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Abstract: The present study was carried out to estimaterigltgionship and genetic diversity insMeneration of
Vigna radiata in response to gamma radiation. The experimentdkenals comprised the four irradiated lines of
mungbean AUM-18, AUM-19, AUM-31 and M-2004 that werradiated at 250 Gy, 350 Gy and 450 Gy doses of
gamma rays. The experiment was laid out in sptit design, with two replications. Each replicativas divided
into main plot and subplot. Dose levels were assigto main plots and varieties in subplots. Highitakility
estimates were observed for all traits. Phenotgpicelation of seed yield per plant with germinatjgercentage and
seeds per pod was positive and highly significamtdver positive and significant phenotypic coriielatof clusters
per plant and 100-seed weight while pods per plast negative and significant. Higher heritabilindasignificance
correlation indicated that germination percentd@)-seed weight and seeds per pod may be usedktt bigher
yielding mungbean genotypes.
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1. Introduction 2000 and Qamaet al. 2013a,b). Shalet al. 2008
Mungbean is one of the most important legume reported that gamma rays may cause genetic changes
crops of South Asia and is cultivated widely in &hi in organism, break the gene linkage and produceyman

India and Pakistan. It belongs to the Fabaceaelffami new promising traits for the improvement of crop
Cross breeding method is limited for enhancing plants. Mutations are the source of variabilitytie
production of mungbean because of low genetic existing varieties and early maturing lines can be
variability. Mutation is the sudden change in tleneg developed which are helpful in the summer season.
sequence it can be induced in seed as well asein th The aim of the current study is to estimate effefct
vegetative portion of the plant. For the achievenhuén gamma radiation doses on mungbean genotypes and
high yielding varieties genetic variability is impant. also to observe the variation and correlation for
Correlation is the process through which we can various morphological characters of mungbean. This
measure the phenotypic and genotypic relationlsti a  may give us a guideline for improving and selecting
provides us the information about relationship @bou the characters that are economically important.
dependent and independent variables. Correlation

analysis informs us about the relative importante o 2. Material and methods

the breeding traits. Induced mutation is one of the The experiment was carried out in the research
prime methods for the development of high genetic area of the Department of the Plant Breeding and
variability and could be an effective tool for the Genetics, University of Agriculture Faisalabad,idgr
improvement of crop production. Production can be spring 2012. M seeds of four irradiated genotypes of
increased by improving the available genotypes mungbean as AUM-18, AUM-19, AUM-31 and Mung-
through mutation breeding or by using other advdnce 2004 were sown to raise M3 generations. The
breeding methods (Wright, 1935). Natural genetic experiment was laid out in split plot design, witho
source can be enhanced by the induced mutation andreplications. Each replication was divided into mai
have been used in developing improved cultivars of plot and sub-plot. Varieties were assigned to npéin
cereals, fruits and other crops. Desirable mutation and dose levels to sub-plots. Each treatment ceeqbri
depends upon the selection of effective mutagens three lines, four meter in length having row-towro
(Solankiet al. 1994, Mahabatrat al. 1983; Anwaret and plant-to-plant distances 30 and 10cm, respagtiv

al. 2103; Aliet al. 2014a,b,c and Jahangtral. 2013). Uniform agronomic practices were carried out fdr al
Since last seven decades, more than 2252 mutantentries throughout growing period of the crop. Ten
varieties have been developed (Maluszynekial. plants from each treatment were selected randomly
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and data was recorded for some important
morphological traits i.e., germination percentggant
height, clusters per plant, pods per plant, seesds p

pod, pod length (cm), branches per plant, 100-seed

weight (), seed yield per plant (g) and biologigald
(9).

3. Satistical Analysis

The data for each character was statistically
analyzed for variance (Steet al. 1997). Heritability
estimates (h g9 were calculated by performing
analysis of variance and estimating genetic and
phenotypic components of variance as given by
Cochran and Cox (1957). Phenotypicy) (rand
genotypic (§) correlation coefficient was calculated as
outlined by Kwon and Torrie (1964). Standard ewbr
genotypic correlation coefficient§SE of rg) were
calculated according to Reeve (1955).

4. Resultsand discussions
4.1. Germination percentage

The table 4.13 showed that coefficient of
variance was 1.07%, phenotypic and genotypic
coefficients were recorded 3.93% and 3.58%
respectively. Heritability estimate was 95% with

plant, seeds per pod and biological yield.

4.2. Plant height (cm)

It is cleared from table 4.13 that the value of
coefficient of variance was 1.50%, phenotypic and
genotypic coefficients were 16.19% and 14.45%
respectively for plant height. Heritability estiraat
were 95.56% with genetic advance 14.50. The result
were in agreement with Sinlehal. (1996), Islanet al.
(1999) and Gillet al. (2000) who reported high
heritability and genetic advance for plant height b
differ from Loganatharet al. (2001). Maximum plant
height was obtained by AUM-19 (57.58 cm) followed
by the AUM-18 (53.91 cm). Minimum plant height
was obtained by AUM-31 (42.31 cm) aramnong
radiation doses D (25kR), 56.70 performed best
followed by the B (35kR), 52.43 cm. B (45kR),
47.75 cm and P (Control), 48.34 cm have got the
minimum plant height. As regard the interaction
results AUM-19 produced maximum plant height
(67.34 cm) followed by AUM-18 (56.93 cm) whereas
third position was occupied by Mung-04 (53.09cm)
and minimum plant height was gained by AUM-31 at
D; (49.45 cm). For dose level,Pgenotype AUM-19
produced maximum plant height (64.56 cm) by AUM-

genetic advance 3.83. The results were in agreementl18 (50.84 cm), Mung-04 (50.54 cm) was ranked at

with Singh (2004) Nehat al. (2005), Sadiq (2005),
Kapooret al. (2005), Hakimet al. (2006), Idreest al.
(2006), Tadelet al. (2006) Sadicet al. (2007), Gulet

al. (2007), Khan and Goyal (2009), Jagadeeztaal
(2008) and Gillet al. (2000) who also reported high
heritability. Among the genotypes AUM-31 (56.88 %)
performed best followed by AUM-18 (55.99 %) (table
4.2). The results regarding AUM-19 and Mung-04
were at par. Among radiation doses (R5kR) 57.06%
performed best. P(45kR), expressed the minimum

third position whereas minimum (43.81 cm) was
observed for AUM-31. At dose level sDgenotype
AUM-18 produced maximum plant height (53.94 cm)
followed by Mung-04 (49.86 cm). AUM-19 (49.19
cm) got the third position whereas minimum (38.03
cm) was observed for AUM-31(table 4.3). It is
concluded from results that AUM-18 genotypes may
used to develop higher plant height mungbean
genotypes that may be helpful to improve crop yield
AUM-18 may be used in the mutation breeding

