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Preface

Tropical plants include fruit, flowering (indoor and outdoor), climbers, and 
herbaceous (including perennials, annuals, and bulbous plants), as well as palms, 
ferns, and other species. Several factors need to be taken into account to grow these 
plant species successfully in tropical and subtropical regions of the world. Soil, 
nutrition, and water management; insect and disease management; and genetic 
improvement through novel approaches are among these factors. This makes these 
plants more important to farmers, breeders, and technologists looking to increase 
their sustainable output.

Tropical Plant Species and Technological Interventions for Improvement consists 
of thirteen chapters organized in an easy-to-follow manner. In the introductory 
chapter titled “Integrative Technologies for Sustainable Plant Improvement,” Khan 
comprehensively highlights the use of technological advances in improving plant 
genetics for agronomy and value addition. Chapter 2, “Emerging Trends to Improve 
Tropical Plants: Biotechnological Interventions”, by Ali and colleagues, discusses the 
importance of conventional and modern scientific approaches for the conservation 
and improvement of tropical plant species. They further explain how the informa-
tion retrieved from pan-genome, super-pan-genome, and pan-transcriptome has 
enriched marker-assisted selection, molecular breeding, and transgenic approaches 
in the sustainable development of tropical plants. Enoki and Takahara in Chapter 3, 
“Applications of Biotechnological Approaches in the Product and Breeding of 
Phalaenopsis Orchids”, discuss the role of biotechnology in improving the orchid 
industry and highlight how it will benefit researchers, producers, and fanciers of 
Phalaenopsis orchids. In Chapter 4, “Lesser Known African Indigenous Tree and 
Fruit Plants: Recent Evidence from Literatures and Regular Cultivation Culture”, 
Baiyeri and Olajide suggest exploiting the indigenous plant species as a key resource 
for ensuring healthy food systems in Africa. Chapter 5, “Challenges and Advances 
in the Production of Export-Quality Macadamia and Its Integral Use with Green 
Technologies”, by Mereles and colleagues, highlights the technologies used to process 
macadamia nuts for the development of products of high nutritional quality. Burns 
and colleagues in Chapter 6, “Papaya: The Versatile Tropical Fruit”, explain the pros 
and cons of papaya production technologies and the benefits of multidisciplinary 
approaches to enhancing the effective farm management and production of  quality 
fruits for consumption and processing. Shah and team in Chapter 7, “Tamarillo 
(Cyphomandra betacea (Cav.)) Origin, Cultivation, Breeding and Management”, 
discuss breeding, production, and consumption technologies of the Tamarillo fruit 
plant. In Chapter 8, “The Production and Marketing Issues of Pineapple (Ananas 
comosus) under Humid Tropical Conditions in the State of Tabasco and Way-out”, 
Jeronimo and colleagues describe pineapple production technologies for domestic and 
foreign markets. In Chapter 9, “Cassava Production Enterprise in the Tropics”, Raufu 
Olusola Sanusi et al, explain the production technology and integrated weed and pest 
management of cassava. Chapter 10 by Mahfut, “Identification of Native Dendrobium 
Based on Morphological and Anatomical Characters in Liwa Botanical Garden”, 



IV

describes the development of a key for the identification of orchid plants. Kennedy 
and Lekshmi highlight key technological advances in tropical pest management using 
host resistance, natural enemies, selective pesticides, ecological engineering, and 
habitat management strategies in Chapter 11, “Holistic Pest Management Strategies 
in Tropical Plant Species”. In Chapter 12, “Phytochemical Contents of Essential Oils 
from Cymbopogon Species: A Tropical Medicinal Plant”, Oniha and colleagues explain 
improvements in extraction and quantification techniques to harvest a pure yield of 
essential oils from lemongrass. In Chapter 13, “Effects of the Invasive Alien Prosopis 
juliflora (Sw.) DC and Its Management Options in Ethiopia: A Review”, Shiferaw and 
Demissew discuss the invasion of Prosopis juliflora and its management options in 
Ethiopia.

Muhammad Sarwar Khan, Ph.D.
Center of Agricultural Biochemistry and Biotechnology (CABB),

Faculty of Agriculture,
University of Agriculture,

Faisalabad, Pakistan
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Chapter 1

Introductory Chapter: Integrative 
Technologies for Sustainable Plant 
Improvement
Muhammad Sarwar Khan

1. Introduction

Agriculture systems around the world must produce more food while producing 
less waste. Sustainable agricultural practices and food systems, which cover both 
production and consumption, must be evaluated holistically and fully to be effective. 
Tropical plants include fruit, climbers, flowering perennials, annuals, and bulbous 
plants as well as indoor and outdoor floral plants. Also included in the list of tropical 
plant species are ferns, palms, and other plants. To grow these plant species success-
fully in tropical and subtropical regions of the world, several factors are needed to be 
taken care of. Because they are crucial to food production and are getting harder to 
get in many parts of the world, healthy soils, clean water, and plant genetic resources 
must all be used and maintained sustainably. With the expectation that there would 
be 9 billion people on the planet by the year 2050, an increase in crop output and qual-
ity would be necessary to satisfy the needs. An expanded discussion on how to grow 
fruit and ornamental plants for esthetic, dietary, and nutraceutical benefits may be 
found in the introductory chapter. The impact of technological advancements on the 
sustainable cultivation of plants is also examined. Further, the integrative strategies 
including OMICS and reliable methods for gene discovery and genome sequencing, 
as well as the application of CRISPR/Cas and gRNA/Cas, organelles transformation 
innovations, and value-adding strategies such as biopharming to create superior 
plants for agronomic, industrial, and value-adding features are highlighted.

2. Tropical plants: economic and nutritional importance

Tropical plants are essential for providing food, fiber, and shelter, but they also 
have esthetic value because of their lovely hues, fragrances, and greens, which also 
have a cooling effect from evapotranspiration. They are crucial for people living not 
only in tropical areas but also in other parts of the world’s economies, cultures, and 
spiritual life. For example, there are over 100 different varieties of the 400 different 
species of bananas that are grown in Africa alone, nearly 1 million hectares of coffee 
plantations in Brazil, 2 million hectares of sugarcane plantations in Hawaii, and over 
3 million hectares of rice paddies in tropical regions of Asia. Compared with plants 
found in temperate climates, tropical plants are significantly different. They thrive 
in a variety of environments, but particularly in rainforests, and have evolved to 

XII
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withstand extreme heat and heavy humidity. Additionally, as long as adequate water 
is available, many tropical plants may thrive on nutrient-deficient soils [1].

The economic value of tropical plants comes from their use in silviculture and timber 
production. Moreover, various species are used as sources of food, medicine, and raw 
materials (Figure 1). The esthetic value is derived from their beauty and usefulness in 
preserving the environment. On the other hand, they provide a vital service in main-
taining soil fertility through their nutrient-rich soils and preventing erosion by provid-
ing habitats for microflora that act as decomposers of organic matter, root-dwellers, and 
rhizospheric antagonists [2]. Tropical plants also contribute to a variety of other services 
such as carbon sequestration (sequestering atmospheric carbon dioxide into biomass) 
by high photosynthetic rates, and water purification (through high evapotranspiration 
rates), and carbon capture and sequestration (through deposition of carbon on forest 
floors). In addition, they also provide a variety of amenities such as shade, food, and 
shelter for humans and animals; recreation opportunities for people; cultural heritage 
for indigenous civilizations; environmental education for children; protection from 
natural hazards such as floods and fires, and above all, biodiversity conservation.

Tropical plants contribute to the food supply, provide a source of nonfood raw 
materials, provide medicines, and are an essential part of human life in many cul-
tures. They also have high nutritional content, making them an essential nutrition 
source for the tropics. Among nonfood products, tropical trees are rich in essential 
oils and resins used for cosmetics and medicines [3]. Medicinal plants such as the 
soapberry (Sapindus mukorossi) are used for treating skin ailments such as acne 
because it is rich in antimicrobial agents, which help to prevent bacterial or fungal 
infections. Other important medicinal plants include Croton zaeus, which has been 
used to treat diarrhea and other digestive disorders such as stomach aches; Passion 
vine (Passiflora quadrangularis), which contains compounds that suppress pain and 
Trumpet tree (Cecropia peltata), is known as a sort of cure-all in Caribbean folk 
medicine because of the long list of its uses.

Figure 1. 
Tropical plants, their sustainable cultivation, and value-added products are presented in the graphical abstract of 
the introductory chapter.
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The edible plants are used to flavor foods as well as some bitter medicines and to 
make dyes, perfumes, medicines, and cosmetics. The medicinal plants provide relief 
from pain and suffering. The flowers of these plants are used to produce dyes for 
dying cloths or other materials. Some flowers contain potent alkaloids that can be 
extracted for use in therapeutics. The leaves of some tropical plants serve as fodder for 
animals, while others serve as fertilizer for agriculture. Being valuable food sources, 
some tropical plants have been grown worldwide for thousands of years including 
peanuts, potatoes, cocoa beans, and rice, and now have become essential crops owing 
to a source of nutrition because of richness in a wide range of vitamins and minerals in 
addition to having high amounts of protein, dietary fiber, and low-fat levels. Further, 
these plants help to prevent chronic diseases such as heart diseases and cancer by 
reducing free radicals that cause oxidative stress due to the presence of antioxidants 
in them. High fiber contents help in digestion and prevent constipation that reduc-
ing the risk of colon cancer by preventing inflammations of the digestive tract. High 
levels of vitamin C in many tropical fruits such as papaya, mangoes, mangosteen, etc., 
help to boost immunity against common infections. Vitamin C also protects against 
oxidative stress caused by free radicals, which may lead to cell damage or death if left 
unchecked [4].

3. Tropical ecosystem

Tropical plants grow in a wide range of habitats, from the equator to the tropics. 
They thrive in warm weather and grow in rainforests, deserts, and even on moun-
tainsides. The problems of deforestation, soil degradation, and changing climate pose 
serious threats to tropical ecosystems including forestry and agriculture sectors. This 
resulted in an average decline of 15.8 million hectares of tropical trees since 2017. If the 
issue remains unattended, it will erode social-ecological resilience in the tropics and 
will ultimately result in self-propagating feedback and regime shifts. Various factors 
including climate change and soil erosion pose a negative impact on the stability of 
natural ecosystems. Moreover, the seasonal, interannual, and decennial climatic 
fluctuations badly affect the vegetation dynamics in these areas. Land degradation is 
also more noticeable in the tropics, and it affects biodiversity and soil characteristics. 
The major causes of land degradation are anthropogenic [5]. Hence, sustainable 
management of natural ecosystems has been recommended as the only way to control 
factors affecting the stability and preservation of tropical ecosystems. Sustainable use 
encompasses the management and use of natural resources including tropical natural 
resources. They can sustain their natural biodiversity, yield, renewal capacity, vitality, 
and capacity to satisfy the relevant ecological, economic, and social functions at local, 
national, and global levels, and that they do not cause damage to other ecosystems. 
This reflects contemporary discourse in sustainable development and governance, 
which emphasizes the importance of public-private and civil society partnerships, 
with the potential to bridge multilateral norms and local action by drawing on a 
diverse number of actors in civil society, government, and business [6].

4. Evolution and diversification

The tropics comprise the geographic regions of the earth centered on the equator. 
They exhibit substantially variable landscapes ranging from deserts to rainforests and 
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from hot lowlands to snow-capped mountains. Hence, we can find a variety of ecosys-
tems in tropical regions with extreme climatic conditions along with a rich diversity 
of living organisms including plants, animals, and microbes.

Tropical plants are proposed to be originated 93–115 million years ago yet the rate 
of diversification increased dramatically during the last 15 million years. Hence, the 
tropics are considered a diverse rich region with a huge number of crop plants includ-
ing cereals such as maize, rice, sorghum, and millet; tuberous crops such as potato, 
sweet potato, and cassava; vegetables such as tomato, peppers, many cucurbits; cash 
crops such as cocoa, rubber, tobacco, cotton; fruits such as banana, pineapple, mango, 
papaya; and other crops such as peanut, common beans, oil palm, coconut, sugar-
cane, and coffee. It is estimated that two-thirds of all angiosperms including crop as 
well as non-crop plant species are found within the tropics. Moreover, rich biodiver-
sity of plants other than angiosperms such as Ferns [7], bryophytes, and liverworts 
are found highly concentrated in the tropics. The dispersal of plant species in tropical 
areas is not uniform. The Neotropical areas and the region of Asia Pacific are the most 
biodiverse while Africa and oceanic islands contain the least biodiversity. The tropical 
hyper-diversity is not well understood, and it has variously been attributed to be a 
museum of diversity, showing constant speciation and low extinction [8], or a cradle of 
diversity, referring to more recent and rapid speciation [9].

5. Tropical plant species—as an ornament

Tropical plants, with unique colors, shapes, and fragrances, have a great esthetic 
value and hence are very popular among culturists, collectors, hobbyists, and even 
enthusiasts. They not only lift the spirit of the room and indoor environment, 
uniquely and refreshingly but also make us feel alive, lively, and fresh. The craze 
for growing these housing plants has accelerated to multifold during the COVID 
pandemic particularly. Tropical flowering plants have enchanting colors and are key 
elements in the beautification of any landscape. The most popular tropical flowers are 
Amaryllis, Paper flower, Garden cosmos, Flamingo flower, Bush lily, and Ohe nau-
paka, etc. Though, most of the indoor plants available in nurseries are either grown by 
cuttings or seeds. However, these conventional techniques are slow and the resultant 
plants are susceptible to diseases. A valuable alternative is the use of tissue culture 
techniques for the mass production of disease-free plants [10]. The plants developed 
through tissue culture have uniform growth, hence providing rapid mass production 
of disease-free plants, off-season propagation, mass production in limited space, 
and can overcome the challenges of cultivating plants by traditional propagation 
techniques.

Researchers have worked out different protocols for the mass multiplication of 
these flowering plants. Different combinations of growth hormones and culture con-
ditions were optimized for the establishment of in vitro regeneration and micropropa-
gation. Different explants (leaf disc, mature embryos, and bulb scale) were tested in 
Amaryllis and other tropical flowers. Different varieties of hardy ornamental tropical 
plants have been explored, i.e., Bamboo (Goldstripe, Ghost bamboo, Slender weav-
ers, and Chinese dwarf), Colocasia (Pink china), Hibiscus (Berry awesome, Perfect 
storm, and Cranberry crush), Bird of Paradise (Mexican bird of paradise), Palms 
(Dwarf Palmetto, Kumaon, Chusan, Miniature Chusan palm and Windmill), Canna 
(Peach, Stuttgart, Gigantum and Skyhawk), Hostas (Abiqua drinking gourd, Lakeside 
shore master and Dancing queen), and Ferns (Lady fern, Western sword fern, and 
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Christmas fern). Over the years, numerous researchers have tried to manipulate 
bamboo flowering and seed sets under in vivo and in vitro conditions [11]. Two differ-
ent polyploidy groups were found to be present in woody bamboo. Tropical bamboo 
is hexaploid, whereas temperate bamboo is tetraploid. Likewise, different molecular 
markers have been employed to explore genetic diversity. Using these markers, it has 
been elucidated that lowland bamboo is associated with distinct geographic regions. 
Genetic diversity among the ornamental palm accessions helped to explore their 
origin, genetic identification, and conservation [12]. Some other prominent indoor 
plants, i.e., spider plants, African violet, baby rubber plant, and weeping fig had also 
been worked out to overcome existing bottlenecks in propagation.

6. Tropical plant species—as a source of fruits and lumber

In addition to flowering and herbaceous plants, tropical plant species are at the 
forefront to fulfill the fruit and lumber demands of the rapidly increasing population. 
The most valuable tropical fruits are jackfruit, dragon fruit, lychee, banana, passion 
fruit, papaya, acai, rambutan, coconut, and mango. They are not only an important 
source of nutrients, bioactive compounds, and primary as well as secondary antioxi-
dants but also bring high economic returns to the growers. So, tropical fruit plants are 
in high demand worldwide owing to their nutritional and nutraceutical value. Recent 
updates in cultivation techniques, efforts to develop climate-resilient genotypes, 
control of fruit diseases, exploitation of postharvest physiology, and the discovery of 
bioactive compounds have further promoted the adoption and usage of tropical fruits. 
As a result, numerous fruit species have been explored that have the potential to be 
transformed from minor tropical fruits to major tropical fruits and can be introduced 
elsewhere [13].

Tropical lumber trees are also very important for domestic as well as industrial 
applications resulting in the substantial economic growth of lumber-producing 
areas. Furthermore, such areas not only contribute to the conservation of animal and 
plant biodiversity but are of central importance in the global trade of sawn wood, 
roundwood, and plywood too. They are so important that only rosewood has a market 
of 26 billion USD in China per annum. More than 600 species of lumber trees have 
been explored so far, in different tropical regions, worldwide. Though numerous tree 
species are on the verge of extinction, researchers are striving hard to protect and 
promote them using various interventions. Advancements in clonal propagation, 
micrografting, nodal culture, genetic transformation, development of DNA databases 
for the forensic identification of lumber [14], and establishment of seed banks have 
helped not only to secure endangered plant species but have also helped to improve 
their production and quality.

7. Tropical plants—a source of medicine

Tropical plants are second major source of oxygen on the earth after oceanic phy-
toplankton. They are valuable indoor plants that can help to restore oxygen balance in 
the closed space and are an exclusive part of the top-five indoor plant species having 
the ability to produce maximum oxygen. These include Boston Fern (Nephrolepis 
exaltata), Peace Lily (Spathiphyllum spp.), Snake Plant (Sansevieria trifasciata), and 
Areca Palm (Dypsis lutescens), and Gerber Daisy (Gerbera jamesonii). These tropical 
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plants play a critical role to moderate the level of carbon dioxide in the atmosphere. 
The modern world is highly reliant on fossil fuels to fulfill ever-increasing energy 
needs. This has led to an alarming increase in carbon accumulation in the atmosphere. 
Here comes the importance of carbon sinks for balancing carbon concentration. 
Grasslands, peat bogs, coastal ecosystems, coral reefs, wetlands, boreal forests, and 
tropical rainforests are important carbon sink ecosystems playing their role in balanc-
ing oxygen–carbon levels.

Tropical plants have also been explored as a source of valuable industrial products 
and drugs. Owing to the enriched biodiversity, they provide 60% of the chemical 
entities all over the world. They have been called the largest pharmacy in the world 
because more than 70% of the drugs are derived from these plants, directly or indi-
rectly. Most synthetic drugs are also derivatives of tropical plant products. Half of the 
best 25 pharmaceutical agents also come from tropical forests. They have been identi-
fied as a valuable source of anticancer agents. Further, the first known antimalarial 
drug “quinine” was also derived from a neotropical tree [15].

8. Technological interventions

Indoor tropical plants not only act as oxygen balancing agents, but also have posi-
tive psychological effects, help in reducing indoor pollution, purifying indoor air, and 
absorbing volatile compounds such as formaldehyde, benzene, and trichloroethylene. 
Indoor air often contains volatile organic compounds such as formaldehyde, benzene, 
and chloroform. These toxins come from different sources including cooking, show-
ering, furniture, and smoking. House plants can remove some toxins from the air, but 
they aren’t very efficient: A homeowner would need more than 20 plants to remove 
formaldehyde from a typical room. Developing improved plants through recent 
innovative approaches can be of great help in this context (Figure 2). Researchers 
have worked out that the detoxification ability of the plants can be improved by the 
expression of the mammalian gene(s). Stuart strand and colleagues introduced a 
rabbit gene (CYP2E1) into a common houseplant, pothos ivy (Epipremnum aureum), 
and resultant plants were able to remove injected chloroform and benzene from the 
vial containing transgenic ivy plants [16].

Developing fancy indoor plants has gotten attention and different research groups 
have attempted to produce glowing plants. Mitiouchkina et al. [17] engineered 
tobacco plants with a fungal bioluminescence system that converts caffeic acid (pres-
ent in the plants) into luciferin for the production of self-sustained luminescence, 
visible to the naked eye. Researchers have also engineered metabolic pathways to 
divert the natural supply of caffeic acid resulting in their ability to glow. Hence, these 
plants can glow throughout their life cycle. Likewise, transgenic papaya has been 
developed to stand against viral infection and is successfully grown in Hawaii. SunUp 
and Rainbow are the commonly grown varieties of virus-resistant transgenic papaya.

With the advent of next-generation techniques and advancements in DNA 
sequencing, it has become much more feasible to explore the genome of any plant 
for the desired traits. Evolutionary biology has got a great pace with these advance-
ments. Phylogenetic and macroevolutionary analysis has been employed to define 
their genetic relatedness, thus helping out to track better plant species. Non-coding 
and repetitive DNA sequences play critical roles in determining the phenotype and 
genome evolution. The pan-genome analysis offers a valuable platform to evaluate 
the genetic diversity of species via investigation of their entire genome repertoire. 
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It is now feasible to make multiple high-quality genomes that can be used to con-
struct high-resolution pan-genomes making it possible to track all of the variations. 
However, high-throughput new tools would be required for the assembling, display-
ing, and interaction studies of such high-resolution pan-genomes.

Genome editing is one of the emerging innovations in the current millennium 
that has proved its potential to develop plants of desire. This innovative technology 
has been employed for stacking gene mutations, manipulating gene expression, and 
improvement of yield. Further, CRISPR-edited plants are not taken as conventional 
GMOs so, need not get approval from the regulatory bodies provided they are free 
from exogenous DNA. This has emerged as a user-friendly tool to address challenges 
in the production of tropical plants and improve their nutritional value. Numerous 
tropical plants have been targeted to improve through CRISPR/Cas9 and have 
achieved phenomenal successes during the last decade. Researchers at Cold Spring 
Harbor Laboratory precisely edited tomato genes involved in fruit size and shape, 
flowering time, self-pruning, and growth habitat, hence generating new alleles for 
valuable traits and improved plant architecture [18]. RAS-PDS1 and RAS-PDS2 (phy-
toene desaturase genes) were mutated in bananas to improve carotenoid biosynthesis, 
and it was reported to be improved by 59% [19]. Mutants of cassava plants were 
developed by targeting the MePDS gene and more than 95% of mutants exhibited 
partial albino or albino phenotype in cotyledonary-stage somatic embryos. Mutant 
embryos developed into plantlets indicating that 22–47% of the mutants were stable 
[20]. CRISPR-mediated editing of nCBP-1 and nCBP-2 (elF4E isoforms) in cassava 
resulted in improved resistance against cassava brown streak disease. Differential 
expression and genome-wide studies revealed numerous genes involved in salinity, 
drought, cold, and oxidative stresses. These genes can be targeted for improved toler-
ance against abiotic stresses in cassava. EgWRKY genes in African oil palm appeared 
to be upregulated in response to abiotic stresses. These findings revealed the crucial 
role of EgWRKY in abiotic stress tolerance, hence providing a great opportunity to 
edit the palm genome for enhanced abiotic stress tolerance. Likewise, S-genes muta-
tions in papaya boosted its defense response against insect pests and pathogens by 

Figure 2. 
Integrative strategies and their applications to improve plants for better nutrition, medicine, and vaccines.
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increasing the accumulation of papain (a cysteine protease). Targeted mutation of 
TcNPR3NPR3 resulted in upregulation of PR gene expression and increased resis-
tance against pathogens in Theobroma cacao. Though different tropical plants have 
been mutated through CRISPR/Cas9 system, certain limitations are there, which need 
to be addressed for the widespread applications of technology.
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Abstract

Tropical plants are an integral part of the ecosystem and are of significance for the 
well-being of humanity. Since their domestication in 10,000 BC, conventional breed-
ing has played a crucial role in their conservation and widespread adaptation world-
wide. Advancements in multi-omics approaches, that is, genomics, metabolomics, 
transcriptomics, proteomics, whole genome sequencing, and annotation, have led to 
the identification of novel genes involved in crucial metabolic pathways, thus helping 
to develop tropical plant varieties with desirable traits. Information retrieved from 
the pan-genome, super-pan-genome, and pan-transcriptome has further uplifted 
marker-assisted selection and molecular breeding. Tissue culture techniques have 
not only helped to conserve endangered plant species but have also opened up new 
avenues in terms of mass-scale propagation of ornamental plants. Transgenic technol-
ogy is increasingly contributing to the betterment of tropical plants, and different 
plant species have been engineered for valuable traits. Likewise, genome editing is 
appearing to be a promising tool to develop tropical plants having the potential to 
fulfill future needs. Hence, this chapter highlights the importance of conventional 
and modern scientific approaches for the conservation and improvement of tropical 
plant species.

