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Abstract
Pistacia atlantica Desf. (Beneh) is an important woody species that has been facing significant challenges to its natural regenera-
tion and reforestation in Iran. This study investigates the interaction of soil moisture and shade on growth, chemical contents, 
and morphological and physiological characteristics of Beneh saplings. One-year-old Beneh saplings were treated with varying 
amounts of soil moisture (20, 50, and 100% of field capacity) and shade (0, 30, and 50% of full sunlight) in a split-plot experi-
ment of a randomized complete block design in semiarid conditions of the Alborz Research Station of the Research Institute of 
Forests and Rangelands (RIFR) in Iran. The results indicate that soil moisture significantly affects the water content of the leaf, 
total chlorophyll, proline content, activity of catalase enzyme, leaf dry biomass, leaflet area, and dry stem biomass in the leaf. 
Shade significantly affected total chlorophyll, catalase enzyme activity, specific leaflet area, relative water content of the leaf, 
proline content, dry root biomass, and leaflet area. The interaction of shade and soil moisture significantly affected seedling 
height, catalase enzyme activity, specific leaflet area, and nitrogen and potassium content of the leaf. Shade moderates the stress 
of drought on Beneh saplings, but shading of Beneh saplings is not recommended in conditions where there is no concern about 
soil moisture. These conclusions can be used to improve the production of Beneh saplings in nurseries.
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Abbreviations
ANOVA  Analysis of variance
FC  Field capacity
FS  Full sunlight
LA  Leaflet area
LDB  Leaf dry biomass
RDB  Root dry biomass
RWC   Relative water content

SDB  Stem dry biomass
SLA  Specific leaflet area

Introduction

Pistacia atlantica Desf. (Atlas mastic tree aka Beneh in 
Iran) is an ecologically adaptable woody species that is 
found in many environments of southern Europe, the Mid-
dle East, and northern Africa. It grows well in several 
vegetation zones in Iran, as well. It is found, for instance, 
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in Arasbaran (northwestern Iran), Zagros (western Iran), 
Irano-Turanian (central Iran), and Khalijo-Ommani 
(southern Iran) (Owji and Hamzepour 2003). Three sub-
species of Beneh have been identified in Iran (mutica, 
kurdica, and cabulica) (Mozaffarian 2010). Many studies 
have demonstrated its ecological flexibility and tolerance 
to difficult environmental conditions in Iran. This spe-
cies forms both pure- and mixed-vegetation assemblages 
with other tree species depending upon the habitat (Emadi 
1996). Therefore, natural forests of this species are found 
throughout Iran but are particularly common in the west-
ern and southern parts of the country (Zahedipour et al. 
2005; Heydari 2016). Although it tolerates and adapts to 
diverse ecological conditions, the natural regeneration of 
Beneh has become difficult. Its seeds have a low germina-
tive capacity, but there are other intensifying factors that 
make regeneration difficult as well. For instance, harvest-
ing its fruit and resin, cutting its branches, destruction of 
protective shrubs in its understory, soil erosion, under-
story farming, grazing, and changing climates (increasing 
temperatures and decreasing precipitation), particularly 
during the growth season (Sohrabi 1995; Emadi 1996) 
have been reported to limit regeneration rates. As lim-
ited seed germination is also hampered by both their 
destruction (consumed by domesticated animals and 
rodents) and severely declining soil moisture levels in 
natural forests (Sabeti 1994; Negahdarsaber and Abbasi 
2010), regeneration of Beneh depends on nurse species 
in the understory, specially wild almonds (particularly 
Amygdalus lycioides Spach). After Beneh saplings are 
established, the nurse species gradually weaken and are 
replaced by Beneh (Hamzepour et al. 2006). Many stud-
ies have shown that when Beneh seedlings are protected 
from herbivores, the Beneh seedlings established in the 
shade of nurse species are healthier (both quantitatively 
and qualitatively) than seedlings established in open (i.e., 
unprotected) areas (Hamzepour et al. 2006; Jahanpour 
et al. 2010; Negahdarsaber and Abbasi 2010). In fact, 
many species benefit from shade in arid and semiarid 
regions, but it is unclear whether improved performance 
under shade is due to protection against severe sunlight, 
due to moderation of the drought stress or both. Pilevar 
et al. (2012) reported that Quercus brantii Lindl. saplings 
grew better in full sunlight, when soil moisture wasn’t low 
or limited. Therefore, experimental and nursery studies 
are needed to better understand the interaction of shade 
and drought on woody plant species.