51.055% germination percentage. As regarded the program for plant height improvement. Table 4.12
results maximum germination percentage was obtained indicates that genotypic correlation ranged fos thait

by the AUM-18 (57.95%) and AUM-19 (57.54%) at
D, level the results regarding the varieties AUM-31
(58.3%) and Mung-04 (54.1%) were ranked at first
and second position at,[dose level. At dose levelsD
among genotypes AUM-31 (56.10 %) produced
maximum germination rate followed by AUM-18
(55.1%). It is cleared from results that AUM-31 may
be used as good source of mutation in mutation

was (-0.468 to 0.107). High genotypic correlatidn o
plant height was found with seed yield per plathtere
exists highly significant phenotypic correlation of
plant height, branches per plant and cluster pamtpl
However it had negative and non-significant
phenotypic correlations with pods per plant, seettly
per plant and positive non-significant phenotypic
correlation with seeds per pod. It had negative and

breeding program of mungbean. Table 4.12 shows that highly significant phenotypic correlation with 100-

the highly significant and positive phenotypic
correlation was observed with seed yield per plant.
Genotypic correlation ranged for this trait was.3db

to -0.815). High genotypic correlation of germioati
percentage was found with seed yield per plant. A
negative and non significant phenotypic correlatddn
germination percentage with plant height, brangrers
plant, cluster per plant, pod length and positinel a
non significant phenotypic correlation with pods pe

531

seed weight.

4.3. Branches per plant

It is cleared from table 4.13 that the value of
coefficient of variance was 2.88%, phenotypic and
genotypic coefficient were 11.85% and 10.83%
respectively for branches per plant. Heritability
estimates was 83.49% with genetic advance 2.37. Th
results were in agreement with Singh (2004) Netha



Life Science Journal 2014;11(8s) http://www.lifesciencesite.com

al. (2005), Sadiq (2005), Kapoer al. (2005) Hussain
Khan et al. (2005), Hakimet al. (2006), Idreest al.
(2006), Tadelest al. (2006) Sadicet al. (2007), Gulet
al. (2007), Khan and Goyal (2009), Jagadeeztaal

D, level. The AUM-18 (15.25 branches/plant) was
ranked at first followed Mung-04 13.60 branchesipla
and AUM-19 13.05 branches/plant at @bse level. At
dose level @ among genotype AUM-19 (14.25
(2008) and Gillet al. (2000) who reported high  branches/plant) produced maximum branches. The
heritability. The results regarding the interactioh results showed that AUM-18 and AUM-19 may be
genotypes, treatments and averages are given in theused for the improvement of branches per plant that
table 4.4. Table showed that the results regarding may be helpful in the improvement of crop vyield.
AUM-19 (13.93 branches/plant) and AUM-18 (13.62 Branches per plant had positive and highly sigaific
branches/plant) are at par. Mung-04, (12.96 phenotypic correlation with cluster per plant aratl p
branches/plant) got third position and minimum length. However, it had negative and non significan
number of branches was observed in AUM-31 (11.95 phenotypic correlations with pods per plant, bidtad
branches/plant). Among radiation doses @5kR), yield and negative significant phenotypic correlati
14.65 branches/plant perform best followed by the D with seed vyield per plant and 100-seed weight.
(835kR), 13.71 branches/plant. ; D(45kR), 12.67 Genotypic correlation ranged for this trait wasQ4®
branches/plant and Control {D11.45 branches/plant  to -0.2263). High genotypic correlation of planidie
have got the minimum branches. As regard the at 90% pod maturity was found with seed vyield per
interaction results, significant maximum  plant however low correlation of plant height ae®0
branches/plant was obtained by the AUM-19 (16 pod maturity was observed with plant height at 90%
branches/plant) and AUM-18 (14.85 branches/plant) a pod maturity (Table 4.12).

Table 4.1: Mean Squaresfor varioustraits of mungbean

SOV GP PH B/ P C/IP P/P PL G/P 100-SW BY SY[P
Genotypes | 21.794] 183.049 4.819 10.1568 53.827 1.183.362 | 0.203 4719 4.719
Dose 44956 | 56.817 7.808 37.415 133.820 0.320 4.030.297 5.531| 5.531
G*D 15.153 | 54.633 1.508 1.926 8.167 0.785 1.942 8®.1 | 0.949 | 0.949
Table 4.2: Interaction between genotypes and irradiation doses affecting ger mination percentage
Doses Varieties
AUM-31 AUM-18 AUM-19 Mung-04 Average
Control (&y) 56.17bcde 57.3abcd 53.21cd 54.7cd 55.345b

25kR (D) 56.95cd 57.95abcd 57.54ab 55.83bc 57.0675a

35kR (Dy) 58.3a 53.61e 53.57bc 54.1ab 54.895bc

45kR (Dy) 56.10cde 55.1abc 47.01e 46.01e 51.055d

Average 56.88a 55.99b 52.8325¢ 52.66¢cd

Table 4.3: Interaction between genotypes and irradiation doses affecting plant height (cm) at 90% pod maturity

Doses Varieties
UM-31 UM-18 UM-19 ung-04 verage
Control (D) 37.97d 53.94b 49.24cd 52.21ab 48.34cd
25kR (D) 49.45a 56.93a 67.34a 53.09a 56.7025a
35kR (D) 43.81b 50.84d 64.56b 50.54bc 52.4375b
45kR (Dy) 38.03c 53.94bc 49.19cde 49.86bcd 47.755cd
Average 42.315d 53.9125b 57.5825a 51.425c

Table 4.4: I nteraction between genotypes and irradiation doses affecting branches per plant

