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lonization irradiation was utilized to induce mutation in maize cultivars (Azam and Jalal) through 4
ionization irradiation dosages (10 Krad, 15 Krad, and 20 Krad) and analyzed with control. The germ
plasma irradiated in the Nuclear institute for food and agriculture at Peshawar. The irradiated seeds
were seeded within the study region department of botany Sheringal university in the crop time period of
2016. It had been noted that an adverse correlation was created in dosages of 10,15,20 Krad against
parameters such as number of leaves per plant, 1000 grain weight, and plant height reductions in mean
values for the mentioned parameters were studied. Significant decreases within the mean values were
observed for stated parameters in both hybrids. Direct relationship took place the mean values of
number of cob per plant, significantly increased with all the increasing of dosages. It was furthermore
determined that increasing of dosages induced restricting within the mean values of all the parameters,
which explained that the two hybrids were responsive to high dosages of gamma irradiation. Moreover,
there have been also recovered a few Mutant genotypes in Azam hybrid at 10 Krad as a result of
genetic variation with an increase of three cobs and blue and pink color leaves. The cultivar effect
through analysis of variance for all the parameters other than the plant height, number of branches per
taseel, number of grains per cob were significant and the parameters number grain per cob and grain
row per cob also observed highly significant, while due to the hybrids effect of the plant height, number
of grain row per cob was non-significant. Additionally, non-significant effects were obtained within the
mean square values because of the interaction among hybrids and dosage for plant height, number of
branches per tassel, number grain per row, 100 grain weight.

Keywords: Gamma radiation, Doses, maize cultivars, Mutant, Genotypes, Phenotypes, Parameters.

INTRODUCTION

Maize (Zea mays L.) is all over the world
essential grain crop, commonly used for edible
items, foods and commercial use. The developing
countries more than 73 percent of the 153 million
ha of total maize cultivated around the globe to

the yearly increase in production expected to
become 6% (Prasanna, 2011). The average
productivity is not satisfactory in spite of large
coverage of cultivable area. The need for Maize
usage is anticipated compared to rice and wheat
(Prasanna and Hoisington, 2003) Because of its
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adjustable utilize, and it has possessed the
greatest production in developing countries by
2050 (Prasanna, 2011). Different techniques are
held to improve the production of maize like
nuclear methods. As opposed to traditional
breeding tools, nuclear practices concentrate on
utilizing physical mutagens to enhance the
characteristics in a plant. Between different
physical real mutagens, ionizing irradiation can be
used as a tool for nuclear breeding process (Peri
et al.,, 2011). The ionizing irradiation creates the
free radicals within the cells, which the potentials
to destroy or alter cellular feature (Minisi et al.,
2013. lonization irradiation is broadly applied for
variation cause for enhancing genetic hereditary
in agriculture because of its higher saturation
capability in comparison, using different ionizing
irradiation (Akshatha et al., 2013). Their utilization
in agriculture is restricted because of doubt within
the dosage of irradiation that is differs for various
crops and application (Peri et al., 20110). Past
research reports have reflected that application of
ionization irradiation has reduced paid down plant
height and number of leaves per plant, number of
branched per tassel, because of aggregation of
phenolic compounds (Minisi et al., 2013 and (Aly,
201 0). Girija and Dhanavel, (2013) The seed
embryo exposed to low degree of irradiation
effects in chromosomal damage to reduced
number leaves per plant. Ambavane et al., (2014)
These ionization radiations destructively influence
on large and small plants. Such ionization
radiations reflected consequence on cell
photosynthetic activity which finally cause
improper development of the plant (Jansen et al.,
1998) Higher dosages of lonization irradiation are
recognized to become harmful to plant DNA
because of these destroying result various plants
might show various degrees of threshold. The
physiological impact of gamma irradiation is a
result of the synthesis of release radicals through
the breaking of water, which could lead to cause
the inflection of an antioxidative system,
deposition of phenolic substances and chlorophyll
pigments (Kovacs and Keresztes, 2002; Kim et
al.,2004; Wi et al., 2007 and Ashraf, 2009).
Although, lower doses of ionizing irradiation can
be useful in enhancing the enzymatic stimulation
of younger embryo, exciting the speed of cell
division and improving the development of plant
metabolites for appropriate physiological growth of
the plant (Moussa, 2011).

MATERIALS AND METHODS

The recent research had been executed in the
sowing time frame on 29 May 2017 in the
research area of Botany Department Shaheed
Benazir Bhutto University Sheringal Dir upper. to
determine the effectual levels of ionizing radiation
on different varieties of maize (Zea mays L.). Two
varieties of maize (Azam and Jalal) had been
purchased from Tarnab farm Peshawar. The
ionization irradiation was utlized to induce
mutation in maize cultivars (Azam and Jalal)
through 4 ionization irradiation dosages (10 Krad,
15 Krad, and 20 Krad). The germplasm were
irradiated in the nuclear institute for food and
agriculture (NIFA), Peshawar. The data were
collected on target parameters such as Plant
height (cm), number of leaves per plant, number
of branches per tassel, number of cobs per plant,
cob length (cm), number of grain rows per cob,
number of grains per row, number of grains per
cob, 100 grain weight. Experiment field prepared
by split plot - design and plot overall size was
fixed as 110 x84.38=9281 8 using three
replications and four treatments. Every replication
split into 4-sub plot. The line to line space was
kept as 75 cm and plant to plant space has been
fixed as 30 cm. The row length was kept 3 meters.
The routine cultural procedures were applied
throughout the entire period of crop. One dosage
of nitrogen and P20s fertilizer was produced three
times to the field at the time of developing of
maize crop in the field. The soil for growing of
seeds was ploughed. Common agricultural
procedures for cultivating the maize plants were
used consistently for all the treatments. Hoeing
was done repeatedly to control the weed growth.
The experimental plot was irrigated at appropriate
time periods in such a way that, the crop did not
suffer with water stress. Seeds were sown about
4-5 centimeters depth in the soil. Yield per plot
were estimated by harvesting plants of each
treatment and replication separately. The ears
were removed from stalks to keep its dryness and
then threshed it.

The data of the following parameters for
morphological characteristics was recorded.

Plant height (cm)

The typical height of chosen plants was taken
in cm. The plant height was observed from
aboveground till to peak of the plant..
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Number of leaves per plant.

Number of leaves for every plant was
documented from the average of all the leaves of
the decided plants.

