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Abstract: Countries in the Middle Eastern and North African (MENA) region are among the most
water-scarce regions in the world, and their dryland soils are usually poor in organic carbon content
(<0.5%). In this study, we summarize examples of how people in the few oases of the MENA region
overcome environmental challenges by sustainably managing economically important date pro-
duction. On the basis of the limited studies found in the existing literature, this mini-review focuses
on the role of traditional soil organic matter amendments beneath the soil surface as a key tool in
land restoration. We conclude that soil organic matter amendments can be very successful in re-
storing soil water and preventing the soil from salinization.
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The Middle Eastern and North African (MENA) region stretches from Morocco in the west to
Iran in the east, including the majority of the Middle Eastern and Maghreb countries. It is charac-
terized by high population growth, low erratic rainfall and severely limited water resources. De-
sertification and soil degradation by salinization, accelerated soil erosion, nutrient imbalances and
soil organic matter (SOM) depletion are major problems threatening the economic livelihood of
the population in the region (Dregne, 2002). Overall, the MENA region is home to 6.3% of the
world’s population. The population more than doubled between 1970 and 2001, rising from
173x10° to 386x10° people. This population increase has reduced the average amount of fresh
water available per capita by more than half, to 1,640 m’ per person per year (Roudi-Fahimi et al.,
2002). Moreover, the population growth particularly threatens marginal lands with lower
productivity and higher risk of desertification (Croitoru and Sarraf, 2010). The area of dry lands
accounts for nearly 90% of the total land area in the MENA region. About 30% of the population
lives in these dry lands, often in the few dispersed and intensively irrigated lands. Even more than
in urban areas, poverty is widespread in the rural dry lands of the MENA region. This hardship is
worsened by the lack of access to the high quality soils and water resources, and by the
continuing degradation of natural resources (Dixon et al., 2001).

Nevertheless, approximately 4x 10° people in the MENA region live within the more favorable
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oases agrosystems, where about 1.2x10° hm” irrigated land is used for the production of date
palm (Phoenix dactylifera L.), fodder, fruit trees and vegetables (Jaradat, 2011). The sustainable
management of these oases is decisive for human welfare and economic development. The main
date-producing regions are concentrated in few areas within the MENA countries. Date palm is
marketed all over the world as a high-value fruit crop and is an extremely important subsistence
crop in most of the desert-like regions. MENA is one of the most water-scarce regions in the
world. Although date palms are frequently grown under conditions of reduced water supply, the
overall quantity of water shared for growing date palms is still strategically important for the na-
tionwide water protection management in the MENA countries (Khan and Prathapar, 2012).

The dryland soils, including those for date palm farming, are usually characterized by low or-
ganic matter (OM) content (Dregne, 2002). Furthermore, plant productivity is low, yielding low
OM inputs (El-Juhany, 2010). Additionally, due to the sandy texture of the dryland soils, its
potential to sequester carbon is limited (Kosters et al., 2013), and its potential water-holding
capacity is also low. Therefore, high amounts of irrigation water resources are wasted due to poor
soil properties (Blanchart et al., 2007). Soil degradation can also be induced by the reduced water
quality. In some date palm-farming areas, local groundwater quality is declining due to the urban
waste-water discharge or the industrial sewage effluent containing inorganic salts, mostly
chlorides and sulphates of Na, Ca and Mg, which are causing the accumulation of salts in the soil
under the condition of arid climate and intense evapotranspiration (such as the Gabes oasis in
Tunisia) (Chandoul et al., 2014; Hamed et al., 2014). In another example from Algeria, Samia and
Boualem (2014) highlighted that urban waste water over the past 20 years was discharged into a
canal used for the drainage flow from date palm groves in Oued Righ Valley, which resulted in the
serious groundwater pollution in southeastern Algeria and the devastated loss of half of the date
palms in the valley.

In view of these facts, the proper application of organic amendments to ameliorate soil is a
critical issue in sustainable management of arid and semi-arid areas. Such OM amendments
contribute to plant growth through their effect on the physical, chemical and biological properties
of the soil (Maia et al., 2010). They also play a significant role in maintaining soil structure
(Baldock and Skjemstad, 1999), enhancing water-holding capacity (Roy et al., 2006), providing
metabolic energy that drives soil biological processes and supplying the nutrients to plants
(Vanlauwe, 2004). These amendments will gain even more relevance for optimizing cropping
strategies in the MENA countries, for which longer, more severe droughts have been predicted in
the near future (Sardans and Pefiuelas, 2005).

