SABRAO Journal of Breeding and Genetics ,(ﬁg\:f%”\\
56 (5) 2079-2089, 2024 §/‘.\'_',<'~-‘-.5."-| % 5 E A MED
http://doi.org/10.54910/sabrao2024.56.5.30 W ’(~®/‘ I,. SEARCA
http://sabraojournal.org/ Q__,//

pISSN 1029-7073; eISSN 2224-8978

FLORAL BUD SIZE AND CULTURE CONDITIONS’ EFFECT ON EMBRYOGENESIS IN
ANTHER-DERIVED CALLI OF CUCUMBER

F. KHADIJA'?, B. FATIMA'", M. USMAN?, and M.S. KHAN3

Tnstitute of Horticultural Sciences, University of Agriculture, Faisalabad, Pakistan
2Mango Research Station, Shujabad, Pakistan
3Centre of Agricultural Biochemistry and Biotechnology, University of Agriculture, Faisalabad, Pakistan
*Corresponding author’s email: dr.fatimausman@uaf.edu.pk
Email addresses of co-authors: fkdurani@yahoo.com, m.usman@uaf.edu.pk, sarwarkhan_40@hotmail.com

SUMMARY

Cucumber (Cucumis sativus L.) is a genetically diverse group of vegetables with various cultivars
having distinct traits. This study optimized somatic embryogenesis in anther-derived calli of selected
commercial cucumber cultivars (Local Khera, Champion, and CP 001). Therefore, the experiment
investigated the impact of 2,4-D and benzyl 6-aminopurine (BAP) treatments on embryo formation.
The anthers collected from different-sized floral buds sustained culturing in various concentrations of
2,4-D and BAP (0, 0.5, 1, 1.5, 2, 3, and 4 mg L™*). It was evident that calli induction in cucumber
cultivars received significant stimuli from 2,4-D and BAP concentrations and dark culture conditions
during calli culture. The maximum calli induction (51%) was prominent in anthers of cv. CP 001 at a
higher level of 2,4-D in small-sized floral buds. However, the anthers of cucumber cultivar Local Khera
(59.72%) performed better for calli induction than Champion (57.14%) and CP 001 (51.43%). The
highest embryogenesis appeared in anther-derived calli of cultivar Local Khera (12%) under light
culture conditions in tiny flower buds. Meanwhile, maximum (8%) embryo formation observed at a
higher level of 2,4-D (4 mg L) resulted in cultivars Champion and CP 001 under dark conditions. In
conclusion, from the tested treatments, applying the highest level of 2,4-D and BAP at 4 mg L™ was
more effective than other treatments, including the control. However, more calli induction was
noteworthy under dark culture conditions, and maximum embryo formation occurred under light
culture conditions.
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Key findings: Applying the highest level of 2,4-D and BAP at 4.0 mg L'! was the most effective for
calli production and embryogenesis in cucumber (C. sativus L.). However, more calli induction was
prominent under dark culture conditions, while maximum embryo formation occurred under light

culture conditions.

INTRODUCTION

The cucumber is an economic summer
vegetable mainly used as a salad crop. During
2021, cucumbers’ approximate total world
production was 93.5 million tons (FAO, 2023).
Cucumber growing occupied a total area of
3,573 hectares with a total yield of 112,231
tons in Pakistan during 2022-2023 (GOP,
2024). China is the leading producer worldwide
in area and production of cucumbers
(Sreenayana and Nakkeeran, 2019). China has
a share of 62.7% of the sub-total area and
63.59% of the world’s annual production.
Cucumber production in Pakistan is less than
that of the leading countries globally.

Embryogenesis and organogenesis are
two applicable techniques used in vitro for
developing plants from calli, embryoids, or
tissues. The first report on cucumber anther
culture came out in 1982 without plantlet
regeneration (Lazarte and Sasser, 1982). The
microspore and anthers serve in developing
haploid plants utilized to produce homozygous
diploids in plant improvement programs
(Gatgzka et al., 2013; Abo-Shama and Atwa,
2019; Ali et al., 2023) and as a source of
genetic variations (Wernsman, 1992).