Some studies of the effect of drought stress on the charac-
teristics of Beneh seedlings in greenhouses and laboratories 
have revealed that there are negative impacts from drought 
on the physiological and morphological characteristics of 
Beneh (Ranjbar Fordoei et al. 2000; Joulaei-Manesh 2011; 
Mirzaei 2011). Despite some studies of the effects of drought 

stress on various species (Aranda et al. 2005; Climent et al. 
2006; Sofo et al. 2009; Li et al. 2011; Hernández et al. 2009; 
Markesteijn and Poorter 2009; Schall et al. 2012; Daniels 
et al. 2013; Maguire and Kobe 2015; Amissah et al. 2015; 
Kupers et al. 2019; Abbas et al. 2019), there has been no 
comprehensive study of the interactive effects of drought and 
shade on Beneh, particularly in Iran, where natural regenera-
tion has diminished and reforestation has been unsuccessful 
in recent years.

The questions to be answered by this research are as fol-
lows: (1) Does shade decrease drought stress in Beneh sap-
lings? (2) Does full sunlight stress Beneh saplings? (3) Does 
shade moderate sunlight stress among well-watered sap-
lings? This study investigates the interaction of soil moisture 
and shade on the growth, chemical contents, morphology, 
and physiology of Beneh saplings in semiarid regions of 
Iran. The results can help to better understand the responses 
of Beneh saplings to both shade and drought and may reveal 
the best conditions for natural regeneration and reforestation 
of this species in semiarid regions of the world.

Fig. 1  Location of the study area in Alborz province and Iran
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Materials and methods

Study area

The site of this study is the Alborz Research Station of the 
Research Institute of Forests and Rangelands (RIFR) in 
Iran, located in Alborz Province at 35°48′ N and 50°54′ E 
(Fig. 1). The mean elevation of the site is 1300 m. Forty 
years of climate data indicate that the average annual pre-
cipitation is 250 mm, and the absolute minimum, absolute 
maximum, and average annual temperatures of this region 
are − 21.77 °C, 41 °C, and 13.7 °C. Based on the DeMar-
ton classification, this region’s climate is semiarid (Calagari 
et al. 2018). The study was undertaken from June to October. 
Contemporaneous weather data were collected during that 
period (Table 1).

Research method

Thirty Beneh seedlings (originating from the Azgi Valley 
of Karaj) were cultivated at the Alborz Research Station 
and were transplanted to 30 cm × 35 cm pots in late Feb-
ruary. The dimensions of the seedlings, about 10 cm in 
height and 5 mm in collar diameter, were approximately 
identical. The soil for the potting was acquired from the 
Azgi Valley and was added to the pots in equal amounts. 
Therefore, the soil used in the experiment was typical of 
the region. The soil characteristics were pre-determined 
(Table 2). The conditions under which the plants were kept 
in the nursery did not vary for three months to allow the 
saplings to be fully established.

In July, the pots were placed in plots of three contrast-
ing soil-moisture levels (or stress) (no stress (100% of field 
capacity (FC)), moderate stress (50% FC), and severe stress 
(20% FC)) and three levels of shade (full sunlight (FS), mod-
erate shade (50% FS), and low shade (30% FS). This design 
was replicated in three locations of ten saplings per plot and 

one sapling per pot (270 saplings in total). Artificial shades 
were installed at heights of 70 cm above the ground using 
two white polyethylene lace filters having different textures 
that reduce full sunlight to 50% and 30% of full sunlight 
(FS).

A pot was randomly selected from each plot every 
morning, and its weight (all pots were had the same 
weight) was used to calculate the amount of water needed 
to achieve a target weight (Zolfaghari 2008). In August, 
5 g of the leaves of saplings in locations of the four cardi-
nal edges of each plot was collected and transferred to the 
laboratory freezer (− 80 °C) for physiological measure-
ments (Zolfaghari 2008). The physiological characteristics 
measured were RWC of the leaf (%) (Boyer 1968), proline 
content (μg/g of the wet weight of leaf) (Bates et al. 1973), 
TC (μg/g of the wet weight of leaf) (Lichtenthaler 1987), 
and catalase enzyme activity (unit/mL) (Beers and Sizer 
1952).