This review aims to shed light on the status of SOM in the drylands of the MENA region, with
particular focus on its oasis agrosystems. We give special attention to the effect of SOM
amendment on date production by improving water- and nutrient-use efficiencies. Some
information and statistical data were obtained from literature published in Arabic or French that
may have limited access for many readers. In addition, due to the scarcity of literature concerning
the stocks and dynamics of SOM in the MENA region, some information was compiled from
other published sources from the MENA region.

1 Oasis agrosystems and date palm (Phoenix dactylifera L.) production in the
MENA region

There are very few and local reports on the origin and ancient history of oasis agrosystems in the
MENA region. Tengberg (2012) collected data from several research regions, and indicated that
the origin of oasis agriculture likely dates can back to the prehistoric times around the Persian
Gulf. Tengberg (2012) also outlined that documented archaeological evidences showed that date
palms were cultivated together in the same gardens with other crop species such as fruit trees and
vegetables. This description of traditional oasis agriculture (Bustan in the Arabian Peninsula or
Nakhlestan in Iran) is inevitably simplistic. No one date palm garden was really identical to any
other one, even though they may be basically similar in their principle design (Battesti, 2005).
The earliest examples of the use of date palm cultivation in the MENA region appeared later in
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North Africa than in the Middle East, raising the suggestion that oasis agriculture was first intro-
duced in the latter region. In any case, the first evidence of oasis agriculture in Arabia stems from
the oasis of al-Ain in the interior of the Oman Peninsula (Emirate of Abu Dhabi). Archaeological
teams revealed the remains of oasis systems within settlements and tombs from the Bronze and
Iron Ages (Tengberg, 2012). The fact that such old oasis production systems survived until today
provides indirect evidence that ancient farmers found ways to manage these ecosystems over a
long term. A micro-climate is established under the date palm trees in the oasis. Humidity, heat
and light are favorable for optimized usage of the space for other crops (oranges, pomegranates,
vegetables, fodder and cereals) to grow in an environment where fertile soil is scarce, such as a
representative example for the Gabes maritime oasis in South Tunisia (Fig. 1).

Fig. 1 Intergration of date palm, fruit trees and herbaceous plants into a date palm grove in Chenini oasis, Gabes,
Tunisia. The photo was imaged by Nadhem BRAHIM in 2014.

Reasonable oasis expansion in arid region is usually regarded as the opposite of desertification,
referring to the process of transformation from desert to oasis in an arid region due to the
combined action of anthropogenic actors and natural factors (Wang, 2009). Therefore, oases are
partially man-made. Their construction should be assured for geomorphological features, such as
optimized utilization of old and buried river beds, which minimize the risks of salinity, erosion
and unwanted stagnant water on lithic soils after irrigation (El Bastawesy and Ali, 2013).
Certainly, the design of oases also follows the (old) cultural and aesthetic traditions.

Date palms are among the most famous crops in the oases of the MENA region. They largely
contributed to opening up vast desert territories for human activities and the development of oasis
agrosystems in the MENA region (Tengberg, 2012; Zohary et al., 2012). The ideal climatic
conditions for all date species are long summers with high daytime and low nighttime
temperatures, and mild dry winters without prolonged frost (Burt, 2005). Date palm is a valuable
plant that provides a significant source of income for both local farmers and governments in the
MENA region.

According to the data of FAO (2012), the countries in the MENA region with higher yields of
date palms are Egypt, Iran, Saudi Arabia and the United Arab Emirates, followed by Pakistan,
Algeria, Iraq and Sudan (Fig. 2). Clearly, most of the date production in the world is concentrated
in these countries in the MENA region.

The global demands for dates is increasing due to the increased awareness of food and health
benefits. More than 80% of European Union (EU) imports are concentrated between October and
December, corresponding to the harvesting time of dates in many of the supplying countries. Tu-
nisia, with a market share of 48%, and Algeria, with 20%, are the major suppliers of EU, mainly
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with the Deglet Noor date variety (Liu, 2003). In 2012, Tunisian dates recorded the highest price
of US$ 2,433 per ton, followed by Iran, Oman and Egypt (US$ 1,188 to US$ 1,430 per ton) (FAO,
2012). In many of the major date-producing countries (i.e. United Arab Emirates, Pakistan, Alge-
ria and Iraq), the prices of dates were lower (US$ 338 to US$ 605 per ton).
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Fig. 2 Yields of date palm in the major date-producing countries of the MENA region for 2010. UAE, United
Arab Emirates. The figure was modified based on the data of FAO (2012).

