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Abstract

Background: Argan (Argania spinosa) is an important arid species in Morocco, hence the need to undertake nursery 
practices that promote its regeneration and sustainability in a vulnerable environment. This study aimed to examine 
the effect of container size and growing medium on morphological traits, biomass, as well as root morphology of 
one-year-old argan seedlings in the Marrakech region of Morocco.

Methods: Three container sizes of 300, 400, and 500 cm3 were selected in which seven types of growing media with varying 
proportions of acacia compost, crushed cypress cones, Barbary thuja, eucalyptus capsule composts, and potting soil were 
used. Subsequently, measurements of plant growth variables and biomass, as well as identification of root deformations 
were carried out.

Results: Our results show that container size and growth medium strongly influenced (p < 0.001) morphological traits 
and biomass of argan seedlings. Growth was highest in seedlings grown in the 500 cm3 container on substrates composed 
of both 100% acacia compost and 50% potting soil + 50% acacia compost, while it was lowest in seedlings in the 300 cm3 
container with the compost composed of a mixture of equal proportions of cypress and Barbary thuja, and eucalyptus. 
While the main root deformities were hooked roots (14.1%) and root eccentricity (13.0%), seedlings with multiple 
deformities were by far the most common (38.4%). The size of the container did not seem to influence their occurrence, 
whereas about 35% of the deformations were observed in seedlings grown on substrates composed of mixtures of potting 
soil and acacia compost, cypress cones, and Barbary thuja and eucalyptus composts. 

Conclusions: This study shows the importance of adopting an adequate protocol to allow the regeneration of forest 
species with the necessary characteristics to survive the often-challenging environmental conditions prevailing not only in 
southern Morocco but also across most of the country.
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Introduction 
The argan tree (Argania spinosa) represents the second 
most important Moroccan forest species by area, 
spanning about 951 910 ha, although a significant part 
of its ecosystem is composed of low-density stands 
(HCEFLCD 2022). This highly adaptable species is 
endemic to southwest Morocco and plays an important 
ecological and socio-economic role in a region dominated 
by arid conditions. With a lifespan that can vary between 
300-350 years, the argan tree has a wide range of uses 
for the local population: Argan wood and fruit husks are 
used as fuel for heating; the leaves and fruit pulp provide 
valuable fodder for livestock; the thorny branches are 
used as fencing for agricultural plots; the seeds are 
used to produce edible oil and cosmetics; while, the rich 
soil that characterises its stands is very favourable to 
intercropping, favouring agroforestry systems (Boudy 
1950; M’Hirit et al. 1998; Defaa et al. 2015).

However, argan trees are experiencing degradation 
due to human activities, such as increased fruit 
harvesting, despite a long history of human dependence 
on the species (Faouzi 2018). This surge in demand for 
argan oil reduces natural regeneration of argan trees 
(Bellefontaine et al. 2010). In addition, climate change, 
particularly declining rainfall, further hinders natural 
argan tree regrowth (El Ghazali et al. 2021). Although 
forest managers have attempted to address this problem 
through artificial regeneration for over a decade, these 
reforestation efforts often have limited success (Belghazi 
et al. 2020). This suggests that both unfavourable field 
conditions and potentially inadequate nursery practices 
may be contributing to these low survival rates.

Seedling quality directly impacts post-planting 
performance, influencing survival under stress 
and promoting healthy growth (Grossnickle &  
MacDonald 2018). Fast initial growth is crucial for forest 
establishment success, especially in degraded areas 
like argan forests where slow growth and high seedling 
mortality are challenges (Close et al. 2010; Aghai et al. 
2014; Tian et al. 2017). Seed dormancy, often worsened 
by water stress, further complicates restoration in 
these areas (Trobat et al. 2011; Puértolas et al. 2012). 
Seedling height, root collar diameter, and leaf area are 
commonly used to assess quality due to their correlation 
with seedling biomass and ease of measurement  
(Chirino et al. 2009; Grossnickle 2012; Ivetić et al. 2016; 
Nyoka et al. 2018). Cultural practices like container 
selection, medium choice, pruning, and fertilisation 
can improve seedling performance (Carles et al. 2012;  
Bakry et al. 2013).

Container characteristics (size, depth, diameter) 
significantly impact seedling quality, particularly 
root development (Chirino et al. 2008; Kostopoulou 
et al. 2011). While depth is crucial for water holding, 
temperature, and aeration (Chirino et al. 2008), diameter 
also influences root growth and water distribution 
(Tian et al. 2017). In dry environments, deep containers 
promote a well-structured root system for better water 
uptake (Tsakaldimi et al. 2009). Alongside suitable 
containers, an ideal growing medium is essential for 
supporting seedlings, retaining water, and providing 

oxygen and nutrients (Jaenicke 1999; Bayala et al. 2009; 
Nyoka et al. 2015). Forest nurseries often lack consistent 
access to forest soil, leading to mineral substrates that can 
hinder growth (M’Sadak et al. 2012). Composting offers 
a promising alternative, promoting the decomposition 
of organic matter and stabilizing organic substrates 
(Fitzpatrick 2001; Duong et al. 2012; Ndiaye et al. 2018).

In this context, the present study aims to highlight 
the influence of rigid containers of different volumes, as 
well as the growing substrate on the characteristics and, 
therefore, the performance of young argan seedlings 
in nursery. The specific objectives were to evaluate 
the effect of three container sizes of 300 cm3, 400 cm3, 
500 cm3 in volume, as well as seven types of substrates 
based on composts of acacia (Acacia cyanophylla), 
crushed cones of cypress, Barbary thuja and eucalyptus 
capsules, and potting soil on the morphometric traits 
and biomass of argan seedlings. In addition, the root 
system architecture of the seedlings was evaluated, and 
the frequency of root deformations recorded. Overall, 
this work aimed to propose an appropriate technical 
guide for raising quality argan seedlings for planting and 
reforestation in the region.

Methods 

Study site
The study was carried out in the nursery belonging to 
the Regional Center of Forestry Research in Marrakech 
(CFRM), located 2.5 km northeast of the city of 
Marrakesh, Morrocco. The bioclimate is semi-arid, with 
a mean annual precipitation of 240 mm. The mean 
maximum of the hottest month (August) is 38.3°C, while 
the mean minimum of the coldest month (January) is 4.5 
°C. The nursery is located at an elevation of 412 m on flat 
terrain.

Plant material and experimental design
The seeds used in this study were collected from the  
El Hanchane region (31°27’34” N, 9°29’31” W), which 
is considered one of the genetically best provenances 
of the Argan tree. The collection was carried out during 
the months of June and July, which corresponds to 
the ripening period of the Argan fruits. The nuts were 
collected from at least ten trees.

Their nursery culture study was conducted over a 
12-month period. A completely randomized design 
was used consisting of three types of honeycomb 
containers (Table 1) and growing media based on seven 
types of substrates including: (i) S1: 100% potting soil;  
(ii) S2: 100% acacia compost; (iii) S3: a mixture of equal 
proportions of cypress and Barbary thuja cones, and 
eucalyptus capsules compost; (iv) S4: 50% S1 + 50% S2; 
(v) S5: 50% S1 + 50% S3; (vi) S6: 25% S1 + 75% S2; and 
(vii) S7: 25% S1 + 75% S3. Once the seedling substrate 
mixtures were prepared, they underwent a four-month 
composting cycle with regular turning until the compost 
matured. These composts were chosen because they 
can be produced satisfactorily to meet the needs of local 
forest nurseries in Morocco and can be an alternative 



to imported and expensive peat-based substrates 
(Ferradous et al. 2017).

The experiment comprised 21 treatments  
(3 containers x 7 substrates), with each treatment 
replicated four times to minimise error to an acceptable 
threshold (Dagnelie 1986). The experimental layout 
is shown in Figure A1. A total of 2,100 argan seedlings 
were sown, with 25 seeds per treatment.

