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Abstract Increasing of population and scarcity of water resources in arid and
semiarid countries are one of the major obstacles to sustain agricultural develop-
ment. When we are talking about Egypt as a case study, there are many reasons that
impede sustainable development. These reasons could vary according to spatial
distribution. That the urban sprawl is considered one of the most serious factor
that impedes the sustainable development in the Nile valley and delta. On the other
hand, the northern regions of the Nile Delta face another critical situation that
affects the agricultural development and maintaining its development. The northern
part suffers from land degradation due to high salinity levels besides rising of the
groundwater table. Therefore, this chapter focuses on the assessment of sustainable
agricultural development according to several axes. It discusses land productivity,
security, protection, validity, and acceptability as well as economic and social
factors. Remote sensing techniques and GIS as new trends have been reviewed
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and considered in this chapter to assess and mapping sustainability degree. Three
different methods were reviewed throughout this chapter, and these methods depend
on integrating environment, economy, and society factors.

Keywords Remote sensing, Spatial distribution, Urban sprawl, Water scarcity

1 Introduction

Sustainable development is defined as “development that meets the needs of the
present without compromising the ability of the future generations to meet their own
needs” [1]. Egyptian territory area about 1 million km2 is made up as follows: Nile
valley and delta about 4% of the total; Eastern desert area about 22%; Western desert
area about 68%; and Sinai Peninsula area about 6%. The share of Nile water in Egypt
is 55.5 billion m3 year�1, representing 76.7% of the country’s available water
resources; desalinated seawater comprises only 0.08%. Total groundwater plus
treated groundwater is 20.65 billion m3 year�1 (28% of available water resources),
but it cannot be added to Egypt’s share of water as it is a reused source [2]. Sustain-
able agriculture is increasingly viewed as a long-term goal that seeks to overcome
problems and constraints that confront the economic viability, environmental sound-
ness, and social acceptance of agricultural production system both in the USA and
worldwide. While there are many definitions of sustainable agriculture, most of them
espouse the same elements of productivity, profitability, conservation, health, safety,
and the environment, that differ only in the degree of emphasis. There is a general
agreement that sustainable development includes environmental, economic, and
social dimensions [3]. Sustainability indicators characterizing these three dimen-
sions are generally used to bridge the gaps between theoretical concepts and actual
measures [4, 5].

Sustainable agriculture is farming systems that are maintaining their productivity
and benefit to society indefinitely [6]. Despite the diversity in conceptualizing
sustainable agriculture, there is a consensus on three basic features of sustainable
agriculture: (1) maintenance of environmental quality, (2) stable plant and animal
productivity, and (3) social acceptability. A sustainable farming system is productive
and safe and conserves the natural resource base. Moreover, there are several
problems faced by sustainable development such as loss of soil productivity from
excessive erosion/intensive cultivation and associated plant nutrient loss/depletion;
surface and groundwater pollution from pesticides, fertilizers, and sediments;
impending shortages of nonrenewable resources; and low farm income due to low
commodity prices and high production costs [7]. Sustainable Land Management
(SLM) in agriculture is a very complex and challenging concept that encompasses
biophysical, socioeconomic, and environmental concerns that must be viewed in an
integrated manner. An international Framework for Evaluating Sustainable Land
Management (FESLM) was developed to provide a base for addressing these issues
comprehensively. SLM combines technologies, policies, and activities aimed at
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integrating socioeconomic principles with environmental concerns so as to simulta-
neously satisfy the five pillars of SLM. Those pillars are as follows: to protect the
potential of natural resources and prevent degradation of soil and water quality
(protection), to reduce the level of production risk (security), to be economically
viable (viability), to maintain the production services (productivity), and to be
acceptable (acceptability). The information and data obtained from the studied
area have been analyzed according to the FELSM methodology to develop SLM
indicators that address the five pillars of the FESLM. Knowledge from the farmers
themselves through 58 questionnaires held with them in suite and many publications
concerning the investigated area have been acquainted.

