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Abstract

Aim of study: The objective of this study was to optimize the germination of A. spinosa seeds after
different physical pretreatments by thermal shock to establish a simple, effective, and less expensive
procedure.

Area of study: The study was conducted in the laboratory on seeds from four regions of Morocco
(Aoulouz, Essaouira, Sidi Bou Othmane, and Boulaouane).

Material and methods: The seeds were dried and stored. Before the launching of the experimental
protocol, they were dehulled and applied each their pre-treatment for the four provenances. The pre-
treatment used are the following. C: control without thermal shock, HC1: freezing, HC2: hot water, HC3:
freezing + hot water.

Main results: The results showed that the onset of germination of argan seeds subjected to
pretreatment HC3 was reduced by 2 days on mean compared to seeds that were subjected to pretreatment
(C). The application of the cold or hot pretreatment allowed us to reach up to 82% of the final percentage
of germination. However, the combination of two pretreatments allowed us to reach up to 100% of the
final germination percentage.

Highlights: Freezing combined with hot water significantly improved the germination of A. spinosa
seeds. This pretreatment could be recommended in the nursery for practitioners.
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Argan (Argania spinosa (L.) Skeels) Bazi Termal Sok On

islemleri Altinda Tohum Cimlenmesi

Oz

Calismanmin amaci: Bu ¢aligmanin amaci, basit, etkili ve daha ucuz bir prosediir olusturmak igin 1s1
soku ile farkli fiziksel 6n islemlerden sonra A. spinosa tohumlarinin ¢imlenmesini optimize etmektir.

Caliyma alami: Caligma Fas'm dort bolgesinden (Aoulouz, Essaouira, Sidi Bou Othmane ve
Boulaouane) tohumlar iizerinde laboratuvarda yiiriitilmiistiir.

Materyal ve yontem: Tohumlar kurutuldu ve saklandi. Deney protokoliiniin baglatilmasindan once,
kabuklar1 ¢ikarildi ve dort orijin i¢in her birine 6n muamele uygulandi. Kullanilan 6n islem asagidaki
gibidir. C termal sok olmadan kontrol, HC1: donma, HC2: sicak su, HC3: donma + sicak su.

Temel sonuglar: Sonuglar, HC3 6n islemine tabi tutulan argan tohumlarinin ¢imlenme baglangicinin,
6n isleme (C) tabi tutulan tohumlara kiyasla ortalama 2 giin azaldigimi gosterdi. Soguk veya sicak 6n
islemin uygulanmasi, nihai ¢imlenme yiizdesinin %82'sine kadar ulasmamizi sagladi. Bununla birlikte, iki
on islemin kombinasyonu, nihai ¢imlenme yiizdesinin %100'ine kadar ulasmamizi sagladi.

Arastrma vurgularr: Sicak su ile birlikte yapilan dondurma islemi, A. spinosa tohumlarinin
¢imlenmesini 6nemli 6lciide iyilestirmistir. Bu 6n tedavi, fidanlikta uygulayicilar i¢in dnerilebilir.

Anahtar Kelimeler: Argania spinosa, Tohum Cimlenmesi, Termal Sok

Introduction & Bani-Aameur, 2014) and Algeria (Benaouf
Argan tree (Argania spinosa (L.) Skeels) et al., 2014) characteristic of arid and semi-
is an endemic species to Morocco (Alouani arid areas of North Africa (Msanda et al.,
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2005). It is characterized by a thermophilic
and xerophilic temperament but requires a
fairly high atmospheric humidity, hence its
presence in areas with a more or less marked
oceanic influence (Berka & Harfouche,
2001). Argan forest presents very important
socio-economic and ecological interests and
source of income for communities, especially
rural women (Msanda et al.,, 2005). The
exploitation of argan tree offers also 800
thousand days of jobs and can feed 3 million
people (Badaouini, 2015). The argan oil
alone (extracted from seeds) is known for its
innumerable beneficial effects (Adlouni,
2010). The global argan oil world market has
over 100 million USD (Elgadi et al., 2021).
The argan tree is also bulwark against
desertification phenomena coming from the
south (Defaa et al.,, 2015). The multiple
functions of the argan tree have led
UNESCO to recognize the Moroccan argan
grove as a MAB (Man and the Biosphere)
biosphere reserve (Ferradous, 2018). Lastly,
the United Nations declared the 10" of May
as an international day of the argan tree.
However, the overexploitation of the argan
tree and the climate change has led to a
regression of its surface, supplemented with
the rarity of natural regeneration (Defaa et
al., 2015; Ferradous, 2018). So, to preserve
and promote the sustainability of the current
argan ecosystem forest, the only solution is
reforestation (Hachemi et al., 2021; Sebbar et
al., 2021).