DOSES VARIETIES
AUM-31 AUM-18 AUM-19 Mung-04 Average
Control (D) 6.2 5.3° 5.2 5.45" 5.5375abc
25kR (D) 6.380 5.960% 6.320% 5.930% 6.1475ab
35kR (D) 7.010 5.850° 5.665 5.655 6.0475ab
45kR (D) 6.600° 7.725 5.930% 6.015% 6.5675a
6.5475a 6.20875ab 5.77875abc 5.765ab¢
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Table 4.5: I nteraction between genotypes and irradiation doses affecting clusters per plant

Doses Varieties
AUM-31 AUM-18 AUM-19 Mung-04 Average
Control (Dy) 4.20bcd 5bcd 4.9bcd 5bcd 4.775ab¢
25kR (D)) 5.30a 5.24a 5.3a 5.3a 5.285a
35kR (D) 5.10cde 5.2ab 5.1bc 5.1bc 5.125abc
45kR (D) 5.31bc 5.1abc 5.2ab 5.2ab 5.2025ab
Average 4.9775abc 5.135ab 5.125ab¢ 5.15a
Table 4.6: Interaction between genotypes and irradiation doses affecting pods per plant
Doses Varieties
AUM-31 AUM-18 AUM-19 Mung-04 Average
Control (Dy) 4.20bcd 5bcd 4.9bcd 5bcd 4.775abc
25kR (D) 5.30a 5.24a 5.3a 5.3a 5.285a
35kR (D) 5.10cde 5.2ab 5.1bc 5.1bc 5.125abc
45kR (D) 5.31bc 5.1abc 5.2ab 5.2ab 5.2025ab
Average 4.9775abc 5.135ab 5.125abc 5.15a
Table 4.7: I nteraction between genotypes and irradiation doses affecting pod length (cm)
Doses Varieties
AUM-31 AUM-18 AUM-19 Mung-04 Average
Control (y) 7.5bc 6.56bcd 6.53bc 5.76bc 6.5875bc
25kR (D) 12.55a 8.02a 11.55a 9.52a 10.41a
35kR (Dy) 8.05ab 7.02ab 6.49bcd 6.01b 6.8925bc
45kR (D) 7.05bcde 6.49bcde 5.07de 4.5cd 5.7775bcd
Average 8.7875a 7.0225bc 7.41b 6.4475d
Table 4.8: I nteraction between genotypes and irradiation doses affecting seeds per pod
DOSES Varieties
AUM-31 AUM-18 AUM-19 Mung-04
Control (Dy) 10.23d 11.45d 12.45d 11.67bc 11.45d
25kR (D) 13.25a 14.85ab 16.00a 14.50a 14.65a
35kR (D) 12.95ab 15.25a 13.05c 13.60b 13.7125ah
45kR (Dy) 11.40abc 12.95abc 14.25b 12.10bc 12.675ab¢
11.9575bc 13.625ab 13.9375a 12.9675H4
Table 4.9: Interaction between genotypes and irradiation doses affecting 100-seed weight
Doses Varieties
AUM-31 AUM-18 AUM-19 Mung-04 Average
Control (y) 6.06cd 5.15bc 5.8ab 5.03ab 5.51bc
25kR (D) 8.82a 7.65a 5.01bcd 7.55a 7.2575a
35kR (D) 7.3bc 6.24ab 5.09bc 5.87cd 6.125b
45kR (D) 5.59cde 4.18cd 6.41a 6.01labc 5.5475b¢
Average 6.9425a 5.805abc 5.5775abc 6.115ah
Table 4.10: Interaction between genotypes and irradiation doses affecting seed yield per plant
Doses Varieties
AUM-31 AUM-18 AUM-19 Mung-04 Average
Control (y) 8.01bc 8.1bc 6bcde 6.42bc 7.1325ab
25kR (D) 9.28a 9.6a 7.5a 8.23a 8.6525a
35kR (D) 9.05ab 8.2bcd 6.3bcd 6.27bcd 7.455ab
45kR (Dy) 7.81cd 6.7de 6.32bc 7.43ab 7.065abc
Average 8.5375a 8.15ab 6.53d 7.0875bc
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Table 4.11: I nteraction between genotypes and irradiation doses affecting seed yield per plant (g)

Doses Varieties
AUM-31 AUM-18 AUM-19 Mung-04 Average
Control (D) 6.06bc 5.56cd 4.22cde 5.99ab 5.4575ab
25kR (D) 7.28a 7.61la 5.57a 6.23a 6.6725a
35kR (D) 7.05ab 6.28bc 4.33bc 4.27de 5.4825ab
45kR (Ds) 5.18cd 4.73de 4.3bcd 5.43bcd 4.91c
Average 6.3925a 6.045ab 4.605d 5.48c

Means sharing the common letters were non-sigmifiaa5% probability level

4.4 Cluster per plant

It is cleared from table 4.13 that the value of
coefficient of variance was 5.51%, phenotypic and
genotypic coefficient were 22.29% and 21.56
respectively for cluster per plant. Heritabilitytiesates
was 92.49% with genetic advance 4.46. The results
were in agreement with Arshadl al. (2004), Kapoor
et al. (2005), Parimal and Chakraborti (2005); Ardir
al. (2012) and Bibiet al. (2012) who reported high
heritability. But not agree with Idreesal. (2006) who
reported high heritability with high genetic advanc
From the results of table 4.5 it was observed that
among the genotypes AUM-31 (8.78 clusters/plant)
performs best. The results regarding AUM-19 and
AUM-18 are at par. The minimum cluster per plant
was observed in Mung-04, (6.44). Among radiation
doses B (25kR) 10.41 clusters/plant perform best. The
results regarding the Control {Land B3 (35kR) are at
par. D; (45kR), 5.77 clusters/plant have got the
minimum cluster. As regard the interaction results
significant maximum germination percentage was
obtained by the AUM-31 (12.55 cluster/plant) and
AUM-19 (11.55 clusters/plant) at;Devel. The results
regarding the varieties AUM-31 (8.05 clusters/plant
and AUM-18 (7.02 cluster/plant) was ranked at first
and second position at,[dose level. At dose levelsD
among genotype AUM-31 (7.05 clusters/plant)
produced maximum cluster followed by clusters/plant
AUM-18 (6.49 clusters/plant). It is revealed from
results that AUM-31 showed better results for @ust
per plant at all treatment levels. The genotype AUM
31 may be used for the development of higher yigldi
mungbean genotypes through mutation breeding
program. Table 4.12 indicated negative and sigeuific
phenotypic correlation of cluster per plant withdpo
per plant, biological yield and 100-seed weight.
However, it had positive and highly significant
phenotypic correlations with pod length. It had
negative and non significant phenotypic correlaion
with seeds per pod and seed yield per plant. Gpiwty
correlation ranged for this trait was (0.991 to.981).
High genotypic correlation of branches per planswa
found with pods per plant however low correlatidn o
branches per plant was observed with pod length. Th
results were disagreeing with Dhupgiel. (2005).
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4.5 Pods per plant

