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This study focused to optimize micropropagation in 11 different almond (Prunus dulcis)’s
genotypes/cultivars. Main effort was to determine best explant and disinfection’s method in
each genotype/cultivar. Almond’s cultivars, Mamaei (M), Shekoufeh (SH) and Fragnies (F)
as well as bred almond lines; Al, A2, A3, A4, A5, A7, A8 and A9 were evaluated. The
effect of explant; disinfection’s methods and genotype/cultivar were analyzed using factorial
experiment on completely randomized design with 3 replications for each treatment. Results
indicated 3 studied factors along with their interactions can greatly affect almond’s
proliferation. The explant (woody/ herbaceous shoot) showed different effects on
proliferation in different almond’s genotypes/cultivars. In genotype A1, herbaceous shoot
showed not suitable proliferation (30.12) compared to woody one (40.20), while in genotype
A7, herbaceous shoot resulted better (40.13) than woody shoot (36.20). Interestingly, in
most studied genotypes/cultivars such as Al, A3, A8, A9, SH, M, and F, woody mature
shoot exposed better proliferation. Likewise, sterilization’s method had different effects on
proliferation in different genotypes/cultivars. For instance, sodium hypochlorite 25 % /15
(conc. (%)/min.) showed higher proliferation in A7, A8, A9 and F, whereas, in other
genotypes/cultivars, using 50 %/10 (conc. (%)/min.) was superior. Results verified almond’s
genotype/cultivar and its interaction with explant and disinfection’s method, can
significantly affect on proliferation as a genetic related trait. Results indicated almomd’s
genotype/cultivar, method of disinfection, type of explant (herbaceous or woody shoot) and
their interaction can affect significantly on almond’s proliferation, growth’s performance
and rate.
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EXTENDED ABSTRACT

Introduction

The almond (Prunus dulcis (Mill.) from Rosaceae
family, is one of the most important nut crops worldwide
and based on FAO report in 2020, after USA, Spain and
Australia, Iran has major production. The micro
propagation has many advantages for fruit trees clonal
propagation and is especially important for clonal
propagation of fruit rootstocks and for disease free
orchard development. Generally, in fruit trees, in vitro
culture of shoot tips are relatively easier to propagate
compared to other types of explants, because of the
presence of meristems and there are reports on shoot tip
culture of various Prunus species. In the case of almond,
explants from various tissues, including shoot tips, have
already been used for micro propagation, but the
technique has not been as successful as for different
almond genotypes/ cultivars. This study mainly focused
to optimize micro propagation in 11 different almond
(Prunus dulcis)’s genotypes/cultivars, and finally
reported the methods for successful shoot propagation of
these genotypes/cultivars.

Materials & Methods

To determine the best explant and disinfection method in
different almond genotype/cultivars, cultivars comprised
Mamaei (M), Shekoufeh (SH) and Fragnies (F) as well as
some bred almond lines included Al, A2, A3, A4, A5,
A7, A8 and A9 were evaluated. The basic MS
(Murashige & Skoog) basal medium was supplied for in
vitro almond explant settlement and shoot propagation.
Besides, the standard practical protocols for in vitro
propagation of fruit trees were applied to propagate plant
material. The effect of explant (woody/ herbaceous
shoot); the method of disinfection (sodium hypochlorite
25 %/15 (conc. (%)/min.)/50 %/10 (conc. (%)/min.)) and
the genotype/cultivar (11 different almond (Prunus
dulcis)’s genotypes/cultivars) and their interaction were
analyzed using a factorial experiment on completely
randomized design with 3 replications for each treatment.

