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ABSTRACT

Muskmelon (Cucumis melo L.) five female lines and twelve testers were used to produce sixty F, hybrids using line

x tester design. Four economic characters fruit weight, fruit diameter, cavity size and total soluble solids were

analysed along with seed quality traits. The analysis of variance indicated significant variability among all the

genotypes for all the traits except for TSS. The combining ability analysis revealed that general combining ability

effects and specific combining ability effects were significant for fruit weight and fruit diameter. Among cross

combinations, L-3 x T-11, L-3 x T-12 and L-5 x T-1exhibited maximum specific combining ability for fruit weight and

diameter traits and these hybrid combinations were also found statistically superior over commercial check.

Keywords : Muskmelon, Lines, Testers, Combining ability

USKMELON, a member of genus Cucumis and

family Cucurbitaceae is grown in temperate,
sub-tropical and tropical regions of the world. It’s
short duration, high production potential and sweet
taste provide a commercial and dessert fruit signature.
It is a rich source of dietary fibre, vitamins and
minerals like calcium, phosphrous and iron (Pitrat,
2008). It is enormously good for health as it is rich in
ascorbic acid, carotene, folic acid and potassium as
well as a number of other health bioactive compounds
(Lester and Hodges, 2008). It is having magical health
benefits therefore it is considered as a ‘wholesome
food’.

Muskmelon is cultivated on 1.2 million ha area with
29.5 million MT production with productivity of
24.9 tonnes ha!. China is being the largest producer
with 50.04 per cent share followed by Turkey (5.76%),
Iran (4.98%), Egypt (3.54%) and India (3.49%). In
India, it is cultivated on 47,000 ha with 8,78,000 MT
production with productivity of 20 tonnes ha!
(Anonymous, 2017). It is extensively cultivated in hot
and dry areas of Uttar Pradesh, Punjab, Rajasthan,
Madhya Pradesh, Bihar and Karnataka.

The art of hybridisation came into existence along with
heterosis. Hybrid vigour was first reported by

Koelreuter (1763). In vegetables the phenomenon has
been exploited in many crops and large number of
hybrids has been released for commercial cultivation,
along with improvement in yield, biotic and abiotic
stress. Hybrid cultivation is increasing day by day
because of hybrid development techniques. In
muskmelon, hybrids are preferred over varieties due
to their early maturity, high yield potential, superior
quality and high input efficiency (Banga and Banga,
2000). Additionally, the development of F, hybrids in
muskmelon is quite easy due to their andromonoecious
nature. Therefore, selection of parents for the hybrids
possessing desirable traits is most decisive and crucial
step. Generally, parents are selected on basis of
per se performance, but due to various gene
combinations may does not stand true.

The extent of heterosis over mid parent, better parent
and standard checks varies across the cross
combinations for fruit and seed quality traits.
Increased yield being the ultimate objective in any of
crop breeding programme; hence positive and
significant heterosis for fruit traits is always required.

MATERIAL AND METHODS

The present investigations were conducted during
2019-2020 in the Research and Development station
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of Orbi Seeds International Pvt. Ltd., Bangalore. The
experimental materials comprised five inbred lines,
twelve testers and 1 standard check. The crosses were
made during rabi season of 2019. The hermaphrodite
flowers from the designated female lines were
emasculated one day before opening of the flowers
during evening hours, emasculated flowers were
covered at bud stage with white parchment/ butter
paper bags after removing anthers to avoid
out-crossing. Male flower buds which were about to
open the next day morning were removed and covered
in a moist cloth and stored. The emasculated flowers
were used for crossing in the next morning. The male
flowers collected on the previous day evening were
removed from moist cloth and emasculated flowers
were pollinated with the pollens of the desired freshly
opened male flowers. After pollination, each pollinated
flower was tagged and again covered with parchment
paper bag to prevent cross contamination.

Simultaneously each parent was selfed. Selfing was
done by bagging the hermaphrodite flowers in the
evening and these were pollinated by taking pollens
from covered male flowers of the same plant and
tagged with different colour thread to avoid confusion
while harvesting.

F, seeds were collected from the female plants after
the fruits reaches maturity. They were kept for
overnight for fermentation, washed the next morning
and dried to 8-10 per cent moisture levels.

