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Extended Abstract

1.

Introduction: All the species belonging to the Asparagus subgenus are dioecious with the basic number of
chromosomes (=10x), and the number of chromosomes varies depending on the type of species and due to
changes in the ploidy level. Genotypes of Asparagus subgenus with chromosome number diploid (x2=20),
triploid (x3=30), tetraploid (x4=40), pentaploid (x5=50), hexaploid (x6=60), octaploid (x8=80), decaploid
(x10=100), and dodecaploid (x12=120) can be found. Asparagus is widely distributed in different climates of
Iran. Asparagus officinalis L. is an edible herbaceous perennial dioecious crop species with different ploidy
levels. One of the problems of asparagus production is the decrease in fertility due to the increase in ploidy
levels, resulting in a reduction in seed production. The limitation of genetic resources in asparagus makes it
necessary to use methods such as vegetative embryogenesis for the clonal propagation of this plant. One of
the main uses of vegetative embryo is its use in artificial seed production. Hydrated artificial seeding was first
achieved by coating alfalfa embryos. These seeds are prepared by encapsulating vegetative embryos or other
vegetative organs of the plant in a hydrogel. So far, several methods have been used to produce artificial seeds,
such as potassium alginate, sodium alginate, agar, gelrite, etc., among which the use of sodium alginate and
calcium alginate has been introduced as the most successful methods.

2. Materials and Methods: The current research was carried out to encapsulate tissue culture-originated

vegetative embryos. For this purpose, the seeds of A. officinalis L. with two different ploidy levels (diploid
and octaploid) were prepared. After washing the seeds with water and detergent, the seeds were disinfected in
70% ethanol under a laminar hood for one minute and then placed in 30% sodium hypochlorite for 15 minutes.
In the next step, the seeds were washed three times with sterile distilled water. Then they were established in
the MS basic culture medium. The resulting seedlings were used for collecting five to seven-cm single-node
explants. These single-node explants were cultured on B5 liquid media supplemented with 2 mg/L 2,4-D.
Then they were kept in the axophyton device for 14 days in the induction phase. Afterwards, the explants
were grown in BS media without 2-4-D. After the emergence of vegetative embryos, the embryos were
encapsulated using 2% sodium alginate in half-strength BS medium containing 1 ppm of Kinetin. To harden
the coverings of somatic embryos, a 100 mM calcium chloride solution was applied at three different time
points of 30, 40, and 60 minutes.

Results and Discussion: The lowest and highest percentage of germination rate among artificial seeds with
Kinetin was recorded as T40 (25.2) and T30 (39.9), respectively. Also, the lowest and highest percentage of
germination rate among artificial seeds without Kinetin was observed in C40 (21.7) and C60 (47.3),
respectively. The comparison of the average data on the germination speed between the mutual effects of mass
and encapsulation treatment showed that the highest rate was related to the diploid seedlings obtained from
artificial seeds treated with Kinetin, with a time of 60 minutes (AO6T60), as 14.4, and the lowest rate was
related to the diploid mother plant (AO6P), as 9.7. Comparison of the average data of the effects of
encapsulation treatment related to the average time required for germination shows that the highest was related
to the 30-minute treatment (c30), as 8.1, and the lowest was related to the c40 treatment, as 2.4, and no
significant difference was observed between the other treatments (p>0.05). Comparison of the average effects
of encapsulation treatment in terms of length and number of stems shows that the longest stem length after
the mother seedlings was related to Kinetin treatment 30 minutes (T30), as 6.8 cm, and this result was also
observed for the trait number of stems. The lowest value of these traits was observed in the C60 treatment, as
4.61 cm for stem length and the C30 treatment for stem number (4 numbers). The results of the average
comparison between two plant populations show that the highest amount of carotenoid, total chlorophyll,
chlorophyll a, and chlorophyll b is related to octaploid plants. Based on the results of comparing the averages
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related to the encapsulation treatment, the highest amount of carotenoids was observed for 40 minutes with
kinetin (T40) as 1.69 (mg/g fresh weight), and the lowest was observed for 40 minutes without Kinetin (C40)
as 1.09 (mg/g fresh weight). In terms of chlorophyll b and total chlorophyll, the highest amount was observed
in the mother seedlings, and the lowest was observed for chlorophyll b in C40 treatment as 1.02 (mg/g fresh
weight) and for total chlorophyll in T30 treatment as 1.08 (mg/g fresh weight).

