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Abstract: Egypt faces numerous challenges in achieving food and nutritional security, due largely to its unique
geography, water stress, and population growth. However, nontraditional crops and pseudo cereals such as
buckwheat, quinoa, sorghum, teff, and millet offer promising avenues for sustainable agricultural development
and improved nutrition. These crops exhibit high tolerance to adverse environmental conditions such as soil
salinity and drought and are rich in essential nutrients like protein, amino acids, and vitamins. They also
present an economic advantage due to their short growing seasons and adaptability to marginal lands. Recent
advancements in remote sensing and Geographic Information Systems (GIS) technology, along with crop
simulation models, provide further opportunities for optimizing land and water resources for these
nontraditional crops. Their exceptional nutritional values, including low glycemic indices and gluten-free
properties, make them well-suited to address current health challenges, such as malnutrition and the increasing
prevalence of non-communicable diseases. The study emphasizes the need for further research to investigate
land suitability, water management, and economic viability for the cultivation and commercialization of these
crops. By leveraging these opportunities, Egypt has the potential to not only close its food gap but also improve
overall nutritional well-being, contributing to both food security and sustainable agriculture.

Keywords: Egypt; food security; nontraditional crops; pseudo cereals; sustainable agriculture; environmental
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Introduction

Egypt is located in northeastern Africa and is bordered by the Mediterranean Sea to the north,
Sudan to the south, Libya to the west, and Palestine and the Red Sea to the east (Rutherford & Sowers,
2018). The country has a total area of approximately 1,001,450 square kilometers (Rutherford &
Sowers, 2018). The landscape of Egypt is characterized by a narrow strip of green along the Nile
River, which fans into a verdant river delta, surrounded on both sides by vast deserts (Rutherford &
Sowers, 2018). The Nile River is the lifeline of Egypt and has played a crucial role in the country's
agriculture for thousands of years. The river provides water for irrigation, allowing for the cultivation
of crops in an otherwise arid environment (Yeakel et al.,, 2014). The agricultural sector is one of
Egypt's most important sectors and a principal economic and social concern (Abdelaal, 2021). The
challenge for Egypt's agriculture is to sustainably expand agricultural production to meet escalating
domestic demand for food and serve as a pathway out of poverty (Abdelaal, 2021). However, the
agricultural sector faces many difficulties and challenges, including water stress and pressure on
water resources (2021 ,J)). The average amount of water withdrawn for agriculture in Egypt is
about 82.43% (2021 ,J\)).

Nevertheless, the Egyptian landscape has undergone significant changes over time. During the
Late Pleistocene/early Holocene, the region had a cooler, wetter climate driven by heavy monsoonal
rains, known as the African Humid Period (AHP) (Yeakel et al.,, 2014). However, the region has
experienced increasing aridification over time, leading to changes in the biological community and
the extinction of certain animal species (Yeakel et al., 2014). The timing and pattern of animal
extinctions in Egypt provide insights into how ecosystems can be affected by climate change and
human activities (Yeakel et al., 2014). Desertification is also a significant issue in Egypt, particularly
in the desert regions. Desertification processes and their impact on land cover changes have been
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analyzed using satellite data (Shalaby et al., 2004). The study found that certain parts of Egypt are at
risk of desertification due to changing environmental conditions and land use (Shalaby et al., 2004).
However, in terms of natural features, Egypt is home to a diverse range of flora and fauna. The
country has been studied for its biodiversity and the distribution of certain species, such as waterfowl
and vultures (Henry et al., 2016, Mateo-Tomas & Olea, 2010). The Nile River and its surrounding
areas provide important habitats for various species, including insects and parasites (Samy et al.,
2014).
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Figure 1. Egypt map (source: https://geology.com/world/egypt-satellite-image).

Challenges and Strategies for Closing the Food Gap and Achieving Food Security in Egypt

Egypt is currently facing a food gap due to several factors, including population growth, limited
resources, and a struggling economy (Abdelaal & Thilmany, 2019). As the population continues to
grow and opportunities for land reclamation remain limited, Egypt's reliance on food imports is
expected to increase (Abdelaal & Thilmany, 2019). Additionally, food losses and wastage along the
wheat value chain contribute to the food gap in Egypt (Yigezu et al., 2021). This food gap extends
beyond grains and also affects other food commodities such as organic food products (Zayed et al.,
2022), vegetable oils (El-Elsharkasy, 2023), sugar (Salah et al., 2020), and edible oils (Sherif & Alamry,
2023). Nevertheless, Water scarcity is a significant concern for Egypt's food security, especially
considering the potential reduction in Nile flows (Abdelaal & Thilmany, 2019). Climate change
further exacerbates the challenges faced by the agricultural sector, which is crucial for Egypt's food
security (2017 ,%éls). Egypt shares similarities with Jordan in terms of food security, as both countries
heavily rely on food imports and have limited capacity to absorb future price increases
(Christoforidou et al., 2022). To address the food gap and enhance food security, various strategies
can be implemented. These include (1) adopting advanced agricultural practices, developing
innovative crop varieties, expanding land use, and promoting bio-saline agriculture (Almas &
Usman, 2021). (2) Increasing agricultural trade between Egypt and Nile Basin countries can also
contribute to food security by leveraging Egypt's surplus in certain crops and agricultural products
(Ahmed, 2019). (3) Furthermore, supporting and activating agricultural and economic integration
between Egypt and Sudan in grain production can help reduce the food gap and increase food
security (2015 ,_elWll). On the other hand, understanding consumption patterns and expenditure on
different food commodities is crucial for analyzing the food gap in Egypt (EL-Batran, 2019). It is also
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important to consider the impact of crises, such as the COVID-19 pandemic, on consumption
spending and patterns (2023 ,~iW). By addressing these factors and implementing appropriate
strategies, Egypt can work towards closing the food gap and achieving food security. However, the
current situation of agriculture in Egypt is characterized by various opportunities and challenges.
One of the major challenges is (1) soil degradation and soil sealing, which threatens agricultural
development (Hendawy et al., 2019). (2) Urban expansion and uncontrolled urbanization are
consuming vast areas of agricultural land, leading to environmental and social problems (Hendawy
et al., 2019). (3) The loss of agricultural land to urbanization is a significant concern, as it reduces the
available land for cultivation and affects food security (Hendawy et al., 2019). (4) Another challenge
is the limited arable land base in Egypt, coupled with the erosion of land resources, loss of soil
fertility, and salinity (Assem, 2014). These factors pose obstacles to agricultural productivity and
sustainability. Additionally, the high rate of population growth in Egypt adds pressure to the
agricultural sector, as it increases the demand for food (Assem, 2014). However, there are also
opportunities for agricultural development in Egypt. The use of remote sensing data and GIS
modeling allows for the monitoring and assessment of changes in land use and land cover, providing
valuable information for land management and planning (Hendawy et al., 2019). This technology can
help identify areas at risk of soil sealing and guide decision-making processes to protect agricultural
land (Hendawy et al., 2019). Likewise, there are opportunities for commercializing biotech products
in Egypt, such as (1) Bt maize (Assem, 2014). (2) Biotechnology can contribute to improving crop
productivity, enhancing resistance to pests and diseases, and increasing agricultural efficiency
(Assem, 2014). (3) The commercialization of biotech products can stimulate agricultural growth and
contribute to food security in Egypt.