Container potting was carried out manually to 
ensure normal and uniform substrate compaction in all 
cavities, especially those in the corners of the container. 
Sowing was done directly into the cavities, to a depth 
of one centimetre (Figure A1). Irrigation was provided 
regularly (every evening) using an automated sprinkler 
system. No fertiliser was applied during the plant growth 
season.

Substrate analyses 
To understand the influence of growing media on 
plant growth, the physicochemical properties of the 
corresponding substrates were assessed. Specifically, the 
analyses of physical properties performed included the 
determination of particle size distribution, bulk density, 
microporosity, macroporosity and, consequently, total 
porosity, in accordance with the methodology established 
by Lamhamedi et al. (2006). The chemical properties 
analyses focused on: (i) pH measurement, conducted on 
a suspension containing 10 mL of substrate and 20 mL of 
distilled water; (ii) electrical conductivity assessed in a 
suspension composed of 10 mL of substrate and 40 mL of 
distilled water; (iii) organic carbon content determined 
by cold oxidation using potassium dichromate in an 
acidic medium; (iv) total nitrogen quantified using the 
Kjeldahl method; (v) assimilable phosphorus extracted 
by the Olsen method; and (vi) exchangeable potassium 
extracted with sodium hexametaphosphate. More 
detailed on the methods used are given in the works 
of Anne (1945), Olsen (1954), and Bremner (1960). 
Analyses were performed on samples collected before 
sowing, with 3 samples per substrate type.

Evaluation of seedling characteristics

Morphological traits
At the end of nursery culture, following 12 months 
of growth, 15 plants per treatment (totalling 315 
plants) were randomly selected for the evaluation of 
morphometric traits, including height, root variables, 
and leaf surface area (LSA). Both seedling height and 
the length of the taproot were measured using a ruler 

graduated in cm, while root-collar diameter (RCD) was 
measured using callipers set to the nearest tenth of a 
millimetre. In addition, the number of lateral secondary 
roots per taproot was recorded. LSA was determined by 
equating the leaf shape to an ellipse and was, therefore, 
calculated based on the following equation:

     LSA (mm2) = π/4 * L * l

where, L represents the maximum length of the leaf 
(mm), while l is the maximum width of the leaf (mm). 

Biomass measurement
Following the measurement of the seedling 
morphological traits, the dry biomass of both above-
ground and root sections of seedlings were determined. 
The length of the drying period was determined 
based on a test to monitor the moisture content of five 
seedlings of different sizes, chosen at random among 
the plants from the different treatments. The results of 
this monitoring showed that a duration of 24 hours in an 
oven at 60 °C was largely sufficient to eliminate excess 
water from the plants. Thus, following the drying of the 
seedlings, the separation of the above-ground and root 
of the plants was carried with the help of secateurs. 
Subsequently, measurements of the following traits 
were carried out on all 315 selected seedlings: (i) total 
above-ground dry biomass; (ii) total belowground dry 
biomass; (iii) stem dry biomass; (iv) leaf dry biomass; 
(v) taproot dry biomass; and (vi) root hairs dry biomass. 
These measurements were conducted using a scale with 
an accuracy of 0.0001 g.

Root system architecture
Root system diagnosis aims to detect the possible 
presence of root deformations, which are one of the 
major drawbacks of containerised plants (Lindström & 
Rune 1999; Sung et al. 2019). This diagnosis was carried 
out before the disposal of the associated seedling and 
consisted of the following: (i) locating the different 
types of root deformations; (ii) identifying the different 
root deformations; (iii) drawing the taproot of each 
seedling relative to the nursery treatments studied; and 
(iv) examining the effect of the both container size and 
growing medium on the root deformations.

Data analyses
Two-way analysis of variance (ANOVA) was used 
to investigate the relationship between seedling 
morphological traits (height, RCD, LSA) and biomass 
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TABLE 1: Description of the study sites

Container Number of 
cavities

Upper section of 
cavity (cm²)

Lower section of 
cavity (cm²)

Base 
section 
(cm²)

Height 
of cavity 
(cm)

Base 
height 
(cm)

Volume 
(cm3)

P28 28 47.61 17.50 4.41 15.00 1.50 500

P38 38 29.16 16.40 2.89 17.50 2.50 400

P54 54 25.00 12.25 2.89 17.00 2.50 300

TABLE 1. Characteristics of containers used for seedling growth



(leaves and roots), and container type and growing 
substrate. Subsequently, Newmans-Keuls tests were 
performed post hoc for multiple comparisons of 
container and substrate groups. The significance level of 
the statistical tests was p < 0.05. As for the evaluation 
of the influence of container size and growing medium 
on the architecture of the root system, a simple analysis 
of the frequency (percentage) of occurrence of root 
deformations on seedlings was performed.

Results

Properties of the growing media
The results of the physical analyses are presented 
in Table 2 while those of the chemical analyses are 
presented in Table 3. Bulk density ranged between 0.18 
and 1.32 g/cm3 recorded for the 100% acacia-based 
compost (S2) and 100% potting soil (S1) mediums, 
respectively. Correspondingly, total porosity, which 
decreases with increasing bulk density, was lowest for 
substrate S1.  Conversely, it was highest for substrates S3 
(100% compost based on a mixture of cypress, Barbary 
thuja, and eucalyptus) and S2 at 62.39 ± 0.31% and 
56.80 ± 0.86%, respectively, which had the two lowest 
observed bulk densities. 

The results of the chemical analyses show that the 
pH of the substrates used ranged from 6.38 to 8.83, 
corresponding to substrates S2 (100% acacia-based 
compost) and S1 (100% potting soil), respectively, which 
were mostly below the adequate levels required for the 
growth of argan trees. On the other hand, electrical 
conductivity showed large variations, ranging from  
0.16 ± 0.01 mS/cm to 3.38 ± 0.02 mS/cm, recorded 
under S1 and S2 substrates, respectively. Organic 
matter was by far the lowest in the 100% potting soil-
based substrate (S1) with 1.28 ± 0.04%, while the 
richest substrate was S3 (100% compost based on a 
mixture of cypress, Barbary thuja and eucalyptus), 
having levels up to 47.52 ± 0.20%. Substrate S1 had the 
lowest macronutrient content in the soil, with values of  
0.05 ± 0.01%, 1.89 ± 0.03 mg/100g and  
18.94 ± 0.80 mg/100g corresponding to nitrogen, 
phosphorus and potassium respectively. Conversely, 
substrates S2 and S3 were the richest in macronutrients.
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Morphological traits and biomass of seedlings 
The results of the two-way ANOVA to investigate 
the effect of container type and growing medium on 
morphological traits and, consequently, on the biomass 
of argan seedlings are reported in Table 4. Seedling 
height, LSA, leaf dry biomass and root biomass were very 
strongly influenced (p < .001) by container size. It also 
had a significant effect on RCD but this was not as strong 
(p < .01). Growth medium had a very strong influence on 
morphological traits and seedling biomass. In addition, 
highly significant interactions between of container 
and growth medium were observed on all measured 
parameters, indicating that the joint effect of substrate 
and container is still evident on growth variables and 
thus the need to study each factor separately.

As a result of the very highly significant effect of 
both container type and growing medium on seedling 
growth, Newman-Keuls tests were conducted post 
hoc, and the results are presented in Tables 5-7. Some 
caution should be exercised when interpreting the 
main effects of container size and growing medium on 
seedling traits, given that the presence of a statistically 
significant interaction between container size and 
growing medium. The 300 cm3 (P54) and 400 cm3 (P38) 
containers were observed to have a similar influence 
on argan seedlings. Moreover, they were characterized 
by the lowest quality seedlings. Conversely, the 500 cm3 
(P28) container yielded the highest quality seedlings. 
These had an average height, RCD, LSA, total above-
ground biomass, and total root biomass of 16.7 ± 7.27 cm,  
4.23 ± 0.77 mm, 46.01 ± 35.09 mm2, 0.67 ± 0.58 g, and 
0.16 ± 0.11 g, respectively.