2 Obstacles to Sustainable Development

Sustainable development in arid and semiarid regions faces many constraints. These
constraints vary according to geographical location, socioeconomic conditions, and
climate. This section will review the main obstacles as follows:

• High population growth and pressure; agriculture production has to be increased
by 70% within 2050 in order to face the population growth and changing diets
[8]. Agriculture will furthermore need to minimize the emissions of greenhouse
gases, pesticides, and plant nutrients like nitrogen and phosphorous to the envi-
ronment. However, this production increase will have to be achieved in a way that
preserves the environment and reduces the vulnerability of agriculture to climate
change.

• Dependency of livelihoods on agriculture; with 65–70% of the population
depending directly on rain-fed agriculture and natural resources. Industry and
the service sector also depend heavily on land management [9].

• Climate change: these include higher temperatures, water scarcity, unpredictable
precipitation, higher rainfall intensities, and environmental stresses [10]. Since
the industrial revolution has already deeply impacted ecosystems, the main
concept from the climate change story is that public do not recognize and trust
scientists until it really hurts. In addition, all society issues cannot be prepared
using the old and painkiller approaches because all issues are now huge, linked,
global, and fast-developing. Thus, actual society structures are probably outdated.
Here, agronomists are the most advanced scientists to solve social issues because
they master the study of complex systems, from the molecule to the global scale.
Now, more than ever, agriculture is a central point to which all social issues are
bound; indeed, humans eat food [6].

• Land degradation has negatively affected the state and the management of the
natural resources (soil, water, and plants). Land degradation occurs in different
forms on various land-use types:
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For cropland: soil erosion by water and wind forces; water degradation mainly
caused by increased surface runoff (polluting surface water) and changing water
availability as well as high evaporation leading to aridification, chemical degra-
dation – mainly fertility decline – due to nutrient mining, and salinization; soil
physical degradation due to crusting, sealing, and compaction. That leads to
insufficient vegetation cover, decline of local crop varieties, and mixed cropping
systems.

For grazing land: biological degradation with loss of vegetation cover and
valuable species; the increase of alien and “undesirable” species. The conse-
quences in terms of soil physical degradation, water runoff, and erosion are
widespread and severe. Low productivity and ecosystem services from degraded
grazing lands are widespread and a major challenge to SLM http://www.fao.org/
docrep/014/i1861e/i1861e01.pdf.

3 History of Sustainability

Sustainable development is a major concern of all nations given the need to preserve
the global environment. Since the Stockholm Declaration, signed in 1972, there have
been many initiatives towards global environment protection [11]. In Den Haag,
some 24 leading countries have signed a declaration to harness global climate
change. Moreover, in June 1992 the United Nation World Summit in Rio de Janeiro
produced piles of documents pledging to sustain the global environment [12]. Also,
many governments including the federal and provincial governments in Canada as
well as the Consultative Group on International Agricultural Research (CGIAR)
have indicated that SLM is a matter of priority in the coming years. Some interna-
tional agencies in cooperation with national research institutions in Canada, the
USA, and others have collaborated to develop the principles and recommended
procedures for a Framework for Evaluating Sustainable Land Management
(FESLM), and to host two international workshops. The first was in Chiang Rai,
Thailand, in 1991, which resulted in the formation of an International Working
Group (IWG) to further the development of the FESLM, and the second was in
Lethbridge, Canada, in 1993, which focused on the indicators to be used for
evaluation of sustainability. Results from this work were reported at a symposium
at Acapulco, Mexico, as part of the 15th World Congress of Soil Science. Recently
in 1997, the Second World Summit was held in New York to evaluate the imple-
mentation of all commitments and of the agenda formulated in Rio de Janeiro and to
draw up an action plan to sustain our planet for the next century, and the more distant
future [13].
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4 Methods Used to Assess Sustainable Land Management

Several methods and indicators have been proposed to assess sustainability condi-
tion during last three decades, and in this section we review three frameworks:

1. Liu and Zhang [14] proposed a methodological framework for assessing the
sustainability level of main agricultural regions in China on regional and county
levels. Four sustainable categories were distinguished: environmental, social,
economic, and comprehensive sustainability. The two distinguished methods
for measuring the sustainability were:

(a) The balanced performance method that measures balanced performance
among different aspects of sustainability; a minimum value method was
used according to the following equation:

CIc ¼ Min
n

j¼1
vj xj
� �

and
(b) The aggregate achievement method that measures aggregate achievement of

all aspects. This method aims at aggregated using multi-attribute value
theory, a compensatory method, because of its ability to analyze many
dimensional conditions and allow the conduction of assessments [15]. The
value function of the additive model was used because of its simplicity.

