https://ijpb.ui.ac.ir/?lang=en
Journal of Plant Biological Sciences
E-ISSN: 3041-9603
Vol. 15, Issue, No. 2, Summer 2023
Document Type: Research Paper
Received: 17/03/2024 Accepted: 8/07/2024

The effect of different types and concentrations of plant growth
regulators on the amount of callus tissue production by fennel
(Foeniculum vulgare) explants in vitro

Bourang Shima'!, Jaahanbakhsh-Godekahriz Sodabeh!*, Asghari-Zakaria Rasool!,
Parsa-Khankandi Hamed?, Noruzpour Mehran !

! Department of Plant Genetics and Production Engineering, Faculty of Agriculture and Natural
Resources, Mohaghegh Ardabili University, Ardabil, Iran.
2 Department of Pharmacognosy, Faculty of Pharmacy, Ardabil, Iran.

Abstract

The fennel plant (Foeniculum vulgare L.) is a member of the Apiaceae umbrella family. In this
research, the effect of different plant growth regulators on the production of callus tissue from
fennel explants was investigated and then the effect of selected plant growth regulators on the
biochemical compounds and secondary metabolites of the resulting callus tissue was evaluated.
The desired explants after transfer to the laboratory and surface disinfection on the MS base
culture medium containing Kin and BAP in concentrations (zero, 0.1, and 0.5 mg/L) and 2,4-D,
NAA, and IBA (at concentrations of zero, 0.5, 1, 2 and 4 mg/L) were cultivated. According to
the results, the use of Kin instead of BAP (in lower concentrations) and NAA (in higher
concentrations) increased the percentage of callus production. According to the results, the
highest percentage of callus production (100%) is related to the culture medium containing Kin
(in concentrations of 0.1 or 0.5 mg/L) along with NAA (in concentrations of 1, 2, or 4 mg/L). In
this research, it was found that the use of auxin and cytokinin (in combination with each other)
increased the induction and production of callus tissue. Also, in terms of the activity level of
peroxidase and catalase enzymes, and accumulation of amino acid proline, flavonoid, and
anthocyanin, a significant difference was observed between different plant growth regulators.
So the highest peroxidase and catalase enzyme activities and proline amino acid accumulation
are related to MS+1(mg)IBA +0.5mgr)BAP culture medium. Also, the highest amount of
flavonoid was related to MS+2mg1)NAA+0.5me1)BAP culture medium. The highest amount of
anthocyanin was related to MS+2 (mg1)2,4-D+0.5mg1)BAP culture medium.
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Introduction

Fennel (Foeniculum vulgare L.) is a member of the Apiaceae family, which is known for having
significant contents of phytochemicals, including flavonoids, coumarins, quinones, phenolic and
alkaloid compounds. Plant tissue culture is the in vitro culture of cells, tissues, organs, or the

whole plant under sterile conditions on a nutrient culture medium of known composition, which
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is often used to produce plant clones. The resulting clones are genetically uniform and very
similar to the mother plant. Callus culture is the most common type of culture in plant tissue
culture. Callus is a growing mass of undifferentiated and unorganized cells, which are formed
because of a wound on the surface of the plant. Callus tissue can be obtained from all the organs
of a whole plant such as meristem, stem tip, lateral buds, leaf, leaf, etc. Several factors including
genetic structure, type of culture medium, environmental factors (light, pH, and temperature),
and plant growth regulators are effective on tissue culture and micropropagation of plants. Plant
growth regulators, which are used in very low concentrations, are effective in the distribution of
substances inside the plant, cell division, and cell growth. Plant growth regulators, especially
auxins and cytokinins, play a very important role in controlling the growth and development of
cells both in the whole plant and in explants cultured in vitro.

