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Abstract. Our work is part of the ex situ conservation of the Atlas cedar (Cedrus atlantica (Ma-
netti ex Endl.) Carriere), a threatened and endemic Pinaceae of the Maghreb. Our objectives
are to evaluate the viability of seeds from three Algerian cedar groves ecotypes (Thienet El
Had, Chelia, Chrea) by the 2,3,5 triphenyltetrazolium chloride (TZ) test and to elucidate the
effect of continuous temperatures (15°C, 20°C, 25°C) on their germinative capacity. Moreover,
the effects of some physicochemical pretreatments in breaking dormancy and improving ger-
minability were estimated on the seeds of the cedar grove of Thienet El Had. In addition,
in the same ecotype, the water stress, as simulated by using the PEG,, (0 to -2.20 bar), was
induced upon seed germination. Results of the TZ test showed variability in seeds’ viability
among the three ecotypes with rates of 60, 85 and 90% in those of Chelia, Chrea and Thienet
El Had, respectively. However, germination tests revealed the existence of partial dormancy
in all tested seeds. Dramatic differences in the degree of dormancy were noted among the
three provenances investigated. Untreated seeds of the three ecotypes exhibited maximum
germination at 20°C: Thienet El Had (52%), Chelia (32%) and Chrea (7%). The final germina-
tion percentage was as high as 76% in seeds soaked in hot water (80°C) for 5 min followed
by 56% in seeds treated with GA, (150 ppm). The increase in water stress regularly decreases
germination with a tolerance threshold corresponding to -2.2 bar.
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Introduction

Atlas cedar (Cedrus atlantica (Manetti ex
Endl.) Carriére) is an endemic Pinaceae
of the Maghreb of great socio-economical
and ecological value (M’hirit & Maghnouj,

1997). In Algeria, C. atlantica is estimated
occupying an area of 2089 km? (Arar et al.,
2020). The Atlas cedar is classified as an
endangered species carrying the status of
a quite rare plant (Yahi et al., 2008; Touati
et al., 2021) and protected in Algeria by the
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Executive Decree No. 12-03 (J.O.R.A, 2012).
Cedrus atlantica is encountered in
mountains of the Tellian and Saharan At-
las (from which its name has been derived,
Atlas cedar), where it has a scattered distri-
bution controlled mainly by climatic vari-
ables and edaphic traits (Quézel, 1998).

Currently, C. atlantica forests are subject
to the harmful effects of global warming
(Chenchouni ef al., 2008; Cheddadi et al.,
2017). According to the climate warming
scenarios’ modulation, the Algerian ce-
darwood forests are expected to decline to
80.6% by 2070 with an altitudinal shift to-
wards higher elevations and a disappear-
ance at low altitudes (Arar ef al., 2020).

In the Maghreb, the Atlas cedar is, in
addition, under the threat of uncontrolled
exploitation along with the phenomenon
of dieback. The combined action of dieback
factors as well as anthropogenic pressure
(M’'hirit & Benzyane, 2006) has resulted
in the fragility and disruption in the equi-
librium of cedar groves in some localities
(Ezzahiri et al., 1994). These latter authors
have emphasized that both challenges
have generated the disturbance of several
physiological and biological mechanisms
particularly that of natural resilience. The
low regeneration ability is rather exagger-
ated by climatic changes in the Mediterra-
nean region in recent decades (Bentouati
& Bariteau, 2006; Bentouati, 2008; Addar
et al., 2016), in particular the increase in
temperatures due to global warming and
the decrease in precipitation resulting in a
water deficit especially in summer which
means that the young seedlings of C. at-
lantica cannot establish during this period
(Linares et al., 2011).

