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Abstract

Background and Objectives

Horseradish has a male sterility that produces a small amount of seed with a low germination. It
then propagates with root cuttings, which is also subject to a limited number of mother
rootstocks. Therefore, the mass proliferation of this plant is important through tissue culture,
especially somatic embryogenesis protocols. Somatic embryogenesis is a method to develop
embryo via plant somatic cells during in vitro culture. The purpose of the present experiment is to
find the best method for callus and somatic embryogenesis inducing horseradish, which is carried
out in two B5 and NL media in both solid and liquid phases.

Materials and Methods

This research was carry out in the tissue culture lab of the department of horticultural sciences at
gorgan university agricultural sciences and natural resources from 2016 to 2019. Calli are
developed on callus induction media (B5 + 1 uM 2,4-D + 2 uM kin, NL + 1 pM IAA + 2 uM
kin), and then transferred to somatic embryo induction phase (B5 + 3 uM 2,4-D + 4 pM kin, NL
+ 3 UM IAA + 4 M kin) for 8 weeks. Elimination of IAA, 2,4-D and kin from induced calli
done onto realization phase, and globular, heart and torpedo embryos observed 4 weeks later.

Results

Based on the results, the best surface sterilization was achieved by 70% ethanol for 30 seconds
and 70% aqueous sodium hypochlorite (v/v) for 60 minutes. The callus and somatic embryo
were observed in both solid and liquid B5 and NL media. In the study of callus induction,
according to the measurement of appearance quality and the process of callus formation, the
growth and increase of callus in solid phase are higher than that of liquid phase. The highest
callus induction record is seen in solid B5 medium containing 2 pM Kin and 1 pM 2,4-D.
Generally, calli on embryo induction phase are bright green to yellowish and compact
consisting of separate clusters of somatic embryonic cells. The results of somatic
embryogenesis revealed that globular, heart, torpedo and total embryos in B5 containing 1 pM
2,4-D are more than NL containing 1 uM IAA.
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Discussion

Optimizing the growth of somatic embryos is important for mass propagation of plants that face
problems in seed germination or have a long growth period. Due to the success of the production
of horseradish somatic embryos, the results of this experiment can provide the possibility of
production and propagation of horseradish plants in a short time. Further studies are required to
determine the somaclonal variation of horseradish mature somatic embryos and plantlets.
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Table 1. Treatments used for sterilization of explants

S e ragiy el 5 ST glodiS Ssdeds
"L';‘L’&.ﬁ_‘ V-"‘M gL_i)f}::.h (el el eslaul CLBL!
Mousavizadeh et al., 2017; Mashayekhi and )
Sl 58 Gadses ol 55 opl sl (Neumann, 2006
oslitl Laas goia ) (15508 (5 uw S S pon
Ll 5 e jlad (slad gel 4SSl Ol mb s
L;:JJTM.E.:Ssh Sde @ ol S NS g Lsyn Ve
L&Lﬁ&b@wﬁ)d—&))\' L_Eéjm|>§>gj
Ssisls 0Ly o ST 2als ol oyl b (Y Jsu)
\L ﬁmqﬁﬁju{ojyav\f RUSI P e
g.:S,;.v\i;quum aass Py g ¥ Ode 4 Loy
I Ssaedd OLaj Rl 79l ol 0 1§ (glaicd 0950
Cusl o3y S0 ST j2als 3 aids Fr o aids Yo
S 3537 s > (ol .(Bagheri et al., 2013)
2> LA gei 5 Gpheded OLaj ( K3 5 sladisai
desls ulplaads B4 s s Y V.l.\.wg:,g_jlfﬁ:.a
ST gsieds Olaj 5 chle ol ys Culgiys S

Treatments Time (min) %
10 70
Sodium hypochlorite 30 70
60 70
5 10
Hydrogen peroxide 7 10
10 10
2 0.1
Mercury chloride 5 0.1
10 0.1
Table 2. The effect of treatments used for sterilization of explants
Treatments Time (min) % Sterilized explants (%)
10 70 10
Sodium hypochlorite 30 70 30
60 70 50
5 10 20
Hydrogen peroxide 7 10 30
10 10 40
2 0.1 0
Mercury chloride 5 0.1 0
10 0.1 0
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Table 3. Horseradish callus induction in solid and liquid phases in B5 medium

Trait Solid medium

Liquid medium

Callus mean fresh weight (g)
Callus colour
Callus induction %

Yellow to bright green

0.70
Bright yellow to bright green
90%

Figure 2. Callus induction in B5 medium
A) Callus induction in solid B5S medium supplement with 1 pM 2,4-D and 2 pM kin
B) Callus induction in liquid B5 medium supplement with 1 pM 2,4-D and 2 pM kin

Table 4. Horseradish callus induction in solid and liquid phases in NL medium

Trait Solid medium

Liquid medium

Callus mean fresh weight (g)
Callus colour
Callus induction %

Yellow to bright green

0.65
Bright yellow to bright green
70%

Figure 3. Callus induction in NL medium
A) Callus induction in solid B5 medium supplement with 1 uM IAA and 2 uM kin
B) Callus induction in liquid B5 medium supplement with 1 uM 1AA and 2 uM Kin
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Table 5. Analysis of variance of the medium effect on different stages of horseradish somatic

embryogenesis
S.0.V. df Globular Heart Torpedo Total embryo
Treatment 3 55.85 96.74 18.97 621.19
Error 8 0.91 0.5 0.16 0.66
C.V. (%) 26.71 16.63 23.32 7.47
**: significant at p = 0.01
A B
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Figure 4. Comparison of the number of horseradish globular (a), heart (b), torpedo (c) and total
embryos (d) in NL and B5 media

ﬂ

Figure 5. Globular, heart and torpedo embryo (left to right) 4 weeks after culture in B5 medium in

presence of 1 uM 2,4-D
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Figure 6. Embryogenesis in B5 medium (Globular embryos are well seen in the image), 4 weeks after
culture in B5 medium in presence of 1 pM 2, 4-D

Figure 7. Globular, heart and torpedo embryo (left to right) 4 weeks after culture in NL
medium in presence of 1 uM IAA

Figure 8. Embryogenesis in NL medium (Globular embryos are well seen in the image), 4 weeks after
culture in NL medium in presence of 1 uM I1AA
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