Post-hoc tests corresponding to the effect of substrate 
on seedling morphological traits identified four distinct 
groups of substrates in relation to seedling height. The 
substrates least favourable for height growth were S7 
(25% potting soil + 75% mixture of cypress, Barbary 
thuja and eucalyptus compost) and S3 (100% mixture of 
cypress, Barbary thuja and eucalyptus compost), while 
those with the best growth conditions were S2 and 
S4, which resulted in seedlings with an average height 
greater than 19 cm. Five distinct groups of substrates 
were observed with respect to RCD growth. Substrate S3 
yielded seedlings with the lowest RCD (3.44 mm), while 
S4 yielded the seedlings with the highest RCD (4.75 mm). 

Substrate n Bulk density (g/cm3) Macroporosity (%) Microporosity (%) Total porosity (%)
S1 3 1.32 ± 0.00 7.38 ± 0.19 18.45 ± 0.39 25.83 ± 0.44

S2 3 0.18 ± 0.01 28.56 ± 0.93 28.24 ± 0.19 56.80 ± 0.86

S3 3 0.20 ± 0.01 36.96 ± 0.24 25.43 ± 0.46 62.39 ± 0.31

S4 3 0.78 ± 0.03 18.52 ± 0.19 22.41 ± 0.44 40.93 ± 0.37

S5 3 0.80 ± 0.04 23.62 ± 0.37 20.04 ± 0.37 43.66 ± 0.07

S6 3 0.49 ± 0.03 26.64 ± 0.19 26.28 ± 0.51 52.92 ± 0.55

S7 3 0.50 ± 0.02 31.21 ± 0.49 23.22 ± 0.72 54.43 ± 0.31

TABLE 2. Physical properties of substrates used in the experiment.



Similarly, five distinct substrate groups were observed 
in relation to LSA, with seedlings with the smallest LSA 
produced under S3 (12.72 ± 7.17 mm2). Conversely, 
substrate S2 produced seedlings with the largest LSA 
with an average of 59.60 ± 25.99 mm2.

Three distinct substrate groups with respect to leaf 
dry biomass were observed, with S2, S4, and S6 showing 
the most ideal conditions for above-ground biomass 
development. In fact, these were the only substrates to 
produce seedlings with an average dry biomass greater 
than 0.5 g. Conversely, S3 produced seedlings with the 
smallest leaf biomass, with an average of 0.18 g. Four 
distinct substrate groups were recorded with respect to 
root biomass. Consistent with the observations on leaf 
biomass, substrates S2, S4, and S6 had seedlings with 
the highest average root biomass. In contrast, substrate 
S1 was the least favourable for belowground biomass 
development, highlighted by seedlings with an average 
root biomass below 0.10 g.

Root system architecture of seedlings
The description and diagnosis of the root system  
(Table 8; Figure A3) highlighted important deformations 
with potential detrimental effects on the survival of the 
seedlings in the field. Except for seedlings presenting 
roots with multiple deformations (38.4%), the most 
prevalent deformations were S-shaped taproots (8.5%), 
root eccentricity (13.0%) and crook roots (14.1%). 

Evaluation of the frequency of occurrence of root 
deformations as a function of container type and 
growing medium showed very little influence of either  
(Table 9). Indeed, seedlings grown in the different 
containers had almost identical occurrences of 
deformations, with frequencies ranging from 32.2% 
to 33.9%. Across the different growing media, the 
frequencies of root deformations ranged from 11.3% to 
17.5%. The potting soil substrate had the seedlings with 
the least deformations, while substrates S5 (50% potting 
soil + 50% compost composed of a mixture of cypress, 
Barbary thuja and eucalyptus) and S7 (25% potting 
soil + 75% compost composed of a mixture of cypress, 
Barbary thuja and eucalyptus) yielded seedlings with 
the highest frequencies of deformations.  

Discussion
In this study, the investigation of the effect of container 
size and growing medium on seedling quality 
revealed very strong influences of both treatments 
on morphological traits of argan seedlings and 
consequently on biomass. Container size had highly 
significant effects on the morphological traits (height, 
RCD, LSA) assessed and on seedling biomass, with the 
most desirable traits observed on seedlings grown in 
the 500 cm3 containers. Conversely, the least desirable 
seedlings were obtained from the smallest, 300 cm3 
containers. Container effect on nursery-grown seedlings 
is well documented in the literature; the interaction 
between the physical characteristics of a container and 
seedling biology has been noted by various authors 
(Tsakaldimi et al. 2009; Poorter et al. 2012; Montagnoli 
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Effect (Fobs)
Container Substrate Container × Substrate

H 11.037*** 28.945*** 4.215***
RCD 6.190** 24.098*** 5.223***
LSA 19.528*** 51.651*** 5.389***
Total above-ground biomass 8.417*** 26.721*** 5.767***
Total root biomass 8.864*** 12.008*** 5.318***

TABLE 4. Effect of container and substrate on seedling morphological traits and biomass 

H : height; RCD : root collar diameter; LSA : leaf area; * : significant effect (α = 5 %) ; ** : highly significant effect (α = 1 %) ; *** : very highly 
significant effect (α = 0,1 %).

Container n H (cm) RCD (mm) LSA (mm2) Total above-ground 
biomass (g)

Total root 
biomass (g)

Group

P28 105 16.7 ± 7.27 4.23 ± 0.77 46.01 ± 35.09 0.67 ± 0.58 0.16 ± 0.11 A  
P38 105 13.6 ± 7.38 4.03 ± 0.77 32.17 ± 24.78 0.51 ± 0.48 0.12 ± 0.10   B
P54 105 13.5 ± 6.74 3.94 ± 0.77 29.16 ± 21.88 0.45 ± 0.33 0.11 ± 0.11   B

TABLE 5. Comparison of means of seedling morphological traits and biomass by container type.

n: number of samples; H : height; RCD : root collar diameter; LSA : leaf area

Parameter Substrate        n Mean Groups
Height (cm) S2 45 19.4 ± 5.58 A

S4 45 19.1 ± 8.14 A
S6 45 17.4 ± 6.49 A B
S1 45 15.7 ± 6.76 B
S5 45 12.4 ± 6.75 C
S7 45    9.8 ± 3.84 D
S3 45    8.4 ± 2.66 D

RCD (mm) S4 45    4.75 ± 0.79 A
S2 45    4.42 ± 0.57 B
S6 45    4.24 ± 0.84 B C
S1 45    4.09 ± 0.75 C
S5 45    3.79 ± 0.62 D
S7 45    3.74 ± 0.52 D
S3 45    3.44 ± 0.45 E

LSA (mm2) S2 45 59.60 ± 25.99 A
S4 45 56.79 ± 33.12 A
S6 45 48.52 ± 33.28 B
S1 45 28.22 ± 17.64 C
S5 45 26.23 ± 19.59 C D
S7 45 20.36 ± 12.39 D
S3 45 12.72 ± 7.17 E

n: number of samples; H : height; RCD : root collar diameter; LSA : leaf surface area

TABLE 6. Comparison of means of seedling morphological traits by substrate



et al. 2022). Among the characteristics affected are the 
rates of lateral root emission. Indeed, Montagnoli et al. 
(2022) observed seedlings with more than twice the 
number of lateral roots in large containers than those 
from small containers. The importance of lateral roots 
lies in their ability to help trap water in the surface soil 
and is a particularly important characteristic of argan 
seedlings as it promotes post-planting establishment in 
the field (Ain-Lhout et al. 2016). Container size has also 
been shown to affect root size and length, and plays a key 
role in the development of taproot deformations due to 
growth limitations. Indeed, vertical root growth is often 
limited by container size and depth, with a prevalence of 

circling roots as well as taproot deformations (S-shape, 
L-shape) observed in seedlings grown in small containers 
(Mathers et al. 2007; Benamirouche et al. 2020). This not 
only impacts root architecture but also has a negative 
effect on aerial plant parameters. Conversely, large 
containers are known to promote growth, providing 
an advantage to transplanted seedlings under dry soil 
conditions (Villar-Salvador et al. 2012).

