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Abstract— The effects of the mineral composition of
nutrient solution (Hoagland and Arnon (HA), Quoirin
and Lepoivre (QL), Murashige and Skoog (MS), and
Woody Plant Medium (WPM)), cutting type (softwood,
semi-hardwood and hardwood) and cutting position
(basal, medial, and apical) on sprouting and rooting
performance of Argania spinosa cuttings were
investigated. According to the results, the nutrient
solution, cutting type and cutting position had an effect on
the sprouting and adventitious rooting ability of A.
spinosa cuttings. The leafy semi-hardwood cuttingstaking
from the basal positions and irrigated with Hoagland
solution performed best and produced the highest number
of roots (44.63), root length (28.86 cm), and had the
highest rooting and survival percentage (63.81% and
96.09%, respectively). The nutrient solution applications
caused a notable increase in sprouting and rooting
potential of the argan tree. The highest values were
recorded for HA and QL, while the MS and WPM gave
the poorest result and the greatest mortality rate of
cuttings.

The cuttings type had also a pronounced effect on
vegetative propagation of A. spinosa. The leafy semi-
hardwood cuttings performed better than the leafy
softwood cuttings, whereas leafless hardwood cuttings
were completely unable to sprout and root even when
treated with nutrient solutions. Thus, vegetative
propagation of A. spinosa can best be achieved using
basal leafy semi-hardwood cuttings irrigated with
Hoagland nutrient solution.

Keywords— Argania spinosa, cutting, nutrient solution,
rooting, vegetative propagation.

I INTRODUCTION
Argania spinosa (L.), commonly known as the argan tree,
is a thorny evergreen tree. Its main natural distribution
extent is limited to the south-west of Morocco, from the
Atlantic coast and Souss plains to bordering slopes of the

www.ijeab.com

Anti-Atlas and High Atlas mountains, between Oued
Tensift to the north and Oued Draa to the south
(Emberger 1925; Msanda, 1993). The argan forest is
recognised by UNESCO since 1998 as a biosphere
reserve with a rich natural biodiversity. It’s an
indispensable component of the ecological balance of
semi-arid south-western ecosystems of Morocco (Msanda
et al., 2005). In fact, A. spinosa is recommended as a
climate change mitigation species because it acts as a
barrier against desertification, protects the soil against
erosion, retains water moisture, restores soil fertility and
provides a very favorable area for intercropping or fallow
management by its deep root system (Morton and Voss,
1987, M'hirit et al., 1998). The argan tree is still
reproduced through seeds but does not guarantee the
production of a high-performance material. Although the
seeds can germinate readily, the gradual destruction of the
argan forest coupled with unsustainable seeds harvesting
methods, overgrazing and the reconversion of the argan
woodland into intensive agriculture systems are posing an
increasing threat to natural regeneration, reducing the
population size, and could result in fewer individuals of
this species (Nouaim et al., 2002). Therefore, an
alternative method such as clonal propagation is required
for mass multiplication of elite genotypes obtained in
breeding programs or selected from natural populations
(Hartmann et al., 1997). Compared to other vegetative
propagation techniques, the use of cuttings is considered
as the most efficient and low-cost method (Leakey, 2004).
It’s an efficient method for producing large numbers of
uniform plants, but it does not always succeed due to
some difficulties of rooting and subsequent growth that
can be observed (De Vries and Dubois, 1988; Dubois and
De Vries, 1991). The rooting potential of stem cuttings
varies considerably among plant species, some can easily
root while others remain recalcitrant even with the
application of growth regulators (De Klerk et al., 1999).
Rooting in stem cuttings of woody species is a complex
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process that is affected by a combination of physiological
processes in the leaf and stem portions of the cuttings.
Each of these processes is influenced by numerous
morphological and anatomical factors which result from
interactions with the genetic background, age, ontogenetic
phase, culture conditions of the stock plant and post-
severance treatments such as plant growth regulators and
composition of the nutriment solution (Németh, 1986;
Hartmann et al., 2002). Based on the species being
propagated, the cutting maturity and a specific type of
cutting are usually required. Some species root more
easily with softwood, others require semi-hardwood
cuttings, and still, others may root easier when hardwood
cuttings are used (Greenwood and Hutchison, 1993;
Hartmann et al., 2002). Moreover, adventitious root
ability may vary between cuttings from different nodal
positions, especially in woody species (Hansen and
Kristensen, 1990; Bredmose et al., 2004). The position of
the cutting on the stock plant affects the bud break and the
shoot growth (Bredmose and Hansen, 1996; Husen and
Pal, 2007; Otiende et al., 2017). The nutritional approach
suggested that nutritional factors rather than growth
substances are involved in regulating plant growth and
development including rooting process (Fageria and
Moreira, 2011). The metabolism of adventitious rooting is
influenced by mineral nutrients of the stock plant or of its
cuttings during propagation (Haissig, 1986). Indeed, the
mineral nutrients are able to influence adventitious
rooting, either by inhibiting or increasing the number of
adventitious roots or by modulating the root length.
Therefore, rooting may be increased if stock plants or
cuttings are properly supplied with a combination of low
to moderate amounts of other macro- or micro-nutrients
ordinarily required for satisfactory plant vigour (Eliasson,
1978). This study was undertaken to investigate the
influence of the mineral composition of the nutritive
solution, cutting position and cutting type on sprouting
and rooting ability of Argania spinosa cuttings.