Bridging the Wheat Production Gap in Egypt: Challenges, Strategies

The situation of wheat and other grain crops in Egypt is characterized by a significant gap
between production and demand, leading to heavy reliance on imports (Table 1: Egypt Grains
Production). Egypt currently produces around half of the 20 million tons of wheat it consumes, with
the other half being imported (Asseng et al., 2018). The country is one of the largest importers of
wheat in the world (Asseng et al., 2018). The demand for wheat in Egypt is projected to increase due
to population growth, which is currently at a rate of 2.2% annually (Asseng et al.,, 2018). This
increasing demand, coupled with limited domestic production, poses a challenge for achieving self-
sufficiency in wheat (Asseng et al., 2018). The competition for water resources between agricultural
irrigation and urban needs further complicates the situation (Asseng et al., 2018). Climate change is
also expected to impact wheat production in Egypt. Combining multi-crop and climate models, it has
been estimated that future wheat yields will decline primarily due to climate change, despite
potential yield improvements from new technologies (Asseng et al., 2018). Rising temperatures are
projected to hurt crop growth, outweighing any potential benefits from elevated atmospheric CO2
levels (Asseng et al., 2018). Efforts to address the wheat production gap in Egypt include the use of
crop simulation models to estimate future production and water requirements for irrigation (Asseng
et al., 2018). These models can help assess the impact of climate change and inform decision-making
processes. Additionally, research has explored the response of wheat crops to different water
requirements and weed management strategies (El-Metwally et al., 2015). Strategies such as bio-
saline agriculture and the use of biochar have also been investigated to mitigate the adverse effects
of saline water on soil properties and wheat production profitability (El-Sayed et al., 2021).

Table 1. Egypt Grains Production.

Crops 5-yr Avg 2022/23 2023/24 % Change
(2018-2022) (1000 Tons) (1000 Tons) 2023-
(1000 Tons) 24/Avg
Wheat 9,070 9,500 8,870 -2
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Corn 6,896 7,440 7,600 10
Rice 3,520 3,600 3,780 7
Sorghum 767 750 750 -2
Peanut 207 205 205 -1
Barley 108 108 108 0
Soybean 40 56 85 113
Sunflower seed | 23 38 50 116
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Figure 2. Calendar of planting and harvesting grain crops in Egypt. Source (USDA.gov).