Consistent with the observations on container size, the 
growing medium had a very highly significant effect on 
morphological traits and, consequently, on the biomass 
of argan seedlings. Specifically, substrates composed 
of 100% acacia compost (S2), as well as substrates 
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Substrate n Mean Groups

AB (g) S2 45 0.89 ± 0.42 A

S4 45 0.88 ± 0.59 A

S6 45 0.77 ± 0.57 A

S7 45 0.45 ± 0.35 B

S5 45 0.35 ± 0.24 B C

S1 45 0.30 ± 0.25 B C

S3 45 0.18 ± 0.09 C

RB (g) S4 45 0.19 ± 0.12 A

S6 45 0.17 ± 0.13 A B

S2 45 0.15 ± 0.11 A B

S7 45 0.14 ± 0.08 B

S5 45 0.13 ± 0.09 B C

S3 45 0.10 ± 0.07 C

S1 45 0.06 ± 0.05 D

TABLE 7. Comparison of means of seedling biomass by substrate 

n: number of samples; AB: total above-ground biomass; RB: total root biomass

Deformation type Incidence (%)
Crook roots 14.1

Twisting of the taproot    1.7

Nodes at root collar    1.7

Root eccentricity 13.0

Formation of angle of about 
110° with the stem

   5.1

Upwards bending of lateral 
roots

   7.3

J-shaped taproot    5.1

S-shaped taproot    8.5

L-shaped taproot    5.1

Multiple deformations 38.4

Parameter Incidence of deformation (%)

Container
P28 33.9
P38 32.2
P54 33.9

Substrate

S1 11.3
S2 14.1
S3 13.6
S4 13.0
S5 17.5
S6 13.0
S7 17.5

TABLE 8: Types of root system deformations observed 
in seedlings

TABLE 9: Proportion of seedlings with root 
deformations by container and substrate



composed of a mixture of acacia compost and potting 
soil (S4) in equal proportions promoted better seedling 
growth, with the highest (shoot and root) biomass 
observed for the corresponding argan seedlings. The 
results are in agreement with those reported by different 
authors (Saoudi 2005; Nahidi 2006; Benamirouche & 
Chouial 2018), who highlighted the beneficial effect of 
the mixed acacia compost - potting soil substrate on 
the behaviour of cork oak (Quercus suber) seedlings. 
Surprisingly, acacia-based compost has also been shown 
to produce better quality seedlings than forest humus. 
Indeed, Benamirouche and Chouail (2018) recorded 
better results in the quality of cork oak seedlings when 
comparing the two media, with seedlings produced from 
acacia compost showing significant growth gains with 
respect to height, RCD and biomass. 

The analyses of the physio-chemical properties of the 
growing media underlined the favourable conditions 
under the S2 and S4 media, consisting respectively 
of acacia compost and potting soil. Total porosity, 
particularly for the 100% acacia-based compost, was 
among the highest at 56.8% which is the standard 
(50% ˂ total porosity ˃ 60%) recommended for 
seedling production as it allows adequate aeration 
and more efficient retention of water and nutrients 
while minimizing substrate leaching (Lamhamedi et al. 
2006). The fibrous nature of substrates composed of 
acacia compost has also been noted by Laâbou (2009) 
and Chouial and Benamirouche (2022) who observed 
increased high water retention capacity of the substrate. 
On the other hand, pH (6.38 for S2; 7.44 for S4) fell within 
the near-neutral range and was similar to the values 
obtained by Ammari et al. (2003) and Benamirouche 
and Chouial (2018), who pointed this being the 
desirable range for out-of-soil nursery culture. Acacia 
compost, generally characterised by a high carbon to 
nitrogen ratio, provides a slow-release nitrogen source, 
mimicking natural conditions and promoting efficient 
root uptake, potentially favouring root development 
and biomass allocation towards roots (Brito et al. 2011; 
Brito et al. 2015). Moreover, its derived mulch can 
harbour beneficial mycorrhizal fungi that can potentially 
colonise argan roots (Hashem et al. 2016), enhancing 
nutrient uptake particularly phosphorus, crucial for 
seedling growth in nutrient-limited Mediterranean 
ecosystems. Conversely, the substrates consisting of 
composts derived from ground mixtures of cypress 
cones, Barbary thuja and Eucalyptus capsules exhibited 
the highest pH values and consequently had plants with 
the least desirable morphological traits and biomass. 
Both low (acidic) and high (basic) pH are known to 
hinder seedling development, with slow growth rates 
attributed to reduced photosynthetic efficiency (Tessmer 
et al. 2013; Dighton & Krumins 2014). Moreover, high pH 
tends to negatively affect the availability and absorption 
of mineral elements in the rhizosphere (Comtois et al. 
2004; Lamhamedi et al. 2006; Sellal, 2016). Nonetheless, 
Eucalyptus can offer a quick nitrogen boost, stimulating 
initial growth and leaf development, likely impacting 
biomass allocation towards shoots (Downer & Faber 
1995; Valenzuela-Solano 2003). In addition, it is 

associated with low allelopathic potential, therefore 
limiting seedling growth suppression (Heidari 2022). 
Other key soil elements that are useful for plant growth 
and whose uptake can be affected by soil pH include 
nitrogen, potassium and phosphorus. Consistent with 
favourable pH, they were among the highest recorded 
in this study under substrates composed primarily of 
acacia-based compost. 

Interestingly, our investigation revealed that 
container size and growing medium had minimal impact 
on the root architecture of argan seedlings. This could 
be attributed to the limited range of container sizes 
used, possibly not constraining the root development of 
young argan seedlings, which might not have had fully 
developed root systems yet (Haase 2008). Moreover, 
compensatory growth within the containers could 
have obscured any potential disparities. Additionally, if 
all compost types supplied adequate nutrients, argan 
seedlings might not have needed to extensively explore 
the available space for resources, resulting in similar 
root architecture across different media. Another 
possible explanation could be the dominant influence 
of the seedlings’ inherent genetic makeup on their root 
development patterns (Harrington et al. 2001; Raviteja 
et al. 2021), overriding any effects from container size or 
media composition.

The presence of healthy roots is a good indicator of 
plant performance after transplanting and is one of the 
most widely used tests of assessing seedling quality 
(Landis et al. 2010). In this study, examination of the root 
system of argan seedlings revealed the presence of both 
individual and multiple root deformations, most of which 
affected the morphology of the taproot. However, they 
do not appear to be related to the nursery treatments 
used, with little variation in the occurrence of root 
deformations between both container sizes and growing 
media. Nevertheless, they were still considerable, which 
presents a problem as they have been observed to hinder 
the growth of argan plants by negatively affecting water 
intake, thus leading to a dysfunction of the storage of 
carbohydrate reserves (Bellefontaine et al. 2013). Root 
deformations induced during nursery production also 
result in poor post-planting growth in the field linked 
to factors including poor physiological functioning 
as a result of shallow soil exploration (Falconnet et al. 
1990). In semi-arid countries, the quality of the root 
and aerial systems of young plants is identified as the 
key factor in survival and juvenile growth problems. 
The root deformations of argan seedlings can also be 
detrimental to the mycorrhization of argan seedlings in 
the nursery and therefore affect the quality of seedlings 
(El Maati et al. 2015). Indeed, it has been shown that 
the mycorrhizal complex of argan seedlings grown in 
nurseries has a determining impact on the success of 
the plant and therefore on the effective establishment 
of argan plantations, even on poor soils (Nouaim & 
Chaussod 1997, 2002; Mrabet et al. 2014). In addition, 
Moroccan argan forests are generally located in degraded 
areas, which can lead to a weakness of the mycorrhizal 
potential of the soil (Benabid 2000; Kechairi 2009). Thus, 
the adoption of practices promoting the mutualistic 
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association of argan seedlings with mycorrhizal fungi, 
particularly of the genus Glomus, by optimising the 
architecture of the root system should be imperative in 
the cultivation of seedlings in nurseries (Chakhchar et 
al. 2020).

