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Abstract. The short-term fencing effects on vegetation in dryland landscape depressions are analyzed and
the economic performance of grazing-only and integrated grazing with cropping in regard to land capital
are compared. The goal is to suggest efficient strategic choices and more profitable land allocation of
lowlands in dry areas. To analyze the vegetation, 12 cages each 2 m? were installed at three sides of a
depression (4 east, 4 middle and 4 west side). Natural vegetation was recorded in the inside and outside
cages during the spring of 2015, 2016 and 2018. Pastoral productivity was also calculated. To study the
economic performance of cropping systems, local owner-farmers representing three cropped areas (1, 3 and
9 ha) were interviewed using socioeconomic surveys. The main results showed that short-term fencing
increased diversity (24% to 61% in the middle cages). This improvement is due to annuals and the
recruitment of palatable perennials. Economic evaluation showed that grazing is more profitable than
integrated management, except for diversified and large cropped areas. The strategic recommendations for
efficient, profitable and sustainable lowland allocation are short-term fencing with grazing-only in small
depressions, and diversified crops mixed with grazing in larger depressions.
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Introduction

During the last few decades, climate change and overexploitation have destroyed
natural resources and dramatically changed many ecosystem services (Vijaya
Venkataraman et al., 2012; Hoffmann et al., 2014). Impacts on ecosystems can be
environmental, economic and social, particularly in the most vulnerable semi-arid and
arid areas (Schilling et al., 2012; Grimm et al., 2013). In these areas, ecological balance
has been destabilized by human pressure and changes in land use and abiotic stresses,
consequently affecting biodiversity and resilience capacity (Aidoud et al., 2006;
Eskandari et al., 2016; Zhang et al., 2016). Despite their fragility, these large areas are
occupied by almost 38% of the world’s human population. They contribute to carbon
sequestration, combat desertification, and maintain livestock farming (Lal, 2002;
Reynolds et al., 2007). Apart from its position in the food chain as the primary producer,
spontaneous vegetation plays an important role in the prevention of soil degradation and
erosion, maintenance of soil structure and fertility, and regulation of water flows and
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climate (Alcamo, 2003; Hoffmann et al., 2014). Many natural ecosystems are disturbed
following their conversion to farmland and selective exploitation. Grazing, animal
breeding and seasonal cropping are the main agricultural activities affecting dryland
ecosystems. These land uses have changed during recent decades due to intensification
and increases in productivity, following changes in human population density and
progress in cultivation techniques, mechanization and agrichemicals. Overgrazing occurs
in some localities when the stocking rate is exceeded, and rangeland availability is
reduced by plowing or water deficits (Ouled-Belgacem et al., 2013). Hence, human
activities and poor land management, particularly overgrazing, exacerbated by climate
change constitute the main causes of ecosystem degradation (FAO, 2006; Tietjen and
Jeltsch, 2007; Carmona et al., 2013; Hoffmann et al., 2014).

To avoid this decline, strategic management, conservation techniques and sustainable
use should be pursued. Various solutions have been developed to preserve pastoral areas
in Southern Tunisia, with a focus on rehabilitation and pastoral enhancement techniques
and interventions. Fencing is one of the most well-known and traditionally widely
practiced techniques for rangeland management in Tunisia and elsewhere around the
world (Nefzaoui and Mourid, 2008; Squires et al., 2009; Gamoun et al., 2018; Ouled-
Belgacem, 2018).

This technique, locally known as gdel, consists of leaving part of a rangeland to rest
(without grazing) for a period of two to four years depending on the ecosystem capacity
to recover and rainfall conditions, to reconstitute plant cover, reduce soil erosion and
increase fodder production, soil organic matter ,and biodiversity (Ouled-Belgacem,
2012). Landscape depressions, known as marab in Arabic, constitute one of the better-
integrated agro-pastoral systems with good edaphic and hydrologic properties. These
agro-pastoral systems bring together the agricultural activities of grazing and cropping.

However, instabilities shaped by these activities can lead to disturbed vegetation
structure, principally revealed by a decline in perennial plants (Hubbell et al., 1999;
Slimani and Aidoud, 2004). Several approaches to local management have been applied
to reduce degradation by enhancing some marginalized resources (e.g., revegetation using
pastoral halophytes and alternative feeds in scarce seasons) and re-adjusting the
ecological balance (Temel et al., 2015; Ayeb et al., 2016; Tlili et al., 2018).