Number of branches per Tassel

The number of branches for every tassel had
been observed by using the average number of
Tassel branches of the specified plants.

Number of Cobs per Plant

Numbers of cobs for each plant were
documented after harvesting from the selected
plants.

Cob length (cm)C
Cob length was observed in cm through
using the average length of the selected cobs.

Number of grain rows per cob.

Number of grain rows for each cob were
noticed through taking the average number of
grain rows from particular cobs.

Number of grains row

Number of grains row-l was observed by
taking the average number of rows according to
cob.

Number of grains per cob

Number of grains in each cob was studied by
using the average number of grains at all the
chosen cobs.

100 grains weight.

The 100 grains weight was documented in
grams from the targeted cobs in every one
treatment.

STATISTICAL ANALYSIS

Statistician evaluated of every parameter
regarding the data was applied statistic software
Statistix 8.1. Tukey’s least significant difference
test used for comparison inside the hybrid mean,
treatment means, and relationship  within
treatment and cultivars.

RESULTS

Two varieties of corn (Zea mays L.); Azam
and Jalal were utilized to determine the results of
ionizing radiation, according to doses of 10, 15
and 20 Krad on vegetative characteristics along
with yield components. The results collected
within the time frame for this study are well
presented from table 1 to 9. Assessment and
evaluations of mean values were obtained

through the utilization of Analysis of difference
and Tukey’s significant test. The statistics that
has been used to assess listed here parameters
were put on the documented data in the first
generation (M1-generation).

Plant height.

The exploration of difference (Appendix 1b)
demonstrates that the differences in the values for
the plant height in consequence to irradiation
dosages had been significant, impact of varieties
found insignificant. But the association within the
varieties and dosages has been carried out as
non- significant. At the (table 1a) the ionization
irradiation effect of plant height ranging from
(115.03-155.97). The variation documented within
the main table because of the varietal effect for
plant height 142.77 for Azam and 139.98 for Jalal.
The interaction within cultivars and doses was
statistically as insignificant and procured effect
between 120.6-156.36 and  109.46-155.56
correspondingly Azam and Jalal. In the current
study it had been observed that the plant height
constantly reduce because of the raises of
irradiation level. The greatest mean value
detected in control (155.56, 155.56) respectively
Azam and Jalal whilst the smallest mean values
recorded at 20 Krad (120.6, 109.46,) respectively
Azam and Jalal.  The highest possible percent
decrease (22.87%) for Azam and (29.63%) for
Jalal. Sharif et al. (2000) analyzed two types of
cotton with multiple dosage of ionizing radiation 0,
25, 30 and 35 KR. Seedling height, plant height
was decreased because of mutagenic results of
gamma irradiation. Plant height of the maize crop
was decreased with raising of ionization radiations
that was revealed by Singh and Balyon, 2009; the
plant height of wheat reduce because of
mutagenesis utilizing ionization radiations. The
entire permanent variation in plant development
as well as their development that finally result the
plant height can be caused by alterations in plant
genome as stated previously (Jan et al., 2011).
Entire the gamma irradiation altered the genome
associated with maize it revealed in which the size
shoot was reduce in comparison with control.
(Ambavane et al., 2014) These ionization
radiations have inversely proportional destructive
influence on large and small plants. These
ionization radiations reflected consequence on
cell photosynthetic activity which finally cause
improper development of the plant (Jansen et al.,
1998)
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Figure 1: Impact of ionization irradiation on plant height (cm) for Azam and Jalal varieties.

”

Table 1a: Effects of ionization irradiation on the plant height (cm) for Azam and Jalal hybrids.
TO Control 156.36 a | 155.56 a
T110Krad | 150.5a 149.53 a
T115Krad | 143.63a | 145.39a
T120Krad | 120.6a 109.46 a

Mean 142.77 139.98
Mean using the same alphabetic are not significantly various with respect to Tukey's
Least significant difference at 5% probability level.
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Table 1b: Summary of statistics for the plant height (cm) in maize hybrids due to ionization rays

Source. D.F S.S M.S F value Prob Sig
Replication. 2 405.5 202.77

Hybrids. 1 14.1 14.14 0.14 0.7430 NS
Replication Error*Hybrids. 2 199.8 99.91

Treatment. 3 3653.4 | 1217.79 1.77 0.02069 *
Hybrids*Treatment. 3 67.8 22.6 0.03 0.9916 NS
Erorr*Rep*Treatment. 12 8270.8 689.24

Total 23

Abbreviations in tables symbolizing: DF "degree of freedom”, SS "sum of square", MS "means square”, F
"fisher", P "probability value", Sig "significant via Tukey HSD test", ** "highly significant”, * "significant"

Number of leaves per plant.

Summary statistics for number of leaves for
each plant (Appendix 2b) reflect that the effect of
ionizing radiation dosage varietal effect and the
interaction of ionization radiation dosage and
varieties was significant. From table (2a) A
continues reduction was documented in each
cultivar as a result of raising the ionization
irradiation dosages concentration other than of 5
Krad. The mean values for the multiple ionization
irradiation dosage effect for the number of leaves
for each plant ranging from 12.33-14.26. The
variation for varietal effect revealed for the
number of leaves per plant was 12.69 for Azam
and 14.04 for Jalal. Similarly, the interaction
within ionization irradiation doses and cultivars
effects was ranged 12.4-13.46 and 12.26-14.23
respectively for Azam and Jalal. Max percent
reduction 34.16%, 41.95% was realized according
to the effect of 20 Krad dose for Azam and Jalal
respectively over the control. Similarly the linear
regression reflects that number of leaves per plant
ultimately decreases with raise of the radiation
level. The maximum mean values documented in
control (12.76, 14.23) correspondingly Azam and
Jalal. Even though the smallest mean values seen
at 20 Krad dose (8.4). The linear regression
shows that the ionization irradiation level inversely
proportional in to the number of leaves per plant
because the ionization irradiation power rises to
the number of leaves for each plant continually
diminishes. Hedimbi et al., (2012) revealed effect
of ionization irradiations on maize the number of
leaves per plant. There is in number of leaves per
plant with enhance of irradiation strength
Gnanamurthy et al., (2012) reported results of
multiple dosage on quantitative characters of

maize. There was clearly an amazing decrease in
the number of leaves per plant because of the
raising in level of mutagens. The current research
consented with (Todorovi¢ et al.,, 2015), (Girija
and Dhanavel, 2013) who also stated that
ionization irradiation dosages reciprocal to
number leaves per plant because the gamma
irradiation engrossment raise number of leaves
per plant decline.

