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ABSTRACT

In the antimicrobial activity test both the antibacterial and antifungal tests offered
promising outputs and the results were supported by the results achieved by the
previous workers (Rahmani ef al., 2004; Greger, 1993) dealt with this plant. In the
disc diffusion method the leaf extract gave the inhibition zones 17-, 16-, 16-, 14-, 16-,
20-, 12- and 7 mm for B. megaterium, B. subtilis, S. lutea, S. - B-haemolyticus, S.
typhi, S. sonnei, S. boydii and P. aeruginosa respectively, while in comparison the
inhibition zones for the standard were 28-, 33- 30-, 31-, 35-, 33-, 34- and 31 mm
respectively. For the stem bark extract the inhibition zones were 14-, 15-, 15-, 11-, 15-
. 10- and 10 mm for S. aureus, B. megaterium, S. lutea, S. typhi, S. sonnei, S. boydii
and P. aeruginosa respectively, while the same for the standard were 3%, 28-, 30-,
35-, 33-, 34-, and 31 mm for the same test agents respectively. For the stem wood
extract the inhibition zones were 7-, 14-, 12-, 10- and 12 mm respectively for B.
megaterium, B. subtilis, S.- B-haemolyticus, S. boydii and P. aeruginosa, while the
inhibition zones for the standard were 28-, 33-, 31-, 34- and 31 mm; and for the root
extract the inhibition zones were 9-, 9-, 10-, 8- and 7 mm for S. aureu, B. megaterium,
S. sonnei, S. boydii and P. aeruginosa respectively, while the inhibition zones for the
standard were 31-, 28, 33-, 34- and 31 mm for the above mentioned test agents
respectively. Many previous works support this output. Arborinine, and acridone
alkaloid obtained from G. pentaphylla, exhibited significant inhibition of crown gall
tumors produced by Agrobacterium tumefaciens in a potato disc bioassay (Quader, et
al., 1999).

In the antifungal activity tests the leaf extract (chioroform) of G. pentaphyila offered
promising activity, while the inhibition zones were 20 mm for A. fumigatus and Mucor
sp. after 24 h of exposure, however both of them remained responsive after 48 h with
12 mm of the inhibition zones; while the inhibition zones for the standard were 32-
and 30 mm for the above mentioned test fungi respectively. For the stem bark extract
the inhibition zones 19-, 7-, 17- and 12 mm for A. fumigatus, A. flavus, Mucor sp. and
C. albicans after 24 h of exposure, however after 48 h only the A. fumigatus, Mucor
sp. and C. albicans remained responsive to the same with 12-, 13- and 9 mm of
inhibition zones; while the inhibition zones for the standard were 32, 28-, 30-and
31mm for the above mentioned test fungi. The stem wood extract offered inhibition
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zones 7-, 12-, 10-, 17- and 10 mm after 24 h of exposure against F. vasinfectum, A,
fumigatus, A. flavus, Mucor sp. and C. albicans, among them only the Mucor sp.
remained responsive to the same with 13 mm of the inhibition zone after 48 h of
exposure; while the inhibition zones for the standard were 29-, 32-, 28-, 30- and 31
mm for the above mentioned test fungi. For the root extract the inhibition zones were
7-, 15- and 12 mm for F. vasinfectum, A. fumigatus and Mucor sp. after 24 h of
exposure, however after 48 h the A. fumigatus and Mucor sp. remained responsive to
the same with 9 mm of the inhibition zones; while the inhibition zones for the standard

were 29-, 32-, 31- and 30 mm for the above mentioned test fungi respectively.

The crude extracts showed cytotoxic activity while tested on the brine shrimp nauplii,
A. salina. The LCsy values established were 28.579-, 28.659-, 57.213- and
84.111ppm for leaf, stem bark, stem wood and root (root bark and root wood were not
separated) extracts respectively; while the efficacy could be arranged in a descending
order Leaf>stem bark> stem wood> root. Findings of Muthukrishnan and his group
(Muthukrishnan ef al., 1999) resembles with this result, while the addition of 10+4 to
105 M the quinazolone of arborine isolated from the ethyl acetate fraction of G.
pentaphylia leaf extract to water resuited in 83 to 100% mortality of C.

quinquefasciatus larvae.

Since only the root extract was found active in the Ad hoc experiment it was
subjected to dose-mortality assay on T. castaneum larvae. All through the experiment
almost weak mortality was traced, however, no useful data was able to read and
subject to analysis. Where as, moulting was delayed and thus prolongation of the
instars took place, however, during the 3" jnstar a huge number of larvae and pupae
died. Larvicidal assay on M. domestica larvae didn’t offer any mortality, while

prolongation of the developmental period was traced so far.

However, repelients, fumigants, feeding deterrents, growth inhibitors and insecticides
of natural origin- are rational alternatives to synthetic insecticides G. pentaphylla
draws a special attention for its low lethal and other environment-friendly activities. Of
course, this lnveshgatlon reveals its special type of potentials that the chloroform
extracts of the different parts of this plant shows repellent activity. The F values have
been established through ANOVA with the arcsin transformed data were 60. 983,
14,177, 19.437, 15.429 and 1.082 for the analysis between doses and 2.52, 1.806,
1.314, 3.468 and 1.272 for the analysis between time interval for leaf, stem bark,
stem wood, root bark and root wood extracts respectively. Except the root extract
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strong repellent activity was found, while repellency due to differences between doses
were highly significant (P<0.001). The P values were established as 2.03E-11, 5.41E-
6, 4.62E-7, 2.48E-6 and 0.4002 for the analysis between doses and 0.0733, 0.1673,
0.2989, 0.0262 and 0.3139 for the analysis between time interval for the leaf, stem
bark, stem wood, root bark and root wood extracts respectively, and thus the intensity
of repellent activity could be arranged in a descending order of leaf>stem wood>root
bark>stem bark. This finding has been supported by Chopra et al. (1956) who
mentioned that the leaves of this plant are used to keep insects away from sweets

and other edible items are taken by natives in India and Australia.

Anyway, the results indicate that the test plant possess a very special type of
potentiality other than killing of organisms in the bioassays. The results revealed that
this plant opens no mentionable insecticidal value since no mortality was recorded in
case of the treatments carried out against the housefly, M. domestica larvae; the rust
red flour beetle, T. castaneum adults and the lesser mealworm, Alphitobius
diaperinus adults; while a very weak activity was traced against the {. castaneum
larvae and against the cowpea weevil C. maculatus adults, while the LDsp values for
root extract against C. maculatus were 1425.036-, 213.523- and 91.782 pg/cm? for
24, 48 and 78 hours of exposure respectively. However, the treated living T.
castaneum larvae got abnormality in shape, size and colouration, as well as,
vulnerable physical condition, so that the pupae that evolved after the 3" week of
treatment died shortly.

The main target of this research revolves no doubt in tracing out and isolate bioactive
potentials of the test plant, and it offered two pure compounds GP1 (12 mg) and GP2
(14mg) which were glycozoline and glycoborinine respectively. Due to insufficiency in
amount it was impossible to go through all the biological assays (used in this
investigation) for these two pure compounds, while only antibacterial test was
possible to carry out. These two compounds found active against the test bacteria

used in this investigation.

The findings of this work along with the findings of the previous researchers triggered
a hope for further progress in research with this promising plant G. pentaphylla
towards a molecular level investigation of its pesticidal potentials for an environment

friendly protection of crops and stored products.
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1. Introduction

Plants are like natural laboratories where a great number of chemicals are
biosynthesized and in fact they may be considered the most important source
of chemical compounds. Primary plant metabolism synthesizes essential
compounds, which are present in all plant species. Historical references to
insect pests are found in the Bible. Long before synthetic pesticides were
invented, farmers around the World had their own home remedies against
harmful insects even in the Neolithic time (7000 B.C.). Typically they crushed
the leaves of a poisonous plant, dissolved in water and then sprayed the

solution on their crops (Ghosh, et al., 2001).

Documentation of the ancient use of chemical controls for the insects appears
in Homer's writing before 1000 B.C, where sulfur was identified as an
insecticide. Pliny (79 A.D.) recommended the use of arsenic as an insecticide.
On the other hand, the end products of secondary metabolism are neither
essential nor universally present in all plants. Common among these
metabolites are compounds with protective action against insects, such as
alkaloids, non-proteic amino acids, steroids, phenols, flavonoids, glycosids,
glucosinolates, quinones, tannins and terpenoids. Until now only a small part
of the plant kingdom (estimated at 2,50,000-5,00,000 species around the
globe) has been investigated phytochemically and the fraction subjected to
biological and pharmacological screening is even lower. Since plants may
contain hundreds or even thousands of metabolites, there is currently a
resurgence of interest in the vegetable kingdom as a possible source of new
lead compounds for introduction into the therapeutical screening programs
(Hostettmann et al., 1995).

The first botanical insecticide used, as such, dates back to the Seventeenth
Century when it was shown that nicotine, obtained from tobacco leaves,
would kill plum beetles. Around 1850 a new plant insecticide known as
rotenone was introduced. It was obtained from the roots of plants called

Timbé (Lonchocarpus nicou) and Luba (Derris spp.). Up to that time this plant
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was used for fishing purposes only as natives had known for a long time that
throwing root pieces to the water caused fish to start floating a few minutes
later, making them very easy to catch. Later on plants with irritating properties
like incense (composed of aromatic organic materials that releases fragrant
smoke when burned) and sabadilla (Schoenocaulon officinale) were used and
extracts from the latter plant were also used as decongestants. These plants
did not kill insects directly but it was said that they scared them off. More
recently other plants used are Quasia (Quaisa amara, Simaroubaceae),
Neem or Margosa (Azadirachta indica) mentioned above, which besides
giving excellent results for insect control are also a source of compounds
used against cancer. Use of plant extracts and powdered plant parts as
insecticides goes back at least as far as the Roman Empire. For instance,
there are reports that in 400 B.C. during Persian King Xerxes’ reign, the
delousing procedure for children was with a powder obtained from the dry
flowers of a plant known as Pyrethrum (Tanacefum cinerariaefolium,

Compositae).

However, the earth is inhibited by about one million insect species, roughly a
half of them feed on plants (Schoonhoven, 1982). Only plant species, which
during millions of years have developed strong chemical defense system that
have survived the heavy selection pressure by greedy early created animals.
Although, each of the defense systems having own intrinsic merit, some of
them have featured which render them more generally applicable and from a
technical point of view, easier to handle than others. It seems that modern

science has discovered one of these rare opportunities in the naturally

occurring compounds in plants act as toxic or repellent to the pest.
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maturity, yield, and other characters. However, podding intensity was good in a few cases
(Sarwar ef. al.1981). Among the local stocks, a land race (accession no.BLL 79694)
collected from the Pabna district was found to be the highest yielder. This line, along
with other selections from local and exotic sources, was tested during 1982-87 in
different locations. It was observed that BLL 79694 performed well, and produced stable
yields over years and across locations. This was proposed for recommendation as a
commercial variety in 1989. This variety is early maturing (100-110 days), and has
medium plant height (35-40 cm) with non-tendrillar growth habit but smaller seed size
(1.4-1.6g 100 seeds™).

Very little success has been achieved in the selection and adaptation of exotic
germplasm in our environment through direct introduction. Therefore, the breeding
strategy was recast in 1984 and short and long-term approaches are now being followed
(Kumar 1984, 1985). The short-term approach was to collect more exotic germplasm,
evaluate them, and select better genotypes for immediate release as cultivars. Some of the
selections from exotic sources are in advanced generations and under multilocational
yield tests. The long-term programme is to develop short-duration, high-yielding, rust and

stemphylium blight resistant varieties with relatively larger seed size.

Success of any breeding programme for evolving superior strains depends upon
the nature and magnitude of genetic variability and extent to which the desirable
characters are heritable (Dudley and Moll, 1969).The genetic variability shown by the
characters can be measured from the genetic coefficient of variation. Nevertheless, the
genetic coefficient of variation alone is not sufficient to determine the amount of
variation that is heritable (Swarup and Chaugal, 1962). In pulse crop, however, yield and
yield components are quantitative in nature and are governed by polygenes largely
influenced by the environmental factors. However, it is quit difficult to judge what
proportion of observed variation of a particular character is heritable or due to

environmental variation. In this situation, analysis of heritability is necessary.
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Information on genetic variability and heritability is useful to formulate selection
criteria for improvement of seed yield. Moderate heritability estimates for time to
maturity and seed weight and low heritability for biological yield and seed yield per plant
were reported by Rao and Yadev (1988). Chauhan and Singh (1998) reported low
heritability estimate for plant height and high heritability estimate for 100 seed weight
and this was followed by days to maturity, number of pods per plant, biological
yield/plant and seed yield /plant. A phenotype is result of interplay between the genotype
and its surrounding environment. A genotype does not exhibit the same phenotypic
characteristics under all environments, and different genotypes respond differently to a
specified environment (Ahmad & Pandey, 1983 ). Pandey and Srivastava (1982) reported
that genotype x environment interaction was significant for grain yield. Stoilova and
Pereira (1999) noted that wide variation was observed in terms of biological yield and

number of pods/ plant.

Muehlbaur er. al. (1985) reviewed the yield component studies. They concluded
that branching pattern and number of fruits reaching maturity are the most important
characters which contribute positively to yield, although these characters are also
influenced by environments and agronomy (spacing, time of sowing, fertilizers). Singh
and Singh (1969) reported high heritability estimates and genetic advances for pod
number, seed size and grain yield. They observed that pod number had the strongest
association with seed yield and seed size had a negative association with seed yield.
Several other workers have reported the important contribution of pod number and
primary and secondary branches to grain yield. Therefore, during selection, emphasis

should be given on the production of a larger number of branches and pods, and relatively

larger seed size.

The ICARDA Lentil Improvement Programme is built upon the foundation of the
germplasm collection and its efficient use. Studies on genetic variability have been
conducted at various institutions, and considerable variation among the characters for use
in breeding and selection programmes have been reported for morphological traits

(Erskine & Witcombe 1984; Shahi et. al. 1986; Lakhani et. al. 1986; Baidya et. al. 1988;
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Sarwar ef. al. 1982; Erskine et. al. 1985, 1989; Erskine & Choudhary 1986; Ramgiry et.
al. 1989; Sarker et. al. 2005), responses in flowering to temperature and photoperiod
(Erskine et. al.1990b,1994), winter-hardiness (Erskine et. al.1981; Sarker et. al. 2004a ).
Wild relatives have also shown marked variability for morphological traits (Robertson &
Erskine 1997), winter-hardiness (Hamdi et. al. 1996), drought tolerance (Hamdi &
Erskine 1996) and diseases resistance (Bayaa et. al. 1994; Tullu ef. al. 2005).

This part of the present research work deals with the variability and diversity
estimates of yield and yield contributing characters in 16 lentil lines, irradiated with Co®

source in four different doses of 20kr, 25kr, 30kr and control.
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REVIEW OF LITERATURE

The literature dealing with variability and diversity estimates with respect to yield and
yield contributing characters in lentil ( Lens culinaris Medic. ) are scanty. Reports on review of

literature therefore, presented on lentil and also on other crop plants.

Fisher (1918) was the first to develop statistical method to analyse and separate the
variance of a quantitative character in segregating population into genetic and environmental

components.

Smith (1944) found that the quantitative characters were governed by a large number of

genes, which were similar, relatively small, non-dominant and additive in nature.

Robinson er. al. (1951) constructed a number of selection indices on corn and reported
that results showing 14% more expected genetic progress in yield when selection is based
entirely on ears per plant compared with selection for yield alone. They suggested that since
yield is a complex character and highly influenced by environmental variations, related
character with higher heritabilities, when properly weighted, might well serve as better of

indicators of the genetic yield potentialities of a progeny.

Vishnu et. al. (1962) worked on genetic variability in a collection of seventy divergent
varieties including indigenous as well as exotic types of sorghum. A wide range of phenotypic
variability was observed in most of the characters. Studies on genetic coefficient of variation
heritability genetic gain in various characters revealed that a large portion of the phenotypic

variability was genetic and highly heritable in almost all cases.

Milov (1963) showed the significance of variability of protein content in peas in
solving the fodder problem. He thought that varietal differences in biochemical properties
should be considered in breeding, since protein content in seeds varied from 24.7 to 34.5% and

the protein content in green matter from 3.7 to 4.3%.

Sanghi er. al.( 1964) studied genotypic and phenotypic variability in 64 indigenous

varieties of guar (Cyamopsis psoraliodes) under rainfed condition. A wide range of
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phenotypic variability was observed in plant height, number of branches, number of clusters,
number of pods, grain yield and reaction to blight. Plant height, number of branches, 100-seed

weight and reaction to blight were found to have comparatively high genetic coefficient of

variation.

Athwal and Gill (1964) studied crosses of gram ( Cicer arietinum L.) and found that in
three crosses, heritability in narrow sense appeared to give the best indication of the actual
genetic advance. The co-heritability of yield with some characters was substantially greater

than heritability of yield alone.

Hanna and Hayes (1966) investigated variability and heritability in F,, F; and F,
generations from crosses of Vicia faba L. The parents differed in number of flowers, pods and
seeds; and the ratios between them and also in seed weight. Additive genetic variation was
found for all the characters and there was a little indication of dominance and of linkage.

Heritability values for all characters were low.

Bhargava et. al. (1966) studied morphological and genetic variability in green gram.
There was a wide range of variation in all the characters studied in 28 varieties of Phaseolus
aureus excepting branches per plant, pod length and seeds per pod. Much of the genetic

variability in the material was heritable.

Coyne (1968) investigated the segregating population in field beans (Phaseolus
vulgaris L.) and found heritability estimates to be low for seed yield, number of pods/ plants,

number of seeds/pod and mean seed weight.

Chandra (1968) studied variability in gram. The estimates of components of variation
for ten yield components showed that there were a wide variation in the material for all the
characters and that variability was affected by environment particularly for plant height and
secondary branches per plant. On the whole heritability (Broad sense) values were high but
heritability for pods per plant was low. High heritability and high genetic advance were

associated in case of setting percentage, flowering duration, primary branches and pods per

plant.
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Singh and Mehndiratta (1970) observed genetic variability and correlation in Cowpea.
Considerable genetic coefficient of variation, heritability and expected genetic advance were
present in the forty varieties studied. Number of pods per plant had the highest genetic
coefficient of variation (52.52%). Heritability was considerable for 100-grain yield, days to
flowering, pod length and days to maturity. Expected genetic advance was appreciable for
number of branches, 100 grain weight, pod number, pod length and yield, and 100 grain weight
was found to have high heritability and high genetic advance and as such this character seems

to be of considerable value to the breeder for selection.

Singh and Dixit (1970) investigated genetic variability which showed positive
genotypic and phenotypic correlations between yield and the number of primary and secondary
branches. Plant height and number of secondary branches gave the highest heritability
estimates. Genetic advance as estimated indicated that selection for more seeds per pod, more

pods per plant and more secondary branches could prove fruitful.

Hiremath and Talawar (1971) demonstrated genetic variability in pigeon pea (Cajanus
cajan LMill sp.). Seven quantitative characters were measured in 15 varieties. High
heritability estimates and low estimates of genetic advance were found for number of primary
branches, number of seeds per pod, pod length and 100 seed weight. High heritability and high
estimates of genetic advance were obtained for plant height, number of pods per plant and

yield per plant.

Sandhu and Singh (1972) found positive correlation at genotypic level among the
number of primary branches, number of secondary branches and pods/plant in 60 varieties of
Cicer arietinum . They obtained high genetic coefficient of variation for number of primary
branches and green pod yield per plant. All the characters showed high heritability except
average pod yield, high genetic advance was found for number of primary branches, average

pod weight and green pod yield per plant.

Lal and Padda (1972) worked on french bean (Phaseolus vaigaris L.) observed a wide
range of variation among primary branches number, pod number/plant and green pod /plant. A
high genetic coefficient of variation was noted for primary branch number, average pod length

and green pod yield/plant. All character showed high heritability except average pod yield.
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High expected genetic advance was found for primary branch number, average pod weight and

green pod yield/plant.

Khorana and Sandhu (1972) investigated genetic variability and interrelationships
among certain quantitative traits in soybean ( Glycine max L. Merril). Of the ten characters
studied in 55 varieties, seed yield, number of pods, plant height and number of branches gave
the highest estimates of phenotypic and genotypic coefficient of variability in the broad sense,

and the expected genetic advance.

Seth et. al. (1972) studied genetic variability in dwarf french bean ( Phaseolus
vulgaris L.) under rainfed conditions in U.P hills. Differences among 10 varieties were
significant for days to flowering, primary branch number, average pod weight, pod number per
plant and green pod yield per plant. Wide variation occurred for primary branch number, pod
number per plant and green pod yield per plant. A high genetic coefficient of variation was
shown for primary branch number, average pod length and green —pod yield per plant. All
characters showed high heritability except average pod yield, while expected genetic advance

was found for primary branch number, average pod weight and green pod yield per plant.

Blum and Lehrer (1973) studied genetic and environmental variability in some
agronomical and botanical characters of twenty four lines of common spring vetch ( Vicia
sativa 1.) tested for four years at one location. Data on vegetative propagation and forage
quality characters were recorded and analysed for three years. Appreciable total genetic
variability was found in most vegetative and reproductive characters, and only very little in
forage quality characters. Compared with total genetic variability, large environmental

variability was observed in most vegetative and forage quality traits.

Malhotra (1973) studied genetic variability and discriminant function in soybean
(Glycine max L. merril.). Significant differences were recorded between 37 varieties for all six
characters studied. The number of pods per plant and seed yield had highest coefficients of
genetic variation. Discriminant function study indicated that selection for number of pods per

plant, number of seeds per pod and number of primary branches would be effective.

Singh et. al. (1973) investigated genetic variability and heritability in table pea ( Pisum

sativum L.) and noted a wide range of phenotypic variation occurring for yield per plant, pod
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number per plant and height. The genotypic coefficient of variability for these characters was
high. Heritability for height, pod length and width, seed number per pod and yield was high

and the expected genetic advance was appreciable for height and yield per plant.

Lal and Mehta (1973) found genotypic and phenotypic variability in some quantitative
characters in soybean. Of the eleven characters studied the varieties (25) showed highest
genetic coefficient of variation and genetic advance for plant height. Medium estimates of

heritability were recorded for number of branches, pods per plant and seeds per pod.

Chandola et. al. (1974) made a variability analysis in Brassica juncea L. at three
environments and reported that varietal differences were highly significant in all the characters.
They also observed high variation in plant height, number of secondary branches and
yield/plant under normal showing. Plant height and number of tertiary branches had high
heritability with high genetic advance, while yield/plant showed low heritability with low

genetic advance.

Malhotra et. al. (1974) worked on genetic variability and genotype- environment
interaction in lentil. Significant differences were recorded in all six characters studied in 47
lines grown at three regional sites. The number of primary branches, number of clusters and
pods per plant, plant height, 100-seed weight and yield per plant were studied. Seed yield gave
high co-efficient of genetic variation. They estimated moderate heritability at all three sites, but
observed marked line x site interactions for most of the characters. Pod number and 100-seed
weight gave high coefficients of genetic variation and genetic advance, and moderate

heritability at all three sites.

Razzaque et. al. (1977) worked on heritability of some quantitative characters of rice
(Oryza sativa L.). In the two crosses involving the IRRI strains IR 140-136, IR262A and a
local variety Dharial, the heritability values due to the total genetic variance for the seven
characters studied were found to be fairly high, while heritability on the basis of additive gene

effect was low for all the characters except panicle length.

Wahhab and Bechyne (1977) studied five varieties of Indian mustard and noted high
heritability for pod length, number of seeds/pod, weight of seeds/pod and 1000-seed weight but

a low heritability for oil and protein contents. The genotypic of variability was lower than the
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phenotypic coefficient of variability. The high heritability with high genetic advance as a

percentage of mean was recorded for 1000-seed weight in both the crosses.

Alam et. al. (1978) studied the variability and correlation in 41 strains of Brassica
campestris L. They reported that phenotypic and genotypic variances were more or less similar
for all the characters except siliqua number/plant, indicating some environmental effects on
this trait. Heritability estimates were high for most of the characters. High heritability with
high genetic advance in percentage of mean and considerable genotypic and phenotypic
coefficient of variation were obtained for plant height, number of secondary branches, number
of siliqua/plant and seed weight/plant. Seed yield had highly significant positive correlations
with plant height, number of primary and secondary branches and number of siliqua/plant.
Among the yield associated characters most of the characters were significantly correlated with

each other.

Paul (1978) studied F, and F, populations of five intervarietal crosses of mustard. He
observed wide range of variations for all the characters in parental populations. The seed size
had the highest genetic advance as percentage of F, mean followed by seeds/siliqua and
primary branches/plant. Seed yield showed low heritability (50%) but the rest of the characters
showed high heritability. He also noted although seed size had high heritability and high
genetic coefficient accompanied by high genetic advance and genetic advance expressed as
percentage of mean but due to negative association between seed size and seed yield, direct

selection might not be successful in the early segregating generation.

Paul (1979a) measured six quantitative characters in four crosses of rapeseed and
obtained moderate to high heritability for all the characters. The genetic coefficient of variation
was high for primary branch number and 1000-seed weight and low for number of
siliqua/plant. The expected genetic advance as percentage of F2 mean was the highest for 1000-
seed weight and the lowest for seed yield. High genetic advance accompanied by high
heritability and high genetic coefficient of variation indicated that selection for number of

primary branch and 1000-seed weight would be successful in the early segregating generation.

Paul (1979b) in his study of mustard on variation and heritability in F, and Fa, reported
that all the characters showed moderate to high heritability. High genetic coefficients of

variation were obtained for seed size, seeds/siliqua and number of primary branches.



Reasonably high heritability accompanied by high genetic advance as the percentage of mean
was observed for seed size, number of seeds/siliqua and number of primary branches. The

strong correlation was observed for siliqua/plant with seed yield both at phenotypic and

genotypic levels.

Salehuzzaman and Joarder (1979) worked on the heritability, phenotypic and genotypic
correlations, components of variation, path coefficients and discriminant function for thirteen
quantitative characters in twenty one soybean lines grown in seven different sowing dates. The
major portion of the total variance in respect of all the characters was contributed by the
genotype and genotype-environment interaction components. The yield/plant showed the
highest genotype-environment interaction and coefficient of variability. The heritability was

the lowest for the same character.

Paul (1980) studied three intervarietal crosses of rapeseed in F; and F, populations and
obtained high heritability for all the characters except seed yield. The heritability estimates
ranged from 51% to 90%. High genetic advance as percentage of mean accompanied by
relatively high heritability and genotypic coefficient of variation was found for 1000-seed

weight indicating the influence of additive gene effect.

Doza et al. (1981& 82) worked on interrelationship among some quantitative
characters with seed yield in lentil. An experiment was undertaken to study the variability and
the nature of character associations in eighty nine strains of lentil ( Lens culinaris Medic.). The
characters showing maximum variability are number of secondary branches/plant, Number of

pod / plant and yield/plant, while minimum variability is for number of seed/pod.

Majid et. al. (1982) studied forty germplasm of black gram growing in a randomized
block design. Data on ten agronomic characters were taken viz, days to first flowering, days to
maturity, plant height, number of primary branches/plant number of inflorescences/plant,
number of pods/plant, pod length, number of seeds/pod, 500-seed weight and seed yield/plant.

The phenotypic variances were found to be larger than the genotypic variance for all the

characters.

Ashutosh et. al. (1984) studied genetic variability and interrelationship in black gram.

Some genetic parameters and interrelationship were studied for seven characters of eleven
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photoinsensitive purelines of black gram. They reported that high heritability along with high
genetic advance was observed for plant height and days to maturity. Two important yield

contributing traits, such as pods/plant and 100-seed weight showed an appreciable percentage

of heritability and genetic advance.

Sen et. al. (1985) worked on ten varieties of sunflower ( Helianthus annus L. ) for
variability, heritability, genetic advance and correlation among the characters. High genotypic
coefficient of variation was obtained for days to maturity and number of sterile seed/head,
while low genotypic coefficients of variation were obtained for percentage of oil content and
plant height. Number of seeds/plant showed highest genetic gain, while percentage of oil
content and diameter of head showed lowest genetic gain. Percentage of oil content showed

highest heritability (98.65%) followed by yield/ plant (97.79%) and days to maturity (97.29%)

Parh et. al. (1985) studied genetic variability and correlation in fox-tail millet.
Genotypic coefficient of variation was found to be the highest for 1000-grain weight (39.36%)
followed by tiller number/plant (22.97%) and moderate to low for yield /plant and other
characters. Heritability value was the highest for 1000-grain weight (92.83%), followed by
days to maturity (86.98%) and tiller number per plant (86.21%). Maximum genetic advance
was obtained from tiller number/plant (43.83%) followed by 100-grain weight (30.17%).
Higher estimates were obtained for heritability, genetic coefficient of variation, genetic

advance and 1000-grain weight.

Patwary et. al. (1986) worked on variability and association of quantitative characters
in tobacco plant height, leaf breadth and nicotine content. They showed higher genotypic
variability, high heritability and genetic advance under selection suggesting additive gene

effect.

