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Abstract

Nearerth East North Africa (NENA) region spans over 14% of the total surface of the
Earth and hosts 10% of its population. Soils of the NENA region are mostly highly
vulnerable to degradation, and food security will depend much on sustainable agricultural
measures. Weather variability, drought and depleting vegetation are dominant causes of
the decline in soil organic carbon (SOC). In this work the situatien-status of SOC was
studied, using a land capability model and soil mapping. The land capability model
showed that most NENA countries (17 out of 20), suffer from low productive lands
(>80%). Stocks of SOC were mapped (1:5 Million) in topsoils (0-30 cm) and subsoils (30-
100 cm). The maps showed that 69% of soil resources present a stock of SOC below the
threshold of 30 tons ha™. The stocks varied between ~ 10 tons ha™ in shrublands and 60
tons ha™ for evergreen forests. Highest stocks were found in forests, irrigated crops, mixed
orchards and saline flooded vegetation. The stocks of soil inorganic carbon (SIC) were
higher than those of SOC. -In subsoils, the SIC ranged between 25 and 450 tons ha™,
against 20 to 45 tons ha™ for SOC. (Thisipaperralsorhighlights themodesticontributioniof
NENA region to global SOC stock in the topsoil not exceeding 4.1%. The paper also
discusses agricultural practices that are favorable to carbon sequestration. Practices—of
conservation—agriculttreOrganic amendment, no till or minimum tillage, crop rotation,
mulching could be effective, as the presence of soil cover reduces the-evaporation, water
and wind @ rosions: Further, the introduction of legumes, as part of a cereal-legume
rotation, and the application of nitrogen fertilizers to the cereal, caused a notable increase
of SOC after 10 years. The effects of crop rotations on SOC are related to the amounts of
above and belowground biomass produced and retained in the system. Some knowledge
gaps (exists especially in aspects related to the impact of climate change and effect of
irrigation on SOC, and on SIC at the level of soil profile and soil landscape. Still, major
constraints facing soil carbon sequestration are policy relevant and socio-economic in
nature, rather than scientific.

Keywords: Drylands, soil organic carbon, soil inorganic carbon, land capability, C stock,
conservation practices.

1. Introduction
The Near East North Africa (NENA) region spans over 14% of the total surface of

the Earth and hosts 10% of its population (Elhadi, 2005). The largest importer of wheat in
the world, this region is also one of the poorer (FAO, 2015). A recent assessment of global
hunger index (GHI), based on four indicators -undernourishment, child wasting, child
stunting, and child mortality- showed that most of the NENA countries present low to

moderate GHI. Countries suffering from armed conflicts, Syria, Iraq and Yemen, are at a
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serious risk (von Grebmer et al., 2017). With the scarce natural resources and difficult
socio-economic conditions, it is questionable whether food security will be reached by
2030, unless a significant change in agricultural practices and governance occurs (FAQ,
2017).

Most of the land area of the NENA region falls in the hyper-arid, arid and semi-
arid climatic zones. Climate change is expected to exacerbate the scarcity of water and
drought effect. Weather variability, drought and depleting vegetation are major concerns
in the loss of soil productivity and agricultural sustainability. (Instabilities in"SOC) can
affect the @density of greenhouse gases in the atmosphere and (negatively affect the global
climate change (Lal, 2003). In fact, destructive land management practices are impacting
soil functions. Land use change, mono-cropping and frequent tillage are considered to
cause a rapid loss of SOC (Guo et al., 2016). These agricultural practices disrupt the
stability of inherited soil characteristics, built under local land cover and climate (Bhogal
et al. 2008). Thus, most NENA lands contain ~1 % of SOC, and frequently less than
0.5%.

Despite the constraints of NENA pedo-climatic conditions, increasing SOC levels
is critical and challenging (Atallah et al., 2015). To maintain soil productivity and land
quality, several technical and socio-economic measures need to be adopted. Additional
efforts oriented to maintaining and increasing SOC, can contribute to poverty reduction
and achieve food security (Plaza-Bonilla et al., 2015). Good agricultural practices, based
on low tillage or no tillage, may result in the reduction of SOC breakdown and the
enhancement of the soil carbon pool (Atallah et al., 2012; Cerda et al., 2012;
Boukhoudoud et al., 2016).

Quantifying SOC content in the NENA countries using available soil data is
crucial, at'a'small'scale, to assess the nature and potential of available soil resources
and anz@'ze1 the (@ssociated threats. (Mapping the spatial distributions of national and
regional OC stocks can be used to-monitor and model regional and global C cycles under
different scenarios of soil degradation and climate change. Accurately quantifying SOC
stocks in soils and monitoring their changes are considered essential to assessing the state
of land degradation. At the same time, the predominantly calcareous soils of NENA region

are rich in soil inorganic carbon (SIC). The dynamics of SIC and its potential in
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sequestrating carbon in soils femain largely unknown and as such deserves thorough
investigation. This paper analyzes the state of SOC and SIC in NENA countries and
outlines challenges and barriers for devising organic carbon sequestration in NENA’s
impoverished and depleted soils. It also highlights several questions which scientists need
to resolve. Finally, it discusses practical agricultural measures to promote SOC
sequestration.

