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Plant growth regulators' effects on various pomegranate cv. Sindhuri
explants cultured in vitro
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The nodal segment, shoot apex, and leaf explant of the Sindhuri cultivar of
Punica granatum were planted on MS Medium supplemented with varying
concentrations of auxins and cytokinins single or in combination in order
to induce calluses and shoot buds. The best media to induce shoot buds in
nodal segment explants was found to be MS media supplemented with 2.0

mg/1 BAP. The highest degree of shoot bud induction in shoot apex explants
was observed with MS media having 2.5 mg/1 BAP. Rich callus induction was
accomplished in shoot apex explants by utilizing MS medium supplemented
with 2.0 mg/l BAP. The best media for inducing callus in leaf explants was
found to be MS media supplemented with 1.0 mg/l BAP+1.0 mg/l NAA.
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INTRODUCTION

he family "Punicaceae”" includes the pomegranate (Punica granatum
L.). It originated in Iran and spread over Asia, Africa, and Europe's
Mediterranean region. It contains 2n=2x=16/18 chromosomes. India
leads the globe in pomegranate production. India has seen a notable
expansion in both area and production during the past ten years. During
this time, India's pomegranate exports have increased by 3.5 times [1-4].

North Indian states that have recently begun to cultivate pomegranates
are recommended to investigate the viability of doing so in non-
traditional locations as this could lead to increased yield. The economic
standing of the farmers in these states would greatly benefit from this.
Despite being the world's largest producer, India's export share of
pomegranates is just about 14% of the total, compared to China's 34%
and Iran's 29%, who both have 50% and 33% less land than India [5].

In Rajasthan, pomegranate cultivation is quite popular, and Sindhuri is
one of the prominent varieties grown in the region. The primary producing
districts of pomegranates are Barmer, Jalore, Jodhpur and Chittorgarh. Micro
propagation techniques can be particularly useful in maintaining the genetic
purity and health of these plants. The aim of the current research is to evolve
a dependable methodology for in vitro shoot and callus induction from nodel
segment, shoot apex, and leaf explants in order to generate true-to-type plants.

MATERIALS AND METHODS

The Punica granatum cv. Sindhuri was the subject of the current study research.
The Department of PBG, Sri Karan Narendra COA, Jobner, provided shoot
apexes, nodal segments and leaves for use as explants from healthy trees.
Every chemical utilized in this investigation was of analytical quality. During
the investigation, Skoog Medium and Murashige were used. Various surface
sterilization treatments were used to sterilize each explant. Leaves, shoot
apexes, and nodal segments with two to three nodes were gathered and
utilized as explants. Following that, the explants were properly cleaned for 20
minutes under running water and then for 10 minutes while being vigorously
shaken, they were cleaned with liquid detergent (RanKleen). Explants were
first cleaned with detergent and then again for five minutes to get rid of
any remaining soap residue under running tap water. Antioxidant solution
treatment (150 mg/1 ascorbic acid and 100 mg/L polyvinylpyrrolidone) was
applied to isolated nodal segments by soaking them in the solution for 20
minutes at a time under a laminar air flow hood, followed by 3 washes with
sterile double distilled water. After 45 minutes in a laminar air flow hood
with a fungicide (Bavistin) solution (1 mg/l), nodal segments were again
washed three times with sterile double distilled water. Lastly, explants were
placed in a laminar air flow cabinet and surface sterilized with 0.1 percent
HgCl,. While shoot apex and leaves were sterilized for three to four minutes
and one to two minutes, respectively, nodal segments were sterilized for five

to six minutes. After giving them a complete four to five rounds of washing
in sterile double-distilled water, these were injected into culture media that
had been enhanced with different amounts of plant growth regulators.
Under fluorescent lighting, all cultures were incubated at 25+2°C during a
photoperiod of 14:10.

Plant growth regulators

Direct shoot proliferation: To promote direct shoot proliferation from
the nodal segment and shoot apex, various concentrations of plant
growth regulators were added to the MS Medium both individually and in
combinations.

1. Individual PGRs supplemented to the media.

BAP/Kn and NAA/IBA: 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mg/1
2. Plant growth regulators combined or added

(1.0 and 2.0 mg/1) BAP/Kn+(1.0 and 2.0 mg/1) NAA/IAA

3. The control in each experiment was MS basal medium supplemented
with no growth regulator.

Induction of callus: In order to induce callus, shoot apex and leave explants
were injected into a medium supplemented with varying concentrations of

PGR.

1. Individual PGRs supplemented to the media.

BAP/Kn & NAA/IBA: 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mg/1
2 Plant growth regulators combined or added

(1.0 and 2.0 mg/1) BAP/Kn+(1.0 and 2.0 mg/1) NAA/IAA

3. The control in each experiment was MS basal medium supplemented
with no growth regulator.

The study employed a CRD and the data were subjected to standard error and
mean analysis in accordance with Snedecor and Cochran's [6] methodology.
After transforming the values for each replication's shoot and root induction
from explants using square root transformation, the standard error for each
number of induction was determined as follows:

]

Where, Y=original value.
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RESULTS AND DISCUSSION
Impact of PGRs

These explants reacted differently when transferred on media supplemented
with varying doses of PGRs.

Impact of cytokinins

Different pomegranate explants responded differently to cytokinins. In leaf
and shoot apex explants, callus inductions were primarily seen and in shoot
apex and nodal segment explants, shoot bud inductions.

Impact of single-dose BAP added in medium (0.5-3.0 mg/l): Within 16
to 18 days of inoculation, the nodal segments were initiated to stimulate
shoot bud proliferation at all BAP levels (0.5-3.0 mg/1). Induction of the
maximum number of shoot buds (1.9) was noted at 2.0 mg/1 BAP with 100%
frequency (Table 1 and Figure 1). Shoot apex explants were injected with
varying concentrations of BAP (0.5-3.0 mg/1) on MS media. Within two to

TABLE 1

three weeks of incubation, callus and shoot buds were seen at all levels. At
2.5 mg/1 BAP, the highest number of shoot bud induction (2.3) was seen
with 100% frequency (Figure 2). Following 16 to 20 days of incubation, the
base of shoot apex explants incubated at varying BAP concentrations (0.5-
3.0 mg/1) likewise developed a small light green, semi-compact callus. The
fresh callus weight that was highest (0.80 g) was recorded at a BAP level
of 2.0 mg/l, while the lowest (0.57 g) was recorded at a BAP level of 0.5
mg/l and 3.0 mg/l. The abundant callus did not exhibit any morphogenesis
and differentiated at 2.0 mg/l BAP when it was placed on repeated sub
cultures at different levels of BAP. Upon microscopic analysis, only loose
parenchymatous cells were visible in this callus.

The reaction of the leaf explants was different from that of the shoot apex
and the nodal segment; only callus multiplied. After the injection, callus
induction began 24 to 28 days later. 0.5-3.0 mg/l BAP was used to create
light green callus. With 100% frequency at 1.5 mg/l BAP, the highest callus
weight (0.77 g) was recorded, and 2.0 mg/l BAP (0.62 g) came next (Table 1
and Figure 3).

