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Abstract

The Experiment was conducted in the Plant Tissue Culture in vitro of the Department
of Horticulture and Garden Engineering - College of Agriculture - University of
Diyala for the year 2024-2025. In the Initiation stage, the effect of different
concentrations of BA (0, 0.5, 1, 1.5, 2) mg. L™ was studied, and the effect of Kin
concentrations (0, 2, 4, 6, 8) mg. L™ was studied. During the multiplication stage, the
effect of different concentrations of GA3 (0.5, 1.0, 1.5, 2.0, 2.5, 10.0) mg. L™ added
to MS medium was studied, with the aim of developing a successful program for the
propagation of three varieties of Finger lemon Citrus australasic outside in vitro, as
the concentrations (0.5, 1.5, 2 mg. L™ Concentrations (0.5, 1.5, 2) mg. L™ gave the
highest regeneration rates and the largest number of shoots, with the green variety
giving the highest regeneration rate. gave the highest shoot length and the highest
average number of leaf.while the concentration of 4 mg.L™ gave the highest
regeneration rate, the largest number of shoots and shoots length and the lowest
percentage of yellowing and leaf Abscission. The concentration of 1.5 and 10 gave
the largest number of shoots, while the concentrations of (1.0, 1.5, 2.0) mg. L™ gave
the largest average number of leaves and the black variety outperformed the rest of

the varieties.
Keywords: Finger lemon, micropropagation, GAs,

Introduction

Finger lemon (Citrus long. The buds are purple, and the
australasica F. Muell), formerly flowers are small, white or pale pink.
known as Microcitrus australasica F. Finger lemons flower year-round,
Muell Swingle, also known as finger beginning at 2-3 years and continuing
lemon, belongs to the Rutaceae family for 15- 16 years, the fruit is cylindrical
(2:12). The trees grow mainly in their and can reach 12 cm in length. One of
native  subtropical rainforests of the most unique characteristics of the
southeast Queensland, which extends fruit is the oval or spherical pulp
from the Tambourine Mountains to the vesicles, also known as pearls. All
Richmond River in northeastern New trees prefer well-drained soil, with a
South Wales. They are now cultivated pH between 5 - 6.5) ( 8; 5: 18, 16).
in almost all tropical and subtropical Plants are a rich source of vitamins,
climates, including southeastern New including vitamin C, citric acid, and
Guinea. They were introduced into vitamin E, and a rich source of
Australia, the European Union, Asia, essential minerals such as calcium,
the United Kingdom, Canada, Japan, magnesium, phosphorus, and
France, and China in the mid-20th potassium. They also contain levels of
century (3:18). They are small, thorny, phenolic compounds, anthocyanins,
vigorous trees or shrubs, reaching 6 m sugars, and carotenoids (17; 1).
in height, with thorns up to 25 mm Establishing an effective protocol for
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in vitro propagation is crucial for its
success, but currently there is no
effective tissue culture protocol for this
species. Initial experiments to develop
finger lemon production failed due to
excessive leaf drop caused by
increased ethylene production in
culture containers (13). It can be said
that plant tissue culture cannot be
successful without the use of plant
growth regulators, which are effective
organic compounds in very small
quantities that play a fundamental role
in regulating growth processes in
plants and are most commonly used in
tissue cultures. Plant cytokinins are
involved (6).
Materials and Methods
1-Effect of varieties, BA
concentrations, and their interaction
on the development of explants on
MS medium
The nodal explants (of the three
Finger lemon varieties: green, red, and
black) were sterilized with a 20%
sodium hypochlorite solution (NaOCI)
for 15 minutes (13). The Explant were
then washed with distilled water four
times to remove the sterile solution and
avoid damage to plant tissue. During
this stage, the response of single nodal
explants and the effect of different
concentrations of BA (0, 0.5, 1, 1.5,
and 2) mg. L™ to MS medium (9) on
the growth of lateral shoots and the
interaction between varieties and BA
were studied. One nodal explant was
planted in each tubs , and results were
taken after 6 weeks, response rate (%),
number of shoots (nodal shoot™), and
length shoots (cm). the number of leaf
(leaf shoot™ ) and rate of yellowing and
leaf Abscission (%)
2- The effect of varieties, Kin
concentrations, and their interaction
on the development of explants on
MS
medium
During this stage, the response of
individual nodal explants of the three
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Finger Lemon varieties was studied.
The effect of adding different
concentrations of Kin (0, 2, 4, 6, and 8)
mg.L™* to MS medium on the growth of
lateral shoots was also studied, as was
the interaction between varieties and
Kin concentrations. One nodal explant
was planted in each tubs, and results
were taken after 6 weeks. These
included the growth response of the
nodal explants (%), the number of
shootes (shoot nodal ™ ), the length of
the shoots (cm), the number of leaf
(leaf shoots™), and the rate of
yellowing and leaf Abscission (%).
3- Effect of varieties and GA3
concentrations on the multiplication
of single nodal explants of Finger
lemon.