Many factors affect the development of
haploids through anther culture, including the
condition of donor plant growth, pre-treatment
of anthers or buds, genotype, incubation
conditions, and microspore development stage
(Hamidvand et al., 2013; Usman et al., 2015;
Domblides et al., 2019; Bokhari et al., 2023).
Previous reports stated that seasonal variations
influenced anther response in different potato
cultivars (Abo-Shama and Atwa, 2019). The
percentage of anthers that produced embryos
stands between 15%-20% in the 9th and 10th
month of the year and 1% to 3% in the 2nd
and 5th month of the year (Kaur et al., 2018;
Abo-Shama and Atwa, 2019) and in cucumber
(Usman et al., 2011, 2015; Abdollahi et al.,
2016).
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Anther culture is also essential in
developing genetically improved variants and
transferring the interspecific gene (Wernsman,
1992). Therefore, anther/microspore culture is
beneficial for genetic improvement (Malepszy,
1988). Earlier reports had androgenesis in
different members of Cucurbitaceae, such as
watermelon (Jaskani et al., 2004) and bitter
gourd (Usman et al., 2015). The production of
haploid plants in cucumber using anther
culture would direct cucumber breeders to
develop new lines. The latest study aimed to
evaluate the effect of genotype, explant age,
plant growth regulators, and light and dark
culture conditions on embryogenesis in anther-
derived calli and optimize androgenesis for
haploidization.

MATERIALS AND METHODS

The presented research commenced in the
Plant Tissue Culture Cell, Institute of
Horticultural Sciences, University of

Agriculture, Faisalabad, Pakistan.

Explant source and sterilization
procedures

The floral bud collections came from the
vegetable research area, |Institute of
Horticultural Sciences, University of

Agriculture, Faisalabad, and Ayyub Agricultural
Research Institute, Faisalabad. However, the
small- (11-13 mm) and medium-sized (13-15
mm) floral buds became samples in the study
(Figure 1A). Anthers collected from unopened
buds and pollens underwent observation after
staining under the microscope for the proper
stage of development. The buds containing
anthers under the uni-nucleate/bi-nucleate
stage were opted as a source of anthers for in
vitro culture. Buds received surface disinfection
with 70% Ethanol (v/v) + 1-2 drops of Tween-
20 detergent for 2-3 min, followed by 2-3
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Figure 1. Callogenesis and embryogenic responses in anthers of cucumber cultivars cultured on MS
medium supplemented with 2,4-D. Figures show A) Floral bud selection B) callus induction and C)
formation of pro-embryogenic masses in anther derived proliferating calli.

rinses with sterilized water. Then, the floral
buds proceeded to dip in 5% sodium
hypochlorite (v/v) for 5-8 min, followed by 3-5
rinses with sterilized water before culturing in
the media. After petal removal aseptically, the
anthers were carefully excised with forceps and
placed on the following media:

Media formulation

Anther culture on Murashige and Skoog (MS)
(1962) medium had supplements of different
auxin and cytokinins for calli induction, and
calli induced by the same treatments continued
growth on the MS media for embryogenesis
(Table 1).

Culture conditions

After inoculating, the cultures proceeded in the
growth room with a temperature of 25 °C+2
°C facilitated with 1000 lux of light intensity.

Experimental layout

The experiment proceeded in a completely
randomized design (CRD), with three
replications per treatment. Ten tubes for
culturing consisted of each replication. The
collected data was analysed, and the means
were compared for the Least Significant
Difference (LSD) test (Steel et al., 1997).
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RESULTS
Calli induction percentage
A. 2,4-dichlorophenoxyacetic acid (2,4-D)

All the treatments of 2,4-D (0.5, 1, 1.5, 2, 3,
and 4 mg L!) posed significant effects (P <
0.05) on the calli induction percentage (%)
under light and dark culture conditions of the
anther culture with the small- to medium-sized
flower buds among three selected cucumber
cultivars (Champion, CP 001, and Local Khera)
(Table 2). During light culture conditions, the
lowest calli induction percentage (28.33%) was
evident in medium-sized buds, followed by
small-sized buds (30.38%) for the control
(without 2,4-D) in the Local Khera cultivar.
However, maximum calli induction (51.43%)
was prominent at a higher level at 4 mg L*
2,4-D in small-sized flower buds of the cultivar
CP 001 (Figure 1B). A similar trend resulted in
CP 001 wunder light culture conditions of
medium-sized flower buds. Under dark culture
conditions, it was apparent that the Champion

cultivar showed a maximum calli induction
percentage (48.89%) in small-sized flower
buds when cultured at the highest

concentration of 4 mg L 2,4-D followed by 3
mg L in small-sized buds (48.61%). A similar
trend occurred in medium-sized flower buds.
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Table 1. MS media modified with different concentrations of plant growth regulators (PGRs).

