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  ) وم��ل�اتها Prunus dulcisن��ة شاملة على أص�اف الل�ز (

  وال##ارسات ال���ان�ة

  

٢٬١عائ�ة ع��الله الغام��
١راش� م�اع� ال����ي ،

  

  ق�� عل�م الأح�اء، �ل�ة العل�م، جامعة الل� ع	� الع���١

��اة ، جامعة ال	احة ٢  ق�� عل�م الأح�اء، �ل�ة العل�م والآداب �ال

  

على  افي دول ال��� الأب�� ال���س� وتق��� زراع�ه ) Prunus dulcis( ت��اج أش
ار الل�ز . م���ل�

ال�5ا89 ذات م5اخ ال��� الأب�� ال���س�. الل�ز هي أح أن�اع ال
�ز/ات، ال�ي تع�ف *أنها وج�ة خف�فة ص��ة 
وم�ر ج� لل��وت�F وال�D�Eه�رات واله�ن ومBادات الأك@ة. ت���< ب=ور الل�ز على م�;�ات الفلاف�ن�/ات 

، ال�/��فلاف�F ،الأح�اض الأم��5ة ،ال�عادن الأساس�ة ، ال�5غJ�5، ال�غ�5@��م ،ال5�اس والف�سف�ر.  F E، ف��ام�
 Fزراعة أص5اف غ�� م��افقة ذاتً�ا، م ث الإزهار ع5ما ی�Q اس��فاء م�Oل�ات ال��ودة وال��ارة *الEامل. ع5�U

���< الU أن F@��@U Vح،  ح���على الأقل مF ال�لق�ات  %٣٠�@�ان على ال�هQ ت�ز/ع ال�لق�ات *XYل ص
ل�Bان ال�لق�ح الأم`ل. ب5اءً على خ�ائ^ الق�Yة ی�Q ت��5ف الل�ز إلى أص5اف ذات ق�Yة ناع�ة وصل�ة. ;�ا 
م في *@ات�F الل�ز *XYل ;��� a�@ل� وال��. ت�أث� ;��ة ال��اه ال�ي ت�ی�Q ت��5ف الل�ز أBUا إلى فF��d، ال

�Dة ودرجة ال��ارة وال�قh مF ال��م. Uع��� ال�@�� أمً�ا *الغ الأه��ة لل��Oر ال@ل�Q لل�ز *الOقf *�ا في ذلe ال�9
والإث�ار ال�Qj�5 وال����ل عالي ال
�دة. ولق أتاحh �9ق إك`ار الل�ز مF خلال ال�Oع�Q ت�@�F اخ��ار الOع�م 

مة في ال�a�@ة ال�
k أن ت���ع الأص�ل ال
یU إك`ارها. ;�ا Qة ال�الال�ي س��Dال�فات ال��غ�* Qع�O ل���ة: ت
 eق�8 و;=لام العقل الYa��ة و/أو ال�Eاث� الaاث� *اس�Eة الفق��ة؛ سه�لة ال�Dال�� Fة و/أو غ��ها م/��
ال��Dة ال
 Vة. ح�ت��عها ب��5 ق�<. أص��h ز/ادة ال���ل لل��Dة ال`ق�لة وال�Y�عة *ال�اء هفًا مهً�ا للأص5اف اله
F ال
ی

ع�ف على م�ا یrد< إلى ال� ،الإك`ار الa� >�Baاب ال�Oز ال
��5ة ال
یة ال���Eفة م�ل�اً وpك`ارها *�Oق ی�Q ان
دة. *الإضافة إلى ذلe، فق تQ إج�اء العی مF الراسات ال
�d/Jة �مdات الأص5اف وpك`ارها في م5ا89 إن�اج م
 Fاءً مال�ي ت@هل نقل تلe ال�فات ال��غ�Dة. وXYDل عام، فإن ه=ه ال�قالة ت�;J على ;�ف�ة إدارة ال�ق�ل اب�

 .بهف ال�ص�ل إلى م���ل ل�ز  *
�دة و;��ة عال�ةاخ��ار الأص5اف وح�ى ال��اد 
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potential for diverse genomic and epigenetic 
interactions.. Clonal propagation enables the 
preservation of rare and superior genotypes 
for future plantings and genetic improvement 
through bud sport transformations or 
favourable recombinations. Molecular 
markers can provide a quick, precise, and 
environment-independent way to evaluate 
seedlings, which offers valuable 
opportunities for increasing selection 
efficiency. The selection of trees with desired 
traits is easier through molecular markers. 
This is especially useful for crops like 
almond, which have a long juvenile period 
and for evaluating traits that are difficult to 
measure, such as biotic or abiotic stress 
resistance. Marker-assisted selection can cut 
the number of generations required to remove 
undesirable donor genes dramatically in 
backcrossing programs once enough 
mapping information is available (Gradziel & 
Martínez-Gómez 2013). 

14. Conclusion : 
Several previous researchers have elucidated 
the almond characteristics, growth habits, 
production, nutritional and economic 
importance of almonds and their role in 
improving health. Previous research has 
indicated that the farming methods used in 
almond cultivation impact the quality of the 
crops. Molecular studies and their different 
approaches have also been said to help and 
make it easier to transfer traits that were 
found to be desirable through breeding 
programmes.  
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have been used for various purposes, such as 
analyzing variability, determining pedigrees, 
and identifying cultivars (Wünsch & 
Hormaza 2002, Martínez-Gómez et al  
2003b, Sánchez-Pérez et al 2004a). Some 
markers, such as isozymes, restriction 
fragment length polymorphisms (RFLPs), 
and simple sequence repeats (SSRs), allow 
for the comparison of variability among 
homologous regions of the same or different 
species derived from specific genome 
sequences (Martínez-gómez et al  2007). 

In almond studies, the essential molecular 
markers utilized are isozymes, restriction 
fragment length polymorphisms (RFLPs), 
randomly amplified polymorphic DNAs 
(RAPDs), simple sequence repeats (SSRs), 
and markers derived from distinct DNA 
sequences (Martínez-gómez et al 2007, Jain 
& Priyadarshan 2009). 

Through the study of isozymes, researchers 
have discovered that almond plants have vast 
amounts of diversity, thus, The identification 
of most genotypes has been made possible 
through this process. In 1990, Byrne 
conducted a study to compare the variability 
of isozymes in Prunus. The study showed that 
almond and Japanese plum, which have a 
solid self-incompatibility system, exhibited 
higher variability than apricot and peach, 
which have different degrees of self-
compatibility. The use of isozymes is 
restricted as conventional enzyme staining 
methods can only analyze a limited number 
of loci. Additionally, there is low variation at 
most loci, as observed by Martínez-Gómez et 
al  2007, Jain & Priyadarshan  2009. 

PCR-based markers have expanded prospects 
for diversity studies and trait mapping by 
substituting isotope detection with widely 
available amplification of PCR. The RAPD 
method amplifies random locations in the 
genomic DNA using short arbitrary primers, 
resulting in dominant markers with variable 

repeatability (Of et al 2011). Additionally, 
PCR amplification of arbitrary primers for 
RAPDs is a valuable method for 
characterizing germplasm diversity 
(Bartolozzi et al 1998, Martins et al  2003). 
 
Another essential point Microsatellite 
markers, also known as SSR markers, based 
on PCR, are ideal for genetic studies in 
plants. as a result of their highly polymorphic 
and abundant, and allow for assessing 
variability and genetic correlations (Gupta et 
al 1996, Powell et al 1996, Martínez-Gómez 
et al 2003a, Jain & Priyadarshan 2009). They 
are used to identify cultivars (Martínez-
Gómez et al 2003b, Martins et al 2003), and 
to create maps (Dirlewanger et al 2004). 

In different Prunus species, SSR markers 
encompassing nearly the complete genome 
have been obtained, including peach, apricot, 
Japanese plum, cherry, and almond  (Cipriani 
et al 1999, Downey & Iezzoni 2000, Sosinski 
et al 2000, Testolin et al 2000, Cantini et al 
2001, Dirlewanger et al 2002, Georgi et al 
2002, Wang et al 2002, Yamamoto et al 2002, 
Aranzana et al 2002, 2003, Clarke & Tobutt 
2003, Decroocq et al 2003, Schueler et al 
2003, Hagen et al 2004, Messina et al 2004, 
Mnejja et al 2004). 

Recently, Testolin et al (2004) published the 
initial group of almond SSRs, which have 
been effectively employed for the 
identification and characterization of almond 
cultivars (Martínez-Gómez et al 2003a, 
Testolin et al 2004) and related Prunus 
species (Martínez-Gómez et al  2003c). 

13.  Future progress:  

The challenge in breeding cultivars for 
commercial success lies in optimizing 
numerous essential traits. Selection of 
exceptional almond cultivars has been 
ongoing for hundreds to thousands of years in 
quest of uncommon individuals with great 
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Encouraging and exploring conventional 
breeding and biotechnological approaches 
for developing almond cultivars resistant to 
graft-transmissible pathogens can prevent 
diseases in the future (Palacio-Bielsa et al 
2017). 
Detecting and diagnosing viruses in almonds, 
viroids, and phytoplasmas has traditionally 
relied on biological assays for decades. ‘GF 
305’ or ‘Nemaguard’ peach seedlings can be 
inoculated through chip budding grafts, or the 
cherry indicator 'Shirofugen' which is quite 
sensitive. can be used for the genus Ilarvirus 
(Desvignes 1999,  Marcone et al 2011). 
In Europe's Mediterranean region, the 
Aglaope infausta L., also known as the 
almond-tree leaf skeletonizer, is a moth from 
the Zygaenidae family that can cause 
significant damage to almond trees. When it 
feeds on the foliage and young fruit, it 
becomes a major pest, resulting in extensive 
losses of fruit and foliage during the earliest 
part of the season (Meliá & Almajano 1972).  

In California orchards, pests such as leaf-
footed plant bugs (belonging to the Coreidae 
family) and stink bugs (belonging to the 
Pentatomidae family) can cause significant 
economic damage by feeding on developing 
almonds before the shells harden. The leaf-
footed plant bugs that are commonly found in 
this region include Leptoglossus clypealis 
Heidenmann, Leptoglossus occidentalis 
Heidenmann, and Leptoglossus zonatus 
(Dallas), as reported by (Zalom et al 2015). 

Various types of mites belong to different 
Acari families, which are known to be 
harmful to almond crops. Tetranychus web-
spinning spider mites are the most destructive 
globally, but the significance of each 
Tetranychus species varies depending on the 
location, as pointed out by (Marsh et al 2002). 

Burrowing rodents, such as ground 
squirrels, pocket gophers, voles, and 
various rat and mouse species, are among 

the most destructive vertebrates. In 
addition, the harm caused by birds can be 
linked to the environment they inhabit and 
whether it provides them with nesting areas, 
places to rest, or a sufficient food supply. 
This damage can begin when the almonds 
are still in their infancy and persist until 
harvest time, as noted by the University of 
California Statewide IPM Project in 2002. 
In general, solutions to bird-related issues 
are not specific to one species and often 
involve methods of scaring them away. As 
a result, birds that harm almond crops are 
addressed as a collective group rather than 
individually. Additionally, shooting and 
trapping are less commonly used methods 
that have also been discussed (Zalom et al 
2017). 

12. Almond molecular studies  

In the past, almond cultivars were identified 
and characterized based on their physical 
traits. However, this method had limitations 
as it was not always possible to analyze these 
traits, which may be affected by 
environmental changes. Additionally, 
physical traits could only be observed in 
mature samples, which prolonged the 
analysis process. Fortunately, molecular 
markers have provided a solution to these 
issues (Martínez-gómez et al  2007). 

Molecular markers are specific variations in 
a particular region of DNA that exhibit 
Mendelian inheritance. Markers can be genes 
or sections of the genome that have no known 
function. DNA-based markers are rapid, 
accurate, discriminative, stable, and allow for 
early trait selection. Crucial for breeding 
programs, early selection helps identify 
specific traits linked to markers. Almonds use 
markers to identify cultivars and genetic 
variations (Of et al 2011).  

They offer a steady, rapid, accurate, and 
highly discriminative test in varying 
environmental conditions. These markers 
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and pests can significantly reduce production 
costs. The most prevalent severe diseases that 
affect almond foliage are shot holes caused 
by Stigmina carpophila (also known as 
Coryneum beijerinkii), travelure 
(Fusicladium amygdali), polystigma (P. 

ochraceum), fusiccocum (Fusicocum 

amygdali), and anthracnose (Gloeosporium 
amygdalinum and Colletotrichum acutatum) 
(Gradziel & Martínez-Gómez 2013). 

Blossom and twig blight, a fungal disease 
that limits crops worldwide, as a result of 
Monilinia laxa and Monilinia cinerea. These 
fungi pose a threat to flowers, particularly 
during rainy bloom seasons. Botrytis cinerea 
can also be an issue in the same conditions 
(Özdemir et al 2021). 

Infections of the kernel by the aflatoxin-
producing Aspergillus flavus are a serious 
issue. In particular, this applies to areas that 
experience frequent insect damage. (Gradziel 
& Kester 1994, Gradziel & Wang 1994,  
Gradziel et al 2000, Dicenta et al 2003). 
Although fungicides have been successful in 
disease control, it is crucial to consider 
natural resistance due to the ongoing loss of 
agrochemicals (Martínez-García et al 2004). 

When nuts are harvested in California, the 
peach tree borer (Anarsia lineata) and navel 
orangeworm (Paramyelois transitella) can 
seriously harm the nuts (Rice et al 1996). 
According to Gradziel & Martinez-Gomez 
(2002), this issue is caused by the 
susceptibility to delicate, paper-shelled, and 
inadequately sealed sutures that are typical of 
California cultivars, including "Nonpareil," 
"Ne Plus Ultra," "Winters," and "Merced." 
Integrated pest management, particularly 
orchard cleanliness, can achieve partial 
control (IPM Manual Group of University of 
California at Davis 1985). Some cultivars, 
including "Carmel," "Mission," and "Butte," 
have been shown to exhibit resistance 
through better-sealed shells (Hamby et al 

2011). Because of the significant cultivars' 
distinctively thick, complex, and well-sealed 
shells, this issue is not severe in the 
Mediterranean region. 

The Pacific spider mite (Tetranychus 

pacificus), the two-spotted spider mite (T. 

urticae), the European red mite 
(Panonycusulmi), and the brown almond 
mite (Bryobia rubriculus) In certain areas, 
production can be negatively affected by 
various factors, which may have a significant 
impact, especially in situations when there is 
of high moisture stress. Variable cultivars 
have varied susceptibilities (Gradziel & 
Martínez-Gómez  2013). 

Almond graft-transmissible pathogens, such 
as viruses, viroids, and phytoplasmas, are 
responsible for spreading diseases globally 
and regionally. Some of these diseases, 
especially those caused by multiple 
infections, can have a significant economic 
impact when they reduce almond production 
or cause almond trees to decline.in addition, 
The long-distance exchange of infected plant 
material is the main reason for pathogen 
distribution in the almond industry. 
Depending on the cultivar's susceptibility, the 
strain of the pathogen, and environmental 
factors, the yield of common single graft-
transmissible infections can be reduced by 
10% to 25%. As a result, if these pathogens 
are prevalent in the crop, economic losses 
cannot be ignored. Insects, nematodes, and 
other vectors naturally disseminate some 
infections. Thus, the use of unnoticed 
infected trees in nurseries for grafting or 
propagation considerably helps their spread 
(Palacio-Bielsa et al 2017). 

Currently, many nurseries routinely use in 
vitro propagation and appropriate cultivation 
in glasshouse or screen house facilities to 
reduce infection risks. Thermotherapy, 
meristem tip culture, and micro-shoot-tip 
grafting have been used for sanitation. 



82                                                                 Aisha A. Alghamdi, Rashed M. Alsabehi 

 

dry and dehiscent, with minimal nut fall 
before maturity, to ensure maximum 
efficiency of harvesting machines (Carbó & 
Connell 2017). The harvesting process 
involves using machines to shake, sweep, 
collect nuts, and transport them to a 
processing location. To ensure that no nuts 
are left behind during harvest, a small amount 
of manual raking is necessary. The harvest 
costs associated with in-field operations 
account for 18% of the total direct production 
expenses (Connell et al  2012).  

The ideal method for harvesting involves 
shaking the tree with a precise oscillation and 
frequency balance that prevents harm to the 
trunk, branches, leaves, and root system to a 
lesser extent. Trunk shakers have prompted 
the development of better nut collection 
systems, The nut removal rate typically 
ranges from 85% to 95%, depending on the 
orchard and how the harvest is managed. 
Mesh and inverted umbrellas have been 
improved to collect more nuts. An efficient 
way to harvest nuts in the Mediterranean 
region is by using a trunk shaker with an 
attached inverted umbrella (Carbó & Connell 
2017). 

The mechanized gathering of nuts 
significantly lowers the requirement for 
manual labour and reduces costs. 
Advancements in agronomics, such as 
cultivating varieties for mechanical 
harvesting, trimming for vibration 
transmission, and increasing production, will 
make almond farming more profitable (Carbó 
& Connell 2017). 

It is common for hailstorms to cause almonds 
to drop earlier than expected before they are 
harvested. This condition allows for an 
evaluation of the performance and feasibility 
of the mechanised collection operation 
during the harvesting process. A horizontal 
cylindrical cage consisting of equally spaced 
steel rods (2.87 m x 0.30 m) was used for 

hulling. The hulling machine consisted of a 
spinning shaft with moulded steel rods that 
separated the hull from the grain (Pascuzzi 
2017). 

During the growth cycle of almonds, 
harvesting is the most labour-intensive stage. 
Even today, it is often done manually by 
knocking the nuts out of the tree with long 
sticks during hull dehiscence and then 
collecting them in nets that are spread out on 
the ground. It is worth noting that an average 
of 13-17% of the total commercial value of 
the almond crop is attributable to the harvest 
alone (Schiril 2005). Traditionally, hulling 
and drying are done away from the farm. The 
usage of trunk shakers in olive harvesting, on 
the other hand, shows that they can also be 
employed for almonds (Manetto & Cerruto 
2013, Vivaldi et al 2015). The use of trunk 
shakers increases productivity, and self-
propelled shakers with a reversed-umbrella 
interceptor further improve it (Manetto et al 
2017,Bianchi et al 2013).This solution seems 
most effective for managing almond 
orchards. The work chain consists of only 
two or three units, which reduces costs by 
20% (Clodoveo et al 2014, Cecchini et al  
2011). 
Almonds bloom in February, mature into 
July, and can be harvested as late as 
October, depending on the variety, with the 
trees dormant from November to January 
(UCANR 1996). Almonds are harvested by 
shaking the trees, sweeping the fallen nuts 
into windrows, and collecting them from the 
orchard floor. Weeds on the orchard ground 
can interfere with equipment and reduce 
harvest efficiency. Therefore, many growers 
use intensive herbicide programs to keep the 
ground bare prior to harvest. (Connell et al 
2001, UCANR 2002). 

11.6 Pests and diseases   

Genetic improvements in scions and 
rootstocks that increase resistance to diseases 
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(Stojanova 2018). Foliar nutrition and soil 
positively impact almond growth, ultimately 
improving production quality and quantity 
(Stojanova et al 2022) 
In any cultivation system, the plant’s nutrient 
availability is affected by the type and 
quantity of fertilizer applied, timing of 
application, and solubility in water (Lester 
2007). Furthermore, agricultural irrigation 
has a considerable impact on plant 
productivity, last structure, and physical 
attributes of the fruit (Valverde et al 2006). 
Organic fertilizer has enormous potential due 
to its versatility and advantages in business, 
environment, and society. Among many 
other advantages, it helps to improve lives, 
food safety, resilience to climate change, 
raise yields, lower financial risks, open up 
new markets, improve the environment and 
health, and stop desertification (Terdoo & 
Adekola 2014, Diallo et al 2020). Although 
organic farming has the potential to improve 
soil, ecological, and human wellness and also 
increase the farmers' revenue, farmers' 
adoption of organic fertiliser has been 
gradual due to a lack of information about 
organic farming(Farouque & Sarker 2018).  

The current low agricultural productivity is 
mainly due to poor soil fertility, as well as 
other factors such as inadequate input supply, 
low-quality seeds, lack of knowledge and 
techniques, inefficient management, labor 
shortage, and insufficient infrastructure 
(Neuhoff et al 2014). 

The effectiveness of organic fertilizer in crop 
growth is influenced by several factors, 
including the level of awareness among 
farmers about the environmental benefits of 
using organic fertilizer and their knowledge 
of its application(Thapa & Rattanasuteerakul 
2011). Farmers need to understand the 
importance of improving soil quality and 
utilizing organic fertilizers for sustainable 
agriculture(Dhar et al 2018). According to 
Sodjinou et al (2015), the use of organic 

fertilizer requires frequent communication 
between farmers and extension 
officers/agents because of its knowledge-
intensive nature. For farmers to be educated 
on the technical aspects of organic farming, a 
functional extension system is critical. This 
system would also help in distributing 
information and open discussion forums 
(Suvedi et al 2017). 

11.5. Harvesting 

In traditional Mediterranean almond 
cultivation, manual harvesting accounts for 
30-35% of direct production costs. Due to the 
increasing difficulty in finding part-time 
seasonal workers, this operation has become 
more challenging. The percentage of 
conventional orchards that remain 
unharvested is on the rise due to a shortage of 
labour, low productivity, and physical 
difficulties such as unevenly grown trees and 
difficult terrain. The use of harvest 
mechanisation provides numerous 
advantages for orchard management, 
including a safer working environment for 
employees, reduced labour requirements and 
production costs, and the production of  high-
quality fruit. To achieve the desired results, it 
is essential to operate the various harvesting 
machines, and It is vital to control harvesting 
costs for profitability and meet future 
demands in all countries that produce 
almonds (Carbó & Connell 2017). 

Almond harvesting usually starts in mid-July 
for early-ripening varieties and lasts until 
mid-October for later-ripening ones. The 
majority of almonds are sold as dry fruits, as 
they need to fully ripen before being 
harvested. Green almonds are commercially 
available only in France and North Africa 
during May and June (Carbó & Connell 
2017). 

In the Mediterranean region, almonds should 
be harvested when their hulls are relatively 
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systems, often result in higher irrigation 
efficiency because of faster water movement 
from the field's beginning to its end. 
Sprinklers, drips, and micro-sprinklers are 
examples of pressurized systems that 
distribute water according to design 
characteristics such as the type and size of the 
nozzle, riser height, and operating pressure. 
Pressurized systems require more 
maintenance and filtration than surface-based 
systems. However, water is distributed via 
pressurized systems such as sprinklers, 
drippers, and micro-sprinklers based on 
several design considerations such as nozzle 
size and type, riser height, and operational 
pressure. Compared with surface-based 
systems, pressurized systems require more 
maintenance and filtration (Doll 2017). 
After the sprouting, plants experience a 
period of rapid growth. The objective of this 
phase is to develop shoots and leaves to 
carbohydrate reserves for future yields and 
establish fruiting positions. Water 
requirements are low at first, but increase as 
the canopy grows. Water requirements for 
trees begin low and gradually increase as the 
leaves expand and the canopy grows. During 
cooler temperatures, shorter days, and higher 
humidity, trees need less water and can rely 
on stored soil water from winter rains. This 
typically results in relatively stress-free 
growth until full leaf expansion around 4-5 
weeks after bloom (Doll & Shackel  2015). 
Micro-irrigation systems minimize water 
losses due to evaporation and apply water 
frequently in smaller amounts. Proper 
maintenance is necessary for the distribution 
of water. Soil intake rates should not be 
exceeded (Schwankl et al 2007). Reducing 
water applications in flood or furrow 
irrigation systems is difficult because they 
require a minimum amount of water to move 
across the field. The only option is to increase 
the interval between irrigation (Doll 2017). 

Irrigation timing should consider the impact 
of rising temperatures and wind speeds on 

evaporative losses. Thus, it is recommended 
to start irrigation in the evening and finish in 
the late morning to minimize evaporative 
losses (Doll 2017). The optimal run time for 
micro-sprinkler systems should be at least 6 
hours to minimize water loss due to 
evaporation, but not exceed the soil intake 
rates or water-holding capacity (Doll 2017). 
Drip systems require less run time because of 
the reduced wetted area (Doll 2017). 

11.4. Fertilization 

In the fruit industry, it is crucial to maintain a 
balanced ratio of micronutrients and 
macronutrients for the reproductive and 
vegetative development of fruit plants 
(Datnoff et al  2007). Furthermore, the fruit 
yield and quality are influenced by the 
biological characteristics of the variety, 
appropriate soil and climatic conditions, and 
controlled plant nutrition (Dzamič & 
Stevanović 2000, Glintic & Krstic 1990). 
 