Moreover, argan fruit is a drupe-like fruit
in various variable forms: oval, oval
apiculate, rounded, globose, drop, fusiform
(Bani-Aameur et al., 1999). It is formed of a
fleshy pericarp (or pulp) that covers very
hard-shelled seeds (or nut) in the center
constituting one to three oily, albumenized
kernels (Adlouni, 2010). The presence of this
very hard tegument, prevents the seed to
germinate easily (Berka & Harfouche, 2001;
Elmandouri et al., 2020).

Germination stage is the most critical
periods of the development of seedlings (Bita
et al., 2017). Many tree seeds germinate
easily when placed in a favorable
temperature and  humidity  conditions
(Dardour et al., 2014). Nevertheless, other
species present viable seeds which are unable
to germinate, even under the best
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germination conditions (Dardour et al.,
2014). The inability of germination indicates
dormancy. To lift tegument inhibitory
dormancy and optimize germination, special
pretreatments may be necessary (Berka &
Harfouche, 2001; Dardour et al., 2014;
Elmandouri et al., 2020). According to
Guerrouj et al. (2015), often many seeds are
wasted for low yields in nurseries due to a
lack of knowledge of dormancy by
practitioners. It was therefore crucial to
simplify the practical methods to dormancy
and otherwise optimize germination in the
nursery.

Currently, to seed dormancy, studies have
used chemical (Bouredja et al., 2011;
Dardour et al.,, 2014) and/or physical
pretreatments (Berka & Harfouche, 2001;
Dardour et al., 2014; Ferradous, 2018;
Gashaw & Michelsen, 2002; McDonnell et
al., 2012; Vasques et al., 2014). Studies on
the germination of seeds with hard seed
coats, such those of Retama monosperma,
Stipa  tenacissima, Grewia coriacea,
Tamarindus indica, Lippia multiflora, and
Argania spinosa, favored the use of chemical
pretreatments (sulfuric acid, gibberellic acid,
hydrogen peroxide, and nitric acid) as the
best pretreatment for the removal of
integumentary inhibition (Alouani & Bani-
Aameur, 2014; Berka & Harfouche, 2001;
Bita et al., 2017; Bouredja et al., 2011,
Muhammad & Amusa, 2003; Soumahoro et
al.,, 2014). These chemical pretreatments
contribute to the softening of the seed coats,
thus allowing the germination process (Bita
et al., 2017; Bouredja et al., 2011). However,
these chemical pretreatments are costly and
can be undesirable for the environment and
human health (Ghassemi-Golezani et al.,
2008).

For physical pretreatments, the use of
thermal shock by application of hot (Airi et
al., 2009; Azad et al., 2013; Dardour et al.,
2014; Guerrouj et al., 2015) or cold water has
been initiated (Alouani & Bani-Aameur,
2014; Azad et al., 2013; Gashaw &
Michelsen, 2002; McDonnell et al., 2012;
Usman et al., 2010; Vasques et al., 2014).
Guerrouj et al., (2015) showed that alfalfa
(Medicago arborea) seeds could lift
integumentary inhibition with thermal shocks
up to 100°C and 120°C. However, the
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pretreatment duration is dependent on the
temperature and the seeds characteristics
(Bouredja et al., 2011; Mbaye et al., 2002).
Many studies have associated cold storage
conditions (+4°C) with chemical
pretreatments (Alouani & Bani-Aameur,
2014; Elmandouri et al., 2020). These pre-
treatments  consisted in  lifting  the
integumentary inhibition of argan seeds since
the latter does not present a real dormancy
problem (Berka & Harfouche, 2001).
Nevertheless, information combining two
physical pretreatments  of  different
temperatures that could weaken the
integument and therefore optimize the
germination of argan tree seeds was
relatively absent in the literature.