Plant growth regulators (mg L)

Treatments Light Conditions (16/8 hr photoperiod) Dark conditions (24 hr darkness)
2,4-D BAP 2,4-D BAP

To Control Control Control Control

T 0.5 0.5 0.5 0.5

T 1.0 1.0 1.0 1.0

T3 1.5 1.5 1.5 1.5

T4 2.0 2.0 2.0 2.0

Ts 3.0 3.0 3.0 3.0

Te 4.0 4.0 4.0 4.0

Table 2. Effect of 2,4-D on calli induction (%) from anthers with different bud sizes from different
cultivars of cucumber under light and dark culture conditions.

Light culture conditions

MS+2,4-D

(mg L)) Local Khera Champion CP 001 Means Local Khera Champion CP 001 Means
Small flower size bud (11-13 mm) Medium flower size bud (13-15) mm

Control 30.38j 31.431ij 31.43ij 31.08 E 28.33 30.00 28.33 28.89 E

0.5 40.11 fg 37.14 gh 34.29 hi 37.18 D 34.17 35.33 34.17 34.56 D

1.0 40.95 ef 37.09 gh 34.29 hi 37.44 D 35.83 35.83 35.00 35.55D

1.5 40.86 ef 40.00 fg 36.19 h 39.02D 37.50 36.33 37.67 37.17 C

2.0 45.71 cd 41.52 ef 40.00 fg 42.41 C 38.50 37.50 37.50 37.83 BC

3.0 43.81 cde 42.86 def  46.67 bc 44.45B 40.00 39.00 38.33 39.11 B

4.0 45.71 cd 49.52 ab 51.43 a 48.89 A 42.50 42.00 43.00 42.50 A

Means 41.08 A 39.94 AB 39.19B 36.69 36.57 36.29

LSD (P < 0.05)

Treatments (T) 1.99 1.30

Cultivars (C) 1.31 NS

TxC 3.46 NS

MS+2 4-D Dark culture conditions

(mg L'll) Local Khera Champion CP 001 Means Local Khera Champion CP 001 Means
Small flower size bud (11-13 mm) Medium flower size bud (13-15) mm

Control 31.17j 38.89 gh 30.00 j 33.35F 29.00 m 37.50j 27.78 n 31.43G

0.5 38.89 gh 40.28 fgh 34.72 i 37.96 E 33.331 43.06 g 36.11 k 37.50 F

1.0 40.28 fgh 43.06 def 37.50 hi 40.28 D 38.89i 44.44 f 38.89i 40.74 E

1.5 42.67 ef 45.83 bcd  37.50 hi 42.00C 41.67 h 51.39d 38.89i 43.98 D

2.0 45.50 cd 48.61 ab 40.89e-g 44.99B 43.06 g 54.17 c 41.67 h 46.30 C

3.0 47.00 abc 48.61 ab 43.61 de 46.41 AB  43.06 g 55.56 b 43.06 g 47.23B

4.0 48.15 abc 48.89 a 46.44 abc 47.82 A 44.44 f 56.94 a 45.83 e 49.07 A

Means 41.95B 44.88 A 38.67 C 39.06 B 49.01 A 38.89B

LSD (P < 0.05)

Treatments (T) 1.62 0.60

Cultivars (C) 1.06 0.39

TxC 2.80 1.03

Where T, treatments; C, cultivar; any two means within a column followed by different letters are significantly different,
while same letters within a column means non-significant (NS) difference.

B. 6-Benzylaminopurine (BAP)

Outcomes revealed that the Local
showed maximum calli induction percentage
(52.50%) in medium-sized buds when cultured

Khera
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at the highest concentration of 4.0 mg L*
benzylaminopurine (BAP) (Table 3). The lowest
calli induction percentage (30%) appeared in
medium-sized buds, followed by small-sized
buds (31.43%) of the control under light
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Table 3. Effect of BAP on calli induction (%) from anthers with different bud sizes from different
cultivars of cucumber under light and dark culture conditions.