Nutrition is essential for the proper growth 
and development of almonds, including 
healthy flowering, fruiting, and high-quality 
yield.This is achieved by replenishing the 
essential elements in the soil (Mengel et 
al  2001). However, determining the proper 
doses, types, time, and method of fertilizer 
application depends on the soil’s nutrient 
content. Frequently, soil application does not 
yield the expected results due to physical 
properties or dryness (Saric et al 1986; 

Šaciragic and Jekic1988). Foliar feeding or 
applying fertilizers through the leaf is 
therefore crucial for the successful 
production of almonds. Foliar fertilisation is 
a method that allows for prompt correction of 
acute nutrient deficiencies. Both macro and 
micro components are present in foliar 
fertilizers (Kostadinov & Kostadinova 2014, 
Stojanova 2017, Stojanova 2018, Stojanova 
2020). The advantage of foliar fertilizing is 
its rapid effects and ability to be performed 
multiple times during vegetation growth 
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shoots while pruning one major branch or 
shoot. Remove the terminus of an existing 
branch to make a heading cut. This triggers 
the growth of multiple buds just below the 
cut, resulting in a dense and robust area of 
new branches (Arquero & Jarvis-Shean 
2017). 
Various tools can be used. Pole saws and 
long-handled loppers are the most commonly 
used tools for cutting almond limbs. They 
come in manual, electric, or air-powered 
varieties. Handsaws and chainsaws are also 
frequently used, with both air-powered and 
mechanical options and electric and 
combustion engine models available. These 
tools are designed to fit different sizes of 
almond limbs and cutting points, so they are 
suitable for various cutting needs. Choosing 
the appropriate equipment is crucial based on 
the size of the orchard (Arquero & Jarvis-
Shean 2017). It is important to use clean and 
sharp equipment while ensuring that they do 
not touch the ground. (Arquero &Jarvis-
Shean 2017). 

11.3. irrigation 

Almond trees in the Mediterranean region 
have been traditionally grown without 
irrigation (Espadafor et al 2017, Oliveira et al 
2018). Because of the higher output, the 
setting up of irrigation systems in freshly 
planted orchards has raised water demand in 
these areas. (Romero & Botía 2006, Durán-
Zuazo et al 2020). Assessing the water 
requirements of crops and their efficiency in 
water usage is becoming more crucial, 
particularly in regions with scarce water 
availability, such as the Mediterranean Basin 
(Navarro et al., 2009). As a result, sustainable 
irrigation methods have been introduced in 
some Mediterranean regions. (Egea et al 
2010). Selecting plant materials such 
as rootstock and scion genotypes with less 
water needs or enhanced water use efficiency 
(WUE) is critical for water-lacking areas' 
sustainable agriculture.   (Álvarez et al 2019). 
It is crucial to understand the water 

requirements of each cultivar to choose the 
appropriate plant material and prevent 
underestimating irrigation needs. This can 
lead to increased costs, water waste, and 
negative environmental impact, particularly 
in water-scarce regions such as the 
Mediterranean Basin, where some crops may 
not receive sufficient water (García-Tejero et 
al  2015, Álvarez et al 2023). 
Although almond trees have a high tolerance 
to water stress, irrigation is generally 
considered essential to improve crop 
performance. Effective irrigation is the most 
critical factor impacting almond yield and 
quality among agricultural practices. (Lipan 
et al 2018). Egea et al (2013), García Tejero 
et al (2018a) also support this claim. 
According to research, trees in California 
typically produce between 137-147 cm of 
water, while they can survive on as little as 
19 cm (Shackel et al 2011; Sanden 2007). 
This increase in growth and yield is caused 
by higher rates of photosynthesis and 
respiration resulting from reduced water 
stress, leading to increased productivity (Doll 
2017). Different techniques have been 
conducted worldwide to control irrigation 
water utilisation and crop production, such as 
deficiencies irrigation, orchard vegetation 
management, mulches, and foliar 
implementation of reflective or anti-
transpirant film protection (Girona et al  
2005, Rosati et al  2006, García-Tejero et al 
2018a, Lipan et al  2018, Guti´errez-Gordillo 
et al 2019,  Lepsch et al  2019,  Galindo et al  
2020). It is known that almond trees are 
highly productive with water (García-Tejero 
et al 2018a), and have strong drought 
tolerance (Goldhamer et al 2006). Deficit 
Irrigation (DI ) was established for almond 
trees along with other crops such as olive 
trees and vineyards (Barreales et al 2023). 
Two of the most common methods for 
watering an almond plantation are surface 
irrigation and pressurized systems. Surface 
irrigation systems, such as flood and furrow 
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moisture of the roots from the time they are 
removed from the nursery until they are 
planted in the soil. Potted plants with soil 
around their roots can be planted at any time; 
however, autumn may be the best season to 
do so if there is no risk of frost. Spring 
planting should be done before May-June, 
long before the high summer heat (Arquero 
& Jarvis-Shean 2017). 

11.1.3. Planting distance 

The growth of plants depends on various 
factors, including the strength of climatic 
conditions and plant material (both scion and 
rootstock). For orchards with high density, it 
is crucial to select plant material that is not 
excessively vigorous. Additionally, to avoid 
overshadowing and limitations in machinery 
transit, it is recommended to increase the 
planting distance (particularly between lines) 
under optimal environmental and 
management conditions, such as irrigation. 
Currently, irrigated commercial orchards 
have rows that are 7–8 m apart and tree 
distances within the rows of 5-7 meters. This 
results in planting densities of 179 to 286 
trees per hectare, based on the plant material, 
environmental and growing conditions, and 
type of harvesting equipment (Arquero 
2013). 

11.1.4. Pollination 
When growing self-incompatible cultivars, it 
is important to properly design pollinizers. It 
is advisable to have a minimum of 30% 
pollinizers to ensure the best possible 
pollination outcomes. It is also advised to 
avoid exceeding two consecutive rows of the 
same self-incompatible cultivar. To make 
mechanical harvesting easier, it is advisable 
to have two rows of the same cultivarThere is 
no need for another cultivar if the cultivar is 
self-compatible. The orchard may include 
only one variety. It may be beneficial to have 
two cultivars in large orchards but in lower 
percentages than for self-incompatible 

cultivars.  The blooming time is the most 
important factor to consider when choosing a 
polliniser. It is important to take into account 
the ripening time in order to ensure that it 
concurrency with the main cultivar. 
Pollinators should have agronomic and 
productive value as cultivars, as they take up 
valuable space in the orchard (Arquero & 
Jarvis-Shean 2017). 

11.2. Pruning 

Pruning is typically done to assist with 
cultural practices, such as spraying and 
harvesting, and to remove dead and diseased 
wood. Throughout history, pruning has also 
been utilized to stimulate tree growth. 
However, studies conducted over a long 
period have revealed that trees that are 
slightly pruned (pruned for cultural practices 
and eliminated of diseased twigs) produce 
similar or better yields than those that are 
pruned more heavily. The intensity of 
pruning required primarily depends on each 
cultivar's vegetative pattern, as explained by 
Arquero et al. (2008). The way an orchard is 
pruned depends on various factors such as the 
density of planting, the growth habits of the 
cultivar, the strength of the trees, the 
irrigation system, how the orchard is 
managed, the harvesting method, and the 
availability and cost of labor and equipment 
(Arquero & Jarvis-Shean 2017). 
Pruning cuts are classified into two types: 
thinning cuts and heading cuts. Each variety 
causes a varied growth response and should 
be used for different purposes. Thinning cuts 
are made to direct development in a specific 
area and/or to eliminate dead or diseased 
wood. To do this, the limb or branch should 
be completely removed by cutting it at the 
branch collar where it originates from the 
parent limb (Arquero & Jarvis-Shean  2017). 
When making heading cuts, the aim is to 
promote healthy and plentiful growth 
immediately below the cut. This was 
accomplished by growing multiple new 
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Mini-chip budding on small in vitro 
propagated rootstocks is becoming 
increasingly common. This strategy, as 
opposed to just planting bare-root plants 
during inactive seasons, allows for the 
creation of plants in pots, table-budding 
operations, quick plant growth in 
greenhouses, sale of plants in containers, and 
the potential of field planting over a longer 
period of time. Appropriate irrigation and 
fertilization promote strong growth of the 
scion bud in T-budding, allowing for the 
development of a marketable tree in only one 
season of growth. Mini-chip budding 
decreases production time to 3-4 months and 
can be performed year-round (Badenes & 
Byrne 2012). 
In all budding approaches, the shoot above 
the placed bud is eliminated once it begins to 
grow. The most convenient rootstocks are 
those with red leaves for this operation 
because they allow for easy distinction 
between the scion and rootstock (Badenes & 
Byrne 2012). 

Almond has been found to be more 
challenging than other species for 
micropropagation and callus regeneration 
(Kester & Gradziel 1996), stifling the 
development of other propagation 
mechanisms. In vitro propagation is widely 
utilised to create almond peach hybrid 
rootstocks.  with many plants in 
Mediterranean countries and California being 
propagated in this manner (Badenes & Byrne 
2012). 

11. Almond orchard management  

Selecting the appropriate spacing for plants 
and performing tree planting tasks are 
crucial. Any mistake made during this phase 
can significantly impact the orchard’s output 
throughout its entire commercial lifespan. 
Even if the error can be corrected, it comes at 
a substantial expense (Arquero & Jarvis-
Shean 2017). 

 
11.1. Field  practices 

11.1.1.  Ploughing 

It is recommended to perform deep 
ploughing of at least 50 cm before planting to 
encourage root growth and enhance water 
absorption in the soil. One of two main types 
of ploughing machinery may be used for this 
task: the soil or subsoiling is turned over by a 
deep plough, which is the most effective way 
to break through the lower soil layers. In the 
first type, the placement of the various soil 
profiles is somewhat altered. As a result, the 
second ploughing, which should be done 
cross-directionally when the soil is dry, is 
advised. To remove weeds and prepare the 
soil for planting, shallow ploughing may be 
performed later. This can be performed using 
various tools, such as disc or spur harrows, 
cultivators, or rakes. It is important to clear 
out any previous plant material and stones, 
modify the soil, set up irrigation and create 
access roads before starting any planting 
operations (Arquero & Jarvis-Shean 2017). 
11.1.2.  Planning to plant trees 

When planning to plant trees, three important 
factors must be considered: the environment, 
the growth potential of the trees, and the 
machinery needed for maintenance. It is 
essential to ensure that each tree has 
sufficient soil to obtain all the water and 
nutrients it needs. When the soil quality is 
low, more space is necessary between trees to 
accommodate larger soil volumes. In 
orchards without irrigation and with poor soil 
quality, it is best not to plant more than 150 
trees per hectare to avoid potential drought 
problems (Arquero 2013). 
At present, almond orchards are established 
through the use of grafted plants, which are 
grown in nurseries and sold either as bare-
root specimens or with soil. Planting bare-
root plants should only be done between 
December and February, when the plants are 
dormant. It is important to maintain the 
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other almond species belonging to Sections 
Euamygdalus and Spartiodes. Even though 
hybridization with Section Lycioides is also 
possible, it may be more challenging, and 
crosses with Chamea-mydalus are even more 
difficult to achieve. Despite both physical 
and differences in development, P. persica, 
which is the cultivated peach, and its wild 
relatives, P. mira and P. davidiana, can be 
easily crossed with P. dulcis. These crosses 
have been discovered to be valuable as 
rootstocks and sources of commercially 
useful characteristics (Gradziel et al 2001 , 
Gradziel 2001). 
Incorporating breeding material from other 
places improves breeding choices for 
desirable qualities such as self-fertility and 
disease resistance. P. dulcis and other almond 
species have commonly hybridised, resulting 
in introgression (Godini 2002). 

10. Propagation 

Seed propagation is still standard in many 
regions, including the Middle East and  
Central Asia (Kester et al 1990). 
Conventional seed propagation resulted in 
substantial genetic heterogeneity due to 
almond's self-incompatible nature (Kester et 
al 1990, Socias i Company & Felipe 1992). A 
localized ecotype or landrace may have 
limited genetic diversity, resulting in 
efficient reshuffling that still produces 
genetic variability. Over the last century, the 
replacement of native cultivars and landraces 
with commercially chosen breeding releases 
has resulted in a severe reduction in overall 
crop variety. In Europe, many countries have 
replaced their cultivars with Puglia and 
French 'Ferragnès' cultivars that bloom later 
in the season (Grasselly & Crossa-Raynaud 
1980). 

Early almond production was concentrated in 
particular areas, and regional varieties 
developed because of selection for good local 
adaptability. Local genotypes with 
considerable variation proliferated because 
of seedling propagation. However, because 

they came from a small pool of germplasm, 
they frequently needed a large amount of 
genetic variety. This condition is common in 
remote regions such as the Mediterranean 
islands, solitary valleys, and the Canary 
Islands. The most promising seedlings were 
handpicked for clonal propagation, including 
several centuries-old choices (Estelrich 
1907). 
Furthermore, the peach and almond peach 
hybridization rootstocks have good graft 
compatibility with almonds. Clonal hybrids 
of almonds and peaches are becoming 
increasingly common in Europe. Tolerance 
to calcareous and/or other poor soils; ease of 
multiplication by hardwood cuttings and/or 
micro-propagation; ability to distinguish 
rootstock growth from scions (i.e., red 
leaves) to identify unsuccessful scion bud 
growth; and high vigour are all desirable 
qualities in new rootstocks. It is becoming 
increasingly vital to develop hybrids with 
greater tolerance to heavy and water-
saturated soils (Xiloyannis et al 2007). 
Grafting was used to propagate almonds in 
the first century AD, allowing for a better 
selection of scions for clonal multiplication 
(Columella 1988). Clonal cultivar selection 
was insignificant until graft and bud 
propagation became popular in the past 150 
years. Clonal propagation is used to identify 
and propagate hundreds of cultivars in 
specific production locations, capturing 
regionally adapted elite genotypes (Estelrich 
1907, Kester et al 1990). 
Most nurseries use rootstocks planted the 
previous year for late spring or early autumn 
budding. T-budding is typically 
accomplished by separating the scion cultivar 
bud from the inner woody tissue, which is 
actively growing and, hence, easily 
separated. Chip budding is typically done 
when growth is insufficient to ensure easy 
separation of the bark from the inside of 
the wood (Gómez Aparisi & Felipe 1984). 
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ongoing efforts to breed self-compatible 
almond varieties over the long term. 
 
Improving the quality of almonds has 
become a primary goal in breeding (Socias i 
Company et al 2008). Defining an ideal 
kernel quality is a challenging task due to the 
fact that consumer preferences vary greatly 
(Janick 2005). Kernel quality should consider 
both the chemical composition that 
determines the specific taste and the physical 
attributes that affect usability. Therefore, the 
preferred shell type varies according to 
regional customs. In Mediterranean 
countries, a hard shell is preferred, in 
California and other similar areas with a 
developing system, a soft shell is preferred 
(Badenes & Byrne 2012). 
Because of its favourable impacts on human 
health, the chemical composition of almond 
kernels is significant for breeding. These 
benefits are attributed to the almond's 
antioxidant compounds, high oleic acid 
content, and desirable nutrient and fiber 
levels. While newly released almond 
varieties do not yet include these aspects, 
they are gaining attention from breeders, 
growers, processors, and consumers 
(Gradziel & Martínez-Gómez 2013). A 
recent summary by Socias i Company et al 
2008a) reviews almond quality components 
and their heritability. 

The primary objectives of breeding are 
genetic improvement and cultivar 
development. The former aims to transfer 
self-compatibility to local genetic 
backgrounds, while cultivar development 
involves large commercial plantings for 
profitability. Commercial success requires 
the absence of deficiencies in multiple 
characteristics, not just superior performance 
in one or a few traits. This task entails 
optimising numerous important breeding 
goals, which are classified as genetic 
improvement and cultivar development. In 
locally adapted genetics, genetic 

enhancement improves specialised features 
such as disease resistance. Substantial 
commercial plantings during the lengthy 
production period necessary for commercial 
viability indicate cultivar development 
success. Rather than outstanding 
performance in a few qualities, cultivar 
success is determined by the absence of 
defects in several fruit and tree attributes 
required for commercial viability (Gradziel 
& Martínez-Gómez 2013). 

The biggest challenge in breeding strategies 
for almond crops is optimizing numerous 
essential traits simultaneously; this includes 
using molecular-based techniques and other 
marker-assisted selection (MAS) (Gradziel & 
Martínez-Gómez 2013). 

9.2. Breeding through Interspecific 

Hybridization 

Researchers are incorporating breeding 
material from other regions to increase 
genetic variability for desirable 
characteristics like self-fertility and 
resistance to diseases (Kester & Gradziel 
1996, Socias i Company 1998, Martínez-
Gómez et al 2003). Many of these cultivars 
may have originated from different species 
(Kester et al 1991, Ladizinsky, 1999; Socias 

i Company, 2002). 
Certain features of P. dulcis may have been 
improved by natural hybridisation by the 
transfer of genes from other almond species. 
P. webbii grows throughout the 
Mediterranean region and naturally 
hybridises with cultivated almonds in Italy 
(particularly Sicily), Spain, and Greece, 
resulting in introgression and self-fertility 
(Gradziel & Martínez-Gómez 2013). 
According to a (2002) study by Godini, 
P.webbii is believed to be the source of these 
characteristics in the Italian region of Apulia.  
Gradziel et al (2001b) and Gradziel (2001) 
have reported that controlled crosses can be 
used to breed hybrids between P. dulcis and 
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sensitivity rises until the petals fall off 
(Brewer 1978). Therefore, early flowering, 
when the spring cold and late spring frosts 
occur, may damage reproductive organs and 
reduce productivity (Sakar et al 2019). 
The process of flowering only occurs after 
the end of the dormant period. Endo-
dormancy refers to the state in which a tree is 
unable to initiate the process of bud rupture 
for flowers or vegetation even when the 
temperature is moderate. Endo-dormancy is 
followed by eco-dormancy, which happens in 
late winter and early spring as a result of 
temperatures that are not favourable to 
growth (Lang et al 1987, Campoy et al 2011, 
Sánchez-Pérez et al 2007). 
 It is essential to grow at least two cross-
compatible almond cultivars with 
overlapping flowering periods on the same 
orchard to ensure good pollination and higher 
commercial yield since most almond 
cultivars are self-incompatible. (Martínez-
García et al 2012). According to Williams 
(1970), wind doesn't have a significant 
impact on pollination. However, effective 
pollen transfer from an anther to receptive 
stigmas can be achieved with the help of 
pollinating insects. Among them, honeybees 
are considered to be the most effective 
(Socias i Company et al 2017). It is 
recommended to place 2.5–5 hives per 
hectare in almond orchards during 
blossoming to enhance flower visits and 
improve pollination (Free 1970, Rikhter 
1972, Meith et al 1974). Identifying the 
susceptibility of yield to frosts is crucial for 
flowering time, which has low heritability 
(0.20) and is closely associated with 
temperature (Dicenta et al 1993). 
Flowering time varies significantly among 
different almond cultivars. Moreover, 
varieties with an early or medium flowering 
time have a long flowering period, This can 
be regarded as advantageous for two reasons. 
First, the long blossoming time helps to avoid 
the damaging impacts of frost and potentially 

devastating weather. (Socias i Company 
1998).  

Second, it is a desirable characteristic. 
regarding the early ripening of fruits (Dicenta 
& García1992). Late-flowering cultivars 
have a shorter flowering period, which is one 
of the primary goals of almond breeding and 
is considered a desirable characteristic in 
frost-prone areas (Socias i Company et al 
2003, Socias i Company et al 2012 , Dicenta 
et al  2016). 

9. The almond breeding aspects. 

9.1.Breeding objectives 

Breeding objectives often fall into one of the 
following three categories: raising yield, 
raising market quality, or lowering 
production costs. Inadequate cross-
pollination is typically a significant factor in 
determining commercial production because 
almond is self-sterile (Asai et al 1996, Micke 
1994). 

A key gene regulates self-compatibility and 
self-incompatibility.(Dicenta & Garcia 
1993b), Modifier genes are also essential 
(Gradziel et al 2002, Socias i Company et al 
2005). While several almond species can 
self-pollinate, only the self-compatible genes 
from P. mira, P. persica, and P. webbii have 
resulted in fruit set above the commercially 
desirable 30% (Gradziel et al 2001b). 

Breeding populations resulting from crosses 
between different species segregate for self-
compatibility in accordance with the 
expected Mendelian ratios, which are 
governed by a single gene (Socias i Company 
& Felipe 1988, 1992, Dicenta & García 
1993a, Gradziel et al 2001). P. mira, which 
exhibits high levels of self-pollination, 
displays the highest selfing percentages when  
crossed with almond after the self-
compatibility gene was introduced. In 1990, 
Socias i Company  conducted a review of the 
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accumulating enough chilling hours, the 
plant initiates its reproductive process, which 
becomes apparent through the emergence of 
inflorescence (Sakar et al  2019). In Prunus 
species, flower buds develop before leaf buds 
(Sakar et al 2019). Bloom season typically 
begins in late January for early varieties and 
lasts until April for ultra-late varieties (El 
Yaacoubi et al 2019; Di Lena et al 2018).  In 
addition, the process of flowering in plants is 
highly influenced by weather conditions, 
particularly the air temperature and the 
occurrence of spring frosts (Sakar et al 2023). 
Research conducted by Martínez-Gómez et al 
(2017) suggests that exposure to 
temperatures of -3°C for a duration of 30 
minutes can be harmful to plants. Moreover, 
temperatures of -2°C and -0.5°C can cause 
damage to flowers and fruits, respectively. 
 
Various methods have been created to 
determine the necessary amount of chilling 
and heat. The chilling hours model 
(Weinberger, 1950), the Utah model 
(Richardson et al, 1974), and the dynamic 
model (Fishman et al 1987a, 1987b) are some 
of the most commonly used chilling models. 
In addition, the Growing Degree Hours 
Model (Anderson et al 1986) is the standard 
model used for estimating heat requirements. 
Multiple studies have elucidated the 
dormancy process and predicted the 
necessary amounts of chilling and heat 
required for almonds. 
Alonso et al developed a model (2005) that 
used data from multiple years to calculate the 
mean transition date from endodormancy to 
eco-dormancy for 44 different almond 
cultivars that covered the entire almond 
bloom range. They conducted a study to 
investigate the relationship between 
dormancy temperatures and the timing of full 
bloom in almond cultivars. The research 
revealed that the chilling requirements of the 
different cultivars ranged from 400 to 600 
Chill Units, while their heat needs varied 

from 5500 to 9300 GDH. The optimal 
temperature for chilling varies depending on 
genetic variability. Some studies have 
suggested that cultivars with a low chill 
factor need higher temperatures to 
accumulate enough chill units than those with 
a high chill factor (Gurdian and Biggs 1964). 
Furthermore, each cultivar may react 
differently to abrupt temperature changes, 
such as extreme temperatures or alternating 
cold and warm temperatures in temperate 
locations during spring (Couvillon & Erez 
1985, Erez & Couvillon 1987). 
 
8. Almond flowering and flowering time:  

The almond is the species of Prunus that 
blooms the earliest in comparison to all 
cultivated species (Alonso Segura et al  
2017).  

One of the most important agronomical 
characteristics of almonds is flowering. The 
phenological phase of almond flowering is 
caused by the consecutive application of two 
temperature stimuli: To begin, the flower bud 
remains dormant until it has had sufficient 
exposure to cold temperatures. When it hits a 
certain threshold. Second, flowering within 
the bud is triggered and progresses at a 
temperature-dependent rate until the bud 
blooms (Ashcroft et al 1977). 

Flowering occurs only when the plant has 
received the necessary amount of both 
cooling and heating, meeting the specific 
requirements (Sánchez-Pérez et al 2014, 
Alonso Segura et al 2017, Martnez-Gómez et 
al 2017). This makes almond trees in more 
temperate growing areas susceptible to spring 
frosts and limits their planting to more 
temperate, almost subtropical but arid 
climates (Mori et al 2011). Almond blossom 
buds are able to resist cold temperatures and 
can tolerate temperatures as low as -7°C. 
(Socias i Company et al 2017). When flower 
buds open and display their petals, their 
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the 15°C to 35°C range can negatively impact 
tree growth (Queirós 2020, Karaat & 
Denizhan 2023). The mesocarp detaches 
from the kernel shell under ideal 
environmental circumstances, disclosing the 
stone during fruit development. (Freitas et al 
2023). 
The level of tocopherol homologues present 
in nut crops can be influenced by temperature 
and drought during the growth of the fruit or 
nut (Maranz & Wiesman, 2004). Thus, 
temperature is a significant factor that affects 
the accumulation of tocopherol in different 
species, including almonds (Kodad et al 
2018).  
Various environmental factors can affect the 
pollination behaviour of bees, including 
wind, low temperatures, and rain. Pollination 
activity is observed to be the highest when the 
temperature ranges from 15 to 30 degrees 
Celsius. However, when the temperature 
drops to 10 to 12 degrees Celsius and there is 
precipitation, pollination activity is 
hampered. Bees become less active or may 
even stop their activity altogether in such 
conditions (Socias i Company et al 2017, 
Cultifort  2023, Thomas 2019). 