Keywords: tropical plants, ornamental, medicinal, value addition, biotechnological 
interventions, genetic engineering, domestication, tissue culture, endangered species

1. Introduction

Tropical plants are those that grow in warm climates. They typically grow best 
in areas where the temperature ranges consistently between 75 and 85 degrees 
Fahrenheit (24 and 29 degrees Celsius). The term “tropical” is used for a variety of 
plants, from palms to orchids. Tropical plants often have thick leaves that are waxy 
or shiny to help reduce evaporation and protect them from too much light. These 
plants also have flowers with colorful petals or leaves that attract pollinators like 
butterflies [1].
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Tropical plants are among the most colorful and beautiful of all plant species. 
They are very diverse, ranging from small herbaceous plants to tall trees. Many 
tropical plants have been introduced in areas outside their natural range because 
they can tolerate colder temperatures than other species of the same genus or fam-
ily. Tropical plants grow in a wide range of habitats, from the equator to the tropics. 
Tropical plants thrive in warm weather and grow in rainforests and deserts, and even 
on mountainsides [2]. These plants have adapted to their environment over time by 
developing unique features that help them survive in hot climates without suffering 
from heat stress or lack of moisture. Some tropical plants have thick stems that pro-
vide support during strong winds, while others still use their roots as storage organs 
called tubers or rhizomes that store nutrients until they are needed by the plant itself 
or by animals or humans [3].

The tropics have been a source of many new food crops that have been introduced 
to other regions of the world: sorghum (which originated in Africa, Winchell, [4]), 
soybean (from China, Singh, [5]), mung bean (from China, Shahrajabian, [6]), pea-
nut (from South America, Ozias-Akins, [7]), cassava (from Brazil, Bester, [8]), lima 
bean, and fava bean (from Peru, [9] Santos, 2008). Several plant families have their 
center of diversity in the tropics. These include Arecaceae (palms), Lamiaceae (mint 
family), Lauraceae (laurel family), and Rubiaceae (coffee family). The largest family 
by the number of species is the Orchidaceae, with about 25,000 species.

Because most living forms thrive here, the tropical zone is home to the majority of 
plant and animal species in the world. The domestication of food crops is one of the 
most important developments in human history that made it possible for people to 
settle down and live in communities rather than wandering around with their herds 
and flocks.

2. Tropical plants and ecosystem

The tropics are usually defined as the area between the Tropic of Cancer and 
Tropic of Capricorn bounded by lines of latitude running through the Arctic and 
Antarctic circles, which is 23.5 degrees north and south of the equator, respectively. 
This area spans among Central America and South America, Africa, India, and 
Southeast Asia. Some tropical plants can also be found in subtropical regions such 
as California. The region lies beneath the intertropical convergence zone (ITCZ), 
a belt where tropical cyclones often form during their lifetime before moving into 
more temperate latitudes where they die out. However, they can be found year-round 
in some areas as well as at higher altitudes inside the tropics—like in Indonesia or 
Ecuador [10].

Tropical climates generally do not experience marked changes in temperature 
throughout the year, with average temperatures ranging from 18 to 24°C (64 to 75°F). 
The average annual rainfall varies greatly from region to region within this climate 
zone, with some areas receiving more precipitation annually, while other areas may 
receive less than that. Humidity is high throughout these regions, and climatic condi-
tions are relatively constant throughout the year. Within tropical regions, distinct 
wet and dry seasons are caused by changes in the direction of wind flow that result in 
periods of more intense (wet) or weaker (dry) rainfall. The length and onset dates for 
wet and dry seasons vary by the geographic location within tropical zones [11].

The climate in the tropics is characterized by high temperatures and a nearly 
constant rate of evaporation. The evaporation results in a higher concentration of 
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water vapor in the air, which produces high relative humidity. The high temperature 
reduces the capacity of the air to hold water vapor so that even though there is high 
humidity, the air remains very dry. High temperatures also cause a lot of water to 
evaporate from the ocean’s surface, which make it rain more on land and make the 
air even more humid [12]. The tropics are characterized by wide diurnal temperature 
variations with large day–night differences (diurnal range) and small annual ranges. 
The diurnal range is due to a strong daily heating-and-cooling cycle as well as large 
daily fluctuations in solar radiation on land surfaces (high solar intensity). Also, there 
are no big changes in the way the atmosphere moves, like seasonal winds or changes 
in cloud cover, that would have a long-term effect on the surface temperature, like 
months [13].

Tropical plants have a significant impact on the ecosystem. The tropics contain 
more than half of the world’s species, and the majority of plants and animals live in 
this region. Tropical rain forests are vital to the planet because they act as carbon 
sinks and produce oxygen, which helps to regulate the global climate [14]. Tropical 
rain forests are also home to endangered species such as the Sumatran tiger, Bornean 
orangutan, Sumatran rhinoceros, sun bears, and Asian elephants, which need pres-
ervation. These animals depend on tropical rain forests for food and shelter. Tropical 
rain forests are also a valuable economic resource because they provide many useful 
things that people use every day [15]. Tropical plants are essential to the survival and 
preservation of other living organisms. One of the most important traits of tropical 
plants is that they purify water through their roots. This filtering of water through 
soil acts as a safeguard against many different diseases, such as cholera, dysentery, 
and typhoid. The roots grow deep into the ground and hold onto small amounts of 
water that can sustain plant life. Tropical plants also prevent soil erosion by acting as 
a natural buffer against strong winds, storms, floods, and wildfires. Due to their deep 
root systems, this allows for proper drainage of water from floods and droughts alike. 
Tropical plants also provide food for animals and people by acting as a natural canopy 
for fruits and nuts, which are used for both food and trade [16].

3. Improvement of tropical plants using conventional approaches

The Agricultural Revolution began when people started cultivating crops on a 
large scale to feed larger populations. This allowed them to grow more food per unit of 
land than hunting and gathering. Enhanced agricultural productivity led to popula-
tion growth and an increase in urbanization. Traditional methods for the improve-
ment of tropical plants have been developed over thousands of years. Plants were 
selected and bred by farmers and gardeners, who then shared their knowledge with 
other growers. Because of these changes, there are now many beautiful plants that can 
be used as decorations or as food.

3.1 Domestication

Crop domestication is the process of selecting and breeding plants or animals to 
produce food and other desired products. It is a human-mediated artificial selection 
process that gives rise to domesticated organisms with certain desirable characteris-
tics. Plants were first domesticated around 10,000 BC when early farmers selected 
and bred the best edible plants they found in their fields. They later moved on to 
domesticating animals, cultivating grain, and storing food [17].
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3.2 Selective breeding

One of the most common ways to improve plants is through selective breeding. 
This is a process where desirable traits are selected and passed on to offspring gen-
eration after generation. The selection of naturally occurring varieties in the wild 
and, subsequently, in cultivated areas was the first type of plant breeding. Planting-
harvesting cycles exert selection pressure on genetic diversity. Some plant phenotypes 
were profoundly altered as a consequence of this process, as shown by the derivation 
of maize from teosinte. The result is a plant that has better survival characteristics or 
greater productivity than its ancestors [18]. The earliest evidence for selective breed-
ing dates back to 7000–7500 BC in Jiahu, China; here, rice was bred from wild rice, 
Oryza rufipogon, and domesticated through artificial selection with a combination of 
harvesting and replanting the plant’s seeds. Other early examples of selective breed-
ing are emmer wheat, barley, flax, and cotton [19].

Selective breeding requires careful selection of individuals with desirable traits, 
and they must be further propagated by vegetative means (such as cuttings) so that 
all their descendants have these same traits. It takes time and patience but can be 
very rewarding if done right! Another common method is simply growing out large 
numbers of seedlings until one appears that has the desired trait(s). This type of 
selection does not require vegetative propagation or any genetic engineering—just 
patience! [20].

3.3 Intuitive farmer selection

One way that farmers have traditionally developed new varieties is through 
intuitive farmer selection (IFS). This is a form of plant breeding where farmers 
select plants that exhibit desirable traits and save seeds from those plants to plant the 
following year. This process can be repeated for several generations until the desired 
characteristics are fixed in the population. The first step of IFS is to observe what 
happens to plants over time, including which ones express certain traits and which 
ones do not. Farmers then select the best examples of these traits and save their seeds 
for planting the next season. This process can be repeated for many years before any 
new varieties are created [21].

3.4 Pure line breeding

Pure line selection (PLS) is a method in which a new variety is created by select-
ing an individual with desirable characteristics from an existing population (often 
consisting of many different varieties). It involves repeated cycles of crossing or 
self-pollination between related plants or clones that are genetically identical to each 
other and then selecting for one or more traits. This process can be used to produce a 
wide range of new varieties, including dwarfing rootstocks, disease-resistant plants, 
fruits with improved flavor and color, etc. PLS has been used in agriculture since 
ancient times, but it became more important after the nineteenth century when it 
helped breeders create new varieties with desirable traits such as yield, drought toler-
ance, frost resistance, disease resistance, and so on. PLS is also known as single gene 
selection or monogenic selection. It involves selecting a plant that has one desired 
characteristic and eliminating all other plants that do not possess that trait. So, it is 
possible to make a variety with only one type of flower or fruit. This makes it easier 
for farmers to buy seed stock of the right variety [22].
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3.5 Mass selection breeding

Mass selection is the process by which farmers select the best seeds from their 
crops and save them for the next year. This was the main way that new varieties were 
developed before modern times. To select seeds, farmers would have to grow them out 
in their fields and observe which ones were the most productive and hardy and had 
good taste. Once they had chosen a few plants to grow again, they would save their 
seeds for the following season’s crops. Over many generations, this process gradually 
produced new varieties of plants that were well suited to local conditions and tastes. 
Mass selection is a form of artificial selection that allows only those plants that exhibit 
the desired trait to reproduce. This method does not require any knowledge about 
genetics or the mechanism by which genes are inherited. The breeder just picks a 
desirable trait and grows out plants with that trait over and over again to choose the 
best ones for breeding [23].

4. Improvement of tropical plants using innovative approaches

4.1 Cell and tissue culture

Tropical plant communities contribute an enormous proportion of the global plant 
species and represent more than 42% of the total carbon reserves throughout the 
world [24]. They play a critical role in the well-being of humanity. Our daily depen-
dence on tropical plants and/or their products is outstanding. They are not only major 
contributors to food and feed but also a valuable source of spices, essential oils, fruits, 
sugar, and beautiful hardwoods. In addition, tropical regions also produce different 
types of fibers, resins, gums, plant essences, and dyes, which are extensively used 
in therapeutics and various industrial by-products. They are the dominant source 
of trade among the continents; for example, Africa and Latin America are the major 
suppliers of cacao and coffee, South America is the largest producer of sugar and 
bioethanol, whereas Asia produces most of the natural rubber.

With the increased demand for tropical plants, that is, rubber, oil palm, cocoa, 
banana, pepper, and pineapple, their large-scale production is direly needed. High-
quality planting material can only be produced through tissue culture, thus the only 
potential strategy to fulfill the increased demand for ornamental tropical plants 
and plants of economic value. So, different types of explants, cultural media, and 
conditions have been worked out by different research groups. Micropropagation 
by somatic embryogenesis has been established through direct or indirect routes. 
The number of clonal plants is usually lower in the case of direct embryogenesis as 
compared with indirect somatic embryogenesis, so indirect embryogenesis is pre-
ferred for the commercial-scale production of ornamental plants, particularly in the 
case of endangered plant species, where only limited explant material is available. 
However, callus induction and somatic embryogenesis are dependent on exogenous 
auxin and culture conditions [25]. Exogenous auxin is involved in the downregulation 
of essential genes involved in embryogenesis perhaps by DNA methylation or other 
cellular processes, which is still to be explored. Removal of auxin from the culture 
media supports embryogenesis in most plant species [26]. Exploring the developmen-
tal trajectory of callus induction, indirect somatic embryogenesis, and direct somatic 
embryogenesis will be of great help for the commercial-scale production of indoor 
tropical plants and edible tropical plant species. Different types of explants including 
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immature zygotic embryos, mature zygotic embryos, immature female inflorescence, 
immature male inflorescence, immature leaves, mature leaves, young plantlets, and 
shoots were tested for the micropropagation of oil palm via indirect somatic embryo-
genesis [27].

Advancements in molecular biology have not only explored the critical pathways 
and genes involved in different phases of in vitro growth but also led to manipulation 
of certain genes to improve somatic embryogenesis and regeneration. Though most of 
the research has been reported on Arabidopsis, yet these findings may be extended for 
the betterment of other plant species including tropical plants. LEAFY COTYLEDON 
genes (LEC1 and LEC2) were found to be involved in the key pathways of somatic 
embryogenesis, and their overexpression triggered the upregulation of YUC genes, 
which are responsible for the increase of endogenous auxin levels. Other valu-
able genes involved in somatic embryogenesis are BBM, WOX, and SERK. Genetic 
manipulation of these genes can be of great help to further explore and understand 
fundamental cellular processes involved in somatic embryogenesis and clonal propa-
gation [28]. In addition, proteomics studies have helped to elucidate the fundamental 
processes involved in these crucial cell growth phases, thus helping out to promote 
plant growth under in vitro conditions. Three valuable proteins linked with somatic 
embryogenesis were identified as osmotin-like proteins, chitinase, and β-1,3-
glucanase. In Picea glauca, 48 differentially expressed proteins were observed to be of 
crucial importance during different stages of the development of somatic embryos. 
Efforts have been made to explore the proteome profile of oil palm embryogenic 
lines, embryogenic cell suspensions of coffee [29], auxin-induced embryogenic and 
non-embryogenic tissues of tamarillo, secondary somatic embryogenesis in cassava, 
and somatic embryos of avocado, which could further be exploited to improve clonal 
propagation of these valuable tropical plant species [30].

Though efforts have been made to unravel the fundamental cellular processes 
involved in key regulatory pathways of cell differentiation, dedifferentiation and 
commercial scale production of tissue culture plants have been possible. Still, certain 
impediments are there that need to be addressed for further improvement of existing 
clonal propagation systems. These include the genotype-dependent nature of the 
cultures, slow response of the cultured tissues, lower conversion rate of embryoni-
cally competent tissues, and heterogeneity of the cultured samples.

4.2 Genomics approaches

Breeding of the tropical tree plants is complicated owing to polyembryony, 
parthenocarpy, long juvenile phase, polyploidy, generation cycle, heterozygosity, and 
insufficient genomic resources. Advancements in multi-omics approaches, that is, 
genomics, metabolomics, transcriptomics, proteomics, whole genome sequencing, 
and annotation, have led to the identification of novel genes involved in crucial meta-
bolic pathways responsible for sugar metabolism, fruit development, fruit ripening, 
stress tolerance, shelf life, etc. Interventions in genome-wide association (GWAS), 
genomic selection (GS), genetic transformation, and genome editing through 
CRISPR/Cas9 have helped to develop tropical plant varieties with desirable traits.

Developments in sequencing techniques have not only helped researchers devise 
molecular markers but also paved the way to explore genetic diversity in different 
plant species. The world’s largest germplasm collection of bananas has been main-
tained at Biodiversity International Transit Centre (ITC), Belgium [31]. Diversity 
arrays technology (DArT) was employed for the selection of carotenoid-rich 



17

Emerging Trends to Improve Tropical Plants: Biotechnological Interventions
DOI: http://dx.doi.org/10.5772/intechopen.108532

bananas, thus helping out to promote nutrient-enriched bananas [32]. In papaya, 
21,231 SSR markers were developed from genic regions, of which 73 SSR markers 
were validated for fruit ripening. The SCAR marker (CPFC1) was developed for the 
fruit flesh color in papaya, facilitating the identification of progenies based on pulp 
color. Likewise, AFLP markers were developed for the characterization of pink-
fleshed and white-fleshed guava genotypes. Comparative mapping and germplasm 
characterization were performed by SSR markers in Musa species. These studies 
helped out to shortlist the Musa accessions with relatively higher content of minerals 
including calcium (111.1-fold higher), potassium, and magnesium (4.7-fold higher) 
[33]. Jackfruit draft genome assembly has helped to explore numerous gene families 
involved in starch synthesis and fruit development. SSR and ISSR markers have also 
successfully been employed for the identification of dragon fruits with white pulp 
and pink pulp [34].

Molecular breeding, that is, marker-assisted selection (MAS), marker-assisted 
backcrossing (MAB), and marker-assisted introgression (MAI), is quite helpful in 
the efficient development of new genotypes, mapping population, phenotyping, and 
genotyping. QTLs (quantitative trait loci) are of pivotal importance in this context, to 
track particular desired traits. In papaya, 21 QTLs were identified for the key quality 
traits of fruits, that is, fruit weight, fruit width, fruit length, flesh thickness, flesh 
sweetness, fruit firmness, and skin freckle. Similarly, 460 SNPs were predicted as 
potential molecular markers for the selection of particular fruit traits and diversity 
studies [35]. In mandarin, four QTLs were identified to be associated with fruit 
weight, three with peel puffing, and one with sugar content. The whole genome 
assembly of mango has helped to explore polyembryony, identification of non-coding 
RNAs, and QTLs for flavonoid biosynthesis and fruit weight [36].

The discovery of genome-wide SNPs has opened up new avenues in high-through-
put genotyping and marker-assisted breeding, thus helping out to develop the novel 
genotypes. These SNPs have been used for the GWAS and identification of QTLs 
relevant to fruit traits in tropical plants, that is, mango, papaya, avocado, cassava, 
banana. These QTLs can effectively be used for the betterment of traditional breed-
ing in terms of reduced time and cost. In addition, information retrieved from the 
pan-genome, super-pan-genome, and pan-transcriptome has been employed in the 
mining of genetic determinants of various phenotypes, thus helping out the better-
ment of tropical plant species.

4.3 Genetic engineering

Transgenic technology is increasingly contributing to the betterment of tropical 
and sub-tropical plants. Numerous fruit trees, crop plants, and ornamental plant 
species have been engineered for valuable traits, esthetic value, and the cleanup of 
the environment. Compared with the annual crops, tree plants are tough targets as 
far as their genetic manipulation is concerned. The complexity of the genome, low 
transformation efficiency, complex cultivation environment, long breeding cycle, 
and recalcitrant nature of the plant tissues are the major impediments in the genetic 
transformation of tree plants. Researchers have worked out to resolve these bottle-
necks, and protocols have been established for the genetic transformation of numer-
ous tropical and subtropical plants including citrus, mango, banana, pineapple, 
litchi, passion fruit, plantain, longan, and avocado. These plant species have been 
engineered not only for valuable agronomic traits but also for the improved quality 
and quantity of the fruits.
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Populus alba is taken as a model plant for the establishment of genetic transforma-
tion in tree plants. It has been engineered for insect resistance, herbicide tolerance, 
and decreased lignin content. Insect-resistant transgenic poplar plant has been 
approved for commercial-scale cultivation in China, wherein stable expression of 
the transgene was observed in 8- to 10-year-old transgenic plants, hence provid-
ing broad-spectrum resistance against insect pests [37]. Stable transformation of 
Cavendish banana cv. Grand Nain was also reported using uidA and the potential 
virus-resistance gene (BBTV) along with the nptII gene as a selectable marker 
expressed.

Diverse tropical plants including papaya, oil palm, cassava, Picea, Ulmus, and 
Pinus have been engineered for disease resistance, herbicide tolerance, and resis-
tance against insect pests [38]. The first draft of the papaya genome sequence from 
the commercial virus-resistant transgenic fruit tree opened up new avenues for the 
genetic transformation of tree plants [39]. Papaya has a relatively small genome of 
372 Mb, with nine pairs of chromosomes and diploid inheritance. Other desirable 
features of the papaya are short generation time (9–15 months), primitive sex chro-
mosome system, and continuous flowering throughout the year. These features make 
papaya a promising system for the exploration of fruit tree genomics and tropical tree 
genomes.

The first commercialized transgenic papaya carrying coat protein for papaya ring 
spot virus, PRSV CP gene, was introduced in Hawaii in 1998. CP-transgenic papaya 
plants appeared to have variable levels of resistance against ring spot viral isolates 
from different geographical regions. Isolates from Florida, Bahamas, and Mexico 
have delayed and made symptoms mild, whereas isolates from Thailand and Brazil 
have delayed symptoms; as a result, the virus can overcome resistance and thus may 
cause pathogenicity. Rainbow, a hemizygous line, also appeared to be susceptible to 
viral isolates from Taiwan [40]. Hence, the level of resistance appeared to be differ-
ent against isolates from different regions. Broad-spectrum resistance has also been 
attempted to develop through RNAi by targeting the conserved domain of the PRSV 
CP gene [41]. The disease-resistant transgenic papaya was reported to be environ-
mentally safe, with no harmful effects on human health. Oil palm is another valuable 
tropical plant that has extensively been used for the production of edible oil. Parveez 
and Christou [42] reported its genetic transformation through a biolistic transforma-
tion using multiple gene(s) constructs, that is, gusA, bar, hpt under ubiquitin, and 
CaMV35S promoters. The resultant transformants were selected on 50 mg/L Basta. 
Bahariah et al. [43] published biolistic transformation, and resultant transformants 
were selected through a mannose selection system containing mannose @ 30 g/L. 
Oil palm genome has also been targeted for the production of polyhydroxybutyrate 
(biodegradable plastics). Three genes (phaB, bktB, and phaC) responsible for the 
bacterial PHB biosynthesis were expressed under the Ubi promoter. The expression 
of biodegradable plastic was detected to be in the range of 0.33 to 0.58 mg/g of dry 
weight. The transgenic oil palm plants showed normal growth; thus, no deleterious 
effects of transgene expression were observed on plant growth.

Cassava (Manihot esculenta) is the third major contributor of staple food in sub-
Saharan Africa, where it is grown as a starch-storing root crop. It has been engineered 
for valuable agronomic traits as well as to boost its nutritional value. Zeoline protein 
has been expressed in roots wherein the total soluble protein was detected to be 
increased up to 12.5% of the dry weight, thus showing a fourfold increase in pro-
tein content as compared with non-transgenic plants. The Nigerian cultivars, TMS 
91/02324 and TMS 95/0505, were engineered for resistance against CBSD and CMD. 
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The transformed cultivars showed an increased level of resistance against the nox-
ious viral pathogens [44]. AtFER1 and AtIRT1were overexpressed in cassava for the 
increased accumulation of zinc and iron in roots (40 μg/g and 145 μg/g dry weight, 
respectively).

So, tropical plants have not only been engineered for improved agronomic per-
formance and additive nutrients but also been engineered to clean up the indoor 
air and increase esthetic values. Indoor air often contains benzene, formaldehyde, 
chloroform, and other volatile organic compounds. Modern lifestyle has promoted 
the production of undesired molecules coming from furniture, smoking, and shower-
ing. A normal room needs at least 20 plants for the removal of these toxic molecules. 
The detoxifying ability of the plants can be increased through transgenic technology. 
Incorporation of mammalian cytochrome P450 2e1 (rabbit CYP2E1) in pothos ivy 
boosted its ability to detoxify the abovementioned hazardous molecules. The engi-
neered plants were able to detoxify chloroform and benzene in the closed vials within 
8 days of culture, thus showing great potential to detoxify the undesired molecules 
[45]. Likewise, sulfur metabolism can be engineered to improve resistance to SO2. 
Transgenic tobacco plants overexpressing serine acetyltransferase and cysteine syn-
thase gene(s) were highly tolerant to sulfite and SO2 [46]. Engineering tropical plants 
with the said gene can uplift their ability to tolerate sulfite and sulfur dioxide.

4.4 Role of biotechnology to secure endangered plant species

Tropical plants occupy approximately 1/20th of the earth’s surface [47]. They 
comprise 2/3rd of the terrestrial plant species globally. Most tropical regions are 
categorized into biodiversity hotspots, but they possess different challenges due to 
the increasing rate of the human population. The tropical biodiversity hotspots have 
increased habitat loss, species richness, and an increasing number of endemic species 
[48]. An important cause of these changes is deforestation due to agricultural and 
industrial expansion during the past 30 years. As a result, the diversity in the tropical 
ecosystem is endangered, which has high environmental concerns regarding biodi-
versity degradation and extinction of species. One example of a biodiversity hotspot 
is Sumatra, where ~0.84 million hectares of forest land has declined [49]. The same is 
happening in other developing countries. Intensified agriculture and changes in the 
use of tropical land have a durable impact on the global biodiversity, and their future 
consequences are just estimated.

It has been studied by Rodriguez-Echeverry et al. [50] that fragmentation, changes 
in land use, and habitat loss are causing the decline of biodiversity and the composi-
tion of species is changing. The ecosystem processes and invasive species are altering. 
In the past decade, various studies conducted to find its impact on the genetic com-
position of tropical plant species and genetic alterations were observed [51]. Habitat 
loss, population differentiation, and genetic diversity losses have consequences that 
are caused by inbreeding, genetic drift, and increased distances by isolation [52]. 
The outcome of these changes is also caused by different life traits such as dispersal 
strategy, the density of plant species, mating, and gene flow in tropical lands. The 
information on genetic resources collected from one of the few species cannot reflect 
the plant community. However, genetics and molecular biology provide efficient 
approaches to precisely calculate the genetic variability in tropical plants.