. MATERIALS AND METHODS

1. Sources and preparation of cuttings

Cuttings were collected from adult Argania spinosa trees
from the Arboretum of Oued Cherat, province of
Bouznika in Morocco (33°81'96" N; 7°11'03" W; 45 m
altitude), which is located within 2000 m of the Moroccan
Atlantic coast and with an average annual rainfall of 460
mmyrl. The selected trees were growing in wild
conditions and showing superior phenotypes with very
good crown diameter, fruits shape and caliber. Shoots
were collected by using sterile pruning scissors from the
tree crown in the early morning and were kept in
perforated plastic bags inserted in a cool boxto prevent
drying during collection before being taken to the
laboratory. Prior to insertion in the rooting medium,
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cuttings were stored in a dark cold room (4°C) during 48
hours. The terminal node of the shoots was excised, then
cuttings were excised and kept separately according to the
position on the stock plant (basal, medial and apical), then
they were classified with regard to cutting types. Actually,
hardwood (leafless) cuttings were taken in winter.
However, softwood (green and tender wood; leafy)
cuttings were taken in spring and semi-hardwood (semi-
lignified; leafy) cuttings were taken in summer. Healthy
cuttings were screened to (10 £ 0.5) cm length with at
least six nodes. Leaves were excised from the down part
so that only four leaves remained on the cuttings to
minimize water stress caused by transpiration. To
minimise fungal attacks, a chemical surface disinfection
was applied on these cuttings for 10 min with a 0.2%
(w/v) fungicide solution (Dithane-M45) and subsequently
washed with sterile distilled water. The apical cut ends of
the treated cuttings were sealed with tree wound dressings
to reduce the water loss, prevent diseases and decay. The
base of each cutting was wounded (basal cut just below a
node), then it was soaked for 5 min in 3000 mg.L! of
indole-3-butyric acid (IBA), this concentration proved to
be the most successful in a study conducted by our team
(currently being published). Prepared cuttings were
immediately placed in 1000 cc polyethylene (PE) pots
containing sterilized sieved sand placed in greenhouse
under the natural conditions of luminescence and
humidity and a mean temperature of 32 + 2 °C, at the
biotechnology unit of the Regional Center of Agricultural
Research of Rabat, INRA-Morocco. To harden the plants,
rooted cuttings with roots of more than 1 cm long and
without symptoms of fungal diseases were transferred to
4500 cc polyethylene (PE) pots containing a mix of
sterilized sieved sand, sterilized forest soil and peat moss
(1:1:1 v/v). These pots were then placed in the green
house, at a spacing of 20 cm x 20 cm. The growing
cuttings were monitored for a two year period. Cuttings
were regularly watered every 2 days with tap water and
received weekly applications of nutrient solution
Hoagland and Arnon (HA; Hoagland and Arnon, 1950),
Quoirin and Lepoivre (QL; Quoirin and Lepoivre, 1977),
Murashige and Skoog (MS; Murashige and Skoog, 1962),
and Woody Plant Medium (WPM; Lloyd and Mc Cown,
1980). The macronutrients were added separately from
stock solutions. A combined stock solution is made up
containing all micronutrients except iron. Iron is added as
ferrous sulphate heptahydrate (FeSOs.7H20). The pH of
the nutrient solution was adjusted to a value of 5.6 + 0.2,
2. Experimental design and treatments

The experiment was organised according to a randomized
complete block design (RCBD). Thirty two replications
were used in four blocks for each treatment. The
experiment tested three cutting types (leafy softwood
(SW), leafy semi-hardwood (SHW) and Ileafless
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hardwood (HW) stem cuttings), three cutting positions
(apical, medial and basal position), four nutrient solution
treatments (Hoagland and Arnon (HA), Quoirin and
Lepoivre (QL), Murashige and Skoog (MS), and Woody
Plant Medium (WPM)) and their interactions.

3. Data collection

After 12 weeks, the cuttings were scored for the number
of leaves (NL), leaf size in cm? (LS), number of sprouts
(NS), length of the longest sprout cm (SL), sprouting rate
(SP %), number of roots (NR), length of the longest root
in cm (RL), and rooting rate (RP %). Finally, the survival
rate (SR %) was recorded 48 weeks after rooting
induction, a period that has been considered sufficient to
measure the survival of rooted cuttings.

4. Statistical analysis

The data collected were submitted to tests of analysis of
variance (ANOVA) for treatment effects of the general
linear model (GLM) procedure in SAS program version
9.1 (SAS Institute, Cary, NC, USA) for all the evaluated
parameters. Comparisons between treatments were
performed by using Duncan’s Multiple Range Test
(DMRT) with at least 95% level of statistical reliance, and
as a result, homogenous groups were acquired and
interpreted. All data were reported as means +* standard
deviation (SD). Before statistical analysis, data were
converted by angular transformation (X = arcsine VY) for
sprouting, rooting and survival ratios.