Seeds are susceptible to mould development 
during maturity, harvesting, and storage due 
to high humidity and temperature 
fluctuations (Arya & Monaco 2007). Before 
processing, large stockpiles of almonds, 
including their hulls and shells, are stored 
under tarps. However, this can increase 
humidity levels, leading to fungal growth and 
aflatoxin production caused by Aspergillus 
fungi  (Lampinen & Michalaides 2008). 

It is crucial to consider the impact of high 
temperatures and humidity on the quality and 
safety of almonds during transportation. it is 
important to keep in mind that almonds that 
have been peeled are more susceptible to 
damage compared to those that are still inside 
their shells. The protective barrier provided 
by the shells helps to prevent moisture and 

oxygen exchange. Hence, peeled almonds are 
more likely to undergo changes in their water 
content and lipid oxidation, which can lead to 
faster spoilage when compared to almonds 
still inside their shells (Kazantzis et al 2003). 
 
7.2.  Photoperiod:  

Many fruit crops are affected by the amount 
of daylight they receive, which can impact 
both their flowering and growth patterns 
leading up to the dormant season. For 
deciduous plants in the Prunus family, flower 
buds can appear along with new shoots that 
emerge throughout the year. As autumn 
arrives, the photoperiod becomes a crucial 
factor in slowing down the growth process, 
allowing the plant to prepare for leaf 
shedding, increase cold resistance, and 
eventually enter dormancy  (Alonso 2017).  

In most almond leaves, the rate of 
photosynthesis reaches its maximum at about 
half of full sunlight because the 
photosynthetic apparatus becomes 'light-
saturated' at this point. (DeJong 1996). 

In recent times, various studies have 
emphasized the importance of light in 
enhancing the productivity of stone fruit 
crops. The energy balance of a plant and the 
photosynthetic capacity of its leaves are 
influenced by solar radiation. Moreover, it 
can also impact particular photomorphogenic 
or photoperiodic responses (Alonso 2017). 
7.3. Chilling unit:  

Almonds have specific environmental 
requirements that need to be met in order to 
end their dormancy. Chilling is required to 
end endodormancy, while a certain amount of 
heat is necessary for flowering (Egea et al 
2003). Estimating the chilling requirements 
is crucial for selecting appropriate tree 
cultivars, maintaining profitable plantations, 
and minimizing the detrimental impact of 
climate change (Gao et al 2012). After 
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6. The nutritional value of almonds and their health importance  

Table (2) displays the composition of almonds (Kalita et al 2018) 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

  

  

  

Almonds have natural properties that make 

them healthy. They contain high amounts of 

fiber, unsaturated fatty acids, antioxidants 

and phytochemicals which help protect the 

body. When consumed, almonds have either 

neutral or positive effects on 

glycemia/insulinemia and satiety. More 

studies are needed to determine the effects on 

gut peptides. (Mori et al 2011b). Almonds are 

also traditionally used to heal wounds, 

anemia, insomnia, headaches, sore throats, 

brain infections, kidney diseases, urinary 

tract infections, uteralgia, pityriasis, and 

hysteria(Mushtaq et al 2015). The main 

pharmacological properties of almonds 

include hepatoprotective, antidepressant, 

antioxidant, memory-enhancing and anti-

aging effects (Mushtaq et al 2015). 

Almonds are high in magnesium, which helps 

control blood sugar; It lowers blood sugar 

levels and improves insulin functions  and 

helps lower blood pressure. Obesity and high 

blood pressure can be caused by a lack of 

magnesium (Javaid et al 2019). Almonds are 

high in protein, fiber and healthy fats. They 

can help reduce hunger and calorie 

intake(Javaid et al 2019). 

Consuming almonds in higher quantities has 

been linked to a reduced risk of cancer. 

Research indicates that those who consume 

more almonds have a 2 to 3 times lower risk 

of breast cancer. Additionally, studies on rats 

have shown that almonds may reduce the risk 

of colon cancer. In humans, consuming 

almonds has been linked to increased levels 

of HDL cholesterol and reduced levels of 

LDL cholesterol (Javaid et al 2019). 

7.     Environment requirement.  

7.1.  Temperature and humidity. 
 

Climate significantly affects plant 

physiology and yield production. 

Temperature, precipitation, humidity, and 

luminosity are crucial during the 

phenological stage (Jin et al 2020). Almonds 

typically grow in regions where the average 

temperature ranges between 15-20 degrees 

Celsius annually (Fernandes de Oliveira et al 

2023, Queirós 2020). 

 

Photosynthesis is most productive during 

fruit development when the temperature 

ranges between 20°C and 30°C (Queirós 

2020, Cultifort 2023). Temperatures outside 
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The almond shells underwent pyrolysis to 

produce solid char, liquid hydrocarbons, and 

gases. In addition, a study on the widespread 

use of bitter almond shells shows that almond 

shells are suitable feed for the production of 

activated carbon  (Akubude et al  2016). 

The use of biomass feedstock as an alternative 

to fossil fuels has an additional meaning in 

terms of climate change, as biomass has the 

potential to be carbon neutral. For example, 

using biodiesel or its mixes in automobiles 

produces less gaseous pollutants and emits no 

net carbon dioxide or sulphur to the 

atmosphere than normal fuel. Furthermore, 

producing biodiesel from non-edible almond 

seeds could serve as a vital poverty alleviation 

initiative for the rural underprivileged 

population. This could not only ensure energy 

security in general and for rural areas in 

particular but also improve the non-

agricultural sector in rural areas. (Akubude et 

al 2016). 

Almond shells were often used to make 

activated charcoal moreover, sliced almonds 

were used to make activated charcoal so that, 

high calorific value of almond residues is 

almost the same as that of forest residues 18.4 

MJ/kg (Nwosu et al 2008). Almond residues 

have been used directly or after some 

treatments as absorbents to remove metals and 

colorings, as animal feed ("New World 

Encyclopedia" 2008, FAO 1995, Jafari  2011, 

Yalchi  2011). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. shows the potential future opportunities for making use of almond products and by-products 

(Garcia-Perez et al 2021). 
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The world's largest producer, the United States 

and the Major producers include Spain, 

Australia, Turkey, Morocco, and Iran. 

California produces the most almonds in the 

United States, making it the state's biggest 

agricultural export. Afghanistan is also known 

for producing high-quality almonds  (Verma 

2014) 

 

Tabe (1): Almond production in the world (Source: FAO 2023). 

5. The economic importance of almond 

Complementary medicine practitioners have 

long used almond oil,  also known as [Oleum 

amygdalae], due to its numerous health 

benefits (Ahmad 2010). Nowadays, it is 

extensively used in the cosmetic and 

pharmaceutical sectors (Felipe 2000, Schirra 

1997). Sweet almond oil is extracted from the 

dried kernel of the almond plant and is known 

for its anti-inflammatory, immunity-boosting, 

anti-hepatotoxicity, and massage benefits 

(Ahmad 2010). Additionally, bitter almond oil 

is used as a flavoring in foods, soft drinks, and 

medicines, and as a fragrance in perfumes, 

soaps, and cosmetics. It is important to note 

that the hydrocyanic acid, which is responsible 

for the bitter taste, is removed before the oil is 

used (Wirthensohn et al 2010). According to 

some researchers, results of work on almonds 

indicate that they have high oil yield and are a 

potential feedstock to produce biofuels and 

oleo chemicals (Moen et al 2008). 

Almond residues are a great source of raw 

materials for creating energy and value-added 

products. These residues contain a significant 

amount of energy that can be transformed into 

various forms of usable energy by using 

different commercially available processes. 

Pyrolysis is considered to be the most suitable 

process to convert almond residues into liquid 

fuels, biochar, and activated charcoal (Saberi-

Moghadam et al 2015). 

 

Gasification is a high-temperature partial 

oxidation procedure that turns lingo-cellulosic 

feedstocks into a combustible gas mixture 

known as syngas or production gas. The 

procedure usually takes place between 700 and 

1,100 degrees Celsius. The economics of 

hydrogen production from biomass 

gasification indicate that hydrogen may be 

economically produced. Furthermore, studies 

suggest that almond shells contain 

approximately 23% syngas (hydrogen and 

carbon monoxide) and have a low calorific 

value (LHV) of about 4 MJ/m3. This gas is 

classified as low to medium value(Akubude et 

al 2016). 
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consumed as an edible kernel by the 

locals(Kermanshah et al 2014). 

                Spanish varieties 

3.3.1. Marcona 

Spain is known for its diverse range of almond 

varieties, with the Marcona type being the 

most widely grown (Varela et al 2006). This 

variety is usually consumed as a roasted or 

fried snack or used in the production of 

turrones. However, the Marcona variety is 

quite costly because of its exceptional taste and 

low yield (Vázquez-Araújo et al  2008). 

       3.3.2. Guara    

Another noteworthy variety is Guara, known 

for its late blooming, ability to self-pollinate, 

and excellent quality, which has resulted in 

significant commercial success (Kodad et al  

2014).  

3.3.3. Largueta, Planeta, Rumbeta, 

and Desmayo 

Other important Spanish varieties, such as 

'Largueta', 'Planeta', 'Rumbeta', and 

'Desmayo' are also produced in large volumes 

(Cortés et al 2018). 

3.4. Indian varieties 

3.4.1. Shalimar 

The Indian variety known as Shalimar blooms 

in the second week of March and can be 

harvested 143 days after full bloom.The 

Shalimar tree has a drooping growth habit and 

produces a light papery shell, which has a high 

shelling ratio of 50%. It is also qualified for 

export. Under irrigated conditions, the average 

productivity of Shalimar is between 2.0-4.0 

t/ha. (Verma 2014).  

3.4.2. Makhdoom   

The "Makhdoom" tree blooms in the first week 

of March and is typically harvested 141 days 

after full bloom. This tree grows in a spreading 

and drooping manner, and its shells are 

medium, soft, with a shelling percentage of 

42%. This tree has an average production of 

more than 2.0-3.5 t/ha under irrigated 

circumstances (Verma 2014). 

3.4.3. Waris  

The Waris cultivar blooms in the third week of 

March and matures in 145 days. It grows 

vertically, making it ideal for high-density 

orcharding. The shell is medium in colour, and 

the nuts are medium in size, with soft shells 

and full kernels. The shelling rate is 48%. 

Under irrigated conditions, the tree yields 

more than 2.0-3.0 tonnes per hectare (Verma 

2014). 

3.5. Afghanistan variety 

3.5.1.  Satarbai Sufi (Afghanistan variety) 

One of the finest almond varieties in 

Afghanistan is known as Satarbai Sufi. It hails 

from the Khulm District in Balkh Province and 

boasts an early bloom (occurring in the fourth 

week of February) with a mid-July 

harvest(Verma 2014).  

3.5.2. Satarbai Bakhmaly (Afghanistan 

variety) 

Satarbai Bakhmaly is a high-quality export 

cultivar from Aybak in Samangam Province. It 

blooms in the first week of March and is 

harvested in mid-July. This variety is sought 

by markets that want whole kernels for direct 

consumption(Verma 2014). This variety is a 

top choice for export markets seeking whole 

kernels suitable for direct consumption. It 

enjoys high demand in India and the Middle 

East(Verma 2014). 

4. Almond production 

The global production of almonds during 2021 

was approximately 2 million tons (FAO 2023). 
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Garden, located in Yalta, Crimea, was 

established under the guidance of A.A. Rikhter 

in 1972. And Yadrov (1994), has had the 

second-oldest continuous breeding program 

for almonds, behind California. These had 

their origins in Nikolai Vavilov conducted 

extensive studies in 1930 on collections of 

species and cultivars, primarily in the Asiatic 

regions of the former Soviet Union. Ongoing 

programs continue this work (Denisov 1988). 

2. Almond classification 

Almonds (P. dulcis) belong to the Rosaceae 

family. This family is of great significance in 

the temperate zone, with many economically 

important species such as apples, apricots, 

plums, cherries (both sweet and sour), 

strawberries, and roses (Arús et al 2009). 

Almonds belong to the Prunoideae (or 

Amygdaloideae) subfamily, with a single 

monocarp-late pistil maturing into a drupe 

(Soundararajan et al 2019), but they are now 

classified as their own family, the Prunaceae or 

Amygdalaceae. Prunus evolved from the 

Spiraeoideae subfamily, which has recently 

been discovered (Potter et al 2007).  

The classification of almonds has been a 

challenge because they are considered an 

outlier within the Prunus species. The 

scientific name most commonly used today is 

Prunus dulcis, which acknowledges its 

similarities in morphology and genetic makeup 

with other Prunus plants, as well as its reported 

ability to hybridize with apricot, peach, and 

some plums. This name has been replaced by 

the newer name of Prunus dulcis, although 

some European literature still refers to it as 

Prunus amygdalus (Gradziel 2009). Experts 

with knowledge of almond species native to 

Central Asia prefer to classify them under a 

separate genus called Amygdalus communis 

(Ladizinsky 1999). This is because they 

believe that the unique botanical structures and 

development patterns that have evolved in 

these extreme environments are distinctive 

enough to warrant a separate genus (Mori et al  

2011b). 

3. Almond worldwide distribution  

Numerous types are available worldwide. 

However, due to superior export quality, only 

a few cultivars, varieties, and species dominate 

the global market.  

3.1. Nonpareil (USA variety) 

The dominant almond cultivar in California is 

‘Nonpareil’, accounting for 34.8% of total 

bearing acreage and 38.7% of total tonnage 

produced. ‘Nonpareil’is an old cultivar that 

was chosen in the 19th century. It is still widely 

used today because it regularly yields high-

quality kernels that are harvested early and 

fast, processed without harm, and useful for a 

variety of products (Ledbetter & Sisterson 

2013). 

3.2. Iran species 

3.2.1. A. lycioides  

A. lycioides, also known as "Badamak", is 

located in some parts of Iran and is an 

indigenous species found primarily in the 

south. This plant has many uses, such as 

producing edible nutritive oil and kernels after 

debittering. It is valuable as a food source and 

has medicinal properties such as being an anti-

diabetic, anti-inflammation, antimicrobial, and 

laxative substance (Kermanshah et al 2014). 

3.2.2. A. wendelboi 

A. wendelboi is an endemic species found only 

in the southern region of Iran, specifically in 

the Mountains of Gnow protected area. The 

fruit of this plant is known locally as "Archen" 

and is widely used in folk medicine to treat 

colds, coughs, headaches, and skin burns. In 

addition to its medicinal uses, it is also 
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and the Madeira Islands. These introductions 

may have originated from various groups, as 

numerous trade channels were well-

established by this time, including the early 

ocean traders, the Phoenicians of Asia Minor 

(Egea & Garcia 1975), and the Greeks, who 

founded colonies in Sicily, Europe, and North 

Africa. During the Arab conquest of North 

Africa around 500 to 600, almonds were 

introduced into Tunisia and Morocco. Later, 

they were brought to Spain and Portugal. 

Before this, the cultivation of almonds was 

mainly confined to an area of Spain's central 

plateau and river valley slopes within 50 miles 

of the Mediterranean coast. This information is 

based on the research conducted by Jaouani in 

1976 and Laghezali in 1985, respectively. It is 

believed that one of the Silk Road caravan 

routes passed through north-central Africa, 

specifically through Timbuktu and into 

Morocco. This suggests that there may have 

been an earlier route for the dispersion of 

goods to North Africa and Western Europe. 

Some remnants of these pre-Arabic 

introductions may still exist today in the 

diverse germplasm, which is only now being 

recorded in Morocco's and Tunisia's 

geographically isolated Atlas Mountains. 

Studies by Laghezali in 1985 and Lansari et al 

in 1994 provide evidence of this. 

The New World was colonised by early 

European and Asian settlers, which resulted in 

commercial almond cultivation in 

Australia,South Africa and North and South 

America. It is necessary to test different 

regions and germplasm to successfully 

cultivate almonds due to their vulnerability to 

winter cold, spring frosts, and summer rains. 

California introduced almonds as an extension 

of Mediterranean culture, using limited 

European germplasm (Wood 1925).  

From 1850 to the present, he has been a 

representation of the New World stage. 

However, California's methods of almond 

cultivation deviated from conventional 

methods used in the rest of the 

world.Significant adaptations were made in the 

production of crops, including the selection of 

specific cultivars and rootstocks that are 

vegetatively propagated to increase 

production. Markets were standardized based 

on the cultivar used, and growing sites were 

selected and optimized. New cultural and 

management techniques were developed, such 

as increased mechanization, and agrochemical 

inputs, and supplemental pollination. These 

enhancements have increased yield while also 

supporting current industrial and commercial 

strategies (Kester et al 1990, Micke 1994). 

 

Beginning in the middle of the 1950s, 

California's population of almond seedlings, 

which can be found either in orchards made 

from un-budded almond seedling rootstock 

'escapes' or along roadsides and close to 

commercial orchards became the primary 

source of new cultivars. Numerous choices 

from this source have been patent and released 

as commercial cultivars by individual growers 

through commercial nurseries since 1957 

(Brooks & Olmo 1997). 

 

 The majority, including "Merced," "Price," 

"Carmel," and "Fritz," were utilized to cross-

pollinate "Nonpareil." Later blooming 

varieties like "Thompson" and "Livingston" 

were combined with "Texas." The cooperative 

breeding program was established in 1923 at 

Davis, California, between USDA and 

University of California following early 

polling nation and cultivar assessment studies 

(Wood 1938).  

In 1948, this program was divided. Up until 

1975, the USDA program was still in effect. 

Numerous cultivars and rootstocks have been 

released as a result of the University of 

California program's ongoing efforts (Kester & 

Gradziel 1996). The Nikitsky Botanical 
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When wild almonds are chewed or crushed, 

their glycoside amygdalin turns into hydrogen 

cyanide, making them poisonous. It is 

important to note that cultivated almonds are 

entirely safe to eat, as they do not contain 

amygdalin (Verma 2014). 

1. History of Almond Cultivation 

The almond tree was one of the earliest trees to 

be grown by humans because of its nutritious 

and long-lasting kernels, which remain 

appetizing even when consumed over an 

extended period of time. It was first cultivated 

around the third millennium BCE and has been 

present in the early range of plant 

domestication across Asia (Spiegel-Roy 1976) 

The almond is different from other Prunus 

crops both botanically and horticulturally. 

These differences have significant 

implications for its role in human history and 

its transmission. Botanically, the part that is 

consumed is a seed, not a fruit. It is a long-

lasting source of propagation and a 

concentrated, desirable, and relatively non-

perishable food item, making it a valuable 

commodity for trade since ancient times 

(Gradziel  2017). 

 

During prehistoric times, almonds were a 

valuable commodity in trade across Asia, 

North Africa, and Europe. This led to the 

creation of a market standard. The sweet 

almond, also known as the "Greek nut," is a 

distinct species and is currently becoming a 

developing market standard. Also, it is known 

as Prunus amygdalus Batsch, Amygdalus 

communis L., and Amygdalus dulcis Mill, 

Prunus dulcis (Mill.) D.A. Webb (Gradziel  

2017). 

Around 11,000 BCE, Franchthi cave in 

southern Greece showed evidence of almond 

and pistachio, It's possible that lentil farming 

was practiced before grain farming in Asia 

Minor, indicating a trend (Hansen & Renfrew 

1978, Farrand 1999, William, 1999). 

 

Almonds have been a part of culinary culture 

since ancient times. They were mentioned in 

Sumerian banquet menus and were commonly 

used in Palestine, as shown in biblical 

references (Rosengarten 1984, Goor & Nurock 

1968, Janick 2007). 

 

The cultivation of almonds in the eastern 

Mediterranean began in the second millennium 

BCE, as evidenced by the remains found in 

Tutankhamun's tomb (Zohary & Hopf 1993). 

There are four stages of almond cultivation and 

distribution: Asiatic, Mediterranean, 

Californian, and Southern Hemispheres 

(Kester et al 1990). 

 

The Asiatic stage is the period in which 

almonds were first domesticated and 

subsequently spread over central and 

southwestern Asia. The Greek naturalist 

Theophrastus wrote about almonds, which he 

named Amygdalai, in his dissertation on the 

history of plants around 300 BCE. Almond 

cultivation was known in Turkey (Ayfer, 

1975), Iran (Grigorian 1976), Syria (Spiegel-

Roy 1976), China (Gustafson et al 1989), 

Pakistan, and north-west India (Singh et al 

1977) within a few hundred years. The first 

almond cultivation took place in Kashgar, 

Xinjiang Province, after being brought from 

central Asia across the Tian Shan Mountains to 

the west (Gustafson et al 1989). 

 

The spread of almond cultivation towards the 

west in the Mediterranean occurred in two 

stages. Between 300 and 400 BC, the 

cultivation of almonds had expanded across 

the Peloponnesian peninsula and the Greek 

islands (Stylianides 1976). Almonds gradually 

spread to all suitable regions of the 

Mediterranean, including Spain, Portugal, 

Southern France, Portugal, Northern Africa 
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rapid initial growth, and their ability to tolerate 

summer heat and drought. Almond trees are 

the first to flower among temperate latitude 

trees, but this also means that their production 

is limited to areas with minimal spring frost 

risk (Badenes & Byrne 2012). 

The almond tree is a deciduous tree that 

typically grows between 4 and 10 meters tall 

and can reach over 20 meters in height. 

Moreover, it lives for 100 years or more, and 

the trunk diameter reaches 30 cm (Mori et al 

2011a). 

In the first year of cultivation, the 

immature/young branches appear green and 

turn purple when exposed to sunlight; in the 

second year, the purple colour changes to grey 

(Mori et al  2011, Mushtaq et al 2015). 

Lanceolate leaves are 1.2-4 cm broad and4-13 

cm long, featuring a serrate edge and a 2.5 cm 

petiole. In early spring, individual or paired 

white or pale pink flowers with five petals 

measuring 3-5 cm in diameter grow before 

leaves (Bailey et al  1976, Verma  2014, 

Mushtaq et al 2015). 

Almond is a species that mostly cannot 

fertilize itself (self-sterile). A single locus 

controls gametophytic self-incompatibility 

with multiple codominant alleles. This means 

that cross-pollination is required, leading to 

increased genetic diversity and greater 

adaptability to new environments (Benmoussa 

et al 2017, Gradziel & Martínez-Gómez 2013). 

 

In addition, the almond fruit is botanically 

classified as a drupe. It is typically 3.5 to 6 cm 

long and consists of three parts. Firstly, the 

edible section of the almond is the kernel, or 

meat, which consists of two big cotyledons 

covered by brown skin (exocarp) and protected 

by an exterior hull and an intermediate shell 

(Gradziel 2009). Second, a fleshy, leathery 

green-grey coat with a thin hull (mesocarp) 

expands slightly during development before 

becoming dry, leathery, and dehiscing at 

maturity. Third, depending on genotypes, the 

mature endocarp in the separate hardened shell 

(endocarp) ranges from hard to soft and papery 

(Jain & Priyadarshan 2009, Badenes & Byrne 

2012a,  Mushtaq et al 2015, Barreca et al  

2020). 

Almonds can be classified into soft- and hard-

shell varieties based on their shell 

characteristics. For instance, In Australia and 

California, most almond cultivars have soft 

shells, but most varieties in Spain have hard 

shells (Shirmohammadi & Fielke 2017). 

 

 

 

 

 

Fig. 1. Different parts of almond nut in the late-

stage of growth.  

Almonds begin to bear an economic crop in the 

third year after planting the trees. Trees 

achieve their full potential five to six years 

after planting, depending on varieties and 

growing conditions. Fruits ripen in the autumn, 

around 6-7 months after blossoming (Mark & 

Huxley 1992). 

There are two categories in which almonds are 

classified: sweet and bitter. Sweet almonds are 

edible, whereas bitter almonds are harmful. 

Bitter almonds are somewhat more extensive 

and shorter than sweet almonds. The fixed oil 

in sweet almonds is 50%. Hydrogen cyanide is 

produced by bitter almonds (Mouaffak et al 

2013).   
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Abstract. almond [Prunus dulcis (Mill.) D.A. Webb, syn. P. amygdalus (L.) Batsch] is located in the 

Mediterranean countries, and its cultivation is restricted to areas that have a Mediterranean climate. 

Almonds, a type of tree nut, are widely recognised as a healthy snack. They are an excellent source of 

protein, carbohydrates, antioxidants, and lipids. Almonds also contain flavonoids, vitamin E, riboflavin, 

amino acids, and minerals such as manganese, magnesium, copper, and phosphorus. Overall, almonds are 

a nutrient-rich and delicious addition to any diet. Flowering occurs when the requirements for chilling and 

heat are fully satisfied. When growing self-incompatible cultivars, it is essential to design pollinizers 

properly. For optimal pollination, it is recommended to have a minimum of 30% pollinizers. Almonds can 

be classified into soft- and hard-shell varieties based on their shell characteristics. There are two types of 

almonds: sweet and bitter. The weather, including humidity, temperature, and time of day, heavily 

influences the water usage of almond orchards. Nutrition is crucial for the proper development of almonds, 

regular fruiting, and high-quality yields. Almond propagation through grafting has allowed for an improved 

selection of scions to be clonally propagated. New rootstocks should possess desirable traits such as 

tolerance to poor soils, including calcareous soil, ease of propagation through hardwood cuttings or micro-

propagation, as well as high rootstock vigour. New hybrids with increased tolerance to heavy and water-

saturated soils are currently in development. Locally adapted elite genotypes are captured through clonal 

propagation, resulting in the identification and propagation of hundreds of cultivars in specific production 

areas. Furthermore, numerous molecular studies have been conducted, facilitating the transfer of these 

desirable traits. Generally, this article focuses on the process of managing the fields, from selecting cultivars 

to harvesting, in order to achieve high quality and high-quality almond production. 