Conservation management is an important issue in the tropical ecosystem. Various 
human and social factors have been identified that are responsible for biodiversity loss 
[51]. Agriculture expansion, corruption, human growth, and incompetency in the 
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development of genetic conservation strategies have increased the risk to the tropi-
cal ecosystem and sustainable management. The genetic information of the tropical 
species has increased the probability to maintain the genetic conservation of targeted 
plant species. The recommendations on the monitoring program and sustainable 
management in a particular fragment of tropical land are based on the genetic infor-
mation of species, species richness, and processes of the ecosystem. Lack of sufficient 
genetic study along with population fragmentation data of different plant species 
could lead to the development of poor management practices for the conservation of 
plant species. The land-use change process is fast in the tropics, and there is a need 
for a robust method for identification of biodiversity hotspots and development of 
strategy in the identified area. Genetics alone does not provide a sufficient solution 
for the determination of the hotspots in the tropical plant community. Therefore, the 
emerging molecular and biotechnological techniques provide the required solutions 
to identify the genetic diversity in the high number of plants. These biotechnology-
based tools provide the pre-requisite baseline information of the dominant species 
composition. It also helps to identify the high conservation value of different habitats 
that could be used in the conservative management practices of endangered species.

One important technique to investigate multiple plant species is amplified frag-
ment length polymorphism (AFLP). After DNA extraction of the selected plant spe-
cies from nearly 1 cm2 leaf tissues of each plant, the AFLP protocol of Vos et al. [53] 
provides better results. The extra genetic material can be stored at −20°C for a longer 
period at optimized conditions. The samples were excised with the single enzyme to 
incubate overnight or to amplify with a single primer. In this regard, different PCR 
protocols are optimized for different plant species [54]. For the efficient reproducibil-
ity of the AFLP procedure, two to ten samples of each plant species provide reliable 
information. The fragments occurring from the restriction steps in the repetition 
of samples are considered important. The results obtained from the AFLP linked 
with PCR techniques can be visualized by transforming into the fragment presence-
absence matrix. The analysis can be done by collecting samples of more than one 
hundred genotyped species. Different values of variation per species use the common 
genetic diversity indices [55].

In vitro conservation of germplasm included a large number of techniques involv-
ing the incubation of plant germplasm under controlled conditions. Although the 
nutrient requirement and conditions of growth vary for each tropical plant species, 
it provides a robust and reliable solution for the conservation of endangered species 
in the tropical region [56]. More commonly, the younger developing tissues of the 
explant can be used as the source. Genetic transformation has become an important 
tool in the additive one-point improvement in comparison with the mutation breed-
ing that develops the subtractive one-point improvement. The genetically modified 
ornamental plants can be more acceptable to the consumers due to their vibrant colors 
as compared to food crops, where different ethical concerns are present regarding the 
use of recombinant technology [57]. Different GM technologies include zinc finger 
proteins, RNA interference, miRNAs, and CRISPR-Cas-9, which can be applied in 
the development of transgenic plants (Figure 1). The quality of the explant and type 
of tissue help to develop the biotechnology-based strategy for the regeneration of 
endangered species. The genome-editing technology has been vastly improved in the 
previous years. After the advent of genome-wide scan analysis and next-generation 
sequencing, varied information becomes available on tropical indoor and outdoor 
plants. The available information on the sequences of tropical plants could provide 
great help in breeding and basic research.
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The heterogeneity of the different biodiversity plots and land-use systems can 
be studied by using the fragment distance matrix that is based on the principal 
component analysis. The bioinformatics and statistical tools can be used by applying 
the function betadisper and R-package ggplot2. Precise estimation of the genetic 
diversity in an area of dominant species depends on the spatial scales of alpha, beta, 
and gamma. The alpha scales respond to the diversity within the plot, the beta scale 
is for the land-use system, while the gamma scale is the highest level of spatial scales. 
In the fragment pool approach, the differentiation at the alpha level is determined by 
using at least 10 fragment pairs within each plot. However, the β diversity level can be 
calculated by taking at least 40 pairwise fragments in every land system. On the other 
side, the γ diversity is based on using the 160 genetic fragments from the plots where 
the concerned species are dominant. To apply this technique, the Shannon Index can 
be applied within each plot.

5. Biotechnological challenges to improving tropical plants

The flora of tropical areas suffers from biotic and abiotic stresses. In the past few 
years, the effects of climatic changes are significant on tropical plants. It has been 
reported by the Intergovernmental Panel on Climate Change (IPCC) that the climatic 
conditions are a precursor to various stresses on plants and are considered the most 
important influencing factor in the decline of agricultural production in developing 
countries. Global warming negatively influences tropical and sub-tropical plants due 

Figure 1. 
Contribution of biotechnology to the improvement of germplasm and agriculture in tropical areas. The DNA of 
tropical plants can be genetically engineered for the improvement of different traits, conservation of endangered 
species, and resistance against pathogens.
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to rapid alterations in the ecosystem, drought, rainfall patterns, floods, and biologi-
cal outbreaks [58]. The balanced environment and lack of nutrients are the major 
constraints that enhance the losses of biological stresses. The losses due to abiotic 
stresses could be around 50 percent in tropical areas possibly due to a decline in plant 
metabolism [59].

The tropical plants of agricultural importance are suffering from viruses, bacteria, 
and insect attacks. Although there has been a substantial increase in food produc-
tion in developing countries due to advances in breeding practices, the challenges of 
food security have never been met. The use of biotechnological approaches enables 
the genome alterations in plants to withstand abiotic and biotic stresses (Figure 2), 
which are usually difficult to achieve by conventional approaches. Advanced genome 
editing tools such as RNA-induced gene silencing, CRISPR-Cas, genome mapping, 
and next-generation sequencing have paved the way toward desirable genetic altera-
tions in plants. However, the available biotechnological applications to agriculture 
in conventional crop species are the use of selective breeding approaches to bring 
improvement in genetic materials [66]. Some of the conventional crops of the tropical 
areas include maize, tomato, sweet potato, beans, pulses, nuts, cassava, sorghum, etc. 
These crops are present in the wet climate in tropical areas. On the other hand, the 
important crops of dry tropical climates are coffee, rubber, cotton, tobacco, tea, and 
sugarcane. The ornamental plants have their range such as hibiscus, plumeria, palms, 
ebony, teak, gardenia, fire brush.

Biotechnology has contributed to the solution of food security challenges by 
making robust genetic mutations. According to ISAAA infographics, more than 17 
million farmers are benefiting from the cultivation of biotechnology crops. More 

Figure 2. 
(A) Coffee berry borer (modified from Benavides et al. [60]), (B & E) Coccinia grandis (modified from; 
Goebel et al. [61]), (C) coffee leaf rust (modified from Nelson, [62]; Gichuru et al. [63]), (D) stem borer larval 
caterpillar on sugarcane stalk (modified from Cilas et al. [64]), and (F) cacao swollen shoot virus (modified 
from; Kouakou et al. [65]).
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than 28 countries are growing 14 biotechnology crops precisely, and major contribu-
tors are tropical countries such as Brazil, India, Argentina, China, Indonesia, and 
Paraguay. The area under biotech crops is 2.7 billion hectares, and 17 million farmers’ 
earnings are associated with it [67]. The genetic alteration strategies are designed to 
increase crop production, improve quality, and develop resistance against biological 
agents such as pests, herbs, and bacterial and viral diseases. With the advancement 
of technology, biotechnological approaches have become robust, accurate, and more 
reliable, but there are some ethical and environmental concerns about their agricul-
tural applications.

The first contribution of biotechnology to crop improvement came with the 
development of crops resistance to a broad range of selective herbicides. The biotech-
nological techniques proved valuable on a socioeconomic as well as on an ecological 
scale because they reduced the consumption of questionable herbicides. However, 
due to unorganized applications of herbicides over growing seasons, the resistance 
to herbicides is emerging that could overcome the advantage of selective tolerance. 
The scientific challenge to address this issue is diversification of herbicide consump-
tion along with crop rotation. There is the need to make continuous improvements in 
resistance technologies and the identification of new biochemical pathways in plants 
to find new targets. A similar challenge resides in another trait of resistance to insect 
pests, which is also commercially exploited. Many commercially important crops in 
tropical climate regions are threatened by different insect pests such as coffee rust, 
Lepidopteran stem borers, Helicoverpa, coffee berry borers [64].

The most important biological challenges are plant viruses because of their 
complexity in their life cycle, replication, movement, diversity, and unique capability 
of developing mutations against resistance. Identification of a causative virus and 
its pathogen vector is crucial for estimating the epidemiology and economic losses 
that are essential for the development of management strategy. Viruses can only be 
detected by using molecular diagnostic techniques. Some potential virus threats of 
tropical crops are cacao swollen shoot virus, banana bunchy top virus, cassava mosaic 
virus, plum pox virus, potato virus X, cucumber mosaic virus, African oil palm ring 
spot virus, rice yellow stunt virus, etc. [68].

Since after their inception, biotechnological approaches have established a reputa-
tion as a potential way to overcome food shortages. The choice of biotechnological 
approaches depends on the targeted pathogen or abiotic stress [69]. For example, the 
short RNA-based RNAi approaches are efficient against RNA viruses because the viral 
genome can be targeted before replication and formation of proteins, but to target the 
DNA genome, CRISPR-Cas is a superior technology. Violation of biosafety measures 
could cause unwanted gene flow to the other plant or pathogen species.

Although biotech crops are becoming an important hope in the tropical region, 
some challenges also emerged with the increase in production of biotech crops. For 
example, with the continuous application of broad-spectrum herbicide on the GM 
crop plants, resistance also emerges in the weeds, which lose the selective advantage 
in genetically modified plants. Another area that has been addressed more by bio-
technological approaches is the use of bacterial toxins to develop transgenic plants 
for durable resistance to insect pests. So far, the toxins from Bacillus thuringiensis are 
mostly applied for pest tolerance.

Plant biology is facing an additional level of complexity as compared to mammals 
because plants are sessile and grow in varied environmental conditions that are far 
from optimal climate conditions. There is evidence that changes in the ecosystem 
alter the pathogenicity of viruses and plant pests. In the past few years, various 
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unpredictable changes have been reported in the tropical ecosystem, which need 
continuous investigation of the genome characterization of viruses, pests, and the 
response of host plants. Changes in humidity, temperature, and atmospheric pressure 
affect the growth of insect pathogens. The development of the post-transcriptional 
gene silencing strategy needs a very comprehensive study of the host, environment, 
and pathogen; otherwise, there are chances of horizontal gene transfer to other 
species [70]. Climate changes lead to ecosystem disturbances at different levels, 
which affect the efficiency of biotechnology techniques. The climatic changes affect 
the interaction of the ecological and biological communities including soil, natural 
habitats, plants, and biodiversity. For example, the plant susceptibility to disease 
increases due to high temperature and humidity [71]. However, these challenges can 
be overcome by combining conventional and biotechnological approaches to address 
biotic and abiotic stresses.

6. Future prospects

Tropical plants comprise two-thirds of the terrestrial plant species and have great 
importance in plant biodiversity. Due to increasing population, there is an urgency to 
double the food production globally. Thus, a series of biotechnological interventions 
can be made to conserve plant biodiversity (Van Montagu, 2020) and improve crop 
plants in tropical areas. Medicinal and fruit plants also need attention with regard to 
biotechnology-assisted breeding to combat biotic and abiotic stresses. Tropical forests 
can make an important contribution to the global demand for fruits, timber, and bio-
mass. Biotechnological tools should be used to identify the potential of plants as new 
crops to mitigate malnutrition in tropical regions. Some important crops in tropical 
regions such as cassava, cowpea, sweet potatoes can be improved as cash crops by bio-
technological efforts. Moreover, the nutritional contents of plants can be improved. 
For example, lathyrus is a leguminous protein-rich crop that is used after overnight 
soaking to remove the toxins on its split seeds. Engineering lathyrus genome could 
help in this regard. There are also gaps in the study of marker-assisted breeding 
on tropical plants, which can become an important tool in crop improvement. The 
tropical region has a range of medically important plants, and their properties can be 
broadened to increase diversity. Latest molecular biotechnology tools such as CRISP/
Cas 9 have promising applications in gene activation, repression, gene mutation, and 
epigenetics. It has been effectively applied to citrus, apple, petunia, and various other 
plants. Similar research models can be applied to economically important tropical 
plants.

7. Conclusion

The sustainability of the food supply chain depends on tropical plants, which are 
also vital sources of medicine, fiber, wood, and energy. Tropical plants are present in 
more than 60% of all terrestrial plant species worldwide. In addition to domestica-
tion, attempts have been made to enhance these plants using both conventional and 
cutting-edge scientific interventions. Parthenocarpy, polyembryony, polyploidy, 
protracted juvenile phase, heterozygosity, and generation cycle problems have been 
helped by genomic techniques. Innovations in cell and tissue culture have enabled 
micro-propagation and the commercial plantation of various plants, in addition to 
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aiding in the conservation of endangered tropical species. Additionally, transgenic 
technology has made it feasible to combine genes from multiple species, enabling 
plants to withstand biotic and abiotic challenges as well as other types of stress. 
Another useful intervention that has helped to create plants with the desired features 
and the capacity to mitigate potential climate change difficulties is genome editing. 
Therefore, scientific advancements are essential for both the preservation of tropical 
plant species and the cultivation of tropical plants that will meet future demands.
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Chapter 3

Applications of Biotechnological
Approaches in the Product and
Breeding of Phalaenopsis Orchids
Shinichi Enoki and Yoshinori Takahara

Abstract

Phalaenopsis orchids native to the tropics are called “Moth Orchids”. It is one of the
most commercially popular orchids because of its beautiful, colorful, and long-lasting
variety of flowers. Biotechnology used in the production and breeding of Phalaenopsis
was reviewed in this chapter. In the commercial production of Phalaenopsis, biotech-
nologies, such as methods of aseptic sowing and tissue culture, have been used for a
long time. Recently, molecular phylogenetic analysis of original species and molecular
breeding by the transformation of Phalaenopsis has been actively studied. The role of
biotechnology in the Phalaenopsis orchid industry is significant, and the development
of the technology in this field will bring further benefits to researchers, producers, and
fancier of Phalaenopsis orchids.

Keywords: orchids, Phalaenopsis, classification, micropropagation, molecular
breeding

1. Introduction

The genus Phalaenopsis consists of approximately 60 species and the various traits
of hybrids are due to easy interspecific and intergeneric crossing compared to other
higher plants. Germination and propagation of Phalaenopsis in nature (or under natu-
ral conditions) are very difficult since their seeds contain no endosperm storing
nutrients for germination. Therefore, “micropropagation” (mass proliferation) by
aseptic culture technologies has been used for the research and industrial production
of Phalaenopsis for a long time before. In recent years, molecular breeding by biotech-
nology has been extensively studied. In this chapter, we will review the latest knowl-
edge of classification, proliferation methods, and molecular breeding of Phalaenopsis
by biotechnology.
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2. Phalaenopsis and related genera

2.1 Classification

The genus Phalaenopsis (Orchidaceae) is classified as subfamily Epidendroideae,
tribe Vendeae, and subtribe Aeridinae [1]. The native species of Phalaenopsis are
distributed throughout northern Australia to southern India, China, and Taiwan in
tropical Asia. Cultivars called moth orchids (Phalaenopsis and Doritaenopsis) are
mainly generated by crossing native species of genus Phalaenopsis and genus Doritis
(Doritis pulcherrima). Because Phalaenopsis is amenable to artificial crossing with
other species and even other genera, such as Doritis, Ascocentrum, and Vanda, many of
the cultivars have been produced as interspecific and intergeneric hybrids [2].

2.1.1 Morphological classification

Phalaenopsis Orchids have been classified morphologically by unique features, such
as pollen. Phalaenopsis are epiphytic orchids, which live sticking to trees. They are
monopodial plants with a short stalk and three to six widely and fleshy leaves. Their
flowers consist of sepal, petal, lip, and column, which are flower structures particular
in Orchids. The genus Phalaenopsis are defined by Blume in 1825 and has been classi-
fied by many taxonomists mainly based on morphological features of flower structure
[3] and the number of pollens [2, 4] and based on cytogenetic features, [5, 6] such as a
number of chromosomes, chromosome shape, and permissibility of crossing.

Christenson [7] defined the genus Phalaenopsis which consists of 62 original spe-
cies. He divided the genus into five subgenera by morphological classification. Of
these, two subgenera also were subdivided into four sections. He integrated the genus
Doritis, which has been treated as an independent genus by other taxonomists, into
the genus Phalaenopsis (section Esmeralda) in the broad sense (Table 1). He system-
atically described species characteristics, habitat, history of discovery, etc. in this
work. Currently, his work is one of the most referenced in the classification of
Phalaenopsis orchids.

2.1.2 Molecular phylogenetic classification

Differences in opinion on the importance of morphological features, such as pollen
numbers caused disagreement among taxonomists. Therefore, molecular phylogenetic
analyses based on DNA information independent from morphology have been
actively studied. Molecular phylogenetic analysis [8–11] supports Christenson’s pro-
posal that the closely related genus Doritis and Kingidium should be included in the
genus Phalaenopsis (section Esmeralda and subgenus Aphyllae, respectively). How-
ever, because there were many consequences that classifications under subgenera do
not match his classifications, reexaminations were proposed. Although many results
that genus Doritis is classified into genus Phalaenopsis are shown, some taxonomists
proposed that genus Doritis should be used, considering the established Phalaenopsis
intergeneric hybrids of Doritaenopsis in the past.

Recently, researchers reported that distantly related genera Lesliea, Nothodoritis,
Ornithochilus,Hygrochilus, etc. should be included in the genus Phalaenopsis [11, 12]. In
the genus Phalaenopsis subgenus Hygrochilus, a new species, Phal. pingxiangensis were
discovered in China [13]. Due to proposals for revision of classification criteria based

32

Tropical Plant Species and Technological Interventions for Improvement



Genus Subgenus Section Species

Phalaenopsis Proboscidioides Proboscidioides lowii

Aphyllae Aphyllae taenialis

braceana

minus

wilsonii

stobartiana

haiananensis

honghenensis

Parishianae Parishianae appendiculata

gibbosa

parishii

lobbii

Polychilos Polychilos mannii

cornu-cervi

borneensis

pantheriana

Fuscatae cochlearis

viridis

fuscata

kunstleri

Amboinenses pulchra

violacea

bellina

micholizii

fimbriata

floresensis

robinsonii

gigantea

fasciata

doweryensis

luteoka

modesta

maculata

javanica

mariae

amboinensis

luddemanniana

venosa
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on the molecular phylogeny of Phalaenopsis and related genera, the classification of
Phalaenopsis orchids will become more diverse than ever.

2.2 Cultivars

The registration system for new cultivars of Orchids was established by Sander
(Sander’s Complete List of Orchid Hybrids [14]), and now the Royal Horticultural
Society in the United Kingdom (RHS) is taking over the system. Thus, the history of
hybridization of orchid cultivars (horticultural varieties) can be traced to their origi-
nal species. Today, the database of Sander’s list makes it easy for us to search for the
ratio of each original species constituting orchid hybrids.

Major cultivars on the current market of moth orchids are divided into two groups
(standard or novelty) (Figure 1). Standard types include traditional cultivars with
white, pink, semi-alba (white flower with a red lip), and striped big flowers. Novelty

Genus Subgenus Section Species

reichenbachiana

pallens

bastianii

hieloglyphica

Zebrinae inscriptioshinensis

speciosa

tetraspis

corningiana

sumatrana

Phalaenopsis Phalaenopsis philippinensis

stuartiana

amabilis

aphrodite

sanderiana

schilleriana

Deliciosae chibae

deliciosa

mysorensis

buyssoniana

Esmeralda pulcherrima

regnieriana

Stauroglottis equestris

celebensis

lindenii

Table 1.
Classification of Phalaenopsis. Created with reference to Christenson [7].
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types include cultivars with new colorful flowers, such as red, orange, yellow, multi-
ple flowers, flowers of dots (spotted) or mottle (harlequin), and flowers with fra-
grance. Phylogenetic analysis of recent most popular cultivars revealed their original
species composition as ancestors of these hybrids [15]. In standard cultivars, original
species of subgenus Phalaenopsis were the most important ancestors. Most white
flower hybrids were the progeny of Phal. amabilis, Phal. aphrodite, Phal. schilleriana.
The pink flower hybrids were progeny of Phal. amabilis, Phal. schilleriana and Phal.
sanderiana. Phal. equestris and Phal. stuartiana was important for the creation of semi-
alba and striped hybrid cultivars, respectively. In novelty cultivars, original species in
such subgenus Polycilos other than subgenus Phalaenopsis were important ancestors.
Of spotted/harlequin cultivars, the genetic contribution in the generation of red spots
of the famous hybrid Phal. Golden Poker “Brother” was 25, 18.75, 12.5, and 6.25%
from Phal. gigantea, Phal. leuddemanniana, Phal. Amboinensis, and Phal. faciata,
respectively.

3. Micropropagation

Phalaenopsis orchids are very difficult to germinate in nature because their seeds
have no endosperm with nutrients for germination and to vegetatively propagate such
as the method of bulb division. Therefore, propagation thorough aseptic culture has
been desired. This section reviews the mass propagation methods using the tissue
culture technic (micropropagation) and its problems in Phalaenopsis.

3.1 Aseptic sowing method

The aseptic sowing method greatly affected the industrial production of Phalae-
nopsis Orchids. A method of aseptically germinating the Phalaenopsis seeds with no
endosperm on a medium that can artificially supply nutrients was developed. Many
new cultivars have been created and produced in this method using various mediums,
such as Knudson medium [16, 17], Vacin and Went (VW) medium [18], Murashige
and Skoog (MS) medium [19], and Hyponex (Kano) medium [20]. However, the
characteristics and quality of mature plants derived from seedlings are tending to vary

Figure 1.
Examples of cultivar types (standard, novelty).
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genetically. Therefore, the development of a method to propagate moth orchids veg-
etatively using tissue culture and the production of clonal plantlets with the same
traits has been desired.

3.2 Micropropagation

Protocorm-like bodies (PLBs) are generically used in the micropropagation of
Phalaenopsis. PLBs are cell masses similar to protocorm, which is the state of enlarged
embryos during orchid seed germination. PLBs are somatic embryos induced from
somatic cells of Orchids [21]. Since a PLB can form a number of new secondary PLBs
on the surface by culturing on an appropriate medium, the proliferation efficiency is
very high (Figure 2) and then they grow to plantlets. On the other hand, callus
induction is difficult in Phalaenopsis Orchid and embryogenic callus (EC) induction
was first reported by Sagawa [22]. Although studies on proliferation using, such as EC,
have also been conducted [23–25], the methods using PLBs are still mainstream in
Phalaenopsis micropropagation because PLB is easier to grow to plantlet than a callus.
To date, PLB induction methods using a variety of plant tissue have been established,
as shown in Figure 3.

3.2.1 Flower stalk culture

Flower stalk culture is firstly performed in a vegetative propagation system of
Phalaenopsis for PLB induction. In other Orchidaceae plants, PLB induction from
shoot apex (shoot apical meristem) has been established. However, in monopodial
Phalaenopsis orchids, varieties of alternate culture methods have been studied since
only one shoot apex can be obtained from one strain and the removal of the shoot apex
means the disappearance of the mother plant. Thus, flower stalk buds were firstly
used for vegetative propagation of Phalaenopsis orchids [26]. Flower stalk culture is a
method for obtaining the plantlets from dormant buds on the flower stalk. Although
vegetative propagation systems that do not damage mother plants have been
established by many researchers [27–30], the propagation efficiency of this method is

Figure 2.
PLB proliferation. a: PLB. b: Secondary PLBs formed on the original PLB.
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still lower because only one plantlet can be obtained from one flower stalk bud.
Therefore, reproduction of shoots from these plantlets [31, 32] or PLB induction from
these shoots/plants (as described below) was conducted in practice.

3.2.2 PLB induction from plantlets

PLB induction using leaf segments of plantlets obtained by flower stalk culture has
been studied in detailed conditions, such as medium, plant growth regulator, plantlets
condition, temperature, lighting intensity, and subculture interval, and practically
used since early times by Tanaka et al. [33, 34]. Also, many PLB induction methods
are being studied because the leaves are easy to obtain and use as explants throughout
the year [35, 36]. Hyponex, VW, and 1/2 strength MS medium are often used in this
culture method. Since PLB induction from leaves is adventitious, the use of plant
growth regulators, such as α -naphthalene acetic acid (NAA) and 6-benzylami-
nopurine (BAP) is essential. Highly active Thidiazuron (TDZ) instead of BAP is often
used. Recently, efficient induction by leaf thin-section culture [37] and PLB induction
using original species of Phal. bellina [38] and Phal. cornu-cervi [39], which are diffi-
cult to induce the PLB, have been studied.

Roots on plantlets are also easy to use without losing the mother strains and ideal
tissue for PLB induction [40]. Park et al. [41] reported that highly efficient PLB
induction from root tip on a modified MS medium supplemented with 2.3 mM TDZ.
On the other hand, although it is necessary to sterilize, PLB induction is also possible
from the aerial roots exposed to the air of potted mature plants [42].