Morphogenetic effects of varying concentrations of BAP (cytokinin) applied separately in the MS medium on nodal segment, shoot

apex, and leaf explants among other explants

Callus Shoot multiplication
Concentration Response (%)
(mg/l) Days (taken) for Fresh callus Days (taken) for  Number of shoot buds/ Shoot length Response
callus initiation weight (g) sprouting explant (cm) (%)
Nodal segment explant
0.5 - - - 17.5 1.2+0.15 6.08 £ 0.12 100
1 - - - 17.1 1.3+0.15 6.28 + 0.07 100
1.5 - - - 17.2 1.3+0.13 6.35+0.12 100
2 - - - 17.5 1.9+0.20 6.87 £ 0.11 100
2.5 - - - 16.3 1.4+0.15 6.22+0.12 100
3 - - - 17.4 1.3+0.10 5.94 +0.08 100
Shoot apex explant
0.5 100 17.7 0.57 (+) 12.4 1.7+0.15 5.93+0.09 100
1 100 18.5 0.60 (++) 13.1 1.7+0.15 6.00 +£0.13 100
1.5 100 17.2 0.60 (++) 13.2 1.8+0.13 6.15+0.08 100
2 100 19 0.80 (+++) 12.8 2.2+0.20 6.27 £ 0.15 100
25 100 18 0.63 (++) 13.5 2.3+0.15 6.42 +0.09 100
3 100 171 0.57 (+) 14.5 1.9+£0.10 5.86 +0.09 100
Leaf explant

0.5 90 27.9 0.55 (+) - - - -

1 100 271 0.58 (+) - - - -

1.5 100 24.9 0.77 (+++) - - - -

2 90 25.8 0.62 (++) - - - -

25 80 26.3 0.59 (+) - - - -

3 70 27 0.54 (+) - - - .

Note: +++=Profuse callus, ++=Medium callus, +=Slight callus.
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2.0mg/1

Figure 1) Induction of shoot buds in a nodal segment explant on medium (MS) enhanced with BAP ©

2.5mg/1

Figure 2) Initiation of shoot buds in the shoot apex explant on medium (MS) enriched with BAP ©

Figure 3) Initiation of callus in a leaf explant on medium (MS) enriched with BAP © 1.5 mg/1

Impact of Kn applied separately in medium (0.5-3.0 mg/1): Within 15 to
17 days of inoculation, nodal explants at all Kn doses (0.5-3.0 mg/1) began
to grow. At 2.5 mg/l, the maximum shoot bud (1.7) was seen with 100%
frequency (Table 2 and Figure 4). After two weeks of incubation, the shoot
apex explants began to develop in kinetin enriched media. Similar to BAP,
shoot bud induction was seen in 14-17 days at all kinetin doses. With 100%
frequency, the maximum shoot bud induction (1.7) was noted at the 2.5
mg/l Kn level (Figure 5). Within 14-17 days of inoculation at all Kn levels,
callus induction was initiated in the shoot apex explant in the kinetin

AGBIR Vol.39 No.6 Nov 2023

supplemented media. The highest callus induction of 0.73 g was noted at a
frequency of 100% with 2.0 mg/1 Kn. With rising Kn levels, callus induction
and its frequency gradually increased until declining at higher levels (Table
2). Within 8 to 12 days of inoculation, an increase in leaf size was observed
in leaf explants cultured on MS medium supplemented with varying levels of
Kn. At all Kn levels, callus induction was seen on leaf explants. At 1.5 mg/1
Kn, the highest brownish green callus proliferation (0.70 g) was seen with
100% frequency (Figure 6).
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TABLE 2

The morphogenetic impact of different cytokinin (Kn) concentrations added separately in the medium (MS) on distinct explants,
such as the nodal segment, shoot apex, and leaf

Callus Shoot multiplication
com(::\r;]tlﬁtion Response (%) Days (taken) for Fresh callus Days (taken) for Number of shoot
callus initiation weight (g) sprouting buds /explant Shoot length (cm) Response (%)
Nodal segment explant
0.5 - - - 17 1.3+0.15 5.96 + 0.08 100
1 - - - 15.3 14+ 0.16 6.16 + 0.08 100
1.5 - - - 16.7 1.4+0.16 6.26 + 0.11 100
2 - - - 16.3 1.5+0.17 6.15+ 0.07 100
25 - - - 15.8 1.7+0.15 6.45 + 0.08 100
3 - - - 16.5 1.5+0.16 5.88 £ 0.09 100
Shoot apex explant
0.5 60 16.8 0.56 (+) 10.9 1.2+0.13 5.94+0.24 80
1 80 16 0.58 (+) 11.3 1.3+0.15 6.19 +0.20 90
1.5 100 15.7 0.60 (++) 10.5 1.3+0.15 6.16 + 0.21 90
2 100 16 0.73 (+++) 1.4 1.5+0.16 6.10 + 0.09 100
25 100 15.1 0.63 (++) 11.8 1.7+0.15 6.54 + 0.06 100
3 80 14.5 0.61(++) 1.9 1.3+0.15 5.99 £0.23 90
Leaf explant
0.5 70 31.2 0.59 (+) - - - -
1 100 327 0.62 (++) - - - -
1.5 100 31 0.70 (+++) - - - -
2 100 33.1 0.61 (++) - - - B
25 100 30.7 0.61 (++) - - - -
3 100 29.5 0.55 (+) - - - -

Note: +++=Profuse callus, ++=Medium callus, +=Slight callus.

Figure 4) Initiation of shoot buds in a nodal segment explant on media (MS) enriched with Kn © 2.5 mg/1
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Figure 5) Shoot apex explant on medium (MS) supplemented with Kn © 2.5 mg/1 for shoot bud initiation with callus

Figure 6) Initiation of callus in leaf explants on media (MS) enriched with Kn € 1.5 mg/1

Effect of auxins

Auxins produced varying morphogenic responses in the nodal segment,
shoot apex, and leaf explants. For every explant of the pomegranate cultivar
Sindhuri, there was a predominant observation of shoot multiplication/
callus and/or root induction.