The dieback problem in cedar groves is
owing to multiple causes (M hirit & Ben-
zyane, 2006; Naggar, 2013), such as drought
(Kherchouche et al.,, 2013; Abel-Schaad
et al., 2018; Arar et al., 2020) and parasite
attacks by some xylophages belonging
mainly to the subfamilies of Buprestidae
and Scolytinae (Talbi & Bouhraoua, 2015).
This drought is affecting the distribution of

populations of many species, such as the
Atlas cedar, which are becoming vulnera-
ble and subject to local extinction (Arar et
al., 2020).

The preservation of the remaining Al-
gerian cedar patches urgently requires ap-
propriate scientific studies and the estab-
lishment of a relevant restoration project
as short-term measures. The evaluation of
the viability of seeds and their germination
physiology are among the areas of research
to be developed, knowing that germina-
tion is a crucial step in the establishment of
plants in their natural environment.

Germination is often prevented by seed
dormancy which is a physiological state of
a viable seed that prevents it from germi-
nating till the emergence of favorable en-
vironmental conditions. Underestimating
seed dormancy and germination require-
ments when planning a conservation proj-
ect can lead to high levels (> 90%) of plant
establishment failure and seed wastage
(Commander et al., 2013; James et al., 2013).

To overcome the seed dormancy of a
large number of forest species and improve
their germination performance, several
types of pretreatments have been applied
(Baskin & Baskin, 2014). These pretreat-
ments may be applied before, during or af-
ter the seed storage period, and correspond
to the methods by which seed dormancy
can be released (Debroux et al., 1998). Var-
ious studies have shown that cold stratifi-
cation is a useful pretreatment to stimulate
seed germination in different Pinaceae
species (Cooke et al., 2002; Ghildiyal et al.,
2009). However, some studies found that
stratification did not affect seed germina-
tion (Nelson, 2015; Shen & Cho, 2021). For
example, eight weeks of cold stratification
(prechilling at 5°C) is sufficient to signifi-
cantly improve seed germination of Cedrus
brevifolia (Hook. f.) A. Henry (90%) com-
pared with untreated seeds (23%) (Das-
kalakou et al., 2015). The exogenous appli-
cation of gibberellic acid (GA3) is another
commonly used treatment to promote ger-
mination in physiologically dormant seeds
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(Kucera et al., 2005). Seed treatments with
hot water had been described to improve
germination in physically dormant seeds
through uplifting water and O2 permea-
bility of the weakened seed shell (Aydin
& Uzun, 2001). Proper pretreatment makes
the seeds ready to germinate when all the
necessary conditions are met.

In the context of C. atlantica conserva-
tion, and the given lack of data in its seed
germination features, we have undertaken
this work in order to fill the knowledge
gap regarding the effect of temperature
and water stress on seed germination in
this species. Some selected physicochemi-
cal pretreatments were also tested on pro-
moting seed emergence. The data obtained
in this study might contribute to managing
an urgent restoration project for this en-
demic.

Materials and methods

Biological material

The seeds were collected from mature
cones belonging to healthy selected trees
of C. atlantica evolving in three Algerian
national parks: namely Thienet El Had,
Chrea and Chelia (Table 1). The cedar
seeds are sub-triangular, winged, reddish
brown to light brown (Figure 1). The seeds
were stored in a paper bag and kept in dry
conditions until their use.

Preparation of seeds

For all germination tests, only healthy
seeds were selected and then dewinged,
sterilized with sodium hypochlorite (5%)
for 5 min and rinsed with distilled water.

Figure 1. Cedrus atlantica (Manetti ex Endl.) Carriére.
a: aerial part; b: seeds; c: longitudinal sections of seeds stained with 2,3,5 triphen-
yltetrazolium chloride (1-6: viable seeds; 7-9: non-viable seeds); Em = embryo; Mp =
micropyle; Ra = radicle; Sc = seed coat. The bar corresponds to 1 cm.
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Table 1. Provenances and characteristics of the used seeds.