To mitigate ecosystem degradation and reduce forage deficiency requires improving
our knowledge of the specificities of agro-pastoral systems. Furthermore, the grazing and
cropping combination must be analyzed to show the environmental impacts and economic
efficiency. In this context, the present work aims to assess free grazing and fencing
impacts on natural vegetation and to compare the economic performance of grazing-only
and integrated grazing with cropping to suggest optimal choices and more profitable and
sustainable land allocation for arid lowland depressions.

Materials and Methods
Study site

The study was in the Samaliete region, southern Tunisia (33°18'08.26"N,
10°55'30.11"E; Figure 1). It is characterized by an arid Mediterranean climate with high
temperature variability and precipitation patterns. The mean annual precipitation is about
165 mm with an average annual temperature of 21.4° C (according to climate data for the
period 1991-2016; https://climateknowledgeportal.worldbank.org). The rainiest months
are December and January and the driest are June and July. Soils in this region are
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calcareous with gypsic materials in the surface. Skeletal-gypsic soils are found in the
surrounding areas, but the middle of depressions are characterized by deep, sandy soil.
Some dwarf shrubs (e.g. Gymnocarpos decander Forssk. and Anthyllis henoniana Coss.
Ex Batt.), forbs and grasses dominate the natural vegetation cover of the region.

Historically, the region has been devoted to grazing sheep and goats with some
cultivated field crops during rainy years (cereals and legumes).
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Figure 1. Geographical location of the study site

Experimental design

The experimental protocol was established on three sides of one lowland depression
(east, middle and west side) in March 2015 (spring). The east and west sides of the
depression were sloping (10%) but the middle was flat (about 50 m width, cropped area).
On each side, four replicate-rectangular cages (each 50 cm high, 2 m? area and 15 m apart)
were installed to protect vegetation from grazing animals, including small rodents (Figure
2, Figure 3). Four other rectangular quadrats (2 m? each, control) were installed and kept
open to free grazing. Some ecological indicators such as flora richness and density were
monitored during the springs of 2015, 2016 and 2018 inside and outside the cages.
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Figure 2. Cage design and the overall view of the experimental depression
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Figure 3. Cage locations and experimental design for the vegetation measurement in the west,
middle and east sides of the studied depression

Vegetation monitoring

The grazing value (i.e. pastoral production) measurements were taken during the
spring of 2015, 2016 and 2018, using the quadrat point method as described by Daget and
Poissonnet (1971) and Floret (1988). Four lines (20 m length each) were monitored on
each side of the depression. Every 20 cm along the tape, a fine pin was inserted in the
ground and all vegetation and ground contacts were noted. In parallel, inside and outside
cages, flora richness and density of perennial and annual species were evaluated, on each
aspect/side during the study periods (Table 1).

The majority of plant species were identified in the field, and samples of unidentified
species were collected and identified in the laboratory using reference books and
taxonomic databases. Plant diversity between the monitored plots (Table 1) was
determined using Jaccard’s similarity index (S;) as described by Roux and Roux (1967)

(Eq. 1).
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Table 1. Respective codes of the monitored plots within the depression over seasons

Codes Aspects/Sides Grazing treatments Spring of
EO1 East Outside 2015
EO2 East Outside 2016
EO3 East Outside 2018
MO1 Middle Outside 2015
MO2 Middle Outside 2016
MO3 Middle Outside 2018
WO1 West Outside 2015
W02 West Outside 2016
WO3 West Outside 2018
Ell East Inside 2015
EI2 East Inside 2016
EI3 East Inside 2018
MI1 Middle Inside 2015
MI2 Middle Inside 2016
MI3 Middle Inside 2018
Wil West Inside 2015
WI2 West Inside 2016
WI3 West Inside 2018
S1(x,Y) " (Eq. 1)
X, = B E—— .
200y (a+b—c) a

where a is the number of species in cage X, b is the number of species in cage y and c is
the number of common species between x and y. The vegetation cover (VC) was:

VC = —S x 100 (Eq. 2)

With n the number of hits of all plant species and N the total number of hits. Thereafter,
specific frequency of presence (SFP) was calculated as:

N
SPF; = T‘ X 100 (Eq. 3)

With n;i the number of hits of the i species. The specific contribution of presence
(SCP) of i species was:

SFP;
scpi = ———1—x100
' Y SFP (Eq. 4)
The grazing value (GV) was then calculated:
GV = 0.2x 21 (SCPix Isj) x VC (Eq. 5)
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where s is the acceptability index of it species (Le Houérou and Tonesco, 1973). Finally,
pastoral productivity (P) was obtained according to Aidoud et al. (1983):

P(FUhatyear!)= 7.52xGV (Eq. 6)

where FU is the forage unit, (one FU is the equivalent of 1 kg of barley).