Impact of a single, medium-added dose (0.5-3.0 mg/l) of IBA: Upon
incubating nodal segments on MS medium added with varying IBA
concentrations, shoot bud induction was initially detected at 13 to 16 days’
postinoculation at all IBA concentrations (0.5-3.0 mg/1). At 1.5 mg/l IBA,
the highest number of shoot buds (1.7) were seen with 100% frequency.
Conversely, between 2.5 and 3.0 mg/1 IBA, the fewest shoot buds (1.3) were
noted. By increasing IBA concentration to 1.5 mg/l improved the induction
of shoot buds. Nevertheless, the induction of shoot buds was gradually
inhibited as the concentration of IBA increased (>1.5 mg/l1). The length of

AGBIR Vol.39 No.6 Nov 2023

the shoots was likewise impacted by varying IBA concentrations. The dose
of 1.5 mg/1 IBA produced the longest shoot (6.32 cm), which was followed
by 2.5 mg/1 IBA (6.17 cm). Lowest shoot length (5.81cm) was observed at 3.0
mg/l (Table 3). Shoot apex explants were injected with varying concentrations
of IBA (0.5-3.0 mg/1) on MS media. Root induction, callus, and shoot buds
were mostly seen. Within 13-17 days of the inoculation, callus induction was
initiated at the base of the shoot apex explant. At 100% frequency, 1.0 mg/1
IBA produced the highest callus induction (0.66 g), which was followed by
1.5 mg/1(0.61 g). At 1.0 mg/1 IBA, the highest shoot bud (1.6) induction was
seen, and at 100% frequency, 1.5 mg/l IBA was seen 1.5 mg/1 IBA produced
the maximum shoot length (6.0 cm), which was followed by 2.5 mg/l IBA
(5.76 cm). Similar responses to shoot length were seen when the level of IBA
was increased, as was the case with shoot bud induction at various IBA levels.
At 1.0 mg/1 IBA, there was abundant root induction; however, in shoot apex
explants, root induction was totally suppressed at higher IBA concentrations

(Table 3).
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TABLE 3

The morphogenetic impact of varied auxin (IBA) concentrations added separately in the medium (MS) on distinct explants, such as

the nodal segments, shoot apexes, and leaves

Callus
Concentration

Shoot multiplication

Response (%)

(n Do oeritor Caue(Cresn)  Daye(aken) o Numbor of 50091 Shootangt ) Respanse
Nodal segment explant

0.5 - - - 15.2 1.4+0.16 5.93+0.10 70
1 40 215 (R++)6.5 + 0.03 15.1 14+ 0.16 6.03 £ 0.08 80
1.5 - - - 14.5 1.7+0.15 6.32 + 0.04 100
2 - - - 13.6 1.6 +£0.16 6.02 + 0.09 100

25 - - - 14.8 1.3+£0.15 6.17 £ 0.06 70
3 - - - 15.2 1.3+ 0.15 5.81+0.010 60

Shoot apex explant

0.5 100 16.8 0.57 (+) 11.5 1.4 +0.16 R* 5.24 +£0.10 100
1 100 15.9 0.66 (++) 1.3 1.6+0.16 R*™" 5.74 £ 0.09 100
1.5 100 15.6 0.61 (++) 10.9 1.5+0.17 R* 6.00 + 0.08 100
2 80 15.2 0.60 (++) 10.2 1.4 +0.16 R* 5.75+0.05 100

25 70 13.9 0.59 (+) 11.8 1.3+0.15 - 5.76+0.10 100
3 60 14 0.57 (+) 10.9 1.3+0.15 - 5.49 + 0.06 100

Leaf explant

0.5 100 26 0.60 (++) - - - -
1 100 26.8 0.62 (++) - - - -
1.5 100 27.7 0.64 (++) - - - -
2 100 27.3 0.75 (+++) - - - -

25 100 27.2 0.64 (++) - - - -
3 100 26.1 0.62 (++) - - - -

Note: +=Slight callus, ++=Medium callus, +++=Profuse callus, R+= Slight roots, R**= Medium roots, R***=Profuse roots.

Within 26 to 28 days of inoculation, leaf explants on IBA-supplemented
medium showed the induction of light brown greenish callus at all IBA
concentrations (0.5-3.0 mg/1). At 2.0 mg/1 IBA, 100% frequency allowed for
the observation of the maximum callus proliferation (0.75 g). Callus growth
was reduced with further increases in IBA in leaf explants (Table 3).

Impact of single-dose NAA (0.5-3.0 mg/l) given to medium: Within 14 to
16 days after inoculation, shoot bud induction was initiated in the nodal
segment at all NAA concentrations (0.5-3.0 mg/1). A maximum of 1.6 shoot
buds was detected at a frequency of 100% when using 2.0 mg/l NAA (Table
4). When the shoot apex explant was injected into MS media that had
varying NAA concentrations added to it (0.5-3.0 mg/1). At every NAA level,
callus, shoot buds, and roots were all observed with 100% frequency, with
the exception of the root. Within 14 to 16 days of inoculation, light green
callus induction was initiated at the base of the shoot apex explant. At 2.0
mg/NAA, the highest callus weight (0.67 g) was noted. At 1.5 mg/l NAA,
the longest shoot length (6.34 cm) was recorded, and it was followed by 0.5
mg/1 (6.06 cm). The length of the shoot buds was shortened by raising the
NAA levels (>1.5 mg/1). 0.5 mg/l NAA showed abundant roots, while greater

concentrations entirely suppress it (Table 4).

During the first 10 to 12 days of incubation, leaf explants cultured on
MS media supplemented with different concentrations of NAA showed
an increase in leaf size. Within 26-30 days of incubation with 70-100%
frequency, induction of light brown callus was seen from the cut ends of leaf

explants at all NAA levels (0.5-3.0 mg/1). 3.0 mg/I NAA produced the largest
728

callus weight (0.65 g), which was followed by 2.5 mg/1 (0.63 g) with 100%
frequency (Table 4).

Impact of combined additions of cytokinins (BAP/Kn) and auxins (IAA/
NAA) to the basal medium

When added together in MS media, cytokinins and auxins either caused
shoot buds/callus/roots in the nodal segment, shoot apex, and leaf explants.

Impact of auxin (NAA)+cytokinin (BAP): In nodal segment explants, (1.0
and 2.0 mg/1) NAA and (1.0 and 2.0 mg/1) BAP together produced only
shoot buds with 100% frequency within 14-16 days of incubation. Induction
of the highest shoot buds (1.6) was noted at 1.0 mg/l BAP+1.0 mg/l NAA
(Table 5 and Figure 7).

In 14-16 days and 14-17 days, respectively, the injection of a shoot apex
explant on medium supplemented with a mixture of BAP (1.0 mg/l and 2.0
mg/1) and NAA (1.0 mg/1 and 2.0 mg/1) produced a shoot bud and callus.
The leaf explant did not respond for a considerable amount of time. After
23-27 days of incubation at BAP (1.0 mg/l and 2.0 mg/)+NAA (1.0 mg/1
and 2.0 mg/1), a later semi-compact, greenish yellow callus began to form
from the cut surface of the explants. At 100% frequency, the greatest callus
(0.85 g) proliferation was recorded at 1.0 mg/l NAA+1.0 mg/1 BAP. (Figure
8). During the cultural process, the semi-compact greenish yellow callus that
was created at the ends of the leaf explants was powerful and utilized for
shoot morphogenesis (Table 5).
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TABLE 4

The morphogenetic impact of varied auxin (NAA) concentrations supplied separately in the medium (MS) on distinct explants, such
as the nodal segments, shoot apexes, and leaves

Concentration Response (%) Callus §h?ot . Endo Endo Endo Endo
(mgll) multiplication

Days (taken) for Callus (Fresh) Days (taken) for Number of shoot

0,
callus initiation weight (g) sprouting buds/explant Shoot length (cm) Response (%)