2 Organic matter and carbon sequestration potential in the MENA region

The harsh environment in desert areas of the MENA region makes this region vulnerable to
desertification by erosion, salinization, nutrient exhaust and depletion of soil organic carbon
(SOC) stocks (Dregne, 2002). Desertification is already severe in Sudan, Saudi Arabia, Algeria
and Morocco (Conacher and Sala, 1998). The SOC content in the MENA region barely reaches
0.5% (Lal, 2002), thus limited organic material is available for humus amendments. Many date
palm trees do not shed their leaves, so there is less natural surface litter in such vegetation
systems. Drylands in the global continent comprise 27% of the global SOC reserves (Trumper et
al., 2008). Lal (2009) estimated that dryland ecosystems contribute 0.23 to 0.29 Gt of carbon to
the atmosphere each year, which accounts for 4% of the global carbon emissions. Overall, large
amounts of SOC in the global stored in these arid soils are only due to the large area in which
these soils are present, but not by their significant SOC accrual (as happens in peat soils). In
Tunisia, total SOC stocks range from 1.03 to 1.13 Pg C in the 0—100 cm soil depth, while from
0.42 to 0.46 Pg C in the upper soil layer (0—30 cm) (Brahim et al., 2011). The sandy texture of
soils in semi-arid regions makes SOC prone to erosion and rapid mineralization upon land-use
changes (Lobe et al., 2001; Bruand et al., 2005). Up to 4.7% of SOC could be lost annually from
the sandy soils in the Sahara region. Such losses of SOC average up to 2% per year, even from
somewhat heavier textured sandy loam soils (Piéri, 1989). The largest SOC losses certainly occur
when sites with permanent vegetation are converted to cropland. Lobe et al. (2001) observed that
up to 65% of SOC was lost after breaking the savannah surface sod.

Several natural factors, such as drought, salinity, sand drift and groundwater quality decline
also contribute to the lack of OM replenishment via standing vegetation in the MENA region
(El-Juhany, 2010). This was enforced by human mismanagement due to inappropriate tillage
practices, straw exportation, over-grazing and over-harvesting of wood for fuel (Anibat et al.,
2003; Lal, 2006; Thomas, 2008). Pretty et al. (2004) identified that the environmental conditions
in drylands may favor or hinder carbon sequestration. Figure 3 shows that the unfavorable condi-
tions are mainly related to the harsh environment in drylands, whereas the significant carbon se-
questration potential mainly stems from the globally large area of these drylands. Sequestered
carbon is not necessarily stabilized in these sandy soil environments, but it may be temporarily
retained/stored due to dryness, as microbial activity and associated carbon degradation require a
certain level of soil water to occur (Reichstein et al., 2003; Curiel Yuste et al., 2007). Contact
between the microbes and the available substrate, and the physiological performance of microbes,
are limited at low soil-water contents. Therefore, droughts reduce soil carbon losses by inhibiting
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microbial decomposition (Robertson and Paul, 2000). Generally, there is less above- and be-
low-ground surface litter in the dryland ecosystems compared to other ecosystems. There is lim-
ited organic material available for humus amendments in the drylands of the MENA region,
therefore, if the SOM is lost as a result, it is difficult to replace.

Nevertheless, once cropland is converted back to the land with more permanent vegetation, at
least parts of the SOM may be restored. In sandy soils, this SOM restoration is predominantly
linked to accumulation of coarse plant debris in the coarse fraction, but it may take a decade or
more and is often incomplete, compared to soils under the earlier and original native vegetation
(Blanchart et al., 2007; Preger et al., 2010). The reasons for this may be manifold. Compacted
soils may require decompaction treatment before grasses are reseeded. The lacking nutrients, such
as N are usually not replenished before putting the soil back to quasi-natural conditions (Amelung
et al., 2001). Soil aggregates may recover completely within one to two decades, yet without the
full ability to sequester as much carbon as in native savannah ecosystems (Preger et al., 2010).
Therefore, additional measures may be needed to establish perennial plants and plant-soil system
protection, such as targeted restorative practices like prohibiting grazing (Deng et al., 2013). Lal
(2001) added that improved control of desertification could globally sequester 0.9 to 1.9 Pg C/a
over a period of 25 to 50 years. Lal (2002) also indicated that adoption of methods (including
residue management techniques, use of cover crops in crop rotations, and water and nutrient
recycling technologies) to restore the degraded soils has the potential to sequester 0.2-0.4 Pg C/a
of soil carbon in the drylands of the MENA region.

