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Abstract

This research was done during the spring 2020 in Dghoumes national park, southwest desert region of Tunisia with
extreme weather conditions that accelerate the natural resources degradation processes. Aims are to assess the soil properties
(organic matter, pH, electrical conductivity, total nitrogen, texture, and total limestone) and their relationship with the
existing plant communities. Soil samples were collected from two depths (0-20 cm, 60-80 cm) under the canopy of the
dominant plant species as well as in the adjacent open areas (inter-patches, bare soil). The functional traits (leaf area, bio-
volume, leaf dry matter content, canopy cover, leaf water content, and specific leaf area) of the six dominant plant species
within the park (Halocnemum strobilaceum (Pall.) M. Bieb., Helianthemum kahiricum Delile, Retama raetam Forssk.,
Anarrhinum brevifolium Cosson & Kralik, Haloxylon schmittianum Pomel and Limoniastrum guyonianum Boiss.) are
compared with those of outside. Main results show that the soil texture of the park ranges between sandy, sandy-loam and
loamy-sand with very low nitrogen (< 0.1%) and organic matter contents. The total limestone is variable inside the park and
reaches the highest value in salty soils. For the majority of studied species, the bio-volume and leaf water content are higher
inside the park than outside and vice-versa for leaf dry matter content. There is a slight difference concerning the leaf area
between inside and outside park. Despite the desert climate and dry soil conditions, the plant species are able to regenerate
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and to produce sufficient biomass in absence of human disturbances.
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Introduction

Desert habitats can be considered as resistant to
climate change and consequently important for preserving
biodiversity (Liu et al., 2022). Their particular climatic
environments, geographical locations, and resource
distribution patterns make them unique in terms of
biodiversity and ecosystem multi-functionality (Whitford,
2002). Many human activities, such as overgrazing,
continue to damage the biodiversity of desert and semi-arid
ecosystems (Bainbridge, 2007). In Tunisia, the grazing
activity covers large arid and desertic landscapes (Gamoun
et al., 2018). It destroyed both the scarce plant community
and soils (Jeddi, 2010). In fact, the soils conditions are
affected both by the trampling and the accumulation of
some nutriments coming from dung and urine (Schrama et
al., 2013). As results, the soil properties changed and,
therefore, modified the functional traits of the existing
plants (Jager et al., 2015; Deng et al., 2017). Grazing can
directly affect plants by damaging and loosing tissue with
defoliation and trampling. It can also indirectly disturb
plants by modifying their abiotic (quantity of light, soil
fertility) and biotic (interactions between plants)
environments (Nash suding & Goldberg, 2001; Rossignol,
2006). The various grazing effects constitute a kind of
obstacles for the vegetation development and the ability of
plants to cross them is determined through their functional
traits (Violle et al., 2007; Marion, 2010). According to
Violle et al., (2007), these traits can influence all the plant
development phases. The functional trait-based approaches
constitute a very promising area of research to understand
the ecological strategies of the desert plants and their
behavior under grazing (Zheng et al., 2015; Akram et al.,
2020). In fact, the leaf area and specific leaf area decreased
but the leaf dry matter content increased under heavy

grazing (Wang et al., 2020). For this reason, leaf
characteristics are regarded as one important sign of the
grazing effects (Torok et al., 2018). Several authors noted
also that specific leaf area (SLA) and plant tallness are
recognized as important traits to study the plant response to
animal activities (Diaz et al., 2001; Cingolani et al., 2005).

Conservation of natural ecosystem becomes a world-
necessity mainly after the current biodiversity loss. The
use of fencing technique is usually regarded as a simple
and successful way to restore natural vegetation and soil
in desert areas (Gamoun, 2014; Tarhouni et al., 2014).
Dghoumes national park depict one of Tunisian saharan
protected areas. It was created since 2010 in order to
protect desert plant communities, conserve biodiversity
and restore ecological balance in the zone. In this context,
the present research aims to better understand the long-
term protection effects on vegetation and soil
characteristics and their relationships. The main questions
were: i) how the dominant species can tolerate stressful
conditions using plant functional traits and ii) what roles
can play to improve soil structure and fertility under
desert climatic conditions?