Nodal segment explant

0.5 - - - 15.1 1.2+0.13 6.18 £ 0.07 100
1 - - - 14.4 1.4+0.16 6.16 + 0.07 100
1.5 - - - 14.7 14+ 0.16 6.22+0.10 100
2 - - - 15 1.6+0.17 6.44 £ 0.10 100
25 - - - 14.1 1.5+0.15 6.12 + 0.06 100
3 - - - 14.7 1.3+0.16 5.66 +£0.10 100

Shoot apex explant

0.5 100 16.3 0.58 (+) 12.3 1.3+ 0.15 R 6.06 + 0.09 100
1 100 151 0.62 (++) 10.2 1.3+£0.15R* 5.98 £0.14 100
1.5 100 14.3 0.63 (++) 10.6 1.4+0.16 R* 6.34 £ 0.08 100
2 100 15.6 0.67 (++) 10.6 1.7+0.15- 5.87 £0.10 100
25 100 13.4 0.60 (++) 1.2 1.56+0.17 - 5.78 £0.08 100
3 100 14.2 0.58 (+) 12.6 1.3+0.15- 5.75+0.09 100

Leaf explant

0.5 70 29 0.52 (+) - - - .
1 70 29.1 0.54 (+) . - - .
15 80 285 0.55 (+) . - - .
2 20 28.9 0.60 (++) - . - .
25 100 275 0.63 (++) - - . .
3 100 28.9 0.65 (++) - - - .

Note: +=Slight callus, ++=Medium callus, R*= Slight roots, R***=Profuse roots.

TABLE 5

The morphogenetic impact of varied concentrations of auxin (NAA) and cytokinin (BAP) added together in the MS medium on
distinct explants, such as the nodal segment, shoot apex, and leaf

Callus Shoot multiplication
Concentration Response (%)
(mgll) Days t'alfe.n for Fres'h callus Days take_an for  Number of shoot Shoot length (cm)  Response (%)
callus initiation weight (g) sprouting buds/explant
Nodal segment explant

BAP NAA (1.0 mg/l)
1 - - - 15.4 1.6 £0.16 6.15 + 0.06 100
2 - - - 15.3 1.5+0.17 6.20 + 0.03 100

BAP NAA (2.0 mg/l)
1 - - - 14.4 1.3+0.15 5.95+0.08 100
2 - - - 14.4 1.4+0.16 6.08 + 0.09 100

Shoot apex explant

BAP NAA (1.0 mg/l)
1 100 14.5 0.62 (++) 14 1.7+ 0.15R+ 6.01 +0.09 100
2 100 13.9 0.63 (++) 14.6 1.6 £0.16 R+ 5.92+0.08 100
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BAP NAA (2.0 mg/l)

1 100 13.3 0.60 (++) 14.3 1.4+0.16 5.85+0.09 100
2 100 145 0.58 (+) 16.3 1.3+0.15 5.72+0.14 100
Leaf explant

BAP NAA (1.0 mg/l)
1 100 23.9 0.85 (+++) - - - -
2 100 23.6 0.59 (+) - - - -
BAP NAA (2.0 mg/l)
1 100 23.4 0.60 (++) - - - -
2 100 26.8 0.63 (++) B - B )

Note: +++=Profuse callus, ++=Medium callus, +=Slight callus, R*= Slight roots.

730

Figure 7) Nodal segment explant with shoot bud induction on media (MS) added with 1.0 mg/l NAA+2.0 mg/l BAP

Figure 8) Callus formation in a leaf explant added with BAP © 1.0 mg/l and NAA © 1.0 mg/l on MS media
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Impact of auxin (IAA)+cytokinin (BAP): Only shoot buds were induced
in nodal segment explants within 15-17 days of inoculation with 100%
frequency for all combinations of BAP (1.0 mg/l and 2.0 mg/1) and IAA (1.0
mg/l and 2.0 mg/1). While the largest shoot bud (1.7) was found at 1.0 mg/1
BAP+2.0 mg/1 IAA, the longest shoot length (6.21 cm) was found at 1.0 mg/1
BAP+1.0 mg/l1 IAA. BAP and IAA alone were not enough to cause a callus to
form in nodal segment explants (Table 6). The first induction of shoot buds
was brought about by the interaction between BAP (1.0 mg/1 and 2.0 mg/1)
and IAA (1.0 and 2.0 mg/1), and later on, a slight to medium callus separated
from the base of the shoot explants. After the vaccination, callus induction
was initiated within 15-17 days. At 1.0 mg/1 BAP+2.0 mg/1 IAA, the highest
callus weight (0.65 g) was recorded. On the other hand, shoot bud induction
began in shoot apex explants within 14 to 15 days of inoculation at all levels
of combinations. At 2.0 mg/l BAP+1.0 mg/l IAA, the maximum shoot
length and highest shoot bud induction (1.8) were noted. Additionally, little
roots were seen in every combination (Table 2).

Within 25 to 27 days of the leaf explant being infected in MS media
supplemented with BAP and IAA, reddish brown callus induction began on
the cut ends of the explant. In leaf explants, every combination level caused
callus with 100% frequency. Induction of callus was highest (0.73) at 2.0
mg/l BAP+1.0 mg/l IAA.

Effects of auxin (NAA) and cytokinin (Kn): For the purpose of inducing
shoot buds, nodal segment explants were inoculated in Kn (1.0 mg/l and
2.0 mg/1) enriched medium (1.0 mg/l and 2.0 mg/l). Within 14-17 days
following inoculation, 100% of the time, shoot bud induction began. At
1.0 mg/1 Kn+2.0 mg/l NAA, the highest shoot length (6.09 cm) and highest
shoot bud (1.7) induction were noted. Kn and NAA alone were insufficient
to cause callus formation in nodal segment explants (Table 7). In response
to combined Kn (1.0 mg/1 and 2.0 mg/1) and NAA (1.0 mg/1 and 2.0 mg/1)
treatments, shoot apex explants generally showed callus and shoot bud
induction. Within 15 to 17 days of the inoculation, 100% frequency callus
induction was initiated at all combination levels. Induction of the highest

TABLE 6

callus (0.65 g) was noted at 2.0 mg/l Kn+2.0 mg/l NAA. After inoculation,
shoot bud induction was initiated 15-17 days later with 100% frequency. The
combination of 1.0 mg/l Kn+2.0 mg/l NAA produced the highest shoot bud
induction (1.6) and the longest shoot length (6.01) at 1.0 mg/l Kn+1.0 mg/1
NAA. Additionally, little roots were seen in every combination (Table 7).

After 25 to 27 days of inoculation, the morphogenetic response in leaf
explants cultured on Kn+NAA supplemented media began to take the shape
of compact reddish green callus induction on its cut ends. Every combination
level exhibits 100% frequency of callus induction. Induction of callus (0.60
@) was highest at 2.0 mg/l Kn+1.0 mg/l NAA.