1. RESULTS
1. Effect of the nutrient solution, cutting type and
position on the number of leaws and leaf size of
Argania spinosa cuttings

1.1. Number of leawes

The highest number of leaves was obtained from
hardwood cuttings, followed by the semi-hardwood
cuttings, although softwood cuttings tended to produce
the lowest result (Table 1). The lignification trend in the
number of leaves was also similar for cutting position.
Over the entire experimental period, basal position had a
highest leaf number, followed by the medial position
(Table 1). In our study, the highest number of leaves for
basal hardwood cuttings was observed with MS solution
(36.25 + 0.73), while softwood cuttings treated with
WPM solution presented the lowest number of leaves and

exhibited several nutrient-deficiency symptoms and
chlorosis on their leaves.
1.2. Leaf size

Leaf size had a mean per cutting significantly greater in
hardwood cuttings, followed by semi-hardwood then
softwood cuttings (Table 1). The highest mean for leaf
size was observed in cuttings taken from the basal
position followed by cuttings of medial position then
apical position (Table 1). The results presented herein
indicate that leaf size of basal softwood cuttings treated
with WPM or HA was generally lower (9.90 + 0.46 crm?
and 11.19 + 0.49 cn®?, respectively) than that for basal
hardwood cuttings irrigated with either QL or MS (24.96
+ 0.53 cn? and 28.93 + 0.71 cn®, respectively).

The mean number of leaves and size were significantly (P
< 0.01) affected by the nutrient solution, cutting type and
cutting position, while interactive effect of nutrient
solution, cutting type and cutting position had a
significant (P < 0.01) effect only for leaves size (Table 2).

Table.1: Effects of nutrient solution, cutting type and cutting position on mean values of the number of leaves (NL) and leaf
size cm? (LS) of Argania spinosa cuttings.

Nutrient solution  Cutting position ~ SW SHW HW
NL LS NL LS NL LS

HA Apical 00.00 + 0.00° 00.00 + 0.00¢ 00.00 £ 0.00¢ 00.00 £ 0.002 00.00 + 0.00¢ 00.00 £ 0.00¢
Medial 00.00 + 0.00° 00.00 =+ 0.00¢ 21.38+0.89° 15.64 +0.74% 28.38+0.84¢ 19.35+0.65¢
Basal 17.50 % 0.75° 11.19+0.49° 22.00 £ 0.59% 17.20 £ 0.55% 29.31£0.73¢ 20.66 + 0.62¢

QL Apical 00.00 + 0.00¢ 00.00 + 0.00¢ 00.00 + 0.00¢ 00.00 £ 0.002 00.00 + 0.00¢ 00.00 £ 0.00¢
Medial 00.00 + 0.00° 00.00 =+ 0.00° 24.00 £ 0.75% 18.05 = 0.51% 32.00+0.88° 23.36 £ 0.56¢
Basal 19.25+0.792 13.61+£0.53* 24.56+0.722 19.78 £0.782 32.75+0.64° 24.96 £ 0.53%

WPM Apical 00.00 + 0.00° 00.00 + 0.00¢ 00.00 £ 0.00¢ 00.00 £ 0.002 00.00 + 0.00¢ 00.00 £ 0.00¢
Medial 00.00 + 0.00° 00.00 + 0.00¢ 20.63 £ 0.91° 13.66 + 0.60° 27.19+1.32¢ 17.10+0.92¢
Basal 16.88 £ 0.72° 09.90 £ 0.46° 21.62+0.86° 15.07 £ 0.65¢f 28.94 +0.86° 18.90 £ 0.6d°

MS Apical 00.00 + 0.00° 00.00 + 0.00¢ 00.00 £ 0.00¢ 00.00 £ 0.002 00.00 + 0.00¢ 00.00 £ 0.00¢
Medial 00.00 + 0.00° 00.00 =+ 0.00¢ 24.50 £ 0.707 20.18 £0.712 33.19+0.75 25.47+0.62°0
Basal 20.19 +0.83* 14.71 £ 0.69* 25.31+0.56* 21.49 +£0.512 36.25+0.732 28.93 £0.712

Within each treatment, value marked by the same letter are not significantly different (Duncan’s Multiple Range Test
(DMRT), P < 0.05, mean = SD, n = 32).
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Table.2: Analysis of variance (ANOVA) for effect of nutrient solution, cutting type, cutting position and their interactions on
the number of leaves and leaves size (cm?) of Argania spinosa cuttings.

Source of variance Dependent variable df  F-value P-value
Cuttingtype
Nb. of leaves 2 1119.0 0.000
Leaves size (cnr) 2 10284 0.000
Cutting position
Nb. of leaves 2 33235 0.000
Leaves size (cm’) 2 2875.7 0.000
Nutrient solution
Nb. of leaves 3 25.222 0.000
Leaves gize (cm) 3 80.297 0.000
Cuttingtype * Cutting position * Nutrient solution
Nb. of leaves 12 01.206 0.275
Leaves size (cm’) 12 03.235 0.000

Nb. = number.

