flowering mode, more

squaring or flowering sites on fruiting branches, more fruiting branches on vegetative branches.

Gipson and Ray (1970) studied temperature variety interrelationship in cotton and

concluded that early maturity in cotton was measured by the days required from flower to boll

opening.

Bilbro and Quisenberry (1973) studied the yield-related measure of carliness for cotton

(Gossypium hirsuium L.) and proposed a production rate index (PRI) as a means of expressing

crop maturity or earliness for cotton (Gossypium hirsuium L.). The PRI values were judged to be

generally more suitable than MMD (Mean Maturity days) values for estimating earliness

because they were yield related and expressed in a production rate i.e. amount produced per unit

time. Throughout this time period, the principal method of measuring maturity in cultivar testing

and breeding programs had been used were proportion of total harvest in the first of two

harvests, i.e. percent first pick, and among morphological measurement, node of first fruiting

branch to be good indicator of early maturity (Bourland, el al.1991). Although percent first pick

is the most frequently used measurement of earliness, it has certain drawbacks. First the data

from different tests arc difficult to compare due to variation in timing of first harvest, secondly

variation in maturity is often masked when first harvest is delayed and more than 80-90% of the

total yield is harvested in the first pick. A third problem with percent first pick is that maturity

can not be quantified until harvesting is completed. Thus in season management adjustments

based on crop maturity are not possible (Bourland et al.1991).

:
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The position of the highest white flower on the main axis relative to the plant apex

provided an indication of vegetative to fruiting balance (Bourland et al. 1990). As a result boll

load is accumulated or vegetative growth is inhibited, white flowers occur progressively closer

to the plant apex. Flowering ceases when a flower is initiated at the apical node. Position of the

highest white flower on the main axis can easily be determined by counting number of nodes

from the white flower to the plant apex. This technique was first described by Bernhardt at al.

(1986) and referred as the upper most white bloom (UMB). Furthermore, Oosterhuis et al.

(1989) demonstrated a physiological basis for this measurement by finding that NAWF (node

above white flower) described indirect proportion to the decrease in canopy photosynthesis

during the later part of the season.

Hesketh et al. (1975) studied earliness factors in cotton by comparing genotypes and

concluded that earliness in fruiting occur in smaller plants, which are less able to supply

photosynthate, nitrogen and water to growing bolls. Consequently such plant stops setting fruit

sooner* for lack of nutrients and matures bolls relatively earlier. This require manipulating

nitrogen water and stand density to induce stresses in these short seasoned cotton during the

fruiting period.

Bourland et al. (1991) studied maturity in cotton cultivars in Arkansas as determined by

nodes above white flower. Accurate description of maturity of cotton cultivars was needed for

choosing cultivars performance, Node above white flower (NAWF) during the growing season

described the progress of fruit accumulation relative to vegetative potential. They recorded the

counts of NAWF at nearly weekly intervals in four tests for two years. By regressing means

counts of NAWF over time, number of days to reach NAWF of 5.0 (NAWF-5) was determined,

thus they observed that the days to NAWF-5 stage was highly correlated with percent first pick.

Differences among cultivars for potential maturity could be detected during early flowering

season using the NAWF index. Days to NAWF-5 provided a precise and easy method/measure

to use for description of relative maturity of cotton cultivars.

2.2 Combining Ability and Gene Action

Quantitative characters are governed by several genes, each of these genes has a small

effect which is mostly cumulative. These characters are considerably affected by environment.

Quantitative characters showed a continuous variation and are governed by multiple factors or

polygenes may show dominant and epistatic gene actions in addition to cumulative gene effects.

Hybridization is the most potent technique for breaking yield barriers and evolving a

variety having a built in high yield potential. The selection of suitable parents for hybridization
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is one of the most important steps in the hybridization program. Selection on the basis of

phenotypic performance alone is not fruitful. As phenotypically superior lines may yield poor

recombinants in segregating generations. Therefore, parents should be chosen on the basis of

their genetic value. There are several techniques for the evaluation of varieties or strains in terms

of their genetic make up, of these, diallei technique is most commonly used.

Genotypic variance is divided into three components (I) additive, (2) dominance, (3)

interaction or epistatic components. Jinks and Hayman (1953) partitioned the epistatic

component into three types of interaction i.e, additive x additive, additive x dominance,

dominance x dominance. Genetic analysis to ascertain the type of gene action involved in the

development of various morpho-economic characters of cotton plant can greatly help the cotton

breeders in modifying the plant architecture to suit the specific environment. Extensive studies

on combining ability and gene action in various cross combinations of G hirsutum L. have been

carried out by many cotton research workers and these estimates varied with the breeding

materials used and the environmental or seasonal conditions in which the crop was grown.

Sprague and Tatum (1942) categorized and defined combining ability into two types viz.

General combining ability (GCA) and Specific combining ability (SCA). The GCA denotes the

average performance of the lines involved in hybrid combinations while specific combining

ability was explained as the deviation of individual crosses from the average performance of a

line in hybrid combinations. Turner (1953) reported that the estimates of variance for SCA are

more important as compared to the estimates of GCA in the yield of seed cotton.

Griffmg (1956) enunciated a statistical procedure for analysis of diallei crosses in a

generalized theoretical form. He suggested four methods of analysis depending on whether or

not the parental inbred lines or the reciprocal F| Crosses, or both were included in the

experiment. He also demonstrated the use of both random and fixed models. The diallei analysis

for gene action developed and illustrated by Hayman (1954 a, b and 1958) and Jinks (1954 and

1956) Jinks and Hayman (1953) have extensively been used to obtain precise information about

the type of gene action involved for the expression of various moropho- genetic characters and

to predict the performance of the progenies in the later segregating generations.

Miller and Marani (1963) studied heterosis and combining ability for yield and yield

components in a diallei cross of two species of cotton and reported that the major portion of

genetic variability for the lint yield, lint percentage, weight per boll, earliness, fiber length and

fiber strength were additive in nature.

White (1966) studied the genetic mechanism of quantitatively inherited characters

including yield of seed cotton, lint percentage, boll size, seed index, lint index and carliness

10
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(percent first pick) in G. hirsutum L. and reported that additive genes influenced these characters

in all crosses. But, multiple-allelism appeared to be present in lint percent, boll size and

earliness.
s

r
Lee et al. (1967) studied interaction of combining ability effects with environments in

diallei cross of upland cotton (G. hirsutum L.) and reported that the GCA estimates were non

significant for yield of seed cotton but significant for boll size, lint percentage, fiber length, fiber

strength and fiber fineness. The estimates of SCA were also non-significant for yield, fiber

length, and fiber strength and fiber fineness.

Verhalen and Murray (1967) used diallel analysis to study inheritance of several fiber

property traits in upland cotton (G. hirsutum L.) and concluded that long fiber was on an average

partially dominant over short fiber. Some dominant genes appeared to increase fiber coarseness

while recessive genes decreased it. Based on their heritability estimates, mass selection should

be an effective breeding method for improving fiber characters. Pedigree, sib tests and progeny

test may increase the efficiency of improving length and micronaire.

Marani (1968) studied inheritance of lint quality characteristics in interspecific crosses

among varieties of G. hirsutum L. and of G. barbadense L. The inheritance of fiber length was

found to be mostly additive, with small dominance effects in both species and possibly also

some epistatic effects in G. barbadense L. Inheritance of fiber strength and fineness was found

to be mostly additive, with some dominance effects,in G. barbadense L. and larger interaction of

fineness with environment were observed.

Mirza (1969) observed from 6x6 diallel cross experiment in G. hirsutum L. that the

genetic mechanism of the characters like yield of seed cotton, number of bolls per plant and

fiber strength were controlled by over dominance type of gene action complicated with gene

interaction. While monopodial branches, plant height, sympodial branches and boll weight were

found to be controlled by additive type of gene action.

Saleem and Khan (1969) conducted a diallel experiment in G. hirsutum L. and concluded

that lint percentage and staple length were controlled by additive gene action, while yield of seed

cotton showed the involvement of over dominance complicated by non allelic interaction.

Al - Rawi and Kohel (1969) applied diallel cross analysis to investigate the nature of the

gene action and interactions of genes involved in the inheritance of yield components and other

agronomic characters in upland cotton (G hirsutum L.) and reported that days taken to first

flower, plant height, number of nodes per plant, earliness (% first pick) boll size, seed index, lint

percentage, lint weight, bolls per plant and yield of seed cotton were polygenetically inherited

and exhibited partial dominance.

;
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Singh and Gupta (1970) inferred from an eight parent diallel crosses in G. hirsuium L.

that estimates of GCA and SCA were significant for number of monopodia, number of

sympodia, number of flowers per plant, number of bolls per plant, boll weight, and yield per

plant. The variances due to GCA were two to four times larger than those due to SCA.

AI- Rawai and Kohel (1970) studied the inheritance of fiber properties in intervarietal

diallel cross of upland cotton, G. hirsuium L. and reported that both GCA and SCA effects were

highly significant for fiber length, fiber strength and fiber fineness.

El-adle and Miller (1971) studied transgressive segregation and the nature of gene action

for yield in an intervarietal cross of upland cotton. Estimates of GCA were significant for yield,

lint percentage, boll weight, number of bolls per plant and seed index, which demonstrated the

importance of additive genetic effects for these traits. The variance for SCA was significant only

for lint percentage.

Thomson (1971) reported that the estimates of variances due to GCA predominated in all

traits particularly for lint yield, number of bolls, boll weight and mature plant heigh*. Fven when

significant, the SCA component of variance was much less than the GCA component.

Patil (1973) reported about fourteen yield related characters in six parent diallel cross

combinations of upland cotton that GCA variances were larger than SCA variances for all the

characters except the plant height and concluded that additive and non-additive genetic variances

were important for eleven characters.

Bakar and Verhalen (1973) reported the inheritance of several agronomic and fiber

properties among selected lines of upland cotton (G. hirsuium L.). Over-dominance was

observed for lint yield, earliness (percent first pick), lint percent, fiber length and uniformity

index. Partial dominance was indicated for fiber length and fiber strength. They further reported

that narrow-sense heritability values indicated that mass selection should be effective for

improving fiber length, fiber fineness and fiber strength and some what less effective for

improving earliness, lint percent and uniformity index. Better methods, such as pedigree, sib

tests and progeny tests, must be considered to achieve genetic progress for lint yield in this

material.

Mirza and Khan (1974) studied inheritance of yield and its components in diallel crosses

of G hirsuium L. and reported that over-dominance and non allelic interactions were important

for yield of seed cotton as well as for number of bolls per plant, while for plant height and boll

weight additive effects were important.

Omran et al. (1974) studied heterosis and combining ability in crosses between G.

hirsuium L. and G. barbadense L. and reported that the GCA effects were larger than the SCA
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effects indicating, the main component of genetic variance was due to additive type of gene

action for seed cotton yield. They found that genetic variances for fiber properties were additive,

but in case of fiber strength, the SCA effects were more important indicating the presence of

non-additive type of gene action.

Baker and Verhalen (1975) computed highly significant estimates of GCA mean squares.

The GCA/SCA ratio of variance components indicated that the additive genetic variance was of

approximately equal importance for lint percentage and of greater importance for fiber length,

uniformity index and fiber fineness but the dominance variance was more important for yield

and earliness.

Gururaja Rao et al. (1977) working on 6 x 6 diallel analysis in upland cotton (G.

hirsutum L.) reported that additive gene effects predominated for ginning percentage, lint index

and seed weight and non additive effects for fiber length, fiber weight and fiber strength.

Khan (1978) in a 6x6 diallel cross experiment in upland cotton observed that characters

like yield of seed cotton and boll weight were being controlled by additive type of gene action

complicated with non-allelic interaction whereas, the characters like height of main stem,

number of sympodial branches, ginning outturn percentage and staple length were observed to

be controlled by over dominance type of gene action complicated with non allelic interaction.

A study of gene action in G. arboreum L. conducted by Ishaque et at. (1978) revealed

over-dominance for number of bolls per plant, weight of lint per seed and lint percentage

(G.O.T) and partial dominance for number of seeds per boll. Epistatic effects were also observed

for number of bolls per plant, seed index and lint percentage.

Soomro and Soomro (1978) made genetic analysis for number of bolls per plant, number

of seeds per boll, boll weight, yield of seed cotton per plant, weight of lint per plant and ginning

outturn from G. hirsutum L. crosses and reported additive gene action for all characters.

Salam (1979) conducted 6x6 diallel cross experiment in cotton (G. hirsutum L.) and

found that the characters like, height of main stem, number of monopodial branches per plant,

number of bolls per plant, yield of seed cotton, boll weight, ginning outturn percentage and seed

index were controlled by over-dominance. The other characters like number of sympodial

branches per plant, lint index, staple length, fiber strength and fiber fineness were controlled by

additive type of gene action complicated with non-allelic interaction.

Deshmukh et al. (1980) studied seed cotton yield and six yield components in a diallel

cross including reciprocals involving six varieties. They observed significant GCA and SCA

effects on seed cotton yield, halo length and seed index, including additive dominance and

13
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epistatic gene action. Significant GCA variances were observed for number of sympodia,

ginning outturn and lint index indicating predominance of additive gene action.

Jain (1980) computed gene action of yield components and fiber characters in Desi

cotton (G. arboreum L.). Dominance variance was found for yield and number of bolls; while,

additive gene action was important for seed number per locule, first fruiting node number and

height of the plant. Over-dominance occurred for boll weight, number of loculi, ginning outturn,

lint index and halo length. They further observed that the seed cotton yield was positively

correlated with boll number, boll weight, height per plant and lint index. Heritability and genetic

advance were low for all characters.

Khan et al. (1980) reported from a 6x6 diallel cross that number of bolls per plant and

yield of seed cotton were controlled by additive gene effects with some gene interaction. G.O.T

and staple length were controlled by over dominance effects.

Simongulyaon (1980) computed genetic analysis for economically useful characters in

G. hirsutum L. Yield and its components were cont'olled by genes with additive and dominance

effects. Incomplete dominance was found for fiber length and strength. The highest GCA effects

were found for seed cotton yield and its main components.

Kalsy and Vitha! (1980) studied inheritance of some quantitative characters in upland

cotton (G. hirsutum L.) and revealed partial dominance to over dominance for these traits and

observed high genotypic variation and grater genetic advance for all these traits.

Bhatade (1981) studied genetic parameters for yield and fiber characters in G. arboreum

L. and concluded that dominance effects were observed for yield, dominance and additive

effects were important for boll weight, G.O.T (%) and lint index and additive effects were

important for number of bolls and halo length. Epistatic effects were also observed for boll

weight.

Kolt and Thombre (1981) made diallel analysis in Gossypium species to estimate the

genetic parameters of some quantitative characters. The genetic analysis indicated that additive

gene action predominated for characters like plant height, days required to first flower, ginning

outturn (%), lint index and number of seeds per plant. Non- additive epistatic gene action was

effective for number of sympodial branches per plant and number of seeds per boll.

Singh and Singh (1981) studied gene action, heritability and genetic advance in upland

cotton (G. hirsutum L.) and concluded that additive genetic variance was important for number

monopodia per plant, number of bolls, plant height, number of sympodia, number of days to first

flower, boll weight, halo length, seed index, lint index, fiber strength, ginning outturn and seed

cotton yield per plant.
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Sanyasi (1981) studied genetics of yield and its components in upland cotton (G

hirsutum L.). They observed that the characters like, seed cotton yield per plant, number of bolls

per plant, ginning outturn, boll weight, halo length, seed index, lint index and plant height were

controlled by both additive and non-additive effects. Yield was positively correlated with the

number of bolls and ginning outturn. Boll weight was negatively correlated with seed cotton

yield and number of bolls and was positively correlated with halo length, seed index and lint

index. They further reported that ginning outturn was positively correlated with plant height and

lint index.

Gil! and Kalsy (1981) conducted genetic analysis in four crosses of upland cotton for

seed cotton yield, bolls per plant, boll weight, ginning outturn and halo length. Epistasis was

involved in the inheritance of all characters except boll weight. Additive genetic effects were

important for most of the characters and dominance was also noted for a few characters under

study.

Singh G<?82) observed that additive genetic variance predominated for plant heig.it,

number of bolls per plant, boll weight, number of seeds per boll, seed yield per plant, seed

cotton yield per plant, ginning outturn and hallow length. For all the above characters high

phenotypic and genotypic variances and medium to very high heritability estimates were also

observed.

Khan et al. (1982) reported that the seed cotton yield in cotton (G. hirsutum L.) was

governed by over dominance type of gene action, whereas boll number, boll weight, ginning

outturn and staple length were additively controlled.

Wariboko (1983) concluded dominance type of gene action for the lowest node number

of the first fruiting branch and least number of days from planting to opening of first flower.

Zhou et al (1983) investigated gene action for fiber length, fiber strength, fiber fineness,

and number of seeds per boll, and seed index. All the traits, except number of seeds per boll

showed additive effects, while dominance effects were noted in case of number of seed per boll,

seed index and fiber fineness.

Mirza and Khan (1984) reported genetic analysis for plant height, yield and yield

components viz., boll number, boll size, and lint index in G hirsutum L. All these characters

were found to be controlled by additive gene action complicated by non allelic interaction.

Shahani and Chang (1985) reported that SCA variances were larger than GCA variances

for yield per plant, number of bolls per plant, ginning outturn and seed index, indicating non

additive gene effects for these traits in G. barbadense L. and G. hirsutum L. crosses.
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Khan and Khan (1985) computed GCA and SCA values for seed cotton yield per plant,

boll number, boll weight, lint percentage, plant height, fiber strength, lint index and seed index

in G. hirsulhm L. They observed that SCA effects were highly significant in all the above

mentioned eight characters; whereas, GCA effects were significant only for plant height. As

regards the components of variance, the magnitude of SCA variance was greater as compared

with GCA, exhibiting the importance of non-additive type of gene action.

Khan and Ghafoor (1986) calculated heterosis and combining ability effects for yield and

quality characters. The SCA variances were more prominent for characters like main stem

height, number of sympodial branches, number of bolls per plant, seed cotton yield per plant,

lint percentage and staple length, indicating the presence of non-additive type of gene action for

those characters.

Rehman (1986) in a 6 x 6 diallei cross experiment on upland cotton (G. hirsutum L.)

showed that number of bolls per plant and staple length were controlled by genes which were

additive and non- additive in their action alongwith non-allelic interaction; while, lint index was

controlled by additive type of gene action with partial dominance complicated with some non¬

allelic interaction. Whereas, the inheritance of the characters like yield of seed cotton per plant,

ginning outturn, seed index and percent of oil and protein contents were controlled by over

dominance type of gene action complicated with non-allelic interaction.

Abo El- Zahab (1986) studied diallei analysis of quantitatively inherited traits in G

hirsutum L. and reported additive gene action for lint yield, lint percentage, lint index and seed

index. Whereas non-additive effects were predominant for boll weight.

Tyagi (1988) studied genetic architecture of yield and its components in upland cotton

(G. hirsutum L.). Gene action recorded was mainly additive for seed cotton yield and, additive

and dominance for plant height, boll number, and seed index. Whereas it was mainly dominance

for boll weight.

Kalwar et al. (1988) reported the genetic model for seed cotton yield per plant, lint

weight per plant, ginning percentage and staple length in G. hirsutum L. The results indicated

predominance of additive gene action for seed and lint weight per plant. Over-dominance for

ginning percentage and partial dominance for staple length was observed.

Sanyasi (1991) studied the nature and magnitude of genetic components of variation in

upland cotton (G. hirsutum L.) and reported that yield of seed cotton and number of bolls per

plant were controlled by genes with additive and dominant effects. Over-dominance was noted

for seed cotton yield and partial dominance for number of bolls per plant.
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r weight, seed index and lint index in upland cotton. The large proportion of variance resulting

from SCA revealed genetic effects to be predominantly non-additive for all characters.

Azhai- et al. (1994) reported that sympodial branches, ginning percentage, staple length

and seed index, were controlled by the genes with additive effects in upland cotton. A

component of epistasis was also present in the inheritance mechanism of sympodial branches.

Irfanullah el al. (1994) reported that variances due to SCA and reciprocal effects were

greater than GCA for seed cotton yield, lint percentage, staple length and fineness in upland

cotton indicating presence of non additive type of gene action.

Khan and Khan (1995) computed gene action for plant height, boll weight, number of

bolls per plant, and seed cotton yield in upland cotton and reported additive with partial

dominance for height and boll weight; while, over-dominance was found to be operative for

bolls per plant and seed cotton yield. Epistasis influenced the phenotypic manifestation of all

these trails. Estimates of narrow sense heritability were low to moderate.

Saeed et al. (1996) studied gene action in intraspecific hybrids of C. frirsutum L. for

plant height, number of bolls per plant, ginning outturn percentage and seed cotton yield. The

results showed that all these traits were controlled by additive type of gene action.

Ahmad et al. (1997) studied inheritance of lint yield and quality characters in cotton (G.

hirsutum L.) and reported over-dominance type of gene action for lint percentage, staple length

and fiber fineness; while, additive type of gene action with partial dominance for lint index. Non

epistatic effects were observed in the inheritance of these characters.

Paxasia el al. (1998) studied combining ability for number of monopodia per plant,

number of sympodia per plant and plant height in upland cotton (G. hirsutum L.) and reported

additive gene action for these traits as the variances due to GCA were higher than variances due

to SCA.

5

Yingxin and Xiangming (1998) studied inheritance of 12 economic characters in upland

cotton (G. hirsutum L.). Results indicated that bolls per plant, seed cotton yield, lint percentage

was controlled by additive and non-additive gene actions. Boll size was mainly controlled by

non-additive gene effects. Fiber length, strength and fineness were mainly under the control of

non-additive gene action. Broad sense heritability was high and narrow sense heritability was

medium for these traits.

Jagtap and Mehtari (1998) studied genetic variability in inter-varietal crosses of upland

cotton (G. hirsutum L.) and reported high genetic co-efficient for bolls per plant and seed cotton

yield per plant. Heritability (broad sense) was moderate to high for ail the characters except

number of sympodia per plant. High heritability estimates coupled with low genetic gain were
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found for days to flowering, ginning outturn percentage, indicating that variation in these traits

was due to non-additive gene effects.

Kalwar and Babar (1999) studied combining ability in upland cotton for number of

sympodia per plant, number of bolls per plant, boll weight, ginning outturn percentage, staple

length and seed cotton yield per plant and reported that the variances due to SCA for number of

bolls per plant, boll weight and seed cotton yield were higher than the GCA variances, indicating

the non-additive type of gene action. On the contrary, GCA variances for number of bolls per

plant and ginning outturn percentage were higher than SCA variances suggesting the importance

of additive type of gene action.

Hussain el al. (1999) computed gene action in upland cotton for seed cotton yield, lint

percentage and reported additive type of gene action with partial dominance. Dominant alleles

were more frequent in F2 generation. Recessive alleles were more pronounced in lint percentage

ofF| generation.

Hussain e' al. (1999) studied quantitative inheritance in cotton and reported that fiber

strength was governed by additive with partial dominance type of gene action. There was no

non-allclic interaction for many traits. Additive dominance model was adequate in both the F|

and F2 generations.

Puntha ei al. (1999) conducted combining ability analysis for quantitative characters in

coloured Iinted genotypes (G. hirsuium x G barbadense) and concluded non-additive type of

gene action for days to first boll open, days to maturity, plant height, sympodia per plant, bolls

per plant, boll weight and seed cotton yield per plant.

Khan el al. (1999) conducted 4x4 diallel cross experiment to study gene action in some

quantitative characters of cotton (G. hirsuium L.). The height of the main stem, bolls per plant

and boll weight was controlled by additive type of gene action with partial dominance.

Esmail et al. (1999) studied genetic architecture of yield and yield components in inter

and intra-specific crosses of cotton and reported additive and dominance gene action for boll

number, boll weight, lint percentage, seed cotton yield and lint yield. Both broad and narrow

sense hcriiability estimates were high and difference in magnitude existed for all traits,

indicating the presence of additive and non-additive genetic variance for these traits.

Rady et al. (1999) computed combining ability of seed cotton yield, number of bolls per

plant, boll weight, lint percentage and lint yield. GCA and SCA mean squares were highly

significant for all the traits, indicating the importance of both additive and non additive genetic

effects in determining the performance of these traits.
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Hendawy el al. (1999) studied inheritance of fiber length, uniformity ratio, fiber strength

and fiber fineness in interspecific crosses (G. barbadense x G. hirsutum) and concluded that

both GCA and SCA variances were highly significant for all the traits under study, they further

observed that GCA/ SCA ratios revealed that additive and additive x additive type of gene

actions were of greater importance in the inheritance of the studied traits. According to Hayman

(1954) approach, the additive genetic variance (D) and dominance variance (Hi and H2) were

highly significant for all the above mentioned traits, but dominance genetic variance (H| & H2)

were greater in their magnitude than the corresponding additive genetic variances. Parental

varieties carried more dominant genes than recessive genes for these traits. The average degree

of dominance (H|/D) was greater than unity, revealing the presence of over dominance in the

inheritance of these traits. High broad sense herilability values were detected for the four traits;

while, values for narrow sense heritability were much lower as compared to broad sense

herilability.

Godoy and Palomo (1999) studied inheritance ofearliness in upland cotton (G. hirsutum

L.) and reported significant additive genetic variance for days to first square, days to first flower,

days to first boll open and node to first fruiting branch. Heritability' estimates were medium for

these traits. Correlation analysis showed that the lower the node to the first fruiting branch,

shorter was the plant and earlier was the onset of squaring, flowering and boll opening.

Baloch ei al. (2000) studied combining ability and genetic parameters for yield and fiber

traits in upland cotton and results showed that the proportion of variance due to GCA was higher

than SCA for seed cotton yield, lint percentage and staple length, which suggested that these

traits are predominantly controlled by additive genes. The additive genetic variance for yield,

lint percentage and staple length were quite substantial insinuating the importance of additive

genes for these traits.

Kumaresan el al. (2000) carried out genetic analysis of seed cotton yield, days to first

flower and bolls per plant in Cotton (G. hirsulum L.) and observed additive dominant gene

action for these traits. High values for broad sense herilability estimates for these traits were

noted.

Subhan et al. (2001) observed significant differences among hybrids and their parents in

upland cotton for quantitaive traits and reported additive type of gene action for number of bolls

per plant and lint percentage (G.O.T), while, over-dominance type of gene action for seed cotton

yield per plant and observed absence of non-allelic interaction in number of bolls per plant, yield

of seed cotton and seeds per boll. Whereas they found the presence of cpistatic effects for lint

percentage.
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2.3 Heritabiliity

An early and accurate appraisal of segregates has been of vital interest to most cotton

breeders. The steps involved are: selection of those crosses which most likely give the highest

proportion of superior segregates, followed by an early evaluation of the potentialities of the

segregates from those crosses. The extent to which genetic segregation is expected in later

generations of a cross is largely a reflection of the heritability of the character (Mahmud and

Kramer, 1951). Heritability provides information on the relative practicability of selection. High

heritability in the F2 indicates possibility of effective selection on individual plant basis. Lush

(1949) defined heritability and described its usage in both the broad and narrow aspects. The

broad sense heritability refers to the functioning of whole genotype as a unit and is used in

contrast with environmental effects. The narrow sense heritability largely includes only the

average effects of genes transmitted additively from parents to the progeny. Heritability in broad

sense is computed on the basis of genetic and phenotypic variances. But the breeder is more

interested in the heritability computed on the basis of additive genetic variance, because it better

indicates the degree to which the progeny of F2 plants will resemble their parents (Allard, I960).

Thus, separating the genetic variance into its parts will improve the estimate of the degree to

which selection is likely to be effective.

Heritability is presented as

Heritability (H)=Vg/Vp

= V6/(V6+Ve)

Heritability estimated from this method is known as broad sense heritability. In segregating

generations, the ratio of additive component of variance to the total phenotypic variance is more

appropriate estimate of heritability; refereed as narrow sense heritability (allard, 1960).

Heritability (Hns)-VA/Vp

= VA/(Vg + Ve)

Ray and Richmond (1966) studied the morphological measures of earliness in upland

cotton and reported high heritability for node of first fruiting branch.

Ishaque et al. (1978) computed the heritability and genetic advance for number of bolls

per plant, number of seeds per boll, weight of lint per seed, seed index, lint index and lint

percentage in G. arboreum L. Heritability was high for number of bolls per plant and moderate

for other characters. The expected genetic advance was appreciable for number of bolls,

moderate for lint per plant and seed cotton per plant, low for lint percentage and negligible for

weight of lint per seed.
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Jain (1980) computed broad sense heritability for number of node at which first fruiting

branch arose, boll weight, ginning outturn, number of bolls per plant and fiber strength in G.

arboreum Land stated that heritability and genetic advance were low for all above characters.

Bhatade (1981) studied heritability for yield and fiber characters in G. arboreum L. and

concluded that heritability estimates were low for seed cotton yield and number of bolls per

plant, moderately high for boll weight, fiber strength and high for ginning outturn.

Khorgade and Ekbote (1981) observed genetic variability in American cotton (G.

hirsuium L) and stated that plant height, number of sympodia per plant, bolls per plant and lint

index showed comparatively high estimate of genetic advance accompanied by high estimate of

heritability. The highest expected genetic advance of 55.9% accompanied by heritability

estimate of 72.5% was observed for boll per plant.

Singh and Singh (1981) observed correlation and heritability for fiber quality characters

in upland cotton. The results indicated that estimated heritability and genetic advance was high

.. for seed cotton yield, fiber length and fiber strength. Moderate heritability and genetic advance

were observed for fiber fineness.

Singh and Singh (1981) studied heritability and genetic advance in upland cotton and

concluded that heritability estimates in narrow sense were high ranging from 42.45 percent to

96.16 percent for number of monopodial branches per plant, number of bolls per plant, number

of sympodial branches per plant, number of days to first flower, boll weight, halo length, fiber

strength, ginning outturn and seed cotton yield per plant. The genetic advance was high for

number of monopodial branches per plant and number of bolls per plant, intermediate for seed

cotrton yield per plant, number of sympodia] branches per plant and number of days to first

flower and low for boll weight, halo length, fiber strength and ginning outturn.

Singh (1982) reported medium to high heritability estimates for number of bolls per

plant, boll weight, seed cotton yield per plant, ginning outturn and halo length in upland cotton.

Thombre el al. (1982) computed the heritability for seed cotton yield and its components

in upland cotton and stated that moderate to high heritability estimates for seed cotton yield and

boll number and low to moderate for boll weight were observed; whereas, similar trends were

observed for expected genetic advance.

Tian (1983) studied heritability and genetic advance of the main characters in early

upland cotton and stated that five characters related to early maturity had heritability values of

about 70%. Genetic advance for earliness was 1 to 3%. Under 10% selection pressure, genetic

advance in lint index was 6 to 10% and boll weight 7 to 9%; while, for lint percentage and boll
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number per plant it was 2 to 5% and 4 to7%, respectively, indicating that genetic advance for

high yield could be accelerated by selection based on the lint index and boll weight.

Khart and Tariq (1984) computed heritability and genetic advance for plant height,

number of fruiting branches per plant, number of bolls per plant, boll weight, number of seeds

per boll, yield of seed cotton and weight of lint per plant in upland cotton and showed that broad

sense heritability estimates u'ere moderate to high for all traits. Expected genetic advance was

high for all traits, except boll weight where it was moderate.

Seth and Singh (1984) studied heritability and variability for yield and five related

characters in the upland cotton involving six varieties and reported that boll number, yield and

number of primary and secondary monopodia showed high broad sense heritability and genetic

advance.

Maksudov and Engalychev (1985) reported high values of broad and narrow sense

hcritabilities for earliness and lower values for seed cotton yield in upland cotton G hirsulum L.

Sinde and Deshmukh (1985) observed high heriiability values for number of bolls per

plant, days to first flower, seed cotton yield and ginning outturn in G. orboreum L.

Gupta (1987) presented the genetics of plant height and earliness in upland cotton and

concluded on the basis of narrow sense heritability that plant height and earliness were more

important for improvement through recurrent selection.

Ana et al. (1982) reported that broad-sense heritability was low for boll weight, and

narrow sense heritability was high for lint percentage (72.3%) suggesting that selection for this

trait in early generations would be effective in Egyptian conon.

Tiwari et al. (1992) studied the breeding behavior effects for yield and its components in

intra specific crosses of conon (G. hirsulum L.) and reported high heritability and genetic

advance for number of bolls per plant, boll weight and yield of seed cotton per plant, which

suggested the presence of additive gene effects for these traits.

Akbar et al. (1994) studied heritability estimates for number of bolls per plant, boll

weight and yield of seed cotton in upland cotton and reported that heritability in broad sense was

high for number of bolls per plant, yield of seed cotton and moderate for boll weight.

Khan et al. (1994) computed heritability and genetic advance for lint percentage, in

upland cotton and reported high heritability for this character. The expected genetic advance was

the maximum for lint percentage.

Khan and Khan (1995) computed narrow sense heritability for boll weight, number of

bolls per plant and seed cotton yield per plant in upland cotton and reported low to moderate

values for all these traits.
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Ikram et al. (1997) studied variability, heritability and genetic advance for plant height,

number of monopodia branches per plant, number of sympodial branches per plant, number of

bolls per pant, average boll weight, GOT (%) and seed cotton yield and reported high coefficient

of variability for monopodial branches and seed cotton yield. Heritability in broad sense was

higher for all the traits, except ginning outturn (%). Genetic advance was higher for monopodial

branches and seed cotton yield. Higher direct effect on seed cotton yield was exerted by number

of bolls followed by boll weight, number of monopodial branches and sympodial branches.

Siddique (1997) derived information on genetic variability and heritability for eleven

yield and quality related traits in hirsutum cotton. Estimate of heritability and genetic advance

were high for seed cotton yield per plant, fiber length and fiber fineness, plant height and boll

weight.

Yingxin and Xiangming (1998) studied heritability broad sense and narrow sense for 12

economic characters in upland cotton. Results indicated that broad sense heritability was high

and narrow sense heritability was medium for number of bolls per plant, seed cotton yield, lint

percentage, boll weight, fiber length, fiber fineness and fiber strength.

Jagtap and Mchtari (1998) studied genetic variability in inter-varietal crosses of upland

cotton and reported moderate to high heritability (broad sense) for number of bolls per plant,

seed cotton yield, days to first flower and ginning outturn, while, low for number of sympodia

per plant.

Yankun, et al. (1998) reported high heritability' estimates for number of bolls per plant.

boll weight, lint percentage and fiber strength in upland cotton.

Esmail, et al. (1999) studied heritability of yield and yield components in inter and intra

specific crosses of upland cotton. The results indicated that both broad and narrow sense

heritability estimates were high for number of bolls per plant, boll weight, lint percentage and

seed cotton yield.

Hendawy et al. (1999) studied inheritance of fiber length, fiber strength and fiber

fineness in interspecific crosses (G. barbadense L. X G. hirsutum L.) and concluded high broad

sense heritability for these traits; while, values for narrow sense heritability were much lower as

compared to broad sense heritability.

Godoy and Palomo (1999) studied heritability estimates for earliness in upland cotton

and reported medium value of heritability in broad sense for days taken to first square, days to

first flower, days to first boll open and node to first fruiting branch.

Shanti and Raveendran (1999) studied genetic variability in F2 population in cotton (G.

hirsutum L.) and recorded high variability for seed cotton yield per plant. Plant height, sympodia
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per plant. bolls per plant and boll weight. High mean expression, high heritability and moderate

genetic advance were observed for all characters.

Kumaresan, el al. (2000) reported high value of broad sense heritability for days taken

to first flower, number of bolls per plant and seed cotton yield in upland cotton.

2.4 CORRELATION

Correlation coefficient analysis measures the magnitude of relationship between various plant

characters and determines the component character on which selection can be based for

improvement in seed cotton yield, earliness and fiber quality. Genotypic correlation is the

inherent association between two variables. It may be either due to pleiotropic action of genes,

or linkage. If the correlation between seed cotton yield and a character is due to the direct effect

of the character, it reflected a true relationship between them and selection can be practiced for

such a character in order to improve yield. But if the correlation is mainly due to indirect effect

cf the character through another component trait, the breeder has to select for the trait througn

which the indirect effect is expected. A great yield response is obtained when the character for

which indirect selection is practiced has a high heritability and a positive correlation with yield.

Sethi el al. (I960) reported highly significant positive direct effect for number of bolls

on yield per plant. They further discussed the correlation of characters in cotton and found that

increase in yield of ginning percentage may lead to reduction of staple length and vice versa in

cotton.

Butany el al (1966) reported that boll number was positively correlated with seed index

and negatively correlated with boll weight and ginning outturn; whereas, boll weight had

positive correlation with lint index.

Kamalanathan (1966) studied correlation of cotton yield with number of bolls per plant,

ginning outturn, lint index and seed index and concluded that all the above mentioned characters

were significantly correlated with the seed cotton yield, boll number and lint index.