Provenances The harvest year Age c.)f seeds at Bioclimate GI.DS

the time of use coordinates
Thienet El Had 2 vears Sub-humid and 35°51'56"N
(Province of Tissemsilt) 2017 y humid 01°5530"E
Chrea 2 vears Perhumid, humid 36°21'36.122"N
(Province of Blida) 2017 y and sub-humid 02°49'4.184"E
Chelia 2 vears Sub-humid and 35°19'48.5"N
(Province of Khenchela) 2017 y humid 6°39'01.2"E

Seed viability test

The viability assessment of the seeds was
determined using the TZ viability test (Fer-
radous et al., 2017). For each provenance,
25 seeds with 4 replications were soaked
in distilled water for 24 hours at 30°C to
soften their coats. They were then cut lon-
gitudinally into two equal parts and then
placed in an incubator in a solution of TZ
1% for 24 hours at 30°C. The dye excess
was removed by several rinses with dis-
tilled water, then the seeds were examined
under a binocular magnifying glass to as-
sess their viability.

Search for optimum thermal germination
conditions

Due to the lack of information on the ger-
mination of C. atlantica seeds, preliminary
tests to determine the optimum tempera-
ture for germination have been done. The
seeds were germinated in the dark in a
Memmert type germinator set at three
continuous temperatures (15°C, 20°C and
25°C) in glass Petri dishes, lined with two
layers of filter paper (Whatman 2) moist-
ened with distilled water. For each test, 100
seeds were split up into four batches of 25
seeds each for the three provenances. The
counting of germinated seeds was done
daily. The breakthrough of the coats by the
radicle was retained as a germination crite-
rion (Calone et al., 2020).

Effect of some pretreatments on
improving germination performance
Pretreatments recognized for breaking the
integumentary and embryonic dorman-
cy of seeds and therefore improving their

germination capacity were tested. Before-
hand, all the seeds were soaked in distilled
water for 24 hours at 20°C. The submersion
of seeds in distilled water was combined
with one of the following pretreatments:

* Soaking in hydrogen peroxide
(H202) at 2% and 4% (Lebrun,
1970),

* Soaking in gibberellic acid (GA3) at
different concentrations of 50 ppm,
100 ppm, 150 ppm, and 200 ppm
(Chetouani et al., 2017).

e Stratification: the seeds were placed
in Petri dishes containing filter pa-
per moistened with distilled wa-
ter and placed at 5°C for 1 month
(Heller et al., 1990).

* Soaking in hot water at 80°C for 5
min (Jaouadi et al., 2010).

These pretreatments were carried out
only on the most viable seeds, originating
from the cedar grove of Thienet El Had.
The seeds were placed to germinate at
20°C (optimum germination temperature
defined from our preliminary tests).

Effect of water stress on seed
germination
The effect of water stress was tested, too,
on the seeds of the cedar grove of Theni-
et El Had. Germination tests were carried
out under different levels of water poten-
tial by using polyethylene glycol with a
molar mass of 6000 (PEG6000) in the dark in
a controlled incubator set at a continuous
temperature of 20°C.

The different used concentrations of
PEGe000 are: 0 (control: distilled water), 0.5,
1, 2, 4, 8 and 12%, having water potentials
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of 0, -0.04, -0.08, -0.17, -0.42, -1.16, -2.20 bar, respectively. The different water potentials
were determined according to the equation of Michel & Kaufman (1973):

W=-(118x107) C- (1.18 x 10%) C*+ (2.67 X 10*) CT + (8.39 x 107) CT. (1)

Where: W: water potential (bars), C: PEG concentration (g.L), T: temperature (°C)

Result expression and data treatment

Germination test results were expressed by the final germination percentage (FGP), the
latency time (LT) and the velocity coefficient or germination rate (VC). The velocity coef-
ficient was expressed as follows (Jones & Sanders, 1987):

(N1 + N2 + N3...+ Nn)

49

Where: N is the number of germinated
seeds at day T, and T is the number of
counting days. In order to understand the
physiological significance of the germi-
nation behavior. in the studied seeds, we
have determined the germination kinetics,
reflecting the evolution of the cumulative
germination percentages as a function of
days.