The hypothesis of this study was to
demonstrate whether shock temperature
(freezing /heat) could optimize the lifting of
integumentary inhibition of argan seeds and
consequently promote their germination. The
objective of this study was to evaluate the
germination behavior of argan tree seeds
after the application of two pretreatments of
thermal shock (freezing at -20°C for 24 hours
and hot water (100°C) for 5 minutes) and
their combination (freezing at -20°C for 24
hours + hot water (100°C) for 5 minutes), to
develop a simple experimental model to
optimize the germination of argan tree seeds.
The choice of pretreatments was based on
high temperatures in order to create a thermal
shock capable of lifting the integumentary
inhibition imposed by the integuments of the
argan seeds without affecting the latter.

Materials and Methods
Plant Material

The seeds used in this study came from
ripe argan fruits collected at the end of July
2018 (maturation period) from 4 different
regions in Morocco (Aoulouz, Essaouira,
Sidi Bou Othmane, and Boulaouane) (Figure
1). The province of Aoulouz (30°37'13.1" N
8°06'35.2" W) and Essaouira (31°32'07.8" N
9°28'34.4" W) are in the natural distribution
forest area of argan trees. Sidi Bou Othmane
(31°96'75.1" N; 7°95'05.9" W) and
Boulaouane (32°86'33.6" N; 8°04'23.3" W)
are outside of the natural area (Figure 2). The
choice was oriented to have climate diversity
on the seed's provenances (Figure 2).
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Aoulouz

Essaouira

o

Sidi Bou Othmane

i

Figure 1. Illustrative image of the four
provenances seeds: a. Essaouira, b. Aoulouz,
¢. Sidi Bou Othmane, and d. Boualouane.

Boulaouane

Legend
* sampling site

ocation (Argan
forest distribution adopted from (Msanda et
al., 2005))

Figu2. Sarﬁj g' S

Seed Preparation

After decortication, the argan tree seeds
were disinfected. They were soaked in
sodium hypochlorite at 16% for 30 seconds
and then rinsed thoroughly with top water
(Figure 3).

Pretreatment of Seeds and the Experimental
Protocol

To remove the integumentary inhibition,
three thermal shock pretreatments (HC1,
HC2, HC3) and one control without thermal
shock (C) were tested on the seeds of each
provenance. For each of the pretreatments
and the control (Table 1), a batch of 100
seeds divided into 4 was put in Petri dishes
containing Whatman paper hydrated daily for
maintaining humidity (25 seeds per Petri
box).
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(collection, drying, storage)

Seed decortication

|

Viability test before pretreatment

pN— - —

|

Seed soaking in 16% sodium hypochlorite
(30s)

|

Seed washing with water
Seeds Pretreatment
(C,HC1,HC2,HC3)

|

Viability test after pretreatment

|

Germination protocol installation

Figure 3. Diagram of the experimental and
methodological approach adopted in work.

Table 1. Pretreatments applied to argan seeds
(C: control without thermal shock, HCL1.:
freezing, HC2: hot water, HC3: freezing +
hot water)

Pretreatment codes

Cc HC1 HC2 HC3

Freezing (-

20°C) for 24h v )

v

Hot water
(100°C) for 5
min

v

Water at
room
temperature
(24h)

Seed Characteristics

Seed’s characterization was carried out to
be able to inquire about the morphological
quality of the seeds. It concerns the weight of
the seeds, the kernels, and the moisture
content. The weight was measured (100
seeds per repetition and per province) with
an analytical balance (KERN) and the seed
moisture content (%) was calculated using
the following formula (Montafio-Arias et al.,
2021):
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The fresh weight “FW” was obtained with an
analytical balance (KERN), from three
replicates of 10 seeds per provenance. Then,
seeds were placed in an incubator (BINDER
Model ED 56) at 105 °C until a constant
weight was achieved, to obtain the dry
weight “DW”.