Figure 3.
The process of micropropagation in Phalaenopsis. Micropropagation of Phalaenopsis orchids is performed using
PLB derived from various tissues.
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3.2.3 Direct PLB induction

PLB also can be directly induced from flower stalk tissue on the mother strain.
Internode segments from flower stalks were cultured for PLB induction. PLBs were
formed at the bottom of the section with 50–80% after transferring the segments to a
culture medium. Thomale GD medium supplemented with 10% coconut milk, 5 mg/l
NAA, and 20 mg/l BAP was effective for PLB formation [43]. PLBs were also induced
on the VW medium as a basic medium. Green PLBs with high proliferative efficiency
were induced from the shoot apex of flower stalk bud with one or two leaf primordia
on ND medium (NDM) supplemented with 0.1 mg/l NAA and 1 mg/l BAP [44].

3.2.4 PLB proliferation

The proliferation efficiency of PLBs induced from the tissues remarkably increases
by adding cutting treatment. The upper part (tip) is apt to differentiate the shoot and
the middle and bottom (base) parts tend to form new secondary PLBs on dividing
PLBs [33, 45]. Protocorms with the trimmed base were formed secondary PLBs
efficiently [46]. The survival rate tends to decrease with the division of PLBs. How-
ever, the PLB proliferation rate could be increased without decreasing the survival
rate by partially incising the top of PLBs after removing the tip part of the PLB (partial
incision treatment) [47]. Enoki and Takahara [48] developed a highly efficient PLB
proliferation system by combining this treatment with elongated PLBs showing
skotomorphogenesis in the dark.

3.3 Problems with micropropagation

3.3.1 Browning and death

Browning and death during tissue culture are critical problems for plant species,
such as Orchids, including Phalaenopsis, fruit trees, etc. Although tissue culture tech-
nologies with cutting are essential for micropropagation of Orchids, these plant spe-
cies are very sensitive to injury. Injured tissues elute a large amount of secondary
metabolites, such as phenol-like substances into the medium [49] and it is thought
that oxidative condensation of these substances destroys the physiological balance of
the plant and then causes the death of tissues. There is a positive correlation between
the exudation of phenolic compounds to medium and the survival rate of tissue
explants in Mango [50]. In Phalaenopsis, phenolic compounds exudation causes poor
regeneration from cultured plant tissues [34].

This phenomenon is reaction called wound responses, which are known in many
plant species. Injury on plants causes plant defense system to production of
antibacterial active substances, such as phenolic compounds or their own
programmed cell death by hypersensitivity reactions due to production of reactive
oxygen species, to prevent wounds from additional infection of fungi or insects [51].
Browning and death will occur in the tissue culture since these reactions may be
excessive in Phalaenopsis orchids. Of these reactions, phenol is synthesized by phe-
nylalanine ammonia-lyase (PAL), polyphenol oxidase (PPO), etc. in phenylpropanoid
synthesis pathway. In fact, enzyme activities including PPO are higher in browning
tissues of Phalaenopsis [52]. Therefore, activated charcoal adsorbing phenol [53, 54],
antioxidants such as ascorbate acid (vitamin C) [55], L-2-aminooxy-3-
phenylpropionic acid (AOPP, inhibitor of PAL) [56], and cycloheximide (inhibitor of
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PPO) [57] were added to the medium in tissue culture of Orchids. A semisynthetic
Phalaenopsis Shoot Reproduction (PSR) medium was developed that relieves the
effects of phenolic compounds and enhances the survival rate of the explants of
Phalaenopsis [31].

Recently, transcriptome analysis of Phalaenopsis during tissue browning provided
comprehensive information on genes involved in browning and death other than the
phenylpropanoid synthesis pathway [58]. However, the complex molecular mecha-
nisms of browning and death are still unclear in Phalaenopsis orchids. Further eluci-
dation of this molecular mechanism will make it possible to propose some more
effective solutions to browning and death, and contribute to the commercial produc-
tion of Phalaenopsis.

3.3.2 Interspecific and varietal differences

In the difficulty of micropropagation such as flower stalk [31], PLB [59], and callus
[23] cultures of Phalaenopsis, there are large interspecific and varietal differences. This
is probably because the moth orchid is a generic name for hybrids produced from
various original species shown in Table 1. In fact, the ease of micropropagation in
Phalaenopsis cultivars is due to characteristics of the original species involved in the
creation of the cultivars [60], and thus there are few micropropagation methods that
can be applied to all cultivars. Therefore, it is important to evaluate and estimate the
proliferation difficulty of the original species in the development of the micropro-
pagation method. Choice of proliferation methods based on the original species com-
position of the cultivars on Sander’s list and information about their propagation
difficulties from these investigations will be necessary for breeding of Phalaenopsis
cultivars.

4. Molecular breeding

Various transformation methods have been studied as tools for molecular breed-
ing. To date, a number of high-quality cultivars have been produced by traditional
crossbreeding since interspecific and intergeneric hybrids are easy to obtain in
Orchids, compared to other plant groups. However, it takes a lot of time and labor in
improvement by traditional breeding, because the vegetative growth periods and
reproductive cycle of the Phalaenopsis orchids are very long. Furthermore, genetic
resources for new traits which are important in commerce have limitations found
within only Phalaenopsis and closely related, crossbreeding possible genera. The
transformation methods are one of the molecular breeding methods capable of solving
these problems. In this section, we summarize the transformation methods and the
application examples in practice.

4.1 Genetic transformation methods used in Phalaenopsis

4.1.1 Major methods

Genetic transformation methods are powerful tools for introducing useful genes of
other plant species into target plant species. Transformation is advantageous in
breeding because it can modify only specific traits of target plant species. Crossbreed-
ing with the aim of improvement of only a particular trait is not suitable for
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Phalaenopsis orchids that have long reproductive cycles because multiple backcrossing
at various times is required. To date, two transformation methods of Agrobacterium-
mediated transformation (AT) and particle bombardment (PB) have been mainly
used in Phalaenopsis orchids. The former is a method utilizing Agrobacterium
tumefaciens (synonym: Rhizobium radiobacter) having the property of infected plant
cells and sending their own genes into the infected plant genome (Figure 4). This
gene part, the T-DNA region, is replaced with a useful target gene to be introduced by
molecular biology techniques in practice. In this method, transgenic plants are
obtained by the process of infection of Agrobacterium to explants, gene transfer by co-
cultivation, sterilization of Agrobacterium, selection of transformed cells, and regen-
eration from the transformed cells to plants. The latter is a method of directly shooting
gene-coated gold particles into cells using a gun device.

Many AT methods rather than PB have been studied in the examination of efficient
transformation conditions in Phalaenopsis (Table 2). The first reported transformation
in Phalaenopsis orchids was using the PB method by Anzai (1996) [70]. Belarmino and
Mii (2000) [61] reported the first transformation of Phalaenopsis Orchids by AT.
Thereafter, the success of transformation by ATwas reported one after another [62–69].
Although PB has advantages, such as easy operation, and can be applied to a wide range
of plant species and tissues, there is the largest bottleneck in the high cost of equipment
and maintenance. The AT has lower maintenance costs and higher transformation
efficiency than PB. In addition, gene silencing would occur less frequently and the later
inheritance pattern of the transformed cultivar is also simple since a smaller number of
copies of the gene are introduced in AT than in PB. The ATmethod has the disadvantage
that it is difficult to use in monocotyledonous plants. However, the use of AT method in
monocotyledonous plants, including Phalaenopsis orchids has also increased due to
improved methods, such as the discovery of inducers for gene transfer into
monocotyledonous plants in rice [81].

4.1.2 Target explants

The key to successful transformation depends on the ability of the tissue to regen-
erate since Agrobacterium particularly tends to infect cells that are active in cell
division and since desired good cultivars cannot be created if the regeneration from
the transformed cell to the mature plant is impossible. PLBs are often used as the
target tissues for transformation rather than callus because a series of regeneration

Figure 4.
Agrobacterium-mediated transformation.
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processes from PLBs to plantlets has already been established in Phalaenopsis as shown
in Figure 3. The protocorms are also sometimes targeted to perform crossbreeding in
parallel with transformation.

4.1.3 Marker and reporter genes

Selectable marker genes with target/reporter genes are introduced into target
explants. In general, an antibiotic resistance gene such as neomycin phosphotransferase
II (nptII) (kanamycin resistance) or hygromycin phosphotransferase (hpt) (hygromycin
resistance) is used as marker genes [82]. Since transformation in practice would not
occur in all cells of target tissues, it is possible by culturing the explants infected with
AT on a medium containing antibiotics responsible for marker gene to select and
propagate only the transformed and survived cells, and then to regenerate the
transformed plantlets.

At the stage of examining optimal transformation conditions, reporter genes are
used instead of the desired target gene to be introduced. β-glucuronidase (gus) and
green fluorescent protein (GFP) genes are popular as reporter genes [83]. Both genes are
useful in calculating transformation efficiency because the success or not of transfor-
mation can be visually recognized in the introduced cells at an early stage in

Method Explant Marker genes Reporter/Target genes References

Reporter genes

AT Callus hpt, nptII gus [61]

AT PLBs hpt gus, GFP [62–64]

AT PLBs nptII gus [65]

AT protocorm BP/KNAT1, nptII GFP [66, 67]

AT protocorm hpt GFP [68]

AT protocorm hpt, nptII gus [69]

PB PLBs bar, nptII gus [70]

Target genes

AT Callus hpt, nptII Wasabi defensin gene [71]

AT Callus nptII LTP [72]

AT PLBs hpt PaFT [73, 74]

AT PLBs nptII GAFP-NPI genes [75]

AT/PB PLBs hpt CP, pflp [76, 77]

PB flower — F3’5’H, CYP78A2 gene [78, 79]

PB PLBs — PeUFGT3 [80]

Abbreviations: AT, Agrobacterium-mediated transformation bar bialaphos resistance BP/KNAT1, Arabidopsis class 1
KNOX; CP, CymMV coat protein; F3’5’H, flavonoid-3, 5-hydroxylase; GAFP, Gastrodia Antifungal Protein; GFP, green
fluorescent protein; gus, β-glucuronidase; hpt, hygromycin phosphotransferase; LTP, lipid transfer protein; NPI,
Neutrophils Peptide-I; nptII, neomycin phosphotransferase II; PaFT, Phal. amabilis Flowering locus T; PB, particle
bombardment; PeUFGT3, Phal. equestris UDP glucose: flavonoid 3-O-glucosyltransferase; pflp, sweet pepper ferredoxin-
like protein; PLB, protocorm-like body.

Table 2.
Examples of the transformation of Phalaenopsis.
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Phalaenopsis. The GUS-transformed cells exhibit blue color by giving a substrate
solution from the outside. The GFP-transformed cells emit green fluorescence when
exposed to ultraviolet rays. Although GFP is convenient because it does not need a
substrate and transformed cells are not destroyed unlike the use of the GUS solution,
there is a problem that it is difficult to distinguish green fluorescence from tissue color
in the case of green color tissues.

4.2 Applications for breeding

In recent years, molecular breeding of moth orchids using useful target genes
derived from other species and gene functional analysis of moth orchid itself using
genetic transformation technique have been performed in practice (Table 2). Traits,
such as new flower color, plant-pathogen resistance, and cold tolerance, which are
important in commercial cultivation, are poor in genetic resources within the genera
Phalaenopsis and Doritaenopsis. It is difficult to introduce such a trait to Phalaenopsis
cultivars through conventional breeding methods. Therefore, molecular breeding
using transformation methods have been studied.

4.2.1 Flower traits

In many flower plants, including Phalaenopsis, flower traits such as flowering time
and new colors are important for breeding. To accelerate the floral transition and
shorten the reproductive cycle of Phalaenopsis, transformants were obtained by
overexpression of FT (Flowering locus T), a floral transition-related gene derived from
Phal. amabilis by AT method [73, 74]. Overexpression of FT is known to be involved
in early flowering by promoting floral transition in Arabidopsis thaliana and other
species. Currently, functional analysis of this gene for flowering has been continued in
the transformed Phalaenopsis.

Regarding the flower color traits, functional analysis of pigment synthesis-related
genes of Phalaenopsis itself using the transformation method has been performed.
Hsu’s group introduced flavonoid-3, 5-hydroxylase (F3’5’H) derived from Phalaenopsis
into the petal of Phalaenopsis, confirming that the flower color changed from pink to
magenta [78]. In addition, they revealed by the same method that new CYP78A2 in
the Cytochrome P450 (CYP 450) group of Phalaenopsis, which is specifically
expressed in the pollen tube, is also involved in anthocyanin pigment synthesis [79].
Functional analysis of UDP glucose: flavonoid 3-O-glucosyltransferase (PeUFGT)-
suppressed transformants in Phal. equestris also proved that this gene plays a crucial
role in the anthocyanin synthesis pathway [80]. Cultivars with a blue flower, which
are rare in nature, have been produced by transformation technology in many flower
plants without blue pigment synthesizing ability. The creation of a blue rose by the
introduction of exogenous F3’5’H which is the key gene for the synthesis of
delphinidin as blue pigment gave a great influence all over the world [84]. In addition
to the previous blue carnation, blue chrysanthemums have also been produced in
recent years by the same method. In Phalaenopsis, the first genetically engineered blue
moth orchid using the same method was created by the group of Mii of Chiba Uni-
versity and Ishihara Sangyo Kaisha, Ltd. in Japan [85], and was exhibited for the first
time in Japan in 2013.

F3’5’H itself exists in Phalaenopsis, although there is no report on the presence of
delphinidin in Phalaenopsis. Furthermore, the presence of varieties of the original
species Phal. violacea and Dor. pulcherrima exhibiting blue color has been known since
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the olden days and Dtps. Kenneth Schubert as the world first’s blue moth orchid has
been already produced by crossbreeding these original species. The moth orchid
produced by the above transformation method and this cultivar is still not perfectly
blue. It is known in many flower plant species that complex mechanisms due to some
factors, such as pH, metal complex, and intramolecular stacking of anthocyanin, other
than the kind of anthocyanin pigments are involved in the determination of blue
flower color [86]. Although Griesbach [87, 88] revealed that some of these factors are
involved in the blue flower color of Phalaenopsis by crossing test and chemical analysis
of the hybrid and original species described above, the detailed molecular mechanisms
which determine flower color are not clarified so far. Why does not the Phalaenopsis
orchid with bright blue flowers still exist? Further elucidation of the molecular mech-
anism of blue coloration of the original species of Phalaenopsis may lead to perfect
bluing of Phalaenopsis by molecular breeding using methods other than the introduc-
tion of pigment synthesis gene.

4.2.2 Plant defense

Disease resistance breeding is one of the important tasks in the breeding of Phal-
aenopsis. Infection of plant pathogens (bacteria and viruses) to plants causes serious
damage to producers in the actual farm field. Recently, conferring pathogen resistance
into Phalaenopsis by introducing foreign genes derived from other species is
attempted. In transformed Phalaenopsis with GAFP (Gastrodia Antifungal Protein)—
NPI (Neutrophils Peptide-I) genes, the disease resistance to Colletotrichum
gloeosporioides causing anthrax disease was confirmed in vitro and in vivo [75]. The
introduction of the Wasabi defensin gene derived from Wasabia japonica into Phal-
aenopsis increased the resistance to Rrwinia carotovora causing soft rot disease [71].
The research group of Chan et al. [76, 77] reported that double transformation with
Cymbidium mosaic virus (CymMV) coat protein (CP) and sweet pepper ferredoxin-
like protein (pflp) genes confer dual resistance to CymMV and Erwinia carotovora into
Phalaenopsis. In the future, Phalaenopsiswith further multiple resistances to pathogens
might be produced.

4.2.3 Cold tolerance

The breeding of low-temperature stress tolerance is a serious issue in the moth
orchids which are tropical plants. In general, Phalaenopsis orchids have poor cold
tolerance and the structure of the cell membrane degenerates at 15 degrees or less, and
it suffers irreversible damage from low temperature. The lipid transfer protein (LTP)
gene is involved in the transfer of monomers, such as wax and cutin, and the stabili-
zation of plasma membrane. The expression of this gene is known to confer various
biotic (such as fungi) and abiotic (such as cold) stress tolerance upon plants [89, 90].
In fact, the introduction of LTP derived from rice (Oryza sativa cv. IAPAR9) into the
callus of Phal. amabilis gave the regenerated transformed plants strong cold tolerance
with growing healthy leaves at 10°C/7°C (day/night) [72].

5. Conclusion

The utilization of biotechnology such as micropropagation by tissue culture and
transformation methods has played a very important role in the commercial
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production and breeding of Phalaenopsis orchids. The further development of such
technologies in this field and the acquisition of new knowledge by many studies
utilizing these technologies will contribute to the Phalaenopsis orchid industry.
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Chapter 4

Lesser Known African Indigenous 
Tree and Fruit Plants: Recent 
Evidence from Literatures and 
Regular Cultivation Culture
Kayode Paul Baiyeri and Kolawole Olajide

Abstract

Indigenous plant species native to Africa have numerous uses. They have a long 
and rich ethno-medicinal history with well-known native applications in differ-
ent African countries. The effects of these indigenous underutilized crops in local 
traditional medicine differ. But they play an important role in enhancing food and 
nutrition security of the population. Tropical plant species have economic potential as 
they make great socio-economic impact on the livelihoods of rural dwellers. Despite 
their economic, food and nutritional values, these plants are still underutilized and 
have not been brought under regular cultivation culture due to inadequate informa-
tion about their food values and their agronomic requirements for cultivation. Their 
potential values to the African food system could be enhanced if they are domes-
ticated and prevented from going into extinction. Thus, the potential implications 
for long-term sustainable food security of these plants should not be neglected. 
Therefore, there is the need to recognize and enable indigenous foods from the 
indigenous plant species to serve as a key resource in ensuring healthy food systems 
in Africa. The inherent potential of the following tropical indigenous plant species 
African Walnut (Plukenetia conophora Muell Arg.), Saba (Saba senegalensis (A. DC.) 
Pichon), Baobab (Adansonia digitata L.) and Kapok (Ceiba pentandra (L.) Gaertn.) 
are discussed in this review.

Keywords: forest resources, nursery management, fertilizer use, nutritional quality, 
growth and yield

1. Introduction

The extinction of plant species resulting from human activities throughout 
the world has become a major concern [1]. Forest resources diminish as a result of 
deforestation, which has negative impact on agriculture, medicine and economic 
enterprises of man [1, 2]. Forest resources provide numerous goods and services to 
man such as food, medicine, wood, fiber and energy, they were taken for granted in 
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the past because they were available almost everywhere but the situation has changed 
due to adverse effects of human activities [3, 4]. Food insecurity remains a major 
challenge in developing countries and insufficient nutrient intake causes severe 
malnutrition affecting the populace [5].

Worldwide, the problem of food security leads to calorie deficit of more than 
700,000,000 underfed people [6]. The valuation of edible fruits and vegetables 
that are underutilized is one of the ways out of this impasse, a few examples of such 
extinct fruit and vegetable species with potential to address global undernourishment 
problems particularly those confronting the developing countries are Plukenetia 
conophora, Saba senegalensis, Adansonia digitata and Ceiba pentandra. They are 
potential sources of vitamins, minerals, antioxidants and phenols [7]. Indigenous 
plant species are outstanding plants due to their numerous benefits. Many of them 
are richer in protein and other nutrient contents [8]. They are good sources of macro 
and micronutrients for human consumption; many indigenous fruits and vegetables 
are characterized by a high nutritional value in comparison with global vegetables 
like tomato and cabbage [9]. Notably, many are potential sources of vitamins and 
macro and microelements with the ability to provide them to children and adult at 
levels higher than those recommended by the World Health Organization (WHO) 
[10]. Consumption of fruits and vegetables can improve health and prevent the risk of 
developing chronic diseases including cancer [11]. Consuming adequate quantity of 
food can be assured by utilizing nutrient-rich fruits and leafy vegetables accompanied 
with staple food. Generally, indigenous plant species are important as food, medicine 
and socio-economic value.

In spite of the numerous potentials of these indigenous crops, they have not been 
cultivated like other tropical plant species in Nigeria as a result of lack of adequate 
knowledge on their nutritional value, climatic requirement, fertilizer requirement 
and agronomic practices. Crop yield is to a large extent, associated with its fertilizer 
requirements, and maintaining the yield and quality of a newly introduced crop 
involves suitable crop management practices to improve soil productivity [12, 13]. 
Soil amendment could be done using organic or inorganic fertilizer and may be 
combined [14]. Therefore, investigating into food, nutritional, medicinal, climatic 
and fertilizer requirements of these indigenous crops can provide evidence-based 
information encouraging the cultivation of these wild species in order to remedy 
food insecurity, improve the diet of the people and prevent the crops from going into 
extinction. The information will also be useful to the food industries and pharmaceu-
tical companies.

2. African walnut (P. conophora)

2.1 Description

P. conophora Muell Arg. known as African walnut belong to Euphorbiaceae  family 
[15]. It is a climber that twines around cocoa and kola nut trees for support [16] 
(Figure 1). P. conophora is a small tropical flowering shrub, a woody perennial plant 
6 m – 18 m long when it attains maturity stage; the stem can be as wide as 16 cm and 
turns dark gray as it ages, but it is green and glabrous at tender age [17]. The leaf is 
simple, crenate and having serrated margin. They are spherical at the base with the 
leaves arranged alternately [18, 19]. The seeds can be boiled and eaten as snacks [20]. 
Fruits not yet developed have green color but change from dark brown to black at 
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maturity [21]. The seed is white when cracked upon shell removal with a thin layer 
between split halves. After eating the nut, the presence of chemical substances such 
as alkaloids gives a bitter taste upon drinking water [22]. Walnut seeds are housed in 
a pod having: one seed (single), two seeds (double), three seeds (triple), four seeds 
(quadruple) and five seeds (quintuple) [23]. The walnut shells are usually black or 
brown in color (see Figure 2).

Figure 1. 
Staked African walnut plants.

Figure 2. 
African walnut capsules.
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2.2 Origin and distribution

Plukenetia conophora originated from tropical western and central Africa and it is 
available in Nigeria, Cameroon, Congo, Central African Republic, Gabon, Niger, and 
Sierra Leone [18, 24]. The African walnut is cultivated in Western and Eastern regions 
of Nigeria [18]. It is found in Uyo, Akamkpa, Akpabuyo, Lagos, Akure, Kogi, Ajaawa, 
Ogbomosho, Ibadan [25, 26], Ife, Ekiti and Osun State. In the South and cocoa pro-
ducing States in Nigeria, walnut is available [24, 27]. African walnut thrives on loamy 
soils that are deep, fertile, moist and well drained. Walnut does well on silty clay and 
loam soils [28, 29] and for optimum growth, walnut requires high solar radiation.

2.3 Food and economic importance

P. conophora Muell Arg. is a multipurpose crop used for food, nutritional and 
 economic purposes in Africa. This plant is grown purposely for its nuts, boiled 
in water and eaten as a snack [25]. In Nigeria, Sierra Leone and Ghana, the fruits 
improve the livelihood of the rural people by providing income [30]. Extracted oil 
from the nut is used in making wood varnishes, vulcanized oil for rubber, stand oil 
and leather substitutes [31, 32]. Essential oils are usually extracted and used in food, 
cosmetics, perfumes, soaps and drinks as flavor. It can also be used in treating skin 
diseases and as remedy for cancer. Walnut peels (shell) combined with other materials 
are used as filler in dynamite [33]. The shell can be included in catfish meal with no 
negative effect on the performance and health status of the fish [34].

2.4 Medicinal value

P. conophora have numerous ethno-medicinal uses among the African rural 
 populace. The leaves, root, bark and fruit are known for their medicinal values. 
Walnut leaves are used to treat venous insufficiency, hypoglycemia, hemorrhoids, 
indigestion, constipation, dysentery, diarrhea, syphilis, asthma, thrush, prolonged 
and constant hiccups, pruritus, eczema, fungal and microbial infections, psoriasis 
and parasitic skin conditions majorly among children, the elderly and immunosup-
pressed [35, 36]. African walnut can be used to expel worms; it can also treat rheu-
matism, kidney pain, cold, gout, cleaning of blood and abnormal menstrual bleeding 
[37]. The succulent leaves are used as vegetable and for treating cancers growing in 
the neck. They control inflammation of the gums and throat and mouth when used as 
tea [33]. Brown dye is extracted from the husk and leaf which is used to manage hic-
cups [38]. The root is effective in the treatment of piles. It lowers the risk of develop-
ing cancer and it controls high blood pressure [37] and it can be used as an antidote to 
snakebite, tonification of kidneys and strengthening of the back and knees [39]. The 
bark can be used in tea as laxative, chewed to reduce toothache and to treat high blood 
pressure while the root is used for frost bite and varicose ulcers [40, 41].