3 Water scarcity and salinity

Apart from the losses in SOM that affect soil fertility, MENA is a water-scarce region. Water
scarcity will likely be exacerbated in the future as a result of continuing population growth,
climate change and degradation of water quality. Most of the renewable water resources of the
region are already in use for agricultural and domestic use (Kuwait, Bahrain, Lebanon and Israel)
(Gleick and Cain, 2004). Agriculture consumes approximately 80% to 90% of the freshwater
resources (Hamdy and Trisorio-Liuzzi, 2004) (Fig. 4). In Saudi Arabia, agricultural development
policies and irrigation practices adopted since the 1980s are linked with an estimated depletion of
two-thirds of the country’s fossil water supplies (Al-Shayaa et al., 2012). Water re-allocation
under conditions of scarcity in the future will most likely be at the expense of the agricultural
sector (Eid et al., 2007).

Unfavorable conditions

1. Lack of water

2. Low and erratic rainfall

3. Generally high temperatures

4. Low productivity

5. Low SOM (0.5%—1.0%) and nutrient content
6. Prone to soil degradation and desertification

Favorable conditions

1. Residence time of SOM is long

2. They occupy more than 43% of the Earth’s surface

3. As a consequence of historic carbon loss they are far from saturation

4. Soil quality improvement through carbon sequestration will lave
large economic and social impacts
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Fig. 3 Favorable vs. unfavorable conditions affecting carbon sequestration and re-establishment of soil organic
matter (SOM) in the drylands of the MENA region. The figure was modified based on the study of Pretty et al.
(2004).
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Fig. 4 Fresh water withdrawal by industrial, domestic and agricultural sectors for 17 countries in the MENA
region in 2000. Data were collected from The World’s Water, 2004—2005 (Gleick and Cain, 2004).

Although the contribution of agriculture to GDP is relatively low in many countries of the
MENA region, especially oil-exporting countries, many people depend on agriculture for the
livelihood. Political difficulties will also contribute to raising the costs of irrigation water
(Sowers et al., 2011). Climate change will reduce the amount of water available through higher
evapotranspiration and reduced groundwater recharge, and will further increase the need for
water in the agricultural sector.

It is necessary to make the most efficient use of water resources to improve the allocation
(Lelieveld et al., 2012) by adopting techniques that ensure the quality of water-use efficiency,
such as increasing soil-moisture content by increasing water infiltration, managing soil
evaporation, and increasing soil-moisture storage capacities. All these practices are combined
with increasing SOM content.

Next to water scarcity, the increasing salinity in the water and soil (if used for irrigation)
hampers microbial performance (Rietz and Haynes, 2003) and agricultural production (Al-Yassin,
2005; Anjum et al., 2005). Natural saline depressions are widespread at the Sahara margins of the
Maghreb countries (Dregne, 1976). The coastal aquifers of the Levant and North Africa already
suffer from seawater intrusion that has caused salinization in thousands of wells (Weinthal et al.,
2005). Salinity in irrigated areas is also common from Morocco to Egypt, with peaks in Algeria,
Tunisia, the Nile Valley and the Nile Delta. The construction of illegal wells may exacerbate
salinization (Salgot et al., 2014). Hassine (2005) emphasized that in irrigated areas of arid
Southwest Tunisia, secondary salinization has a double origin: irrigation water and the rising
underground water table.

4 SOM amendments: A critical key in sustainable management of oasis
agrosystem

A sufficient supply of soil with OM is decisive to sustain key functions of soil in the ecosystem,
such as providing and storing nutrients, supporting underground biodiversity, and improving soil
chemical and physical properties such as resilience against erosion or salinization (Baldock and
Skjemstad, 1999; Wander, 2004; Kdgel-Knabner and Amelung, 2014). Soils usually differ in their
SOM stocks, properties and depthes (Baldock and Skjemstad, 1999; Batjes, 2014). In comparison,
individual SOM molecule turnover depends to a small degree on its recalcitrance (Amelung et al.,
1998), but largely on the properties of the ecosystem (Schmidt et al., 2011). The various SOM
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pools differentially sustain or contribute to the functions of OM in soils (Fig. 5). Therefore,
maintaining or increasing SOM levels is a central management aim, and is also a knowledge bot-
tleneck in many agro-ecosystems of the world, particularly in dryland and oasis production sys-
tems (Bot and Benites, 2005).