Tetrazolium Viability Test

The tetrazolium viability test was applied
to argan seeds before and after pretreatment
according to the method described by
Ferradous (2018). The purpose of this test
was to confirm the viability of the seeds even
after having undergone the thermal shock.
The kernels were separated longitudinally
with a sharp blade and then dipped in the
tetrazolium solution (0.2%) in Petri dishes
and incubated for 3 hours at 40°C with 25
kernels per Petri dish. After staining, the
kernels were washed under tap water to
remove excess dye.

Germination Characteristics

The seed is considered as germinated
once the radicle pierces the integument. The
germinated seeds were counted from the day
the experimentation began. For the
germination, different  variables  were
monitored namely: latent period (LP), final
percentage  germination (FPG), mean
germination time (MGT), and germination
rate (GR) (Ferradous, 2018; Montafo-Arias
et al., 2021; Mwendwa et al., 2020).

-Latent period (LP): is the time that elapses
from the start of the test to the first
germination;

-Final  germination  percentage (FGP):
represents the number of seeds germinated
(Ng) over the total number of seeds started to
germinate (Ny):
Ng
FGP (%) = 3 X 100 (2)
t

-Mean germination time (MGT): corresponds
to the elapsed between initial germination set
up and the last germination:
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MGT = () mixt)/() m) 3)
k=0 k=0

where n; is the number of germinated seeds
and t; is the germination time.

-Germination rate (GR) was calculated as
follows:

GR= 3, N/t @

where N; is the number of germinated seeds
in 1 day (i); tis the time between the sowing
and the germination of the last seed.

Statistical Analysis

Data were subjected by a two-way
ANOVA test (p<0.05), followed by a
comparison of means test (Tukey’s HSD,
p<0.05) to evaluate the effects of
provenances and pretreatments. One-way
analysis of wvariance (ANOVA) was
performed to analyze seed germination

Table 2. Seed’s characterization of argan tree

variables  data over the  different
pretreatments. Multiple pairwise means
comparisons were then conducted using
Tukey’s range test to separate means. A
Principal Component Analysis (PCA) was
performed to determine the thermal shock
that will give the best response for seed
germination. All analyses were performed
using R Studio software.

Results
Seed  Characteristics
Viability Test

The weight of seed and kernel varied
significantly (p<0.001) with the different
provenances (Table 2). However, no
significant difference was observed in
moisture content. The seed viability test with
tetrazolium (0.2%) showed that the applied
thermal shocks did not affect them (Figure
4).

and Tetrazolium

Provenances Weight of seeds (g) Weight of kernels (g) Moisture content (%)
Aoulouz 279.12 £ 0.14d 27.16+£0.51a 448 £0.33a
Essaouira 230.13+£0.11b 31.24 +0.86b 6.34 +2.65a

Sidi Bou Othmane 258.98 + 0.54c 27.40 £ 0.25a 4.31+0.07a

Boulaouane 219.92 +0.22a 30.34£0.19b 6.38£0.37a

p-value <0.001 <0.001 0.175
F-value 25003 45.48 2.13

Vertically, the means followed by the different letters are significantly different at a threshold of 5%.

a 10

®
]

Viability (%)
N 2 @
S & 2

Viability (%)

8 3

a
=

Viability (%)

Q ~ -~ ~
B & & ¢

Figure 4. Viability of argan seeds assessed via tetrazolium test (soaking in a 0.2% Tetrazolium
solution and incubating for 3 hours at 40°C) before and after application of pretreatments.
Means followed by the same letter do not differ, according to the Tukey's Post Hoc at a 5%
probability. BP: before pretreatment, C: control (no thermal shock), HC1: freezing, HC2: hot
water, HC3: freezing + hot water. a. Aoulouz provenance, b. Essaouira provenance, c. Sidi Bou
Othmane provenance, and d. Boualouane provenance.
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Effects of Provenance and Pretreatment of the germination variables (FGP, GR, and
Seed Germination MGT) except for LP. However, a

Provenances, pretreatments, and their significant effect was observed after the use
interaction are affected significantly by all of pretreatments (Table 3).