2. Materials and Methods
Data on SOC and soil inorganic carbon (SIC) contents in soils of the NENA region

were retrieved from the soil database of the FAO-UNESCO digital soil map of the world

(DSMW) at 1:5 Million. The database contains large-nrumber-of1700 georeferenced soil
profiles collected and harmonized from each member state. These were excavated,

sampled by horizon, down to the rock, and analyzed in the laboratory according to the
standard world accepted methods (FAO, 2007)._The soil map was prepared using the
topographic map series of the American Geographical Society of New York, as a base, at a

nominal scale of 1:5.000.000. Country boundaries were checked and adjusted using the
FAO-UNESCO Soil Map of the World, on the basis of FAO and UN conventions. Soil

classification was based on horizon designation, depth, texture, Slope gradient and soil

physico-chemical and chemical properties. Statistical (weighted) average was calculated

for the topsoil (0-30 cm) and for the subsoil (30-100 cm) for the full series of chemical and

physical parameters sufficient to assess main agricultural soil properties. To fill the gap in

some _attributes and complete the fields for which no data were available, @n expert

opinion internationally known soil scientists was used.

Using the DSMW and its updated attribute database maps of the SOC and SIC stock and
distribution in 20 NENA states were produced._Fhe-seale—used—in—the-DSMW-is—1.5
Millien-(FAQ, 2007). Fhe-soil-map-was-prepared-using-the-topographic-map-series-of-the

representing the spatial distribution of SOC and SIC, ArcMap 10.3 was used to jjoin the

symbology of the C stocks and density with quantities classified into five numerical

categories with natural breaks. The global I2€ maps at 300 m spatial resolution on an

annual basis from 1992 to 2015 @Was produced by ESA. The Coordinate Reference System
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used is a geographic coordinate system based on the World Geodetic System 84 (WGS84)

reference ellipsoid. (Fhellegendrassigned tortherglobal lzCimaprhasibeenrdefined using the

UN-Land Cover Classification System.

The SOC content in studied soils varied between values as low as 0.13% and
0.16% and as high as 1.74% and 0.9% in topsoils and subsoils of Yermosols (Aridisols)
and Rendzinas (Mollisols) respectively (Table 1). Worth noting that less than 20% of soil
resources in NENA region have sequestered and accumulated SOC to an extend exceeding
1.0%. The highest SIC was observed in Solonchaks, Rendzinas and Aridisols that can be
explained by the effect of the dominant calcareous rocks. The lowest SIC is detected in
Lithosols and Xerosols subject to regular water and wind erosion removing the surface
layer from eroded lands. The largest soil units are Yermosols (4670.6 Km?), Lithosols
(2914.3 Km?) and Regosols (1193.2 Km?). The first two soil classes and Xerosols (498.5
Km?) @arevlow resilient resistant to erosion and degradation. The most vulnerable to
degradation soils are Solonchacks, Solonetz and Arenosols. Camboisosl, Fluvisols and

Regosols possess high resilien resistance to erosion.

Table 1. Soil organic carbon©€ and soil Sinorganic Scarbon level in the major soil units
of Near East North Africa region*

Soil Tvoe ?(;g% Resili Resistance SOC content, % SIC content, %
yp Km? to Land Degradation ~ topsoil ~ subsoil  topsoil  subsoil
Cambisols 178.9 Highbyresitient 0.90 0.48 0.25 0.64
Fluvisols 232.7 Highbyresitent 0.65 0.24 1.12 1.40
Kastanozems 26.0 Highbyresitient 1.50 1.00 1.69 3.96
Regosols 1193.2 Highby-resiient 0.76 0.41 1.18 0.23
Luvisols 121.6 Moderately-resitient 0.63 0.35 0.02 0.11
Phaeozems 3.8 Moderately-resiient 1.46 0.63 0.40 0.70
Rendzinas 25.6 Low-resitience 1.74 0.90 2.80 4.80
Lithosols 2914.3 Low-resitience 0.97 0.40 0.01 0.06
Vertisols 45.4 Low resitience 0.69 0.52 0.45 0.72
Xerosols 498.5 Low resitience 0.36 0.25 0.25 0.45
Yermasols (Aridisols) 4670.6 Low resitience 0.13 0.16 2.50 2.30
Solonchaks 230.1 Very Low low 049 036 360  3.90
Very Lew-low
Solonetz 31.2 i 0.65 0.48 0.06 0.36
Arenosols 384.0 Very .'T owlow 087 010 000 0.0