Socioeconomic surveys

The field investigations were coupled with socioeconomic surveys with four owners
of neighboring cropped depressions. Only these four owners are still in the region due to
rural exodus. The objective of the surveys was to evaluate owner incomes (cropped
systems) in comparison with owners only grazing. The four evaluated crops were barley
(1 ha), barley and lentil (both in 1 ha), barley and lentil (both in 3 ha) and barley, wheat
and lentil (all in 9 ha).

Interviews were conducted by the research team during the spring of 2015 (rainy year,
167.8 mm) and 2016 (dry year, 61.9 mm). The questionnaire had four sections: (i)
household demographic information, (ii) agricultural systems, (iii) farm economic
analysis and, (iv) community-identified problems assessment. Each interview lasted on
average 1 hour. The data was coded and cleaned using Excel and data analysis was carried
out using SPSS software.

Economic evaluation

Annual grazing incomes of 1 ha depressions (GI) in rainy and dry years (respectively
2015 and 2016) were calculated as:

Gl = Px0.14 (Eq. 7)

where 0.14 is the local price of 1 kg of barley (in Euro).

After crop harvesting during the rainy year (2015), the economic benefits from small
(1 ha), medium (3 ha) and large (9 ha) plowed depressions were calculated. The economic
efficiency and profitability of land allocation in four different lowland systems were then
evaluated, taking into account the land capital (i.e. small, medium and large plowed
areas), the crop diversification and the land allocation (i.e. grazed and cropped lands).

To investigate the economic performance and efficiency of each surveyed lowland
farm, a set of economic indicators were calculated. These indicators were (i) total rainfed
crop gross product, total cost (i.e. input and labor costs) and overall gross margin (crop
income), (ii) efficiency of the production process (EPP) (gross product-inputs/gross
product), to assess the overall economic efficiency of each farm, and (iii) the total income
for the integrated crop and grazing systems for a period of four years. Note that in
southern Tunisia the long-term frequency of rain is about 1 rainy/3 dry years per four-
year period (Ouessar et al., 2006). The total incomes for the grazing-only systems for four
years were calculated to assess the profitability of the different farming systems and to
identify more profitable land allocation.
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Statistical analysis

After testing normality (Shapiro-Wilk test) to verify homogeneity of variance, means
were log-transformed. One-way ANOVAs were performed to separately compare
density, richness and productivity under grazing, aspects and years effect. Two-way and
three-way ANOVAs were used to test the interactions of these factors. Diversity analysis
was carried out using the Jaccard similarity index between cages. All statistical analyses
were performed using SPSS 20.0 software.

Results
Flora richness

The number of annual and perennial species in the inside and outside cages are presented
in Table 2. The highest number of annuals was found in the middle of the depression
(16.3 + 3.4 species) and on the eastern side for perennials (9.8 + 2.1 species). The lowest
number of annuals occurred in spring 2016 inside cages on the east side of the depression,
with 6.5 + 2.5 species. During this same season, 4 + 1.2 perennial species were found in the
outside cages on the western side. In general, annuals were dominant in the inside and
outside cages compared to perennials. Only annual forbs on the eastern side of the
depression showed a significant difference (F = 6.41; p < 0.05) between outside (10 + 3.6)
and inside cages (5.3 £ 2.1), in spring 2016. The highest number of shrubs was on the east
side of the depression and the lowest in the middle. This was due to plowing effects.