The Opportunity of Pseudocereals as Non-Traditional Crops in Egypt

Pseudocereals, such as quinoa, amaranth, buckwheat, tiff, and millet, offer high nutritional value
and can be cultivated in marginal agricultural areas (Rodriguez et al., 2020). These crops are rich in
protein, minerals, and other essential nutrients, making them a healthy and balanced food option
(Rodriguez et al., 2020). Replacing low-nutritional raw materials used in gluten-free diets with
pseudocereals can improve the nutritional quality of gluten-free diets and overcome mineral
deficiencies (Nardo et al., 2019). Pseudocereals have the potential to enhance nutrient bioavailability
and contribute to a more diverse and nutritious diet (Rodriguez et al., 2020). The cultivation of
pseudocereals can make dry lands productive and ensure future food and nutritional security
(Rodriguez et al., 2020). These crops have the advantage of being gluten-free, which is beneficial for
individuals with celiac disease or gluten intolerance (Rodriguez et al., 2020). Additionally, genomic
information and advances in molecular breeding techniques have facilitated the development of
molecular markers and the improvement of pseudocereal crops (Rodriguez et al., 2020). In Egypt, the
cultivation of pseudocereals can diversify the agricultural sector and contribute to food security.
These crops can be grown in marginal lands with limited water resources, making them suitable for
the country's arid environment (Rodriguez et al., 2020). The high nutritional value of pseudocereals
can also address nutrient deficiencies and improve the overall health and well-being of the
population (Nardo et al., 2019). On the other hand, Nontraditional crops can play a significant role in
closing the food gap in Egypt. By diversifying the agricultural sector and promoting the cultivation
of nontraditional crops, Egypt can increase its food production and reduce its reliance on imports.
Several studies have highlighted the potential of nontraditional crops to address the food gap and
enhance food security in Egypt (Pradhan et al., 2015) Alobid et al., 2021). One approach to closing the
food gap is by closing yield gaps in the currently cultivated land. By improving agricultural practices
and increasing crop yields, it is possible to produce more crop calories on the existing cultivated land.
This can be achieved through sustainable agricultural intensification methods, such as optimizing
fertilizer use, improving soil management, and implementing advanced agricultural techniques
(Pradhan et al., 2015). Another strategy is to focus on the highest production efficiency of
nontraditional crops. By identifying crops that have the potential to thrive in Egypt's climate and soil
conditions, farmers can maximize their yields and contribute to closing the food gap. This approach
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requires research and investment in the development of nontraditional crop varieties and the
dissemination of best agricultural practices (Alobid et al., 2021). Also, it is important to note that
closing the food gap through nontraditional crops should be done sustainably. This includes
considering the environmental impact of agricultural practices and ensuring the efficient use of
resources. Sustainable intensification methods, such as optimizing fertilizer use and improving water
management, can help minimize negative externalities and promote long-term agricultural
sustainability (Pradhan et al., 2015). Conversely, Nontraditional crops have the potential to contribute
to closing the food gap in Egypt. Several studies have explored the suitability and potential of
nontraditional crops in the country's agricultural sector. One study focused on the national water,
food, and trade modeling framework in Egypt Abdelkader et al. (2018). The analysis revealed that
non-water-based solutions, such as educational and health programs aimed at lowering population
growth, are essential in solving Egypt's water and food problems. The study also projected similar
trends in Egypt's food gap between national and global models. In terms of agricultural integration,
a study examined the effect of activating the role of Egyptian-Sudanese integration in achieving food
security for major grain crops, such as wheat, corn, and rice (2015 ,_=lill). A study conducted in Wadi
Al-Natrun, Egypt, aimed to provide agricultural land use planning for uncultivated land (El-Kawy
et al., 2019). The study assessed the suitability of the land for crop cultivation, considering factors
such as soil quality and water availability. The adoption of export development for nontraditional
crops in new lands in Egypt has also been explored (Abozied & Eldeep, 2013). These studies analyzed
the possibilities of Egyptian export development for crops like mint and artichokes. Factors such as
income from off-farm employment, production cost, and labor were considered in assessing the
potential for export development. Furthermore, the economic efficiency and productivity of organic
agriculture in Egypt have been studied (2022 ,_bu<i). The research compared the traditional and
organic systems and identified the problems facing organic agriculture in the country. Primary data
collected through questionnaires were used to estimate the economic efficiency and productivity of
organic fertilizers. Pseudo cereals crops, such as quinoa, amaranth, and buckwheat, have the
potential to contribute to addressing the nutrition gap in Egypt. These crops offer high nutritional
value, including protein, minerals, and other essential nutrients (Nardo et al., 2019). By incorporating
pseudo cereals into the diet, individuals can obtain a more balanced and nutritious food source.
However, One of the key health challenges in Egypt is malnutrition, including both undernutrition
and overnutrition. Pseudocereals, such as quinoa, amaranth, and buckwheat, offer an opportunity to
address these challenges due to their exceptional nutritional value (Zou et al., 2017). These crops are
rich in protein, essential amino acids, vitamins, minerals, and dietary fiber, making them a valuable
addition to the diet (Zou et al.,, 2017). In Egypt, malnutrition is a significant concern, with a high
prevalence of micronutrient deficiencies, particularly iron, vitamin A, and iodine (Zou et al., 2017).
Pseudocereals, such as quinoa, are known for their high iron content, which can help address iron
deficiency anemia, a common health issue in Egypt (Zou et al., 2017). Additionally, the high protein
content and essential amino acid profile of pseudocereals can contribute to combating protein-energy
malnutrition (Zou et al., 2017). Moreover, the consumption of pseudocereals can help address the
rising prevalence of non-communicable diseases (NCDs) in Egypt, such as obesity, diabetes, and
cardiovascular diseases. Pseudocereals have a low glycemic index, which means they have a minimal
impact on blood sugar levels (Zou et al., 2017). Incorporating pseudocereals into the diet can help
regulate blood sugar levels, promote satiety, and support weight management, thus reducing the risk
of obesity and related NCDs (Zou et al., 2017). The cultivation and consumption of pseudocereals
also offer an opportunity to promote sustainable agriculture and environmental conservation.
Pseudocereals are known for their adaptability to harsh environmental conditions, including drought
and poor soil quality (Zou et al., 2017). By promoting the cultivation of pseudocereals, Egypt can
diversify its agricultural sector, reduce water consumption, and minimize the use of chemical inputs,
contributing to environmental sustainability.
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Exploring the Nutritional Value and Health Benefits of Pseudo Cereals in Modern Diets

Pseudo cereals are gluten-free and are considered safe for individuals with celiac disease or
gluten intolerance (Saturni et al., 2010). Some of the commonly used pseudo cereals in nutrition
include amaranth, buckwheat, quinoa, sorghum, and teff (Saturni et al., 2010). These crops have been
found to have higher protein content compared to wheat and are rich in essential amino acids (Saturni
et al., 2010). They also contain dietary fiber, vitamins, and minerals, making them a nutritious choice
for a balanced diet (Theethira & Dennis, 2015). Amaranth is one of the most nutritious pseudo cereals
and has been consumed since ancient times (Soriano-Garcia et al., 2018). It is rich in protein, iron, and
magnesium (Rybicka, 2018). Amaranth has been shown to have anti-inflammatory properties and
may help reduce inflammation-related diseases (Soriano-Garcia et al., 2018). It is also considered a
"superfood" due to its high nutraceutical value (Soriano-Garcia et al., 2018). Buckwheat is another
pseudocereal that is commonly used in nutrition. It is a good source of dietary fiber and contains
essential amino acids (Janovska et al., 2021). Buckwheat has been found to affect the physical and
nutritional quality of extruded breakfast cereals (Brennan et al., 2012). Quinoa is a pseudo cereal that
is known for its high protein content and is considered a complete protein source (Saturni et al., 2010).
It is also rich in dietary fiber and minerals such as magnesium and iron (Patil & Jena, 2020). Sorghum
is a gluten-free pseudocereal that is rich in antioxidants and has been reported to have various health
benefits, including anti-inflammatory and anti-cancer properties (Saturni et al., 2010). Teff is a
pseudocereal that is native to Ethiopia and is known for its high iron and calcium content (Saturni et
al., 2010). The use of pseudo cereals in nutrition has gained popularity due to their nutritional value
and health benefits. They are often used as alternatives to traditional cereals in gluten-free diets
(Saturni et al., 2010). Pseudo cereals can provide complex carbohydrates, protein, fiber, fatty acids,
vitamins, and minerals (Theethira & Dennis, 2015). They can be incorporated into various food
products, such as bread, breakfast cereals, and snacks, to enhance their nutritional value (Brennan et
al., 2012). The consumption of pseudo cereals, along with whole grains, is considered to have a
beneficial effect on reducing the risk of non-communicable diseases, including cardiovascular
diseases, cancers, gastrointestinal disorders, and type 2 diabetes (P & Joye, 2020).