2.5 Nutritional qualities

The seed and leaf of Plukenetia are good sources of nutrients that can ensure food 
security and remedy malnutrition of the populace. Olajide et al. [42] evaluated the 
variability in proximate quality traits of 10 accessions of Plukenetia conophora from 
Southwestern Nigeria. They found that the seeds contained proximate contents and 
established that location of seed collection significantly affected ash, crude fat, crude 
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fiber, dry matter, moisture content and nitrogen free extract, which suggests the 
need for selection and also gives way to improvement program. Agbo and Baiyeri 
[43] also reported variability in proximate and mineral qualities of five accessions of 
African walnut, which probably suggests genetic diversity or more probably, could 
be environmentally induced. Olajide et al. [42] also found that fresh and boiled 
walnut is an excellent food material with the ability to combat food insecurity in 
rural populace. They reported that the proximate composition in the nut include ash 
(6.40 and 6.34%), crude protein (17.04 and 19.20%) crude fat (40.77 and 39.74%), 
crude fiber (11.76 and 11.28%), dry matter (90.93 and 90.94%), moisture content 
(9.07 and 9.06%) and nitrogen free extract (14.97 and 14.40%) for fresh and boiled 
nuts respectively. Boiling positively influenced proximate qualities of African wal-
nut as it increased protein content and dry matter while it reduced ash, crude fat, 
crude fiber, moisture content and nitrogen free extract. The proximate composition 
of P. conophora shows that it contains carbohydrate (4.17%), ash (3.32%), protein 
(29.14%), fat (54.14%) and various vitamin contents [44]. Suara et al. [45] reported 
6.86% for moisture content, 11.78% for protein, 8.57% for total ash, 20.12% for 
crude fiber, 1.56% for total fat and 51.8% for total carbohydrate. In addition, Olajide 
et al. [46] evaluated the nutritional differences in 10 accessions of African walnut 
obtained from Southwestern Nigeria as affected by collection center and processing 
and the results suggested sufficient genetic variability in seeds of walnut obtained 
from Southwestern Nigeria, emphasizing the possibility for selection. The nutritional 
assessment of the seed revealed that the fresh and boiled seed contains iron (16.82 and 
24.59 mg/kg), potassium (10781.0 and 10420.0 mg/kg), magnesium (5076.0 and 
4621.0 mg/kg), phosphorus (162.7 and 229.7 mg/kg), zinc (65.2 and 54.54 mg/kg) 
and sodium (729.2 and 718.2 mg/kg). The results showed that processing had posi-
tively effect on iron, magnesium, phosphorus and zinc contents. Fresh seeds pos-
sessed higher quantity of zinc, potassium, magnesium and sodium compared to the 
boiled seeds. Conversely, iron and phosphorus were more in boiled seeds. Enujiugha 
[47] reported that walnut seeds contain mineral (465.95 mg/100 g of phosphorus, 
57.37 mg/100 g of magnesium, 1.55 mg/100 g of iron and 6.84 mg/100 g of zinc). 
Phytochemical contents revealed 0.243 and 0.31% of phenol, 0.0142 and 0.0179% of 
phytate, 0.0851 and 0.0784% of tannin, 0.5419 and 0.5547% for alkaloid and 0.1396 
and 0.1577% of glycoside for fresh and boiled nuts, respectively [48]. Concentration 
of phytate, alkaloids, phenol and glycosides were more pronounced in boiled seeds 
in comparison with the fresh nuts. On the other hand, higher value for tannin was 
obtained in fresh seeds. Ekwe and Ihemeje [19] found tannins of 0.89 mg/100 g, 
oxalate of 1.28 mg/100 g, phytic acid of 3.105 mg/100 g, trypsin inhibitors of 
1.84 mg/100 g, saponin of 985.0 mg/100 g and alkaloid of 40.91 mg/100 g. However, 
higher concentration of alkaloid of 2.670 mg/kg and lower tannin of 0.56 mg/kg were 
recorded. Ayoola et al. [49] found that nutritional and elemental components are 
more in the nuts than in the leaves. The phytochemical contents observed in the seeds 
were also available in walnut leaves. The nut contained oil of 48–50%, the oil color is 
golden yellow, the taste and odor resembles that of linseed oil [50].

2.6 Climatic requirement

P. conophora is native to West Africa or Central Africa. It is abundant in Nigeria, 
Congo, Ghana and Cameroon. It occurs in the rain-forest region and planta-
tions found at elevations from 250 to 1400 m [51]. The plant thrives on fertile, 
well—drained loam soils and can also grow on silt clay loam soils [29]. Generally, 
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subsistence farmers grow P. conophora around gardens and backyards in humid and 
hot zones of tropical Africa [16]. It is also found in bottomlands, coves, rich wood-
lands and abandoned agricultural fields [52]. As a climber, the plant twines round the 
host plant to the apex in order to trap sufficient sunlight.

2.7 Cultivation

The plant thrives on deep, fertile, moist and well-drained loam soils [29]. The 
African walnut is majorly grown for subsistence consumption in the humid and hot 
regions of tropical Africa [16]. It does well in rich woodlands, fallow fields, bot-
tomlands and coves [52]. The plant twines round the host plant to settle at the apex to 
receive more light from the sun, it may join trees to each other and hold a dead tree in 
position until it decays. Flowering occurs from November to early January and fruit-
ing starts in February till September with the highest yield in July [16]. Walnut seed 
takes about 4–6 months to reach maturity stage [53].

2.8 Fertilizer requirement

Prior to the introduction of inorganic compounds, soil fertility has been improved 
through the breakdown of raw natural materials in the environment. This provided 
the soil with the needed nutrients for crop growth from only organic matter and this 
was enough in sustaining life [54]. Rob [54] noted that synthetic fertilizers do not 
add to the humus content of soil nor substitute it. Growth and dry matter yield of 
Amaranthus cruentus as affected by organic manure investigated by Daramola et al 
[55] showed that soil amendment using organic nitrogen sources produced the tallest 
plants, greater number of leaves, more branches and dry matter yield in comparison 
with the control. Olajide [23] conducted a study on influence of four poultry manure 
rates (0, 10, 20 and 30 t ha−1) on early growth of African walnut and reported that 
morphological traits were positively affected with the application of PM at 10 t ha−1, 
increase in PM beyond this rate resulted to a decline in growth of African walnut. The 
decline in growth at 20 t ha−1 and 30 t ha−1 of PM indicated that adequate amount of 
nutrients were released by the 10 t ha−1 of PM to complement the inherent nutrient in 
the soil. Sufficient nutrient supply produced high quality and better nutritious plants 
[56, 57]. As reported by Adebayo et al. [58], when manure is supplied at the required 
quantity, plants tend to grow at their optimal potential.

3. Saba (Saba senegalensis)

3.1 Description

S. senegalensis (A. DC.) Pichon is a large woody liana with white latex [59], 
from the Apocynaceae family [60]. The fruit is known as maad (Senegal), zaban 
(Mali), malombo (Congo Basin), wèda (Burkina Faso) and côcôta (Côte d’Ivoire) 
[61]. A climbing plant species that clings on other plants for support and growth 
(Figures 3 and 4). Saba trees are upwardly mobile plant found in tropical West 
Africa and the Western Sudan [62]. The plant can be grown in different ecologi-
cal zones with rainfall from 100 mm to 1300 mm per annum and an altitude 
of 0–800 m [63]. Saba can withstand bush fire and has the ability to suppress 
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weed (Figure 5). The bark has a dark gray color [64, 65] and it can reach up 
to 40 meters with the trunk above 40 cm in diameter [64, 66]. S. senegalensis 
fruit is a globulous envelope which contains seeds coated with yellow juicy pulp 
[67] (Figure 6). Juice from the fruit has become popular in urban areas of Côte 
d’Ivoire, Mali, Guinée, Burkina Faso, Senegal and the Gambia. S. senegalensis fruit 
has yellow pulp that is acidulous, tasty, sweet–sour when ripe and can be consumed 
directly or processed into other products [60, 67]. The fruits are often traded in 
towns and cities in most of the West African countries. In Nigeria, Mali, Burkina 
Faso, Ghana and Côte d’Ivoire, clusters of the fruits are been sold like oranges along 
the roadways. In Nigeria, the fruits of Saba are available from April to August.

Figure 3. 
Saba senegalensis plants.

Figure 4. 
Staked Saba senegalensis plants.
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3.2 Origin and distribution

S. senegalensis is native of Gambia, Ghana, Guinea and other African countries 
[67]. It can thrive in different ecological zones having rainfall from 100–1300 mm 
annually, but mainly distributed along the river banks, open woodland and in rocky 
hills [60, 62, 67]. It is found in the Sudan savannas as well as in the Guinean savannas 
of Africa. It is a twining plant that normally needs staking. These areas are character-
ized by maritime trade winds with an average annual temperature range of 26–31°C, 
a dry climate with considerable variations in humidity. Maximum of precipitation in 

Figure 5. 
Saba senegalensis flower.

Figure 6. 
Saba senegalensis fruit.
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these areas occurs in the month of August with rainfall lasting from 2 to 4 months. 
The average annual rainfall in these locations varied from 400 to 1200 mm [68].

3.3 Food and economic importance

S. senegalensis fruit can be eaten in various ways; fresh or seasoned with sugar, salt 
or chilled [65, 67]. Saba fruit pulp is tart and pleasant to consume. In local communi-
ties, saba can be used to improve the taste of porridge made from cereals [59, 69]. The 
fruit pulp can also be made into nectar, preserves, jams and jellies [70]. The inner part 
of the shell is enveloped with superficial skin that can be eaten as chewing gum. The 
leaves can be made into sauces and condiments [59]. The inner materials that envelop 
the fruit pulp are dried and used to substitute lemon and tamarind [71]. Mechanical 
extractor can be used to change the form, making it possible to produce a refined 
puree that can be converted into different finished products like nectars, concentrated 
bases, syrups and marmalades. Saba can be included in food products like yoghurt. 
Saba fruits are highly cherished and highly prized in Africa, are the fruits are openly 
hawked in cities which results to improvement in the economy of the rural farmers 
[72]. The plant has the potential to suppress weeds and contributes to soil and water 
conservation [73].

3.4 Medicinal value

Saba has been used in herbal medicine with pronounced native applications. 
Ethnobotany alludes that the leaves, roots and fruit have the potential of treating 
certain diseases [74]. The fruits contained active compounds that could play a vital 
role in preventing and treating metabolic diseases and certain vitamin deficiencies 
[75]. Green fruits have the ability to fight against galactagogic, sterility and colic 
[59]. Ripen fruits are antiscorbutic, anorexic, stimulating and tonic [76]. The green 
fruits are preferred by the Fulani, which are prepared with salt; it is active in diuretic 
drug [59]. In cases of food poisoning, the leaves can be used to reduce the effect, and 
mashed leaves can as well be used in treating injuries [60]. When boiled, the vapor 
released can be inhaled to reduce coughing and headaches [77]. It can also be used in 
treating tuberculosis and pulmonary diseases; the leaves can prevent chronic head-
ache and vomiting [78]. The whit latex can be used to treat pulmonary diseases and 
helps in fighting tuberculosis [68]. The powder from the dry root bark is effective in 
wound healing [64]. The roots of saba are used in treating infertility in females and 
skin burns. Root maceration, as a drink, is considered to be anti-hemorrhagic [59]. 
The latex is used as an adhesive in preparing poison for arrows. Saba leaves are made 
into sauces and spices as an appetizer having salty taste.

3.5 Nutritional qualities

The nutritional contents of the pulp are subject to very large variations, which are 
obviously linked to the differences in climate, nature of the soil and various analyti-
cal methods employed [59]. S. senegalensis fruit have high nutritional composition 
such as proximate, mineral, phytochemical and vitamin contents as established 
by previous studies. It can improve nutrition and health of the household. Olajide 
[23] evaluated the impact of four accessions on proximate, mineral, vitamin and 
phytochemical contents of S. senegalensis fruit pulp from Kogi State, Nigeria. He 
reported that ash content varied from 1.0–1.4%, percent carbohydrate values ranged 
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from 11.60–34.90%, fat content ranged from 0.2–0.3%, fiber was in trace amount, 
moisture ranges from 63.6–86.5% and protein 0.09–0.18%. Oxalate value varied 
from 14.0–18.4 mg 100 ml−1, phenol ranged from 11.2–13.4 mg 100 ml−1, saponin 
varied from 0.4–2.5 mg 100 ml−1 and tannin ranges from 0.6–1.5 mg 100 ml−1. The 
results also indicated that calcium ranged from 12.7–19.2 mg 100 ml−1, iron varied 
from 0.02–0.08 mg 100 ml−1, potassium ranges from 0.1–0.3, phosphorus ranged 
from 10.1–15.9 mg 100 ml−1 and zinc varied from 1.90–2.1 mg 100 ml−1. He also 
found that vitamin B12 ranged from 0.05–0.07 mg 100 ml−1, vitamin B2 ranged from 
0.7–4.8 mg 100 ml−1, vitamin B6 varied from 2.7–14.4 mg 100 ml−1, vitamin C ranged 
from 34.3–66.9 mg 100 ml−1, while β-Carotene and vitamin E contents were 0.5 and 
0.01 mg 100 ml−1, respectively. Like other fruits, saba has high amount of carbohy-
drates but the values varied widely (11–74.23 g/100 g) [60, 63, 70–72, 79, 80]. The oil 
content is 0.2 g/100 g [81] and the crude protein values range from 0.8 to 0.3 g/100 g 
[70, 79]. Boamponsem et al. [72] reported that S. senegalensis contains 47.5 ppm of 
magnesium, 810 ppm of calcium and 357.5 ppm of phosphorus. It also possessed 
phenol (264.76 mg/100 g), phytate (31.18 mg/100 g), oxalic acid (381.33 mg/100 g) 
and tannin (198.94 mg/100 g) [67].

Minerals such as calcium (51 ppm), phosphorus (357.5 ppm), magnesium 
(47.5 ppm) and potassium (152 ppm) were present in saba fruit pulp [72] but very low 
sodium content of <5 ppm. Nafan et al. [62] documented that the fruit is a poten-
tial source of vitamin C ranging from 34.8 to 67.5 mg/100 g. With acidity varying 
from 30 to 78.5 meq/100 ml; the acid taste of the fruit is high, hence the malic acid 
of 47.2 mg/100 g [72]. According to Kini et al. [77] the fruit contains β-carotene 
(1.559 mg 100 mg/100 g). Saba fruit has high water content of 80% [79]. All these 
components suggested that the fruits could supply the required nutrients and 
improve the health of consumers.

3.6 Climatic requirement

S. senegalensis can be found in West African countries and South Sudan [65, 72]. 
It can be seen growing along riverbanks [65], in woody savanna region and rocky 
areas [61, 77]. These locations have maritime trade winds, annual temperature 
of about 25–30°C and a dry climatic condition which varies in relative humidity. 
Maximum rainfall occurs in August and lasts for 2 to 4 months [70]. The species 
survives in different ecological conditions having rainfall between 100 mm to 
1300 mm per annum with an altitude of 0–800 m [64, 65]. The plant is hardy and it 
resists bush fire.

3.7 Cultivation

Sales revenue for S. senegalensis fruits in Senegal are significant, accounting for 1/3 
to 2/3 of farmers’ income [80]. Programs meant at increasing S. senegalensis produc-
tion and domestication are in place. Grafting of saba vine to encourage the domes-
tication and reduce the time of fruiting has been carried out [82]. There is limited 
information or research work on fertilizer requirement for favorable growth of the 
seedlings in the nursery and field for its domestication [83]. S. senegalensis is predomi-
nant in regions that have sandy-loam to sandy-clay-loam soils [84]. It is not known 
whether physical and chemical properties of the soils are linked to the geographical 
distribution of Saba.
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3.8 Fertilizer requirement of S. senegalensis

Food security, malnutrition and environmental degradation are being influenced 
by low soil fertility, inappropriate use and poor nutrient management strategies. 
Currently, there is dearth of information on the nutritional requirement and 
domestication of Saba in Nigeria. In maintaining the yield and quality of new 
crops, soil fertility management is of paramount importance [12]. The low fertil-
ity status of most tropical soils results in low crop production as most crops are 
nutrient demanding. Inorganic fertilizer such as NPK has strong effect on plant 
growth, development and yield [85]. Excessive use of NPK will result to loss of 
soil fertility, which has adverse effect on agricultural productivity, soil degrada-
tion and even cause water pollution. Conversely, regular use of organic fertilizers 
can improve organic matter content, water-holding capacity, enhance structure, 
nutrient cycling, helps in soil conservation, increase cation exchange capacity and 
encourage the activities of soil living organisms. Olajide et al. [86] evaluated early 
growth pattern of four accessions of Saba (S. senegalensis) in response to seven 
fertilizer rates (0 t ha−1, 20 t ha−1 of PM + 200 kg ha−1 of NPK (20:10:10), 30 t ha−1 
of PM, 30 t ha−1 of PM + 100 kg ha−1 of NPK, 30 t ha−1 of PM + 150 kg ha−1 of 
NPK, 40 t ha−1 of PM and 50 t ha−1 of PM) in the nursery and found that fertilizer 
application increased the growth traits measured compared to the control with no 
fertilizer application. This could be linked to sufficient nutrient released by the 
fertilizer that enhanced Saba growth. He further stressed that soil amendment with 
50 t ha−1 of PM enhanced better growth of Saba seedling which indicates that this 
amount is sufficient for plant growth and development. Olajide [23] examined the 
effect of four PM rates (0, 10, 20 and 30 t ha−1) on early growth of Saba in the field. 
He reported that soil amendment with PM at 20 t ha−1 positively influenced all the 
growth attributes measured. When nutrients are supplied optimally, high quality 
and better nutritious plants are produced [57]. Ndukwe and Baiyeri [13] found that 
application of PM at 20 t ha−1 was optimum for the production of yellow passion 
fruit in either the nursery or field.

4. Baobab (Adansonia digitata)

4.1 Description

Baobab (A. digitata Linn.) is a deciduous tree of the family Bombacaceae [87]. It 
grows up to 20 to 30 m tall with a diameter of 2–10 m at adult age. The trunk is soft, it 
has vast girth, reddish brown to gray smooth bark and possesses fibers used in mak-
ing rope and fish net [88]. The plant produces numerous branches, the lateral root 
system can be up to 50 m from the trunk (see Figures 7 and 8). The root end is tubular 
while the taproot of the tree is shallow which does not grow beyond 2 m depth making 
them susceptible to storms [88]. The mature tree begins each season with the produc-
tion of simple leaves having 2 or 3 leaflets. The plant produces white, large, pendulous 
flowers, and they appeared singly or paired in the leaf axils. The plant bears flower 
towards the end of dry or prior to the commencement of rains usually after shed-
ding of leaves [89]. The fruit possesses outer shell, pulp and seeds (see Figure 9). 
The life span of baobab trees ranges from 200 to 300 years and some can live beyond 
1000 years [89]. A. digitata has numerous uses, hence the name ‘tree of life and small 
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pharmacy’ as a results of its benefits including food, clothing, medicine, protection, 
fiber, seeds, leaves and roots [90].

4.2 Origin and distribution

Adansonia digitata is a tree originating from African savannah, Madagascar, 
Australia and Arabia, of the family Malvaceae [90]. It is distributed in arid regions of 
most countries of the Sahara. The trees are normally found in the thorn woodlands of 

Figure 7. 
Baobab plants at 4 months after transplanting.

Figure 8. 
Baobab plants pruned after 6 months of transplanting.
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African savannahs having low altitudes and 4 to 10 dry months yearly [90]. The tree 
may grow alone, although it occurs in small groups, which depends on the nature of 
the soil. Wherever baobab is found, it is majorly in the arid or semi-arid regions of 
the world [91]. Baobab tree is seen in both settlements and in the wild. In Nigeria, the 
baobab trees are widely found in North central States (Kogi, Benue, Niger and Kwara) 
and Sudano-Sahelian parts of the country like Kano, Katsina, Sokoto, Zamfara, Kebi 
and Jigawa States (Northwestern) and in the Northeastern (Yobe, Borno, Gombe, 
Bauchi and Adamawa States) [91].

4.3 Food and economic importance

Baobab is an important tree for the African countries [92]. Traditionally, the plants 
have been used in many ways by people occupying the areas where they are available. 
The fruit pulp plays a vital role in contributing to the diets of the local populace, and 
it serves as seasoning material as well as appetizer [93]. When the pulp is soaked in 
water, the liquid derived from it can be used in making drinks, it can also serve as 
sauce for food, it can be fermented and used in local brewing [88, 93]. Recently, the 
pulp has gained popularity and used as ingredient in making ice and other products 
in urban centers [94–96], the pulp is made into juices and jams. The baobab fruit pods 
can be burnt and the potash-rich salt obtained can be used for making soap [91]. The 
European Commission has permitted the importation of baobab fruit pulp as new 
type food for human use [97] which was approved as a food ingredient by the Food 
and Drug Administration of the United States of America [98].

The seeds can be consumed fresh or dried, it can also be made into powder which 
can be used to thicken soup, or roasted and made into a paste, or boiled, fermented 
and then dried for use [87, 99]. The seeds can be pounded for the extraction of 

Figure 9. 
Baobab seed extraction.
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vegetable oil used in soup preparation and it can be fermented into seasoning [94]. 
The oil extracted can also be used as fuel, cosmetic, medicine and for treating muscle 
spasms, swollen veins, injuries and dandruff [100–102]. The seed is a potential source 
of protein, and the roasted seeds are used to substitute coffee in Sudan and North 
Africa [103].

Baobab leaves are important in traditional diets of the rural people as leafy 
 vegetables are rich in iron and vitamins. Young leaves are harvested, dried, made into 
powder and used in making soup [87]. Fibers from the bark are used for weaving 
bags, hats and mats [87]. The wood is light and whitish when dried and used for fuel 
[104]. The tree provides shelter, clothing and material for hunting and fishing [94]. It 
is a good source of dye and fuel. The roots, leaves, seeds and pulp are consumed and 
it serves as a basic source of livelihood. Baobab trees provide shelter and it can store 
water [94], with capacities of 1000 to 9000 liters per tree [105]. The products were 
traded centuries ago being popular in Cairo markets in the sixteenth century [87].

4.4 Medicinal value

Baobab possesses a lot of substances used for treating various diseases in African 
traditional medicine [106]. In many medicinal uses the stem bark is ground for inter-
nal use and it is effective as a result of the presence of soluble and insoluble tannin 
[107]. The plant parts are used treating diseases and specific uses that were docu-
mented includes the treatment of microbial infections, tuberculosis, malaria, anemia, 
fever, diarrhea, toothache and dysentery [108]. The leaves and fruit pulp are used as 
febrifuge and boosts the immune system [97, 109]. It is reported that baobab pulp is 
used externally with buttermilk for relief from diarrhea and dysentery in India, and 
also the fresh leaves are crushed and used to treat painful bruises [89]. In some West 
African countries, the seeds, leaves, fruit pulp are major ingredients in beverages, 
sauces and porridges [97, 107, 110].

4.5 Nutritional qualities

Previous studies showed that baobab leaves are good sources of nutrients. Study 
[23] that evaluated the effect of poultry manure application rates on nutritional 
qualities of two accessions of baobab grown in Nsukka, Enugu State, Nigeria revealed 
that ash ranges between 7.68–8.44%, carbohydrate varied from 51.70–58.50%, fat 
ranged from 2.90–6.10%, fiber varied from 4.73–5.39%, moisture ranges from 
7.40–14.10% and protein ranged from 14.25–18.29%. This author reported that 
cyanogenic glycosides content obtained was 0.02 mg/100 g while flavonoids ranged 
from 19.22–25.33 mg/100 g, oxalate varied from 36.70–66.70 mg/100 g, phenol ranges 
from 50.00–146.00 mg/100 g, phytate ranged from 1.56–2.54 mg/100 g, saponin 
varied from 0.09–0.10 mg/100 g and tannin ranged from 5.35–5.66 mg/100 g. The 
concentration of phytate was within the tolerable limit of 5.72–9.22% [111] but 
oxalate, phenol, saponin and tannin were above the tolerable limits of 5% [112], 2% 
[113], 0.2% [114] and 3.3% [115], respectively. Since the leaves are not consumed raw, 
the anti-nutrient contents may be significantly reduced by heat during the cooking 
process. When plant parts are boiled in water, effects of poisonous anti-nutrients are 
reduced, hence increasing their palatability [116]. Olajide [23] reported that calcium, 
iron, iodine and zinc contents ranged from 89.70–98.10, 7.78–8.00, 7.83–8.44 and 
0.90–0.93 mg/100 g, respectively. Value for vitamin B12 was 0.04 mg/100 g while vita-
min B6 varied from 0.54–2.28 mg/100 g, vitamin E ranged from 8.89–12.33 mg/100 g 
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and carotenoids ranges from 81.10–124.40 mg/100 g. The study also found that 
poultry manure application rates significantly influenced moisture, iron, iodine, zinc, 
vitamin B6, carotenoids and phenol contents in Baobab leaves. Baobab leaves contain 
protein (13.6%), fat (2.71%), ash (4.08%), crude fiber (2.45%), (0.01%), moisture 
(78.2%) and vitamin C (14.98 mg/100 g) [117]. Osman [118] observed that the seeds 
possessed high quantities of fat, fiber, crude protein but low carbohydrate contents. 
Consuming 20 g can provide 15 to 34% recommended daily allowance of protein 
for children; 60 g can meet 27% of the recommended daily allowance for pregnant 
women. Also, consuming 100 g can supply about 22% recommended daily intake of 
the energy for pregnant women and 29.4% recommended daily allowance of energy 
for children [110]. Previous work of Arowora et al. [119] revealed 31.43 mg/100 g of 
tannins, 124.36 mg/100 g of phenolics, 9.35 mg/100 g of alkaloids, 63.43 mg/100 g 
of flavonoids and 14.63 mg/100 g of glycosides. Enoch et al. [120] reported that 
baobab leaf contains sodium (0.870 mg/l), magnesium (1.260 mg/l), potassium 
(4.118 mg/l), calcium (0.780 mg/l), iron (3.640 mg/l) molybdenum (0.409 mg/l) 
aluminum (0.006 mg/l), nitrogen (0.278 mg/l) and phosphorus (0.162 mg/l). Baobab 
fruit contains α-carotene (0.17 μg/g) and lutein (1.53 μg/g) in dry weight [121]. Becker 
[122] found riboflavin, thiamine and niacin content with respective values of 0.07, 
0.04 and 2.16 mg/100 g dry weight.