Kyei (1968) observed the positive association between number of bolls and number of

fruiting branches. However, the number of bolls had an inverse association with fiber length.

Singh el al. (1968) reported that yield of seed cotton was basically dependent upon

number of bolls, weight per boll and number of locules per boll. The number of sympodial

branches had a strong association with number of bolls in upland cotton.

Singh et al. (1971) reported positive and significant correlation of boll number with yield

of seed cotton and between boll number and seed index. Correlation between ginning outturn

and seed index was negative.
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Singh et at. (1973) found positive association of boll number with lint yield and seed

index. However, negative correlation was found between ginning outturn and seed index .
Joshi (1976) found in fourteen G. hirsutum L. varieties that fiber length was negatively

correlated with fibre strength, and fiber fineness.

Alam and Marakby (1978) reported the relative importance of boll number, boll weight,

lint percentage and seed index as determinants of yield which was assessed by them through

path coefficient analysis in cross Giza 45 x Giza 75 (G. barbadense L).

Mathapati et at. (1978) reported that yield of seed cotton and boll number exhibited the

highest positive correlation in Egyptian cotton. High phenotypic and genotypic coefficients of

variation of yield of seed cotton per plant was also observed.

Bochorova (1979) showed positive correlation between fiber length and fiber fineness in

upland cotton; whereas, negative relationship was observed between fiber length and fiber

strength and between fiber strength and fiber fineness.

Waldia et al. (1979) found th-t boll number per plant and boll weight were positively

correlated with seed cotton yield and also with each other and exhibited positive and direct

effect on seed cotton yield in 19 varieties of G hirsutum L.

Aguilar (1980) computed correlation between the main yield components and fiber

quality in three commercial varieties of cotton (G. hirsutum L.) and found positive correlation

between fiber length and fiber strength. Negative association was observed between lint

percentage and fiber length.

Kalwar and Shahani (1981) studied interrelationship of ginning outturn, staple length.

fiber fineness and fiber strength in G hirsutum L. and reported that ginning outturn showed

negative and non significant association with staple length, fiber fineness and fiber strength.

Staple length was positively correlated with fiber fineness.

Singh and Singh (1981) observed correlation and heritability for fiber quality' characters

in upland cotton and reported that only fiber strength was positively correlated with seed cotton

yield. Fiber maturity was positively correlated with fiber fineness. Estimated genetic advance

was high for seed cotton yield and heritability was high for fiber length and fiber strength.

Moderate heritability and genetic advance was observed for fiber fineness and maturity', which

indicated that these characters were controlled by additive gene action.

Gill and Singh (1981) computed correlation and path coefficient analysis of yield with

yield components in upland cotton and reported that bolls per plant, boll size and ginning

outturn had siginificant positive effects on seed cotton yield.
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Singh el al. (1981) studied association for yield components in upland cotton and

reported that number of bolls per plant and number of sympodial branches per plant were

positively and significantly correlated with yield. Path coefficient analysis revealed that boll

number had a high positive direct effect on seed cotton yield; while other traits contributed

indirectly through sympodial branches and boll number.

Soomro el al. (1982) found highly significant and positive correlation between yield of

seed cotton and number of bolls per plant in upland cotton.

Biyhani and Bhale (1983) carried out path coefficient analysis in 15 varieties and

reported that bolls per plant had the highest positive direct effect on yield of seed cotton

followed by boll weight and lint index.

KaKvar and Shahani (1983) calculated correlation and regression coefficients for six seed

and Tiber characters in upland cotton. Seed index showed high positive correlation with ginning

outturn, staple length and fiber fineness.

Mithaiwala el al. (1984) studied correlation in con.e of the characters in upland cotton

and showed that plant height, monopodial branches per plant and sympodial branches per plant

were significantly and positively correlated with seed cotton yield per plant.

Dhanda (1984) studied the character associations among quantitative and quality

attributes of upland cotton and reported that seed cotton yield was highly and positively

correlated with bolls per plant, plant height. Path coefficient analysis showed that bolls per plant

and seeds per boll contributed most to the yield, Lint index, ginning outturn and boll weight

were other important yield components. Multiple correlation analysis indicated that bolls per

plant and boll weight contributed 60% to the seed cotton yield and were the most important seed

cotton yield determinants.

Azhar el al. (1984) computed association of seed cotton yield with various economic

characters in G. hirsulum L. The correlation coefficient analysis showed that the number of

bolls per plant, boll weight, lint index and ginning percentage were positively associated with

yield of seed cotton; whereas, staple length exhibited negative and highly significant relationship

with yield of seed cotton.

Ismail and Al.Enani (1986) made a comparative study for the relative importance of

characters contributing to seed cotton yield in American and Egyptian cotton and reported that

boll number per plant made the greatest contribution to yield. Selection for both boll number and

boll weight was recommended.

Zhou (1986) studied the genetic parameters of some economic character and correlation

between them in upland cotton and reported that heritability for fiber strength was 50%. The
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correlation between ginned yield and number of fertile bolls per plant was positive and highly

significant. Correlation between fiber strength and yield was negative but non significant.

Fournier et al. (1987) studied the variations of fiber micronaire value, maturity and

fineness in upland cotton and reported that micronaire index was correlated with maturity ratio

but not with standard fineness.

Singh (1987) computed variability for fiber properties in germplasm of Egyptian cotton.

Analysis of data revealed a wide range of variation for fiber length uniformity ratio, fiber

fineness, maturity coefficient and fiber strength. He observed that fiber length and strength, fiber

fineness and maturity were significantly and positively correlated with each other.

Tyagi et al. (1988) studied path analysis in upland cotton (G. hirsutum L.) and reported

that boll number, boll weight and plant height contributed directly towards seed cotton yield.

Direct and indirect effect of fiber traits via yield components were negligible on seed cotton

yield.

Mahla and Singh (1988) reported that yield of seed cotton showed a positive and

significant correlation with number of bolls per plant. The association between boll weight and

ginning outturn was positive in upland cotton (G. hirsutum L.).

Amanturdiev and lbregimov (1990) reported that correlation of fiber outturn w ith yield

per plant and yield components were generally low (0.007 - .0233) with the exception of four

crosses, in which there was negative correlation between fiber outturn and staple length. The

results suggested that genotypes could be selected in which high fiber outturn could combined

with number of economic traits.

Tariq el al. (1992) carried out path coefficient analysis of seed cotton yield and its

components and found highly positive and significant correlation of boll number and bolls

weight with yield of of seed cotton. Path analysis revealed that seed index had negative direct

effect whereas, boll number and boll weight had positive direct effects on seed cotton yield.

Baloch et al. (1992) observed unidirectional and alternate pathw-ay impact of number of

sympodial branches per plant, boil number, boll weight on seed cotton yield of G. hirsutum L.

and stated that phenotypic correlation coefficients between boll number and seed cotton yield

were strong and positive and the values of correlation coefficient between sympodial branches

per plant and boll weight was 0.78. Path coefficient analysis revealed that the trait boll number

had major and direct effect on seed cotton yield; whereas, other variables, sympodial branches

per plant and boll weight had very minor or negligible effects on seed cotton yield.

i
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Arshad et al. (1993) evaluated four cotton varieties and found that plant height and

number of bolls per plant were positively correlated with yield of seed cotton per plant. Number

of bolls per plant was also positively correlated with plant height in all four cotton varieties.

Akbar el al. (1994) studied genetic correlation, path co-efficient and heritability

estimates for plant height, number of bolls per plant and boll weight in upland cotton and

showed that seed cotton yield was positively and significantly correlated with number of bolls

per plant, number of seeds per boll and plant height. Path coefficient analysis revealed that

number of bolls per plant had maximum positive direct effect on yield of seed cotton and

number of seeds per boll, plant height and boll weight also contributed to the seed cotton yield

potential of plant via number of bolls per plant. Heritability in broad sense was high for plant

height, number of bolls per plant, yield of seed cotton and moderate for boll weight and number

of seeds per boll.

Altaf et al. (1996) found high genetic variability for seed cotton yield and number of

monopodial brarches; while, the number of bolls per plant and plant height were observed

moderately variable in upland cotton. Genotypic, phenotypic and environmental correlation

coefficients were positive and significant between seed cotton yield and number of bolls per

plant, plant height and boll weight.

Weijun (1998) studied correlation between earliness and agronomic characters of upland

cotton and showed that earliness is very significantly and positively correlated with the height of

first sympodial node and earliness is negatively correlated with plant height. It was concluded

that height of first sympodial node could be used to select for earliness in cotton.

Yankun et al. (1998) reported that boll size was positively genetically correlated with lint

yield in cotton. The characters directly affecting lint yield were lint percentage, bolls per plants

and fiber strength.

Godoy and Palomo (1999) reported that the least determinate and slowest maturing

genotype had the highest lint yield. Yields generally decreased as delerminacy increased and rate

of maturity accelerated. But days taken to first boll open, showed no association with seed

cotton yield.

Abdulla et a/.(1999) computed additive gene action for yield and earlincss in Egyptian

cotton (G. barbadense L.)

2.5 Cotton Leaf Curl Virus (CLCuV)

Leaf curl disease of Cotton (G. hirsutum L.) is characterized by vein thickening, enation

formation and curling of leaves. Generally the virus induces two types of leaf curling i.e.,
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upward (Up) or downward (Dw). Both types of symptoms are observed in almost all

commercially cultivated cotton varieties in naturally infected as well as artificially inoculated

plants. In addition, mixed type (Dw and Up) can also be seen in same plants (Khalid and Shah.

1999, Khalid and Masood, 1999).

Two types of vein thickening i.e. small vein thickening (SVT) and main vein thickening

are seen, however, SVT is more common under our field conditions. It is characterized by small

green bead like thickening on young leaves. These irregular thickenings gradually extend and

coalesce to form a continuous reticulation of the small vein. Main vein thickening is

characterized by the green thickening of the distal ends of the large veins of young leaves. The

thickening first appears near leaf margin and then extends inwards to form a net work of dark

green thickened main vein (Watkins 1981).

The most characteristic feature of the disease is the presence of “enations'’ (cup shaped

or leaf laminar out growth) on underside of the leaves which may arise at any stage in the

development of the leaf ( Jones and.Mason. 1926). In 1931. Kirkpatrik named the disease as leaf

curl and described symptoms with a definite curling of leaf margin and veins may produce a

peculiar crinkled appearance.

According to Tarr (1951), severely infected plants may show spirally twisted leaf

petioles, fruiting branches and to lesser extent, the main stem, w-hich tends to grow tall w'ith

elongated intenodes in (G. barbaden.se L.) but such elongation has not been observed in this

study. Mustafa (1961) staled that CLCuV symptoms appeared in the top leaves 30-days after

planting and reached 100% within 15 days.

Colton leaf curl virus (CLCuV) was first reported by Farquharson in (1912) from Nigeria

on Gossypium barbaden.se L. In 1924, it was recorded in Sudan. In Tanzania it was observed in

1926 (Jones and Mason. 1926). In these countries this disease played an important role to disturb

cotton production. Afzal (1949) mentioned crumpling of leaves (stenosis) in cotton in Pakistan

but w-as of physiological nature. Tarr (1951) with British team in suddan presented a report on

Egyptian cotton (G. barbadense L.) that resistance did not occur in individual plants by selection

and systematic hybridization between susceptible and resistant cotton. Environment may affect

plant resistance to virus and resistance may be built up by the accumulation of minor genes.

Nour and Nour (1964) concluded that there were at least two viruses responsible for

different types of symptoms.

Hussain and Mahmood (1988) concluded that CLCuV is not mechanically transmitted

nor carried through soil or seed. It is transmitted by the feeding of the whitefly (Dcmisia Tabaci

30
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Gonn), which can complete the entire cycle from acquisition of the virus and infection of a host

plant, within 6 to 5 hours.

Siddig (1968) studied the genetics of resistance to CLCuV and found it to be due to a

single dominant gene, but later on (1969) he strongly suggested the presence of more than one

virus causing disease and was of the view that possibility of independent factors for resistance to

different viruses causing leaf curl in cotton.

Nelson (1999) Wrote in his study report on cotton leaf curl virus (CLCuV) in Pakistan

that the basic cotton leaf curl virus would be “Gemini virus” with others possible in the

complex such as “ Carla” virus for mosaic. He further analyzed the situation and stated that

working with virus disease is not an easy job and to investigate Gemini Virus such as cotton leaf

curl virus is still much more difficult.

Wilson and Brown (1991) studied the inheritance of cotton leaf crumple virus (CLCV)

infection in cotton. The result: indicated that factor controlling symptoms/expression

(Susceptibility) were inherited as duplicate factors and that the susceptible phenotype (genotype

ci ci C2C2) was recessive to the phenotype i.e., Resistant Phenotype (genotype ci

mean that at least one dominant gene must be present in a genotype for resistance to CLCV.

Ali (1997) studied that the inheritance of CLCuV in upland cotton and reported that

resistance is monogenic and is dominant in nature. Mansoor et al. (1999) reported that cotton

genotypes, susceptible to CLCuV accumulated several fold higher level of viral D.N.A., as

compared to the tolerant varieties.

Sanz et al. (1999) studied the genetic variability of natural population of cotton leaf curl

“Gemini virus” and suggested that cotton leaf curl virus (CLCuV) of Pakistan belongs to

“Gemini virus" group of genus Begomo virus. They further reported that Whiiefly (Bemisia

tabaci ) transmitted “Gemini virus” in cotton.

Ci - ), which

Conclusion
From review it is evident that all quantitative traits (easiness, yield and yield components and

fiber quality) of cotton understudy showed different genetic constitution and environmental

conditions in which they were raised. The plant breeder needs to accumulate information on the

relative magnitude of additive, dominance and epistatic variances and their interactions with non

heritable agencies (heritability in broad and narrow sense) to be able to make accurate decisions

about the most effective breeding practices. Due to this reason the plant breeder has to study the

inheritance of all traits for which he is interested to bring about improvement in cotton from

within available breeding materials under own environmental conditions to achieve the

maximum genetic progress per unit time.
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III. MATERIALS AND METHODS

This research project is comprised of three types of experiments:

1) In first type of experiments measurement of earliness and crop management by NAWF

(Nod above white flower) technique were studied using ten cotton varieties.

2) The second type of experiments were conducted to study the combining ability and

inheritance for earliness, yield and yield components and fiber quality traits in 6 x 6 inter

varietal hybrids of upland cottons raised in a complete diallei fashion.

3) Third type experiments were conducted to study the inheritance of CLCuV resistance in

upland cotton being first of its nature in Pakistan. The details of all the experimental work is

given below:

3.1. Earliness

The present investigations to determine the maturity of cotton varieties were carried out

in the experimental area of Cotton Research Insituite, Multan during the years 1996, 1997 and

1998. The genetic material comprised the ten varieties of upland cotton (G hirsuium L.) viz.

Reshmi, CRIS-9, NIAB-78, S-I2, S- 14, MNH-395. MNH-439, MNH-329, MNH-93 and

CIM1100. Variety Reshmi and CRIS-9 were developed at Cotton Research Institute, Tandojam

and Cotton Research Institute, Sakrand respectively. NIAB-78 was developed at Nuclear

Insituite For Agriculture And Biology, Faisalabad and varieties S-12, S-I4, MNH395, MNH439,

MNH329 and MNH-93 were developed at Cotton Research Station, Multan and CLMl 100 was

evolved at Cotton Research Institute, Multan. Some of the salient characteristics of these

varieties are given below

Variety Strength

(TPSS1)

Boll Days taken

to open

first boll

Parentage GOT Staple

length

(mm)

Fineness

(%) weight(micronairc)

(g)

90.7Reshmi Cokcr-lOOA x Latifi 35.7 5.231,4 4.0 95

CRIS-9 RA-47-33 x Rajhanas 35.0 3.526.4 4.6 97.1 93

NIAB-78 Ac- 1 34 x Dcltapine-16 3.536.0 27.0 93.0 904.5

S-12 MNH-93 x 7203-14-4 4.5 1 1341.3 28.2 94.14.2

H2 102- 1/83 x H2105- 1/83S-14 43.9 12993.6 4.929.9 4.2

MNH-395 MS-64 x3 182/75 3.5 12140,0 88.131.5 3.9

MNH-439 293-95/83 x 512-14/83 98.0 1254.148.6 25.5 4.8

MNH-329 K40I/78 x479-8 1/S3 4.840.6 96.6 12027.9 4.6

MNH-93 (124F xBabdii) x MS-39 x

mcx-!2)

94.237.7 28.8 4.5 1104.3

(W1IG4 x S-12) x CP15/2CIM-1100 91 5 13038.1 29 4 4.0 4.1
1

• Annual progress report of Cotton Research Station Multan 1995-96
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Ten varieties were sown in field during month of June 1996, May 1997 and May 1998.

The design of the experiment was randomized complete block with three replications. The

sowing was done by dibbling three seeds per hill to ensure uniform stand, later thinned to one

plant per hill. Each experimental plot was comprised of three rows of 3.3 m long and with 30

cm plant to plant distance. The row to row distance was kept 75 cm and the data was collected

from 10 guarded plants of central row.

Data regarding NAWF (nodes above white flower) were recorded at weekly interval,

after two weeks of flower initiation. Daily flowers count on per plant basis was recorded and

converted into number of flowers per week. The flowers converted into bolls were also recorded

on weekly basis to compute boll retention on weekly basis for two years i.e. 1996, 1997.

Daily boll opening was also counted on single plant basis and then boll retention on

week basis was computed. First pick was harvested after 125 days from planting on individ"al

plant basis and percent first pick was calculated. Second pick was harvested, when all mature

bolls were opened and seed cotton was collected in paper bags separately for all the plants in all

the three replications. The seed cotton was weighed by electric balance.

Finally the average yield of seed cotton per plant in grams was calculated by summing

the first and second pick. Means for sequential dates of NAWF counts in each lest were

evaluated by analysis of variance using a randomized complete block design with three

replications. Mean for the sequential dates were regressed on days from planting. Using these

regression equations, numbers of days required to attain NAWF of 5.0 (NAWF-5) were

calculated. Simple correlation coefficients among days to NAWF-5, percent first pick and seed

cotton yield was then determined by using the method given by Gomez and Gomez (1983).

3.2. Genetic Analalysis

The studies reported in this dissertation penaining to genetic analysis, combining ability

and path coefficient in Gossypium hirsutum L. were conducted at the experimental area of

Cotton Research Institute, Multan. The genetic material comprised the six varieties of upland

cotton (Gossypium hirsutum L.) viz., Reshmi, MNH439, S-I4, NIAB-78, DPL-54 (exotic

variety) and MNH-93. These varieties were crossed in all possible combinations in a diallei

fashion (including direct and reciprocal crosses) during the month of August and September

1997. When the crop was ready for crossing, the parental varieties were hand emasculated and

pollinated to produce enough hybrid seed. In addition all necessary precautions were taken

during the crossing operation to avoid contamination of the genetic material. Normal cultural



;

practices were followed except that the seed was treated with insecticide (Confidor WS) and two

early spray of insecticide were applied for protection from sucking insect complex.

A pre-requisite validity check of a set of assumptions (Hayman, 1954) for diallel analysis

was also performed. The condition of “ Homozygous parents” was satisfied as the parent seed

material was selfed from previous year’s sown selfcd crop, as selfing ensures true to type and

homozygosity. Normal diploid segregation was assured from the fact that G. hirsutum L. is an

allopolyploid between the species of A and D genome, behaves cytogenetically as a normal

diploid. To remove reciprocal differences the off diagonal cell of diallel table was replaced by

the common mean of cross and its reciprocal. The remaining three assumptions of “non-allelic

interaction, multiple allelism and uncorrelated gene distribution were satisfied through the

compulation of Wr, V, values and graphs. The Fj hybrid seed of all possible crosses (Thirty

crosses) alongwith their parents were sown in the field during June 1997. The design of the

experiment was Randomized Complete Block Design (R.C.B.D) with three replications. The

sowing was done with dibbling three seeds per hill to ensure uniform stand, later thinned to one

plant per hill. The experimental plot vvas 4.6 m long single row with 30 cm plant to plant

distance; while, row to row distance was kept 75 cm. The data were recorded from the central

ten guarded plants of each genotype and the rest of the plants of Fi were reciprocally crossed to

both parents to obtain BC| and BC2 generation seed. The study of genetic analysis was made

through Hayman (1954, 1958), Jinks (1954, 1955) and combining ability through Griffing’s

techniques (1956).

The F) plants were harvested individually and all fiber quality trails as mentioned below

were recorded and seed was used for obtaining their F2 crop. Parents, F2 and back cross

populations were sown in a triplicate progeny row trials in Randomized Complete Block Design

in the field during the following year i.e in May, 1998. Parental and back cross populations

occupied one and two rows in each replication (3.3 m long), respectively; while, each of the F2

populations occupied six rows in each replication. The plant to plant distance was kept 30 cm

and row to row 75 cm. The number of F2 plants for recording experimental data in each

replication was kept fifty in F2, twenty plant from back cross and ten plants of each parent for

the study of heritability in broad and narrow sense, correlation and path coefficient analysis.

Two plants on either side of each row were left non-experiment. The data regarding the

following characters were recorded on individual plant basis for the parents, Ft, BCj, BC2 and F2

generations.



1. Node of first fruiting branch

Number of the main stem node at which first fruiting branches arose was determined by

designating the node immediately above the cotyledonry scars as number two, and counting the

successive ascending nodes until the one that gave rise to the first fruiting branch is reached

(Bruce and Quisenberry, 1977).

2. Number of monopodia) branches per plant

Number of vegetative branches arising from the main stem and did not bear flowers, and

fruit directly.

3. Number of Sympodial branches per plant

Number of fruiting branches arising from the main stem.

4. Number of days taken to first flower

Number of days from sowing to opening of the first flower were recorded.

5. Number of days taken to open first bol1

Number of days from sowing to opening of the first boll were recorded.

6. Number of flowers per plant

The total fruiting points on plant were counted.

7. Number of bolls per plant

The number of effective matured bolls from all the picks were counted and cumulative

record was maintained for each plant separately.

8. Boll weight (g)

Average weight per boll was obtained by dividing the total yield of seed cotton per plant

by number of bolls picked from that very plant.

9. Yield of seed cotton (g)

The matured bolls were picked at two different picks and seed cotton was collected in

paper bags separately for all the plants specified for recording the data in three replications.

Picking was done after evaporation of dew. The harvest was weighed by electric balance model

Electric mettler: 2000 and average yield of seed cotton per plant was recorded in gram on per

replication basis for each generation separately

10. Ginning out turn (G.O.T. %).

Cleaned and dry samples of seed cotton were weighed and then ginned separately with

single roller electric ginning machine. The lint obtained from each sample was weighed and

ginning out turn % was calculated by the following formula.

Ginning outturn (%) = Weight of lint of sampleIWeight of seed cotton of the sample X 100
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11. Staple length (mm)

Staple length of representative lint sample of each plant was measured by Fibrograph-

530 (Spinlab).

12. Fiber fineness (micronaire)

Fineness of representative lint sample of each plant was measured by Micromat Tester -

F08 SDL England.

13. Fiber strength (TPPSI)

Fiber strength of representative sample of each piant was determined by Pressly strength

tester.

14. Percent first Pick (Seed cotton of first pick)

'Weight of seed cotton of first pick w'as expressed as a percentage of total seed cotton

harvested.

Statistical analysis

7'he data regarding different characters in each progeny were averaged and subjected to

statistical manipulation. Standard analysis of variance technique (Steel and toiriel980) was

applied to determine significance of means. Only where significant genotype differences were

found, data were further subjected to genetic analysis.

Genetic Analysis

The diallel cross technique developed by Hayman (1954 and 1958), Jinks (1954 and

1956) and Jinks and Hayman (1953) was used for genetic analysis. Singh and Chudhry (1989)

have further explained the calculation methods of genetic parameters obtainable from a diallel

analysis in a very simplified manner.

A diallel table is an arrangement in a square of n2 measurements corresponding one to

one mating combinations of a diallel cross, each row and column of the square corresponding of

offspring with a common parental genotypes. The statistics estimates and the symbols used in

present study are those employed by Jinks and Hayman (1953), The symbol V, denotes the

variance of the members of the rth array, and Wr is the covariance of the members of the rth

array with their recurrent parents. The rth array includes the rth parent and all crosses involving

that parent. The population parameter estimates were E, D,F, Hj, and H?. All the crosses were

arranged into arrays in the lonm of diallel table. The information on gene action was inferred by

plotting the covariance (Wr) of each array against its variance (Vr). The slope and the position



of regression line fitted to the array points within the limited parabola (Wr2 = VOLo« Vr) indicated

the degree of dominance and the presence or absence of gene interaction. The different array

(Varieties) were fitted within the limits of parabola using the individual variance and covariance

as their limiting points. Array nearest to the point of origin possessed most of the dominant

genes; while, the array that laid farthest possessed most recessive genes, and the intermediate

position signified the presence of both dominant and recessive genes in the array. The

population parameter estimates were E, D, F, H|, and FT . E is estimate of environmental

variance, D is the additive genetic variance which may also include a portion of the additive x

additive epistatic variance as well as the additive genetic variance itself. Htis dominance genetic

variance parameter, which may include the dominance genetic variance proper, dominance x

dominance epistatic variance and additive x dominance as well as the portion of the additive x

additive variance not included wilhin D. H2 is the component of genetic variance due to non¬

additive (dominance) effects corrected for gene distribution. F is an indicator of the relative

frequency of dominant and recessive alleles in the parents and may take a sign (positive or

negative).

Estimates and ratios were calculated by using the above genetic parameters to provide

the information about the genetic system operating for each trait. The standard error for each

parameter was calculated. The estimates and ratios are;

(Hi/D)l/2 = Measures the overall average degree of dominance at each locus in the Fj.

H2 / 4H| =is an estimates of average frequency of negative vs positive alleles (at loci exhibiting

dominance) in the parents and has a maximum value of 0.25.

[(4DFI| ),/: + F ] / [(4DH| )|/2 - F ] =i$ the ratio of the total number of dominant to recessive

alleles in the parents.

Estimates of these parameters were obtained by solving the equations given by Hayman,

(1954 b)

Combining ability Analysis

The F] hybrid data thus collected was also subjected to analysis of variance technique as

outlined by Steel and Torrie (1980) for all characters under study to observe the level of

significance among the various F, hybrids and their parental lines.

Since all the characters under observation exhibited highly significant differences,

Further analysis for combining ability effects were performed by using Griffing (1956) Method-

i, Model-II combining ability was computed as under.
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1) General Combining Ability (GCA) Effects

11

- (Xi. + Xi) - -X..g.=
p22P

where

g, = General combining ability effect for line i.

P= Number of Parents / Varieties.

X,.= Total of mean value of Fi.S resulting from crossing J line with Ith lines.

X.F Total of mean values of F|‘s resulting from crossing 1 line with j th lines

X.. = Grand total of all the mean values in the table.

Specific Combining Ability (SCA) Effects.

:
Su - — (Xij + Xj, ) - — (X|. + X.j + Xj. + X.j) +

2-

Where

Si;= Specific combining ability between ith and J th lines.

Xij= Mean value of the F| resulting from crossing the ith and Jth lines with Ith lines.

Mean value for the F| resulting from crossing the Jth and ith inbreds.

— X..

PV

Xj>=

X(>= Total of mean values of F|,s resulting from crossing j th line with Ith inbred.

X.,= Reciprocal values of Xj.

X0= Total values for the F|,s resulting from crossing ith line with j th line.

Xj. = Values of reciprocal F],sof X.j.

Grand total of the observationsX..

Reciprocal Effects

= (Xij — Xj,)

Where

Rij = Reciprocal effects of the ith and j th varieties / lines.

x,j = Mean values for the Ft resulting from crossing the ith and jth line.
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Reciprocal values of Fi resulting from xij.Xji =

The variance due to crosses was partitioned into the variance due to general combining ability

effects, specific combining ability effects and reciprocal effects, by the following formula for

method I, and model II (Griffing, 1956) table.

Table- Analysis of variance for method -I giving expectations of mean squares for the

assumption of model -II

Expectation of mean squareSum of

Squares

MeanD.FSource

Squares

General combining

ability

o2+ 2fP-l) oÿ+2Po2.SgP-1 Mp

P

Q~ + 2(P~-P +1) qJ.Specific combining

ability

P(P-1)/2 Ss Ms

P

a” + 2 aTReciprocal effe-ls P(P-l)/2 Sr Mr

MVError M Se

Where

Sf= ~L I,(X,.+ X j)2- -1 X2..
P*-z-p

E IjX,j (Xij + Xj, ) ----I, (X, + Xi. )2 + J- X2..
Pv

Sr= - I! £ ; (Xjj - X jj)
2

Ss- —

1-

where

P = N'umber of parents

Mÿ = Mean square for error

Mg = Mean squares due to general combing ability effect.

Ms = Mean square due to specific combining ability effect.

Mr= Mean square due to reciprocal effects.

o2s = Components of variance for specific combining ability.

a2r = Components of variance for reciprocal effects.
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Variance components are estimated by equating the observed and expected mean square

in the tabic. The estimates were computed as follows.

o2g= [ M,. -M/ + P(P-1) Ms 1
C

a2s= ---[Mr -Me7]
2-C

and

02r= '/2 [ Mr -Me']

Where

C= P2 - P+1

Correlation and Path Coefficient analysis

The F? data collected on the above mentioned characters were statistically analyzed for

analysis of variance and covariance for all the characters using the method given by Steel and

Torrie (1980). Phenotypic and genotypic correlation coefficient were calculated by utilizing the

procedure described by Kwon and Torrie (1964) as follows.

rP=Mij / V(Mli)(Mii)

Where

rp is phenotypic correlation, Mjj is the mean product for genotypes and M„ and Mjj are genotypic

mean squares for traitsIandj.

rg= Covg.j / V(Vargi) (Vargj)

Where rs is the genotypic correlation coefficient, Covglj, vargl and varÿ arc genetic estimates of

line or family components of covariance and variance respectively for Iandj trails.

Path coefficient analysis was performed according to the method prescribed by Dewey

and Lu (1959) by solving the following equations using genotypic correlation, where seed cotton

yield per plant was kept as a resultant variable (effects) and yield contributing characters as

causal variable (causes). Equations to calculate direct and indirect effects are as under:-



Ray= Pay + fab Pby + Fac PCy + Fa(j Pdy + Fae Pey + Faf Pfy + Fag Pgy.

Rby” Fibÿay + Pby fbfPfy Pgy

Rcy= Pay by Pcy ledPdy Pfy

Rdy— by + I*ccjPCy + Pdy + FjfPfy +

Rey= Fae Pay + FbcPby "F FccPcy "F FjePdy "F Pcy

Rfy~ FafPay + FbfPby FcfPcy FdfPdy Pfy "ÿfgPgy

Rgy— FagPay + Fbg Pby "ÿFcgPcy T FdgPdy "I" FegPey ~b FfgPfy + Pfy

Where “r” is the symbol used for genotypic correlation coefficient, “P" for path coefficient in

term of partial regression coefficient and a, b, c, d, e and f are characters (number of monopodial

branches, number of sympodia! branches per plant, number of flowers per plant, number, of

bolls per plant, boll weight, GOT %, Staple length and “Y” stands for yield of seed cotton per

plant.

Heritability

Mean values, standard deviation, variance and coefficient of variability for parents. BCi,

BC2 and FT populations were computed. Heritability estimates in broad sense were computed

using the following formula suggested by Mohmud and Kramer (1951)

H2 B.s = VF2- VP.) X 100
VF2

Heritability in narrow sense were computed using the following formula suggested by Warner

(1952)

H2 n.s = 2VFr(VBci + VBc.) x 100
VF2

Where

VF2 =

VBC,=

VBC2=

Variance of F2 population

Variance of back cross-I population

Variance of Back cross-II Population
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Variance of Parent-I

Variance of Parent-II

Heritability in broad sense

Heritability in narrow sense.

VP,=

VP2 =

ti2 B s=

H2 n.s=.

Genetic advance was computed by the following formula

SDF2 x h x 1G.A.. +

Where

Genetic Advance

Standard deviation of F2 Population

Heritability coefficient.

Constant value that reflects the selection intensity. The value forI= 1.76 at 10%

selection Intensity.

G.A-

SDF2=

h =

I =

Cotion leaf curl virus

The experiment was conducted at Central Cotton Research Insiluite, Multan on clay

loam soil. Four CLCuV resistant varieties viz. S-PQ. MNH554. CIM44S and CIM1100 and five

CLCuV susceptible varieties viz 124F, MNH516, S- 14. MNH465 and NIAB Kanshma were

crossed as given below;-

1. S-111X124F

2. MNH564 x MNH516

3. CIM448 X S-14

4. CIM1100 X MNH465

5. NIAB KARISHMA X MNH465

All these crosses were attempted during the year 1996. The Fi generation alongwith their

parents was raised during the 1997. Plants of the F] generation were self pollinated and

subsequently back crossed to the two parents. Parents were also crossed during the subsequent

years (1997 and 1998) in above-mentioned fashion

The parents Pi, P2, Flf F2 and Back Cross (BCi, BC2) populations of each cross were

planted on 15th June, 1998. One row of P], P2 and F1, Six rows of F2 and three rows of each

back cross was planted keeping row to row distance 75 cm and plant to plant 25 cm, while the

length of row was 6 m. The F| seed of year 1998 was again sown in next sowing season 1999 as
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generation, keeping 8 rows of each cross. Techniques regarding artificial infestation were not

available and observations were taken in the environment of natural infestation (Ali, 1997). As

[he whitefly is vector for transmission of CLCuV (Sanz et al 1999). Keeping in view this point

no pesticide was applied before I5lh September, providing opportunity to whitefly and other

sucking insects of cotton to breed and multiply frequently for transmission of CLCuV inoculum.

All plants of ali generations were observed periodically and rated during the growing

season for CLCuV symptoms, following the method of Wilson and Brown (1991). Plants were

rated as “A” for asymptomatic (Resistant) and “S” for virus affected symptoms (CLCuV

susceptible).

Symptom ratings obtained from the final data collection (Sept., 1998, Sept., 1999) were

used for further analysis. The data of six generations P|, P2, F|, Fj , BC|, BC2 of each cross for

the year 1998 and F2 generation during 1999 were used for the goodness of fit by the chi square

lest as discussed by Gomez and Gomez (1983).



>

IV. RESULTS AND DISCUSSION

4. Earliness

The data recorded for NAWF for all the ten varieties under study for consecutive three

years 1996-97, 1997-98 and 1998-99 revealed that the value of NAWF was near seven or above

during early flowering season and this value existed for four to five weeks, then declined as

flowering period continued (Table 1,2 and 3). This decrease in NAWF value indicated that more

assimilate was diverted to developing bolls, less was available for further vegetative growth,

which confirms the earlier findings of Cappy (1979) and Oosterhuis et al. (1989) and Bourland,

el al. (1991) who reported that as fruit developed more photosynthale was diverted to the

developing bolls and less was available for continued vegetative growth. The decrease in NAWF

‘value may thus provided an indication of source-sink growth activity of the crop with rtfeience

to development of boils and vegetative growth of he main stem. This study also suggested that

the decline in NAWF provides an indication that the sink associated with developing bolls has

become sufficiently strong, relative to vegetative growth, to slow down further main stem

growth and abort or impede the production and development of additional bolls.

NAWF value of seven or more indicated a maximum amount of photosynthale available

for developing bolls and this value should exist for four to five weeks under favourable cotton

growing conditions. Crop monitoring, especially in the first four to five weeks of flowering,

becomes a critical adjunct to the use of NAWF. It can further be safely concluded that any

production practice that extends the effective flowering period would increase cotton yield, if

external factors such as insects and diseases remain under control and favourable weather

conditions prevail during the season.

It was further observed (Table 1, 2 and 3) that the critical value for NAWF-5 reached

during the sixth and seventh week of flowering in all varieties during all the three years of study.

However, during the year 1996 the lowest values of NAWF 3.3, 3.4 were recorded on 26.09.97

for the varieties S-14, NIAB-78. MNH439 and S-12, respectively. During the year 1997 lowest

NAWF values 3.5 and 3.8 were recorded on 15.9.1997 for the varieties NIAB-78 and CRIS-9,

respectively. Similarly during the year 1998, the NAWF value 3.9 and 4.2 were obtained on

20.09.99 for varieties NIAB-78 and CRIS-9, respectively. It showed that NIAB-78 and CRIS-9

accumulated fruit more fastly and matured earlier than other varieties which is also evident from

percent first pick (Table1,2 and 3). The highest values of 3.8 and 3.6 percent first pick (Table-

1,2 and 3) was obtained from CRIS-9 and NIAB-78, respectively during the year 1996, while
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during the year 1997 the values of percent first pick 3.90 and 3.60 were obtained from NIAB-78

and CRIS-9, respectively, which were the highest of all other varieties. Similarly 3.90 and 3.40

values of percent first pick were obtained for NIAB-78 and CRIS-9 during 1998.