Number of branches per tassel.

Analysis of difference for number of branches
for each tassel (Appendix 3b) shows that the
effect of ionizing radiation dosage hybrid effect
and the interaction of ionization radiation dosage
and varieties was insignificant. From table (3a) it
determined that the mean value for the number of
branches for each tassel was reduced because of
the radiation power raising other than of 10 Krad.
The number of branches per tassel significantly
increased at 10 Krad. The mean for the number
of branches per tassel because of multiple
ionization irradiation dosage effect ranged from
14.73-19.33. The difference noticed in mean
values because of cultivars effects observed
17.04 and 16.42 respectively for Azam and Jalal.
Furthermore the interaction inside cultivars and
gamma radiation for the number of branches per
tassel was fixed between 14.76-19.96 for Azam
while 14.7-18.7 for Jalal. Number of branches per
tassel reduced by increases of ionization
irradiation level. Linear regression reflects that
both varieties branches per tassel is gradually
reduced as the ionization radiation level
increased. Maximum percent reduction 12.82%,
21.39% was observed because of the effect of 20
Krad dose for Azam and Jalal respectively over
the control The maximum mean value for the
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branches per tassel was obtained at control (18.7,
19.96) as the smallest mean values were seen at
20 Krad dosage (14.34, 14.7) correspondingly
Azam and Jalal. Kumar et al. (2014) revealed an
association in F1 generations of maize for twelve
various traits. The negative relation within
numbers of branch per tassel and multiple
radiation dosages reported. Ramya et al. (2014)
described negative effect on the number of
branches for each tassel effects by rise of

Numer of leaves per plant

ionization radiation power the number of branches
significantly decreases. Girija and Dhanavel
(2013) analyzed the result of multiple levels of
ionization irradiation on the number of branches
per tassel, 100 seed weight and yield for each
plant. There was greater minimization number of
branches per tassel at raising doses in M1
generation.
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Figure 2: Impact of ionization irradiation on number of leaves per plant for Azam and Jalal hybrids

Table 2a: Effects of ionization irradiation on the number of leaves per plant for Azam and Jalal

Hybrids
TO Control 12.76 ab 14.23 a
T1 10 Krad 10.46 a 13.06 a
T1 15 Krad 9.16 bc 11.64 bc
T1 20 Krad 8.4c 8.26 ¢
Mean 10.19 11.79

Mean using the the same alphabetic are not significantly various with respect to Tukey's Least significant

difference at 5% probability level.
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Table 2b: Summary of statistics for the number of leaves per plant in maiz hybrids due to

ionization irradiation.

Source. D.F S.S M.S Fvalue | Prob Sig
Replication. 2 1.5358 | 0.76792

Hybrids. 1 5.2267 | 5.22667 | 23.19 0.0405 *
Replication Error*Hybrids. | 2 0.4508 | 0.22542

Treatment. 3 7.215 2.405 4.86 0.0194 *
Hybrids*Treatment. 3 15367 | 051222 |1.04 0.04117 *
Erorr*Rep*Treatment. 12 5.9333 | 0.49444

Total 23

Abbreviations in tables symbolizing: DF "degree of freedom”, SS "sum of square", MS "means square”, F

"fisher", P "probability value", Sig "significant via Tukey HSD test", ** "highly significant”, * "significant"
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Figure 3: Impact of ionization irradiation on number of branches per tassel for Azam and Jalal

varieties.
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Table 3a: Effects of ionization irradiation on the number of branches per tassel for Azam and Jalal

hybrids
TO Control 19.96a | 18.7a
T110Krad |174a 16.43 a
T115Krad | 16.06a | 15.86a
T120Krad |14.76a |14.7a
Mean 17.04 16.42

Mean using the same alphabetic are not significantly various with respect to Tukey's

Least significant difference at 5% probability level.

Table 3b: Summary of statistics for the number of branches per tassel in maize hybrids due to

ionization irradiation.

Source. D.F M.S F value Prob Sig
Replication. 2 30.258 15.1288

Hybrids. 1 11.344 11.3438 0.51 0.5508 | NS
Replication Error*Hybrids. 2 44.883 22.4413

Treatment. 3 4.588 1.5293 1.33 0.3098 NS
Hybrids*Treatment. 3 4,731 15771 1.37 0.2979 | NS
Erorr*Rep*Treatment. 12 13.773 1.1478

Total 23

Abbreviations in tables symbolizing: DF "degree of freedom”, SS "sum of square", MS "means square", F
"fisher", P "probability value", Sig "significant via Tukey HSD test", ** "highly significant", * "significant"

Number of cobs per plant .

Conclusion statistics for number of cob per
plant (Appendix 4b) reflect that the effect of
ionizing radiation dosage hybrid effect and the
interaction of ionization radiation dosage and
varieties was significant. Through the (Table 4a)
the effect of ionization radiation for the number of
cobs per plant was assorted 1.26-2.26. The
fluctuation documented within the mean because
of cultivar effect 1.67 for Azam and 1.79 for Jalal.
The interaction among cultivars and doses was
statistically as significant and obtained effect
ranging from 1.3-2.03 and 1.23-2.5
correspondingly Azam and Jalal. In this study it
was reported that the ionization radiation strength
rate closely enhance into the number of cobs for
each plant when the radiation level raises the
number of cobs per drastically enhance in all
case. The uppermost mean value revealed at 10
Krad (2.05, 2.5) and as well as the mean values
that are lower (1.3, 1.23) respectively for Azam
and Jalal recorded at control. Even while both
cultivars show desired feedback at 10 Krad but
Jalal proved good response comparatively Azam.

Highest percent raise (35.96%) for Azam and
(50%) regarding Jalal cultivar. Farkorede and
Ayoola (1981); Javed (1987); Mather et al.,
(1998); Kahkim et al., (1998); Singh et al., (1998);
Sanvicente et al. (1998); Almeida et al. (1999) and
Nass et al., (2000) observed an optimistic and
valuable genotypic and phenotypic association of
production about number of cobs per plant. It
reflects that cobs per plant have vital trait that
have the seeds production. It is a common
perception that grain yield plants are basically
influenced by a number of cobs for each plant.
Reddy and Joshi (1990) ;Beck et al., (1990) and
Debnath and Sarkar (1990); stated that effective
genotypic that is significant phenotypic.
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Figure 4: Impact of ionization irradiation on number of cob per plant for Azam and Jalal varieties.