Materials and Methods

Study site: The research is carried out inside and outside
Dghoumes National Park (southwest Tunisia; 34°03'00.1"N
8°33'37.3"E; Fig. 1). Covering approximately 8000 ha, this
park was created in 2010 and situated between a Salt Lake,
on the southern side, and a mountain chain, on the north.
The eastern and western limits of the park are flatty areas.
The park contains three main landscapes: mountainous
(3000 ha), piedmont (3800 ha) and salt depression (1200
ha). The investigated open to grazing area was located in
the eastern outside of the park. This area suffered from
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habitat degradation, mainly due to overgrazing by domestic
livestock (goats and sheep). The climate of the park is
desert-arid, with hot dry summers (Tmax = 50°C) and cool
moist winters (Tmin = -3°C). The 10-years averages
precipitation and temperature (2010-2020) are 65.98 mm
and 22.91°C, respectively, with very notable variation
between years. The biggest amount of rain is recorded in
the 2014-2015 growing season (103.8 mm) but the lowest
(20.2 mm) in 2012-2013.

Data collection: The park contains six plant groups called
G1-6 (G1: Halocnemum strobilaceum and Arthrocnemum
indicum (Wild,) Mog; G2: Haloxylon schmittianum
(Pomel) and Helianthemum Kahiricum; G3: Retama
raetam and Traganum nudatum Delile; G4: T. nudatum and
Anarrhinum brevifolium; G5: T. nudatum and H.
schmittianum; G6: T. nudatum, Limoniastrum guyonianum
and H. strobilaceum). Six dominant plant species within
the park (H. strobilaceum, H. kahiricum, R. raetam, A.
brevifolium, H. schmittianum and L. guyonianum) were
selected to study their functional traits. These species were
compared with their homologues outside the park. Three
tufts from each species with different sizes (large, medium
and small) were sampled. The field measurements were
conducted during the spring 2020.

The samples of soil were obtained from 2 layers: i) 0-
20 cm (containing debris of aerial parts of plants) and ii)
60-80 cm (carbon storage horizon) both under the canopy
of the dominant species (patches) as well as in bare soil
(inter-patches). For G2 and G5, only the 0-20 cm layer was
sampled because the soil is rocky and it is not possible to
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reach the 60-80 cm depth. A total of 60 soil samples were
spontaneously desiccated and then-after sieved to 2 mm.
The saturated paw was used to determine pH and
electronical conductivity (EC) according to the AFNOR’s
(1987) method. Soil particles analysis was performed using
a laser granulometer (Malvern Panalytical Mastersizer
2000) depending on size category. The organic matter in
soil (OM) was calculated using Walkley & Black’s (1934)
method as: OM (%) = 1.724 x Total Organic Carbon. The
micro-Kjeldhal method (Anon., 1984) was used for the
total nitrogen (N) and the Bernard volumetric one for total
limestone (Total CaCOs).

In field, healthy leaves from the medium of each tuft
were collected in wet-papers and placed in the refrigerator
to prevent dehydration. In laboratory, these leaves were
weighed, flattened, fixed and photographed. The obtained
photos were analysed using ‘Image J* software to calculate
the leaf area (LA). After measuring their fresh matter (FM),
leaves were desiccated in oven during 48 hours at 60°C to
obtain their dry matter (DM) and calculate their water
content (LWC) as : LWC = ((FM - DM) / FM) x 100. SLA
was determined as: SLA (cm® g* DM) = LA / DM when
the leaf dry matter content (LDMC) is: LDMC (mg g™ FM)
= DM / FM (Garnier et al., 2001). The bio-volume (BV)
was calculated as: BV (m?) = ((4/3) n r’)/2, where r is the
average radius of the tuft obtainedasr=((D/2) +(d/2) +
h) / 3, with D is the largest diameter, d is the smallest
diameter and h is the height of tuft. The Canopy Cover
(CC), the area covered by the aerial organs of the plant, is
calculated as: CC (m?) =t r2,
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Fig. 1. Geographical location of Dghoumes national park.
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Fig. 2. Box-plot of the soil physical properties under canopy (UC) and bare soil (BS) inside Dghoumes national park during the spring
2020. G1: Halocnemum strobilaceum (Pall.) M. Bieb.; G2: Helianthemum kahiricum Delile; G3: Retama raetam Forssk.; G4:
Anarrhinum brevifolium Cosson & Kralik; G5: Haloxylon schmittianum; G6: Limoniastrum guyonianum (L.). A/B reflect significant
difference between groups in BS at same depth; a/b designed the significant difference between groups UC at same depth according to
the test of Duncan; (*) indicates the significant difference between UC and BS at the same group and depth; (+) indicates the
significant difference between depths in the same group and same location.