Table 1  The average weather 
conditions and extremes at the 
study site, June to October

Weather variable Month

June July August September October

Mean temperature (°C) 26.3 28.9 28.7 24.8 15.1
Absolute maximum temperature (°C) 31.9 41.2 41.4 35.8 31.3
Absolute minimum temperature (°C) 10.5 14.8 16.1 11.7 4
Mean wind velocity (km/h) 3.6 3.4 2.7 2.6 2.8

Table 2  The characteristics of 
the potting soil

pH EC (ds/m) Lime (%) Organic Carbon (%) P
(mg/kg)

K
(mg/kg)

N
(%)

Sand
(%)

Silt
(%)

Clay
(%)

8 2.2 8.2 1.1 66 581.7 0.12 39 38 23

Fig. 2  The thematic design for leaflet sampling on the four sides of a 
sapling’s crown
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Irrigation and moisture treatments continued until mid-
November (just prior to the arrival of the first autumn rain-
fall). To measure the morphology of the leaves at this time, 
four terminal leaflets on the four sides of the saplings’ 
crowns were sampled (Fig. 2). Leaflet areas (LAs) were 
measured using a leaf-area meter (model: Gate House 4cht 
Aok). Given leaflet weights, the specific leaflet area (SLA) 
was calculated as an area-to-mass ratio in  cm2/g (Xu et al. 
2009).

The heights of the saplings were measured at the begin-
ning of November using a digital caliper with 0.01-mm 
accuracy. All saplings were carefully removed from their 
containers. The main roots and sub-roots were washed, 
and the leaves of the saplings were collected. The roots 
and stems were cut at the root collar, and the biomass 
variables were estimated in the laboratory. Specific ele-
ments (nitrogen (N) and potassium (K)) were measured 
in the leaves. Root, stem, and leaf samples from saplings 
of the different plots were placed in an oven at 80 °C for 
48 h. From these, the dry weights of the samples were 
determined. The percentage of N in the organs was meas-
ured by titration after distillation with the Kjeldahl device. 
K content was measured after dry burning and digestion 
using chloridric acid (Emami 1996).

The Anderson–Darling test was used to evaluate the 
normal distribution of data of each variable (Bayazidi et al. 
2012). RWC of the leaf, LA, and N in the leaf were normal-
ized with the Johnson conversion method (1949), because 
these variables were not normally distributed. The impact 
of soil moisture, shade, and their interaction were examined 
using analysis of variance (ANOVA) based on split plots 
with randomized complete blocks (Sadat Noori 2005). Post 
hoc tests using least significant difference (LSD) (Soltani 
2010) in MSTAT-C 1.41 software were performed on the 
variables to determine which were significantly affected by 
soil moisture and shade.

Results

The results of ANOVA (Table 3) indicate that soil moisture 
significantly affected RWC of leaves, TC, proline content, 
catalase enzyme activity, LDB, LA (p < 0.01), and stem dry 
biomass (SDB) (p < 0.05). Shade significantly impacted TC, 
catalase enzyme activity, SLA (p < 0.05), leaf RWC, proline 
content, RDB, and LA (p < 0.05). Shade and soil moisture 
acting together significantly affected only sapling height, 
catalase enzyme activity, SLA, and K and N in the leaves 
(p < 0.05).

The results of post hoc tests for influences of drought 
stress on the variables showed that reduced soil moisture 
decreased the leaf RWC, TC, K, LDB, LA, SDB, and sapling 
height (Fig. 3). Drought-induced drought stress resistance Ta
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Fig. 3  The comparison of means of the main effect of drought and shade factors on variables
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in Beneh saplings, increasing the proline content and cata-
lase enzyme activity in leaves. Post hoc tests for the effects 
of shade variation revealed that it moderated the drought 

stress, increased the leaf RWC, TC, LA, SLA, and decreased 
proline content, catalase enzyme activity, and RDB (Fig. 3).
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Post hoc tests for shade and soil-moisture interaction 
revealed that together they account for catalase enzyme 
activity, SLA, and N and K in the levels. Increased moisture 
decreased the impact of shade on catalase enzyme activity. 
Despite severely decreased activity in drought-stressed (20% 
FC) saplings, increased shade caused a lowering of catalase 
enzyme activity compared to saplings in full sunlight. The 
highest level of activity of this enzyme was observed in the 
saplings treated with 20% FC moisture and no shade. The 
lowest activity of this enzyme was also observed in saplings 
in FC conditions with any level of shade (Fig. 4).