Material and Methods

In this research, first, the optimal conditions to produce callus from explants obtained from
fennel shoots were investigated, and then the biochemical compositions of the resulting callus
were measured. To produce callus tissue, explants from F. vulgare shoots were prepared from
the medicinal plant research center of Ardabil University of Medical Sciences. The samples
were first examined phenotypically and after selecting fresh samples without obvious
contamination, they were washed with a dishwashing solution for 30 minutes and then rinsed
under running water for one hour. The explants were then immersed in H>O, solution (5%) for
10 minutes and after rinsing twice with sterile water (autoclaved twice) for 10 minutes, they
were disinfected in 2.5% sodium hypochlorite. At the end, sterilized explants on MS culture
medium containing different plant growth regulators Kin or BAP (zero, 0.1 and 0.5 mg/L) alone
or in combination with 2,4-D or NAA or IBA (each in concentrations of zero, 0.5, 1, 2 and 4
mg/L) were cultivated and the percentage of callus production, root and shoot and the
biochemical composition of the resulting callus samples (peroxidase and catalase activity
levels), the amount of amino acid accumulation of proline, total flavonoid and anthocyanin)
were recorded after 3-4 weeks. This research was conducted as a completely randomized design
experiment with three replications, and the data analysis was done using SPSS ver. 26.

Results and Discussion

According to the results obtained in this research, it was found that the percentage of callus
production from explants obtained from fennel plant shoots, roots, and aerial parts obtained
from callus, as well as the weight of the collected callus, had a significant difference between
most of the plant growth regulators treatments and the control treatment. According to the
results obtained in this research, it was found that the highest percentage of callus production
(100%) was related to the culture medium containing Kin (concentrations of 0.1 or 0.5 mg/L)
along with NAA (concentrations of 1, 2, or 4 mg/L). According to the results of the study, the
use of auxin and cytokinin (in combination with each other) increased the induction and
production of callus. In terms of the percentage of root production from callus samples, the best
(100%) was related to MS+ 2.4-D (2 mg/L) + BAP (0.1 mg/L) culture medium. Also, MS
culture medium containing 1mg/L of 2,4-D along with 0.5 mg/liter of BAP had the highest
percentage of shoot production from callus samples of the fennel plant (55.53%). On the other
hand, a significant difference was observed in the activities of peroxidase and catalase enzymes,
amino acid proline, flavonoid, and anthocyanin accumulation between different plant growth
regulators. The highest level of peroxidase, catalase, and amino acid proline was related to MS
+ IBA (1mg/L) + BAP (0.5mg/L) culture medium.
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Conclusion

According to the results, the use of plant growth regulators had a positive and significant effect
on the amount of callus production, root, and shoot production, as well as the biochemical
characteristics of the fennel plant. In this research, it was found that the use of Kin and NAA
causes the maximum increase in callus production from fennel explants. To increase the
antioxidant and anticancer properties of callus samples, it is very important to increase the
amount of flavonoids and anthocyanins in the callus, and in the current study, the highest
amount of biochemical compounds, especially the amount of flavonoids and anthocyanins in the
in vitro culture of the fennel plant, was associated with an increase in the concentration of auxin
and cytokinin.
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Table 1- Different growth regulators used to produce callus from explants of F. vulgare
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MS NAA 1 BAP 0.5
MS NAA 2 BAP 0.5
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Table 2- Variance analysis of the effect of different types and concentrations of plant growth regulators on the
percentage of callus production, the percentage of root and shoot production from the resulting callus tissue and
callus fresh weight of (F. vulgare) in in vitro

Sl e df

Source of Variation

MS Sl e o Sibe

(1) 8 5 () 4k, M5 (1) alpm 1l 5 (¢5) #5053
Callus production Root production (%) Shoot production Fresh weight of callus (gr)
(%) (o)
ol - - o -
- 64 1739.81 2546.05 2003.50 1.35
Treatment
L
130 50.12 41.29 31.89 0.01
Error
CV% - 10.59 34.08 31.24 15.62

ns, ++ and =: Non-significant and significant at 1 and 5 % level of probability, respectively.
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Table 3- Effect of type and concentration of auxin on the percentage of callus production, the percentage of root and
shoot production from the resulting callus tissue and callus fresh weight of (F. vulgare) in in vitro

g () S M5 (1) 4ty Mg (1) m ol L5 (05 I8 505
Treatment Callus production (%) Root production (%) Shoot production (%) Fresh weight of callus (gr)