MS+ BAP

Light culture conditions

(mg L) Local Khera Champion CP 001 Means Local Khera Champion CP 001 Means
Small flower size bud (11-13 mm) Medium flower size bud (13-15) mm

Control 33.331 31.43 m 31.43m 32.06G 32.50i 30.00j 32.50i 31.67 F

0.5 37.14 i 34.29 k 36.19j 35.87 F 34.00 hi 34.17 h 35.83 ¢ 34.67 E

1.0 39.05h 37.141 37.14i 37.78 E 37.50f 36.67 fg 37.50f 37.23D

1.5 40.00g 42.86 f 42.86 f 4191D 42.50d 39.17 e 39.17 e 40.28 C

2.0 42.86 f 42.86 f 43.81 de 43.18C 43.17d 40.00 e 40.00 e 41.06 C

3.0 45.71 c 43.44 e 44.00 d 44.38 B 49.17 b 42.00d 43.00d 44.73 B

4.0 47.62 b 48.57 a 46.00 c 47.40 A 52.50 a 45.00 c 45.00 c 47.50 A

Means 40.82 A 40.08 B 40.20 B 41.62 A 38.14 C 39.00 B

LSD (P < 0.05)

Treatments (T) 0.24 0.92

Cultivars (C) 0.16 0.60

TxC 0.41 1.59

MS+ BAP Dark culture conditions

(mg L) Local Khera Champion CP 001 Means Local Khera Champion CP 001 Means
Small flower size bud (11-13 mm) Medium flower size bud (13-15) mm

Control 30.48i 31.43i 31.43i 31.11E 30.00 32.5 28.33 30.28 E

0.5 40.00 f 37.14 g 34.29 h 37.14 D 34.17 35.00 34.17 34.45D

1.0 40.95 ef 37.14 g 36.19gh 38.09D 35.83 35.83 35.00 35.55D

1.5 42.86 de 42.00 def 37.14 g 40.67 C 37.50 37.50 36.67 37.22C

2.0 43.81 cd 40.00 f 40.00 f 41.27 C 37.50 37.56 37.50 37.52 BC

3.0 45.71 bc 42.86 de 46.67 b 45.08 B 40.00 38.00 42.50 38.78 B

4.0 45.71 bc 49.52 a 47.00 b 47.41 A 42.50 40.00 43.00 41.83 A

Means 41.36A 40.01 B 38.96 C 36.79 36.63 36.14

LSD (P < 0.05)

Treatments (T) 1.21 1.53

Cultivars (C) 0.79 NS

TxC 2.09 NS

Where T, treatments; C, cultivar; any two means within a column followed by different letters are significantly different,
while same letters within a column means non-significant (NS) difference.

culture conditions. Meanwhile, the cultivar
Champion gave the maximum calli induction
percentage (48.57%) in small-sized flower
buds when cultured at the higher concentration
of 4 mg L! BAP, followed by the Local Khera
(47.62%) and CP 001 (46%) at the same level
of BAP under light culture conditions. Under
dark culture conditions, the cultivar Champion
provided the maximum calli induction
percentage (49.52%) in small-sized floral buds
when cultured at the highest concentration of 4
mg L BAP, followed by CP 001 (47%) and
Local Khera (45.71%). The Ilowest calli
induction percentage in medium-sized flower
buds was 28.33% at the control under dark
culture conditions. Comparing means of the 4
mg L' BAP treatment showed a maximum calli
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induction percentage (41.83%) versus the
control (30.28%) in medium-sized floral buds.

Embryogenesis (%) under light culture
conditions

A. 2,4-dichlorophenoxyacetic acid (2,4-D)

The results showed that embryogenesis (%)
significantly increased when raising the level of
2,4-D (3 and 4 mg L!) from anthers of small
floral buds (11-13 mm) (Table 4). The data
indicated that maximum embryo formation
(12%) was evident in cultivar Local Khera,
followed by CP 001 (9%) at a higher level of 4
mg L 2,4-D (Figure 1C). However, minimum
embryogenesis (2.33%) resulted in CP 001,
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Table 4. Embryogenesis (%) in anther derived calli on MS + 2,4-D and BAP from small and medium
size flower buds under light culture conditions.