On the basis of three years data, the average number of days taken after planting (DAP) to

achieve the NAWF-5 stage were computed for all varieties (Table-11), the data revealed that

CRIS-9 and NIAB-78 were earliest and required 109 and 109.9 DAP, respectively to attain

NAWF-5 stage; whereas CIM-1100 being late attained NAWF-5 stage after 119.5 DAP (Table-

1 1). The late maturity of CIM-1100 was further confirmed from the values of percent first pick

being 1.9, 1.6 and 1.8 for the year 1996, 1997 and 1998 respectively.

The NAWF-5 values (Table-11) indicated that early maturing varieties required less

number of days to reach the NAWF-5 stage and late maturing required higher number of days to

achieve NAWF-5 stage. The rale of decreasing NAWF over time is shown by regression

equation for varieties (Table 7,8 and 9). It is evident from these Tables that the R2 values ranged

between 0.82 to 0.99 suggesting that 82 to 99 percent variation in the NAWF is mainly due to

number of days from planting and variation due to years was negligible. It is also observed that

late maturing varieties tended to have higher intercept (a) and regression coefficients (b) than

early maturing varieties. In early maturing varieties white flower moves to the plant apex

slightly faster than the late maturing ones. As NAWF decreased the possibility of white flower

producing a boll decreased, when NAWF value decreased to five (NAWF-5), boll retention, boll

size, boll opening and boll maturity suffer drastically. It was also observed from weekly

flowering and boll retention record (Tables 12, 13) that boll retention on the third and fourth

week of September was almost nominal ranging from 0.2 to 2.1 during 1996 (Table-12) and 0,1

to 1.5 during third week of September 1997 (Table-13).

Correlation coefficient among seed cotton yield, percent first pick and days from

planting to 5-node above white flower (days to NAWF-5) for varieties were computed (Table-

10). Days to NAWF-5 was significantly and negatively correlated with percent First pick and

seed cotton yield during all the years. Percent first pick was also significantly and positively

correlated with seed cotton yield per plant during this period of study (Table-10). These resuits

clearly suggested that early maturing varieties / genotypes contributed relatively higher

percentage of yield early in the season and also produced over all more yield probably due to

possible escape from boll worm attack. Willson (1981) reported that the pink boll worm damage

was less in early maturing cotton varieties.

From the above study it was further concluded that technique of monitoring plant growth

and boll development through counting NAWF can be efficiently used for the measurement of
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earliness in segregating populations and precise management of crop throughout the season for

proper utilization and saving of irrigation water, fertilizer and pesticide for achieving optimum

seed cotton yield.



p

Table-1.Number of nodes above white flower (NAWF) for varieties under study during 1996.*

%lstpickcultivar NAWF by date

10/9 17/9 26/92/926/819/811/84/8

6.2 4.07.0 2.137.9Reshmi 8.87.97.77.2

5.2 3.807.6 7.2 4.4CRIS-9

"N-78

7.8 7.86.9 7.5

4.5 3.607.3 3.47.48.26.6 6.86.5

6.4 5.5 3.4 2.908.0 7.48.1jS-12 7.2 7.7

5.9 3.3 2.887.7 7.37.6 8.76.8 7.2S-14

CIM-1100 6.3 1.907.8 5.49.0 9.1 8.2 8.77.8

2.977.9 6.9 5.2 3.48.1MNH-439 7.1 6.4 6.8

7.4 6.5 4.4 1.808.5 8.1MNH-395 7.0 7.5 7.7

6.8 4.6 1.828.5 8.2 8.8 7.1MNH-329 8.17.7

7.9 5.1 2.156.6 7.2 4.4MNH-93 6.2 6.5 8.3

0.1430.230 0.121 0.1530.409 0.355 0.338 0.248LSDo.os

*=Date of sowing 18/6/96

Table-2. Number of nodes above white flower (NA'VF) for varieties under study during 1997*.

%lstpickNAWF by datecultivar

8/9 15/911/8 18/8 25/8 1/927/7 4/8

5.2 2.20Reshmi 7.5 6.3 5.8 5.4 4.19.0 7.0

5.1 4.2 3.8 3.60CRIS-9 8.0 8.0 7.1 6.3 5.2

N-78 3.5 3.908.5 8.4 7.0 6.5 5.9 4.9 4.1

S-12 1 1.3 5.0 4.5 3.2011.5 11.5 7.5 5.8 5.1

S-14 9.8 9.5 8.4 6.2 4.9 4.2 2.807.1 5.5

CLM1100 9.5 8.5 5.0 1.608.1 7.3 6.5 5.8 5.3

MNH439 9.1 8.5 1.908.5 7.6 4.9 4.86.2 5.3

MNH395 10.2 9.5 8.1 7.8 4.9 1.806.5 5.9 5.2

MNH329 9.5 10.1 8.9 8.2 6.2 5.1 4.8 1.507.1

MNH93 8.9 8.2 7.6 5.3 2.306.9 6.7 6.0 4.4

LSDOQS 0.307 0.363 0.364 0.076 0.0940.334 0.537 0.453

* =Date of sowing 15/5/97



f / f
>S

Table-3. Number of nodes above white flower (NAVYF) for varieties under study during 1998.*

cultivar % lstpickNAWF by date

29/8 6/9 13/922/8 20/915/88/81/8

5.38.1 6.5 4.7 2.108.89.510.210.5Reshmi

4.98.4 5.4 4.28.5 3.409.19.89.7CRIS-9

6.1 4.8S.2 3.9 3 908.79.49.510.1N-7S

6.3 5.1 4.57.5 3.108.99.1 9.39.4S- 1 2

S- 14 6.57.6 5.3 2.SO4.78.5 8.19.5 9.0

5.8 1.806.8 4.9OM-llOO 8.7 7.510.5 9.311.5

5.66.5 4.7 1.508.1MNH439 10.1 9.9 9.5 9.1

5.5 1.908.9 7.2 6.4 4.8MNH395 9.59.8 10.5

6.28.5 7.6 4.9 2.50n.5MNH-329 10.5 9.6 7.1

4.59.5 6.9 5.8 5.1 2.70MNH-93 10.2 8.19.7

0.094 0.1210.210 0.271 0.254 0.297LSDo os 0.242 0.248

* =Daie of sowing 25/5/9S

Table-4. Mean squares for number of nodes above white flower during 1996.

26/8/97 10/9/97 17/9/97S.O.V d.f 1 8/8/97 2/9/97 26/9/974/S/97 1 1/8/97

Repeats 0.0100.058 0.025 0.032 0.001 0.011 0.012 0.0092

1.899’""0.700 0.268ÿ 0.392Varieties 0.7651.940 1.6049 1.380

Error 0.039 0.0IS 0.0050.057 0.043 0.021 0.008 0.007IS

P < 0.05 ; *’ : P <0.01

Table 5 Mean squares for number of nodes above white flower during 1997.

s.o.v d.f 27/7/98 !5/9/984/8/98 1 1/8/98 8/9/9825/8/98 1/9/9818/8/98

0.301 0.283Repeals 2 0.720 0.0050.210 0.017 0.0140.076

0.567 0.718"'4.837Varieties 2.6319 5.075 1.139 0.959 0.558

Error 18 0.038 0.032 0.0030.045 0.098 0.070 0.045 0.002

1
*; P < 0.05 ; ** : P<0.01



fable 6 Mean squares for number of nodes above white flower during 1998.

13/9/99 20/9/996/9/9922/8/99 29/8/9915/8/991/8/99 8/8/99d.fs.o.v
0.064ÿ 0.036 0.002 0.019 0.0020.0090.0720.0492Repeats

0.6991.205’" 0.715 0.525 0.3650.3380.320'0.854Varieties 9

0.022 0.030 0.0030.025 0.0050.0150.021Error 0.02018

•: P <0.05 ; "* : P < 0.01

Table-7 Regression equations for number of nodes above white flower (NAWF) by days from

planting and calculated number of days to NAWF of 5.0 for cotton varieties during 1996.

Days to NAWF-.5NAWF by days .regression equationCulcivar

WbA

10915.92 -0.10 0.97Reshmi

0.96CRIS-9 - 0.11 10215.98

-0.09 0.99 1 10N-78 15.38

0 91 10614.56 -0.09S- 12

0.91 106S- 14 15.66 -0.1

CIM-1100 -0.09 0.95 10814.71

1 10MNH-439 0.9313.61 -0.07

-0.11 0.97MNH-395 16.05 100

MNH-329 -0.07 0.89 12213.41

MNH-93 -0.09 0.9514.94 1 12
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7Table-8. Regression equations for number of nodes above white flower (NAWF) by days from

planting and calculated number of days to NAWF of 5.0 for cotton varieties during 1997.

NAWF by days .regression equation Days to NAWF-5Cultivar

r R7bA

-0.08 0.9214.20 1 14.0Reshmi

0.96-0.09CR1S-9 14.52 108.0

0.97-0.1117.09 109.9N-78

0.82S- 12 21.82 -0.15 112.1

r S-14 -0.1117.34 0.94 112.2

C£M-1100 14.38 -0.08 0.88 117.3
!

MNH-439 16.93 -0.10 0.96 115.8

MNH-395 17.36 -0.11 0.95 1 17.7

MNH-329 16.12 -0.09 0.82 123.5

MNH-93 18.02 -0.11 0.92 1 16.2

Table-9. Regression equations for number of nodes above white flower (NAWF) by days from

planting and calculated number of days to NAWF of 5.0 for cotton varieties during 1998.

Cultivar NAWF by days /egression equation Days to NAWF-5

R‘bA

Reshmi 19.72 -0.12 0.96 115.9

CRIS-9 19.17 -0.13 0.89 109.0

N-78 19.75 -0.13 0.92 113.5

S-l 2 17.69 -0.11 0.90 115.3

S-14 16.61 -0.10 0.95 117.3

C1M-1100 20.45 -0.13 0.99 118.8

MNH-439 18.84 -0.11 0.94 1 18.3

MNH-395 18.99 -0.12 0.93 116.6

MNH-329 18.10 -0.10 0.97 120.2

MNH-93 19.14 -0.12 0.95 112.2
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Table-10. Correlation coefficients among seed cotton yield, percent first pick and days

from planting to node above white flower (days to NAWF-5) for vrieties.

Variable by years Correlation coefficient

1996
+ 0.713“Percent first pick vs yield
- 0.789*"Pays to NAWF-5 vs Yield
- 0.493**Days to NAWF-5 vs Percent first pick

1997

+ 0.818percent first pick vs yield
Pays to NAWF-5 vs Yield - 0.576

- 0.648Pays to NAWF-5 vs Percent first pick

1998
Percent first pick vs yield + 0.821

- 0.749Days to NAWF-5 vs Yield

Days to NAWp-5 vs Percent first pick - 0.897
*, ** correlation coefficient siginificantly different from zero at the 0.05 and 0.01 probability

levels . respectively.
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Average of three years for days taken to NAWF-5.Table-11.

Maximum deviation

from mean
Days taken to

NAWF-5
Average

deviation
YearVariety

Reshmi 109.21996
114.01997
1 15.91999

3.83 2.55113.03Av

110.21996CRIS-9
108.01997
109.01998

1.20 0.78109.09Av
N-78 1996 106.2

109.91997

1998 113.5

3.70 2.44109.86Av
100.45S- 1 2 1996
112.11997

115.31998

109.2 8.83 5.88Av
S- 14 106.61996

1997 1 12.2

1998 117.3

112.03 5.43 3.62Av
CLM-1I00 122.41996

1 17.21997

1998 118.8
119.5 2.92 1.94Av

MNH-439 102.41996
1997 115.8
1998 118.3

112.17 9.77 6.51Av
MNH-395 1996 112.2

117.21997

1998 1 16.6
Av 115.5 2.203.3

MNH-329 1996 110.5
1997 123.5
1998 120.2

118.06 5.04Av 7.56
MNH-93 1996 107.8

1997 116.2
1998 112.2
Av 112.09 4.11 2.80
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fable-12. Weekly flowering and boll retention per plant during 1996.

Week ending dateVarieties

19/915/8 22/8 29/8 5/9 17/9 26/9 Vx 10/* 17/x1/8 8/818/7 25/7

u 22.8 8.1 5.7 2.9 2.912 14 4 16 0.1 00.5No.of flower 0 0 1Rcshmi
2.1 0.9 0.51.5 0.2 0.1 00.7 0.3 1.6 00 0.30No of bollsi

5.0 6.529 7.4 7.9 8 1l 0 1 3 8.2 820.3 8.20Prog TolaI

15 7 20.7 183 13.00 9 5.80 3 0.6 10.5 3.16 50 0.1 0 2No.of flower
l CRIS-9

3.20.2 0.3 4.5 5.4 4.5 2.1 0 )0.1 0,3 05 0No of bolls 0 0

5.9 11.3 15.8 J 9.0 21.)0 1 0.4 0.9 21.2 21.2Prog Toul l.l 1.4 21.2

— No.of flower 18.70 0.1 04 0.6 1.0 5 2 14.7 16.5 8.2 5.312.1 28 0jV7S

No. of bolls 0.4 0.5 4 20 0.1 02 04 2 2 0.23 5 5.1 1.2 0 0

Prog.Tolal 0 1 0 3 0 7 5.1 10,2 1661.1 1.6 14 4 187 J 8.9 189 189

No.of flower 0 02 2.5 3.7 4.9 1 1.2 )1.8 12 0 9.01 1.4 9.5 4.3 0.7 0S J2

No. of bolls 0 0 0 I 1.1 2.1 4 3 5 4 64 5.0 3.3 14 0 3 0 0

f*rog Total 3 3 7.6 13 0 19 4 24.40 0 1 1 2 27 7 29.1 29 429 4 29.4

No of flower 8.0I 3 1 5 8.2 104 10,3 14.8 40 28 1.9 15 0 0S- 14 0

No of bolls 4.20 0 1 4 0 424 I 3 2 2 8 I 7 0.9l,i 0 0 I 0

Prog Total 8.20.1 4 1 124 166 198 22 6 24 3 25.4 26 3 26.3 26 3 26 3

No of flower 2 40 0 40 5.4CIM-1J00 4 54 67 54 3.8 2 3 3.5 4 3 1 7

No. of bolls 0 0 0,8 I 5 28 3.12.1 3 4 3.9 I 8 0 51 ! 0 2 0

Prog Total 080 2 3 78 J 1.7 14 54.4 17.6 19 4 20,5 21 0 210 21.0

No.of flowerMNH-439 0 l 5 6.9 1 1 5 13.0 9 )14 4 86 2.9 1.5 0 01 6 0

No of bolls 0 0 0 1.2 2.5 2 8 2 2 2 4 2 0 1.1 0.5 0 00

Prog.Toul 0 0 1.2 3 7 6.5 8 7 13.111.1 14 2 14.7 !4 7 14.7 14 7

No of flowerMNH-395 0 5.6 13.2 12 8 15.3 12.2 10.514 14.5 5.6 3.2 0.5 014

No of bolls 0 0 2.3 2.91.5 3 5 36 2.7 2.3 1.4 051.1 0 0

Prog Toul 0 1.5 3 8 6.9 10.2 13 8 16.5 IS.8 20.2 213 21 8 21.8 2 !.8

MNH-329 No of flower 0 0.3 2.1 4 2 5 6 9.5 11,3 1 0.1 7.8 6.8 4.5 2.1 0 0

2.1No of bolls 0 0.2 12 20 3 2 3.5 1.8 1.52.6 0.6 0.2 0 0

Prog Toul 0,2 I 4 3.5 5 5 8 7 12.2 18.7 18914 8 16.6 18.1 189 189

MNH-93 No.of flower 0 0.7 3 01,8 4.2 8.3 10.1 9.6 6.7 9,1 8 6 6.9 3.4 0

No of bolls 0 0 0.5 2.1 3.0 3,1 6.2 2.5 1,5 1.4 1.5 0.5 0 0

Prog.Toul 0 05 2.6 5.6 8.7 M9 17.4 18 9 20.3 21.8 22 3 22.3 22.3

l



; *T
Table-13. Weekly flowering and boll retention per plant duringl997.

Week ending dateVarieties

Vx 9/x 15/*25/911/9 18/94/921/8 28/814/87/830n24/71 1/7

02.1 1.8 0.5 013.5 3.616.510 23.12.51.20.80 1Reshmi No.of flower

0.5 0.1 0 0 06.2 1.55.24.62.11.20.40.3No .of bolls 0

20.0 21.5 22.0 22.1 22.2 22 2 22.213 8864.01,90.70,30Prog Total

2.1 05 0.218.3 8.3 4.215.8 20.72.3 5.S1.5 2.10.80 5No.of flowerCR1S-9
0.1 01 04.3 1.2 I . I4.2 5.51.30.70.3 0.60.10.1No, of bolls

20.4 20,5 20 51 8.3 5 9 412.8 i7J7.31.8 3 10.5 I 10.2Prog Total 0.1

01.3 0.516.5 I 1.2 4.114.7 18 75 22.6 2.506 14No.of flower 0 3N-78

1.3 0.1 0 04.6 2 23.6 5.21.50.5 040,1 0.30.2No. of bolls

200 20.0 20.018.6 19.9I I 8 16 430 661.50.6 1.1Prog.Tota) 0 0.3

06.5 4.5 05120 9 3118 11.5 1244.62,6 3.81 5No.of flower 0S- 12

04 0 1 03.6 1.558 6,7 5 2391.2 2 506No of bolls 0 04

27 8 27.925.9 27 4 27.919 I 23 386 14 42.2 4 704 1.0Prog.Total 0

0.5 0 02.8 1.5 J .27.0 5 210 I I 1.3 M 28.0No of flower 1,2 1.7S- 14

0.8 0 0 01.2 1.04.3 3 4 2.54.3 4 6No. of bolls 0 2 0.4 4 1 I

26 8 [26.8 26 825,0 26 0 26.8•17 9 21.3 23 89.0 13 6470 06Prog.Total

is 2.5 3.3 1 7 !4.3 25 :.j643.8 640.6 1.8 2.6No.of flower 0CIM-1 100

o0.11.5 1.3 0.32 9 2.6 3 63,50.8 1.7 25No of bolls 0 0 2

21.0 21.0178 19.3 20.6 20 91425.2 8 7 11 61.0 2.70 0 2Prog Total

3 9 J .2 1.6 0.5 0 08 1 7.511.01055.9 13 22 5No of flower 0MNH-439

0 01.0 0.5 0.J2.0 1 52 63.81.2 1 4 2 7No of bolls 0 0.5

17.3 17.3 17.314 2 15.7 16,7 17.29.6 12.23.1 5,80 0.5 1.7Prog.Total

02.2 1.2 0.214 0 10.3 4.610.212.2 10 2 12 1No.of flower 0.6 1.9 4.6MNH-395

0 01 2 1,0 0 32 0 204.3 3.9 3 4 3.2No. of bolls 02 0 6 1.3

23 4 23 423.1 23.418 9 20.9 22 10 8 2.1 10.3 13.7 16,9Prog.Total 0.2 6.4

0 3 03.1 1,83.2No.of flower 0 4 8 10.5 11.0 8.2 6,3MNH-329 1.8 3.1 6.7

000.5 0.1I.SNo. of bolls 0 0.3 2 5 2 5 3.2 24 3,11.4 3 1

20 92G.9 20,920.818.5 20.3Prog.Total 0 0.3 1.7 4.2 6.7 9.8 130 J 5.4

03.8 1.8 0.54.2No,of flower 0.7 8.3 5.3MNH-93 l 7 2.8 3,6 4 8 10,3 116

0 01.2 1.0 0.62.5No. of bolls 0 0.6 1.5 2.4 2.0 4.6 5.2 3.5

25.) 25 123.5 24.5 25 I06 16.3 19,8 22.30 2.1 4.5 6.5 111Prog.Total
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4.2 Genetic Analysis

Early maturity and yield increase in cotton is a result of an effective exploitation of

quantitative characters. The diallel cross technique developed by Hayman (1954 a, b and 1958)

and Jinks (1954, and 1956), and combining ability analysis suggested by Griffing (1956) are

handy techniques to study the nature of gene action, genetic constitution of cotton varieties for

allelic or non allelic interactions and the magnitude of general and specific combining ability of

parents. In test of (Vr ,Wr) regression coefficient for each trait is expected to be significantly

different from zero but not significantly different from one, if all of diallel assumptions hold

true.

To assess how accurate a description of inheritance of various characters, it is necessary

to test the adequacy of the model in accordance with the variation pattern found in data through

regression analysis. The results presented in Table-47, showed fitness of adequacy of the

additive dominance model (Mather and Jinks 1982) for all characters studied. The results of this

test are presented in Table-47, which indicated that all assumptions are valid for all traits under

study within this breeding material.

The regression value of all characters (node of first fruiting branch, number of

monopodial branches per plant, number of sympodial branches per plant, days taken to first

flower, days taken to open first boli, total number of flowers per plant, total number of boll per

plant, average boll weight, yield per plant, percent first pick, ginning out turn, staple length,

fiber fineness and fiber strength) deviated significantly from zero and showed non-significant

differences from unity. This property of the regression line indicated intra-allelic interaction,

meaning thereby, that genes were distributed independently among the parental varieties and

were independent in action. The unit slope of the regression line showed that for these characters

all the diallel assumptions have been met (Mather and Jinks, 1982).

Variance (Vr), co-variance (Wr), variance of parental mean (Vp), Wr + Vr , and their

means were used in all the analysis and to assess the stability of the data for diallel analysis.
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4.2.1 Node of first fruiting branch.

Node of first fruiting branch is one of the most reliable and practical morphological

measure of earliness in cotton varieties. The analysis of variance for this trait showed highly

significant differences among genotypes (Table-42). The V,/ Wr graph (Fig-1) indicated that

node of first fruiting branch was governed by additive type of gene action as the regression line

intercepts the Wr-axis above its origin. Similar findings have been reported by Ray and

Richmond (1966).

DPL-54 being close to the origin indicated that this variety possessed most of the

dominant genes, while N1AB-78 being farthest from the origin showed that it had predominantly

recessive genes (Fig-1). Some inferences regarding genetic inheritance pattern can be made from

ihe values of D, H|,H2 and F components of genetic variation presented in Table-14. It may be

seen from Table-14 that variation due to additive (D) and dominant gene effects (Hi and H2) is

significant. Tl.e additive components (D=6.52) was larger than dominant component (H|=5.95)

for this trait. Since H| was almost equal to H2. therefore, occurrence of equal gene frequencies at

all loci was indicated .The positive and significant value of F(1.06) indicated that dominant and

recessive genes are in equal proportion in the parents which was also supported by the estimate

of ratio [(4DH|) 'A +F]/[(4DH|)'/,-F]. The degree of dominance (Hi/D)W showed that greater part

of the genetic variation was additive. The ratio H:/4Hi (0.24) indicated that positive and negative

allels were distributed equally among the parents. As h2 value (0.06) is non-significant, it

showed absence of overall dominance effects of heterozygous loci. The negative correlation (-

0.181) between parental order of dominance (Wr + Vr) and parental mean performance (Y| )

indicated the importance of dominant genes for high expression of this trail.

MNH-439 having the highest array mean (13.0) possessed high general combining

ability for higher node number of first fruiting branch, while S-14 and NIAB-78 with lowest

value of 10.0 and 10.17 respectively were at the bottom. Combining ability analysis (Table-43)

revealeded highly significant mean square values for general combining ability, specific

combining ability and reciprocal effects. The results indicated that mean square for GCA was

greater than SCA, suggesting additive gene action. Jain (1980) working on Desi cotton (G.

arboreum L.J also observed additive gene effects for node number of the first fruiting branch.

Effects due to GCA of parents were presented in Table-44. The highest positive general

combining ability value for node of first fruiting branch was exhibited by MNH439 (1.722.) The

highest negative effect for this trait 1.11 andl.05 was showed by S-14 and NIAB-78. The cross

NIAB-78 x MNH-93 secured - 2.45 SCA for this trait (Table-45). The highest positive

reciprocal value (1.30) was obtained from the cross MNH439 x S-14.(Table-46). It suggested
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that progeny of this cross should not be blend with its direct cross due to presence of maternal

effects. Generally the node of first fruiting branch, affects earliness in cotton and in view of the

presence of additive gene action, effective selection could be made for this trait in segregating

population of the cross N1AB-78 x MNH-93 to develop new promising early genotypes.

4.2.2 Number of monopodial branches per plant

Number of monopodial branches per plant (vegetative branches) is an important trait

which furnishes clues to earliness in cotton as Ray and Richmond (1966) stated three features of

gross morphology of the cotton plant for earliness i.e. (1) node of first fruiting branch (2)

number of vegetative branches and (3) percentage of bolls on vegetative branches. The variety

with low number of vegetative branches or without vegetative branch matures earlier than the

varieties having more number of vegetative branches. The analysis of variance for number of

monopodial branches per plant indicated tha> s’gnificant differences existed among genotypes

(Table-42).

It is evident from Vr / Wr graph (Fig. 2) for number of monopodial branches per plant,

that the regression line intercepted the W, axis above the origin revealing partial-dominance.

These results are almost in confirmation with the earlier findings of Mirza (1969), singh and

Gupta (1970) and Singh and Singh (1981) for this trait. The distribution of array points on the

regression line revealed that NIAB-78, Reshmi and MNH-439 owing to its proximity to origin.

possessed maximum number of dominant genes, while MNH-93 being away from the origin had

the lowest number dominant genes, and maximum number of recessive alleles.

The estimates of genetic component of variation (Table-16) revealed that both additive

(D) and dominance (H| and H2) components were significant. It was further observed that

magnitude of additive (D) genetic component was larger than dominant component (Hi). The Hi

value is not equal to H2 , indicating unequal gene frequencies at all loci. The positive value of F

indicated that there were more dominant genes than recessive genes in the parents, which was

also supported by the estimate of ratio [(4DHj ) * + F] / [( 4DH[) W-F] having positive value

1.89. The degree of dominance exhibited by the ratio (Hi/D)* =0.128, demonstrated that greater

part of genetic variation was additive in nature. The ratio of H2MH1 (0.22) indicated nequal

distribution of genes (positive and negative). The estimate of h2 having value (0.104) indicated

presence of overall positive heterosis, suggesting importance of heterotic breeding for this trail.

The positive value of correlation (0.427) between parental order of dominance (Wr + VT) and

parental mean performance (Y| ) indicated that trait was controlled mainly by recessive alleles

and high expression of this trait was associated with an excess of recessive genes. As the
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Estimates of the components of genetic variance for node of first fruiting branch.fable-14.

6.52 ±1.02D

Hi 5.95 ±2.60

5.74 ±2.32H2

V 0.06 ± 1.56

1.06 ±2.5F

0.14 ±0.38E

(Hl/D)'" 0.955

H2/4H, 0.241

P/H2 0.012

(4DH|)l/‘i+F /(4DH,)i/‘i -F 1.54

r(Y, and Wr + VT) -0.18

*: P<0.05 ; ** : P < 0.01

Table-15. Array means for node of first fruiting branch in Fi of a six parent diallel cross

averaged over blocks.

Varieties Reshmi MNH-439 S-14 N-78 DPL-54 MNH-93

Reshmi 12 1014 9 12 11

MNH-439 14 15 13 12 14 10

S-14 10 13 9 129 8

N-78 9 12 9 8 10 12

DPL-54 12 14 12 1310 13

MNH-93 1 1 10 8 12 13 1 1

Total 68 78 61 60 6574

Array
mean

11.33 13.0 10.17 12.3310.0 10.83



T required combination is zero for number of monopodial branches per plant with other

early maturing traits, so the desired combination with other traits may require suitable technique

which will increase the frequency of favorable recessive and dominant genes. Selection based on

progeny performance with large population will increase the frequency of favourable alleles.

Array means (Table-17) showed that MNH-93 had the highest array mean of 2.35, while

NIAB-78 had the lowest array mean value of 1.12 indicating that MNH-93 was the best general

combiner, while NIAB-78 was the poorest general combiner for this character. This was further

confirmed from combining ability analysis (Table-43), showing highly significant mean square

values for general and specific combining ability. Mean square for reciprocal effects was also

highly significant. The highest positive GCA value (0.64) was exhibited by variety MNH-93

(Table-44) for number of monopodial branches per plant, being the best general combiner for

this trait. The highest negative effect for this trait was shown by variety NIAB-78 with GCA

value 0.593, which indicated that NIAB-78 could be exploited for breeding new early genotypes

with minimum number of monopodial branches per plant. As the GCA effect was higher than

SCA, indicating additive gene action, which is in accordance with the findings of Paxasia el al.

(1998). The cross S- 14 x MNH93 possessed highest SCA value (0.239) while the cross MNH-

439 x S-14 had the lowest SCA value (-0.394) for the number of monopodial branches per plant

(Table-45), which suggested that progeny of this cross should not blend with reciprocal cross

due to presence of maternal effects. The highest RCA value 0.98 was obtained from the cross

DPL-54 x MNH-93 (Table-46). Generally decreased number of monopodial branches per plant

is considered as one of the important indicator for earliness in cotton. In view of the additive

gene action, effective selection for lower number of monopodial branches per plant is possible

for this trait and fixation of this character would yield feasible results in early segregating

generation through selection based on progeny testing.

4.2.3. Number of Sympodial branches per plant

The sympodial branches play an important role in yield of seed cotton as these branches

bear fruit directly. Information concerning to the nature of gene action involved in number of

sympodial branches per plant greatly helps in breeding new high yielding varieties bearing

higher number of sympodial branches per plant.

The analysis of variance for this trait indicated that highly significant differences existed

among genotypes under study (Table-42). The Vr / Wr graph showed that regression line

intercepted the Wr axis above the origin (Fig.3) indicating additive expression of genes with
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T Estimates of the components of genetic variance for number of monopodial

branches per planL
Table-16.

1.172 ±0.014

0.152±0.034H,

0.132 ±0.031H2

0.104 ±0.021h‘

0.259 ±0.033r?

0.028 ±0.005E

(Hl/D)1 0.128

0.221H2/4H|

hVH: 0.119

(4DH,)I/J+F /(4DH|)I/J -F 1.891

r(Y, and Wr + Vr) 0.427

*: P < 0.05; ** : P<0.01

Table-17. Array means for number of monopodial branches per plant in Fi of a six parent

diallel cross averaged over blocks.

Varieties MNH-93Reshmi MNH-439 S-14 N-78 DPL-54

Reshmi 1.8 1.5 2.1 1.2 1.6 2.1

MNH-439 1.5 1.3 1.5 0.9 1.2 1.9

S-14 2.1 1.5 2.9 1.6 2.1 3.1

N-78 1.2 0.9 1.6 0.7 1.50.8

DPL-54 1.6 1.2 2.1 2.01.8 1.1

MNH-93 2.1 1.9 3.1 3.51.5 2.0

Total 10.3 8.3 13.3 6.7 8.8 14.1

Array 1.72 1.38 2.352.22 1.12 1.47

? mean

i



partial dominance for this character. The regression line was of unit slope indicating the

absence of non-allelic interaction. These results are in confirmity with the earlier findings of

Ikram et.al. .(1993), Singh and Singh (1981), Deshmukh et al. (1980), Salam (1979), Singh and

Gupta (1970), and Mirza (1969). The variety MNH-93 being close to the point of origin had

mostly dominant genes: while, NIAB-78 possessed most of the recessive genes, as it was away

from origin (Fig.3).

Estimates of genetic components of variation (Table-18) revealed that both additive (D)

and dominance effects (Hi and H2) were significant. However, dominance component (Hi

=54.20 & H2 =46.84)was higher in magnitude than that of additive component. The positive

estimate of F indicated that dominant alleles were in excess than recessive ones in the parents.

The ratio of (H|/D)l/2 =(1.25) was greater than unity, thus showing higher degree of dominance.

The ratio H2/4H| indicated unequal distribution of positive and negative genes in the parental

population. The ratio [(4DH|)I/2 + F] / [(4DHj)l/2 -F] having value (1.81) more than one,

indicated the preponderance of dominant genes in the parents.

The perusal of Table- 19 revealed that variety NIAB-78 had maximum array mean

(24.33); while, variety Reshmi was at bottom with mean value of 19.3,which suggested that

variety NIAB-78 is best combiner for this trait. Combining ability analysis (Table-43) showed

highly significant general and specific combining ability mean squares and non-significant

reciprocal mean squares (Table-43). The GCA effects were greater than SCA effects, indicting

predominance of additive gene action in the inheritance of this trait. Presence of additive gene

action for this trait was also observed by Ikram ei al. (1993), Azhar ei al. (1994), Paxasia ei al.

(1998). From these results it could probably be concluded that either trait number of sympodial

branches per plant is almost generally controlled by additive gene action or the material used in

this study had some parentage common with the material used by previous workers. The highest

general combining ability for this trait was exhibited by NIAB-78 having value 2.611 (Table-

44). The highest negative GCA value (- 2.226) for this trait was shown by Reshmi. These GCA

values suggest that NIAB-78 could be exploited as best general combiner for developing new

genotypes with higher number of sympodial branches per plant. The highest specific combining

ability value 6.563 and 4.321 were exhibited by the crosses NlAB-78 x DPL-54 and MNH439 x

S-14, respectively (Table-45), suggesting that progenies of these crosses can yield more

desirable segregates with higher number of sympodial branches per plant, leading to

development of new high yielding genotypes.
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T
I Table-18.

./

Estimates of the components of genetic variance for total number of sympodial

branches per plant.

34.79 ±5.95fp

54.20 ±15.11H,

46.84**±13.49H2

17.02’ ±9.08V

25.05 ±14.53F

1.48 ±2.25!

(Hl/D)l/J 1.25

0.22H2/4H,

Y/HT 0.36

(4DH|)i/2+F /(4DH,)i7T-F 1.81

r(Y, and W, + Vr) 0.05

*: P <0.05; ** : P<0.0l

Array means for total number of sympodial branches per plant in Fj of a six

parent diallel cross averaged over blocks.

Table-19.

I Varieties MNH-93MNH-439 S-14 N-78 DPL-54Reshmi

19 23Reshmi 20 2112 21

MNH-439 19 IS 2121 15 23

S-14 20 23 15 2322 22

N-78 19 19 2622 28 31

DPL-54 23 18 2715 31 17

MNH-93 21 21 23 26 2427

Total 116 1 17 142138125 146

19.519.3 23.67Array
mean

20.83 24.33 21.67



T
4.2.4. Days taken to First Flower

Earliness in cotton is also influenced by the expression as to how early the cotton plant

begins to flower and how rapidly new flowers develop (Poehlman 1987). Therefore, the days

taken to first flower is an important trait to assess the earliness of a genotype. The analysis of

variance for number of days taken to first flower, indicted that significant differences existed

among the genotypes under study (Table-42).

From Vf / Wr graph (Fig 4 ) of this trait, it is evident that regression line intercepted the

\Vr axis above the origin, revealing additive effects with partial dominance. The regression line

was of unit slope (Table-47) indicating the absence of non allelic interaction. Almost similar

findings for days taken to first flower have been reported by Al-Rawi and Kohel (1969), Singh

and Singh (1981), Kolt and Thombre (1981), Godoy and Palomo (1999) and Kumaresan et al.

(2000). The distribution of array points on regression line revealed that MNH-93 possessed

maximum dominant alleles being close to the origin, while MNH-439 being away from origin,

had the lowest number dominant genes and highest number recessive alleles.

The estimates of components of genetic variance (D, Hi, H2, F) along with their standard

errors were derived and are presented in Table-20. Both additive and non-additive effects were

important for this character as the values for additive component (D=25.99) and dominance

component (Hi=14.98 and H2=13.58) were significant. However, the additive (D) component

was higher than dominance (Hi) component for this trait. As the values of Hi and H2 estimates

were close to each other, therefore, the occurrence of equal gene frequencies at all loci was

indicated. The negative non significant value of F suggested that recessive genes were in equal

proportion with the dominant genes in the parents, which was also supported by the estimate of

ratio [(4DHi) ‘/'+F] / [(4DHi)‘/,-F] having values 0.27. The degree of dominance (H|/D)U2

demonstrated that a greater part of genetic variation was additive in nature. The allelic frequency

of positive and negative effects of dominant genes (H2/4H|) was symmetrical as the value was

near to 0.25. The estimate of h2, which measures the overall hetrosis was negative and non

significant, thus, suggested that helrolic breeding would not be rewarding for this trait in this

material. The correlation between the parental order of dominance (wr + vr) and the parental

mean performance showed the ambidirectional dominance as the value (- 0.06) was negative for

this trail.

Combining ability analysis showed highly significant general and specific combining

abilitmean squares, while the reciprocal mean square was non significant (Table-43). The GCA

effects were higher than SCA effects, indicating that main proportion of genetic variation
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T
Estimates of the components of genetic variance for days taken to first flower.Table-20.