The table 4.13 expressed that the value of
coefficient of variance was 2.70%, phenotypic and
genotypic coefficients were 19.30% and 18.85%
respectively for pods per plant. Heritability esties
was 97.85% with genetic advance 10.415. The result
were in agreement with Singh (2004), Ne#aal.
(2005), Sadiq (2005), Veerasmaatial. (2005), Khan
et al. (2005), Hakimet al. (2006), Idreest al. (2006),
Tadeleet al. (2006); Gulet al. (2007); Ahmadet al.
(2011); Ali et al. (2011a,b,c); Aliet al. (2012a,b);
Hussainet al (2012); Ahsaret al. (2013) and Hussain
et al. (2013) who reported high heritability. Table 4.6
showed that the maximum pods per plant was obtained
by AUM-19 (30.32 pods/plant) followed by the AUM-
18 (27.28 pods/plant) minimum pods per plant was
obtained by AUM-31 (22.21 pods/plant) aadthong
radiation doses D(25kR), 30.02 pods/plant perform
best followed by the P(35kR), 26.92 pods/plant.;D
(45kR), 22.22 and §(Control), 24.45 pods/plant have
got the minimum pods per plant. As regard the
interaction results, AUM-19 (34.05 pods/plant)
produced maximum pods per plant followed by AUM-
18 (32.0 pods/plant) whereas third position was
occupied by Mung-04 (30.0 pods/plant) and minimum
pods per plant was gained by the (24.06 pods/plant)
AUM-31 at Dy. For dose level B genotypes AUM-19
(32.02 pods/plant) produced maximum pods per plant
by AUM-18 (28.55 pods/plant), Mung-04 (25.04
pods/plant) was ranked at third position whereas
minimum (22.07 pods/plant) was observed for AUM-
31. At dose level Bthe results of genotypes, AUM-19
(23.0 cm pods/plant) AUM-19 (23.0 pods/plant),
Mung-04 (22.3 pods/plant) and AUM-31 (22.06
pods/plant) are at par. It is indicates from restittat
genotype AUM-19 may be used for the development
of higher vyielding mungbean genotypes through
mutation breeding program. The number of pods may
be increased due to mutation. Table 4.12 revealed
negative and significant phenotypic correlatiopofls
per plant with pod length. However, it had positarel
significant phenotypic correlations with seeds peds
and seed vyield per plant, positive and highly
significant phenotypic correlation with 100-seed
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weight and biological yield. Genotypic correlation
ranged for this trait was (0.979 to -0.678). High
genotypic correlation of cluster per plant was fdun
with 100-seed weight however low correlation of
cluster per plant was observed with pods per pletme.
results were agreed with Sadiigal. (2005); Ahmadet

al. (2012); Ali et al. (2011a,b,c); Aliet al. (2012a,b)
and Ahsaret al. (2013).

4.6 Pod length (cm)

The table 4.13 showed that the value of
coefficient of variance was 4.410%, phenotypic and
genotypic coefficient were 12.49% and 12.07%
respectively for pod lenght. Heritability estimateas

Heritability estimates was 97.81% with genetic
advance 5.28(Table 4.13). The result were in
agreement with Singh (2004), Sadiq (2005),
Veerasmangt al. (2005), Kharet al. (2005), Hakimet

al. (2006), Idreest al. (2006), Tadelet al. (2006);
Gul et al. (2007); Ali et al. (2011a,b,c); Aliet al.
(2012a,b); Aliet al. (2013a,b,c) and Waseesh al.
(2014) who reported high heritability. Minimum
number of branches was observed in AUM-18 (5.80
seeds/pod) and AUM-19 (5.57 seeds/pod). Among
radiation doses D(25kR), 7.25 seeds/pod perform
best followed by the P(35kR), 6.12 seeds/pod.;D
(45kR), 5.54 and P (Control), 5.51 seeds/pod have
got the minimum seeds. As regard the interaction

90.54% with genetic advance 7.111. The results were results, significant differences were observed for

in agreement with Arshad al. (2002), Veerasmaret

al. (2005), Kapooket al. (2005), Sadig (2005), Khast

al. (2005), Hakimet al. (2006), Tadelet al. (2006);
Gul et al. (2007); Ahmadet al. (2012); Ali et al.
(2011a,b,c); Aliet al. (2012a,b) and Ahsamt al.
(2013) who reported high heritability. Maximum pod
length was obtained by AUM-31 (6.54 cm) followed
by the AUM-18 (6.20 cm) minimum pods per plant
was obtained by Mung-04 (5.765 cm) and among
radiation doses P(45kR), 6.5675 cm perform best
followed by the B (25kR), 6.1475 cm. P(Control),
5.53 cm have got the minimum pod length. For dose
level D,, genotypes AUM-31 (7.01 cm) produced
maximum pod length followed by AUM-18 (5.850
cm), AUM-19 (5.66 cm) and Mung-04 (5.65 cm) have
got the same results. At dose leve] the results of
genotypes, AUM-18 (7.72 cm), AUM-31 (6.60 cm),
was ranked at first and second position respegtivel
Mung-04 (6.01 cm) was ranked at third position and
minimum pod length was obtained by AUM-19 (5.93
cm). The results indicates that maximum pod length
was recorded for AUM-31 and AUM-18 that cleared it
that selection on the basis of pod length may be
helpful to improve crop yield following mutation
breeding program. The results given in table 4.12
revealed negative and non significant phenotypic
correlation for pods length with seeds per pod.
However, it had negative and highly significant
phenotypic correlation with 100-seed weight, negati
and significant phenotypic correlation with biologi
yield and seed yield per plant. Genotypic correfati
ranged for this trait was (-0.1766 to -0.765). High
genotypic correlation of pods per plant with wasrfd
pod length however low correlation of pods per plan
was observed with seed vyield per plant. The results
were agreed with Kuma al. (2004).