4.6 Climatic requirement

A. digitata is an enormous evergreen tree distributed across subtropical regions of 
Africa such as South Africa, Botswana, Nigeria, Tanzania and Madagascar. The bao-
bab is also considered to be one of the oldest forms of life in Africa, some estimated 
to be up to 3000 years old [123]. The tree is restricted to hot, dry regions but lives 
in various environments outside both the northern and southern edges of tropical 
regions of Africa, more specifically outside latitude lines 16° N and 26° S [124]. Its 
semi diverse stretch reaches biomes like scrub, woodlands, wooded savannah and 
even semi-arid/semi humid tropical regions. A. digitata tree is usually seen in regions 
with annual rainfall of 500 to 800 m [125].

4.7 Cultivation

Due to the medicinal, nutritional and cosmetic applications of baobab, it has 
gained popularity and attracted the interest of a lot of pharmaceutical companies and 
researchers in the past decade. As a result of the high demand for baobab products 
in European Union and United States of America, the tree ought to be conserved, 
treasured and domesticated in other parts of the world [126]. The plant is found in 
hot, semi-arid regions, dry woodland and stony areas with low rainfall of 1500 mm 
per annum [94], it thrives on marginal soils but does well on well-drained, clays to 
sandy soils, but not on deep sands, where it will be difficult for the plant to obtain 
sufficient moisture and support [89]. In Africa, baobab is found at latitude 16° N 
and 26° S, these areas do not have more than one day of frost in a year. It has slow 
growth which could be as a result of low rainfall and low soil fertility. Assogbadjo 
et al. [127] determined the perception and preferences of baobab products in Burkina 
Faso, Benin, Senegal and Ghana, the study included women and men of different 
ages. According to the survey, if the bark is easier to harvest, then the pulp and leaves 
will be tastier; slimier pulp are less tasty; when the fruit capsules are longitudinally 
marked, the tastier the pulp will be. The study indicated that farmers can use selected 
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combinations of attributes as a guide in germplasm collection. This knowledge could 
be employed during the selection of a suitable planting material and a guide for a 
domestication. Commercialization of baobab seed oil and fruit pulp is on the rise, in 
addition, exportation worldwide has led to mounting pressure on this resource [87].

4.8 Fertilizer requirement

In order to increase productivity to meet the nutritional requirements of human 
population and to increase the household income, enhancement of soil health is a 
critical factor. Soil fertility can be improved using organic or inorganic fertilizers 
and may be combined [14]. Frequent utilization of inorganic fertilizers solely cannot 
increase crop yield on poor soils [128]. Therefore, the need for organic soil amend-
ments to increase soil fertility and enhance the physicochemical and biological 
properties for continuous production of crops. It was noted that amending the soil 
with organic and inorganic fertilizers support the best crop performance [129, 130]. 
Olajide [23] who worked on the influence of three rates of PM (0, 15 and 30 t ha−1) 
on early growth of baobab in Nsukka, Enugu State, Nigeria found that plots amended 
with poultry manure performed better in terms of the growth attributes measured 
compared to the control. The higher values of the morphological traits obtained 
with poultry manure application suggests that baobab plants are highly responsive to 
manure application. Poultry manure is the richest out of the animal manures, and it 
is a valuable source of nitrogen and potassium as well as organic matter [12]. Organic 
manure as soil amendment is highly important in order to sustain crop production 
systems since it is a reliable source of nitrogen and carbon [131, 132] and it also mod-
erates soil pH [133]. Olajide [23] reported that application of 15 t ha−1 of PM increased 
all the growth parameters evaluated than other poultry manure rates. Adebayo et al. 
[58] reported that when manure is available in adequate quantity, plants tend to grow 
at their optimal potential.

5. Kapok (Ceiba pentandra)

5.1 Description

C. pentandra is a tree belonging to Malvaceae family. It is a plant that is found in the 
wild. The plant is called Kapok or white Silk-Cotton tree in English. It is known as “Araba” 
in Yoruba, “Akpu-ogwu” in Igbo and “Rimi” in Hausa tribes of Nigeria [134, 135]. C. 
pentandra is a fast-growing tree and can grow up to 24–70 m high, having a diameter of 
100–300 cm. Universally, kapok is known to be among the largest trees. The stem and 
large branches are usually crowded with conical spines (Figures 10 and 11). The palmate 
leaves consist of 5 to 9 leaflets and can be up to 20 cm (7.9 in) in length. The tree produces 
hundreds of pods measuring 15 cm (5.9in) with seeds surrounded by a fluffy fiber 
which combines lignin and cellulose (Figure 12). In Miami, Florida, one of the oldest 
known trees lives at 200 years [136]. Kapok fiber is light, water resistant, but it is highly 
flammable. The harvesting, processing and separating the fiber is done manually and is 
labor-intensive. Although it is difficult to spin, it is used alternatively to down for filling in 
mattresses, pillows, upholstery, zafus and stuffed toys like teddy bears and for insulation. 
Earlier, it was used in making life jackets and similar devices until synthetic materials 
largely substituted the fiber. Oil extracted from the seeds is used locally in soap and fertil-
izer production [137].
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5.2 Origin and distribution

Ceiba pentandra is native primarily in West Africa where it is found in rainforests 
typically at elevations of 900 to 1200 meters [138]. It is widely distributed in South 
America—Brazil, Venezuela, Ecuador, Peru, Bolivia, Colombia, the Guyanas; North 
through Central America to Mexico; Caribbean; West tropical Africa [75]. Kapok is 
a multipurpose tree with numerous uses for the local populace where it is grown. It 
is highly valued for its fiber, and it also provides food, medicines and other products. 

Figure 10. 
Kapok plants at 5 months after transplanting.

Figure 11. 
Kapok plants at 11 months after transplanting.
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Kapok is widely grown in the tropics for its medicinal value and fiber, the plant exists 
naturally in many areas [139]. It has long been planted around buildings in villages for 
food, medicine, beautification purpose and other uses. However, the floss is harmful 
as it causes irritation to the eye and nose, so the tree is not suitable for town planting. 
Commercially, kapok is grown for the fiber from the pod in Java [75].

5.3 Food and economic importance

The succulent leaves of kapok are used in soup preparation, which is comparable 
to Okra, and it is used for eating starchy balls made from millet, cassava and yam 
[140, 141]. The leaves are dried and made into powder used to prepare delicious soup 
known as ‘kuka’ during dry periods [23]. Fresh and dry leaves made into powder are 
hawked in the villages, which contributes to the rural farmer’s economy. Vegetable oil 
extracted from the seeds can be used for bio fuel, soap making, paint preparation and 
can also be used in manufacturing fertilizer [130]. The plant provides fiber and tim-
ber. The whitish cotton (floss) can be used for making mattresses, absorbent material, 
pillows and tinder [141]. The wood is widely used in plywood manufacturing and in 
making canoes. It is also used for musical instruments, mortars, carvings, lightweight 
furniture and other items [130]. The foliage can be used in feeding ruminant animals, 
trunk for plywood and wood pulp for paper. The fiber is used while dressing injuries; 
applying the oil can treat rheumatism [130]. C. pentandra is known in folktale, it is 
noted to be a sacred plant and its image is used as the national emblem of Guatemala, 
Puerto-Rico and Equatorial Guinea. It appears on the coat of arms and flag of 
Equatorial Guinea.

5.4 Medicinal value

Leafy vegetables play a vital role in maintaining health of the populations and 
diseases prevention. Large quantities of micro-minerals are obtained from dark green 

Figure 12. 
Kapok pods.
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leafy vegetables which are essential in nutrient metabolism and slow down degenera-
tive diseases [142]. Gropper et al. [143] emphasized the importance of consuming 
vegetable based meals to prevent colon cancer. Ball [144] found high vitamin, dietary 
fiber and mineral contents in vegetables and the role they play in keeping up alkalinity 
in the body. The high amount of fibers in green leafy vegetables assists in regulating 
the digestive system, improving bowel health and weight management [145, 146]. The 
leaves are recognized as having emollient and sedative contents. In Senegal, Kapok 
leaves are mashed in water, which is drunk for general fatigue, stiffness of the limbs, 
headache and bleeding of pregnant women. Young leaves are warmed, mixed with 
palm oil and eaten against heart diseases. Leaf sap is used in treating skin infections 
and mental illness. Leaf decoction is used by veterinary doctors in the treatment 
of trypanosomiasis among others [137]. The bark contains a blackish mucilaginous 
gum; it is astringent and is used in India and Malaya for bowel complaint and West 
Africa for diarrhea [66]. It is also used for treating skin infection and tooth troubles 
in Senegal. Bark macerations are credited with stimulant and antihelminthic proper-
ties. It is also a cure for heart trouble and hypertension [130]. The root forms part of 
preparations to treat leprosy. The flowers are eaten to treat constipation and fruits 
taken with water against intestinal parasites and stomach problem.

5.5 Nutritional qualities

Many of the local vegetables are underutilized due to inadequate information 
on their potentials to nourish the body with nutrients [147]. High utilization and 
consumption of vegetables is crucial in alleviating universal incidence of nutritional 
deficiencies [148]. Chemical analysis has shown that the leaves of C. pentandra 
contain anti-nutrient, proximate, mineral and vitamin contents. Olajide [23] 
reported that the succulent leaves of C. pentandra contain ash (8.59%), carbohy-
drate (55.60%), fat (1.50%), fiber (18.80%), moisture (3.34%) and protein (12.34). 
As reported by Osuntokun et al. [137], it has protein (16.25%), fat (5.34%), fiber 
(8.53%) ash (8.72%), moisture (7.32%) and carbohydrate (53.72%). Enechi et al. 
[149] found 47.37% for moisture, 16.81% for protein, 25.23% for carbohydrate, 4.47% 
for fiber, 2.23% for fats and 2.14% for ash. According to Olajide et al. [150], suc-
culent leaf of C. pentandra possess calcium (9.93 mg/100 g), iron (19.05 mg/100 g), 
potassium (35.80 mg/100 g), magnesium (60.79 mg/100 g), phosphorus (78.50) 
and zinc (0.59 mg/100 g). Shahin et al. [151] reported that the leaf contains 
177.0 mg/100 g of calcium, 153.66 mg/100 g of potassium, 48.15 mg/100 g of mag-
nesium, 27.09 mg/100 g of zinc and 1.54 mg/100 g of iron. Olajide [23] obtained 
0.012 mg/100 g for vitamin B12, 0.59 mg/100 g for vitamin B2 and 0.97 mg/100 g 
for vitamin C in succulent leaves of Kapok from Kogi State, Nigeria. Earlier report 
of Adepoju and Ugochukwu [141] found that Kapok leaves contain vitamin B2 
(0.19 mg/100 g) and B12 (0.24 mg/100 g). Friday et al. [140] found that it contains 
phenol (173.94 mg/100 g), oxalate (0.10 mg/100 g), tannin (0.48 mg/100 g) and 
saponin (1.55 mg/100 g). Olajide et al. [150] also reported 0.19 mg/100 g of saponin, 
107.10 mg/100 g of oxalate, 18.20 mg/100 g of phenol, 2.60 mg/100 g of phytate, 
4.55 mg/100 g of tannin and 3.96 mg/100 g cyanide in succulent leaves of C. pentan-
dra sourced from Kogi State, Nigeria. The concentration of saponin content was 
within the tolerable limits of 0.2% reported by Codex [152], but oxalate, phenol, 
phytate and tannin contents of succulent leaves of C. pentandra were above the 
tolerable limits of 5% [112], 2% [113], 9.22–5.72% [114] and 3.3% [115], respectively. 
Since the leaves are not eaten raw, the anti-nutrient contents may be significantly 
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reduced by heat during the cooking process. Boiling significantly reduced the poison-
ous effects of anti-nutrients and increased the leaf consumption [116, 153]. Olajide 
[23] conducted a study on the impact of integrated application of poultry manure 
and inorganic fertilizer on mineral and vitamin constituents of C. pentandra leaves 
grown in Nsukka, Enugu State, Nigeria. The results indicated that fertilizer applica-
tion rates only influenced zinc and calcium with 20 t ha−1 of PM having the highest 
concentration of Zinc (0.45 mg/100 g) and integrated application of 5 t ha−1 of 
PM + 200 kg ha−1 of NPK recorded the highest value for calcium (145.00 mg/100 g). 
Protein consumption is necessary due to role carried out by its essential and non-
essential amino acids as building blocks for protein biosynthesis not only for the 
growth of infants and children, but also for the steady replacement and turnover of 
body protein in adults [147]. Flavonoids have antiviral, antibacterial, antineoplastic, 
anti-inflammatory and anti-allergic properties [148]. Tannins possess antioxidant, 
antimicrobial and anti-inflammatory properties. Phenols are known as powerful 
antioxidants, preventing oxidative damage to biomolecules such as DNA, lipids 
and proteins which are active in chronic diseases such as cancer and cardiovascular 
diseases [137]. Ascorbic acid/vitamin C empowers the body’s immunity against infec-
tion, helps in collagen and thyroxin synthesis and improves absorption of iron [147]. 
In living organisms, ascorbate (anion of ascorbic acid) is an antioxidant that protects 
the body against oxidative stress and is a co-factor in several vital enzymatic reactions 
[154]. These constituents give the leaves their protective, preventive and therapeutic 
properties thus improving the gains that can be obtained by consuming these leaves.

5.6 Climatic requirement

C. pentandra needs abundant rainfall but requires drier period for flower and 
fruit production. It grows at altitudes as high as 4000 m [155]. Night temperature 
less than 17°C decreases the germination of pollen grains. This reduces areas where 
the plant can be found. It thrives in latitudes of 20°N and 20°S and requires annual 
rainfall of 1500 mm. Where kapok is naturally distributed, the average rainfall is 750 
to 3000 mm per annum. The dry season should not exceed 4 months. In drier regions, 
water requirement by the plant can be met by providing irrigation [23]. For optimum 
production, the tree is grown on deep, fertile well drained soils. Kapok is prone to 
heavy winds and cannot survive bush fire. The plant is usually found in rainforest 
and drier zones. Kapok is dominant in secondary forest and along the riverbanks and 
is hardly found in primary forest. It is a fast growing plant with canopy developing 
within few months if left undisturbed [156]. The tree may occur in large numbers in 
humid to semi-arid regions. Kapok can be grown or self-sown; the seedlings should 
be protected from fire and livestock [23].

5.7 Cultivation

Kapok is a tropical plant found at height of 1200 meters, however, productivity 
declines beyond 460 meters [144]. Optimal growth is achieved in locations with 
yearly daytime temperatures range of 17–38°C, and kapok can withstand 12–40°C. 
The plant could die at −1°C or less [72]. Fruit production could be delayed at noc-
turnal temperature of 20°C. Kapok enjoys a mean rainfall of 1500 to 2500 mm per 
annum, although it withstands 750 to 5700 mm [72]. It tolerates long dry period range 
of about 0–6 months [157]. Kapok is the tallest indigenous plant in Africa [158]. It 
thrives in a fertile, deep, moisture-retentive but well-drained loamy soil is preferred 
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[139, 159]. It does well at a pH range of 5.5–6.5 and it can also tolerate 5–7.5 [74]. 
Kapok is prone to wind; it prefers wind break for protection against strong winds 
[139]. The tree may start bearing fruit at 4–5 years, with increased production till 
8 years. The economic or production life of kapok tree can last for almost 60 years 
[74]. Leaf and flower production season are stable in drier regions where the plant is 
distributed; in wet regions, production of leaf and flower are not regular. Anthesis 
occurs in the night and ended at midday. The flower releases strong scent and secretes 
nectar at the flower base, which is large and bisexual. Ripening of fruits occurs 
at 80–100 days after flowering, the dehiscent types splits with loosely fixed seeds 
released and dispersed [74]. The light seeds are spread widely and find ideal germina-
tion conditions in abandoned agricultural land [74]. A single tree can produce over 
300 pods yearly with an output of 20 kg of fiber from 5 years to 50 years [139]. The 
tree responds positively to coppicing. It has vigorous root system causing damage to 
buildings and roads [160].

5.8 Fertilizer requirement

Soil degradation as a result of deforestation, nutrients lost through leaching and 
erosion has led to depleting fertility and caused decline in soil organic matter levels 
[161, 162]. Soil amendment using organic manure is vital in increasing crop yield. A 
fertile soil should possess an organic matter content of more than 3%. Soil amend-
ment could be in form of organic or inorganic or combined [14]. Previous studies 
confirmed that combined application of organic and synthetic fertilizers supports 
the best crop performance [129, 130]. Olajide and Baiyeri [163] who worked on the 
effect of these rates (No fertilizer, 5 t ha−1 PM + 200 kg ha−1 NPK, 10 t ha−1 PM, 
20 t ha−1 PM, 450 kg ha−1 NPK and 20 t ha−1 PM + 100 kg ha−1 NPK) on growth of 
kapok in the field reported that 20 t ha−1 of PM applied solely increased the perfor-
mance of kapok plants. Olajide and Baiyeri [163] also found that soil amendment 
using 450 kg ha−1 of NPK and other treatments combined with NPK reduced the 
growth of kapok when compared with the plants in plots where no fertilizer was 
applied. Inability of NPK fertilizer in increasing kapok might be associated with 
acidification of the rhizosphere. It has been established that application of NPK 
reduces soil pH and boosts soil acidification but addition of organic manure improves 
soil acidification [164].

6. Conclusion

It is quite evident from this review that tropical plant species provide a lot of 
benefits to ensure food security, improve the health and socio-economic status of 
the populations. These crops have nutritional, economic, medicinal and industrial 
potential and can ensure healthy food system for the people. They can also play 
an important role in climate resilience for sustainable environment. Their full 
potential should be harnessed as it has been established that these crops are highly 
responsive to fertilizer. They can be brought under regular cultivation culture 
and the fruits and leaves accessed without the traditional search for them. This 
information could encourage the domestication of these indigenous plant spe-
cies and guide the utility of these crops. Empirical studies [23] copiously quoted 
in this review supports the possibility of adapting these forest species to regular 
cultivation culture.



Tropical Plant Species and Technological Interventions for Improvement

74

Author details

Kayode Paul Baiyeri1* and Kolawole Olajide2

1 Department of Crop Science, University of Nigeria, Nsukka, Nigeria

2 Division of Agricultural Colleges, College of Agriculture, Ahmadu Bello University, 
Kabba, Kogi State, Nigeria

*Address all correspondence to: paul.baiyeri@unn.edu.ng
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Macadamia and Its Integral Use 
with Green Technologies
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Abstract

Macadamia nut is an alternative crop for agricultural production in tropical Latin 
American countries. Its cultivation in itself constitutes a challenge for countries 
with high relative humidity temperatures, especially in the postharvest period. 
Environmentally friendly technologies suggest a comprehensive nut in shell (NIS) 
and kernels treatment, taking advantage of the waste generated in the drying process, 
critical point. This chapter explores the methods of the literature and those applied 
in local research for the integral use, drying of macadamia nuts, and their processing 
until obtaining products of high nutritional quality (dried nut and oil) and with clean 
technologies applicable to small producers.

Keywords: Macadamia integrifolia, production, composition, quality, analysis, oil 
extraction, byproducts, tropical countries

1. Introduction

Since the first scientific evidence on the frequent consumption of nuts on health, 
macadamia nuts, produced in various tropical regions of the world since their origin 
in Australia, have gained great interest as part of a healthy diet. In vivo studies in 
rats, mice, and humans have shown that macadamia nut oil reduces total cholesterol, 
low-density lipoprotein (LDL) cholesterol, body weight, and body mass index, 
inhibits the development of sucrose−/fructose-induced hepatic steatosis, and attenu-
ates adipocyte hypertrophy and inflammation in adipose tissue and macrophages 
[1]. In addition to the high concentration of monounsaturated, the main source of 
health nutrition and pharmacological properties of these oils comes from their minor 
components that are phytosterols, tocopherols, phenols, squalene, carotenoids, and 
others [2]. Its antioxidant potential is attributed to these compounds together. Dried 
macadamia nuts have shown good total antioxidant capacity and may be useful when 
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consumed alone or in combination with traditional pharmacotherapy to reduce the 
risk of cardiovascular disease. Intervention studies consistently show that the con-
sumption of macadamia nuts causes a decrease in plasma total cholesterol and LDL 
cholesterol, and despite its high fat content, the regular consumption of macadamia 
nuts has been shown to have no effect on the body weight [3]. These studies have 
been carried out using macadamia nuts which, due to their unique composition, are 
influenced by the quality of the kernel, so the production system has a major impact 
on their commercialization and health effects.

The great challenge of macadamia production for the world has been to maintain 
sensory and nutritional quality, due to its high composition of oils, which are suscep-
tible to oxidation and require a careful system of cultivation, selection, drying, and 
packaging to reach the consumer with all their nutritional and bioactive properties 
[4]. Compositional differences observed in different studies on macadamia nut and 
oil could be explained by the variation in cultivars, growth conditions, harvest time, 
degree of maturity, and storage conditions [1]. Several studies have addressed this 
problem, and its composition has been studied in different production regions, which 
opened a field of research on its sustainable production and use of green technologies 
that generate new markets with which the macadamia nut has become a product of 
great value based on these experiences [5–8].

The macadamia producers par excellence are Australia (where it originates from), 
South Africa, and the United States [9]. In South America, the macadamia nut repre-
sents an alternative crop to those of great expansion such as soybean or corn; however, 
it is a noble crop that allows the use of the soil in the spaces left by the treetops, with 
the production of other foods such as pineapple or medicinal herbs [10]. This, added 
to the added value that can be obtained from its integral use, from the exocarp (green) 
and the mesocarp (brown) of the fruit and the dried and split nuts (kernel) that are 
used to obtain oil, is viable and attractive alternatives for small- and medium-sized 
producers [5, 11, 12]. The rich fatty acid composition of the oil obtained from maca-
damia nuts allows its diverse use in many industries, i.e., cosmetic and pharmaceuti-
cal [11]. Macadamia nuts are marketed in the export market mainly in two forms: 
shelled nuts (kernel) and nuts in shell (NISs) (Figure 1). The market by application 

Figure 1. 
Cross section of the NIS with the almond (kernel) inside and the woody shell outside (mesocarp).
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can be divided into snacks, confectionery and bakery, cosmetics, and others. The 
international market by region is mainly distributed in North America (the United 
States, Canada, and Mexico), Europe (Germany, the United Kingdom, France, Italy, 
Russia, and Spain), Asia-Pacific (China, Japan, Korea, India, Australia, and Southeast 
Asia), South America (Brazil, Argentina, and Colombia), and the Middle East and 
Africa (South Africa, the United Arab Emirates, and Saudi Arabia). Many times, the 
internal challenges and opportunities of the smallest producers are not the same as for 
the largest producers.

In this chapter, we address the production of nutritional quality macadamia nuts, 
from the postharvest processing, drying, and packaging system. Its comprehensive 
use in tropical countries, based on the data established in the literature and the work 
team’s own results, opens a series of accessible low-cost alternatives and green tech-
nologies based on the lessons learned for their production in tropical countries with 
often limited resources.