25. 99” ±2.53D

14. 98 ±6.44

13.58” ± 25.75rn
-0.23 ±3.87jh‘

-22.60 ±6.19F
.

3.87° ±0.96: Ei D

j (H1/D)T7T
0.759

H2/4H, 0.231

VJH2

hTDH,)i;i+F/(4DH|)|/--F

0.017

0.270

1
r(Yj and VVr + Vr) - 0.064

*: P < 0.05; ** : P<0.01

Table-21. Array means for days taken to first flower in F[ of a six parent diallel cross

averaged over blocks.

Varieties Reshmi MNH-439 S-14 N-78 DPL-54 MNH-93
Reshmi 49.0 46.547.0 40.5 44.552.5

MNH-439 52.5 44.0 37.5 42.5 44.040.5

S-14 47.0 37.5 39.0 40.532.5 38.5

N-78 40.5 40.5 32.5 33.0 39.534.0

DPL-54 46.5 42.5 38.5 38.036.033.0

MNH-93 44.5 44.0 40.5 40.039.5 38.0

Total 280.0 261.0 235.0 246.5220.0 234.5

Array
mean

46.67 43.50 39.17 36.67 39.08 41.08



waS controlled by additive gene action. The results are in accordance with the finding of Singh

and Singh (1981), and Wariboko (1983).

The highest general combining ability effect (5.638) for this trait was exhibited by

Rcshmi, and the highest negative GCA effect (- 4.362) for this trait was observed in NlAB-78

(Table-44), confirming its earliness. It was further observed that the cross Reshmi x MNH439

possessed highest positive specific combining ability effect (3.361) for days taken to first flower

and the cross MNH-439 x S-14 possessed lowest SCA value of (-4.142) indicating that this cross

could be further exploited towards breeding early genotype (Table-45).

The overall genetic mechanism analysed for this character in the genotypes under study

suggested presence of good scope for selection in segregating population toward earliness by

decreasing days taken to first flower through progeny testing.

4.2.5. Days taken to open first boll

Days required to open first boll is also an important character to access the earliness and

heat tolerance of a genotype or variety. The analysis of variance for this trail indicated that the

differences among genotypes were highly significant (Tablc-42).

From the Vr/ Wr graph pattern (Fig 5 ) it was evident that the regression line intercepts

the Wr axis above the origin which suggested the presence of partial dominance type of gene

action which was also observed by Godoy and Palomo(1999) in upland cotton. It was further

observed that the MNH-439 owing to its proximity to origin possessed maximum dominant

genes, while NlAB-78 being away from the origin had the maximum recessive genes (Fig.-5).

The regression line is of unit slope, thus it indicated absence of non allelic interaction.

The estimates of components of genetic variance (D, Hi, H2, F) were also calculated

(Table-22). The additive component (D=37.74) was significant and dominant components (H]=

2.44 and Hi= 2.34) were non-significant. The degree of dominance, (H|/D)l/2 value (0.25)

showed partial dominance. Equal proportion of dominant and recessive genes in the parents was

observed as indicated by the negative non-significant F value (-0.17). The allelic frequency of

positive and negative effects of dominant genes (H2/4Hi=0.24) was symmetrical in the parents

which is also confirmed by the estimated ratio of [(4DH|) V,+F] / [(4DH)),/i-F]] having value less

than one. The estimate of h2, which measures the overall heterosis, was positive but non¬

significant, suggesting that hetrosis breeding is not rewarding for this trait. The negative value (-

0.95) of correlation between (Wr + Vr) and parental performance Yj indicated that this character

is controlled mainly by dominant genes.
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I Table-22.

I

*7T ‘i

Estimates of the components of genetic variance for days taken to open first boll.

37.74 ±5.65

-2.44 ±14.33H,

H: 2.34 ±12.8

1.71 ±8.62

-0.17 ±14.34F

4.12 ±11.92E

(Hl/D)1" 0.25

H2/4HI 0.24

2.25

(4DH1)'"+F /(4DH|)'"-F 0.98

r(Yj and Wr + Vr) - 0.95

: P < 0.05 ; ** : P< 0.01*

Table-23. Array means of days taken to open first boll by in F! of a six parent diallel cross

averaged over blocks.

Varieties 1 Reshmi MNH-439 S - 14 N-78 MNH-93DPL-54

Reshmi 93.0 100.0 91.096.0 99.0 98.0

MNH-439 100.0 106.0 104.0 101.0 105.0 103.0

S-I4 96.0 104.0 97.0 99.095.0 98.0

N-78 91.0 101.0 95.0 94.088.0 99.0

DPL-54 99.0 105.0 98.0 101.099.0 102.0

MNH-93 98.0 103.0 99.0 100.094.0 101.0

Total 577.0 619.0 589.0 568.0 604.0 595.0

Array
mean

96.17 103.17 94.6798.16 100.67 99.16



/

The variety MNH439 had the highest array mean (103.167) while NIAB-78 had the

lowest array mean (94.667) which indicated that MNH-439 was the best general combiner

(Table-23) for this trait, among the parents used in this study. The Combining ability analysis

(Table-43) showed that the general combining ability mean square (GCA) was significant and

specific combining ability (SCA) mean square was non-significant, which indicated that additive

gene action was involved for this character, while reciprocal mean square was non significant.

The results were in line with the findings of Puntha et al.(1999).

The highest positive GCA effects for days taken to open first boll was recorded for

MNH439 (Table-44). The highest negative effect (- 4.041) for this trait was exhibited by NIAB-

78, confirming the carliness of variety NIAB-78. For specific combining ability effect, the cross

NIAB-78 X DPL-54 possessed highest positive value 2.456 (Table-45). The cross S- 14 x DPL-

54 showed lowest SCA value (-2.015), indicating that this cross can be exploited towards

breeding early genotypes.

It can concluded from the above results that the parent NIAB-78 can yield segregates

with less number of days taken to open first boll and fixation of this character through selection

in early segregating generations is possible.

4.2.6. Total number of flowers per plant

Number of flowers per plant (total fruiting points per plant) play an important role in

determining the yield of a genotype, as the flowers after pollination convert into bolls. Since all

young bolls do not develop into mature bolls, therefore, the ratio of flower conversion into

mature open boll is called as retention percentage (total bolls/total flower X 100). The flower

and bud shedding is affected by insect damage, shortage or excessive irrigation water,

temperature response of genotype and genetic constitution of a genotype (Poehlman, 1986).

Therefore, the genetic behaviour of this trait was investigated thoroughly. The analysis of

variance for number of flowers per plant indicated that differences among genotypes were

highly significant (Table-43). From Vr/ Wr graph (Fig-6) it was evident that the regression line

intercepts the W, axis above the origin which suggested partial dominance with additive type of

gene action. NIAB-78 owing to its proximity to the origin possessed maximum dominant genes,

while MNH-93 and Rcshmi being away from origin had maximum recessive genes (Fig-6). The

regression line deviated non-significantly from the unit slope, suggesting absence of non-allelic

interaction (Table-47).

The estimates of components of genetic variance (D, Hi, H2, F) along with their

standard errors were obtained from the data (Table-24). The additive component (D=69.46) and



non-additivc component (Hi=22.24, H2=0.47) were significantly different from Zero (Tablc-24).

I j[ was further observed that magnitude of additive component was higher than the dominance

component. As the Hi component was greater than H2, indicated the occurrence of unequal gene

frequencies at all loci. The positive value of F (8.69) indicated that there was more dominant

2enes than recessive in the parents, which was also supported by the estimate of ratio

[(4DHi)w+FJ/ [ ( 4DH|),/'-FJ. The degree of dominance was exhibited by the ratio (H|/D)l/2

having value 0.566 demonstrated the presence of partial dominance and the value of H2 /4H,

(0.005) indicated asymmetrical frequency of positive and negative effects of dominant genes.

The estimated value of h2 (7.71) was positive and significant for this trait, which suggested that

heterosis breeding for this character is rewarding. The correlation (0.778) between the parental

order of (Wr + Vf) dominance and parental mean performance (Yj) showed that this trait is

controlled mainly by recessive genes.

The variety MNH-93 had the highest array mean (61.91), while NIAB-78 had the lowest

array mean of 49.38 (Table-25). Combining ability analysis (Table-43) showed that GCA and

reciprocal mean squares were significant while specific combining ability mean square was non¬

significant. The GCA effects were greater than SCA effects indicating additive gene action for

this trait. It was therefore concluded that within these parents, selection of progeny with high

number of flowers per plant would be a straightforward effort with out risk of losing those high

numbers of flowers per plant by fixation of recessive alleles. The highest positive general

combining ability effects (5.376) for number of flowers per plant was recorded in variety MNH-

93 (Table-44). From the present study it was concluded that the progenies obtained from the

crosses in which parents with high GCA value such as MNH-93, Reshmi, and DPL-54 were

involved could be successfully exploited for development of new lines with high number of

flowers per plant. The highest negative effects (-7-156) for this trait was exhibited by variety

NIAB-78. The highest specific combining ability effect (3.806) was obtained for cross MNH439

x S- 14 (Table-45). The highest positive reciprocal value (4.9) was calculated for MNH439 x

NIAB-78 (Table-46). These results suggested that progeny of MNH-439 x NIAB-78 should not

be blended with its reciprocal cross due to maternal effects of MNH-439. It can be therefore,

concluded that the material under study cross MNH439 x S-I4 can yield segregates with better

combination for number of flowers per plant.

i

4.2.7 . Total number of bolls per plant

Number of bolls per plant plays an important role in yield of seed cotton. Boll setting is

affected by the agronomic inputs, plant protection measures and genetic constitution of a
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f 1

Estimates of the components of genetic variance for total number of flowers per

plant.
Table-24.

69.46 ±2.49P
lih 22.24 ±6.45

0.47 ±5.76

7.71 ±3.87ih'

8.69 ±6.20F
;

6.52 ±7.34i E

(Hl/D)l/2 0.566

H2/4H, 0.005

h/H 16.382

.

; (4DH,),/2+F /(4DH,)I/J -F 1.26

r
r(Yj and Wr + Vr) 0.78

*: P < 0.05 ; ** : P < 0.01

Table-25. Array means for total number of flowers per plant in Fi of a six parent diallel cross

averaged over blocks.

MNH-93 ~|Varieties Reshmi MNH-439 S-I4 N-78 DPL-54

Reshmi 64.9 59.7 62.455.4 48.1 65.6

MNH-439 59.7 56.8 53.2 49.4 59.5 58.4

S-14 55.4 53.2 51.4 46.3 55.2 58.7

N-78 48.1 49.4 46.3 45.7 55.351.5

DPL-54 62.4 59.5 55.2 51.5 61.3 64.3

MNH-93 65.6 58.4 58.7 69.255.3 64.3

Total 356.1 337.0 320.2 296.3 354.2 371.5

Array 59.35 56.2 53.4 49.4 59.0 61.9

mean



T
genotype (Poehlman, 1986). Therefore to develop new genotypes with improved genetic

constitution, the behaviour of this trait was included in the study. The analysis of variance for

number of bolls per plant indicated that differences among genotypes were highly significant

(Table-42).

From the W/ Vr graph (Fig7). it was evident that the regression line intercepted the Wr

axis above the origin, which suggested partial dominance with additive type of gene action. The

regression line also showed non-significant deviation from the unit slope, suggesting absence of

the non-allclic interaction. Similar findings were also observed by Thomson (1971), Mirza and

Khan (1984), Tyagi (1988). Sanyasi (1991),Tiwari et al. (1992), Shah et al. (1992), Saeed ei al.

(1996), Ahmad et.al. (1997), Yingxin and Xiangming (1998), Hussain et al. (1999), Khan et al.

(1999), Kumareson et al. (2000), Subhan et al. (2001). The variety S-14 being close to origin

possessed maximum dominant genes, while Reshmi being away form origin had maximum

recessive genes (Fig-7\

The estimates of components of genetic variance (D. H|, H2, F) along with their standard

errors (Table-26) showed that the additive component (D=65.69) and non-additive (dominance)

component (H|=79.37. H2=52.80) were significantly different from zero. It was further observed

that dominance genetic variance was larger than additive genetic variance. The value of Ht is

greater than H2 , which indicated the occurrence of unequal gene frequencies at all heterozygous

loci. The positive and significant value of F (4.50) indicated that there were more dominant

alleles than recessive alleles in the parents. This finding was further supported by the estimate of

ratio [ (4DHi)‘/J+ F] / [ ( 4DH|)’*-F], as the value was higher than one. The degree of dominance

was determined by computing the ratio (Hi/D)l/2 Since its value was greater than 1.0, therefore it

indicated the prevalence of dominance over additive effects. The value of H2/4H1 (0.17)

indicated asymmetrical frequency of positive and negative effects of dominant genes. The

estimate of h2 (40.03) which measures the overall heterosis was positive and significant for this

trait, thus suggested that the heterosis breeding for this trait might be rewarding. Correlation

between the parental order of dominance (Wr + Vr) and parental mean performance (y.) showed

that this trait is controlled mainly by dominant genes.

The variety MNH-93 had the highest array mean (34.17) and variety S-14 had the lowest

array mean of 22.0, which indicated that MNH-93 is the best general combiner for improving

this trait. Combining ability analysis (Table-43) showed that the general and specific combining

ability mean squares were highly significant. The reciprocal mean square was non-significant.

The GCA effects were greater than SCA effects, indicating additive gene action for this

character. Almost similar findings were reported in cotton by Ikram et al. (1993), Rady et al.

!
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Estimates of the components of genetic variance for total number of bolls

per plant.

Tabie-26.

! 65.59** = 6.76D '

I H 79.37** ± 24.61i
1

52.80** = 21.98H:

Hr 40.03** =14.79

4.50* =2.68F

1.38 = 3.67E

TT 1.10(H,/D)

0.17H2/4H

h:/H: 0.76

(4DH7)7 '+F/(4DHi)l,,J-F 1.06

! - 0.67r(Y, and Wr + Vr)

*:P<0.05; **:P<0.01

Tabie-27. Array means for total number of bolls per plant in F| of a six parent

diallel cross averaged over blocks.

! Reshmi ! N-78Varieties MNH-439 S-14 DPL-54 JMNH-93

Reshmi | 3812 25 21 20 26
j

MNH-439 25 27 21 20 18 34

S-14 1921 21 18 24 29

N-7S 20 20 19 17 21 30

DPL-54 26 18 24 21 3922 i

MNH-93 3S 34 29 30 39 35

Total 142 132 127145 150 205

!Array mean 23.67 24.17 22.0 21.17 34.1725.0

78



(1999). The highest positive general combining ability value (9.138) for number of bolls

per plant was recorded for variety MNH-93 (Table-44), which suggested that the MNH-93 is the

best general combiner for improving the number of bolls per plant. Whereas, the lowest GCA

value (3.861) for this trait was exhibited by NIAB-78. The highest specific combining ability

value (5.195) was exhibited by the cross Rcshmi X MNH-93 (Table-45), suggesting that the

cross Reshmi X MNH-93 can yield segregates with better number of bolls per plant.

4.2.8. Boll weight

Average boll weight is one of the major component of seed cotton yield in cotton

(Poehlman, 1982). The analysis of variance for boll weight (Table-42) revealed that differences

among genotypes were highly significant. The Vr / Wr graph showed that regression line

intercepted the Wr- axis above the origin indicating additive gene action with partial dominance

(Fig-8) The results are in agreement with the earlier finding of Thomson (1971), Bhatade

(1981), Tiwari et a/.(1992), Shah et al. (1992), Khan et al. (1995) Ahmad ei.al. (1997), Khan et

al. (1999) and Hussan et al. (19991). It was also evident from the V/ W, graph (Fig-8) that

variety DPL-54 being close to the point of origin had the most of the dominant genes, while

Reshmi carried the most of the recessive genes being away from origin. The data clearly

i indicated the absence of non-allelic interaction, as the b value does not deviate significantly

from one.

The estimates of component of genetic variance (D, H!( H:, F) along with their standard

errors indicated that the additive component (D=0.135) was highly significant, while dominance

component (Hi =0.012and H2=-0.012) were non-significant (Table-28). These values indicated

that magnitude of additive component was higher than dominance component. The degree of

j dominance (H|/D)l/2 having value 0.258 also indicated that greater part of genetic variation was

I additive as the ratio was less than one. The positive and non significant value of F (0.04) showed

j that dominant and recessive genes were higher in equal proportion in the parents, which was

also supported by the value (3.395) of f (4DH|)*+ F] / 1 ( 4DH,)'/’-F] being positive. The allelic

frequency of positive and negative effects of dominant genes (H? / 4H|) was symmetrical as its

value was 0.25. The estimate of h2 which measures the over all heterosis was positive and

significant, which suggested that heterosis breeding may be rewarding for this trail. The

correlation (r) between the parental order of dominance (Wr + Vr) and the parental mean

! performance (Y,) showed that the high expression of trait is controlled mainly by dominant

I genes as the value is negative (-0.919). It suggested that dominant genes should be fixed in early

: segregating generations as the trait is additive in nature to improve the boll weight.
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Estimates of the components of genetic variance for average boll weight.Table-28.

0.135” ±0.005D

0.012 ±0.013H,

I

-0.012 ±0.012H:

0.020 ±0.081

0.040 ±0.038

0.016” ±0.002E

T77r 0.258(H1/D)

L

j H2/4H] 0.250

2.000

(4DH,)''*+F /(4DH,)1'2 -F 3.395

-0.92r(Y, and Wr + Vr)

*: P < 0.05 ; *+ : P<0.01

Table-29. Array meansfor average boll weight in Fi of a six parent diallcl cross averaged

over blocks.

Varieties Reshmi MNH-93MNH-439 S- 14 N-78 DPL-54

Reshmi 3.43 3.61 4.29 3.983.783.51

MNH-439 3.51 3.64 3.79 3.63 4.31 4.07

S-14 3.78 3.86 4.093.79 3.75 4.22

N-78 3.61 3.63 3.62 4.193.75 4.1 1

DPL-54 4.29 4.31 4.22 4.324.19 4.46

MNH-93 3.98 4.07 4.09 4.184.324.11

Total 22.60 22.95 23.49 25.79 24.7522.91

! Array
mean

3.76 3.83 4.293.92 3.82 4.12



y

The variety DPL-54 possessed the highest array mean value (4.298) which indicated that

pPL-54 was the best general combiner for boll weight, while variety Reshmi was at the bottom

with lowest mean value of 3.367 (Table-29). The analysis of variance for combining ability

(Table-43) showed that general combining ability mean square was highly significant, while

specific combining ability and reciprocal mean squares were non-significant. The higher value

of GCA than SCA confirmed the additive gene action. These results suggested hat within these

parents, selection of progeny with high boll weight would be a straightforward effort with out

risk of losing the character of high boll weight by fixation of recessive alleles (to minimise the

recessive alleles). The results were in agreement with the findings reported earlier by lkram et

at. (1993), Rady et at. (1999). The highest positive GCA value (0.343) for this trait was

exhibited by the variety DPL-54 (Table-44), which indicated that DPL-54 was the best general

combiner for improving the boll weight, while highest negative effect (- 0.193) for this trait was

shown by Reshmi (Table-44) suggesting its poor general combing ability for this trait. The

highest specific combining ability value (0.195) was obtained for the cross Reshmi x DPL-54

(Table-45) which indicated, this cross Reshmi x DPL-54 can yield segregates with better boll

weight and can be exploited to develop new genotypes with increased boll weight.

4.2.9. Seed cotton Yield

The analysis of variances for this trait showed significant differences among the

genotypes for seed cotton yield per plant (Table-42). The Vr / YVr graph showed that regression

line intercepted the Wr axis above the origin (Fig-9) indicating additive gene action with partial

dominance for this character. The regression line was of unit slope indicating the absence of

non-allelic interaction. The results confirmed the earlier findings of Gill and Kalsy (1981), Tyagi

(1988), Sanyasi (1991), Shah et at. (1992), Saeed et at. (1996), Ahmad et at. (1997), Yingxin

and Xiangming (1998), Hussain et at. (1999), Kumaresan et at. (2000). The variety MNH-93

being close to the point of origin had more dominant genes, while Reshmi possessed more

recessive genes as it was away from origin (Fig-9).

The estimates of components of genetic variance (D, Hi, H2, F) indicated that additive

component (D=1041.44) and non-additive (dominance) component (Hi=1101.48, H2=721.48)

were significant (Table-30). It was further observed that dominance component was higher than

additive component. As the H| was greater than H2, occurrence of unequal gene frequencies at

all loic was indicated. The positive value of F (202.8) indicated that there were more dominant

genes than recessive genes in the parents, which is also supported by the estimate of ratio

1(4DH|) *+F]/ f(4DHl)/J-F] as its value is positive (0.827). The degree of dominance was



T[ exhibited by the ratio (Hi / D)l/2 , having value greater than one (1.028), demonstrated that

greater part of genetic variation was due to dominance gene action. The ratio of H2MH1 having

value 0.16 indicated asymmetrical allelic frequency of positive and negative effects of dominant

oenes. The estimate of h2, which measures the overall heterosis was positive and significant for

this trait, indicating heterosis breeding could be rewarding for this trait. The correlation (r)

between (Wr + Vr) and (Yj) showed that this trait is controlled by dominant genes as the value is

negative. It suggested that dominant genes should fixed in early segregating generations as the

trait is additive in nature to improve the seed cotton yield per plant.

The perusal of array mean (Table-31) revealed that variety MNH-93 had maximum array

mean (123.96) showing high general combining ability; while NIAB-78 was lower in general

combining ability with a mean value of 70.58. Combining ability analysis (Table-43) showed

highly significant general and specific combining ability mean squares, while reciprocal mean

squares was non significant. The GCA effects were greater than SCA indicating additive gene

action. Similar findings were also reported by earlier researchers such as Ikram et al. (1993),

Rady et al. (1999), and Baloch et al. (2000).

The highest positive GCA value 37.469 for seed cotton yield per plant was exhibited by

MNH-93. The highest negative effect (-15.92) for this trait was shown by NIAB-78. The GCA

value suggested that MNH-93 could be exploited as best general combiner in developing new

genotypes for high yield of seed cotton per plant. With respect to SCA effects, the highest value

(17.699) was exhibited by the cross DPL-54 x MNH-93 and Reshmi x MNH-93 (Tabie-45),

suggesting that progenies of these crosses can yield more desirable segregates.

This type of gene action observed in the present study clearly indicated that this character

can be improved further as there was every possibility of getting transgressive segregates,

allowing selection of genotypes with the best seed cotton yield per plant, which is main

objective of cotton breeding programme.

'ÿ

4.2.10. Percent First Pick

The percent first pick was determined as the ratio of first pick with total yield of seed

cotton expressed in percentage. The analysis of variance for this trait indicated that the

differences among genotypes were highly significant (Table-42).

From Vr/ Wr graph (Fig-10), it is evident that the regression line intercepted the WT axis

above the origin which suggested the partial dominance type of gene action which was also

observed by Miller and Marani (1963), White (1966), Al-Rawi and Kohel (1969), Baker and
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fable-30. Estimates of the components of genetic variance for seed cotton yield per planL

1041.44" ±127.37rD

1101.48 ±323.33H,

721.480 ±288.80H2

641.240" ±194.38

202.80 ±311.10

0.720 ±48.18

(H1/D)17T 1.028

H2/4HI 0.160

h /H2 0.880

(4DHJ)'/ÿ+F/(4DH|)1'-’ -F 1.127

r(Y, and Wr + Vr) -0.78

*: P < 0.05 . ** : P < 0.01

Table-31. Array means for seed cotton yield per plant in Fi of a six parent diallel cross

averaged over blocks.

Varieties Reshmi MNH-439 N-78S-14 DPL-54 MNH-93

Reshmi 35.82 65.3175.25 65.60 98.54 132.24

MNH-439 75.25 84.70 65.73 65.80 68.58 121.38

S-14 65.31 56.2665.73 49.00 88.56 104.69

N-78 65.60 65.80 49.00 57.24 78.12 107.70

DPL-54 98.54 68.58 88.56 78.12 80.16 148.98

MNH-93 132.24 121.38 104.69 107.70 148.98 128.82

Total 472.76 481.44 429.55 423.46 562.94 743.81

Array 78.79 80.24 71.59 70.58 93.82 123.96

mean



Verhalen (1973). The variety MNH-93 being close to the origin possessed maximum dominant

genes, while variety NIAB-78 being away from the origin had the maximum recessive genes

(pig-10). The regression line being of unit slope indicated absence of non-allelic interaction as b

value deviated significantly from zero and its deviation was non significant from unity (Table-

47).

The estimates of components of genetic variance (D, Hi, H2, F) obtained from the data

for this trait(Table-32) indicated that the additive component (D=2.182) and non-additive

component (H,=1.85, H2=0.298) were highly significant. It was further observed that the

magnitude of additive genetic component was larger than dominance genetic component. As H]

is greater than H2, therefore, prevalence of unequal genes frequencies at all heterozygous loci

was evident. The estimate of F (3.091) was positive and larger than standard error, indicating a

preponderance of dominant alleles governing this character in the parents. The estimate of

average degree of dominance (Hi/D)1/2 is less than one (0.920) denoting the operation of partial

dominance for this trait. A rough estimate of frequencies of non- additive loci can be obtained

from H2 / 4H|. The ratio between the genes with positive and negative affects, being less than

0.25 i.e., 0.041, indicated asymmetry of positive and negative alleles in the parents. The value of

ratio [(4DH|)W+F]/ [( 4DHi//’-F) is greater than one, thus indicated the excess of dominant genes

for this trait in the parents. The positive and significant value of h2 indicated that dominance

effect was towards higher proportion of percent first pick out of the total seed cotton yield per

plant. The correlation between parental mean performance (Y,) and parental order of dominance

(Wr + Vr ) was negative, indicating that higher expression of this trait was controlled by

dominant alleles.

It was also evident from diallel table (Table-33) that the NIAB-78 had the highest array

mean (2.793) indicating its good general combining ability for this trait; while the MNH439 and

DPL-54 had the lowest array mean (1.83). Combining ability analysis (Table-43) showed that

the general combining ability (GCA) mean square was highly significant, while SCA and

reciprocal mean squares were non-significant. The significant GCA effects indicated (he additive

gene action for this trait. The highest positive GCA effect (0.574) for percent first pick was

exhibited by NIAB-78, which suggested that NIAB-78 can be exploited for developing new

genotypes with early maturity. The type of gene action observed in present study suggested that

improvement in this trait is possible through pedigree method of hybridization.
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Estimation of component of variation for percent first pick.fable-32.

2.182*"±0.026D

1.851 ±0.067

0.292ÿ±0.061!

'-77 0.084 ±0.041ih
U

3.091 ±0.065F

0.007 ±0.011E

(H1/D)T7T 0.920
1

. H2/4HI
i

0.041

0.287

i (4DH,)|/'+F /(4DHÿT72 -F 7.645

r(Y, and Wr + Vr) - 0.04

*: P < 0.05 ; ** : P < 0.01

Table-33. Array means for percent first pick in F| of a six parent diallel cross averaged over

blocks.

Varieties Reshmi DPL-54MNH-439 S- 14 N-78 MNH-93

Reshmi 1.92 2.851.60 2.40 1.72 2.1 1

MNH-439 1.60 1.20 2.61 1.962.31 1.33

S-I4 2.40 2.31 2.91 1.863.32 2.71

N-78 2.85 2.61 3.32 3.41 2.952.62

DPL-54 1.72 1.33 1.86 1.981.86 1.45

MNH-93 2.11 1.96 2.242.71 1.982.71

Total 12.6 11.01 16.76 10.9615.51 13,95

Array 2.10 1.83 2.58 2.79 1.83 2.32

mean



T4.2.11. Ginning out turn percentage (GOT %)

The ultimate objective of cotton cultivation is lint production. To increase the lint

production, ginning out turn % of the genotypes has to be increased. As a rough estimate one

percent increase in GOT would being about three percent increase of seed cotton yield.(Afzal

and Ali 1983) The analysis of variance for GOT % (Table-42 ) indicated that highly significant

differences existed among the genotypes under study.

The Vr / Wr graph showed that regression line intercepted the Wr axis above the origin

and made a tangent with limiting parabola (Fig-11) indicating additive expression with partial

dominance for this character. The regression line was of unit slope indicating the absence of

non-allelic interaction. Earlier researchers like Gururaja Rao et al. (1977),Bhatade (198 1),Singh

and Singh (1981) Gill and Kalsy (1981), Shah et al. (1992), Saeed et al. (1996), Yingxin and

Xiangming (1998), Subhan et al. (2001) also reported partial dominance with non-allelic

interaction. The variety MNF439 being close to the point of origin had most dominant genes

while Reshmi possessed most of the recessive genes, as it was away from origin (Fig-11). The

estimate of components of genetic variance (D, Hi, Hi, F) showed that the additive component

(D=26.17) and non-additive component (dominance) (Hi=l.89, H2=1.78) were highly

significant (Table-34) and the additive component was larger than dominance component

indicating the prevalence of additive gene action for this trait. As Hi is nearly equal to Hi. the

occurrence of equal gene frequencies at al) heterozygous loci was indicated. The negative value

(-1.83) of F indicated equal proportion of dominant and recessive genes in the parents, which is

also supported by the ratio of [(4DH|) Vi+F] / [(4DHI)W-F] as the value is less than one .The

degree of dominance (H|/D)l/2 demonstrated that greater part of genetic variation was additive as

the value was less than one. The allelic frequency of positive and negative effects of dominant

genes (H2/4H,) was symmetrical as the value is nearly 0.25. The estimate of h2, which measured

the over all magnitude of heterosis was positive and but non-significant thus suggested that

heterosis breeding may not be rewarding. Correlation (r) between the parental order of

dominance (Wr + Vf) and parental mean performance (Y,) showed that high expression of this

trait was controlled mainly by dominant genes as the value is negative (-0.838).

Array mean revealed that MNH439 had maximum array mean (44.817) indicating that

MNH-439 is best general combiner for this trait, while Reshmi had the lowest array mean value

of (37.598) (Table-35). The Combining ability analysis (Table-43) showed highly significant

general combining ability, specific combining ability and reciprocal mean squares. The greater

value of GCA effects than SCA effects indicated the prevalence of additive gene action and

reciprocal effects indicated presence of maternal effect for this trait. These results are in
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Estimates of the components of genetic variance for ginning out turn percentage.

26.17 ±0.47

1.89 ±0.47’Hi

1.78 " ±0.42i H:

0.78 ±0.28h'
l

'1.83 ±0.45F

~E 0.04 ±0.07

(Hl/D)l/2 0.268

, H2/4H, 0.232

TTTHT 0.443

1 (4DH|)‘ÿ+F /(4DH,)I/J-F 0.769

i r(Y, and Wr + Vr) -0.838

*: P < 0.05 ; ** : P<0.01

Table-35. Array means for ginning out turn percent in F| of a six parent clialle! cross

averaged over blocks.

| Varieties Reshmi DPL-54MNH-439 N-78 MNH-93S- 14

i Reshmi 35.90 36.5543.20 39.65 35.65 36.80

MNH-439 43.20 42.9048.90 45.75 44.05 44.10

S- 14 39.65 45.75 41.20 39.05 38.70 39.30

N-78 36.55 44.05 39.05 37.4037.10 36.10

DPL-54 35.65 42.90 38.70 36.10 38.5035.30

MNH-93 36.8 44.10 39.30 38.5037.40 37.60

Total 227.75 268.90 243.65 230.25 228.15 233.70

Array 37.95 44.82 38.02 38.9540.61 38.37

mean



I accordance with previous findings of Azher et al. (1995), Kalwar and Babar (1999) Rady et

I £z/,( 1999), and Baloch et al. (2000) who also reported additive gene action for this trait . The

I highest positive GCA effect (4.721) for ginning out turn percentage (GOT %) was exhibited by

the variety MNH439 (Table-44) which suggested that MNH-439 is good combiner for this trait

and can be exploited for the improvement of this character. The highest negative effect (-1.901)

for this trait was shown by the DPL-54. indicating its poor general combining ability for this

trait. The SCA effects revealed that two crosses i.e., DPL-54 x MNH-93 and Reshmi x S-J4

possessed highest SCA value (Table-45), suggesting possibility of exploitation of these crosses

for further varietal improvement with high GOT%.

The highest reciprocal value 0.901 was recorded from cross MNH439 x DPL-54 (Table-

46). This type of gene action observed in the present study suggested that maternal effects were

present in this cross and that further improvement in this trait is possible and selection should be

practiced in early segregating generations following the pedigree method and the progeny of this

cross should not be blended with its direct cross.

~> r

4.2.12. Staple length

Staple length of a variety is an important quality character, as it plays an important role

in textile industry. Staple length is also called fiber length. Long fiber is a desirable trait for

textile industry with reference to spinning. The analysis of variance for fiber length (Table-42)

indicated that highly significant differences existed among the genotypes under study.

The Vr / Wr graph showed that regression line intercepted the Wr axis above the origin

(Fig-12) indicating additive expression for this trait, similar finding were also reported earlier by

Saleem and Khan (1969), Salam (1979), Gill and Kalsy (1981), Zhou et al. (1983), Rehman

(1986), Tariq et al. (1992), Hendawy et al. (1999). The variety Reshmi being close to the point

of origin had maximum dominant genes, while MNH-93 possessed most of the recessive genes

as it was away from origin (Fig 12). The regression line was of unit slope indicating the absence

of non-allelic interaction.

The estimates of components of genetic variance (D, H|, Hi, F) indicated that the

additive component (D=7.17) and non-additive (dominance) component (H|=4.38, H2=3.36)

were highly significant but additive component was higher in magnitude than dominance. The

occurrence of equal gene frequencies at all heterozygous loci was indicated by nearly equal

values of H| and H2 estimates. The degree of dominance (Hi/D ),/2 for this trait, demonstrated

that greater pan of genetic variation was additive as the ratio is less than one. The component F

(-4.11) was non-significant and negative, indicating equal proportion of dominant and recessive



Tgenes in ihe parents. The allelic frequency of positive and negative effects of dominant genes

(H2/4H1) was symmetrical for this trait as the value is 0.21 which is supported by the estimate of

ratio [(4DH[),a+ F]/ [( 4DH|)*- F], having value 0.46 which is less than 1.0. The estimate of h2

(3.10), which measures the overall heterosis, was positive and significant for this trait suggesting

that heterotic breeding may be rewarding for this trait. Correlation between the parental order of

dominance (Wr +Vr ) and parental mean performance (Yj) showed that high expression of this

trait was controlled mainly by dominant genes as the value is negative, suggesting that dominant

eenes can be accumulated in early segregating generations as the trail is additive in nature to

staple length.

,

It was observed revealed that varieiy Reshmi had highest array mean (32.56), while the

NIAB-78 had the lowest array (27.89) indicating good general combining ability of Reshmi for

this trait (Table-37). The combining ability analysis (Table-43) showed highly significant

general and specific combining ability mean squares, while reciprocal mean square was non¬

significant. The GCA effects were greater than SCA effects, indicating additive gene action for

fiber length. The results were in accordance with the finding of Ikram et al. (1993), Azher et al.

(1995), Hendawy et al. (1999) and Baloch et al. (2000).

The highest positive GCA effect (3.349) for Staple length was exhibited by Reshmi,

while the highest negative effect (-1.540) for this trait was shown by NIAB-78 (Table-44). The

highest GCA value exhibited by Reshmi suggested that it can be exploited as best general

combiner for developing new genotypes having long staple length. The cross Reshmi x MNH-93

possessed highest SCA (1.716) value suggesting that progenies of this cross can give desirable

combinations for this trait in segregating generations (Tabtc-45). This type of gene action

observed in present study suggested that further improvement in this trail is possible through

pedigree method and selection be practiced in early segregating generations for developing new

genotypes with increased fiber length.

4.2.13. Fiber fineness

Cotton fibers from some varieties feel soft and silky, fibers from other varieties feel

coarse and harsh. The fineness or coarseness of the fibers determines the difference in the way

they feel. Fiber fineness is associated with perimeter or diameter of the fiber and with the

thickness of the fiber wall. The analysis of variance for fineness showed existence highly

significant differences among the present genotypes (Table-42)
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Estimates of the components of genetic variance for staple length.Tablc-36.

7.17 ±0.65fa
4.38 ±1.66”fa

H2 4.36 ±1.48

3.10" ±0.10fa

-4.11 ±1.60F

0.40 ±0.39

(Hl/D)1'' 0.75

H2/4HS 0.24

h 0.92

(4DH,)i/2+F/(4DH,)T7r-F” 0.46

- 0.45r(Y, and VVr + Vr)

*: P < 0.05; ** : P<0.0)

Array means for staple length in F| of a six parent diallel cross averaged over

blocks.