4.7 Seeds per pods

The value of coefficient of variance was 3.74%,
phenotypic and genotypic coefficient were 31.45% an
32.57% respectively for seeds per pod Table 4.8.
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interaction of AUM-31 with all others at;DFor dose
level D,, genotypes AUM-31 (7.3 seeds/pod) produced
maximum seeds per pod followed by AUM-18 (7.65
seeds/pod) and Mung-04 (5.87 seeds/pod) whereas
minimum (5.09 seeds/pod) was observed for AUM-19.
There was significant interaction of AUM-31 with al
others. At dose level Dgenotype AUM-19 (6.41
seeds/pod) produced maximum seeds per pod followed
by and Mung-04 (6.01 seeds/pod) whereas minimum
(4.18 seeds/pod) was observed for AUM-18. The
results indicated higher number of seeds per posl wa
recorded for AUM-19 and Mung-04, these genotypes
may be used for the improvement of crop yield for
following mutation breeding program. Table 4.12
indicated positive and non significant phenotypic
correlation of seeds per pod with 100-seed weight,
biological yield and seed yield per plant. Genatypi
correlation ranged for this trait was (0.696). High
genotypic correlation of pod length was found with
100-seed weight however low correlation of pod
length was observed with seed yield per plant. The
results were agreed with Sadiopl. (2005)

4.8 100-seed weight (g)

The table 4.13 showed that the value of
coefficient of variance was 7.32%, phenotypic and
genotypic coefficient were 8.47% and 8.37%
respectively for 100-seed weight. Heritability
estimates was 97.85% with genetic advance 10.415.
The result were in agreement with Arshat al.
(2002), Sadicet al. (2005), Sadig (2005), Jagadeesan
et al (2008) and Tah and Sexena (2009) and who
reported high heritability and partial agree witeHd
et al. (2005) and Veerasmast al. (2005). The results
regarding 100-seed weight are presented in talfle 4.
which revealed that genotypes AUM-18 (5.13Q),
AUM-19 (5.12g) and Mung-04 (5.15g) are at par.
Minimum 100-seed weight was recorded in AUM-31
(4.979g) andamong radiation doses;25kR), 5.28g
pods/plant perform best followed by they PI5kR),
5.20g. B (35kR), 5.12g and p(Control), 4.77g have
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got the minimum pods 100-seed weight. As regard the phenotypic correlation of biological yield with ske

interaction results, AUM-19 (34.05g pods/plant)
AUM-18 (32.0g pods/plant), AUM-31 and Mung-04
(30.0g pods/plant) are at par at. Bor dose level P

D; all genotypes are at par. The result indicated tha
the genotypes showed similar behavior due to which
may be difficult to select better genotype on thsi®

of 100-seed weight. The genotypes should be
continued for further selection procedure to imgrov
grain yield. Table 4.12 revealed positive and highl
significant phenotypic correlation of 100-seed viatig
with biological yield and seed yield per plant.
Genotypic correlation ranged for this trait wa9@l.).
High genotypic correlation of seed per pod was tbun
with seed yield per plant however low correlatidn o
seeds per pod was observed with 100-seed weight. Th
results were not agreed with Gt al. (2000) and
Kumaret al. (2003).

4.9 Biological yield (g)

The table 4.13 showed that the value of
coefficient of variance was 4.57%, phenotypic and
genotypic coefficient were 25.82% and 25.85%
respectively for biological yield. Heritability estates

yield per plant. Genotypic correlation ranged for
biological yield with seed yield per plant was Q87
The results were agreed with Arshaidal. (2004) and
Ali and Ahsan (2011).

4.10 Seed yield per plant (g)

The table 4.13 showed that the value of
coefficient of variance was 5.39%, phenotypic and
genotypic coefficient were 29.58% and 28.58%
respectively for seed vyield per plant. Heritability
estimates was 98.39% with genetic advance 4.425. Th
result were in agreement with Sinkeh al. (1996),
Islam et al. (1999); Gill et al. (2000); Ahmadet al.
(2012); Ali et al. (2011a,b,c); Aliet al. (2012a,b);
Ahsan et al. (2013) and Ahsaret al. (2014) who
reported high heritability and genetic advanceplant
height but differ from Loganathagt al. (2001). The
results about the interaction of genotypes and
treatments and averages are given in the table 4.11
Table showed that the maximum seed yield per plant
was obtained by AUM-31 (6.39g) followed by the
AUM-18 (6.04g) minimum seed yield per plant was
obtained by AUM-19 (4.60g) and among radiation

was 93.68% with genetic advance 4.874. The result doses D (25kR), 6.67g perform best followed by the

were in agreement with Gigt al. (2000), Arshadit al.
(2002), Khanet al. (2004), Sadiq (2005) Hakiret al.
(2006) and Jagadeesdnal (2008) who reported high
heritability. The result were in agreement with gbin
(2004), Sadig (2005), Kapoet al. (2005) Hussairet

al. (2005), Hakimet al. (2006), Idreest al. (2006),
Tadeleet al. (2006) Sadiget al. (2007), Gulet al.
(2007), Khan and Goyal (2009), Jagadeestrel
(2008) and Gillet al. (2000) who reported high
heritability. Table 4.10 showed that the maximum
biological yield was obtained by AUM-31 (8.53Q)
followed by the AUM-18 (8.15g) minimum biological
yield was obtained by AUM-19 (6.53g) and among
radiation doses D (25kR), 8.65g perform best
followed by the B (35kR), 7.45g. B (45kR), 7.06g
and O (Control), 7.13g have got the minimum
biological yield. As regard the interaction results
AUM-18 (9.6g) produced maximum biological yield
followed by AUM-31 (9.28g) whereas third position
was occupied by Mung-04 (8.23g) and minimum seed
biological yield was gained by the (7.5g) by AUM-19
at D,. For dose level B genotypes AUM-31 (9.059)
produced maximum seed yield per plant followed by
AUM-18 (8.2g), AUM-19, (6.3g) was ranked at third
position whereas minimum (6.27g) was observed for
Mung-04. At dose level Pthe results of genotypes,
AUM-19 (6.32g) AUM-18 (6.7g), Mung-04 (7.43Q)
and AUM-31 (7.81g) were at par. The genotype AUM-