Nursery was prepared by sowing the F, seeds of each
entry in portrays and kept covered with polythene
cover to protect the emerging seedlings
from low temperatures. When the seedlings attained
two to three leaf stage, irrigation was withheld for
one day prior to transplanting to harden the seedlings.
The seedlings were then transplanted in the evening
hours in the experimental field after removing from
portrays at Sira (Tumkur Dist.) location during Summer
2020 in RBD with two replications with the spacing
of 45cm x 2m. Since the location is suitable for
evaluating the hybrids. Twelve plants from each entry
transplanted under each replication.

TaBLE 1

List of lines and testers used for the study

Lines Code Testers Code
ORBI-MG-1 L-1 ORBI-T1 T-1
ORBI-MG-2 L2 ORBI-T2 T2
ORBI-MG-3 L3 ORBI-T3 T3
ORBI-MG4 L4 ORBI-T4 T4
ORBI-MG-5 L-5 ORBI-T5 T-5

ORBI-T6 T-6
ORBI-T7 T-7
ORBI-T8 T-8
ORBI-T9 T-9
ORBI-T10 T-10
ORBI-T11 T-11
ORBI-T12 T-12

Data were recorded on five plants in each replication
and analysed using line x tester analysis by
Kempthorne (1957) using WINDOSTAT ver 9.1 at
the Department of Genetics and Plant Breeding, UAS,
GKVK, Bengaluru. Economic heterosis was estimated
over a check Akany from Bhalsar Seeds International
Pvt. Ltd. for fruit weight (g), fruit diameter (cm), cavity
size (cm) and total soluble solids (TSS °Brix),
Germination per cent, Shoot length (cm), Root Length
(cm), Seedling vigour index-I and Seedling vigour
index-IL

RESULTS AND DiscuUssIoN

Success of a breeding programme rests upon
utilization of variability available among genotypes
(parental lines) and its progeny for traits of
importance. Variances due to genotypes (parents and
hybrids) were significant for all the traits except total
soluble solids. The mean sum of squares due to parents
versus crosses was highly significant for yield
attributes viz., fruit diameter and average single fruit
weight except for total soluble solids and cavity size
(Table 2) Similar results were seen by Kamdi et al.
(2011) in sorghum for grain yield. As evidenced by
the significance of mean sum of squares due to crosses,
the significant differences among the parental
genotypes resulted in crosses that were also
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TABLE 2

Analysis of variance for combining ability of seed and fruit quality traits

SVI-II

SVI-I

Shoot Length Root length

Germination

TSS
(p Brix)

Fruit cavity Fruit
size (cm) diameter (cm)

Fruit weight

Degrees of

Source of

(cm) (cm)

(%)

()

8483.43
364916.088 **

freedom

variation

3507.00
32189.26 **

3.14 0.001 0.02 2076.93
54196.65 **

30.93 **

7.70 20.36 *

15.44 **

3.24

Replication

1.41 **

1.39 **

6.00

3.04 **
0.66
0.30
0.65
2.18
2.67

76

Genotypes

6698.22 **

10374.72 **

0.33 ** 0.34 **

7.61 **
3.15

75
0.35

0.21
0.12
0.25
0.24

32T _ 24 w* &

40779.466

16
4
11
1
1

59

Lines (5) + Testers (12)

Lines

9156.22 **  2177.60 *
1296.04
84202.77 **

0.47 **

0.49 **

59644.85

8190.63 **
39273.82 **

0.18 ** 0.20 **

9.92 **
0.03
186.80 **

95
0.14
1.24
7.51
5.67
3.96

2721.37
383956.94
7038007.89 **

Testers

1.43 **

1.28 **
32.95 **

Lines vs Testers

33.23 **1438302.59 **1841805.50**

1.16 **
16.11 **
0.

Parents vs Crosses

28866.5 **
11983.26 *

477937.7 **

1.14 **
15.87 **

34.61 **
208.40 **

3.69 * 14.38 **

23.49 **

339714.29 **
2075815.44 **

Crosses

8171.28
11659.37 **

78.33 **

4
11

44

Line effect

5684.70 **

0.07 05

21.15

2.63

11.51 *

2.35
2.23
1.63
2.34

101856.50
241351.36

Tester effect

28866.5 **

477937.7 **

0.08 **
0.