Potentials of Pseudocereals for Egypt's Agriculture and Food Security
L Amaranth

a pseudocereal crop that belongs to the Amaranthus genus. It is known for its high nutritional
value and potential health benefits. Amaranth grains, particularly those from the species Amaranthus
cruentus and Amaranthus hypochondriacus, are rich in macronutrients and micronutrients,
including vitamins and minerals (Tang & Tsao, 2017). The proteins in amaranth are of high nutritional
quality due to their balanced composition of essential amino acids (Tang & Tsao, 2017). The
Amaranth seeds are also a good source of bioactive compounds, such as peptides, which have
potential health benefits. Enzymatic hydrolysis and food processing can produce bioactive peptides
from amaranth proteins (Montoya-Rodriguez et al., 2015). Lunasin, a bioactive peptide with
anticarcinogenic properties, has been identified in amaranth seeds (Silva-Sanchez et al., 2008).
Lunasin-like peptides and other potentially bioactive peptides have also been found in amaranth
protein fractions (Silva-Sanchez et al., 2008). These peptides have the potential to prevent chronic
diseases (Montoya-Rodriguez et al., 2015). In addition to its nutritional and bioactive properties,
amaranth has been used for therapeutic purposes. It has been included in the human diet for a long
time and is considered an important nutritional crop (Soriano-Garcia et al., 2018). The Aztecs called
amaranth "Huautli" and the Mayas named it "Xtes." In modern times, amaranth is being considered
a "super crop” due to its high nutraceutical values (Soriano-Garcia et al., 2018). It is also considered a
"super food" because it is gluten-free and a relevant source of vegetable nutrients (Soriano-Garcia et
al., 2018). Amaranth is genetically diverse, with over 103 species of flowering plants in the
Amaranthaceae family (Ozimede et al., 2019). It is an underutilized crop with diverse abiotic stress
tolerance traits, making it suitable for cultivation in a rapidly changing climate (Jamalluddin et al.,
2022). Genetic diversity analysis has been conducted to study the diversity of amaranth genotypes
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using molecular markers (Gelotar et al., 2019). This research can help in the conservation and
improvement of amaranth crops. The nutritional and nutraceutical characteristics of amaranth can
be affected by different processing methods, such as cooking, popping, or extrusion (Marquez-
Molina & Lépez-Martinez, 2020). These processes can alter the nutritional and bioactive compounds
present in amaranth grains. Therefore, it is important to consider the effects of processing on the
nutritional value of amaranth. Amaranth has also been studied in terms of its resistance to herbicides.
Some populations of Palmer amaranth and waterhemp have evolved resistance to herbicides (Vieira
et al,, 2020). This resistance can have implications for weed control in amaranth crops and the
development of sustainable agricultural practices. However, the cultivation and utilization of
amaranth have the potential to contribute to closing the food gap in Egypt. Amaranth is a highly
nutritious crop with the ability to thrive in adverse growing conditions, such as high temperatures,
drought, and poor soil conditions (Alemayehu et al., 2014). Its nutritional value, including high-
quality protein, dietary fiber, and essential minerals and vitamins, makes it a valuable addition to the
diet (Waisundara, 2020). Additionally, amaranth has been shown to have potential health benefits
and can be used to prevent chronic diseases (Montoya-Rodriguez et al., 2015). In East Africa, where
there is a dire need for staple food supplements and alternatives, amaranth has been identified as a
potential crop to support food security and mitigate the effects of climate change (Alemayehu et al.,
2014). The expansion of amaranth cultivation in Egypt could provide a locally grown, nutrient-rich
food source that can help meet the nutritional needs of the population. Amaranth is already
cultivated in Kenya, and although its use in daily cooking is limited, it has the potential to be further
integrated into the local food system (Alemayehu et al,, 2014). By promoting the cultivation and
consumption of amaranth in Egypt, the country can reduce its dependence on imported food and
improve food self-sufficiency. Furthermore, amaranth can be grown as a second summer crop in
double cropping systems after harvesting wheat and barley, providing an opportunity for farmers in
Egypt to increase their agricultural productivity and income (Rahjerdi et al., 2015). The remaining
growing season after harvesting wheat and barley can be utilized to grow a second crop of amaranth.
To fully harness the potential of amaranth in closing the food gap in Egypt, it is important to consider
the genetic diversity and genome evolution of amaranth. Single-molecule sequencing and proximity-
guided assembly techniques have provided insights into the genome evolution of amaranth, which
can aid in breeding programs and the development of improved varieties (Lightfoot et al., 2017).

II. Buckwheat

Buckwheat (Fagopyrum spp.) is a versatile crop that is cultivated for its seeds, which are used
for various purposes, including human consumption, animal feed, and as a cover crop (Liu et al,,
2019). Buckwheat cultivation, agronomy, and distribution have been the subject of several studies,
providing insights into its nutritional properties, starch characteristics, and effects on pest control.
Buckwheat seeds contain a cereal-like starchy endosperm, making them suitable for the production
of various food products (Skrabanja et al., 2000). The nutritional properties of buckwheat starch have
been studied to identify its potential for reducing post-meal metabolic responses (Skrabanja et al.,
2000). Boiled buckwheat groats have been found to have a high satiety score and lower glycemic
index (GI), indicating their potential use in the design of foods with lower GI properties (Skrabanja
et al.,, 2000). The rate of starch hydrolysis and the formation of resistant starch (RS) in buckwheat
products have also been investigated (Skrabanja et al., 2000). Boiled buckwheat groats have been
found to have the highest concentration of RS (Skrabanja et al., 2000). Buckwheat cultivation practices
and agronomy vary depending on the region and purpose of cultivation. Buckwheat is known for its
adaptability to different environmental conditions, including poor soils and cool climates (Berndt et
al., 2002). It is often grown as a cover crop in vineyards to enhance biological control of pests by
providing nutrients to parasitoids (Berndt et al, 2002). The presence of buckwheat flowers in
agricultural ecosystems has been found to benefit parasitoids, such as braconidae, which can help
control leafroller pests (Berndt et al., 2002). The distribution of buckwheat is widespread, with
different species found in various regions. Buckwheat is cultivated in many countries, including
China, Russia, and the United States (Liu et al., 2019). It is an important crop in regions where it is
traditionally consumed, such as Japan and Eastern Europe (Liu et al., 2019). The distribution of
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buckwheat and its cultivation practices have implications for its genetic diversity and potential for
crop improvement. Buckwheat presents several opportunities for Egypt's agriculture and food
security. The cultivation and utilization of buckwheat can contribute to addressing food security
challenges and improving nutrition in the country. Buckwheat is a versatile crop with various
benefits that make it suitable for Egypt's agricultural landscape. One of the key advantages of
buckwheat is its ability to tolerate high salinity in the soil (Chen et al., 2007). This is particularly
relevant for Egypt, where soil salinity is a significant challenge in many agricultural areas. Buckwheat
has been found to grow, flower, and accumulate important nutrients even in the presence of high
levels of sodium chloride in the soil (Chen et al., 2007). This tolerance to salinity makes buckwheat a
valuable crop for agricultural use in saline environments, contributing to increased agricultural
productivity and food security. Additionally, buckwheat has a relatively short growing season,
allowing for multiple harvests in a year (Li et al., 2009). This characteristic makes it suitable for
rotation with other crops, providing farmers with the opportunity to diversify their agricultural
practices and improve soil fertility. Buckwheat can also be grown in marginal lands that are not
suitable for other crops, further expanding the agricultural potential in Egypt. Buckwheat is a highly
nutritious crop, rich in protein, dietary fiber, and essential minerals (Chen et al., 2007). The seeds of
buckwheat contain 10-12.5% protein and have high nutritional value (Chen et al., 2007). They also
contain flavones, flavonoids, and sterols, which have been associated with various health benefits
(Chen et al., 2007). Incorporating buckwheat into the diet can help address malnutrition and provide
a balanced source of nutrients. Furthermore, buckwheat has economic opportunities. It can be
processed into various functional food products, such as noodles, pasta, bread, tea, spirits, and
vinegar (Qin et al., 2011). The production and value addition of buckwheat-based products can create
employment opportunities and contribute to the country's economy. Buckwheat tea, in particular, is
a popular and healthy product in several countries, including China, Japan, South Korea, and
European countries (Qin et al., 2011).