Table-37,

Varieties N-78 MNH-93DPL-54Reshmi MNH-439 S- 14

31.65 34.1932.05 33.65 30.72Reshmi 33.10

26.52 28.37MNH-439 32.05 28.13 27.5625.40

S - 14 33.65 28.13 28.20 27.57 28.32 27.27

N-78 30.72 27.56 27.2727.57 26.70 27.54

DPL-54 31.65 26.52 28.32 28.4426.5427.54

MNH-93 34.19 28.37 29.2027.27 22.27 28.44

Total 195.26 168.03 167.36 169.01 174.74173.14

32.56 28.01Array 28.86 27.89 28.17 29.12

mean
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iThe Vr / W, graph showed lhat regression line intercepts the Wr axis above the origin

(Fig-13 ) indicating additive expression with partial dominance for this trait. Similar findings are

also reported earlier by Baker and Verhalen (1975), Salam (1979) and Zhou el al. (1983).

DPL-54 had the highest array mean (4.95), and variety Reshmi showed the lowest array

mean value 4.35, which indicated that Reshmi is good general combiner for improving the fiber

fineness and could be used in future breeding programmer to improve the fiber fineness. The

regression line was of unit slope indicating the absence of non-allelic interaction. The variety

DPL-54 being close to the point of origin had most dominant genes, while Reshmi possessed

most of the recessive genes as it was away from the origin (Fig 13).

The estimates of components of genetic variance (D, H,. H2, F) showed that additive

component ( D=0.204) and non additive (dominance) component (H|=0.190, H2=0.090) were

found highly significant but additive component was higher in magnitude than dominance

component. As Hi is greater than H2, the occurrence of unequal gene frequencies at all

heterozygous loci was evident. The degree of dominance (H|/D),/2 for this trait, demonstrated

that greater part of genetic variation was additive as (he ratio is less than one. The F value (0.05)

was positive and significant, indicating unequal proportion of dominant and recessive genes in

the parents. The ratio of (H2/4Hi) having value 0.190 indicated that the allelic frequency of

positive and negative effects of dominant of genes was not symmetrical for this trait, which is

also supported by the unequal magnitude of Hi and H2 and ratio [(4DH|)'/>+ F]/ [( 4DH1)'i - F]

as value is more than one. The overall estimate of heterosis (h2) was positive and non-significant

for this trail suggesting that heterosis breeding may not be rewarding. Correlation ( r) between

the parental order of dominance (Wr + Vr) and parental mean performance (Y,) showed that

high expression of this trait was controlled mainly by dominant genes as the value was negative,

thus for fineness recessive genes need to be accumulated and single plant selection in early

segregating generations would be fruitful.

Gene action was also determined by the method of combining ability analysis. The

general and specific combining ability mean squares were highly significant (Table-44), while

reciprocal mean square was non-significant. The GCA effect was greater than SCA effect,

suggesting the additive gene action for this trail. The results are in accordance with the earlier

findings of Hendawy et al. (1999). The highest positive GCA effect (0.362) for fiber fineness

was exhibited by DPL-54, while the highest negative effect (-0.239) for this trait was shown by

Reshmi (Table-44), suggesting its importance for breeding to improve genotypes with low

micronaire value.
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Estimates of the components of genetic variance for fiber fineness.Xablc-38.

0.204 ±0.013

0.190"±0.034Hi

0.090 ±0.030H2
1

1.357*'±0.020lh‘
0.052 ±0.0321 F

0.204 ±0.013E

(Hl/D)177 0.930

0.190H2/4H,

15.07

(4DH1)|y2+F/(4DH,),/2‘-F 1.004

-0.92r{Y, and Wr + Vr)

*: P < 0 05 ; ; P<0.0!

Tabie-39. Array means for fiber fineness in Ff of a six parent diallel cross averaged over

blocks.

MNH-93Vaneties N-78 DPL-54MNH-439 S-14Reshmi

4.423.91 4.71 4.98Reshmi 4.15 3.95

MNH-439 4.15 4.924.15 4.65 4.414.20

S-14 3.95 4.15 4.10 4.89 4.434.75

N-78 4.71 4.65 4.75 4.85 5.104.81

DPL-54 4.98 4.92 4.954.89 5.124.85

MNH-93 4.42 4.41 4.43 4.95 4.515.10

Total 26.12 26.48 29.71 27.8226.27 28.87

4.35Array 4.41 4.954.37 4.674.81

mean



r/•r

The cross NIAB-78 x MNH-93 possessed highest positive value (0.080) of SCA effects

and highest negative value (-0.072) was observed for cross Reshmi X NIAB-78.

The low value of micronaire is desirable in cotton but not less than 3.5. The micronaire

value also should not exceed 5.0. As this trait is controlled by additive dominance gene action,

therefore, the recessive genes have to be accumulated for low value of micronaire for fine

cottons. For this type of gene action, selection should be practiced in early segregating

generations. The cross Reshmi x NIAB-78 having lowest value (-0.072) of SCA should be

handled carefully in segregating generations for obtaining desired combinations with desirable

micronaire value.

4.2.14. Fiber strength

It is an important fiber character, which affects the spinning of the lint and quality of the

spun yam. High fiber strength is one of the most desirable character in cotton. The analysis of

variance for fiber strength (Table-42) indicted that highly significant differences existed among

the genotypes under study.

The Vr / W, graph showed that regression line intercepted the Wr axis above the origin

and made tangent with limiting parabola (Fig-14) indicating additive expression with partial

dominance for this trait. The regression line was of unit slope indicating the absence of non¬

allelic interaction. The results confirmed the earlier findings of Miller and Marani (1963), Salam

(1979) Singh and Singh (1981), Zhou ei al. (1983) and Hussain el al. (1999) who also reported

additive gene action for fiber strength. The variety S-14 being close to the point of origin had

most dominant genes, while NIAB-78 possessed most of the recessive genes as it was away

from the origin (Fig-14).

The estimates of components of genetic variance (D, Hi, H2, F) showed that additive

component (D=4.46) and non-additive (dominance) components (Ht=2.50, H2=1.48) are highly

significant but additive component was higher in magnitude than dominance components. As Hi

is greater than H2, the occurrence of unequal gene frequencies at all heterozygous loci was

evident. The estimate of F was positive and larger than its standard error, which indicated a

preponderance of dominant alleles governing this character in the parents. The estimate of

average degree of dominance (H| / D)1/2 is less than one (0.562) demonstrating the operation of

partial dominance for this trait. A rough estimate of frequencies of non-additive loci can be

obtained from H2/4H1. The ratio (0.153) between the genes with positive and negative effects,

being less than 0.25 indicated asymmetrical distribution of positive and negative alleles among

the parents. The value of ratio [(4DH|)J,/4+ F]/ [(4DHl)‘/i- F] is greater than one, thus indicated
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the excess of dominant genes for this trait in the parents. The positive and significant value of IT

suggested that hetero breeding may be rewarding for this trait. The correlation (r) between

parental order of dominance (Wr + Vr) and parental mean performance (Yj) was negative,

indicating that higher expression of this trait was controlled by dominant alleles.

The variety S-14 had maximum array mean (95.3) indicating its best general combing ability for

this trail, whereas DPL-54 had the lowest array mean value of 93.53 (Table-41) showing its

weaker general combining ability as far as this trait is concerned. The Combining ability

analysis (Table-43) showed highly significant general combining ability mean square while SCA

and reciprocal mean squares were non-significant. These results suggested hat within these

parents, selection of progeny with high fiber strength would be a straightforward effort with out

risk of losing the character of high fiber strength by fixation of recessive alleles (to minimize

the recessive alleles). As the GCA effects were greater than SCA indicting the additive gene

action for this trait. Similar findings have also been reported earlier by Hendawy el al. (1999).

The highest positive GCA value 1.03 for fiber strength was exhibited by the variety S-14 (Table-

44). The highest negative GCA value (-1.063) for this trait was shown by NIAB-78. The high

value of GCA for S-14 suggested that it could be exploited to improve new cotton genotypes

with increased fiber strength through in early segregating generations following pedigree

method.

BREEDING IMPLICATION

The results obtained by using the analysis of diallei crosses as developed by Jinks and

Hayman provided useful information about the genetic relationship among the parents and their

hybrids. The analysis of diallei crosses provides information about the gene action in given

population or set of parents and in selecting the favourable combinations. As first step in

breeding programme involves the selection of good parent w'hose hybrids are most likely

respond to selection. Results of present studies indicated that major portion of the variance

exhibited by days taken to open first boll and boll weight was additive and additive x additive in

nature (as D is significant, H| non significant, GCA greater than SCA, narrow sense hcritabilily

greater than 50%) suggested that using effective breeding method within this material for

improving boll w-eight and reducing days to open first boll for earliness would be leading

towards the production of varieties rather than commercial hybrids, and mass selection will be

an effective breeding method for improving of these two traits within this material. On the other

hand mass selection w'ould be less effective for node of first fruiting branch, days taken to first

flower, GOT % and staple length as Dj,H;, H2 were significant, Fnon-significant, narrow sense
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Estimates of the components of genetic variance for fiber strength.Table-40.

4.461 ±0.172D

2.504* ±0.433H,

1.478”±0.387Hi

1.628”±0.263h'

2.932*"±0.421

0.021 ±0.065

(HI7D)T7T 0.562

H2/4H 0.153i

F/FT 1.101

(4DH,)i/3±F /(4DH|)1/2 -F 2.563

r(Y, and Wr + Vr) -0.92

*: P < 0.05 ; ** : P<0.01

Table-41. Array means for fiber strength in Fi of a six parent diallel cross averaged over

blocks.

Varieties Reshmi MNH-439 N-78 DPL-54S- 14 MNH-93

Reshmi 95.5 95.9 94.295.1 94.5 95.1

MNH-439 95.1 94.5 95.5 93.8 94.2 94.0

S- 14 95.9 95.9 96.2 94.895.1 94.5

N-78 94.2 93.8 95.1 90.4 92.0 93.5

DPL-54 94.5 94.2 94.8 92.5 93.292.0

MNH-93 95.1 94.0 94.5 93.293.5 93.6

Total 570.3 567.5 572.0 561.2559.0 563.9

Array 95.1 94.6 95.3 93.2 93.5 93.98

mean
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I heritability moderate to high and GCA greater than SCA. Alternative methods such as half or

I full sib family selection, pedigree, and progeny tests would probably be necessary to achieve

genetic progress for these traits in this material. The information obtained regarding D, H) and

! degree of dominance suggested that a substantial potential existed for obtaining improvement

for above mentioned trails in this material through the use of breeding programmes utilizing F,

hybrids. The nature of inheritance of number of sympodiai branches per plant, number of bolls

per plant, seed cotton yield, %first Pick, fiber fineness and fiber strength revealed that in the

current studies the use of reciprocal recurrent selection which would permit simultaneous

exploitation of both the additive and non additive genetic variances, should provide

improvement in above mentioned trails, as the additive (D) and non additive (Hi and H?)

components were significant, H2MH1 value was less than 0.25 and GCA effects were greater

than SCA for these traits in material under study. For number of monopodial branches per plant,

and number of flowers per plant, mostlv recessive alleles contributed towards high mean

performance and heritability estimates were comparatively moderate to high. High expression of

these traits associated with an excess of recessive genes, may represent different physiologically

controlled expression of the same genes. Any combination of less number of monopodia!

branches per plant and high number of flowers per piant with desired combination of other traits

may require suitable technique which will increase the frequency of favourable recessive and

dominant genes. Selection based on progeny performance with large populations, involving

certain degree of intercrossing will increase the frequency of favorable alleles.

Among the genotypes under study, NIAB-78 was the best general combiner for earliness

as defined by decreased node of first fruiting branch, number of monopodial branches per plant,

days taken to first flower, days taken to open first boll and increased percent first pick value.

S-14 was second best general combiner for earliness as defined by slightly decreased the node of

first fruiting node, days to first flower and days taken to open first boll but was best general

combiner for increased number of monopodial branches per plant which is not a desirable trait

for earliness. Other varieties produced progeny with increased days to first flower, days to open

first boll and decreased % first pick. From genotypes under study the MNH-93 was the best

general combiner for improving the seed cotton yield and its components as defined by

improved number of sympodiai branches per plant, number of flowers per plant, number of bolls

per plant, boll weight and seed cotton yield. DPL-54 was also a good general combiner for seed

cotton yield per plant and boll weight but had decreasing effect for total number of bolis per

plant and was essentially neutral in its influences for other yield components. From the GCA

affects it was evident that Reshmi was the best general combiner for improving the fiber quality

r



V aS defined by improved fiber strength, increased staple length and decreased fiber diameter i.e.,

V ]QW micronaire.

The MNH-439 was a genotype to be used to develop progeny having higher ginning out turn

and contributed smaller staple length, decreased fiber strength, increased micronaire value and

decreased yield related traits and leads to late maturity thus for improving GOT this parent could

be used in back cross methods of breeding as a donor parent.

Significant GCA for every trait under this study suggested that additive gene action prevailed for

earliness, yield, and yield component and quality traits among these six genotypes. However,

there also was dominant gene action expressed as indicated by significant SCA for each

character measured except for days taken to open first boll, total number of flowers per plant, %

first pick, boll weight and fiber strength, where SCA effects were non-significant. This strongly

implies that GCA was more important than SCA for these five traits. Therefore, the additive

genetic variance component must comprise a considerable portion cf genetic variance cr these

traits. Highest SCA effect for percent first Pick and early maturing traits (node of first fruiting

branch, days taken to first flower, days taken to open first boll) was observed in cross Reshmi x

NIAB-78. The high SCA effects for Reshmi with MNH-93 and DPL-54 were observed,

although Reshmi ranked lower in performance for yield, yield component. The cross Reshmi x

MNH-93 having staple length 34.19mm, fiber fineness 4.42 micronaire and fiber strength 95.1

TPPSI with seed cotton yield 132.24 grams should be used for three way cross or recurrent

selection methods to incorporate earliness, as the progenies of this cross will meet the

international standard of fiber quality (fit for spinning of above 20 count yam) which is need of

the day for cotton cultivation and improvement. The highest SCA effect for seed cotton yield,

yield related traits (number of bolls per plant, number of sympodiai branches per plant) and

significant ginning out turn was observed in DPL-54 x MNH-93. Therefore it was concluded

that performance of a parent is not a criteria for its specific combining ability (SCA). Reshmi

also ranked high in GCA effect for fiber traits (Staple length, Fiber strength and Fiber fineness).

For improving the fiber quality trails, Cross Reshmi x MNH-93 should be considered, as the

higher value of SCA effect for quality traits was observed in this cross.

The present results suggested that much of genetic variance in this population was additive in

nature as GCA effects were greater than SCA effects for all traits under study. However the

significant value of SCA except for days taken to open first boll, number of flowers per plant,

%first pick, boll weight, and fiber strength suggested that non additive (dominance) variance

account for a portion of total genetic variance. Therefore, dominance should be considered in

any future-breeding programme utilizing this material. However, with this group of parents,

T*
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breeding procedures that employee both additive and dominance effects should be used for

maximum progress per unit of time.

The SCA effects delected for the earliness related traits and fiber quality characters suggested

lhat some potentially useful combinations could be obtained. However, since GCA appears to be

more important than SCA (As GCA greater than SCA) for all traits, hybridization would only

partially mask the deficiencies of the poor parents. However, it is doubtful if favorable response

to selection for yield, earliness, lint percentage and improved fiber quality could be obtained

simultaneously in this material.

None of the parents include in this diallel could be used in a single cross combinations to

produce progeny having earliness (lower node of first fruiting branch, low number of

monopodial branches per plant, less days taken to first flower, less days taken to open first boll

and increased percent first pick value), seed cotton yield and its components (improved number

of sympodral branches per plant, number of flowers per plant, number of bolls per plant and boll

weight ) . and good fiber quality (long staple length, high fiber strength and low micronaire

value). The two genotypes having good GCA estimates for earliness related traits but exhibited

negative GCA value for most basic seed cotton yield components and fiber quality traits and

vice versa. Present results restricted to six parents used in this study, suggested that the use of

three way cross or modified back cross or recurrent selection method be helpful in evolution of

new improved eariv maturing genotypes having high seed cotton and lint yield with good fiber

quality traits.
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Table-43 Mean squares for combining ability analysis in 6x6 diallel cross of cotton,

| Total No. Fibre
fineness

Fibre
strength

Slaplc
length

No. of
monopodi

No. of
Sympodial
branches
per plant

Seed

cotton

yield per
plant

Boll GOTD.F % first
pick

Node of
first

fruiting
branch

Days
taken to

first
flower

Days
taken to

open
first boll

Total No.

of bolls

per plant

rce

of weight (%)
al flowers

per plant

all
branches
per plant

8.398" 0 756"34.860"17.156" 0.527" 61 750"2.840" 115.108" 264 450" 2.158* 4876 550"50.490" 154.002" 750.660"A 5

0017"1.810"3.020" 23960" 36.070" 6 190"0.076" 10.622" 27.780" 0.6155 586 0 0260.068\ 4 19015

1 .796" 0 520"0 240" 4.640"3.600* 42.500” 0.0070.4520.1260.060 0.0133.300 1 .350\ 10.1215

0.0060.0210 720 0 0-10 04000 147 1.650 0 007 0.0160 028 3.870 4 120 5 810 ! 38070

*: P < 0.05 ; +* : P<0.0l

G.C.A = General combining ability affect
S.C.A = Specific combining ability affect
R.C.A = Reciprocal affect
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s in 'Table- 44 Estimates of general combing ability effects for earliness, yield and yield components

a set of diallel cross among six cotton varieties.

General combing ability effects
Node of
firs:
fruiting
branch

No. of
monopodia]
branches per
plant

No. of
sympodial

branches
per plant

first
pick

Fibre Fibre
strength Fineness

Days
taken

to first
flower

Total
No. of
flowers

Seed Staple
length

Days

taken

Boll
weight

GOTTotal

No. of
bolls

eties

(%)col’on

yic'dto open

first per perper
boll plant plant plant

0.055 -0.2390.010 5.638 -0.193 3.349 0.795-2.226 -1.361 -0.116 -7.709-2.251 2.811 -1.652inn

1-439 1.722 -0 326 -2.056 -6259 -0.135 -0.1762.471 4.552 -0.370 -0.861 -0.381 4.721 -1.042 0.286

0.506-Mil -0.723 -14.900 -0.214-0.573 -3.172 -3.028 0.369 -0.042 1.01 1 -0.352 1.030-1.861

-1.0551 -0.593 -4.362 0.2232.61 l -4.041 -3.861 -1.540 -1.151 -1.0630.574 -15.922 -0.141-7.156

-54 1 055 -0.243 0.267 -1.94 -0.028 -0.516 7.321 0.343 -0.882 -0.697 0.3622.022 2.494 -1.901

U-93 -0.355-0.445 0.640 -0.6532.101 9.138 0.069 0.0780.055 0.595 37.469 0.165 0.0445.376
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Table 45 Kstimnlcs nf specific combing ability effects for curliness. \ ielil and > ielcl components in a set of diallcl crosses

union” six cotton varieties

Specific combing ahilily e fleets
iVarictx No. of fibre

sirenulti

fibre

imenC'
No o( I olal

No. of

flowers

'.'n firsI

nick
G.O.TNode ol

first
fruiting
branch

Da vs

taken
to first
flower

Days
taken

lo open
fit.st

boll

Iolal

No. of

bolls

Seed

cotton

yield per
plant

Roll
weight

V.

Staple

lengthmonopodia)

branches per
plant

sympodial
blanches
per plant

(%)

per pei

plantplant
Reshmi xMNI1439 3.7310.945 3.361 2.167 •0 0610.1 1 1 -0.591 0.743 2.719 -0.120 0.530 0.693 -0.182-0.115

Reshmi xS- 14 -0.121 -0.065-0.222 1 393 0.6822.227 0.352 -0 776 0.36! -0.081 1.424 0.061 0.612 -0.140

Reshmi \ N-78 -4.521 0.243 -0 0720.195 2.729 0.132{; n.v -4 09 I 0.180 -0.574N'l*. -0.01 1: .UJ:lI

Reshmi xDPL54 3.392-0.389 0.132 0.762 -9 443 2.361 0.147 -0.172 -o m 1I 782 0.142 12.422 0.192 -0.401

Reshmi xMNII93 -0.263 0.442 223 .11 T •< %1.413 0.873 0.051 -0.51 I 0.45 '5 1 95 -0.055 ; N il'H) i.7 10

MNH439 xS 1 4 -0.394 4.231 1.291-4.142 3.806 -0 139 0.399 0.010 0.432 -0.031 -0 04 I1.3120.1 10

MNH439 x N78 -3.1 100.278 -0.0820.1 12 -0.305 0.7081.361 2.091 0.394 0.201 1.47ÿ -0.051 -0.721 0.354

MNH439xDPL54 -0.055 0.063 - 1 8.98 P-1.773 0.947 0.842-0.125 -6.139 0.151 -0.601 0.0700015 -0.5)2 0.383

MNH439xMNi193 -2.555 -0.122 -0.612 0 451 -0.655 -3.145 0.698 3.704 0.080 0.0520.062 0.433 0.284 0.145

S-14 xN-78 -0 0200.1 I 1 2.27-1.442 0.713 0.092 0.162 -0.021 -0.0220.861 6.669 0.032 -0 0641.21 1

S-14 xDPL54 0.778 0.134 -6.i 12 1.280 2.028 0.512 0 04 1-2.015 -0.665 -0.205 -0.030 0.001 -0.2529.644

S-14 xMNI193 -1.722 0.239 0.061 0.455 -2.139 0 0621.281 0.043 -4.37 ! 0.01 1 -0.6660.061 -0.665 -1.220

N-78 \DPL54 1.055 -0.069 6.563 1.720 -0.376 0.219 -11.07 12.456 -0.139 0.352 0.032 -0.051 0.527 0.031

N-78 xMNH93 2.445 -0.262 -0.271 2.780 -1.462 -0.305 -0.703 0 080-1.413 0.092 -0.346 0.131 -0.025 0,293

DR!.>4xMNI19' 3.062-0.1 12 (1 0741.142 -0.125 -0.1 1(1 4 86! 0.215 I 7 6N<; -0.141 I 46? 0.197 0.333



Table 46 F,slimales of reciprocal eHeels for earlino, yield and yield components in a set rit diallei crosses aiming six cotton

varieties

Keeipmciol eHeels
No of
monopodiaI - sympociinl
l)i anctieN

Node of

firsi
ft inline

branch

No ol Fibre
Mlci112111

Days
taken
in open

first
boll

1 oml
No ol ; No. o|

lloweis bolls

1 oinI Boll
weiehi

Ci.O.T Fibre
InidleS'

Days
taken lo

Hr si

Mower

StapleSeed

cotion

yield

per
plant

\ anct\

lengih(%)
hi iinelies

pci plainper plain
pci pcii

plan! plain
i

Reslnni xMNH4 39 -0.3 1 -0.30 -0.03-1.20 -1.50 -2 67 2.SO -0.03 I1.00 2.01 0 701 -0.185-0.1 -1.451

Reslimi \S- 1 4 0.80 0.53 2.01 2.17 4 42 -1.02 -0.051 0.621. -1.0! 0.32 2.092 0.040 -0.71 -0.19

Reslnni \ N-7S -.50 0 42 2.33-2.10 0.52 -2.51 0 4521 -2.01 0.12 -1.401 -0.061 0.285 0.43 0.14

Keshmi \DPL54 1.95 0.4 I 1.12 3.17 3.94 -2.12 1.26 1 0 449-1.52 -0 14 -0.141 0.120 -0.81 0.27

Reslnni xMNH93 -0.70 0.37 -1.10 2.34 -2.53 1.03 -0.600-LSI -0 OS -0.130 0.021 .360 0.4 15 0 65

MNH439 xS14 -2.011.30 0.32 0.149 -0.301-1.53 2.84 4.30 i -2.1(1 -0.0S2-0. 1 5 0.773 0.42 -0.05

MNH439 x N78 0.35-o.so 1 3.500.54 4.91 - 1 400 - 0.030 -0.150| 1.04 0.18 -0.132 0.02-0.21

MNH439xDPL54 -0.90 0.39 -L03 2.66 -6.89-1.50 -1.13 0.0920.21 0.821 0.901 -0.250 0.50 - 0.15
* -.

MNH439xMN1-193 0.180.80 -4.29 | 2.01

Tos
-1.02 2.0) 1.67 1.920 0.3000.15 -0.094 0.085 0.32 -0.05

S-14 xN-78 -0.50 0.29 4 92-DO 0.51 1.0(1 0.052 0.753-0.17 1.202 -0.100 0.33 0.15

S-14 xDPL54 1.40 0.38 1.13 -1.33 -4.59 1.52 -0.071-0.52 -0.151-0.1 1 1.543 -0.201 -0.52 0.15

i 1.42S-14 \MNH93 0.28-1.01 -2.02 -0.50 ! -i .34 4.Jj -0.392 -0 074 -0.200 -0.3 10.25 0.203 0.01

! -1.423N-78 xDLL54 -0.52 0.31 ! 2.12 -5.622.02 -2.0(1 0 -0.7031.4 1 0.061 -0.065 0.52 -0.32J
_

N-78 .\MNH93 -0.80 1.03 3.95033 1.50 -3.00 1 34 -0 069 0.069-0.16 -1.504 0.064 -0.4 1 0.25

DPL54XMNH93 0.98-0.81 2.34 4.29 1.40 0.081 -0.199-1.00 -0 1 5 i .424 0.340.059 -0.05i

* i

//» ‘".y
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Table-47. Scaling test for adequacy of the additive-dominance model.

ConclusionJoint regression Test for b > 0 Test for b =1Parameter

analysis

Node of first NS The lest suggests*b=0.7S6 ±0.210

adequacy of modelfruiting branch

NS -do-*No. of monopodia] b=0.99fc ±0.138

branches per plant

\~ No. of sympodial NS do-*b=0.58± 0. 1 S3

branches per plant

NSDays taken to first -do-*b=0.6 19±0. 150

(lower

NSDays taken to open -do-*b=0.948±0.l 10

first boll

Total number of NS*b=0.859± 0.176 -do-

flowers per plant

Total number of NS -do¬b-0,948± 0.237 *
bolls per plant

Average boll weight NSb-0.952± 0.17 I *

Seed cotton yield NS -do-b=0.765± 0.200 *
per plant

Percent first pick NS -do-b=0..76l± 0.205 *

G.O.T (%) NSb=0.952 ±0.114 -do-*

Staple length b=0.753 ±0.170 NS -do-*
Fiber fineness b-0.897 ±0.195 NS -do-*

Fiber strength b=0.S28 ± 0.206 NS*



T 4.3 Correlation and path coefficient

Genotypic correlation

The Genotypic correlation coefficient (rg) and phenotypic correlation (rp) were

determined for all the possible character combinations with the objective to derive information

about the nature and intensity of the relationship among different character combinations (Table-

4.3.1.

50).

Node of the first fruiting branch was positively and significantly correlated with the

number of monopodial branches per plant, days taken to first flower, days taken to open first

boll, seed cotton yield per plant; while, it was negatively correlated with the number of

sympodial branches per plant and percent first pick (Table-50). Ray and Richmond (1966),

Weijun (1998) working on upland cotton also found similar relationships.

High significant positive correlation of the number of monopodial branches per plant

with the days taken to first flower, days taken to open first boll, number of flowers per plant,

number of bolls per plant, seed cotton yield per plant, and staple length, was observed while

negative association was found w'ith number of sympodial branches per plant, fiber fineness and

percent first pick (Table-50). These results are in agreement with the findings of Mithaiwala

(198-1).

Correlation of the number of sympodial branches per plant w'ith the number of flowers

per plant, number of bolls per plant, seed cotton yield per plant, and staple length was positive

and significant, while found negative with days taken first flower, and ginning out turn (Table-

50). These results are in accordance with results obtained by Kyei 1968), Singh ei al. (1981),

and Mithaiwala ei al. (1984).

The high significant positive correlation of the days taken to first flower with the days

taken to open first boil, ginning out turn (percentage), and fiber strength was observed; while,

negative correlation was observed for the days taken to first flower with the number of flowers

per plant and percent first pick (Table-50). These results were in conformity with those reported

by Ray and Raymond (1966), Godoy and Palomo (1999). High negative correlation of the days

taken to open first boll and percent first pick was observed and with other traits, the values of

correlation coefficient were non significant (Table-50). Similar findings were also reported by

Godoy and Palomo (1999).

Correlation of the number of flowers per plant with the number of bolls per plant and

seed cotton yield per plant, was significantly positive and was significantly negative correlated

with ginning out tum percentage (Table-50). Azher el al. (1984), Zhou; (1986), Mahla (1988),



Arshad et al. (1993). Aliaf et al. (1996), Akbar et al. (1994) came across with more or less

I similar interrelationships.

The highly significant and positive correlation of the number of bolls per plant with the

seed cotton yield, whereas significantly negative correlation with the boll weight was recorded

(Table-50).The relationship of the number of bolls per plant with the remaining characters

combinations were not significant. Similar correlation was reported by Butany (1966), Singh

(1971), Mathapati et al. (1978), Waldia et al. (1979), and Dhanda (1984).

Genotype correlation of the boll weight with the seed cotton yield was highly significant

and positive. The magnitude and direction of associations was similar to some extent as given in

previous findings by Waldia et al. (1979), Yankun et al. (1998).

The character seed cotton yield per plant displayed positively significant correlation with

the fiber fineness and fiber strength; while, it showed significantly negative association with the

staple length (Table-50). These results are in full agreement with those of Aznar, et al. (1984).

The significantly negative correlation between the ginning out turn percentage and staple

length was observed in present study. The observations are in according to Marejva (1969),

Kalwar and Shahani (1981) and Aguilar (1980).

Correlation of the staple length with ihc fiber fineness was negative and significant which

is in accordance with the findings of Marejva (1969), Jabbi (1976) and Bocherova (1978).

The traits relating to maturity are node of first fruiting branch, number of monopodial

branches per plant, days taken to first flower, days taken to open first boll, and percent first pick

(product quantity measure). Perceni first pick was negatively and significantly correlated with

node of first fruiting branch, number of monopodial branches per plant, days taken to first

flower, days taken to open first boll (Table-50). These results indicated that the genotypes

involved in this study, when entered earlier in reproductive phase, the first fruiting branch was

developed at a lower node on the main stem which triggered the development of its fruiting parts

relatively earlier by impeding the growth and development of monopodial branches being

vegetative in nature. Since the reproductive phase started earlier, the first flower and first boll

took less number of days to open and resultantly the proportion of seed cotton yield in first pick

became higher in early maturing genotypes. This study therefore, leads to (he conclusion that

probably, the earliness of crop maturation is affected more by the position of first fruiting branch

than by other morphological traits. Significant genotypic correlations were found among all

these morphological traits, but node of first fruiting branch appears to be the most appropriate

one for earliness investigations, as this method is so elementary and simple in nature that to use

it one needs only to be able to recognize first fruiting branch and to count main stem nodes. The

;



Table-48 Mean squares for various plant characters of cotton in F2 generation .
'

Bo!!

weight

Source of variation D.F Total no.

of Bowers
per plant

No. of

rnonopodial
branches per

plant

Total no

of bolls
per plant

G.O.TNo. of
sympodial
branches per
plant

Days

taken to

first
Mower

Seed cotton

yield per
plant

Percent
first pick

Staple
length

Fibre
strength

Node of
first
fruiting
branch

Days
taken

to open
first

Fibre

fineness

boll

4.913"O.U5‘*Block 0.296 .2512 0.182 8.214 0.029 0.007 41.620 0.094 0.00437.806 0.065 0.056

1.071“ 2.943" 76.4 19" 8S.995" 1.009" 22.388" 3.343" 0.135" 1.706"03611" 0 073" 396.253"wenolypes 14 31.323I ? I 707

Error 0 368 0.00228 0 121 0029 0.294 2.267 4.493 9 072 26.575 0.021 0.0600452 0 005 0.043

*: P < 0-05 ; ** : P < 0.01
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Table-49 Mean product for various plant characters in all possible combinations for analysis of covariance
s.o.v Node of

first

fruiting
hranch

Monopodia)
branches per
plant

Sympothal
branches
per plant

Seed Fibre
fineness

Days

taken
to first
flower

Days

taken
Total no. Total

no. of

bolls

Boll
weight

GOT Staple
length

Fihre
strength

laracters percent

first
pick

of cotton

yieldflowers
per plant

to

open
first
boll

per per
plant plant

*lc of first
liting branch

Genotypes 0.292 - 1.06 7.006 4.572 0.049 9.39 -0.595 0.173-3.10 -1.56 0.33 0.38 -0.19

Error 0.045 0.015 0.251 0.187 0.23 0.06 0.013 3.03 0.07 0.47 0.28 -0.0150.01
mopodial
inches per plant

Genotypes
Error

-0.583 3.26 2.83 0.03 5.97 0.197

0.025
-0.83 0.591.83 1.08 0.62 0.11
0.02-0.01 0.01 0.57 0.010.13 1.05 -1.21 0.01 -0.02 0.02

mpodial
inches per plant

Genotypes
Error

-4.19 22.96 0.702.52 6.22 4.72 0.078
0.001

-3.47 1.35 -0.53-1.15
0.03 0.031.28 -2.41 0.43 0.56 -0.03-2.37 0.21 -0.01

ys taken to first Genotypes
Error

-53.09 -7.56 0.24 -5.60 -5.508 0.9261.96 18.14 3.90-1.41
wer 2.59 0.58 0.01 0.22 -0.09 -0.020.12 1.02 0.15 0.01
ys taken to open
•t boll

Genotypes
Error

-5.9925.65 0.13 20.12 -3.99 9.081.74 -11.75 3.64
2.24 0.03 2.45 0.58 0.11 0.11 0.030.21 1.50

tal no. of

wers per plant
Genotypes
Enor

98.19 1.9632.77
-0.20

-0.38 1.56 I -33.62 0.026.64
-0.01 2.28 0.25 0.24 0.05 0.30 -0.25

tal no. of bolls
plant

Genotypes
Enor

0.920.77 106.2 -0.65 0.231.43 -2.04

0.04 0.020.12 .70 0.16 0.03 0.02
II weight Genotypes

Error
2.94 0.05 0.30 -0.02 0.08 0.02
0.77 -0.010.01 -0.01 0.003 0.001

•d cotton yield
plant

Genotypes
Error

6.21 17.04 12.89 26.56 13.03
0.29 0.667.12 0.03 0.15

cent first pick Genotypes
Enor

0.37 0.138-1.04 0.49

0.10 0.040.13 0.03
O.T Genotypes

Error
-3.59 -2.41 -1.14

0.05 -0.01 0.01
iple length Genotypes

Enor
-3.358
0.091

-0.36
0.01

ue fineness Genotypes
Error

2.68
0.11

*: P <0.05 ; ** : P < 0.01

1 15



Table-50 Genotypic and phenotypic correlation among various plant characters
No. of | Boll

bolls I weight
Characters Node of

first

fruiting
branch

Total
yield

GOTSympodial
branches
per plant

Days
taken to

first

flower

No. of
flowers

Staple
length

Fibre
fineness

Fibre
strength

Monopodial
branches per
plant

Days
taken to

open first

percent

first
pickperper per

boll plantplant plant

0.4V1 rf

-0.66"
>0.47"

0.34
T* T ¥

Node of first 0.81 0.49 -0.68 -0.03 0.21 -0.17-0.32 -0.30 0.150.14ri
•t

0.72“
t «

fruiting branch -0.39 0.23 0.180.44 0.11 -0.26 -0.1! 0.120.51 -0.J9 -0.22
TT TT

-0.61 0.34 0.50 -0.39•r
0.34 -0.39

-0.37’
Monopodial
branches per PI

0.07 0.32 0.59 0.130.63 0.49ri
• •m

0.52“-0.45 0.27 -0.22 -0.26 0.140.60 0.76 0.19 0.30 0.45£o
0.72" 0.45-0.39 0.50

T*

-0.45
-0.39’

Sympodial
branches per PI

0.50 0.18 0.21 0.260.33 -0.25ri •• ••
0 15 0.59 0.69 -0.20-0.10 -0.13 0.06 0.48 0.41 -0.21la.