MS (control) 7.33¢° on 15.13 % 0.08f

MS+ 0/5 2,4-D 61.33 < 19.16 < 15.83 % 0.51 %
MS+124-D 72 24.71 ¢ 25.96° 0.63 <
MS+2 2,4-D 81.33 % 31.37° 19.16° 0.73 b
MS+42,4-D 80.66 30.26 ® 11.80 0.73 b
MS +0/5 NAA 72 7.51¢% 12.08 < 0.68 <
MS +1 NAA 84.4° 8.75¢ 6.25 df 0.90 *®
MS +2 NAA 93.33¢ 12.91 416 1.07*

MS +4 NAA 83.33° 11.66 & 2,50 0.96*

MS+ 0/5 IBA 51331 15.97 df 11.25 «de 0.45°¢

MS+11BA 56.66 < 20.69 < 9.58 «f 0.49 ¢
MS+ 2 IBA 64.44 % 23.60 % 5 def 0.60 <
MS+4 1BA 58.66 ° 25.82 ¢ 25" 0.51¢%

*Different letters indicate a significant difference at the 5% probability level.
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Table 4- The interaction effect of auxin type-cytokinin type on the percentage of callus production, the percentage of
root and shoot production from the resulting callus tissue and callus fresh weight of (F. vulgare) in in vitre

s (1) oIS W5 () ey My (1) glsm ol LI 5 (¢8) S 5053
Treatment Callus production (%) Root production (%) Shoot production (%) Fresh weight of callus (gr)
MS (control) 40.78 ¢* 7.10¢ 7.51 0.254
MS+2,4-D + BAP 7291 °¢ 33.14° 29.32° 0.59°¢
MS+ 2,4-D + Kin 85.83° 25.51° 13.80° 0.87°
MS+ NAA + BAP 83.83° 14.59°¢ 9.63 b 0.92°
MS+ NAA + Kin 95¢ 7.294 4.16¢ 1.16°
MS+ IBA + BAP 57914 2291° 9.89 b 0.52°¢
MS+ IBA + Kin 61.25¢ 26.72° 5.46 < 0.61°¢

* Different letters indicate a significant difference at the 5% probability level.
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Figure 1- Effect of plant growth regulators: A) Callus production percentage,( B and C) The percentage of root and
shoot production from the resulting callus tissue (respectively) and( D) Fresh weight of the resulting callus tissue
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Figure 2- Establishment and production of callus tissue by fennel (F. vulgare) explants in in vitro. A) Control (MS
without plant growth regulators), B and C) production of callus tissue (MS+1NAA+0/1Kin and MS+2NAA+0/1Kin
(respectively)), D and E) root production from callus tissue (MS+4 2,4-D+0/1BAP and MS+2 24-D
+0/1BAP(respectively)), F and G) shoot production from callus tissue (MS+0/5BAP and MS+1 24-D +
0/5BAP(respectively)), H) The highest fresh weight of callus recorded (MS+2 NAA + 0/1BAP), I) callus with green
color (MS+2 NAA + 0/1Kin), J) callus with white color (MS+0.5 NAA + 0/1BAP), K) callus with brown color
(MS+2 IBA + 0/1BAP), L) rough callus (MS+2 2,4-D+0/5BAP).
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Table 6- Mean square effect of plant growth regulators on biochemical characteristics and secondary metabolites of
callus samples of (F. vulgare) in in vitro conditions