*Source: DSMW, FAO, 2007
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To assess the potential soil productivity in the NENA region, a land capability
model proposed by USDA (1999), which includes the soil geomorphological features
(geology and topography), other soil physic-chemical parametersconditioning soil fertility
like soil depth, texture, organic matter content, salinity and sodicity hazards was adopted.
The soils of the area were classified into four classes of arable soils: class I (highly
productive), class 1l (medium productive), class 111 (low productivity) and class IV (very
low productivity) and ©@ne non-arable soil class V, where lands suitable for wild vegetation

and recreation and lands with rock outcrops were grouped.

Arc Map 10.1 was used for the mapping of soil types and OC stock and density of
each soil unit based on the (geographic or spatial distribution of the soil type. (Total'SOC
stocks and the stock of 'SOC were calculated separately for the topsoil (0-0.3m) and

subsoil (0.3-1.0m) using the following equations:

Total ©C @k (ton) = [Area (m?)*Depth (m)*Bulk Density (ton m*)*OC content (%)]/100
equation 1

StockiSOC (ton ha™) = Stock inef given soil unit (ton)/Soil Unit Area (ha) equation 2

The stocks of SOC under different land cover/land use were evaluated, as well.
Since 1990, the European Space Agency, (Climate Change Initiative project), started to
produce land cover (LC) maps of the NENA region. The version used in the study
(Website 1) corresponds to the second phase of the 2015 global LC. These maps have
300m of spatial resolution, using the Coordinate Reference System (CRS) in a geographic
coordinate system (GCS) based on the World Geodetic System 84 (WGS84) reference
eIIipsoid.@ legend assigned to the global LC map has been defined using the UN-
LCCS.

3. Results and Discussion
3.1. Land capability and SOC in NENA region

The most abundant soil classes in the NENA region are Arenosols, Xerosols and
Aridisols representing together more than 80% of available soil resources (FAO, 2007).
All three soil classes have low resitienee resistance to degradation (Table 1). According to

the model of land capability, Showing the proportion (%) of different soil sproductivity

classesin each country of NENA region, the majority of soils (40 to 100%) belongs to the

low, very low and non-arable classes (Figure 1).

5


editor
Highlight

editor
Highlight

editor
Highlight
what about grazing land?

editor
Highlight

editor
Highlight

editor
Highlight

editor
Highlight

editor
Highlight
confusing having same name for total pool and stock per ha. Call the first national SOC stock.

editor
Sticky Note
amounts to same thing, but more logical to calculate t/ha then scale up to the pool.

editor
Cross-Out

editor
Highlight
the  map uses the UN-LCCS land cover classes?

editor
Highlight

editor
Highlight
the model does not show this - the figure does.

hp
Sticky Note
The first was changed to National  SOC stock and the second into SOC or SIC density (ton/ha) 

hp
Sticky Note
Yes 

talal
Sticky Note
The sentence was changed to: According to the results based on the land capability model,  the majority of soils (40 to 100%) in the region falls within the low, very low and non-arable classes 

talal
Sticky Note
The sentence was changed to: According to the results based on the land capability model,  the majority of soils (40 to 100%) in the region falls within the low, very low and non-arable classes 

hp
Sticky Note
Agree but both ways lead to the same result


174
175
176
177

178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194

197

120

M High

100
B Medium

80 % Low

W Very Low
60 M Non Arable

20 {—
0 - J' 'L'
F & & D P ST OSSN S S
F LTS F&FTEIEF I T FYF IR F Y
& ¢ &g TES O F & L TS ¢
v ® S N
N »
<

Figure 1. capability classification for the countries of NENA region, based on_USDA Model (1999)
and DSM 0O, 2007.

Thus, the proportion of highly and medium productive soils varies between 0%
(Bahrain, Qatar, Oman and UAE) and 60% (Jordan). Countries like lIrag, Lebanon,
Morocco, Palestine, Somalia, Syria and Tunisia present between 9 and 20% of highly to
medium productive soils. The rest of NENA countries have less than 5% of their lands as
high and medium productive soils. Some of these countries belong to the Seriously
endangered and food unsecure nations.