045"
0.42“

0.75
0.75“

T#

0.35-0.57Days taken to

first flower
-0.040 10 -0.10

-0.10
0.19-0.16 0.67r*

0.33’
« « V *-0.51 0.03-0.14 009 -0.20 0.55In

-0.72
-0.48“

Days taken to

open first boll
-0.27 0.23 0.290.74 0.04 0.10 0.310.03r*
-0.25 0.260.25 0.02 0.06 0.08 0.21 0.28lo

0.47
0.38’

-0.680.56No. of flowers 0.12 0.10 0.210.14 0.02rf ••per plant 0.1 1 0.090.48 0 17 -0.61 0.21 0.03
0.98-0.61

-0.32’
No. of bolls per
plant

0.23 -0.24
-0.10

0.09 0.03-0.04r*
0.91 0.30 -0.04 0.040.09ID
0.43Boll weight 0.250.17 -0.09

-0.16
0.1l 0.06r* •

0.72 0.20 0.1I0.23 0.05IP.
-0.39

-0.29

T

052"
0.47“

Total yield per
plant

0.31 0.25 0.48r>
«•0.27 0.450.30rp

Percent first
pick_

-0.25
-0.15

0.15 0.16 0.10r*
0.28 0.19 0.14In
-0.43
-0.40’

GOT -0.18

-0.18
-0.19r*
-0.17In

(167

-0.60“
Staple length -0.16

-0.13ID
[070"
10.76“

Fibre fineness rK
In

rp= Phenotypic correlation rp= gcenotypic correlation*: P < 0.05 ; •* : P<00l

1 16



T
f ?

node number of first fruiting branch measure is adaptable to any problem or program that

requires the quantification of genetic earliness. It will also give reliable estimates of earliness,

when it is impossible or impractical to collect data on the time and rate of fruiting or boll

maturation. Other measures such as the days taken to open first boll proved to have an important

place in estimating earliness of the crop maturity but not practicable in large populations of

segregating generations and for common grower.

From these results it is clear that for earliness the plant should be selected for lower node

number of fruiting branches, less number of monopodial branches, less number of days taken to

open first flower, less number of days taken to open first boll and high percent first pick value in

cotton. All these components of earliness (node of first fruiting branch, number of monopodial

branches per plant, days taken to first flower, days taken to open first boll showed non¬

significant association with seed cotton yield except the node of first fruiting branch and

monopodial branches per plant. As the fruiting branch arose at lower node, the number of

sympodial/ fruiting branches will increase and ultimately the seed cotton yield will improve. All

these traits related to earliness are correlated with quality trails of fiber, which indicated that as

early maturing genotypes will develop, the staple length will decrease, fineness will reduce and

fiber strength will increase. Due to this association breeder has to study a large population and

look for combination (as a result of crossing over) that fit for quality traits with earliness.

Yield of seed cotton is highly positively associated with node of first fruiting branch,

number of monopodial branches per plant, number of flowers per plant, number of bolls per

plant and boll weight. Therefore, improvement of yield of seed cotton may be feasible by

selection for high number of bolls per plant and boll weight with emphasis on early fruiting

branches. Seed cotton yield was negatively and significantly correlated with staple length.

Whereas, fiber fineness and fiber strength were positively and significantly associated with seed

cotton yield. These results indicated that as the selection for higher seed cotton yield will be

practiced, the staple length will decrease and the value of fiber fineness and strength will

increase which would lead to development of coarse fiber. Breeders should look for proper

combination, breakage of linkage through selection of cross over for higher seed cotton yield

with desired / acceptable quality traits (staple length, fiber fineness, fiber strength).

4.3.2. Path coefficient analysis

An early application of path coefficient analysis in the field of plant breeding was made

by Dewey and Lu (1959) in the study of crested wheat grass. Since then it is being used widely

to improve different plant characters, which require basic information about, yield
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interrelationships among characters. With the same objective this technique was also used in

segregating cotton material, so that a strategy with respect to selection of desirable plants could

be made. The results of the analysis of the data are given below;

Number of monopodial branches per plant VS yield of seed cotton per plant.

The genotypic correlation of number of monopodial branches per plant with yield of seed

cotton per plant (Table-51) was positive (rg=0.49) but their direct effect on yield of seed cotton

per plant was observed to be negative (-0.01). The positive indirect effects were contributed

through number of flowers per plant (0.20), number of bolls per plant (0.48), ginning outturn

percentage (0.06). The negative indirect effects were produced via number of sympodial

branches per plant (-0.06), average boll weight (-0.07). The direct effect of the number of

monopodial branches per plant on seed cotton yield was negligible. The indirect effect via other

traits were small, either negative or positive except for number of flowers per plant anH number

of bolls per plant, which had relatively larger positive indirect effects. Therefore, positive

indirect effects of total number of flowers per plant and number of bolls per plant shovved that

these traits can be helpful in indirect selection for improvement of seed cotton yield.

i

Number of sympodial branches per plant Vs yield of seed cotton per plant

Although the genotypic correlation of number of the sympodial branches per plant with

the seed cotton yield per plant was significantly positive (0.72) but its direct effect on seed

cotton yield per plant was very small (0.170). It was further observed that positive indirect

effects contributed by number of flowers per plant (0.28) and number of bolls per plant (0.50)

were most important, The contribution of other indirect effects by ginning out turn (0.01) and

number of monopodial branches per plant (0.10) was negligible (Table-52). The negative

indirect effects were produced via average boll weight (-0.18), staple length (-0.09). These

results substantiated the findings of Singh er al. (1981), Baloch ei al. (1992), who stated positive

effects of number of sympodial branches per plant on yield of seed cotton per plant.

The positive direct effect of number of Sympodial branches per plant reflected its

effectiveness in a selection procedure. Selection can be made directly on the basis of more

number of sympodial branches per plant in the present plant material. On the other hand

negative indirect effect of average boll weight and staple length showed that these characters

may not be useful in selection of genotypes with improved seed cotton yield per plant, from

present segregating material.
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Table-51. Path coefficient analysis for direct and indirect effect of Number of monopodia) branches

per plant on yield of seed cotton per plant .

Path association Direct effect
coefficient

Indirect effect
coefficient

Genotypic
correlation with
yield of seed cotton

per plant_

No. of monopodial
branches per plant

vs yield of seed
cotton per plant

0.49

Direct effect of
number of

monopodial
branches per plant

-0.01

Indirect effect of
total number of

monopidal branches
per plant

Via

Total number of
sympodial branches

per plant
-0.06

Total number of
flowers per plant

0.20

Total number of
bolls per plant

0.48

Average boll weight - 0.07
(g)

G.O.T (c/o) 0.06

Staple length (mm) -0.11
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Table-52. Path coefficient analysis for direct and indirect efTect of number of Sympodial

branches per plant on yield of seed cotton per plant.

path association Indirect effect
coefficient

Direct effect
coefficient

Genotypic correlation
with yield of seed
cotton per plant_

Total number of

sympodial branches

per plant Vs yield of

seed cotton per plant

0.72

Direct effect of
number of

sympodial branches

per plant

0.170

Indirect effect of
total number of

sympodial branches
per plant

Via

I

Total number of

monopodia!
branches per plant

0.01

Total number of
flowers per piant

0.28

Total number of
bolls per plant

0.50

- 0.18
Average boll weight

(gm)

0.01
G.O.T (%)

-0.09
Staple length (mm)
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Number of flowers per plant Vs yield of seed cotton per plant

A critical view of Table-53, revealed that genotypic correlation of total number of

flowers per plant with yield of cotton per plant was positive (0.47). The direct effect of total

number of flowers w-as positive (0.41). The positive indirect effects were contributed through

number of sympodial branches per plant (0.05), total number of bolls per plant (0.52). The

negative indirect effects were produced via number of monopodia! branches per plant (-0.05),

average boll weight (-0.12), ginning out turn percentage (-0.14) and staple length (-0.20). The

j effects of total number of flower per plant on yield of seed cotton per plant suggested that direct

selection for more number of flowers to improve yield of seed cotton would be effective up to

some extent in breeding material under study.

:
1

i

i
I Number of bolls per plant Vs yield of seed cotton

An examination of Table-54 exhibited that genotypic correlation of number of bolls per

plant with yield of seed cotton per plant was positive (rg-0.98). The direct effect of number of

bolts per plant was positive (1.30). The positive indirect effects were contributed through

number of sympodial branches per plant (0.04). The negative indirect effects were produced via

number of monopodia! branches per plant (-0.02), average boll weight (-0.061) and staple length

(-0.03). These results were in according with findings of Sethi, ei al. (1960), Alam and Marakby

(1978), Waldia ei al. (1979), Gill (1981), Singh ei al. (1981), Biyhani and Bhale (1983), Dhanda

(1984) Azhar ei al. (1992), Baloch el al. (1992), Akbar ei al. (1994). The high positive

i genotypic correlation (0.98) of number of bolls per plant with seed cotton yield per plant and the

j value of its direct effect on seed cotton yield (1.30) indicated true picture of association between

these two traits. Therefore, the positive direct effect of number of bolls per plant on seed cotton

I yield reflected that selection for more number of bolls per plant is effective for the improvement

of seed cotton yield in material understudy.

;

I

j
Boll weight Vs yield of seed cotton per plant

The genotypic correlation of average boll weight with seed cotton yield (Table-55) was

positive (0.43). The direct effect of boll weight was also positive (1.01). The positive direct

effects were contnbuted through number of sympodial branches per plant (0.02), total number of

flowers per plant (0.06) and staple length (0.02). The negative indirect effects were produced via

number of monopodial branches per plant (-0.001), total number of bolls per plant (-0.65) and

ginning out turn %(-0.03). These resulLs substantiated the findings of Alam and Marakby (1978).
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Table-53. Path coefficient analysis for direct and indirect effect of total number of flowers
per plant on yield of seed cotton per plant .

Path association Direct effect

coefficient
Indirect effect

coefficient
Genotypic
correlation with
yield of seed cotton

per plant_

Total number of

flowers per plant vs

yield of seed cotton

per plant

0.47

Direct effect of total
number of flowers

per plant

0.41

Indirect effect of
total number 01

flowers per plant
Via

Number of
monopodial

branches per plant
- 0.05

Number of
sympodial branches

per plant

0.05

Total number of

bolls per plant
0.52

Average boll weight
(gm)

-0.12
!

G.O.T (%) -0.14

Staple length (mm) -0.20
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Table-54 . Path coefTicient analysis for direct and indirect effect of total number

of bolls per plant on yield of seed cotton per plant.

Path association Indirect effect
coefficient

Direct effect
coefficient

Genotypic
correlation with
yield of seed cotton

per plant____

Total No. of bolls

per plant vs yield of
seed cotton per plant

0.98

Direct effect of total
number of bolls per

plant
1.30

Indirect effect of
total number of
bolls per plant

Via

Total number of
monopodia!

branches per plant

-0.02

Total number of
sympodial branches

per plant

0.04

Total number of
flowers per plant

0.25

Average boll weight
(gm)

-0.61

G.O.T (%) 0.04

Staple length (mm) -0.03

1ÿ1
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Table-55. Path coefficient analysis for direct and indirect effect of average boll weight on

yield of seed cotton per plant.

Indirect effect
coefficient

Genotypic
correlation with
yield of seed cotton

per plant__

Path association Direct effect

coefficient

Average boll wt

(gm) vs yield of

seed cotton per plant
0.43;

Direct effect of
Average boll wt

(gm)
1.01

Indirect effect of

Average boll wt

(gm)
Via

Total number of
monopodial

branches per plant
-0.001

Total number of
sympodial branches

per plant

0.02i

Total number of
flowers per plant

0.06

Total number of
bolls per plant

-0.65

G.O.T (%) -0.03

Staple length (mm) 0.02
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Waldia ei al. (1979), Gill (1981). Biyani and Bhale (1983), Dhanda (1984), Azhar ei al. (1992),

Akbar ei al. (1994), who reported that bolls per plant have the highest positive direct effect on

yield followed by bol! weight. The positive direct effect of average boll weight reflected its

effectiveness in a selection procedure. Selection can be made directly on the basis of greater boll

size in the present research material.

Ginning out turn percentage Vs yield of seed cotton per plant

The genotypic correlation of ginning 00110171% with yield of seed cotton per plant was

positive but not significant (rg = 0.25) and its direct effect on yield of seed cotton was negligible

(- 0.20). The positive indirect effects produced through number of monopodial branches per

• plant (0.01), total number of flowers per plant (0.27), average boll weight (0.13) and staple

length (0.15) were very small. Negative indirect effects were produced through number of

sympodial branches per plant (-0.01) and total number of bolls per plant (-0.11) were negligible

(Table-56). These results showed that the ginning out tum% contributed by and large through

total number of flower per plant and boll weight. These results are not in agreement with the

findings of Alam and Marakby (1978), Gill (1981) Dhanda (1984) who reported negative

correlation with seed cotton yield. On the basis of ginning out turn percentage, direct selection in

the segregating material used in present studies will not be useful. Selection can be done

indirectly on the basis of total number of flowers per plant and total number of bolls per plant. It

was further concluded that seed cotton yield cotton per plant and GOT (%) would not affect each

! other and either trait could be considered separately in breeding material under study. The

results suggested that genotypes could be selected in which high GOT could be considered with

a number of economic traits such as seed cotton yield and fiber quality characters.
'
i

Staple length Vs yield of seed cotton per plant

A critical view of revealed that The simple genotypic correlation of staple length with

j seed cotton yield (Table-57) was significant and negative (r? = - 0.39). The direct effec?of

j staple length on seed cotton yield was negative (Path coefficient = - 0.54). The indirect effect via

i number of monopodial branches per plant (-0.006) was negligible. The staple length had its

major influence via negative indirect effect of GOT% (- 0.10). A positive indirect effect via

number of sympodial branches per planL (0.10) and boll weight (0.11) was observed. The total

correlation between staple length and seed cotton yield was negative (- 0.39). Its direct effect on

seed cotton yield was also in negative which indicated true relationship between them and direct

selection through this trail will effect the seed cotton yield negatively. Some research workers

,



I
T' V;VAi

such as Singh and Singh (1981) and Singh (1987), while working in cotton also reported similar

relationship in these traits.

Three basic seed cotton yield components viz.; member of flowers per plant

number of bolls per plant and boll weight contributed directly towards seed cotton yield as they

had direct and positive effects on it. Whereas, the staple length being fourth important

component of seed cotton yield had direct negative effect on the seed cotton yield per plant.

Whereas, characters such as monopodial branches per plant, sympodial branches per plant and

GOT% had only small proportion of direct effect on seed cotton yield per plant.

The progress in breeding by selection for components of seed cotton yield per plant

rather seed cotton yieldper se, may be limited due to the strong negative correlation between

number of bolls per plant and boll weight. In its simplest interpretation, this means that as the

plant develops additional bolls, they will be progressively smaller in size.

It can further be concluded that the increase in seed cotton yield can be achieved mainly

through breaking the negative correlation between number of bolls per plant and boll weight.

Obviously this would mean manipulation of physiological production potential of the plant

through changing the genetic architecture of the plant.

!

1
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Path coefTicient analysis for direct and indirect effect of G.O.T (%) on yield of seed
cotton per plant.

fpath association Indirect effect
coefficient

Direct effect
coefficient

Genotypic
correlation with
yield of seed cotton

per plant

G.O.T(%) vs yield
of seed cotton per

plant
0.25

- 0.20
Direct effect of

G.O.T(%)

Indirect effect of
G.O.T(%)

Via

Total number of

monopodial
branches per plant

0.01

Total number of
sympodial branches

per plant

-0.01

Total number of
flowers per plant

0.27

Total number of
bolls per plant

0.11

Average boll
wt(gm)

0.13

Staple length (mm) 0.15
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Table-57. Path coefficient analysis for direct and indirect efTect of Staple length on yield of
seed cotton per plant.

Path association Direct effect
coefficient

Indirect effect
coefficient

Genotypic
correlation with
yield of seed cotton
per plant_

Staple length (mm)

vs yield of seed

cotton per plant
- 0. 39

-0.54
Direct effect of

Staple length (mm)

Indirect effect of

Staple length (mm)

Via

Total number of
monopodial

branches per plant
- 0.006

Total number of
sympodial branches

per plant

0.10

Total number of
flowers per plant

0.04

Total number of
bolls per plant

0.01

Average boll
wt(gm)

0.11

G.O.T (%) -0.10
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4.4. Heritability

4.4.1. Node of first fruiting branch

The estimate of variance, coefficient of variation, heritability in broad and narrow sense and

genetic advance for node of first fruiting branch is presented in Table-58. The coefficient of

variation in F2 ranged between 15.40 % (Reshmi x DPL-54) to 26.48 %(Reshmi x MNH-93 )

indicating genetic diversity in F2 population under study, as values of variation for F2 population

were larger than the values of variances for parents and BC| and BC2 populations for this trait.

The heritability estimates in broad sense were 41.11% and 75.07 % for the crosses MNH-439 x

DPL-54 and NIAB-78 x DPL-54 respectively. Heritability estimates in narrow sense were 32.01

percent and 66.39 percent for Reshmi x DPL-54 and Reshmi x NIAB-78, respectively. The

genetic advance values ranged from i.18 to 2.74 for crosses MNH439 x DPL-54 and MNH439 x

NIAB-78 respectively. Difference in estimated values of broad sense and narrow sense

heritability and H„ / Hb ratio indicated that this trait is controlled by additive gene action as the

difference between broad sense and narrow sense heritability is narrow. Some of the research

workers like Ray and Richmond (1966) and Jain (1980) have also reported high and moderate

heritability estimates for node of first fruiting branch.

High value of h2 bs and h2 with reasonable coefficient of variability along with appreciable

genetic advance for the cross combinations MNH439 x NIAB-78 & S-14 x NIAB-78 suggested

n >

that the selection of desired node of first fruiting branch can efficiently be performed in the

populations of these crosses as additive genes action prevailed.

4.4.2. Number of monopodial branches per plant

Computed variances of Pj. P2, BC|, BC2 and F2, coefficient of variability in F2, broad

sense heritability, narrow sense heritability and genetic advance regarding the number of

monopodial branches per plant are shown in Table-59.

Perusal of Table-59 revealed that the highest value for the F2 variance was 2.37 for crosss

Reshmi x S-14; while, the lowest value was 0.70 observed for the cross S-14 x NIAB-78 in F2

population. It was also evident that the cross combination Reshmi x S-14 had highest heritability

(83.54%) in broad sense followed by cross Reshmi x MNH-439 having value 78.85%; while,

cross Reshmi x S-14 had highest narrow sense heritability value (67.93%) followed by the cross

Reshmi x N-78 with the value of 61.16 percent. The cross S-14 x N-78, however, showed the

lowest broad sense heritability (25.71%) and narrow sense heritability
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Table-58. Summary of total variance, heritability (broad and narrow sense) and

genetic advance for node of first fruiting branch.

Var ofVar of P1 Var ol P2 Var of F2 C.V of Var of H (b.s) H (n.s) Hn/H&X100 G. A
F2 Bc1 Bc2

3.67 3.07'qeshmi X

MNH439
i £hrni X S-14

23.34 62.23 58.104.75 91.81.498 2.13 2.36

2.67 66.022.05 52.19 79.053.87 21.831.498 1.15 2.29

I £nmi X N-78 2.06 69.331.498 0.827 2.79 66.39 95.76 I 2.353.63 22.13

qeshmi X

DPL54
1.221.498 2.26 48.1815.40 1.85 1.94 32.30 80.39 1.67

3eshmi X

MNH93
’\1NH439 X

1.498 1.82 26.48 3.494.91 3.81 66.37 77.3251.32 2.56

2.13 1.15 4.11 3.07 61.8223.76 3.29 45.25 73.6 2.18
4

•'JH439 XN- 2.13 0.827 25.264.69 3.41 3.15 71.92 60.12 82.4 2.74
78

1NH439 X
DPL54

2.13 2.701.22 2.172.44 41.1118.88 29.25 70.7 1.18

MNH439
XMNH93

2.13 1.82 3.56 3.01 2.74 44.6918.54 38.48 83.1 1.52

•ÿ14 X ISl-78 0.8271.15 2.39 19.76 1.711.92 59.19 48.11 81.29 1.89

X DPL54 1.15 1.22 18.412.49 2.21 52.611.85 36.94 70.22 1.46

•4 XMNH93 1.15 1.82 3.19 18.79 2.35 2.69 54.23 42.01 77.4 1.71

78 X DPL54 0.827 1.22 4.03 22.60 2.94 3.21 75.07 62.847.39 2 66

’8 X MNH93 0.827 1.82 2.66 19.49 1.96 2.15 53.87 45.49 1.5584.0

->PL54 X 1.22 1.82 3.23 20.26 2.45 2.75 53.86 39.01 71.7 1.73

Var : Variance

Cv : Coefficient of variability

H(b.s): Heritability broad sense

Hns): Heritability Narrow sense

G.A : Genetic Advance



T Summary or total variance, heritability (broad and narrow sense) and genetic
advance for number of monopodial branches per plant.

Table-59.

H (b.s)Var ol
Bc2

C.V ol Var ol H (n.s)Var ol F2Var of Var of Hn/HoX100 G.ACross
BelF2PI P2

1.32 78.85 50.28 63.761.309.73 1.030.27 1.75mi X MNH439 0.51

67.93 81.311.36 2.401.77 83.54S-14 8.270.56 2.370.27

N-78 0.96 61.16 80.50 1.811.17 75.979.270.27 1.540.50

X DPL54 0.790.81 67.57 55.858.58 82.65 1.250.27 1.110.48u

X MNH93 75.831.11 1.18 46.31 61.07 1.540.27 1.49 9.940.48

d439 XS-14 66.021.20 47.43 71.84 1.280.51 8.6 1.180.56 1.56

H439 X N-78 44.5263.50 70.1 0.958.71 1.150.51 1.37 0.980.50

'.H439 X DPL54 54.45 34.54 63.43 0.80 I0.51 0.891.10 7.5 0.930.48

1.271-H439 XMNH93 0.74 57.98 54.62 94.200.51 1.19 7.04 0.990.48

•i X N-78 25.71 61.060.56 5.8 0.67 0.62 15.70 0.270.48 0.70

X DPL54 0.56 0.74 38.09 17.85 46.86 0.60.48 6.2 0.790.84

•4 XMNH93 0.56 1.160.48 1.55 7.23 1.22 66.45 69.9 1.2346.45

'8 X DPL54 0.50 62.01 94.960.48 8.30 0.93 58.89 1.461.29 0.89

Tx MNH93" 0.50 57.390.48 0.86 53.04 94.421.15 8.70 0.83 1.15

154 X MNH93 0.48 0.48 76.920.87 7.30 0.70 44.82 34.48 0.840.74

i

Var : Variance

Cv : Coefficient of variability

H<bs): Heritability broad sense

H<n.s): Heritability Narrow sense

G.A : Genetic Advance
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(30.34 %). The highest genetic advance (2.40) was obtained in the cross Reshmi x S-14

followed by the cross Reshmi x NIAB-78 having value of 1.81, while the lowest value (0.57)

was observed in cross S-14 x NIAB-78.

Number of monopodia! branches per plant plays an important role in determining the

earliness of a genotype. As the higher number of vegetative branches will enhance in vegetative

growth period and will delay the reproduction phase, causing late maturity. The high value of

narrow sense heriiability for cross Reshmi x S-14 and Reshmi x NIAB-78 indicated the presence

of additive gene action in these two crosses.

The high value of heriiability in broad sense and narrow sense with appreciable genetic

advance (1.8-2.4) in these crosses showed that effective selection for this character is possible

and new strains may be developed possessing the decreased number of monopodial branches.

Similar findings arc reported by Ray and Richmond (1986), Ikram ei al. (1971), Sing and Singh

(1981), Seth and Singh (I984j.

1

4.4.3. Number of sympodial branches per plant.

The estimates of variances of P|, P2, BCi, BC2 and F2, Coefficient of variability of F2.

heriiability broad sense, heriiability in narrow sense and genetic advance are presented in Table

-60. Coefficient of variation in F2, ranged from 11.27% (Reshmi x S-14) to 21.66% (Reshmi x

MNH-93). Heritability in broad sense ranged from 52.12 percent to 82.13 percent for the crosses

DPL-54 x MNH-93 and Reshmi x MNH439 respectively. Heritability estimates in broad sense

for all F2 populations were high except for two crosses (MNH-439 x N-78 and DPL-54 x MNH-

93), which suggested that this character is highly transmissible to the offspring. Narrow Sense

heritability ranged from 31.51 percent to 66,85 percent for the crosses NIAB-78 x DPL-54 and

Reshmi x MNH439, respectively; while, the genetic advance ranged from 2.33 to 6.21 for

crosses Reshmi x S-14 and Reshmi x MNH-93, respectively. Difference in estimated values of

broad sense and narrow sense heritability and Hn / Hb ratio indicated that this trait is controlled

by additive gene action as the difference between broad sense and narrow sense heritability is

narrow. Considerable emphasis is usually placed on number of sympodial branches per plant

(Fruiting branches per plant) due to its high and positive association with seed cotton yield, as

these branches bear bolls directly. High heritability and appreciable genetic advance coupled

with significant value of coefficient variability in the F2 populations of the crosses Reshmi x

MNH439, Reshmi x MNH-93 suggested that fruitful selections can be made in the further

segregating generations of populations of these crosses for improvement in this trait. It was

concluded that progenies of F3 selected from F2 population of above-mentioned crosses at 10%

i

v>
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Summary of toLal variance, heritability (broad and narrow sense) and genetic

advance for number of sympodial branches per plant.
Table-60.

Var of H (b.s) H (n.s)Var of HrVHt>X100C.V olVar of Var of G. AVar ofCross
Bc2F2 BelP2 F2PI

lÿmi X MNH439 10.20 10.37 82.13 66.85 79.219.84 5.63.6 15.211.90

63.77 88.63.15 55.70 2.333.311.271.90 1.38 4.47X S-14

6.18 73.89 59.53teshmi X N-78 15.13 6.56 81.1 3.922.95 9.071.90

X DPL54 6.27 74.08 59.266.41 00.11.90 2.87 9.01 16.19 5.60

Tshmi X MNH93 82.011.90 5.61 21.66 12.72 12.85 70.08 73.7 6.2118.53

(NH439 X S-14 8.831.38 10.81 82.04 52.17 62.7 5.333.6 13.32 21.14

JMH439 X N-78 3.6 5.53 52.04 38.32 2.382.95 6.81 14.56 5.48 70.1

NH439 X DPL54 3.6 5.26 66.46 46.84 3.602.87 9.62 17.52 9.47 70.4

NH439 XMNH93 3.6 12.015.61 18.92 8.74 8.91 62.45 53.03 3.8085.4

S-14 X N-78 3.97"!
"

1.38 2.95 14.62 5.95 76.728.67 5.98 62.55 81.4

3-14 X DPL54 1.38 2.87 10.23 18.33 6.86 7.72 80.53 57.47 4.5280.7

3-14 XMNH93 1.38 6.34 69.28 60.22 06.9 3.659.05 16.11 6.305.61

1-78 X DPL54 2.95 2.87 3.4915.38 6.02 67.01 31,51 47.18.79 6.14

1-78 XMNH93 2.95 5.61 10.92 18.81 8.06 8.04 62.82 52.56 83.5 3.65

'L54 X MNH93 2.87 5.61 8.34 15.91 6.62 6.59 51.88 41.61 80.0 2.65

!Var : Variance

Cv : Coefficient of variability

H(b s)J Heritability broad sense

H<n.S): Heritability Narrow sense

G.A : Genetic Advance!

I



Iselection pressure, will be shifted to have 5-6 more sympodial branches per plant than F2 mean

value.

Singh and Singh (1981), Khorgade and Ekbote (1981), Khan and Tariq (1984), Ikram ei

al. (1993) and Shanti and Raveendran (1999) also obtained similar findings. From the present

results the author agree with the findings of Muney (1986) who also opinioned that higher yield

can achieved by a greater number of main stem nodes bearing sympodial branches rather than

more number of nodes per fruiting branch.

4.4.4. Number of days taken to first flower.

Generally very high heritability in broad sense values were associated with almost all

crosses, which reflected the high breeding values of the parents used in present study. The

estimates of variances (P|, P2. BC), BC2 and F2), coefficient of variability of F2, heritability in

broad sense and narrow sense, and genetic advance for number of days taken to firs' flower are

presented in Table-61. The coefficient of variation in F2 ranged between 10.06 to 20.24 %for the

crosses MNH439 x MNH93 and Reshmi x MNH-93, respectively. Heritability estimates in

broad sense ranged from 65.67 percent to 85.05 percent for crosses MNH439 x MNH-93 and

Reshmi x NIAB-78, respectively. Heritability estimates in narrow sense ranged from 36.20

percent to 79.3% for crosses Reshmi x MNH-439 and Reshrnr x NIAB-78, respectively. The

genetic advance ranged from 8.03 to 14.62 for the cross combinations MNH439 x MNH-93 and

Reshmi x MNH-93, respectively. F2 variability indicated wide genetic diversity in F2

populations, with high to moderate heritability in broad and narrow sense, couple with genetic

advance for the cross combinations Reshmi x NIAB-78, Reshmi x MNH-93, and Reshmi x S-14

suggested that desirable selection for earliness (number of days taken to first flower) can

successfully be performed in these crosses. The difference in estimated value of heritability in

broad sense and narrow sense and Hn / Hb ratio indicated the presence of additive gene action

with dominance effect for this trail. From these results it could be concluded that at 10%

selection pressure, the selected F_i progenies from above F2 cross combinations would be

expected to initiate flowering by about 13-14 days earlier than the mean value of the respective

F2 cross population.

Our results are in accordance with the findings of several other researchers such as Singh

and Singh (1981), Sinde and Deshmuskh (1985), Jagtap and Mehtari (1998) Godoy and Palomo

(1999) and Kumaresan et al. (2000) who also obtained similar results for this important trait.
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Summary of total variance, heritability (broad and narrow sense) and genetic

advance for days taken to first flower.
Table-61.

H (b.s) H(n.s) HO/HBXIOO G. AVar olVar otC.V olVar ofVar of Var ofCross
Be?F2 BCIP, P2 F2

72.6439.99 46.03 63.36 8 8810.49 35.6713.17 49.14X MNH439
I

13.67

zÿshrni X S-14 13.5456.17 81.05 73.14 90.158.6013.7990.4413.67 20.85

92.936.52 76.12 42.32 12.8632.327.95 43.66 14.4113.67leshmi X N-78

Jshrni XDPL54 73.64 56.0533.96 76.7 9.2213.67 12.8 10.80 38.8950.61

:$hmi X MNH93 72.7 14.6282.7313.67 21.70 70.45 69.21 61.70100.99 20.24

•NH439 X S-14 20.85 73.52 57.548.95 44.34 10.1613.17 62.60 12.62 48.49

\'H439 X N-78 81.2 10.2780.79 65.687.95 37.3 34.2553.27 11.8213.1 7

f,H439 X DPL54

fiH439 XMNH93

49.5911.93 45.26 45.36 78.45 62.8 10.612.8 60.2513.17

49.23 34.32 37.56 65.67 53.99 82.2 8.0313.17 21.70 10.06

TM X N-78 20.85 7.95 32.53 39.06 74.38 57.51 9.2850.25 11.80 77.1

>-14 X DPL54 20.85 56.91 78.3 10.5312.8 64.38 12.34 45.11 47.01 74.62

k
>14 XMNH93 20.85 11.6821.70 13.31 56.56 83.381.14 55.94 73.79 61.35

b
(•-78 X DPL54 62.92 71.8 13.957.95 12.8 81.87 13.88 55.74 56.47 87.67

h
'•78 XMNH93 21.70 12.767.95 50.38 82.87 67.26 81.176.68 13.09 51.41

X MNH93 12.8 21.70 50.38 10.45 38.12 37.68 66.93 49.54 73.9 8.35

Var : Variance

Cv : Coefficient of variability

H(b.s): Heritability broad sense

H<n.S): Heritability Narrow sense

G.A : Genetic Advance
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4.4.5. Days taken to open first boll

Number of days required lo open first boli is an important trait to determine the earliness

and heat tolerance of genotypes. The estimates of variances (Pi, P2, BClf BC2 and F2),

coefficient of variability in F2, heritabilily in broad sense and narrow sense and genetic advance

for number of days taken to open first boll are presented in Table-62. Generally high heritability

values were associated with almost all the crosses which indicated the high breeding value of

parents used in this study. The variance of F2 populations were of higher magnitude than their

respective parents and back crosses and the coefficient of variation for F; populations ranged

between 6.91% (DPL-54 x MNH-93) to 10.17% (Reshmi x MNH-93). The hentability estimates

in broad sense ranged from 63.95 percent to 82.34 percent. The lowest and the highest values

were obtained from crosses DPL-54 x MNH-93 and Reshmi x MNH-93, respectively. The

hentability estimates in narrow sense ranged from 47.76 percent to 58.50 percent for the crosses

DPL-54 x MNH-93 and Reshmi x MNH-439 respectively. The highest values of genetic

advance were obtained from the cross MNH-439 x S- 14 and lowest value for the cross Reshmi x

DPL-54.

High values of variabilily (var and cv%) in F2 indicated the wide genetic diversity in F2

population for this trait. High value of heritability both in broad and narrow sense with

reasonable coefficient of variabili ty along with appreciable genetic advance for the cross

combinations NIAB-78 x DPL-54, NlAB-78 x MNH-93 and MNH439 x NIAB-78, MNH-439 x

S-14 suggested that the selection of desired level of number of days taken to open first boll can

successfully be performed in the segregating populations of these crosses. The expected genetic

advance at 10% selection pressure from F2 population of these crosses would be about 13 days,

suggesting that F3 progenies would be about 13 days earlier over the mean value of F2 in days

taken to open first boll. Earliness up to this extent if achieved with out sacrificing yield and

quality, will be a break through in cotton improvement program (earliness). The difference in

estimated value of broad sense and narrow sense heritability, H„ / Hb ratio indicated dominance

additive gene action for number of days taken to open first boll which is also confirmed from the

value of variances of BC] and BC2. Moderate to high heritability estimates computed for number

of days taken to open first boll in present study are in accordance with the findings of several

other researchers such as Godoy and Palomo (1999) who also obtained similar results for this

1 important character.



1 Summary of total variance, heritability (broad and narrow sense) and genetic

advance for days taken to open first boll.
Table-62.

H(n.s) Hn/hVOOOVar of H (b.s) G. AC.V of Var ofVar of Var of Var ofCross
Be?F2 BCIF2p, p2

89.0865.67 58.50 10.0354.87 59.078.0181.23X MNH439 26.1 1 29.77

68.28 ”56.08IrirnTx S-14 87.9770.25 11.3669.368.1397.0126.1 1 36.30

.JfSiX N-78 68.1367.00 60.15 88.28.66 65.85 1 1.6795.0826.11 36.24

virni X DPL54 65.21 50.7864.80 62.51 76.9 6.0126.11 33.74 85.31 7.44

X MNH93 82.34 65.895.65 92.82 54.17 1 1.4926.11 20.82 130.92 10.17

,H439 X S-14 79.373.84 66.43 52.72 13.4136.30 97.94 8.90 70.4229.77

i '.H439 X N-78 73.82 52.17 75.41 13.1079.39 78.1929.77 36.24 1C6.59 9.13

(H439 X DPL54 51.65 68.1 9.41100.23 92.27 75.5729.77 33.74 129.75 9.73

fH439 XMNH93

(4 X N-78

1 4 X DPL54

46.12 71.856.81 50.66 64.36 7.8229.77 20.82 69.84 7.17

90.6455.53 59.07 51.46 46.64 7.4436.30 36.24 74.73 7.93

62.92 41.93 66.65 10.2936.30 94.38 7.64 72.11 77.0733.74

XMNH93 66.11 56.37 85.27 10.5436.30 56.57 59.9420.82 81.12 7.78

1 ’8 X DPL54 56.07 90.55 11.9191.87 62.75 69.47 61.9336.24 33.74 8.14

’’3 X MNH93 9.6556.89 64.18 48.35 75.3336.24 20.82 76.69 7.91 59.41

;u54 X MNH93 63.95 74.6 9.4233.74 20.82 6.91 53.55 58.36 47.7673.51

Var : Variance

Cv : Coefficient of variability

H(bs): Heritability broad sense

H<n.s): Heritability Narrow sense

G.A : Genetic Advance
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4.4.6. Number of flowers per plant

The ovary of cotton flower after fertilization ultimately converts into boll. Therefore, the

( number of flowers per plant is also an important component of seed cotton yield per plant.

Estimates of variances of (Pi, Pi, BC|, BC2 and F2 ), coefficient of variability of F2, heritability

in broad sense and narrow sense and genetic advance are presented in Table-63. The coefficient

of variation in F? population ranged between 7.44 (Reshmi x DPL-54) to 10.74% (Reshmi x

MNH-93), which clearly suggested a broad spectrum of genetic variability was present in the F2

population understudy. The value of broad sense heritability ranged between 78.54%(MNH-439

x N1AB-78) to 90.72%(Reshmi x MNH-93) and the value of narrow sense heritability ranged

from 49.96 to 74.21 percent for cross combinations MNH439 x DPL-54 and Reshmi x S-14,

respectively. The value of expected genetic advance ranged from 10.35 to 21.46 for the crosses

Reshmi x DPL-54 and Reshmi x NIAB-78 respectively. It is therefore, obvious that due to high

coefficient of variation and heritability values both in broad sense and narrow sense, quick

improvement in this trait could be expected through selection in early segregating generations.