Rahman et. al. (1986) worked on variability, correlation and path-coefficient analysis in
Bottle gourd ( Lagenara vulgaris L.). Genotypic and phenotypic variability were high for fruit
length and number of branches per plant, but very low for number of fruits per plant and length
of mainvine. Heritability (broad sense) and genetic advance in percentage of mean were high

for fruit length, fruit diameter and fruit weight per plant.



Ahmed (1987) studied variability and correlation in tomato. A good amount of
variability with respect to individual fruit weight, early and total yield per plant was observed.
The maximum phenotypic coefficient of variation (29.02) was found for total yield per plant.

Among the yield contributing characters, total yield per plant was highly associated with fruit
weight.

Shahjahan and sheikh (1987) estimated variability and correlation in summer
mungbean (Vigna radiata). Quantitative assessments of the genetic variability and
interrelationships among the yield and its components were evaluated on 30 cultivars of
summer mungbean. Significant variation was observed in most of the characters studied except
in number of pods/plant and number of seeds/pod. Variation due to location as well as
genotype X location interaction was significant in case of days to 50% flowering, plant height,
number of fruit, clusters/plant, number of pods /plant and grain yield /plant. The highest
genotypic and phenotypic coefficient of variations were found in grain yield / plant. Seed size

showed the highest heritability value followed by pod length and plant height.

Debnath (1987) worked on genotypic and phenotypic variation, genetic advance and
heritability in some quantitative characters of maize. Low heritability percentages were
exhibited by grain yield, grain moisture and 1000-kernel weight. Highest heritability was
shown by days to silk followed by ear length, number of kernels per row, kernel rows per ear,
plant height and ear diameter. Considerable amount of genetic advanced in percentage of mean
was observed in grain yield, plant height, ear length and number of kernels per row. The results

of the study suggested that the selection is likely to be useful in improving the characters.

Mahboob and Khaleque (1988) worked on variability, character association and path-
coefficient-analysis in chickpea. They found that phenotypic coefficient of variation was
higher than genotypic coefficient of variation and the difference between them was narrow for
days to flowering, days to maturity, primary branches per plant, pods per plant and 1000-seed
weigh. High heritability values of these traits suggested response to phenotypic selection,

Result indicates that selection for primary branches per plant, pods per plant and 1000-seed

weight should be effective.

Debnath and Debnath (1988) studied genetic parameters and character associations in

23 F4 maize populations which revealed significant differences for grain yield and five other



characters with wide range of variability. Comparatively high genotypic and phenotypic
coefficients of variation and genetic advance in percentage of mean existed for grain yield and
ear length. These parameter were moderate for plant height and 1000-kernel weight. Days to
silk and days to pollen maturity showed the least- values for the above parameters. Low to

moderate broad sense heritability was observed for all the characters and high heritability for

plant-height and ear length.

Enamul er. al. (1988) estimated variability, genetic advance and correlations in three
groups of rice ( Oryza sativa L.). Phenotypic variability were high for plant height, maturity
period, panicle number per plant and 1000-plant weight in all groups. Genotypic variability,
however was high for plant height and 1000- grain weight in modern and japanica varieties.
Heritability along with genetic advance were high for panicle number per plant in traditional
indicas; plant height, panicle number per plant, fertile grain per panicle and yield per plant in
modern varieties and plant height, fertile grain per panicle and yield per plant in japanica

varieties.

Ghosdastidar, Mondal and Sinhamahapatra (1988) studied genotype x environment
interaction in mustard under late sowing condition. It was found that only three characters viz.
plant height, plant height up to 1st branch and number of seeds per siliqua had homogenous
experimental error. Absence of genotype x year interaction was observed in case of number of
primary branches only. Pooled estimates of genetic parameters showed that plant height up to

Ist branches had moderately high heritability and moderately high genetic advance.

Rahman and Parth (1988) worked on variability and correlation in chickpea (Cicer
arietinum L.). Coefficient of variation was maximum for yield/plant (50.85%) followed by
number pods/plant (45.26%) and 100 seed weight ( 31.40%). The lowest coefficient of

variation was observed for days to maturity (2.45%).

Alam et. al. (1988) studied on the variability and genetic parameters in Cowpea.
Various genetic parameters like coefficient of variation, broad sense heritability, genetic
advance, genetic advance expressed as percentage of mean were estimated for eight
quantitative traits in eleven strains of Cowpea. High heritability values ranging from 61.97%
for days to 50% flowering to 98.96% for 100- seed weight were obtained, while moderate

heritability was observed for plant height (44.31%) and grain yield per plant ( 31.83%).



However a low heritability was found in number of pods per plant (14.68%) and in number of
grains per pod (25.47%). Hundred seed weight, pod length, days to 50% flowering were found
to have high genetic coefficient of variation, heritability and expected genetic advance

indicating their considerable importance in breeding through selection.

Pandit and Islam (1988) estimated coefficient of variation, heritability, genetic advance
phenotypic and genotypic correlations for grain filling period, grain per spike, 100-grain
weight, yield, biomass and harvest index in 16 breed wheat genotypes. The characters showed
a wide range of variation. High heritability along with high genetic advance was observed for
grain filling period and grain per spike. Other characters except biomass had either high

heritability or high genetic advance. Low heritability and genetic advance were recorded for

biomass.

Choudhuri et. al. (1988) worked on variability and correlation among twenty two
strains of mungbean. They found an appreciable amount of variability, higher magnitude of
heritability and good expected genetic advance for yield, number of pods per plant, 1000-seed

weight and plant height.

Miah and Bhadra (1989) investigated genetic variability in the F» generation of
mungbean for nine quantitative characters, such as days to flowering, plant height, primary
branches /plant, pod bunches/plant, pods/plant, seeds/pod, seeds/plant, 100-seed weight and
yield/plant. They found that the phenotypic coefficient of variability (PCV) was higher than the
corresponding genotypic coefficient of variability (GCV) for all the characters. The GCV were
high for seeds/plant (24.92%) followed by yield/plant (22.0%), pods/plant (20.19%) and pod
bunches/plant (19.39%). On the other hand, 100-seed weight, plant height, seeds/pod and days
to flowering recorded lower GCV. High broad sense heritability with high genetic advance was
observed for days to flowering, pods/plant, plant height and seeds/plant. Seeds/pod, primary
branches/plant and 100-seed weight had high heritability but low genetic advance suggested
nonadditive gene effects. The low estimates of heritability in case of pod bunches/plant
(25.56%) indicated that a portion of the phenotypic variance was due to non-genetic effects.
Selection based on the traits like days to flowering, pods/plant, plant height and seeds/plant

might be more effective for their high heritability and genetic advance than other traits in

mungbean.



Samad (1991) studied fifteen rape seed cultivars with six agronomical characters and
showed the highest components of variation were observed for plant height, number of
pods/plant and number of seeds/pod. A great portion of the total phenotypic variation appeared
to be due to the environmental variation, High coefficient of variability was recorded for plant
height, number of secondary branches, number of pods /plant and number of seeds/pod,
whereas number of primary branches and seed yield /plant exhibited moderate to low
coefficient of variability. High heritability was recorded for plant height and number of
seeds/pod followed by number of pods/plant and number of primary branches. High
heritability with high genetic advance was shown by number of pods/plant. The seed yield
/plant had significant and positive correlation with plant height, number of primary branches
and number of pods/plant at both phenotypic and genotypic levels. Seed yield /plant showed
positive direct effect with plant height, number of primary branches and number of pods/plant.
It was found in discriminant function study that the inclusion of plant height, number of
primary branch and number of pods/plant in selection index was likely to give the highest gain
and more effectiveness in the selection breeding programe, provided that the environmental

factors were not limiting.

Begam (1995) studied on variability and heritability in chickpea ( Cicer arietinum L.).
She investigated fourteen quantitative characters. In her investigation, among all the characters
only 100-seed weight showed highest heritability and co-efficient of variability and this

character also showed positive correlation with other characters.

Nahar and Kbaleque (1996) studied the pattern of F; variation of five quantitative
characters of sugarcane. They found significant variances for all the characters. The phenotypic
coefficient of variation (PCV) was higher than genotypic coefficient of variation (GCV). The
higher values of PCV and GCV were observed for millable cane/clump followed by field brix.
The highest value of broad sense heritability was found for cane height followed by millable

cane/clump and cane diameter. GA% of mean was higher for millable cane/clump than other

characters followed by cane yield/clump and field brix.

Husain (1997) studied variability, heritability, path —coefficient and selection index for
six agronomical characters in chilli. The estimates of components of variations were found to
be the highest for NLMF. The high coefficient of variability was also noted for NLMF, NF and

FWH. Heritabilities and genetic advances were moderately high for all the characters.



Significant correlations of PHMF, NF, NSBMF and NLMF with FWH indicated that these
characters are genetically related with FWH. Path-coefficient analyses showed that PHMF, NF,
NSBFF and NLMF to be the most important yield component, because they exhibited direct
effect on FWH. In the discriminant function analysis, inclusion of PHMF, NF and NSBMF

gave satisfactory expected gain.

Hoque (1997) measured five quantitative characters in four chickpea (Cicer arietinum
L.) genotypes and showed that range, mean with standard error and CV% were vary much
pronounced and varied from treatment to treatment, year to year and also variety to variety for
all the characters. High heritability obtained for PHMF. He also noted high phenotypic and
genotypic variation for PWH and PHMF, respectively.

Nahar et. al. (2000) undertook an investigation for variability, heritability and genetic
advance in ten sugarcane clones for eight quantitative characters. Wide range of variation was
observed for leaf area followed by field brix, millable cane/clump and cane yield/clump. The
analysis of variance revealed that the main genotypic item was highly significant for all the
characters indicating that clones were genetically different. Phenotypic variation, co-efficient
of variability was higher than genotypic, interaction and within error components of variations
and co-efficient of variability. The highest values of phenotypic, genotypic and other
components of variation and co-efficient of variability were found for leaf area. The
heritability estimate was found to be the highest for cane height (87.63) followed by cane
diameter (77.80) and leaf area (73.29). The genetic advance as percentage of mean showed
maximum value for leaf area (35.50) followed by cane height (27.47), cane yield /clump
(14.96), cane diameter (12.93) and millable cane /clump(11.46)

Isaacs ef. al. (2000) studied thirty-two blackgram genotypes of diverse origin for
phenotypic and genotypic co-efficient of variability, heritability, genetic advance. He noted
sufficient values associated with higher genetic advance for single plant yield, number of pod
per plant and other yield attributing traits. High heritability with medium genetic advance was
obtained for 100-seed weight. They reported that yield improvement in blackgram may be

achieved through selection for the above characters.

Gayen et. al. (2002) studied the genetic variability and analysis of yield components in

mungbean. He observed that high heritability and high or moderate genetic advance for all the
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characters that he studied except number of seed per pod. Seed yield was significantly and
positively related with clusters per plant, number of pods per plant and pod length. Clusters per
plant and number of pods per plant had high positive and significant association between them.
Path co-efficient analysis indicated that number of pods per plant, 100-seed weight and
shelling percentage registered high positive and direct effect on yield. Indirect effects of
clusters per plant via pods per plant and pod length via 100-seed weight were high and
positive. He reported from his study that the cluster per plant, pods per plant, pod length, 100-

seed weight and shelling percentage are important for effective selection in mungbean.

Bicer and Sakar (2004) worked on evaluation of some lentil (Lens culinaris Medik)
genotypes at different locations in Turkey. Fourteen lentil genotypes were grown in two
different locations in South-Eastern Anatolia of Turkey in 2001/2002. The observations were
recorded on days to 50% flowering, days to maturity, biological yield per plant, seed yield per
plant, plant height, first-pod bearing height, number of branches, pods per plant, seeds per
plant, 1000-seed weight and grain yield. Analyses of variance revealed considerable variations
for all the traits. Grain yield ranged from158.4 to 235.7 kg/ha. Genotype xlocation interactions
for biological yield per plant, seed yield per plant, number of pods per plant and number of
seeds per plant were significant, and for these characters heritability was found low due to high
environmental effects. Days to 50% flowering, days to maturity and seed weight appeared to

be useful traits because high heritability.

Veeramani et. al. (2005) worked on genetic variability, heritability and genetic advance
analysis in segregating generation of Blackgram (Vigna mungo L. Hepper). In Annamalainagar
(Tamil Nadu, India), during rabi 2001, study on genetic variability was carried out with
blackgram in the segregating populations of three crosses, involving 4 parents (LBG 402,
LBG 685, LBG 645 and LBG 20 ). Observations were recorded for plant height, number of
branches, cluster and pods per plant, pods per cluster, pod length, seeds per pod, 100-seed
weight and seed yield. The cross LBG 645/LBG 20 recorded high estimates of phenotypic co-
efficient of variation and genotypic co-efficient of variation for plant height, number of
branches per plant, number of seeds per pod, and seed yield per plant. High heritability coupled
with high genetic advance as percentage of mean were observed for plant height, number of
branches per plant, number of clusters per plant and number of pods per plant. Number of pods
per cluster recorded high heritability and high genetic advance in LBG 685/ LBG 20, whereas
high heritability with high genetic advance was observed for pod length in LBG 645/LBG 20.



Banerjee and kole (2006) studied genetic variability in a population of 30 advance
breeding lines of seasame. Phenotypic and genotypic coefficients of variability were high for
plant height, branches plant-1, capsules plant-1, seeds capsule-1 and seed yield per plant and
low for 1000-seed weight. High to moderate estimates of heritability accompanied by high to
moderate genetic advance for plant height, branches plant-1, capsules plant-1, seeds capsule-1
and seed yield plant-1 indicated the predominance of additive gene action for the expression of
these characters. Plant height, branches plant-1, capsules plant-1 and seeds capsule-1 exhibited

positive and significant genotypic and phenotypic correlations with seed yield.



MATERIALS AND METHODS

A. MATERIALS:

1. Collection of the Materials:

The materials for the present investigation sfollowing 12 lines were obtained from
International Center for Agricultural Research in the Dry Areas( ICARDA), Syria and 4 lines
from Regional Agricultural Research Station (RARS), Ishurdi, Pabna, Bangladesh.

Table 5: List of 16 lines of lentil.

Lines Source of collection

ILL No.1 From ICARDA, Syria

ILL No.2 From ICARDA, Syria

ILL No.3 From ICARDA, Syria

ILL No.4 From ICARDA, Syria

ILL No.5 From ICARDA, Syria

ILL No.6 From ICARDA, Syria

ILL No.7 From ICARDA, Syria

ILL No.4 From ICARDA, Syria

ILL No.9 From ICARDA, Syria

ILL No.10 From ICARDA, Syria

ILL No.11 From ICARDA, Syria

ILL No.12 From RARS, Ishurdi,Pabna,Bangladesh
Bm-1 From RARS, Ishurdi,Pabna,Bangladesh
Bm-2 From RARS, Ishurdi,Pabna,Bangladesh
Bm-3 From RARS, Ishurdi,Pabna,Bangladesh
Bm-4 From RARS, Ishurdi,Pabna,Bangladesh




2. Irradiation of the Materials:

Irradiation of the above lines with different doses i.e., 20kr, 25kr and 30kr. Irradiation

was done with Co® source in the institute of Food and Radiation Biology, Atomic Energy

Research Establishment, Savar, Dhaka.

3. Characters of the Experimental Work:

Eight yield and yield contributing characters which are quantitative in nature were
considered for the present investigation in two consecutive years viz. 2005-2006 and 2006-
2007. The characters studied are as follows:

1. Plant height at first flowering (PHFF)

2. Number of branches per plant at maximum flowering (NBPMF)
3. Plant area per plant (PAPP)

4. Number of pods per plant (NPdPP)

5. Pod weight per plant (PAWPP)

6. Number of seeds per plant (NSPP)

7. Seed weight per plant (SWPP)

8. Plant weight per plant (PWPP)

B. METHODS:

The methods followed to conduct the experiment and analysis of data are divided into
the following sub heads:

1. Preparation of the Experimental Field:

The experimental field was the western side of the third Science Building of the
University of Rajshahi. The experiments were conducted during the Rabi crop season of
2005-2006 and 2006-2007. The experimental field was ploughed six times repeatedly. Weeds
were removed completely before layout of the field and sowing of the seeds. The field was
pulverized and leveled properly. No chemical fertilizer was used before or after sowing of
seeds. As the experimental field was sufficiently moist, no irrigation was given before

sowing of the seeds. Thus prepared, the experimental field was ready for sowing of the seeds.



2. Field design and Screening of the Materials:
Layout of the experimental field and trial of the irradiated lines was conducted under

randomized complete block design with two replications having sixty four plots in each. The
plot size was about 120cm x 150cm with five rows and in each row seven hills was

maintained. In each hill, one plant was maintained. Screening of the mutant lines was

maintained on the basis of survibability and maturity for flowering.
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Fig. 1: Design of the experimental field.
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3. Collection of Data:

The data were collected on individual plant basis. The measurement of a character

was done following C.G.S system. The eight agronomical characters measured, are as

follows:

a) Plant height at first flowering: Height of the individual plant was recorded from the base of
the stem to the top of the plant at the time of first flowering.

b) Number of branches per plant at maximum flowering: The total number of primary
branches from the main stem and secondary branches came out from the primary branches of

the individual plant at the time of maximum flowering was counted and recorded.

¢) Plant area per plant: First diameter of each plant was measured at the position maximum
spread of the plant, then after calculation of radius (r) area was found out from the formula,

2.

d) Number of pods per plant: All the pods of the individual plant after harvesting were

removed and counted.
e) Pod weight per plant: All the pods of the individual plant were weighted and recorded.

f) Number of seeds per plant: All the pods of an individual plant were threshed and seeds

were taken out from the pods and cleaned, then the total number of seeds was counted and

recorded.

g) Seed weight per plant: Total seeds of the individual plant were weighted and recorded.

h) Plant weight per plant: Weight of each plant was taken after completely drying of the plant

and recorded.
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4. Technique of the Analysis of Data:

The collected data were analysed following the biometrical techniques of analysis as
developed by Mather (1949) based on the mathematical models of Fisher et. al.(1932). The

techniques used are described under the following sub-heads:

a) Mean;:

Data on individual plant basis were added together then divided by the total number

of observations and the mean was obtained as follows:

D) ¢
Mean(X )=l
n
Where,
X = The individual reading was recorded from each plant.

n = Number of observations.

2= Summation.

b) Standard deviation:
Standard deviation is the average of the deviation of the individual observations from

the mean. It was calculated as the square root of the variance as follows:

S =4/5?
Where,
S = Standard deviation

S%= Variance
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¢) Standard error of mean:

If instead of taking one sample, several samples are taken it will be found that the
standard deviations of the different samples also vary. This variation is measured by the

standard error which was determined as follows:

S
S =—

x A/n
Where,

S _= Standard error of mean

S = Standard deviation

n = Total number of individuals.

Standard error of mean gives an idea as to how any mean obtained from a sample

may differ from the true hypothetical means of the population.

d) Coefficient of variability in percentage:

Coefficient of variability in percentage (CV%) was calculated according to the
following formula:

CV% =100
X

Where,
CV%= Coefficient of variability in percentage

S = Standard deviation

X =line mean
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e) To test the least significant difference (L.S.D):

To test the least significant differences among the doses (environments) the following

formulae are used:
L.S.D at 5% level =t s x |2XMS.E
n
LSDat1%level =t x |2XMSE
n

M.S.E = Error mean square.

Here,

n = Number of observations,
tos =t’ value at 5% level.

tor =t” value at 1% level.

f) Graphical analysis:

In the graphical analysis graphs were drawn separately for eight quantitative
characters of lentil viz. PHFF, NBPMF, PAPP, NPdPP, PAWPP, NSPP, SWPP and PWPP.
For this purpose, dose mean were plotted along the X-axis and the line mean along the

Y-axis.

g) Analysis of variance:
Variance is a measure of dispersion of a population. So, the analysis of variance is

done for testing the significant differences among the populations. Variance analysis for each

of the characters was carried out separately on mean value of a row.

The variance due to different sources such as line (L), dose(D), year(Y), LxD, LxY,
DxY, LxDxY and Within error of a population were calculated as per the following skeleton

of analysis.



» Treatment ss — >
df=47
Total gg —p
df =143
—— Within error
df =96
Where,

» Line SS
df =5

—»Dose SS
df=3

P Year ss
df=1

—» LxDgg
df=15

| LXYSS
df=35

—Jp DXYSS
df=3

Total ss= Y (tLDY)*-CF

2. L;D;Y,)?

Treatment g5 = -~——— —CF

r

Error ss= Total ss- Treatment ss

—» L.xDxY SS
df =15
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L
Line gg = —& -
SS DY CF

2D/
Dose = i o C
SS LY F

.Y’
Year gg = X _
SS L CF

Z(LiDj)2

(LxD) ss =iT——CF—LSS ~Dg,

2 LY,
(LxY)ss = lkT—-—CF = Lige =~ ¥ige

2.D;Y,)?

k
(DxY)gs == ° —CF-Dg ~ Y

(LxDxY) ss = Treatment ss - Line g5 - Dose ss - Year gg - (LxD) g5 - (LXY) ss - (DxY) ss

L; = The value of ith line

D; = The total of jth environment (Dose)

Y« = The value of kth year

LiDj = The value of ith line in jth environment
L;Yy = The value of ith line in kth year

D;Y = The value of jth environment in kth year

LiD;Yx = The value of ith line of jth environment of kth year
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r=The value of the rth repeatition

CF = Correction factor = (GT)2/ N

GT = Grand total

N = Total number of observations = (rLDY)

The analysis of variance of a mixed model was used, where line (L) and dose (D)

were fixed and year (Y) effect is random. The expectation of mean square (E.M.S) is derived

as follows.
Analysis of variance (ANOVA):

Item df MS EMS
Line(L) L-1 MS, 6w+ I0” Lpy + Dro? Ly + DYro?,,
Dose(D) D-1 MS, sz + ro” Lpy + Lro? py + LYro*p
Year(Y) Y-1 MS; Cw +LDro” y
LxD (L-1)(D-1) MS, o°w+16° Lpy + Y1o® 1 p
LxY (L-1)(Y-1) MS;s 6wt 16° Lpy + Dro’ Ly
DxY (D-1)(Y-1) MSs 6wt 6% Loy + L1o? py
LxD xY L-1)(D-1)(Y-1) |MS, 0wt 167 Lpy
Within error LDY(r-1) MS;s Cw
Where,

L, D, Y, r designated for line (genotype), dose, year and repeatition, respectively.
MS = Represents mean square of line.

MS,= Represents mean square of dose.

MS;= Represents mean square of year.

MS4= Represents mean square of LxD

MSs= Represents mean square of LxY

MSs= Represents mean square of DxY

MS;= Represents mean square of LxDxY

MSs= Represents mean square of within error
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and

DYro® = Variance due to line
LYro? p = Variance due to dose
LDrc” y = Variance due to Year
YrozLD = Variance due to LxD
Drchy = Variance due to LxY
Lro” py = Variance due to DxY
1o’ Lpy = Variance due to LxDxY

02“, = Variance due to within error

h) Components of variation:
The components of variation were phenotypic (o2p), genotypic (czg), Dose (o%p),
Year (0’2\/), interaction (cszLD, cszLy, ozpy, c* Lpy,) and error (sz) variances. These were
measured as follows:
Step-1:

o’ L= (MS;-MSs)/DYr

6°p = (MS,-MS¢)/LYr

o y = (MS3-MSg)/LDr

0% Lp = (MS4-MS;)/Yr

o’ Ly = (MSs-MS;)/Dr

o? py = (MSg-MS7)/Lr

0'2L py = (MS7-MSg)/r

6w = MSs

Step-1 I:
(i) Phenotypic variance (6°) = 6° 1+ 6° Ly + 6° Lpy + G
(ii) Line variance (czg) =o%L
(iii) Dose variance = 6’p
(iv)Year variance = o’y
(v) Line x Dose variance = o’ 1p

g . _ 2
(vi)Line x Year variance = ¢” Ly
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(vii) Dose x Year variance = o2 DY

(viii) Line x Dose x Year variance = ¢° LDY

4 “ 2
(ix) Error variance = o2,

i) Coefficient of variability:
Deviation is also expressed by the coefficient of variation. Coefficient of variability

at different levels were calculated following Johnson, Robinson, and Comstock (1955).

2

(a) Phenotypic coefficient of variability ( PCV) = S P %100
] X
b

2
8

(b) Genotypic coefficient of variability (GCV) =2-%x100

X

2
G D

X

x100

(c) Dose coefficient of variability ( DCV) =

0'2Y

(d) Year coefficient of variability ( YCV) = x100

X

0_2

2 %100

X

2
0Ly

X

(e) Line x Dose coefficient of variability (L. x D CV) =

x100

(f) Line x Year coefficient of variability (L XY CV) =

2
G DY

x 100

(g) Dose x Year coefficient of variability (D xY CV) =

X

2
O LDY

X

(h) Line x Dose x Year coefficient of variability (LxDxYCV) = x100

0_2

_w x100
X

(i) Within error coefficient of variability (ECV) =

i) Heritability(h?v):
Heritability (in broad sense) estimates was computed by dividing the genotypic variance with

phenotypic variance and then multiplying by 100 as suggested by Warner (1952).
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2
h*y =2 2100
Op
Where,
h?y= Heritability in broad sense
ooy = Genotypic variance

2 _ - .
¢”p = Phenotypic variance

k) Genetic advance (GA):

Genetic advance was calculated by the following formula as suggested by Lush (1949).
GA=k(op) (6% / 6%)

Where,

k = The selection differential in standard units for the present

study it was 2.06 at 5% level of selection ( Lush, 1949).

6, = Square root of the phenotypic variance
czp = Phenotypic variance

2 _ . .
o°g= Genotypic variance

1) Genetic advance as % of mean ( GA%):

It was calculated by the following formula:

GA % of mean =%x100
X

Where,

X = Grand mean for a particular character.
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RESULTS

Results obtained for the eight agronomical characters are plant height at first
flowering (PHFF), number of branches per plant at maximum flowering (NBPMF), plant
area per plant (PAPP), number of pods per plant (NPdPP), pod weight per plant (PdWPP),
number of seeds per plant (NSPP), seed weight per plant (SWPP) and plant weight per plant
(PWPP) of six lentil lines have been described under the following sub-heads:

The estimates of range, mean with standard error, least significant difference and
coefficient of variability in percentage are given in Table 6-7 separately for each of the

characters.

A. RANGES

The values of ranges for different irradiation doses such as no irradiation (D1), 20kr
(D2), 25kr (D3) and 30kr (D4) in each of the lines for each of the characters were different.

Plant height at first flowering (PHFF): Plant height at first flowering showed the highest
range of 14.5-33.0 in line-6 for D1 while, the lowest range of variation was found as 24.0-
26.0 in line-11 in case of D4 in the year of 2005-2006. In 2006-2007 the highest range of

variation was recorded as 13.6-30.3 in line Bm2 for D2 and the lowest range was found as

16.83-20.38 in line-6 for D2.

Number of branches per plant at maximum flowering (NBPMF): The highest range of
variation was recorded as 9.33-28.67 in line Bm4 for D1 and the lowest range of variation
was found as 6.33-8.0 in line Bm1 regarding D2 in year 2005-2006. In 2006-2007 the highest

range of variation was observed as 27.0-67.5 in line Bm4 in case of D3 and the lowest range

of variation was noted as 45.4-53.5 in line Bm1 for D3.

Plant area per plant (PAPP): The highest range of variation was recorded as 53.43-338.0 in
line-6 for D4 and the lowest range of variation was found as 164.1-166.1 in line-11 for D4 in
year 2005-2006. In 2006-2007 line Bm?2 showed the highest range of variation of 213.82-
1198.22 for D2 and line-6 showed the lowest range of variation of 286.02-348.37 for D2.
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Number of pods per plant (NPdPP): The highest range of variation was noted in line-11
for D3 with a value of 6.0-44.0, while the lowest range was noted in line-6 for D2 with a
value of 5.0-6.0 in the year 2005-2006. In the year 2006-2007, the highest range was 96.6-
244 .83 in line Bm4 for D2, while the lowest was 120.6-153.0 in line Bm1 for D4.

Pod weight per plant (PAWPP): The highest range was recorded in line Bm4 with a value
0f 0.17-1.02 for D1, while the lowest value of 0.17-0.19 was found in line-11for D4 in 2005-
2006. In the year 2006-2007, the highest range was 1.06-8.4 in line Bm3 for D1, while the
lowest was 2.23-3.34 in line Bml1 for D3.

Number of seed per plant (NSPP): For this character the highest range of 6.2-43.29 was
recorded in the year 2005-2006, in line-11 for D1, while the lowest was noted in line Bm4
with the value of 2.2-5.0 for D4. In 2006-2007, the highest range was recorded as 114.5-
471.3 in line Bm1 for D1 and the lowest was noted as 149.8-207.5 in line Bm3 for D4.

Seed weight per plant (SWPP): For seed weight per plant the highest range was observed
as 0.10-0.73 in line Bm4 for D1 and the lowest range were noted as 0.08-0.13 and 0.07-0.12
in line-6 for D2 and line Bm1 for D4, respectively in 2005-2006. In the year 2006-2007 the
highest value was recorded as 0.78-6.6 in line Bm3 for D1, while the lowest value was noted

as 1.14-2.72 in line Bm?2 for D4.