 Keywords: Almond, Prunus dulcis, cultivars, requirements, fields Management, production. 

 

INTRODUCTION:  

Almond(Prunus dulcis (Miller) D. A.Webb 

syn. Prunus amygdalus Batsch., Amygdalus 

communis L., Amygdalus dulcis Mill.) is the 

earliest domesticated nut tree to flower in 

spring, due to its low chill requirements and 

quick response to warm temperatures (Javaid 

et al 2019). 

Almonds are commonly grown and consumed 

in Mediterranean countries, which include 

regions in California, in the Central Valley of 

the Middle East, Syria, Turkey, and Iran; 

Central Asia; the slopes of the Himalayas; and 

the Southern Hemisphere, including Chile, 

Argentina, Southern Africa, and Australia 

(Badenes & Byrne  2012, Javaid et al 2019). 

Several international breeding programs have 

spread almond cultivation to colder regions, 

such as northern Europe and America, by 

delaying the timing of flowering (Sakar et al 

2019). 

Almond cultivation is limited to 

Mediterranean climates with minimal rainfall 

in late winter, summer, and early fall. Almonds 

thrive in mild winters and hot, dry summers 

thanks to their low requirement for cold 

temperatures to initiate early flowering, their 
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  تق��� الغ�اء ال��اتي ال���عي في م��� می�ة م�ة ال���مة،

  ال��ل!ة الع� �ة ال�ع�د�ة 

  

  ع��الإله ع��ال�
	رج�انه 

  جامعة الل� ع��الع���

  

ال��ل+ة الع�*(ة ال)ع&د$ة، هي م" أه� ال��ن ال�ي واجه� ان�فاضًا في الغ�اء ال�اتي  -م�ة ال���مة . م���ل�
درجة م>&;ة، ون�رة ه�&ل  ٤٩-٤٠ال�(عي، 9)8 م�اخها ال6فاف ال2ار، ح(4 ت��اوح درجة ال�2ارة الع/�ى ح&الي 

مل�/س�ة. م" ال�ف��ض أن $�&ن ال�ات @(ع(ا م" ناتات  ٨٠-٥٠��اوح مع�ل ه�&ل الأم�ار ب(" الأم�ار، و;
 .E�F9 خل�ال���قة، �9ع�ى أن ی��& ال�ات �F9ل @(عي في م��قة مع(�ة أو ن/ام ب(>ي أو م&@" مع(" دون ت

م"  �مة م" خلال اخ�(ار ث�ان(ة م&اقعاله�ف م" هLه ال�راسة ه& تق((� ال2(اة ال�ات(ة ال�(ع(ة ح&ل م�ی�ة م�ة ال��
أم�ار. وFQف� ال�راسة أن ال�&اقع ال�Tان(ة ت�Tل� بـ  ١٠×  ١٠م�ا@R م��لفة. وQان� م)احة ق�ع الأرض ح&الي 

)، ٪٣٤ب�)ة (  ApocynaceaeوالفW(لة ال�فل(ة Fabaceseعائلات، هي الفW(لة الق&ل(ة  ٨ن&عا ت���ي إلى  ٢٠

، فW(لة الق�ع(ات  )٪١٢( Poaceae)،الفW(لة ال�6(ل(ة ٪١٣( Amaranthaceae  ق�(ف(ة) تل(ها الفW(لة ال٪٢٥(
Cucurbitaceae  )لة ال�(�(ة ٪٥)Wل� (الفTت� �ث  .(Apiaceae  ة)لة ال��6)Wو الفAsteraceae  ة) ب�)

) فق[ م" الغ�اء ال�اتي. أما أش�ال ال2(اة في ال�اتات ٪٣( Solanaceae)، ب(��ا ت�Tل الفW(لة الاذن6ان(ة ٪٤(
��ة٪٤٠ال�2ل(ة ف+ان� ال�اتات الLر;ة (�هي الأقل ق(�ة في  (He) ) هي ال)ائ�ة ب(��ا Qان� ال�اتات ال�Wف م)

(_;ةوال)&دان(ة ال_ام (SA) ). وا`ه�ت ال�راسة أن الف>ات ال_ه�;ة هي ال�2Wاو;ة الع�*(ة٪١٠أش�ال ال2(اة ( )AZ( 

، (SSI) ، وال�2Wاو;ة ال)��$ة(ME) )، في ح(" Qان� ف>ات ال�2 الأب(a ال��&س[٪٣٨هي ال�ه(��ة ح(4 ت�Tل (

  ).٪٦هي الأقل ق(�ة وت�Tل تق�;اً ( (IT) ، والإی�ان(ة ال�&ران(ة(TR) والاس�&ائ(ة

ا م" الأن&اع ال�ي ل&ح/� في ال�اتات ه& الأك�T ع�د 9Rhazya strictaال�)ة لأن&اع ال�اتات فلق� `ه� أن نات 
 Leptadeniaو Cenchrus biflorus)، في ح(" ت� العT&ر على ٪١٧ال�2ل(ة في م��قة ال�راسة و;�Tل (

pyrotechnica وLycium shawii وPanicum turgidum وSenegalia asak وSenna italica 

) في ج�(ع ال�&اقع. وأخ(�اً، ٪٣. الأدنى ب�)ة (Vachellia tortilisو Vachellia fravو Stipellula capensisو
  فإن ه�اك نقf في أن&اع ال�اتات في م��قة م�ة. 
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biodiversity-adapted area. Also, Native plants 

are the best adapted in the region because their 

characteristics such as less supplemental 

watering, aid in regulating precipitation runoff 

and preserve healthy soil because their deep root 

systems prevent the compaction of the soil. In 

Makkah, compared to previous studies the study 

showed there is a reduction in the number of 

species. This can be mainly due to the presence 

of various habitats each with features as regards 

the soil characteristics, rock type, water 

resources and grazing. 
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Figure 13. Proportions of plant species among each stand. 

4. Discussion 

The vegetation is the expression of the 

environment inside the specified locality within 

a specified period. It varies from year to year 

based on environmental conditions especially 

according to rainfall and temperature 

circumstances. During the study period in 

Makkah from December 2021 to February 2022, 

the precipitation was decreased according to 

National Center for Meteorology about (20.6 

mm). Moreover, the characteristics of the 

vegetation cover of Makkah has low floristic 

diversity.  

In terms of floristic and vegetation composition in 

the studied area, the families Fabaceae was 

represented by the highest number of species 

(34% which is agreed with Aati et al. (2019) who 

recorded the that Fabiaceae is the most 

dominating family in Saudi Arabia. Furthermore, 

this result coincides with Al-Eisawi & Al-

Ruzayza (2015) who reported that the common 

families in the flora of Makkah in 2015 were 

Poaceae and Fabaceae by (16.94% and 13.11%, 

respetively); but in this study Fabeaceae was 

followed by Apocynaceae with 25% as the 

second dominant family instead of Poaceae as in 

Al-Eisawi and Al-Ruzazya result. 

 Moreover, it is well known that Fabaceae 

constitute the main bulk of plant species in Saudi 

Arabia as recorded and mentioned in many 

publications such as (Alfarhan et al., 1998; 

Collentte 1999; Mosallam, 2007; Al-Nafie, 2008 

and El-Ghanim et al., 2010, Al-Namazi et al., 

2022). Correspondingly, similar results were 

obtained in neighboring countries, such as Egypt 

(Abd EL-Ghani and Abd El-Khalik, 2006; Abd 

El-Ghani and El-Sawaf, 2004) and Jebel Marra 

of the Sudan (Wickens, 1976). 

The dominance of Phanerophytes (Ph) life form 

by 40% was in dispute with the results of Al-

Esawi and Al-Ruzazya (2015), this could be due 

to the changes of the ecological conditions 

through the years.  The followed dominance life 

forms Therophytes (Th) and Chamaephytes (Ch) 

(5 species) (25%), are in accordance with Al-

Esawin and Al-Ruzazya result. Moreover, it is 

also in accordance with Abdel Khlik et al. 

(2013).  

The most prevalent chorotype was Saharo-

Arbian like in most previous studies in Makkah 

region (Abduel-Khalik et al., 2013; Al-Esawi 

and Al-Ruzazya, 2015). While the Irano-

Turanian was the second common in Al-Esawi 

and Al-Ruzazya, here it is the least frequent. 

 Rhazya stricta (Apocynaceae) was the richest 

species in the study area about 17%. Rhazya 

stricta is one of the most economically 

significant medicinal plants, found all over the 

Arabian Peninsula and dry South Asia, leaves are 

used in the traditional system of medicine to treat 

syphilis, chronic rheumatism, and body pain 

(Albeshri et al., 2021). Calotropis procera was 

the most dominant species in Makkah region in 

other studies (Abdel-Khalik et al., 2013).  Even 

though, they are two different species but they 

belong to the same family Apocynaceae; this 

could explain why Apocynaceae is the second 

dominant family in this study.  

5. Conclusions and Recommendation 

Preservation of the native plant species 

conservation is important to maintain the 
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Stand Species Density % Shannon Shannon 

winner value 

 

Simpson Simpson 

value 

Aerva javanica (Burm. fil.) 

Juss. 

6 16% -0.29144632 0.021337127 

Citrullus colocynthis (L.) 

Schrader 

3 8% -0.200445306 0.004267425 

Lycium shawii Roem. & 

Schult. 

6 16% -0.29144632 0.021337127 

Cenchrus ciliaris L. 7 18% -0.311624528 0.029871977 

Total 38 100%   

7 Aerva javanica (Burm. fil.) 

Juss. 

2 11% -0.236978084 1.1 

 

0.005847953 0.81 

Leptadenia pyrotechnica 

(Forssk.) Decne. 

6 32% -0.364004056 0.087719298 

Cenchrus biflorus Roxb. 5 26% -0.35131607 0.058479532 

Panicum turgidum Forssk 3 16% -0.29144632 0.01754386 

Calotropis procera (Aiton) 

W.T.Aiton 

3 16% -0.29144632 0.01754386 

Total 19 100%   

8 Rhazya stricta Decne. 4 18% -0.309954199 1.2 0.025974026 0.82 

Calotropis procera (Aiton) 

W.T.Aiton 

3 14% -0.271695022 0.012987013 

Senna alexandrina Mill. 4 18% -0.309954199 0.025974026 

Aerva javanica. (Burm. fil.) 

Juss. 

4 18% -0.309954199 0.025974026 

Rhanterium epapposum Oliv. 7 32% -0.364360279 0.090909091 

Total 22 100%   

 Total number of all Species  20  

 Shannon index value  2.035983198 

 Simpson index value  0.868175166 
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Stand Species Density % Shannon Shannon 

winner value 

 

Simpson Simpson 

value 

Deverra triradiata Hochst. ex 

Boiss. 

3 14% -0.271695022  0.012987013 

Calotropis procera (Aiton) 

W.T.Aiton 

2 9% -0.217990479 0.004329004 

Total 22 100%   

3 Rhazya stricta. Decne 5 33% -0.366204096 0.6 

 

0.095238095 0.82 

Vachellia seyal (Delile) 

P.J.H.Hurter 

4 27% -0.352468224 0.057142857 

Prosopis juliflora (Sw.) DC. 2 13% -0.268653736 0.00952381 

Stipellula capensis (Thunb.) 

Röser & Hamasha 

2 13% -0.268653736 0.00952381 

Panicum turgidum Forssk 2 13% -0.268653736 0.00952381 

Total 15 100%   

4 Vachellia gerrardii 

(Chaudhary) Ragup., Seigler, 

Ebinger & Maslin 

4 13% -0.264218431 1.2 

 

0.012903226 0.83 

Prosopis juliflora (Sw.) DC. 8 26% -0.349560171 0.060215054 

Senna italica Mill. 5 16% -0.294282144 0.021505376 

Aerva javanica (Burm. fil.) 

Juss. 

8 26% -0.349560171 0.060215054 

Citrullus colocynthis (L.) 

Schrader 

2 6% -0.176828389 0.002150538 

Stipellula capensis (Thunb.) 

Röser & Hamasha 

4 13% -0.264218431 0.012903226 

Total 31 100%   

5 Vachellia seyal (Delile) 

P.J.H.Hurter 

2 8% -0.202058292 1.7 

 

0.003333333 0.84 

Prosopis juliflora (Sw.) DC. 2 8% -0.202058292 0.003333333 

Deverra triradiata Hochst. ex 

Boiss. 

4 16% -0.293213034 0.02 

Rhazya stricta Decne 7 28% -0.356430389 0.07 

Aerva javanica (Burm. fil.) 

Juss. 

5 20% -0.321887582 0.03333333 

Vachellia flava (Forssk.) Kyal. 

& Boatwr. 

5 20% -0.321887582 0.03333333 

Total 25 100%   

6 Rhazya stricta Decne. 7 18% -0.311624528  

1.8 

0.029871977 0.087 

Vachellia gerrardii 

(Chaudhary) Ragup., Seigler, 

Ebinger & Maslin 

3 8% -0.200445306 0.004267425 

Prosopis juliflora (Sw.) DC. 6 16% -0.29144632 0.021337127 
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Table 4. The density of plant taxa represented in 8 

stands around Makkah city. 

Plant Species Total 

N=190 

Density % 

Aerva javanica (Burm. fil.) Juss. 25 13% 

Calotropis procera (Aiton) W.T.Aiton 8 4% 

Cenchrus biflorus Roxb. 5 3% 

Cenchrus ciliaris L. 7 4% 

Citrullus colocynthis (L.) Schrader. 10 5% 

Deverra triradiata Hochst. ex Boiss. 7 4% 

Leptadenia pyrotechnica (Forssk.) Decne. 6 3% 

Lycium shawii Roem. & Schult. 6 3% 

Panicum turgidum Forssk 5 3% 

Prosopis juliflora (Sw.) DC. 18 9% 

Rhanterium epapposum Oliv. 7 4% 

Rhazya stricta Decne. 33 17% 

Senegalia asak (Forssk.) Kyal. & Boatwr. 5 3% 

Senna alexandrina Mill. 10 5% 

Senna italica Mill. 5 3% 

Stipellula capensis (Thunb.) Röser & Hamasha 6 3% 

Vachellia flava (Forssk.) Kyal. & Boatwr. 5 3% 

Vachellia gerrardii (Chaudhary) Ragup., Seigler, Ebinger & Maslin 9 5% 

Vachellia seyal (Delile) P.J.H.Hurter 8 4% 

Forssk.) Galasso & Banfi( Vachellia tortil is 5 3% 

 

Table 5. Analysis of the plant taxa represented in each stand around Makkah city. 

 

Stand Species Density % Shannon Shannon 

winner value 

 

Simpson Simpson 

value 

1 Rhazya stricta Decne. 4 24% -0.340451525 1.32 0.044117647 0.76 

Vachellia gerrardii. 2 12% -0.25177249 0.007352941 

Senna alexandrina Mill. 6 35% -0.367571956 0.110294118 

Senegalia asak (Forssk.) Kyal. 

& Boatwr. 

5 29% -0.35993395 0.073529412 

Total 17 100%   

2 Rhazya stricta Decne. 6 27% -0.354349905 1.7 

 

0.064935065 0.81 

Vachellia seyal (Delile) 

P.J.H.Hurter 

2 9% -0.217990479 0.004329004 

Prosopis juliflora (Sw.) DC. 4 18% -0.309954199 0.025974026 

(Forssk.) Vachellia tortilis 

Galasso& Banfi 

5 23% -0.336728305 0.043290043 

Deverra triradiata Hochst. ex 

Boiss. 

3 14% -0.271695022  0.012987013 

SPh  Fabaceae Vachellia flava (Forssk.) Kyal. & 

Boatwr. 

17 

S  Ph  Fabaceae Vachellia gerrardii (Chaudhary) 

Ragup., Seigler, Ebinger & Maslin 

18 

Ph  Fabaceae Vachellia seyal (Delile) P.J.H.Hurter 19 

Ph  Fabaceae (Forssk.)  Vachellia tortilis

Galasso & Banfi 

20 
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Figure 11. The Shannon index among each stand. 

 
Figure 12. The Simpson’s index among each stand. 

Table 3. The list of plant species in 8 represented stands around Makkah city including life-form, growth 

and floristic categories. 

Categories: ME= Mediterranean, SA= Saharo-Arabian, SSi=  Saharo-Sindian, TR= Tropical, SZ = 

Sudano-Zambezian, and IT = Irano-Turanian 
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7
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Simpson’s index

loristic categories Growth Life form  Family Plant species    

TR Herbs  Th  Aramanthaceae Aerva javanica. (Burm. fil.) Juss.  1 

SA Shrubs  Ph  Apocynaceae  Calotropis procera (Aiton) W.T.Aiton  2 

TR Grass  Th  Poaceae Cenchrus biflorus Roxb. 3 

SA+SZ Grass  He  Poaceae Cenchrus ciliaris L.  4 

SZ+SA+IT+ME Herbs  Th  Cucurbitaceae Citrullus colocynthis (L.) Schrader.  5 

SA  Shrubs  Ch  Apiaceae Deverra triradiata Hochst. ex Boiss.  6 

SA+SZ Shrubs  Ph  Apocynaceae Leptadenia pyrotechnica (Forssk.) 

Decne.  

7 

SA+SZ+IT  Shrubs  Ch  Solanaceae Lycium shawii Roem. & Schult.  8 

SA+SZ Shrubs He Poaceae Panicum turgidum Forssk  9 

SA+ME+SZ Shrubs or small 

trees   

Ph Fabaceae Prosopis juliflora (Sw.) DC. 10 

SA  Shrubs  Th  Asteraceae Rhanterium epapposum Oliv.  11 

SA+SZ Shrubs or small 

trees  

Ch Apocynaceae  Rhazya stricta Decne. 

 

12 

SA+SZ  Shrubs  Ph  Fabaceae Senegalia asak (Forssk.) Kyal. & 

Boatwr.  

13 

SSI+SZ Shrubs  Ch  Fabaceae Senna alexandrina Mill. 14 

SA+SZ Shrubs Ch Fabaceae Senna italica Mill. 15 

SA  Geass  Th  Poaceae Stipellula capensis (Thunb.) Röser & 

Hamasha 

16 
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The Floristic categories Saharo-Arabian (SA) 

and Sudano-Zambezian (AZ) were the dominant 

by (38%), while Mediterranean (ME), Saharo-

Sindian (SSI), Tropical (TR), Irano-Turanian 

(IT) were all represented by (6%) (Fig 8 & Table 

3). 
Figure 8. The life-form of plant taxa in 8 represented stands 

around Makkah city. 
Figure (9) and Table (4) Showed that Rhazya 

stricta had the highest number of species in the 

study area 33 species (17%), followed by Aerva 

javanica 25 species (13%) and Prosopis juliflora 

18 species (9%), While Cenchrus biflorus, 

Leptadenia pyrotechnica, Lycium shawii, 

Panicum turgidum, Senegalia asak, Senna 

italica, Stipellula capensis, Vachellia flava and 

Vachellia tortilis were represented by only 3% 

over the stands.  

 

Figure 9. The Floristic categories of the plant taxa in 8 

represented stands around Makkah city. 

Categories: ME= Mediterranean, SA= Saharo-Arabian, SSi= 

Saharo-Sindian, TR= Tropical, SZ = Sudano-Zambezian, and 

IT = Irano-Turanian 

Among all studied vegetations, The Shannon 

index was (2.036), while Simpson’s index was 

(0.868). The values of Shannon index in the 

study area as follows: 1.2 (stand1), 1.7 (stand2), 

0.6 (stand3), 1.2 (stand 4), 1.7 (stand 5), 1.8 

(stand 6), 1.1 (stand 7) and 1.2 (stand 8). Which 

means that stand 6 was the highest in biodiversity 

while stand 3 was the lowest as shown in Figure 

10 and Table 5.  

Simpson's Results in the study area showed that 

the 0.250 (stand1), 0.071 (stand2), 0.333 

(stand3), 0.372 (stand 4), 0.111 (stand 5), 0.083 

(stand 6), 0 (stand 7) and 0.267 (stand 8). Which 

means that stands 4 is the highest in biodiversity 

while the lowest is stand 7 as shown in Figure 11 

and Table 5. 

 
Figure 10. The density of plant vegetation in 8 

represented stands around Makkah city. 
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families; (Abundance 1) The families Fabaceae 

and Apocynaceae were the dominance by (34%), 

(25%) respectively, followed by Amaranthaceae 

(13%), Poaceae (12%) and Cucurbitaceae (5%); 

then tow families Apiaceae & Asteraceae were 

represented by (4%), while Solanaceae was 

represented by only (3%) of the vegetation (Fig 

5 & Table2).  

 

Figure 5. Families of the plant taxa in 8 represented stands 

around Makkah city. 

 

Table 2. Plant Families among the study aera. 

 

S 

H 

Shrubs dominated the vegetation growth of the 

study area by (54%), followed by trees, Grass, 

Herbs and small trees (17%, 13%, 8% and 8%, 

respectively) (Fig 6 & Table 3).  
 

Figure 6. Plant growth form of plant taxa in 8 represented 

stands around Makkah city. 

The life form of the recognized species follows 

Raunkiaer scale; Raunkiaerin’s approach 

explains and helps in understanding the flora and 

structure of vegetation in relation to prevailing 

ecobiological conditions. As shown in (Fig 7 

&Table 3), Phanerophytes (Ph) (8 species) by 

40% is the dominance life form of the total 

species over the other life forms, followed by 

Therophytes (Th) and Chamaephytes (Ch) (5 

species) (25%), while Hemicryptophytes (He) 

was the lowest value of life form (2 species) 

(10%).  

 
Figure 7. Plant growth form of plant taxa in 8 represented 

stands around Makkah city. 

 Vegetations 

N=190 

Family Density 

(count) 

% 

Fabaceae 65 34% 

Apocynaceae 47 25% 

Amaranthaceae 25 13% 

Poaceae 23 12% 

Cucurbitaceae 10 5% 

Apiaceae 7 4% 

Asteraceae 7 4% 

Solanaceae 6 3% 
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these species. The global distributions (i.e., 

floristic regions) are coded as follows:  

 

Analysis of species richness and Density 
There are various indices for examining species 

richness in a region based on estimations of the 

relative abundance of the species derived from 

samples (Heip et al., 1998). Among these indices 

are the Shannon–Wiener information function 

(Lloyd et al., 1968), the Simpson’s dominance 

index (Hunter and Gaston, 1988), the Margalef 

species richness index (Meurant, 2012), and the 

Pielou evenness index (Pielou, 1966). The first 

two were used in the current study due to the 

linkage between a common family of diversity 

indices and nonadditive statistical mechanics 

(Keylock, 2005). 

The Shannon index.  
The main principle of this index is that the 

diversity of a community is the amount of data in 

a code. It is calculated as follows. 

In this formula, S is the total number of species. 

P = is the proportion (n/N) of individuals of one 

particular species found (n) divided by the total 

number of individuals found (N) 

ni = number of individuals of species “i” 

p = is the proportion 

 pi = relative abundance of species “I”  

N = total number of individuals of all species  
��

�
  = equivalent to pi, the probability of N finding 

the i-th species.  

H = Shannon Diversity Index 

Simpson index 
Simpson’s approach for assessing species 

diversity evaluates the dominance of a species 

relative to the number of species in a sample or 

population (Hunter and Gaston, 1988). It is 

calculated as follows.  

D is the Simpson diversity index, ni is the 

number of individuals belonging to i species, and 

N is the total number of individuals.  

- Density analysis 
One of the often-employed techniques is 

predictive vegetation modeling. It is described as 

“predicting the distribution of vegetation across 

a landscape based on the relationship between 

the spatial distribution of vegetation and certain 

environmental variables” (Franklin, 1995 & 

Guisan and Zimmermann, 2000). Concepts of 

spatial variations are obtained according to the 

following equations. 

where n(k) is the number of pairs of observation, 

and Z(xi) is the feature property measured in 

point x and in point x +k.  

where Z · 

(x0) is the 

interpolated value of variable Z at location, x0, 

Z(xi) represents the values 

measured at location xi , 

and λi is the weighed 

coefficient calculated based on the semi 

variogram when  

There for, it is possible to obtain non-biased 

interpolated values; that is, the expected 

value E [Z · (x0) − Z(x0)] = 0 and the 

estimated variance Var.[Z·(x0)−Z(x0)]= 

minimum (Elhag and Bahrawi, 2016). 