Based on the results obtained from
the emergence experiments, the shoots
produced from the nodal explants were
used without pruning and
approximately 1 cm long. They were
cultivated on MS medium with the best
concentration of 2 BA + 4 Kin mg.L™,
mixed with different GA3
concentrations (0.5, 1.0, 1.5, 2.0, 2.5,
10.0) mg. L™ (15). One explant was
cultivated with 10 replicates for each
treatment. The results were taken after
6 weeks. The explants were incubated
in a growth chamber at 25 + 1°C and a
light intensity of 3000 lux for 16 hours
of light and 8 hours of darkness. All
experiments were arranged as factorial
experiments  (with two  factors)
according to a completely randomized
design (CRD). The data were analyzed
using the ready-made SAS (19) and the
means were compared according to
Duncan's multiple range test at a 5%
probability level for all coefficients
Results and Discussion
3-Effect of varieties, BA
concentrations, and their interaction
on the development of single nodal
explants of Finger lemon.

The results in Table (1) and
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Figure (1) show that there were no
significant differences in all traits
regarding the effect of varieties. As for
the effect of BA concentrations, the
concentrations of 0.5, 1.5, and 2 mg. L
! gave the highest response rate of
83.33% and the highest number of
shootes, reaching 1.133, 1.100, and
1.133  (nodal  explant.  shoot™),
respectively. As for shoot length and
leaf number, the concentration of 1.5
mg L™ gave no significant differences
from the other concentrations, with the
exception of the control treatment,
which gave the lowest values of 0.356
(cm) and 3.067 (leaf . shoot™),
respectively. As for yellowing and leaf
Abscission , there were no significant
differences between them. The results
are shown in the same table for the

two-way interaction, as the
concentration gave 0.5 mg. L™ and the
green variety had the highest response
rate, reaching 100%. As for the number
of shootes, 0.5 mg. L™, the green
variety, and 2 mg. L™ and the black
variety produced the highest number of
shootes, reaching 1,400 (nodal .explant
shoot?) for each concentration. No
significant differences were observed
for shoot length. The highest number
of leaf was recorded at 1.5 mg. L™ and
the red variety, reaching 6.00 (leaf
shoot™). No significant differences
were observed for yellowing and leaf

Abscission , as leaf Abscission
occurred in all varieties and at all

concentrations.

Table 1: The interaction effect between Finger Lemon and BA concentrations.
After 6 weeks cultivation on MS medium.
Traits | Regeneration Shoots Shoots Leaf yellowing
(%) Number length number and leaf
Treatme Abscission
(%) n
Effect of varieties
Green 78.00 0.940 0.510 3.840 76.00
A A A A A
Red 74.00 0.980 0.524 4.400 68.00
A A A A A
Black 76.00 1.060 0.534 4.440 60.00
A A A A A
Effect of BAmg L™
0 56.67 0.667 0.356 3.067 80.00
B B B B A
05 83.33 1.133 0.550 4.367 60.00
' A A AB AB A
1 73.33 0.933 0.470 4.200 80.00
AB AB AB AB A
15 83.33 1.100 0.670 5.267 63.33
' A A A A A
5 83.33 1.133 0.567 4.233 56.67
A A AB AB A
Effect of varieties X BA mg L™
0| Green 50.00 0.500 0.330 2.600 90.00
b C a b a
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Red 60.00 0.700 0.310 2.800 80.00