2. Effect of the nutrient solution, cutting type and
position on the number of sprouts and sprouts length
of Argania spinosa cuttings

2.1. Number of sprouts

Semi-hardwood cuttings gave the best sprouting yield and
produced the largest number of sprouts, followed by
softwood, whereas hardwood cuttings failed to produce
shoots (Table 3). Cuttings taken from the medial
internodes were the ones which produced the greatest
number of sprouts in comparison with the basal position,
though the apical position didn’t sprout at all (Table 3). In
our study, analysis of variance revealed that the cuttings
taken from the medial position of semi-hardwood branch
treated by the QL solution produced the maximum
number of sprouts (1.81 + 0.13), followed by WPM (1.75
+ 0.09) then basal softwood cuttings irrigated by HA and
MS solutions (1.31 + 0.11 and 1.13 £ 0.05, respectively).
Besides, cuttings irrigated with WPM solution were
characterized by short and thin shoots, with small, narrow
leaves and cuttings irrigated with MS were observed to

2.2 Sprouts length

The influence of the cuttings type on sprouts length
revealed that semi-hardwood cuttings performed best and
produced longer shoots than softwood cuttings (Table 3).
Moreover, cuttings at the middle position showed the
highest shoot length values per cutting (Table 3). The
results revealed that the longest sprouts were recorded on
the medial position of the semi-hardwood cuttings with
the use of QL (16.88 + 0.6 cm) (Figure 1), followed by
the WPM solution (16.13 + 0.66 cm).

Significant differences (P < 0.05) existed between the
mean number of sprouts and sprouts length produced by
cuttings at the various stages of development and at
different position on the branch of the stock plant, as well
as the differences between the cuttings sprouts length
produced by cuttings treated by different nutrient
solutions (Table 4). Although the mean number of sprouts
were not significantly (p = 0.075) affected by nutrient
solution and also there were no significant differences in
term of interaction for sprouts number and length (p =

develop more shoot tip necrosis.

0.188 and p = 0.179, respectively).
Table.3: Effects of nutrient solution, cutting type and cutting position on mean values: number of sprouts (NS) and sprout
length in cm (SL) of Argania spinosa cuttings.

Nutrient solution  Cuttingposition SW SHW HW
NS SL NS SL NS SL

HA Apical 00.00£0.00¢ 00.00£ 0.00° 00.00£0.00° 00.00£0.00° 00.00£0.00 00.00£0.00
Medial 00.00+ 0.00¢ 00.00+ 0.00¢ 01.75+0.09 15.31+0.62¢ 00,00+ 0.00 00,00+ 0.00
Basal 01.31+0.118 11.25£0.63® 01.63+0.12 14.56£0.61% 00.00£0.00 00.00£0.00

QL Apical 00.00£0.00¢ 00.00£ 0.00° 00.00£0.00° 00.00£0.00° 00.00£0.00 00.00£0.00
Medial 00.00£0.00¢ 00.00£ 0.00° 01.81+0.132 16.88+£0.60% 00.00£0.00 00.00£0.00
Basal 01.44£0.122 12.13+£0.752 01.44+0.12° 15.69+0.88 00.00+0.00 00.00£0.00

WPM Apical 00.00+ 0.00¢ 00.00+ 0.00° 00.00+ 0.00° 00.00+ 0.00° 00.00+ 0.00 00.00+ 0.00
Medial 00.00+ 0.00¢ 00.00+ 0.00° 01.75+0.092 16.13+0.66% 00.00+ 0.00 00.00+ 0.00
Basal 01.38+0.122 11.94+0.58° 01.44+0.120 15.19+0.733 00.00+ 0.00 00.00+ 0.00

MS Apical 00.00+ 0.00¢ 00.00+ 0.00¢ 00.00+ 0.00¢ 00.00+ 0.00¢ 00,00+ 0.00 00,00+ 0.00
Medial 00.00+ 0.00¢ 00.00+ 0.00° 01.44+0.120 12.88+ 0.66% 00.00+ 0.00 00.00+ 0.00
Bagal 01.13+0.05% 10.06+ 0.55° 01.44+0.12% 12.18+0.76% 00,00+ 0.00 00,00+ 0.00
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Table.4: Analysis of variance (ANOVA) for effect of nutrient solution, cutting type, cutting position and their interactions on
the number of sprouts and sprout length (cm) of Argania spinosa cuttings.

Source of variance Dependent variable df F-value P-value
Cuttingtype
Nb. of sprouts 2 0652.9 0.000
Sprout length (cm) 2 1235.1 0.000
Cutting position
Nb. of sprouts 2 0509.9 0.000
Sprout length (cm) 2 0922.0 0.000
Nutrient solution
Nb. of sprouts 3 02.308 0.075
Sprout length (cm) 3 08.121 0.000
Cuttingtype * Cutting position * Nutrient solution
Nb. of sprouts 12 01.346 .188
Sprout length (cm) 12 01.304 0.179

Nb. = number.

3. Effect of the nutrient solution, cutting type and
position on number of root and longest root length of
the Argania spinosa cutting

3.1. Number of roots

The highest number of roots was produced from semi-
hardwood cuttings, followed by softwood cuttings, while,
the hardwood cuttings (which included developing leaves)
failed to root completely. In addition, the cuttings from
the basal part of the branch exhibited a markedly superior
number of roots than medial position. However, cuttings
from the apical position didn’t root at all (Table 5). The
greatest number of roots was obtained on cuttings sourced
from the basal position of semi-hardwood which were
irrigated with HA (44.63 + 0.69) (Figure 1), followed by
QL solution (40.63 + 0.88), whereas the poorest roots
number was recorded for the basal softwood cuttings
irrigated with MS and WPM solutions (31.06 + 0.89 and
32.88 * 0.82) respectively.