Plant weight per plant (PWPP): The highest range of plant weight was recorded in 2005-
2006 in line-11 for D3 with a value of 0.68-4.44, while the lowest were recorded in line-11
for D4 and line Bm1 for D4 with the value of 0.47-0.57 and 0.20-0.30 respectively. In 2006-
2007, the highest range was recorded in line Bm3 for D3 with a value of 2.27-17.11, while
the lowest was in line Bm2 for D3 with a value of 6.21-8.23.

B. MEAN WITH STANDARD ERROR

Mean with standard error in different environments of each line for different

quantitative characters were different (Table 6-7).
Plant height at first flowering (PHFF): For this character the highest mean with standard

error was 25.94 + 2.2536 in line-11 for D3 and the lowest mean with standard error was

14.45 + 1.0137 in line-6 for D2 in year 2005-2006. In 2006-2007, the highest mean with
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standard error was 30.174 £ 0.8374 in line-11 for D2 and the lowest mean with standard error
was 18.124 + 0.6383 in line-6 for D2.

Number of branches per plant at maximum flowering (NBPMF):D4 showed the highest
mean with a value of 19.0 + 0.8660 in line-11 and the lowest mean with a value of 5.4167 +
0.4901 in line Bm1 in 2005-2006. In 2006-2007, the highest mean with standard error was

75.555 & 2.1951 in line-11 for D1 and the lowest mean with standard error was 31.38 +
3.6407 in line Bm3 for D1.

Plant area per plant (PAPP): In 2005-2006, the highest mean was recorded in line-6 for D4
with a value 195.71 + 142.28, while the lowest was observed in line- Bm2 for D4 with a
value of 23.25 £ 7.7645. In 2006-2007, the highest mean with standard error was 756.401 £
42.1418 and the lowest mean with standard error was 296.274 + 72.6991 in line-11 for D1
and D4, respectively.

Number of pod per plant (NPdPP): In 2005-2006, the highest mean was recorded in line-
11for D1 with a value of 26.99 + 4.3187, while the lowest was observed in line Bm3 for D4
with a value of 3.3589 + 0.3855. The line Bm1 for D1 with a value of 188.273 £ 12.4179 was
the highest, while line Bm3 for D2 with a value of 66.913 + 3.7702 was the lowest in 2006-
2007.

Pod weight per plant (PAWPP): In this character the highest mean was recorded in line-11
for D1 with a value of 0.548 + 0.0877, while the lowest was recorded in line Bm3 for D4
with a value of 0.06 £ 0.0120 in 2005-2006. In 2006-2007, the highest mean was noted in

line Bm1 for D1 and the lowest was observed in line Bm3 for D2 and the values were 4.602

+0.5361 and 1.807 + 0.2564, respectively.

Number of seed per plant (NSPP): In 2005-2006, the highest mean was recorded in line-11
for D1 and the lowest was observed in line Bm3 for D4 where the values were 25.516 +
42788 and 3.4444 + 0.4035, respectively. The highest mean was 270.961 + 31.7264 in line
Bm1 for D1, while the lowest was 92.018 +12.5391 in line Bm3 for D2 in 2006-2007.

Seed weight per plant (SWPP): The highest mean was noted in line-11 with a value of
0.403 + 0.0655 for D1 and the lowest was noted in line Bm3 for D4 with value of 0.0478 +



0.0099 for D4 in 2005-2006. The highest mean recorded in line Bm1 was 3.376 % 0.4131 for
D1, while the lowest mean observed in line Bm3 was 1.368 + 0.1926 for D2 in 2006-2007.

Plant weight per plant (PWPP): For this character the highest mean was recorded in line-
11 for D3 with a value of 1.81 + 0.7463, while the lowest mean was obtained in line Bm1 for
D4 with a value of 0.2633 + 0.0318 in 2005-2006. The highest mean was 10.67 + 0.8515 in

line Bm3 for D4, while the lowest mean was found to be 3.412 + 0.5249 in line-6 for D3 in
the year 2006-2007.

C. LEAST SIGNIFICANT DIFFERENCE

For each of the characters as calculated the values of mean showed variation from

environment to environment in each line (Table 6-7).

Plant height at first flowering (PHFF): For this character the mean differences between the
doses were tested with L.S.D values also in the year 2005-2006 and 2006-2007.

Mean differences between the doses in each line in 2005-2006: With L.S.D values of
2.7828 at 5% level and 3.8343 at 1% level the significant differences were found between D3
and D2, between D4 and D2 in line-6.The significant difference with L.S.D value of 3.5072
at 5% level in line-11 were found between D3 and D2. In line Bml the significant
differences with L.S.D value of 2.3346 at 1% level were found between D1 and D2, D1 and
D3 and D1 and D4. The significant differences with L.S.D values of 2.1657 at 5% level and
2.9273 at 1% level were found between D1 and D2, D1 and D4, between D3 and D2 and D3
and D4 in line Bm2. With L.S.D values of 1.8391 at 5% level and 2.4767 at 1% level the
significant differences were found between D1 and D2 and D1 and D4 in line Bm3. With
L.S.D values of 0.8187 at 5% level and 1.1025 at 1% level the significant differences were
found between D1 and D2, D1 and D3, D1 and D4, between D3 and D2 and D3 and D4 in
line Bm4. |

Mean differences between the doses in each line in 2006-2007: With L.S.D value of
3.1851 at 1% level the significant differences were found between D1 and D2 in line-6. The
significant differences with L.S.D value of 2.0695 at 1% level were found between D1 and
D3, D1 and D4, between D2 and D3, D2 and D4 and between D3 and D4 in line-11. In line

Bm1 the significant differences with L.S.D value of 3.0518 at 1% level were found between



D1 and D2, D1 and D3, D1 and D4 and between D4 and D2. The significant differences with
L.S.D values of 2.0221 at 5% level and 2.7232 at 1% level were found between D1 and D2,
between D3 and D1, D3 and D2 and D3 and D4 and between D4 and D2 in line Bm2. With
L.S.D values of 1.372 at 5% level and 1.8477 at 1% level were found between D3 and D1,
D3 and D2, between D4 and D1 and D4 and D2 in line Bm3, while the significant

differences with L.S.D value of 1.9056 at 1% level were found between D4 and D1 and D4
and D3 in line Bm4.

Number of branches per plant at maximum flowering (NBPMF): In this case the mean
differences between the doses were tested with L.S.D values also in the year 2005-2006 and
2006-2007.

Mean differences between the doses in each line in 2005-2006: The significant
differences with L.S.D values of 1.5011 at 5% level and 2.0683 at 1% level were found
between D1 and D2, D1 and D3, D1 and D4, between D3 and D2 and between D4 and D2 in
line-6. With L.S.D value of 2.9476 at 1% level the significant differences were found
between D4 and D1, D4 and D2 and D4 and D3 in line-11. With L.S.D values of 0.8907 at
59 level and 1.204 at 1% level the significant differences were found between D1 and D2,
D1 and D3, D1 and D4, between D2 and D4, between D3 and D2 and D3 and D4 in line
Bm1. The significant differences with L.S.D value of 1.5036 at 1% level were found between
D1 and D2, D1 and D4, between D3 and D2, D3 and D4 and between D4 and D2 in line
Bm2. The significant differences with L.S.D values of 1.8236 at 5% level and 2.4559 at 1%
level were found between D1 and D2, D1 and D3, D1 and D4 and between D3 and D2 in line
Bm3. With L.S.D values of 1.7348 at 5% level and 2.3363 at 1% level the significant
differences were found between D1 and D3, D1 and D4 and between D2 and D4 in line Bm4.

Mean differences between the doses in each line in 2006-2007: With L.S.D value of
57911 at 1% level the significant differences were found between D1 and D2, D1 and D3
and D1 and D4 in line-6. The significant differences with L.S.D value of 3.6145 at 1% level
were found between D1 and D2, D1 and D3, D1 and D4, between D2 and D3, D2 and D4
and between D3 and D4 in line-11. The significant differences with L.S.D value of 7.9371 at
1% level in line Bm1 were found between D1 and D2, D1 and D3, between D4 and D2 and
D4 and D3. The significant differences with L.S.D value of 4.9034 at 1% level were found
between D2 and D1, D2 and D3, D2 and D4 and between D3 and D1 in line Bm2. With
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L.S.D value of 6.2994 at 1% level were found between D4 and D1, D4 and D2 and D4 and
D3 in line Bm3. The significant differences with L.S.D value of 7.3431 at 1% level were
found between D2 and D1, D2 and D3 and D2 and D4 in line Bm4.

Plant area per plant (PAPP): In 2005-2006 and 2006-2007, the mean differences between
the doses were tested with L.S.D values.

Mean differences between the doses in each line in 2005-2006: The significant
differences with L.S.D values of 55.2866 at 5% level and 76.1755 at 1% level were found
between D1 and D2, between D4 and D1, D4 and D2, and D4 and D3 in line-6. With L.S.D
value of 39.928 at 5% level the significant differences were found between D3 and D2 in
line-11. With L.S.D values of 17.6609 at 5% level and 23.8714 at 1% level the significant
differences were found between D1 and D2, D1 and D3, D1 and D4 and between D3 and D2
in line Bm1. The significant differences with L.S.D values of 16.102 at 5% level and 21.7643
at 1% level were found between D1 and D2, D1 and D3, D1 and D4, between D2 and D4,
between D3 and D4 in line Bm2. The significant differences with L.S.D values of 24.5206 at
5% level and 33.0224 at 1% level were found between D1 and D2, D1 and D4 in line Bm3.
With L.S.D values of 8.5715 at 5% level and 11.5435 at 1% level the significant differences
were found between D1 and D2, D1 and D3, D1 and D4, between D2 and D3, D2 and D4 in
line Bm4.

Mean differences between the doses in each line in 2006-2007: With L.S.D values of
102.5043 at 5% level and 139.5142 at 1% level the significant differences were found
between D1 and D2, D1 and D3, DI and D4 and between D4 and D3 in line-6. The
significant differences with L.S.D values of 98.3346 at 5% level and 132.429 at 1% level
were found between D1 and D3, D1 and D4, between D2 and D4 and D3 and D4 in line-11.
¢ differences with L.S.D value of 97.6444 at 1% level in line Bm1 were found

The significan
between D1 and D2, D1 and D3, D1 and D4. The significant differences with L.S.D value of
127.907 at 1% level were found between D3 and D4 in line Bm2. With L.S.D values of
79.8043 at 5% level and 107.4739 at 1% level were found between D3 and D1, D3 and D2,
between D4 and D1, D4 and D2 and D4 and D3 in line Bm3, while the differences with

LS.D value of 105.5234 at 5% level were found between D4 and D1, D4 and D3 in line

Bm4.



e

e e

LT T m—

Number of pod per plant (NdPPP): In 2005-2006 and 2006-2007, the mean differences
between the doses were tested with L.S.D values.

Mean differences between the doses in each line in 2005-2006: The significant
differences with L.S.D value of 4.8140 at 1% level were found between D1 and D2, between
D3 and D2 and between D4 and D2 in line -6. With L.S.D values of 6.6703 at 5% level and
9.0786 at 1% level the significant differences were found between D1 and D2, D1 and D3
and D1 and D4 and between D3 and D2 in line-11. With L.S.D value of 2.8387 at 1% level
the significant differences were found between D1 and D2, D1 and D3 and D1 and D4 in line
Bml. The significant differences with L.S.D values of 1.6887 at 5% level and 2.2952 at 1%
level were found between D1 and D4, between D3 and D2 and between D3 and D4 in line
Bm?2. The significant differences with L.S.D value of 1.5036 at 1% level were found between
D1 and D2, D1 and D3 and D1 and D4, between D2 and D4 and between D3 and D2 and D3
and D4 in line Bm3. With L.S.D value of 4.0421 at 1% level the significant differences were
found between D1 and D2, D1 and D3 and D1 and D4 in line Bm4.

Mean differences between the doses in each line in 2006-2007: With L.S.D value of
25.2335 at 1% level the significant differences were found between D2 and D1, between D3
and D1, D3 and D2 and D3 and D4 in line-6. The significant differences with L.S.D value of
18.8408 at 5% level were found between D4 and D2 and between D4 and D3 in line-11.The
significant differences with L.S.D value of 24.0704 at 1% level in line Bml were found
between D1 and D2, D1 and D3, DI and D4 and between D4 and D2.The significant
differences with L.S.D values of 14.2575 at 5% level and 19.2009 at 1% level were found
between D1 and D4, between D3 and D1, D3 and D2 and between D3 and D4 in line Bm2.
With L.S.D values of 10.1489 at 5% level and 13.6677 at 1% level were found between D1
and D2, between D3 and D2, between D4 and D1, D4 and D2 and between D4 and D3 in line
Bm3. The differences with L.S.D value of 21.2164 at 1% level were found between D2 and
D1, D2 and D4, between D3 and D1 and between D3 and D4 in line Bm4.

Pod weight per plant (PAWPP): In 2005-2006 and 2006-2007, the mean differences

between the doses were tested with L.S.D values.
Mean differences between the doses in each line in 2005-2006: The significant
differences with 1L.S.D value of 0.1136 at 1% level were recorded between D1 and D2,

between D3 and D2 and between D4 and D2 in line-6. In line-11 the significant differences
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with L.S.D value of 0.1876 at 1% level were found between D1 and D2, D1 and D3 and
between D1 and D4. With L.S.D values of 0.0534 at 5% level and 0.0727 at 1% level the
significant differences were noted between D1 and D2, D1 and D3 and between D1 and D4
in line Bm1. The significant differences with L.S.D value of 0.0566 at 5% level was found
between D3 and D4 in line Bm2. The significant differences with L.S.D value of 0.0482 at
1% level were found between D1 and D2, D1 and D4 and between D3 and D4 in line Bm3.
With L.S.D values of 0.0816 at 5% level and 0.1099 at 1% level the significant differences
were recorded between D1 and D2, D1 and D3, D1 and D4 and between D2 and D4 in line
Bm4.

Mean differences between the doses in each line in 2006-2007: The significant
differences with L.S.D value of 0.8150 at 1% level were noted between D3 and D1 and D3
and D2 and between D3 and D4 in line-6, while the differences among different doses were
not significant in line-11. In line Bm! the significant differences with L.S.D values of 1.002
at 5% level and 1.3638 at 1% level were found between D1 and D2, D1 and D3, between D4
and D2 and between D4 and D3. The significant differences with L.S.D value of 0.4507 at
5% level was noted between D3 and D1 in line Bm2. With L.S.D values of 0.6797 at 5%
level and 0.9154 at 1% level were found between D1 and D2, D1 and D3, between D4 and
D2, D4 and D3 in line Bm3, while the differences with L.S.D values of 0.5257 at 5% level
and 0.7080 at 1% level were recorded between D2 and D1, D2 and D4 and between D3 and

D1 in line Bm4.

Number of seed per plant (NSPP): In 2005-2006 and 2006-2007, the mean differences
between the doses were tested with L.S.D values.

Mean differences between the doses in each line in 2005-2006: The significant
differences with L.S.D value of 6.7632 at 1% level were found between D1 and D2, between
D3 and D2 and between D4 and D2 in line-6. In line-11 the significant differences with
L.S.D value of 8.7553 at 1% level between D1 and D2, D1 and D3 and between D1 and
D4.With L.S.D values of 2.5638 at 5% level and 3.4895 at 1% level the significant
differences were recorded between D1 and D2 and between D1 and D3 in line Bm1.The
significant differences with L.S.D value of 2.2929 at 1% level were found between D2 and
D1, D2 and D3 and between D2 and D4 in line Bm2. The significant differences with L.S.D

values of 1.2406 at 5% level and 1.6707 at 1% level were recorded between D1 and D2, D1



and D4 and between D3 and D4 in line Bm3. With L.S.D value of 4.6123 at 1% level the
significant differences were found between D1 and D2, D1 and D3 and between D1 and D4
in line Bm4.

Mean differences between the doses in each line in 2006-2007: The significant
differences with L.S.D value of 63.0644 at 1% level were noted between D3 and D1 and D3
and D2 and between D3 and D4 in line-6, while in line-11 the significant differences with
L.S.D value of 46.7448 at 1% level were recorded between D1 and D4, between D2 and D4
and between D3 and D4. The significant differences with L.S.D value of 73.9589 at 1% level
were found between D1 and D2, D1 and D3, between D4 and D2 and between D4 and D3 in
line Bml. The significant differences with L.S.D value of 24.3864 at 5% level were noted
between D2 and D4 and between D3 and D4 in line Bm2. With L.S.D value of 42.5729 at
1% level were found between D1 and D2, between D4 and D2, and between D4 and D3 in
line Bm3. The significant differences with L.S.D values of 23.9359 at 5% level and 32.2349
at 1% level were recorded between D2 and D1, between D3 and D1 and between D4 and D2

in line Bm4.

Seed weight per plant (SWPP): In 2005-2006 and 2006-2007, the mean differences
between the doses were tested with L.S.D values.

Mean differences between the doses in each line in 2005-2006: The significant
differences with L.S.D value of 0.0943 at 1% level were shown between D1 and D2, between
D3 and D2 and between D4 and D2 in line-6. In line-11 the significant differences with
L.S.D values of 0.1003 at 5% level and 0.1365 at 1% level were found between D1 and D2,
D1 and D3, D1 and D4 and between D3 and D4. With L.S.D value of 0.0535 at 1% level the
significant differences were noted between D1 and D2 and between D1 and D3 in line Bml.
The significant differences with L.S.D value of 0.0398 at 1% level were found between D2
and D1, D2 and D3 and between D2 and D4 in line Bm2. The significant differences with
L.S.D values of 0.0306 at 5% level and 0.0412 at 1% level were recorded between D1 and
D2, D1 and D4, between D3 and D2 and between D3 and D4 in line Bm3. With L.S.D value
of 0.088 at 1% level the significant differences were found between D1 and D2, D1 and D3

and between D1 and D4 in line Bm4.
Mean differences between the doses in each line in 2006-2007: The significant

differences with L.S.D value of 0.6185 at 1% level between D3 and D1, D3 and D2 and



between D3 and D4 in line-6, while the differences among different doses were not
significant in line-11. The significant differences with L.S.D values of 0.7572 at 5% level
and 1.0306 at 1% level were noted between D1 and D2, D1 and D3, between D4 and D2 and
between D4 and D3 in line Bml. The significant differences with L.S.D value of 0.3737 at
5% level were recorded between D2 and DI and between D2 and D4 in line Bm2. With
L.S.D value of 0.7329 at 1% level were found between D1 and D2, D1 and D3, between D4
and D2, and between D4 and D3 in line Bm3. The significant differences with the L.S.D
value of 0.5431 at 1% level was found between D2 and D1 in line Bm4.

Plant weight per plant (PWPP): For this character the mean differences between the doses
were tested with L.S.D values also in the year 2005-2006 and 2006-2007.

Mean differences between the doses in each line in 2005-2006: The significant
differences with L.S.D value of 0.3366 at 1% level were noted between D1 and D2, between
D3 and D2 and between D4 and D2 in line-6. In line-11 the significant differences with
_L.S.D value of 0.7738 at 1% level between D1 and D4, D2 and D4, and between D3 and D4.
With L.S.D values of 0.106 at 5% level and 0.1438 at 1% level the significant differences
were found between D1 and D3, D1 and D4, between D2 and D3 and between D2 and D4 in
line Bm1. The significant differences with L.S.D value of 0.0973 at 5% level were noted
between D1 and D2, D1 and D4 and between D3 and D4 in line Bm2. The significant
differences with L.S.D values of 0.0857 at 5% level and 0.1154 at 1% level were recorded
between D1 and D2, D1 and D3, D1 and D4, between D3 and D2 and between D4 and D2 in
line Bm3. With L.S.D value of 0.1259 at 1% level the significant differences were found
between D1 and D2, D1 and D3 and between D1 and D4 in line Bm4.

Mean differences between the doses in each line in 2006-2007: The significant
differences with L.S.D values of 1.0715 at 59, level and 1.4584 at 1% level were found

between D1 and D2, D1 and D3, D1 and D4 and between D2 and D3 in line-6. In line-11

the significant differences with L.S.D values of 1.2232 at 5% level and 1.6473 at 1% level

were found between D1 and D2, D1 and D3, D1 and D4, between D2 and D3 and between

D2 and D4. The significant differences with L.S.D value of 1.1567 at 1% level were noted
and D2, D1 and D3, between D3 and D2 , between D4 and D2 and between D4
D value of 1.2254 at 1% level were

between D1
and D3 in line Bm1. The significant differences with L.S

found between D3 and D1, D3 and D2, between D4 and D1 and between D4 and D2 in line



Bm2. With L.S.D values of 1.4549 at 5% level and 1.9594 at 1% level were found between
D1 and D2, between D3 and D2, between D4 and D1, D4 and D2 and between D4 and D3 in
line Bm3, while the significant differences with 1.S.D value of 0.7749 at 5% level were
recorded between D2 and D1, D3 and D1 and between D4 and D1 in line Bm4.

D. COEFFICIENT OF VARIABILITY IN PERCENTAGE (CV%)

The results of coefficient of variability in percentage (CV%) in different doses in

each line showed a remarkable differences for different characters. The results are shown in
Table 6-7.

Plant height at first flowering (PHFF): For this character the highest CV% was recorded in
line-6 for D4 with a value of 34.8657, while the lowest was recorded in line-11 for D4 with a
value of 4.0 in 2005-2006. In the year 2006-2007, the highest CV% was 27.0963 in line
Bm?2 for D2, while the lowest CV% was 6.6724 in the same line for D3.

Number of branches per plant at maximum flowering (NBPMF): For this character the
highest CV% was in line Bm3 with a value of 52.5974 regarding D4 and the lowest CV%
was in line-11 with a value of 7.8947 for D4 in 2005-2006. Both the highest and the lowest
CV% were noted as 36.689 and 5.2945 in line Bm3 for D1 and D4, respectively in 2006~
2007.

Plant area per plant (PAPP): In this case, the highest CV% was 102.8125 in line-6 for D4,
while the lowest was 0.6060 in line-11 for D4 in the year 2005-2006. In 2006-2007, line
Bm?2 exhibited the highest value of 63.4794 and the lowest value of 5.7709 for D2 and D4,

respectively.

Number of pod per plant (NPdPP): For this character the highest CV% was noted in line-

11 for D3 with a value of 80.3907, while the Jowest value was observed in line-6 for D2 with

a value of 7.7106 in 2005-2006. The CV% in 2006-2007 was recorded as the highest for D2

in line BM4 with a value of 36.0504, while the lowest for D4 in line Bmlwith a value of

9.2669.

Pod weight per plant (PdWI’P)i The highest CV% was 101.8191 in line Bm2 for D3, while

the lowest was 5.5556 in line-11 for D4 in 2005-2006. On the other hand, the highest CV%



of 68.3229 was recorded in line Bm3 for D1 and the lowest CV% of 16.8288 was noted in
line-11 for D1 in 2006-2007.

Number of seed per plant (NSPP): For this character the highest CV% was noted as
81.5255 in the line Bm3 for D3, while the lowest was 15.0 in line-11 for D4 in 2005-2006.
The CV% in 2006-2007 was 69.8557 in line Bm3 for D1, while the lowest was 15.8166 in

line-11 regarding the same environment.

Seed weight per plant (SWPP): In this case, the highest CV% of 113.908 was noted in line
Bm3 for D3 and the lowest of 25.3768 was recorded in line-6 for D2 in 2005-2006. In 2006-
2007, the highest CV% was recorded as 71.3399 in line Bml for D4 and the lowest was
17.7836 in line-11 for D1.

Plant weight per plant (PWPP): For this character line-11 showed the highest and the
lowest CV% with the values of 92.2023 and 9.6154 for D3 and D4, respectively in 2005-
2006. In 2006-2007, the highest CV% was found to be 67.7532 in line Bm3 for D3 and

the lowest CV% was recorded as 11.1763 in line Bm2 for the same environment.

E. GRAPHICAL ANALYSIS
In the graphical analysis dose means were taken as independent variable and line
means were considered as dependent variable. In this way graphs of all the characters were

drawn and are presented in figures 2-17 and are described separately.

Plant height at first flowering (PHFF): For this character line-11 showed the highest mean
performance for D3 and line-6 showed the lowest performance for D2 in the year 2005-

2006.Whereas, 2006-2007, line-11 showed the highest performance for D2 and line-6

showed the lowest performance for D2.

Number of branches per plant at maximum flowering (NBPMF): The highest mean

performance was obtained by line-11 for D4 and the lowest mean performance was indicated

by line Bm1 for D4 in the year 7005-2006. On the other hand, the highest mean performance

was found in line-11 for D1

D1 in 2006-2007.

and the lowest mean performance was recorded in line Bm3 for



Plant area per plant (PAPP): In this case, line-6 showed the highest and the lowest mean
performance for D4 and D2, respectively in the year 2005-2006. In 2006-2007, line -11

exhibited the highest and the lowest mean performance for D1 and D4, respectively.

Number of pods per plant (NPAPP): For this character the highest mean performance was
noted in line-11 for D1, while the lowest performance was observed in line Bm3 for D4 in
2005-2006. The mean performance in 2006-2007 was recorded as the highest for D1 in line

Bm1, while the lowest performance was observed for D2 in line Bm3.

Pod weight per plant (PdWPP): In this character line-11 exhibited the highest mean
performance for D1, whereas line Bm3 showed the lowest performance for D4 in 2005-2006.
The line Bm1 showed the highest and the line Bm3 indicated the lowest performance

regarding D1 and D2, respectively in 2006-2007.

Number of seed per plant (NSPP): In 2005-2006, the highest mean performance was
recorded in line-11 for D1 and the lowest mean performance was observed in line Bm3 for
D4. The highest mean performance was noted in line Bml for D1, while the lowest

performance was observed in line Bm3 for D2 in 2006-2007.

Seed weight per plant (SWPP): The highest mean performance was noted in line-11 for D1
and the lowest performance recorded in line Bm3 for D4 in 2005-2006. In line Bml the

highest mean performance and in line Bm3 the lowest performance were shown by D1 and

D2, respectively in 2006-2007.

Plant weight per plant (PWPP): For this character the highest mean performance was
recorded in line-11 for D3, while the lowest mean performance was obtained in Bml for D3

in 2005-2007. The line Bm3 showed the highest mean performance for D4 and the line-6

indicated the lowest mean performance for D3 in 2006-2007.

F. ANALYSIS OF VARIANCE

The results of the analysis of variance for all the nine quantitative characters were

done separately and are shown in Table 8. For significant test the main items and their

interaction effects, a mixed model was followed.
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In the analysis, the line item (L) was highly significant for all the characters when
tested against the within error. This item was also highly significant except NPPP, which
showed significance at 5% level when it was tested against pooled error. The dose (D) item
was highly significant for NBPMF, PAPP, PAWPP, SWPP, PWPP, and just significant (at
5% level) for PHFF, NSPP, and non-significant only for NPdPP when tested against within
error. This item was highly significant for NBPMF, PdAWPP, SWPP, and significant for
PHFF, PAPP, PWPP but was non-significant for NPdPP and NSPP, when tested against its
pooled error. Significant influence of year (Y) item was also observed for all the characters.
The L x D interaction was highly significant for all the characters except PHFF, where it was
significant when tested against within error but it was also highly significant for all the
characters except PHFF and NSPP when tested against pooled error. These two characters
showed significance at 5% level. The interaction L x Y was highly significant for all the
characters except PHFF and NPdPP, where NPdPP was significant only when tested against
within error but this item was highly significant for all the characters except PHFF and
NPdPP when tested against pooled error.The another interaction item DxY was non-
significant for all the characters except NBPMF and PWPP when tested against within
error/pooled error. The second order interaction L x D xY was highly significant except

PHEF,

G. COMPONENTS OF VARIATION

. . . 2 p .
The estimates of phenotypic (02p), genotypic (ng), dose (o”p), year (c”y), interactions
(6*Lp, 02[)," 021)\(, and o Lpy) and error (sz) components of variation were calculated

separately for all the nine quantitative characters. The results were presented in the Table 9.

Phenotypic variation (6%p): For all the characters, phenotypic variation (Gzp) was greater

2 2 2 2 . L
than those of ozg, 02[,, 02y, GZLD, G°Ly, O DY, O LDY and o“y components of vanation as

expected, except o’y for NBPMF, PAPP, NP4dPP, PAWPP, NSPP, SWPP and PWPP.

The phenotype is the joint product of o® 1, 6> Ly, 0> Loy and o’y Table showed that the greater

portion of the total phenotypic variation was appeared mostly due to error variation for all the

characters. The maximum phenotypic variation was observed for PAPP with a value of

16007.9624 and the lowest phenotypic variation was 0.4009 shown by SWPP.



. - . 2 .
Genotypic variation (6°): The highest genotypic variation (6% was found for PAPP with a

value of 1391.9682, while the lowest genotypic variation was recorded for PAWPP with a
value of 0.0235.

. 2 g
Dose variation (6°p): The variance due to dose (c?p) was high with a value of 574.3391 for

PAPP, while the lowest value was exhibited by NPdPP with a value of -16.3891.