Table 2. Flora richness of inside and outside cages in the Samaliete depression during the
spring of 2015, 2016 and 2018

Spring Inside Outside
East Middle West East Middle West
2015 | 103=63 | 135=27A | 105+3.1 | 98+22A | 133+26 | 11.0+3.6A
ﬁg?g:" 2016 | 53+2.1% 70+14B | 78429 |10.0+£3.6A*| 73+32 | 7.5+2.6AB
2018 45+1.3 6.8+2.1B 73+1.7 5.0+ 1.4bB 9.0+3.2a 5.8+ 0.5abB
2015 | 20+16A | 28+09A | 20+08 | 18=05 | 28=05A | 28+09
gg;‘;:s' 2016 | 13+09AB | 0.8+0.5B 13401 | 08+05 13£058 | 13+05
2018 | 0.8+0.5B 154068 | 0809 | 10+12 | 18+13AB | 20+14
2015 | 123+75 | 163=34A | 125+3.7 | 115=2.1A | 160=£22A | 13.8+43A
a:r‘]’ltﬂls 2016 | 65+25 78+13B | 9.0+3.6 | 108+39A | 88=33B | 8.8+3.0AB
2018 | 53+15b | 83+21aB | 80+14a | 55+17B |10.0+3.4AB| 7.0+0.8B
| 2015 | 3.0+1.12B 43+22 35413 | 55+3.1 50418 | 3.0+1.4AB
Peffr”bns'a' 2016 | 5.5+19A 40+08 36417 | 60+22a | 3.5+21b | 23+0.9bB
2018 | 55+17A 40+ 1.4 63417 | 7.0+12 53436 | 53+17A
| 2015 | 05+05 1.0+1.1 1012 | 03+05 08+05 0.0
Pge;ggsne':' 2016 0.0 03+05 05405 | 03+05 08+0.5 03+05
2018 | 03+0.5 05+05 05+06 | 0254050 | 05+06 0305
2015 | 25+13 0.8+0.9 10+1.1 | 2.0+08a 0.0b 1.0+ 0.8ab
Shrubs 2016 2.3+0.6a 0.3+£0.5b 1.5+0.6a 2.5+1.0a 0.0b 1.5+ 0.6ab
2018 25+1.3 1.0+0.8 1.0+0.8 25+1.3a 0.3+0.5b 1.3+ 0.5ab
2015 5.8+1.9B 55+29 50+1.8 7.8+4.0 58+22 40+14
peli]tr?i'als 2016 | 7.8+2.6A 45406 53+22 | 88+30a | 43+22b | 40+12b
2018 8.3 +29A 55+24 7.8+2.8 9.8+2.1 6.0+3.9 6.8+1.9

a/b indicate significant differences between the depression sides during the same year; A/B indicate
significant differences between years for the same side, according to Student—Newman-Keuls test. (*)
indicates a significant difference between inside and outside cages for the same side and year. Values are
means = SD (n =4)
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Plant density

Annual and perennial plant densities of inside and outside cages on the east, middle
and west sides of the depression during the three years (2015, 2016 and 2018) are shown
in Figure 4. The highest annual density was in the outside cages in the middle of the
depression during spring 2015 (131.88 plants.m), and the lowest in the inside cages on
the east side during spring 2018 (7.5 plants.m). For perennial density, the ANOVA
showed a significant difference between years (outside cages on the east side: p < 0.05;
between sides, outside cages in 2016: p < 0.05). The interaction of factors was not
significant. However, there were significant differences for annual density between inside
and outside cages only in the middle of the depression in spring 2016 (p < 0.05). Also,
inter-annual significant differences were noted in the middle of the depression in both
inside and outside cages on the one hand, and outside cages on the western side on the
other hand. The main difference between aspects was found in the outside cages during
the three years. No interaction between factors was noted.
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Figure 4. Annual and perennial densities (plant.m) inside and outside cages in the east, the
middle and the west side of the Samaliete depression during the spring 2015, 2016 and 2018.
a/b/c and A/B indicate significant differences between years inside and outside cages,
respectively, in the same aspect; 1/2/3 indicate significant differences between sides in the same
year, according to the Duncan test. (*) indicates significant difference between inside and
outside cages for the same side and year; values are means = SD (n = 4)