The combined effect of large containers and acacia 
compost presents interesting nursery regimes that are 
recommended for the production of argan seedlings. 
However, it is important to note that the increase in 
the size of the containers can lead to an increase in 
production costs. Their use should be justified only 
when the performance of the seedlings benefits from 
the investment in additional resources. This is often the 
case in the production of seedlings for more difficult 
conditions such as semi-arid and arid Mediterranean 
regions characterised by limited available soil moisture. 
Indeed, there, large seedlings often outperform small 
seedlings (Andivia et al. 2021).

Conclusions
The study of the individual and joint effects of container 
size and growing medium on morphological traits and 
biomass of argan seedlings grown in nurseries revealed 
highly significant influences. The composition of growth 
substrate influenced the occurrence of root deformations 
and thus the overall quality of the seedlings. The 
500 cm³ containers yielded seedlings with attractive 
morphological traits (larger, clumpier seedlings with 
reduced root deformations) compared to the other two 
containers that were generally characterized by inferior 
seedlings. The growing medium composed entirely of 
acacia compost, as well as the media based on a mixture 
of Acacia compost and potting soil in equal proportions, 
favoured better seedling growth. Indeed, more robust 
seedlings, characterised by a higher biomass production 
were observed under these substrates, thus underlining 
the importance of these conditions for the production of 
good quality plants. They are, therefore, recommended 
for the nursery-production of this species for 
reforestation purposes. Although this study is intended 
to provide a better understanding of nursery-specific 
factors and conditions that influence seedling quality, 
more comprehensive studies should be undertaken. The 
focus here was on the nursery phase, and while the results 
are satisfactory, a broader scope involving monitoring 
of seedling performance in the field after transplanting 
would improve observations and provide an even richer 
source of data for forest planners and managers, helping 
to reverse the degrading trend of an important forest 
species in the fight against desertification.

Competing interests
The authors declare that they have no financial or non-
financial competing interests.

Authors’ contributions
YD participated in the conception and design of the study, 
including the implementation of the field experiment, 
and in the drafting of the manuscript. YD, AB, CAO, and 

MMOU participated in the data analysis. AS, MF, LK, FA 
and AEA contributed to the revision of the manuscript. 
All authors read and approved the final manuscript.

References
Aghai, M.M., Pinto, J.R., & Davis, A.S. (2014). Container 

volume and growing density influence western larch 
(Larix occidentalis Nutt.) seedling development 
during nursery culture and establishment. New 
Forests, 45, 199–213. https://doi.org/10.1007/
s11056-013-9402-8

Ain-Lhout, F., Boutaleb, S., Diaz-Barradas, M.C., Jauregui, 
J., & Zunzunegui, M. (2016). Monitoring the 
evolution of soil moisture in root zone system of 
Argania spinosa using electrical resistivity imaging. 
Agricultural Water Management, 164, 158-166. 
https://doi.org/10.1016/j.agwat.2015.08.007

Ammari, Y., Lamhammedi, S.M., Akrimi, N., & Zine El 
Abidine, A. (2003). Compostage de la biomasse 
forestière et son utilisation comme substrat 
de croissance pour la production de plants en 
pépinières forestières modernes. Revue de l’I.N.A.T., 
18(2), 99-119..

Andivia, E., Villar-Salvador, P., Oliet, J.A., Puértolas, J., 
Dumroese, R.K., Ivetić, V., Molina-Venegas, R., 
Arellano, E.C., Li, G., & Ovalle, J.F. (2021). Climate 
and species stress tolerance modulate the higher 
survival of large seedlings in forest restoration 
worldwide. Ecological Applications, 31: e02394. 
https://doi.org/10.1002/eap.2394

Anne, P. (1945). Sur le dosage rapide du carbone 
organique des sols. Annales Agronomiques, 161, 
161-172. 

Bakry, M., Lamhamedi, M.S., Caron, J., Bernier, P.Y., Zine 
El Abidine, A., Stowe, D.C., & Margolis, H.A. (2013). 
Changes in the physical properties of two Acacia 
compost-based growing media and their effects on 
growth and physiological variables of containerized 
carob (Ceratonia siliqua L.) seedlings. New Forests, 
44, 827-847 https://doi.org/10.1007/s11056-
013-9368-6

Bayala, J., Dianda, M., Wilson, J., Ouedraogo, S., & Sanon, 
K. (2009). Predicting field performance of five 
irrigated tree species using seedling quality 
assessment in Burkina Faso West Africa. New 
Forests, 38(3), 309-322. https://doi.org/10.1007/
s11056-009-9149-4

Belghazi, B., Ourous, O., Ponette, Q., Belghazi, T., & Dallahi, 
Y. (2020). La problématique de la régénération 
de l’arganier : Quelle innovation en matière de 
production des plants de qualité? Premier Congrès 
International sur l’Arganier : Acquis et perspectives 
de recherche scientifique (Agadir, Maroc, du 
15/12/2011 au 17/12/2011).

Bellefontaine, R., Achour, A., Defaa, C., Ferradous, A., 
Fellmann, M., & Falconnet, G. (2013). Etude de 

Dallahi et al. New Zealand Journal of Forestry Science (2024) 54:16							                     Page 9

https://doi.org/10.1007/s11056-013-9402-8
https://doi.org/10.1007/s11056-013-9402-8
https://doi.org/10.1016/j.agwat.2015.08.007
https://doi.org/10.1002/eap.2394
https://doi.org/10.1007/s11056-013-9368-6
https://doi.org/10.1007/s11056-013-9368-6
https://doi.org/10.1007/s11056-009-9149-4
https://doi.org/10.1007/s11056-009-9149-4


Dallahi et al. New Zealand Journal of Forestry Science (2024) 54:16							                   Page 10

l’enracinement d’arganiers. In : Actes du Premier 
congrès international de l’arganier, Agadir, Maroc, 
15-17 décembre 2011. Ministère de l’Agriculture et 
de la Pèche Maritime, Haut-Commissariat aux Eaux 
et Forêts et à la Lutte Contre la Désertification, INRA, 
Agence Nationale pour le Développement des Zones 
Oasiennes et de l’Arganier. Rabat : INRA [Maroc], 
pp. 399-408. ISBN 978-9954-8602-9-8 Congrès 
International de l’Arganier. 1, Agadir, Maroc, 15 
December 2011/17 December 2011.

Bellefontaine, R., Ferradous, A., Alifriqui, M., & Monteuui, 
O. (2010). Multiplication végétative de l’arganier, 
Argania spinosa, au Maroc: le projet John Goelet. 
Bois et Forêts des Tropiques, 304, 47-59. http://bft.
cirad.fr/revues/notice_fr.php?dk=556449 https://
doi.org/10.19182/bft2010.304.a20446

Benabid, A. (2000). Flore et écosystèmes du Maroc. 
Édition Paris: Ibis Press. 335 p.

Benamirouche, S., & Chouial, M. (2018). Essai de 
production et de valorisation de compost d’Acacia 
cyanophylla pour la production de plants de chêne 
liège (Quercus suber L.) : résultats en pépinière et 
après transplantation. Environnement, Ingénierie 
& Développement, Episciences, 2018, N°76 - April, 
21-32. https://doi.org/10.4267/dechets-sciences-
techniques.3729

Benamirouche, S., Chouial, M., & Guechi, W. (2020). 
Radicle length and container size effects on root 
deformations in the Mediterranean oak Quercus 
suber L. Bois et Forêts des Tropiques, 343, 17-26. 
https://doi.org/10.19182/bft2020.343.a31669

Boudy, P. (1950). Économie forestière Nord-africaine 
- Volume 2: Monographies et traitements des 
essences forestières (878 pp.). Paris: E. Larose. 