Year variation (¢%y): The year component of variation (o’y) was high (62219.9984) for
PAPP. On the other hand, the lowest value of 6%y was recorded as 1.9652 for SWPP.

Line % dose interaction variation (6’Lp): Regarding variation of the interaction between
line and dose, the highest value was found for PAPP with a value of 321.0169, while the
lowest value was observed for NPdPP with a value of -54.5581.

Line X year interaction variation(cLy ):The highest value of L XY interaction variation
(6’Ly ) was found for PAPP with a value of 1492.6525 and the lowest value was recorded for
NPdPP with a value of -46.6964.

Dosexyear interaction variation (O’zl)y): The highest and the lowest values of this
interaction variation were noted for PWPP and PAPP with the values of 0.0544 and
-1849.1661, respectively.

Line x dose X year interaction variation (6*Lpy): The second order interaction component

of variation (¢” Lpy) showed the maximum value of 10519.1325 for PAPP and the lowest was

noted for SWPP with a value of 0.1289.

Error variation (6°y): The highest error variation (c%) was recorded for PAPP with a value of

2604.209] and the lowest was noted for PdWPP with a value of 0.1570.

H. COFFICIENT OF VARIABILITY
The estimates of phenotypic ( PCV), genotypic ( GCV), dose ( DCV), year( YCV),
interaction (L x D CV, L xY CV, D xY CV and LxDxY CV ) and within error coefficient

of variability ( ECV) for eight quantitative characters of lentil were computed. The results are

presented in Table 10.



Phenotypic coefficient of variability (PCV): In general, the phenotypic coefficient of
variability( PCV), was greater than genotypic, dose, year, interaction and error coefficient of
variability for all the characters except YCV for NBPMF, PAPP, NPdPP, PAWPP, NSPP,
SWPP and PWPP. PCV is the joint product of GCV, L xY CV, LxDxY CV and ECV.
Estimates of the phenotypic coefficient of variability was the highest for PAPP with a value
of 5302.6007 and the lowest phenotypic coefficient of variability was estimated for PAWPP
with a value of 34.1179. The remaining characters, such as , PHFF, NBPMF, NPdPP, NSPP,
SWPP and PWPP showed the phenotypic coefficient of variabilities of 91.1426, 271.5531,
1111.3692, 1979.4283, 34.1343 and 55.7966, respectively.

Genotypic coefficient of variability ( GCV): For this item PAPP showed the highest GCV,
while the lowest was found for PAWPP with the values of 461.0863 and 1.3287, respectively.

Dose coefficient of variability (DCV): The highest dose coefficient of variability (DCV)
was exhibited by PAPP with a value of 190.2485 and the lowest was indicated by
NPdPP with a value of -22.7688.

Year coefficient of variability (YCV): This coefficient of variability was high for PAPP
with a value of 20610.2313, while the lowest was recorded for PHFF with a value of
11.5622.

L x D interaction coefficient of variability (L x D CV): The highest and the lowest values
of this interaction coefficient of variability were noted for PAPP and NPdPP with the values

of 106.3361 and -75.7957, respectively.

L x Y interaction coefficient of variability (L x Y CV): The maximum L x Y CV was
exhibited by PAPP with a value of 494.4377 followed by 297.7966 for NSPP and 18.3278

for NBPMF. The character, NPdPP showed the lowest value of -64.8738.

Dx Y interaction coefficient of variability (D x Y CV): The highest and the lowest values
for this coefficient of variability were recorded as 1.6171 and -612.5320 for PWPP and
PAPP, respectively.

L x D x Y interaction coefficient of variability (L x D x Y CV): The second order

teraction coefficient of variability showed the highest value of 3484.4384 for PAPP
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followed by NSPP (709.5035), NPAPP (615.3178) and NBPMF (173.6994). The character,
PHFF exhibited the lowest value of 8.4419.

Error coefficient of variability (E CV): The character, NSPP showed the highest value of
927.7668 in case of error coefficient of variability followed by PAPP (862.6383), NPdPP
(527.7647) and PHFF (63.7376). The lowest value of 8.8843 was observed for PAWPP.

I. HERITABILITY (h%})

Broad sense heritability (h*y) for eight quantitative characters of lentil were estimated
and the results are shown in Table 11. In the present investigation the highest heritability was
estimated for PHFF with a value of 23.1521 and that lowest was recorded for NSPP with a
value of 2.2411. Heritability for other characters were calculated to be 8.6955 for PAPP,
7.9397 for PWPP, 6.9191 for NBPMF, 6.1373 for SWPP, 3.8945 for PAWPP and 2.9838 for
NPdPP.

J. GENETIC ADVANCE (GA)

Genetic advance for all the eight characters are shown in Table 11. The character,
PAPP showed maximum genetic advance with a value of 22.6636. Next to this character, GA
values of 2.1900 and 2.0192 were shown by PHFF and NSPP, respectively. The lowest GA
was 0.0623 observed for PAWPP.

K. GENETIC ADVANCE AS % OF MEAN (GA%)
The genetic advance expressed as percentage of mean was shown in Table 11.The
highest value of genetic advance as percentage of mean was 9.4664 for PHFF followed by

75073 and 6.8161 for PAPP and SWPP, respectively. The lowest value was 2.0894 exhibited
by NSPP.



Table 6: Range, Mean with standard error (SE), least significant difference (L.S.D) at 5% and

1% level and coefficient of variability in percentage (CV%) of different characters in lentil in
2005-2006.

Plant height at first flowering (PHFF)

1;\1126 Dose Range Mean withSE | LsD | LSD | CV% |
. at 5% at 1%
level level
1L6 (DI [12.0-23.6 16.832 + 1.2474 23.4349
D2 | 12.0-16.5 1445 £1.0137 |2.7828 | 3.8343 | 15.6859
D3 | 11.5-23.0 18.5 +3.5473 332114
D4 | 13.6-22.5 18.05 + 4.45 34.8657
L1l |Dl |14.5-33.0 24.196 + 2.6148 34.1742
D2 | 16.5-27.67 18563 = 13280 | 3.5072 | 4767 | 17.1975
D3 [20.7-32.5 25.94 +2.2536 19.4262
| D4 | 24.0-26.0 25.0+0.5774 4.0
Bmi | D1 |16.6-29.57 24.715 + 1.1893 152172
D2 | 12.5-21.0 18145+ 1.0788 | 1.7272 | 2.3346 16.8168
D3 | 14.75-22.5 18.625 = 1.3411 17.8372
D4 | 15.5-21.5 18.2217 + 0.9800 13.1744
Bm2 | D1 | 16.75-29.57 23.543 £ 1.5146 20.344
D2 | 15.9-24.54 503486 & 1.2183 | 2.1657 | 2.9273 15.8405
D3 | 22.83-29.0 25.55+ 0.9658 9.2591
D4 | 12.5-25.43 21.2657 +1.7992 22.3844
Bm3 | Dl | 16.9-29.57 24.79 + 1.1093 14.1504
D2 | 13.0-27.0 1423+ 1.4400 | 1.8391 | 24767 21.2693
D3 | 16.77-27.5 23.1922 + 1.0112
D4 | 16.5-30.0 72,8422 + 1.4566
Bm4 | D1 |19.0-26.0 22.465 £ 0.5719
D2 | 18.25-21.75 20.12 + 0.3629
D3 | 17.5-23.25 21.0811 £ 0.7367
D4 | 15.5-22.33 50.131 £ 0.5709 ]
Differences between dose means and their significances for PHFF in 2005-2006
Tine | Dose | D4 D3 D2 | Line | Dose | D4 D3 D2 |
No. ] No.
L6 |Dl [1218 1668 |2.382 |Bm2| DI | 2277 |2.007 3.194**
D2 BV A M S— D2 109171 |5201**
D3 | 045 ] D3 | 4.284**
IL11 | D1 | 0.804 (1.744 | 23397 | Bm3 | DI | 1.948* | 1.5978 |3.367**
D2 | 3.1437 4.084* D2 | 14192 | 1.7692
D3_ | 0.94 — | D3 1o
Bm1 DI £ 495%* | 6.09** §57+* | Bmé4 | D1 | 2.334* 1.384%* | 2.345%*
o 00767 _ 048 D2 |0.011 0.961*
D3 104033 D3 | 0.9501*




Number of branches per plant at maximum flowering (NBPMF)

I;ége Dose Range Mean with SE | L.S.D | L.8.D CV%
- at 5% at 1%
LL6 |Dl1 11.8-18.86 | 15.072 £ 0.6956 vl teve 14.5951
D2 6.0-9.0 7.0 £0.5477 15011 | 2.0683 |[17.4964
D3 9.0-16.0 13.3333 +£2.1858 28.3945
D4 11.0-13.0 12.0+ 1.0 11.7851
LL11 | D1 11.0-18.83 | 14.043 £ 0.7587 17.0851
D2 10.0-18.0 13.9588 + 0.8699 | 2.1686 2.9476 | 17.6273
D3 8.0-27.0 15.0+3.2711 48.7625
D4 17.5-20.5 19.0 £ 0.8660 7.8947
| Bml D1 6.33-12.8 10.315 £ 0.7073 21.6851
D2 6.33-8.0 6.8537 + 0.2843 | 0.8907 1.204 11.7345
D3 6.0-11.0 7.9667 = 0.7401 22.7563
D4 5.0-7.5 5.4167 £ 0.4901 22.1667
Bm2 | Dl 5.5-13.0 9.355+£0.6972 23.5672
D2 4.0-8.0 5.8+0.5273 11124 | 1.5036 | 24.0557
D3 7.0-14.0 9.7167 + 0.9994 25.1949
D4 4.0-10.0 7.6371 £0.8277 28.6743
Bm3 | D1 7.6-23.2 12.656 = 1.3054 32.6172
D2 5.5-11.25 7718 +0.5585 1.8236 | 2.4559 22.8846
D3 6.0-21.0 10.4911 £ 1.5123 43.2443
D4 4.0-17.0 87411 £ 1.5325 52.5974
Bm4 | D1 9.33-28.67 |14219+ 1.8589 41.342
D2 9.71-19.5 12.838 + 0.8910 1.7348 | 2.3363 21.9482
D3 9.5-17.6 12.2467 + 0.8868 21.7238
D4 6.25-14.0 10.89 £ 0.7712 22.3953
Differences between dose means and their significances for NBPMF in 2005-2006
Line | Dose | D4 !_‘ D3 D2 Line | Dose | D4 D3 D2
No. No.
LL6 | Dl 3.072%* 1.7387* | 8.072** Bm?2 | D1 1.718%* | 0.3617 3.555%*
D2 = ¥ 6.333** D2 1.837%% | 3.917**
D3 | 13333 D3 | 2.079**
LL11 | D1 4.957** | 0.957 0.0842 | Bm3 | DIl 3.015%* | 2.1649* 4.938**
D2 5 041%* | 1.0413 D2 1.0231 [ 2.773**
D3 4.0%* D3 1.75
Bml | D1 4.898%* 2.348** 3 461** | Bm4 D1 3320%* | 1.9723* | 1.381
D2 1 .437** 1.1129* D2 1.948* | 0.5913
D3 @t’*”: D3 1.3567
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Plant Area per plant (PAPP)

I;\;ge Dose Range Mean with SE LSD | LSD | CV%
. at 5% at 1%
level level
LL6 | Dl 40.37-300.19 | 127.308 + 26.4456 65.6898
D2 16.81-53.43 38.268 £+ 6.0213 55.2866 | 76.1755 | 35.1837
D3 |38.47-133.0 | 91.6533 + 27.8653 52.6595
D4 53.43-338.0 195.71 £ 142.28 102.8125
LL11 | D1 | 120.3-238.2 [ 158.799 + 10.2925 20.4962
D2 |[105.4-153.9 [126.357+6.4912 39.928 | 54.344 |13.5917
D3 99.35-338.0 179.79+ 48.3419 60.1233
D4 164.1-166.1 165..0834+0.5776 0.6060
Bml | D1 36.34-179.9 109.911 + 13.7838 39.6578
D2 22.62-88.81 47.2613 £8.6622 17.6609 | 23.8714 | 51.8408
D3 40.2-95.19 65.1967 £7.9752 29.9635
D4 28.3-115.7 52.2183 £13.6226 63.9016
Bm2 | D1 52.65-123.0 93.161 + 6.4509 21.8971
D2 19.63-164.0 69.4929 +£17.9247 16.102 | 21.7643 | 68.2435
D3 25.95-101.4 25.95-101.4 +£11.7603 40.4304
D4 23.25-92.0 23.25+7.7645 39.2875
Bm3 | Dl 68.56-222.0 126.969 + 13.5802 33.8228
D2 53.38-226.19 | 107.321 £ 16.3551 24.5206 | 33.0224 | 48.1915
D3 53.78-112.1 85.6022 + 5.7109 20.0143
D4 60.1-299.0 101.1323 £26.3865 78.1256
Bm4 | D1 76.6-127.6 97.854 £ 4.8262 15.5966
D2 57.4-114.17 86.058 £5.7694 8.5715 | 11.5435 | 21.2002
D3 50.4-96.7 77.14 £5.2591 20.453
D4 35.82-107.5 76.617 £7.4103 30.5853

Differences between dose means and their significances for PAPP in 2005-2006

Line | Dose | D4 D3 D2 Line | Dose | D4 D3 D2
No. No.
LL6 | DI 68.402* | 35.6547 | 89.04** | Bm2 | D1 40.87** | 21.91%* | 23.67**
D2 157.44** | 53.3853 D2 17.204* | 1.7571
D3 104.06** D3 18.961*
LL11 | D1 6.2843 20.991 |32.4419 | Bm3 | D1 25.646* | 41.37** | 19.648
D2 38.7262 | 53.433* 62.65*%* D2 5.9977 | 21.7188
D3 14.7067 D3 15.7211
Bml |DI | 57.69** |44.71** Bm4 | D1 [ 21.24%* | 20.71** [ 11.796*
D2 | 4.9571 17.935* D2 | 9.441* |8.918*
D3 12.9783 D3 0.523
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Number of pod per plant (NPdPP)

%\}ge Dose Range Mean with SE LSD [ LSD | CV%
at5% | at1%
LL6 |D1 |5.0-22.33 13.347 +1.9301 — e 45.7302
D2 |5.0-6.0 58402 34939 | 4.8140 |[7.7106
D3 |7.0-20.0 14.0 +3.7859 46.8388
D4 |10.0-15.0 12.5+2.5 28.2843
LL11 [D1 [7.8-435 26.99 + 43187 50.6
D2 |3.0-17.33 9.8086 + 1.8337 6.6703 [9.0786 |49.4617
D3 [6.0-44.0 18.4 + 6.6151 80.3907
D4 |11.5-14.5 13.0 + 0.8660 11.5385
Bml | D1 |6.8-20.25 10.537 + 1.2469 37.4201
D2 |2.0-10.0 4.9286 + 1.1671 2.0857 [2.8387 | 62.655
D3 [2.0-11.0 5.8+ 1.7435 67.2193
D4 [4.0-7.0 6.0+1.0 28.8675
Bm2 |D1 [4.0-10.5 7.04 £ 0.7497 33.6763
D2 [4.0-12.0 6.046 + 1.5097 1.6887 [ 2.2952 |[55.8378
D3 |4.0-14.0 7.25 + 1.4361 48.5215
D4 [2.0-9.67 5.634 = 1.2559 49.8479
Bm3 |DI [5.5-15.2 9.351 + 0.9255 31.2969
D2 [4.0-7.0 5.2033 £ 0.3401 1.1165 |1.5036 |19.6071
D3 [3.0-12.0 7.33 = 1.0954 44.8337
D4 |[2.0-5.0 3.3589 + 0.3855 34.4306
Bm4 | D1 | 12.57-42.67 [ 24.264 % 3.6009 46.9294
D2 [2.0-164 8.657 + 1.5765 3.0015 |4.0421 [57.589
D3 |5.5-11.67 8.3067 + 0.7631 27.5584
D4 |[3.0-10.5 6.043 + 0.6829 35.7396

Differences between dos

e means and their significances for NPdPP in 2005-2006

Line | Dose | D4 D3 D2 Line | Dose | D4 D3 D2
No. No.
LL6 |DI1 0.847 0.653 7.54** | Bm2 | D1 1.406* | 0.21 0.994
D2 6. 7** g.2x* D2 |[0.412 1.204*
D3 1.5 D3 1.616**
LL11 | D1 13.99%* | 8.59* 17.18%* | Bm3 | D1 5.002%* [ 2 02]1%* | 4,148%*
D2 3.1914 | 8.591* D2 1.844%* | 2, 127**
D3 5.4 D3 3.971%*
Bml | D1 4.537%* | 4.737** 5.608** | Bm4 | D1 18.22%* | 15.957** [ 15.607**
D2 1.0714 |0.8714 D2 |[2.614 0.3503
D3 0.2 D3 2.2637
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Pod Weight per Plant (PAdWPP)

I{\}ge Dose Range Mean with SE LSD | LSD | CV%
at 5% at 1%
LL6 |D1 |0.10-0.48 0.291 % 0.0405 el fevel
D2 |0.08-0.18 0.122 £ gultslH
.08-0. . 0.0237 0.0825 |0.1136 | 43.5276
D3 |0.18-0.46 0.3367 £ 0.0825 42.459
D4 | 0.18-0.47 0.325 + 0.145 63.0957
LLI1 | D1 |0.12-0.92 0.548 £ 0.0877 50.6425
D2 | 0.03-0.50 0.2429 = 0.0655 0.1378 | 0.1876 | 71.348
D3 | 0.15-0.68 0.302  0.0982 72.7498
D4 | 0.17-0.19 0.18 = 0.0058 5.5556
Bml | D1 |0.07-0.45 0.189 = 0.0361 60.4529
D2 | 0.05-0.24 0.0971 £ 0.0250 0.0534 | 0.0727 | 68.2095
D3 |0.02-0.19 0.104 % 0.0369 79,4652
D4 | 0.09-0.15 0.1267 £ 0.0185 25.378
Bm2 | DI |0.07-0.16 0.113 £ 0.0089 25.0477
D2 | 0.07-0.34 0.14 £ 0.0503 0.0566 | 0.0769 | 80.3373
D3 |0.05-0.5 0.1683 = 0.0699 101.8191
D4 | 0.04-0.16 0.092 £ 0.0203 49.4535
Bm3 | D1 | 0.07-0.26 0.161 = 0.0219 43.1765
D2 | 0.02-0.13 0.0833 +£0.0136 0.0358 |0.0482 |49.1121
D3 | 0.04-0.37 0.1311 % 0.0408 93.3695
D4 | 0.03-0.14 0.06 = 0.0120 60.0925
Bm4 |D1 | 0.17-1.02 0.507 + 0.1043 65.0791
D2 | 0.05-0.36 0.175 + 0.0266 0.0816 | 0.1099 | 48.1306
D3 | 0.04-0.25 0.1267 £ 0.0226 53.5447
D4 |0.04-0.14 0.089 = 0.0105 37.2466

Differences between dos

¢ means and their significances for PAWPP in 2005-2006

Line | Dose | D4 D3 D2 Line | Dose | D4 D3 D2
No. No.
LL6 | DIl 0.034 0.0457 | 0.169** | Bm2 D1 0.021 0.0553 | 0.027
D2 0.203** | 0.215** D2 |[0.048 0.0283
D3 0.0117 D3 0.076*
LL11 | D1 0.368** | 0.246** 0.305** | Bm3 | D1 0.101** | 0.0299 | 0.077**
D2 0.0629 | 0.0591 D2 0.0233 | 0.0478
D3 0.122 D3 0.071**
Bml | DI 0.062* | 0.085** 0.092** | Bm4 | D1 0.418%* | 0.380** | 0.332**
D2 0.0295 | 0.0069 D2 | 0.086* | 0.0483
D3 0.0227 D3 0.0377
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Number of Seed per Plant (NSPP)

I{\;ge Dose | Range Mean with SE LSD [ LSD [ CV%
at5% | at1%
LL6 | D1 12.67-25.83 | 14.949 +2.7280 e e 57.7076
D2 |5.0-8.0 6.8+ 0.5831 4.9086 |6.7632 |19.1741
D3 ]9.0-20.0 15.6667 + 3.3829 37.4008
D4 7.0-22.0 145+75 73.149
LL11 DI [6.2-4329 [25516+4.2788 53.0288
D2 |2.0-20.33 | 11.4043 + 22501 6.4327 [8.7553 | 52.2028
D3 |7.0-34.0 16.2 + 4.6303 63.912
D4 [8.5-11.5 10.0 = 0.8660 15.0
Bml [D1 [3.6-21.5 8.388 = 1.7761 66.9597
D2 [2.0-11.0 4.2857 £ 1.1693 2.5638 |3.4895 |72.188
D3 |2.0-9.0 5.8 + 1.5620 60.2215
D4 |4.0-8.0 6.3333 = 1.2018 32.8684
Bm2 |D1 |3.0-7.0 5.506 + 0.4279 24.5788
D2 |4.67-18.0 |[8.088 £ 2.4983 1.6869 |2.2929 |69.0696
D3 |2.0-8.0 4.6667 + 0.9457 49.6416
D4 |2.0-8.33 4.766 + 1.0263 48.1502
Bm3 |DI |3.0-8.6 5.912+0.5774 30.8827
D2 |2.0-6.0 4.6667 £0.4409 1.2406 [ 1.6707 |28.3473
D3 | 2.0-14.0 5.6478 £ 1.5348 81.5255
D4 |2.0-6.0 3.4444 + 0.4035 35.1432
Bm4 | D1 [9.57-43.33 | 22.409 +4.4579 62.9088
D2 |3.0-11.0 6.752 + 1.0219 34249 [4.6123 |47.8632
D3 |2.0-8.33 4.6289 £ 0.6213 40.2705
D4 |2.2-5.0 3.903 + 0.3249 26.3301

Differences betwee

1 dose means and their significances for NSPP in 2005-2006

Line | Dose | D4 D3 D2 Line | Dose | D4 D3 D2
No. No.
L6 |DI 10449 |0.7177 |8.149** | Bm2 | Dl 0.74 0.8393 | 2.582**
D2 | 7.7** 8.867** D2 | 3.322** | 3.421**
D3 | 1.667 D3 | 0.0993
IL11 | DL | 15.52%* [ 9.316** | 14.11** Bm3 | D1 [2.468** |0.2642 |1.245*
D2 | 1.4043 | 4.7957 D2 [1.2222 ]0.9811
D3 |[6.2 D3 | 2.203**
Bml DI |2.0547 |2.588* |4.102** Bm4 | D1 | 18.506%* | 17.78** | 15.66**
D2 |2.0476 | 1.5143 D2 |[2.849 2.1231
D3 | 0.5333 D3 |0.7259
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Seed Weight per Plant (SWPP)

O/

If\ige pose Range Mean with SE LSD | LSD | CV%
at5% | at1%
LL6 [D1 ]0.05-0.38 0.212 + 0.0334 = el 49.8108
D2 | 0.08-0.13 0.102 £0.0116 0.0684 [0.0943 |25.3768
D3 |0.14-0.34 0.2567 £0.0601 40.5519
D4 0.08-0.37 0.225 +£0.145 91.1382
LLI1 [ D1 |0.07-0.66 0.403 + 0.0655 51.376
D2 [0.02-0.35 0.1629 + 0.0464 0.1003 [ 0.1365 | 75.3467
D3 |0.08-0.45 0.212 + 0.0643 67.1988
D4 [0.07-0.15 0.11 +0.0231 36.3636
Bml | DI [0.05-0.33 0.132 +0.0271 64.9535
D2 |0.03-0.18 0.0629 = 0.0202 0.0393 [0.0535 |85.0377
D3 |0.02-0.12 0.07 +0.0214 68.5119
D4 |0.07-0.12 0.0967 + 0.0145 26.0339
Bm2 | D1 [0.04-0.11 0.078 + 0.0076 30.6979
D2 | 0.08-0.30 0.148 + 0.0414 0.0293 [0.0398 | 62.5502
D3 | 0.03-0.15 0.0567 + 0.0187 80.9972
D4 | 0.02-0.13 0.064 + 0.0186 64.9895
Bm3 D1 |0.05-0.17 0.111 £ 0.0147 41.9239
D2 |0.02-0.11 0.0689 + 0.0098 0.0306 |0.0412 [42.5971
D3 |0.02-0.33 0.10 £ 0.0379 113.908
D4 | 0.02-0.11 0.0478 £ 0.0099 62.5966
Bm4 |D1 [0.10-0.73 0.356 + 0.0842 74.8385
D2 |0.02-0.23 0.109 + 0.0196 0.0653 | 0.088 | 56.7935
D3 | 0.02-0.19 0.0844 £ 0.0177 62.9726
D4 |0.03-0.07 0.051 = 0.0052 32.6143

Differences between dose

means and their significances for SWPP in 2005-2006

Line | Dose | D4 D3 D2 Line | Dose | D4 D3 D2
No. No.
LL6 | Dl 0.013 0.0447 | 0.11%* Bm2 | DI 0.014 0.0213 | 0.07**
D2 0.123%* | 0.155** D2 0.084** [ 0.091%**
D3 0.0317 D3 0.0073
TTTT DI 10293 | 0.189%* | 0.2401** | Bm3 | D1 | 0.063** 0.011 | 0.042**
D2 |0.0529 |0.0511 D2 |0.0211 |[0.031**
D3 0.104* D3 0.052%*
Bml | Dl 0.0353 | 0.062** 0.0691** | Bm4 | D1 0.305%* | 0.272%* | 0.247**
D2 | 0.0338 | 0.0071 D2 |0.058 0.0246
D3 |0.0267 D3 0334
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Plant Weight per Plant( PWPP)

If\ige Dose|  Range Mean with SE LSD | LSD | CV%
at 5% at 1%
TR} 05153 KT EAT Ty level level
D2 | 0.32:076 0.43 £ 0.0835 e
: : - 0.2443 [ 0.3366 |43.4454
D3 0.41-1.31 0.98 + 0.2862 50.5797
D4 0.68-1.6 1.41 +£0.46 57.0648
LL11 | D1 0.66-2.08 1.301 £ 0.1549 37.6528
D2 0.47-2.94 1.38 £ 0.3062 0.5685 0.7738 | 58.7001
D3 0.68-4.44 1.81 £ 0.7463 92.2023
D4 0.47-0.57 0.52 +0.0289 9.6154
Bml | DI 0.22-0.75 0.436 = 0.0496 35.9766
D2 0.20-0.68 0.42 £0.0798 0.106 0.1438 | 53.7393
D3 0.12-0.68 0.2833 +0.0877 75,7852
D4 0.20-0.30 0.2633 £0.0318 20.9148
Bm2 | D1 0.22-0.81 0.437 £0.0543 39.2967
D2 0.14-0.77 0336+0.1118 0.0973 0.1322 | 74.3929
D3 0.29-0.51 0.425 £+ 0.0360 20.7673
D4 0.17-0.54 0.32 +0.0612 42.7908
Bm3 | D1 0.35-1.07 0.575 £ 0.0691 38.0252
D2 0.16-0.47 0.309 + 0.0296 0.0857 0.1154 |30.3376
D3 0.26-0.60 0.4089 + 0.0387 28.375
D4 0.10-0.89 0.4056 £+ 0.0849 62.8418
Bm4 | D1 0.36-1.18 0.673 £ 0.0963 45.2378
D2 0.35-0.87 0.533 £ 0.0425 0.0935 0.1259 |25.2033
D3 0.29-0.80 0.54 = 0.0529 29.4264
D4 0.21-0.66 0.451 £ 0.0508 35.6066

Differences between dose means and their significances for PWPP in 2005-2006

Line | Dose | D4 D3 D2 Line | Dose | D4 D3 D2

No. No.