ab Bc a b a

Black 60.00 0.800 0.430 3.800 80.00
ab Abc a ab A

0.5| Green 100 1.400 0.610 4.400 60.00
a A a ab ab

Red 70.00 1.000 0.550 4.300 60.00

ab Abc a ab ab

Black 80.00 1.000 0.490 4.400 60.00
ab Abc a ab ab

1| Green 80.00 1.000 0.510 4.000 80.00
ab Abc a ab A

Red 70.00 0.800 0.470 4.400 70.00

ab Abc a ab ab

Black 70.00 1.000 0.430 4.200 80.00
ab Abc a ab a

2 | (IR 82‘80 1.000 0.640 4.500 7(;'80

Abc a ab

Red 90.00 1.200 0.740 6.000 70.00

ab Ab a a ab

Black 80.00 1.100 0.630 5.300 50.00
ab Abc a ab ab

2| Green 80.00 0.800 0.460 3.700 80.00
ab Abc a ab a

Red 80.00 1.200 0.550 4.500 60.00

ab Ab a ab ab

Black 90.00 1.400 0.534 4.500 30.00
ab A a ab B

*Coefficients with similar letters for each factor or the interaction between them are
not significantly different according to Duncan's multiple range test at the 5%

probability level.

2-The effect of varieties, Kin
concentrations, and their interaction
on the development of single nodal
explants in Finger Lemon.

The results in Table( 2) and
Figure (1) showed that the black
variety  outperformed the other
varieties, giving the highest response
rate of 98%, with a total number of
shootes of 1,320 (shoot. nodal explant’
1, shoot length of 0.696 cm, number of
leaf of 6,040 (leaf .shoot™), and the
lowest percentage of yellowing and
leaf Abscission of 52.0%. The green
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and red varieties gave the highest
amount of yellowing and leaf
Abscission of 76.68% for each variety.
Regarding the effect of concentrations,
the 4 mg. L™ concentration gave the
highest response rate, the highest
number of shootes, and the longest
shoot length of 96.67%, 1.767 (shoot.
nodal explant®), 0.720 cm. The (2,4)
mg. L™ concentration gave the highest
number leaf of 6,030. 6,500 (leaf
sshoot™) respectively. As for the
interaction between the varieties and
concentrations, all  varieties and
concentrations yielded response rates
ranging between 80, 90, and 100%.
The black and red varieties, with a
concentration of 4 mg. L™, produced
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the largest number of shootes, reaching
1,900 and 2,200 (shoot. nodal explant-
1) for each variety. Regarding shoot
length, the concentrations of 2 and 4
mg L™ and the black variety produced
the highest shoot length, reaching
1,020 and 1.00 (cm) for each
concentration. Regarding the number
of leaf, the concentration of 2 mg. L™

and the black variety produced the
largest number of leaf, reaching 8,800
(shoot .nodal explant®). The green
variety, the control treatment, and the
concentration of 6 mg. L™ produced
the largest amount of yellowing and
leaf Abscission , reaching 90%.

Table 2: The interaction effect between Finger Lemon and Kin concentrations. After
6 weeks cultivation on MS medium.