The difference in estimated value of broad sense and narrow sense heritability and Hn/Hb ratio

indicated additive gene action for number of flowers per plant. Almost equal variance values for

BC| and BC2 populations indicated lack of dominance and showed additive genetic expression

of this trait. From the results (Table-63), it is clear that the hybrid populations of Reshmi x

MNH-93, Reshmi x S-14. and Reshmi x NIAB-78 with reasonable value of heritability in broad

sense and narrow sense and genetic advance suggested that selection in early segregating

generations for improving the number of flowers per plant will be fruitful and should be adopted

following the pedigree method of selection for developing new genotypes with increased

number of flowers per plant, as the expected genetic gain in F3 progenies selected at 10%

selection pressure in F2 populations of these crosses would lead to produce approximately 17

flowers per plant more than the mean value of F2.

4.4.7. Number of bolls per plant

Number of bolls per plant is one of the major components of the seed cotton yield in

cotton. The estimates of variances of (Pi, P2, BC|, BC2 and F2), coefficient of variability of F2,

heritability in broad sense, heritability in narrow sense and values of genetic advance

presented in Table-64.

are
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Table- 63. Summary of total variance, heritability (broad and narrow sense) and genetic
advance for total number of flowers per plant.

Hn/HfcXICOVar of P Var of F2 C.V of Var of Var ofVar of P: H (b.s)Cross H (n.s) G. A1

Be BC2F2

jÿmTX MNH439

X S-14

73.92 67.9915.9 110.75 8.01 87.83 71.86 81.8211.42 16.1

71.92 69.27 88.24 74.21 91.115.49 112.23 8.13 16.401 1.42

X N-78 8.66 1 16.52 1 15.24 91.81 73.77 80.35 I 21.4611.42 19.8 183.61

£hmi X DPL54 45.22 79.5811.42 15.42 64.99 46.67 58.627.44 73.66 10.35

£hmi X MNH93 1 1.42 28.5 196.02 10.17 138.61 137.55 90.72 59.12 65.8 17.32

54.09 I' 60.39'NH439 X S-14 80.2215.9 15.49 79.34 8.90 55.71 79.3 12.50

TH439 X N-78 9.13 57.94 59.21 78.54 58.01 71.2 12.5415.9 19.8 82.50

f,H439 X DPL54 89.22 86.85 49.96 68.115.9 15.42 119.17 9.73 89.57 16.67

XMNH93 15.9 68.83 76.81 52.69 12.9528.5 91.86 7.17 66.48 71.8

65.20 15.95S-14 X N-78 1 14.53 7.93 76.73 77.65 84.71 77.115.49 19.8

72.26 13,9070.53 84.34 60.95S-14 X DPL54 15.42 98.72 7.64 66.7415.49

13.7383.5M4 XMNH93 67.97 78.65 61.5568.5715.49 28.5 98.62 7.78

75.13 13.5461.991-78 X CFL54 68.24 69.61 82.5099.89 8.1719.8 15.42

16.0679.3266,7272.99 84.1273.71-78 X MNH93 7.9119.8 28.5 110.07

-L54 X MNH93 15.4567.3283.46 56.186.91 90.01 92.3715.42 28.5 126.82

Var : Variance

Cv : Coefficient of variability

Heritability broad sense

H<n.s): Heritability Narrow sense

G.A : Genetic Advance



1 The coefficient of variation in FT population ranged between 12.80 (N1AB-78 x MNH-

93) to 29.55 percent (Reshmi x MNH439), which clearly suggested a fairly broad spectrum of

genetic variability was available for selection. The value of broad sense hentability ranged from

55.44%(Reshmi x NIAB-78) to 79.18 (S - 14 x BPL-54) percent. The value of narrow sense

hentability ranged from 41.86 percent to 68.24 percent for cross combinations NIAB-78 x

MNH-93 and NIAB-78 x DPL-54, respectively. The value of expected genetic advance ranged

between 1.37 to 5.29 for the crosses MNH439 x DPL-54 and DPL-54 x MNH-93, respectively.

It is therefore, obvious that due to high values of coefficient of variation and fieri lability

value both in broad sense and narrow sense, quick improvement in this trait would be expected

through selection in early segregating generations. The differences in estimated values of broad

sense and narrow sense heritability and H„ / ratio indicated additive gene action for number

of bolls per plant. Similarly almost equal values of variances for BCt and BC2 (Table-64)

indicated lack of dominance and showed additive genetic expression for this trait. The F2

population of S-14 x DPL-54, NIAB-78 x DPL-54 and DPL-54 x MNH93 cross combinations

with reasonable values of variance, heritability in broad sense and narrow sense and genetic

advance suggested that selection in early segregating generations for improving the number of

bolls per plant will be fruitful. The expected genetic gain in F:, progenies selected from FT

population of these crosses at 10% selection pressure would yield about 4.6 to 5.2 more number

of bolls per plant over the mean value of F2 populations of these crosses.

Several cotton research workers such as Ishaque ei al. (1978), Singh and Singh (1981),

Singh (1982, Khorgade and Ekbote (1981), Thombre et at. (1982) Tian (1983), Khan and Tariq

(1984), Seth and Singh (1984), Sinde and Deshmuskh (1985), Tiwari et al. (1992), Akbar et al.

(1994), Ikram et at. (1997), Yingxin and Xiangming (1998), Jaglap and Mehtari (1998), Yankun

et al. (1998) Shanti and Raveendran (1999), Esmail et al. (1999), Kumaresan et al. (2000) have

also reported high broad sense and narrow sense heritabili ties and genetic advance in various

cross combinations of upland cotton and have opined that selection in early generations is

possible only in such material, when a trait is controlled by additive gene action and highly

hentable. It is therefore, inferred that for a successful breeding programmme, it would be

necessary to access the heritability and genetic advance for each cross of F2 in order to know the

extent of genetic variability and potential for further improvement in segregating population.



1 Summary of total variance, heritability (broad and narrow sense) and genetic
advance for number of bolls per plant.

Table- 64.

r Var of 'Varof F2 Hn/FWlOO | G. AC.V of Var of Var ofVar of H (b.s) ri (n.sjCross
F2 Bc1 8c2PI P2

X MNH439

casfuni X S-14

13.11 29.55 8.41 9.54 73.15 63.043.36 3.60 86.3 4.65

18.17 7.84 8.34 73.61 69.41 81.8 4.7712.393.36 2.09

£shmi X N-78 6.71 55.43 50.34 90.8 2.408.58 13.31 6.134.353.36

knrni X DPL54 19.76 5.82 6.05 64.76 49.55 76.5 3.162.31 7.893.36

fshmi X MNH93 70.32 50.2012.45 18.25 9.29 9.36 71.43.36 4.06 4.36

VH439 X S-14 76.01 66.53.60 18.69 8.81 8.39 50.39 4.472.09 11.48

NH439 X N-78 8.09 I 63.12 59.73 94.6415.88 6.96 3.603.60 4.35 10.73

fH439 X DPL54 72.824.02 9.25 9.71 78.18 56.91 1.373.60 2.31 13.25

I.H439 XMNH93 15.32 7.22 7.61 60.49 48.21 80.1 3.303.60 4.06 9.77

3-14 X N-78 6.39 64.04 50.41 78.1 3.262.09 8.39 13.39 6.164.35

i-14 X DPL54 79.18 55.98 70.6 4.512.09 2.31 10.52 20.97 7.54 8.03

4.6060.24 88.47M4 XMNH93 68.092.09 19.95 5.92 6.849.134.06

4.5791.8468.24-78 X DPL54 22.20 7.89 8.39 74.354.35 2.31 12.36

2.8577.641,86-78 X MNH93 7.10 53.85i 2.80 7.274.35 4.06 9.10

5.2983.12•'154 X MNH93 78.94 65.6122.39 9.55 9.992.31 4.06 14.54

Var : Variance

Cv : Coefficient of variability

H(bs)t Heritability broad sense

H{n.s): Heritability Narrow sense

G.A :Genetic Advance
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1 4.4.8. Boll weight

Boll weight is an important trait to determine the seed cotton yield. To increase boll

weight in new improved cotton varieties is a major objective of breeding. The estimates of

variances of PI. p2, BC|, BC2 and FT, coefficient of variability of F2, heritability in broad sense.

and heritability in narrow sense and genetic advance for boll weight are presented in Table-65.

Moderate to high values of heritability in broad and narrow sense were observed. In the present

studies the highest heritability estimate in broad sense (82.06%) was obtained from the cross

Reshmi x S-14 and lowest value (46.89%) was obtained from cross S-I4 x MNH-93. The lowest

(35.96%) and highest (76.21%) values for heritability in narrow sense were obtained from

crosses S-14 x MNH-93 and Reshmi x S-14 respectively. The coefficient of variation in F2

population ranged from 6.31 %(Reshmi x DPL-54) to 10.38% (Reshmi x S-14), which clearly

indicated a wide genetic diversity in F2 population under study, suggesting broader prospective

for developing new genotypes with big bolls through selection in early segregating populations.

The expected genetic advance value ranged from 0.19 to 0.56 for crosses Reshmi x DPL-54 and

Reshmi x S-14 respectively. The high value of heritability in broad sense and narrow sense also

indicated a high breeding value of the parents under study and suggested improvement in this

trait is possible by single plant selection in early segregating generations. The difference in

broad sense and narrow sense value of heritability and H„ / Hb ratio indicated the presence of

additive gene action for boll weight. These findings were also supported by estimated values of

variance of BC| and BCS. The variances of Bc(and Bc2 are nearly equal which also indicated

prevalence of additive genetic expression for this trait. The expected genetic gain at 10%

selection pressure in F5 progenies selected from F'2 populations of these crosses would be about

0.5 gram over the mean value of F2 for boll weight.

The boll weight is also an important component of seed cotton yield per plant and higher

values obtained for heritability values both in broad sense and narrow sense and presence of

sizeable coefficient of variation in F2 coupled with higher values of genetic advance observed

for F2 crosses Reshmi x S-14, Reshmi x NIAB-78 and NIAB-78 x DPL-54 reflected that

effective selection for this character is possible in these cross combinations in F2 and subsequent

early segregating generations to develop new strains possessing higher boll weight.

The results through the present research are also in close agreement with the findings

reported earlier by Singh and Singh (1981), Singh (1992), Jain (1983), Khan and Tariq (1984),

Tiwari el al. (1992), Ikram et al. (1997), Yingxin and Xiangming (1998), Esmail et al. (1999),

Shanti and Raveendran (1999), Siddique (1999).

mean



. Summary of total variance ,heritability (broad and narrow sense) and genetic
advance for boll weight.

Table-65.

Var ofVar of H (b.s) H (n.s)Var of F2 C.V of Hn/HtX 100Var of P2Var of P’ G. ACross
Bc2Bc1

£ÿrrii X

1h4-
Krrii X S-14

76.45 68.85 90.060.085 0.0759.620.033 0.122 0.480.025

76.21 92.682.06 0.560.098 0.09510.380.1560.0350.025

X N-78

tWX~DPL54

73.71 89.8782.02 0.530.077 0.0729.810.018 0.1180.025

60.160.051 0.052 39.06 0.196.31 64.930.026 0.0640.025

fm\ X MNH93 0.081 72.85 66.50.081 47.16 0.428.750.025 0.033 0.106

1+139 X S-14 62.64 80.69 0.340.075 0.061 50.547.670.033 0.035 0.091
l

fl439 X N-78 39.47 0.330.058 67.93 58.110.0640.076 7.220.0180.033

£439 XDPL54 43.66 74.33 I 0.280.0560.055 58.746.760.0260.033 0.071

0.2251.47 36.76 71.420.057 0.0540.068 6.60i+139XMNH93 0.0330.033

X N-78 47.5669.51 68.1 0.350.064 0.0617.740.035 0.018 0.082

|i X DPL54 67.78 0.3138.570.059 56.900.0540.035 0.070 6.650.026

|i XMNH93 0.2235.96 76.6446.890.057 0.0486.750.035 0.033 0.064

fe X DPL54 0.4953.72 65.4182.120.0950.0820.018 0.026 0.121 9.31

6 X MNH93 0.3776.155.2971.760.063 0.0608.210.0330.018 0.085

tb4 X MNH93 78.84 0.2340.9851.980.048 0.0496.320.033 0.0610.026

Var : Variance

Cv : Coefficient of variability

H(b S>: Heritabiii ty broad sense

H(n.s): Heritability Narrow sense

G.A : Genetic Advance



1 4.4.9. Seed cotton yield per plant

The estimates of variance (Pi, P2. BC|, BC2 and F2), coefficient of variability of F;,

heritability in broad sense, heritability in narrow sense and genetic advance for yield per plant

are presented in Table-66. Heritability in broad sense higher than 70% was observed only in two

F2 crosses, which suggested that this character is not highly transmissible to offspring and

variation in segregating generations is easily influenced by the environment. Coefficient of

variation in F2 ranged from 9.62% to 26.08%. The quoted values were recorded from crosses

N1AB-78 x MNH-93 and Reshmi x MNH439, respectively. Heritability in broad sense ranged

from 36.41 percent to 78.96 percent for the cross combinations MNH439 x S-14 and DPL-54 x

MNH-93 respectively. While heritability in narrow sense ranged from 28.67 percent (MNH439

x S-14) to 58.18 percent (DPL-54 x MNH-93). The remaining F2 hybrid populations were within

these limits. The estimated genetic advance ranged from 5.77 to 15.56 for the crosses MNH439

x S-14 and DPL-54 x MNH-93, respectively.

The estimated values of heritability in broad sense are higher than heritability values in

narrow sense which indicated that this trait is controlled by the additive gene action, which is

also verified from Hn / Hb ratio and estimated variance values of Bci and Bc2 as the variance

values are nearly equal. Higher heritability and appreciable genetic advance coupled with

significant value of coefficient of variability in F2 population of cross combinations, DPL-54 x

MNH-93, Reshmi x NIAB-78, Reshmi x S-14 and MNH-439 x MNH-93 suggested that fruitful

selections can be made in the segregating generations of above four crosses for improvement in

this trait as the genetic advance values indicated that the mean value of F3 progenies selected

from F2 populations of these crosses at 10% selection pressure would yield about 15.0 grams

more than the mean value of F2 populations.

Several research workers such as Singh and Singh (1982), Singh (1982), Thombre ei al.

(1982), Jain (1982), Khan and Tariq (1984), Seth and Singh (1984), Tiwari el al. (1992), Akbar

ei al.(1994), Ikram el al.(1992), Yingxin Xiangming (1998), Jagtop and Mehtari (1998), Yankun

ei al. (1998), Esmail el al. (1999), Kumaresan ei al. (2000) have also reported high broad sense

and narrow sense heritability and genetic advance in various cross combinations of upland

cotton and have opined that selection in early generations is possible only in such material, when

a trait is controlled by additive gene action and highly heritable. It is therefore, inferred that for a

successful breeding programmme, it would be necessary to access the heritability and genetic

advance for each cross of F2 in order to know the extent of genetic variability and potential for

further improvement in segregating population.
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Table-66. Summary of total variance, heritability (broad and narrow sense) and genetic
advance for seed cotton yield per plant.

("Cross Var of Pi Var of P2]Var of F2 C.V ol Var or Var ol H (b.s) HrVH*X1C0H (n.s) G. A
Bc1 Bc2F2

jmi X 47.30 79.8926.08 99.02 104.60 8.552.87 59.2155.4 133.35

1439

pX S-14 86.2515.85 92.41 100.7 61.24 52.82 12.2952.87 50.17 131.21

129.07 15.65 95.72 98.07 50.0352.87 17.92 76.15 65.7fn\ X N-78 15.2

60.9952.87 30.33 68.13 14.68 53.80 41.21 31.44 75.6 5.95

fjni X MNH93 12.04 61.15 61.58 52.6352.87 23.01 73.22 32.35 61.2 7.92

r439 X S-14 71.25 28.6771.10 36.41 78.7655.4 50.17 83.09 13.02 5.77

43.04 82.610.86 52.86 52.43 7.451-439 X N-78 51.1155.4 17.92 66.25

36.94r439 X DPL54 99.86 108.65 24.17 10.565.4355.4 30.33 1 18.59 18.32

H439XMNH93 75.55 80.20 66.96 54.48 81.5 12.19107.32 13.0155.4 23.01

42.72 70.1 9.1758.48 60.16 60.28: X N-78 50.17 17.92 75.43 11.12

8.9935.1873.80 54.86 64.14: X DPL54 15.33 68.6350.17 86.4230.33

7.7389.046.4752.59 56.43 52.17: XMNH93 23.01 71.01 10.4150.17

9.3469.259.23 65.03 45.363 X DPL54 13.94 43.7617.92 66.6030.33

9.6457.339.273 X MNH93 52.77 50.32 68.3623.01 64.14 9.6217.92

(54 X MNH93 15.5674.358.1887.23 90.87 78.96125.58 17.0330.33 23.01

Var : Variance

Cv :Coefficient of variability

H(b.S): Heritability broad sense

H(ns): Heritability Narrow sense

G.A : Genetic Advance



4.4.10. Percent first pick

The weight of seed cotton obtained in the first and second picking expressed as a

percentage of total seed cotton was a good practical measure of earliness (Poehlman 1986). The

estimate of variances (Pi. P2, BC|. BCi and F2) coefficient of variability in F2, heritability in

broad sense and narrow sense, genetic advance are presented in Table-67. Generally high

heritability values were associated with almost all crosses except S-14 x MNH-93, S-14 x

NIAB-78, and NIAB-78 x MNH-93, which suggested high breeding values of parents used in

crossing program.

The coefficient of variation ranged between 1.83 percent to 9.98 percent. The lowest and

the highest values were obtained from crosses NIAB-78 x MNH-93 and Reshmi x NIAB-78

respectively. The heritability in broad sense ranged from 60.09 percent to 94.42 percent for cross

combinations NIAB-78 x MNH-93 and Reshmi x NIAB-78, respectively. The heritability in

narrow sense ranged from 35.71 percent to 60.95 percent for the crosses S-14 x MNH-93 and

Reshmi x NIAB-78, respectively. The highest value of genetic advance (0.832) was obtained

from cross Reshmi x NIAB-78 and lowest value (0.203) was obtained from cross MNH439 x

DPL-54. As the broad sense heritability is based on the analysis of F2 and non- segregating

generation. The variation in estimated value of heritability is due to the parental differences in

the expression of this trait. The low differences in heritability values of broad sense and narrow

sense and H„ / Hb ratio reflected additive gene action for this trait. The values of variances of

BC| and BC2 are nearly equal in all crosses, which is further evidence of additive gene effect for

percent first pick. Presence of genetic diversity in F2 population which is reflected from CV% of

F2 population and reasonable value of genetic advance indicated that fruitful selection is feasible

in segregating generations for this traits. High value of heritability in broad sense and narrow

sense with high value of coefficient of variability with appreciable genetic advance for cross

combinations Reshmi x NIAB-78, NIAB-78 x DPL-54 suggested that selection of desired level

of percent first pick can be performed in segregating population of these crosses and value can

be improved by 0.8% over F2 mean value of these crosses in Fj progenies selected ai 10%

selection pressure.

High heritability estimates computed for percent first pick in present study is in

accordance with findings of several other researchers such as Jain (1983), Maksudov and

Engalychev (1985) and Gupta (1987).

j
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Table-67. Summary of total variance, heritability (broad and narrow sense) and

genetic advance For percent first pick.

i

C.V of Varof H (n.s) Hn/HfcX 1COVar ofVar of Var of H (b.s)• Cross Var of G. A
F? Bci Be?P, P2 F2

X 0.078 0.072 89.58 43.75 48.840.096 6.44 0.4880.0110.01

IH439
lÿrrii X S- 1 4 57.01 71.250.04 0.101 4.42 0.071 0.072 80.01 0.4470.01

9.88 0.188 0.161 63.700.251 94.42 60.95X N-78 0.01 0.02 0.832

fimi X DPL54 0.033 0.0300.01 0.01 0.04 2.64 75.01 42.51 56.67 0.264

:,-irniX MNH93 0.051 0.051 80.12 54.280.02 3.530.01 0.07 67.75 0.373

,H439 X S-14 0.084 0.091 82.50 54.17 65.660.011 0.04 0.12 4.91 0.503

55.99.4439 XN-78 3.28 0.075 0.063 83.34 46.670.011 0.02 0.09 0.440

0.022.H439XDPL54 2.29 0.023 66.67 50.01 75.01 0.2030.011 0.01 0.03

0.072 0.082 85.02 46.01 54.16 0.473H439XMNH93 0.011 0.02 0.10 4.29

73.74 0.27944.280.046 0.063 60.05X N-78 0.04 2.090.02 0.07

0.37378.320.056 0.055 75.01 58.75:: X DPL54 0.04 3.190.01 0.08

I; XMNH93 0.28051.3960.12 35.710.055 0.0600.020.04 0.07 2.95

0-812f3 X DPL54 58.8494.160.180 0.167 55.419.190.02 0.01 0.24

f3 X MNH93 0.23666.5860.09 40.011.83 0.040 0.0400.02 0.02 0.05

0.22976.920.030 65.01 50.01•54 X MNH93 2.25 0.0300.01 0.02 0.04

Var : Variance

Cv : Coefficient of variability

H(b.s)t Heritability broad sense

H(ns): Heritability Narrow sense

G.A :Genetic Advance
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4.4.11. Ginning out turn (%)

The estimates of mean, vanances (Pi, P2, BC|, BC2 and F2), Coefficient of variability of

Fz, heritabiIi ty in broad sense, heritability in narrow sense and genetic advance are presented in

Table -68. High values of heritability in broad sense and narrow sense were obtained for this

trait in almost all crosses. In the present studies, the highest hentability in broad sense (96.54%)

was obtained from cross MNH439 x MNH-93 and lowest value (86.73%) was obtained from

cross S-14 x MNH-93. The lowest values of heritability in narrow sense (64.24%) and highest

value (76.39%) was obtained from cross combination Reshmi x MNH93 and MNH439 x MNH-

93, respectively. The coefficient of variation in F2 population ranged from 2.87 to 7.34% for

cross combinations S-14 x MNH-93 and Reshmi x MNH439 respectively which indicated the

wide genetic diversity for this trait in population under study. The value of expected genetic

advance estimated for all F2 hybrid populations ranged from 1.72% to 4.92%, the lowest value

was recorded for cross combinations S-14 x MNH93 and the highest value was obtained for

cross MNH439 x MNH-93. The high value of heritability both in broad and narrow sense and

high values of genetic advance indicated the high breeding value of parents under study and

improvement of this trait through single plant selection in early segregating generations

(Pedigree method) is feasible. The difference in estimated value of broad sense and narrow sense

hentability and Hn / Hb ratio indicated the additive gene action for ginning out turn percentage in

cotton, which is also supported by the estimated values of variance of BCi and BC2, as the

values of variance were nearly equal, which showed additive genetic expression for this trait.

On the basis of high values of heritability (broad and narrow sense), coefficient of

variation in F2 and genetic advance, The F2 population of the crosses Reshmi x MNH439,

Reshmi x MNH-93, MNH439 x MNH93 showed promise for selection of desirable progenies

with high ginning out turn percentage. Results also indicated that mean value of Fj progenies if

selected at 10% selection pressure from F2 populaton of above crosses will be 4 -5% higher in

GOT than F2 mean values of these crosses. The results of present research are in close

agreement with the findings reported earlier by Bhatade (1981), Singh and Singh (1981), Singh

(1982), Jian (1983), Sinde and Deshmuskh (1985), Atta et al. (1989), Khan et al. (1994), Hsmail

et al. (1999), Yingxin and Xiangming (1998), Jagtap and Mehtari (1998), Godoy and Palomo

(1999), Yankun et al. (1998),



1Table-68. Summary of total variance, heritability (broad and narrow sense) and genetic
advance for ginning out turn (%).

Var of P Var of F2 Var ofVar ol P? C.V of Var of H(n.s) Hn/H,,XiC0H (b.s) G. ACross
F2 Be BC2

77.80 81.930.39 0.16 4.96 7.34 2.71 3.35 94.95 3.76
t>439

S-14 0.39 0.25 2.99 4.61 1.45 1.42 89.16 65.81 73.81 2.71

X N-78 0.39 0.22 4.68 5.95 2.71 3.37 93.02 70.08 75.33 3.54

-mi X DPL54 0.39 0.26 1.51 3.27 1.05 0.99 78.81 64.91 82.1 1.68

,-mt X MNH93 0.39 4.72 6.46 3.11 3.270.1 1 95.21 64.25 67.3 3.25

r439 X S-14 2.06 2.430.16 0.25 3.41 4.44 94.13 68.32 72.58 3.05

.-439 X N-78 0.16 2.340.22 3.82 4.92 2.33 95.01 76.34 80.34 4.54

-439 X DPL54 0.16 0.26 2.87 3.78 1.78 1.86 ! 92.68 73.17 78.94 4.67

:439XMNH93 2.300.16 0.11 3.77 4.59 2.31 96.54 76.39 79.12 4.92

• X N-78 0.25 68.070.22 3,07 4.52 2.04 2.01 92.53 73.9 3.99

• X DPL54 1.79 79.130.25 0.26 2.79 4.31 1.78 91.04 72.04 2.67

: XMNH93 0.25 0.78 71.22 1.722.87 0.83 86.73 81.60.11 1.25

! X DPL54 0.22 74.1 2.321.49 1.45 89.09 66.360.26 2.20 4.04

i X MNH93 1.920.92 89.86 70.94 78.930.22 0.11 1.48 3.31 0.91

54 X MNH93 1.01 0.99 89.17 72.43 1.960.26 1.56 3.35 80.10.11

Var : Variance

Cv : Coefficient of variability

H(bs): Heritability broad sense

H(n.s): Heritability Narrow sense

G.A : Genetic Advance

1

1



14.4.12. Staple length

Staple length is an important trait of cotton for determining the quality of fiber, as it

plays a major role in spinning. The quality of yam is also associated with staple length. The

estimates of means, variances of P|, P2, BC|, BC2 and F2 coefficient of variability in F2,

heritability in broad sense, heritability in narrow sense and genetic advance are presented in

Table -69. Coefficient of variability in F2 population ranged from 2.53 percent to 5.08 percent

for cross combination S-14 x MNH-93 and Reshmi x NIAB-78, respectively, which indicated

the presence of genetic diversity in F2 populations under study for this trait. High value of

heritability was estimated in all crosses except S-14 x NIAB-78. In the present study the highest

heritability in broad sense (93.11%) was obtained from cross Reshmi x MNH-93 and lowest

value (58.79%) was obtained from cross S-14 x NIAB-78. The lowest heritability value in

narrow sense (51.53%) was obtained from cross combination S-14 x NIAB-78 and highest value

(78.06%) was estimated for cross Reshmi x NIAB-78. The expected genetic advance value

ranged from 0.84 to 2.28 for crosses S-14 x MNH-93 and Reshmi x NIAB-78 respectively. The

high value of heritability both in broad sense and narrow sense in crosses indicated high

breeding value for these parents which could be exploited for improvement of this trait through

selection in early segregating generations.

The difference in estimated value of broad sense and narrow sense heritability and H„/Hb

ratio reflected higher additive portion as compared with non-additive one. Nearly equal values of

variances of BC| and BC2 indicated lack of dominance and presence of the additive gene action

for this trait.

To develop new genotypes with improved staple length along with other acceptable fiber

characters is one of the main objectives of breeding for improving the quality of yam. The high

values of heritability (broad and narrow sense), coefficient of variation and genetic advance in

F? crosses Reshmi x NIAB-78, Reshmi x MNH-93, Reshmi x MNH439 reflected the possibility

of selection for evolution of new strains possessing longer staple length. The present studies

further suggested that under 10% selection pressure, the F2 progenies of above crosses may yield

F3 progenies with almost 2.28mm increase in staple length over F2 mean. The results of present

study are in accordance with the findings of Singh and Singh (1981), Yingxin and Xiangming

(1998), and Siddique (1997), who also reported high heritability values for staple length in

various upland cottons breeding material.
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Table-69. Summary of total variance, heritability (broad and narrow sense) and

genetic advance for staple length.

!

C.V of Var of Var of H (b.s)Var of Var of Var of H (as) Hn/HfcXICO•Cross G. A
F2 BeI BC2P, P2 F2

Anrni X
id39

0.22 0.21 1.87 4.87 1.14 1.20 98.85 74.86 84.25 2.222.

£mi X S-14 0.22 0.38 1.72 4.52 1.13 1.07 83.24 72.14 866 1.91

X N-78 0.22 0.37 2.23 5.08 1.35 1.36 87.02 78.06 89.6 2.28

£mi X DPL54 0.22 0.07 0.66 2.76 0.43 0.44 81.54 68.14 83.56 1.15

;imi X MNH93 0.22 0.08 1.88 4.89 1.27 1.31 93.11 62.79 67.8 2.24

ri439 X S-14 0.21 4.26 0.98 0.95 79.12 55.82 70.50.38 1.34 1.61

,H439 X N-78 0.21 0.37 1.01 3.74 0.64 0.72 72.40 65.42 88.9 1.3

.H439 X DPL54 0.21 0.07 0.89 3.59 0.51 0.57 86.13 78.25 55.9 1.73

0.21 0.08 1.05 3.78 0.70 0.60 87.97 76.51 87.1 1.59

1 X N-78 0.68 0.67 58.79 51.53 83.4 1.320.38 0.37 0.91 3.50

i X DPL54 0.43 73.69 59.67 79.8 1.000.38 0.07 0.62 2.93 0.44

l XMNH93 52.00 79.85 0.840.37 0.37 65.120.38 0.08 0.50 2.53

'8 X DPL54 66.67 80.5 1.410.65 0.59 82.790.37 0.07 0.93 3.73

'3 X MNH93 78.7 1.193.18 0.51 0.54 77.51 61.840.37 0.08 0.76

-54 X MNH93 64.78 71.1 1.330.07 3.07 0.49 0.47 89.460.08 0.71

Var : Variance

Cv :Coefficient of variability

H(bs): Heritability broad sense

H(ns): Heritability Narrow sense

G.A : Genetic Advance
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4.4.13. Fiber Fineness

The estimates of variances (P|, P2, BC), BC2 and F2 ), Coefficient of variability of F2.
heritability in narrow sense and genetic advance for fiber fineness are presented in Table-70.

Heritability in broad sense for all F2 populations was high except three crosses, which suggested

that this character is highly transmissible to the off spring. Coefficient of variation in F2 ranged

from 2.30 to 4.16. These values were recorded for crosses S- 14 x DPL-54 and Reshmi x NIAB-

78, respectively. Heritability in broad sense ranged from 48.85%(DPL-54 xMNH-93) to 86.31%

(Reshmi x S - 14) and narrow sense heritability ranged from 38.46 %(DPL-54 xMNH-93) to

63.15% (Reshmi x S-14) while, the genetic advance ranged from 0,07 (MNH439 x DPL-54) to

0.27 (Reshmi x NIAB-78). The difference in estimated values of heritability in broad and

narrow sense and H„ / Hb ratio indicated that genetic variation was due to additive effects. It

seemed that in present material, additive effects contributed to the inheritance of fiber fineness.

The values of variances of BCj and BC2 were almost equal which indicated the lack dominance

and presence of additive gene action for fineness. In the present study, the highest and the lowest

heritability estimates were obtained from those crosses that involved two parents with greatest

difference and the two parents with smallest differences respectively. High heritability and

appreciable genetic advance with high value coefficient of variability in the F2 population of the

crosses Reshmi x S-14 and Reshmi x NIAB-78 suggested that fruitful selections can be made in

the further segregating generations for improvement in this trait and the mean value of Fj

progenies can br shifted towards fineness by decreasing micronaire value by 0.27over the F2

mean of these crosses at 10% selection pressure.

Yingxin and xiangming (1988) and Siddique (1997) obtained high value of heritability

for fineness in cotton, which is in accordance with the present findings while Singh, and Singh

(1981) reported moderate value of heritability.

4.4.14. Fiber strength

Fiber strength is an important trait in determining yam-spinning ability. Cotton varieties,

which produce weak fibers (low strength), are difficult to be handled in manufacturing process.

The estimate of variances (P|, P2, BCi, BC2 and F2), coefficient of variability in F2. heritability

in broad sense and narrow sense and genetic advance for fiber strength are presented Table -71.

Generally high heritability values were associated with almost all crosses which showed high

breeding values of parents used in the present crossing program.



1 Summary of total variance, heritability (broad and narrow sense) and genetic
advance for fiber fineness.

Tablc-70.

!

I

Var of P Var of P2 Var of F2 C.V of Var of Var of H (b.s) H (n.s) HrVHfcXIOO G. A
F2 BOI BC2

0.014mi X 0.0018 0.0019 0.019 3.34 0.012 90.26 63.15 69.96 0.20

j-439
X S-14 0.0018 0.0035 3.43 0.013 0.013 63.15 0.210.019 86.31 74.4>rm

-mi X N-78 0.026 0.0280.0018 0,034 4.16 85.120.014 41.17 0.2748.4
f

;mi X DPL54 0.0018 0.0081 0.022 0.017 0.0163.51 81.01 50.10 61.85 0.21

-imi X MNH93 0.0018 0.0056 0.015 2.92 0.010 0.01 1 78.37 60.00 76.55 0.17

1-439 X S-14 0.0019 0.0080.0035 0.011 2.38 0.009 76.36 45.44 59.52 0.08

439 XN-78 0.0019 0.014 0.015 0.0122.81 0.011 65.61 46.67 71.13 0.09

439 XDPL54 0.0019 0.0081 0.019 2.32 0.008 0.009 79.05 50.63 64.08 0.07

439 XMNH93 0.0019 0.0056 0.012 2.58 0.009 72.860.009 50.02 68.63 0.14

X N-73 0.0070.0035 0.014 0.011 2.32 0.009 68.17 0.1379.87 47.61

: X DPL54 0.0035 0.0090.012 0.01 54.57 41.66 76.23 0.110.0081 2.30

• XMNH93 76.1 0.100.0035 0.0056 0.011 2.36 0.009 0.008 59.75 45.45

i X DPL54 0.200.016 49.60. 42.85 86.390.014 0.0081 0.0170.021 3.01

i X MNH93 79.5 0.140.014 0.006 0.023 2.42 0.016 0.019 47.8260.15

54 XMNH93 0.100.0081 0.0056 0.010 0.011 48.85 38.46 78.730.013 2.45

Var : Variance

Cv :Coefficient of variability

H(b.S): Heritability broad sense

H(n.s>: Heritability Narrow sense

G.A : Genetic Advance

I



1 The estimates of coefficient of variation ranged between 0.92 to 1.25 for the crosses

MNH439 x S-14 and Reshmi x MNH439, respectively. The heritability in broad sense ranged

from 50.8 percent to 79.36 percent, the lowest and the highest values were obtained from crosses

MNH439 x NIAB-78 and Reshmi x S-14, respectively. The hentability in narrow sense ranged

from 27.83% to 56.16% for the crosses, MNH439 x NIAB-78 and MNH439 x S-14,

respectively. The highest value of genetic advance was obtained from the cross Reshmi x S-14

and the lowest value from cross MNH439 x NIAB-78. The differences in heritability values of

broad sense, narrow sense and H„ / Hb ratio reflected higher additive portion relative to non¬

additive one. The genetic variance was nearly of equal values in case of BC| and BCT also

suggested the presence of additive gene action for fiber strength. The higher value of coefficient

of variation indicated the genetic diversity in F;> populations for this trait. The reasonable values

of genetic advance reflected that fruitful selection is feasible in segregating population for this

trait. High value of heritability in broad sense and narrow sense with high coefficient of

variability with appreciable genetic advance for the cross combination Reshmi x S-14, Reshmi x

MNH-439 and Reshmi x NIAB-78 suggested that selection of desired level of fiber strength can

be performed in segregating population of these crosses. The segregants if selected at 10%

selection pressure from F? populations of these crosses would improve the fiber strength in Fj

progenies up to 1.5 TPSSI over the mean value of F2.

High heritability estimates computed for fiber strength in present study are in accordance

with the findings of several other researcher such as Sing and Singh (1981), Zhou (1986),

Yingxin and xiangming (1998) and Yankun el al. (1998) who also obtained similar result for

this trait. Therefore it is concluded that a successful breeding programmme selection of the

desired trait must be based on detailed genetic information derived from estimation of various

genetic parameters for individual parent and their hybrid populations.
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Table-71. Summary of total variance, heritability (broad and narrow sense) and genetic
advance for fibre strength .