LL6 | D1 0.124 0.036 0.586** | Bm2 | D1 0.117* |0.012 0.101*
D2 0.71%* | 0.55%* D2 |[0.016 0.089 ‘
D3 0.16 D3 0.105*

LL11 | D1 0.781** | 0.509 0.079 Bm3 | D1 0.169%* | 0.166** | 0.266**
D2 0.86** |0.43 D2 | 0.097* |0.0999*
D3 1.20%* D3 0.0033

Bml | D1 0.173%* | 0.153** 0.016 Bm4 | D1 0.222*% | 0.133%* | 0.14**
D2 0.157** | 0.137* D2 [0.082 0.007
D3 0.02 D3 0.089




Table 7: Range, Mean with standard error (SE), least significant difference (L.S.D) at 5% and

1% level and coefficient of variability in percentage (CV%) of different characters in lentil in

2006-2007.
Plant height at first flowering (PHFF)
I;\;I;e Dose Range Mean with SE LSD | LSD | CV%
. at 5% at 1%
level level
LL6 | Dl 14.1-29.53 21.343+1.7502 259311
D2 16.83-20.38 18.124+0.6383 2.3402 | 3.1851 | 7.8751
D3 17.04-24.15 20.122+1.2139 13.4893
D4 16.5-22.5 19.882+0.9742 10.9564
LL11 | D1 25.98-32.67 29.174+0.6317 6.8471
D2 25.93-34.1 30.174+0.8374 1.5367 | 2.0695 | 8.7762
D3 19.03-32.16 26.58+1.3172 15.672
D4 13.25-21.3 18.58+1.6131 19.414
Bml | Dl 24.05-38.68 29.048+1.3904 15.137
D2 18.77-22.38 20.756+0.7926 2.2423 | 3.0518 | 8.5392
D3 20.6-24.37 22.592+0.7130 7.0566
D4 15.5-28.83 24.152+2.3272 21.546
Bm2 | Dl 17.1-28.0 23.681 £1.1491 15.3446
D2 13.6-30.3 21.361 +1.8303 2.0221 |2.7232 | 27.0963
D3 25.87-30.3 28.27 £0.8436 6.6724
D4 19.9-29.75 24.05 £1.0403 13.678
Bm3 | D1 18.56-29.1 24.121+0.9831 12.8886
D2 20.0-28.55 24.504+0.9043 1.372 1.8477 | 11.6711
D3 22.0-29.83 26.328+0.8271 9.9345
D4 25.0-31.18 27.102+1.0661 8.7963
Bm4 | D1 17.0-21.62 20.008 + 0.4635 7.3262
D2 17.5-26.38 21.311 +£0.8869 1.415 1.9056 | 13.1604
D3 16.38-24.5 20.408 £0.8909 13.8053
D4 17.37-28.57 24.674 £1.4305 18.3332
Differences between dose means and their significances for PHFF in 2006-2007
Line | Dose | D4 D3 D2 Line | Dose | D4 D3 D2
No. No.
LL6 | D1 | 1.461 {221 | 3219** | Bm2 | DI [0.369 | 4.589** | 2.32%
D2 1.758 1.998 D2 | 2.689* | 6.909**
D3 | 0.24 D3 |422%
L1l | DI 10.504%* | 2.594** | 1.0 Bm3 | D1 2.981** | 2.207** | 0.383
EXEL ok | 1.824*
D> 11.504%* | 3.594** D2 |2.598
D3 g0** — | D3 0.774*
Bml | DI | 4.896** @ 8§.292** | Bm4 | D1 4.666*: 0.4 1.303
D2 | 3.396*%* [1.836 | D2 |3.363 0.903
— o5 Tise 11 L 1P $2h6™




Number of branches per plant at maximum flowering (NBPMF)

'

Line | Dose |  Range MeanwithSE | LSD | LSD | CV%
No. at 5% at 1%
level level
LL6 | DI 41.5-69.5 60.201+2.7595 14.4953
D2 36.0-45.0 40.48+1.5574 4.2549 5.7911 | 8.6027
D3 29.8-48.5 40.78+3.3001 18.095
D4 30.0-46.0 38.734+2.7090 15.6388
LL11 | D1 65.5-85.5 75.555+2.,1951 9.1874
D2 45.0-61.5 51.797+1.6248 2.684 3.6145 ] 9.9198
D3 42.57-54.0 46.621+1.2186 8.2656
D4 35.0-48.5 41.3+2.5720 13.925
Bml | DI 53.25-85.5 68.525 £4.3020 19.853
D2 45.57-66.67 | 53.948 +3.5520 5.8316 | 7.9371 | 14.722
D3 45.4-53.5 48.396 +£1.5122 6.9871
D4 65.0-77.83 71.932 £2.2323 6.9393
Bm2 | Dl 42.29-59.57 50.165%1.7733 11.178
D2 46.8-69.0 61.326+2.2394 3.641 49034 | 11.547
D3 50.5-60.5 56.06+1.6801 6.7015
D4 35.7165.25 52.7194+3.2213 19.323
Bm3 | DI 18.83-45.0 31.38+3.6407 36.689
D2 28.75-46.25 32.716+1.8585 4.6776 | 6.2994 | 17.964
D3 22.0-55.5 34.694+3.7917 34.56
D4 62.67-72.0 66.074+1.5645 5.2945
Bm4 | D1 36.0-59.4 46.773+ 2.8028 18.9493
D2 40.5-72.2 55.518+4.3989 5.4526 7.3431 | 25.0558
D3 27.0-67.5 43.576+5.0307 36.508
D4 33.5-54.67 41.963+2.1276 16.0334
Differences between dose means and their significances for NBPMEF in 2006-2007
Line | Dose | D4 D3 D2 IL\,Iine Dose | D4 D3 D2
0.
Sﬁg DI | 21.47%* | 19.42%* | 19.72** [ Bm2 | D1 |2.554 5.89*:* 11.16%*
D2 | 1.746__|0.3 D2 | 8.61%* |5.266
D3 | 2.046 D3 |3.341
LL11 | D1 34.26%*% | 28.93** | 23.76** Bm3 | D1 gggz:: ?3;; 1.336
D2_[ 10492 5176 RN
Bml [I;? 3:407 50.13** | 14.58** | Bm4 | D1 4.8;6** ?.113471** 8.75%*
D2 | 17.98** | 5.552 b2 L -
D3 1.613
LEE. 23.547 (Table 7 contd.)
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Plant Area per plant (PAPP)

/71

If\}ge pose Range Mean with SE LSD | LSD | CV%
at 5% at 1%
LL6 |D1l_[198.81-860.13 | 556.074 % 74.5508 e =
D2 | 286.02-348.37 |323.754% 12 T
. . 1035 | 102.5043 | 139.5142 | 8.3595
D3 228.9-464.96 306.01 £ 42.7866 11.2649
D4 | 283.53-660.52 | 416.352 +69.9147 37.5485
LL11 | DI 563.5-996.41 756.401 £42.1418 17.6182
D2 | 452.49-920.22 | 717.043 483726 | 983346 | 132.429 | 21.3331
D3 | 345.77-921.17 | 635.323 + 62.7635 31.2401
D4 [99.85-510.71 | 296.274 + 72.6991 54.8682
Bml | D1 | 449.66-862.57 | 733.271 % 36.8142 15.8764
D2 | 243.09-528.41 |373.144 +56.2662 | 71.7415 | 97.6444 | 33.7176
D3 | 233.76-5002 | 367.764 % 51.5184 31.3241
D4 [226.98-572.33 | 428.626 + 60.7877 31.7119
Bm2 | D1 | 214.61-851.0 |571.214+ 66.6007 36.8706
D2 | 213.82-1198.22 | 622.355 = 124.9311 | 127.907 | 172.2548 | 63.4794
D3 | 542.46-825.15 | 655.144 + 49.0230 16.732
D4 |270.27-812.74 | 526368 +55.4319 33.302
Bm3 | D1 | 262.23-791.75 | 506.474 + 51.5553 32.1896
D2 | 266.79-787.26 | 483.507 = 57.4558 | 79.8043 | 107.4739 | 37.5778
D3 | 406.55-749.99 | 594.454 £ 40.7051 21.6536
D4 | 425.0-855.1 690.772 + 84.6020 27.3862
Bmd | D1 | 242.84-684.88 | 454.966 + 57.8202 40.1884
Do | 232.46-826.83 | 494.323 £71.9465 | 105.5234 | 142.1104 | 46.0255
D3 | 293.62-727.67 | 469.496 £41.9964 28.2866
D4 | 276.06-1199.5 | 596.86 +£105.2640 5.7709

Differences between dose means and their significances for PAPP in 2006-2007

Line | Dose | D4 D3 D2 Line | Dose | D4 D3 D2
No. No.
116 DI 1139.72%* | 250.06** | 232.32%* | Bm2 | D1 44.846 | 83.93 51.141
D2 |92.598 |17.74** D2 |95.987 |32.789
D3 | 110.342* D3 | 128.78*
[LI1 DI |460.13** | 121.078* | 39.358 Bm3 | D1 | 184.30** | 87.98* | 22.967
D2 | 420.77** | 81.72 D2 | 207.27** | 110.95**
D3 | 339.05** D3 |96.318*
Bml | D1 | 304.65%* | 365.51** 360.13** | Bm4 | D1 141.89* | 14.53 39.357
D2 | 55.482 [5.38 D2 |102.537 |24.827
D3 |60.862 D3 | 127.36*
' (Table 7 contd.)




Number of pod per plant (NPdPP)

IEIIon.e Dose | Renge Mean with SE LSD [LSD [CV%
at 5% at 1%
LL6 | D1 |59.5-139.67 97.845 + 9.0809 e S
D2 [101.0-193.0 [ 129682 % 16 08
s s 19,6822 4825 |18.5397 |25.2335 | 28.4203
: . 8.6498 25.0302
D4 |1102.0-142.2 115.632 + 7.2229 13.9677
LL11 | D1 113.43-160.0 137.82 = 5.1093 11:7234
D2 [91.67-175.67 | 130.609+8.6211 | 18.8408 |25.3732 | 20.8732
D3 [100.33-157.5 | 129.513 +5.6655 13.8332
D4 |103.67-176.0 [ 151.558 % 13.1152 19.3501
Bml | D1 | 147.67-268.67 [188.273 +12.4179 20.8575
D2 | 85.8-149.17 112.212 = 10.8887 [ 17.6851 [ 24.0704 | 21.6982
D3 | 104.5-154.75 | 129.65+10.1481 17.5025
D4 [120.6-153.0 139.338 + 5.7746 9.2669
Bm2 | D1 | 100.57-186.5 | 129.415 +9.4424 23.0726
D2 | 79.6-171.33 120.071 + 11.4754 [ 14.2575 [19.2009 | 30.2224
D3 [109.8-173.29 | 144.148 + 10.5207 16.32
D4 | 80.25-148.75 | 108.753 + 6.9581 20.2326
Bm3 | D1 [40.6-134.5 77.686 + 8.8491 36.0211
D2 [51.0-84.33 66.913+3.7702 | 10.1489 | 13.6677 | 17.8181
D3 | 61.0-106.0 82.344 + 5.0981 19.5786
D4 | 126.0-195.2 151.55 + 11.6928 17.2523
Bm4 | D1 [83.2-129.0 102.149 = 4.8925 15.1459
D2 | 96.6-244.83 159.388 + 18.1704 | 15.7542 | 21.2164 | 36.0504
D3 | 92.25-188.75 | 145388+ 9.9350 21.6094
D4 [72.14-119.5 99.954 = 4.8344 15.2948

Differences between do

se means and their significances for NPdPP in 2006-2007

72

Line | Dose | D4 D3 D2 Line | Dose | D4 D3 D2
No. No.
[I6 DI |17.787 | 68.78** | 31.84** | Bm2 | D1 20.66** | 14.73* |9.344
D2 | 14.05 |[36.93** D2 [ 11.318 |24.08**
D3 | 50.98%* D3 | 35.39**
L1l 1D1I_ 1 13.738 |8.307 |7.211 Bm3 | DI | 73.86** | 4.658 | 10.77*
D2 | 20.95* | 1.096 D2 | 84.64** | 15.43**
D3 | 22.045* D3 | 69.21%**
Bml | D1 | 48.94** | 58.62** 76.06** | Bm4 | D1 | 2.195 | 43.24** 57.24%*
D2 | 27.13%* | 17.438 gg iz.g:: 14.0
D3 |9.688 :
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Pod Weight per Plant (PdWPP)

N Pose | Range Mean with SE LSD | LSD | CV%
at 5% at 1%
L6 | DI | 1.09-4.67 2261+ 03175 evel__eve
D2 [1.57-325 | 2358202916 T
: . 0.5088_ [ 0.8150 | 27.6511
D3 2.05-6.13 3.438 +£0.7019 45.6565
D4 | 142272 | 2228202374 23.8202
LLI11 | DI |2.283.7 3.014 £ 0.1604 16.8288
D2 | 1.56-4.19 3029+ 0.2572 0.5483 | 0.7384 | 26.854
D3| 2.07-4.9 3.266 £ 0.2611 25.2854
D4 | 1.23-4.84 2.802 + 0.6149 49.0714
Bml | D1 | 1.73-7.03 4.602 % 0.5361 36.8405
D2 | 1.68-3.9 2.602 = 0.4038 1.002 | 13638 | 34.7032
D3 | 2.23-3.34 2762 % 02272 18.3962
D4 | 2.38-8.08 2.066  1.2401 68.1984
Bm2 | Dl | 1.63-3.91 2629402115 25.4414
D2 | 1.66-4.86 3.076 £ 0.3854 0.4507 | 0.6069 | 39.6306
D3 | 1.72-4.96 3.162  0.5604 39.6301
D4 | 1.78-3.6 2.765 & 0.1747 19.9861
Bm3 | DI | 1.06-8.4 3.149 £ 0.6804 68.3229
D2 | 0.883.7 1.807 + 0.2564 06797 | 00154 | 44.8762
D3 | 1.38-4.43 2.309 £ 0.2901 39.7312
D4 |1.91-5.0 3.442 £ 0.4979 32345
Bmd | DI | 1.823.52 | 2.550% 0.1810 223716
D2 |2.15-6.94 3.605 + 0.5411 05257 | 0.7080 | 47.4678
D3 | 2.14-4.33 3.172 % 0.2469 24.6197
D4 | 1.24-4.98 2.886 % 0.3791 4154

Differences between dose me

ans and their significances for PAWPP in 2006-2007

Line | Dose | D4 D3 D2 Line | Dose | D4 D3 D2
No. No.
LL6 | Dl 0.033 1.177** | 0.097 | Bm2 | D1 0.136 0.533% | 0.447
D2 0.13 1.08** D2 |0.311 0.086
D3 1.21%* D3 0.397
LLI1 | DI 0.212 0.252 0.015 | Bm3 | D1 0.293 0.84* | 1.342%*
D2 0.227 0.237 D2 1.635** | 0.502
D3 1.133
Bml g? 322?2 [ga** |2.0** |[Bmd | D1 |0.327 0.613* | 1.046**
D2 1.464** 0.16 D2 0.719** 0.433
D3 1.304* D3 0.286

(Table 7 contd.)
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Number of Seed per Plant (NSPP)

74

I;\}ge Dose Range MeanwithSE [ LSD | LSD | CV%
) at 5% at 1%
LL6 | D1 | 74.0-237.3 143.656 + 16.2954 R 35.8709
D2 | 112.7-333.0 | 185.0 +39.8557 46.3348 | 63.0644 | 48.173
D3 150.6-480.0 259.32 £ 57.2259 49,3448
D4 | 72.0-198.2 146.64 +21.3281 32.5226
LL11 [ D1 [159.4-254.0 [205.465+ 10.2766 15.8166
D2 |98.0-259.33 | 187.403 £ 16.2717 | 34.7101 | 46.7448 | 27.4573
D3 | 128.5-322.33 |200.863 + 17.6903 27.8507
D4 | 64.0-272.0 137.2 + 35.2397 57.4333
Bml | D1 | 114.5-471.3 |270.961 + 31.7264 37.0266
D2 | 108.2-224.1 | 162.46+23.7628 | 54.3393 | 73.9589 | 32.7066
D3 | 122.3-199.5 |157.5+ 14.6383 20.7824
D4 | 152.4-485.7 | 251.764 + 60.4094 53.6532
Bm2 | D1 |92.0-249.0 173.019 + 12.3981 22.6602
D2 | 112.8-262.7 |192.854+20.2059 |?24.3864 | 32.8416 | 33.1323
D3 |109.0-254.0 | 193.266 +25.3165 29.2909
D4 |[112.0-235.8 | 163.898 + 12.4604 24.0414
Bm3 | Dl |47.6-378.0 152.428 + 33.6718 69.8557
D2 |47.2-182.8 02.018 +12.5391 | 31.6123 | 42.5729 | 43.0917
D3 | 80.5-175.7 121.867 + 10.8389 28.1255
D4 | 149.8-207.5 | 178.004 = 12.7506 16.0172
Bm4 | D1 | 82.1-233.0 152.093 + 13.5599 28.1935
D2 | 139.33-288.6 | 195.396+ 19.1065 |23.9359 | 32.2349 | 30.9218
D3 | 114.0-269.5 | 183.687+16.4618 28.34
D4 | 92.14-260.0 | 167.572+16.7117 31.5369

Differences between dose means and their significances for NSPP in 2006-2007

Line | Dose | D4 D3 D2 Line | Dose | D4 D3 D2
No. No.
LL6 |Dl 2.984 115.66%* | 41.344 Bm2 | D1 9.121 20.247 | 19.835
D2 38.36 7430 D2 |28.96* |0412
D3 112.68** D3 29.37*
LL11 | D1 68.26%* | 4.602 18.062 Bm3 | D1 25.576 |30.561 | 60.41**
D2 50.203%* | 13.46 D2 85.99** | 29 849
D3 63.663** D3 56.14**
Bml | D1 19.197 113.46** | 108.50** Bm4 | D1 15.479 | 31.59* | 43.30**
D2 89.304** 496 D2 27.824* | 11.709
D3 04.264** D3 16.115
(Table 7 contd.)




Seed Weight per Plant (SWPP)

;i:e Dose | Range Mean with SE LSD |LSD |CV%
’ at 5% at 1%
LL6 |DI [0.73-3.75 1.682 + 0.2694 oo
D2 |1.1-221 161220. i
= . 0.1978 04544 [0.6185 [27.4338
47-4.25 2.442 £0.4751
= 43.5058
0.82-1.92 1.486 +£0.1872
28.1739
LL11 | D1 1.68-2.9 2.305+0.1296 17.7836
D2 1.13-2.93 2.219+0.1805 0.4007 0.5397 | 25.7293
D3 1.45-3.65 2.375 £ 0.2080 27.7023
D4 0.69-3.56 2.014 + 0.4649 51.6201
Bml | Dl 1.27-5.54 3.376 + 0.4131 38.6986
D2 1.22-2.81 1.986 % 0.2633 0.7572 1.0306 | 29.6494
D3 1.65-2.53 2.004 £ 0.1716 19.1437
D4 1.61-6.63 2.928 +£0.9341 71.3399
Bm2 | DI 1.07-3.25 1.912 £ 0.1888 31.2233
D2 1.16-3.95 2.365 £ 0.3256 0.3737 0.5032 | 43.5316
D3 1.26-3.69 2.194 £ 0.4337 442075
D4 1.14-2.72 1.966 £ 0.1356 21.8109
Bm3 | DI 0.78-6.6 2.476 £ 0.5444 69.5256
D2 0.70-2.72 1.368 £ 0.1926 0.5442 0.7329 | 44.5124
D3 0.95-3.55 1.732 £0.2435 44,4584
D4 1.41-3.85 2.606 £ 0.3990 34.2366
Bm4 | Dl 1.26-2.56 1.889 £ 0.1457 24.3968
D2 1.4-5.25 2.488 +£0.4140 0.4033 0.5431 | 52.6194
D3 1.48-3.07 2.152 £0.1657 24.3483
D4 0.82-3.65 2.113 £0.3032 45.375

Differences between dos

e means and their significances for SWPP in 2006-2007

Line | Dose | D4 D3 D2 Line | Dose | D4 D3 D2
No. No.
LL6 | Dl 0.196 0.76** | 0.07 Bm2 | DI 0.054 0.282 0.453*
D2 0.126 0.83** D2 0.399* |0.171
*¥ D3 0.228
LL11 g? 8:33? o7 T0.086 | B3 [D1_|013 | 0.744% | 1.108**
D2 0.205 0.156 D2 1.238%* | 0.364
D3 0.361 D3 0.874%*
Bml | D1 0.448 1.372%* 1.39** | Bm4 | D1 0.224 0.263 0.599**
D2 0.942* |0.018 D2 0.375 0.336
D3 0.924* D3 0.039
(Table 7 contd.)
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Plant Weight per Plant( PWPP)

Yo, Pose|  Range Mean with SE LSD | LSD | CV%
at 5% at 1%
level level
LLG g; 3-‘3‘69_-7925 2. 3; 85 +0.7153 36.7481
D3 2'39_5-4 3-4lgi 8.7143 1.0715 1.4584 | 33.2353
: : 3249 34.3967
D4 2.28-6.06 4.336 £ 0.6287 32.4216
LLI1 | D1 |6.09-14.74 | 9.032 £0.9414 329604
D2 4.81-11.04 7.708 + 0.6587 1.2232 1.6473 | 27.0223
D3 3.68-7.08 5.225+£0.3818 23.1086
D4 1.74-7.98 4,86+ 1.1149 51.2992
Bml | Dl 4.02-7.81 6.676 £ 0.3414 16.1723
D2 2.02-5.33 3.808 £ 0.5889 0.8499 1.1567 | 34.5809
D3 3.97-6.93 5428 £0.5113 21.0645
D4 3.89-9.36 7.364 +1.0287 31.2375
Bm2 | D1 3.81-7.59 5.076 £ 0.3491 21.7483
D2 2.06-7.65 4.617 £0.5569 0.9099 1.2254 | 38.1419
D3 6.21-8.23 6.932 £ 0.3465 11.1763
D4 3.1-10.26 6.719 £ 0.8592 40.438
Bm3 | DI 2.82-9.16 5.383 £ 0.7615 44,7331
D2 2.04-6.48 3.872 £ 0.4632 1.4549 1.9594 | 37.8271
D3 2.27-17.11 6.771 £ 1.4507 67.7532
D4 8.63-13.28 10.67 £0.8515 17.8452
Bm4 | DI 2.45-5.69 3.597 £ 0.2981 26.2064
D2 2.53-6.58 4.399 £ 0.4625 0.7749 1.0435 | 33.2496
D3 1.78-7.31 4.472 +0.6708 47.4364
D4 2.68-9.14 4.529 £ 0.6318 44.1146
Differences between dose means and their significances for PWPP in 2006-2007
Line | Dose | D4 D3 D2 Line | Dose | D4 D3 D2
No. No.
LL6 | DI 1.810%* | 2.743%* 1.349* | Bm2 | DI 1.643%* | 1.856%* | 0.459
D2 0.47 1.394* D2 2.102%* | 2.315%*
D3 | 0.924 D3 0213
ST ST 21725 | 3807 | 1324* | Bm3 D1 |5287°%11.388 1.1 I*
D7 7548+ [ 2.483% D2 | 6.798** | 2.899**
D3 | 0.365 D8 | ABR
5 Tosss | 1248 | 2.868** | Bmd | DL |0.052% L0857 0.802*
D2 [3.556** | 1.62** gg 3(1); 20
D3 1.936** t at 5% and 1% level, respectively.

* and **, indicate significan
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Table 8: Analysis of variance of geno

characters.

Plant Height at First Flowering (PHFF)

[tem df SS MS

Line(L) 5 |659.1439 131.8288 8.94?)/;{*]* 8 48X7R =
Dose(D) 3| 133.5220 44.5073 3.0184 % | 2.8646 *
Year(Y) 1 [207.3360 207.3360 14.0611**% | 13.3445 **
1D 15 | 468.9064 31.2604 21200 * 20120 *
LxY 5 |73.3399 14.6680 0.9947 ™ 0.9441™
DxY 3 |24.8548 8.2849 0.5619™ 0.5332™
LxD xY 15 |309.0659 20.6044 1.3973™ 1.3261™
Within error | 96 | 1415.5575 14.7454

Pooled error 111 | 1724.6233 15.5371

Number of Branches per Plant at Maximum Flowering (NBPMF)

Item df SS MS VR, VR,
Line(L) 5 19702577 | 394.0515 [ 20.6251** 9.5513 **
Dose(D) 3 |756.0043 252.0014 | 13.1900 ** | 6.1082 **
Year(Y) 1 | 50231.6421 | 50231.6421 | 2629.1796 ** | 1217.5489 **
LxD 15 | 27909269 | 186.0618 | 9.7387 ** 4.5099 **
LxY S | 1261.0224 | 2522045 | 13.2007 ** [ 6.1131 **
DxY 3 | 417.3190 139.1063 | 7.281 ** 33718 *
LxD xY 15 | 27453340 | 183.0223 | 9.5796 ** 44362 **
Within error | 96 | 1834.1225 19.1054
Pooled error | 111 | 4579.4565 41.2564

Plant Area per Plant (PAPP)

Item df SS MS VR, VR,
Line(L) 5 4274033748 | 85480.6750 |32.8240 ** | 12.4449 %
Dose(D) 3 646584683 | 215528228 |8.2761*F _ 3.1578 *
Year(Y) T [ 4482444.005 | 4482444.095 | 1721.2305 652.587*8*
LxD 15 T541315.6221 | 36087.7081 | 13.8575** | 5.2539
Lxy 5 [ 260367.1848 | 52073.4370 19.9959 ** 7.5812 **
DxY 3 |2629.8477 | 876.6159 03366 0.0276™
LxD xY 151 512424.0073 | 34161.6065 | 13.1178 4.9735
Within eror | 96 | 250004.0763 | 26042091

(Pooled orror | 111 | 762428.1736_| 6868.7223 1

(Table 8 contd.)

77

types and its interaction with year and dose for different



Number of Pods per Plant (NPPP)

Item df SS MS
ine(L 5 VR, VR,
e TBLI e 5o |
Year(Y) 1 |500881.7529 | 500881.7529 153165 ;011** el
LxD 15 |20718.9535 | 1381.2636 | 3.6360 ** 3926'33)9*6*
LxY 5 | 57412737 11482547 | 3.0226 % 5 0525 5
DY 3 [ 2187.9814 | 7293271 19199™ 13037
LxD xY 15 [25629.1816 | 1708.6121 ' e
Lk : ; 4.4977 ** | 3.0541**
Within error | 96 | 36469.1744 379.8872
Pooled error | 111 | 620983560 | 559.4446
Pod Weight per Plant (PWPP)

Item df SS MS VR, VR,
Line(L) 5 [10.6041 2.1208 13.5048 ** | 6.5786 **
Dose(D) 3 |4.3933 1.4644 9.3251%% 45425 **
Year(Y) 1 [338.0695 |338.0695 | 2152.7377 ** |1048.6646 **
LxD 15 | 18.3165 1.2211 7.7756 ** 3.7877 **
LxY 5 |7.7857 1.5571 9.9155 ** 4.8301 **
DxY 3 |1.4264 0.4755 3.0277 * 1.4749™
LxD xY 15 |20.7083 1.3806 8.7910 ** 4.2824 **
Within error | 96 | 15.0760 0.1570
Pooled error 111 | 35.7843 0.3224

Number of Seeds per Plant (NSPP)

Ttem df sS MS VR Yl
Line(L) 5 | 37180.8712 | 7436.1742 8.2936 ** 63308 **
Dose(D) 3 | 8556.5640 [ 2852.1880 3.1811 * 24282
Year(Y) " T1012096.958 | 1012996.958 | 1129.7982 ** | 862.4209 **
LxD 15 | 46766.6837 | 3117.7789 34773 ** 2.6543 *
LxY s | 32036.2190 | 6407.2438 7.1460 ** 5.4548 **
DxY 3 164060511 | 2135.6504 23819 1.8182
LDy (15 [443049727 | 2953.6648  [3202 %" 123086 =

 Within error | 96 | 86075.2923 | 896.6176
Pooled error | 111 | 130380265 | 1174.5969
(Table 8 contd.)
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Seed Weight per Plant (SWPP)

Item df SS
Line(L) 5102447 SRS IR EC R
Dose(D) 3 [32106 1.0702 62058%% | 4.7630 **
| Year(Y) 1 | 141.6695 141.6695 82149417 | 630.5076 **
LxD 15 | 7.8337 0.5222 3.02.83 *ok ) 32'43 ok
LxY 5 72924 1.4585 84573 %% [ 6.4911 **
DxY 3 | 1.0887 0.3629 2.1044™ 16151
LxD xY 15 [8.3852 0.5590 3.2415 ** | 2.4879 **
Withinerror [ 96 | 16.5555 0.1725

Pooled error 111 | 24.9407 0.2247

Plant Weight per Plant (PWPP)

Item df SS MS VR, VR,
Line(L) 5 [59.5735 11.9147 27.8219 ** | 15.3740 **
Dose(D) 3 ]6.7359 2.2453 5.2430 ** 2.8972 *
Year(Y) 1 [910.5809 | 910.5809  [2126.2904 ** | 1174.9599 **
LxD 15 |55.7625 37175 8.6807 ** 4.7968 **
LxY 5 |41.6822 8.3364 19.4664 ** | 10.7568 **
DxY 3 [3.11.9213 | 3.9738 9.2791 ** 5.1275 **
LxD xY 15 |44.9119 2.9941 6.9916 ** 3.8634 **
Within error | 96 | 41.1119 0.4282
Pooled error 111 | 86.0238 0.7750

* and **, indicate significaneat 5% and 1% level, respectively.

NS, indicate non-significants.

VR;, denominator is within error and

VR,, denominator is pooled error.
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Table 9 : Phenotypic (ozp), Genotypic(c?y), Dose(c?
o‘pyand o\ py), and Error (6"w) Compo

characters in lenti].