Data analysis: The normality and homogeneity of
variance of the collected data was verified using the
method of Kolmogorov-Smirnov (Ferignac, 1962). In
case of non-normal distribution, the log conversion of
data was considered. To compare differences in leaf and
soil characteristics between plant-groups, the analysis of
variance (ANOVA) was performed. The Duncan posthoc

test was used to find differences in soil properties. Then,
the ‘aov’ of ‘Lme4’ in R platform (Bates et al., 2014) was
applied in order to explore the differences in leaf traits.
The association between plant-groups, functional features,
and soil parameters was further elaborated using the
redundancy analysis (RDA). SPSS 20 (Anon., 2011) and
R 3.4.4 statistical programs were used.
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Fig. 3. Box-plot of the soil chemical properties under canopy (UC) and bare soil (BS) inside Dghoumes national park during the
spring 2020. G1: Halocnemum strobilaceum (Pall.) M. Bieb.; G2: Helianthemum Kahiricum Delile; G3: Retama raetam Forssk.; G4:
Anarrhinum brevifolium Cosson & Kralik; G5: Haloxylon schmittianum; G6: Limoniastrum guyonianum (L.). EC: electrical
conductivity; OM: organic matter; N: total nitrogen. A/B indicated the significant difference between groups in BS at same depth; a/b
indicated the significant difference between groups UC at the same depth according to the test of Duncan; (*) indicates the significant
difference between UC and BS at the same group and depth; (+) indicates the significant difference between depths in the same group
and same location.
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Fig. 4. Box-plot of the dominant plant functional traits inside and outside Dghoumes national park during the spring 2020. G1:
Halocnemum strobilaceum (Pall.) M. Bieb.; G2: Helianthemum Kahiricum Delile; G3: Retama raetam Forssk,; G4: Anarrhinum
brevifolium Cosson & Kralik; G5: Haloxylon schmittianum; G6: Limoniastrum guyonianum (L.). LDMC: leaf dry matter content;
LWC: leaf water content; SLA: specific leaf area; LA: leaf area; BV: Bio-volume; CC: canopy cover. A/B/C/D/E/F and a/b/c/d/e/f/
revealed the significant difference between the groups inside and outside the park, respectively, according to the LSD test; (*)
indicates the significant difference between inside and outside the park at the same group.

Results

Soil properties: Physico-chemical soil properties under
canopy (UC) and bare soil (BS) in each plant group are
done in (Figs. 2 and 3). The main results revealed that
particle sizes distribution indicates the dominance of the
sand fraction, varying from 49.53% to 90.65% with low
amounts of silt and clay in all groups. When comparing
locations and depth, the analysis of variance revealed no
notable changes between the soil samples, except in group 1
between depths in bare soil (p<0.05). The soil texture varied

softly in G1, G5 and G6. In fact, soils in G1 are loamy-sand
in the first layer (0-20 cm) and sandy-loam at 60-80 cm. For
G5 and G6, soil textures varied from sandy-loam UC to
sandy in BS at 0-20 cm layer. The soil in G3 was sandy and
sandy-loam in both G2 and G4, in both locations (UC and
BS). The comparison between groups showed significant
difference of sand proportions in both locations at 60-80 cm
layer and only in BS at 0-20 cm depth. Concerning silt,
remarkable dissimilarities between plant-groups (p<0.05)
were obtained in both layers. For clay, only the 0-20 cm
layer in BS was different between groups.
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The soils of the six plant-groups were weakly alkaline
(pH ranging from 7.15 to 7.64) with a slight increase
among groups (p>0.05) and soil depths except between (0-
20) and (60-80) layers in BS of group 1. The highest pH
was measured UC in G4 and G5 (7.64 and 7.61,
respectively). Total nitrogen (N) recorded both at UC and
BS are very low (< 0.1%) and it was almost the same in the
six groups. The highest value was recorded in BS of G2 at
the 0-20 cm depth (0.05%). Duncan's test was significant
between depths in BS of G1 (p<0.01), between BS and UC
at 0-20 depth of G2, between BS and UC at 60-80 depth of
G4 and between groups in BS at both depths.

The highest EC was recorded in G1 (39.93 mS/cm)
while the lowest one at G5 (1.84 mS/cm). A significant
difference between groups was founded in both locations
and depths. The averages OM for all groups were less than
2%. At 0-20 UC and 60-80 BS, the OM vary between
groups (p<0.05). Also in group 6, a difference between
depths is noted UC. In most groups, OM contents decrease
with depth in BS and increase UC. The highest OM was
recorded under the A. brevifolium canopy (G4) at 0-20 soil
depth (1.72 %). Like the OM, the total limestone (CaCQO3)
decreases with depth in BS and increases with depth UC.
The highest levels of limestone were obtained at 0-20 depth
in BS and UC of H. strobilaceum group (G1). CaCO; vary
among plant-groups (p<0.05) at 0-20 and 60-80 layers in
both BS and UC.