Increasing shade from FS to 30% generally increased 
SLA. The level of moisture was important to the effects of 
increased shade. The saplings in FS and stressed by drought 
had the greatest SLA, but 50% FS and 30% FS seemed to 
have no significant effect on SLA, even when the moisture 
levels changed.

Moisture-treatment impacts on K concentrations in leaves 
were dependent on shade levels. Increasing shade from FS 
to 30% FS did not affect K content in drought conditions 
(20% FC and 50% FC), but K decreased in 100% FC mois-
ture level. Increased shade from 30 to 50% FS caused small 
changes in K at all soil-moisture conditions. The results were 
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similar for N in leaves, but increasing shade had a greater 
impact on N in leaves than on K in drought-stressed sap-
lings. The greatest concentrations of N and K were observed 
in the combination of FC moisture and FS, while the small-
est concentrations were observed in 20% FC and FS.

Discussion

This study investigated the interactions of soil moisture and 
shade on the growth, chemical contents, and morphologi-
cal and physiological characteristics of Beneh saplings in 
semiarid regions of Iran.

Effect of soil moisture and shade on physiological 
characteristics of Beneh saplings

RWC serves as a good index of the water content of a 
plant cell, and it is a useful guideline for selecting geno-
types to survive specific drought conditions (Schonfeld 
et al. 1988). If water taken by roots is not equal to or 
greater than the water lost from leaves, stomata that open 
for photosynthesis will decrease the RWC of the leaves 
(Basra and Basra 1997). In this study, reduced soil mois-
ture was observed to cause decreased RWC, reaching 68% 
in drought-stressed plants (20% FC) in FS. This is con-
sistent with the findings of Joulaei-Manesh (2011) and 
Ben Hamed et al. (2016). Shade helps to maintain soil 
moisture by decreasing temperature beneath the canopy 
due to less insolation and lower soil temperature. Shade 
increased RWC in all experimental plots regardless of soil 
moisture levels. This was also observed during irrigation 
of the saplings, as those under shade needed less water to 
reach the desired target weight.

Reduced soil moisture-induced production of 
osmolytes, especially proline, to maintain cell osmosis 
potential and to prevent the cell-wall disjoint. Drought 
stress broke down and reduced the proteins in mature 
leaves, increasing free amino acids like proline. Accu-
mulation of proline is compatible with osmosis potential, 
serving as a substrate for the reconstruction of secondary 
compositions (Basra and Basra 1997). Other studies (Jou-
laei-Manesh 2011; Mirzaei 2011) also arrived at this con-
clusion. Shade decreased proline content of Beneh leaves. 
This follows the reason as there is less need for osmosis 
adjustment as leaf RWC increases (Duan et al. 2005).

Reduced soil moisture decreased chlorophyll in Beneh 
leaves. This positive relationship has already been reported in 
other studies of Beneh (Ranjbar Fordoei et al. 2000; Mirzaei 
2011). Drought stress breaks down chlorophyll and decreases 
it in the leaves (Anjum et al. 2011). Decreased chlorophyll 
in drought conditions is a non-stomata limiting factor (Behra 

et al. 2002). Shade increased chlorophyll in drought-stressed 
saplings. Increased chlorophyll levels in saplings in FC con-
ditions were primarily due to greater sunlight.

When free radicals, like superoxide, hydrogen perox-
ide, hydroxyl radical, and singlet oxygen, act more than 
antioxidants inside cells, they damage cells and textures. 
These radicals are found in several cell structures: mito-
chondria, chloroplast, microcosm, and apoplast (Kafi 
et al. 2012). Antioxidant enzymes fight oxidative stress 
in older cells and in stressful environmental conditions 
(Amini and Haddad 2013). Catalase is an antioxidant 
enzyme found in all living cells. It rapidly breaks down 
hydrogen peroxide to water and oxygen. Catalase, in 
fact, uses the hydrogen peroxide as substrate (Goel et al. 
2003). In this study, drought stress was found to increase 
catalase enzyme activity in Beneh saplings. Ranjbar For-
doei et al. (2000) and Mirzaei (2011) also reported this 
finding in Beneh. The reason for increased enzyme activ-
ity is that saplings strive to limit the damages caused by 
oxygen radicals in a plant under photo-oxidative stress. 
Shade decreased catalase enzyme activity in the leaves, 
as it decreased photo-oxidation and the need to remove 
the oxygen radicals (Duan et al. 2005). This has been 
reported in other studies using other tree species (Huang 
et al. 2008; Li et al. 2011).