2. Macadamia nut and oil composition

The nut is rich in protein and has a high energy content, outstanding organoleptic 
and nutritional characteristics, and a high amount of oil (~ 74% w/w) [13, 14]. Its 
use for cooking food is limited, and it is mainly used as a flavoring oil [15]. In addi-
tion, dried macadamia nuts (kernel) contain other important dietary components, 
including protein (7.2–10.4%), good levels of dietary fiber (6.2–8.6%), fat-soluble 
vitamins (especially alpha-carotene), minerals (Mg, Ca, and K), and phytochemicals 
(phytosterols). They are low in carbohydrates (0.5–13.8%). A comparative study of 
the centesimal composition and lipid profile of 22 varieties of M. integrifolia, grown 
in Itapirá (Brazil), showed large variations in composition with respect to the com-
position of macadamia from other origins; however, the samples were taken from 
very young trees (7 years) [7]. After 8 years of cultivation, adult trees are considered 
with a more constant composition of nuts. In another study, it was observed that 
tocotrienols and squalene were largely affected by varieties and their content in seven 
macadamia cultivars produced in Hawaii ranged from 31 to 92 and 72 to 171 μg/g 
of oil, respectively [6]. With several studies on its chemical composition, it is now 
known that it can vary greatly due to the influence of the type of cultivar (genetics), 
the ripeness of the grain, the time of harvest, the geographical location, and the 
conditions of the crop [1]. Macadamia nut proteins have all the essential amino acids, 
and their limiting amino acids include tryptophan, lysine, and threonine [16]. The 
sugar content is mainly represented by fructose, glucose, maltose, and sucrose. The 
cultivars differ in the sucrose content of the nut, but not in the content of reducing 
sugars [17]. Regarding the mineral content, macadamia nuts are considered a source 
of magnesium, calcium, and potassium [13]. Macadamia nuts from Australia have 
been reported to contain 5.77 mg/100 g of iron and low levels of zinc and copper [18].

Regarding the oil, in most published studies, the content of monounsaturated 
fatty acids (MUFAs) predominates, among which oleic acid C18:1 and palmitoleic 
acid C16:1 stand out. Other monounsaturated fatty acids, such as gondoic acid 
C20:1 and erucic acid C22:1, are also reported by some authors among the compo-
nents of macadamia oil [19, 20]. Macadamia nut oil has various food and nonfood 
applications including food fortification, development of skin, hair, and healthcare 
products. Rich in monounsaturated fatty acids (oleic and palmitoleic acid), maca-
damia oil also contains a significant concentration of bioactive phytochemicals 
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including β-sitosterol, α-tocopherol, α-tocotrienols, ρ-hydroxybenzoic acid, and 
caffeic acid [1]. Macadamia oil contains significant concentrations of phytosterols 
(~165 mg/100 g), especially β-sitosterol in 82% with levels from 96.9 to 151 mg/100 g 
of oil. Other components identified in this fraction are campesterol (11.6 mg/100 g), 
stigmasterol (2.2 mg/100 g), and avenasterol (16 mg/100 g) [20–22]. A study carried 
out on different oils from nuts and avocado and sesame describes that macadamia 
nuts contain more phytosterols (184 mg/100 g oil) than oils from other nuts such as 
walnuts (165 mg/100 g oil), almonds (122 mg/100 g oil), and hazelnuts (89 mg/100 g 
oil); however, avocado and sesame oils contain much higher amounts (434 and 
620 mg/100 g oil, respectively) where the majority component is always β-sitosterol 
[20]. In addition, the oil has good oxidative stability, which can vary with the harvest 
season and the crop [17]. There is a positive correlation between antioxidant activity 
and oxidative stability of the oil. Although there is considerable variation in the oxi-
dative stability of macadamia oil among the studies found in the literature, it is always 
related to the composition of phytochemicals. In a study, the chemical composition 
and antioxidant capacity of macadamia oils obtained from 15 cultivars of M. integri-
folia were comparatively analyzed, and the analysis strongly supported the positive 
contribution of polyphenols and squalene to the antioxidant capacity of macadamia 
oils [5].

All these bioactive compounds in macadamia nuts and its high levels of monoun-
saturated fatty acids make them beneficial for health with frequent consumption, and 
at an industrial level, they allow the nuts to be minimally processed or industrialized 
for the production of oil and defatted meal [11].

The comparison of tocopherols, tocotrienols, and squalene content in seven variet-
ies of M. integrifolia revealed that macadamia oil has significant amounts of tocot-
rienols (46.5–91.6 μg/g oil) and squalene (72.4–171 μg/g oil), with variations in the 
total content of tocotrienols between harvests [6], suggesting a considerable environ-
mental effect on the accumulation of these phytochemicals during nut development. 
Compared to other nuts, they tend to contain the lowest levels of tocopherols [23, 24] 
despite being the most stable oil compared to almond, hazelnut, and walnut oils. 
This seems to indicate that its stability is due in part to its mainly monounsaturated 
fatty acids (MUFAs) profile, with low percentages of polyunsaturated fatty acids 
(PUFAs), rather than to the composition of its antioxidant compounds. High oleic 
oils offer excellent oxidative stability and low-temperature flow properties for many 
applications. In the vegetable kingdom, oils with a high content of natural oleic acid 
stand out, such as avocado, macadamia, and olive oils. Macadamia oil has the highest 
monounsaturated oil content (80%) among common edible oils, followed by olive 
oil (74%) and avocado (65%) [2]. However, roasting nuts, a process normally used 
to improve sensory characteristics such as texture and flavor, can alter the fatty acid 
profile and minor components of the nuts depending on the roasting temperature 
[25], so recommendations indicate that its healthiest consumption is as dry nut, 
without roasting.

Macadamia nuts are one of the main sources of palmitoleic acid and can serve as 
the main dietary source of palmitoleic acid in the diet. Palmitoleic acid is an unusual 
omega-7 monounsaturated fatty acid found naturally in high levels in macadamia 
plants (17–20% of the oil) and shares the same structure as the endogenously 
synthesized form of palmitoleic acid in humans, for which it receives a lot of atten-
tion regarding metabolism and health. Recently, palmitoleic acid has been shown 
to be a lipokine with many beneficial health effects, including anti-inflammatory 
properties, reduction in body weight, blood glucose, and triglyceride levels, and 
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improvement in insulin sensitivity [2]. The importance of regulating its content as an 
indicator of its nutritional quality and commercial value has been discussed, espe-
cially given its ability to increase insulin sensitivity and reduce the risk of diabetes. 
Other described effects on the pathogenesis of obesity, liver, and cardiovascular 
health remain unclear [26].

On the other hand, nuts such as peanuts or walnuts may present certain food 
intolerances; in the case of macadamia nuts, a systematic proteomic description has 
recently been presented. The most abundant proteins belong to the 11S globulins and 
the 7S vicilins. In silico analysis revealed homology and linear epitope similarities 
with known allergens from lupine, walnut, and peanut, among others. This opens a 
path in clinical diagnosis and food analysis toward possible protein candidates with 
allergenic and cross-reactive potential for further immunoglobulin E (IgE) character-
ization studies of allergenic foods [27].

3. Industrial processing of M. integrifolia nuts

In South America and mainly Paraguay, a country with a very hot tropical climate, 
the rational cultivation of macadamia began in the 1960s, with seedling of genetically 
improved macadamia species [14]. In the last 10 years, there has been a significant 
increase in the export volume of this nut (Figure 2), ~ 70 tons were exported in 2020, 
generating important profits to the productive sector.

Figure 3 shows the main stages of the production process, which begins with 
the harvest, carried out manually, where the ripe nuts naturally fall off and can be 
harvested directly from the ground or collected with nets. Harvesting of ripe fruits 
should be done at least once a week, and this frequency should be increased on rainy 
days [28]. In the processing plant, the first operation is dehulling, whose purpose 
is the removal of the green husk (pericarp) that protects the fruit within 24 h after 

Figure 2. 
Evolution of income derived from the export of M. integrifolia nuts in Paraguay. Source: Central Bank of 
Paraguay.
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harvest. This operation is important because its presence indicates to the seed that 
it must germinate, which leads to the translocation of sugars in the kernel and the 
beginning of the formation of a dark halo in the circumference of the macadamia. The 
carpel is a nutrient-rich material that is usually used as organic fertilizer for the crop 
itself. The NISs are then subjected to manual cleaning and classification by flotation, 
which allows the separation of unripe nuts because those with a high oil content sink. 
This operation also removes foreign particles and allows the product to be washed, 
but it is only effective when the moisture content of the NIS is greater than 17% [29].

The next operation is the most important phase in the processing of macadamia 
nuts, drying, which consists of removing water to a level that prevents the growth 
of fungi and bacteria, in order to allow the preservation of the nutritional quality of 
the grain as food or its viability as a seed. When the NIS falls from the tree, it has a 
moisture content of ~25% (wb) in the almond (kernel), which must be reduced to a 
percentage less than 1.8% (wb) [9], to avoid the attack of fungi mainly, as well as to 
avoid the oxidative deterioration of lipids.

Studies conducted in Paraguay indicate that moisture can be removed in two stages 
of drying at low temperature, which prevents kernel rancidity, evidenced by a high 
peroxide and acidity index. During the first stage, work is carried out at a temperature 
of 40°C for ~14 h, which allows a decrease from the natural moisture content of the 
NIS to ~8%, with a minimum air speed of 0.5 m/s. The next stage of drying allows 
the temperature to be increased to 65°C for ~15 h, a minimum air speed of 5.4 m/s, 

Figure 3. 
Block diagram of the industrial processing of M. integrifolia nuts. Elaboration: Smidt, M.
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allowing the moisture content to decrease to 1.5%, value required almond packaging. 
The composition characteristics of macadamia nuts have led to an important assess-
ment of their origin and nutritional and bioactive properties, which has allowed the 
regulation of the market based on well-established quality criteria. The physico-
chemical and microbiological quality specifications established and internationally 
accepted in most markets are moisture content less than 1.8%, peroxides 3–5 mEq/
kg, free fatty acids 0.5% max, total aflatoxins 4–20 ppb, B1 aflatoxin 0–2 ppb, total 
plate count <30,000 cfu/g, molds and yeasts <20,000 cfu/g, Escherichia coli < 3/g, 
not detectable Salmonella 25 g, coliforms <300 cfu/g, no insect infestation, “normal” 
uniform cream color, oil-free appearance on surface, no foreign material, and no bad 
smells or flavors [9].

Laboratory-scale tests were conducted to evaluate the physicochemical and micro-
biological characteristics of the nuts subjected to drying, which were then transferred 
to the design and construction of an industrial dryer (Figure 4). The heat necessary 
to dry the nuts was produced by the combustion of the shell, obtained in the next 
stage of the macadamia processing (cracking); this material is hard and has a high 
calorific value (~ 19,600 J/g).

The air required for combustion enters through the ashtray, passes through a rack 
through its slots, and comes into contact with the fuel. The combustion gases circu-
late inside tubes with an extended surface (fins) to later be evacuated through the 
chimney. The drying air is driven by a centrifugal fan, circulates transversely to the 
finned tubes, and is heated by heat transfer from inside the tubes. Finally, the hot air 

Figure 4. 
Silo-type dryer with an air heating system. Source: Adapted from [30].
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enters the silo from the bottom through an inclined rack. A detailed description of the 
design, construction, and operation of the equipment can be found in [30].

Continuing with the production process, the next operation, once the required 
moisture content (1.5%, wb) has been reached, is the breaking of the NIS carried out 
with a breaking machine. The separation of the kernel and the shell is done manu-
ally, obtaining a product with variable sizes, with whole nuts (~ 38%) being the most 
valued product, followed by whole nuts with small cuts (~ 12%). About 31% of the 
kernels obtained in this operation are halved in the breaking machine and 28% are 
smaller than half a kernel. Finally, the nuts are packaged to improve their shelf life 
and prevent spoilage.

Macadamia nuts from South America and other tropical countries have had to face 
certain challenges in their production and meet these quality criteria such as low levels 
of moisture and low levels of peroxides. The climatic and soil conditions of tropical 
countries were appropriate for the implantation of M. integrifolia crops and allowed 
the adaptation of varieties of the exotic species from Australia; however, it has become 
a nontraditional production item that has gained presence in the national and inter-
national market as an exportable resource. The process to reach production levels in 
South America has been slow and involves a great commitment to offer a product with 
characteristics that make it competitive in high-demand markets, which are character-
ized by demanding the satisfaction of rigorous quality criteria, sustainable over time.

The main factors affecting the production of macadamia nuts during postharvest 
are as follows:

• Moisture: The quality and storability of freshly harvested macadamia nuts are 
mainly limited by a high initial moisture content of approximately over 80% 
in the green carpel and 33% in the NIS. This high moisture content promotes 
microbial growth and lipolytic enzyme activity, leading to the development of 
rancidity and limited shelf life [31].

• Rancidity: This factor is closely related to moisture. Rancidity, caused by the high 
content of lipids in contact with moisture or air, constitutes the main quality defect 
of macadamia nuts that occurs in two main ways: oxidation and hydrolysis [25].

• Browning: A problem observed during the nut drying process is internal brown-
ing, caused by an accumulation of reducing sugars (glucose and fructose) in the 
center of the kernel, which, in turn, react with amino acids to give nonenzymatic 
browning products through Maillard reactions [17, 32]. On the other hand, maca-
damia nuts are temperature sensitive based on their moisture content. When 
fruits with a high initial moisture content are rapidly dried at temperatures above 
38°C, sucrose (the predominant sugar in fresh macadamia nuts) may undergo 
hydrolysis to produce glucose and fructose, substrates for the Maillard reaction. 
Under these conditions, brown color develops in dried grains; therefore, brown-
ing may develop in the center of the kernel, or externally, depending on drying 
conditions. Physiological ripening also influences browning; the presence of 
unripe nuts (higher concentration of sugars) can contribute to kernel browning. 
Unripe grains have a higher content of sucrose and reducing sugars and more 
browning than ripe grains [17].

Therefore, the quality of the macadamia nut depends on the conditions of the 
initial composition of the nuts prior to the drying process and the methods by which 
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they are processed, packaged, and stored. To combat these adverse factors for qual-
ity, adequate postharvest process, efficient drying systems, and the implementation 
of packaging systems that reduce susceptibility to lipid hydrolysis and oxidation are 
proposed in the industry.

Macadamia grain quality is more affected by slow drying at room temperature 
than by postharvest processes such as the type of huller used [33]. Grain drying 
consists of the removal of water to a level that prevents the growth of fungi and bacte-
ria, so that the appearance and nutritional quality of the grain as food, or its viability 
as seed, is preserved [34]. The drying methods for the nuts can be summarized as 
follows:

• Drying at low temperatures on the farm: Those that use air at room tempera-
ture or heated 3°C ± 2°C above room temperature as a means of transporting 
moisture and energy. In these procedures, low specific air flows are used (2.0–5.0 

3m /min.ton )1. The low air flows make the drying procedures at low tempera-
tures typically slow, and the product obtained has good quality [34]. The first 
stage begins in the field when freshly harvested and shelled nuts, with a moisture 
content of 20–30% (db), are subjected to natural air convection drying, using 
aerated boxes, trays, and silos. Under these conditions, it takes 3–4 weeks to 
reduce the moisture content to 10% (db) [35].

• Silo drying: Only natural or slightly heated air is used. The procedure is relatively 
simple and inexpensive and maintains good grain quality. To apply this method, 
the moisture content of the grain must not be higher than 20%; if it is higher, the 
air temperature must be lower than 15°C and use higher air flows to avoid altera-
tions in some layers of the grain mass [36]. It is recommended that the tempera-
ture does not exceed 40°C when the nuts have a moisture content greater than 
8%; later, the temperature can be increased up to 70°C. The reason for this gradual 
increase in temperature to dry the nuts is to prevent the kernel from suffering 
color changes in the center; because the shell has a higher percentage of moisture 
than the kernel, the shell becomes saturated and has no space to release more 
moisture; then, the central part of the kernel is stained and changes its consis-
tency with irreversible damage and impact on the quality of the kernel [30].

• High-temperature drying: They are characterized by the use of heated air, 
at least 10°C above room temperature. The specific air flow rates are higher 
and the drying time is shorter. The final stage of nut drying is carried out at a 
temperature between 50°C and 70°C, to reduce moisture to 1.5%. Conventional 
heating uses the application of energy on the surface, and this is transported to 
the interior of the material by conduction to perform the drying process [34]. 
The predried nuts that are transported to the industrial plant are placed inside 
a silo-type dryer, which operate with forced air flow heated by convection at a 
controlled temperature [35]. In places where the relative air humidity is high, as 
in many tropical countries, increasing the air flow rate is not enough to achieve 
drying, since this variable does not influence the drying potential of the air. In 
these cases, heating the air is favorable to increase the speed of movement of 
the drying front [34]. An alternative for kernel drying is microwave heating and 

1 Specific flow, which refers to the amount of air received by a cubic meter or ton of grain in a defined unit 
of time.
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drying. Microwave heating works at frequencies between 300 MHz and 300 GHz 
[37]. Industrial ovens frequently combine both the conventional and microwave 
heat sources to obtain different degrees of browning and surface crispness, to 
accelerate moisture removal, and to reduce surface counts of microorganisms. 
Macadamia nut drying using microwaves, especially from the sensory point 
of view, allows obtaining a product with characteristics similar to those of the 
conventionally dried product. The advantage of this process is the lower impact 
on lipid rancidity, once the drying process is finished and after 6 months of stor-
age [35]. The experiences carried out have been promising in terms of the greater 
drying speed, but have caused some problems of deterioration of the quality of 
the kernel, in terms of the characteristic cream color that it should present, with-
out considering that this technology is even more expensive than conventional 
drying systems [30].

4. Macadamia nut packaging systems

Once dried, the macadamia nuts (kernels) contain a large amount of unsaturated 
lipids that can still be affected by oxygen, light, humidity, and heat during storage. 
For this reason, it is necessary that the relative humidity in the storage place does 
not exceed 70%. Similarly, an excessively dry environment can cause the nut to lose 
weight and lead to rancidity processes, so it is not convenient for the ambient humid-
ity to be less than 40% [31]. In order to choose the appropriate preservation technique 
for the storage of dried kernels, it is necessary to know the estimated time and storage 
conditions of the packaged product.

Packaging fulfills the basic functions of containing and protecting the food, 
informing and attracting consumers. The use of packaging with new protection tech-
niques has made it possible to extend the shelf life of these foods. The packages used 
in vacuum systems and protective atmospheres are made with coextruded materials, 
i.e., those that are made up of more than one polymer, generally low-density polyeth-
ylene and polyamides [38].

The appropriate packaging options have proven to be vacuum packaging in modi-
fied atmospheres or protective atmosphere.

• Vacuum packaging: It consists of the total extraction of the air that surrounds 
the product so that the packaging material folds around the food as a result of the 
decrease in internal pressure compared to atmospheric pressure. This material 
must have a very low permeability to gases, including water vapor.

• Protective atmosphere packaging: Mostly inert atmospheres of nitrogen and/
or some noble gas such as argon and helium are used. Sometimes, carbon dioxide 
is also included for its antimicrobial action [38]. Organoleptic alterations are 
reduced when oxygen levels are below 0.2%. The characteristics of the most used 
gases for the packaging of the macadamia kernel are described below.

• Carbon dioxide (CO2): CO2 is a colorless gas with a slight pungent odor at very 
high concentrations. It dissolves easily in water (1.57 g/kg at 100 kPa, at 20°C), 
producing carbonic acid (H2CO3), which increases the acidity of the solution and 
reduces the pH. This gas is also soluble in lipids and other organic compounds. 
The solubility of CO2 increases with decreasing temperature. Packaging with CO2 
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registers a high diffusion through plastic materials; the high solubility of CO2 can 
lead to the breakage of the package due to the reduction in headspace [39]. Also, 
CO2 exerts a fungicidal and inhibitory effect on bacterial growth that reproduces 
rapidly in normal atmosphere. The absorption of CO2 depends on the moisture 
and fat content of the products; therefore, most foods absorb this gas. In addi-
tion, high concentrations of CO2 can cause discoloration and the development of 
pungent acid flavors [38].

• Nitrogen (N2): N2 is a gas that is not very reactive, odorless, tasteless, and color-
less. It has a lower density than air, is nonflammable, and has low solubility in 
water (0.018 g/kg at 100 kPa, at 20°C) and other food components. The solubility 
of N2 in foods prevents the breakage of packages, if enough gas is included in the 
atmosphere of the package to balance the reduction in volume due to the passage of 
CO2 gas to the dissolved form [39]. Nitrogen is fundamentally used in a modified 
atmosphere to displace and eliminate the maximum amount of oxygen, avoiding 
oxidation of vitamins, aromas, color, and fats, inhibiting aerobic bacteria [40].

To take advantage of the benefits of the different gases, modified atmosphere pack-
aging usually requires a mixture of at least two gases, with the optimum proportions 
varying from product to product. An example of commercially available products is the 
50:50 gas ratio of N2 and CO2. Packaging in N2, CO2, and mixed N2/CO2 atmospheres 
can be a useful alternative to control the parameters that threaten the physicochemical 
and nutritional quality of macadamia nuts. In a practical case study on macadamia nuts 
produced in Paraguay, the influence of packaging the kernels in different atmospheres 
for 180 days was studied. The nuts were dried using a silo-type dryer in two stages:

The first consisted of predrying in a silo-type dryer at a temperature of 39°C 
and 0.932 m3/min of air input, until reaching a moisture content of 8.0% ± 0.5%. In 
the second stage, the nuts were processed in a Sherwood 501 dryer from a moisture 
content of 8.0% ± 0.5% to 1.5% ± 0.3% at a temperature of 65°C and an inlet air flow 
of 2.00 m3/min. Maintaining the height of the nuts bed, without exceeding one-third 
of the dryer capacity.

The dried kernels were packed in polyamide polyethylene bags using a vacuum 
packing machine up to 8 mbar and then injection of N2, CO2, and gas mixture  

Moisture 
(g/100 g)

Lipids 
(g/100 g)

CH 
(g/100 g)

Proteins 
(g/100 g)

Ash 
(g/100 g)

DF 
(g/100 g)

Postharvest 18.2 ± 1.25 66.26 ± 6.2 16.22 ± 0.78 6.05 ± 0.59 1.34 ± 0.05 15.71 ± 0.0

Dry raw 
material

1.05 ± 0.14 76.62 ± 1.7 8.36 ± 1.43 8.01 ± 1.67 1.59 ± 0.25 4.92 ± 0.0

CO2/N2 1.19 ± 0.21 77.06 ± 0.6 9.04 ± 0.85 7.30 ± 1.05 1.36 ± 0.03 7.19 ± 0.0

N2 1.30 ± 0.04 76.18 ± 0.2 8.71 ± 0.32 8.09 ± 1.20 1.48 ± 0.01 7.76 ± 0.0

CO2 1.01 ± 0.19 78.62 ± 1.3 7.29 ± 0.35 8.07 ± 1.53 1.35 ± 0.08 5.95 ± 0.0

Air 1.97 ± 0.17 77.37 ± 0.5 7.39 ± 1.37 8.28 ± 1.41 1.27 ± 0.01 5.16 ± 0.0

Vacuum 1.23 ± 0.14 77.55 ± 0.5 8.38 ± 0.65 9.18 ± 1.13 1.49 ± 0.04 7.46 ± 0.0

Table 1. 
Centesimal composition of macadamia nuts in postharvest stages, drying and 180 days of storage in different 
protective atmospheres.
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CO2/N2 (50,50) as a protective atmosphere up to a pressure of 300 mbar. Nuts were 
also vacuum packed and packed in polyethylene bags as a control for conventional 
packaging.

Values are presented as mean ± SD (n = 3). In each row, different lowercase letters 
indicate a statistically significant difference (ANOVA, post Tukey test, p < 0.05). 
Statistical analyses were performed separately at each stage, because the nuts ana-
lyzed were not the same in phase.

The results showed that under these drying conditions, the nuts maintain the 
quality required for export for up to 6 months, conserving the parameters of peroxide 
index, acidity, mesophilic aerobic count, fungi and yeasts, and coliforms at 45°C. This 
processing system used allowed to obtain a good quality product, in accordance with 
national and international standards, at the time of analysis, up to 180 days of storage 
and kept in a place with low relative humidity. Regarding the organoleptic characters 
through a sensory profile of taste and texture, there was a significant difference at 
45 days; according to the tasters, a lower moisture content was perceived in the nuts 
packaged in an atmosphere of CO2/N2 (50:50). After 90 days of storage, a greater 
intensity of the bitter taste was perceived in the nuts packed in a CO2 atmosphere, 
with a significant difference compared to the samples packed with other gases. At 
180 days of storage, a significant difference was observed in the bitter taste of nuts 
packed under conventional conditions. The most important variation in the centesi-
mal composition of the macadamia nuts was observed between the postharvest stage 
and the dry raw material; in the postharvest, the nuts presented 18% moisture and it 
was possible to reach 1% in the drying stage. The results of the centesimal composi-
tion of the macadamia nuts obtained in the different stages are shown in Table 1.