Table 4a: Effects of ionization irradiation on the number of cob per plant for Azam and Jalal

hybrids.

TO Control 1.3 bc 1.23¢c
T110Krad | 1.76a 176 a
T115Krad | 2.03abc | 25a

T120Krad | 1.6 abc 1.7 ab

Mean 1.67 1.79
Mean using the the same alphabetic are not significantly various with respect to Tukey's
Least significant difference at 5% probability level.
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Table 4b: Summary of statistics for the number of cob per plant in maize hybrids due to ionization

irradiation.

Source. D.F S.S M.S F value | Prob Sig
Replication. 2 0.30333 | 0.15167

Hybrids. 1 0.07042 | 0.07042 | 2.64 0.02457 *
Replication Error*Hybrids. | 2 0.05333 | 0.02667

Treatment. 3 0.15458 | 0.05153 | 2.41 0.01178 *
Hybrids*Treatment. 3 0.06125 | 0.02042 | 0.95 0.04454 *
Erorr*Rep*Treatment. 12 0.25667 | 0.02139

Total 23

Abbreviations in tables symbolizing: DF "degree of freedom", SS "sum of square”, MS "means square", F "fisher", P "probability

value", Sig "significant via

Tukey

HSD

test", *x

Cob length (cm)

Summary statistics for cob length (Appendix
5b) reflect that the effect of ionizing radiation
dosage, varietal effect and the relationships of
ionization radiation doses and varieties was
significant. At (Table 5a) a continues reduction
was documented with the enhancing of irradiation
doses level instead of 10 krad in each variety the
size of cob grow well. The mean values regarding
multiple radiation doses effect ranging from 16.82-
26.52. The difference for the varietal effect was
documented 20.2 for Azam while 20.4 for Jalal.
Similarly, the association within ionization
irradiation dosages and cultivars was ranged
16.78-26.25 and 16.87-26.89 correspondingly for
Azam and Jalal. Maximal percent raise was
36.07% and 37..02 % under the effect of 10 Krad
dose for Azam and Jalal respectively.
Furthermore it had been proven from the (Table
5a) that the cob length continually reduces with
enhancing of radiation concentration besides of
10 Krad. Similarly the optimum percent reduction
12.42% and 11.62% revealed under the effect of
20 Krad. The uppermost mean values were
documented in 10 Krad (26.25, 26.79)
correspondingly Azam and Jalal. While the
smallest mean values documented at 20 Krad
dose (16.78) for Azam and (16.87) for the Jalal
variety. Chapman et al., (1997) and Tusuz and
Balabanli (1997) stated that the cob size
significantly reduce at higher dosages and the
seeds production was absolute and significantly
associated with cob length. Sanvicente et al.,
(1998); Mather et al., (1998); Khakim et al., (1998)
find out the grain yield had an optimistic and a
significant genotypic association with a number of
grain for each cob also reported that the size of
cob constantly decrease with the raise of
ionization radiation Ravilla et al., (1999) and
Torun et al., (1999) documented the GCA and
SCA influence on the length of cob. All previously

"highly significant", * "significant"
mentioned debate has arrived at on one aim that
higher doses decrease the cob length and
instantly effect the production of the maize crop.

Number of grains rows per cob.

The evaluation of difference (Appendix 6b)
demonstrates that the fluctuation in the values of
the number of grain row per cob in response to
radiation dosages was revealed highly significant,
and the effect of varieties found insignificant.
While the interaction within the varieties and
dosages was too noticed significant. From table
(6a) it realized that the mean value for the number
of grains per row cob were significantly different
as raise the ionization irradiation intensity number
of grains for each row cob reduces other than 10
Krad. The effect of multiple ionization rays for the
number of grain row per cob ranged from 11.76-
18.48. The cultivars effects revealed 14.03 and
14.1 correspondingly for Azam and Jalal.
Moreover the interaction within cultivars and
gamma irradiation were viewed significantly and
their mean values was organize from 11.66-18.23
for Azam while 11.86-18.73 for the Jalal. Maximal
percent, enhancing observed at 10 Krad dose of
gamma radiation Azam for (36.03%) and Jalal for
(36.67%) over the control. The maximum percent
reduction was noted (16.89, 11.02%) respectively
Azam and Jalal. The uppermost mean values
were obtained at 10 Krad (18.23) for Azam and
(18.73) for Jalal while the smallest mean values
were observed at 15 Krad dose (11.66, 11.86)
respectively Azam and Jalal. Singh et al., (1998);
Khakim et al., (1998); Sanvicente et al., (1998);
Mather et al., (1998); Almeida et al., (1999) and
Nass et al.,, (2000) determined that number of
grain rows per cob had important relationship
having the increasing of ionization radiation level.
Previously discussed that mean value of the worth
of mutant seed at 40 gray indicated greater
number of grain rows per cob when compared
with control, and smallest value for number of
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rows per cob were seen at 60 gray This sindictes arbitrarily. A number of| grain row per cob is a vital
that multiple dosages of ionization radiation feature that is morphological and allows us to to
introduced variations in genetic material which estimate production of this regarding the maize
leads to variation in number of rows per cobs crop.

Length of the cob per plant
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- ® 2625 R4 =0.088

20 3 1916 ¢ 1864

¢ 16.78
15

& Azam
10 -

Length of cob per plant

0 5 10 15 20 25
Doses (Krad)

Length of the cob per plant

© y =-0.136x + 21.94
@© 30 P
— R*=0.071
o
»
5 25 26.79
o
g 20 3 1909 s 1887 .87
+ 16.
g 15 Jalal
¢ Jala
% 10
i
' 5
c
3 o0
0 5 10 15 20 25
Doses (Krad)

Figure 5: Impact of ionization irradiation on length of cob per plant for Azam and Jalal varieties

Table 5a: Effects of ionization irradiation on the length of cob per plant for Azam and Jalal
hybrids.

TO Control | 19.16ab | 19.09 ab
T110Krad | 26.25ab | 26.79 a
T115Krad | 18.64ab | 18.87 ab
T120Krad | 16.78 b 16.87b

Mean 20.2 204
Mean using the the same alphabetic are not significantly various with respect to Tukey's
Least significant difference at 5% probability level.
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Table 5b: Summary of statistics for the length of cob per plant in maize hybrids due to ionization
irradiation.