CIc ¼
Xn
j¼1

wjvj xj
� �

where CIc is the comprehensive sustainability of county c, wj is the weight of
the sustainability indicator j estimated by Analytic Hierarchy Process (AHP)
that was employed to determine factor weight, n is the number of indicators,
and vj (xj) transforms individual indicator xj into commensurable units
between 0 and 1.

Spatial variation maps of sustainability across countries were produced using a
geographic information system (GIS) for generating, displaying, and spatially
analyzing information for the measurement of sustainability. Moreover, the
author classified the degree of sustainability into five ratings (very low, low,
medium, high, and very high). The limiting factors in each region were identified.
The same author identified 14 indicators suitable for assessing sustainability
framework at the county level. For each indicator, concise definitions, methods
of calculation, and indicator type were shown in Table 1.

2. Cornelissen [16] proposed a novel approach to quantify agricultural sustainability
using fuzzy set theory. This approach aims at interpreted as to what extent
agricultural production systems are able to meet the joint demands, where
it considered the joint economic, ecological, and societal perspectives on
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agricultural production systems. Since agricultural sustainability is approximated
by a selection of sustainability variables, the acceptability of achievements should
be determined for every selected sustainability variable. Such a degree of accept-
ability can be determined using fuzzy set theory [17, 18]. Agricultural sustain-
ability should, therefore, not aim at designing agricultural production systems that
last forever in a definite form but monitor the continuous process of adapting
agricultural production systems to the specific economic, ecological, and societal
systems they are embedded in. Considering the necessary selection of a limited
number of sustainability variables, and as a result of the mutually emerging trade-
offs, it is impossible to determine indisputably whether an agricultural production
system is sustainable or unsustainable. Applying conventional, two-valued logic
(e.g., sustainable-or-unsustainable type decisions), therefore, comes to an unsat-
isfactory conclusion [19–21]. Fuzziness describes event ambiguity: it measures
the degree to which an event occurs [22]. Fuzziness, therefore, relates to
multivalued logic [19], e.g., all intermediate situations between sustainable and
unsustainable are possible. This means that agricultural production systems can
be assessed as partially sustainable.

3. This method depends on three steps: sustainability variables, membership func-
tions, and combining degrees of acceptability. The first step seeks to quantify
agricultural sustainability to determine which site-specific sustainability variables
are taken into account. These sustainability variables can be roughly classified
into three clusters, corresponding to the three perspectives on agricultural pro-
duction. Smyth and Dumanski [23] proposed an FESLM. The FESLM, based on
logical pathway analyses, provides a systematic procedure for identification and
development of indicators and thresholds of sustainability. The FESLM was
developed by an IWG as a recommended procedure by which sustainability of
current and alternative land-use systems could be assessed. The FESLM is an
extension of the framework for land evaluation (Food and Agriculture Organiza-
tion of the United Nations [24]), except that evaluations are based on indicators of
performance overtime, rather than land suitability. An assessment of sustainabil-
ity is achieved by comparing the performance of a given land use with the
objectives of the five pillars of SLM: productivity, security, protection, viability,
and acceptability (Fig. 1). A classification for sustainability is proposed, and
plans for future development of the FESLM are described.

The classes are a measure of the evaluator’s confidence in the stability of factors
affecting each system. The actual time limits (Table 2) are intended as a basis for
further investigation.

The universality of FESLM allows for the development of a generic decision
support system (DSS) which can be customized for local application by using
indicators and criteria of local importance. The SLM indicators table provides the
threshold, and their quantitative and qualitative ratings. Their score and ranks have
been assigned according to the type of indicator (strategic, cumulative, or sugges-
tive). Based on the knowledge-base, the rule-base for SLM indicators has been
established. The trend of SLM indicators over time, in combination with their
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threshold values, helps the evaluation of the sustainability of land management
practices. The knowledge-base and rule-base act as the backbone of the DSS-
SLM. The inference engine helps in processing the knowledge-base and rule-base
of SLM indicators. Raise et al. [25] had developed the SLM indicators under the
FESLM framework by conducting three case studies in Indonesia, Thailand, and
Vietnam. In addition, they used the SLM indicators by developing an expert system
based DSS which provides an opportunity to test and operationalize the FESLM
concept for practical use. The same author’s integration of many subsystems,
including data bases, GIS, analytical tools, expert systems, simulations, and a user
interface. To ensure proper integration, all software subsystems must follow a
unified framework and standard. To make any system extendible and easily modi-
fiable, the code should be modular and consistently commented, indented, and
structured [26]. A schematic of the international board for soil research and man-
agement (IBSRAM) DSS-SLM under development is given in Fig. 2 (Table 3).

