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ARTICLEINFO ABSTRACT

Article history Avondol (Smymium cordifolium) is one of the most valuable medicinal
plants and its use has a long history in the world. The aim of this study
. was to investigate the effect of growth regulators on the regeneration of
SUb]_mltte,d ,202 1,_07_24 various organs of the avondol in in vitro conditions. This study was
Revised: 2021-08-16 conducted in tissue culture laboratory of Research Center of
Accepted: 2021-09-17 Agricultural and Natural Resources of Kermanshah as a factorial
experiment in a completely randomized design with 3 replications.
Factors of explant (leaf and stem) plant growth regulators of 2,4-D (0,
0.25, 05, 1, 2 and 4 mg/l) and BA (0, 0.25, 0.5 and 1, mg/l) were
examined. Six weeks after planting, callus color, callus formation rate,
percentage of callus regeneration, callus diameter and callus fresh
weight were recorded. The results showed that the highest callus
formation rate in 2 mg/l 2,4-D alone, the highest percentage of callus
formation of explantsin 1 and 2 mg/l 2,4-D alone was obtained in stem
explants. The highest callus diameter in the treatment of 2 mg/l 2,4-D
alone and the highest weight in 1 and 2 mg/l 24-D alone and 2 mg/l
24-D with 0.25 mg/l BAwas obtained. In order to direct regeneration,
same calli were cultured on growth regulators BA (0.25,0.5 and 1 mg/l)
and IBA (0, 0.25, 0.5 mg/l) in MS medium with 3 replications. Six
weeks after replanting the calli grew and did not regenerate. The results
of the second experiment showed that the highest callus formation rate
and callus diameter were obtained in combination of 0.5 mg/l BA
alone. The highest percentage of callus formation was observed in two
hormonal compounds: 0.5 mg/l BA alone and 1 mg/l BA with 0.25
mg/l IBA. The highest callus weight was obtained in 1 mg/l BA alone.
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Figure 1: Calluses obtained from stem

explants under the influence of 2 mg/L 2,4-
D
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Mean squares (MS)

S.O.V DF  Percentage of Callus Callus Callus
callus formation rate diameter fresh

formation (days) (mm) weight

(grams)

A 1 21100.74 s 54665.39:x 1002.59: 4,495

B 4 4613.65%x 2658.61 s 80.39:x 0.38:x

C 3 199.74 s 1290.28 16.88 5 0.12 5

BxA 4 5230.03 s 3169.60: 55.72 s 0.70s

CXA 3 10783 379675 4237 026

B xC 12 921.76 1535.94 5 35.27 s 0.24 53

xB xC 12 458.67 s 2279.58 32.85:: 0.14 s

Error 4.63 5.26 0.09 0.0006

CV% 9.02 7.72 7.72 10.68

*Respectively at the level of 1% and 5% probability, ns = no statistically significant difference
A: Explant B: 2,4-D C : Benzyl adenine indole butyric acid

Jaigl ol welS diliso i p ady sloosiS mlas g9 Bl pSiko dunlie =¥ g
Table 2. Mean comparison the effect of growth regulators on different callus
formation traits of avondol



A

Growth
regulator
(mall)
24- BA

D
0 0
0 025
0 0.5
0 1
0.5 0
0/5 0.25
0/5 05
0/5 1
1 0
1 025
1 0.5
1 1
2 0
2 025
2 05
2 1
4 0
4 0.25
4 05
4 1

Percentage of
callus formation

Leaf

0.00i
0.00i
22.229
11.11h
22.229
0.00i
22.229
0.00i
0.00i
11.11h
11.11h
11.11h

0.00k
22.229
11.11h
0.00i
0.00i
0.00i
11.11h
22.229

Stem

22.229
77.77¢
33.33f
11.11h

0.00i
100.00a

0.00i
11.11h
100.00a
88.88b
66.66d
77.33¢

100.00a
22.229
22.22g
77.33c
44.44e
77.33c
44 44¢
77.33c

2931 ST 559U S § dollladgo
Callus Callus
formation rate  diameter (mm)
(days)

Leaf Stem Leaf Stem
0.00h  0.00h  0.00r 2.500
0.00h 66.33c 0.00r 4.20l
22.22f 3333e 1.00q 5.75j
0.00h  0.00h  0.00r 2.00p
0.00h  0.00h 3.50m  0.00r
0.00h 77.66b  0.00r  6.26h
0.00h  0.00h 1.00g 0.00r
0.00h 11.11g 0.00r  5/00k
0.00h 66.66c 0.00r 15.06b
0.00h 55.55d 1.00g 5.86j
0.00h 55.33d 3.00n 11.80e
0.00h 77.33b 0.00r  5.00k