Source. D.F S.S M.S F value | Prob Sig
Replication. 4.367 2.18352

Hybrids. 0.238 0.238 0.34 0.04209 *
Replication

Error*Hybrids. 2 1.4182 0.70912

Treatment. 25.75 8.58335 | 3.82 0.03941 *
Hybrids*Treatment. 3 0.3029 0.10097 | 0.04 0.05867 *
Erorr*Rep*Treatment. 12 26.9881 | 2.24901

Total 23

Abbreviations in tables symbolizing: DF "degree of freedom”, SS "sum of square", MS "means square", F
"fisher", P "probability value", Sig "significant via Tukey HSD test", ** "highly significant”, * "significant"
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Figure 6: Impact of ionization irradiation on number of grain row per cob for Azam and Jalal
varieties
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Table 6a Effects of ionization irradiation on the number of grain row per cob for Azam and Jalal

hybrids
TO Control 14.03 a 13.33 ab
T110Krad | 18.23ab | 18.73a
T115Krad | 12.23c 12.5bc
T120Krad | 11.66c 11.86¢c
Mean 14.03 14.1

Mean using the the same alphabetic are not significantly various with respect to Tukey's

Least significant difference at 5% probability level.

Table 6b. Summary of statistics for number of grain row per cob in maize hybrids due to ionization

irradiation.
Source. D.F S.S M.S F value | Prob Sig
Replication. 11.7075 | 5.85375
Hybrids. 0.0267 0.02667 | 0.13 0.7517 NS
Replication
Error*Hybrids. 0.4058 0.20292
Treatment. 15.0017 | 5.00056 | 19.52 0.0001 *
Hybrids*Treatment. 3 1.25 0.41667 | 1.63 0.02352 *
Erorr*Rep*Treatment. 12 3.0733 0.25611
Total 23

Abbreviations in tables symbolizing: DF "degree of freedom”, SS "sum of square", MS "means square", F
"fisher”, P "probability value", Sig "significant via Tukey HSD test", ** "highly significant”, * "significant"

Number of grains per row.

Conclusion of statistics for cob length
(Appendix 7b) reflect that the influence of ionizing
radiation dosage was non- significant and the
varietal effect found significant and similarly the
relationships of ionization radiation doses and
varieties was also insignificant. From table (7a) it
calculated that the mean value for number of grain
for each row were significantly varied as raise the
ionization radiation level the number of grain for
each row constantly reduces. The influence of
ionization irradiation of multiple dosage ranged
from 36.64-39.3. And the cultivars effects have
been found 38.02 and 38.13 respectively for
Azam and Jalal variety. While the relationship
within cultivars and gamma irradiation were
revealed was organized between 36.16-39.2 for
Azam and 37.13-39.4 for Jalal. The maximal
percent reduction was revealed (7.75, 5.76%)
respectively Azam and Jalal. The uppermost
mean value for number grain row per was
obtained at control. Similarly the smallest mean
values were seen at 20 Krad dose (36.16, 37.13)

correspondingly Azam and Jalal. Khan et al.,
(2003), Irfag and Nawab (2003). Galal et al.,
(1975) Yildirum et al.,, (1989) Yousafzai et al.,
(2009) and Wali et al., (2010) observed that the
number grains per row and per plant significantly
reduces with the enhancing of ionization
irradiation rate. However, in the current scenario,
it could be determined that ionization irradiation
failed to induce mutation, particularly in case of
the number grains per row because of grains per
row was significantly reduced as compare to into
the control. The current phenomenon could be
developed blatantly; polygenic mutation took
place at random and would not adhere any
specific design, this occurrences have also been
stated by Brock, (1965) and Astveit, (1967).

Number of grains per cob.

Summary statistics for cob length (Appendix
8b) show that the effect of ionizing radiation
dosage was highly significant and the varietal
effect has been found insignificant and the
interaction within the ionization radiation doses
and varieties was significant. At table (8a) it
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decided that the mean value for number of grains
for each cob were significantly varied as raising
the ionization radiation concentration the number
of grain for each row constantly reduces. The
influence of ionization irradiation of multiple
dosage ranged from 401.45-536.48 And the
cultivars effects have been found 498.4 and
496.44 respectively for Azam and Jalal variety.
While the relationship within cultivars and gamma
irradiation were revealed was organized between
396.7-549.23 for Azam and 406.2-523.73 for
Jalal. The max percent reduction was exposed
(27.77, 22.44%) respectively Azam and Jalal.
The highest mean value for number grain per cob
was found out at control. While the smallest
mean values were seen at 20 Krad dose (396.7,

(2003), Irfag and Nawab (2003). Galal et al.,
(1975) Yildirum et al., (1989) explore the
significant decrease in munber of grain per cob
and per plant with the raising of ioniozation
radiation power. El-Hosary et al., (1994); Lee et
al,, (1995); Bolanos and Edmeades (1996);
Flower et al., (1996); Singh and Mishra (1996);
Balderrama et al., (1997) and Chapman et al.,
(1997) found additive kind of gene action for
number of grains per cob with a few other yield
associated parameters. Numerous genes were
concerned to manage one characteristic. As
before described, we are able to summarize that
mutagenic elements induce damaging variation
due to number of grains in cob had been
minimized to an excellent level in most dosage as

406.2) Inamullah et al.,, (2011) Khan et al., evaluate into the control treatment.
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Figure 7: Impact of ionization irradiation on number of grain per row for Azam and Jalal varieties.
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Table 7a: Effect of ionization irradiations on the number of grain row per cob for Azam and Jalal

hybrids.

Mean using the the same alphabetic are not significantly various with respect to Tukey's

TO Control 39.2a 394 a
T1 10 Krad 42.8 ab 43.06 ab
T1 15 Krad 37.93 ab 38.96 ab
T1 20 Krad 36.16 b 37.13 ab
Mean 39.02 39.63

Least significant difference at 5% probability level.