II1. Quinoa

Quinoa (Chenopodium quinoa) has the potential to contribute to closing the food gap in Egypt.
Quinoa is a high-quality grain crop that is resistant to abiotic stresses such as drought, cold, and salt
(Bazile et al., 2016). It offers an optimal source of protein and has undergone a major expansion in
recent years (Bilalis et al., 2019). Several studies have explored the suitability and potential of quinoa
in Egypt's agricultural sector. Field evaluations of quinoa were conducted in Egypt, among other
countries, to assess its adaptability and potential (Shams, 2018). These evaluations revealed that some
quinoa genotypes showed higher yields and greater adaptation to new environmental conditions
(Shams, 2018). Quinoa's ability to grow in different environments contributes to production stability,
which is crucial under climate change uncertainty (Bazile et al., 2016). A study conducted in Egypt
evaluated the agronomic potential, chemical composition, and economic opportunity of quinoa
under arid sandy soil conditions (Shams, 2018). The study identified nine quinoa genotypes,
including Peruvian varieties, and assessed their protein content and saponin content (Shams, 2018).
The results showed variations in protein content and saponin content among the different genotypes
(Shams, 2018). Genetic characterization studies have also been conducted on quinoa genotypes
introduced to Egypt (Saad-Allah & Youssef, 2018). These studies used molecular markers to evaluate
genetic relationships among the genotypes and assess their phytochemical traits. The results
confirmed reasonable variation in phytochemical traits among the quinoa genotypes (Saad-Allah &
Youssef, 2018). Quinoa's nutritional value and bioactive properties have also been highlighted
(Ahmed et al., 2021). Quinoa is known for its adaptability to harsh environmental conditions and
high nutritional value. It is considered suitable for gluten-free and functional foods (Ahmed et al,,
2021). However, its consumption is not widespread due to a lack of knowledge regarding its
nutritional and health benefits among consumers (Ahmed et al., 2021). Quinoa is a facultative
halophyte plant with exceptional nutritional properties (Pitzschke, 2016). It is highly adaptable to
various environmental conditions, including high levels of salinity and drought stress (Pitzschke,
2016). This adaptability makes it suitable for cultivation in Egypt, where arid and marginal soils are
prevalent (Sosa-Zuniga et al., 2017). From an agricultural perspective, quinoa exhibits unique
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developmental peculiarities and seed-borne endophytes that contribute to its resilience and fitness
(Pitzschke, 2016). The presence of robust Bacilli endophytes in quinoa seeds enhances their ability to
withstand extreme conditions during seed rehydration and seedling establishment (Pitzschke, 2016).
These endophytes potentially manipulate the host plant's redox status and contribute to its overall
fitness (Pitzschke, 2016). Quinoa's rapid germination and regeneration capabilities make it a valuable
crop for agricultural production (Pitzschke, 2016). It can germinate within minutes, even under
hostile conditions, and broken seeds or split embryos can regenerate (Pitzschke, 2016). This resilience
and adaptability make quinoa a promising crop for cultivation in Egypt's challenging agricultural
environment. From a nutritional perspective, quinoa seeds are considered a good source of fiber,
vitamins, and minerals (Saad-Allah & Youssef, 2018). They contain high-quality protein, essential
amino acids, and antioxidants (Saad-Allah & Youssef, 2018). Quinoa is gluten-free, making it suitable
for individuals with gluten intolerance or celiac disease (Saad-Allah & Youssef, 2018). Its nutritional
value and adaptability to different environmental conditions make it a valuable addition to the diet
and a potential solution for addressing nutritional deficiencies in Egypt. Furthermore, the expansion
of quinoa cultivation in Egypt can have implications for land use management and agricultural
sustainability (Bedoya-Perales et al., 2018). The variability of quinoa expansion rates at the regional
level requires attention to ensure sustainable land use practices and soil management (Bedoya-
Perales et al., 2018).