0.07 **
0.01
0.70

2281 85+ %

8.57 *
4.32

Line x Tester effect

Error

717.79
16368.91

1218.29

27539.95

01

2.06
16.41

5.09
10.24

131202.32
246493.35

1

0.7

26

5.

153

Total

=0.01

0.05; **Significant at P

*Significant at P:

significantly different from each other. This was
reflected by the presence of average heterosis as
evidenced by the significance of parents versus
crosses with single degree of freedom. The findings
are consistent with the findings of Gurav et al. (2000).

The variance due to lines and their interaction was
significant for majority of the characters according to
the analysis of variance for combining ability. Lines
had significant effect on all the characters studied
except for TSS and seedling dry weight. Kumar and
Gowda (2016) recorded similar findings in tomato for
fruit shelf life.

As such testers had no effect on the fruit quality traits
studied but had significant effect on seed quality
parameters except on seedling vigour-II. Mean sum
of squares due to lines and lines x tester interaction
were found significant for most of traits studied
indicating both GCA and SCA variance to be equally
cardinal in the inheritance of all the characters under
investigation.

The general combining ability effects of lines and
testers are presented in the Table 3. Identification of
parents based on per se performance may not be
reliable to make heterotic hybrids, GCA of parents
for a particular trait would reflect in SCA of a specific
cross combination due its interactive effect. Hence
selection of line/ tester based on its GCA effect has
greater importance in planning a breeding programme.

Fruit yield being a complex trait, expression of this
depends upon number of other contributing characters
like fruit weight and fruit diameter. For these traits
line-4 exhibited significant effect on fruit weight and
fruit diameter which in turn results in increased yield.
Testers as such had no significant effect on the fruit
yield characters. The findings are in agreement with
Lal and Kaur (2002).

Line-1 had negative significant effect on cavity size
which is important for smaller cavity in hybrid which
is preferable by the consumers and also had
significant effect on germination percentage of seed.
Tester-1 had significant negative effect on cavity size
(-1.38) which is preferable. Tester-1 and line-2 had
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TABLE 3

General combining ability effects of lines and testers (parents) for seed and fruit quality traits in Muskmelon

Lines Fruit weight  Cavity Fruit TSS Germination Shoot Root SVI-1 SVI-I
(grams) Size (cm) Diameter (cm) (p Brix) (%) Length (cm) length (cm)
Line-1 -388.17 ** -1.57 ** -1.90 ** -0.20 4.86 ** -0.63 ** -0.63 ** -25.78 ** 32,67 **
Line-2 249.65 ** -0.089 ** 1.29 ** 0.34 0.40 1.20 ** 1.21 ** 215.32 ¥*  40.47 **
Line-3 -181.13 ** -0.33 -1.94 ** -0.40 -1.71 ** 0.48 ** 0.49 ** 51.38 ** -38.15 **
Line-4 316.45 ** 0.50 1.87 ** -0.40 -0.88 ** -0.49 ** -0.49 ** -98.48 **  -13.21 *
Line-5 3.2 0.51 0.67 0.67 -2.67 ** -0.56 ** -0.57 ** 142,44 ** _21.78 **
SEm + 82.43 0.28 0.52 0.46 0.29 0.02 0.02 7.12 5.46
CD at 95% 164.95 0.57 1.04 0.93 0.58 0.04 0.05 14.25 10.94
Testers

Tester-1 -18.68 -1.38 ** -1.08 -1.28 0.59 0.10 ** 0.08 * 23.72 * 32.73 **
Tester-2 -84.98 -0.14 0.49 0.11 1.89 ** 0.06 0.08 48.43 ** 9.09
Tester-3 -114.98 -0.11 0.16 -0.38 -0.008 0.05 0.05 9.92 -32.54 **
Tester-4 125.41 0.12 0.37 -0.28 -0.30 0.06 0.05 4.99 48.95 **
Tester-5 179.41 -0.04 0.72 -0.08 -0.04 -0.02 -0.01 -10.21 2.77
Tester-6 -111.48 -0.08 -0.03 -0.38 -1.70 ** 0.02 0.002 -29.69 **  -19.14 *
Tester-7 -130.38 0.02 -0.42 -0.08 -1.90 ** 0.05 0.03 -25.63 * -59.29 **
Tester-8 -2.7 0.41 0.22 -0.28 -1.60 ** -0.11 ** -0.08 * -44.02 ** -32.53 **
Tester-9 40.71 0.17 0.34 0.21 -0.05 0.04 0.04 -2.23 20.29 *
Tester-10  109.21 0.34 -0.16 0.51 2.59 ** -0.006 -0.02 42.84 ** 2590 **
Tester-11 15.91 0.50 -0.63 0.81 -0.30 -0.10 ** -0.09 * -22.65 * -33.69 **
Tester-12 -7.38 0.18 0.06 1.11 1.69 ** -0.15 ** -0.13 ** 4.52 37.48 **
SEm + 127.71 0.44 0.80 0.72 0.45 0.03 0.04 11.03 8.47
CD at 95% 255.15 0.89 1.61 1.44 0.90 0.07 0.08 22.08 16.95