3.2 Root length

Semi-hardwood cuttings showed the longest roots,
followed by softwood. Furthermore, the basal position has
given the highest values, followed by the medial position
(Table 5). Basal semi-hardwood cuttings treated with HA
solution showed the longest roots (28.86 + 0.75 cm)
(Figure 1), followed with QL (26.19 % 0.68 cm).
However, the shortest roots were recorded for the basal
softwood cuttings irrigated with MS and WPM solution
(22.00 £ 0.84 cm and 22.38 + 0.56 respectively). The
results indicate that nutrient solution, cutting type, cutting
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position has very significantly (P <0.01) affected both the
mean number of roots and their length, while interactive
effects of nutrient solution, cutting type and cutting
position was significant (P < 0.01) only for the number of
roots produced (Table 6).

hR” ==

Fig. 1: (A) Argania spinosa semi-hardwood cuttings
inserted in a sterilized sieved sand rooting medium,
distributed according to a Randomized Complete Block
Design (RCBD) under non-mist greenhouse conditions (1
week). (B) Sprouted basal leafy softwood cuttings
irrigated with Quoirin and Lepoivre (QL) nutrient
solution (12 weeks). (C) Rooted basal leafy semi-
hardwood cuttings freshly removed from the sand rooting
medium (48 weeks). (D) Well-developed roots of basal
leafy semi-hardwood cuttings irrigated with Hoagland &
Arnon (HA) nutrient solution (72 weeks).
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Table.5: Effects of nutrient solution, cutting type and cutting position on mean values of number of roots (NR) and root
length in cm (RL) of Argania spinosa cuttings.

Nutrient Cutting SW SHW HW

solution position NR RL NR RL NR RL

HA Apical 00.0040.00¢  00.00+0.00°  00.00+£0.00°  00.00£0.00¢  00.00£0.00  00.00+0.00
Medial 00.00+0.00¢  00.00+£000°  40.19+£083¢ 2625+084*  00.00£0.00  00.00+0.00
Basal 3856+ 0892 25.06+083%  4463+£0.69%  28.86+0.75*  00.00+£0.00  00.00+0.00

QL Apical 00.00£0.00¢  00.00£000° 00000005 00.00£0.00¢  00.00£000  00.00=0.00
Medial 00.00£0.00¢  00.00£0.00°  3863x0.70" 2506+0.54*¢  00.00+0.00 00.00% (.00
Basal 3538+ 088" 2363+0.68"% 4063088 2619068  00.00+0.00 00.00=0.00

WPM Apical 00.00+0.00¢  00.00+£000°  00.00£000f  00.00£0.00¢  00.00£000  00.00+0.00
Medial 00.00£0.00¢  00.00£000°  3813x0.72%¢ 2400+£0.66°  00.00£0.00  00.00=0.00
Basal 3288+£082°  2238+056° 39310860 2469+ 086  00.00+0.00 00.00+ 0.00

MS Apical 00.00£0.007  00.00£0.00°  0000+000°  0000£000¢ 0000000  00.00+0.00
Medial 00.00+0.00°  00.00£0.00°  3531+£066°  23.19+081°  00.00£0.00  00.00+0.00
Basal 3106089 22.00+£084°  37.19+£0.80% 2388094  00.00£0.00  00.00=0.00

Within each treatments, value marked by the same letter are not significantly different (Duncan’s Multiple Range Test
(DMRT), P < 0.05, mean £ SD, n = 32).

Table.6: Analysis of variance (ANOVA) for effect of nutrient solution, cutting type, cutting position and their interactions on
number of roots and root length (cm) of Argania spinosa cuttings.

Source of variance Dependent variable df F-value P-value
Cuttingtype
Nb. of roots 2 6186. 0.000
Root length (cm) 2 27324 0.000
Cuttingposition
Nb. of roots 2 5605.3 0.000
Root length (cm) 2 2582.0 0.000
Nutrient solution
Nb. of roots 3 08.504 0.000
Rootlength (cm) 3 08.503 0.000
Cuttingtype * Cutting position * Nutrient solution
Nb. of roots 12 03.852 0.000
Rootlength (cm) 12 01.246 0.247

Nb. = number.

4 Effect of the nutrient solution, cutting type and
position on sprouting percentage, rooting percentage
and survival rate of Argania spinosa cuttings

4 .1 Sprouting percentage

Sprouting response was dependent on explants type, with
a maximum sprouting being obtained through semi-
hardwood cuttings, followed by softwood, though
hardwood cuttings did not sprout at all for any of the four
nutrient solutions. Moreover, medial cuttings had the
highest sprouting yield, followed by cuttings of the basal
position (Table 7). The highest sprouting percentage of
cuttings was recorded when the medial semi-hardwood
cuttings were irrigated with the QL solution (85.69 *
01.07 %), whereas the lowest sprouting ratio was
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recorded on basal softwood cuttings treated by MS
solution (64.59 + 1.70 %).

4.2 Rooting percentage

The semi-hardwood cuttings rooted significantly better
than other cuttings type, with a higher rooting percentage
(Table 7). Rooting yield varied among nodal positions,
with a sequential decline in performance from basal to
apical position. Basal semi-hardwood cuttings irrigated
with HA produced relatively more roots (63.81 + 1.89) %,
followed by QL (58.59 £ 1.37) %, and the basal position
of softwood cuttings irrigated with MS solution exhibited
the lowest rooting rate (46.09 + 0.68) %.