3.Result 

A total of 190 plant specimen in the 8 stands 

were represented by 20 species belonging to 8 

Floristic region Code 

Irano-Turanian IT 

Mediterranian ME 

Saharo-Arabian SA 

Saharo-Sindian SSI 

Sudano-Zambezian SZ 

Tropical TR 
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Ehlenberg (Mueller-Dombois and Ellenberg, 

1974). Using relevés for vegetation study 

involves two broad considerations. One is the 

method by which relevé plots are placed in the 

study area. The second is how the data on plant 

species cover are collected in the plot. Both 

considerations are influenced by the objectives 

and requirements of the study (Minnesota 

Department of Natural Resources, 2013).   

 

Figure3. Locations of the study sites. 

The study areas were visited from December to 

February 2021- 2022. According to relevé, the 

plots were about 10-meter × 10 meters in size 

(Figure 4) and samples were taken through the 

winter and spring seasons when taxa were 

expected to be growing and flowering.  

 
Figure 4. According to relevé, the plots were about 10-meter 

× 10 meters in size. 

 

The vegetation sampling includes collecting the 

plants, drying and recording all plants taxa in the 

plots. Then, the recorded species' identification 

and name were done in accordance with 

Migahid, 1978; Chaudhary, 1999; Collenette, 

1999 and Boulos, 1999; 2000; 2002; 2005; 2009. 
 

Table 1. The locations of each stand. 

Abundance  

The abundance of plant species was determined 

according to Braun- Blanquet cover abundance 

scale as follows:   
SCALE COVER-ABUNDANCE  

5 >75% 

4 50 - 75%  

3 25 - 50%  

2 5 - 25%   

1 1 - 5%   

+ Few 

R Solitary  

Life forms  
The life form analysis is supplying supplemental 

data that makes it easier to comprehend the 

intricate interactions of plant species with abiotic 

and biotic elements in the surrounding 

environment (Ayyad & El-Ghareeb, 1982). The 

distribution of life forms among plants growing 

in dry regions is influenced by landforms and 

topography (Galal et al. 2021). 

N

o. 

Longitude Latitude Slope The 

aspect 

1 3959'27"E 2130'53"N ˚3.4143996 Northea

st 

2 3938'09"E 2131'52"N ˚0.7359542 Northwe

st 

3 3939'55"E 2120'36"N ˚3.4144068 Southwe

st 

4 3956'48"E 2120'40"N ˚23.1043825 Southea

st 

5 3948'55"E 2117'36"N ˚22.5860828 South 

6 3959'52"E 2125'N ˚3.4166964 East 

7 3939'41"E 2125'41"N ˚3.4166964 West 

8 3948'02"E 2135'47"N ˚3.4166465 North 
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Figure 1. A map of Saudi Arabia (left bottom corner) inside the black box with a zoomed-in map showing The Makkah region. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Monthly variation in the average of ambient air temperature and rainfall from 2003 to 2019 according to the data of 

Meteorological Station at Makkah Al-Mukaramah (Presidency Meteorol ogy and Environment) 

 

Vegetation sampling and Assessment  
Locations and samples were selected as an 

example of a large range of physiographic and 

environmental variability in every area. Eight 

stands were studied as showed in table1and 

(Figure 3). Sample plots in each stand were 

randomly selected using the relevé process in 

every site described by Mueller- Dombois and 
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(Elaidarous, et al., 2022). However, xerophytic 

vegetation is a distinguished feature of the plant 

life in Saudi Arabia (Zahran, 1982).  

Makkah situated in Wadis between the 

mountainous region of the west of Saudi Arabia 

with an arid system (Alshareef, 1984 & Khalik 

et al., 2013). In Makkah, there is a reduced in the 

natural vegetative cover due to the degradation, 

which shows in hot aridity, with a maximum 

temperature around 40-49C, and scarcity of 

rainfall, the rate of rainfall between 50-80 

mm/year, with most of the precipitation falling 

during the winter (Ashrae, 2005; Al-Eisawi & 

Al-Ruzayza, 2015; Abdelrahman et al., 2020). 

Climate change and human activity are both 

important causes in the spread of desertification 

and drought (Shalaby & Tateishi, 2007; Cetin et 

al., 2019). 

Also, the natural vegetation and biodiversity are 

seriously threatened locally and globally by 

disturbances to it, such as total clearance, urban 

expansion, overgrazing, invasive species 

invasion, soil erosion and salinity, natural 

disasters, and poor management that result in 

differences in microclimate and vegetative cover 

(Tehrany, et al., 2017). Because of the 

importance of biodiversity and the intrinsic 

relationship between human activities and 

policies and the state of native vegetation, 

monitoring and assessment of changes in the 

condition of natural plants are high-priority tasks 

for governments (Raymond et al., 2011). 

Moreover, there are several structural, 

functional, and compositional traits found in 

natural vegetation. Natural plants are certain 

species that have a significant environmental 

tolerance that developed a distinct plant 

association with unique floristic and structural 

attributes to adapt to a certain environment.  

 Subsequently, there is a need to conserve the 

natural vegetation that can resist these conditions 

and provide a habitat for terrestrial-based 

species. The aim of this work is to assess the 

natural vegetation cover by using field surveys 

by dividing the area into eight stands (to cover 

all important sites in Makkah) and collecting the 

plants. Then, analyze the natural plant 

composition to assist in the afforestation project 

of the holy city by the plants originally growing 

in limitation of resources to reduce the efforts.  

2. Materials and Methods 

Study area 
Eight different study stands were chosen around 

the city of Makkah to represent all the vegetation 

and ecological sites. Makkah is a city situated in 

the middle of the western part of the kingdom of 

Saudi Arabia within an area called the Arabian 

shield (longitude 39.826°E and latitude 21.43°N) 

in a fragile system in Wadis, in Saudi Arabia's 

western mountainous region, 80 km from Jeddah 

on the Red Sea coast (Al-Eisawi& Al-Ruzayza, 

2015; Osman, 2012; Abdel Khalik et al., 2013). 

It is a portion of Al Hejaz Hill, which stretches 

parallel to the Red Sea from the Kingdom's 

borders to the Al-Sarwat Mountains in the south. 

It is surrounded by the regions of Al Medina in 

the north, Riyadh in the east, Abha in the south, 

and the Red Sea in the west as obviously in (Fig 

1). 
Climate of the study area  
The climate in Makkah is tropical and arid. The 

monthly average of meteorological conditions 

showed that the monthly average ambient air 

temperatures ranged between 24.5°C and 36.7 

°C during January and June, respectively from 

2003 to 2019 according to the data of 

Meteorological Station at Makkah Al-

Mukaramah (Presidency Meteorology and 

Environment) (Fig 2). 
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Abstract. makkah - Saudi Arabia, is one of the most important cities, which faced a reduction in natural 

vegetative cover, due to the hot aridity, with a maximum temperature around 40-49C, and scarcity of 

rainfall, the rate of rainfall is between 50-80 mm/year. A plant is supposed to be native if it has occurred 

naturally in a particular region, ecosystem, or habitat without human intervention. The aim of this study 

was to study the flora around Makkah city by choosing eight stands from different localities. The field work 

included relevé, the plots were about 10 × 10 meters in size.  The study revealed that the eight stands were 

represented by 20 species belong to 8 families, Fabaceae and Apocynaceae were dominant by (34%), (25%) 

followed by Amaranthaceae (13%), Poaceae (12%) and Cucurbitaceae (5%); then (Apiaceae & Asteraceae) 

were represented by (4%), while Solanaceae was represented by only (3%) of the vegetation. Phanerophytes 

(40%) were the dominant while Hemicryptophytes (He) were the lowest value of life form (10%). The 

Floristic categories Saharo-Arabian (SA) and Sudano-Zambezian (AZ) were the dominant (38%), while 

Mediterranean (ME), Saharo-Sindian (SSI), Tropical (TR), Irano-Turanian (IT) were lowest value (6%). 

Rhazya stricta has a high number of species that were observed in native plants in study area (17%), while 

Cenchrus biflorus, Leptadenia pyrotechnica, Lycium shawii, Panicum turgidum, Senegalia asak, Senna 

italica, Stipellula capensis, Vachellia flava and Vachellia tortilis were the lowest with 3% over the stands. 

Finally, the diversity in species deficiency in Makkah. 

Keywords: Vegetation, Shannon, Simpson, indices, families, western region. 

 

 

 

 

INTRODUCTION:  

Around 2,250,000 km2, or nearly 80% of the 

total area of the Arabian Peninsula, is occupied 

by the Kingdom of Saudi Arabia. Which is 

located between 15.2° and 32.6° north and 34.1° 

and 55.5° east. A vast area of semi-arid, arid, and 

hyper-arid regions covers Saudi Arabia, and it is 

characterized by many ecosystems that differ in 

their plant diversity (Al-Yasi et al., 2019& 

Elaidarous, et al., 2022).  According to Al-Sherif 

et al. (2013) and Al-Yasi (2015), there are 

several physiographical regions, such as 

mountains, Valleys (Wadis), sandy and rocky 

deserts, salt planes (Sabkhahs) and lava areas 

(Harrats), etc. The flora of Saudi Arabia is one of 

the most diverse in the Arabian Peninsula, with 

plentiful original resources for agriculture and 

medicinal plants (Rahman et al., 2004). The flora 

of Saudi Arabia is intricate, sharing similarities 

with the floras of North Africa, East Africa, the 

Mediterranean, and Irano-Turanian nations. 

About 137 families and 2284 species including 

naturalized and alien plants have been reported 

from various habitats of Saudi Arabia (Aljeddani 

et al., 2021). Although there are many wild plants 

in Saudi Arabia, there are fewer species per square 

kilometer than there are elsewhere, particularly in 

the Central, Eastern, and Northern regions; the 

regions along the northwestern and southwestern 

regions have dense vegetation and contain the 

highest number of species (Al-Eisawi, & Al-

Ruzayza, 2015& Noor et al.,2022). Around 80% 

of Saudi Arabia's total flora is found in the south-

western regions, which also have the largest 

number of species (Abbas et al., 2020). Desert 

vegetation is majority and distinctive type of 

natural plant life and covers large areas mostly 

with xerophytic sub-shrubs and shrubs 
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  ،لل�فا! على ج�دة الل�� وم�ة صلاح��ه تق��ات م��لفةاس���ام 

  دراسة م$جع�ة م��ثة 

 

 ن�ف ح�� ال���اني١ ، م�ال ع�ام شفي٢

  ، ٢١٥٨٩ق�� العل�م ال���ل�ج�ة، عل� ال���ان، جامعة ال�ل� ع��الع���، ج�ة،  -١

  ال��ل ة الع���ة ال�ع�د�ة

 stu.kau.edu.sa0003naljizani@ال���� الال %�وني: 

  ال�,��عة ال��+�ة لاس%�امة الإن%اج ال�راعي، ق�� العل�م ال���ل�ج�ة، عل� ال���ان،  -٢

  ، ال��ل ة الع���ة ال�ع�د�ة٢١٥٨٩جامعة ال�ل� ع��الع���، ج�ة، 

  Meshafi@kau.edu.saال���� الال %�وني: 
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1945a). The assessment of spoilage in fish 
products often relies on the measurement of 
TVB-N, a crucial characteristic. TVB-N is 
widely recognized as the predominant chemical 
indicator for evaluating the spoilage of marine 
fish (Amegovu et al., 2012; Wu & Bechtel., 

2008). Nevertheless, the conventional approach 
to quantify its concentrations in tissue samples 
is time-consuming due to the need for 
meticulous extraction procedures (Esposito et 
al., 2018). 

     TMA alone can indicate fish freshness 
because its level is directly related to product 
deterioration. The official method for 
determining the concentration of the substance. 

     Chemical analysis is a scientific technique 
used to determine the composition and 
properties of substances and characteristics of 
the chemical changes that occur in fish muscle 
during rotting. 

3.4.1 Potential of Hydrogen (pH): 

     The assessment of deterioration process in 
fish products can be achieved by measuring pH 
the despite its limited accuracy and harmful 
solvents, it is predominantly the analytical 
approach based on Dyer’s method (Dyer., 
1945b). 

4. Conclusion 

     Currently, fish farms and aquaculture in the 
Kingdom of Saudi Arabia operate in a global 
and competitive market due to increasing 
human consumption of aquatic resources. To 
maintain this competitive level, fish processing 
techniques are integral to reducing concerns 
about food safety, maintaining the country’s 
economic development, and achieving 
consumer satisfaction. However, it is hard to 

harvest and transport due to its rapid 
susceptibility to spoilage and rot. Therefore, it 
is suggested to choose one of the fish processing 
techniques with high precision according to the 
type and condition of the fish and the way that 
reaches the consumer, considering the duration 
of transportation. In addition, it is possible to 
combine more than one technique to obtain 
results with long shelf life, abundant nutritional 
value, and better flesh quality. Furthermore, 
there are many ways to determine the freshness 
of fish, ranging from experienced people to less 
ones.  
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structured scale ranging from 10 to 3. Absolute 
freshness is indicated by a score of 10–9; good 

quality is indicated by an 8; tastelessness or 

neutrality is indicated by a 7–6; slight 

extraneous odors and tastes (initial state of 
alteration) is indicated by a 5–4; and severe 

extraneous odors and tastes (putrid product) are 
indicated by a 3 . When the product's flavor and 
odor received a sensory QIM score of less than 
six overall, the samples were declared unfit for 
consumption. 

3.1.3 Quantitative Image Analysis (QIA): 

     Quantitative Image Analysis (QIA) methods 
were developed using exterior characteristics 
such as skin, texture, odor, and the look of eyes, 
gills, and anus (Freitas et al., 2019). 

3.2 Microbiological Analysis: 

      The presence of microorganisms in aquatic 
species indicates the bacterial composition of 
the surrounding environment and the 
circumstances experienced during handling or 
processing. In the case of recently processed 
fish, Single Species Organisms  (SSOs) are 
observed in minimal quantities and represent a 
minor portion of the microbial community 
associated with the fish. Under specific storage 
conditions, such as a particular temperature, 
SSOs' growth rate is higher than other 
microflora. This increased growth leads to the 
production of metabolites that are responsible 
for off-flavors in the product. Ultimately, these 
off-flavors result in sensory rejection of the 
product (Freitas et al., 2019; Oehlenschlager., 

2014). The prevailing SSOs found in aquatic 
species inhabiting temperate seas and subjected 
to ice preservation at a temperature of 0 °C in 
the presence of oxygen are Shewanella spp and 
Pseudomonas spp. These substances are linked 

to odors characterized by ammoniacal spoilage 
and hydrogen sulfide (Sant'Ana et al., 2011). 

3.3 Physical Evaluation:  

     The physical evaluation is a comprehensive 
assessment of an individual's physical health 
and well-being. It involves the systematic 
examination of one often employed method for 
evaluating electrical measures in fish based on 
the observation that the cell membranes in fish 
muscle tissue undergo a gradual disruption 
caused by autolytic enzymatic degradation and 
subsequent microbial activity anus (Freitas et 
al., 2019). This process ultimately results in a 
reduction in electrical resistance and capacity. 
Hence, over time, there will be a decrease in the 
magnitude of the electric impulse recorded 
(Oehlenschlager., 2014). The alteration in 
gradient is a result of the dual-phase quality 
deterioration process elucidated by two distinct 
degradation mechanisms, namely enzymatic 
autolysis and microbial activity (Freitas et al., 
2019). 

3.4 Chemical Analysis: concentration of 
hydrogen ions, commonly known as pH 
measurement ( Lanzarin et al., 2016). The pH 
levels of live fish exhibit variation across 
different species. Thus, the occurrence of a low 
value, indicated by the QI, signifies an aberrant 
alteration and elucidates the rapid deterioration 
of the fish (Freitas et al., 2019). 

     In addition, the generation of volatile 
amines, including ammonia, trimethylamine 
(TMA), dimethylamine (DMA), and 
methylamine (MA) (Sadok, Uglow, & Haswell, 
1996), is sometimes referred to as total volatile 
basic nitrogen (TVB-N). These organic 
molecules are formed by bacterial or enzymatic 
processes, utilizing trimethylamine-n-oxide 
(TMAO) as a precursor (Dyer & Mounsey., 
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expiration or "best before" date for fresh fish 
(Freitas et al., 2019). 

3.1 Sensory Characteristics: 

    Sensory character is crucial in determining 
food quality, influencing consumer acceptance, 
food selection, and market value. The 
assessment of aquaculture product quality based 
on production and post-production 
characteristics is consistently regarded as a 
matter of utmost significance ( Goncalves., 
2010). Sensory analysis demonstrates 
adaptability across several stages of the supply 
chain, hence proving its significance in 
assessing the freshness of fish at different 
junctures of transactions (Freitas et al., 2019). 
Sensory analysis tools can significantly 
improve the overall perception of products in 
today's highly competitive markets (Bernardi et 
al., 2013). Also, it is widely recognized as a 
highly effective method for adequately 
assessing the freshness and grading of fish or 
fish products (Freitas et al., 2019). 

     In sensory evaluation, olfaction played a 
significant role in discerning the extent of 
degradation. According to the study by Freitas 
et al. (2019), the initial characterization of skin 
and gill odors in cod was classified as 
reminiscent of seaweed or fresh. However, 
starting from day 3 of the experiment, these 
aromas transitioned to a neutral state. Moreover, 
the perception of unpleasant scents linked to 
decay was observed on the 11th day; however, 
the intensity necessary for rejection was only 
reached on the 12th day. The primary cause of 
this phenomenon can be attributed to the 
notable presence of strong scents on both the 
skin and gills, characterized explicitly by 
rancidity. 

 

 3.1.1 Quality Index Method QIM: 

     Quality Index Method (QIM) is a grading 
method used to evaluate the freshness of fish. It 
is characterized by its efficiency, simplicity, 
nondestructiveness, and descriptive nature. The 
integration of fish species differences is 
achieved through an objective assessment of 
fish features, such as gill odor (Nollet & Toldra., 
2010). Additionally, it offers a dependable and 
standardized approach to users, including 
manufacturers, customers, merchants, and 
resellers. This methodology comprises clear 
directions and easily comprehensible 
illustrative materials. This approach is very 
suitable for instructing individuals with limited 
expertise and providing training or overseeing 
the performance of panelists (Bernardi et al., 
2013). Attributes are assessed using a scoring 
system that assigns demerit points ranging from 
0 to 3. Additionally, as time elapses, punctuation 
is more emphasized, resulting in higher scores 
(Martinsdottir., 2010). However, it is frequently 
observed that one or more traits do not attain the 
maximum demerit points due to the lack of 
significant changes throughout the storage 
period, which prevents them from achieving 
such scores (Sant'Ana et al., 2011). 

 3.1.2 Quality Index (QI): 

Quality Index (QI) is derived by aggregating all 
ratings to predict shelf-life. The possibility of 
making a forecast relies on establishing a linear 
correlation between the variable of interest, 
namely QI, and the duration of storage. 
However, novel QIM schemes are developed in 
conjunction with other methodologies. The fish 
muscle assessment is conducted using the Torry 
Scale (Freitas et al., 2019). According to Lauteri 
et al. (2023), the Torry scheme was utilized, and 
each sample was given a score based on a 
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scientific investigations into applying high 

pressure for food preservation did not 

commence until the late 1980s and early 1990s. 

According to Rastogi et al. (2007), bacteria and 

enzymes respond similarly under high-pressure 

conditions. Conversely, elevated pressure levels 

may lead to cellular harm and distortion, 

causing structural modifications and 

impairments. It has been shown that alterations 

in pressure within the range of 100-300 MPa are 

generally reversible in most food products, in 

contrast to modifications induced by variations 

in temperature. In certain instances, such as 

with bacterial spores, it has been observed that 

they can endure elevated pressures, 

necessitating a minimum of 1,200 MPa for 

deactivation (Abera., 2019). Consequently, 

applying high pressure can influence various 

aspects of food quality, including proteolysis, 

myofibrillar proteins, and muscle enzymes. 

Additionally, it is imperative to consider the 

effects on sensory perception and texture. The 

relationship between high pressure and color 

changes and meat tenderization has been 

shown. (Figure 5). The quality of aquatic goods 

can be influenced by each stage of the process 

and any additional components introduced. 

Customizing the preservation technique 

according to the specific requirements of a 

perishable item such as fish, which is vulnerable 

to bacterial decay and oxidative processes, is 

imperative. The study conducted by Rumape et 

al. (2022) highlights the importance of 

preserving the overall quality, sensory 

attributes, and textural properties of food 

products while also maintaining their nutritional 

value. The findings suggest that employing a 

combination of storage and preservation 

techniques in a thoughtful and innovative 

manner can produce high-quality goods with 

favorable nutritional characteristics. 

 

 

 

 

 

3. Determination of  Fish Freshness 

     The freshness of fish is an important factor 

to consider due to its limited shelf life as a 

highly perishable food item. This attribute is 

important in ensuring safety, nutritional content, 

availability, and edibility. 

     It is well acknowledged that not only one 

method can be deemed entirely dependable in 

assessing the freshness or quality of fish goods 

(Martinsdottir., 2010). The assessment of fish 

freshness and the decision to accept or reject it 

based on this criterion may be the sole 

requirement for the industry (Freitas et al., 

2019).  

     The post-mortem changes in fish encompass 

a range of physical, chemical, sensory, and 

microbiological features that contribute to the 

deterioration of food quality. These changes are 

species-specific and can be influenced by 

factors such as fishing processing technique, 

handling practices, and storage temperature 

(Freitas et al., 2019). Substantial elements serve 

as indicators of product spoiling (Balino-Zuazo 

& Barranco, 2016; Shumilina et al., 2016). 

Nevertheless, due to the absence of the capture 

date on fish sold by vendors, consumers lack a 

dependable means of ascertaining the true 

freshness of the product. Moreover, the existing 

regulations do not mandate the inclusion of an 

Fig 5. Changes in sea bream (Sparus aurata L.) 

fillets. (Rumape et al., 2022). 
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2.2.2.1 Slurry ice 

Slurry ice has become a viable method in the 

post-capture, onboard handling, storage, and 

transporting of fish (Ntzimani et al., 2023). 

According to previous studies conducted by 

Huidobro et al. (2001), Losada et al. (2005), and 

Rodríguez et al. (2004), it has been observed 

that slurry ice exhibits the ability to inhibit 

microbial development and extend the shelf life 

of many marine species, including salmon, 

seabream, horse mackerel, and pink shrimp. 

Additionally, slurry ice can be defined as a 

biphasic system wherein small spherical ice 

particles are enveloped by seawater at 

temperatures below zero degrees Celsius (Cakli 

et al., 2006). The purported benefits of using 

cryogenic ice, compared to conventional 

freshwater ice forms, including flake, tube, and 

block ice, encompass several aspects. These 

include a lower temperature, resulting in faster 

chilling owing to enhanced heat exchange, a 

reduced likelihood of physical damage, and the 

presence of spherical tiny particles (Bellas & 

Tassou, 2005; Kauffeld et al., 2010). According 

to Kauffeld et al. (2010), the ice slurry's ice 

concentration can be adjusted to a maximum of 

60%, while the salt content can range from 2% 

to 3%. This adjustment is crucial in achieving 

optimal preservation outcomes for sensitive 

fish, as it prevents any potential injury and 

excessive salt absorption by the fish. 

Furthermore, the comprehensive application of 

the slurry ice mixture to the fish surface protects 

fish tissues against the detrimental effects of 

oxygen, including lipid oxidation and 

dehydration (Huidobro et al., 2002).   

2.2.3 Vacuum Packing 

    High pressure's potential to eliminate germs 

was first documented in 1899. However, 

Fig 3. Freezing technique used for 

Oreochromis niloticus aquaculture.  

Fig 4B: Effect of storage period on crude fat 

content of Lutjanus johnii during 180dayes of 

preservation in freezer (Foruzani et al., 2015). 

Fig 1.  A) None of the techniques were 

applied to Oreochromis niloticus 

aquaculture.  B) Freezing technique was 

applied using cold water and small pieces 

(A

(B)
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et al., 2022). In a study conducted by You et al. 

(2021), it was observed that a decrease in the 

freezing rate resulted in the formation of larger 

ice crystals, leading to pronounced damage to 

muscle fibers. According to Sigurgisladottir et 

al. (2000), the size and uniformity of the ice 

crystals can be enhanced by increasing the 

speed and homogeneity of the freezing process. 

It was also noted that the color and texture of 

the Oreochromis niloticus muscles fish did not 

change when ice was applied immediately after 

harvesting. As a result, the shelf life was 

increased, and the general characteristics and 

nutritional value were maintained. (Figures 1,2 

and 3). However, understanding the impact of 

freezing and thawing on frozen fish's muscle is 

essential for choosing the best preservation 

conditions and maintaining the product's 

texture, which will ultimately determine 

whether or not consumers will accept it (Dıaz-

Tenorio et al., 2007). Additionally, he noted in 

his research that freezing and thawing 

conditions as well as holding temperature can 

have an impact on fish muscle qualities, 

including their edibility. Freezing can keep a 

product as fresh as when it was first stored and 

prolong its shelf life, but it depends on a number 

of variables, including the fish species' initial 

condition and the amount of time that passes 

between harvest and freezing. It can also result 

in protein denaturation and texture defects 

(Abraha et al., 2018). Protein denaturation may 

happen during the freezing fish treatment 

method (Yerlikaya & Gokoglu., 2010). Since 

muscle protein is the primary source of textural 

distinctive features, denatured protein affects 

the water-holding capacity, flavor, color, and 

texture of frozen fish and fish products (Abraha 

et al., 2018). Consequently, there is an increased 

risk of damage to proteins and loss of important 

amino acids (Chavan et al., 2008). Yerlikaya & 

Gokoglu (2010), have reported that the freezing 

time has an impact on the final quality of frozen 

fish. According to Lakshmanan et al. (2003), the 

number of freeze-thawing periods has a direct 

impact on the nutritional losses of aqua foods. 