Diversity

Jaccard’s similarity index between the inside and outside cages is shown in Table 3.
The highest index (0.76) was noted between the middle inside (MI1) and outside cages
(MOQO1) in spring 2015, indicating that 76% of plant species were common to MI1 and
MO1. The lowest index (0.17) was between the middle inside cages in spring 2016 (MI2)
and eastern outside cages in spring 2018 (EO3). This indicates that the biggest difference
in the floristic composition was between MI2 and EO3 (i.e. MI2—EO3). The main results
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of this index indicate floristic homogeneity in the middle of the depression. Some indices
exceeded 0.5, indicating that more than 50% of plant species were common between the
cages. Within the same site, similarity indexes were higher in spring 2015 with 0.63, 0.76
and 0.58 for EI1-EO1, MI1-MO1 and WI1-WOL1, respectively. The similarity indices
decreased in spring 2016 to 0.48 for EI2-EO2 and M12-MO2. In spring 2018, similarities
were lower with 0.41, 0.39 and 0.52 for EI3-EO3, MI3-MO3 and WI3-WO3,
respectively. These results suggest that after three years of fencing, flora diversity had
increased in all sites of the depression.

Table 3. Jaccard’s similarity index inside and outside cages in the Samaliete depression. The
index between inside and outside cages in the same location and year are indicated with
bolded numbers

EO1 EO2 EO3 MO1 MO2 MO3 WO1 WO2 WO3 EIl EI2 EI3 MI1 MI2 MI3 WI1 WI2 WI3
EO1|1.00

EO2 | 0.58 1.00

EO3|0.48 0.49 1.00

MO1|0.44 0.45 0.28 1.00

MO2|0.34 041 0.28 051 1.00

MO3|0.36 0.31 0.36 0.48 0.41 1.00

WO1|0.52 0.40 0.27 059 046 0.44 1.00

WO2|0.37 0.48 0.31 0.50 0.67 0.37 0.56 1.00

WO3|0.45 0.36 0.43 042 037 058 051 044 1.00

Ell1 |0.63 044 032 052 036 040 062 0.42 0.48 1.00

El2 {050 048 0.34 040 043 028 042 0.46 0.37 0.491.00

EI3 |0.36 0.39 0.41 032 025 046 031 0.28 0.36 0.310.28 1.00

MI1 |0.48 043 032 0.76 0.49 043 0.60 051 0.40 0.60 0.48 0.35 1.00

MI20.28 0.34 0.17 0.48 048 0.28 0.36 0.52 0.30 0.33 0.52 0.25 0.49 1.00

MI3 (031 031 039 031 025 039 0.25 028 0.36 0.290.28 0.46 0.35 0.28 1.00

WI1|0.67 050 040 059 0.46 047 058 053 0.51 0.620.530.35 0.60 0.39 0.35 1.00

WI2 050 055 035 050 051 0.35 046 058 0.41 0.490.680.33 0.51 0.61 0.29 0.64 1.00
WI3|0.47 045 051 0.44 035 054 040 0.35 0.52 0.400.350.54 0.45 0.29 0.45 0.49 0.41 1.00

EO, east outside; MO, middle outside; WO, west outside; El, east inside; MI, middle inside; and WI,
west inside. 1, 2 and 3 correspond to years 2015, 2016 and 2018, respectively

Productivity and economic evaluation

Rangeland production of the grazed area in the Samaliete depression significantly
differed (p < 0.05) between the rainy (2015) and dry (2016) years, with 172.42 + 79.99
and 91.34 + 41.67 FU ha™! year!, respectively. The lowland systems showed differences
among the four farms in terms of economic performance and EPP, but also in terms of
farming system (grazing-only and integrated grazing and cropping; Table 4). Farm 4
showed the largest rainfed crop income per hectare (141 EUR/ha), followed by farm 2
(10 EUR/ha). The other two small and medium farms (1 and 3) had negative values of
—213 and —6 EUR/ha. However, farm 1 followed farm 4 in terms of EPP.

The diversification of crops (barley, wheat and lentil) had a positive impact on the
income of farms 4 and 2. This observation did not apply to farm 3, possibly due to the
high cost of paid labor on this farm, used especially for harvesting. The land capital also
played an important economic role wherein farm 4 (9 ha) had the largest crop income
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(565 EUR, 141 EUR/ha). However, farm 3 had a much lower income (3 ha and
—6 EUR/ha) than farm 2 (1 ha and 10 EUR/ha).