Bremner, J.M. (1960). Determination of nitrogen in soil 
by the Kjeldahl method. The Journal of Agricultural 
Science, 55(1), 11-33. https://doi.org/10.1017/
S0021859600021572 

Brito, L. M., Saldanha, J., Mourão, I., & Nestler, H. (2011). 
Composting of Acacia longifolia and Acacia 
melanoxylon invasive species. In International 
Symposium on Growing Media, Composting and 
Substrate Analysis, 1013, 211-216. https://doi.
org/10.17660/ActaHortic.2013.1013.24

Brito, L. M., Reis, M., Mourão, I., & Coutinho, J. (2015). 
Use of acacia waste compost as an alternative 
component for horticultural substrates. 
Communications in Soil Science and Plant Analysis, 
46(14), 1814-1826. https://doi.org/10.1080/001
03624.2015.1059843

Carles, S., Lamhamedi, M.S., Beaulieu, J., Stowe, D.C., 
& Margolis, H.A. (2012). Genetic parameters of 
morphological and physiological characteristics 
of containerized white spruce (Picea glauca 
[Moench.] Voss) seedlings. Tree Genetics Genomes, 
8, 39-51 https://doi.org/10.1007/s11295-011-
0418-y

Chakhchar, A., Lamaoui, M., El Kharrassi, Y., Bourhim, 
T., Filali-Maltouf, A., & El Modafar, C. (2020). A 
Review on the Root System of Argania spinosa. 
Current Agricultural Resesearch; 8(1). https://doi.
org/10.12944/CARJ.8.1.03

Chirino, E., Vilagrosa, A., Cortina, J., Valdecantos, A., 
Fuentes, D., Trubat, R., Luis, V.C., Puértolas, J., 
Bautista, S., Baeza, M.J., Peñuelas, J.L., & Vallejo, 
R. (2009). Ecological restoration in degraded 
drylands: the need to improve the seedling quality 
and site conditions in the field. In: Grossberg S.P. 
(Ed.), Forest Management. Hauppauge, NY, USA: 
Nova Science Publishers Inc. 

Chirino, E., Vilagrosa, A., Hernández, E., Matos, A., & 
Vallejo, V. (2008). Effects of a deep container 
on morpho-functional characteristics and root 
colonization in Quercus suber L. seedlings for 
reforestation in Mediterranean climate. Forest 
Ecology and Management, 256, 779-785. https://
doi.org/10.1016/j.foreco.2008.05.035

Chouial, M., & Benamirouche, S. (2022). Essai de 
valorisation de compost d’Acacia cyanophylla 
pour la production de plants de Pin pignon (Pinus 
pinea L.) : Résultats en pépinière et après cinq ans 
de transplantation. Revue Nature et Technologie, 
14(1), 31-44.

Close, D.C., Paterson, S., Corkrey, R., & McArthur, C. 
(2010). Influences of seedling size, container type 
and mammal browsing on the establishment of 
Eucalyptus globulus in plantation forestry. New 
Forests, 39, 105-115. https://doi.org/10.1007/
s11056-009-9158-3

Dagnelie, P. (1975). Théorie et méthodes statistiques : 
applications agronomiques. Volume II. Les 
méthodes de l’inférence statistique (2nd ed). 
Gembloux, Belgium: Les presses agronomiques de 
Gembloux. A.S.BL, 463 p. 

Defaa, C., Elantry, S., El Alami, S.L., Achour, A., El Mousadik, 
A., & Msanda, F. (2015). Effects of tree shelters 
on the survival and growth of Argania spinosa 
seedlings in Mediterranean arid environment, 
International Journal of Ecology: 124075. https://
doi.org/10.1155/2015/124075

Dighton, J., & Krumins, J. A. (2014). Interactions in Soil: 
Promoting Plant Growth. New York, NY: Springer. 
https://doi.org/10.1007/978-94-017-8890-8

Downer, A., & Faber, B. (1995). Determining the 
usefullness of Eucalyptus mulches in landscape 
plantings. 1995 Annual Report, pp. 28-30. 
https://slosson.ucdavis .edu/newsletters/
Downer_199429100.pdf

Duong, T.T.T., Penfold, C., & Marschner, P. (2012). 
Amending soils of different texture with six 
compost types: impact on soil nutrient availability, 
plant growth and nutrient uptake. Plant Soil, 
354(1-2), 197-209 https://doi.org/10.1007/
s11104-011-1056-8

http://bft.cirad.fr/revues/notice_fr.php?dk=556449
http://bft.cirad.fr/revues/notice_fr.php?dk=556449
https://doi.org/10.19182/bft2010.304.a20446
https://doi.org/10.19182/bft2010.304.a20446
https://doi.org/10.4267/dechets-sciences-techniques.3729
https://doi.org/10.4267/dechets-sciences-techniques.3729
https://doi.org/10.19182/bft2020.343.a31669
https://doi.org/10.1017/S0021859600021572
https://doi.org/10.1017/S0021859600021572
https://doi.org/10.17660/ActaHortic.2013.1013.24
https://doi.org/10.17660/ActaHortic.2013.1013.24
https://doi.org/10.1080/00103624.2015.1059843
https://doi.org/10.1080/00103624.2015.1059843
https://doi.org/10.1007/s11295-011-0418-y
https://doi.org/10.1007/s11295-011-0418-y
https://doi.org/10.12944/CARJ.8.1.03
https://doi.org/10.12944/CARJ.8.1.03
https://doi.org/10.1016/j.foreco.2008.05.035
https://doi.org/10.1016/j.foreco.2008.05.035
https://doi.org/10.1007/s11056-009-9158-3
https://doi.org/10.1007/s11056-009-9158-3
https://doi.org/10.1155/2015/124075
https://doi.org/10.1155/2015/124075
https://doi.org/10.1007/978-94-017-8890-8
https://slosson.ucdavis.edu/newsletters/Downer_199429100.pdf
https://slosson.ucdavis.edu/newsletters/Downer_199429100.pdf
https://doi.org/10.1007/s11104-011-1056-8
https://doi.org/10.1007/s11104-011-1056-8


Dallahi et al. New Zealand Journal of Forestry Science (2024) 54:16							                   Page 11

El Ghazali, H., Harrouni, C., Daoud, S., & Benoada 
Tlemçani, N. (2021). Impact of Climate Change 
on the Argan Biosphere Reserve (ABR) in 
Morocco. Preprints, 2021050536. https://doi.
org/10.20944/preprints202105.0536.v1

El Maati, Y., Msanda, F., El Mousadik, A., El Hamdaoui, A., 
Mrabet, S., & Ouahmane, L. (2015). Contribution 
to the characterization of mycorrhizae in the 
south west of Morocco and their effect on growth 
parameters of Argania spinosa. The American 
Journal of Innovative Research and Applied Sciences, 
235-243.

Falconnet, G., Gruez, J., & Argillier, C.V. (1990). Etude 
d’un support de culture de plants forestiers 
Méditerranéens en conteneurs-Rapport de 
synthèse. CEMAGREF, Aix en Provence.

Faouzi, H. (2018). « Les pratiques coutumières de gestion 
des ressources naturelles dans le contexte de la 
mondialisation économique : cas de l’arganeraie 
marocaine », Études caribéennes [En ligne], 41 | 
Décembre 2018, mis en ligne le 15 octobre 2018, 
consulté le 08 avril 2022. https://doi.org/10.4000/
etudescaribeennes.13213

Ferradous, A., Hafidi, M., Alifriqui, M., & Ouhammou A. 
(2017). Production de plants d’arganier (Argania 
spinosa) au Maroc : choix du conteneur et du 
substrat. Bois et Forêts des Tropiques, 333, 37-47. 
https://doi.org/10.19182/bft2017.334.a31490

Fitzpatrick, G.E. (2001). Compost utilization in 
ornamental and nursery crop production systems. 
In Stoffella P.J., Kahn B.A. (Eds.), Compost utilization 
in horticultural cropping systems. New York, États-
Unis, Lewis Publishers, 135-150. https://doi.
org/10.1201/9781420026221.ch6 

Grossnickle, S.C. (2012). Why seedlings survive: 
influence of plant attributes. New Forests, 43(5), 
711-738. https://doi.org/10.1007/s11056-012-
9336-6 

Grossnickle, S.C., & MacDonald, J.E. (2018). Seedling 
quality: history, application, and plant attributes. 
Forests, 9: 283. https://doi.org/10.3390/f9050283

Haase, D.L. (2008). Understanding forest seedling 
quality: measurements and interpretation. Tree 
Planters’ Notes, 52(2), 24-30.