-

The potential medium productivity concept is based strictly on soil properties. But,

with lack of water in drylands and prevalence of rainfed agriculture, the soil cannot show

its full potential for food production. Similarly, irrigation with brackish and saline water

restricts _crop productivity due to the development of secondary soil salinity. When

Qberlv irrigated, the medium productive lands can provide moderately good harvests.
0

r_instance, our field observation in Jordan showed that due to climate change and

climate variability, a large area of good lands was cropped with barley not because of land

suitability but due to low rainfall (<200mm). In drought affected vyears, the land is

converted into grazing area for small ruminants to make the minimal profit from the

exploitation. The presence of kaolinite in red soils of Jordan developed from hard

limestone under semi-arid climate points to the inheritance of material formed under more

aggressive climate (Kusus and Ryan, 1985). The same was confirmed by Lucke et al.,

~— | Formatted: Justified, Indent: First line: 0.!
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2013 for Red Mediterranean Soils of Jordan, which require new insights in their origin,

genesis and role as a source of information on paleoenvironment.

The low productivity of the soil is reflected in the SOC contents. Two out of the
three predominant soil classes (Xerosols and Aridisols) have SOC contents below 0.5%
(Table 1). Overall, the NENA soils are poor in SOC, as less than 20% of soil resources
have SOC contents exceeding 1.0%. The accumulation of SOC in NENA region is
refrained by the high mineralization rate (Bosco et al., 2012). Climate change and
recurrent drought events affect SOC sequestration in the soil. It is estimated that a rise in
temperature of 3 °C would increase the emission of carbon dioxide by 8% (Sharma et al.,
2012). Among the soil properties affecting SOC, the clay and calcium carbonate contents
are most relevant. Clay fraction tends to counteract the decomposition of SOC, as found in
clay soils of Morocco and in Vertisols of northern Syria (FAO and ITPS, 2015). But the
dominant soil classes, Xerosols, Aridisols or Arenosols (Table 1) characterized by sandy
and sandy loam textures, are subject to fast decomposition.

Next to the clay texture, the presence of calcium carbonate decreased the
decomposition of composted organic material in sub-humid coastal Lebanon (Al Chami et
al., 2016). This slower turnover of organic matter was explained by the low porosity and
prevalence of micropores in soil macro-aggregates (Fernandez-Ugalde et al., 2014). For
the SIC, the highest values are found in soil classes dominated by calcareous rocks, that is
the Solonchaks, Rendzinas and Aridisols (Table 1). The lowest stocks were detected in
Lithosols and Xerosols, subject to water and wind erosions that remove the surface layer

of eroded lands.
3.2. Mapping of soil carbon stocks in the soils of NENA region

The choice of scale when using or producing soil maps to show the spatial

distribution and estimate national or regional C stock and density may lead to uncertainty

in small countries and fragmented landuse (Darwish et al. 2009). In the absence of more

detailed, accessible, regional and national soil databases, the use of QLII scale maps is
justified. Only in December 2017, the GSP-FAQ, ITPS launched the version 8-1.0 of the
global soil organic carbon map, showing the SOC stock in topsoil (http://www.fao.org/3/a-

i8195e.pdf). An overview, reconnaissance carbon stock and density mapping for NENA

region in topsoil and subsoil is justified o preliminary assess regional SOC stock both in



editor
Highlight

editor
Highlight

editor
Highlight

editor
Highlight

talal
Sticky Note
Changed to coarse scale


232
233
234
235
236
237
238
239
240
241

242
243
244
245
246
247
248
249
250 |
251
252

254
255

50°00°N-
40°00"N
30°00°N
20°00"N

10°00"N:

10°00"S

topsoil and subsoil and compare and analyze the common problems and challenges in C

sequestration using unified background information provided by member states and
harmonized in the FAO-UNESCO DSMW. Q recent attempt undertaken in this paper

was done despite the uncertainty associated Wlfﬁl the scale of mapping where Small scale

maps join polygons having area below the smallest mappable unit, considered equivalent

toror less than 0:5 cm X 0:5 chareayien <0.256m?, with the neighboring mappable soil

polygons. Thus, the need for more detailed and harmonized soil mapping and coding of

available national information arises to downscale to national and local soil assessment

and mapping, which is currently on the agenda of the Global Soil Partnership (GSP).

« [ Formatted: Indent: First line: 0"

The majority of the countries of NENA region presents moderate to relatively low
total stocks of SOC. This is especially relevant to the Gulf countries, Iran, Tunisia and
Morocco, with values below 221 Mega tons (Figure 2). Such low OC sequestration
potential can be explained by the prevalence of arid climate and rare natural vegetation

and the reliance on irrigation to produce food and feed crops. A regional implementation

plan for sustainable management of NENA soils appeared in 2017@F1Infact,the
total stocks, in the topsoils (0-0.3 m) of NENA countries, represent only 4.1% of the world

global stock (Website 3).