Table 4. Characterization and differences in term of economic performance and efficiency of
the production process between the four landscape depression farm) in the Samaliete region

Farm 1 Farm 2 Farm 3 Farm 4
Total area (ha) 1 1 3 9
. - .| Wheat + barley | Wheat + barle
Farming system (rainy year) Wheat |Wheat + lentil + lentil y + lentil y
Cropped area (wheat and barley) (ha) 0.35 0.35 1 3
Cropped area (lentil) (ha) 0.1 0.1 0.35 1
Grazing area (ha) 0.55 0.55 1.65 5
Inputs (EUR) 17 34 92 207
Labor costs (EUR) 82 88 252 405
Total costs (EUR) 99 122 344 614
Total costs (EUR /ha) 220 271 255 154
Total crop gross product (EUR) 70 126 336 1179
Total crop gross product (EUR /ha) 155 281 248 295
Crop income (EUR) (rainy year) -29 5 -8 565
Crop income (EUR /ha) (rainy year) -65 10 -6 141
(GErSs;g income (if with crops) (rainy year) 13 13 39 118
(GErSs;g income (if grazing only) (rainy year) 24 24 71 213
Grazing income (EUR) (dry year) 12 12 37 112
;I’EoLtJaFlz)lncome (crop and grazing) (1 rainy year) 16 18 31 683
Total income (crop and grazing) (4 years) (EUR) 21 55 143 1018
Total income (grazing only) (4 years) (EUR) 61 61 183 548
Profit of grazing only (4 years) (EUR) 40 6 40 -470
T ] 1 (0]

oy = O 5 | n r sz

Discussion

Overall, human population increase has generated unsustainable land use practices by
destroying the natural balance and transforming pastures to crop-livestock systems
(Tomlinson et al., 2002; Sanderson et al., 2013). These transformations vary according to
social, climatic, edaphic and ecologic aspects. Lowland depressions in arid and semi-arid
areas are natural spaces that have undergone remarkable management changes. These
landscape depressions constitute valuable areas for agriculture due to their hydrologic
characteristics and soil fertility (Louhaichi et al., 2012; Hassan et al., 2017).

Our results showed that flora richness increased following fencing, with a dominance
of annuals. Perennials had lower numbers in the middle of the depression, attesting to the
negative effect of plowing. In the outside cages, the most common annual species in all
depression sides during the three years were Anacyclus cyrtolepidiodes Pomel.,
Asphodelus tenuifolius Cav., Echium humile Desf., Fagonia glutinosa Del., Filago
germanica L., Plantago ovata Forssk. and Schismus barbatus (L.) Thell. The common
perennial plants were Argyrolobium uniflorum (Decne.) Jaub. & Spach, Deverra tortuosa
(Desf.) DC., Erodium glaucophyllum (L.) L’Hér., Helianthemum sessiliflorum (Desf.)
Pers, Herniaria fontanesii J. Gay and Linaria aegyptiaca (L.) Dum. Cours. Inside cages,
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the most found species (more than 75%) were Anthyllis henoniana Coss. Ex Batt.,
Cynodon dactylon (L.) Pers., Gymnocarpos decander Forssk., Helianthemum kahiricum
(Delile), Hippocrepis bicontorta Loisel and Reaumuria vermiculata (L.).

The majority of perennial species in the outside cages were unpalatable or of low
palatability and only occasionally palatable. The dominant species in the inside cages
were palatable and very palatable perennial plants. After short-term fencing (3 years),
unpalatable perennials were frequent in the outside cages, but in the inside cages there
were increases in palatable and very palatable perennial species.

Comparable studies stated that overgrazing can influence vegetation structure,
reducing perennial species richness, especially by losing the most palatable ones, usually
replaced by unpalatable and annual species (Noy-Meir, 1995; Peer et al., 2001; Louhaichi
et al., 2009, 2012; Tarhouni et al., 2010). Decreasing richness reduces the regeneration
ability of rangelands and their resilience capacity by reducing seed production (Louhaichi
etal., 2012). Bochet (2015) suggested that, in arid and semi-arid patchy ecosystems, plant
seeds can be transported by surface runoff and reach more favorable sites for installation.
Lowland depressions can be a suitable refuge area for seed germination and plant growth.
However, this opportunity can be lost if depression areas are overgrazed and continuously
plowed during rainy years.