Free fatty acid can have indirect effects on 

texture changes and flavor deterioration of 

frozen fish by promoting protein denaturation 

and enhancing lipid oxidation, respectively. 

Fish that has been frozen for 180 days can have 

less crude protein and fat, according to research 

by Foruzani et al. (2015) (Fig 4A) (Fig 4B). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. Freezing technique used for Oreochromis  

niloticus aquaculture.  

Fig 4A: Effect of storage period on crude protein content 

of Lutjanus johnii during 180dayes of preservation in 

freezer (Foruzani et al., 2015). 
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environment, where they can last for several 

months. (Espejo-Hermes, 1998; Sampels, 

2015); (Espejo-Hermes, 1998; Sampels, 2015). 

An investigation showed that marinating 

rainbow trout fillets extended their shelf life at 

4 ˚C by delaying microbiological spoiling and 

avoiding deterioration (Maktabi et al., 2016).  

2.2 Non- Traditional Techniques 

Rumape et al. (2022) advised initiating the 

cooling process promptly after harvesting the 

fish. However, Jeyasanta et al. (2013) observed 

that delaying the application of icing for varying 

durations of 4, 6, 8, or 10 hours resulted in a 

decrease in the storage life of Malabar trevally. 

Specifically, the shelf life was lowered to 14, 10, 

6, and 3 days, respectively, compared to the 18-

day shelf life observed when icing was applied 

immediately. The study conducted by Rumape 

et al. (2022) revealed that the shelf life of 

rainbow trout Oncorhynchus mykiss 

experienced a reduction from the initial range of 

9-11 days to a new range of 5-7 and 1-3 days, 

respectively, when the process of icing was 

delayed by either 4 or 8 hours after the fish were 

captured. 

2.2.1 Cooling  

     Fresh fish is commonly transported and sold 

on a bed of crushed ice, maintaining a 

temperature of approximately zero degrees 

Celsius. The preservation of freshness can be 

achieved using refrigeration or cooling 

methods; however, it is important to note that 

these methods do not possess the capability to 

eliminate or eradicate microorganisms, nor can 

they halt enzymatic activity. According to Yu et 

al. (2019), most biological deterioration 

processes exhibit a deceleration rate. In a study 

conducted by Melgosa et al. (2021), it was 

observed that the rate of hydrolysis in cod 

exhibited a threefold increase at a temperature 

of 20°C compared to 0°C. Additionally, 

microbial growth decelerates at lower 

temperature conditions. The rate at which food 

is cooled has a crucial role in determining the 

overall quality of the final product, 

encompassing factors such as oxidation, 

spoilage, and texture. In order to achieve the 

intended duration of shelf life, it is imperative 

to maintain sufficient refrigeration throughout 

transportation and storage (Alice et al., 2020). 

Shelf-life of Oreochromis niloticus after being 

stored at +1.0 ◦C for 23 days, the 

microbiological quality of tilapia fillets was still 

good for eatable. Nonetheless, certain adverse 

impacts were noted in the samples' texture, 

color, and drip loss. According to sensory 

assessment and microbiological counts, the 

ideal storage periods were 13–15 and 21 days . 

2.2.2 Freezing 

     Freezing has been widely regarded as a 

viable method for prolonging meat preservation 

over extended durations (George, 1993). 

However, it is essential to note that freezing can 

significantly affect muscle's chemical and 

structural properties, including the generation of 

lipid oxidation products (Zhan et al., 2018). 

According to Yu et al. (2020), freezing is more 

successful than cold storage in reducing 

enzymatic and microbiological activity 

retaining flavor and nutritional properties. The 

formation of ice crystals during the freezing 

process is a critical event. It is important to note 

that larger ice crystals provide a higher risk of 

membrane rupture and textural damage, which 

might result in increased oxidation (Sikorski & 

Kolakowska, 2020). The generation of small ice 

crystals during the freezing process is crucial in 

preventing increased oxidation and 

deterioration in texture after thawing (Rumape 
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2.1.3 Smoking  

      Like smoking, preserving food through 

smoking has been widely employed in 

numerous underdeveloped nations (Samples., 

2015; Espejo-Hermes., 1998). The preservation 

process of smoking involves the synergistic 

impact of salting, drying, heat treatment, and 

chemical deposition resulting from the 

combustion of wood (Espejo-Hermes., 1998). 

In general, smoked products acquire a desirable 

smoky aroma by the combustion of sawdust or 

wood during manufacturing and by the 

influence of volatile compounds. This process 

ultimately extends the shelf life of the smoked 

products. The process of smoking fish is 

commonly conducted within a smokehouse 

facility to effectively regulate the combustion of 

wood (Küçükgülmez et al., 2010; Espejo-

Hermes., 1998). There are two distinct 

traditional smoking methods employed in the 

preservation of fishery goods: hot smoking, 

which involves subjecting the products to 

elevated temperatures ranging from 70 to 80 

degrees Celsius. According to previous studies 

(Espejo-Hermes., 1998; Aydin & Yalçın., 2018), 

the final products typically exhibit qualities 

such as being cooked, juicy, and tasty. Cold 

smoking involves the process of smoking 

fishery items at a controlled temperature that 

does not exceed 30°C. According to previous 

studies (Espejo-Hermes., 1998; Emel., 2020), 

smoked items are typically uncooked and may 

necessitate an additional cooking step. Teklu & 

Lema., (2015), mentioned that for non-dried 

fish, Oreochromis niloticus was smoked at 80 ± 

3°C for two hours, on the other hand, if the 

fish dried before, the smoke duration was about 

three hours at 80 ± 3°C. However, If the time, 

temperature, and wood type are not controlled 

and chosen in accordance with the regulations 

throughout the smoking protocol, the smoked 

fish products' chemical, physical, and 

nutritional contents will be impacted. 

Furthermore, the carcinogenic activity may 

increase and cause various disorders in 

consumers (Abraha et al., 2018). Fish 

quality that has been smoked will have a hard 

texture, turn black instead of golden brown, and 

lose nutrients that are sensitive to heat 

(Boonsumrej et al., 2007). Depending on the 

amount of heat produced during smoking, fish's 

protein and amino acid denaturation will occur. 

This changes the protein's chemical and 

physical characteristics and lowers its 

biological availability (Ihekoronye & Ngoddy, 

1985). According to research by Abraha et al. 

(2018), overheating can happen in the majority 

of conventional smoking techniques for fish 

processing, which greatly lowers the 

availability of vital amino acids (lysine, 

tryptophan, and methionine). Chavan et al. 

(2008) report that smoking also raises the 

amount of insoluble protein and decreases the 

amount of more soluble protein, such as 

sarcoplasmic and myofibrillar contents. 

2.1.4 Pickling or Marinating 

     The preservation actions of pickling or 

marinating are due to the combined effects of 

salt and vinegar/acetic acid (Espejo-Hermes, 

1998; Sampels, 2015; Kadak & elik., 2015; 

Cetinkaya, 2017). The presence of vinegar or 

acetic acid reduces the pH of the product, 

thereby inhibiting the proliferation of 

microorganisms that cause spoilage (Sampels., 

2015). In addition, higher concentrations of 

these substances have increased inhibitory 

effects on enzymes and bacteria (Espejo- 

Hermes., 1998; Cetinkaya., 2017). However, 

pickled/marinated products generally have a 

short shelf life and are therefore considered 

semi-preserved unless stored in a chilled 
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salt onto the fish through rubbing. On the other 

hand, wet salting, which includes brining and 

pickle curing, entails immersing the fish in a 

solution of salt and water prior to packaging. In 

the case of wet salting, each layer of fish is 

sprinkled with salt that has been previously used 

(Espejo-Hermes., 1998; Erdem et al., 2005; 

Güngörmez et al., 2017). according to Jiang et 

al.,(2023), salting at levels greater than 3% for 

10 hours in Oreochromis niloticus caused 

myofibers deterioration, shrinking, and 

microstructure changes. 

2.1.2 Drying 

Another TTs known as drying. Drying has 

preserved fishing products since ancient times 

(Doe & Olley., 2020). Drying is extracting 

moisture from fishery products, typically 

accomplished through evaporation or 

alternative methodologies (Espejo-Hermes, 

1998; Oğuzhan., 2012; Samples., 2015). 

Reducing the moisture content (MC) of 

fisheries products to below 15% has effectively 

prevented spoiling caused by various 

microorganisms. Additionally, drying the 

products to a moisture content of 10% has been 

observed to completely inhibit the formation of 

molds, resulting in a significant extension of the 

products' shelf-life (Espejo-Hermes., 1998). 

The drying rate of fishery products during the 

drying process is affected by several significant 

parameters, including the thickness of the 

product, its salt and fat content, the temperature 

at which drying occurs, the velocity of the 

surrounding air, and the relative humidity 

(Samples., 2015). Drying methods for fishery 

products include contact drying and air drying, 

also known as sun-drying. Contact drying 

involves cleaning the products and exposing 

them directly to sunlight for a specific period, 

which can range from hours to days, depending 

on the nature of the products. Alternatively, 

drying with salts can be employed, whereby the 

fishery products are cleaned, brined, or dry-

salted and subsequently placed under the sun for 

a specified duration (Espejo-Hermes, 1998; 

Erkan, 2011; Oğuzhan, 2012). Sun drying 

Alestes baremose fish is a preservation method 

of creating good quality, quick, and 

straightforward procedure that yields an 

acceptable result (Modibbo et al., 2014). On the 

other hand, Delima et al. (2021), shows that salt 

amount varies depending on the fish species: 

two teaspoons for tilapia, one tablespoon for 

motan and lemongrass fish. Fish drying times 

are dependent on the intensity of the sun; cloudy 

weather prolongs drying times. When fish 

treated with salt were examined for research 

purposes, the fish's quality held up better than 

that of fish not treated with salt. Even in terms 

of flavor, fish prepared with salt is more 

appetizing or practical for eating. Because the 

salted fish already has a distinct flavor when 

cooked, it doesn't need any additional flavorings 

or seasonings.The flavor of the fish will be dull 

as opposed to unsalted fish (Table 1). 

 

 

 

In addition, long-term exposure of fish to 

sunlight can oxidize the lipids in the fish, 

reducing nutritional quality and raising 

consumer health risks (Smida et al., 2015). 

Furthermore, natural drying can dry fish faster 

and cause the flesh to become hard even though 

some moisture is still present, slowing down the 

drying process and promoting protein 

degradation (Abraha et al., 2018). 

 

Table 1. Different fish with the addition of salt
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     Hence, fish Processing Technology (FPT) 

encompasses a range of methodologies and 

procedures employed in the post-harvest 

processing, handling, and commercialization of 

aquatic goods, spanning from the initial 

harvesting stage to the ultimate consuming 

phase (Tahiluddin & Kadak., 2022).  

     The main focus of applying processing 

technology to aquatic products is to avoid or 

slow down spoiling caused by bacteria, 

enzymes, and improper physical and 

mechanical handling (Kaminski et al., 2020). 

For these reasons, good food preservation 

techniques should prevent microbial spoilage of 

food without affecting its nutritional value and 

flesh quality to meet the nutritional needs of this 

enormous population.  

2. Fish Processing Technology (FPT) 

     Fish Processing technologies have a 

significant relationship, and this affect the 

nutrients that fish offer for human health. 

Accordingly, FPT is crucial in ensuring food 

security, promoting economic development, and 

maximizing the nutritional content available to 

consumers (Tahiluddin & Kadak., 2022). The 

importance of ensuring the production of high-

quality fish products is underscored by the 

fluctuating demands of consumers and the 

elevated costs associated with these items (Liu 

et al., 2022). Furthermore, fish processing 

processes can be categorized into two distinct 

groups: traditional methods and non-traditional 

ways. In summary, the Traditional Techniques 

(TTs) employed for fish processing are limited 

to smoking, drying, salting, and canning, 

whereas chilling, freezing, and vacuum packing 

are categorized as non-traditional techniques 

(NTTs) of fish processing (Guevara., 1980; 

Cain., 2019). Typically, TTs are implemented 

with limited infrastructure and resources, 

utilizing affordable equipment commonly found 

within small-scale fisheries' value chains. On 

the other hand, NTTs are commonly employed 

at processing facilities with significant 

investments and in the context of international 

trade (FAO, 2021).  

     Fish processing typically commences 

immediately following the capture of fish. The 

process encompasses several stages, including 

the capture of fish, bleeding, chilling, grading, 

beheading, scaling, filleting, skinning, 

trimming, portioning, mincing, by-product 

recycling, and packaging (Aldás, 2013; Buljo & 

Gjerstad, 2013; Einarsdóttir et al., 2022). The 

processing operations in question are essential 

as they encompass several vital procedures, 

including beheading, filleting, trimming, 

skinning, and portioning (Liu al., 2022). 

2.1 Traditional Techniques 

2.1.1 Salting 

     Salting is classified as one of TTs and is 

recognized as one of the first techniques 

employed to preserve fish and other fishery 

products (Samples., 2015). The preservation 

mechanism and underlying principles of salting 

are consistent across all fisheries products, 

irrespective of the specific method employed. 

Additionally, dry and wet salting of fish and 

fishery products is widely implemented 

globally (Tahiluddin & Kadak., 2022). Osmosis 

and diffusion are fundamental processes 

involved in reducing and removing moisture 

from fishery products, resulting in a decrease in 

enzymatic and bacterial activities. These 

ultimately extend salted products' shelf life 

(Espejo-Hermes., 1998; Erdem et al., 2015; 

Güngörmez et al., 2017). Dry salting, known as 

the Kench process, involves directly applying 
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decades. According to Gomez et al. (2023), 

there has been a significant increase in per 

capita consumption, which has risen by 200% 

during a specific period. Specifically, the 

consumption has gone from 6.4 kg to 11.3 kg. 

This increase is accompanied by an annual 

growth rate of 2.9%, which surpasses the global, 

regional, and sub-regional averages. 

     As a result of the increase in population and 

the rising living standards of civil society, there 

is considerable pressure on fish consumption 

(Khan et al., 2018). However, many challenges 

are associated with this massive increase in 

water resource requirements. Such as high 

demand and higher efficiency of work to 

improve productivity (Kulat et al., 2019).      

In addition, fish is a rich source of protein, 

minerals, vitamins, and essential nutrients for 

human nutrition (Abraha et al., 2018). 

Moreover, fish are a valuable dietary 

component due to their provision of essential 

amino acids, lipid-soluble micronutrients, and 

highly unsaturated fatty acids (Nie et al., 2022; 

Petsini et al., 2019; Yu et al., 2020). 

Furthermore, the significant nutritional 

significance of these substances has been linked 

to numerous health advantages spanning from 

prenatal development through adulthood (Rifat 

et al., 2023). In summary, a significant 

correlation exists between fish consumption and 

enhancing individual well-being and longevity 

(Rumape et al., 2022).  

    Given the continuous expansion of the global 

population and the imperative to effectively 

store and transport food to areas of demand, 

food preservation assumes a crucial role in 

extending its longevity while preserving its 

nutritional composition, texture, and taste 

(Ghaly et al., 2010).  

     Conversely, fish is often seen as a complex 

culinary commodity owing to its susceptibility 

to spoiling, oxidation, and the emergence of 

undesirable tastes resulting from inadequate 

handling or storage practices. Various factors, 

including the dietary composition of the fish, 

how it is handled, and the conditions in which it 

is stored, significantly influence the 

preservation of optimal nutritional value in fish 

(Rumape et al., 2022). 

     To be specific, fish is known to have a short 

shelf life after being caught, primarily because 

of its elevated moisture content, reliance on 

oxygenated blood supply for cell maintenance, 

neutral pH, and presence of numerous resident 

microbiotas. These factors collectively 

contribute to the spoilage of fish through 

microbial and biochemical processes (Amit et 

al., 2017; Odeyemi et al., 2020). The enzymatic 

and oxidative processes in fish following their 

harvest give rise to notable alterations in their 

sensory and nutritional characteristics. These 

changes have a detrimental impact on the shelf-

life of fish and are commonly interpreted by 

customers as a decline in freshness (Duarte et 

al., 2020). The adverse effects linked to a 

decrease in freshness are caused mainly by the 

degradation of proteins and the oxidation of 

lipids. These processes result in undesirable 

alterations in the odor, flavor, and texture of fish 

and also give rise to significant concerns 

regarding food safety (Sheng & Wang, 2021).  

The contemporary fisheries and aquaculture 

sectors function within a vast and international 

marketplace. Given the intensifying 

competition within the marketplace, the 

fisheries and fish farming sectors must 

investigate sophisticated technology 

interventions to enhance productivity and 

profitability (Liu et al., 2022). 
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Abstract. fish and fish products are crucial for human health, providing high-quality proteins, essential 

vitamins, minerals, and healthy polyunsaturated fatty acids. Furthermore, the great nutritional importance 

of these substances has been linked to numerous health benefits extending from prenatal development of 

the fetus to puberty .However, fish can deteriorate quickly after harvesting due to external environmental 

factors such as water quality (waste that turns into ammonia, nitrate, nitrite, pH, amount of dissolved 

oxygen, and temperature) and internal physiological factors such as microbes and bacteria, which increases 

the chance of their deterioration and loss of nutritional value.   Therefore, it is essential to use techniques 

for aquaculture fish that are constantly evolving, focusing on the type and condition of the fish and applying 

appropriate techniques for farmed fish, considering the duration of transport. In addition, there are various 

techniques used in the preservation of aquaculture fish, including traditional techniques such as salting, 

drying, smoking, and pickling or marinating; non-traditional fish processing techniques include cooling, 

freezing, and vacuum packaging. Also, to determine fish freshness such as sensory characteristics, 

microbial analyses, physical and chemical evaluations. Fish processing techniques include methodologies 

and procedures used from harvest until reaching the consumer in its final form. This review investigates 

the most important preservation techniques used for fish and their impact on overall quality. In addition, it 

aims to achieve sustainable production with nutritional content, improve profitable productivity, and reduce 

negative health impacts on consumers and fear about the nutritional safety of food to achieve human in line 

with the Kingdom's Vision 2030's two pillars of a thriving economy and society. 

Keywords: fish processing, spoilage, preservation techniques, aquaculture farming, freshness, fish quality, 

shelf life. 
 

1. INTRODUCTION: 

Human fish consumption has increased 

globally by 3.2% annually since the 1970s 

(Mengistu et al., 2020). Also, the global 

population is projected to increase by 2-2.5 

billion individuals by 2050. Consequently, there 

will be a need to ensure food and energy 

provision for this growing population. 

Additionally, a significant demand for power 

remains unmet, affecting approximately one 

billion people (Cosgrove & Loucks., 2015). 

In line with a comparable global pattern, there 

has been a consistent rise in the demand for fish 

among consumers in the Kingdom of Saudi 

Arabia (KSA) throughout the previous few 
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) لإدارة مغ$�ات ال�!#ة أمً!ا MOWالاس���ام الفعال لل��اد ال���� م� ال�فا�ات الع��ة ال	ل��ة (�ع� . م���ل�
اق�>اد�ة ومف�0ة ب0ً/0ا  MOW*الغ الأه�0ة لإن�اج ال�5اص0ل ال����ام وح�ا�ة ال	0/ة. تع� زراعة ال$رة *اس���ام س�اد 

إلى ال�!#ة إلى ت�0�5 إن�اج0ة ال$رة. تC إج!اء دراسة م�0ان0ة في  MOWفي ج�0ع أن5اء العالC. تBدA إضافة س�اد 
لN0 وروث  MOWل��5ی� تأث0! اث��0 م� ال��اد الع�A ال�>�ع م�  ٢٠٢٣و ٢٠٢٢عامي O0وج *الف0!مPال��

نات ال�5>ل.  ١٥و ١٠و ٥على ثلاثة م���ات ( NPKال	ق! والأس��ة Oل ال$رة وم�T/ه�Oار) على م5>
 !Oثلاث م Aرات ال�>�C0 الإح>ائي لقWعة الأرض. ت�5A قWع الأراضي ال!ئ0�0ة على م���ات س�اد، ب��0ا ت�5

لMOW: MOW + N0القWع الف!ع0ة على أر#عة س�اد نفا�ات O0الف0!م ،MOW + !ق	روث ال ،MOW١٢٥، و 

م� ال�^ إلى سC  ٥٠على م�افة  ٢م ٦. ت�5A [ل قWعة أرض م�اح�ها MOWمع  NPKكCZ/ه�Oار م� س�اد 
أك	! الأث! على ال�5>ل وال�>ائ`  NPKمع س�اد  MOWسC م� ال�	ات إلى ال�	ات. [ان ل��اد  ٣٠ال�^ و

لN0 وروث ال	ق! *�ع�ل O0ة *ه، یل0ه س�اد الف0!مW	ار. وأخ0ً!ا، [ان خل^  ١٥ال�!ت�Oه/�TMOW  معNPK  ع�ل�*
یلقي ه$ا ال�5ل0ل ال�عي وال�cي ضءًا ج�یً�ا على �T/ه�Oار ه الأف�ل *ال��	ة ل0�Zع خ>ائ` ال$رة. ل�  ١٥

إلى س�اد في س0اق زراعة الأراضي القاحلة فd�5، بل س�0ه� الW!�� أ�ً�ا ل�س0ع [	0! ومف�0 في  MOWت5�ل 
  إن�اج ال$رة.
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Chemical fertilizer is taken up by plants 
immediately after application and provides 
nutrients for a short time, boosting crop 
growth, but organic fertilizers release nutrients 
slowly, allowing them to meet plant needs in 
the long run and during the critical yield-
forming period (Wan et al., 2021). 

Compost treatment at 15 (ton/ha) yielded the 
highest mean cob yield and other cob-related 
features, followed by 10. The control treatment 
(just MOW) had the lowest cob characteristics 
in both seasons. Compost is becoming 
increasingly popular to improve soil quality 
and agricultural outputs (Agegnehu et al., 
2017). A study of several different characters 
discovered that an increase in compost rate led 
to a rise in maize yield components (Zerssa et 
al., 2021). Compost enhances soil fertility 
while also reducing nitrogen loss and 
stabilizing nitrogen intake and maize yields 
(Hua et al., 2020). Composting is one example 
of an organic fertilizer modification 
technology that, when used properly, can lead 
to increased crop yields and improved soil 
fertility status (Chen et al., 2020). Organic 
amendments have the potential to directly 
increase crop output because they boost the 
availability of soil nutrients (Urra et al., 2019).  

Cob length, grain rows per cob, and 1000-grain 
weight enhanced maize production. Tables 2 
and 3 show that 15-ton/ha compost yielded the 
most cobs and had the best qualities for C4, 
followed by C2 and C3 for both seasons. 
Organic inputs and compost maintain soil 
productivity, providing necessary nutrients for 
crop production. NPK plus compost increased 
maize grain output more than NPK alone (Han 
et al., 2022). The NPK fertilizer and manure 
treatment increased maize crop cob fresh and 
dry yield (p > 0.05) compared to the control 
treatment, demonstrating that it affected the 
crop during growth. (Table 3). 
 

Besides biomass and yield, maize crop 
nitrogen content (%) is crucial. This study 
indicated that 15 ton/ha of NPK fertilizer with 
manure enhanced nitrogen content by 1.6 and 
2.3% for compost rates of 10 and 5 ton/ha. 
Roca et al., 2018 found that NPK and manure 
application increased nitrogen content, 
supporting that high chlorophyll content may 
be responsible for the high nitrogen content. 
Overall, 15 t/ha manure and blended fertilizer 
(NPK) increased biomass, yield, and protein. 
 