Traits | Regeneration Shoots Shoots Leaf yellowing
(%) number length number and leaf
Abscission
Treatments (%) n
Effect of varieties
Green 78.00 0.680 0.372 3.460 76.00
B C B B A
Red 84.00 0.980 0.500 4.500 68.00
B B B B A
Black 98.00 1.320 0.696 6.040 52.00
A A A A B
Effect of Kinmg L™
Control 73.33 0.500 0.267 3.033 83.33
B C C B A
2 90.00 1.200 0.656 6.033 60.00
AB B AB A B
4 96.67 1.767 0.720 6.500 33.33
A A A A C
6 90.00 0.733 0.457 4.267 83.33
AB C BC B A
8 83.33 0.767 0.513 3.500 66.67
AB C AB B AB
Effect of varieties X Kin mg L™
control | Green 50.00 0.400 0.19 2.200 90.00
b d C d a
Red 70.00 0.400 0.240 2.700 80.00
ab d C d ab
Black 100.0 0.700 0.370 4.200 80.00
a cd bc bcd ab
2| Green 90.00 0.900 0.430 4.000 70.00
a cd bc cd abc
Red 80.00 1.000 0.520 5.300 70.00
ab cd bc bcd abc
Black 100.0 1.700 1.020 8.800 40.00
a ab a a cd
4| Green| 909,00 1.200 0.430 5.500 50.00
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a bc bc bcd bc
Red 100.0 1.900 0.730 6.500 40.00
a a ab abc cd
Black 100.0 2.200 1.000 7.500 10.00
a a a ab D
6| Green 80.00 0.400 0.330 2.900 90.00
ab d bc d a
Red 90.00 0.800 0.510 4,700 80.00
a cd bc bcd ab
Black 100.0 1.000 0.530 5.200 80.00
a cd bc bcd ab
8| Green 80.00 0.500 0.480 2.700 80.00
ab d bc d ab
Red 80.00 0.800 0.500 3.300 70.00
ab cd bc cd abc
Black 90.00 1.000 0.560 4.500 50.00
a cd bc bcd bc

*Coefficients with similar letters for each factor or the interaction between them are
not significantly different according to Duncan's multiple range test at the 5 %
probability level
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Figure (1): A. Nodal expants (B). Emergence of single nodal expants at the best
concentration of 0.5 mg. L™ of BA (C). Emergence of single nodal expants at the best
concentration of 4 mg. L™ of KIN on MS medium (D). Yellowing and leaf Abscission
n in the green variety (E). Yellowing and leaf Abscission n in the black variety after 6

weeks of cultivation.
3-The effect of varieties, GA3
concentrations, and their interaction
on themultiplication of single nodal
explants of Finger lemon.
The results
in Table (3) and Figure (1) showed that
the black variety outperformed the
other varieties, producing the largest
number of shootes and leaf, reaching
(shoot .nodal explant™) and 25.93 (leaf
sshoot™), respectively. The green
variety produced the longest shoot
length, reaching 1.518 cm. The green
and red varieties produced the largest
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amount of vyellowing and leaf
Abscission , reaching 25.93 and 25%
for each variety. As for the effect of
concentrations, the concentration of
1.5 and 10 mg. L™ produced the largest
number of shootes, reaching 4.00
(shoot . nodal explant). As for the
shoot length trait, no significant
differences were observed between the
concentrations. The concentration of 1,
1.5, and 2 mg. L™ produced the largest
number of leaf, reaching 21.40 and
23.37. 2217  (leaf  .shoot™)
respectively. As for the interaction
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between the varieties and
concentrations, the black variety with a
concentration of 1.5 mg. L™ gave the
largest number of shootes, reaching
5,700 (shoot .nodal explant™). As for
the shoot length trait, the concentration
of 2 mg. L™ gave the green variety the
highest shoot length, reaching 1,970
(cm). As for the number of leaf, the

concentration of 1.5 mg. L™ and the
black variety gave the largest amount,
reaching 30.40 (shoot. nodal explant’
). The green variety with a
concentration of 0.5 mg. L™ gave the
largest amount of yellowing and leaf
Abscission , reaching 60.00 (%).

Table 3: The interaction effect between Finger Lemon and GA; concentrations.

After 6 weeks cultivation on MS medium.