4.3 Survival rate

Semi-hardwood cuttings rooted more frequently and had
lower mortality rates than softwood and hardwood
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cuttings (Table 7). The overall survival of rooted cuttings
increased significantly between apical and basal positions.
Indeed, basal position had the highest survival results,
followed by cuttings of the medial position, whereas the
cuttings from the apical position were completely decayed
(Table 7). The cuttings taken from the basal position of
semi-hardwood cuttings irrigated with HA solution had
the highest survival rate per cutting (96.09 + 0.29) %,
followed by the QL solution (93.75 £ 0.39) %. However,
basal softwood cuttings treated with MS solution had the
Table 7: Effects of of nutrient solution, cutting type and cutting

poorest survival rate (48.44 = 1.17) %. Some softwood
cuttings irrigated with MS solution showed symptoms of
apical necrosis and were unable to grow.

The analysis of variance indicates a significant
difference for the mean of sprouting, rooting rate and
survival percentage for each factor studied separately
(nutrient solution, type and position of cuttings) (p <
0.05), though the nutrient solution x cutting type x cutting
position combinations were significant only for the
survival rate (Table 8).
position on mean values of sprouting percentage (SP),

rooting percentage (RP), and survival rate (SR) of Argania spinosa cuttings.

Nutrient Cutting SW SHW HW

solution position P RP SR SP RP SR SP RP SR

HA Apical 00.00£0.00°  00.00£0.00°  00.00£0.00*  00.00+0.00° 00.00£0.00¢  00.00£0.00f  00.00£0.00 00.00£0.00 00.00+0.00
Medial 00.00+0.00° 00.00+0.00° 00.0040.00% 82,66+ (.87 58.50+£1.378c 9375+ (0.3% 00.00£0.00  00.00£0.00 00.00£0.00
Basal 70.84£091%  5781+1.562 74.22+£0.982 80.22+1.043 63.81+£1.89 96.09+0.292 00.00£0.00 00.00£0.00 00.00£0.00

QL Apical 00.00£0.00°  00.00£0.00°  00.00£0.00*  00.00+0.00° 00.00£0.00¢  00.00£0.00f  00.00£0.00 00.00£0.00 00.00+0.00
Medial 00.00+0.00° 00.00£0.00° 00.00+0.00% 85.69+01.072  37.81+195% 8301+1.39% 00.00+0.00 00.00£0.00 00.00+0.00
Basal 7641+£1.742 54.69+£1.372 71.63+1.14% 82.66+ (.87 58.50+1.37% 93.75+0.39%  00.00+0.00 00.00+0.00 00.00+0.00

WPM Apical 00.00£0.00°  00.00£0.00°  00.00£0.00*  00.00+0.00° 00.00£0.00¢  00.00£0.00f  00.00£0.00 00.00£0.00 00.00+0.00
Medial 00.00£0.00° 00.00£0.00° 00.00+ 0.00¢ 83.54+0.80% 56.25£1.178¢  7510+£1.21¢ 00.00£0.00 00.00+£0.00 00.000.00
Basal 74.50+£0.582 53.91+£1.37* 67.97+0.98" 79.54+ 1.173 57.81+0.87%c 7798+ 1.26° 00.00£0.00  00.00£0.00 00.00£0.00

MS Apical 00.00+0.00° 00.00+0.00° 00.0040.00% 00.00+ 0.00° 00.0040.00% 00.00+ 0.00f 00.00+0.00 00.00+0.00 00.00+0.00
Medial 00.00£0.00° 00.00£0.00° 00.00+0.00% 78.66+ 1.433 47.66+ 1468 53.91+1.37¢ 00.00£0.00 00.00£0.00 00.00£0.00
Basal 64.5941.700 46.09+£0.68" 48444117 76.31+1.500 50.78+1.76bt  64.06+£1.17¢  00.00£0.00 00.00£0.00 00.00+0.00

Within each treatments, value marked by the same letter are not significantly different (Duncan’s Multiple Range Test

(DMRT), P < 0.05, mean = SD, n = 32).

Table.8: Analysis of variance (ANOVA) for effect of nutrient solution, cutting type, cutting position and their interactions on
sprouting percentage, rooting percentage, and survival rate of Argania spinosa cuttings.

Source of variance Dependent variable df  F-value P-value
Cuttingtype
Sprouting percent 2 22541 0.000
Rootingpercent 2 0733.9 0.000
Survival percent 2 2264.3 0.000
Cutting p osition
Sprouting percent 2 1954.2 0.000
Rootingpercent 2 0708.0 0.000
Survival percent 2 20584 0.000
Nutrient solution
Sprouting percent 3 03.325 0.022
Rootingpercent 3 04.601 0.005
Survival percent 3 55.811 0.000
Cuttingtype * Cutting position * Nutrient solution
Sprouting percent 12 00.849 0.601
Rootingpercent 12 00.746 0.703
Survival percent 12 10.690 0.000
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AVA DISCUSSION