D, (35kR), 5.489. B (45kR), 4.91g and $(Control),
5.45g have got the minimum seed yield per plant. As
regard the interaction results, AUM-18 (7.61Q)
produced maximum seed yield per plant followed by
AUM-31 (7.289) whereas third position was occupied
by Mung-04 (6.23g) and minimum seed yield per plant
was gained by the (5.57g) by AUM-19 at.[Bor dose
level D,, genotypes AUM-31 (7.05g) produced
maximum seed yield per plant followed by AUM-18
(6.28), AUM-19, (4.33g) was ranked at third positio
whereas minimum (4.27g) was observed for Mung-04.
At dose level R the results of genotypes, AUM-19
(4.39) AUM-18 (4.73 g), Mung-04 (5.43 g) and AUM-
31 (5.18 g) are at par. The genotype AUM-31 showed
higher seed yield per plant and indicated thatdy ine
useful for the improvement of crop yield through
mutation breeding program.

5. Conclusion

Genetic diversity estimates revealed that
significant genetic diversity developed among the
genotypes at different levels of radiations. High
heritability estimates for all characters indicatbet
selection could be more effective for genetic
improvement. From the present studies, it may be
concluded that germination rate and plant height at
first pod maturity exerted great positive influerizzth
directly and indirectly on yield. It was conclud#that

31 showed better performance and indicated that it plant length, first pod maturity, germination rate,
may be useful for the improvement of crop yield cluster per plant, seed per pod and biologicaldyiel
following mutation breeding program. Results may be useful for selection of higher vyielding
presented in table 4.12 had positive and significan mungbean genotype following mutation breeding
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program.

Table 4.12: Estimation of genotypic (rg) and phenotypic (rp) correlation coefficients of various character
combinations

Traits plant Branches clusters pods per pod seeds per 100-seed biological seed yield
height per plant per plant plant length pod weight yield per plant
Germination r(g) -0.276 -0.266 -0.115 0.501 -0.305 0.121 0.601 0431 0.815
r(p) -0.277ns -0.280ns -0.151ns 0.504n5 -0.312ns 0.113ns 0.608* 0.370ns 0.775*
Plant height r(g) 0.898 0.909 -0.468 0.970 0.107 -0.888 -0.671 .67
r(p) 0.991* 0.855** -0.373ns 0.954** 0.107ns -0.885**| -0.630ns -0.752*
Branches per r(g) 0.926 -0.479 0.970 0.096 -0.887 -0.673 -0.751
plant r(p) 0.855** -0.470ns 0.965** 0.095ns -0.884** -0.64ln -0.751*
Cluster per r(g) -0.706 0.991 -0.387 -0.886 -0.981 -0.642
plant r(p) -0.714* 0.904** -0.295ns -0.806** -0.770* -0.568
Pods per plant r(g) -0.678 0.803 0.784 0.979 0.672
r(p) -0.659* 0.730* 0.766** 0.879** 0.672*
Pod length r(g) -0.177 -0.934 -0.838 -0.651
r(p) -0.142ns -0.930** -0.810* -0.714*
Seeds per pod r(g) 0.207 0.696 0.031
r(p) 0.192ns 0.649ns 0.041ns
100-seed r(g) 0.961 0.863
weight r(p) 0.981* 0.838**
Biological r(g) 0.871
yield r(p) 0.571*

*= Significant at 5% probability levet,*=Highly Significant at 1% probability levehis=Non Significant

Table 4.13: Various genetic parametersfor different traits

Plant Heritability Genetic Coefficient of Genotypic coefficient of | Phenotypic coefficient of
Traits (h)% advance (GA) variance (CV) variance (GCV) variance (PCV)
GP 95 3.83 1.07 3.58 3.93
PH 95.56 14.50 1.50 14.45 16.19
C/P 92.49 4.46 5.51 21.56 22.29
P/P 97.85 10.415 2.70 18.85 19.30
S/Pd 97.81 5.28 3.74 32.57 31.45
PL 90.54 7.111 4.410 12.07 12.49
B/P 83.49 2.375 2.88 10.83 11.85
100-SW 97.85 10.415 7.32 8.37 8.47
SY/P 98.3 4.425 5.39 28.58 29.58
BY 93.68 4.874 4.57 25.82 25.85

GP= Germination percentage, PH=Plant height. B/Panéhes per plant, C/P= Clusters per plant, P/Psped
Plant, PL= Pod Length, G/P= Grains per pod, 100SM¥& seed weight, BY= Biological yield, SY/P= Seedld

per plant
Correspondence to:
Hafiz Muhammad Ahmad (PhD Scholar)
Department of Bioinformatics and
Biotechnology, Government College University

Faisalabad, Pakistan
Emailshafizahmad90@yahoo.com

References

1.

Ahmad, H.M., M. Ahsan, Q. Ali and I. Javed.
2012. Genetic variability, heritability and
correlation studies of various quantitative traits
of mungbean \igna radiate L.) at different
radiation levels. Int. Res. J. Microbiol. 3(11):
352-362.

Ahsan, M., A. Farooq, I. Khalig, Q. Ali, M.
Aslam and M. Kashif. 2013. Inheritance of
various yield contributing traits in maiz&ea
mays L.) at low moisture condition. African J.
Agri. Res. 8(4): 413-420.

3. Ali, Q. and M. Ahsan, 2011. Estimation of

537

Variability and correlation analysis for
quantitative traits in chickpeaCicer arietinum
L.). IJAVMS, 5(2): 194-200.

Ali, Q., M. H.N.Tahir, M. Ahsan, S. M. A. Basra
J. Farooq, M. Waseermnd M. Elahi (2011d).
Correlation and path coefficient studies in maize
(Zea mays L.) genotypes under 40% soil
moisture contents. J. Bacteriol. Res., 3: 77-82.
Ali, Q., M. Ahsan, F. Ali, M. Aslam, N.H. Khan,
M. Manzoor, H.S.B. Mustafaa and S.
Muhammad. (2013a). Heritability, heterosis and
heterobeltiosis studies for morphological traits of
maize Zea mays L.) seedlings. Advanc. life Sci.,
1(1): 52-63.