The stock of SOC (ton ha™) was mapped @swell (Figure 3). A large proportion
(69%) of the soil resources presents a stock (inferiorito 30 tons ha™ (Figure 3), value
considered as a hold (Batjes and Sombroek, 1997). (This could be linked to the relief
of these countries, with rare mountainous landscapes that enjoy a more humid climate and
a longer duration of soil moisture.
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Figure 2. Spatial view of total soil organic carbon stock across the countries of NENA region, Mega ton (a-toposil; b-

subsoil).
256
257 Mapping was done on a small scale, which could be a source of a loss of
258 information. To test this, the results of the current estimation (1:5 Million) of SOC stocks
259 | in Lebanon, were compared with the large scale mapping undertaken le-v-to produce
260 | the unified soil map of Lebanon at 1:50,000 (Darwish et al.;, 20061:56,800). This
261  comparison showed Iglrepancies between 11% for the topsoil and 14% for the subsoil
(Darwish and Fadel, 7). Therefore, the level of uncertainty falls within the @dmitted
263 diagnostic power of soil mapping, estimated to be close enough to the reported range of
264  map units’ purity in reference areas, i.e., @ matching between 65% and 70% (Finke et al.,
265 | 2000). Loss of information related to small, non-mappable soil units in small scale
266  mapping (1:5 Million or 1:1 Million) could be corrected by national and subregional large
267 | scale soil mapping (1:50,000 and 1:20,000).
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268 « [Formatted: Indent: First line: 0"
269 | 3.3. Land cover mapping and effect on SOC stock
270 LLand cover map of NENA region shows nearly 80% of the area is covered with
271 bare lands (Figure 4a, b). Grassland, sparse vegetation cover and rainfed agriculture are
272 close by area varying between 4.39% and 5.27%. The irrigated crops do not exceed 0.66%
273 of the total area. arently: for this reason, (The region is becoming increasingly
274  dependent on food Tmports, because of demographic pressure, rapid urbanization, water
275  scarcity and climate change (FAO, 2015).
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Figure 4b. Land cover map of NENA region (Source: ESA;-
2015; http://maps.elie.ucl.ac.be/CCl/viewer/index.php)

Comparing our results with the global SOC map produced by Hengl et al., (2014)§

based on soilGridslkm layers showing the soil organic carbon content in permille in 0-5

cm and the predicted global distribution of the soil organic carbon stock in tonnes per ha
for 0-200 cm to be beyond the followed by FAO methodology of SOC stock estimation

andpresentation. In this paper the standard methodology of the measured SOC stock and
density in topsoil (0-30 cm) and subsoil (30-100 cm) was followed. The first Global SOC

Map was launched on December 5, QZ' leever, a_comparison of values of SOC

10

Formatted: Space After: 0 pt, Line spacinc
single

~ | Formatted: Indent: First line: 0.5", Space
After: 0 pt, Line spacing: single

Formatted: Space After: 0 pt, Line spacinc
single

Formatted: Font: (Default) Times New
Roman, 12 pt, Complex Script Font: Times
New Roman, 12 pt

[ Formatted: Line spacing: single



http://maps.elie.ucl.ac.be/CCI/viewer/index.php
editor
Highlight

editor
Highlight
reference?

editor
Highlight
why "however"?

hp
Sticky Note
(http://www.fao.org/global-soil-partnership/pillars-action/4-information-and-data/global-soil-organic-carbon-gsoc-map/en/).


editor
Highlight
meaning not clear.

talal
Sticky Note
Changed 

talal
Sticky Note
In a previous study, the global SOC stocks were predicted in the upper 0.05 m and down to 2 m and the soil profile was divided into six depths (Hengl et al., 2014). The FAO methodology, adopted in the present work, used only two soil layers (0-0.3 m; 0.3-1 m). Despite this different approach, the NENA region falls within the same low SOC range (SOC content: 1-2% and SOC stock: 20-204 ton ha-1). This was also confirmed by the Global Soil Organic Carbon Map released in December 2017 (http://www.fao.org/global-soil-partnership/pillars-action/4-information-and-data/global-soil-organic-carbon-gsoc-map/en/).




NI
g0
N

293
294
295
296
297
298
299
300
301
302
303
304
305
306
308
309
310
311
312

313

content (%) and SOC stock revealed €omparable trends values for the'C content'and stock

(1-2% and 20-204 ton/ha), with higher upper density in Hengel et al approach.

FurtherIn our study, the combination of SOC stock map with the land cover map
showed; the-significant effect of land cover on _SOC stocks in NENA region. ef£SOC-were
studied—in—relation—to—land—coverfland—use—As can be expected, Shrublands, sparse

vegetation and bare lands gave the smallest values, between 14 and 26 ton ha™ (Figure 45).

In a mixture of shrublands and herbaceous vegetation, the SOC increases to 40 ton ha™.
The highest density (30 and 60 ton ha™) is found under forest stands.