Impact of auxin (IAA)+cytokinin (Kn): Kn (1.0 mg/l and 2.0 mg/l) and
IAA (1.0 mg/1 and 2.0 mg/1) supplements were added to MS medium for

the incubation of nodal explants. After the inoculation, shoot induction was
initiated 14-17 days later with 100% frequency. The longest shoot length
(6.05 cm) was recorded at 1.0 mg/l Kn+1.0 mg/l IAA, whereas the higher
shoot bud (1.7) was noted at 2.0 mg/l Kn and 1.0 mg/1 IAA. In shoot apex
explants, Kn (1.0 mg/l and 2.0 mg/l) and IAA (1.0 mg/l and 2.0 mg/1)
together produced callus induction and shoot buds. Within 13 to 17 days
of the inoculation, callus induction was initiated at every combination level
with 100% frequency. The callus with the highest value (0.63) was found
with 1.0 mg/l Kn+2.0 mg/l IAA. On the other hand, shoot bud induction
began at all levels of combinations with 100% frequency within 15 to 18 days
of inoculation. At 1.0 mg/l Kn+2.0 mg/l IAA, there was a higher shoot bud
induction (1.7), and at 2.0 mg/l Kn+1.0 mg/1 IAA, there was the greatest
shoot length (6.02). The measured medium roots were 2.0 mg/l Kn+1.0 mg/1
IAA (Table 8).

Within 24 to 26 days of inoculation, leaf explants cultured on MS medium
supplemented with Kn (1.0 mg/l and 2.0 mg/)+IAA (1.0 mg/l and 2.0 mg/1)
showed semi-compact mild green callus induction at 100% frequency across
all combination levels. A callus induction of the highest degree (0.67) was
seen at 1.0 mg/l Kn+1.0 mg/1 IAA.

The morphogenetic impact of varied concentrations of auxin (IAA) and cytokinin (BAP) added together in the medium (MS) on
distinct explants, such as the nodal segments, shoot apexes, and leaves

Callus

Shoot multiplication

Concentration Response (%)

e calus imitation _ welght @ sprouting | buds fexpiant  SNootlength cm)  Response (%)
Nodal segment explant
BAP 1AA (1.0 mg/l)
1 - - - 17 1.3 £0.15 6.21 +0.03 100
2 - - - 15.2 1.5+ 0.17 5.80+0.09 100
BAP IAA (2.0 mg/l)
1 - - - 16.4 1.7+0.15 5.94 £ 0.07 100
2 - - - 16 1.3+0.15 562+ 0.06 100
Shoot apex explant
BAP 1AA (1.0 mg/l)
1 100 16.5 0.59 (+) 15.3 1.7+ 0.15R+ 5.53+0.07 100
2 100 15.1 0.57 (+) 14 1.8+ 0.13 R+ 6.21 +0.07 100
BAP 1AA (2.0 mg/l)
1 100 16.1 0.65 (++) 14.8 1.6 £0.16 R+ 5.55+0.08 100
2 100 15.1 0.56 (+) 14.5 14 +0.16 R+ 5.50 + 0.06 100
Leaf explant
BAP 1AA (1.0 mg/l)
1 100 25.7 0.70 (+++) - - - -
2 100 25.2 0.73 (+++) - - - -
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BAP 1AA (2.0 mgll)

1 100 27 0.62 (++) - - - -

2 100 26.8 0.65 (++) . - - -

Note: +++=Profuse callus, ++=Medium callus, +=Slight callus, R*= Slight roots.

TABLE 7

Effect of varying concentrations of cytokinin (Kn) and auxin (NAA) combined with medium (MS) on the morphology of diverse
explants, including nodal segments, shoot apexes, and leaves

Callus Shoot multiplication
Concentration

Response (%)

o Davs (aherylor - Calli (Fest) Doy (aker) for Namber oS0 oot angt (cm)  Rospons (1)
Nodal segment explant
Kn NAA (1.0 mg/l)
1 - - - 16.5 1.5 +0.17 5.67+0.16 100
2 - - - 14.8 1.4+0.16 5.68 +0.15 100
Kn NAA (2.0 mg/l)

1 - - - 14.9 1.7+0.15 6.09 £0.21 100
2 - - - 15.5 1.4+0.16 5.97 +0.16 100
Shoot apex explant

Kn NAA (1.0 mg/l)
1 100 16.5 0.57 (+) 16.3 1.5+017R* 6.01£0.17 100
2 100 15.1 0.57 (+) 16.6 14+0.16 R* 5.63+0.13 100
Kn NAA (2.0 mg/l)

1 100 16.1 0.59 (+) 15.6 16+0.16 R* 5.87+0.11 100
2 100 15.1 0.65 (++) 16 1.5+£0.17 - 537 +0.27 100
Leaf explant

Kn NAA (1.0 mg/l)
1 100 25.1 0.57 (+) - - - }
2 100 25 0.60 (++) - - - .
Kn NAA (2.0 mg/l)
1 100 27 0.58 (+) - - - )
2 100 26 0.53 (+) - - - -

Note: +=Slight callus, ++=Medium callus, R*= Slight roots.
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TABLE 8

The morphogenetic impact of varying quantities of auxin (IAA) and cytokinin (Kn) added together in the medium (MS) on distinct

explants, such as the nodal segment, shoot apex, and leaf

Callus
Concentration

Shoot multiplication

Response (%)

e calus imitation _ welght (@ sprouting | buds fexplant  SNootlength cm)  Response (%)
Nodal segment explant
Kn 1AA (1.0 mg/l)
1 - - - 14.5 14 +£0.16 6.05+0.14 100
2 - - - 16.5 1.7+0.15 579+0.14 100
Kn 1AA (2.0 mg/l)

1 - - - 15.8 1.5+0.17 5.92+0.17 100
2 - - - 15.4 1.5+0.17 5.85+0.15 100
Shoot apex explant

Kn 1AA (1.0 mg/l)
1 100 16.1 0.61 (+) 15.5 1.4+0.16 R* 5.85+0.24 100
2 100 14.9 0.58 (+) 17.8 1.4+0.16 R 6.02+0.13 100
Kn 1AA (2.0 mg/l)

1 100 13.6 0.63 (+) 17.8 1.7+0.15R" 6.01+0.15 100
2 100 14.4 0.57 (++) 15.2 1.5+0.17 - 5.94+0.13 100
Leaf explant

Kn 1AA (1.0 mg/l)
1 100 25 0.67 (++) - - - -
2 100 25.9 0.58 (++) - - - -
Kn 1AA (2.0 mg/l)
1 100 24.8 0.57 (+) - - - -
2 100 249 0.58 (+) - - - -

Note: +=Slight callus, ++=Medium callus, R*= Slight roots, R**= Medium roots.

Effect of PGRs

After the discovery of kenetin, the theory that morphogenesis might be
controlled chemically was further developed. Skoog and Miller [7] postulated
that the auxin:cytokinin ratio regulates development in cultured tissues.
Numerous discrepancies have been noted in the hypothesis' testing using
huge numbers of cell and tissue cultures. It is now widely known that a wide
range of additional conditions alter or completely cancel the auxin:cytokinin
ratio's response.

The impact of cytokinins (when added individually to the media)

Cytokinins have been shown to have the most notable effect on bud breaks
and shoot multiplication [8]. The two cytokinins most frequently utilized for
micro propagation are BAP and Kn. In the current study, both cytokinins
stimulated shoot bud at all levels in the nodal segment and shoot apex
explants when added separately to the basal media. When shoot apex and
nodal segment explants were injected on basal medium containing 2.0 and
2.5 mg/1 BAP, respectively, the highest level of shoot bud induction was seen.