SPSS (version 20.0, SPSS Inc., Chicago,
Illinois, USA) software was used to check
the effect of provenance (ecotype) and tem-
perature on various seed germination pa-
rameters (FGP, VC and LT) with two-way
controlled analysis of variance (ANOVA
II). A one-way analysis of variance (ANO-
VA ) was used, as well, to assess the effect
of the different pretreatments and water
stress on seed germination. The compari-
son of the means (two-by-two) of different
germination parameters were carried out
by the Duncan test. Simple linear regres-
sion analysis was used to highlight the
relationship between the different water
potentials tested on the germination attri-
butes by calculating the coefficient of de-

termination (RZ).
Results

Controlling seed viability by the TZ test
The results obtained show that a high via-
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bility rate characterized the Thienet El Had
seeds (90 + 8.2%) and those of Chrea (85
7.6%). A lower rate (60 + 5.7%) character-
ized the Chelia seeds. According to Rao
et al. (2006), the tissues of viable seeds are
stained red and those of non-viable ones
kept their original staining (Figure 1 c).

Effect of temperature on seed
germination
Regardless of the temperature tested, the
germination curve showed three phases
(Figure 2):
® Latency phase: corresponds to the
time necessary for the radicle to
pierce the seed coats (the lag time),
®  Acceleration phase: corresponds to
an exponential increase in the num-
ber of germinated seeds,

®  Stationary phase: corresponds to

the cessation of germination.

The results of the preliminary germi-
nation tests established on the untreated
seeds showed that the highest germination
rates were noted at 20°C for the three prov-
enances. At this temperature, Thienet El
Had and Chelia seeds gave the best germi-
nation rates, with 52% and 32%, respective-
ly. Only 7% of germination was assessed in
Chrea ecotype seeds (Figure 3). The Figure
3 illustrates the variations in FGP and VC
of the seeds as a function of the different
temperatures. ANOVA II showed a highly
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Figure 2. Cumulative germination percentages of Cedrus atlantica seeds as a function of tempera-
tures and provenances. a: Thienet El Had; b: Chelia; c: Chrea.

Figure 3. Effect of temperature on the final germination percentage (FGP), velocity coefficient (VC)
and latency time (LT) in Cedrus atlantica seeds of the three provenances.
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significant effect of temperature (F= 5.9; p
< 0.01) and provenance (F= 62.8; p < 0.001)
on FGP of seeds in all provenances. How-
ever, a miss of interaction between these
two factors on germination was noted (F=
1.2; p > 0.05). ANOVA II also showed a

highly significant effect of provenance (F=
8.02; p < 0.01) on VC. On the other side, a
non-significant effect (p > 0.05) of tempera-
ture and the interaction between tempera-
ture x provenance on VC (with F=0.65 and
0.55, respectively) was noted (Table 2).

Table 2. Effect of temperature and provenance on the final germination percentage (FGP), velocity
coefficient (VC) and latency time (LT) in Cedrus atlantica seeds of the three provenances

(mean + SE, n=4).

Source of variation sums of Mean squares F p
squares
Temperature 2 1106.005 553.002 5.946 0.007
FGP Provenance 2 11682.538 5841.269 62.806 <0.0001
Temperature*Provenance 4 456.643 114.161 1.227 0.323
Temperature 2 0.002 0.001 0.650 0.530
Ve Provenance 2 0.028 0.014 8.025 0.002
Temperature*Provenance 4 0.004 0.001 0.546 0.703
Temperature 2 91.556 45.778 1.830 0.180
0T Provenance 2 56.722 28.361 1.134 0.337
Temperature*Provenance 4 86.111 21.528 0.860 0.500

DL: degree of liberty; F: Fisher Snedecor variable; p: probability; SE: standard deviation.