In arid regions, water is the most limiting factor for crop production, and soil management is
mainly concentrated in small oasis areas near water resources such as springs and shallow
groundwater. In contradiction to the common misconception among farmers that date palm is a
resilient crop and can be productive with little water supply, actually date palms need enough
amounts of water to sustain the growth through keeping all metabolic processes intact. The annual
water requirement of a mature date palm may vary from 115 to 306 m’, depending greatly on the
climatic conditions and habitats (Table 1). In the extremely drylands of the MENA region (e.g.
Saudi Arabia), the annual gross water used for date palm irrigation may reach 42,600 m’/hm’
according to the information from El-Bana and Ibrahim (2008). Thus, in these arid areas, the main
benefits of SOM amendments to oases, apart from the supply of nitrogen (N) and phosphorus (P),
are likely to be the gain in water holding capacity. SOM can critically govern cation exchange
capacity (CEC), and helps assure soil fertility and sustainability of the system over time (Wichern
et al., 2004).

Krull et al. (2004) stated that the positive effects of CEC may be negligible below a threshold
value of 2% SOC content. Wolf and Snyder (2003) stated that an increase of 1% SOM content
could add 1.5% soil-moisture content. Emerson and McGarry (2003) showed that a 50% increase
in soil-water content was achieved per gram of additional carbon at —10 kPa suction. Zemanek
(2014) showed that the application of compost in a dose of 100 t/hm® positively affects
soil-moisture retention regardless of possible influence of soil type. Meier-Ploeger and Vogtmann
(2003) indicated that an increase of humus content by 0.2% can cause an average increase of
utilizable water capacity by 0.5% and pore volume by 1%. For sandy-textured soils where most of
the MENA'’s date palms grow (Kassem, 2012), soils with an OM content of 4% to 5% can hold 10
times or more water and nutrients than sand soils with less OM according to the information
provided by Davis and Wilson (2000). This in turn would contribute significantly to water saving
efforts in the region and enable more efficiently water usage.

= Energy for biological i =Soil resilience, pH
processes Provides Soil . Provides  and temperature

= Key nutrients for (:lg;a“? = Soil particle, aggregation and
plant uptake structure stability

= Nutrients and habitat for = Soil water-holding capacity
organisms living Decreases
in the soil

= Soil salinity effects
= Surface water evaporation
= Soil erosion and land degradation

Fig. 5 Effects of soil organic matter on soil functions. This figure was modified base on the study of Baldock
and Skjemstad (1999).

Table 1 Annual water requirements of date palm from different countries in the MENA region (El-Bana and
Ibrahim, 2008)

Annual gross water use

Country

(m’/tree) (m’/hm?)
Egypt 86-124 10,280-14,880
Saudi Arabia 150-350 18,180-42,600
Iran 102-164 12,270-19,720
Algeria 43-210 5,200-25,400
Oman 183-240 21,950-29,320
Libya 183-240 7,200-29,700

Tunisia 100 12,000
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Morocco 105-200 12,600-23,900
United Arab Emirates 130-173 15,500-20,740
Yemen 130-173 15,500-20,740

Many other studies also highlighted the effect of OM on increasing the storage and use
efficiency of water in the extremely water-limited date palm groves (Hehmeyer, 1989; Bouhouach
et al., 2009; Kouki and Bouhouach, 2009; Sadik et al., 2012; Navas et al., 2013). However, the
accurate data for estimating the soil water storage after OM addition remains unquantified and
needs to be investigated.

Since date palm farming in the MENA region is located in the arid zone, the growth of date
plams should cope with the relatively high amounts of basic cations at the soil surface. However,
date palms need sufficient nutrients in proper balance for normal growth and development. The
final composition of date fruits resulting from the various development stages (known in their
Arabic terms: Kimiri, Khalal, Rutab and Tamar) does consume a wide range of nutrients that must
be substituted annually (EI Mardi et al., 2006).