Table 7b: Summary of statistics for number of grain row per cob in maize hybrids due to

ionization irradiation.
Source. D.F S.S M.S F value | Prob Sig
Replication. 2 24,1233 | 12.0617
Hybrids. 1 2.2204 2.2204 47.58 0.0204 *
Replication Error*Hybrids. | 2 0.0933 0.0467
Treatment. 3 21.9079 | 7.3026 1.87 0.1893 NS
Hybrids*Treatment. 3 0.9312 0.3104 0.08 0.97 NS
Erorr*Rep*Treatment. 12 46.9833 | 3.9153
Total 23

Abbreviations in tables symbolizing: DF "degree of freedom”, SS "sum of square", MS "means square", F

"fisher", P "probability value", Sig "significant via Tukey HSD test", ** "highly significant”, * "significant"
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Figure 8: Impact of ionization irradiation on number of grain per cob for Azam and Jalal varieties.
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Table 8a: Effect of ionizations irradiations on the number of grains per cob for Azam and Jalal

hybrids.
TO Control 549.23 a 523.73 a
T1 10 Krad 500.43 b 528.5b
T1 15 Krad 465.26 ¢ 485.36 ¢
T1 20 Krad 396.7 d 406.2 d
Mean 498.4 496.44

Mean using the the same alphabetic are not significantly various with respect to Tukey's

Least significant difference at 5% probability level.

Table 8b: Summary of statistics for the number of grains per cob in maize hybrids due to

ionization irradiation.

Source. D.F S.S M.S F value Prob Sig
Replication. 2 28021.9 | 14010.9

Hybrids. 1 388 388 2.92 0.02295 | *
Replication Error*Hybrids. | 2 265.6 132.8

Treatment. 3 39819.8 | 13273.3 |12.15 0.0006 **
Hybrids*Treatment. 3 2510.4 836.8 0.77 0.05346 | *
Erorr*Rep*Treatment. 12 13106.2 |1092.2

Total 23

Abbreviations in tables symbolizing: DF "degree of freedom", SS "sum of square”, MS "means square", F, "fisher", P,
"probability value”, Sig, "significant via Tukey HSD test", ** "highly significant", * "significant”

100 grains weight (gm).

Analysis of difference for 100 grain weight
(Appendix 9b) reflects that the effect of ionizing
radiation dosage and varietal effect found
significant while the interaction within ionization
radiation doses and varieties was observed
insignificant. It finds out from the (Table 9a) that
the fluctuation within the revealed mean values
were various because of multiple ionization
radiation dosage effect. The described mean
values for 100 grain weight as a result of the
ionization irradiation effect ranging from 14.76-
22.54. The variation in the mean values because
of cultivars ranged from effect 18.83 for Azam and
19.03 for Jalal. The interaction inside ionization
irradiation and cultivars influence for 100 seed
weight (gm) put from 14.45-22.4 and 15.07-22.68
for Azam and Jalal respectively. {In this analysis
a coincident decline in the mean value of 1000-
grain weight was seen because of raising multiple
irradiation  concentration. Maximal percent
reduction documented (35.49, 33.55%)
respectively Azam and Jalal. The highest mean
value reported for 100 grain weight noticed at

control (22.4) for Azam and (22.54) regarding
Jalal. Although the smallest mean values were
revealed at 20 Krad dose (14.45,15.07)
respectively Azam and Jalal. Irfag and Nwab
(2001) explored the inversely proportional effect of
various levels of ionization radiation on different
variety there was an amazing reduction in 1000-
seed weight as the ionization irradiation
concentration raise the 1000 grain weight
constantly reduce Sedhom (1994); Elhosary et
al., (1994); Lee et al., (1995); Singh and Mishra
(1996); Flower et al.,, (1996); Bolanos and
Edmeades (1996); Chapman et al., (1997) and
Balderrama et al., (1997) detected accumulative
gene action was most prominent within the
dominance gene action towards 100-seed weight.
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Figure 9: Impact of ionization irradiation on 100 grain weight for Azam and Jalal varieties

Table 9a: Effect of ionizations irradiations on the 100 grain weight for Azam and Jalal hybrids.

TO Control 22.4 ab 22.68 a
T110Krad 20.91 ab 20.36 ab
T1 15 Krad 17.59 ab 18.01 ab
T1 20 Krad 14.45 ¢ 15.07 ¢
Mean 18.83 19.03

Mean using the same alphabetic are not significantly various with respect to Tukey's
Least significant difference at 5% probability level.
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Table 9b: Summary of statistics for 100 grain weight in maize hybrids due to ionization irradiation.

Source. D.F S.S M.S Fvalue | Prob Sig
Replication. 2 6.859 3.4295

Hybrids. 1 0.9841 0.98415 |20 0.0465 *
Replication Error*Hybrids. | 2 0.0984 0.04921

Treatment. 3 10.4799 | 3.4933 1.77 0.02054 | *
Hybrids*Treatment. 3 0.1301 0.04336 | 0.02 0.9953 NS
Erorr*Rep*Treatment. 12 23.6198 | 1.96831

Total 23

Abbreviations in tables symbolizing: DF, "degree of freedom”, SS, "sum of square", MS "means square",
F, "fisher", P "probability value", Sig, "significant via Tukey HSD test", ** "highly significant", * "significant”

CONCLUSION

Each variables yield minimizes through the raising
of ionizarion radiation extent while the harmful
impact of higher doses of ionizing radiation dose
caused by various other climatically state and
environmental aspect particularly uppermost soil
surface, moisture, soil chemistry, temperature,
light extent especially as a result of substantial
height. Both varieties calculated as fragile to
increasing doses of ionization radiation, which
causing to a reduce in the mean values of the
most of the variables. Invaluable mutant can
gained at 10 Krad dosage . In 10 Krad dose have
the capacity to induce the optimum occurrence of
mutation in maize variety of Azam and Jalal
through revealing it to gamma radiation (10 Krad).

CONFLICT OF INTEREST
The authors declare that they have no ambitious
pursuit.

Funding sources
This research work was sponsored by Prime
minister Reimbursement scheme,Pakistan.

ACKNOWLEGEMENT

This is M.Phill research work and sponsored by
Prime minister Reimbursement scheme, Pakistan
which is highly acknowledged.

AUTHOR CONTRIBUTIONS

Ahamad hasan designed and performed the
experiments.Sharifullah helped in seed irradiation
and data collection. Amir Hasan Khan wrote the
draft manuscript. Ateeur Rahman and khaleeq
Ahmad compile and Analyzed the Data.
Muhammad Abdul aziz and Muhammad Adnan
gave technical suggestions on the draft and

revealed the language and grammatical mistakes.
Khan sheer and Ali Hazrat supervised. All the
stages. All the authors consent and approved the
Manuscript.

Copyrights: © 2020@ author (s).

This is an open access article distributed under the
terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use,
distribution, and reproduction in any medium,
provided the original author(s) and source are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not comply
with these terms.