Ot ae CREIRESE MS Slay o 5Kk
Source of Variation df
ST SV oPsn 55D Ol 55T
Peroxidase Catalase Perolin Flavonoid Anthocyanin
(W
= 24 14257.30 ** 492908.51 ™ 0.38 ** 0.19 ** 12.76 **
Treatment
s
50 1443.85 50088.23 0.006 0.003 1.18
Error
2 CV (%)
- 32.14 29.97 8.24 27.38 17.16
Ol i

ns, *+ and *: Non-significant and significant at 1 and 5 % level of probability, respectively.
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Table 7- The effect of different plant growth regulators on the activity level of peroxidase and catalase enzymes, the
amount of amino acid accumulation of proline, flavonoids, and anthocyanin in callus samples of fennel plant (F.
vulgare) in in vitro conditions

Peroxidase Catalase Flavonoid

Cell media (MS) (umol H,O, protein)  (umol H,O, protein) thn_l (mg Anthocya}un
min" mg’! min" mg’! (ngmg’) Quercetin.g™!) (umol.g”™)

MS (free) 89.54 def* 708.80 b 0.62 1 0.10 5.55¢k
12,4-D+0.1 BAP 100.23 &f 608.62 ¢ 0.62 1 0.29 e 9.50°

2 2,4-D+0.1 BAP 95.13 &f 689.33 b 0.60 J 0.20 f 7.17°%
12,4-D+0.5 BAP 87.81 4f 575.38 ¢ 0.83 0.38* 8.48 %
22,4-D+0.5 BAP 80.02 < 51543 ¢ 0.73 & 0.34 9.80°

12,4-D+0.1 Kin 70.40 ¢ 480.19 ¢ 0.60 J 0.15 &f 5.85¢¢
22,4-D+0.1 Kin 80.13 < 498.11°¢ 0.73 & 0.20 «f 7.77 +4
12,4-D+0.5 Kin 67.73 ¢ 444.16 ¢ 0.68 hi 0.24 < 7.77%4
22,4-D+0.5 Kin 86.36 < 424.44°¢ 0.75 & 0.21¢de 8.68 ®
1 NAA+0.1 BAP 75.30 < 465.13 ¢ 0.70 & 0.17 df 6.16 ¢
2 NAA+0.1 BAP 68.67 ¢ 443.63 ¢ 0.75 e 0.20 f 7.97 ¢
1 NAA+0.5 BAP 80.88 < 389.44 ¢ 0.75 & 0.22 8.98
2 NAA+0.5 BAP 87.80 &f 487.85°¢ 0.75 & 0.38* 8.88
10.5 NAA+0.1 Kin 96.84 4f 743.40 b 0.79 feh 0.04¢ 5.15¢h
2 NAA+0.1 Kin 100.89 &f 627.40 ¢ 0.99°¢ 0.11¢f 5.75%¢
1 NAA+0.5 Kin 73.68 < 459.22°¢ 0.78 feh 0.15 &f 6.06 ¢
2 NAA+0.5 Kin 66.53 ¢ 383.65°¢ 0.9 ¢ 0.21 6.46 <f
1 IBA+0.1 BAP 101.15 &f 691.42 % 1.01°¢ 0.15 df 4445
2 IBA+0.1 BAP 161.36 1064.85* 123 0.17 &f 444+
1 IBA+0.5 BAP 273.45¢° 1813.89* 1.79 # 0.25 bed 3.031

2 IBA+0.5 BAP 149.78¢¢ 1081.99 * 1.29°¢ 0.18 &f 444
1 IBA+0.1 Kin 104.09 4t 794.58 b 1.20¢ 0.15 &f 5.55¢h
2 IBA+0.1 Kin 203.93 b 1105.03° 1.46° 0.19 df 343N

1 IBA+0.5 Kin 227.37° 1516.20 1.16 ¢ 0.18 &f 4.24 &
2 IBA+0.5 Kin 265.64° 1610.75* 1.53° 0.21¢de 3.13 M

* Different letters in each column indicate statistically significant differences at the 5% probability level of Duncan's
Multiple Range Test (DMRT).
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