The addition of mineral fertilizers to soil plays an important role in sustaining date palm
production and is widely used in date palm groves where organic resources for fertilization are
limited. Previous studies have pointed out the positive effects of the inorganic fertilizers on fruit
quality and date production (Table 2). Furr and Cook (1952) did already report that the addition of
2.7 t0 3.6 kg N to Deglet Noor variety resulted in 20% increase in date production compared with
unfertilized trees after 4-year experiment. Through a 5-year experiment in a date palm grove near
Basra in Iraq, Popenoe (1973) reported that the addition of 1.2 kg N, 600 g P and 1.2 kg
potassium (K) for a date palm tree increased the dates yield 2 to 3 times. Soliman and Osman
(2003) showed that N and K fertilizers improved the nutritional status of the tree, and fruit set and
quality for Samany date palm variety in Egypt. Osman (2010) reported that the application of 4.5
kg K at three doses yearly per date palm to Bartamoda date palm variety increased the date yield,
bunch weight, fruit and flesh weight. Microelements, such as zinc (Zn), copper (Cu), iron (Fe)
and manganese (Mn) do also play a vital role in improving the total yield and fruit quality of the
date palm, whether they used as organic or inorganic form (Manickavasagan et al., 2012). Attalla
et al. (2007) found that boron (B) leaf spray fertilizer in combination with soil application of
micronutrient fertilizers (Fe, Mn and Zn) enhances fruit ripening of Zaghloul date palm variety.
Dawoud and Fatima (2011) did indicate that the application of element sulfur (S) does enhance
the availability of other nutrients in calcareous alkaline soil, and results in a higher leaf elongation
and larger date production. However, the amounts of inorganic fertilizers needed by date palm
tree do vary with the types and depths of soil and with the varieties and ages of the date palm tree.
Hence, more specific experimental field based data from response of different date palm varieties
to fertilizer additions and management remains an important requirement to improve the yield and
quality of date palm.

OM amendments such as livestock manure are a key fertilizer in date palm groves of the MENA
region. The application of organic amendments has been widely used to restore the degraded lands
(Bastida et al., 2008). The use of organic amendments to compensate for OM losses as a common
practice in arid and semi-arid soils will become even more important in the near future, especially
when there are longer and more severe droughts (Sardans and Pefiuelas, 2010). There are many
examples for the success of OM amendments in date palm production. Several studies have high-
lighted the positive effects of OM fertilization on date palm, whether it was used alone or in com-
bination with mineral fertilizers (Table 2). For example, a study on the Sewy date palm variety in
Egypt showed that the application of N, P and K fertilizers combined with sheep manure increased
the number of leaves, number of bunches, total fruit sugars and leaf mineral content of data palm
(Ibrahim et al., 2013). In Saudi Arabia, Bacha and Abo-Hassan (1983) found that organic manure
mixed with N, P and K fertilizers increased the date yield, number of bunches and leaf N concen-
tration in the Khudari date palm variety. Marzouk and Kassem (2011) stated that organic manure
(including chicken manure, cow dung and domestic refuse compost) application increased the date
yield and enhanced the fruit color compared to the mineral fertilization only. El Mardi et al. (2006)
showed that organic peat in combination with N, P and K fertilizers could improve the physical
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and chemical characteristics of fruits for Khalas and Khasab date palm varieties.
Based on the above-mentioned information on the beneficial application of both inorganic and
organic fertilizers, it is evident that appropriate fertilization is needed in date palm groves to

Table 2 Inorganic and organic fertilizers and their effects on different date palm varieties

Application rate

Soil type Fe:tlllezer per date palm Variety Effect Source
P (kg/a)
(1) 20% increase in date
production
NR N 27103.6 Deglet Noor (2) Increasing trunk growth and Furr and Cook
leaves number (1952)
(3) Increasing number of
branches and fruits per punch
(1) Two to three times increase
in yield Popenoe
NR N/P/K 1.2/0.6/1.2 NR (2) Doubled the number of (1973)
leaves per tree
(1) Increasing the contents of Soliman and
NR N/K 1.5/1.5 Samany o fN and K Osman (2003)
NR K 4.5 (three times Bartamoda (1).Increasmg -date-yleld, bunch Osman (2010)
a year) weight and fruit weight
NR N/P 1.0/0.6 Piarom (1) Increasing date yield and g 1.1 5009)
leaf K content
(1) Availability of other
Calcareous S 0.4 Mishrig wad  nutrients Dawoud and
soil ' laggai (2) High leaf elongation Fatima (2011)
(3) Increasing fruit quality
Fe 0.2 (1) Enhancing fruit ripening
Calcareous B 0.1 ) Positive correlations Attalla et al.
alkaline soil Mn 0.1 Zaghloul between N and K, between Fe, (2007)
Mn and B, and between Mn and
Zn 0.04 7n
(1) Increasing fruit yield
(2) P and K enhanced the
Calcareous physical-chemical Kassem (2012)
loamy sand N/P/K 1.0/0.7/0.5 Zaghloul characteristics of the fruit
(3) Increasing leaf N, P, K, Fe
and Zn contents
Sheep manure+ 40 (1) Increasing number of leaves
Sandy and Sewy lz;z;imnumber of bunches per date Ibrahim et al.
loamy sand N/P/K 1.5/0.6/0.4 (2) High fruit yield and sugar (2013)
contents
Organic manure 25 (1) Increasing number of Bacha and
(unspecified)+ . bunches and leaf N content
Clay loam Khudari (2) No appreciable effect on Abo-Hassan
N/P/K 1.5/0.5/0.5 : ppreciab (1983)
yield and fruit quality
Chicken 30
manure+
. Cow dungt 47 (1) Increasing yield and fruit Marzouk and
Clay soil Composted Zaghloul Lalit Kassem (2011)
domestic 58 quattty
refuse+
N/P/K 3.0/1.1/1.1
. B (1) Better physical and chemical
NR Organic peatt Khalas and characteristics of fruit El Mardi et al.
N/P/K 1.0/0.5/0.8 Khassab 2) Good growth and (2006)