Effect of soil moisture and shade on growth 
and morphological characteristics of Beneh saplings

Drought stress severely decreases Beneh saplings’ LA. 
Decreasing LA is a morphological adaptation of plants 
exposed to drought stress. More LA enables greater photo-
synthesis potential, but more LA also increases transpira-
tion. Therefore, to stabilize photosynthesis, there must be a 
balance between LA and transpiration. Decreased LA is a 
mechanism of adaptation. Drought stress not only reduces 
LA, but it also decreases transpiration and loss of water 
from stomata (Close et al. 2005). Many have reported this 
relationship between drought stress and LA in other spe-
cies (Rad et al. 2011; Sapeta et al. 2013) as well as in 
Beneh (Mirzaei and Karamshahi 2015).

Shade yielded increased LA regardless of moisture 
treatment levels. Many others have shown that as LA 
increases, Mediterranean oaks absorb more light under 
shaded conditions (Aranda et al. 2005; Quero et al. 2006; 
Hernández et al. 2009). It seems that shade is important 
to enable cell swelling, and it also increases transpira-
tion rates in drought-stressed saplings (Huang et al. 2009). 
Despite increasing LA as shade increases, leaflet biomass 
did not increase due to decreased leaflet thickness. This 
has been reported by others (Aranda et al. 2005; Quero 
et al. 2006; Hernández et al. 2009), as well. Increased leaf-
lets allow for shaded leaves to get more sunlight per weight 
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unit (Xu et al. 2009) and minimize the shading of chloro-
plasts (Quero et al. 2006). The interactive effects of shade 
and soil moisture were also observed. Saplings receiving 
moisture closer to FC produce greater SLA under increas-
ing shade due to the production of thicker leaves in FS and 
greater LA in greater amounts of shade.

With these changes in Beneh saplings, biomass was 
also affected by drought stress. There was a significant 
reduction in height, LDB, and SDB of the saplings as 
soil moisture decreased. However, drought stress did not 
have a significant effect on RDB. The negative effects 
of drought stress on plant biomass production have 
been widely observed. The reason for this is the role of 
water in the development and division of plant cells and 
reduced photosynthesis due to the closing of stomata and 
decreasing of LA (Kafi et al. 2012). One study showed 
that the dry weight of the aerial organs decreases dur-
ing drought (Siddique et al. 1993). Insufficient water 
severely affects leaf development. Reduced leaf develop-
ment decreases carbon consumption and energy in aerial 
organs. More drought-assimilated materials are found 
in roots where the capability develops to absorb more 
water and more mineral material (Banwarie et al. 1994). 
This is consistent with the findings of Mirzaei and Kar-
amshahi (2015) in a study of Beneh saplings. This may 
indicate that Beneh has a high capacity to respond to 
drought stress with less growth and less aerial organ 
biomass relative to the root biomass.

Shade decreases RDB and this has been observed pre-
viously (Pilevar et al. 2012; Smith and Huston 1989; Cli-
ment et al. 2006; Niinemets and Valladares 2006; Huang 
et al. 2008; Schall et al. 2012; Amissah et al. 2015). This 
is believed to be the main reason for shade stress. But the 
responses of the other characteristics seem to show that 
this change in biomass allocation does not severely affect 
drought stress in Beneh (at least at the age of these saplings). 
And, unlike the aforementioned studies, the reduction of root 
biomass did not cause a reduction of aerial organ biomass.

Effect of soil moisture and shade on chemical 
element contents of Beneh saplings

Drought stress significantly affected leaf N concentrations. 
N is either found in minerals or an organic from the plants. 
N, C, H, O, and, sometimes S, are combined to generate 
structures for amino acids, amino enzymes, nucleic acids, 
chlorophylls, alkaloids, and purine bases. Though mineral N 
can accumulate as nitrate in the stem and becomes a conduc-
tive texture of the plants, organic N is a part of most of the 
heavy protein molecules in plants (Engel 1997). In drought-
stressed conditions, when light deterrence decreased pho-
tosynthesis in leaves, leaf N is transferred to the stem and 
roots (Castro-Díez et al. 2006). Because N is important to 

the structure of chlorophyll, leaves lacking N can turn yel-
low, and growth rates decrease to nil (Lambers et al. 2008).