The present results indicate a significant effect of cutting
type on the success of sprouting, rooting and survival
rates for A. spinosa cuttings. Vegetative propagation of
argan trees can best be achieved using semi-hardwood
cuttings followed by softwood cuttings. The findings
from this study for high sprouting and rooting ability of
semi-hardwood cuttings are in accordance with results
obtained for other tree species, such as Moringa oleifera,
where semi-hardwood and hardwood cuttings performed
best and produced the highest number of shoots and the
longest shoots, while the shortest shoots were produced
on softwood cuttings (Antwi-Boasiako and Enninful,
2011); Stevia rebaudiana, where semi-hardwood cuttings
were more successfulthan softwood cuttings (Abdullateef
and Osman, 2012); Duranta repens, for which semi-
hardwood and hardwood cuttings rooted significantly
better than softwood cuttings with a higher percentage of
rooted cuttings, a greater number of roots and longer roots
length per rooted cutting (Okunlola, 2013); Bougainvillea
glabra, in which root number was higher for semi-
hardwood compared with softwood cuttings (Seyedi et al.
2014). Semi-hardwood cuttings are generally considered
easy to propagate due to its low production of secondary
metabolites in comparison with hardwood cuttings
(Hartmann et al. 1997).

In addition, the hardwood cuttings prepared had no
leaves, therefore their dependence on photosynthetic
activity for rooting and bud formation was denied, which
adversely influenced their sprouting, rooting and survival
efficiency. This lack of sprouting and rooting
performance of hardwood cuttings could also be
pronounced by the early appearance of leaves which
could lead to resource depletion before rooting (Antwi-
Boasiako and Enninful, 2011). Moreover, this increase in
rooting potential of semi-hardwood cuttings may be due
to their lignification, which increases their ability to
withstand dry or other adverse conditions. Therefore, they
survived in moist soil until the roots formed, whereas
softwood cuttings are delicate, dried-out rapidly and much
more subject to attacks by various fungal diseases
(Longman, 1993). In fact, the maintenance or presence of
leaves on semi-hardwood and softwood cuttings
influenced sprouting and rooting due to their ability to
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produce auxins and carbohydrates (Hartmann et al,
1990).

The analysis of variance indicated that significant
differences existed in terms of sprouting and rooting
ability of A. spinosa cuttings taken from different cutting
positions of stock plants shoots. The highest root number,
root length, rooting percentage and survival rate was
observed in cuttings taken froma basal position, followed
by those taken from a medial cutting position. However,
the cuttings made from an apical position hadn’t rooted at
all. The observations showed that rooting response of A.
spinosa is a function of nodal position and the cuttings
rooted better if taken from a basal position of the stock
plant. These results are in agreement with those obtained
previously for other tree species such as Azadirachta
indica (Palanisamy and Kumar, 1997), Rosa hybrida
(Bredmose et al., 2004; Otiende et al., 2017), Dalbergia
sissoo  (Husen, 2004), Ulmus villosa (Bhardwaj and
Mishra, 2005), Tectona grandis (Husen and Pal, 2007),
Dalbergia melanoxylon (Amri et al., 2010) and
Pterocarpus santalinoides (Ky-Dembele et al., 2016).
Better rooting of cuttings made from basal position
followed by cuttings from middle position then from an
apical position. This may be associated with certain
environmental factors such as luminous intensity,
photoperiod, temperature (Hansen, 1986) or by changes in
the extent of lignification and the degree of secondary
thickening along the stem (Girouard, 1969; Hartmann et
al., 1997). There are also physiological and anatomical
factors which may influence the performance of cuttings
from different nodal positions such as leaf water potential,
leaf age, stomatal distribution, stem diameter, wood
structure and xylem elements (Hartmann and Kester,
1990). These factors could influence the distribution of
available mineral nutrients, endogenous growth regulators
and carbohydrates in both the mother plant and the
cuttings sampled (Leakey and Coutts, 1989). Leakey
(1983) stated that the poor rooting of apical cuttings may
be due to less favorable water relations and increased
susceptibility to water stress in young cuttings. Otherwise,
this may be due either to an inhibitory effect of auxins
produced during root initiation (Smith and Wareing,
1972) or to low carbohydrate concentrations in the apical
portion (Palanisamy and Kumar, 1997).

Page | 1376


http://dx.doi.org/10.22161/ijeab/3.4.31
http://www.ijeab.com/

International Journal of Environment, Agriculture and Biotechnology (IJEAB)

http://dx.doi.orq/10.22161/ijeab/3.4.31

Vol-3, Issue-4, Jul-Aug- 2018
ISSN: 2456-1878

Table.9: lon concentrations of nutrient solutions (Hoagland and Arnon (HA), Quoirin and Lepoivre (QL), Murashige and
Skoog (MS), and Woody Plant Medium (WPM)).