These findings about plant growth regulator (BAP) were consistent with
those of Kumari [9] and Gupta et al., [10]. In Bauhinia variegate, she saw
the highest rate of shoot multiplication at 5.0 mg/l BAP. Nonetheless, in
the current investigation, the highest rate of shoot proliferation was noted
at 2.0 and 2.5 mg/l BAP. There could be a difference in genus causing this
variation.

AGBIR Vol.39 No.6 Nov 2023

Ali et al., [11] in guava, Widiyanto et al., [12] in teak, Golozan and
Shekatendeh [13] in Punica granatum, Kumar and Singh [14] in Prosopis,
Borthakur et al., [15] in Albizza chinesis, Choudhari et al., [16] in jamun,
and Bensaad and Milad, [17] in Punica granatum have also noted the role
of BAP for shoot induction. These outcomes closely matched those of the
current investigation. The fact that the BAP supplementation range was 0.5-
10.0 mg/1, however, may have been caused by the use of various explant types
and genera.

The literature contains full of instances where cytokinins have been shown
to be useful in causing several shoots to emerge from apical/axillary explants,
presumably as a result of pre-existing meristems. In actuality, the species has
fully utilized this characteristic for micro propagation [1]. Certain explants,
such as the cotyledonary segment of soybean [18,19], the hypocotyls and
cotyledon explants of V. aconitifolia [20], and the leaf and stem explants
of Cicer arietinum L. [21] have all been shown to induce multiple shoots in
addition to shoot apicals/axillaries. Further, Tables 1 and 2 revealed that
within 15 to 28 days of incubation, both the leaf and shoot apex explants
under the effect of BAP and Kn showed mild to profuse callus induction.
Under BAP, callus differentiation was greater than in media supplemented
with Kn. The outcomes align with those of Omura et al., [22], who observed a
significant incidence of callus formation in dwarf pomegranate leaf segments
at 5 uM BAP and in fenugreek shoot apex explants [23].
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Auxins' (single-incorporated in the medium) effects

The main uses of auxins are initiation of callus and rooting. PGRs in the
medium and the composition of the basal salt were said to control the shoot's
ability to root [24-27]. Auxin is necessary for all most species in order to
initiate rooting. For root induction, the most popular agents are IBA and
NAA [24]. In vitro root induction was achieved by using the IBA in a variety
of plants, including Carnation [28] Hydichium roxburgii [29], and Lycopersicon
esculentum [30]. In contrast to cytokinins, auxins significantly varied the
responses that several pomegranate explants elicited in the current study.
In the nodal segment, auxins (IBA/NAA) produced shoot bud and roots; in
the shoot apex and leaf explants, they induced shoot apex and callus. Fougat
et al., [31] also reported callus induction in pomegranate cotyledon and leaf
explants. The current study also found that adding auxins or auxin and
cytikinin together to MS media resulted in root induction. Similar findings
were obtained by Helaly et al., [32] in the case of pomegranates, Naik et al.,
[33], and Ali et al., [11] in the case of guavas. Auxin-supplemented media
caused root induction in pomegranates, according to their observations.

Interaction between auxins and cytokinins

When Skoog [34,35], Skoog and Tsui [36] and Skoog and Miller [7] showed
that A methodical approach to organogenesis in vitro was started since it
was discovered that it was possible to more or less promote shoot/root
differentiation in tobacco by adjusting the ratio of IAA and adenine/Kinetin
in the culture media. Skoog and Miller [7] rejected Went's [37] theory that
certain substances cause the development of specific organs. Instead, they held
that ratios, or quantitative interactions, rather than absolute concentrations
of substances involved in development and growth, determine the formation
of organs. While the opposite situation favors the induction of shoot buds,
a high level of auxin to cytokinin promotes the growth of roots. For many
species, the so-called Skoog-Miller model is reliable. In the current study,
auxins and cytokinin addition resulted in the induction of shoot buds,
calluses, and roots in the explants. In leaf explants, profuse callus was seen
with 100% frequency at 1.0 mg/l NAA+1.0 mg/l BAP (Table 5 and Figure
8). Murkute et al., [38] have documented a noteworthy function of NAA and
BAP together for the differentiation of callus in cotyledon and pomegranate
leaf explant. The combination of cytokinin (BAP/Kn) and auxins (IAA/
NAA) supplemented the media, fully inhibiting callus proliferation on the
base of nodal segment explants. Thirupathy et al., [39] found that Tefrosia
hookeriana did not induce callus from leaves, nodes and internodes explant
in MS medium supplemented with 2.0 mg/1 2, 4-D+0.25 mg/l BAP. These
discoveries run counter to their findings. This could be because different
species and types of explants were employed in this specific study. Similarly,
in pomegranate cv. Ganesh, Fougat et al., [31] noted induction of callus from
cotyledons and leaves explant on media (MS) supplemented with 2.0 mg/1
Kn+4.0 mg/l NAA. In 2005, Jarzina and colleagues [40] documented the
formation of callus in leaf explants from five distinct hemp types grown on
MS media supplemented with 1.0 mg/l Kn+0.5 mg/l NAA. The results were
in conflict with the current findings due to variations in the taxa, species, and
kind of explant utilized in the investigation. Multiple shoots were induced
in shoot apex and nodal segment explants in response to the interaction
effects of cytokinin and auxins. Jaidka and Mehra [41], Mukrute et al., [38]
and Chaugule et al., [42] have noted similar outcomes in pomegranates
by documenting the function of NAA+BAP in shoot bud induction from
shoot tip, nodal segments and cotyledon. In several plant species, it has
been found that combinations of auxins and cytokinins can stimulate shoot
organogenesis from a variety of explants. Convolvulus single-cell tissue clones
produced shoot buds even in the absence of growth regulators; yet, [AA
and kinetin exhibited the highest frequency of bud differentiation [43]. De
novo shoot regeneration was obtained in the current study using a medium
supplemented with BAP® 2.0 mg/l or BAP?1.0 mg/I+NAA®2.0 mg/l at a
frequency of 60%. In 1981, Kartha et al., [44] noted that BAP and NAA
together caused numerous shoot initiation in Arachis hypogea. Also obtained
were entire plants. Multiple shoot buds multiplied in Cyamopsis tetragonoloba
shoot tip explants on a medium enriched with BAP with IAA/IBA [45].
Inducing adventitious shoots from callused cotyledonry tissues of H.
tuberosum was found to be particularly successful with a combination of BAP
(0.1 mg/1) and NAA (0.5 mg/1) [46]. According to the previous explanation,
cytokinin and auxin have an interaction impact that stimulates shoot/root
organogenesis; however, this effect differs depending on the species and kind
of explant. While virtually every portion of some plants, like tobacco, can be
altered in vitro, this possibility is limited to specific tissues in other plants [47].