Results & Discussion

Results indicated 3 studied factors with their interactions
can greatly affect almond’s in vitro proliferation. The
explant (woody/ herbaceous shoot) showed different
effects on proliferation in different almond’s
genotypes/cultivars. In genotype Al, herbaceous shoot
showed not suitable proliferation (30.12) compared to
woody one (40.20), while in genotype A7, herbaceous
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shoot resulted better (40.13) than woody shoot (36.20).
Interestingly, in most studied genotypes/cultivars such as
Al, A3, A8, A9, SH, M, and F, woody mature shoot
exposed better proliferation. Likewise, the sterilization
method showed different effects on shoot proliferation in
different genotypes/cultivars. For example, sodium
hypochlorite 25 % /15 (conc. (%)/min.) showed higher
proliferation in A7, A8, A9 and F, whereas, in other
genotypes/cultivars, using 50 %/10 (conc. (%)/min.) was
superior. Results verified almond’s genotype/cultivar
and its interaction with explant and disinfection method,
can significantly effect on proliferation as a genetic
related trait. Therefore, disinfection method, type of
explant (herbaceous or woody shoot) and their
interaction with almond  genotype/cultivar  can
significantly affect on in vitro shoot proliferation, growth
performance and growth rate in different almond
genotype/cultivar.

Conclusion

In spite of the importance as main nut crop in Iran,
almond (Prunus dulcis (Mill.) production stands lots of
limitations and bottlenecks during its different growth
seasons. These barriers are mainly based on the disease
and pests' outbreak and environmental challenges such as
cold and drought stresses as well. Therefore, main
limitations are initiated by occurrence of fruit disease and
pests as well as the climatic barriers. The clonal micro
propagation in fruit trees such as almond, is one of the
key solution which prepares many opportunities and
benefits for healthy orchard improvement by
development of superior disease free or stress tolerant
almond  rootstocks and scions in  different
genotypes/cultivars. In this report, the effect of explant;
disinfection method and genotype/cultivar as well as
interaction between all of them were analyzed. Results
indicated these all factors and their interactions can
greatly  affect shoot proliferation in  each
genotype/cultivar. Finally, micro shoot proliferation in
almond (Prunus dulcis) was optimized by selection of
best explant and disinfection method in each almond
genotypes/cultivars involved Mamaei (M), Shekoufeh
(SH) and Fragnies (F) and some bred almond lines such
as Al, A2, A3, A4, A5, A7, A8 and A9. All together, this
study reported methods for successful micro propagation
in almond, specifically in vitro shoot multiplication, with
engaged on sterilization methods and selection of best
explants in different almond genotypes/ cultivars.
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Table 1- The composition of MS medium for almond’s invitro culture

2 pn p pols J;:Slfjfg}:‘
Macro element (mg/L)
sl 332.02
Calcium chloride (CaCly)
ey S 170
Potassium dihydrogen phosphate (KH2PO4)
[N
SR 1900
Potassium nitrate (KNO3)
ot s 180
Magnesium sulfate (MgSOy4)
e 2l 1650
Ammonium nitrate (NH4sNO3)
Micro elements
S 0.025
Cobalt Chloride (CoCj,.6H,0)
oW
o 0.025
Cuprum Sulfate (CuSO4.5H,0)
S Aol 6.2
Boric Acid (HsBOs) '
e 0.83
Potassium lodide (K1) '
e e 16.9
Manganese Sulfate (MnSQ4.4H,0)
e Sl 0.25
Sodium Molybdate (Na2Mo00Q4.2H,0) '
Ssy S g 86
Zinc Sulfate (ZnS0,.7H,0) '
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Figure 1- Almond seedlings in tubes (vial)
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Table 2 — The mean square’s analysis of variance of the effect the explant, sterilization’s method, genotype/cultivar and
their interaction on almond’s in vitro proliferation rate

@il Sl e Sl

e CL.A L;:\)'T a3
Sources of variation Df Mean Square of branching/proliferation
Ss3S =755 10 2520 *
Genotype/cultivar
S A 1 44,63+
sterilization method
EE S SR 1 11.18%*
type of explants
s By X et ST 5
@}Uf-w-uﬂﬁ) u:-—‘?f/ 5 #5 10 12.88"
Genotype/cultivarx sterilization method
e X e S
it N ST 5 55 10 20,24
Genotype/cultivarx type of explants
L5 S) ty x g’}‘"""’ FX eSS 10 2212 ==
Genotypex sterilization methodxtype of explants
folesT (gl
e 88 0.77