MS medium+ 2,4-D

Embryogenesis (%) under light culture conditions

(mg L-1) Local Khera Champion CP 001 Means Local Khera Champion CP 001 Means
Small flower size bud (11-13 mm) Medium flower size bud (13-15) mm

Control 4.17 hi 3.00 ij 2.33j 3.17 E 3.00g 5.00 ef 3.00 g 3.67 D

0.5 6.00 fg 4.33 hi 4.67 gh 5.00D 4.00 fg 5.00 ef 3.00¢g 4.00 D

1.0 6.00 fg 5.67 fgh 5.67 fgh 5.78CD  6.00 de 6.00 de 6.00 de 5.67 C

1.5 6.00 fg 6.00 fg 6.33 ef 6.11C 8.00 bc 7.67 bc 6.00 de 7.22 B

2.0 9.00 bc 6.33 ef 7.00 def 7.44B 6.67 cd 8.00 bc 7.00 cd 7.22 B

3.0 10.00 b 6.67 def 8.00 cd 8.22B 8.00 bc 8.00 bc 7.00 cd 7.67B

4.0 12.00 a 7.67 cde 9.00 bc 9.56 A 10.00 a 9.00 ab 10.00 a 9.67 A

Means 7.59 A 5.67 B 6.15B 6.52 A 6.95A 5.86 B

LSD (P < 0.05)

Treatments (T) 0.9 0.9

Cultivars (C) 0.59 0.59

TxC 1.55 1.55

MS+ BAP Local Khera Champion CP 001 Means Local Khera Champion CP 001 Means

(mg L-1) Small flower size bud (11-13 mm) Medium flower size bud (13-15) mm

Control 2.67 fg 2.00g 4.00 ef 2.89E 1.67 ij 1.33]j 2.33 hij 1.78D

0.5 4.00 ef 2.67 fg 5.00 de 3.89D 3.00 ghi 1.67ij 4.00 efg 2.89C

1.0 6.00 cd 3.00 fg 7.00 bc 5.33C 4.67 def 2.00ij 5.33 bcde 4.00B

1.5 8.00 ab 4.00 ef 8.00ab 6.67B 6.00 abcd 3.00 ghi 3.00 ghi 5.00 A

2.0 7.00 bc 5.00 de 8.00ab 6.67B 6.33 abc 3.67 fgh 5.67 abcd 5.22 A

3.0 8.00 ab 5.00 de 9.00 a 7.33AB 6.67 ab 4.67 def 6.00 abcd 5.78 A

4.0 8.00 ab 6.00 cd 9.00 a 7.67A 7.00 a 5.00 cdef 5.33 bcde 5.78 A

Means 6.24 B 3.95C 7.14 A 5.05A 3.05B 495 A

LSD (P < 0.05)

Treatments (T) 0.83 0.79

Cultivars (C) 0.55 0.52

TxC 1.44 1.37

Where T, treatments; C, cultivar; any two means within a column followed by different letters are significantly different,

while same letters within a column means non-significant (NS) difference.

followed by cultivars Champion (3%) and Local
Khera (4.17%) of the control under light
conditions. All the treatments of 2,4-D
significantly (P < 0.05) affected embryogenesis
from anthers of medium-sized floral buds (13-
15 mm) among various cucumber cultivars
(Champion, CP 001, and Local Khera), as
shown in Table 4. The treatment of 4 mg L*
2,4-D was more effective in embryogenesis
(10%) in cultivar CP 001 and Local Khera
(10%) at the same level of 2,4-D. The
minimum embryogenesis (3%) emerged in
cultivars CP 001 and Local Khera and
Champion (5%) of the control.
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B. 6-Benzylaminopurine (BAP)