734

CONCLUSION

In present research investigation, best media to induce shoot buds in nodal
segment explants was found to be MS media supplemented with 2.0 mg/1
BAP. The highest degree of shoot bud induction in shoot apex explants was
observed with MS media having 2.5 mg/l BAP. Rich callus induction was
accomplished in shoot apex explants by utilizing MS medium supplemented
with 2.0 mg/l BAP. The best media for inducing callus in leaf explants was
found to be MS media supplemented with 1.0 mg/l BAP+1.0 mg/l NAA.

REFERENCES

1. Kumar R, Choudhary R. In vitro callus induction and regeneration from leaf
explants in (Punica granatum L.). ] Cell Tissue Res. 2018; 18(2) 6451-6456.

2. Kumar R, Verma R, Choudhary R, et al. Effect of photoperiod on in vitro
culture of pomegranate cv. Sindhuri. Res ] Chem Environ Sci. 2018;6(3):50-
54.

3. Sepulveda E, Galletti L, Saenz C, et al. Minimal processing of pomegranate
var. Wonderful. CIHEAM-Opitions Mediterraneennes. 2000; 42:237-242.

4. Olmo HP, Simmonds NW. Evolution of crop plants.

Anonymous: Annual Report. National Research Centre on Pomegranate.

20205 1-196.

6. Snedecor GW, Cochran WG. Iowa State University Press. Ames, lowa.
1967:290-321.

7. Skoog F. Chemical regulation of growth and organ formation in plant tissue
cultured in vitro. In Symp Soc Exp Biol. 1957;118-131.

8. Normanly J, Slovin JP, Cohen JD. Rethinking auxin biosynthesis and
metabolism. Plant Physiol. 1995;107(2):323.

9. Kumari MA. Evaluation of ethanolic extracts of In vitro grown Bauhinia
variegate L. for antibacterial activities. Int ] Pharma Bio Sci. 2012;3(4):43-50.

10. Gupta PC, Shekhawat K, Kumar R, et al. In vitro organogenesis in
pomegranate (Punica granatum L.).

11. Ali NR, Mulwa RM, Norton MA, et al. Micropropagation of guava (Psidium
guajava L.). ] Hortic Sci Biotechnol. 2003;78(5):739-741.

12. Widiyanto SN, Erytrina D, Rahmania H. Adventitious shoot formation on
Teak (Tectona grandis Lf) callus cultures derived from internodal segments. In
II International Symposium on Biotechnology of Tropical and Subtropical

Species 692:2001;153-158.

13. Golozan AB, Shekafandeh A. Effects of plant growth regulators on

pomegranate (Punica granatum L. cv. Rabbab) shoot proliferation and
rooting. Adv Hortic Sci. 2010:207-211.

14. Kumar S, Singh N. Micropropagation of Prosopis cineraria (l.) Druce-a
multipurpose desert tree. Researcher. 2009;1(3):28-32.

15. Borthakur A, Das SC, Kalita MC, et al. An in vitro plant regeneration system
for conservation of the leguminous tree Albizzia chinensis (Osbeck) Merr.

Adv Applied Sci Res. 2012; 3:1727-1732.

16. Choudhri NA, Swamy GS, Jagadeesha RC, et al. Micropropagation
studies in jamun (Syzygium cuminii L.). Int J Appl Biotechnol Biochem.
2013;3(1):235-243.

17. Bensaad ZM, Milad KM. Influence of type of explant, salt composition of
basal medium and cytokinins on micropropagation of pomegranate (Punica
Granatum’khadouri’). In III International Symposium on Pomegranate and

Minor Mediterranean Fruits 1089. 2013; 91.96.

18. Cheng TY, Saka H, Voqui-Dinh TH. Plant regeneration from soybean
cotyledonary node segments in culture. Plant Sci Lett. 1980;19(2):91-99.

19. Saka H, Voqui-Dinh TH, Cheng TY. Stimulation of multiple shoot formation
on soybean stem nodes in culture. Plant Sci Lett. 1980;19(3):193-201.

20. Bhargava S, Chandra N. In wvitro differentiation in callus cultures of moth
bean, Vigna aconitifolia JACQ) Marechal. Plant Cell Rep. 1983; 2:47-50.

21. Polisetty R, Paul V, Deveshwar JJ, et al. Multiple shoot induction by benzyladenine
and complete plant regeneration from seed explants of chickpea (Cicer arietinum

L)). Plant Cell Rep. 1997; 16:565-571.

22. Omura M, Matsuta N, Moriguchi T, et al. Establishment of tissue culture
methods in dwarf pomegranate (Punica granatum L. var. nana) and application
for the induction of variants. Kaju Shikenjo hokoku. A Hiratsuka. 1987(14):17-
44.

AGBIR Vol.39 No.6 Nov 2023


https://chesci.com/wp-content/uploads/2022/06/v11i42_14_CS205302408.pdf
https://chesci.com/wp-content/uploads/2022/06/v11i42_14_CS205302408.pdf
https://om.ciheam.org/om/pdf/a42/00600278.pdf
https://om.ciheam.org/om/pdf/a42/00600278.pdf
https://cir.nii.ac.jp/crid/1571698601098019328
https://cir.nii.ac.jp/crid/1571698601098019328
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC157132/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC157132/
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=1b0177fad70c02a6dada8d334ee58c86d8c0c160
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=1b0177fad70c02a6dada8d334ee58c86d8c0c160
https://www.thepharmajournal.com/archives/2023/vol12issue6/PartAT/12-6-529-408.pdf
https://www.thepharmajournal.com/archives/2023/vol12issue6/PartAT/12-6-529-408.pdf
https://www.tandfonline.com/doi/abs/10.1080/14620316.2003.11511692
https://www.tandfonline.com/doi/abs/10.1080/14620316.2003.11511692
https://www.actahort.org/books/692/692_20.htm
https://www.actahort.org/books/692/692_20.htm
https://www.jstor.org/stable/42882785
https://www.jstor.org/stable/42882785
https://www.jstor.org/stable/42882785
file:///C:\Users\omics\Downloads\MicropropagationOfProsopisCinerariaL.DruceAMultipurposeDesertTree.pdf
file:///C:\Users\omics\Downloads\MicropropagationOfProsopisCinerariaL.DruceAMultipurposeDesertTree.pdf
https://www.researchgate.net/profile/Priyabrata-Sen/publication/268006211_An_in_vitro_plant_regeneration_system_for_conservation_of_the_leguminous_tree_Albizzia_chinensis_Osbeck_Merr/links/5474998e0cf245eb436de8ab/An-in-vitro-plant-regeneration-system-for-conservation-of-the-leguminous-tree-Albizzia-chinensis-Osbeck-Merr.pdf
https://www.researchgate.net/profile/Priyabrata-Sen/publication/268006211_An_in_vitro_plant_regeneration_system_for_conservation_of_the_leguminous_tree_Albizzia_chinensis_Osbeck_Merr/links/5474998e0cf245eb436de8ab/An-in-vitro-plant-regeneration-system-for-conservation-of-the-leguminous-tree-Albizzia-chinensis-Osbeck-Merr.pdf
https://www.actahort.org/books/1089/1089_10.htm
https://www.actahort.org/books/1089/1089_10.htm
https://www.actahort.org/books/1089/1089_10.htm
https://www.sciencedirect.com/science/article/abs/pii/030442118090084X
https://www.sciencedirect.com/science/article/abs/pii/030442118090084X
https://www.sciencedirect.com/science/article/abs/pii/0304421180900723
https://www.sciencedirect.com/science/article/abs/pii/0304421180900723
https://link.springer.com/article/10.1007/BF00269235
https://link.springer.com/article/10.1007/BF00269235
https://link.springer.com/article/10.1007/BF01142325
https://link.springer.com/article/10.1007/BF01142325
https://link.springer.com/article/10.1007/BF01142325
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=8356843
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=8356843
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=8356843