Table 3. Result of the two-way ANOVA for analysis of the effect of argan seed provenance on
final percentage germination (FPG), latent period (LP), mean germination time (MGT)
saturation rate (SR) and germination rate (GR)

GR
0,
FPG (%) LP (days) MGT (days) (seed/days)
DF F F F F
Provenance 3 153.58%** 2.22ns 261.13%** 49.64%%*
Pretreatment 3 58.34%%% 8,44 24,0 19.50%**
Provenance and 9 10.61%** 1.03 ns 14.12%%* 3.30%*

pretreatment

ns=not significant; *p <0.05; **p<0.01; ***p<0.001; DF=degrees of freedom; F=factor; all treatments were made in
quadruplicate

Freezing and Hot Water Pretreatment Effects Principal Component Analysis (PCA)

The effect of used pretreatments for The application of PCA is essentially

germination of argan seeds had a significant based on the use of the mean values of data
effect on most variables monitored, as shown to establish similarities between different
in Tab. 4. FGP and GR showed significant pretreatments and different variables for all
differences across all provenances except for provenances (Figure 5). PCA revealed that
Boulaouane (Table 4). Nevertheless, the use the two first components explain 79.10% of
of the combination of freezing and hot water the variability in data, being 54.10% for
(HC3) gave higher germination percentages dimension 1 (Diml) and 25.00% for
and germination rates for all provenances in dimension 2 (Dim2). The variables FGP and
comparison to the control as well as freezing GR were positively correlated to the first
(-20°C) (HC1) and the application of hot dimension (Diml1). The LP variable is
water (100°C) (HC2). The final percentages negatively correlated to the first dimension
of germination are 75%, 81%, 96% and (Dim1). The MGT is positively correlated to
100% respectively for the provenances of the second dimension (Dim2). The FGP and
Boulaouane, Essaouira, Aoulouz and Sidi GR variables are strongly positively
Bou Othmane. In addition to the FGP, the correlated to each other (Figure 5a). PCA
combination of freezing (-20°C) and hot showed that across all provenances, the HC3
water (100°C) also reduced the mean pretreatment shows a stronger FGP and GR
germination time to 12.94, 13.57 and 14.21 than the others (Figure 5b).
days respectively for the Sidi Bou Othmane,
Boulaouane and Essaouira provenances,
except for of Aoulouz provenance where the
differences were not significant within the
pretreatments. The evaluation of LP gave
insignificant differences for all of used
provenances except for the provenance of
Aoulouz. However, the results of the
combination of freezing (-20°C) and hot
water (100°C) gave very short latent periods
(3 days for Boulaouane and 2 days for Sidi
Bou Othmane, Aoulouz, and Essaouira).

61



Kastamonu Uni., Orman Fakiiltesi Dergisi, 2022, 22(1): 56-67
Kastamonu Univ., Journal of Forestry Faculty

Said Ali et al.

Table 4. Mean values of final germination percentage (FGP), mean germination time (MGT),
germination rate (GR), and latent period (LP) of argan seeds under different germination
pretreatments for the provenances of Sidi Bou Othmane, Boulaouane, Aoulouz, and Essaouira.