REFERENCES

Almeida, F.S., L. De, D.M. Fonseca, R. Sarcia, J.
Oleveira-e-Silva and J.A. Obeid. 1999.
Chemical composition of maize plant and
their components. Veterinaria Noticias 5:83-

89.
Ambavane, A.R., S.V. Sawardekar, S.A.
Sawantdesai and N.B. Gokhale. 2014.

Studies on mutagenic effectiveness and
efficiency of gamma rays and its effect on
quantitative traits in finger millet (Eleusine
coracana L. Gaertn). J. Rad. Res. Appl. Sci.
8(1): 120-125.

American-Eurasian J. Agric. & Enciron. Sci., 13
(5): 696-704.

Ashraf, M. (2009). Biotechnological approach of
improving plant salt tolerance using
antioxidants as markers. Biotechnol Adv
27:84-93.

Astveit, K. 1967. Effects of combinations of
mutagens on mutation frequency in barley.
In: IAEA/FAO Mutation. Plant Breed. I

Bioscience Research, 2020 volume 17(2): 898-918

915


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Hassan et al.,

Gamma rays Effect on vegetative and yield components of maize

IAEA, Vienna, 5-14.

Balderrama, C., S.A. Mejia-Contreras, F. Catillo-
Gonzalez and A.C. Carbello. 1997.
Combining ability affects in native corn
population from Mexico highlands. Rev.
Fitotec. Mex. 20:137-147.

Beck, D.L., S.K. Vasal and J. Crossa. 1990.
Heterosis and combining ability of CIMMYT"s
early and intermediate maturity maize
germplasm. Maydica 35:279285.

sBolanos, 0.J. and G.O. Edmeades. 1996. The
importance of the anthesis-silking interval in
breeding for drought tolerance in tropical
maize. Field Crops Res. 48:65-80.

Bolanos, O.J. and G.O. Edmeades. 1996. The
importance of the anthesis-silking interval in
breeding for drought tolerance in tropical
maize. Field Crops Res. 48:65-80.

Brock, R.D. 1965. Induced mutations affecting
guantitative characters. The use of induced
mutations in plant breeding. FAO/ IAEA.
Tech. Meet., Rome

Chapman, S.C., J. Crossa and G.O.
Edmeades.1997. Genotype by environment
effects and selection foe drought tolerance in
tropical maize. I. Two mode pattern analysis
of yield. Euphytica 95:1-9.

Chapman, S.C., J. Crossa and G.O.
Edmeades.1997. Genotype by environment
effects and selection foe drought tolerance in
tropical maize. I. Two mode pattern analysis
of yield. Euphytica 95:1-9.

Debnath, S.C. and K.R. Sarkar. 1990. Combining
ability analysis of grain yield and some of its
attribute in maize. Indian J. Genet. Plant
Breed. 50: 57-61.different planting dates.
Ann. Agric. Sci. 28: 25-30.

El-Hosary, A.A., M.K. Mohamed, S.A. Sedhom
and G.K.A Abo-El-hassan. 1994. General
and specific combining interactions with year
in maize. Ann. Agric. Sci. 32: 247288.

El-Hosary, A.A.,, M.K. Mohamed, S.A. Sedhom
and G.K.A Abo-El-hassan. 1994. General
and specific combining interactions with year
in maize. Ann. Agric. Sci. 32: 247288.

Farkorede, M.A.B. and A.O. Ayoola. 1981.
Relationship between seedling vigour and
selection vyield improvement in maize.
Maydica 25:135-147.

Flower, D.J., R.A. Usha. and J.M. Peacock. 1996.
Influence of osmotic adjustment on growth,
stomatal conductance and light interception
of contrasting sorghum lines in a harsh
environment. Aust. J. Plant Physiol.17:91-
105.

Galal Jr, S., Ibrahim, A.F., Abdel-Hamid, A.M.
and Mahmoud, .M., 1975. Morphogenetical
studies on the M 2-and M 3-populations of
wheat (Triticum aestivum ssp. vulgare L.)
after seed irradiation with gamma rays. Z,
Naturforsch ,B, 74(3), pp.189-198.

Girija, M. and Dhanavel, D. 2013. Effect of
gamma rays on quantitative traits of cowpea
in M1 generation. Inter. J. Res. Biol. Sci.,
3(2): 8487.

Gnanamurthy, S., D. Dhanavel, M. Girija, P.
Pavadai and Bharathi, T. 2012. Effect of
chemical mutagenesis on quantitative traits
of maize (Zea mays (L.). Inter. J. Bot. Res.,
2(4): 34-36.

Hedimbi, M., N. Naikakul and Singh, S. 2012.
Effects of stimulated ultraviolet radiation on
the growth of maize seedlings. J.res.
Plant. Sci, 1(2): 98-103.

Inamullah., N. Rehman, N.H. Shah, M. Arif, M.
Siddig and I. Mian. 2011. Correlations among
grain yield and vyield attributes in maize
hybrids in various nitrogen levels. Sarhad J.
Agric. 27(4): 531-538

Irfaq, M. and Nawab, K., 2003. A study to
determine the proper dose of gamma
radiation for inducing beneficial genetic
variability in bread wheat (Triticum aestivum
L.). Asian J Plant Sci, 2, pp.999-1003.

Irfag, M. and Nawab, K. 2001. Effect of gamma
irradiation on some morphological
characteristics of three wheat (Triticum
aestivum L.) cultivars. J. Biol. Sci, 1(10): 935-
937.

Jan S., T. Parween, T.0. Siddigi and
Mahmooduzzafar. 2011. Gamma radiation
effects on growth and vyield attributes of
Psoralea corylifolia L. with reference to
enhanced production of psoralen. Plant
Growth Regul. 64(2):163-171.

Jansen, M.A.K., V. Gaba, and B.M. Greenberg.
1998. Higher plants and UV-B radiation:
balancing damage, repair and acclimation.
Trends in Plant Sci. 3(4):131-135.

Javed, M.A. 1987. Combining ability for yield and
its components in maize single crosses. Pak.
J. Agri. Res. 25:116-124.

Khakim, A., S. Stoyanove and G. Tsankove. 1998.
Establishing the correlation between yield
and some morphological, reproductive and
biochemical characters in maize. Resteniev
Dinnauki. 35:419-422.