Traits Shoots Shoots Leaf yellowing and
number length number leaf abscission
Treatment (%)
Effect of varieties
Green 3.100 1.518 17.00 25.93
B A B A
Red 3.367 1.237 19.28 25.00
B B B A
Black 4.467 1.207 25.93 6.667
A B A B
Effect of GAsmg L™
) 2.967 1.180 16.73 40.00
0.5+2BA+4Kin B A B A
) 3.633 1.497 21.40 26.67
1+2BA+4Kin AB A A AB
) 4.000 1.363 23.37 20.00
1.5+2BA+4Kin A A A AB
) 3.867 1.393 22.17 10.00
2+2BA+4Kin AB A A B
) 3.400 1.267 20.27 13.33
2.5+2BA+4Kin AB A AB B
. 4.000 1.223 20.50 16.67
10.0+2BA+4Kin A A A B B
Effect of varieties X GAzmg L™
0.5+2BA+4Kin | Green 3.000 1.380 14.50 60.00
cd ab de A
Rea 3.000 1.070 16.50 4%'80
cd b cde
Black| 5 900 1.090 19.20 22‘80
cd b cde
1+2BA+4Kin | Green 2900 1610 17.60 40.00
ab
cd ab cde
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Re 3.100 1.350 18.60 2%‘8 0
bed ab cde
Bl 4.900 1.530 28.00 22‘80
ab ab ab
1.5+2BA+4Kin | Green 2.800 1.610 18.40 30.00
cd ab cde Ab
Red 3.500 1.290 21.30 30.00
bcd ab c-e Ab
Black 5.700 1.190 30.40 0.00
a b a B
2+2BA+4Kin | Green 3.600 1.970 22.10 10.00
bcd a a-d B
Red 3.500 1.160 19.30 20.00
bcd b cde Ab
Black 4.500 1.050 25.10 0.00
a-d b abc B
2.5+2BA+4Kin | Green 2.600 1.260 13.10 20.00
d b e ab
Red 3.000 1.220 19.30 20.00
cd b cde ab
Black 4.600 1.320 28.50 0.00
abc ab ab B
10.0+2BA+4Kin | Green 3.700 1.280 6.30 30.00
bcd ab cde ab
Red 4.100 1.330 20.80 20.00
a-d ab b-e ab
Black 4.200 1.060 24.40 0.00
a-d b abc B

*Coefficients with similar letters for each factor or the interaction between them are
not significantly different according to Duncan's multiple range test at the 5 %
probability level
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Figure (2): Shows the effect of GA3 concentrations on the three Finger lemon
varieties: A- green, B- red, C- black ,D- Single nodal explants of the black variety are
multiplied, E- Single nodal explants of the Green variety are multiplied, F- Single

nodal explants of the
It is known that all plants produce
ethylene in vitro (9). However, excess
ethylene inhibits cell division, and high
levels of ethylene lead to leaf
Abscission n (4; 10). The addition of
growth regulators to the basal medium
is important for modifying the growth
of cultivated plant explants. Previous
studies have shown that propagation of
citrus species in vitro requires
cytokinins and gibberellins in the
culture medium (7; 20). Meanwhile,
Abscission n in citrus is a complex
phenomenon, and hormonal signals
Conclusion
It was found that adding BA and
Kin to the MS medium is necessary for

Red
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variety are multiplied

play a major role in its overall
regulation. The addition of higher
levels of GA3z improved primary bud
regeneration by stimulating the shoots
to break dormancy, emerge side by
side, produce more leaf, and reduce
leaf Abscission. This indicates that the
positive function of GA;z; is cell
division and organ formation, with its
role in cell elongation through
interaction with growth factors present
in the medium (15)

the emergence of Shoot from the nodal
explants. The concentration of 2 mg. L
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! BA and 4 mg. L™ Kin gave the best
percentages during the Initiation stage.
During the multiplication stage, the
concentration of 1.5 mg. L™ GA; gave
the best percentage of Shoots
multiplication stage. The addition of
high concentrations of GA3; improved
the growth of Shoot and reduced leaf
Abscission. Replanting should be done
every three weeks to reduce yellowing
and leaf Abscission. The black variety
outperformed the other varieties
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