80

p), Year(o?y), Interactions (o? LD, oLy,

nents of variation of different quantitative

Characters

Z
Op

a°q

Uzn

o’y

V4
0o

Z
Oy

Z
g py

Z
O by

o*w

Seedling
Percentage
er Plot

468.2001

143.2492

372.8869

84,2561

139.0840

30.6296

98.5366

-73.6861

368.0075

Plant height
at first
flowering

21.0854

4.8817

1.0062

26749

1.7760

-0.4947

-0.6844

1.8530

14.7454

Number of
branches per
plant at
maximum
flowering

85.4199

5.9103

3.136

697.3963

0.5066

5.7652

-2.4398

54.6389

19.1054

Plant Area
per Plant

16007.9624

1391.9682

574,3391

62219.9984

321.0169

14926525

-1849.1661

10519.1325

2604.2091

Number of
pods per
plant

799.9682

23,8691

-16.3891

6951.4148

-54.5581

-46.6964

-54.4047

4429083

379.8872

Pod weight
per plant

0.6031

0.0235

0.0275

4,6932

-0.0266

0.0147

-0.0503

0.4078

0.1570

Number of
seeds per
plant

1912.9704

42.8721

19.9038

14056.9492

27.3523

287.7982

-45.4452

685.6824

896.6176

Seed weight
per plant

0.4009

0.0246

0.0196

1.9652

-0.0061

0.0750

-0.0109

0.1289

0.1725

Plant Weight
per Plant

1.8778

0.1491

-0.0480

12,6410

0.12086

0.4452

0.0544

0.8553

0.4282




Table 10: Phenotypic (PCV), Geno
(LxDCV L x YCV, Dx
of variability of different characters

typic(GCV), Dose
Y CV and

(DCV), Year(YCV), Interactions

L xD x Y CV), and Error (ECV) coefficient
in lentil.

81

Characters PCV GCv D

Cv YCV LxDCV | LxYCV | DxYCV | LxDx o'w
Seedling 1314.6074 | 402.2136 1046.9878 YCV
percentage 236.5733 390.5184 86.0015 278.6701 -206.8951 1033.2874
er Plot
Plant height 91.1426 21.1014 4.3
at first 492 11.5622 7.6769 -2.1384 -2.9584 8.4419 63.7376
flowering
Number of 271.5531 18.7891
branches pef 9.9694 2217.0505 1.6105 18.3278 -7.7561 173.6994 | 60.7370
plant at
maximum
flowering
Ptl::nélgrr:a 5302.6007 461.08563 190.2485 20610.2313 108.3361 494.4377 -612.5320 3484.4384 | 862.6383
p
Nu‘;nberof 1111.3692 | 33.1605 -22.7688 | 9657.3695 | -75.7957 | -64.8738 | -755627 | 615.3178 | 527.7647
pods per
plant
Pod weight 34.1179 1.3287 1.5541 265.5083 -1.5035 0.8325 -2.8446 23.0724 8.8843
per plant
Number of 1979.4283 443615 20.5953 14545,2974 28.3026 297.7966 -47.0240 709.5035 927.76€68
seeds per
plant
Seed weight 34.1343 2.0049 1.6730 167.3432 -0.5218 6.3826 -0.9277 10.9721 14.6847
per plant
Plant Weight 55.7966 4.4301 -1.4266 375.6072 3.5823 13.2282 1.6171 25.4136 12.7247

per Plant




Table 11: Heritability (h? b), Genetic advance
mean (GA%) of different character

s in lentil.

(GA), and Genetic advance as percentage of

—
Ch
aracters h?, GA GATA
Seedling Percentage per Plot 30.5957 13.6378 38.2920
Plant height at first flowering | 23.1521 2.1900 9.4664
Number of branches per plant | 6.9191 1.3173 4.1879
at maximum flowering '
Plant Area per Plant 8.6955 22.6636 7.5073
Number of pods per plant 2.9838 1.7385 2.4152
Pod weight per plant 3.8945 0.0623 3.5246
Number of seeds per plant 2.2411 2.0192 2.0894
Seed weight per plant 6.1373 0.0800 6.8161
Plant Weight per Plant 7.9397 0.2241 6.6597
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Fig. 2: Performance of lines over doses for PHFF in 2005-2006
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Fig. 3 : Performance of lines over doses for PHFF in 2006-2007
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Fig. 4: Performance of lines over doses for NBPMF in 2005-2006
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Fig. 5: Performance of lines over doses for NBPMF in 2006-2007
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Fig. 8: Performance of lines over doses for NPdPP in 2005-2006

[——I—LL6=121.5224 —B—LL11=135.3489 —#~BM1=151.5492 ——BM2=122.9466 —%—BM3=86.4909 —e—BM4=126.7198 I

200 -

180 o

160 +

140 4

120 +

100 4

LINE MEAN

80 -

60 |
40 4

20 4

0 T D4
D1 D2 03
DOSE MEAN

Fig. 9: Performance of lines over doses for NPdJPP in 2006-2007
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Fig. 12: Performance of lines over doses for NSPP in 2005-2006
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DISCUSSION

and most of the quantitative characters are economs i
omically important. The
. present

vestigation was carried out to study the eight economically important characters vi
S Viz.
PHFF, NBPMF, PAPP, NPdPP, PdWPP, NSPP, SWPP and PWPP in two consecutive

years in four irradiation doses. Analyses were done for variability, heritability and genetic

advance.

In the analyses all the characters showed a wide and pronounced range of
variation indicating that they are under polygenic control and hence quantitative in
nature. The wide range of variation showed that these lentil (Lens culinaris Medic.) lines
are good breeding materials. Similar results were obtained in lentil by Malhotra et.al.
(1974), Azad (1991), in chickpea by Haque (1989), Begam (1995), Hasan (2001) and
Deb (2002), in green gram by Bhargava et. al. (1966), in mustard by Paul et. al. (1976),
Chaudhari Prashad (1968), Joarder and Eunus (1968), in sugarcane by Nahar and
Khaleque (1996), Nahar (1997) and in chilli by Husain (1997).

Mean of the six lentil lines of these characters as compared with their respective

standard error were found to be highly significant in both of the two years. This indicated

that the lines were different regarding these characters. This result is in agreement with

h the line item was found to be highly significant for all

the analysis of variance in whic
nt from each other,

the eight characters. It shows that the lines are genetically differe
Alam ef. al. (1978)

s materials in the present work.

es among 41 strains of Brassica campestris L. Similar

91), in chickpea by Deb (2002) and in

which justifies their inclusion a
reported a significant differenc
results were also obtained in lentil by Azad (19
rape seed and mustard by Mandal et. al (1978).

es between the doses in each line

years (2005-2006 and 2006-2007).
ept PAWPP and SWPP in

ifferenc
For each of the characters the mean diffe

: cutive
were tested with L.S.D values also 11 two conse
o dose exc

: dose t
The significant differences were found from



92

line-11 in the year 2006-2007. However, for al] the lines

the significant differences of a

: character vari
particular ied from dose to doge, Similar results were also obtained in lentil
1n lenti

by Azad (1991), in chickpea by Deb (2002).

In the present materials the degree of coefficient of variability in percentage
(CV%) was indicated by the magnitude of range of variation. For all the lines the CV%
. . : 0

of a particular character varied from dose to dose and also line to line. Similar results

were obtained in lentil by Azad (1991), in chickpea by Deb (2002).

In the graphical analysis (Fig.2—17;+;evealed that the highest mean performance
was observed in line-11 for D1 while, the lowest mean performance was noted in line
Bm3 for D4 for the characters (NPdPP, PAWPP, NSPP and SWPP) in the year 2005-
2006. In the same year, line-11 showed the highest mean performance for D3 and D4 for
the characters PHFF, PWPP and NBPMF, respectively. Whereas, line Bm1 exhibited the
highest mean performance for D1 and again, Bm3 indicated the lowest mean

performance regarding D2 for the same characters NPdPP, PAWPP, NSPP and SWPP in
the year 2006-2007. In this year, line-11 showed the highest mean performance for D2
and D1 for the characters PHFF and NBPMF, PAPP, respectively.

In the analysis of variance the main line (L) item was highly significant for all the

characters when it was tested against within error. Again it was highly significant for all

the characters except NPPP, which showed significance at 5% level when tested against

pooled error. These results indicated that genotypes were significantly and genotypically

justifies their inclusion in the present investigation as

d similar results for all the eight quantitative characters
Azad (1991), in

different from each other and it

materials. Babar Ali (1988) foun | .
results were also obtained in lentil by

in chickpea by Deb (2002).

in ten lentil cultivars. Similar

sugarcane by Nahar (1997) and

highly significant for all the characters except PHFF,
as

level and non-significance only for NPdPP
gnificant for NBPMF, PAWPP,

The dose (D) item Wi

NSPP, which showed significance at 5%

in i ighly si
When tested against within error: Again it was highly
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SWPP, an lg 1 fOI IIIII: II\II I WPP but wa
d S qulca'nt ] S non-

I signifi
NSPP, when tested against its pooleq error. For most of gniticant for NPdPP and
' 0

o _ the characters the results
indicating that doses were different. Significant differenceg among the doses f £
ses for most o
the characters showed that the four doses includeq in the analysis were different fr
rent from

cach ofher. Similar results were obtained by Azad (1991) in lentil, by Nahar (1997) i
i ; 2 In
sugarcane. The L x D interaction was highly significant for all the characters except

PHFF which was just significant when tested against within error but it was also highly

significant for all the characters except PHFF and NSPP, which showed significance at
5% level when tested against pooled error. The significance of this item indicated that
there was evidence of L x D interaction in the present investigation. These results also
indicated that the lines significantly interacted with the doses. Similar results were
obtained by Bicer and Sakar (2004) in lentil, by Azad (1991) in lentil, by Nahar (1997) in

sugarcane.

The year (Y) item was highly significant for all the characters, which indicated
that years were significantly different. The interaction LxY was highly significant for all
the characters except PHFF and NPdPP, where NP'dPP was significant only when tested
against within error but it was highly significant for all the characters except PHFF and
NPdPP when tested against pooled error. These results indicated that the genotype (L)

interacted with the year. Nahar (1997) obtained similar results in sugarcane. On the other

hand, the interaction item D X Y was non-significant for all the characters except

NBPMF and PWPP, which showed significance at 1%
tested against within error. Significant NBPMEF and PWPP indicated that year interacted
Qimilar results were obtained in chickpea by Hasan (2001),
nteraction L x D xY was highly significant except PHFF.
dose (D) and year (Y)

It in sugarcane.

and 5% level, respectively when

with dose only in these cases.

Deb (2002). The second order i

. i L ’
The results of this interaction indicated that genotype (L)

g
interacted among themselves. Nahar (1997) obtained similar re

ts of variation varied differently in different characters.
ents o

than genotypic (c%y), interactions

nts of variation. This results are mn

The different compon

iati 2 y was higher
Phenotypic component of variation (c”p) was Mg

2 mpone
25 62 2 or (0”w) comp
(o LD, O Ly, 0'2[)y, and ¢ LDY) and err (
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. < h 1
conformity with the findings of Samag (1991), Nahar (1997) and Deb (2002). Th
e . e

: between ph i i
difference phenotypic and genotypic variation were greater in magnitude fo
F, PAPP, NPdP ich i r
NBPIM P and NSPP which indicated that the environment had
considerable effect on these characters. These results are in agreement with the find;
indings

of Podder (1993), Mohamed er.al.(1991), Nahar and Khaleque (1996), Nahar (1997) and

Dev (2002). In the present study, the highest phenotypic and genotypic variations were

observed for PAPP followed by NSPP, NPAPP, NBPMF and PHEF. In the present
materials, high genotypic value causes the high phenotypic value. Larger genotypic value
for any character is always helpful for effective selection. These results are in agreement
with the findings of Mian and Awal (1979). The pronounced environmental variation
indicated that greater portion of the phenotypic variation was environmental in nature.
Chandra (1968) reported in gram that variability was affected by environment. Similar
results were also obtained in chickpea by Deb (2002). The character PAPP also showed
the highest values for ¢’p, GZY, 6’Lp, GzLy, o” Lpy and 6% components of variation which
indicated better scope for improvement of this character through selection. On the other
hand, o’y showed the highest value for PWPP. Again, o’py for PAPP, o°p, o’1pand oLy
for NPdPP, 02g and o, for PAWPP, czp, 6%y and o’ py for SWPP showed the lowest

values in the present materials indicating difficulties in improvement of these traits

through selection.

In the analysis, phenotypic coefficient of variability was greater than genotypic
ariabilities except YCV for NBPMF, PAPP, NPdPP, PAWPP,

NSPP, SWPP and PWPP. The results are in agreement with the findings of Samad

(1991), Nahar (1997) and Deb (2002). The difference between PCV, and GCV were
NBPMF, PAPP NPdPP and NSPP which indicated that
’ se results are in agreement

and all other coefficient of v

greater in magnitude for
. The
environment had considerable effect on these characters

der (19
Sharma (1984) and Pod
e D x YCV were observed for PAPP

93). The highest amount of
with the findings of Singh

PCV, GCV, DCV, YCV, L x DCV, L x YCV and I.)‘ highest values of DxYCV and

indicating wide scope of selection for this trait. Wh.lle, the I% e L DRYCY

ECV were recorded for PWPP and NSPP, respectively. Again, e lowest

Dxy oV and L xYCV, PCY, OCV and ECV exhibited foe
XYCV, DCV, L x DCV an ’
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for PHFF, PAP
salues b B P, NPdPP and PdWPP, respectively, These result i
conformity with the results of Singh s al.(1981), Mian and A e 1953,

Nahar (1997) and Deb (2002). wal (1979), Podder (1993),

The heritable portion of variabilj . i

variation alone. The heritability togethefl\iryit;a;::;t:;j Udg‘: Py genetlc’ c?efﬁcient.of
the actual picture in heritable variation. The herita;?(‘ﬁ men,t of var-latxon wan give

. llity estimate in the present
investigation was found to be low. The lowest values of heritability indicated that the
environment constituted a major portion of total phenotypic variation for the characters.
Bicer and Sakar (2004) found low heritability for biological yield per plant, seed yield
per plant, number of pods per plant and number of seeds per plant in lentil. Podder (1993)
observed low heritability for MCC and Nahar (1997) got low heritability for TC and
MCC in sugarcane. Deb (2002) also obtained low heritability for the nine yield and yield
contributing characters (DFF, NPBFF, NSBFF, PHMF, PWH, NPd/P, PdW/P, NS/P and
SW/P) in chickpea. However, heritability does not provide indication of amount of
genetic progress that would result from selecting the best individuals. Johnson er. al.
(1955), Ramanujam and Thirumalachar (1967) and Singh er. al. (1981) suggested that
heritability estimate with genetic gain are more useful for effective improvement. In the
present materials, comparatively high value of heritability (h*p) was estimated for PHFF
and high value of genetic advance (GA) and genetic advance as percentage of mean
(GA%) were observed for PAPP and PHFF respectively. Different workers obtained high
values of h? ,, GA and GA% for different characters in different crops viz. Khatun (1997)
for PHMF in lentil, Kabir (1997) for 100 SW/P in lentil and Deb (2002) for DFF and

NS/P in chickpea.

i included are
The results of the present investigation revealed that the characters included ar

d the genetic variability existed Wi '
th the effective selection of these

th the lentil lines under study.
Quantitative in nature an

Therefore, the genetic progress may be acmeved.Wl lues for & o2, , PCV, GCV
characters, since the character PAPP showed the highest values p>0 g

vi
followed by NSPP, NPdPP, NBPMF and PHEF. Pro

controlled as far as possible as Jow heritability was

ded environmental factors are to be

observed in these materials.
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SUMMARY

In the present investigati < e
p stigation, variability and diversity estimates j.e components of
L.,

. herxtabﬂl’fy, genetic advance and genetic advance
expressed as percentage of mean of six lentil (Lens culinaris Medic.) lines were put into

variation, coefficient of variability,

wals at four irradiation doses viz. no irradiation (D1), 20kr (D2), 25kr (D3) and 30ke
(D4) over two consecutive years namely 2005-2006 and 2006-2007. In the analysis of
eight agronomical characters viz. plant height at first flowering (PHFF), number of
branches per plant at maximum flowering (NBPMF), plant arca per plant (PAPP),
Number of pod per plant (NPdPP), pod weight per plant (PAWPP), number of seed per

plant (NSPP), seed weight per plant (SWPP) and plant weight per plant (PWPP) were
included.

1. The range of variation was very much pronounced for all the characters. The presence
of wide range of variation of these characters indicated that they are quantitative in nature

and are under polygenic control.

2. Mean values were highly significant with their respective standard error suggesting
that the lines were genetically different from each other for all the characters, which
justifies their inclusion as materials in the present work. The significant mean differences

between the doses in each line of a particular character varied from dose to dose. The

coefficient of variability in percentage (CV%) indicated certain degree of variability for

the characters studied which are prerequisite in research work with such materials.

3. The graphical analyses revealed that the highest mean performances were observed in

line-11 and line Bml regarding D1 .7 while, the lowest mean performance was noted in

line Bm3 for D4 and D2, respectively for most of the characters.

4. In the analysis of variance, the highly significant line (L) item indicated that the six
- analysis o !

i ich justifies the inclusion
lines of lentil were genetically differentiated with each other, which justiti€

ant dose (D) item and its interaction with

. . signific
oF e g tosding ratece & Anotier %8 1 and it interacted with lines differently.

. jatio
lines (I x D) indicated the dose to dose vara



themselves.

5. The estimates of different component of variation and coefficient of variabilities, such
as phenotypic, genotypic, different interactions and within error were more or less high
for PAPP, NSPP, NPAPP, NBPMF and PHFF which indicated a wide scope of
improvement of this traits through selection. The lower CV values for NPdPP and

PAWPP in maximum cases indicated the difficulties in improvement of these traits

through selection.

6. Broad sense heritability (h2 b) estimates for all the eight characters were very low. The
maximum value of h? , was found for PHFF followed by PAPP, PWPP and NBPMF.
Genetic advance (GA) and genetic advance as percentage of mean (GA%) were high for
PAPP and PHFF. The rest of the characters showed low GA%.

7. All the eight agronomical characters with the low heritability and low genetic advance

showed that selection may be done with controlled environment provided the

environmental factors are not extreme.



PART-II
GENOTYPE-ENVIRONMENT INTERACTION
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INTRODUCTION

The relative performances of different genotypes are changed
nge

. in different
t .
environments due to presence of genotype—environment interaction Quantitati

. i ve characters
are greatly influenced by environment with regard to their phenotypic expression. A

phenotype is the result of interaction between genotype and environment. Genotype refers to

the genetic constitution of an organism and environment implies the sum total of physical
chemical and biological factors.

Comstock and Moll (1963) have classified the environments in two categories, (i)
micro- environments, that includes physical and chemical attributes of soil, climatic variables
(temperature and humidity), solar radiation, insect pest and diseases; and (ii) macro-
environment which is associated with general locations and period of time and is a collection
of micro-environments. Environment has been classified in predictable and unpredictable
environments by Allard and Bradshaw (1964). The predictable environment includes
climates, soil type and day length. It also includes controllable variables (Perkins and Jinks,
1971), such as the level of fertilizer application, sowing dates, sowing density and methods
of harvesting. The unpredictable environments include weather fluctuation, such as

differences between seasons in terms of the amount and distribution of rainfall and prevailing

temperatures.

Analysis of quantitative characters are Very much complex when more than one

i ressi i anges of
environments are included because change 1n gene expression may occur with the chang

-envi interaction in a
environments. These change are observable as genotype environment interac

i i f phenotypic
biometrical analysis, have long been recognized as an important source of p typ

1949).
variation (Immer ef al. 1934: Yates and Cochran, 1938 and Mather, 1949)

tecognized by Johansen (1909) while working Wi
on-heritable differences W

ere of the same order 0

th dwarf bean (Phaseolus vulgaries). He

ere jointly responsible for the variation
teported that heritable and n

in seed weight of beans and W

£ magnitude in effect. The different

imal species
on many plant and anima
analysis of continuous yariation over & number of years
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revealed the combination of heritable ang non-

heritab fag :
ontifuous VARG, le agencies in the determination of

ter on, K
Later on, Keelble and Pellow (1910) developed Johansen’s findings and subsequently
Fisher (1918) for the first time provided statistical method for partitioning the variation of

(AR Gllitdieny i segregating populations into genetic and environmental

components. East (1915) studying the quantitative characters of Nicotiana rustica L. clearly
showed that the quantitative character was inherited with the joint action of genetical and

environmental variation and that they were inherited according to Mendel’s laws of

inheritance. Horner and Frey (1957), Finlay and Wilkinson (1963), Abu-El-Fittouh et al.
(1969) and Shorter et al. (1977) investigated the influence of test environment.

At present, it has become a challenge to breeders to understand fully the control of
genetic variation due to the occurrence of genotype- environment interaction. When a set of
plant genotype is grown over a range of environments the genotypes do not behave in the
same relative way in all environments and it is due to the interaction of different genotypes
with different environments differently. This situation leads the breeder to face serious

problems in the realization of the breeding objective for any economic crop.

Some workers have tried to solve the problem created by G xE interaction. Sprague

and Fedarar (1951), Comstock and Rabinson (1952), Hanson e/ al. (1956), and Comstock

and Moll (1963) mainly developed the analysis of variance to estimate GXE interaction. It

provides information on the existence and magnitude of G ¥E interaction only but they gave

i i stabili
no measurement of response of individual genotype with the environment as such ty

measurement of individual genotype was not tested.

ssion for
i ave been made under regre
approaches h

In the recent past, two main

en geno

y Yates and Cochran (1938), which was later
d Eberhart and Russell (1966). Finlay and

: and environments. The first is
detecting and estimating the interaction betwe types

purely statistical methods originally pl'OPOsed b
) an

. . 1inson (1963
on modified by Finlay and Wilkinson ( ct and measure the magnitude of  GxE

Wilkinson (1963) used this method 10 dete



Eberhart and Russel (1966) emphasized the ne
ed of considerin i
g both the linear (b;) and non-

. =24 . .
Jinear (S “di) components G xE interaction in judging the phenotypic stability of
ility of a genotype.

A cultivar with a high mean with unit regression coefficient (b =1.0) and a deviation of
=l1. a deviation o

zero (S di = 0) from regression is referred as stable genotype

The second approach involves the fitting of models, which specify the contribution of
genetic and environmental actions and genotype-environment interactions to the generation
means and variances. It also determines the contribution of additive, dominance and non-
allelic gene action to the total genotype-environment interaction components. This approach
had been used by Mather (1949), Jinks (1954), and Jinks and Mather (1955) in Nicotiana
rustica L. followed by Bucio Alanis (1966), Bucio Alanis and Hill (1966), and Perkins and
Jinks (1968).

Perkins and Jinks (1968a) formed a bridge over the gap between two alternative
analyses. Later, Breese (1969) and Paroda and Hayes (1971) advocated that the linear

regression (b;) could simply be regarded as measure of response of a popular genotype,

% . . = 7 s .
whereas the deviations around the regression lines (S “di) were considered as better measure

of stability; genotypes with their lowest deviations being the most stable and vice versa.

Using the above definition of the term stability,
1 to the mean performance and linear response

it was possible to judge the phenotypic

stability and due consideration was also give

of the individual genotype.

The joint regression analysis, a form of the analysis of variance, has been widely used

cedures and app -
lysis in resolving the differences in

se. On the other hand,

icati reviewed by Freeman
in the study of G xE interaction. Its pro lications were ¥

(1973) and Hill (1975). The effectiveness of the ana

f linearity of respon
enotypi i ted to the degree © : -
genotypic response is rela + » high pottion of G xE interaction sum of square is
at a

successful application necessitates th

attributed to the linear regression-
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The study of G xE interaction in its biometrica] aspects is i
genetiC and evolutionary point of view but also necessary to tlls;elmpo'rtam - frf)m
problem in general and particularly for plant breeding problem (Bree:i;r ‘f;;t:ra}r :roduction
individual yield component can lead to simplification in genetic explane;tion oi‘. ielz Ssttuf)yl(':f
and hence are valuable to breeders in prediction and determination of the :ffects zfl tlhz
environment (Grafius, 1956). Kang and Miller (1984) also reported that in formation on

cultivar stability performance across environment would help breeders to select more
consistently promising cultivars.

It was suggested by Ruschel (1977) that plant breeders have the choice of either
selecting genotypes of restricted adaptability for defined ecological condition or searching
genotypes with wider adaptability capable of sustaining production in spite of wide variation
in environments. It is now recognized that G XE interaction is an important source of
phenotypic variations. As under the control of gene, breeders are trying to produce and select
suitable cultivars which gave maximum economic yield over a range of environments with
wider adaptabilities and stabilities. In plant breeding usually many potential genotypes are
evaluated in different environments before selecting certain desirable traits. Comstock and
Moll (1963) reported that selection is impeded due to Jarge effect of G xE interaction.
However knowledge about the description, prediction and inheritance of genotype-

environment interaction would provide more information and help the breeders to breed and

select better genotypes.

In Bangladesh, the soil and climatic conditions are such that the cropping pattern of

i i tivated as a
lentil dose not permits its sowing at the same time all over the country. It is cultiva

: i very small extent, as a
sole or mixed crop with mustard (Brassica campestris L.), and 10 a Very |
g time varies from last October to mid

i i rice. Its seedin |
o eop with e (Y sesson years in Bangladesh lentil production

November at different regions of the country. Last few

be due to adverse environmental condition. In this regard, it
e due

is modetaiely low and (his mey rform consistently well over a wide

genotypes that could pe
g for such adaptable ©

qualitative and quant

et ety e suitable ultivars require genotypes which

fange of environments. The breedin  ative traits. From the above

have high stability for one of mOre
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discussion It 15 nOw clear that study of GxE interaction jg essential in breeding varieties for
general adaptation, particularly in a crop like lentil which is grovp i diver

se agro climatic
condition.

This part of the present investigation was, therefore, undertaken to study the GxE

interaction for nine quantitative characters of six genotypes in order to select the suitable

genotypes having wider adaptability in different environments.
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REVIEW OF LITERATURE

The investigators put forward the j
ide ; ‘

. i a about the relationship between genotype
and environments from many years ago. The fundamental i

' O ed i o | . al nature of gene action and
interaction 1 € Inheritance of quantitative characters were not understood

il genetical assumption and biometri i

il g etrical methods developed in the early days of 20th
century were brought together, The development of genetics began with the rediscovery
of Mendel’s work in 1900. Johannsen (1909) for the first time put forward the idea of the
relationship between heritable and non heritable (environmental) effects and that the
varjiation in a pure line was due to environment. Many papers have already been
published in various crops and a few in lentil concerning with the problem of genotype-

environment interactions at different times and some of these papers are reviewed below.

In Johannsen’s (1909) opinion the environments play a significant part in
determining the life situation and the personal endowments of an individual are not solely
due to genes. An investigation with beans (Phaseolus vulgaris) he showed that the
phenotype was the product of both heritable and non heritable effects and the phenotypic

variation in any pure line was due to environmental effects.

East (1915) showed that the continuous variation in the segregating generation

was due to both genotype and environmental effects.

Mather (1949), Mather and Jones (1958), and Stevens (1959) were separately and

j interaction
combindly developed the techniques to measure the genotype- environmental m B een
as i artitioning o
based on the mathematical model of Fisher et. al. (1932). It 1nvolvedlthe o e geir

i ironmental effects an th
the variation of quantitative data into genotypiC and enviro

interactions.

d Lebsock and Kalton (1954) estimated environmental
and Le

analysis,
genes indicating the presence of

Kalton et. al. (1952)

Variance within several clonal

. upon these estimates exhibited a
S
populatlon

i db
Significant difference for characters controlled DY
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e otype-environment interaction. In the latter studj
ies,

.vironmental variance composed of two components vj ncluded that the
viz,

i : a true enviro
and genotype-environment interaction, nmental effect

Fejer (1958) reported that the variation of a population was contributed not onl
y

L environmental effect but also by the genotype-environment interaction

inlay and Wilkins isti i

Finlay on (1963) developed statistical technique to compare the yield
performance of a set of cereal varieties grown at several locations for several seasons.
The regression of yield on mean yield of all varieties for each site and season when tested
for varieties and sites had a high degree of linearity and have been used a measure of

adaptability of the varieties. Yates and Cochran (1938) also developed similar techniques.

Gandhi ef. al. (1964) studied the genotype- environment interaction in wheat to
obtain estimates of the magnitude of the variety x location, variety x year and variety X
location  year interactions. They considered the implications of these interactions for
obtaining information on the optimum number and allocation of location and years and

for this test were conducted over a three years period at five locations under normal

sowing conditions.

Pfahler (1965) performed an experiment to demonstrate the environmental
found that the

variability and genetic diversity within populations of oat and rye. He

) ) I of
performances of the varieties varied with the environments indicating the presence

iati tions
genotype-environment interactions. He also noted that the variation of the populati

-envi nt interactions.
was due to a true environmental effect and a genotype-environme

hip between second ear development
The yield of 36 single crosses was
00, 16,000 and 20,000 plants) per

comparison of the slopes of the

Collins et. al. ( 1965) showed the relations
¢ interactions in Cormn.

ing rates (8,000, 12,0
n 1961 and 1962. A

and genotype x environmen
compared statistically at 4 plant
acre at Ames, Ankeny and Iowa i

quadratic regression lines of yield on

plant populations and genotype * environmental
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interactions of 3 types of crosses studied indicated that the 2-ea .
consistently than 1-ear types. r type corn yielded more

Eberhart and Russell (1966) recommended that a genotype with a regression
cocfficient (b) about 1.0 shows average stability over all environments testei when
b>1.0 there is evidence of good yielding capacity for favourable environments an:i when
b<1.0 there is deficiency in yielding ability under these conditions. They again proposed

that a variety with mean > grand mean, unit regression coefficient (b=1.0) and least

deviation from regression (8 *di = 0) is considered as a stable genotype.