Khan, M.M., Din, R., Qasim, M., Jehan, S. and
Igbal, M.M., 2003. Induced mutability studies
for yield and yield related characters in three

Bioscience Research, 2020 volume 17(2): 898-918 916



Hassan et al.,

Gamma rays Effect on vegetative and yield components of maize

wheat (Triticum aestivum L.) cultivars.
Asian, J, Plant Sci Res, 2(17-24), pp.1183-
1187.

Kim, J.H., Baek, M.H., Chung, B.Y., Wi, S.G. and
Kim, J.S. (2004). Alterations in the
photosynthetic pigments and antioxidant
machineries of red pepper (Capsicum
annuum L.) seedlings from gamma-irradiated
seeds. J. Plant Biol. 47: 314- 321.

Kovacs, E. and Keresztes, A. (2002). Effect of
gamma and UV-B/C Radiation on Plant Cell.
Micron 33: 199-210.

Kumar, P., Y. Prashanth, V.N. Reddy, S.S. Kumar
and P.V. Rao. 2014. Character association
and path coefficient analysis in maize (Zea
mays L.). International J. App. Biol. Pharma.
Technol., 5(1): 257-260.

Lee, W., C. Bongho, W.K. lee and B.H. Choe.
1995. Characteristics and combining ability
of Korean local waxy maize inbred and
hybrids. Korean J. Crop Sci. 40:175-184.

Mather, R.K., Chunilal. S.K. Bhatnagar and V.
Sing. 1998. Combining abilityfor yield,
phenological and ear characters in, white
seeded maize. Indian. J. Genet. Plant Breed.
58: 77-81.

Minisi, F. A., El-mahrouk, M. E., Rida, M. E. F.
and Nasr, M. N. (2013). Effects of Gamma
Radiation on Germination, Growth
Characteristics and Morphological Variations
of Moluccella laevis L.

Moussa, H.R. (2011) Low dose of gamma
irradiation enhanced drought tolerance in
soybean. Acta Agronomica Hungarica
2011;59:1-12.

Nass, L., L. Lima, M. Vencovsky, R. Cruz. 2000.
Combining ability of maize inbred lines
evaluated in three environments in Brazil.
Scientia Agricola, Piracicaba 57: 129 - 134.

Peri, 1., Babayan,M., Tavassoli, A., Javaheri, M.
(2011). The use of gamma irradiation in
agriculture. African Journal of Microbiology
Research Vol. 5(32), pp. 5806-5811.

Prasanna B.M. and Hoisington D. (2003).
Molecular breeding for maize improvement:
An overview. Indian Journal of Biotechnology
2: 85-98.

Prasanna, B.M. (2011). Maize in Asia: Challenges
and Opportunities. In: Presentation de 11th
Asian Maize Conference 7-11 November
2011, Beijing, China.

Prasanna, B.M. (2011). Maize in Asia: Challenges
and Opportunities. In: Presentation de 11th
Asian Maize Conference 7-11 November
2011, Beijing, China.

Ramya, B., G. Nallathambi and Ram, S.G. 2014.
The effect of mutagens on M1 population of
black gram (Vigno mungo L. Hepper). Afr. J.
Biotechnol, 13(8): 951-956.

Ravilla, P., A. Butron. R.A. Malvar and A. Ordas.
1999. Relationships among kernel weight,
early vigor and growth in maize. Crop Sci.
39:654-658.

Reddy, J.N. and P. Joshi. 1990. Combining ability
analysis for harvest index in sorghum. Crop
Improvement 17:188-190.

SanVicente, P.M., A. Bejarano, C. Marin and J.
Crossa. 1998. Analysis of diallel crosses
among improved tropical white endosperm
maize populations. Maydica 43:147153.

Sedhom, S. A., 1994, Estimation of general and
specific combining ability in maize under

Sharif, A., M.R. Khan and Hussain, S.A. 2000.
Effect of gamma radiation on certain
characters of Gossipium hirsutum L. Pak. J.
Agri. Sci, 16(2): 114-117.

Singh, AK., J.P. Shahi, J.K. Singh. and R.N.
Singh. 1998. Heteritability and genetic
advance for maturity and vyield attributes in
maize. J. Applied Biol. 8:42-45.

Singh, N.K. and H.S. Balyan. 2009. Induced
mutations in bread wheat (Triticum asetivum
L.) CV. ,Kharchia 65" for reduced plant
height and improved grain quality traits. Adv.
Biol. Res. 3(5-6): 215-221.

Singh, S.D. and S.N. Mishra. 1996. Combining
ability of maize inbreds over environments.
Crop Improvement 23:229-232.

Todorovié¢, N., Bikit, I., Veskovi¢, M., Mrdja, D.,
Forkapi¢, S., Hansman, J., Nikolov, J., Bikit,
K. and Krmar, M., 2015. Radioactivity in
fertiizers and radiological impact. J.
Radioanal. Nucl. Chem, 303(3), pp.2505-
25009.

Torun, M. and C. Koycu. 1999. Study to determine
the relationship between grain yield and
certain yield components of maize using
correlation and path coefficient analysis.
Turkish J. Agric. For. 23(5):1021-1027.

Tusuz, M.A. and C. Balabanli. 1997. Heritability of
main characters affecting yield of some
maize varieties and determination of
relationship among these characters.
Anadolu. 7:123-134.

Wali, M.C., R.M. Kachapur, C.P. Chandrashekhar,
V.R. Kulkarni and S.B.D. Navadagi. 2010.
Gene action and combining ability studies in
single cross hybrids of maize (Zea mays L.).
Karnataka J. Agric. Sci. 23: 557-562.

Wi, S.G, Chung, B.Y, Kim, J.S, Kim, J.H, Baek,

Bioscience Research, 2020 volume 17(2): 898-918 917



Hassan et al.,

Gamma rays Effect on vegetative and yield components of maize

M.H, Lee, J.W, et al.(2007) Effects of gamma
irradiation on morphological changes and
biological responses in plants. Micron
38:553-64.

Yildirum, M.B., M.I. cagirgan and |. Turgut, 1987.

Selection application in  mutant barley
population. Turkiye Tahul Simpozyumu, 6-9
Ekim 1987, Bursa pp:473-481

Yousafzai, F., N. Al-Kaff and G. Moore. 2009. The

molecular features of chromosome pairing at
meiosis: the polyploidy challenge using
wheat as a reference. Func. Integer.
Genomics 10:147 156.

Bioscience Research, 2020 volume 17(2): 898-918

918