*Significant at P=0.05;

significant effect on all the seed quality parameters
studied except for germination percentage. Tester-10
and Tester-12 had significant effect on germination
percentage trait. This indicates that though some
parents are inferior, interaction among the lines and
testers has contributing for the crosses to perform
superiorly. It is appealing to note that line-2 is most
promising for fruit weight and fruit diameter. The
similar results were reported by Al-araby (2004) and
Choudhary et al. (2006) in Muskmelon.

The specific combining ability effects of top performing
crosses are presented in Table 4. Out of sixty crosses
which five cross combinations found to be significant
and exhibited significant SCA effects in the desirable
direction. The cross 1L x 4T was the best specific
combination for fruit cavity (negative effect) and
positive SCA effect for seedling vigour index-I and
seedling vigour index-II.

**Significant at P=0.01

The crosses SL x 1T and 3L x 12T found to be
significant in desirable direction for fruit weight and
fruit diameter. The cross combinations 1L x 5T and
2L x 1T was found significant for TSS.

Few hybrids were result of cross between either one
prominent and one poor combiner or from two poor
combiners. The high prevalence of non-additive gene
action in these hybrids suggested that once the
beneficial genes were to be identified, a hybrid
development programme may improve even better.
To take the advantage of this form of gene activity,
the best breeding activity to accumulate favorable
genes through reciprocal recurrent selection. These
results are in comparison with findings of
aravindakumar et al. (2005).

It was observed that the cross combination 3L x 11T,
3L x 12T and 5L x 1T had significantly higher SCA
values for fruit weight and fruit diameter traits. Cross
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TaBLE 4

Estimates of specific combining ability effects in top performing hybrids for
seed and fruit quality traits in muskmelon

Crosses Fruit weight Fruit cavity Fruit TSS Germination Shoot Root SVI-1 SVI-1
(g) size (cm) diameter (cm) (0 Brix) (%) Length (cm) length (cm)

1L x 4T -390.52 -4.40 ** -7.01 ** -8.30 ¥* 543 ** 0.18 * 0.12 120.75 **  84.03 **
IL x 5T 56.37 0.25 1.98 3.00* -2.46* -0.02 0.04 -41.13 -30.29
2L x IT 75.14 -0.12 -0.35 3.65* -7.5 -0.30 -0.25 -197.48 -150.24
3L x 12T 1171.33 ** 1.46 6.13 ** -1.19 -0.98 -0.21 -0.21 -52.34 -7.36
SLx IT 745.13 ** 0.53 4.34 ** -0.49 2.57 * -0.02 -0.07 38.08 4391 *
SEm + 256.12 0.90 1.59 1.47 1.01 0.08 0.09 24.69 18.95
CD (0.05) 512.50 1.80 3.19 2.94 2.03 0.17 0.190 49.38 37.90

*Significant at P=0.05; **Significant at P=0.01

combination of 3L x 1T had higher sca value for fruit
cavity size trait, similar studies have been reported by
Munshi and Verma (1997) and Gurav et al., (2000).
Total soluble solids trait was significant for crosses
1L x 4T, 1L x 5T and 2L x 1T, similar effects were
reported by Liou et al., (1995).

Heterosis is the manifestation of hybrid vigour.
The heterotic effect of hybrids is due to cumulative
effect of divergent alleles from two contrasting
parents. The present investigation involving
seventeen parents (five lines and twelve testers) and
their sixty hybrids were evaluated to determine the
magnitude of heterosis over parental mean, better
parent and standard check hybrid (Akany). Inclusion
of a commercial hybrid as a standard check is

desirable over a variety, as increase in yield over a
prevailing hybrid that would enable detecting hybrids
for large scale cultivation aiming at increased
productivity.