4. Conclusion: The results of the comparison of the averages related to the mutual effects between plant mass
and encapsulation treatments showed that in terms of carotenoid, chlorophyll b and total chlorophyll, the
highest amount was related to the octaploid seedlings obtained from artificial seeds without 60 minutes
Kinetin, and the lowest amount of carotenoid was related to the diploid seedlings obtained from artificial seeds
with 60 minutes Kinetin, and in terms of chlorophyll b, it corresponded to diploid seedlings obtained from
artificial seeds without 60 minutes Kinetin, and in terms of total chlorophyll, corresponding to diploid
seedlings obtained from synthetic seeds without 40 minutes Kinetin.
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Figure 1- Asparagus maternal seed cultivation stages, induction of vegetative embryos, encapsulation of vegetative
embryos and germination of artificial seeds.

a = plant obtained from natural seed in solid MS culture medium, b = plant sample in embryo induction stage in
liquid BS culture medium containing 2,4-D with 2 PPM concentration, ¢ = emergence of vegetative embryos in
hormone-free BS5 liquid culture medium, d = encapsulated embryos, e = artificial seed grown in solid BS 1/2 culture
medium, f = germinating artificial seed, g = octaploid seedlings obtained from artificial seed in solid BS 1/2 culture
medium, g = diploid plantlets obtained from artificial seed with kinetin in endosperm around the embryo (T60) and
endosperm without kinetin around the embryo (C60)
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Table3- Comparison of the average interaction effects of plant accession with encapsulation.
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AO6= Diploid Plants, AO3= Octaploid Plants, P = mother plants, C30 = 30 minutes, T30 = kinetin 30 minutes, C40 =
40 minutes, T40 = kinetin 40 minutes, C60 = 60 minutes, T60 = kinetin 60 minutes.

5105 AO6CO0 sloaxals a4 by b Ldg IS
sloazalS & bayyo jlade (p 1S JS Jdo)lS

(Y Jga=) 05 AO6C40

by a0 gl mlss sl

il S nd LS o (VAAY) Randall &Joseph
o ol b aS ol asiw (F. arundinacea)
Ao 5 0o aliEl b IS bl sassh
el 035y 055hluST (lalS 5 Lo IS eyt
L aS aboges ol (V-0 9) o ,LSea 3 Mathura
S S3sh s & gk 3l sish plaw il
Shariat & Sefidkon .05 i o ply 90 Jodg, IS
sisly el S| igl33l b oS Siogad ol (V- YY)
JS s IS (Satureja khuzistanica) o5 0 oL ;o
aS il wldlao,0F babss 5 g oo, Ve
ABloe Ll SG 50 gl nl @l b (398 gl
(Y+YY) ol,Ken g Naderian olibss ol —wl
Sien 31y 6 fosine olis sasly e il
S ood ol 0,55l oS laasgiis IS g ST by A5

S o g (G0 35S
225 oo L (aLS 0055 90 s (5SSlee dulie s
9@ Jdg IS (ST b S a3 Sk (i &S
JS5) aslon asblST GlalS 4y bgype b by IS
Jlod 4 by e o 1Sl anslio bl wlal o (F
Oley 4 bgrpe ads5, 5 jlade (1 yiion 0,5 AgunS
Lose o] op eS8 9 040 (T40) oS L aids -
Sl 5l ol saalie (C40) (S g dids Fra
2ol Hhaie cuytie U5 Jds S o b Lsg kS
Slp ol oS 5 a8 saslin g ok slaazals
T30 ,les JS Jd9,15 sl 5 C40 JLos b L35,
Al 5l Jol> mwls (v Jguz) ol cvslin
5 2LS 0358 e blie Dl 4y bgyye sla:Sile
Slde (i oS 2l Las (53 g sla Lo
@ bgye S5 S5 5 b kS5 eSS
53955 e s yiaS 2393 AO3CE0 slaasals
ie S 5 AOOTO0 loazals 4 bgye



(8% \F.¥ QL““”‘“’) 9 J..ub Y OJL».A.'Z» dA 0399 A JLM’ alk‘_g},.w ,asJ.c L,;Q.LC uL;.l.a.éso

olyed g obTcwss 8155k yuo

= )
;% E Diploid uw.iglys Octaploid ..yl LisT
[+
S
T 67
5]
()
=
:1 S
a
s 7]
<) ~~
15
3 S 804 -
a [=Y)]
yw OF
1E
F= 3
>
=
5 : a
S 24
_g b
& ]
. b =
= b =
0 S— T T S— T — N
Carotenoid ajsiils @ Jubg,ls b Judsls IS Judasls

Chlorophyll a

Chlorophyll b Chlorophyll Total

8 Fomrgid Bailasy (gl BLS 0095 ol &l i1 uSileo dungliio —Y S
Figure 2 — Mean comparison of the plant accession main effects for pigment
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