Harrington, J.T., Dreesen, D.R., Wagner, A.M., Murray, 
L., & Sun, P. (2001). The influence of seed 
source and stock size on first-year performance 
of direct transplanted conifer seedlings 1. 
Proceedings, Land Reclamation-A different 
Approach, ASSMR American Society for Surface 
Mining and Reclamation, 1, 265-270. https://doi.
org/10.21000/JASMR01010265

Hashem, A., Abd_Allah, E. F., Alqarawi, A. A., Al-Huqail, 
A. A., Wirth, S., & Egamberdieva, D. (2016). The 
interaction between arbuscular mycorrhizal fungi 
and endophytic bacteria enhances plant growth 

of Acacia gerrardii under salt stress. Frontiers in 
Microbiology, 7: 1089. https://doi.org/10.3389/
fmicb.2016.01089

HCEFLCD. (2022.). Les formations forestières: 
Feuillus. Retrieved April 2, 2022, from http://
www.eauxetforets.gov.ma/ForetsMarocaines/
Formations/Pages/Feuillus.aspx

Heidari, M. (2022). Evaluation of allelopathic effects of 
wood chips of pomegranate, sour orange and date 
palm leaves. Research in Plant Metabolites, 1(1), 63-
75. https://www.magiran.com/paper/2743130/
i nve s t i g a t i o n - o f - a l l e l o p a t h i c - e f fe c t s - o f -
pomegranate-sour-orange-tree-wood-chips-and-
palm-leaves-on-lettuce-seed-germination?lang=en

Ivetić, V., Devetaković, J., & Maksimović, Z. (2016). Initial 
height and diameter are equally related to survival 
and growth of hardwood seedlings in first year 
after field planting. Reforesta, 2, 6-21. https://doi.
org/10.21750/REFOR.2.02.17 

Jaenicke, H. (1999). Good tree nursery practices: practical 
guidelines for research nurseries. Nairobi: ICRAF, 
7-21.

Kechairi, R. (2009). Contribution à l’étude écologique de 
l’arganier Argania spinosa (L) skeels dans la région 
de Tindouf (Algérie) (Master’s thesis, University of 
Tlemcen, Algeria).

Kostopoulou, P., Radoglou, K., Dini Papanastasi, O., & 
Adamidou, C. (2011). Effect of mini-plug container 
depth on root and shoot growth of four forest tree 
species during early developmental stages. Turkish 
Journal of Agriculture and Forestry, 35, 379–390. 
https://doi.org/10.3906/tar-1104-11

Laâbou, K. (2009). Caractéristiques des plants à racines 
enrobées et à racines nues d’arganier (Argania 
spinosa L. Skeels) en rapport avec les techniques 
culturales. Mémoire de 3 ème cycle, E.N.F.I., Salé, 
22-27 p.

Lamhamedi M.S., Fectau B., Godin L., Gingras C.H., El Aini R., 
Gader G.H., & Zarrouk M.A. (2006). Guide pratique de 
production hors sol de plants forestiers, pastoraux et 
ornementaux en Tunisie. Projet : ACDI E4936-K061229. 
Direction Générale des Forêts, Tunisie et Pampev 
internationale LTEE, Canada, 114 p.

Landis T.D., Dumroese R.K., & Haase D.L. (2010). 
Seedling processing, storage and out planting. In 
The Container Tree Nursery Manual. Agricultural 
Handbook 674. Washington DC, US, Department of 
Agriculture, Forest Service, Vol. 7, 200 p.

Lindström, A., & Rune, G. (1999). Root deformation in 
plantations of container-grown Scots pine trees: 
Effects on root growth, tree stability and stem 
straightness. Plant Soil, 217, 29-37. https://doi.
org/10.1023/A:1004662127182

M’Hirit, O., Benzyane, M., Benchekroun, F., El Yousfi, S.M., 
& Bendaanoun, M. (1998). L’arganier. Une espèce 

https://doi.org/10.20944/preprints202105.0536.v1
https://doi.org/10.20944/preprints202105.0536.v1
https://doi.org/10.4000/etudescaribeennes.13213
https://doi.org/10.4000/etudescaribeennes.13213
https://doi.org/10.19182/bft2017.334.a31490
https://doi.org/10.1007/s11056-012-9336-6
https://doi.org/10.1007/s11056-012-9336-6
https://doi.org/10.3390/f9050283
https://doi.org/10.21000/JASMR01010265
https://doi.org/10.21000/JASMR01010265
https://doi.org/10.3389/fmicb.2016.01089
https://doi.org/10.3389/fmicb.2016.01089
http://www.eauxetforets.gov.ma/ForetsMarocaines/Formations/Pages/Feuillus.aspx
http://www.eauxetforets.gov.ma/ForetsMarocaines/Formations/Pages/Feuillus.aspx
http://www.eauxetforets.gov.ma/ForetsMarocaines/Formations/Pages/Feuillus.aspx
https://www.magiran.com/paper/2743130/investigation-of-allelopathic-effects-of-pomegranate-sour-orange-tree-wood-chips-and-palm-leaves-on-lettuce-seed-germination?lang=en
https://www.magiran.com/paper/2743130/investigation-of-allelopathic-effects-of-pomegranate-sour-orange-tree-wood-chips-and-palm-leaves-on-lettuce-seed-germination?lang=en
https://www.magiran.com/paper/2743130/investigation-of-allelopathic-effects-of-pomegranate-sour-orange-tree-wood-chips-and-palm-leaves-on-lettuce-seed-germination?lang=en
https://www.magiran.com/paper/2743130/investigation-of-allelopathic-effects-of-pomegranate-sour-orange-tree-wood-chips-and-palm-leaves-on-lettuce-seed-germination?lang=en
https://doi.org/10.21750/REFOR.2.02.17
https://doi.org/10.21750/REFOR.2.02.17
https://doi.org/10.3906/tar-1104-11
https://doi.org/10.1023/A:1004662127182
https://doi.org/10.1023/A:1004662127182


fruitière- forestière à usages multiples. Sprimont, 
Belgique, Éditions Mardaga, 151 p.

M’Sadak, Y., Elouaer, M., & Rim, E. (2012). Evaluation 
des substrats et des plants produits en pépinière 
forestière. Bois et forets des Tropiques, 313, 61. 
https://doi.org/10.19182/bft2012.313.a20497

Mathers, H.M., Lowe, S.B., Scagel, C., Struve, D.K., & 
Kase, L.T. (2007). Abiotic factors influencing root 
growth of woody nursery plants in containers. 
HortTechnology, 17 (2), 151-162. https://doi.
org/10.21273/HORTTECH.17.2.151

Montagnoli, A., Chiatante, D., Dimitrova, A., Terzaghi, M., 
Pinto, J.R., & Dumroese, R.K. (2022). “Early pine root 
anatomy and primary and lateral root formation 
are affected by container size: implications in dry-
summer climates”. Reforesta, 12, 20-34. https://
doi.org/10.21750/REFOR.12.04.96

Mrabet, S., Ouahmane, L., El Mousadik, A., Msanda, F. & 
Abbas, Y. (2014). The Effectiveness of arbuscular 
mycorrhizal inoculation and bio-compost addition 
for enhancing reforestation with Argania spinosa 
in Morocco. Open Journal of Forestry, 4, 14-23. 
https://doi.org/10.4236/ojf.2014.41003

Nahidi, A. (2006). Évaluation de la qualité des plants 
de chêne liège de plaine (forêt de MAAMORA) en 
relation avec le conteneur et le substrat. Mémoire 
de 3ème cycle, E.N.F.I., Salé, 66 p + annexes.