K is the most fluent cation in plant cells. It is a factor in 
water relationships in plants, it adjusts cell acidity, and it 
influences enzyme activity, protein construction, and pho-
tosynthesis (Kafi et al. 2012). A lack of K in leaves can 
disrupt osmosis, affecting the opening and closing of sto-
mata, disrupting protein construction, reducing enzyme 
activities, causing yellowing and burning of leaf margins, 
and decreasing plant growth (Kafi et al. 2012). There was 
no significant, observable effect of soil-moisture variation 
on leaf K concentrations. The ability of Beneh saplings to 
transport K ions from roots to leaves has been reported by 
Fayyaz et al. (2013). There may be specific channels within 
which K ions are transported in Beneh (Latorre et al. 2003). 
Specific proteins like CIPKs adjust the opening and closing 
of the stomata and absorb the K ions when drought stressed. 
These proteins may be very important (Cheong et al. 2007) 
and should be examined in more detail.

Effect of shade‑soil moisture interaction on Beneh 
saplings

Shade-soil moisture interaction had a statistically signifi-
cant effect on leaf N content. Changes to the amount of 
shade seemed to not affect the leaf N of saplings treated 
with 20% FC moisture, but leaf N content did diminish 
with FC moisture. There was a slight increase of N, when 
receiving 50% FC from 30% FS to FS. Although increas-
ing shade increased chlorophyll, of which N is a component 
(Kafi et al. 2012), there was a reduction of photosynthesis 
capacity of the leaves due to reduced content and activity 
of rubisco (Lambers et al. 2008) and reduced leaf demand 
even at FC. Huang et al. (2009) also reported that medium 
shade (67% FS) severely decreased the maximum photo-
synthesis rate and N content of two poplar populations in 
conditions close to FC. These increased in saplings that were 
experiencing drought stress. Similar effects from shade-soil 
moisture interaction were observed on leaf K content. Shade 
negatively affects leaf K content without moisture-stress, 
producing less K and osmotic pressure adjustment of the 
stomata (Kafi et al. 2012) and less active stomata in FS. The 
depressive effects of shade on stomata in light-demanding 
trees have been reported elsewhere (Castro-Díez et al. 2006; 
Amissah et al. 2015).

Shade had different effects on sapling height at differ-
ent soil-moisture levels. Increased shading on saplings in 
20% FC treatments increased the height of saplings. This 
effect diminished as soil moisture increased. Shade actually 
decreased the height of saplings at FC. The positive effect 
of shade on height of saplings under stress demonstrates 
the benefits of shade for decreasing photo-oxidative stress 
and for increasing photosynthesis in saplings under stress 
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(Abrams et al. 1992; Holmgren 2000; Quero et al. 2006; 
Sofo et al. 2009; Li et al. 2011). Despite shade’s positive 
influence on chlorophyll and LA of the FC-treated saplings, 
photosynthesis decreased because of the lower light condi-
tions, rubisco activity, and rubisco activase enzymes (which 
are activated by light) (Lambers et al. 2008), and sapling 
growth decreased. Even in medium shade (50% FS), the 
height of saplings treated to FC was greater than in lower 
moisture conditions. Saplings treated with 50% FC were of 
intermediate height as low shade benefited the plants, but 
increasing shade did not cause remarkable changes in height.

Low and medium shade moderated the negative impacts 
of drought stress in Beneh saplings at 20% FC conditions. 
Low shade increased the growth and production in saplings 
grown at 50% FC, but shade decreased the growth of sap-
lings that were not drought stressed.

Conclusions

The results of this study showed that shade can help to 
mitigate the damages caused by drought stress on Beneh 
saplings. But full sunlight is not suitable for well-watered 
saplings. This may partly explain the behavior of Beneh 
saplings when sheltered in the shade of nurse plants. Due 
to the problems of seedling production in arid and semi-
arid regions, the use of artificial shade in warm seasons can 
greatly reduce irrigation costs and increase the quality of 
seedlings in nurseries. In order to comment more precisely 
on the effect of shade on the natural regeneration of Beneh, 
it is necessary to conduct additional in situ studies of the 
natural habitats of this species.
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