Ali, Q., M. Ahsan, F. Ali, S. Muhammad, M.
Manzoor, N.H. Khan, S.M.A. Basra and H.S.B.
Mustafa. (2013b). Genetic advance, heritability,
correlation, heterosis and heterobeltiosis for
morphological traits of maizeZéa mays L).
Alban. J. Agric. Sci., 12(4): 689-698.



Life Science Journal 2014;11(8s)

http://www.lifesciencesite.com

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ali, Q., M. Ahsan, H.S.B. Mustafa and Ejaz-ul-
Hasan. (2013c). Genetic variability and
correlation among morphological traits of maize
(Zea mays L) seedling. Alban. J. Agric. Sci., 12
(3):405-410.

Ali, Q., M. Ahsan, |. Khaliq, M. Elahi, M.
Shahbaz, W.Ahmed and M. Naees, (2011a).
Estimation of genetic association of yield and
quality traits in chickpeaGjcer arietinum L.).
Int. Res. J. Plant Sci., 2: 166-169.

Ali, Q., M. Ahsan, M. H. N. Tahir, M. Elahi, J.
Farooq, M. Waseem, M. Sadique, (2011b).
Genetic variability for grain yield and quality
traits in chickpea (Cicer arietinum LIJAVMS,
5:201-208.

Ali, Q., M. Ahsan, M.H.N. Tahir and S.M.A.
Basra. (2012a). Genetic evaluation of maizea(
mays L.) accessions for growth related seedling
traits.IJAVMS, 6(3): 164-172.

Ali, Q., M. Elahi, M. Ahsan, M. H.N.Tabhir, I,
Khalig, M, Kashif, A. Latif, U. Saeed, M.
Shahbaz, N.H. Khan, T. Ahmed, B. Hussain, U.
Shahzadi and M. Ejag2012b). Genetic analysis
of Morpho-Physiological and quality traits in
chickpea genotype<{cer arietinumL.). African

J. Agri. Res. 7: 3403-3412.

Ali, Q., M. Elahi, M. Ahsan, M.H.N. Tahir and
S.M.A. Basra. (2011c). Genetic evaluation of
maize Zea mays L.) genotypes at seedling stage
under moisture stresslAVMS, 5(2):184-193.

Ali, Q., M. Ahsan, M. H. N. Tahir and S. M.
A.Basra, 2013. Genetic studies of morpho-
physiological traits of maize Zéa mays L.)
seedling. African J. Agri. Res., 8(28): 3668-
3678.

Ali, Q., M. Ahsan, M.H.N. Tahir and S.M.A.
Basra. 2014a. Gene action and Correlation
Studies for Various Grain and its Contributing
Traits in Maize (Zea mays LPBothalia, 44(2):
80-91.

Ali Q, Ali A, Waseem M, Muzaffar A, Ahmad S,
Ali S, Awan MF, Samiullah TR. Correlation
analysis for morpho-physiological traits of maize
(ZeamaysL.). Life Sci J 2014b;11(12s):9-13.

Ali A, Muzaffar A, Awan MF, Din S, Nasir IA,
Husnain T. 2014c. Genetically Modified Foods:
Engineered tomato with extra advantages. Adv.
life sci., 1(3). pp. 139-152.

Amir, S., J. Farooq, A. Bibi, S.H. Khan and M.F.
Saleem. 2012. Genetic studies of earliness in
Gossypium hirsutum UJAVM S, 6 (3):189-207.
Anwar M, Hasan E, Bibi T, Mustafa HSB,
Mahmood T, Ali M, 2013. TH-6: a high yielding
cultivar of sesame released for general
cultivation in Punjab Adv. life sci., 1(1), pp. 44-
57.

538

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Arshad, M., A. Bakhsh and A. Ghafoor. 2004.
Path coefficient analysis in chickpeaCider
arietinum L.) under rainfed conditions. Pak. J.
Bot., 36: 75-81.

Bibi, A., H.A. Sadaqgat, T.M. Khan, B. Fatima
and Q. Ali. 2012. Combining ability analysis for
green forage associated traits in sorghum-
sudangrass hybrids under water stré3&VMS,

6 (2): 115-137.

Cochran, W.G. and GH. Cox. 1957.
Experimental Design. John Wiley and Sons. Inc.,
New York. pp. 661

Dewey, D.R and K.H. Lu. 1959. A correlation
and path coefficient analysis of components of
crested wheat grass seed production.J. Agron.
51: 515-518.

Dhuppe, M.V., I. A. Madrap, G.D. Chandankar
and S.S. More. 2005. Correlation and path
analysis in mungbean Vigna radiata L.
Wilczek).J. Soils Crops, 15: 84-89.

Gill, J.S., R.K. Gumber, M.M. Verma, R. Pankaj
and P. Rathore. 2000. Genetic estimation of
advanced mungbean lines derived through
different selection methods. Crop Improv., 27:
88-98.

Gul, R., S.Ali, H. Khan, Nazia, F.Ali and I. Ali.
2007. Variability among mungbeanVigna
radiata) genotypes for vyield and vyield
components grown in peshawar valley. J. Agri.
Biol. Sci., 2: 54-57.

Hakim, K., A. Farhad, S.Q. Ahmed and N.
Akhtar. 2006. Variability and correlations of
grain yield and other quantitative characters in
lentil. Sarhad J. Agri., 22: 199-203.

Hussain, B., M.A. Khan, Q. Ali and S. Shaukat.
2013. Double Haploid Production in Wheat
Through Microspore Culture And Wheat x
Maize Crossing System: An OvervieldAVMS,

6 (5): 332-344.

Hussain, B., M.A. Khan, Q. Ali and S. Shaukat.
2012. Double haploid production is the best
method for genetic improvement and genetic
studies of whealJAVMS, 6 (4): 216-228.

Idrees, A., M.S. Sadiq, M. Hanif, G. Abbas and
S. Haider. 2006. Genetic parameters and path co-
efficient analysis in mutated generation of
mungbean \igna radiata L. Wilczek). J. Agric.
Res., 44: 181-191.