Provenance Pretreatment FGP (%) MGT (days) GR (seeds/days) LP (days)
C 87 +1.89a 16.54 £ 0.42a 4.14+£0.17a 4+0.81b
HC1 92 + 3.54ab 16.87 £0.42a 4.38+0.11ab 4+0.81b
Aoulouz HC2 88 +7.36ab 16.26 £ 0.15a 4.19+0.14a 3+0.81ab
HC3 96 +0.81b 16.67 +£0.23a 4.57+0.14b 2+0.81a
p-value * ns ** *
F-value 3.81 2.38 7.13 55
C 57+1.77a 16.70 £0.25d 2.71+0.47a 3 £0.00a
HC1 60 +£4.99a 16.18 £0.31c 2.86£0.20a 3+0.81a
Essaouira HC2 79 £0.81b 15.69 =0.16b 3.71 £0.08b 3+£0.85a
HC3 81+1.41b 14.21 £0.09¢ 3.86+0.13b 2+0.8la
p-Va|Ue *kk *kk *kk nS
F-value 81.30 92.41 18.83 2.00
C 79 +£0.81a 13.39 +0.08ab 3.76 + 0.66a 4+0.81b
HC1 82 +1.00a 12.98 £ 0.49ab 3.90 + 0.08ab 3+1.41ab
Sidi Bou HC2 81 +3.36a 13.85 £ 0.44b 3.86 = 0.56ab 3 +0.00ab
Othmane HC3 100 £ 0.00b 12.94 £ 0.53a 4.76 £ 0.06b 2+0.81a
p-value il * * ns
F-value 53.02 391 4.40 3.20
C 66 +3.26a 13.86 £ 0.08a 3.14+£0.25a 4+038la
HC1 69 + 3.36ab 15.57+0.31b 3.29+0.16a 3+14la
Boulaouane HC2 69 £ 5.47ab 14.13+£0.27a 3.45+0.22a 4+0.8la
HC3 75 +4.24b 13.57+0.73a 3.57+0.25a 3+0.8la
p-value ns faieied ns ns
F-value 3.26 17.41 2.66 1.33

C: control (no thermal shock), HC1: freezing, HC2: hot water, HC3: freezing + hot water, ns: no significant, **and
**%: significant at p<0.01 and p<0.001. Values with the same letter are not significantly different at p<0.05. Data
represent means = SE (n = 4).
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Figure 5. Principal Component Analysis (PCA): a. Representation of germination variables
(final germination percentage (FGP), mean germination time (MGT), germination rate (GR),
and latent period (LP)) according to principal component analysis. b. Representation of
pretreatments and provenances according to the principal component analysis. Dimensions 1
and 2 represent the principal components of the PCA. The latter is responsible for determining
two axes that best explain the dispersion of the object, interpreted as a point cloud. It is also
responsible for the explained inertial scheduling, the second axis being perpendicular to the first
one. C: control (no thermal shock), HC1: freezing, HC2: hot water, HC3: freezing + hot water.
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Discussion

Many researchers, have discussed
germination techniques for different species
to seed dormancy by applying different

pretreatments, which could improve the
germination rate and accelerate the
germination process (Airi et al., 2009;

Alouani & Bani-Aameur, 2014; Azad et al.,
2013; Dardour et al., 2014; Ucler et al.,
2017). However, physical seed dormancy is a
serious problem in seed germination
(Schmidt, 2000). Pretreatments before
sowing have been shown to improve the
germination of seeds with a hard and solid
seed coat (Hossain et al., 2005). Indeed, the
tegument once cracked facilitates the
humidification of the almond and starts the
germination.

In the present study, the application of
pretreatment HC1 (freezing) or HC2 (hot
water) gave satisfactory results on the
germination of argan tree seeds. However,
although these pretreatments have better final
germination the percentages and mean
germination times compared to the control,
showed no significant difference was
reported. This lack of difference can be
explained by the influence of germination
temperature (Berka & Harfouche, 2001). A
temperature of +28°C  improves the
germination of argan tree seeds. The ambient
temperature seems to be an important factor
in the germination of Argan seeds (Berka &
Harfouche, 2001). The HC2 pretreatment
(hot water) improved germination with a
minimum germination percentage of 69%
and a maximum of 88%. Some studies have
shown that the use of hot water (100°C) as a
pretreatment at a duration not exceeding 6
minutes allowed to obtain significant
germination (Dardour et al., 2014; Guerrouj
et al., 2015). Guerrouj et al. (2015) also
revealed that hot water pretreatment (100°C
for 4 and 6 min) of Medicago arborea gave
better germination success (70%). Similar to
HC2 pretreatment, HC1 pretreatment
(freezing) improved seed germination.
Nevertheless, compared to the control and
HC2 pretreatment, no significant difference
(p>0.05) was reported on all the evaluated
variables. Similar results were reported by
Martinkova and Honék (2007). Indeed,
freezing (-20°C) seeds for 5 days did not
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affect the final germination percentage
(Martinkova & Honék, 2007). These results
prove that freezing (-20°C) preserves seed
quality. The tetrazolium test used in this
study showed no difference in viability for
all tested pretreatments.