IV. Sorghum:

Sorghum (Sorghum bicolor) is a versatile and multipurpose crop that is ranked among the top
five cereal crops in the world (Gaffa et al., 2004). It is cultivated for various purposes, including food,
fodder, feed, and fuel (Gaffa et al., 2004). The genus Sorghum consists of diverse species, with
different distributions and characteristics (Ananda et al., 2020). Sorghum cultivation, agronomy, and
distribution have been the subject of several studies, providing insights into its genetic diversity,
adaptation to different environments, and potential for crop improvement. Sorghum cultivation
practices and agronomy vary depending on the region and purpose of cultivation. Sorghum can
withstand severe droughts, making it suitable for cultivation in regions where other major crops
struggle to grow (White et al., 2015). It is known for its heat and drought tolerance, which contributes
to its resilience in challenging environments (White et al., 2015). Agronomic practices for sorghum
cultivation include land preparation, planting methods, fertilization, weed control, and pest
management (White et al., 2015). The use of improved varieties and crop management techniques
can enhance sorghum yields and quality (White et al., 2015). The distribution of sorghum is diverse,
with different species found in various regions. Some sorghum species are widely distributed, while
others are more restricted in their range (Ananda et al., 2020). For example, in Australia, there are 17
native sorghum species, none of which have been cultivated (Ananda et al., 2020). The wild relatives
of sorghum, found in different regions, are valuable genetic resources for crop improvement (Ananda
et al., 2020). The wild gene pool of sorghum harbors genes for abiotic and biotic stress tolerance,
which can be introduced into cultivated varieties (Ananda et al., 2020). The distribution of sorghum
and its wild relatives has implications for conservation and gene flow. Ecogeographical databases are
important tools for managing genetic resources and understanding the overlaps in ecological and
geographical distributions between crops and their wild relatives (Mutegi et al., 2009). The overlap
in flowering periods and the tillering ability of wild sorghum contribute to the potential for crop-to-
wild gene flow (Mutegi et al., 2009). Intermediate forms between wild and cultivated sorghum have
been observed in areas where sorghum is predominantly grown, indicating the occurrence of gene
flow (Mutegi et al., 2009). The taxonomy and classification of the genus Sorghum are still not fully
resolved, with alternative classifications proposed (Ananda et al., 2020). The exact number of species
in the genus is also not well established, but it is known to consist of multiple species distributed
across different regions (Ananda et al., 2020). Understanding the genetic diversity and evolutionary
history of sorghum and its wild relatives is important for crop improvement and the development of
more resilient crops (Ananda et al., 2020). Sorghum presents several opportunities for Egypt's
agriculture and food security. The cultivation and utilization of sorghum can contribute to addressing
food security challenges and improving nutrition in the country. Sorghum is a versatile crop with
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various benefits that make it suitable for Egypt's agricultural landscape. One of the key advantages
of sorghum is its ability to tolerate drought and heat stress (Mundia et al., 2019). This is particularly
relevant for Egypt, where water scarcity and high temperatures are significant challenges in many
agricultural areas. Sorghum has evolved mechanisms to cope with these adverse conditions, making
it a valuable crop for agricultural use in arid and semiarid regions. Its ability to produce reasonable
yields under limited water availability can contribute to increased agricultural productivity and food
security. Additionally, sorghum is a highly nutritious crop, rich in carbohydrates, dietary fiber, and
essential minerals (Sorour et al., 2017). It is also gluten-free, making it suitable for individuals with
celiac disease or gluten intolerance. Sorghum can be used as a staple food, animal feed, or processed
into various food products such as flour, porridge, and snacks. Incorporating sorghum into the diet
can help diversify food sources, improve nutrition, and contribute to food security. Furthermore,
sorghum has economic opportunities. It can be used as a forage crop for livestock feed, providing an
alternative to corn forage (Getachew et al., 2016). Sorghum is adapted to a variety of soil types and
can tolerate soil salinity, making it suitable for cultivation in different regions of Egypt (Getachew et
al., 2016). It can also be grown in rotation with other crops, contributing to soil fertility and
sustainable agricultural practices. The production and value addition of sorghum-based products can
create employment opportunities and contribute to the country's economy. In terms of climate
change resilience, sorghum has the potential to withstand the impacts of climate change, such as
increased temperature and water scarcity (Mundia et al.,, 2019). Its ability to produce reasonable
yields under adverse conditions can help mitigate the negative effects of climate change on
agricultural productivity and food security.

V. Teff:

Teff (Eragrostis tef) is a unique grain that is primarily cultivated for human consumption and
livestock feed (Abewa et al., 2019). It is an indigenous annual crop in Ethiopia and Eritrea, where it
is mainly grown for its small grains used in the preparation of a staple food called injera (Kim et al.,
2020). Teff cultivation is primarily concentrated in these regions, but its popularity is rapidly
increasing worldwide due to its attractive nutritional and functional properties (Kim et al., 2020). Teff
is known for its small grain size, with a length of about 1.0 mm and a width of about 0.60 mm, making
it one of the smallest whole flour grains in the world (Kim et al., 2020). Despite its small size, teff has
gained attention for its nutritional composition and health benefits. It is rich in essential amino acids,
minerals (such as iron and calcium), and dietary fiber (Kim et al., 2020). The grain is also gluten-free,
which allows for flexibility in food utilization as it can be directly substituted for gluten-containing
products (Kim et al., 2020). The cultivation of teff faces certain challenges. The average yield of teff is
lower compared to other cereals such as wheat and barley, primarily due to the lack of available
agronomic technology and low yield potential (Mihretie et al., 2020). However, teff is known for its
adaptability to diverse environmental conditions, ranging from lowlands to highlands, and its
tolerance to storage pests (Abewa et al., 2019). This makes it a low-risk crop that can be cultivated in
various regions. Teff cultivation has significant agronomic and utilization benefits. The crop is
preferred by both farmers and consumers due to its beneficial traits and genetic diversity
(Nascimento et al., 2018). It is considered a national treasure in Ethiopia and has the potential for
global importance (Nascimento et al.,, 2018). Teff can be processed and utilized in various food
applications, including the production of gluten-free products (Nascimento et al., 2018). Its
nutritional value and functional properties make it an attractive option for new food uses. In terms
of distribution, teff cultivation is primarily concentrated in Ethiopia and Eritrea, where it has been
cultivated for thousands of years (Kim et al., 2020). However, the demand for teff and its products
has been increasing globally, leading to its commercialization and distribution in other countries
(Barretto et al., 2020). The crop's nutritional value and gluten-free nature have contributed to its
popularity and expansion beyond its traditional cultivation regions. Teff presents several
opportunities for Egypt's agriculture and food security. The cultivation and utilization of teff can
contribute to addressing food security challenges and improving nutrition in the country. Teff is a
versatile crop with various benefits that make it suitable for Egypt's agricultural landscape. One of
the key advantages of teff is its ability to tolerate harsh environmental conditions and grow over a
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wider range of ecologies compared to other cereals (Gebremariam et al., 2013). It is known for its
environmental flexibility and can tolerate drought, heat, and poor soil conditions (Gebremariam et
al., 2013). This makes teff a valuable crop for agricultural use in Egypt, where water scarcity and
desertification are significant challenges. The cultivation of teff can contribute to sustainable
agriculture practices and enhance agricultural productivity in arid and semiarid regions.
Additionally, teff is a highly nutritious crop, rich in carbohydrates, dietary fiber, and essential
minerals (Gebremariam et al., 2013). It is also gluten-free, making it suitable for individuals with
celiac disease or gluten intolerance. Teff has a high nutritional value and is considered a complete
protein source (Gebremariam et al., 2013). Incorporating teff into the diet can help diversify food
sources, improve nutrition, and contribute to food security. Furthermore, teff has economic
opportunities. It is used in various food applications, including baking, brewing, and as a staple food
(Gebremariam et al., 2013). Teff flour is used to make traditional Ethiopian flatbread called injera,
which is a staple in Ethiopian cuisine. The production and value addition of teff-based products can
create employment opportunities and contribute to the country's economy. In terms of water
efficiency, teff has the potential to contribute to water conservation in agriculture. Egypt faces water
scarcity and low water use efficiency in the agricultural sector (EI-Shirbeny et al., 2014). Teff is known
for its relatively low water requirements compared to other cereal crops (El-Shirbeny et al., 2014). By
promoting the cultivation of teff, Egypt can improve water use efficiency and reduce the pressure on
water resources in agriculture.