Despite the expected impact of frequent plowing, the soils under mixed trees and irrigated< —{ Formatted: Indent: Before: 0", First line:

crops have er density than rainfed crops._The highest SOC stock was observed under

evergreen forest land whose area is very limited (3380 km? corresponding to 0.02% from

[ Formatted: Superscript

the total area). Surprisingly, the stock found under urban soils (= 30 tons ha™) was
moderate. This could be related to the urban encroachment on prime soils. Between 1995
and 2015, rapid urban growth caused the loss of over 53 Million tons of soils, 16% of

which correspond to prime soils (Darwish and Fadel, 2017). (The assessment of SOC

content in time and space in relation to land cover showed a decline of OC content in
topsoil by up to 1% between 2001 and 2009 (Stockmann et al., 2015). Land cover change
was considered as the primary agent that influences SOC change overtime, followed by

temperature and precipitation.
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In addition to the stocks of SOC in relation to land cover/land use, the stocks of
SOC and SIC were established per country (Figure 65). The stock of SIC was compared to

that of SOC (Figure 5). The range of SIC stocks is very wide, from less than 25 tons ha
(Gaza subsoil) to 450 tons ha™ (Bahrein subsoil), while that of SOC varied between ~ 20

tons ha™ (Bahrein subsoil) and 45 tons ha™ (Sudan subsoil). Based on the stocks of SIC in
the subsoils, the countries were separated into three groups. The first, represented by six
countries (Bahrein, Oman, Egypt, Saudi Arabia, UAE and Yemen) was dominated by

calcareous parent materials, with values in the subsoil exceeding 200 tons ha™ (Figure 5).

The second group, with eight countries (Kuwait, Libya, Iran, Irag, Algeria, Qatar,
Morocco and Tunisia), presents a SIC density between 100 and 200 tons ha™. Finally, the
third group (Gaza, Jordan, Lebanon, Mauritania, Syria and Sudan) has less than 100 tons

hat.
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Figure 65. Stocks of soil organic carbon and soil inorganic carbon (tons ha™) in the
topsoils (0-0.3 m) and subsoils (0.3-1.0 m) of the 20 countries in the NENA region. The
red line represents the threshold for organic carbon, and the yellow lines correspond to the
limits of classes.
3.3. Challenges of carbon sequestration in NENA agroecosystems

Climatic conditions characterized by wetting/drying cycles, a long dry and hot
season (Boukhoudoud et al., 2016) promote the decomposition of SOC. Further, frequent
cultivation, irrigation with saline water, and soil salinity rise ein coastal areas the
prevaihing-agriculture-practices(Boukhoudoud-et-al;2017)-exert significant effects on soil

microbial functional properties_(Boukhoudoud et al., 2017). In this section, there will'be a

presentation of major practices affecting SOC followed by a discussion of preventive and

remediation measures.

3.3.1. Tillage and SOC

Tillage practices contribute to the vulnerability of soils to water erosion. If not
properly managed, some 41 million hectares would be affected by water erosion (FAO and
ITPS, 2015). The erosion of soil surface layers can affect the soil carbon in two possible
ways. The greater exposure of carbonates to climatic elements could increase the loss of

SIC to the atmosphere and ground water. Compared to stable soils,Alse, the higher

decomposition of SOC in eroded soils decreases the productivity of cultivated crops and

can reduce SOC stock if not properly managed (Plaza-Bonilla et al., 2015).

A possible measure to reduce the risk of erosion is the no-tillage. No-tillage

coupled with mulching, to reduce weed development and omit herbicide -asapplication, as

part of conservation agriculture (CA), aims to keep more plant residues ©nsoil surface,
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enhance C sequestration, increase soil aggregates, improve water infiltration and to

provide a protection to soil carbon from decomposers (Palm et al., 2014).- Through a
modification of common practices, such as the frequency and depth of tillage, changes in
the SOC could be promoted in most soils. Experiments conducted by ICARDA, Syria,
showed that no-tillage performed well in terms of energy and soil conservation (Plaza-
Bonilla et al., 2015). Elsewhere, in Palestine soil conservation was found to pay, with a net
profit 3.5 to 6 times higher than without conservation measures (FAO and ITPS, 2015). In
dryland regions, agricultural activities based on CA practices are beneficial as crop
residues are left on the soil surface (Plaza-Bonilla et al., 2015). The presence of residues
would protect the soils from high evaporation, water and wind €resions: This is especially
relevant to soils that are sensitive to degradation, such as the very shallow Lithosols, the
easHy-periodically wetted (swelling) and dry (shrinking) Vertisols, Gypsic Yermasols

(Aridisols), the poorly-structured Solonchaks and Solonetz, the sandy-textured Arenosols,

and the desert soils (Xerosols).