Fruit weight and fruit diameter are important traits
having a positive association with fruit yield. The
highest significant positive heterosis for fruit weight
and fruit diameter was recorded by 4L X 4T
(182.13%), SL X 1T (93.38%) for mid-parent heterosis,
respectively.

Highest significant positive heterosis for fruit weight
and fruit diameter was recorded by SL X 1T (148.58%)
and 4L X 8T (86.96%) for better parent heterosis. A

large number of crosses showed the significant

TABLE 5

Estimates heterosis for fruit and seed quality traits in muskmelon

Characters Mid parent heterosis Better parent heterosis Standard heterosis
Fruit weight (g) 4LX4T 18213 ** SLXIT 14858 ** BALXI1IT 12115 **
Fruit cavity size (cm) ILX1T -151.58 * ILX1T -149.00 * ILX1T -15751 *
Fruit diameter (cm) SLXI1T 9338 ** 4LX8T 8696 ** 4L X 8T 7200 **
TSS (p Brix) SLX 12T 4286 * SLX 12T 3889 4LX 11T 2775
Germination (%) ILXIT 1333 ** ILX 12T 1190 ** 1ILX4T 324 *
Shoot Length (cm) 2LX 11T 2978 ** BLXI1IT 23.18 ** 2LX 11T 299 *
Root Length (cm) 2LX 11T 2903 ** 2LX 12T 3737 ** 2LX 11T 294 *
Seedling vigour index-I 2LX 12T 3640 ** 2LX2T 3307 ** 2LX2T 2.59
Seedling vigour index-I1 ILXA4T 4224 ** ILX4T 3461 ** 1ILX 4T 6.81 **

*Significant at P=0.05; **Significant at P=0.01




Mysore J. Agric. Sci., 56 (2) : 264-270 (2022)

M. J. RAMYA AND P. J. DEVARAJU

heterosis in desirable direction for the traits attributing
to fruit yield. The highest standard heterosis was
exhibited by 3L X 11T (121.55%) for fruit weight and
4L X 8T (72%) for fruit diameter.

The highest negative heterosis was exhibited by
IL X IT for fruit cavity trait which contributes to
smaller seed cavity in hybrid. It’s important to note
that line-1 was used in most of the crosses which
exhibited significant heterosis, which is a good
combiner for seed cavity size. Germination per cent,
ILX 1T (13.33%), IL X 12T (11.90%) and 1L X 4T
(3.24%) exhibited significant mid-parent, better-parent
and standard heterosis, respectively. Shoot length an d
root length hybrid 2L X 11T exhibited significantly
higher mid-parent (29.78%, 29.03%), Standard
heterosis (2.99%, 2.94%) and significantly higher
better-parent heterosis was reported in 3L X 11T
(23.18%) for shoot length and 2L X 12T reported
higher better parent heterosis (37.37%).

Highest significant mid-parent (36.40%) heterosis for
seedling vigour index-I was recorded by 2L X 12T
and 2L X 2T recorded higher better parent and
standard heterosis. 1L X 4T recorded significantly
higher mid-parent (42.24 %), better-parent (34.61 %)
and standard heterosis (6.81 %). Munshi and Verma
(1997) and Mohanty and Mishra (1999) reported
similar findings in muskmelon.

The present investigation revealed that three hybrids
viz., 3L x 12T, 5L x 1T and 1L x 4T were found
promising and they were significantly better with the
commercial check for fruit weight and fruit diameter
along with other important attributes. The results of
the present investigation were based on single location
evaluation. Thus, the above three F, hybrids could be
tested over multi-locations to make the results more
reliable and to identify stable hybrids.

Acknowledgement : The authors are grateful to the
Orbi Seeds International Pvt. Ltd. for research material
and funding.

REFERENCES

AL-ARABY, A. A., 2004, Breeding studies on cucumber crop
(Cucumis sativus L.). M.Sc. Thesis, Faculty of
Agriculture. Tanta University. (Original not seen)

ANoNnyMous, 2017, Horticulture Statistics at a Glance,
www.agricoop.nic.in.