Bucio Alanis (1966) studied the genotype-environment interaction in Nicotiana

sustica. He observed that genotype-environment interaction significantly influenced the

phenotypic expression.

Tyson and Bradner (1967) worked on interaction of variety x environment in flax
at nine locations in four consecutive years. The significant variety % location x year

interaction indicated the need for thorough testing prior recommendation.

Ananda (1968) studied the relationship between variety and environment in
wheat. Analysis of variance of data from trials involving 12 varieties at 4 locations for 3

years showed variety x locality x year and variety % locality interactions to be significant,

indicating that the performance of varieties varied with the environments. The interaction

variances were found to decrease with the increase in the number of locations.

Baker (1969) carried on an experiment on yield of six cultivars of hard red spring

; : e X
wheat grown at each of nine locations 11 five different years to evaluate genotyp

andicted that all the genotype X environment interactions

environment interactions. He €

¢ ik i rtant.
except genotype X year Were significant and impo

W d Lawrence (1970) studied Arabidopsis thaliana 10 measure the
esterman an

teractions. They m

. entioned that the evolutionary role of
genotype x environment 11
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e X environment int i :
genotP eractions in the population of a species may tak h
utually exclusiv . . e one or other
of two m ¥ e forms; the €Xpression of a metrical character may be buffered
i he environme : y be buffere
against t nt or may vary in an adaptive manner with the environment
ent.

Westerman (1971) worked on the same problem and conducted that both linear and non

linear response of environment were controlled by additive and non-additive variation

Zuberi and Gale (1975) worked on the effect of soil nutrients on the expression of
eleven metrical traits of Papaver dubium and observed significant effect of all nutrients
and Ca had the greatest single effect. Both linear and non-linear relationship between

genotype-environment interactions and environmental mean were found for all traits.

Khaleque (1975) worked on genotype-environment interactions for eighteen
quantitative characters ina 5 x 3 diallel progenies of rice over two seasons. Joarder and
Eunus (1977) also made a study of genotype — environment interaction shown by heading
and harvesting time of Brassica campestrics L. All of them showed that genotype-
environment interactions were operative in both parental and F generations and that a

significant portion of these interactions was accounted for by the linear function of the

environmental means.

Byth et. el (1976) studied the genotype- environment interaction on yield

characters of 49 wheat cultivars grown in each of 63 international environments. They

reported the presence of GXE interactions in wheat cultivars for the characters they

studied. Regression analysis showed differential response of varieties under different

environmental effects.

GxE interaction of some quantitative characters of

Joarder et. el. (1978) studied . char
They reported that G*E interaction item was

four varieties of Brassica campesiries L |
tudied and in all the six generations. The

hi ioni he characters they s
ighly significant for all the 4 that all the items were significant at 1% level except
ed th

joint regression analysis show
qua and yield/pl

ant. Both the linear and non-linear

envi i seed/sili
vironment residuals for ons. Mean performance was

' d generat
items were significant for all the characters and &
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onificantly correlated with §24 but bi wag ; X
e ; 1 'Was Independent of Xi. Correlation between bi

§?,; was highly significant but is negative in case of seeds/siliqua and yield/p]
nd yield/plant.

eeman and Cri
Fr | | sp (1979) worked on the use of related varieties in explaining
genotype—env1r0nment Interactions. Regressing one character on to another may not only
give useful information about the relation between them but also help to explain

genotype-environment Interactions observed in the characters of primary interest

Uddin, Joarder and Khaleque (1979) studied genotypexenviroment interations for
two quantitative characters viz. flowering time and tiller number of five parental and F,
generations of four crosses of rice and showed that genotype-environment interactions
were operative in both parental and F, generations. A significant portion of these
interactions was accounted by the linear function of the environmental mean. A real
difference existed between the populations and there was also a real effect of different
doses of nitrogen among the characters. Higher doses of urea delayed flowering and

increased tiller number per plant but IR-8 showed early heading in high doses of urea.

Jatasra and Paroda (1980) studied the genotype-environment interaction of grain

yield and its component in 40 genotypes of wheat including Mexican, Indian and their

derivatives. Significant GXE interaction was observed in the materials. Both linear and

non-linear components of GxE interaction were significant for grain yield. Stability for

grain yield appeared to have been imparted by the stability of the grain yield components.

Galvez (1980) studied genotype-environment interaction for yield and brix in

cight trials with 20 genotypes of sugarcane. T
The GxE inte

he trials were carried out in two locations

ractions were significant at both the

during three harvesting periods.
ili analyzed by 3
locations. In order to determine stability and /or adaptability, data were y

covariance and coefficient of determination. All the
1,

methods such as linear regressio genotypes by their stability in

. rimination of
methods used verified in its own way the discrim

relation to environmental changes-
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lam et. al. (19 s )
Is (1981) studied variety xseedling date interaction on yield and othe
T

They showed ¢t :

_ s _ hat the  variety significantly interacted with the

environment and this interaction was accounted for the linegr function of envi tal
environmenta

economic  traits.

nean. Genotypes with higher mean performance and regression coefficient greater than
unity compared to the genotypes with the mean performances

Sugiyarta ef. al. (1984) obtained stability in sugarcane following Finlay

Wilkinson, and Eberhart and Russell’s model. The trial was conducted at 27 sites in Java
during 1975-76 involving 6 cultivars. The result of the analysis indicated that PS 41, PS

46PS 47, and PS 48 ( according to Finlay and Wilkinson) and PS 47 and PS 48
(according to Eberhart and Russell) were most stable genotypes.

Henry and Daulay (1987) studied GxE interaction in 14 genotypes of sesamum
under 4 year rainfed conditions. They showed significant variation for genotypes and

GxE interaction for all the genotypes for seed yield.

Alam(1987) studied the GXE ‘nteraction in Tussa Jute. He reported significant
variations due to sowing and year components. Genotypes interacted with year for base

diameter and green weight. G xyear xsowing interactions were significant for all the

characters except plant height. Major portion of the interaction was due to regression.

ed genotype xenvironment interaction of 15

Ho and Change (1987) studi
Significant G x E

s in Taiwan over 2 crop years.

sugarcane varieties grown at 4 region
e traits in both plant and ratoon crops. Ro Cl

interactions were observed for all th

s -
performed well in both crops and showed high stability compared to the popular varietics

Ro C5 and F160.

riment on variety xsowing date interactions in
e

Uddin er. al.(1987) made an eXp ¢ significant for all the

i wer
ts of sowing dates
musta T found the effec ) y A i
rored and rapeseect " nificantly with the environments 1 mos !

characters. The genotypes interacted Sig
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cases. This interaction was accounted for by both linear and
and non-

. linear function of the
cvironmental means. The genotypes with above average phenotype stabili
pe stability were

generally low in mean performance, with high mean yield, high regression coefficient
, n

- ) -
and averages i values, SS-75 would be suitable for unfavorable environment, LS-14

would be suitable for all environment owing to high mean yield below average response

(v<1.0) and low S?di values.

Parth and Khan (1987) studied the GXE interaction on 20 wheat cultivars under
four sowing dates. Significant GXE interactions were observed for all the characters.

Cultivars suited for unfavorable environments were Balaka and Qaw-28.

Sarker et. al. (1988) worked on genotype—environment interaction in groundnut.
Twenty five genotypes of groundnut were evaluated at three different locations to
determine the genotype-environment interaction vis-a-vis stability over a wide range of
environment. Significant GxE interactions were observed for all the characters. The line
ICG (FDRS)-33 showed average response, which was most stable with more than
average yield and suitable for overall the locations. High stability of pods/ plant conferred

the highest stability for pod yield in ICG (FDRS)-33. Stability varied among the

genotypes in respect of different characters.

Brandle ef. al. (1988) studied the G*E - teraction and stability analysis of seed

yield of Brassica napus cultivar, which were grown at 9 different sites for 3 years. They

s . i onificant,
reported that the genotype * year and genotype * year x site interactions Were signific

‘o ed years, sites
but the genotype x site interaction was non-significant. They also reported years,

d error of mean of
and replications in that order had the greatest effects on the stander

cultivars,

i £ chickpea (Cicer arietinum
-ty six genotypes O
Singh et. al. (1991) evaluated SIXtY - intaofyi
L) in ni i ironments for stability of nine characters and for co .
o oint regression and stability analysis. Tndependent
sing JO1

with component characters U
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stability of yield vs yield contributing characters was tested b,
ste
y the

+ions due to geno : xz -test. They observed
yariatio genotypes, environments and gen BYDES % 6 ¥
nvironment interactions

were highly significant for all the characters. F i
- orty eight genotypes were st
stable for plant

height, 37 for days to flowering. 56 for days to maturity, 47 for primary branches/pl
s ranches/plant,
53 for secondary branches/plant, 46 for pods/plant, 38 for 100-grain weight, 54 fi
, or

hﬁl""eSt index 'afld 52 for .yleld / plant. They also observed grain yield/plant had
significant positive correlation with primary branches/plant and pods/plant, and its
sability was dependent on stability of primary branches/plant and pods/plant
respectively. Likewise, grain yield had non-significant correlation with days to flowering,
days to maturity and 100-grain weight, and stability of grain yield was independent of
stability of each of these three characters. Plant height had non-significant correlation
with yield but its stability was not dependent on yield. Secondary branches and harvest
index had signiﬁcant correlation with yield but stability of each of these two characters

had independent relationship with stability of yield.

Samad (1991) worked on G x E interaction of six agronomical characters in
fifteen rapeseed ( Brassica campestris L.) cultivars in six consecutive years. He observed
that genotype- environment interactions were significantly operative in the experiment.

He also observed all the genotypes for plant hei ght and number of pods per plant failed to

show the stable performance, while some of the genotypes like Polar, Tori-9, Tori-7 and

Smpad were predicted to show the stable performances in regard to the agronomical

characters such as number of secondary branches, number of seeds/pod and yield/plant.

interaction on 7 chilli varieties using 5 quantitative

Deb (1994) studied G x E
at the performance of

T h
characters under 4 consecutive years. He reported 1in his study

eties where b was significant due to response 1in

d that both linear and non-linear

He also reported that none of the genotype fulfilled
wever, var-6 for NLIF, var-2

different characters in 7 chilli vari

& . - . 3 te
different years. Joint regression analysis indica

relationship exist with environment.
articular character. Ho

t iter: a
Hhtata ofetabi oo fore P 6 for 100-fruit weight/plant showed stable

for NLMF, var-6 for NPBIF and var-3 and var-

performances.
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Kumar et. al.(1996 i P
. ’ (1996) conducted multilocation trials of 16 genoty desi and
abuli chickpea in a number of countries in three seasons at 17 (1981-8 ot
', 2), 31(1982"‘

and 22 (1983_‘84) 100ati0nS betWeen 100_520 583)

latitudes. Combi variance
| - Combined analysis of vari

d yield was done to study the genotype X environment interactions and ab | of
for seed Y1 to st t p i t interacti stability

. Mean squ :
genotypes quares for locations, genotypes and genotypes x location interactions

ienificant. L 1 _
were sigpifl ocations and genotype x location interaction variances were much

higher than those for genotypes. Genotypes exhibited relatively more interaction with
winter-sown locations than with spring-sown locations. Desi types showed more

variation than the kabuli types. They observed seed size did not appear to influence yield

performance and stability.

Hoque (1997) studied genotype — environment interaction of some morphological
characters under soil moisture stress condition in chickpea (Cicer arietinum L.). He
observed genotype and environmental items were significant for all the characters. Joint
regression analysis indicated that the linear portion of G x E interaction were not
significant for most of the characters. With above average regression value for most of
the genotypes showed that they would likely respond in better environment only,
however, varieties ICCV-92133 in 1993-"94, PAO-299/3603 in 1993-°94 for PHFF,
ICCL-83105 for PHMEF in 1993-°94 and all the genotypes for NSBFF in two years (1993-

94 and 1994-°95) with average regression value and less standard error indicated that

they are likely to be stable in varied environmental condition.

Nahar (1997) worked on genotype X environment interaction of ten sugarcane

i i utive
clone for eight quantitative characters at two different locations under two consec

years (1992-°93 and 1993-"94). She observed that genotype-envir '
r by linear function of the

onment interaction were

i ted fo
operative. A significantly greater portion was accoun - . .
ions of interactions Were non-linear and independen

environmen: and some port .
tal mean 2nd non-linear components of

inear
of the linear function. She also observed that both line

were under the control of different gene systems. In
S

i i ion .
EEnetype X envirorment interect £ different clones were different

formances 0

her investigation, she recorded stability per 420 for CH and RSP: L Jat

. 54 and Is
for different characters. The genotypes Isd 2- 3
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MCC, FB and RSP; o
for CH, P5 B 34-231 for TC; Isd 16 for CD and RSP: were predicted t
B : ed to
show the stable performance; i.e. adaptable to aj environments. The cl hi
adaptable for favourable environments are Isd 2- 54 for LA an;i MCC O?ZS :2 lih o
; Is or CH,

1A ad FB; Isd 18 for CH, MCC, FBRSP and CYC; Isd 20 for FB; 1525-85 for

CH,MCC and RSP;B34-231 for MCCand BC, for CYC. The poorly adaptable varieties

for all environments were Isd 2-54 for CYC, Isd 16 for TC, B34-231 for CH and RSP:
and CP 55-30 for RSP. ;

Roy et. al. (1999) carried out stability analysis for days to 50% silking, plant
height, ear height, days to maturity and grain yield per hectare with 20 exotic and local
genotypes  of maize across three different locations of Bangladesh. Genotype-
environment interaction was not significant for all the characters. The non-linear
component was significant for all the characters. The reactions of the genotypes were
different at different locations and stability varied among the genotypes in respect of
different characters. None of the genotype was found to be suitable for all the
environments for all the characters, significant regression coefficients were observed for
days to 50% silking and days to maturity in all the genotypes. The genotypes Poza Rica
9224 , Poza Rica 9227 and EV 80345-1 were found to be suitable for grain yield per
hectare whereas, Jalna 9128, Poza Rica 9224 and Poza Rica 9227 were found to be
suitable for plant height. The genotypes Across 9128 and Across 9136 were observed

more or less stable performance over locations.
Ara et. al. (2000) carried out the stability analysis in five advanced genotypes of

tomato for yield and some of the yield component ur
found to be significant for all the characters.

rwards genotype * environment interaction for

der three different environments.

Genotype x environment interactions was

Linear component contributes positively fo
ute
pes AH (OH) 2 was identified as stable, and

. £ the characters. On the
yield while non-linear component contributed towards the rest O

basis of three stability parameters; genoty

ion i ] t.
genotype AD(OH) 1 might be suitable for cultivation 11 unfavorable environmen
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Istam ef. al. (2000) studied eighteen chickpea (Cic jeti

- — er arietinum L.) lines for
germmatwn test of length of radicle (RL) and length of plumule (LP). Th
individual genotypes was determined by the analysis of joint regres);ione reiionse of
yalues of genotype over a range of environment ( days considered as envirz:me:t)m;in
analysis showed that the response of seedling growth in all 18 chickpea lines was 1'ineai
as the regression and regression coefficient were largely significant for al the genotypes.
The differences between the genotypes both for pulmule and radicle length were largely
dque to different environment as environment item was highly significant. Moreover,

significant genotype- environment interaction indicated that different genotypes

responded differently in different environments.

Hasan (2001) worked on stability parameters regarding irrigation treatments on

six yield component of six chickpea (Cicer arietinum L.) lines. In regression analysis, he

observed that, genotype was highly significant for all the characters and the S2di value

was also found to be non-significant for all the characters. Some of the lines (genotypes)

having non-significant S?2, values and average regression coefficient values with less
standard error indicated that they would likely to show stable performance in different
environmental conditions. Besides, some of the lines exhibited above average regression

coefficient values, which indicated that these lines would likely to perform well in better

environment only.

Islam et. al. (2002) worked on genotype- environment interaction of yield and

culinaris Medic.). They carried out the

some of the yield components in lentil (Lens
pp, NPdPP, NSPP and SWPP of twelve

investigation for NPBFF, NSBMF, DWPP, PdW

i i item G was
genotypes at eight environments. The item . ’
: nment item

indicating the genotypes Were genetically different. On the other hand,' enviro
SPP. Significant G x E1te

differently for most of the characters

highly si gnificant for all the characters,

m indicated that
was significant for all the characters except N

. i ts
. h the environmen
the genotypes interacted e part of G x E interaction was not due to

unde oint regression; major . L o
r study. In the ] o item WS found to be highly significant for all the
r, remainde

heterogeneity howeve
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characters. T he regression coefficient (b)) exhibited above average responses for
significance of regression values in different genotypes for all the characters except

NSBMF, NPdPP and NSPP. The high and significant §?

di values indicated the unstable
performance for all the genotypes and characters under study.
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MATERIALS AND METHODS

This part of the present investigation are described under the following head
Ing heaas:

A. MATERIALS

The materials used in this part were same as the materials in PART-I

B. METHODS:

The methods used in this study were described under the following sub-heads:

1. Preparation of the Experimental Field:

2. Field design and Screening of the Materials:
3. Collection of Data:

4, Techniques of the Analysis of Data:

The methods from 1 to 3 are the same as those described under the methods of
PART-L. The four irradiation doses considered as environments were (i) no irradiation (D1),
(i) 20kr (D2), (iii) 25kr (D3) and (iv) 30kr (D4) conducted in the experiment in two
consecutive years namely 2005-2006 (Y1) and 2006-2007 (Y2). For the present study of
genotype X environment interaction the 8 environments were as; Env.1- Y1D1, Env.2-Y1D2,

Env.3-Y1D3, Env.4-Y1D4, Env.5- Y2DI1, Env.6-Y2D2 Env.7-Y2D3 and Env.8-Y2D4.

4. Techniques of the Analysis of Data:
ction, the data were analysed following

To study the genotype * environment intera .
the techniques of analysis as developed and used by Finlay and Wilkinson (1963) in barle?r;
Eberhart and Russell (1966) in maize; Bucio Alanis (1966); Perkins and Jinks (1968) in

aSSES.

Nicotiana rustica and Breese (1969) in gr In the study the following anaslyses were

com . :
puted: alysis was done following Parkins and Jinks (1968)

2) Regression analysis: Regression an

and Eberhart and Russell’s (1966) models:

ession was done as follows:

The primary analysis of regr
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Regression gg (1df)
Total ss
(SSv) —»Remainder sg (n-2)df
(n—l)df

Where, n = number of observation

Regression ss = (SPxy)*/SSx

Remainder ss = Total ss (SSy) — Regression ss
Where, SSx=YX* - (ZX)*/n

SPxy = 2.XY->X.2Y/n

SSy =Y (ZY)*/n

Regression coefficient (1+ b; ): The response of each genotype under different
environments on the environmental means over all the genotypes are measured by regression
coefficient. This was estimated as follows:

-

X
ent interaction was followed as the speciﬁcation

The analysis of genotype * environm

given by Mather and Jones (1958). A practical application 0
by Bucio Alanis (1966) and Bucio

f these specifications in inbred

lines as well as in segregating generation was given ‘ e
Alanis et al (1969). Finally, the approach extended to any qumber of lines using the jomt
regression analysis by Yates and Cochran

by Perkins and Jinks (1968), was followed

(1938) and putintoa biometrical genetical context

The application is as follows:
In general, the Y of the I 1€

expected to be the sum of four components.

plicates of the ith genotype in the jth environment 18

Yi=p+dit et gij

L the n j varies from 1 to D, the number of
With i varies from 1 10 e

umber of 1ines and

environments.
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y, the Over all means which is estimated as

L D
y/LD=X2Y,/LD

i=1 j=1

isthe genetical deviation of the ith lines and as estimated as
(Y,./D)-p= (iYij / D]—u
&
gjis the additive environmental deviation of the jth environment and is estimated as
(v, /L)—u=(2Yﬁ /L]—u

Finally, g the genmotype X environment interaction of the ith genotype and the jth

environment is estimated as

Yij- 1 - di- ¢

Besides, the data was subjected to a standard two way analysis of variance to test the
significance of the items which necessitates the inclusion of genotypes X environment
interaction model where environmental effects in each genotype are linear function of the
additive environmental variance i.e.

gij=bi ¢

Whether these linear function differ among the genotypes is tested by the adequacy of
the models

Yij=p+di+ (1+b;) €

by a joint regression analysis in which the sum of squ .
rtions following Perkins and Jinks

ares for genotype * environment

interactions are partitioned in to linear and non-linear po

(1968). f
. - . "
In the joint regression analysis the L D ss is partltloned imto heterogenelty 0

i 3 i llows:
regression sg and non-linear (remainder ss) portion, a5 fo

————""’Heterogeneity of Reg.ss
if=L-1=3

N, o
LxDss

df = (L-1)(D-1) =35
S L___————-‘PRemainder ss
af=@1OD =3




e whole joint regression analysis is shown in the o] e
¢ following tap]
e:

Item
P df [ SS
Line (L) L-1 | M Fl
Dose(D) D-1 M, MS,/ MS;
LxD (-1 MS; MS, /MS
= R 2
[ )(D-1) VS, 6
Heterogeneity of Reg. | L-1 = MS;/ MS;
e S4 M
Remainder L-DD-2) — S4/ MSq
Within error LD(r-1) > MSs/ MS;
L — MS5

In this approach, the regression coefficient and the deviation from re .
as the parameters of stability. As the regression of ¢; on ¢jis one, and regre %resswn are use'd
B, therefore, the bj value of Eberhart and Russell’s mode] is , gression of gj on ¢jis
b =1+ f;
Bi=bi-1
The stability parameters following Eberhart and Russell’s (1966) model are

calculated as follows:
Yij=m+ Bilj + o
Where,
i varies from 1 to L, the number of lines and
j varies from 1 to D, the number of environments.

Y;; = Mean of ith lines in jth environments,

m = Mean of all the lines over all the environments.

B;= The regression coefficient of the ith lines on the environmental

index which measures the response of this lines to varing

environments.
dex which is defined as the deviation of the

Ij=The environmental in
m the over all mean.

mean of all the lines at
Y. Y;
=_Zi:_i__z__zi__-]- with 21j=0

L LD :
regression of the ith li

a given environment fro

nes at jth the environment.

and o ;j= The deviation from



Two parameters of stability are calculateq:

bi=>Y; R
i i
Where,
Z Y; I; is the sum of products and
J

D17 is the sum of squares.
i
_2
(b) Mean square deviations, Sg (Stability) from linear regression: It is estimated by
the following formula,

2
,  2.0% 2
. _ S%

T (8-2) =

Sdi

Where,

oy

J

ZO’zij = The variance due to the deviation from regression, i.e.,
J

remainders sum of square.

2
Z Y.j2 A = The variance due to the dependent variable ( SSvy).
— 1
J

(2]

1

2%
J

S2. = the estimate of the pooled error and

= The variance due to regression (Reg.ss).

r = the number of repeatitions.
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The various computational steps involved in the estimation are as follows:

Computation of environmenta] index (I)):
2% XYY
I. =2 S |

L LD

_ Total of the lines at the environment
Number of lines

Grand total
Total number of observation

Computation of regression coefficient (bi) for each lines:
2V
=_d__
2
21
J

Where,

bi

Z Y;I; =for each lines is the sum of product of environmental index (I; )
i

with the corresponding mean (X ) of that lines at each environment.

2 .
Computation of Sq: In general, it is obtained by subtracting the variance due to regression

from O’j. It is calculated as follows:

Su = Yo, /(8-2)|-(sx)

It was tested by C test. For it’s testing within error was used.

Standard error of b; was calculated as follows:

S - Rem.ms
bi — SSX
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b) Graphical analysis;
(1) Curve
In the graphical analysis curves were drawn separately for eight yield and yield

contributing characters of lenti] viz. PHFF, NBPMF, PAPP, NPdPP, PAWPP, NSPP, SWPP

and PWPP. For this purpose, environmental mean were plotted along the X- axis and the line
mean along the Y-axis.

(i)) Regression graph

The regression graphs were drawn by plotting Y; , the genotypic values along the
vertical axis against X;, the environmental values which are independent along the horizontal
axis. In the figure the straight line drown in the simple regression of Y on X , sometimes

called fitted lines. The equation of regression line is as follows:

Y=a+b(X,-X)

Where, Y is the estimated genotypic values given by an amount of X of the

environment, and a =Y, mean of all genotypes, X = environmental mean and the b, the
regression coefficient is given by
= SPxy
SS,
Where,
SPxy = Sum of product of X and Y

SSx = Sum of squares of X.
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RESULTS

A. GENOTYPIC AND ENVIRONMENTAL MEANS

Eight agronomical characters, such as PHFF, NBPMF, PAPP, NPdPP, PdWPP,
NSPP, SWPP and PWPP were studied in this investigation (as in PART I). The results of

genotypic and environmental means are described under the following sub-heads:

1. Genotypic mean

The mean performance of 6 lines over 3 repeatition and 8 environments (4 doses and
2 years) were computed and presented in Table 12. From the table it is observed that the
means were highly significant in all cases. The table also showed that the different lines
performed differently for different characters. For PHFF the highest mean performance
(25.53 + 1.1126) was observed for line-11 followed by line Bm2 (24.65 + 0.8132), line Bm3
(24.465 + 0.7714) and line Bm1 (23.1946 + 1.0628) and the lowest value (19.1417 + 0.8730)
was found in line-6. In case of NBPMF the line-11 exhibited the highest mean performance
(37.7183 + 4.7766), next high values were shown by line Bm4 (34.1713 + 4.1405), Bml1 (
32.2008 + 5.0903 ) and line Bm3 ( 29.0204 + 3.9482 ). The lowest value (26.7013 + 3.1603)
was found in line-6 for this character. Wide range of variation was observed for the character
PAPP. The line Bm3 exhibited the maximum value for PAPP (377.1821 + 52.1601) followed
by line-11 (358.0021 + 45.4800), line Bm1(323.2588 + 52.7962) and line Bm4( 272.0558 +
36.2900). The lowest value (233.84 + 26.9613) exhibited by line-6. For NPdPP, the line Bm4
showed the highest mean value (78.2442 + 14.3645) followed by line-6(76.1825 + 14.1844),
line Bm1(76.1642 + 14.7718) and line-11(76.0925 + 11.7753) while the lowest value was
shown by line Bm3(55.8446 + 11.4257). Maximum PdWPP (2.0392 £ 0.4632) was found in
Bm1 followed by line-11(2.0133 % 0.3555), line Bm4(2.0096 + 0.3617) and line Bm3(1.6717
+0.3310), and the lowest value(1.3358 + 0.2449) was obtained in line-6. The line-6 shovxlred
the highest mean value (117.1263 & 25.3529) followed by line-11(109.1354 & 19.1406), ine
Bm2 (106.4396 + 21.5361) and line Bm1 (95.3300 % 19.2764) for NSPP and the line Bm3

: i ine-11
showed the lowest mean performance (73.0536 + 14.7381) for this trait. The line

i 1(1.4617 =
contributed the highest mean performance (1.5438 £ 0.2653) followed by line Bml (

{ mean
03254), line-6(1.2333 % 0.2466) and line Bmé (1.0846 = 0.1982) and the lowes
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performance (0.8454 + 0.1631) was observed for Bm?2. In case of PWPP, the line-11 showed
the highest mean value (4.4563 + 0.61 15) followed by line Bm3 (3.8092 + 0.7186), line Bm1

(3.5942 + 0.6937) and Bm?2 (2.8275 £ 0.5274) and the line Bmd4 exhibited the lowest value
(27117 £ 0.4318).

2. Environmental mean

The environmental mean performances of all the eight characters were calculated
separately and are shown in Table 13. The table shows that the mean values were highly
significant in comparison to their respective standard error. The table also showed that the
2nd year (2006-2007) environmental mean performances were higher than the Ist year
(2005-2006) mean performances for all the characters. Therefore, it was found that the Env.5
(Y2D1), Env.6 (Y2D2), Env.7 (Y2D3) and Env.8 (Y2D4) had an increasing tendency for all
the characters, whereas the Env.1(Y1D1), Env.2 (Y1D2), Env.3 (Y1D3) and Env.4(Y1D4)
showed the decreasing trend of the phenotypic performance for the same characters. The
characters such as PHFF, NBPMF, PAPP, PAWPP and SWPP had the highest mean
performance in the Env.5 (Y2D1). On the other hand, the character NPdPP, NSPP and PWPP
showed the highest values for the Env.7 (Y2D3), Env.7 (Y2D3) and Env.8 (Y2D4),
respectively. While the character PHFF, NBPMF, PAPP and NPdPP showed the lowest mean
performances in Env.2 (Y1D2) and the character PAWPP, NSPP, SWPP and PWPP also

showed the lowest mean performances in Env.4 (Y1D4).