0.00h 100.00a 0.00r 16.53a
0.00h 0.00h 2.00p 10,00f
0.00h  0.00h 1.00q 0.00r
0.00h  55.33d  0.00r 8.20g
0.00h  33.33e 0.00r 12.33d
0.00h  55.33d 0.00r 6.33h
0.00h 22.22f 3.50m 5.80j
0.00h  77.33b 4.51 13.50c

YA

Callus fresh
weight
(grams)

Leaf

0.00j
0.00j
0.45e
0.00j
0.20h
0.00j
0.15i
0.00j
0.00j
0.00j
0.00j
0.20h

0.00j
0.00j
0.00j
0.00j
0.00j
0.00j
0.00j
0.20h

Stem

0.14i
0.05j
0.35fg
0.00j
0.00j
0.33g
0.00j
0.03]
1.00a
0.66¢
0.88b
0.20h

1.00a
1.00a
0.00j
0.58d
0.97a
0.38f
0.17hi
0.99a



The means with the same letters in each column are not significantly different at the 5%
level using Duncan's multiple range test.
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Table 3. Analysis of variance of different callus formation traits of avandol under the

influence of growth regulators (BA and IBA).

Mean squares (MS)

S.0. DF  Percentage of Callus Callus Callus fresh
\/ callus formation rate diameter weight
formation (days) (mm) (grams)
A 1 2110.74%* 15780.64** 295.44%%* 2.09%**
B 3 4613.65** 4948.14%** 20.72** 0.06**
2,4-)
(D
BA)C 2 199.74%%* 1400.87** 9.22%* 0.16%**
(
BxA 8 5230.03** 3488.69** 4.89** 0.05%*
CxA 2 107.83%** 293.31** 19.13** 0.16%**
B xC 6 921.76%* 1981.11** 16.54** 0.12%**
xC 6 458.67** 1323.47%* 29.55%* 0.14%*
A xB
Error 4.63 3.10 4.75 0.004
CV% 9.02 6.56 9.69 7.86
** and * respectively at the level of 1% and 5% probability, ns = no statistically significant
difference

A: Explant B: Benzyl adenine C: indole butyric acid
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Table 4. Comparison of the mean effect of growth regulators (BA and IBA) on different
callus formation traits



A

Growth
regulator

(mg/l)

B
A
0.2
5

0.2
5
0.2
5
05
05
05

N DD N PR

IBA

0

0.25

05

0.25

05

0.25
0.5

0.25
0.5

Percentage of callus

formation

Leaf Stem

11.11de 0.00e
0.00e 33.33cd
2222de  22.22de
26.25de 97.50a
2222de  77.66ab
2222de  77.66ab
0.00e 11.11de
3333cd  88.88b
2222de  11.11de
0.00e 22.22de

0.00e 0.00e
yvivde  55.55hc
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Callus formation

rate (days)
Leaf Stem
1.00h 7.49abc
150gh  33.33dc
1.00h 11.11de
2625de  97.50a
350e-h  77.66a-b
400efg  77.66a-b
150gh  11.11de
175gh  55.55hc
150gh  11.11de
150gh  22.22de
0.00e 0.00e
1111de  2.99fgh

Callus diameter (mm)

Leaf

1.00h

1.50gh

1.00h

4.18d-g
3.50e-h
4.00efg
1.50gh
1.75gh
1.50gh
1.50gh
3.00fgh
3.00fgh

Stem

7.49abc

7.49abc

6.00b-e

8.63a
6.55a-d
5.22c-f
8.00ab
2.75fgh
8.00ab
8.50ab
1.50gh
2.99fgh

vy

Callus fresh
weight (grams)

Leaf

0.001e

0.00e

0.001e

0.15de
0.005e
0.15de
0.00e
0.001e
0.004e
0.00e
0.00e
0.002e

The means with the same letters in each column are not significantly

different at the 5% level using Dunca

n's multiple range test.

Stem

0.00e

0.40bc

0.26cd

0.54b

0.36bc
0.26¢d
0.96a
0.00e

0.50b

0.56b

0.00e
0.40bc
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