Leaf traits: The average values of the retained plant traits
are showed in (Fig. 4). All traits varied significantly
between species inside and outside the park (p<0.05). The
highest biometric traits (BV and CC) are noted in R.
raetam and L. guyonianum while the lowest ones are in H.
kahiricum. This last species has the highest LDMC and
the lowest LWC. The highest LA were found in H.
strobilaceum and L. guyonianum but the lowest values are
in H. kahiricum both in the interior and the exterior of
park. The highest SLA are founded in H. strobilaceum
and L. guyonianum while the lowest are in R. raetam. For
H. kahiricum, A. brevifolium and H. schmittianum the
lowest SLA are noted inside the park.

The comparison between inside and outside the park
showed no significant effect on all measured traits
(p>0.05) in group 1, 3, 4 and 5. In group 2, H. kahiricum
increased significantly the BV, CC and LWC (p<0.01)
and decreased the LDMC (p<0.01) when compared with
those outsides. Likely L. guyonianum (G6) increased the
SLA (p<0.05) inside the park.

The first two RDA axes were statistically significant
and accounted 86.1% and 9.52% of variance, respectively
(Fig. 5). CC, CaCOg3, LA and EC were founded in the
positive side of the first RDA axis but LDMC, pH, and
SLA were in the negative one. The second axis showed
high positive loading of LDMC and negative loading with
SLA, EC, LA and CaCOs. The first and the fifth groups,
dominated respectively by H. strobilaceum and H.
schmittianum, showed high SLA and pH, while group
three, dominated by R. raetam, had low values of these
same two parameters. Group 6 presented high EC,
CaCOs;, CC and LA and low LDMC. Group 4 showed
strong LDMC, pH, and SLA. The last group (G2)
presented high LDMC.

MARWA MOUMNI ET AL.,

1.0

LDMC

pH

Axis 2: 9.52 %

<
R

-1.0 Axis 1: 86.1 % 1.0

Fig. 5. Bi-plots diagram of the redundancy analysis (RDA) of
soil properties and plant functional traits in different groups. G1:
Halocnemum strobilaceum (Pall.) M. Bieb,; G2: Helianthemum
Kahiricum Delile; G3: Retama raetam Forssk.; G4: Anarrhinum
brevifolium Cosson & Kralik; G5: Haloxylon schmittianum; Gé:
Limoniastrum guyonianum (L.). LA: leaf area; LDMC: leaf dry
matter content; SLA: specific leaf area; CC: canopy cover; EC:
Soil electrical conductivity; OM: organic matter.

Discussion

The present study examines the plant and soil
characteristics in protected desert ecosystems. Soils are
crucial for increasing vegetative production and nutrient
control. Since its creation, the park was not benefited
from any pedological study. The transposition of the
granulometric results on the texture classification shows
that the main soil textures of the park ranges between
sandy, sandy-loam and loamy-sand. The pH locates the
different groups among weakly alkaline soils. UC, pH
values were bigger than those of BS. Likely, Abule et al.,
(2005) noticed higher pH in the covered sub-habitats than
bare soils. According to Hagos & Smit (2005), a large
number of interchangeable cations in vegetation patches
is generally associated with higher pH. Our results
showed that the EC was variable from one group to
another. The higher salinity levels in groups 1 and 6 are
mainly due to their position, which extends along the
northern proximity of a salt depression. In arid areas,
Nitrogen, resulting from the litter decomposition, is
considered as essential element for plant production and
soil fertilisation (Schlesinger et al., 2006). For all the
analyzed samples, N contents are very low (<0.1%) and
cannot meet the plants needs from this essential element
for their growth. According to Schlesinger et al., (1990)
the mixed effects of anthropogenic disturbances and
global climate variations led to drier situation with less
biological control of the nitrogen cycle. The total
limestone is present in variable proportions reaching a
high value in halophyte group (G1). This can be explained
by the sedimentation process in this group which is
characterized by the lowest elevation in the park. In fact,
erosion material from all the park is transported by water
and deposed in this group.
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Among soil properties, organic matter content is
regarded as very important element of quality. Schjonning
et al., (2004) reported that the OM content of soils is
globally influenced by several factors such as climate,
landscape, texture, inputs and disturbances. In our results,
all soils of the studied groups have a very low OM
contents. Some of them (i.e., G2 and G3) are very poor (<
19%). Generally, this can be clarified according to the dry
climate influence. Thus, the role of vegetation is reduced
in arid zones due to the low cover and the limited
development of the plant aerial parts. In desert regions, a
slight increase in OM contents can be observed (1% <
OM < 2%). It can be explained both by the big amount of
litter and the reduced compaction of soil especially in
absence of the animal trampling. Similar results are
obtained by Xie & Wittig (2004).