The treatment of 4 mg L' BAP was more
effective in embryogenesis (7.67%) than the
control (2.89%) and all other treatments.
However, the cultivar Local Khera and CP 001
showed maximum embryogenesis (8% and
9%) at 3 and 4 mg L, followed by Champion
(36%). Meanwhile, the minimum
embryogenesis (2%) manifested in the cultivar
Champion, followed by Local Khera (2.67%)
both under the control treatment. On average,
varietal means showed significant (P < 0.05)
differences regarding embryogenesis from
anthers of small-sized flower buds (11-13 mm)
(Table 4).
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Similarly, a significant (P < 0.05)
variation surfaced among various cucumber
cultivars (Champion, CP 001, and Local Khera)
regarding the effect of varying concentrations
of BAP on embryogenesis (%) from anthers of
medium-sized flower buds (13-15 mm) (Table
4). The treatment of 4 mg L BAP was more
effective in embryo formation (5.78%) than
the control (1.78%). However, the maximum
(7%) embryogenesis was notable in the Local
Khera, followed by cultivars Champion (5%)
and CP 001 (5.33%).

Embryogenesis (%) under dark culture
conditions

A. 2,4-dichlorophenoxyacetic acid (2,4-D)

The results showed that embryogenesis (%)
significantly increased when augmenting the
level of 2,4-D (0.5, 1, 1.5, 2, 3, and 4 mg L)
from anthers of tiny flower buds (11-13 mm)
under dark culture conditions (Table. 5). The
findings detailed that maximum embryo
formation (8%) was prominent in cultivar
Champion and CP 001, followed by Local Khera
(5.67%) at the highest level of 2,4-D (4 mg L
1y, In contrast, minimum embryogenesis (2%)
was evident in Champion (2.17%) and CP 001
(3.33%) in the control. The treatment of 4 mg
L 2,4-D was more effective for embryogenesis
(6.89%) than the control (2.5%) and all other
treatments. Similarly, the treatment of 4 mg L~
1 2,4-D was superior in embryogenesis
(7.73%) in cultivars CP 001 (7%) and Local
Khera (6%) at the same level. Conversely,
minimum embryogenesis (1.33%) appeared in
Local Khera, Champion (2.67%), and CP 001
(3.33%) at the control.

B. 6-Benzylaminopurine (BAP)

All the treatments of BAP substantially (P <
0.05) affected embryogenesis from anthers of
small-sized floral buds (11-13 mm) among
various cucumber cultivars (Champion, CP 001,
and Local Khera) under dark culture conditions
(Table 5). The treatment of 4 mg L! BAP was
more effective in embryogenesis (5%) than the
control (1.56%) and all other treatments.
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However, the cultivar Local Khera and CP 001
showed maximum embryogenesis (5.67% and
6%, respectively) at 3 mg L%, followed by
cultivar Champion (5.33%) at MS+BAP (4 mg
L''). The minimum embryogenesis (1.33%)
emerged in cultivar Champion, followed by
Local Khera (1.33%) and CP 001 (2%) at the
control.

Similarly, a significant (P < 0.05)
variation emerged among cucumber cultivars,
Champion, CP 001, and Local Khera, regarding
the influence of diverse concentrations of BAP
on embryogenesis from anthers of medium-
sized floral buds (13-15 mm) under dark
culture conditions (Table 5). The treatment of
4 mg L! BAP was excellent in embryogenesis
(4.48%) than the control (1.56%) and all other
treatments. However, the cultivar Local Khera
produced maximum (5%) embryogenesis,
followed by Champion (5%) and CP 001
(4.33%). The interaction between treatments
and cultivar proved significant (P < 0.05) for
embryogenesis (%) from anthers of medium-
sized floral buds (Table 5).

DISCUSSION

In vitro calli induction depends on many
factors, including the genotype, the donor
plant’s growing conditions, microspore stage,
flower bud pre-treatment, media composition,
and culture conditions, such as temperature
and available light. Media composition and the
concentration of growth regulators in the
growing medium are chief factors influencing
calli induction and subsequent organogenesis
(Maheshwari et al., 1982). According to
previous reports, the use of various kinds of
growth regulators has different regeneration
responses under in vitro conditions. For
instance, the addition of 2,4-D promotes
callogenesis, whereas indole-3-acetic acid
(IAA) and a-naphthalene acetic acid (NAA)
promotes direct embryogenesis (Armstrong et
al., 1987; Liang et al., 1987). This study
investigated the callogenesis response of
anthers/explants  of  different  cucumber
cultivars with varied sizes of floral buds (small
and medium) to the application of growth
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Table 5. Embryogenesis (%) in anther derived calli on MS + 2,4-D and BAP from small and medium

size flower buds under dark culture conditions.