B. REGRESSION ANALYSIS

Since the analysis of variance in Table 8 of PART-I revealed the significant
interaction of L x D, L x Y and L xD XY but this analysis could give no further useful
account about genotype-environment interaction. Hence, the data were s.ubjected to
regression analysis in PART-II to get more informations on G x E interaction and the

i ion analysis
response of individual genotype in deferent environments. The results of regression analy

gt i ' hart
for the present investigation following different models (Perkins and J inks, 1968; Eber

i der the
and Russell, 1966) were presented in Table 14, 15 and 17 and are described under

following sub-heads.
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1. Joint regression

The results of joint regression analysis of six lines of lentil over 8 environments @
years and 4 doses) are shown in Table 14.The environmental effects for each of the six lines,
whether a linear function of the additive environmental values or not were tested by joint
regression analysis. The regression analysis of the six lines were conducted separately (Table
15) before calculating the joint regression analysis. On summing up over all the six lines sum
of squares for regression (Reg.ss) and remainder (Rem.ss) in Table 15, a total sum of squares
for regression SS and remainder SS were determined. The heterogeneity of regression was
calculated by subtracting total Rem.ss from L x D g5 (joint regression). An experimental sum
of square were made within the repeatition means of experiment from each environment and
was termed as within error. Table 14 showed that all the main items for line (L), dose (D)
including L x D interaction were highly significant for all the characters except L x D for

PHFF, which showed significance at 5% level when tested against within error.

In the joint regression analysis the L x D interaction sum of square was partitioned
into heterogeneity of regression (linear) and remainder (non-linear) (Tablel4). It was
observed from the table that the heterogeneity of regression was highly significant for all the
characters except PHFF, which was non-significant when tested against within error. It
indicated that the major portion of genotype-environment interaction was due to the
differences between the slopes of linear regression for these traits. The remainder item was
also highly significant for all the characters except PHFF. This indicated that there were
deviations from linearity in these lines except PHFF (where a little portion of non-significant

linearity was existed). The significant remainder item suggested that non-linear type of L x D

interaction was existed in the lines.

2. Remainder mean square | —
To oet informations about individual line involvement in the signific
0 g |
indivi i tested against
remainder item. each of the remainder mean square of individual line was g
-

le16 that the
respective individual line error as shown in Table 16. It was observed from Table

-significant. On
remainder mean square of all the lines for PHFF, NPdPP and SWPP were non-signi

an »
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Whereas, in case of NBPMF al] the lines except line-6 and line Bmd,
except line-6 and Bm4 and for NSPP all the lines

for PAPP all the lines

except line-6 and line-11, exhibited
significant remainder mean square. The lines-11, Bm3 and Bm4 showed non

remainder mean square for PWPP.

~significant

3. Phenotypic regression (b;)

The regression techniques, for studying the genotype-environment interaction, are
among the most widely used methods for investigating the response pattern of the individual
line. For each of the six lines, the regression analysis of the L values(genotype) of gj on  the
corresponding €; values were done. The results of regression coefficient (b;), standard error of
regression coefficient (Sy;) and regression coefficient (B;) for eight quantitative characters of

six lentil lines are presented in Table 17.

In fact, the regression coefficient measures the responses to increments in an
improving environment. As these increments were measured by the mean of all the lines, the
average response for any set of lines under consideration must have a regression coefficient
of unity. As indicated by the joint regression analysis, the distribution of all the six b; values
were heterogenous as heterogeneity of regressions were significant when tested against
within error and for this, all the lines had different responses to different environments.
Regression coefficient in the present investigation were b; =1.0, bi>1.0 and b;<1.0 indicated
an average, above average and below average response, respectively by the lines. The

character wise responses of different lines were as follows:

Plant height at first flowering (PHFF): It was observed from Table 17 that the most of the

lines like line-6, line Bml, line Bm2 and line Bm3 showed significant regression

i : -significant
coefficients for this character. Whereas, line-11 and line Bm4 showed non-signific

in line-6 and Bm1.The
regression coefficients. The above average responses were observed in |

] . ; d line Bm4
line Bm3 showed average response to the environment. Line-11, line Bm2 and li

i ironments.
showed below average responses to the changing enviro
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Number of branches per plant at maximum flowering (NBPMF): In respect of this
character, all the lines showed significant regression coefficients. The above average
Tesponses were observed in line-11 and Bml while, line Bm2 and line Bm4 exhibited

average responses. The rest of the lines viz. line-6 and line Bm3 showed below

responses to the environments.

average

Plant area per plant (PAPP): For this trait all the lines exhibited significant linear
responses to the environments. The lines Bml and Bm3 found to exhibit above average
responses and the line-11 and line Bm4 showed average responses to the environments. The

remaining lines showed below average responses to the environments for this trait.

Number of pods per plant (NPdPP): Regarding this character, significant regression
coefficients were recorded for all the lines. The above average response was noted for Bml.
The line-11, line-11, line Bm2 and line Bm4 exhibited average responses while line Bm4

showed below average response to the environments,

Pod weight per plant (PAWPP): In this case all the lines had significant linear function to
the environments. The line Bm1exhibited above average response while line-6 showed below
average response. The average responses to the changing environments were shown by line-

11, line Bm2, line Bm3 and line Bm4 for this trait.

Number of seeds per plant (NSPP): For this character, significant linear responses were
found in all the lines. The above average responses were observed in line-11 and line Bm2.

The line-11 and line Bm1 exhibited average responses to the environments. The rest of the

lines showed below average responses to the changing environments.

Seed weight per plant (SWPP): In respect of this character, all the lines showed significant

ine- m1l. Onl
regression coefficients. The above average responses were noted for line [1and B d

. : 3 and Bm4
the line-6 showed average response and the rest of the lines viz. pma, Bm3 &

i ts.
exhibited below average responses to the environmen
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Plant weight per plant (PWPP): Regarding this character

» significant regression
coefficients were recorded for all the lines. The line Bm] and li

ne Bm3 exhibited above

average responses, while line-11 and line Bm2 showed average responses to the

environments. The remaining lines viz. line-6 and line Bm4 showed below average responses

to the changing environments.

2
4. Deviation mean square (S4, Stability)

Two parameters of stability such as regression coefficient (b)) and deviation mean
2

square (Sa&), computed according to Eberhart and Russell’s model (1966), are shown in
Table 17.
The deviation mean Square measures the unpredictable irregularities in response to the

environments. When the deviation mean square is non-significant, performance may be

2
predictable. This predictable performance of a line is said to be stable. The Sy values were

highly heterogeneous as revealed from the significant remainder item when tested against

2
denominator in the joint regression analysis (Table 14). The individual genotypic Sa were

2
tested by C test. The results of Sg values obtained for all the eight quantitative characters of

six lines are shown in Table 17.

Plant height at first flowering (PHFF): For this character all the lines, except line-11 and

. - : ; "
line Bm1 showed non-significant deviation mean square from regression. This resul

indicated that most of the lines showed stability for this trait.

Number of branches per plant at maximum flowering (NBPMF): In this case all the lines

i igni iati ares indicating their instability.
except line-6 had high and significant deviation mean squ

Plant area per plant (PAPP): All the lines exhibited high and significant deviation mean

squares indicating their instability for this character.



Bm?2 indicated stability for this character.

Pod weight per plant (PAWPP): In this case all the lines, except Bml showed non-
significant deviation mean squares from regression. This result suggesting that all the lines

were stable to changing environments for this character.

Number of seeds per plant (NSPP): In case of this character all the lines except line-6,
exhibited high and significant deviation mean squares indicating their instability. The line-6

showed non-significant deviation mean square indicating its stability.

Seed weight per plant (SWPP): Regarding this character all the lines showed non-
significant deviation mean square values. This results indicated that the lines were stable for

this trait.

Plant weight per plant (PWPP): In respect of this character, majority of the lines except
line-11 and line Bm4 showed significant deviation mean squares, thus showing their
instability. While, the line-11 and line Bm4 had non-significant deviation mean squares

indicating their stability.

B. GRPHICAL ANALYSIS

1. Curve
The performances of different lines in different environments for different characters

are shown by curves. For this purpose the mean performance of each of the individual line

against the mean performance of each of the environments were presented in figures
d

18,19,20,21,22,23,24 and 25 for PHFF, NBPMF, PAPP, NPdPP, PAWPP, NSPP, SWPP an

. . . i
PWPP respectively. For each figure line-6, line-11, line Bm1, line Bm2, line Bm3 and line

Bm4 were plotted.
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Plant height at first flowering (PHFF): The performances of lines for this character were
presented in Fig.18. It was observed from the figure that line-6 and line Bm1 were exhibited
the highest performances in Env.S, line-11 in Env.6, line Bm2 in Env.7 and line Bm3 and
line Bm4 in Env.8. On an overal] basis line Bm1 showed the highest performance in Env.5
and line-6 showed the lowest performance in Env.2 in all the eight environment. The figure
also showed that individual curves are intersected at some points among themselves

indicating the existence of genotype-environment interactions for this character. It is an

agreement with the joint regression analysis.

Number of branches per plant at maximum flowering (NBPMF): The performances of
lines for this character are shown in Fig. 19. The highest mean performances for line Bm]
and line Bm3 were observed in Env.8. On the other hand, line-6 and line-11, line Bm2 and
line Bm4 showed the highest mean performances in Env.5, Env.7 and Env.6, respectively.
Among all the lines, line-11 showed the highest performance in Env.5 and line Bm1 showed
the lowest performance in Env.4.The intersect of curves also observed for this trait indicating

the existence of G x E interaction which was supported by joint regression analysis.

Plant area per plant (PAPP): The performances of different lines for this character are
shown in Fig.20.The figure shows that the line-6 line Bm3 and line Bm4 exhibited the
highest mean performance in Env.8 whereas line-11, line Bm1 and line Bm2 showed the
highest performances in Env.6, Env.5 and Env.7, respectively. On an overall basis Env.8 and

Env.2 had the highest and the lowest performances on line Bm3 and line-6. Intercrossing of

curves are prominent for this trait also.

Number of pods per plant (NPdPP): The performances of six lines in 8 environments for
this character were presented in Fig. 21. It was observed that three of the six lines exh'ibited
better performances in Env.8. While, line-6, line Bm2 and Line Bm4 showed the. highest
performances in Env.7, Env.6 and Env.6, respectively. The figure also showed that line Bm4

i E A4,
and line Bm3 exhibited the highest and the lowest mean values in Env.6 and Env

]es . . f

ey 0l ion analysis.
the existence of G xE interactions which is supported by joint regress Y
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Pod weight per plant (PAWPP): The performances of the lines for this trait were presented

by the curves shown in Fig. 22. The figure showed that line Bm1 and line Bm3 exhibited the

highest mean performances in Env.5,whereas line-6, line-11, line Bm?2 and line Bm4 showed

.0, .7, Env.6 and Env.8, respectively. Fig.22 also showed
that line Bm1 and and line Bm2 exhibited the highest and the lowest mean performances in

Env.5 and Env.3, respectively. In this figure intercrossing at some points by the lines with

each other indicating the existence of G XE interactions which is supported by joint

regression analysis.

Number of seeds per plant (NSPP): The mean performances of six lines for this character
were presented in Fig.23. Env.7 showed the highest mean performances for the line-6, line-
11 and line Bm4. The line Bml, line Bm2 and Bm3 exhibited the higher performances in
Env.5, Env.6 and Env.8, respectively. Among all the lines, line-6 showed the highest
performance in Env.7 and line Bm3 showed the lowest performance in Env.4. Prominent

intercrossing of curves indicating existence of G x E interaction for this trait.

Seed weight per plant (SWPP): In case of this character the performances of different lines
are shown in Fig. 24. The figure expressed that Env.5 had great influence in line Bml, line
Bm?2 and line Bm4, Env.7 on line-6 and line-11 and Env.$ on line Bm3. On an overall basis,
Env.5 had the highest influence on line Bml and Env.4 had the lowest influence on line
Bm4. The intercrossing at different points by the lines with each other in this figure indicated

the existence of genotype-environment interaction which is in agreement with the joint

regression analysis ( Table 14).

Plant weight per plant (PWPP): The performance of lines for this character were presented
in Fig. 25. The figure shows that the line Bm! and line Bm3 exhibited the higher mean
performances in Env.8. Whereas, line-11 and line Bm4, line-6 and line Bm2 showed the

highest mean performances in Env.6, Env.5 and Env.7, respectively. For all the lines, line

Bm3 showed the best performance in Env.8 and line Bm2 exhibited the worst performance in

. : i ith each
Env.4. The figure also showed that individual lines are intersected at some points W



regression analysis.

2. Regression graph

The regression lines for each lentil line against the corresponding environmental
mean are shown in Fig. 26, 27, 28, 29, 30, 31, 32 and 33, respectively for PHFF, NBPMF,
PAPP, NPdPP, PdWPP, NSPP, SWPP and PWPP., The individual points were not plotted in

the figures to avoid confusion. Intercrossing of regression lines were much prominent in all

the characters indicating the existence of genotype-environment interaction for these traits.



Table 12: Line means over re
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peatitions and environments for different characters in

lentil.

Charaqters LL6 LL11 Bm1 Bm2 Bm3 Bm4
Plapt height | 19.1417 25.53 23.1946 24.65 24.465 21.8258
at first +0.8730 +1.1126 *1.0628 + 0.8132 + 0.7714 + 6189
flowering
Number of 26.7013 37.7183 32.2008 28.9242 29.0204 34.1713
branches per | + 3.1603 +4.7766 + 5.0903 + 4.1609 + 3.9482 t4.1405
plant at
maximum
flowering
Plant Area 233.84 358.0021 323.2588 246.9946 377.1821 272.0558
per Plant + 26.9613 1 45.4800 + 52.7962 + 38.1494 * 52.1601 * 36.2900
Number of 76.1825 76.0925 76.1642 69.3546 55.8446 78.2442
pods per * 14.1844 11,7753 1 14.7718 + 13.3267 + 11.4257 t 14.3645
plant
Pod weight 1.3358 2.0133 2.0392 1.5363 1.6717 2.0096
per plant + 0.2449 *0.3555 + 0.4632 +0.3062 + 0.3310 +0.3617
Number of 117.1263 109.1354 95.3300 106.4396 73.0536 78.7704
seeds per + 25,3529 + 19.1406 +19.2764 + 21.5361 + 14.7381 +13.3969
plant

; 1.0846
Seed weight | 1.2333 1.5438 1.4617 0.8454 0.8775
per plant + 0.2466 + 0.2653 +0.3254 +0.1631 + 0.1846 +0.1982

i 3.8092 27117
Plant Weight | 2.7942 4.4563 3.5942 2.8275
per plant + 0.4237 +0.6115 1 0.6937 +0.5274 +0.7186 +0.4318




Table 13: Environmental means ov

in lentil.
Characters 1st year ( 2005-2006 2nd year (2006- 2007)
D1 D2 D3 D4 D1 D2 D3 D4
Plant height | 23.4030 | 18,9889 | 228172 |27 5283 | 254817 [ 236411 | 24.1789 | 24.0367
at first $1.1384 | £0.8741 | +1.1508 |£09966 | + 12885 $1.2148 | +0.8674 | +1.1384

flowering

Number of 14.9644 10.4861 13.4156 12.2500 55.6878 50.1822 45.3428 49.3194
branches $1.0570 | +£1.0435 |[+1.1733 |[£1.0282 |£3.1192 | 22148 +2.3601 | +3.1307
per plant at
maximum
flowering

Plant Area 155.1610 | 102.9510 | 113.5540 | 130.1640 509.6790 | 443.7910 | 478.3520 | 481.459
per Plant +9.5862 | £12.0963 | x16.4548 | +19.3057 | + 39.3087 | £37.2819 | £27.7202 | +43.8519

Number of 20.8906 | 9.1133 12.7483 9.2594 125.5810 | 133.6550 | 134.9030 [ 129.6920
pods per +2.9622 | +0.9862 1 2.0501 +0.9811 + 8.0489 +11.4578 | £7.9224 16.6170
plant

Pod weight | 0.3567 0.1844 0.2417 0.1889 3.7572 3.0944 3.2661 3.0817
per p]anst; £0.0711 | £0.0312 + 0.0366 +0.0231 * 0.3561 1 0.1451 +0.1779 +0.2225

200.6167 | 163.6844
umber of 22.6088 | 9.2194 11.2961 7.9533 180.2661 | 177.4956
gjeeds per +3.5133 | £1.1776 +1.6891 +1.1621 +9.8035 +156.6732 | £19.0593 | +9.2351

plant

2.0517 2.0628
0.2928 | 0.1439 0.1828 0.1106 2.5689 1.9817
izz,dht per |+0.0480 |+0.0193 |[+0.0266 |+0.0185 |[+02785 |+0.1415 |[+0.2126 [+0.1337

plant

2 53283 5.6350 6.6100
0861 | 0.7661 0.9500 0.6011 5.947
\F;\Ilae?éht per l 8.1 175 | £+0.1587 | +02388 |+0.0793 |+03139 |:03996 |+04161 |+0.5104

Plant




Table 14: Results of joint regression analysis for different characters in lentil.

Plant Height at First Flowering (PHFF)

_ Item df SS MS F
Line (L) 5 219.7146 43.9429 8.9403 **
Dose (D) 7 121.9042 17.4149 3.5431 **
LxD _ 35 283.7707 8.1077 1.6495 *
Heterqgeneuty ofreg. | 5 53.8012 10.7602 2.1892 N
Rgm_amder 30 229.9695 7.6656 1.5596 NS
Within error 96 471.8525 4.9151

Number of Branches per Plant at Maximum Flowering (NBPMF)

. ltem df SS MS F
Line (L) 5 656.7526 131.3505 20.6251 **
Dose (D) 7 17134.9885 2447.8555 384.3704 **
LxD 35 2265.7611 64.7360 10.1651 **
Heterogeneity of reg. | 5 421.0414 84.2083 13.2227 **
Remainder 30 1844.7197 61.4906 9.6555 **
Within error 96 611.3742 6.3685

Plant Area per Plant ( PAPP)
ltem df SS MS F
Line (L) 5 142467.7916 | 28493.5583 32.8240 **
Dose (D) 7 1516577.4700 | 216653.9243 | 249.5813 **
LxD 35 438035.6347 | 12515.3038 14.4174 **
Heterogeneity of reg. | 5 89615.0965 17923.0193 20.6469 **
Remainder 30 348420.5382 | 11614.0179 13.3791 **
Within error 96 83334.6921 868.0697
Number of Pods per Plant (NPPP)
F
ltem df SS biS -
Line (L) 5 2868.5214 573.7043 4.5306 _
D D 7 167829.2325 [ 23975.6046 189.3373
ose (D) 3.9177 **
LxD 35 17363.1363 496.089? 3-1203 _
Heterogeneity of reg. | 5 1975.5983 395.119 4' 0506 **
Remainder 30 15387.5379 512.2;;3 :
Within error 96 | 12156.3915 | 126.

(Table 14 contd.)
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Pod Weight per Plant (PWPP)

‘ ltem df SS MS
Line (L) 5 3.5347 0.7069 13 504@ =
Dose (D) 7 | 114.6297 16.3757 312.8280
LxD _ 35 |[15.6035 0.4458 8.5165 **
Heterqgenelty ofreg. | 5 3.3702 0.6740 12.8762 **
Remainder 30 12.2333 0.4078 7.7898 **
Within error 96 5.0253 0.0523
Number of Seeds per Plant (NSPP)

ltem df SS MS F
Line (L) 5 12393.6237 2478.7247 8.2936 **
Dose (D) 7 342653.4910 | 48950.4987 163.7839 **
LxD 35 41035.9585 1172.4559 3.9229 **
Heterogeneity of reg. | 5 12533.1417 2506.6283 8.3869 **
Remainder 30 28502.8167 950.0939 3.1789 **
Within error 96 28691.7641 298.8725

Seed Weight per Plant (SWPP)

ltem df SS MS F
Line (L) 5 3.41489 0.6829 11.8811 **
Dose (D) 7 48.6563 6.9509 120.9178 **
LxD 35 7.83709 0.2239 3.8953 **
Heterogeneity of reg. | 5 3.0047 0.6009 10.4539 **
Remainder 30 4.8324 0.1611 2.8021 **
Within error 96 5.5185 0.0575

Plant Weight per Plant (PWPP)

ltem df SS MS = =
Line (L) 5 19.8578 3.9716 27.8219 =
LxD 35 47 4522 1.3558 9.4976 _
Heterogeneity of reg. | 5 16.0442 3.2088 ;23:‘;128* -
Remainder 30 31.4079 1.0469 .
Within error 96 | 13.7039 0.1427

* and **, indicate significant at 5% and 1% level, respectively.

NS, indicate non-significant.
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Table 15: Regression analysis of si

characters in lentil.

Plant Height at First Flowering (PHFF)

136

X lines in eight environments for different

Lines SSy Mean(u+ d) | Linear reg. SPyy Reg.ss Rem.ss
(7 df) coeff. (1+8) | (7 df) (1df) (6 df)
LL6 52.2555 19.1417 1.4600 290.6642 | 43.3110 8.9446
LL11 110.3347 25.5300 0.3993 8.1118 3.2387 107.0960
Bm1 153.2499 23.1946 2.1932 44.5606 | 97.7314 55.5185
Bm2 23.1264 24.6500 0.6748 13.7107 | 9.2523 13.8741
Bm3 34.6486 24.4650 1.0115 20.5504 | 20.7862 13.8624
Bm4 32.0599 21.8258 0.2612 5.3065 1.3859 30.6739
Number of Branches per Plant at Maximum Flowering (NBPMF)
Lines 5SSy Mean(u+ d) | Linear reg. SPyxy Reg.ss Rem.ss
(7df) coeff. (1+) | (7 df) (1df) (6df)
LL6 1756.5480 | 26.7013 0.7726 2206.4055 | 1704.6612 | 51.8868
LL11 4127.6733 | 37.7183 1.1289 3223.8736 | 3639.3469 | 488.3264
Bm1 4748.7030 | 32.2008 1.2517 3574.5423 | 4474.1270 | 274.5759
Bm?2 3111.4154 | 28.9242 1.0028 2863.8183 | 2871.8275 | 239.5879
Bm3 2730.7305 | 29.0204 0.8795 2511.8220 | 2209.2515 | 521.4789
Bm4 2925.6794 | 34.1713 0.8645 2754.5268 | 2656.8157 | 268.8636
Plant Area per Plant ( PAPP)
Lines SSy Mean Linear reg. SPxy Reg.ss Rem.gs
(7 df) (utd) | coeff.(1+8) | (7 df) (1df) (6 df)
LL6 108901.5424 | 233.8400 | 0.6028 152392.7580 | 91878.7987 | 17022.7438
LL11 | 361221.4418 | 358.0021 | 0.9598 242592.5506 | 232831.4120 | 128390.0300
Bm1 | 504520.8676 | 323.2588 | 1.3352 337490.3388 | 450618.8350 | 53902.0326
Bm2 | 259386.3219 | 246.9946 | 0.8983 | 227066.9962 | 203983.3312 | 55402.9907
Bm3 | 488039.5088 | 377.1821 | 1.2628 319187.8143 | 403068.8684 | 84970.6404
Bm4 232543:4226 272.0558 | 0.9410 237847.0125 223811.3220 | 8732.1009
Number of Pods per Plant (NPPP)
- ; Rem.gs
Lines SSy Mean(p+ d;) | Linear reg. SPxy R1egd ;ss): (64f)
coeff.(1+8) | (7 df) (
(Tl ) 8 130427.9169 | 33100.0070 | 18534481
LL6 34953.4551 | 76.1825 1.087 S s 33612 9490 | 404.6164
LTI 1240177503 | 76.0925 08180 — S00or orse | 550153859 | 3130.2685
Bmi_[38145.6745 | 76.1642 LU 589662452 | 29996.3300 | 688.7497
Bm2__|'50685.0806 |69.3546 1885157 11 7603 | 17057.0736 | 43687583
Sm3 | 223268318 | 55.8445 0'80;3 59027.3869 | 30123.0904 | 4941.4770
Bm4 35064.5674 | 78.2442 169 (Table 15 contd.)




Pod Weight per Plant (PWPP)
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Lines ;
, ?%; Mean(u+ d)) | Linear reg. SPyy Reg.ss Bem
) coeff. (148) | (7 df =
LL6 1 i ) (1df) (6 df)
LS. Zg.ggg; 1.3358 0.7132 13.6248 [ 9.7166 | 0.5084
. 2.0133 1.0407 1 ' '
Bm1 387678 | 2.0392 1.2842 2322222_ g?'gggg ;'gggg
Bm2 16.8076 | 1.5363 0.9135 17.4522 | 15.9425 1 0.8651
gmi 19.2597 1.6717 0.9853 18.8244 | 18.5480 0:7117
m 23.4342 2.0096 1.0631 20.3102 | 21.5914 1.8427
Number of Seeds per Plant (NSPP)
Lines SSy Mean(u+ | Linear reg. SPyy Reg.ss Rem.ss
(7 df) d;) coeff.(1+;) (7 df) (1df) (6 df)
LLB 97272.4979 | 117.1263 1.2519 71496.9517 | 89509.9144 | 7762.5835
LL11 61591.6601 | 109.1354 1.0350 59105.5211 | 61171.9311 | 419.7290
Bm1 67432.9233 | 95.3300 1.0177 58122.3046 | 59153.6765 | 8279.2467
Bm2 84879.2266 | 106.4396 1.1854 87696.9655 | 80248.0510 | 4631.1756
Bm3 39550.6769 | 73.0538 0.7561 43178.8371 | 32646.6011 | 6904.0759
Bm4 32962.4647 | 78.7704 0.7539 43052.9110 | 32456.4587 | 506.0060
Seed Weight per Plant (SWPP)
Lines SSy Mean(p+ dj) | Linear reg. SPxy Reg.ss Rem.ss
(7 df) coeff. (1+8) | (7df) | (1df) (6 df)
LL6 9.1768 1.2333 1.0218 8.2861 8.4667 0.7102
LL11 12.2614 1.5438 1.1941 9.6830 11.5620 0.6994
Bm1 18.2203 1.4617 1.4194 11.5106 | 16.3385 1.8818
Bm2 47345 0.8454 0.7607 6.1690 4.6930 0.0416
Bm3 5.2680 0.8775 0.7000 5.6764 3.9734 1.2956
Bmd 6.8313 1.0846 0.9040 7.3311 | 6.6275 | 0.2038
Plant Weight per Plant (PWPP)
Lines SS Mean(ut d) | Linearreg. [ SPxy | Regss | Rem.ss
(7d¥) r ) coeff. (1+@) | (7 df) (1df) L8 di)
LLB 31.9031 2.7942 0.7106 36.6824 | 26.0653 5.8379
T 624065 | 4.4563 1,0387 53.6225 | 55.6981 | 6.7084
) 1.2745 65.7927 | 83.8496 | 3.8382
Bm1 87.6878 3.5942 .
0.9358 48.3104 | 45.2092 | 55031
Bm2 50.7122 | 2.8275 . e 8Ta 855720 62105
Bm3 92.0825 | 3.8092 1.2897 BB B [3-50%
Bm4 32.4061 2.7117 0.7507 . :




Table 16: Results of remainder me
characters in lenti|.
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an squares of six lines for different quantitative

Lines Plant Heriggt at First Flowering (FI;HFF) NBPME
MS F
tta 1.4908 0.0904 ¥ 8.6478 0.5683
17.8490 0.810518 81.3877 6.1591*
Bm1 9.2531 0.9038™ 45.7627 12.8900**
gmg 3‘3123 0.12511N° 39.9313 2.8659*
m .3104 0.1646 N 86.9132 3.3694*
Bma 51123 0.7097 44.8106 1.'0223 NS
Lines Pr:jalgt Area per Plant (P/;\:PP) Number of Pods per Plant (NPPP)
MS F
LL6 2837.1240 0.6089 " 308.9080 0.79711
LL11 21398.3380 5.8918** 67.4694 0.2407 %
Bm1 8983.6721 5.7253** 521.7148 1.3882™¢
Bm2 0233.8318 5.8608** 114.7916 0.3071™
Bm3 14161.7730 6.0114** 728.1264 22011
Bm4 1455.3502 0.7938%° 823.5795 1.5038"°
Lines Pod Weight per Plant (PWPP) Number of Seeds per Plant (NSPP)
MS F MS F
LL6 0.0847 0.5551 N5 1293.7639 0.3286™°
LL11 0.1744 0.61627 69.9548 0.0641™°
Bm1 1.2098 9.1236 ** 1379.8745 7.8494*
Bm2 0.1442 1.7111™ 771.8626 8.9387**
Bm3 0.1186 0.6978N° 1150.6793 14.751**
Bmd4 0.3071 2.5658 "° 84.3343 7.3286**
Lines Seed Weight per Plant (SWPP) Plant Weight per Plant (PWPP)
VS F MS L
LL6 0.1184 031427 0-973? 3'3?%3 i
LL11 0.1166 0.9053 1.118 : s
Bm1 0.3136 1.3211™% 0.6397 3.9762
o3 0-0069 0.2295™ 0.9172 10.4492**
: T 1.0351 1.8737™°
Bm3 0.2159 1.15 s 0-5517 15464
Bm4 0.0339 0.4573 : '

* and ** . indicate significant at 5% and 1% level, respectively.

NS, indicate non-significant.