The indicators of SLM were developed along the five pillars of FESLM [25] and
these indicators were modified and adapted for Egyptian condition by El-Nahry [28].

Table 2 Classes of sustainability proposed in the FESLM (source: [23])

Classes Confidence limits (year)

Sustainable 1. Sustainable in the long term >25

2. Sustainable in the medium term 15–25

3. Sustainable in the short term 7–15

Unsustainable 1. Slightly unstable 5–7

2. Moderately unstable 2–5

3. Highly unstable <2

Sustainable agricultural

A
cceptability
(S

ocial)

V
iability

(E
conom

ic)

P
roduction

(natural resources

S
ecurity

(R
educe risk)

productivity
F

ood production

Fig. 1 Five pillars of sustainable agriculture

282 E. S. Mohamed et al.



Sustainability index has been obtained by multiplication of the five pillar indicators.
Obviously, the multiplication results vary between 0 and 1. The closer value to 1 is
considered the higher degree of the sustainability Tables 4, 5, 6, 7, and 8.

Many Egyptian authors have used remote sensing and GIS for mapping those five
pillars (productivity, security, protection, economic viability, and social acceptabil-
ity) in different areas in Egypt to estimate their accuracy under the Egyptian
situations [27, 29–31].

The obtained multiplication results that reflected the degree of the agriculture
sustainability are divided into four sustainability classes:

1. Land management practices meet sustainability requirements (from 1 to 0.6)
(Table 3).

2. Land management practices are marginally above the threshold for sustainability
(from 0.6 to 0.3).

Fig. 2 Schematic representation of the international board for soil research and management
(IBSRAM) DSS-SLM (source [25])

Table 3 Sustainability index [27]

Values Land-use/management status Class

0.6 to 1 Meet the sustainability requirements 1

0.3 to <0.6 Marginal but above the threshold of sustainability 2

0.1 to >0.3 Marginal but below the threshold of sustainability 3

0 to <0.1 Do not meet the sustainability requirements 4
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Table 4 Criteria of productivity indicators: [25]

Indicators Typea Threshold
Qualitative
ranking

Quantitative
ranking

Score
(a)

Rank
(b)

Value
(a � b)

Yield 1 >25% or
more
Yd. reduction
of the average
of community

Yd. reduction:
High

>25% 10 10 100

Medium 10–25% 10 5 50

Low <10% 10 7 70

Soil
color:
Organic
C

1 <1.2% High: Dark
soil

>1.2%
(Yd. red.
0%)

10 7 70

Medium:
Brown soil

1–1.2%
(Yd. red.
0–20%)

10 5 50

Low:
Yellowish

<1%
(Yd. red.
>20%)

10 7 70

Plant
growth
and leaf
color:
Soil
nutrient
N

2 <0.5% High: Dark
green leaves
healthy, vigor-
ous growth

>0.5% 7 7 49

Medium:
Color normal,
moderate
growth

0.2–0.5% 7 5 35

Low: Yellow-
ish leaves,
stunted growth

<0.2 7 7 49

P 2 >15 ppm High: Growth
normal, color
normal

>15 ppm 7 7 49

Medium:
Growth
normal

8–15 ppm 7 5 35

Low: Older
leaves purple,
stunted growth

<8 ppm 7 7 49

K 2 >90 ppm High: Normal
growth

>90 ppm 7 5 35

Medium:
Normal plant
growth

60–90 ppm 7 5 35

Low: Leaves
yellowish from
tip running
along edge,
and further
expand, older
leaves show
symptoms first

<60 ppm 7 10 70

aIndicator’s type and their score: strategic (1)¼ 10; cumulative (2)¼ 7; suggestive (3)¼ 3; relative
ranking: 1–10. Value ¼ score � rank
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3. Land management practices are marginally below the threshold for sustainability
(from 0.3 to 0.1).