Embryogenesis (%) under dark culture conditions

MS medium+ 2,4-
Local

D ) Khera Champion CP 001 Means Local Khera Champion CP 001 Means
(mg L) Small flower size bud (11-13 mm) Medium flower size bud (13-15) mm
Control 2.00 2.17 3.33 2.50E 1.33 k 2.67 ijk 3.33 hij 244 E
0.5 2.83 4.00 3.17 3.33DE  2.17 jk 3.50 efg 3.17efg  2.95DE
1.0 4.00 4.00 4.33 4.11 CD 2.67 fgh 4.16 def 4.33 cde 3.72CD
1.5 4.00 4.00 4.33 4.11 CD 3.83 def 5.17 bed 3.60efg 4.20C
2.0 4.33 5.00 5.00 4.78 BC 6.00 ab 5.87 abc 4.50b-e 5.46B
3.0 4.67 6.00 6.00 5.56 B 4.00 def 6.00 ab 5.33 bcd 5.11B
4.0 5.67 8.00 8.00 6.89 A 6.00 ab 7.00 a 7.33a 6.78 A
Means 3.93B 4.74 A 4.74 A 3.64 B 491 A 4.51 A

LSD (P < 0.05)

Treatments (T) 0.91 0.90

Cultivars (C) 0.60 0.59

TxC NS 1.58

MS+ B{AP t%(::_; Champion CP 001 Means Local Khera Champion CP 001 Means
(mg L) Small flower size bud (11-13 mm) Medium flower size bud (13-15) mm
Control 1.33 1.33 2.00 1.56 C 1.00g 1.33fg 2.33def 1.56C
0.5 2.00 1.67 3.00 2.22C 2.00 efg 1.67fg 4.00 abc 2.56 B
1.0 4.00 2.33 4.67 3.67B 3.33 cd 2.00 efg 3.33 cd 2.89B
1.5 5.00 2.00 5.00 4.00 B 5.00 a 3.00 cde 4.00 abc 4.00 A
2.0 5.00 3.00 5.00 4.33 AB 4.67 ab 3.67 bc 3.67 bc 4.00 A
3.0 5.67 3.00 6.00 4.89 A 4.67 ab 4.67 ab 4.00 abc  4.44 A
4.0 5.00 4.00 6.00 5.00 A 5.00a 5.00 a 4.33 cd 4.48 A
Means 4.00B 2.48 C 4.52 A 3.67A 3.05B 3.53 AB

LSD (P < 0.05)

Treatments (T) 0.76 1.25

Cultivars (C) 0.50 0.64

TxC NS 2.67

Where T, treatments; C, cultivar; any two means within a column followed by different letters are significantly different,
while same letters within a column means non-significant (NS) difference.

regulators, such as 2,4-D and BAP in
combination with the MS medium under light
and dark culture conditions.

Different concentrations of 2,4-D and
BAP increased the calli formation percentage in
anthers of all selected cucumber cultivars Local
Khera, Champion, and CP 001. According to a
previous report, applying 2,4-D (2 M) improved
the calli formation from anthers of the
cucumber cultivar Esfahani (Hamidvand et al.,
2013). In this study, the bud size also affected
the process of calli formation, with increasing
bud size reducing the calli formation
percentage. On the contrary, Chaar et al.
(2012) reported that the bud length has no
apparent difference in calli formation from the
anther culture of the Petunia cv. Purple Wave
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cultured on a medium supplemented with BA
(0.1 mg L'!) and NAA (1 mg LY.