(""Cross C.V of Var of Var otVar ot Var of Var of F2 H (b.s) H (n.s) HrVHfcXlCO G. A
Pi P: F2 Be BC2

mi X 0.378 0.337 1.35 1.25 0.98 1.04 73.62 50.37 67.5 1.51f.>39
X S-"i 4 1.25 1.21 1.00 0.92 79.36 46.400.378 0.176 58.46 1.56

X N-78 1.21 1.21 0.97 0.94 57.79 42.150.378 0.690 71.9 1.58

pmi X DPL54 0.378 0.437 1.01 1.08 0.81 0.82 59.74 38.56 64.4 1.04

fm X MNH93 0.378 0.401 1.19 1.18 0.89 0.92 67.26 47.90 70.1 1.28

,ÿ1439 X S-14 0.337 0.176 0.73 0.92 0.51 0.54 66.67 56.16 91.6 0.98

ri439X N-78 54.78 0.860.337 0.87 0.80 50.80 27.830.690 0.97 1.07

H439X DPL54 0.337 0.437 0.95 0.87 43.101.16 1.17 67.05 62.6 1.29

0.337 0.401 0.84 0.99 0.64 0.65 56.58 46.43 82.1 0.91

1 X N-78 0.176 1.02 0.67 0.660.690 0.89 60.84 50.56 83.10 1.27

1 X DPL54 0.64 0.640.176 0.437 0.85 0.98 67.15 49.42 73.58 1.08

1 XMNH93 69.53 1.140.176 0.401 0.87 0.99 0.67 0.65 48.25 69.5

3 X DPL54 1.250.690 0.81 0.79 48.68 41.12 84.470.437 1.07 1.11

3 X MNH93 1.3781.730.690 1.15 0.86 0.93 54.25 44.340.401 1.15

1.22.54 X MNH93 53.690.437 0.95 0.97 64.21 34.480.401 1.16 1.17

Var : Variance

Cv :Coefficient of variability

H<bs): Heritability broad sense

Heritability Narrow sense

G.A : Genetic Advance
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4.5. CLCuV inheritance

It is revealed from data presented in Table-72 • that all the parent plants of 124F,

MNH516. S-14, MNH465, NIAB- Karishma and F, of NIAB- Karishma X MNH465 showed

CLCuV symptoms. While, plants of varieties S-111. MNH564, CIM448, CIM1100 and F(

plants of following crosses (I) SHI X 124F, (2) MNH564 x MNH516, (3) CIM448 X S-14, (4)

CLM1100 X MNH465 were asymptomatic (“A “ phenotype). The F2 population segregated in 1:

15, S : A (CLCuV diseased plants : Healthy plants) of all crosses except the cross NIAB-

Karishma X MNH465, as the whole FT population of this cross was disease affected (“S”

phenotype). It is due to the reason that both parents used in crossing are CLCuV susceptible and

as a result the F|, BC|, BC: and FT generations of this cross were also CLCuV susceptible.

The data regarding the back cross populations (BC| and BC2) raised from the first four F,

hybrids from serial number one to four presented in Table-72 revealed that the BC] population

(F| x resistant parents) did not show any segregation as all plants were resistant. The back cross

(BCT) populations of respective susceptible parents segregated into 1:3 ratio, ”S”: “A” (CLCuV

diseased plants : Healthy plants). The 1:15 ratio in FT population of all the four crosses except

NIAB- Karishma x MNH465 between “S” : “A" were also observed during the following year

1999-2000, which confirmed the previous year results. Chi Square test completely advocated the

goodness of fit for F2 and back cross ratios.

These results indicate that inheritance of CLCuV susceptibility is conditioned by

duplicate factors, with the “S” conferring alleles recessive and hypostatic to “A” (Healthy plant

from CLCuV). The data F|, FT BC] and BCT populations of cross NIAB Karishma x MNH465

showed those “resistant” plants (phenotype) can not be achieved in F| by crossing the

susceptible parents with each other.

It is suspected that at least one copy of each of the two factors (designated VRi, VR2)

must be present for the “A” (resistant to CLCuV) response and plant bearing genotype VRr,

VR2-, VR|- Vr2Vr2, Vr)Vn VR2- will also be resistant to CLCuV and only genotypes having

VriVnVr2Vr2 will be susceptible.

The present studies revealed that virus resistant (“A”) in Sill, MNH564, CIM448,

CIM1100 is dominant over susceptibility in 124F, MNH516, 3-14, MNH465 and that the

character is controlled by two dominant genes. Segregation ratio of F2 9:3:3:1 based on two

genes was modified to 1:15 as a result of duplicate dominant epistasis in this experiment. The

pattern of segregation of F2 is as under:



1VR,VR,VR2VR2 x Vr|Vr,Vr2Vr2

FI VR, Vr, VR2 Vr2 Resistant

F2 9=VR, - VR2-

3=VR|-Vr2Vr2 Resistant

3= Vr, Vr, VR2- Resistant

1= Vr, Vr, Vr2 Vr2 Susceptible

F2 ratio changes to 1:15 (Susceptible : resistant)

Test cross ratio (F, x Susceptible parent)

VR, Vr|VR2Vr2(resistant F|) x Vr, Vr|Vr2Vr2 Susceptible parent

1= VR, Vr,VR2Vr2

1= Vr, Vr,VR2Vr2

1= VR,Vr, Vr2Vr2

1= Vr,Vr,Vr2Vr2

Resistant

Resistant

Resistant

Resistant

Susceptible

As a result the test cross ratio is modified to 3:l from 1: 1

These results are in according to Wilson and Brown (1991) and are contrasting with

Siddig (1968) and Ali (1997). As the G. hirsuuim L. is an allotetraploid species, an example of

duplicate factor inheritance in cotton has been documented by Wilson (1987). It is therefore,

concluded that for future improvement it might be necessary to identify lines that breed true for

the resistant “A”. Following evidences support the presence of two dominant genes hypothesis.

The test cross ratio 1:3 confirms digenic Model as in monogenic it must be 1:1 ratio. All

the F,, test cross ratio, Back cross ratio and F2 ratio confirm the homozygosity of the parents.



Table-72. Inheritance of CLCuV during 1998.

x2ExpectedObservedCross Total plums
SS A A

0124F 26 26

27 0 27S-ll 1

5959 0$-1 1 1 X l24F(Ft) 59 0

8484 0F, X S-l 1 1(BC|) 84 0

0.0622 66F, X 124F (BC?)
$-1)1 X124F(F2)

6788 21

173.4 0.18l 1.6185 13 172

2727 0MNH564
026MNH516 26

0 560 56MNH564 XMNH516 (F,) 56
8300 83Ft X MNH564 (BC|) 83

63.75 0.4761 21.2585 24F, X MNH516 (BC?)
161.2510.75 0.06162MNH564 XMNI15 16 (F?) 10172

C1M448 0 2626

021S- 14 2!
0 550 55CIM448 XS-14 (F,) 55

79F, X CIM448 (BC,) 79 0079
20.25 60.75 0.50SlfF, XS-14 (BC?) 81 23

10.9 0.828 167 164.1C1M448 XS-14 (F?) 175

29 0MNH465 29
25CIM1100 25 0

0 56C1M1100XMNH465(F,) 0 5656

0Fj XCIM1100 (BC,) 0 74 7474
19 63 20.5 61.5 0.15F] XMNH516 (BC?)82 82

160.3 0.738 163 10.7ClMilOO XMNH465(F?) 171

026 26NIAB Krishma
23 0MNH465 23
52 0N. KrishmaXMNH465(Ft) 52

FtX NlAB KrishmaCBCQ 81 80

073 73F|X MNH465 (BC?)

N. KrishmaXMNH465(F\) 172 171

A = Asympomalic (Kesistani)S = CLCuV effecled(Suscepiible)P > 0.05

158



Table-73. Inheritance of CLCuV in F2 during 1999.
2ExpectedObservedCross Total plants X

ss AA

14.3 214.7 0.22Sill X124F 21316229

12.9 194.1 0.10193MNH564 XMNH516 207 14

198.75 0.4 1C1M448XSI4 13.25201212 1 1

0.29194 195.9209 15 13.1CIMI 100 X MNH465
NIAI3 Krishma XMNH465 215 214

P > 0.05
S = CLCuV effected(Susceplible)
A = Asympomatic(Resisiant)

159



5 V. SUMMARY CONCLUSIONS AND ECOMMENDATIONS

This research project is comprised of three types of experiment:

1) In first type of experiment measurement of earliness and crop management by NAWF (Nod

above white flower) technique were studied using ten cotton varieties.

2) The second type of experiments were conducted to study the combining ability and

inheritance for earliness, yield and yield components and fiber quality traits in 6 x 6 inter

varietal hybrids of upland cottons raised in a complete diallel fashion.

3) Third type experiments were conducted to study the inheritance of CLCuV resistance in

upland cotton being first of its nature in Pakistan. The summary, conclusions and

recommendations of all the experimental are given below:

Summary

Earliness

Studies were canned out on ten varieties of upland cotton viz. Reshmi, CRIS-9, MNH-

93, MNH-329, MNH-395. MNH-439, S-12, S-I4, CIM-1100 and NIAB-78 during the years

1996, 1997 and 1998 to determine their maturity by monitoring the nodes above white flower

(NAWF) on weekly basis after initiation of flowering, The value of NAWF was near seven or

above during the early flowering season and this value existed for four to five weeks. After that

the value declined as flowering period continued. Early maturing variety decreased NAWF

value rapidly as compared to late maturing. It was observed from the average of three years data

that the varieties NIAB-78 and CRIS-9 were earliest of all the varieties and achieved the critical

value of NAWF-5 earlier (109.86 and 109.09 days from planting, respectively). While variety

CIM-1100 achieved NAWF-5 after 1 19.5 days from planting and was late than all other varieties

used in this study. It was also found that as the boll load on the plants increased, a simultaneous

decrease in the number of NAWF and boll retention was observed. The boll retention decreased

to negligible level, when NAWF declined to less than 5.0. In this way the cotton plant presentate

in clear fashion, the behavior of their growth and development from flowering to termination or

cessation of their physiological growth. Thus, the NAWF count provided a critical value for

management decisions related to monitoring growth pattern of cotton plant after flowering,



1 determination of earliness of varieties/genotypes, manipulation of growth and

development, and detecting the fruiting problems for taking appropriate remedial measures

during growth season (insects control, irrigation water, fertilizer application) to achieve the

maximum yield potential of cotton crop.

Genetic analysis

A 6 X 6 diallel cross study on cotton (G. hirsuium L.) was conducted during the years

1997 and 1998 to ascertain the inheritance of qualitative and quantitative traits such as; node of

first fruiting branch, number of monopodial branches per plant, days taken to first flower, days

taken to open first boll, number of flowers per plant, number of bolls per plant, boll weight, seed

cotton yield, ginning out turn percentage, staple length, fiber fineness, fiber strength and percent

first pick (seed cotton of first pick). The analysis of variance for above characters revealed

significant differences among genotypes. The graphic representation of variances (Vr) and

covariance (Wr) revealed that all the characters mentioned above are additive in their genetic

behavior and no epistatic interaction was detected for these characters. The estimation of

component of variation for these characters suggested that the (D) additive component was

significant in all the traits under study and were greater than dominant components (Hi and H2)

of variation except for number of sympodial branches per plant, number of bolls per plant and

seed cotton yield per plant, where the dominant components were higher in magnitude than

additive. The positive estimate of F indicated that dominant genes were in excess than recessive

genes in the parents for all the traits except for days taken to first flower, days taken to open first

boll, ginning out turn percentage and fiber fineness. The ratio of H2/4H1 indicated largely

asymmetry of positive and negative genes in parents for number of flowers per plant, number of

bolls per plant, seed cotton yield, percent first pick, staple length, fiber fineness and fiber

strength, and symmetrical distribution of positive and negative genes in the parents was

observed for node of first fruiting branch, number of monopodial branches per plant, number of

sympodial branches per plant, days taken to first flower, days taken to open first boll, boll

weight and ginning out tum percentage. The h2 value for number of monopodial branches per

plant, number of sympodial branches per plant, number of flowers per plant, number of bolls per

plant, boll weight, seed cotton yield per plant, percent first pick, ginning out tum, staple length,

fiber fineness, and fiber strength was positive and significant which indicated that hetrotic

breeding was rewarding for these traits. The correlation between Wr + Vf and Yj indicated that

dominant genes are mainly responsible for the expression of all trails except number of

monopodial branches, and number of flowers per plant for which recessive genes are responsible
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? for their expression. Selection based on progeny performance with large populations, involving

certain degree of intercrossing will increase the frequency of favorable alleles.

General Combining Ability (GCA) variances were also significant for all the traits.

Specific combining ability variances were significant at P<0.05 except for days taken to open

first boll, number of flowers per plant, percent first pick, boll weight, and fiber strength.

Reciprocal effects were significant only for node of first fruiting branch, number of monopodial

branches per plant, number of flowers per plant, and ginning out turn. From GCA effects, it was

revealed that variety NIAB-78 is best combiner for earliness which could be used for breeding

genotypes having lower node of first fruiting branch, less number of monopodial brunches per

plant, less number of days required to open first flower and first boll, and achieving high percent

first pick of seed cotton. The variety MNH-93 is the best general combiner for number of

sympodial branches per plant, number of flowers per plant, number of bolls per plant, boll

weight and seed cotton yield per plant. Reshmi is good general combiner for fiber quality iraits.

The cross Reshmi x NIAB-78 is valuable for earliness due to its good SCA effect for node of

first fruiting branch, number of monopodial branches per plant (lowest), days taken to first

flower, days taken to open first boll, percent first pick, seed cotton yield, and fiber strength. The

cross combinations Reshmi x MNH-93, Reshmi x DPL-52 and DPL-54 x MNH-93 are valuable

for seed cotton yield and its components as these crosses had highest SCA effect for seed cotton

yield and its components.

The cross Reshmi x MNH-93 is valuable not only for seed cotton yield but also for fiber

quality traits (having staple length 34.19mm, fiber fineness 4.42 micronaire, and fiber strength

95.1TPPSIof F| hybrid) to meet the international market requirement. The progenies of this

cross should be used for three way cross or modified back cross method or reciprocal recurrent

selection method to incorporate the early maturing traits from NIAB or from the advanced early

progenies of cross Reshmi x NIAB-78 having desirable fiber quality traits.

Only one promising cross Reshmi x DPL-54 have higher SCA value of seed cotton yield

and its components, showed significant reciprocal effects for node number of first fruiting

branch, number of flowers per plant and GOT%. Therefore, it was concluded that special care be

taken not to blend the progenies of the direct and its reciprocal cross when used for further

selection.

Correlation analysis revealed that the number of node of first fruiting branch, number of

days taken to first flower, number of days taken to open first boll, were positively and

significantly correlated with percent first pick (seed cotton of the first pick), while the number of



1monopodia! branches per plant was negatively correlated with percent first pick in present

breeding material.

Node of first fruiting branch, number of monopodial branches per plant, number of

sympodial branches per plant, number of flowers per plant, number of bolls per plant, boll

weight, fiber fineness (micronaire) value and fiber strength were positively and significantly

correlated with yield of seed cotton and staple length was negatively and significantly correlated

with seed cotton yield in present material. Similarly path coefficient analysis revealed that

number of sympodial branches per plant, number of flowers per plant, number of bolls per plant,

and boll weight had maximum direct positive effect on yield of seed cotton. Whereas, the traits

number of monopodial branches per plant, ginning out turn and staple length had the direct

negative effects on seed cotton yield per plant. Therefore, improvement in seed cotton yield

may be feasible by selection for high number of sympodial branches for plant, with high number

of bolls per plant, and boll weight but due to negative correlation with staple length and positive

correlation with micronaire value, the quality of lint might deteriorate with increase of seed

cotton yield. Therefore it is suggested that the breeder may look for cross over segregants for

improving seed cotton yield and fiber quality traits simultaneously. The present study further

suggested that for evolving a superior genotype possessing all the three basic characteristics i.e.

earliness, high yield and improved fiber quality of international standard, the breeder has to use

the reciprocal recurrent selection method or modified back cross or three way cross within

genetic material understudy.

Heritability in broad sense and narrow sense generally was high to moderate for node of

first fruiting branch, days taken to first flower, sympodial branches per plant, monopodial

branches per plant, days taken to open first boll, ginning out turn, percent first pick, boll weight

and fiber strength, while moderate for number of flowers per plant, number of bolls per plant,

seed cotton yield, fiber fineness and strength. It was further observed that the cross combinations

Reshmi x NIAB-78, Reshmi x MNH-93, possessed high to moderate heritability and genetic

advance for the traits of earliness, high seed cotton yield and quality characters, thus could lead

to development new promising genotypes by use of efficient selection techniques.

The crosses S-14 x NIAB-78, Reshmi x MNH-93 and Reshmi x NIAB-78 having higher

value of SCA with additive and dominant gene effects also possessing high heritability (broad

and narrow sense) for almost all the important characters pertaining to earliness, seed cotton

yield and fiber quality characters could be exploited towards development of new promising

genotypes of cotton crop.



1CLCuV inheritance

Four CLCuV resistant varieties viz. Sill, MNH554, CIM448, CIM11 and five CLCuV

susceptible varieties viz. 124F, MNH516, S-14, MNH465 and N1AB Krishma were used for

crossing, to study inheritance of CLCuV. The populations of Pi, P2, Fj, F2, BC| and BC2 were

raised and data for CLCuV was collected and tested through Chi-square method of analysis to

test the goodness of fit for the ratio obtained in F2 and test cross generations. F] generation

showed complete resistance against CLCuV. F2 population segregated in 15:1 ratio

(asymptomatic: Susceptible) and test cross segregated into 3:1 ratio, while the back cross

population with resistant parent showed complete resistance against CLCuV. It was concluded

from this study that factors controlling symptom expression were inherited as duplicate factor.

The susceptible phenotype (Genotype vrivnvr:vr2) was recessive to asymptomatic (resistant)

phenotype (Genotype VRJ-VR2-).
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CONCLUSIONS AND RECOMMENDATIONS

Earliness

The main conclusions drawn from present study are as under:

The plant is main indicator of actual growth and developmental factors within any

production field conditions.

Measurement of nodes above white flower (NAWF) described the fruit accumulation

relative to vegetative potential during the growing season in cotton crop and can be used

to monitor maturation of plants after flowering. Thus fruiting behavior problems may be

detected by NAWF during the season.

The genotypes/ varieties, which decreased the NAWF earlier, accumulated fruit earlier

and were early in maturity.

The technique of measurement of NAWF can be used as an indicator of general growth

condition of the cotton crop with reference to irrigation, fertilizer application and insect

management practices.

An established cut out benchmark (NAWF-5) is the critical growth stage, which may

provide a focal point for alt management decisions from selection to fertility and pest

control programs.

1.

2.

3.

4.

5.

Genetic Analysis

From graphic representation of variances (Vr) and covariances (Wr), it is concluded that

all the characters under study were additive in genetic behavior and no epistatic

interaction was depicted for any trait.

From the estimation of component of variation, it was concluded that the additive (D)

component was higher than dominant (Hi and H2) for all traits studied except for

sympodial branches per plant, number of bolls per plant and seed cotton yield per plant.

From the estimates of H2/4H1 ratio it was concluded that frequency of positive versus

negative genes in the parents were symmetrically distributed for node at first fruiting

branch, days taken to first flower, days taken to open first boll, boll weight, ginning out

tum and staple length.

I

2

3
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From the positive value of F it was concluded that dominant genes were in excess than

recessive ones in the parents for all the traits except for node of first fruiting branch, days

taken to first flower, days taken to open first boll, ginning out turn, fiber length, and boll

weight.

From h2 value it was concluded that hetrotic breeding for number of monopodial

branches per plant, number of sympodial branches per plant, number of flowers per

plant, number of bolls per plant, boll weight, seed cotton yield per plant, percent first

pick, ginning out turn, staple length, fiber fineness, and fiber strength is rewarding.

Mass selection will be an effective method for improving the boll weight and reducing

the number of days taken to open first boll.

The reciprocal recurrent selection method will be helpful for improving the sympodial

branches per plant, number of bolls per plant, seed cotton yield, percent first pick, fiber

fineness and fiber strength.

The full sib or half sib family selection, pedigree, and progeny test would probably be

necessary to achieve the genetic progress for node of first fruiting branch, days taken to

first flower, GOT%, and staple length.

From the correlation between Wr +'Vr and Y* it was concluded that dominant genes are

mainly responsible for the expression of ail traits except number of monopodial

branches, and number of flowers per plant for which recessive genes are responsible for

their expression. Selection based on progeny performance with large populations,

involving certain degree of intercrossing will increase the frequency of favorable alleles.

The cross Reshmi x MAB-78 showed desirable mean values for SCA effects, and their

parental GCA effects for earliness components such as node of first fruiting branch, days

taken to first flower, days taken to open first bolls. Besides this, the cross showed

desirable values for yield, bolls per plant, ginning out turn and fiber strength. Therefore,

this cross would be a good source of material to select for early maturing, high yielding

lines, having other desirable quantitative and qualitative traits.

The heritability value (broad and narrow) sense were moderate 10 high for almosi all

traits studied for above mentioned crosses indicating that genetic variability was due to

additive effects. It was further concluded that cross Reshmi x NIAB-78, NIAB-78 x

MNH-93 and S- 14 x NIAB-78 are valuable crosses for improvement of early maturing

traits (node of First fruiting branch, days taken to first flower, days taken to open first

boll, and percent first pick) with seed cotton yield and Fiber strength as heritability (broad

4

5

6
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8

9

10
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and narrow sense) was high with good genetic advance. Selection will be more effective

in crosses Reshmi x MNH-93, Reshmi x DPL-54, S-14 x MNH-93 and DPL-54 x MNH-

93 for improving the seed cotton yield and related traits (number of sympodial branches

per plant, and number of flowers per plant, number of bolls per plant and boll weight)

with staple length and fiber fineness as the herirability in broad sense and narrow sense

alongwith values of and genetic advance were higher for these traits.

It is also concluded that modified baek cross or recurrent selection method will be

helpful in evolution of new improved early maturing genotypes having high seed cotton

and lint yield and good fiber quality traits (fit for spinning above 20 count yam).

From the study of path coefficient it was concluded that the number of sympodial

branches per plant, number of bolls per plant and boll weight had main direct effect on

seed cotton yield, so the attention should be focused to improve these three traits to

improve seed cotton yield.

All the morphological measures were significantly correlated with each other (node of

first fruiting branch, number of monopodia! branches per plant, days taken to first

flower, days taken to open first boll and percent first pick) and had high heritability.

Node of first fruiting branch could be considered as one of the most reliable and most

practicable parameter for determining the earliness of a genotype in early growing

season.

CLCuV inheritance

1 Present investigation lead to conclusion that there were two dominant duplicate epistastic

genes for resistance in S-1K, MNH564, CIM448, and CEM1100. It is therefore, suggested

that breeding for virus resistance may be accomplished through hybridization programme

and selection based on single plant progeny basis.

2 It was concluded from this study that factors controlling symptom expression were inherited

as duplicate factor.

3 It was also concluded that susceptible phenotype (Genotype vn, vrj, vr2, vr2) was recessive

to asymptomatic (resistant) phenotype (Genotype VRrVR2-)-

Only those plants should be selected for further testing, whose progeny is completely CLCuV

resistant and the progenies of those plants, which show susceptibility to CLCuV to any ratio,

should be rejected. It is, therefore, possible to make any variety resistant to CLCuV with

otherwise good agronomic and technological characters by back cross technique.

12
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SYNOPSIS OF THESIS FOR THE DEGREE OF Ph.D . IN SUBJECT PLANT
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DIALLEL INTRA- SPECIFIC HY3RIDS OF' GOSSYPIUM

HIRSUTUM L.

TITLE OF

RESEARCH :

!

INTRODUCTION

Cotton is an important cash crop of Pakistan. The

area under cotton crop in Pakistan during the year 1995-96 was

3047 thousand hectares with a total production of 10050

chousand bales, while in the Punjab cotton crop was sown on

3518 thousand hectares with a total production of 8300

thousand bales. Multan region is the main cotton growing area

in Punjab which produces 90% of the total production of the

Punjab from 84.5 percent area. (Anonymous, 1995-96).

Besides a substantial foreign exchange of over 68%

from the export of raw cotton and value added products, it

provides food and shelter to million of people from the field

to factories. It provides raw material to 1035 ginning

factories, 319 spinning mills, 8.1 millions spindles and 5000

oil expelling units, where 35 percent of the total industrial

labour is engaged. (Anonymous, 1995-96).
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r Substantial increase in lint production has been

achieved due to tremendous improvement in G.O.T. Durinq last 12

yearS G.O.T% value has increased from 33 percent to 43.9% in

commercial varieties. Development of high yielding varieties

alonÿwith production and protection technology resulted in 5G1

kg/ha lint but there is still a lot of scope to improve

product ion/ha to compete with the other developed countries of

the viorld.

Ear ly maturity and increased lint yield are the major

breeding objectives of cotton breeding programme in Pakistan for

early sowing of wheat in cot ton-wheat rotation. Accurate

description of maturity of cotton cultivars is needed for

evolving early making, high yielding cultivars and for developing

precision management technology A new technique to measure crop

maturity based on rate of movement of white flower to the plant

apex I to quantify the maturity of cotton cultivars and for

enhancing percesion of management of cotton crop for increased

production has been advocated by Bourland rt al. 1991.

Knowledge of the nature of aene action and number of

genes controlling the expression of quantitative characters is

of much value to the plant breeders. While knowledge of character
jij.Nl.-i 1

. .
association affectlM,

for conducting an

effectiveness of silecti

:

jflelHj l|ii
ceding

any crop is of basic importance

programme. Moreover, the

in segregating generations depend;;on

primarily on the magnitude of heritabi1it y . It expresses Iho

2
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-V reliability o£ phfendfcyplc value ad ajgulde to breedihg value

its determination is obviously a fundamental objective in any

and

breeding programme .

\REVIEW OF LITERATURE t

Performance of the Parents and Maturity.1.

Evaluation of the effects of seasons on the performance

of cotton cultivars is of the most important aspect towardsone

crop improvement. Stability of cotton cultivars for their

* performance due to changes in seasons is one of the main

crlterian foi: their selection. Tims study of genotype environment

undertaken as a part of this study. Theint eraction wi 11 also be

‘assessment of genotype and environmental interaction in cotton .
!

is made by estimating the genetic and phenotypic variance and co

variance to design more efficient, selection procedures. Sunil <?f

al . (1987) and Geng et al. (1990) reported that the performance

of a particular variety may be outstanding at one location in one

or more years, but be variable, mediocre or even substandard at

other locations.
:

V

Maturity in cotton with respect to earl Lness is

estimated by counting the nodes at which 1st sympodia arises. Rut

Bourland et al ( 1990) stated evaluation of main stem nodal

development Is a central component of reading the cotton plant !

for more efficient crop management and found highly significant

;
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correlation between days to NAWB-5 and Percent 1st pick seed

cotton. Soornto (1994) stated that seasonal fluctuation effect the

fibre properties except the micronaire values.

2 • Correlation and path coef ficieiit :

et al. (1904), Mithaiwal et al.Dhahda (1984), Faqir

studied characters association in G. hirsutum L. and(1984) ,

' reported that seed cotton yield was highly and positively

correlated with bolls/ plant , plant height and seeds/ boll. Path

»
coefficient analysis showed that bolls/ plant and seeds/ boll

contributed significantly tovmrds yield; G.O.T. and boll weight'

were other important, yield components . Multiple correlation

analysis indicated that bolls/plant and boll weight contributed

60% to yield and most important yield determinant.

Baloch et al. (1992) studied phenotypic correlation,

multiple correlation and unidirectional and alternate pathway

influence of some important yield components on seed cotton yield

in upland cotton. Phenotypic correlation coefficient between boil

K
number and seed cotton yield were strong and positive while seed

index with boll weight and number of sympodia with boll weiciht

were 0.77 and 0.78 respectively. Multiple correlation cumulative

effect of yield components such as seed index, number of

sympodia, boll number and boll weight on seed cotton yield was

low. Path coefficient analysis revealed thal the trait boll

4
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' number jhad majot dhd direct effect on seed

seed irtdex, sympodia and boll weight had very minor or negligible

effect: on yield.

cotton yield, while

Combining Ability dhd Gene Action.
!

i

Shahani and Chang '(1985.1 studied combining ability for

yield iof seed cotton, number of bolls/plant, weight of seed

cotton/ plant and G.O.T in G. hirsutum L. crosses and concluded

by variance for specific combining ability was larger than those

of general combining ability for all characters which showed non-

gene effects for above traits.

Jagtap and Kolhe (1987) made graphic analysis of 5x5

crosses of G.hirsutum L. and observed over dominance for boll

number, boll weight, seed cotton yield and

ability analysis revealed

G.O.T. Combiu i rig

that both additive and non additive

gene action was significant for all above characters, bu t
/

i.
additive gene action was more important.

i

Tyagi (1988) studied genetic architecture of yield and

* its cbmponents in G, hiiautum L. and concluded that gene action

was mainly additive for seed cotton yield, while additive and

dominance gene actions WÿLO observed for plant height. bo1 ]

number, seed/locule and seed index. However, it was mainly

dominance for boll weight.

*
5
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Ayilb et dJ. (1991) cortiucted

TT

I <

a 6x6 dlallei experiment

for the combining ability analysis for' some quality characters

of upland cotton. Significant estimates of variance due to

General Combining Ability (GCA) effects and Specific Combining

Ability (SCA) effects were observed except the variance due to

reciprocal effects for G.O.T. which was found to be non¬

significant. High magnitude of mean square

as compared to S.C.A. effects were recorded for seed index, lint

for G.C.A. effects

index and staple length thus confirming additive type of gene

action for characters. In case of G.O.T. mean square due to

S.C.A. effect were higher than G.C.A. effect and thus governed

by non additive gene action.

Sanyasi (1991) studied genetic analysis of y i a 1 d and

number of bolls in 10x10 diallel cross experiment in upland

cotton. Analysis revealed that the inheritance of yield and

number of boll3/plant are controlled by genes with additive and

dominant effects. Over dominance was noted for yield and pari ial

dominance for number of bolls.

Tiwarl et ai. (1992) studied 13 F, and F, intervar i eta 1

>* crosses in upland cotton for inheritance of seed cotton, bo)!

number and boll weight. Both additive and non additive gene

actions were found equally important in the expression of boll

number and boll weight, whil™ cotton yield showed non additive

gene action.

6
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Sayal~( 19gÿ .) conducted 8K8diallel crosses experiment

on upland cotton. Combining ability studies revealed that S.C.A.

effect was greater in magnitude and more prominent for the

characters like yield of seed cotton, plant height, boll weight,

G.O.T., seed index, and staple length. He further concluded that

major portion of the genetic variance for these characters were

due to genes with dominant or epistatic effects. The magnitude

of variance due to S.C.A. effect was greater than the G.C.A.

effect there by showing the importance of non additive type of

gene action involved in these characters. Likewise number of

bolls/plant and number of seeds/ boll were controlled by add i t i ve

type of gene action.

i

IrfanUllah et aJ . (1993) studied the combining ability

potential in 4x4 complete diallel in Upland cotton and concluded

that sÿed cotton yield, boll number/plant, boll weight were

controlled by additive type of gene action.

y

Selection Parameters (Her itabilitv .in.Broadsense and Narrow sense
.

and Genetic Advance.

Ishaque et aJ. (1978) reported high heritability for

number of bo11s/plarijj v i'ndi mcidelrat e for G.O.T.,

.« ! II;,.'!
The expected genetic advance wan

of

seed index and

J-1cotton yield per

bolls/plant, moderate foi seedappreciable for er

cotton/plant, low for G.O.T in Drsi Cotton.

7
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£Singh arid Singh ( 1981) studied gene action heritabi 1ity

and genetic advance for 13 yield components and quality traits

in Fj dnd F, crosses involving 35 G.hirsutum L.line. Heritability

estimates in Narrow sense were high ranging from 42.45 to 96.16%

Estimated genetic advance was high for number ofin F21 '

monopodia and number of bolls/plant, intermediate for yield/

plan , plant height, number of sytnpodia and number of days to 1st

flower and low for Average boll weight, seed index, lint index

and G.O.T.

Sethi and Singh (1994) studied the heritability and

variability of yield components in Upland cotton.

heritability , Genetic advance, coefficient of variation and

Estimate of

variance were obtained for yield and five related characters in

the parents, F| , Fj , Fj . Boll number, yield and number of primary

and secondary monopodia showed high heritability (Broad sense)

and high genetic advance.

\

Khan and Tariq ( 1984) computed moderate lo high

heritability (Broadsense) for plant height, number of Fruiting

branches, number of boll/plant, boll weight, number of seed/bo) 1 ,

yield of seed cotton and weight of lint/ plant in Upland cotton.
I

The expected genetic advance at 5% selection was appreciable for
;

all characters except boll weight where it was moderate.

1

8

:
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Tlwarl efc di. (1992) computed high heritability with

high genetic advance for boll number and boll weight by studying

13 Fi and F, inteirvar 1eta1 crosses in Upland cotton.

!

MATERIALS AND METHODS
I
:

'

The genetic material comprised of following cultivars/

strains of uplahd cotton viz. CRIS-9, Resiimi, S-12, S-14, NIAB-
-jfj

78, CIM-1100, DRS4A, MNM439 and MNHI9J will be sown in
I

1996-97 | and the data will be recorded for hhe following.
j characters.

Days taken to 1st flower.

Days taken to 1st boll opening.

No. of node at which 1st sympodiGtruardses .

No. of monopodial branches/plant.

No .| of sympodial branches/plant. •

I *
No.1 of node above white f lower (weakly ) .

Total No. of flowers taken by plant.

Tot:al No. of bolls/plant.

i
%aÿe of seed cotton picked in the 1st pick.

1 .

2.

3 .,1

4.

5 .

6.

7 .
8.

9.

* 10. Total yield/plant.
. /.

Boil weight.

G.6.T.

Staple length.

11.

12.

13.
i

14. Fibre strength.

Fitre fineness.15.

!

9
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. *k afaoVlj tfoerlfcioned 10 cillfclvars/ straihfl, \ sixJ'rom

cUltivars/ strain will be chosen on the basis of genetic
i

diversity and will be crossed in a diallel fashion (Direct and

Reciprocal crosses) .

During the year 1997-98 parents and F| will be sown in field and

data will be recorded for the characters mentioned above. Back

Wiil also be attempted (BC|, RCj) during thi

During the, year 1998-99, parents P|, Pÿ , Fj , BCj and BCj will be

sown and above mentioned parameters will be studied.

s year.crosses

U
Data recorded during 1996-97 will be processed for

analysis variance and calculation of simple correlation

coefficients following the methods given by Steel and Torrei

( 1980) .

Data of Fj , Pj and Fj during 1997-98 will be used for

genetic analysis using techniques given by Dayman (1954) , Daymen

(1958) and, Mather and Jinks ( 1977). All crosses will be arranged
i

into arrays in the form of diallel table and two statistics, the

variance Vr ) of the family mean within an array and the co-

variance (Wr) of these means with the non recurrent parental

values will be calculated from each diallel table. Analysis for
/

combining ability effects will be performed using methods of

i

Griffing (1956).

i

I

10
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Pj, BCj, BCj Will be used for computing

heritabllity Itt broad sense and narrow sense and genetic advance

by tile method of Mohmood and Kramer end Warner (1966).

JA

j Genotypic and Phenotypic correlations will be computed

usin<j Fj data dccording to the method described by Kjdow and "
/

Torrie (1964). While Path coefficients will be calculated by

following the method of Dewey and Lu (1959).

11
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OBJECTIVES

To assess parental performance of cotton cultivars to be
used in this study for their quantitative
(earliness, yield and yield components and fibre quality
characters) .

1 .
characters

«4

2 . To' determine maturity of the cultivars by new technique
ba&ed on movement of white flower to plant apex.

t

3. To estimate the components of genetic variance (6*A, fi C,
6 E) to understand the fundamental genetic phenomena
(Magnitude of gene effects and mode of gene action)
predicting <jain under selection in heterozygous population.
identifying parents which might yield superior Fj , hybrid.

To determine the no.of geneg controlling the expression of
quantitative traits.V

5. To compute the Index of hransmiysihi 1Lty of trait in
segregating generation (h B.S, h N.S, & G.A) which will be
helpful in selection and Breeding procedures for genetic
improvement and development of superior genotypes of cotton.

To evaluate the relationship between morphological and
quality traits for selection in segregating generations.

6.

7 . To determine the relative importance of direct (unidiiocl
ional and indirect (alternate) influences of "aHi
component ial characters on seÿd cotton yield.

To develop a minitoring system of cotton plant for crop

management pest control and genetic improvement.
8.

y-

Ultimate objective of this study is to increase the cotton
yield by improv irig.. jijfe.nÿ tic.. architecture of cotton plant
coupled with be t jjfeh, tnahdÿdmpn t practices.

' i

9.

m i-.;f

Ifl
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