Major constraints facing soil conservation measures, in East Mediterranean, were

dueto knowledge and perception, prevailing practice of QFplete removal and some times
burning of residues after harvest, land tenure and type of Tandscape (FAO, 2012; FAO and

ITPS, 2015). These major factors are socio-economic in nature, rather than scientific.
They are related to the ability of growers to accept new techniques and adopt them. In
many situations, the transfer from the research stations to the farmers was not smooth. For
instance, CA was successfully tested in experimental stations in Morocco and Lebanon,
but several social and technical barriers prevented it from reaching farmers (Mrabet et al.,
2012; FAO, 2012).

A debate has been taking place about the effect of no-tillage on SOC. Mest-Many
authors agree that under CA, SOC increases near the soil surface, but not necessarily
throughout the profile. A study compared 100 pairs, where no-tillage has been practiced
for over 5 years. The absence of tillage lead to higher C stocks (0-30 ¢cm soil depth) in
54% of pairs, while 39% showed no difference in stocks (Palm et al., 2014). In the
absence of tillage, the slower decomposition of residues would result in higher

belowgreund-C accumulation_on the soil surface. Over a period of 5 years, zero tillage

promoted an increase in SOC equal to 1.38 Mg ha™ as compared to the conventional

tillage in northern Syria (Sommer et al., 2014).
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3.3.2 Agricultural practices and SOC

Practices; such as the application of N fertilizers, ofihe organic amendmentsthe
incorporation of residues and crop rotations, influence the levels of SOC. (The lack of
accessible nutrients and soil mining make most crops entirely reliant on accumulated SOC
(Plaza-Bonilla et al., 2015). In East Africa, 14-years of continuous cultivation without any
inputsy decreased SOC from 2% to 1% (Sharma et al., 2012). The application of N
fertilizers was associated with increased levels of soil C, as compared to the absence of N
fertilizers (Palm et al., 2014). In a 10-year rotation of wheat-grain legume (vetch) in
northern Syria, the application of nitrogen fertilizers to the cereal caused a notable
increase of SOG) in the top 1m of soil, equal to 0.29 Mg ha™* year™ (Sommer et al., 2014).
Similarly, the growth of intercropped_legumes as winter cover erepcrop legumes—(Vicia

sp., Lathyrus sp.s) alone or with barley (Hordeum vulgaris), between cherry trees in semi-

arid Lebanese area_ (Jourd Aarsal, eastern Lebanese mountains),—increased SOC

significantly notably when legumes were mixed with barley (Darwish et al., 2012). Results
showed that the sites were supplemented with OM varying between 140 and 250 kg ha

season™ resulting from the decomposition of plant root residues. The above ground plants

provided the orchards with 95-665.7 kg haseason™ of OM. Plant residues provided

additional feedstuff for small ruminants; the soils were enriched with OM and fixed

nitrogen with more efficient use of surface soil moisture.

The effects of crop rotations on SOC are related to the amounts of above and
belowground biomass produced and retained in the system. In a study conducted in semi-
arid northern Syria, a 12-year rotation gave higher SOC in wheat-medic (12.5 g SOC kg™
soil) and wheat-vetch (13.8 g SOC kg™ soil) rotations, as compared to continuous wheat
(10.9 g SOC kg™ soil) or wheat-fallow (Masri and Ryan, 2006). In this rainfed system, the

introduction of a forage legume (vetch/medic) with wheat, over a decade, was able to

significantly raise the level of SOC. Further, the combination of crop rotations and no-
tillage was found to sequester more C than monocultures (Palm et al., 2014). One means

of building up biomass is through (cover winter crops. Their beneficial impact on C

sequestration and water infiltration has been demonstrated. The presence of a cover on the
soil surface protects the soil against erosion. In the NENA region, their cultivation is
restricted to sub-humid to humid areas (> 600 mm of rainfall). Still, more research is
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needed about the best species to be used, the optimum termination strategies of the cover

crop as well as the best date (Plaza-Bonilla et al., 2015).

In poor dryland regions—Peverty, especially in the rainfed agricultural systems,
prevents-some practices_leads to the removal of al-such-as-the-incorperation-of-residues.

Overall, crop residues serve as fodder_or for household cooking or heating, leaving little

remains_ion the soil surface. Even animal dung is used as cooking fuel in many regions.

The low SOC content could be improved by increasing the crop residues produced and
incorporated. Such an approach requires the application of fertilizers in order to avoid the

depletion of soil nutrients (Plaza-Bonilla et al., 2015).