According to the report of Ahmad and
Spoor (1999), applying NAA and BAP alone and
together improved the regeneration ability of
Curly Kale (Brassica oleracea). Similarly, the
MS media with NAA and BAP at 0.5 mg L™ and
2 mg L' promoted the calli induction of an
ornamental plant, Alstroemeria cv. Fuego
(Seyyedyousefi et al., 2013). Although the calli
formation in Alstroemeria is difficult and time-
consuming, supplementing the media with BAP
and NAA improved calli formation. Plant growth
regulators act as signalling molecules to
regulate calli growth (Sundarasekar et al.,
2012; Seyyedyousefi et al., 2013). In this
study, the 2,4-D and BAP application also
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increased the calli induction rate even at higher
doses. These differences might be because
varying plant species respond uniquely to
growth  regulators applied during calli
induction. Similarly, the Ilatest study was
analogous to the findings of several scientists
on calli initiation from another -culture of
diverse crops, such as watermelon by Silva et
al. (2021), winter squash and pumpkin (Kurtar
et al., 2016), summer squash (Mohamed and
Refaei, 2004), sweet pepper (Parra-Vega et al.,
2013), cucumber (Hamidvand et al., 2013;
Bazargaliyeva et al., 2023; Fathurrahman,
2023), and bitter gourd (Usman et al., 2015).
However, the calli produced under dark culture
conditions were exceptionally hard, dry, and
brown, while calli developed under light culture
conditions were soft and greenish.

Researchers in this study also
investigated the effect of modified MS media
with 2, 4-D, and BAP on embryogenesis (%) in
calli derived from anthers of small (11-13 mm)
and medium-sized (13-15 mm) floral buds
under light and dark culture conditions. From
the results, different cultivars responded in
variance when applying growth regulators for
embryogenesis. According to a report, somatic
embryogenesis emerged when applied with
growth regulators in Coffea canephora. It was
evident that the media only with cytokinin
proved better than with auxins (IBA, IAA, and
2,4-D). In such research, the optimum dose of
cytokinin (2-iP, BA, and kinetin) was 5 uM for
embryogenesis. Embryo formation occurred
only near the cut edges because cytokinin
absorption transpired in the cut edges and did
not transport to other parts of the explant
(Hatanaka et al., 1991).

Similarly, in carrot (Daucus carota cv.
Kurodagosun), it was noteworthy that
removing auxins from the medium improved
the embryo formation for the suspension
culture of calli. The uniform size of the calli
also enhanced embryo formation. In this study,
the exogenous application of 2,4-D and IAA
inhibited embryo formation, while applying
Zeatin promoted embryogenesis. In contrast,
benzyl 6-aminopurine (BAP) is also a cytokinin,
but it restrained embryogenesis. Zeatin
application in combination with 2,4-D and IAA
also deterred embryogenesis, observing
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inhibition. The response of GAs; and ABA did
not affect the number of embryos formed
compared with the control (Fujimura and
Komamine, 1975).

The pertinent study revealed that the
percentage of embryogenesis from anther-
derived calli under dark conditions was low.
However, more embryogenesis occurred in calli
developed under light culture conditions. It
may be because the calli produced under dark
culture conditions were durable and dry, while
calli developed under light culture conditions
were soft and greenish. Similar findings also
came from Medina et al. (1998). Previous
studies have reported the occurrence of
abnormal but embryo-like structures growing
on the calli surface in squash (Kurtar et al.,
2016), cucurbit interspecific hybrids (Rakha et
al., 2012), bitter gourd (Usman et al., 2015),
hardwood species (Corredoira et al., 2019),
and in Cork oak (Ali et al., 2023). Earlier work
has reported that variations of cucumber
tissues required an appropriate ratio of auxin
and cytokinin (Lotfi et al., 2003; Plapung et al.,
2014). Our results align with the findings of
Kubaldkova et al. (1996), who reported the
aging of cucumber calli cultures, an increase in
polyploidy, and a decrease in the regeneration
ability in cucumber calli culture. Similarly, no
emergence was evident in the anther culture
(Rakha et al., 2012).

Based on the study results, adding
growth regulators 2,4-D and BAP can be
favorable to improve the anther-derived calli
formation percentage, reduce the time
required for calli formation, and limit success in
embryogenesis. However, further systematic
studies are necessary to understand the
underlying mechanisms. Gene expression
analysis and genome-wide transcription
profiling can further help to underpin the key
regulators involved in the process of
embryogenesis from anther derived calli.

CONCLUSIONS

Application of the highest level of 2,4-D and
BAP at 4 mg L' was most effective for calli
induction and embryogenesis. However, more
calli induction was prominent under dark
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culture conditions, while maximum embryo

formation occurred under light culture
conditions.
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