Ndiaye, O., Goudiaby, A.O.K., & Sambou, A. (2018). Effects 
of substrate on germination and growth of Moringa 
oleifera Lam., Acacia mellifera (Vahl) Benth. and 
Zizyphus mauritiana Lam. seedlings. Reforesta, 6, 
86-99. https://doi.org/10.21750/REFOR.6.07.60

Nouaim R., & Chaussod R. (1997). Effet de la mycorhization 
controlée sur la croissance de I’arganier (Argania 
spinosa) après sa transplantation en sol non 
désinfecté. Al Awamia, 96, 65-76.

Nouaim, R., & Chaussod, R. (2002). Réponse à la 
mycorhization de plants d’arganier (Argania 
spinosa) multipliés par bouturage. Al Alwamia, 105, 
9-22.

Nyoka, B.I., Kamanga, R., Njoloma, J., Jamnadass, R., 
Mng’omba, S., & Muwanje, S. (2018). Quality of 
tree seedlings produced in nurseries in Malawi: an 
assessment of morphological attributes. Forests, 
Trees and Livelihoods, 27(2), 103-117 https://doi.
org/10.1080/14728028.2018.1443027

Nyoka, B.I., Roshetko, J., Jamnadass, R, Muriuki, J., 
Kalinganire, A., Lillesø, J.-P.B., Beedy, T., & Cornelius, 
J. (2015). Tree seed and seedling supply systems: 
a review of the Asia, Africa and Latin America 
models. Small-scale Forestry, 2015(14), 171-191. 
https://doi.org/10.1007/s11842-014-9280-8

Olsen, S.R. (1954). Estimation of available phosphorus in 
soils by extraction with sodium bicarbonate (No. 
939). US Department of Agriculture. 

Poorter, H., Bühler, J., Van Dusschoten, D., Climent, J., 
& Postma, J.A. (2012). Pot size matters: A meta-
analysis of the effects of rooting volume on plant 
growth. Functional Plant Biology, 39, 839–850. 
https://doi.org/10.1071/FP12049

Raviteja, M.S.V., Laxman, R.H., Rashmi, K., Kannan, 
S., Namratha, M.R., & Reddy, K.M. (2021). 
Effect of container size and types on the root 
phenotypic characters of capsicum. Journal of 
Horticultural Sciences, 16(2), 261-270. https://doi.
org/10.24154/jhs.v16i2.1606

Saoudi, H. (2005). Contribution à l’élaboration des normes 
de qualité des plants forestiers: cas du chêne-liège, 
du thuya et du pin maritime des Landes. Mémoire de 
3ème cycle, E.N.F.I., Salé.102 p.

Sellal, Z. (2016). Arbuscular Mycorrhizal fungi species 
associated with rhizosphere of Argania spinosa 
(L.) Skeels in Morocco. International Journal of 
Pure & Applied Bioscience, 4, 82-99. https://doi.
org/10.18782/2320-7051.2201

Sung, S.-J.S., Dumroese, R.K., Pinto, J.R., & Sayer, M.A.S. 
(2019). The Persistence of Container Nursery 
Treatments on the Field Performance sand Root 
System Morphology of Longleaf Pine Seedlings. 
Forests, 10, 807. https://doi.org/10.3390/
f10090807

Tessmer, O.L., Jiao, Y., Cruz, J.A., Kramer, D.M., & Chen, J. 
(2013). Functional approach to high-throughput 
plant growth analysis. BMC Systems Biology, 7: S17. 
https://doi.org/10.1186/1752-0509-7-S6-S17

Tian, N., Fang, S., Yang, W., Shang, X., & Fu, X (2017). 
influence of container type and growth medium on 
seedling growth and root morphology of Cyclocarya 
paliurus during nursery culture. Forests, 8: 387. 
https://doi.org/10.3390/f8100387

Tsakaldimi, M., Tsitsoni, T., Ganatsas, P., & Zagas, T. 
(2009). A comparison of root architecture and 
shoot morphology between naturally regenerated 
and container-grown seedlings of Quercus ilex. 
Plant Soil, 324, 103. https://doi.org/10.1007/
s11104-009-9974-4

Valenzuela-Solano, C. (2003). Organic mulches: I. 
Decomposition and nitrogen mineralization in 
mulch and soil layers. II. Effects of eucalyptus mulch 
on avocado tree fine root growth. University of 
California, Riverside.

Villar-Salvador, P., Puertolas, J., Cuesta, B., Penuelas, J.L., 
Uscola, M., Heredia-Guerroro, N., & Benayas, J.M.R. 
(2012). Increase in size and nitrogen concentration 
enhances seedling survival in Mediterranean 
plantations. Insights from an ecophysiological 
conceptual model of plant survival. New Forests, 
43, 755–770. https://doi.org/10.1007/s11056-
012-9328-6

Dallahi et al. New Zealand Journal of Forestry Science (2024) 54:16							                   Page 12

https://doi.org/10.19182/bft2012.313.a20497
https://doi.org/10.21273/HORTTECH.17.2.151
https://doi.org/10.21273/HORTTECH.17.2.151
https://doi.org/10.21750/REFOR.12.04.96
https://doi.org/10.21750/REFOR.12.04.96
https://doi.org/10.4236/ojf.2014.41003
https://doi.org/10.21750/REFOR.6.07.60
https://doi.org/10.1080/14728028.2018.1443027
https://doi.org/10.1080/14728028.2018.1443027
https://doi.org/10.1007/s11842-014-9280-8
https://doi.org/10.1071/FP12049
https://doi.org/10.24154/jhs.v16i2.1606
https://doi.org/10.24154/jhs.v16i2.1606
https://doi.org/10.18782/2320-7051.2201
https://doi.org/10.18782/2320-7051.2201
https://doi.org/10.3390/f10090807
https://doi.org/10.3390/f10090807
https://doi.org/10.1186/1752-0509-7-S6-S17
https://doi.org/10.3390/f8100387
https://doi.org/10.1007/s11104-009-9974-4
https://doi.org/10.1007/s11104-009-9974-4
https://doi.org/10.1007/s11056-012-9328-6
https://doi.org/10.1007/s11056-012-9328-6


Dallahi et al. New Zealand Journal of Forestry Science (2024) 54:16							                   Page 13

S 1- P54 S 6- P38 S 3- P28
S 4- P54 S 1- P28 S 3- P54
S 1- P38 S 7- P54 S 2- P28
S 2- P38 S 7- P28 S 6- P54
S 5- P28 S 3- P54 S 6- P28
 S 7- P28 S 4- P38 S 7- P28
S 5- P28 S 4- P54 S 2- P38
S 3- P38 S 1- P28 S 7- P54
S 4- P28 S 7- P38 S 3- P38
S 3- P28 S 5- P38 S 5- P54
S 2- P28 S 7- P54 S 5- P28
S 1- P38 S 3- P28 S 2- P38
S 3- P54 S 2- P28 S 2- P54
S 7- P28 S 4- P28 S 1- P54
S 6- P38 S 4- P38 S 3- P38
S 2- P38 S 7- P54 S 4- P28
S 5- P38 S 6- P38 S 6- P28
S 5- P54 S 1- P54 S 2- P54
S 2- P28 S 6- P54 S 4- P38
S 1- P38 S 4- P54 S 7- P38
S 2- P54 S 5- P38 S 6- P28
S 4- P38 S 5- P54 S 6- P54
S 1- P28 S 7- P38 S 3- P28
S 1- P54 S 3- P38 S 3- P54
S 4- P54 S 5- P28 S 1- P28
S 5- P54 S 5- P38 S 1- P38
S 7- P38 S 6- P54 S 6- P28
S 6- P38 S 4- P28 S 2- P54

N

>

FIGURE A1: Experimental layout showing the combinations of container 
size (P28, P38 and P54) and growing media substrate (S1 to S7).

FIGURE A2: Seed sowing into the container cells
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