development of fruit

Note: NR, not reported; —, no data. N, nitrogen; P, phosphorous; K, potassium; S, sulfur; Fe, iron; B, boron; Mn, manganese; Zn, zinc.

sustain the crop yield and quality. However, we are not aware of any long-term field experiment
in the oasis environments that clearly test these treatments neither against another nor even
against traditional alternative management options. Thus, establishing such long-term field trials
within oases should be a major research focus for future researches in the MENA region.

To a certain degree, the applied OM may still originate from the oasis itself, such as agricul-
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tural residues (crop residues and animals manure) and nonagricultural by-products (domestic re-
fuse). Nevertheless, the actual vegetation cover in the MENA oases is low and localized to small
areas. Indeed, significant amounts of residue are produced by the date palms. In Saudi Arabia,
each date palm tree produces about 20 kg dry leaves per year (Alkoaik et al., 2011). In Iran, an
individual date palm tree yields approximately 40 kg organic waste annually (Mallaki and Fatehi,
2014). In Tunisia, oases farmers estimate that the annual biomass residue production from crops
grown under date palm trees may reach up to 150 kg/hm2 for vegetables (farmers’ field observa-
tions). Yet, farmers rarely quantify their estimations into accepted standardized units of measure-
ment.

Kouki and Bouhouach (2009) estimated the organic waste loss in Gabes oases of Tunisia to be
more than 5,700 t/a. In different locations of Oman oases, although many farmers raise livestock
next to the crop farms, they still use mineral fertilizers instead of livestock dung to fertilize their
crops (Buerkert and Schlecht, 2010), indicating that awareness about the beneficial impacts of
SOM is lacking among many farmers within these oases.

Interestingly, other evidence from an oasis in Oman, where 3.7% of SOC content found at 0—15
cm depth and 3.0% at 1545 cm depth, suggested that this is the consequence of a long-term
annual manure application of up to 12 t/hm® (Buerkert et al., 2005). Clearly, manuring practices
are being used in parts of Oman, but how consciously this is done remains unclearly from this
evidence alone. The quality of manure is highly variable depending on the quality of feed of
livestock, manure collection and storage methods (Miiller-Sdmann and Kotschi, 1994). Probert et
al. (1995) estimated manure production level in semi-arid areas of 1 t per livestock unit per year
for unimproved local cattle. MENA oases include approximately 2.7x10° cattle and shepherds
(Erskine et al., 2004), indicating that an estimation of 2.7x10° t livestock manure could be
produced annually in these agrosystems.

5 Design of local practices for applying OM fertilizers in date palm groves

For the OM amendments, farmers frequently follow the methods used by their ancestors in
fertilization of date palm trees. These application methods differ from one country to another one
and, in many cases, also from one district to another in the same country. One of the more
prominent methods is making a circular ditch of 3- to 4-m diameter around the tree. The ditch
must be shallow near the trunk but become deeper to reach the local shallow water table on the
outside. The application of manure should be done in autumn and winter once every 4-5 years.
However, the manure is still exposed to sunlight and is susceptible to rapid decomposition and
drying. This method has been used since ancient times in dates palm groves in South Iraq
(Al-Rawi, 1998).

For another method, a semi-circular ditch (50-cm depth) is made around the tree from one side.
The ditch is then filled with manure and covered with a light soil layer, which may consist of de-
sert sand. The manure in the subsoil layer can store water for plant growth and, when moist, it also
supplies nutrients via an active soil microbial community. The sand on the top of the incorporated
manure has two additional positive effects. First, it protects the manure from the direct heat of the
sun and rapid drying, sustaining microbial life. Second, it elevates the land surface and increases
the distance to the ground water. The latter finally helps prevent the salt accumulation from capil-
lary rise and the evaporation of the groundwater. Overall, this type of management cleverly com-
bines the advantages of the (novel) fertilization with traditional management practices of desert
soils. Figure 6 shows an OM layer underlying the sand layer next to a date palm tree trunk. An-
other OM layer is beneath, also covered by sand. The fertilization practice has been repeated, and
soil genesis is already caused by anthropogenic factors. This method is the most popular practice in
date palm groves in the Kebili oases of Tunisia, and it has derived its popularity in the surrounding
date palm groves from the remarkable effects based on the local farmers’ experience. However,
there are no available evidences or studies in the literature about whether this method is used in
other desert areas in the MENA region or worldwide. Hence, the available information about this
practice tentatively (in the absence of specific hard experimental data) suggests that this method
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does enhance yield security in those groves and therefore it is traditionally practiced in parts of
Tunisia.