Vegetation characteristics as well as plant traits were
usually employed to clarify the functional trade-offs and
how they affect both the community composition and the
ecosystem dynamics (McGill et al., 2006). Studying the
variation in leaf traits of plants in desert habitats helps to
understand their adaptation to regional environmental
changes and serves as an important basis for revealing the
classification and structure of plant communities (Li et
al., 2021). H. kahiricum, R. raetam and A. brevifolium
seem to be the most sensible plants to grazing due to their
higher palatability indices (4, 3, and 4, respectively).
Hence, these species show a decrease in their BV and
their CC outside the park. Same findings are reported by
Tarhouni et al., (2007) who showed that the BV is
affected by animal pressure (trampling and grazing). In
contrast, the BV and CC of H. strobilaceum and L.
guyonianum are almost the same inside and outside the
park. This can be explained either by their resistance to
grazing or that they are not preferred by animals since
these two species are characterized by low palatability
indices (2 and 1 respectively). In fact, H. strobilaceum is
a halophyte species and cannot represent a real pastoral
resource, probably because it is very loaded with salt.

For all the studied species, the leaf water contents
(LWCQ) inside the park were higher than those outside
and vice-versa for the dry matter content (LDMC). The
park climate characteristics, causing water deficits for
plants, can clarify these observations. Hence the plant
pecies react by increasing their LDMC. The H. kahiricum
xerophytic species has the lowest LWC and the highest
LDMC. This high LDMC can be related to the leaf
longevity and persistence (Withington et al., 2006). Also,
the location of the species on high position (mountain) in
the park increased the impact of water stress (more
LDMC). Besides, the stability of these two parameters
for R. raetam in the interior and the exterior of the park is
due to the location of species in wadis, where edaphic
and hydraulic conditions are more favourable for growth.
Moreover, this species is characterized by a strong
adaptation to the extreme conditions and it develops a
molecular mechanism that allows it to resist to lack of
nutrients and water stress (Mittler et al., 2001). The LA
is crucial for the vegetation’s light competition
(Schneider & Huyghe, 2015) and their resource
acquisition/use strategies. The situation within and out of
the park, concerning LA, is very comparable for the
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majority of species indicating that they adopted an
avoidance strategy to reduce the animal impacts
(Klimesova et al., 2008; Rusch et al., 2009). The low
SLA inside and outside the park indicates a strong ability
of the studied species to retain nutrients for a long time
under harsh conditions. Poorter & de Jong (2002)
showed that SLA plays a role in the trade-off between
rapid biomass production (high SLA) and efficient
nutriment conservation (low SLA). Diaz et al., (2004)
suggest that in poor and water-limiting environments, the
dominant species tend to develop resource conservation
strategies with low SLA and high LMDC. The obtained
results showed the strong capacity of plants to conserve
nutrients for a long time in low-productive and resource-
poor environments. Garnier et al., (2007) founded
comparable results showing that declining SLA and
growing LDMC are linked to the strategy of conservation
which is a main characteristic of plants with very reduced
growth speed. The plant characteristics can affect the soil
properties and should be considered as main regulation
key-element of ecosystem processes and services
(Faucon et al., 2017). Properties of soil were founded to
be positively associated with CC and LA and negatively
related to LDMC and SLA (axis 1). This suggests that
soil characteristics are one of the most important
elements for vegetation functioning and diversification
(Zuo et al., 2016). Such remarks can re-inforce those of
Miatto et al., (2016) showing that soil properties can
influence all the plant community responses.

Conclusion

The plant functional traits can easily reflect how
protection technique affects desert ecosystem dynamics
and, therefore, permit to assess modifications in
vegetation under grazing. Our results confirmed the
positive influence of plant communities to enhance the
soil structure and fertility even under desert conditions.
This is particularly true with regard to soil organic matter,
total limestone and pH which are all upper under canopy
than bare soils. High LDMC with low SLA are informing
about the strong capacity of plants to retain nutrients for a
long time (conservative species) in low productive and
resource-poor environments. All these results could be
useful for understanding the plant functional traits under
desert conditions and how they respond to protection in
order to improve their conservation and management.
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