4. Land management practices do not meet sustainability requirements (<0.1)
(Fig. 3).

5 Case Studies in Egypt

There are several studies on sustainable agriculture under Egyptian condition. These
studies discussed the sustainability constraints such as salinity and alkalinity, lack of
infrastructure, and credit utilization. Nawar [31], Abdel Kawy [29], and Mohamed
et al. [30] focused their scope of studies on assessment of sustainability factors for

Table 5 Criteria of security indicators: [25]

Indicators Typea Threshold
Qualitative
ranking

Quantitative
ranking

Score
(a)

Rank
(b)

Value
(a �
b)

Average
annual
rainfall
(amount
and
period)
(ET by
penman
and
Montieth)

1 <1,200 mm,
spread over
4/8/2017 months

Low:
Yd. red.
>25%

<1,200 mm,
<4 months

10 10 100

Normal:
Yd. red.
0%

>1,200 to
<2,400 mm
during
4–8 months

10 7 70

V. High
Yd. red.
>25%

>2,400 mm,
>8 months

10 10 100

Biomass:
(% of
crop resi-
due)
ploughed
back to
land

2 <50% of cop
residue >3 years
continuously

High
amount for
long time

>50% for
>3 years

7 7 49

High
amount for
short time

>50% for
<3 years

7 5 35

Low
amount for
long time

<50% for
>3 years

7 5 35

Low
amount for
short time

<50% for
<3 years

7 5 35

Drought
frequency

1 <800 mm RF No
drought:
Yd. red.
0–25%

Rainfall
>800 mm

10 7 70

>2 years
consecutively

Drought:
Yd. red.
>50%

Rainfall:
<800 mm for
>2 years

10 10 100

aIndicator’s type and their score: strategic (1)¼ 10; cumulative (2)¼ 7; suggestive (3)¼ 3; relative
ranking: 1–10. Value ¼ score � rank
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agricultural utilization through integrated biophysical, economic viability, and social
acceptability using GIS special model in the different areas in Egypt. Mohamed et al.
[30] used FESLM to assess agricultural sustainability conditions in north Sinai
region. Moreover, they illustrated that an area about 7% of the northern part of
Sinai are marginally below the threshold for sustainability where the sustainability
values are ranging between 0.1 and 0.3, while the rest of the area does not meet
sustainability requirements where the sustainable values <0.1 (Fig. 4). The same
authors suggested some recommendations to improve sustainability condition in
north Sinai as follows:

• Improved infrastructure in northern Sinai, which includes roads and canals.
• Use of effective management of soil for water and wind erosion control, based on

sensible soil conservation practices.
• Attention to social and economic factors that attract people to this area.
• Education to farmers about sustainable agricultural practices so as to be more

familiar with improved sustainable practices that will improve their productivity.
• Use of precision agriculture as much as possible in this region as this technique

will maximize agricultural yield.

Table 6 Criteria of protection indicators: [25]

Indicators Typea Threshold
Qualitative
ranking

Quantitative
ranking

Score
(a)

Rank
(b)

Value
(a � b)

Erosion 1 4.5 cm or
more dur-
ing last
7 years

Low: Yd. red.
0–10%

<0.7 cm 10 7 70

Medium:
Yd. red.
10–25%

0.7–4.5 cm 10 5 50

High:
Yd. red.
>25%

>4.5 cm 10 10 100

Cropping
system and
extent of
protection

2 Double
cropping

With hedge
row: High:
Double
cropping

Extent of
protection:
80–100%

7 10 70

Medium:
Mono-
cropping

7 7 49

Without
hedge row:

50–80%

Medium:
Double
cropping

50–80% 7 7 49

Low: Mono-
cropping

0–50% 7 5 35

aIndicators type and their score: strategic (1) ¼ 10; cumulative (2) ¼ 7; suggestive (3) ¼ 3; relative
ranking: 1–10. Value ¼ score � rank
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• Promotion of greater public awareness of the role of people’s participation and
people’s organizations, especially women’s groups, youth, indigenous people,
local communities, and small farmers, in sustainable agriculture and rural
development.