Fencing had no effect on perennial plant density, but annual density increased in the
middle. This can likely be explained by the abundance of unpalatable perennials in the
outside cages, with the regeneration of palatable species in the protected cages or by the
plowing effects favoring annual plants. These results corroborate the findings of
Louhaichi et al. (2012) concerning the increase of plant density with fencing followed by
an increase in annual forbs and grasses with a lower degree of perennial shrubs and semi-
shrubs. Hassan et al. (2017) also reported that plant density increased in protected areas
in arid lowland pastures with a dominance of annuals from three main botanical families:
Poaceae, Asteraceae and Brassicaceae. Generally, ecosystem regeneration takes time
depending on rainfall, seed bank, seed sources, competition between species, severity of
disturbance and grazing regime (Pakeman and Small, 2005).

Similarly, species diversity increased greatly following short-term fencing in the
middle and on the eastern side of the depression, with less increase evident on the western
side. The diversity restitution in the middle is explained by the favorable conditions with
good water status without grazing. Low diversity in the east and west sides can be
explained by factors such as runoff (decreasing the soil moisture) and sun radiation
(Louhaichi et al., 2012; Hassan et al., 2017). Plant diversity is considered the best
indicator of health and resilience capacity of ecosystems. Without grazing, plant
community recovery depends on precipitation, soil fertility and vegetation composition
and physiognomy of woody or herbaceous species (Zhang, 1998). At low soil fertility,
high annual species diversity was observed in protected Mongolian grasslands (Gough
and Marrs, 1990).

This study shows that short-term fencing with at least one rainy year on arid landscape
depressions can improve rangeland productivity by avoiding the negative impact of
overgrazing. Nevertheless, grazing intensity is not the only factor determining the
profitability of these agro-pastoral systems, and farm size and crop type are also
influential. Farm size and stocking rate are among the main factors affecting the adoption
of environmental policies and crop-livestock management (Shideed et al., 2007).
Consequently, effects of size and crop type on farm economic performance were studied,
and an economic evaluation was applied.
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The comparison of economic efficiency of land allocation between the studies
depression suggests that g-razing only (non-fenced and non-cropped rangelands) in a 4-
year period (3 years dry and 1 rainy year) is more profitable than integrating grazing with
crops (non-fenced and cropped rangelands) on small and medium farms. In the case of large
plowed areas, integrating grazing and crops is more economically efficient, especially with
crop diversification. In addition to these economic impacts, the association between
livestock husbandry and crop production could be considered as a form of response to
climatic and socio-environmental risks and uncertainties in southern Mediterranean arid
regions (Srairi et al., 2017). In this case, we have to take into account the possible negative
impact of plowing on sustainability of rangelands.

Special attention should be given to the most profitable farms to increase their economic
performance and promote their sustainability. Attention should also be given to promoting
and consolidating the productive choices that demonstrate their effectiveness, especially in
small and medium lowlands, to produce diversified crops with high added value. The aim
is to increase and secure farm income by developing diversified crops with high added
value (e.g. vegetables and arboriculture) while modifying the rotation and adoption of new
crops and reducing others that are less profitable or extending the cultivated area. The
extension of cultivated areas can be done by improving water access through investing in
the introduction of drip irrigation (occasionally subsidized by the state). These findings are
consistent with previous research showing that crop diversification improves the
performance of farming systems, enhances resilience and offers food security to households
(Darnhofer et al., 2010; Souissi et al., 2018). The effectiveness of this strategy depends on
the availability of farm assets, particularly wells, tractors, finance and family labor.

Conclusion

This study was carried out to investigate the vegetation composition and structure after
fencing and to compare the incomes of management types (grazing-only and cropping with
continuous grazing) in arid lowland depressions. The overall goal is the promotion of better
pastoral, livestock and cropping management to meet population needs while protecting
critical ecosystems. Results suggest that short-term fencing improved vegetation structure
and pastoral productivity. Using landscape depressions as non-fenced rangelands (grazing-
only) is more profitable than integrating grazing with cropping in small and medium areas,
while integrated management (grazing with large-area cropping), especially with crop
diversification, appeared to be more profitable than grazing-only. In summary, the better
use of landscape lowlands in arid areas, having a high productivity compared to highlands,
requires consideration of grazing intensity, minimum profitable plowing area and crop
diversification. Fencing on sloping sides of depressions increased their fodder production.
Protection of some lowland areas could enhance biodiversity. These recommendations are
meant to inform decision making in rangeland management projects in arid lands around
the world. In future works, the evaluation of carbon sequestration in lowlands could help
inform climate change mitigation and adaptation measures.
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