VI Millet

Millet is a type of grain that has been consumed by humans for thousands of years. It has been
an important staple food in many cultures, particularly in Asia and Africa. Millet is known for its
nutritional value, as it is rich in fiber, protein, vitamins, and minerals (John & Babu, 2021). There are
several different types of millet, including proso millet, foxtail millet, and pearl millet, each with its
own unique characteristics and uses. One of the key aspects of millet is its dietary diversity and
consumption of significant C4 resources, such as millets (Wang et al., 2017). Millet consumption has
been found to provide direct evidence of unique dietary diversity, as indicated by the large range of
013C values (Wang et al., 2017). This diversity in millet consumption is important for understanding
the dietary habits and cultural practices of ancient populations. Cooking methods can have an impact
on the nutritional composition and digestibility of millet. For example, heating has been found to
reduce the digestibility of proso millet proteins (Gulati et al., 2017). This reduction in digestibility is
attributed to the formation of hydrophobic aggregates during the cooking process (Gulati et al., 2017).
Similarly, the digestibility of protein in proso millet flour is significantly lower compared to
unprocessed flour, even after cooking with reducing agents (Gulati et al., 2017). These findings
highlight the importance of considering cooking methods when assessing the nutritional value of
millet. addition to its nutritional value, millet has also been studied for its potential health benefits.
Research has shown that protein isolates from both raw and cooked foxtail millet can attenuate the
development of type 2 diabetes in diabetic mice (Fu et al., 2021). The protein isolate from cooked
foxtail millet has been found to improve glucose intolerance and insulin resistance, as well as alleviate
lipid disorders (Fu et al., 2021). These findings suggest that millet protein isolates may have potential
as a dietary intervention for managing type 2 diabetes. Furthermore, millet has been found to have
antioxidant activity. The phenolic contents of cookies containing millet flour were found to be higher
compared to cookies prepared from plain wheat flour (Hussain et al., 2019). The antioxidant activity
of millet can be influenced by different processing methods, such as cooking and steaming (Zhang et
al., 2017). However, the antioxidant activity measured by different assays may not be consistent with
each other (Zhang et al., 2017). This indicates that the antioxidant activity of millet is complex and
may vary depending on the specific method of analysis. The cooking process can also affect the
morphological and physicochemical properties of millet grains. Waxy and non-waxy proso millet
grains have been found to undergo gelatinization during cooking, with non-waxy grains being more
resistant to cooking (Yang et al., 2019). Changes in the morphological and physicochemical properties
of proso millet grains during cooking have been rarely reported, highlighting the need for further
research in this area (Yang et al., 2019). Millet cultivation is an important agricultural practice in many
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regions, particularly in sub-Saharan Africa and the arid and semi-arid tropics of Asia (Jukanti et al.,
2016). In Niger, pearl millet is a staple crop that covers more than 65% of the total cultivated area
(Mariac et al., 2006). Pearl millet is primarily cultivated for grain production, but its stover is also
valued as dry fodder (Jukanti et al., 2016). It is known for its resilience to climate change, as it is
adaptable to drought and high temperatures (Jukanti et al., 2016). Millets, including pearl millet, have
been cultivated as a food and feed crop for a long time due to their nutritional value and other merits
(Matsuura et al., 2016). Genetic diversity is an important aspect of millet cultivation. Studies have
shown that wild pearl millet accessions have higher genetic diversity compared to cultivated
accessions (Mariac et al., 2006). However, there is evidence of introgressions between cultivated and
wild accessions, indicating some level of gene flow between the two groups (Mariac et al., 2006).
Understanding the genetic diversity and dynamics of pearl millet is crucial for germplasm
conservation and breeding programs (Mariac et al., 2006). Millet cultivation practices vary depending
on the region and purpose. In West Africa, pearl millet is often cultivated as a monocrop, but it can
also be intercropped with legumes such as cowpea, groundnut, and grain sorghum (Jukanti et al.,
2016). In India, pearl millet is grown as an irrigated summer crop, resulting in higher yields and
better-quality grain (Jukanti et al., 2016). Recommended production practices for pearl millet include
stand establishment, row spacing, plant population, fertilization, and pest management (Assis et al.,
2017). The use of pearl millet as a cover crop between soybean or maize production is also
recommended to reduce crop losses from nematodes (Assis et al., 2017). Millet cultivation has several
advantages. It has fewer pests and disease problems compared to other cereals and is suited to
different cropping systems (Jukanti et al., 2016). Millets are also known for their climate resilience
and ability to grow in marginal soils (Grovermann et al., 2018). They are highly responsive to
improved crop management practices, which can lead to increased yields and better-quality grain
(Jukanti et al., 2016). Millets, including pearl millet, are considered important sources of food security,
nutrition, and health in regions with arid and semi-arid climates (Jukanti et al., 2016).