El-Sharkiya governorate of Egypt was better than Sinai where about 31% of
El-Sharkiya territory did meet sustainability requirements with score �0.65, and
12.6% of the territory represented marginally above the sustainability threshold.
Meanwhile, about 48% of El-Sharkiya governorate did not meet sustainability
requirements with index values >0.1 [29] as displayed in Fig. 5. The authors used
SLM model. Where, they integrated biophysics and socioeconomic elements
approach through biophysics elements (productivity, security, and protection) and
socioeconomic aspects (economic viability and social acceptability) for the purpose
of combating and tackling sustainability constraints that preclude the agricultural
development to reduce them to acceptable levels of mass production endeavors.

Table 7 Criteria of economic viability: [25]

Indicators Typea Threshold
Qualitative
ranking

Quantitative
ranking

Score
(a)

Rank
(b)

Value
(a � b)

Benefit cost ratio 1 B/C ratio
1.00 or
more

High >1 10 10 100

Medium 1–0.8 10 7 70

Low <0.8 10 5 50

Percentage of
off-farm income

2 25% or
more

High >25% 7 7 49

Medium 10–25% 7 5 35

Low/none <10% 7 7 47

Difference
between farm
gate price and
nearest main
market price

2 >15% High >50% 7 7 49

Medium 15–50% 7 5 35

Low <15% 7 7 49

Availability of
farm labor

2 1 + 1 man
year

High >2 man year 7 7 49

Medium 1–2 man
year

7 5 35

Low 1 man year 7 7 49

Size of farm
holding

3 1 ha High >1 ha 3 7 21

Medium 0.5–1 ha 3 3 9

Low <0.5 ha 3 5 15

Availability of
farm credit

3 50% or
more of
the
demand

High >50% 3 5 15

Medium 25–50% 3 3 9

Low <25% 3 3 9

Percentage of
farm produce
sold in market

2 50% or
more

High >50% 7 5 35

Medium 25–50% 7 3 21

Low <25 7 3 21
aIndicator’s type and their score: strategic (1)¼ 10; cumulative (2)¼ 7; suggestive (3)¼ 3; relative
ranking: 1–10. Value ¼ score � rank
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Fig. 3 Sustainable agricultural special model (SASM) (source, [30])
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Kafr El-Sheikh Governorate has been classified into two different class types, the
first is the lands that are marginally below the requirement of sustainability and the
second are those lands that do not meet sustainability requirements [29] as shown in
Fig. 6. The sustainability constrains in the studied area are related to the soil
productivity, economic viability, and social acceptability.

6 Conclusion

Sustainable agriculture is increasingly viewed as a long-term goal that seeks to
overcome problems and constraints that confront the economic viability, environ-
mental soundness, and social acceptance of agricultural production system in Egypt.
While there are many definitions of sustainable agriculture, most of them espouse
the same elements of productivity, profitability, conservation, health, safety, and
the environment. There is a general agreement that sustainable development
includes environmental, economic, and social dimensions. SLM combines several
technologies, policies, and activities aimed at integrating socioeconomic principles
with environmental concerns to simultaneously satisfy the five pillars of SLM. In
conclusion, the five pillars of SLM could be used to protect the potential of natural
resources and prevent degradation of soil and water quality, to reduce the level of
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Fig. 5 Sustainability classes in El-Sharkiya governorate (source, [27])

290 E. S. Mohamed et al.



production risk, to be economically viable to maintain the production services, and
to be acceptable.

7 Recommendation

The authors recommend that for sustainable agriculture, there is a consensus on
several basic features of sustainable agriculture in Egypt that could contribute to
2030 Egyptian sustainability plan: (1) maintenance of environmental quality, (2) sta-
ble plant and animal productivity, and (3) social acceptability. In addition, SLM in
agriculture is a very complex and challenging from the point of view of enhancing
the biophysical, socioeconomic, and environmental concerns that would enhance the
land potentiality for sustainable agriculture. The SLM is a good strategy to sustain
development to overcome the loss of soil productivity from excessive erosion/
intensive cultivation and associated plant nutrient loss/depletion; surface and

Fig. 6 Sustainability classes in Kafr El-Sheikh governorate (source, [29])
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groundwater pollution; impending shortages of nonrenewable resources; and low
farm income due to low commodity prices and high production costs.
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