Islam, M.T., M.M. Haque, M.O. Islam, M.A.

Malik and M.E. Haque. 1999. Genetic
variability, correlation and path analysis in
mungbean \igna radiata L. Wilczek).

Bangladesh J. Sci. Ind. Res., 34: 103-107.
Jahangir GZ, Nasir IA, Igbal M. Disease free and
rapid mass production of sugarcane cultivars.
2014. Adv. life sci., 1(3), pp- 171-180.



Life Science Journal 2014;11(8s)

http://www.lifesciencesite.com

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Kapoor, R., G.R. Lavanya and G.S. Babu. 2005.
Evaluation of genetic variability in mungbean.
Res. Crops, 6: 509-510.

Khan, M. R., A.S. Qureshi, S.A. Hussain and M.
Ibrahim. 2005. Genetic variability induced by
gamma radiation and its modulation with
gibberellic acid in M generation of chickpea
(Cicer arigtinum L.) Pak. J. Bot., 37: 285-292.
Khan, S and S. Goyal. 2009. Mutation genetic
studies in mungbean IV. Selection of early
maturing mutants. Thai. J. Agri. Sci., 42: 109-
113.

Loganatha, K., Saravanan and J. Ganesan. 2001.

Genetic variability in green granvigna radiata

L Wilczek). Res. Crops, 2: 396:397.

Mahabatra, B.K. 1983. Studies on comparative
spectrum and frequency of induced genetic
variability in green gram \fgna radiata L
Wilczek). Ph.D. Thesis, IARI, New Delhi
Maluszynski, K.N., L.V. Zanten and B.S.
Ahlowalia. 2000. Officially released mutant
varieties. The FAO/IAEA Database. Mut. Breed.
Rev., 12: 1-12.

Muhammad S, Shahbaz M, Igbal M, Wahla AS,
Ali Q, Shahid MTS, Tariq MS. 2013. Prevalence
of different foliar and tuber diseases on different
varieties of potato. Adv. life sci., 1(1), pp. 68-7
Neha, J., S. Sarvjeet and S. Inderjit. 2005.
Variability and association studies in lentil.
Indian J. Pulses Res., 18: 1444-146.

Parimal, B. and S.K. Chakraborti. 2005.
Estimation of some quantitative traits in green
gram (Mgna radiata L. Wilczek). J.
Interacademicia., 9: 1-3.

Qamar Z, Nasir IA, Husnain T. 2014a. In-vitro
development of Cauliflower synthetic seeds and
conversion to plantlets. Adv. life sci., 1(2), pp.
104-111.

Qamar Z, Nasir 1A, Jahangir GZ, Husnain T.
2014b. In-vitro Production of Cabbage and
Cauliflower. Adv. life sci., 1(2), pp. 112-118.
Sadig, M.A., S. Haider and G.Abbas. 2005.
Genetic parameters for economic traits in exotic
germplasm of mungbeanVigna radiata L.
Wilczek). J. Agric. Res., 43: 103-109.

Sadiq, M.S., S. Haidar, G. Abbas, T. M. Shah and
B. M. Atta. 2007. Exploitation of exotic and
indigenous mungbean germplasm for improving
seed yield and disease resistance .Pak. J. Bot.,
39: 2451-2456.

7/6/2014

539

45.

46.

47,

48.

49.

50.

51.

52.

53.

54,

55.

56.

Shah, T.M., J.I. Mirza, M.A. Hag and B.M. Atta.
2008. Induced genetic variability in chickpea
(Cicer arietinum L.). 1. Comparative mutagenic
effectiveness and efficiency of physical and
chemical mutagens. Pak. J. Bot., 40: 605-613.
Shah, T.M., J.I. Mirza, M.A. Haq, and B.M. Atta.
2006. Induced genetic variability in chickpea
(Cicer arietinum L.) frequency and spectrum of
chlorophyll mutations. Pak. J. Bot., 38: 1217-
1226.

Singh, S. K., B.G. Suresh, G.R. Lavanya, S.
Jyotsna. S. Akanksha, A.K. Misra and S.K. Verma.
2010. Characterization of Mutant Lines of
Mungbean igna radiata L. Wilczek). Ind. J. Plant
Gent. Res., 23: 22-25.

Singh, S.P., R.P. Singh, J.P. Prasad and R.K.
Agrawal. 2006. Genetic variability, yield
components an inheritance pattern in induced
mutants of lentil under rainfed conditions. Indihn
dry land Agri. Res. Dev., 21: 123-126.

Sinha, R.P., S.P. Sinha and S. Kumar. 1996.
Genetic variation in mungbeanigna radiata L.
Wilczek) J. App. Bial., 6: 33-35.

Solanki, 1.S. 2006. Comparison of correlation and
path coefficients under different environments in
lentil. J. Crop Improve., 30: 70-73.

Steel, R.G.D., J.H. Torrie and D.A. Dicky. 1997.
Principles and procedures of statistics. A
biometerical approach, 3rd Ed. McGraw Hill Inc.,
New York.

Tadele, A., N.Il. Hadded, R. Malhotra and N.
Samarah. 2006. Induced Polygenic variability in
Kabuli Chickpea Cicer arientinum L.). Crop Res.
Hisar., 29: 118-128.

Tah, P.R. and S. Saxena. 2009. Induced synchrony
in pod maturity in mungbeanvgna radiata). Int.

J. Agric. Biol., 11: 321-324.

Veeramani., N.M. Venkatesan, P. Thangavel and J.
Ganesan. 2005. Genetic variability, heritabilitdan
gentic advance analysis in segregating generation
of black gram Yigna mungo L. Hepper). Legume
Res., 28: 49-51.

Waseem M, Ali Q, Ali A, Samiullah TR, Ahmad S,
Baloch DM, Khan MA, Ali S, Muzaffar A, Abbas
MA, Bajwa KS. Genetic analysis for various traits
of Cicer arietinum under different spacind.ife Sci
J2014;11(12s): 14-21.

Wright, A.A. 1935. Induced polygenic variability
for quantitative traits in chickpea var. Pusa-37.2.
Comunicata Scientiae, 2: 100-106.