ARAVINDAKUMAR, J. S., PRABHAKAR, M., PrrcHAIMUTHU, M.
AND Gowpa, N. C. N., 2005, Heterosis and combining
ability studies in muskmelon (Cucumis melo L.) for
earliness and growth parameters. Karnataka J. Hort.,
1(4):12-19.

BanGa, S. S. anp Banaa, S. K., 2000, In . Hybrid Cultivar
Development, pp. 17-31.

CHOUDHARY, B. R., FAGERIA, M. S., PANDEY, S. AND RAI, M.,
2006, Combining ability studies for economic attributes
in muskmelon. Veg. Sci., 33 (2) : 185-187.

Gurav, S. B., Wavnar, K. N. anp Navatg, P. A., 2000,
Heterosis and combining ability on muskmelon.
J. Maharashtra Agric. Univ., 25(2) : 149 - 152.

JagTar, V. S., 2010, Heterosis and combining ability in
muskmelon (Cucu mis melo L.)., Ph.D. Thesis (Unpub.)
Mahatma phule krishividyapeeth, Rahuri, Maharashtra.

Kampi, S. R., ManJaRE, M. anDp SusHIr, K. V., 2011,
Combining ability analysis for forage yield a nd yield
contributing characters in sweet sorghum (Sorghum
bicolor (L.) Moench). Mysore J. Agric. Sci., 45 (4) :
837-843.

KEMPTHORNE, O., 1957, An Introduction to Genetic
Statistics, John Willy and Sons Inc., New York.

KOELREUTER, J. G., 1763, Methods of plant breeding. In :
Haks, H. S., Immer, F. R. and Smith, D. C., (eds). McGraw
Hill Book Co. Inc, New York.

KumaRr, S. anp Gowpa, P. H. R., 2016, Estimation of
heterosis and combining ability in tomato for fruit
shelf life and yield related traits using the line x tester
crossing method. Mysore J. Agric. Sci., 50 (2) :
400 -404.

269

1]
)
S
3
5
A
~
N
§
S
2
80
~
S
~
S
-
\
®
S
Q2
Q
~
=




Mysore J. Agric. Sci., 56 (2) : 264-270 (2022) M. J. RAMYA AND P. J. DEVARAJU

LaL, T. anD KAUr, R., 2002, Heterosis and combining
analysis for important horticultural traits and reaction
to downy mildew in muskmelon (Cucumis melo L.)
J. Res. Punjab Agric. Univ.,39 (4) : 482 - 90.

LestEr, G. E. aND Hopges, D. M., 2008, Antioxidants
associated with fruit senescence and human health :
Novel orange fleshed non-netted honey dew melon
genotype comparisons following different seasonal
productions and cold storage durations.Postharvest
Biol. Tec.,48 (3) : 347 - 354.

Liou, L. J,, L1, S. M. axp Ly, S. Q., 1995, Study on breed
cross between the thin skinned muskmelon (ssp.
conmon) and the thick-skinned muskmelon (ssp. melo)
: expression of F, hybrid and analysis of combining
ability for theparents. Acta Hort., 402 : 48 - 51.

MoHANTY, B. K. AND MisHrA, R. S., 1999, Studies on
heterosis for yield andyield attributes in pumpkin
(Cucurbita moschata Duch. ex. Poir.). Indian. J. Hort.,
56:173-178.

MunsHI, A. D. AND VERMA, V. K., 1997, Studies of
heterosis in muskmelon. Veg. Sci., 24 (2): 103 - 06.

PiTrAT, M., 2008, Melon. In: Prohens, J. and Neuz, F. (eds)
Vegetables 1. Asteraceae, Brassicaceae,
Chenopodiaceae and Cucurbitaceae. Springer, New
York. Pp., 283 -315.

VARINDER, S. AND Vasisut, V. K., 2018, Heterosis and
combining ability for yield in muskmelon (Cucumis melo
L.) Int. J. Curr. Microbiol. App. Sci., 7 (8) : 2996 - 3006.

(Received : September 2021 Accepted : April 2022)

el
S
Q
S
)
X
)
A
=
)
1 NG
3
~
S|
2
N
Y}
A
S
5
~
S
N
I
S
\
N
~
S
@
e
v
=
&~

270




	Q to Z.pdf