In bold: a statistically significant difference at p < 0.05.

The latency time of C. atlantica seeds was
varied according to the temperature tested
and the provenance. The shortest latency
time was noted at 25°C for the three prov-
enances (ranged from 2 to 7 days) and the
longest latency time was noted at 15°C for
Thienet El Had (8 days) and Chelia (11
days) and for Chrea at 20°C (10 days) (Fig-
ure 3). Despite the variation in LT values,
no statistically significant differences (p
> 0.05) were recorded with temperature,
provenance and their interaction (Table 2).

Effect of some pretreatments on seed
germination

Table 3 highlights the values of different
germination patterns (FGP, VC and LT) in
seeds of Thienet El Had provenance that
have undergone different pretreatments.
As compared to the control (untreated
seeds where FGP = 52% and VC = 9.7%),
it appeared that soaking seeds in hot water
is the treatment that remarkably improved
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the final germination percentage (FGP =
77%) and the velocity coefficient (VC
50.8%). The lowest value of FGP (27%) is
recorded in hydrogen peroxide treatment
(H202 at 4%). A significant statistical dif-
ference was noted among all studied ger-
mination attributes (FGP, VC and LT) at p
< 0.05. The LT varied among treatments.
Interestingly, all pretreatments used have
shortened the LT (enhancing seed emer-
gence speed) to only 3 days except the
soaking in hot water, the LT was reduced
yet at 2 days.

Effect of water stress on seed
germination

Enhancing the level of PEG6000 has a detri-
mental effect on FGP and VC (Figure 4). It
was observed that the increment in water
deficiency (decreasing the water poten-
tial level) in the medium dramatically de-
creased the values of FGP and VC. Beyond

120 g.L ™ of PEG6000 (-2.20 bar) the germina-
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Table 3: Effect of treatments used on the final germination percentage (FGP), velocity coefficient
(VC) and latency time (LT) in seeds of Cedrus atlantica of Thienet El Had provenance (mean

+ SE, n=4).
FGP (%) VC (%) LT (days)
Control 52+4.2" 09.7+0.1% 7°
H,0, (2%) 45+12.6% 28.3£3.9¢ 3
H,0, (4%) 27£5.4° 27.9+3.2° 3
GA, (50 ppm) 47+£2.7% 19.1+1.0° 3
GA, (100 ppm) 50+5.8% 17.9+1.5° 3°b
GA, (150 ppm) 58 +7.45 25.6+1.5¢ 30
GA, (200 ppm) 50+8.87 17.6+0.4" 30
Cold stratification (5°C) 46+£7.7% 18.8+1.5° 3
Hot water (80 °C) 77+£6.9°¢ 50.8+2.21¢ 2¢

H,0,: hydrogen peroxide; GA,: Gibberellic acid.
Different letters indicate significant differences (p <0.05).

Figure 4. Effect of the different water potentials on the final germination percentage (FGP), velocity
coefficient (VC) and latency time (LT) in seeds of Cedrus atlantica of Thienet EL Had prove-
nance. Different letters indicate significant difference between means (p < 0.05).
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tion was completely ceased. The effect of
different water potentials was confirmed
by analysis of variance (p < 0.05). Laten-
cy times vary from one concentration of
PEG6000 to another. The shortest TL (1 day)
was recorded at -2.20 bar. However, the
longest TL (7 days) was observed at the
control (Figure 4).

Linear regression analysis showed a
high correlation between FGP and the in-
duced water potentials (R*>= 0.81), while
the correlation is moderate with VC (R*=
0.45) and LT (R*= 0.49).