Some authors question the validity of remediation measures o build=up SOC ) in
most of the NENA region. -Results from research stations in Egypt and Syria provide
evidences to the contrary. In a trial in north-east Cairo, Egypt, the irrigation of a sandy soil
with sewage water, for 40 years, changed its texture to loamy sand (Abd el-Naim et al.,
1987). This modification of the soil texture leads to a significant improvement of the soil
physical properties. Further, within the same long-term trial, the irrigation with sewage
water, for 47 years, increased SOC to 2.79%, against 0.26% in the control (Pescod and
Arar, 2013). This rather slow accumulation could be related to the sandy soil texture and
to the input of the organic matter in labile, soluble forms. -The addition of more stable
composted materials was tested in semi-arid north Syria. The amount of compost, 10 Mg
ha® every two years, needed to raise the SOC, was too large in these rainfed systems.
Rather than relying on composts, the authors found that a combination of reduced tillage
and a partial retention of crop residues moderately increased SOC (Sommer et al., 2014).
The quality of residues seems to affect the SOC on the short-term but on the medium-term
it is the quantity that matters (Palm et al., 2014).

3.3.3. Impact of irrigation on agricultural soils

The irrigated land imight represent a minor fraction of agriculture in NENA region,
but irrigated crops are essentially found on prime soils (Figure 4). [Frequent wetting of
irrigated soils make them more likely to lose C as compared to dry soils. Lack of moisture
limits soil mineralization (Sharma et al., 2012). Irrigated soils promote intense microbial

activity and a rapid decomposition of SOC. In the fertile region of Doukkala, Morocco,
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known for producing wheat and sugar beet, a decade of irrigated farming decreased SOM
by 0.09% per year (FAO and ITPS, 2015). This loss could have been reduced through the
incorporation of crop residues. But, in these mixed farming systems, residues are

consumed by farm animals.

The irrigation of soils in NENA region is expected to affect the SIC. Dryland soils
were considered to containfat least; as much SIC as SOC (Sharma et al., 2012). (However,
this study showed much higher SIC than SOC, notably in the subsoils. Despite this large
stock, there is a major knowledge gap regarding the effects of land use and management
on the dynamics of SIC. This is especially relevant to the irrigation with calcium or
sodium-enriched groundwater (Plaza-Bonilla et al., 2015). In these conditions, the
formation of calcium carbonate could be accompanied by some release of carbon dioxide

while the development of sodicity can cause irreversible SOC loss.

4, Conclusions

Fhe-NENA area consisting of 14% of the earth surface area contributes only 4.1.%
of total SOC stocks ef-in SOC{0-0-3m)-topsoil shewed—a-smat-contribution-to-glebal
SOCstockinthetopsoH{4-1%)—against 14% of the-earth-surface-area. The sSoil resources
of s-efthe-NENA region are developed under dry conditions with prevailing of rainfed
agriculture. mosthy-highly-vulnerable-toAchieving land degradation neutrality degradation;
and food security wit depends much on land stewardship and sustainable agricultural
measuresmanagement of soil resources. The land capability model showed that most
NENA countries (17 out of 20), suffer from low productive lands (>80%). Fo-obtain-an

mapping of the-stoeks £ SOC and SIC density showed that 69% of soil resources present

a SOC stock efé@@—below@threshold of130ntons ha™. The stocks—density varied
between ~ 10 tons ha™ in shrublands and 60 tons ha™ for evergreen forests. Highest stocks
were found in forests, irrigated crops, mixed orchards and saline flooded vegetation. The
moderate stoek-density (=30 tons ha™) in urban areas indicates that some urban growth
was at the @xpenses of prime soils. The stocks_-of SIC were higher than these-ef-SOC
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density, indicating the calcareous nature of soils. In subsoils, the SIC ranged between 25
and 450 tons ha™, against 20 to 45 tons ha™* for SOC.

wetting/drying—eyeles—and—bysandy—seitextures—Although OC sequestration in the

NENA region is lematic;, this task is still possible, requiring the protection of the

topsoils_and sustainable land management. Practices of conservation agriculture (no-

tillage, intercropping and agro-pastoral system, presence—ofwinter soil cover, proper
rotation...) could be effective as the presence of residues reduces the evaporation, as well

as water and wind erosions_and (promote the aboveground biomass production. This is

especially relevant to soil classes that are susceptible to degradation—Further,—the

monecultures: In semi-arid regions, tFhe introduction of legumes, as part of a cereal-

[ Formatted: Strikethrough

legume rotation, and the application of nitrogen fertilizers to the cereal caused a notable

result was achieved through winter cover crop consisting of fruit trees-legume-barley

intercropping system.

Seme—kKnowledge gaps exist, especially in aspects related to the effect of
irrigation on SOC, as well as on SIC-at-the-level-of soil-profile-and-soi-landscape. Still,
major constraints facing soil conservation measures and carbon sequestration are socio-
economic in nature, rather than scientific. They are related to the ability of growers to
accept new techniques and adopt them. Awareness raising and capacity building at the

level of stakeholders and decision--makers in the NENA region can contribute to alleviate

the pressure on wnrerable-soil resources, improve SOC sequestration;-_and maintain soil

resilieneeresistance to degradation-and-strepgthen-food-security-
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