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Plant growth regulators' effects on various pomegranate cv. Sindhuri explants cultured in vitro

Burdak A, Jakhar ML, Nagar P, et al. In Vitro regeneration in Fenugreek
(Trigonella foenum-graecum L.). Res ] Chem Environ Sci. 2017; 5:65-70.

Bhojwani SS, Razdan MK. Plant tissue culture: theory and practice. Elsevier;
1986.

Garland P, Stoltz LP. Micropropagation of pissardi plum. Ann Bot.
1981;48(3):387-389.

Zimmerman RH, Broome OC. Phloroglucinol and in vitro rooting of apple

cultivar cuttings1. ] Am Soc Hortic Sci. 1981;106(5):648-652.

Skirvin RM, Chu MC. In vitro propagation of ‘forerer yours’ rosel.
HortScience. 1979;14(5):608-610.

Werker E, Leshem B. Structural changes during vitrification of carnation

plantlets. Ann Bot. 1987;59(4):377-385.

Tripathi BK, Bitaillon C. In vitro plant regeneration of Hedychium roxburghii
blume through rhizome-meristem culture. Plant Cell Tissue Organ Cult.

1985; 4:11-17.

Sibi M. Heredity of epigenetic-variant plants from culture in vitro. Efficiency
in plant breeding. Pudoc, Wageningen. 1984:196-198.

Foughat RS, Pandya SB, Ahmad T. In vitro studies in pomegranate
(Punicagranatum L.).

Helaly MN, El-Hosieny H, Tobias N, et al. In vitro studies on regeneration
and transformation of some pomegranate genotypes. Aust ] Crop Sci.

2014;8(2):307-316.

Naik SK, Pattnaik S, Chand PK. In vitro propagation of pomegranate (Punica
granatum L. cv. Ganesh) through axillary shoot proliferation from nodal
segments of mature tree. Sci Hortic 1999;79(34):175-183.

Skoog F. Chemical regulation of growth in plants. Dynamics of Growth
Process. 1954:148-182.

Skoog F. Growth factors, polarity and morphogenesis. Ann Biol. 1955; 31:1-
1.

AGBIR Vol.39 No.6 Nov 2023

36.

37.

38.

39.

40.

41.

42.

43.

4.

45.

46.

47.

Skoog F, Tsui C. Chemical control of growth and bud formation in tobacco
stem segments and callus cultured in vitro. Am ] Bot. 1948:782-787.

Went FW. Specific factors other than auxin affecting growth and root
formation. Plant Physiol. 1938;13(1):55.

Murkute A, Patil S, Patil BN. Micropropagation in pomegranate, callus
induction and differentiation.

Thirupathy S, Sisubalan N, Ghouse BM. Callus induction from a wild
medicinal plant Tephrosia hookeriana (weight and arn). Int ] Recent Sci Res.

2014;5(6):1027-1030.

SlusarkiewiczJarzina AU, Ponitka A, Kaczmarek Z. Influence of
cultivar, explant source and plant growth regulator on callus induction
and plant regeneration of Cannabis sativa L. Acta Biol Crac Ser Bot.

2005;47(2005): 145-151.

Jaidka K, Mehra PN. Morphogenesis in Punica granatum (pomegranate).
Canad ] Bot. 1986;64(8):1644-1653.

Chaugule RR, More TA, Kamble AB, et al. Studies on micropropogation
in pomegranate (Punica granatum L.). In Recent trends in horticultural

biotechnology, 2007; 195-199.

Earle ED, Torrey JG. Colony formation by isolated Convolvulus cells plated
on defined media. Plant Physiol. 1965;40(3):520.

Kartha KK, Pahl K, Leung NL, et al. Plant regeneration from meristems of
grain legumes: soybean, cowpea, peanut, chickpea, and bean. Canad ] Bot.

1981;59(9):1671-1679.

Gupta K. Studies on morphogenesis and differentiation in cultured tissues
and organs of some leguminous plants.

Espinasse A, Volin ], Dybing CD, et al. Embryo rescue through in ovulo
culture in Helianthus. Crop Sci. 1991;31(1):102-108.

Murkute AA, Patil S, Singh SK. In vitro regeneration in pomegranate cv.
Ganesh from mature trees. Indian ] Hortic. 2004;61(3):206-208.

735


https://academic.oup.com/aob/article-abstract/48/3/387/149986
https://journals.ashs.org/jashs/view/journals/jashs/106/5/article-p648.xml
https://journals.ashs.org/jashs/view/journals/jashs/106/5/article-p648.xml
https://journals.ashs.org/hortsci/view/journals/hortsci/14/5/article-p608.xml
https://academic.oup.com/aob/article-abstract/59/4/377/161326
https://academic.oup.com/aob/article-abstract/59/4/377/161326
https://link.springer.com/article/10.1007/BF00041651
https://link.springer.com/article/10.1007/BF00041651
https://search.informit.org/doi/abs/10.3316/informit.199009949643441
https://search.informit.org/doi/abs/10.3316/informit.199009949643441
https://www.sciencedirect.com/science/article/abs/pii/S0304423898002180
https://www.sciencedirect.com/science/article/abs/pii/S0304423898002180
https://www.sciencedirect.com/science/article/abs/pii/S0304423898002180
https://cir.nii.ac.jp/crid/1571980074062973824
https://www.jstor.org/stable/2438159
https://www.jstor.org/stable/2438159
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC438214/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC438214/
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=c22bc1d0414f433d27ee714b8754f112427c081b
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=c22bc1d0414f433d27ee714b8754f112427c081b
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=c22bc1d0414f433d27ee714b8754f112427c081b
https://cdnsciencepub.com/doi/abs/10.1139/b86-220
https://www.cabdirect.org/cabdirect/abstract/20083279369
https://www.cabdirect.org/cabdirect/abstract/20083279369
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC550326/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC550326/
https://cdnsciencepub.com/doi/abs/10.1139/b81-225
https://cdnsciencepub.com/doi/abs/10.1139/b81-225
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2135/cropsci1991.0011183X00003100010026x
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2135/cropsci1991.0011183X00003100010026x
https://www.indianjournals.com/ijor.aspx?target=ijor:ijh&volume=61&issue=3&article=002
https://www.indianjournals.com/ijor.aspx?target=ijor:ijh&volume=61&issue=3&article=002