Nutrient solution
Macronutrients (mM) HA QL WPM MS
NH4+* 02.0 05.0 05.0 20.6
NO3- 14.0 33.0 09.7 394
PO4- 02.0 02.0 01.3 01.3
K* 06.0 19.8 12.6 20.0
Ca* 04.0 05.1 03.0 03.0
Mgt 01.0 01.5 01.5 01.5
S04+ 01.0 01.6 07.2 01.7
Micronutrients (M)
Fet* 64.0 100.0 100.0 100.0
n*t 02.0 299 29.9 29.9
Cut* 00.5 01.0 01.0 01.0
B 25.0 100.0 100.0 100.0
Mn** 02.0 448 132.0 100.0
MoO4- 00.5 01.0 01.0 01.0
I - 00.5 - 05.0
Co** - 00.1 - 00.1
CI- 50.0 - 01.3 06.0
Na* 64.0 200.0 200.0 200.0
Summary values (mM)
TotalN 16.0 38.0 14.7 60.0
NO3~/NH4* 07.0 06.6 02.0 01.9
Total Molarity 30.2 68.5 422 94.0

Finally, there was a significant difference between the
four nutrient solutions studied. The results presented
herein indicate that MS and WPM media were superior to
HA and QL for the number of leaves and leaf size. The
sprouting percentage, the number of shoots and shoot
length on QL and WPM media might be preferred to the
one on HA and MS, while HA and QL were superior to
WPM and MS for survival rate, rooting percentage,
number of adventitious roots and their elongation. A
number of studies have pointed out that nutrient uptake is
closely related to the sprouting and rooting proprieties:
Blomstedt et al. (1991) found that root proliferation of
Eucalyptus regnans was greater by using HA or WPM in
comparison with MS. Wang (1991) also observed a
higher degree of multiple shoot formation of Prunus
communis explants on WPM and QL than on MS.
However, Abousalim and Mantell (1994) indicated that
the shoot-tip necrosis is a frequent and persistent problem
in shoot cultures of Pistacia vera, by adding a standard
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MS solution. Pérez-Tornero and Burgos (2000) reported
also that WPM produced chlorosis in the leaves of Prunus
armeniaca. The differences observed among these
nutrient solutions could be explained by their total ionic
strength. Indeed, HA solution has a total ion concentration
equivalent to 32% of MS, WPM 45% and QL is 73% MS
(Table 9). In fact, plants growing on a concentrated
nutrient solution developed a short, compact, and densely
branched root system, while on dilute solutions or water
the roots were long and more sparsely branched (Forde
and Lorenzo, 2001). This increase in the level of mineral
nutrition benefits the shoot rather more than the root,
whereas nutrient deficiency often induces an increased
root/shoot ratio (Chapin, 1980). Otherwise, after
separation from the stock plant, cuttings have a fixed
mineral nutrient pool. The mineral nutrient pool in the
cutting may even decline as a result of leaching during
propagation (Blazich et al., 1983). Therefore, the low
rooting and survival percentages of MS solution may be
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explained by its excessive nitrogen content for the A.
spinosa cuttings, while the leaves chlorosis of WPM
solution could be due to its low nitrogen content. The full-
strength MS is high in ammonium (20.6 mM) and nitrate
ions (39.4 mM) followed by QL and WPM (5 mM),
whereas HA is a solution with the lowest ammonium
content (2 mM). Macronutrients of HA contain a
NO3/NH4* ratio (7) much higher than the other nutrient
solutions. However, MS has the lowest NO3/NH4* ratio
(1.9). High endogenous nitrogen levels in cuttings seemto
enhance shoot growth if the level of nitrogen exceeds the
optimum for root primordium initiation and development
(Brouwer, 1962). Furthermore, the decrease in rooting
potential of A. spinosa cuttings due to an increased
nitrogen supply in MS solution may be due to a decrease
in the processes of carbon assimilation and partitioning
(Druege et al., 2000). Basu and Ghosh (1974) reported
that the rooting cofactor activity was inversely related to
nitrogen supply. High ratios of total available
carbohydrates/total  nitrogen (C/IN) and total
phosphorus/total nitrogen (P/N) increased anthocyanin
pigmentation in the shoot induced an increased rooting
cofactor activity in the cuttings tissues. Our observations
indicated that MS and WPM produced shoot-tip necrosis,
shoot hyperhydricity and the lowest rooting percentage
and survival rate. This observed responses may be due to
the slightly low calcium contents of WPM and MS (3 mg)
in comparison with HA (4 mg) and QL (5 mg) (Table 9).
Indeed, the low availability of calcium may influence
rooting because the endogenous pool of these minerals is
poorly transported in the phloem (Eliasson, 1978).
Moreover, It has been shown to act as a secondary
messenger at the crosstalk of auxin and nitric oxide
signaling pathways of adventitious roots formation
(Lanteri et al., 2006), to be involved in cell division and
root primordia elongation process (Burstrom, 1968;
Imaseki, 1985).

V. CONCLUSION
The results of this study revealed that sprouting and
rooting success of Argania spinosa cuttings were
significantly influenced by nutrient solution, cutting type
and nodal position. The hardwood cuttings taken fromthe
basal position with MS solution gave the best number of
leaves (36.25) and leaves size (28.93cn?). The highest
number of sprouts (1.81), sprouts length (16.88 cm) and
sprouting percentage (85.69 %) were recorded in leafy
semi-hardwood cuttings from medial position and treated
by QL solution. The leafy semi-hardwood cuttings taken
from basal position and irrigated with Hoagland solution
produced in average more roots (44.63), longer roots
(28.86 cm), and had higher rooting and survival
percentages: 63.81 % and 96.09 %, respectively. The
results of the present study clearly indicated that the
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cuttings from adult A. spinosa trees can be propagated
using basal semi-hardwood cuttings receiving Hoagland
nutrient solution. Further work could focus on the needs
of each nutrient for A. spinosa cuttings to produce high
quality materials for planting argan orchards and
promoting sustainable arganiculture programs.
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