Experimental error
(A 3) Sl s s 0

Coefficient of variation (percentage)

18.17

**significantly different, P=0.01
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Table 3- Intraction of explant’s sterilization method and genotype/cultivar on almond’s in vitro proliferation
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mean number of branches produced (proliferation)

M ST 55
Genotype/Cultivars
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hypochloride 50% (10 minutes)
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Ethanol 70% (6 to 7 seconds) + Sodium
hypochloride 25% (15 minutes)

Al 45.12 + 1.49°
A2 56.12 + 3.10?
A3 30.12 + 1.70¢
A4 14.5+0.429
A5 27 +0.52°¢
A7 30.17 + 1.25¢
A8 2212 £ 2.19°¢
A9 23.14 £ 1.23¢
SH 2512+ 0.77°¢
M 23.46 £ 0.88°
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25.220 £ 3.54¢
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12 +1.14"
26.10 £ 0.51°¢
40.11 £ 4.24°
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30.17 + 1.29¢
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21.13+0.36°
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Figure 2— Intraction of explant’s sterilization method and genotype/cultivar on almond’s in vitro proliferation
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Table 4- Intraction of explant and genotype/cultivar on almond’s in vitro proliferation
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genotype A3 20.15 + 1.78f 1732 £1.729
genotype A4 15.13+0.42 ¢ 25.12 +1.14¢
genotype A5 25.18+0.51°¢ 27.16 + 059
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Figure 3 - Intraction of explant and genotype/cultivar on almond’s in vitro proliferation
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Figure 4a- Different growth stages in almond’s
micropropagation after explant’s settlement
(M, (“Mamaei”) cultivar)
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Figure 4b- Almond’s micropropagated plantlet, 30 days
after explant’s settlement (M, (Mamai) cultivar)
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Figure 5 — The variation of in vitro growth habits in different almond’s genotypes
(1: genotype A5, 2: genotype A2, 3: cultivar Sh, 4: cultivar F, 5: cultivar M)
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Figure 6- In vitro rooting of some almond’s genotypes
(1: genotype Al, 2: genotype A2, 3: genotype A3)
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Figure 7- The rooting differences of two different almond’s genotypes in MS medium contain IBA & auxin
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Table 6- The effect of interaction between genotype, explant and sterilization’s method on almond’s in vitro proliferation
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Table 7- The comparision between different effective factors and their interaction on almond’s invitro proliferation to
propose the best strilization’s method and explant’s type for each almond’s genotype or cultivar

EETSIEN T U 5 Seeds oy Jili ) ¥
L I s s e S o Yz
«© = [ -~ [SeY)
~ 2 Interaction: sterilization’s method & ? T > . o o _y) RN b
N = genotype/cultivar Interaction: explant & Interaction: sterilization’s method "} & &
\3 % genotype/cultivar & explant & genotype/cultivar T2 Z
K= (8) (43> 10 51,2 1Y) b IS son (©) o 2 S g 382
TS (D) (a0 I8 ke S s el s (0) e 4512 amlic s Gyuises g5 amlin y 82
© sodium hypochloride (25% for 15 min) (a) vs wooden branch (c) vs type of Sterile vs ',% %
sodium hypochloride (50% for 10 min) (b) green branch (d) type of explant
(azc>d)
Al a<b c>d (b c>d) bc
(a: c=d=N)
A2 a<b N (b: c>d) bc
(a:c>d)
A3 a<b c>d (b c>d) bc
(a:c>d)
A4 a<b c<d (b c>d) ac
(a:c<d)
AS N c<d (b: c=d=N) ac
(a:c<d)
A7 a>b c<d (b c>d) ad
(a:c>d)
A8 a>b c>d (b c>d) ac
(a:c>d)
A9 a>b c>d (b c>d) ac
(azc>d)
SH a<b c>d (b: c=d=N) ac
(a:c<d)
F a>b c>d (b: c<d) ad
(azc>d)
M N c>d (b: c>d) ac

N: neutral OR equal (N:stus b 25)
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