4. Conclusion 

Arid land agriculture has gained scholarly 
attention in the last decade, although little 
research has examined MOW composting for 
maize productivity. We used the conversion of 
MOW to evaluate compost for sustainable crop 
production and soil amendment resources. 
Many exciting and relevant properties are 
likely in MOW composts. These features are 
valuable and significant in preparing these 
composts and their application for maize 
production. In two-year field trials, MOW 
composts and NPK treatments dramatically 
altered maize growth, production, and quality 
in a dry agro-ecosystem. 
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Figure 4. Effect of MOW compost on the cob dry yield of maize during 2022 and 2023  

Here C1= only MOW compost (control), C2= 10 % Vermiculite added to MOW compost(w/v), C3= 10% cattle dung 

added to MOW compost (w/w) and C4= 150 kg/ha NPK + MOW compost 

 

3. Discussion  

Analyses of variation (Tables 1 and 2) showed 
that the treatments C4 (combination of MOW 
compost and NPK) and C2 (Vermiculite and 
MOW) induced a considerable increase in 
different maize parameters over the treatments 
C2 and C1 (only MOW compost). Most of the 
evaluated parameters of maize improved in C2 
and C3 (Cow manure and MOW) compared to 
C1 when combined with synthetic fertilizers. 
Based on the information in both tables, it 
looks like combining the use of organic 
composts with a low dose (125 kg/ha) of NPK 
(C4) could be a good way to keep the growth, 
productivity, and quality of the maize crop 
within acceptable ranges, even when the soil 
quality is low and the weather is dry. These 
findings are consistent with those of other 
studies that have found that using a high-level 
application amount of organic compost or a 
combination of organic compost and chemical 
fertilizers is an effective strategy and that this 
method is being advocated as a viable 
substitute for the intensified use of chemical 
fertilizers to improve the growth, production, 
and quality of a variety of field crops, even in 
arid environments (Jin et al., 2022). 

The combined effect of NPK and manure 
application increased output for all maize 
growth, cob fresh weight(g) and cob dry 
weight (g) and other attributes across all 
treatments compared to the control (p > 0.05). 
The maize production was greatly improved by 
the application of mineral fertilizers in addition 
to manure. At 15 ton/ha compost level, 
treatment MOW +NPK yielded the maximum 
cob fresh and dry yield, considerably higher 
than the control (p > 0.05). This confirms the 
beneficial effect of NPK and organic fertilizer 
treatment on crop development and yield 
found in earlier research. These findings 
support past research suggesting NPK and 
organic fertilizer applications boost crop 
growth and productivity. (Wang et al., 2019). 
Organic matter in composts improves the 
biological and physical-chemical properties of 
the soil. This may explain why maize 
parameters increased a lot when a lot of 
compost or a combination of organic and 
chemical fertilizers was used instead of just 
chemical fertilizers (Zhou et al., 2022). 
Applying organic and chemical fertilizers 
together may be beneficial as it improves 
synchronization and synergy between nutrients 
and plant needs throughout the growth cycle. 
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Table 4. Mean values of Leaf area index, cob fresh yield, cob dry yield and nitrogen % of maize under the influence of MOW 

composts during 2022-2023. 

Treatments Leaf area index (LAI) Cob fresh yield 

(ton/ha) 

Cob dry yield (ton/ha) Nitrogen % in grain 

 2022 2023 2022 2023 2022 2023 2022 2023 

Compost rate 

(ton/ha) 

        

5 1.35c 1.30c 20.79a 21.31a 12.29a 11.93b 0.69c 0.75c 

10 1.64b 1.67b 20.82a 21.81a 12.34a 12.44ab 1.49b 1.54b 

15 1.83a 1.88a 21.44a 22.04a 12.50a 12.64a 1.79a 1.83a 

MOW composts         

C1 0.40b 0.39c 20.98a 20.49b 12.13a 12.18a 1.14c 1.19c 

C2 1.63a 1.37b 21.04a 21.93a 12.45a 12.38a 1.30b 1.35b 

C3 1.55a 1.30 b 20.25a 21.77a 12.32a 12.36a 1.33b 1.41b 

C4 1.69a 1.99a 21.79a 22.69a 12.43a 12.57a 1.52a 1.54a 

Values in the column with identical letter(s) do not substantially differ at the 5% level of probability. Here C1= only 

MOW compost (control), C2= 10 % Vermiculite added to MOW compost(w/v), C3= 10% cattle dung added to MOW 

compost (w/w) and C4= 150 kg/ha NPK + MOW compost 

2.4 Consequences of MOW composts and 

their levels on maize cob yield 

The interaction outcomes between the MOW 
composts and their levels significantly affected 
the fresh and dried cob yields of maize. Figure 
3 shows that compared to other MOW-derived 
composts over both seasons, the combination 
of organic and inorganic fertilizers 
significantly influenced (p ≤ 0.05) maize cob 
fresh yield and cob dry yield production for the 

two seasons. However, composts with no 
additives (only MOW) had the lowest values 
overall yield contributing attributes for both 
seasons. Figures 3 and 4 also display the results 
of two growing seasons of using MOW 
compost coupled with NPK, which are 
significant (p ≤ 0.05). Values were lowest in 
2022 and 2023 when MOW compost was 
applied without amendments. 

  
Figure 3. Effect of MOW compost on the cob fresh yield of maize during 2022 and 2023 

Here C1= only MOW compost (control), C2= 10 % Vermiculite added to MOW compost(w/v), C3= 10% cattle dung 

added to MOW compost (w/w) and C4= 150 kg/ha NPK + MOW compost 
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1000 grain weight (371.20g) were found for 
the first season at 15 ton/ha level of compost, 
but only the highest number of seed rows per 
cob (12.84) was obtained during second season 
for the same level of compost (Table 2). 

Among all treatments, maximum mean values 
for almost all the parameters were obtained for 
treatment C4 in both seasons, followed by C3 
and C2 treatment for the level of 15ton/ha.   

  
Table 3. Effect of MOW composts on maize cob yield attributes during 2022-2023. 

Treatments Cob length (mm) Cob girth (mm) Seed rows/ cob 1000 seeds weight (g) 

 2022 2023 2022 2023 2022 2023 2022 2023 

Compost rate 

(ton/ha) 

        

5 203.79a 209.09a 53.46b 53.26a 12.26b 12.32b 335.18b 333.25b 

10 207.42a 210.54a 54.35b 53.94a 12.51ab 12.61ab 362.66a 358.49a 

15 210.54a 209.77a 56.86a 53.43a 12.75a 12.85a 371.20a 367.86a 

MOW composts         

C1 204.27a 208.19a 52.76b 53.87a 12.51a 12.57a 353.20ab 352.75ab 

C2 207.11a 209.33a 55.46a 53.46a 12.43a 12.43a 346.59b 341.04b 

C3 208.19a 210.94a 55.33a 53.55a 12.52a 12.51a 361.64a 356.09a 

C4 209.42a 210.74a 56.00a 53.29a 12.82a 12.84a 363.95a 362.94a 

Values in the column with identical letter(s) do not substantially differ at the 5% level of probability.  

Here C1= only MOW compost (control), C2= 10 % Vermiculite added to MOW compost(w/v), C3= 10% cow manure 

added to MOW compost (w/w) and C4= 150 kg/ha NPK + MOW compost 

Leaf Area Index (LAI) impacts canopy light 
movement, suggesting health or development. 
LAI impacts the canopy microclimate. Leaves 
block sunlight and light radiation, altering 
transpiration and latent heat (Teitel et al., 
2016). Table 2 demonstrates that compost 
dosages increase LAI. The maximum LAI was 
attained with C4 compost, followed by C2 for 
both seasons with 15 and 10 tons/ha compost, 
respectively. The cob fresh yield (ton/ha), cob 
dry yield (ton/ha) and nitrogen content % in 
grain were higher during the 2023 season than 
in 2022 and in every attribute, the values 
gradually increased with the increase of 

compost. In the case of treatment effect for 
these yield and yield contributing traits, the 
maximum influential effect was done by C4 
followed by C2, respectively. In 2023, C4 
compost recorded the highest cob fresh and dry 
yield of 22.69 tons/ha and 12.57 tons/ha, 
respectively. C2 compost came in second with 
21.93 tons/ha and 12.38 tons/ha. 1.54% 
nitrogen in grain was found for C4, and 1.41% 
was found for C3 during the 2023 season. In 
the case of all maize cob and cob yield traits, 
the minimum values were recorded for C1 
(control) compost, which was prepared by 
decomposing only MOW (Table 3). 
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recorded for the second season for compost 
vermiculite + MOW (C2) for 10 ton/ha level of 

compost followed by C4 compost (Figure 1, 
B). 

  

  
Figure 1. Effect of MOW compost on the cob fresh weight of maize during 2022 and 2023 

Here C1= only MOW compost (control), C2= 10 % Vermiculite added to MOW compost(w/v), C3= 10% cow manure 

added to MOW compost (w/w) and C4= 150 kg/ha NPK + MOW compost 
 

The highest cob dry weight under two seasons 
was obtained in the case of C4 compost 
compared to others, which showed a 
significant difference among other types of 
compost, especially at a level of 15 tom/ha 

(Figure 2). Insignificant (p ≤ 0.05) differences 
were found for cob dry weight between 
compost C2 (vermiculite + MOW) and C3 
(cow manure + MOW) during the 2023 season. 

  

Figure 2. Effect of MOW compost on the cob dry weight of maize during 2022 and 2023 

Here C1= only MOW compost (control), C2= 10 % Vermiculite added to MOW compost(w/v), C3= 10% cow manure 

added to MOW compost (w/w) and C4= 150 kg/ha NPK + MOW compost 

2.3 Maize cob and cob yield 

Table 2 and Table 3 show that 15 or 10 tons/ha 
of compost maximized cob length, cob girth, 
seed rows per cob, 1000 seeds weight, leaf area 

index, cob fresh yield (ton/ha), cob fresh yield 
(ton/ha), cob dry yield (ton/ha) and Nitrogen % 
in grain. The maximum values of cob length 
(210.54mm) and cob girth (56.86mm) and 
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Table 1. Fresh and dry weight plant and cob of maize under different MOW composts and compost rate in 2022-23. 

  
Table 2. Fresh and dry weight plant and cob of maize under different MOW composts and compost rate in 2022-23. 

Treatments Total fresh weight (g) Total dry weight (g) Cob fresh weight (g) Cob dry weight (g) 

 2022 2023 2022 2023 2022 2023 2022 2023 

Compost 

rate(ton/ha) 

        

5 1081.52b 1027.78b 608.94c 606.44b 459.26a 430.08b 262.94a 255.68b 

10 1108.88a 1056.51ab 638.95b 630.88b 466.90a 449.73ab 269.10a 266.60ab 

15 1099.93ab 1073.27a 662.71a 671.86a 470.48a 471.46a 263.77a 270.88a 

MOW 

composts 

        

C1 1073.04b 1042.61bc 616.79b 619.42b 439.28b 434.01b 261.16a 264.05a 

C2 1081.45b 1007.07c 642.18a 645.08ab 466.64a 450.94a 269.50a 266.95a 

C3 1101.59ab 1074.58ab 635.49ab 630.61ab  467.01ab 449.73ab 264.97a 260.08a 

C4 1131.02a 1085.82a 653.01a 650.47a 470.06a 486.23a 265.46a 266.47a 

Values in the column with identical letter(s) do not substantially differ at the 5% level of probability. Here C1= only 

MOW compost (control), C2= 10 % Vermiculite added to MOW compost(w/v), C3= 10% cow manure added to MOW 

compost (w/w) and C4= 150 kg/ha NPK + MOW compost 

  
2.2	Interaction	of	MOW	compost	types	

and application rates on maize fresh 

and dry weight 

Significant changes in fresh and dry cob 
weight were observed among the MOW 
compost types and the rate of compost applied 
to maize cultivars. As shown in Figure 1, 
compost rates of 5, 10, and 15 tons/ha 
increased the cob fresh weight under all types 
of composts. Cultivar Compost 4 (C 4), made 

by mixing MOW compost with NPK, gave the 
highest cob fresh weight under 15 ton/ha dose 
rate compared to the two other doses. In the 
case of C1 compost (only MOW compost), it 
was found that minimum cob fresh weight for 
all the rates of compost was used compared to 
other treatments and rates. The effect of a 5 
ton/ha level of compost was observed with 
similar results for all the treatments except the 
control. The maximum cob fresh weight was 

Treatments Total fresh weight (g) Total dry weight (g) Cob fresh weight (g) Cob dry weight (g) 

 2022 2023 2022 2023 2022 2023 2022 2023 

Compost 

rate(ton/ha) 

        

5 1081.52b 1027.78b 608.94c 606.44b 459.26a 430.08b 262.94a 255.68b 

10 1108.88a 1056.51ab 638.95b 630.88b 466.90a 449.73ab 269.10a 266.60ab 

15 1099.93ab 1073.27a 662.71a 671.86a 470.48a 471.46a 263.77a 270.88a 

MOW 

composts 

        

C1 1073.04b 1042.61bc 616.79b 619.42b 439.28b 434.01b 261.16a 264.05a 

C2 1081.45b 1007.07c 642.18a 645.08ab 466.64a 450.94a 269.50a 266.95a 

C3 1101.59ab 1074.58ab 635.49ab 630.61ab  467.01ab 449.73ab 264.97a 260.08a 

C4 1131.02a 1085.82a 653.01a 650.47a 470.06a 486.23a 265.46a 266.47a 
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into 4 sub-plots. Compost types were 
randomly assign in four sub-plots to evaluate 
the effects of different types of compost. Each 
plot was 6m2 in size with 3m in length and 2m 
in width. Line to line distance was 50 cm and 
plant to plant was 30 cm. 
1.2 MOW composts 
The experiment was conducted with four 
MOW-derived composts that were developed 
by the Agriculture Department and Centre of 
Excellence of Water and Environment Studies 
(CEES) of King Abdulaziz University, Saudi 
Arabia, from MOW of Jeddah landfill center. 
The composts were C1= Compost 1(control ), 
C2= 10 % Vermiculite added MOW compost 
(w/v), C3= 10% cow manure added MOW 
compost (w/w) and C4= 150 kg/ha NPK added 
MOW compost. MOW compost without any 
additives was referred to as a control treatment. 
1.3 Use of composts and NPK fertilizer 
Prior to sowing, MOW composts were added 
into the top 30 centimeters of the field 
according to the design and rate of compost 
and fertilizers. 150 kg/ha of NPK was given in 
four equal applications (at 15, 30, 60, and 90 
days after planting), along with the only MOW 
compost treatment in each growing season. 
The experimental field had a drip irrigation 
system, and it was irrigated every two-day 
intervals. 
1.4 Maize agronomic traits evaluation 
At harvesting, 5 plants were randomly chosen 
from each experimental unit to determine cob 
fresh and dry weight (g), total fresh and dry 
weight (g), cob length (mm), cob girth (mm), 
seed rows/cob, 1000-kernel weight (g), cob 
fresh yield (ton/ha), cob dry yield (ton/ha), 
Leaf area index and Nitrogen % content in 
grain. 
1.5 Statistical analysis 
The plant and agronomical yield data were 
statistically examined using analysis of 
variance. (ANOVA). SAS 9.4 program was 
used for ANOVA of group means (SAS 
Institute, 2011). LSD was used to compare 

treatment means at (p ≤ 0.05) (van Zyl and du 
Preez, 2022). Three independent biological 
replicates were used for all observations.  
2. Results  

Tables (3) and (4) reveal that the different 
MOW-derived composts, levels, and their 
interaction significantly (p ≤ 0.05) affected the 
plant height, yield, and its components in both 
2022 and 2023. 
2.1 Plant's fresh and dry weight 

Results in Table 3 showed a significant 
increase in cob fresh and dry weights and total 
plant fresh and dry weight (g) during the two 
seasons. The maximum cob fresh weight of 
471.46 g and 470.48 g were recorded in 15 
ton/ha compost during 2023 and 2022, 
respectively, followed by 10 ton/ha compost 
during the two seasons. The lowest mean 
values of this trait during the two growing 
seasons for the levels of compost were 
obtained at 459.26g and 430.08g for the first 
and second seasons, respectively. Among the 
treatments, the highest cob fresh and dry 
weight were recorded for compost 4 (mixed 
MOW and NPK) treatment for both seasons, 
486.23g and 470.06g for 2023 and 2022. In the 
case of cob dry weight, the maximum weight 
was found for 15 ton/ha for mixed treatment 
for two seasons. For total fresh and dry weight, 
the height data for compost level was obtained 
at 10 ton/ha for 2022 (1108.88g), but in 2023, 
it was obtained at the rate of 15 ton/ha compost 
(1073.27g). Maximum total fresh weight 
(1131.02g and 1085.82g) and total dry weight 
(653.01g and 650.47g) were found for 
treatment C4 (mixed MOW and NPK) during 
2022 and 2023. In the case of every parameter, 
the lowest values were found in 5-ton/ha 
compost for control. 
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This frequently forces farmers to overuse 
chemical fertilizers to maximize grain yield. 
However, uncontrolled chemical fertilizer use 
harms soil health, the environment, and 
economic returns due to high input costs 
(Rodríguez-Espinosa et al., 2023). Chemical 
fertilizer and organic compost work well for 
sustainable agriculture (Jiang et al., 2022). 
 
Amendments improved compost nutrient 
quality, reduced gaseous emissions and 
dangerous bacteria, and enhanced plant 
nutrition (Goldan et al., 2023). Vermiculite is 
a mineral often used in agriculture due to its 
ability to retain water and nutrients (Mazloomi 
and Jalali, 2019). The vermiculite helps retain 
moisture in the soil, ensuring that the maize 
plants have access to water even during dry 
periods. Composts with vermiculite helped 
dry-land maize grow and produce. These 
farmer-friendly composts can increase soil 
organic matter and cost less than basic 
fertilizers (Pisa et al., 2020). Cow manure, on 
the other hand, is a type of organic waste 
commonly used as a fertilizer due to its high 
nutrient content (Gupta et al., 2016). The cow 
manure compost contributes essential nutrients 
to the soil, promoting healthy growth and 
development of the maize plants (Li et al., 
2022). Organic materials and plant nutrients 
like phosphorous (P) and nitrogen (N) are 
abundant in cattle manure. Cow manure-added 
compost prevents N leaching in any soil and 
runoff loses soil nutrients (Köninger et al., 
2021).  
Municipal organic waste (MOW) composting 
involves the process of converting organic 
waste from municipalities into compost, which 
can then be used as a soil amendment 
(Palaniveloo et al., 2020). It reduces the abuse 
of inorganic fertilizers, which are declining 
soil quality, and helps sustainable crop 
production (Lal, 2015).   

The combined use of NPK fertilizers and 
MOW composts can have a positive effect on 
the production of hybrid maize. Synthetic 
fertilizers provide essential nutrients for the 
growth and development of maize crops (Al‐
suhaibani et al., 2021). NPK fertilizers and 
MOW composts work well together. Plants get 
enough nutrients for optimal growth with NPK 
fertilizers. Conversely, MOW composts 
improve soil structure, water-holding capacity, 
and nutrient retention (Sayara et al., 2020). 
MOW compost increases soil microbial 
biodiversity. These bacteria improve plant 
nutrition by cycling nutrients. Compost and 
NPK fertilizers increase soil microbial 
diversity and activity, creating a healthier soil 
ecology that supports maize development 
(Heisey et al., 2022). 

Composts are effective nutrient management 
for crop growth and development, yet additive-
amended MOW-derived composts have not 
yet been studied for maize cultivation. Very 
little information is available on the interactive 
effect of organic amendment and MOW in the 
promotion of maize growth. These knowledge 
gaps were addressed by adding vermiculite and 
cow dung to MOW composts to examine the 
impact of MOW composts and their amounts 
on hybrid maize growth and production. Thus, 
this research is unique in studying compost 
rate's effect on crop growth and clarifying the 
interaction between fertilizer regime, soil 
features, and maize growth parameters. This 
study has helpful suggestions for using MOW 
composts to increase maize growth. 
1. Materials and methods 

1.1 Design of field experiment 
  
A split-plot design with three replications was 
followed. In split plot design usually treatment 
which wants to evaluate is applied in sub-plots. 
The amount of 5, 10 and 15 tons/ha compost 
were used in main plots to evaluate the effects 
of compost rate. Each main plot was divided 
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Abstract. effective use of municipal organic waste (MOW) derived composts for soil nutrient management is crucial 

for sustainable crop production and environmental protection. Maize cultivation using MOW compost is economical 

and environmentally beneficial around the world. Adding MOW compost to the soil improves maize yield. A field 

study was conducted in 2022 and 2023 to determine the effects of two composts made from MOW mixed with 

Vermiculite, Cow dung, and NPK fertilizer at three levels (5, 10, and 15 ton/ha) on maize yield and yield components. 

Three replications split plot statistical design. Main plots had compost levels, while subplots had four MOW waste 

composts: MOW, Vermiculite + MOW, Cow manure +MOW, and 125 kg/ha NPK fertilizer with MOW. Each 6 m2 

plot had a 50 cm line-to-line and 30 cm plant-to-plant distance. MOW compost with NPK fertilizer had the greatest 

impact on yield and yield-related characteristics, followed by Vermiculite and Cow manure compost at 15 ton/ha. 

Finally, MOW mixes with NPK at 15 ton/ha performed best for all maize characteristics. This qualitative and 

quantitative analysis will not only shed fresh light on converting MOW to compost in the context of arid land agriculture 

but will also pave the way for a substantial and worthwhile expansion of maize production. 

Key word: Municipal Organic Waste, Maize, Additives, compost rate, and Arid Land  

 
INTRODUCTION: 

Population is one of the primary contributors 
to food insecurity (Kousar et al., 2021). A 
growing population creates demand in the 
agriculture sector, making it challenging to 
feed a growing population (Giller et al., 2021). 
Food insecurity rises when urbanization 
expands and people use the land for urban 
expansion instead of agriculture (Abu Hatab et 
al., 2019). Modern agriculture's biggest 
challenge is economically and 
environmentally sustainable sustenance for a 

growing population. To feed the expanding 
population by 2050, food output must rise by 
70% (Fróna et al., 2019).  
 
Maize (Zea mays L.) is cultivated worldwide 
for food and fodder production (Revilla et al., 
2022). Many sectors employ maize, including 
human meals, poultry feed, and animal fodder 
(Chang’a et al., 2020). However, maize 
consumes more nutrients and mineral 
fertilizers than other cereal crops during 
growth (Aziiba et al., 2019). When grain maize 
production exceeds 16 tons per hectare, it can 
use 250–300 kg of nitrogen (Liu et al., 2019). 
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تأثير تحضير بذور في الطماطم تحت تأثير الظروف الطبيعية والملوحة: عن  نظرة عامة 
  من انبات البذور إلى الحصاد

  

  مجدي علي احمد موسي، عمر حسني ابراهيم و هشام  فيصل  الحربي ,رنين جوهر سويلم محمد
  

  

تع+*� ال(�ا)� أح& أه� م�اص�ل ال! ار في ج��ع أن�اء العال� وفي ال��ل�ة الع���ة ال�ع�د
ة، ن�ً�ا  . م���ل�
لق��+ها الغ;ائ�ة العال�ة و9فاءتها لل6راعة في 5ل م�4�عة واسعة م- ال��وف ال*��0ة. ال(�ا)� هي واح&ة م- م�اص�ل 

*� ل�&ة شه�F- إلى ثلاثة أشه�. على الAع�& العال�ي، تع+ ال! ار ال@ق&
ة ال+ي ت�ل& دخلاً ج�ً&ا وم�+�ً�ا لل�6ارع�-
ال(�ا)� ال�A&ر ال�ئ��ي لل&خل وال��اه� ال�ئ��ي في الأم- الغ;ائي لAغ� ح�4 ال��4- في ال(�ا)�، فإنه 
ع+*� 

ئ�ة ان��ذجًا لل&راسات الف���ل�ج�ة وال�راث�ة وال�0F64ة وال+���ة ل+���- الAفات وال��A�ل وت��له لل غ�J الأح�
وغ�� الأح�ائ�ة. إن إن+اج ال(�ا)� وت�س�ع ن(اق زراع+ها ی�اجهان ت�&
ات ��O9ة، لا س��ا مع ال+غ��ات ال*��0ة العال��ة 
ف��ا ی+علX Zال+غ��ات ال�@اخ�ة، وت�اف� ال��اه الع;Xة وج�دتها، والآفات والأم�اض، وج�دة ال+��ة. ت� إج�اء الع&ی& م- 

وقابلة لل+(*�Z لل+غل^ على ال�[اكل ال*��0ة ال+ي ت�اجه ال+�سع في زراعة ال(�ا)� وزFادة ال&راسات لإ
4اد حل�ل فعالة 
الإن+اج�ة، �Xا في ذلb ات*اع ال��ارسات ال6راع�ة ال�4&ة، وت���- وت���ة أص@اف ج&ی&ة ذات إن+اج�ة وج�دة عال�ة 

ل �5وف ل@*اتات على ال@�� والإن+اج في 5في 5ل �5وف ب��0ة قاس�ة واس+!&ام ال��ف6ات ال���Fة لل@�� ال+ي ت�اع& ا
 J�ن+اج�+ها في 5ل ال غdع& ت� �� ال*;ور أح& ال�ل�ل ال��صى بها لل��اع&ة في إن*ات ال(�ا)� ون��ها و
صع*ة. 
الأح�ائ�ة وغ�� الأح�ائ�ة. وته&ف دراسة ال��اجعة ال�ق&مة إلى تق&
� ال&راسات ال�&یOة ال+ي ت� إج�اؤها ح�ل اس+!&ام 

ال*;ور ل+���- إن*ات ال(�ا)� ون��ها وdن+اج�+ها في 5ل �5وف الإجهاد ال*�0ي. ت@ق�� ال��اجعة ال�ق&مة ت� �� 
) ت� �� ال*;ور ل+���- ن�� ال(�ا)� ٢) ت� �� ال*;ور ل+���- إن*ات ب;ور ال(�ا)�؛ (١إلى ثلاثة أق�ام: (

  ال�ل�ي. ) ت� �� ال*;ور ل+���- ق&رة ال(�ا)� على ت��ل الإجهاد٣وdن+اجها؛ (

  ال(�ا)�، الاجهاد ال�ل�ي، ت� �� ال*;ور، ت� �� الهالة، ال�ل�حة، ال�قاومة ال��+�Oة. ال�لات ال�ئ���ة:
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growth stages (vegetative, flowering and 

maturity) based on physiological, biochemical 

and genetic aspects. It was reported that seed 

priming with NaCl enhanced seed germination 

and seedlings vigor of tomatoes under salt 

conditions by alleviating the adverse effects of 

salt  (Elouaer and Hannachi 2012; Ibrahim 

2016; Gebreegziabher and Qufa 2017).  In a 

recent research, González-Grande et al., 

(2020) demonstrated the positive impact of 

seed priming using NaCl on the growth and 

yield of the tomato variety ‘Río Grande’. The 

seeds were treated with NaCl at concentrations 

of 0, 85, 171 and 257 mM until germination, 

then transferred to a hydroponic system, where 

the salt concentration in the system was 85 mM 

NaCl. The water salinity reduced the leaf water 

potential, photosynthetic pigments, stomatal 

conductance and photothensitic rate. Seed 

priming with NaCl improved salt tolerance in 

tomato plants by enhancing the antioxidant 

enzyme system, osmotic adjustment and water 

use efficiency. Priming with 0.5 and 1.0 M 

NaCl mitigated the adverse effects of salt 

stress of two tomato varieties and enhanced the 

growth and yield as compared to non-primed 

seeds (Cano et al., 1991). The authors observed 

a significant decrease in shoot contents of Cl 

and Na, while the K/Na ratio was significantly 

increased, which may explain the yield 

increase of the tomato variety 'GC-72'. 