Discussion

Our study has showed that the seed viabil-
ity rate of C. atlantica, assessed by the TZ
test, differs from one provenance to anoth-
er. This rate is important in the seeds of the
cedar groves of Chrea and Thienet El Had
(85% and 90%, respectively); while an aver-
age of viability with just 60% characterized
the seeds of the Chelia cedar grove. The
performance of the TZ test in assessing the
physiological quality of seeds, in particular
their viability rate, has been confirmed in
the works of Franca-Neto & Krzyzanows-
ki (2019) and Salazar-Mercado et al. (2020).
The reducing reaction of the TZ salt solu-
tion under the action of dehydrogenase en-
zymes produces triphenylformazan, which
shows a carmine red coloration in the liv-
ing tissues of the seeds (Franca-Neto &
Krzyzanowski, 2019). Completely stained
seeds are viable; those that are not colored
are not viable; while those which are par-
tially colored will produce either normal or
abnormal seedlings (Rao et al., 2006).

The need to restore the natural unpre-
dictable habitats has set forth a rise in de-
mand for seedlings pertaining to native
forest species. Most of these species are
spread via seeds and the success in seed-
ling formation depends on the knowledge
about the germination process of each uti-
lized seed (Rego et al., 2009). This knowl-
edge is missing in Atlas cedar, although
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it is available for two other cedars: Cedrus
libani A. Rich. (Dirik, 2000) and C. brevi-
folia (Daskalakou et al., 2015). Our results
showed that temperature and provenance
have a highly significant effect on the
germination capacity of seeds. However,
analysis of variance revealed an insignifi-
cant interaction between temperature and
provenance for the variables of three ger-
mination parameters (FGP, VC and LT).
The VC seemed to be influenced only by
the provenance factor. Furthermore, no
effect of the two above-mentioned factors
was demonstrated for the latency time.
The best FGPs were noted at 20°C in the
seeds of the three provenances. In fact,
these FGPs were variable and remained
low to medium with 7%, 32% and 52% for
Chrea, Chelia and Thienet El Had, respec-
tively. This heterogeneity in FGPs can be
explained by genetic effects, harvesting
conditions, treatments and storage condi-
tions of seeds (Dirik, 2000).

Simultaneously, this author has ob-
tained the same results on the cedar of Leb-
anon (C. libani) of Turkish origin. Indeed,
he has noted that incubating C. [ibani seeds
at 20°C, the germinability ranged from
36.2% to 63.4% depending on provenanc-
es. On the other hand, the highest germi-
nation percentage (80%) was obtained at
15°C in C. brevifolia seeds, while at 25°C al-
most full suppression of germination was
observed (Daskalakou et al., 2015). The
optimum temperature for germination in
Atlas cedar is matched in nature with ear-
ly spring, when climatic conditions are fa-
vorable for seedling survival, development
and growth.

By comparing the results of the TZ
test with those of the FGP, it appeared
that many seeds of C. atlantica, although
they were viable, failed to germinate. This
prompted us to study the effect of some
pretreatments on improving the germi-
nation performance of the most viable
C. atlantica seeds from the cedar grove of
Thienet El Had. In this context, the results
obtained showed a significant effect of the
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physical and chemical pretreatments on
seed germination behavior. As compared
to the control, the treatment of the seeds
with hot water (80°C) and with GA3150
ppm improved the germination capacity.
We found that hot water allowed the soft-
ening of the seed coats and the elimination
of the mucilage contained in them, which
probably interfered with their germina-
tion. The work of Velempini et al. (2003)
and Mohammadi et al. (2012) in the effect of
pretreatments on seed germination of Cor-
chorus olitorius (L.) and Abelmoschus esculen-
tus (L.) Moench, respectively, showed that
soaking the seeds of these two species in
hot water at 80°C for 10 min and at 75°C for
5 min was the most effective treatment to
improve germination. The beneficial effect
of hot water treatment (60°C) on seed ger-
mination of Cupressus atlantica Gaussen has
been also revealed by Arjouni et al. (2013).
According to Budy et al. (1986), hot water
is a form of thermal scarification which
allows the removal of integumentary dor-
mancy by causing cracks in the seed coats
without altering the anatomy of the micro-
pyle. These cracks allow water to percolate
in order to trigger germination (Pritchard,
2000). The physiological role of GA3 as a
promoter of seed germination has been re-
ported by several authors in a wide range
of plant species (Baskin & Baskin, 2004; Ro-
gis et al., 2004; Sharma et al., 2020; E1 Ham-
daoui et al., 2021). The favorable effect of
GA3 and submersion in distilled water has
also been demonstrated on Pinus gerardiana
Wall. ex D. Don. (Kumar ef al., 2014). It was
noted in the work of Kabar (1998) that the
advantageous effect of GA3 on seed germi-
nation of Pinus brutia Ten. and Thuja orien-
talis L. is explained by its ability to mod-
ulate the inhibitory effect of abscisic acid
(ABA). The hormonal cross talk of GA with
ABA has been well-documented in seeds
of many plant species (Seo et al., 2009). In
addition, soaking in distilled water allows
the dissolution of germination-inhibiting
substances, such as polyphenols in the seed
covering (Bessam et al., 2010).