Although the HC1 and HC2 pretreatment
performed well on germination, the
combination of these two pretreatments
(HC3) showed a significant difference
compared to the other pretreatments. The
combination of freezing and hot water (HC3)
increased the final germination percentage
and reduced the mean germination time
compared to the other pretreatments. This,
might be due to the effect of HC3
pretreatment that cause the rapid seed coat
cracking, allowing it to soften and sufficient
water and oxygen to pass into the seed
(Dardour et al., 2014). This pretreatment was
also able to avoid long exposure of the seeds
to contamination. Alouani & Bani-Aameur
(2014) have shown that rapid germination of
seeds avoids contamination.

The principal component analysis applied
on the pretreatments and provenances to the
studied variabilities corroborates these
results. It has been reported that storing
Lupinus albus L. and Trifolium pratense L.
seeds in a low temperature of -80°C and then
thawing them immediately in hot water
(90°C) improves their germination (Tiryaki
& Topu, 2014). In fact, according to the
same authors, the cracks on the coat are the
result of the thermal shock expansion or
contraction of the coat on the freezing seed.
Depending on the species, seed coat
thickness, and seed size used, it is possible to
hear a hatching sound when the seeds are
immersed in hot water after storage in a deep
freezer (Tiryaki & Topu, 2014). However, a
previous study reported that alfalfa seeds,
subjected to freeze-thaw pretreatment
(cooling temperatures to -5°C or -15°C for 36
h and warming to room temperature for six
days), did not improve germination
(Midgley, 1926). Similarly, freeze-thaw
pretreatment of dairy vetch seeds at -22°C for
2, 4, 7, 30, 60, 90, or 180 days did not
improve seed germination by more than 78%
(Shibata & Hatakeyama, 1995).

On the other hand, the present study
showed a significant effect of the studied
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variables on seed provenance. Indeed, the
percentage of final germination, mean
germination time, and germination rate of the
variable were significantly differentiated
according to the provenance of the seeds
except for the latency time. Similar results of
the influence of the provenance on the
germination power of argan seeds were
shown by Ferradous (2018). The study also
revealed that the interaction between
provenances and treatments had a significant
effect (p<0.01) on final germination
percentage, mean germination time, and
germination rate. In addition, the argan seeds
and kernels weights evaluated on the
characterization of seeds showed significant
differences in relation to the provenance.
Similar significant differences to those
observed by Ferradous (2018) on the
provenance are recorded on the argan seeds
and kernels weights. These observations on
the weight could be related to climatic
conditions (Ferradous, 2018; Medrano et al.,
2003). However, the changes that affected
the weights of argan seeds and kernels did
not affect the percentage of moisture content.
These results corroborate those of the study
of Ferradous (2018), which also showed that
the argan seed weight is not related to
moisture content. Delgado et al. (2001) also
demonstrated that seed weight is not related
to seed quality. This lack of correlation
between seed weight and seed quality
(measured as germination probability) may
be a consequence of the fact that seed weight
is not related to embryonic vitality or reserve
quantity (Delgado et al., 2001; Ferradous,
2018).

Conclusion

The present study has proposed to
evaluate the germination behavior of argan
seeds after the application of two
pretreatments of thermal shock (freezing at -
20°C for 24 hours and hot water (100°C) for
5 minutes) and their combination (freezing at
-20°C for 24 hours + hot water (100°C) for 5
minutes). The results showed that the
combination of freezing (-20°C) and hot
water (100°C) of the argan seeds have an
optimal, uniform, and fast germination of
argan seeds. The pretreatment by the
combination of cold (-20°C) and hot water
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(100°C) is the fastest and least efficient
method to release the dormancy of the argan
seeds imposed by the hardness of the
tegument. This pretreatment is an asset for
other plant species that represent an
integumentary dormancy.
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