Soaking the tomato seeds in Ascorbic acid 

(AsA) at 100mM alleviated the negative 

effects of salt stress during different growth 

stages (Alex et al., 2021). According to the 

authors, AsA treatment increased water 

potential and water use efficiency, leaf 

photosynthetic pigments, and antioxidant 

enzymes SOD, CAT, POX, GAX, GA, and 

GSH. Contrarily, the authors observed a 

significant decrease in Na, lipid peroxidation, 

and H2O2. Finally, the authors attributed the 

improved yield of tomatoes under salt stress to 

the positive effects of AsA as a promising 

seed-priming agent.  

4. Conclusion 

Pre-treatments of tomato seeds using different 
seed priming materials/techniques 
significantly improved seed germination, 
seedling vigor, plant growth, and yield under 
normal conditions and or diverse 
environmental stresses. Seed priming, 
physiological and metabolic operations that 
caused the DNA repair pathway will be 
activated, the pathway for synthesis of de novo 
protein, inhibit or reduce cell metabolite 
leakage, gene expression for defense pathway 
and synthesis of an antioxidant enzyme 
system. This prevents oxidative damage in the 
plant cells, and lipid peroxidation, and helps 
the plant grow and yield under different 
diverse conditions. Most of the research during 
the past decades was directed to study the 
impact of seed priming on tomato seed 
germination and seedling vigor under normal 
and stressful conditions. Additional 
physiological, biochemical and molecular 
studies are required, especially with the great 
progress in analytical technologies, protocols 
and types of equipment, to illuminate the 
positive impact of seed priming on metabolism 
and secondary metabolite, antioxidant enzyme 
system and molecular processes. Also, 
additional research is required to study the 
impact of seed priming of tomato seeds and 
or/seedlings on the growth and yield of tomato 
plants at the greenhouse and field levels, to 
achieve the sustainable production of 
tomatoes. 
 
 
  



An Overview of the Impact of Seed Priming on Tomato (Solanum lycopersicum) L.) ….                               7 

 

environments. Al-Amir and Attia, (2022) 

tested the efficiency of seed priming using 

UV-C at a dosage of  0.85 and 3.42 kJ.m−2, on 

growth and yield under water salinity (NaCl, 

100 mM). A significant increase in the growth 

parameters of tomato plants was observed due 

to the priming treatment with UV-C. The 

authors attributed the positive impact of UV-C 

treatments, as a seed priming approach,  on 

tomato plant growth, to the possible increase in 

essential micronutrients and the stimulation of 

the plant defense system due to the radiation 

treatment of the seeds (Al-Amir and Attia, 

2022). Cold plasma is usually used in 

medicinal fields, it is an environmentally 

safe/friendly technique/procedure, and it has a 

great impact on the generation of various 

reactive oxygen/nitrogen species, however, it 

is rarely used in agriculture. The reactive 

oxygen/nitrogen species are essential for the 

regulation of plants' physiological, 

biochemical, and cellular processes 

(Sivachandiran and Khacef, 2017; Ling et.al, 

2016). Recently, experiments were conducted 

to test the efficiency of treating the crops seed 

with Cold Atmospheric Plasma (CAP) for 1 

min, 5 min and 10 min, on the seed 

germination and plants growth and yield 

(Adhikari et al., 2020). According to the 

authors, tomato seeds that were treated with 

Cold plasma seed priming (CAP) showed the 

highest germination percentage and 

germination time and germination uniformity 

as compared to untreated seeds. In Addition, 

CAP seed priming enhanced the plant's 

growth, antioxidants capacity system, 

phytohormone, and expression of defend genes 

under drought stress. The authors attributed the 

positive impact of CAP on tomato plants' 

growth and development to the generation of 

reactive oxygen/nitrogen species, which 

control many of the biochemistry and 

physiological parameters of plants.  

3. Impact of seed priming on tomato 

tolerance to Salinity stresses  

Seeds pretreatment not only improved seed 

germination time, percentage and rates, but the 

effects of seed pretreatments can help the 

plants' performance at vegetative, flowering 

and fruit/seeds setting and maturity stages. The 

explanation for the long-term efficient effects 

of seed priming during the plant life cycle may 

be attributed to the positive impact of priming 

materials on different metabolites and 

secondary metabolic processes including, 1) 

activating the physiological and metabolic 

operations that caused the DNA repair 

pathway, 2) activating the pathway for 

synthesis of de novo protein, 3) inhibiting or 

reducing cell metabolite leakage, 4) enhancing 

gene expression for defense pathway and 4) 

enhancing the synthesis of an antioxidant 

enzyme system (Ibrahim, 2016; Rahman et al., 

2020). During the past decades, several 

research reports demonstrated the positive 

impact of pretreatments of crops seed (seed 

priming) on the enhancement of plant growth 

and yield under soil and/or water salinity 

(Taïbi et al., 2021; El-Beltagi et al., 2022; Xie 

et al., 2022). Most of the researchers focused 

on the study of the effect of seed preparation 

on the development of plants' tolerance to 

salinity at early growth stages (seed 

germination and seedlings stage). There is 

limited information available about the impact 

of seed priming treatments/agents on 

enhancing the salt tolerance of tomatoes at late 
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protein, inhibit or reduce cell metabolite 

leakage, gene expression for defense pathway 

and synthesis of an antioxidant enzyme system 

(Ibrahim, 2016). This prevents oxidative 

damage in the plant cells, and lipid 

peroxidation, and helps the plant grow and 

yield under different biotic and abiotic stresses 

(Rahman et al., 2020). Halopriming of tomato 

and chili seeds in 3% KNO3 significantly 

enhanced seedlings' vigor at the laboratory 

level and plant growth and yield at the field as 

compared to hydropriming and nonprime 

seeds of both crops (Maiti et al., 2013). 

According to the author's findings, soaking the 

seeds in 3% of KNO3 for 30 hours (tomato) 

and 40 hours (chili) enhanced early flowering, 

plant height and total fruit yield as compared 

to non-primed and hydro-primed seeds at the 

field level. Under Saudi conditions, Al-Amri 

(2013) conducted a field experiment to 

investigate the response of tomato varieties to 

seed priming with shikimic acid at 30, 60 and 

120 ppm. The author observed a significant 

increase in plant biomass, fresh fruits number 

and weight per plant, and total yield of fresh 

and dry fruits as compared to nonprime and 

hydro-primed seeds (Al-Amri,2013). 

Moreover, soaking the tomato seeds in 

shikimic acid improved fruit quality by 

enhancing vitamin C, lycopene, carotenoid 

contents, total acidity and fruit total soluble 

sugars (TSS%). The impact of halopriming 

using 60 ppm of shikimic acid and biopriming 

using Streptomyces griseus (MT210913) (S. 

griseus) for seeds of two tomato rootstocks 

(Solanum cheesmaniae L. (line LA 524) and 

GS hybrid) on growth and yield of the tomato 

scion 'Peto 86' under cold stress in the field 

were investigated (Sayed et al., 2022). The 

results revealed that biopriming the seed of 

tomato rootstock 'GS-hybrid' with S. griseus 

helped the tomato scion 'Peto-86' mitigate the 

negative effects of cold stress as compared to 

the primed seeds with shikimic acid, non-

primed and hydro-primed seeds.  The yield of 

fresh fruits was increased by 10.5% and 5.7% 

in the first and second seasons when the tomato 

scion 'Peto-86' was grafted on seedlings of GS 

hybrid produced using bio-primed seeds with 

S. griseus (Sayed et al., 2022). The leaves of 

bio-primed grafted combination Pet0-86/GS 

hybrid contained higher concentrations of 

GA3 and macro- and micro-elements. salicylic 

acid was used as seed priming at 

concentrations of 0.25mM, 0.5mM and 

0.75mM to enhance the growth and yield of 

tomatoes under heat stress (Singh et al., 2016). 

The authors' findings indicated that seeds 

germination, plant vegetative growth and yield 

were significantly reduced under high 

temperatures. However, soaking the seeds in 

0.5mM salicylic acid extremely improved the 

percentage of germinated seeds and 

germination time under heat stress. but also 

reduced germination time under stress 

conditions. Also, the quality of the fruit 

including TSS, TA, vitamin C and lycopene 

content was significantly improved by priming 

using Salicylic acid. They recorded a 

significant increase in the fruit yield of 

tomatoes as compared to no-primed seeds 

(Singh et al., 2016). In recent research, many 

researchers directed their attention to the 

radiation priming of crops seed using Infrared 

Radiation (IR), Ultraviolet radiation (UV), 

Ultraviolet C-band radiation (UV-C) and Cold 

Atmospheric Plasma (CAP) to improve crop 

growth and productivity under different 
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2015). Soaking the tomato seeds in salicylic 
acid (SA) at 250, 500 and 1000 µM enhanced 
germination rate, germination time and 
seedlings' growth and development as 
compared to control (seeds soaked in water) 
and lower concentrations of SA (5, 50 and 100 
µM) (Galviz-Fajardo, et al., 2020). The effects 
of chemo-priming using Mg(NO3)2 at  5, 7.5 
and 10 mM on tomato seeds germination and 
seedlings' vigor under different temperatures 
(10, 25 and 40°C ) was investigated (Nafees et 
al., 2019). The authors found that soaking the 
tomato seed in 7.5 mM of Mg(NO3)2 recorded 
the highest germination rate at all tested 
temperature degrees (10, 25 and 40°C). 
Moreover, they reported that seed priming 
with 7.5 mM of Mg(NO3)2 increased plant 
height, number of branches and green leaves, 
leaf area/plant, plant fresh and dry weights, 
root number/plant, root length, root fresh and 
dry weight, superoxide dismutase activity 
(SOD) and protein content at all tested 
temperature degrees (10, 25 and 40°C). 
Yogesh and Prashant (2018) studied the effects 
of treated tomato seeds of two varieties 
(Navodya and S-22) with NaCl and KNO3 at 
1% on germination and seedlings growth after 
12, 24 and 24 hours. They found that the 
primed seed of the variety 'S-22' recorded the 
highest germination percentage (91.75%), 
Vigour index length (1957.52), Vigour index 
mass (9.083), Seed metabolic efficiency 
(0.188), Electrical conductivity of seed 
leachates (dSm-1)(91.59) as compared to the 
control (hydro-primed seeds of the variety S-
22). Seed priming using nano-size titanium 
dioxide (N-TiO2) at 0, 100, 200, and 400 mg 
L-1 to improve germination and seedlings vigor 
of tomato (Lycopersicum esculentum L.), 
onion (Allium cepa L.), and radish (Raphanus 

sativus L.) seeds were investigated (Haghighi 
Maryam and da Silva, 2014). The highest 
germination percentage of tomato (100%) and 
onion (30%) was observed at 100 mg L-1 of N-
TiO2, while a 100% germination of radish 

seeds was observed at 400 mg L-1 N-TiO2. 
Regarding seedlings growth, the tallest 
seedlings of tomato, onion and radish were 
observed with 400, 200 and 100 mg L-1 N-
TiO2, which indicated that N-TiO2 can be 
used as a seed-priming agent for horticultural 
crops (Haghighi Maryam and da Silva, 2014).  
Priming with low levels (2 and 4%) of ethanol 
improved seed germination, seedling vigor and 
enhanced antioxidative activity that results in 
better performance of tomato seeds in both 
tomato cultivars. Priming the tomato seeds 
with ethanol at 2 and 4% for 24 hours 
improved seed germination percentage and the 
seedlings vigor and antioxidant capacity 
system of the plants (Irfan, et al., 2013). Gupta 
et al., (2015) investigated the responses of 
cherry tomato seedlings to seed priming with 
the pulsed magnetic field (PMF) and fish 
protein hydrolysate (FHP). They obtained an 
increased seedling vigor of 23% for the treated 
seeds as compared to the control. According to 
Horri et al., (2007) the seed priming using fish 
proline hydrolysate (FPH) at 2.5 mL/L 
significantly increased plant height as 
compared to the control. Osmopriming with 
PEG caused a remarkable increase in the 
radicle length, shoot length and total fresh 
weight of tomato seedlings under saline 
conditions (Zhang et al., 2012).  
2. Impact of seed priming on growth and 

yield of tomato plants 

An important question is frequently asked, 

how is seed priming still effective during the 

plant life cycle and can help the plants at their 

late growth stages (i.e. vegetative, fruit, and 

seed setting and maturity) to perform well 

under biotic and abiotic stresses?. And we can 

easily answer, as a result of seed priming, 

physiological and metabolic operations that 

caused the DNA repair pathway will be 

activated, the pathway for synthesis of de novo 
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their attention to studying the effect of 
different seed priming substances 
(Hydropriming, chemo-priming, biopriming, 
natural substances, …etc) on the speed and 
uniformity of germination, seedlings' vigor 
and development for a large number of crops, 
including tomatoes (Biswas, et al. 2019; 

Galviz-Fajardo, et al., 2020; López-Vargas, et 
al.2020). It is agreed that having fast and 
uniform germination and strong seedlings are 
the major premise of plant growth, yield and 
quality. The seeds germination processes is 
evaluated by measuring physiological 
(antioxidant activity, chemical and 
biochemical indicators …etc) and 
morphological (seeds imbibition, radical 
emergency, shoot sprouting …etc) indicators 
that can be used to explain the obtained results. 
Seed germination requires the critical 
germination factor of water of good quality 
and in limited cases light and temperatures and 
specific pretreatments for hard/dormant seeds. 
In hydropriming, the seeds will be germinated 
at imbibition range from 35%-100%, however, 
the seed will be faster germinated at imbibition 
for a range of 35% followed by incubation for 
1 hour (Badek et al. 2006). Seeds of cherry 
tomato were treated using static magnetic 
(magneto-priming method) at a dosage of 50–
150 milli Tesla (mT) for 30 min and 1 hour, the 
results showed that maximum germination is 
ensured by using 100 mT for 30 min (Gupta et 
al., 2015). Treating the seeds of tomato with 
potassium nitrate (KNO3) (50 mM), as a 
chemo-priming method, lead to a significant 
increase in germination speed % and 
germination rate compared to other chemo-
priming treatments (i.e. polyethylene glycol 
(PEG 6000) -1.1MPa and PEG+KNO3) (Lara 
et al., 2014). The authors explained the 
increased germination time and rate to 
activation of the nitrate reductase enzyme 
pathway, because of the absorbance of nitrate, 
which enhance seed embryo metabolism and 
promoted seed germination without any 

negative effects on germination percentages 
and seedlings uniformity. Seed priming with 
KNO3 at 0.75 mM led to significantly 
improved seeds viability of tomatoes which 
was reflected in the increase of final 
emergence (%), mean emergence time, and 
physiological attributes (Ali et al., 2020). The 
tomato germination rates and time were also 
promoted by treating the seeds with natrium 
chloride (NaCl) and gibberellic acid (GA) 
(Nakaune et al., 2012). According to the 
Authors, the rate of germination was higher by 
4.9 and 4.6 times at 36 hours after sowing for 
treated seeds as compared to hydro-primed 
seeds (treated with water), while the levels of 
endogenous abscisic acid was similar for both 
chemo-primed (seeds treated with NaCl and 
GA4) and hydro-primed (seeds treated with 
only water) seeds. Osmopriming is the 
treatment of seeds in aerated osmotic solutions 
containing KNO3, K3PO4 or KCl salts or 
polyethylene glycol (PEG), which help to 
enhance seed germination through the 
activation of many pre-germination 
metabolites processes and enhance the 
antioxidant enzymes system. Osmopriming of 
tomato seeds with PEG at 10% (w/v) (PEG) 
solution for 48 hours in the dark at 20±1°C in 
the dark improved germination percentages 
under normal and saline water (100 mM NaCl) 
treatments (Zhang et al., 2012).  

1.2. Seedlings vigor of tomato 

Recent work focused on seed priming using 
melatonin, which is known as a molecule with 
many benefits for human health. Also, 
melatonin in plants works as one of the 
important components for defense systems in 
plant, and melatonin works as an internal 
sensor for oxidative stress in the plant (Tan et 
al., 2012). It was reported that treating the 
tom,ato seeds with melatonin at 0.1 mM 
improved the seedling health index of 
tomatoes by 44.11%  and root dry weight by 
24.6% as compared to the control (Liu et al., 
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Figure 2. Alleviating negative effects of salt stress on plant growth and productivity 

1. Seed priming for the improved seeds 

germination and seedlings vigor of 

tomato  

1.1. Seeds Germination 

The successful life cycle of any plant starts 
with seed germination and 
establishment/development vigor seedlings 
which require several physiological changes in 
the metabolites and secondary metabolites 
levels leading to healthy reproductive plants 
(Bewley et al., 2015; Weitbrecht et al., 2011; 

Ogbaji et al. 2013). The rapid and uniform 
germination of plant seeds is one of the most 
important factors that affect plant performance 
in the vegetative, flowering and reproductive 
stages of the life cycle. Rapid and uniform 
germination can help the plant to alleviate 

environmental constraints and enhance growth 
and yield and overcome abiotic and biotic 
stresses (Zhang et al. 2012, Mousa et al., 2013; 

Alam et al., 2021). Treating the seeds with 
some substances improves seeds germination 
(germination speed and uniformity), seedling 
growth and development (fasten radical and 
shoot emergency and development) and plant 
performance during vegetative, flowering, and 
productive stages. Seed germination comprises 
all morphological, physiological and 
biochemical changes inside the seeds at the 
imbibition phase (soaking the seeds with 
enough water) that result in the radicle 
emergence from the seed coat and then shoot 
sprouting (López-Vargas, et al.2020). During 
the past 20 years, researchers have directed 
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values of tomatoes, it was reported that tomato 
fruits contain 95% water, 4% carbohydrates, 
and contains less than 1% of proteins and fats. 
Tomato is rich in many nutrients, a major 
dietary source of the antioxidant lycopene, 
which has been linked to many health benefits, 
including reduced risk of heart disease and 
cancer. In Saudi Arabia, the total cultivated 
area with tomatoes was 15030 hectares and the 
total production quantity was 620866 tones 
(FAO, 2021). The soil quality, freshwater 
limitation, and arid climates were the most 
important challenges to expanding tomato 
production in Saudi Arabia. There were 
reported that tomato cultivation challenges 
many problems worldwide and in Saud Arabia. 
These problems include climate change, 
abiotic stresses (salinity, drought and heat 
stresses), biotic stresses (pests and diseases 
problems) and soil quality (soil nutrition, 
saline-affected soils, and desertification (Alam 
et al., 2021; Yutecia González-Grande, et al., 
2020). Abiotic stresses including salinity and 
drought are regarded as of the most deadly 
external constraints for successful and 
sustainable agricultural production in arid or 
semi-arid regions of the world (Khan et al., 
2016; Rengasamy, 2010). Salt stress enhances 

the deposition of harmful salt ions in the soil 
surface as well as at the crop root zone, which 
gradually converts arable regions to fallow or 
barren (Fig 1). Globally, at this moment, 

 

Fig 1. Effects of salt stress on plant growth, 

yield and quality.  

 more than considerable areas of arable lands 
(>6.0 %) and zones under irrigation (20 %) are 
severely suffering from salinization (Alam et 
al., 2021; Ashraf and Harris, 2013; Bacha et 

al., 2017). Soils become saline when electrical 
conductivity (EC) of more than 4 dS/m with 
NaCl (approximately 40 mM) and osmotic 
pressure (0.2 MPa). Salt stress decreases the 
water potential resulting in osmotic stress, 
ionic disparity, and disturbance of essential 
plant nutrient dynamics. Moreover, Salt stress 
negatively affects the chloroplast functions 
and renders a deleterious impact on the 
photosynthetic performance in crops (Munns, 
2002; Munns & Tester, 2008). Seed priming 

(Fig 2) is considered one of the most promising 
methods for alleviating salt stress's negative 
effects on plant crops. Seeds priming is the 
treatment of seeds with different methods 
include hydropriming, osmopriming, 
Chemopriming, and hormonal priming (Jisha 
et al. 2013; Paparella et al. 2015). Priming of 

seeds helps the plants by stimulating the 
pregerminated metabolic process and 
activating of many enzymes that confer the 
metabolism of proteins, carbohydrates and 
lipids involved in the mobilization of stored 
reserves in seed and play role in the breakdown 
of the macromolecules for embryo growth and 
development that exerts a positive influence on 
early and better seedling emergence (Jisha et 
al. 2013; Paparella et al. 2015). The present 

review aims to summarize the recently 
published studies that focused on the use of 
seed priming to improve tomatoes 
germination, growth and productivity under 
environmental stress conditions. 
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Abstract: tomato (Solanum lycopersicum L.)  is one of the most important vegetable crops worldwide and 

in Saudi Arabia, due to its high nutritional value and suitability for cultivation under a wide range of 

environmental conditions. Tomato is one of the cash vegetable crops that generate good and continuous 

income for farmers for two to three months. Globally, tomato is considered a major source of income and 

a major contributor to food security. Due to the small genome of the tomato, it is considered as a model for 

physiological, genetic, molecular and breeding studies to improve the morphological, yield and yield 

attributes and its tolerance to biotic and abiotic stresses. However, tomato production and expanding 

cultivation face many challenges, especially with the global environmental changes regarding climate 

changes, freshwater availability and quality, pests and diseases and soil quality. There were many studies 

conducted to find effective and applicable solutions to overcome the environmental problems facing the 

expansion of tomato cultivation and increase productivity, including following good agricultural practices 

(GAP), improving and breeding new varieties of high yield and quality under harsh environmental 

conditions and the use of growth biostimulants that help plants grow and produce under difficult conditions. 

Seed priming is one of the recommended solutions to help tomatoes germination, growth and productivity 

under biotic and abiotic stresses. The presented review study aims to present the recent studies that have 

been carried out on the use of seed priming to improve tomatoes germination, growth and productivity 

under environmental stress conditions. The review is divided into three sections focusing on: (1) seed 

priming to improve tomato seeds germination; (2) seed priming to improve the growth and yield of 

tomatoes; and 3) seed priming to improve tomato tolerance salt stress.  

Keywords: Solanum lycopersicum, salt stress, seed Priming, halo Priming, Salinity, Induced resistance 

 

 

 

INTRODUCTION: 

Globally, the total area cultivated with 

tomatoes is 5167388 hectares, while the total 

production of fresh and processed tomatoes is 

189133955.04 tons (FAO, 2021).  Tomato is 

the second crop after potato and the fourth after 

rice regarding the cultivated area, total 

production and consumption worldwide 

(Hamoh et al., 2020; Sattar et. al., 2021). It was 

reported that the tomato market 

represents 0.059% of total world trade. The top 

tomato exporter countries in the world were 

Mexico ($2.62B), Netherlands ($1.82B), 

Spain ($1.11B), Morocco ($852M), and 

Canada ($448M) (FAO, 2020). China is the 

leading country in production with 61,631,581 

tones followed by India with 19,377,000 tones, 

the USA (12,612,139 tones), Turki 

(12,150,000 tones), and Egypt with 6,624,733 

tones (FAO, 2021). Regarding the nutritional 
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