When the water potential decreases in
the medium, the FGP and VC values weak-
ened steadily and significantly (p < 0.05),
especially at -1.16 and -2.20 bar; while the
LT became shorter. Compared to many
species which are tolerant to water stress
and able to germinate at water potentials
exceeding -8 bar, such as Salsola drummon-
dii Ulbr. (Elnaggar et al., 2019) and Thymus
fontenesii Boiss. & Reut. (Dadach & Meh-
dadi, 2021), C. atlantica seeds from Thienet
El Had are water stress-sensitive species
since their germination was completely in-
hibited beyond -2.20 bar. Similarly, the de-
pressive effect of water stress, especially on
FGP and VC has also been highlighted in
some Mediterranean species belonging to
different botanical families (Dadach & Me-
hdadi, 2018; Hamdini et al., 2021; El Hamd-
aoui et al., 2021). Consistently, Dirik (2000)
on Cedar of Lebanon (C. libani) and Tilki &
Dirik (2007) on P. brutia have found that
in general the germination rate varies ac-
cording to seed provenance and decreased
steeply with increasing water stress in the
soil. The decrease in FGP and CV values is
a consequence of the reduction in the in-
tensity of water uptake by the seeds due to
the water deficit. This can inhibit respirato-
ry pathways and enzymatic activity, caus-
ing oxidative stress, which stimulate the
accumulation of various toxic by-products,
such as reactive oxygen species (ROS). If
the production of ROS overwhelms the
scavenging capacity of cell, that can lead
to lipids, proteins and carbohydrates de-
naturation (Rasheed et al., 2019), thus as a
result the restriction of radicle emergence
and seedling formation.

Conclusion

From the obtained results, it appeared that
the viability of C. atlantica seeds varies ac-
cording to the three studied provenances,
with a moderate to high rate. However,
their germination percentages were low
to moderate at the optimal temperature of
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20°C. This is certainly due to the seed coat
dormancy combined with the potential ex-
istence of germination inhibitor substances
that preclude seeds to emerge. Seeds” ger-
minative performance could be improved
remarkably by treatment with hot water.
Such easy-to-use pretreatment could be
utilized to enhance the production of seed-
lings to rescue the remaining threatened
natural populations of

C. atlantica. The seed dormancy and the
sensitivity of C. atlantica seeds to the water
potential drop at the germination stage are
assumed to be the limiting factors for a suc-
cessful natural regeneration of this species.

Regarding the confirmed dreadful effect
of water stress on seed emergence of C. at-
lantica, we recommend planting seedlings
in habitats with high annual precipitation
levels. We assume rains will mitigate the
impact of global warming and hence in-
crease the survival chances of this species
in the field. As a complement to this work,
it would be interesting to further elucidate,
for supporting both in situ and ex situ con-
servation projects, the potentiality of adap-
tation and survival under water stress of
several genotypes of Atlas cedar during
their early establishment stages.
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