Millet presents several opportunities for Egypt's agriculture and food security. The cultivation
and utilization of millet can contribute to addressing food security challenges and improving
nutrition in the country. Millet is a versatile crop with various benefits that make it suitable for
Egypt's agricultural landscape. One of the key advantages of millet is its ability to tolerate drought
and heat stress Deng et al. (2017). This is particularly relevant for Egypt, where water scarcity and
high temperatures are significant challenges in many agricultural areas. Millet has evolved
mechanisms to cope with these adverse conditions, making it a valuable crop for agricultural use in
arid and semiarid regions. Its ability to produce reasonable yields under limited water availability
can contribute to increased agricultural productivity and food security. Additionally, millet is a
highly nutritious crop, rich in carbohydrates, dietary fiber, and essential minerals (Fu et al., 2010). It
is also gluten-free, making it suitable for individuals with celiac disease or gluten intolerance. Millet
can be used as a staple food, animal feed, or processed into various food products such as flour,
porridge, and snacks. Incorporating millet into the diet can help diversify food sources, improve
nutrition, and contribute to food security. Furthermore, millet has economic opportunities. It can be
used as a forage crop for livestock feed, providing an alternative to other feed sources (Wilkinson et
al., 2011). Millet is adapted to a variety of soil types and can tolerate soil salinity, making it suitable
for cultivation in different regions of Egypt (Wilkinson et al., 2011). It can also be grown in rotation
with other crops, contributing to soil fertility and sustainable agricultural practices. The production
and value addition of millet-based products can create employment opportunities and contribute to
the country's economy. In terms of climate change resilience, millet has the potential to withstand the
impacts of climate change, such as increased temperature and water scarcity (Wilkinson et al., 2011).
Its ability to produce reasonable yields under adverse conditions can help mitigate the negative
effects of climate change on agricultural productivity and food security.

Conclusion:

Egypt is characterized by its unique geography, with a narrow strip of green along the Nile River
surrounded by vast deserts. The agricultural sector plays a crucial role in the country's economy but
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faces challenges such as water stress and pressure on resources. The landscape has changed over time
due to climate change and human activities, leading to the extinction of certain species.
Desertification is also a significant issue in certain parts of Egypt. However, the current situation of
agriculture in Egypt presents both challenges and opportunities. Soil degradation, urban expansion,
and limited arable land are among the challenges that need to be addressed. However, the use of
remote sensing and GIS modeling, as well as the potential for biotech product commercialization,
offer opportunities for sustainable agricultural development in Egypt. However, the situation of
wheat and other grain crops in Egypt is characterized by a significant gap between production and
demand, leading to heavy reliance on imports. Population growth, competition for water resources,
and the impact of climate change pose challenges to achieving self-sufficiency in wheat. However,
the use of crop simulation models, research on water management and weed control, and the
exploration of innovative agricultural practices offer opportunities to address these challenges and
enhance wheat production in Egypt. On the other hand, nontraditional crops have the potential to
play a significant role in closing the food gap in Egypt. By focusing on sustainable agricultural
intensification, promoting the cultivation of nontraditional crops, and enhancing agricultural trade,
Egypt can increase its food production and achieve greater food security. However, the cultivation
of pseudo cereals, such as quinoa, amaranth, and buckwheat, presents an opportunity for Egypt's
agricultural sector. These crops offer high nutritional value, can be grown in marginal lands, and
contribute to food security and dietary diversity. Further research and promotion of pseudo cereals
cultivation can enhance the agricultural landscape and improve the nutritional status of the
population. However, nontraditional crops have been studied and explored in Egypt's agricultural
sector. These crops, such as date palms and crops suitable for export, have the potential to contribute
to closing the food gap in the country. Factors such as land suitability, agricultural integration, and
the adoption of sustainable practices, including organic agriculture, are important considerations in
promoting the cultivation of nontraditional crops. However, the pseudo cereals crops have the
potential to contribute to addressing the nutrition gap in Egypt. By incorporating these crops into the
diet and promoting nutritional education, individuals can obtain a more balanced and nutritious food
source. Further research and promotion of pseudo cereals cultivation and consumption can help
improve the nutritional status of the population and bridge the nutrition gap in Egypt. Also, it
presents significant opportunities to address current health challenges in Egypt. Their exceptional
nutritional value, including high protein content, essential amino acids, and micronutrients, can help
combat malnutrition and address deficiencies in iron and other essential nutrients. Additionally, the
low glycemic index and potential for weight management make pseudocereals valuable in
addressing the rising prevalence of NCDs. Promoting the cultivation and consumption of
pseudocereals can contribute to sustainable agriculture and environmental conservation in Egypt.
However, Pseudo cereals such as amaranth, buckwheat, quinoa, sorghum, and teff are commonly
used in nutrition due to their nutritional value and health benefits. These crops are gluten-free and
provide protein, dietary fiber, vitamins, and minerals. They can be incorporated into various food
products to enhance their nutritional value and are considered safe for individuals with celiac disease
or gluten intolerance. The consumption of pseudo cereals, along with whole grains, is recommended
for a balanced and healthy diet. Buckwheat presents significant opportunities for Egypt's agriculture
and food security. Its tolerance to soil salinity, short growing season, nutritional value, and economic
potential make it a promising crop. By promoting the cultivation and utilization of buckwheat, Egypt
can enhance food security, improve nutrition, and contribute to sustainable agricultural practices.
Quinoa has the potential to contribute to closing the food gap in Egypt. Its adaptability to different
environmental conditions, high nutritional values, and resistance to abiotic stresses make it a
promising nontraditional crop. Sorghum presents significant opportunities for Egypt's agriculture
and food security. Its tolerance to drought and heat stress, nutritional value, adaptability to different
soil types, and economic potential make it a promising crop. By promoting the cultivation and
utilization of sorghum, Egypt can enhance food security, improve nutrition, and contribute to
sustainable agricultural practices. Teff presents significant opportunities for Egypt's agriculture and
food security. Its environmental flexibility, nutritional value, economic potential, and water efficiency
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make it a promising crop. By promoting the cultivation and utilization of teff, Egypt can enhance
food security, improve nutrition, and contribute to sustainable agricultural practices. Millet presents
significant opportunities for Egypt's agriculture and food security. Its tolerance to drought and heat
stress, nutritional value, economic potential, and climate change resilience make it a promising crop.
By promoting the cultivation and utilization of millet, Egypt can enhance food security, improve
nutrition, and contribute to sustainable agricultural practices. Millet presents significant
opportunities for Egypt's agriculture and food security. Its tolerance to drought and heat stress,
nutritional value, economic potential, and climate change resilience make it a promising crop. By
promoting the cultivation and utilization of millet, Egypt can enhance food security, improve
nutrition, and contribute to sustainable agricultural practices.
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