Although the above-mentioned processes mainly refer to the single-tree benefits of OM
amendments, the whole oasis requires an overall management strategy that preserves the opti-
mized OM management structures. In other words, the spatial arrangements and allocations of
fields should consist of an inherent structure that is stable against erosion, extreme weather events,
or cultural changes. For centuries, oases have played an important role in providing local
inhabitants with shelter, food and shade in the middle of deserts and hyper-arid areas. The locals
have sustained their oases through traditional fertilization, using sheep or goat manure and
traditional management practices, which can now be extended with other novel approaches for
OM application and preservation in these soils. Hussein (2004) reported that the quantities of
animal manure used in these traditional methods are varying to a great extent, in a range of 5 to
15 t/hm” depending on the manure source. Sheep manure is preferred, due to its relatively higher
N content (about 2.0%), compared to cow or horse manure (0.5% to 1.0%). However, under dry
and low rainfall conditions, manure disappearance occurs very quickly. Sahel Esse et al. (2001)
showed that in sandy soils of semi-arid West African, 75% of applied manure disappeared during
the first 10 weeks after application with no significant difference in disappearance rates among
different manure types.

Fig. 6 Organic matter (OM) amendment topped with sand underneath the date palm trunk in Kebili oasis of
Tunisia. The photo was imaged by Nadhem BRAHIM in 2014.

A study from Oman showed that fertilization of date palm in the past was only based on green
and animal manures, and its rate usually varied with soil types and the sizes of date palm
(Al-Yahyai, 2006). Most of date grovers in Oman oases apply manure mixed with straw twice a
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year per date palm.

Buerkert and Schlecht (2010) emphasized that one of the most important components of oases
sustainability in Oman is the maintenance of SOM on man-made and silt-filled terraced fields.
Although year-round high temperatures and regular irrigation lead to high mineralization of OM,
as evidenced by large soil-respiration rates, carbon losses are effectively balanced in these
systems by annual additions of up to 30 t/hm’ of composted animal manure. The terraces are
designed to control leaching to uniquely avoid salinization. Moreover, a certain degree of (partly
pastoral) animal husbandry is required to guarantee the supply of livestock dung as the main
source of nutrients and a water-harvesting tool.

6 Conclusions

This mini-review summarizes the role of SOM dynamics in the drylands of the MENA region,
with a special focus on the importance of OM amendments in improving date palm production.
As the MENA region is one of the most water-scarce and food import-dependent regions in the
world, the continuous depletion of OM in the drylands of the MENA region has significant
negative implications for the economic production and social stability of the region. However,
sustainable management is possible. Good examples can be found in those date palm plantations
in oasis agrosystems which are still traditionally and sustainably managed according to the
experience of ancestors and more closely to local cultures and resources. Local farmers, who are
usually aware of linking date palm production to proper OM management, have succeeded to
improve the sustainability of the systems. OM amendments, preferably buried below added soil,
help preserve and harvest water, providing nutrients needed for crop growth in these date palm
production systems. Learning from and building upon such indigenous knowledge for other
cash-crop production systems appears valuable in such sensitive ecosystems.

Our review indicates that the estimates of OM stock and soil management relationships to
organic carbon in oases agrosystems in the MENA region are too few. There is little or inaccurate
data is available on soil carbon loss in these commercially and socially important agricultural
systems. In addition, no formal national programs are currently implemented for conservation and
restoration of SOM in the MENA region.

The lack of know-how and technology is a major problem, especially in more resource-scarce
countries in the MENA region, which can easily rely on external expertise. Thus, bridging the gap
between farmers and scientists is crucially important, as sustainable soil management is brought
about by increasing farmers’ understanding of soil dynamics and how to use techniques ensuring
the proper soil function. Therefore, agricultural extension work, especially in some of the
marginalized oases, is the main channel of direct communication that might connect farmers with
scientists to enhance their knowledge.
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