5. Drying versus browning: color analysis

Color is a very important quality parameter of macadamia nuts and varies from 
white to creamy [33]. Variations in ripeness, sugar composition, moisture content, 
and drying conditions of macadamia nuts contribute to internal browning [41] 
caused by an accumulation of reducing sugars in the center of the kernel, which, 
in turn, react with amino acids to give nonenzymatic browning products through 
Maillard reactions [42]. The roasting process in macadamia nuts is widely used 
because it improves the shelf life of the nuts, inactivating the oxidative enzyme 
system (lipoxygenic enzymes) and improves the flavor, aroma, texture, color, and 
appearance of the nuts through the reaction of Maillard and lipid peroxidation [43]. 
However, it is the main cause of intense color variations [44]. Conventional industrial 
roasting (120–160°C for about 10–20 min) must be controlled to achieve the desired 
color and sensory characteristics. Color variations can be detected by human vision, 
which is subjective, so detection by instrumental means is better [45]. Currently, 
color spaces and numerical values are used to create, represent, and visualize colors 
in a space of two or three dimensions [46]; in the case of food, as agreed by the 
International d’Eclairage Commission, it is adapted to a system by the CIE 1976 (ISO 
11664–4, 2008) where the color space usually used is the L*a*b, which is the Euclidean 
distance between two different colors corresponding to the color difference perceived 
by the human eye. The L* value represents lightness and darkness, its value is between 
zero for complete darkness and 100 for complete lightness, and the parameters a* 
(from green to red) and b* (from blue to yellow) are the two chromatic components, 
ranging from −120 to 120 [47]. It is necessary to know the color value in each pixel 
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of the surface of the macadamia nut in order to perform a detailed characterization 
of it and thus evaluate its quality with greater precision. However, the colorimeters 
available in the market measure L*a*b in a few square centimeters (~ 2 cm2), and 
therefore, their measurements are not very representative in heterogeneous materials, 
as is the case of macadamia nuts [48]. On the other hand, the high cost of colorimeters 
for small producers in tropical countries such as Paraguay has led to the exploration 
of other methods of color measurement under standard conditions through pho-
tographic images. An alternative to measure color is through computer vision tech-
niques [46, 48–51]. With a digital camera, it is possible to record the color of any pixel 
in the image of the object using three color sensors per pixel. The most widely used 
color model is the RGB model in which each sensor captures the intensity of light in 
the red (R), green (G), or blue (B) spectrum, respectively, which can be analyzed and 
presented in a histogram; these results can later be converted to the L*a*b color model 
[50]. For this conversion, most of the computerized vision systems described in the 
literature use specialized equipment or algorithms that are not easily accessible to 
most researchers, a problem that could be overcome with the use of software already 
available on the market [48].

To solve the problem of color analysis, a simple, practical, and economical 
method for color measurement was developed, using a BYK byko basic ® light booth 
(Columbia, USA), illuminated with two 60-cm-long D65 “daylight” fluorescent 
lamps, GTI Color Matcher ® (USA), a Canon PowerShot SD1400 IS digital color 
camera, placed horizontally to the samples at a distance of 10 cm and Image J ® and 
Adobe Photoshop CC 4.0.1.192. software. Color variation was monitored throughout 
the nut industrialization process. The same parameters were measured on nuts at 
different conditions; fresh, dried at 65°C (5,36 m/s air flow), in a silo-type dryer 
(Sherwood model 501, fluid bed dryer), and nuts stored for 180 days vacuum packed 
in different modified atmospheres (air, vacuum, CO2, N2, and CO2/N2, 50:50; see 
Figure 5). On the other hand, the content of reducing sugars was measured by Clegg’s 
anthrone method, in order to determine the packaging system that underwent the 
least Maillard reaction during the process from drying to packaging at different 
atmospheres [52, 53].

Regarding the color of fresh macadamia nuts, a light cream color was observed, 
with L* values on the external surface equal to 68.83 ± 1.85. In dry nuts, however, 
the values obtained for L* were higher (71.33 ± 1.07), with significant differences 
being observed (ANOVA and Tukey’s a posteriori test, p < 0.05), which indicates a 
greater luminosity in the dry samples (Figure 6). Besides, in the internal surface, we 

Figure 5. 
Color of macadamia nuts at different packaging atmospheres.
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observed a value of L* = 72.00 ± 2.92 and in dry nuts 76.75 ± 3.82, observing statisti-
cally significant differences, which indicates a greater luminosity in the samples 
(ANOVA and Tukey’s a posteriori test, p < 0.05).

After 180-day follow-up of packaged nuts, statistically significant differences 
were observed in both the external and internal surfaces, and nuts stored with CO2/
N2 were observed to maintain a desirable cream color in external and internal surfaces 
that was stable for 180 days and good luminosity values (L*), with respect to the other 
atmospheres used.

Studies on the influence of modified atmospheres with different gases on the 
Maillard reaction are limited in the literature; however, Birch et al. [54] evaluated 
the external color change and the sugar content in macadamia nuts when they were 
heated for 20 min at 135°C and observed that both L* value and sugar content decrease 
as a function of time.

Once the issue of obtaining whole, dry nuts of high sensory and nutritional qual-
ity has been resolved, it is imperative to address the waste that this process entails. 
They are considered the main byproducts of this drying and packaging process; the 
cracked, broken nuts or powder of the broken and the shell of the NIS. From cracked 
nuts, one of the best alternatives is to obtain oil, considering a raw material with a 
high content of lipids, which require rapid processing due to the susceptibility to 
oxidation. The main alternatives used for the oil extraction with high added value 
are described below, as well as the use of biowaste such as the oil extraction cake and 
macadamia nut shells, which are found in frank development at the level of tropical 
countries in the productive sector of macadamia.

6. Advances in macadamia oil extraction with green technologies

The traditional extraction method is cold mechanical pressing, a technology that 
requires a large energy input and provides a product with fine suspended solids and 
low efficiencies (35–40% w/w) [55]. An alternative to increasing the efficiency and 

Figure 6. 
External and internal color and content of soluble sugars in dry macadamia nuts, prior to packaging and after 
180 days of storage in modified atmospheres. The values are expressed as mean ± SD. The nuts analyzed in each 
condition are not the same. Same letters indicate that are no statistically significant differences (ANOVA and 
Tukey’s a posteriori test, p < 0.05). *they express the degrees of statistical significance with respect to dried nuts 
prior to packaging.
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quality of the product would be extraction with organic solvents, but with enormous 
disadvantages from the energy, nutritional, and environmental point of view [56]. 
The growing trend in the consumption of healthy, safe, and functional foods has 
motivated studies on special cold-pressed oils, including macadamia oil. Consumers 
prefer cold-pressed macadamia nut oil (CPMO) over refined and solvent-extracted 
oil due to its exceptional quality and safety attributes [1]. In recent years, the technol-
ogy of liquefied gases and supercritical fluids has gained relevance due to the use of 
solvents considered “green,” since they are nontoxic, safe, and cheap [57]. The use 
of supercritical CO2 (sc-CO2) for the extraction of various products of interest has 
gained notoriety [58]; however, for the extraction of oils, it was reported that sc-CO2 
requires long extraction times, high temperatures that could degrade antioxidants 
present in macadamia, and high pressures that have been shown to negatively 
influence the profile of fatty acids since lower amounts of unsaturated fatty acids 
are obtained [11, 59–61]. Besides, subcritical CO2 or liquefied CO2 has numerous 
advantages, such as operating below the critical point, suitability for the separation 
of thermolabile compounds, avoidance of thermal degradation of components at the 
time of extraction, and high selectivity to flavor-representative and esterified com-
ponents [62, 63]. Additionally, it is nonflammable, safe, cheap, odorless, nontoxic, 
highly available, and environmentally friendly [64]. However, CO2 is a nonpolar mol-
ecule, which is why it is related only to compounds of the same nature. However, the 
addition of a suitable cosolvent can improve the solvent properties of CO2, expanding 
the range of lipid extraction [59, 65]. Due to the ease of removing ethanol from the 
oil, its use as cosolvent is allowed in the food industry. It was shown that the lipid 
extraction range is extended if it is used with CO2; it also decreases the viscosity and 
surface tension of the oil-CO2 mixture and decreases the electrical permittivity of CO2 
and, therefore, the polarizability [59, 65]. As for the critical point of the CO2-ethanol 
mixture, it increases with the alcohol fraction, a phenomenon that allows the subcriti-
cal work zone to be extended [11, 59–61].

Liquefied propane is another permitted cosolvent that has multiple advantages 
over solvents such as n-hexane (widely used for the extraction of edible oils), since 
it is cheap and does not leave a toxic residue [66]. The use of light hydrocarbons as 
cosolvents substantially improves the extraction kinetics due to the good solubil-
ity of triglycerides, making the operation faster and more efficient. Regarding the 
temperature and critical pressure of the CO2-C3H8 mixture, it presents an antagonistic 
behavior, since as the fraction of C3H8 increases, the critical pressure decreases, while, 
for low fractions of C3H8, the critical temperature decreases below the critical tem-
perature of pure CO2, but then increases substantially. Low concentrations of C3H8 are 
said to push the critical temperature of the mixture [67].

A simple method to study the main operating variables that influence solid–liquid 
extraction with liquefied gases is the high-pressure Soxhlet, whose operation is simi-
lar to the conventional Soxhlet used to determine the fat content of a vegetable matrix 
(Figure 7). To create the necessary temperature gradient, the ends of the extractor 
must be subjected to a temperature difference such that, at the base, the evaporation 
of the solvent-cosolvent mixture is verified, while at the head, the condensation of 
these is allowed. This could be achieved by immersing the base of the extractor in a 
water bath at a controlled temperature and circulating cold water through the con-
denser, which must be conveniently located so that the film of condensate drips onto 
the sample contained in the extraction cartridge. The net effect would be the periodic 
recirculation of CO2 in the extraction vessel, working under liquid–vapor equilibrium 
conditions. An extraction cycle is considered complete when the condensate in the 
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sample chamber is siphoned into the solvent chamber. The number of extraction 
cycles is determined by recording the temperature in the extraction chamber, where 
a temperature sensor is inserted at the same level as the siphon tube. The sensor will 
record a temperature gradient each time the solvent mixture is siphoned into the 
sample chamber. This process approximates a continuous multistage countercurrent 
extraction operation [68]. At the end of the extraction time, the container must be 
slowly depressurized; the solvent mixture will evaporate by sudden decompression 
(flashing) obtaining, on one side, an exhausted solid in the extraction cartridge and, 
on the other side, the extracted oil free of solvent in the solvent chamber.

The efficiency on any solid–liquid extraction operation with liquefied gases 
strongly depends on the proper selection of the solvent and cosolvent, as well as 
the nature of the solid matrix and the operating conditions [69]. The extraction 
temperature is an important variable, since it can significantly affect the quality of 
the product if it is very high and must be established together with the pressure, so 
that the working conditions are maintained in the subcritical region. Regarding the 
cosolvent fraction, it is important since the critical point of the mixture changes in 
relation to that of the pure solvents, so a fraction that allows the mixture to work in 
the subcritical region should be selected [59]. Respecting the granulometry, the effi-
ciency is governed by this parameter since the components to be extracted must come 
into contact with the solvent, which will determine the extraction time and which, in 
turn, influences which components are extracted [70]. Initially, it is the solubility that 
controls the extraction process, and over time, it is the internal diffusion that governs 
the extraction process [71].

Experimental tests were conducted with subcritical mixtures of CO2-ethanol 
and CO2-C3H8, separately, by means of the high-pressure Soxhlet method, with 
the application of a multilevel factorial design, and the effect of extraction 

Figure 7. 
High-pressure Soxhlet extraction system: (1) pressure gauge, (2) temperature sensor, (3) adjusting and closing 
nuts, (4) pressure vessel – Parr reactor, (5) siphon, (6) charge and decompression line, (7) shutoff valve, (8) 
condenser, (9) extraction cartridge, (10) solvent chamber, and (11) sample chamber. Elaboration: Smidt, M.
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temperature, mass fraction of cosolvent, and average granulometry of the dry 
kernel on the extraction efficiency of M. integrifolia nut oil was evaluated. Twenty 
grams of kernels was used for each experimental condition, and these were 
subjected to the different conditions according to the experimental planning; 
previously, the moisture content of the macadamia was adjusted to <1.5%. For the 
CO2-ethanol case, the extraction time was 6 h, while for the CO2-C3H8 case, it was 
1 h. At the end of the extraction time, the extractor was decompressed and the oil 
obtained was physicochemically characterized. The partially defatted solid was 
subjected to total lipid analysis to determine, indirectly, the extraction efficiency, 
as well as the characterization of some parameters of interest for its further use. It 
should be noted that for the CO2-ethanol mixture, additional vacuum evaporation is 
required to strip the oil of the cosolvent.

In the case of ethanol-assisted extraction, the highest efficiency (66.5% w/w) 
was obtained at 45°C, average granulometry 4.05 mm, and 20% (w/w) of cosolvent 
fraction. On the other hand, the extraction assisted with propane had a maximum 
efficiency of 72.6% (w/w) at 38°C, average granulometry 4.05 mm, and 45% (w/w) 
of cosolvent fraction. Both efficiencies are higher than those reported for obtaining 
macadamia oil by cold mechanical pressing, which is the method mainly applied for 
the extraction of this oil [72]. Figure 8 shows the behavior of the extraction efficiency 
with temperature (X1) and average granulometry (X2) with 20% (w/w) ethanol 
(Figure 8a) and 45% propane (Figure 8b). The lowest extraction efficiency with 
CO2-ethanol required two cycles/h, while the highest required six cycles/h. On the 
other hand, the lowest extraction efficiency with the CO2-C3H8 mixture required two 
cycles/h and the highest four cycles/h; these physical phenomena allow us to visually 
explain the differences between treatments that lead to higher extraction yields.

In edible oils, the recommended physicochemical quality control determinations 
include acidity index, peroxide index, and iodine value [4], which can be comple-
mented with the saponification index, refractive index, and rancidity, in order to have 
a bigger picture of oil quality. Based on this, the aforementioned determinations were 
made for the oil obtained in the treatment with the highest efficiency for each solvent 
mixture (Table 2). The acidity index is low (< 4, Table 2), which implies a reduced 

Figure 8. 
M. integrifolia oil extraction efficiency against temperature and average granulometry for subcritical extraction 
assisted by 20% (w/w) ethanol (a) and 45% (w/w) C3H8 (b).
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amount of free fatty acids product of triglyceride degradation reactions that increase 
the quality of an oil, this complemented by a high oxidative stability verified by the low 
peroxide index (< 15, Table 2) [77], corroborated by a negative test for rancidity. The 
low iodine value classifies it as a nondrying oil (<100 g I/100 g), which is why a low 
content of polyunsaturated fatty acid is predicted [74]. Given the high saponification 
index, its refining is not recommended unless its final destination is the soap industry 
[72]. These results agree with what was reported by Mereles and Ferro [14], who have 
characterized freshly extracted macadamia oil from three consecutive harvests.

Regarding the fatty acids present in the extracted oils, these were contrasted 
with the fatty acid profile of virgin macadamia oil, extracted by the cold mechanical 
pressing of the raw material itself (Table 3). The values are close to each other, with a 
high and encouraging content of oleic acid as well as palmitoleic acid, both monoun-
saturated fatty acids of special interest in terms of nutraceutical and skin regenera-
tive benefits [72]. A low content of polyunsaturated fatty acids was found, which is 
related to the low iodine value reported.

As for the defatted meal from both extraction processes, a high content of protein 
(> 18% w/w), fiber (>13% w/w), and carbohydrates (> 41% w/w) was verified, 
which makes it a candidate for the production of protein concentrates, isolated 
protein for the production of nutritional supplements, and partially defatted flours of 
interest for celiacs, among others [11, 78].

7. Activated carbon from macadamia nut shells

Several studies have addressed the use of large volumes of shell (mesocarp) that 
represents 40% of the dry weight of the fruit. In Paraguay, the potential of the shell 
of the M. integrifolia nut was studied as a precursor for obtaining activated carbon, 
whose volume in a macadamia processing industry is important. Activated carbon is 
the name applied to a series of porous carbon, which, after undergoing a carboniza-
tion and activation process, show great porosity and internal surface. It has been 
shown that activated is an extremely versatile adsorbent, with a crystalline structure 
similar to that of graphite, a characteristic that, together with the chemical nature of 
the carbon atoms that make it up, gives it surface adsorbent properties for a certain 
type of molecules [79]. The obtaining process basically consists of two stages: the 
pyrolysis of the carbonaceous material at temperatures below 800°C and the activa-
tion of carbon by physical or chemical methods.

Determination CO2-ethanol CO2-C3H8 Reference Source

Acidity index (mg KOH/g) 0.14 ± 0.03 0.29 ± 0.10 <4 [73]

Peroxide index (mEq O2/kg) 0.95 ± 0.01 1.12 ± 0.17 <15 [73]

Iodine value (g I/100 g) 70.92 ± 2.93 71.75 ± 1.05 69–78 [74, 75]

Saponification index (mg KOH/g) 227.66 ± 1.10 218 ± 1.67 195–234 [12, 72]

Refractive index 1.46 ± 0.00 1.46 ± 0.00 1.46–1.47 [74, 76]

Rancidity Negative Negative Negative [76]

Table 2. 
Physicochemical determinations of M. integrifolia oil quality carried out on the oil obtained in the best treatment 
of each solvent mixture.
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The physical activation process was studied with a fixed bed reactor, consisting of 
a reaction chamber that contains a basket built with a metal mesh that supports the 
material to be carbonized (Figure 9). The reactor was placed in an electric furnace 
that allows the temperature to be controlled up to 1200°C; the steam necessary 
for activation was supplied by pumping liquid water with a peristaltic pump (not 
drawn) through a pipe inside the furnace, which allows the vaporization of this water. 
The gases produced are conducted out of the reactor, and the condensable fraction 
changes phase thanks to the removal of the heat in an indirect condenser through 
which cold cooling water circulates, while the incondensable gases are directed to a 
burner to burn the flammable fraction. About 750 g of macadamia nut shell (granu-
lometry <1 mm) was introduced into the reactor and subjected to a heating rate of 

Figure 9. 
Fixed bed reactor for obtaining activated carbon: (1) cooling water inlet/outlet, (2) condenser, (3) burner, (4) 
collector of liquid byproducts, (5) fixed bed reactor, (6) basket with macadamia shells, (7) pyrolysis oven, and 
(8) pipe for steam injection. Elaboration: Smidt, M.

Figure 10. 
Behavior of the iodine value (a) and yield of activated carbon (b) with temperature and activation time obtained 
from macadamia shells.
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19°C/min up to 400°C and then 7°C/min until reaching the established temperature. 
The effect of temperature (950°C and 1000°C) and activation time (20 and 30 min) 
on the yield of activated carbon and the absorption capacity, evaluated by the iodine 
value, was studied using a 22 factorial design. The flow rate of water injected for acti-
vation was 42 mL/min. Figure 10 shows the behavior of the absorption capacity and 
the yield obtained in the experimental region. For the case of Figure 10a, it is noted 
that the highest absorption capacity was obtained at 950°C and 30 min. However, 
higher yields are obtained at the same temperature, but with 20 min of reaction 
(Figure 10b) and with an average difference in the absorption capacity of only 96 mg 
I/g. The analysis of variance with a 95% confidence interval revealed that, for both 
the independent variables, the temperature and the activation time are significant. 
However, the interaction between these variables is only significant for the yield.

8. Use of the shell as nanosorbent in the chemical industry

Adsorption is a commonly used unitary operation for wastewater treatment due 
to its simplicity, cost-effectiveness, high removal capacity, and low energy consump-
tion in large-scale processes [80]. Agricultural residues have the potential to be used 
as adsorbents due to their high availability and chemical composition [81]. Various 
byproducts of agricultural materials derived from adsorbents such as cactus leaves, 
hazelnut shells, banana peels, wool, almond shells, and coconut shells have been 
studied as potential adsorbents or contaminant removal from wastewater [82, 83]. 
Activated carbon is an adsorbent with a microporous structure, usually used for the 
elimination of polluting substances in wastewater, gases, etc. The microstructure of 
activated carbons depends not only on the natural texture of each raw material, but 
also on the activation process. Surface and porous areas are improved by carboniza-
tion and activation treatment. Improvements can be added by designing or modifying 
the activation process, such as carbonization at high temperature or in different atmo-
spheres. Like other plant materials, the main component of the macadamia nut shell 
is cellulose (41.2%), which can be denatured to become activated [84]. Macadamia 
shell contains less inorganic content and high fixed carbon content compared to other 
biomass. Macadamia shells have a higher surface area than other nut shells [85, 86], 
and their ash content is very low [87]. Research has been conducted using macadamia 
nut shells to produce activated carbons for the removal of contaminants in water such 
as microcystin, aurocyanide, phenol, and methylene blue [88–91].

9. Conclusion

The fruits of macadamia nuts have wide advantages in their integral use, consider-
ing that the byproducts of the fruit are 100% industrializable, for which they present 
competitive advantages over other nontraditional crops. Several efforts have been 
made to improve the quality of nuts in countries such as Paraguay, with a tropical 
climate of high average temperatures and high relative humidity, which allow the 
macadamia nut to be a product of high nutritional and sensory quality, with a poten-
tial for sustainable and environmentally friendly production, compatible with current 
demands, within the framework of sustainable food for the future.
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Chapter 6

Papaya: The Versatile Tropical Fruit
Parichart Burns, Pimpilai Saengmanee  
and Uthaiwan Doung-Ngern

Abstract

Papaya (Carica papaya L) is a versatile tropical fruit with its usage ranging from 
consumption, cosmetics, to pharmaceuticals. In 2020, it was the third most-produced 
tropical fruit crop in the world. Papaya is a trioecious herbaceous plant with distinct 
flower and fruit morphological appearances. The fruits from hermaphrodite papaya 
are favorable for both consumption and processing due to their superior quality. 
Papaya has a genome size of 372 Mb and chromosome of 2n =18. The male and 
hermaphrodite papaya have XY and XYh sex chromosomes, respectively, while the 
female has XX. Using omics and bioinformatics approaches, papaya cultivars with 
desired fruit quality can be selected and identified from germplasm for incorporation 
in breeding programs. Papaya production can be done either in open fields or under 
protected cultivation. Open field cultivation provides for large-scale production, but 
with the disadvantages of variability in fruit yield, quality, and limitations on growing 
and harvesting seasons. Under protected cultivation, papaya can be cultivated in all 
seasons, whilst delivering higher yields. Conversely, multidisciplinary approaches 
with selected papaya cultivars, good farm management, and suitable conditions 
provide high yields of quality fruit for both consumption and processing, whilst 
minimizing the adverse effects related to environmental conditions.

Keywords: Papaya, Carica, Y-chromosome, PRSV, tropical fruit, cultivation, 
nutraceuticals

1. Introduction

Papaya (Carica papaya L) is a tall herbaceous plant native to the Americas, specifi-
cally Mexico, Central America, and tropical areas of South America regions [1, 2]. 
Indigenous people have known of papaya and managed its cultivation since pre-
Columbus times [3]. Papaya fruit, leaves, seeds, and sap have all been utilized widely 
as food, food additives including papain, and packaging for cosmetics. Although 
there are no remnants of papaya tissue in the archaeological record, analysis of 497 
indigenous plant species databases confirm that papaya was one of the food sources 
for Mayans [4]. Following Spanish contact with central and south America, papaya 
was gradually introduced to Africa, South Pacific Islands, and the rest of the world as 
fruit [5, 6]. Presently, it is found in tropical and sub-tropical regions around the world. 
Green papaya fruit, young leaves, and shoots are used in many traditional Asian 
dishes, including those in India, Malaysia, Indonesia, and Thailand, and are consumed 
either fresh or cooked [7–9].
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In 2020, papaya was ranked the third most-produced tropical fruit crop in the 
world [10]. The major producing countries include India, the Dominican Republic, 
Brazil, Mexico, and Indonesia (Table 1). Papaya is also a highly traded fruit on 
international markets in fresh and processed form with the major importers being the 
USA, Germany, and Portugal (Table 2) [10].

2. Classification

Papaya is a member of the Family Caricaceae of which there are six genera Carica, 
Jarilla, Horovitzia, Jacaratia, Vasconcella, and Cylicomorpha. Papaya is a member of 
the Genus Carica of which there is only one species, Carica papaya. There are a total 
of 35 species in the Family Caricaceae; Carica (one), Jarilla (three), Horovitzia (one), 
Jacaratia (eight), Vasconcella (20), and Cylicomorpha (two). Although papaya is the 

Countries Import value (US$)

United States $134.2M

Germany $33.3M

Portugal $24.9M

Canada $23.0M

Netherlands $15.2M

Spain $14.8M

France $12.5M

United Kingdom $11.6M

Singapore $9.1M

Italy $7.2M

Table 2. 
Top ten papaya importers in 2020 by value [10].

Countries Plantation area (Ha) Production (Tones)

India 142,000 6,011,000

Dominican Republic 12,395 1,271,303

Brazil 28,450 1,235,003

Mexico 18,983 1,117,437

Indonesia 11,404 1,016,388

Nigeria 92,338 877,120

Democratic Republic of the Congo 12,404 210,000

Colombia 7,309 194,332

Peru 12,359 186,508

Thailand 4,234 164,360

Table 1. 
Top ten papaya production countries in 2020 [10].
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only well-known edible fruit, other genera such as Vasconcellea (also called mountain 
papaya), Jarilla and Jacaratia are also consumed as fruit in Central America [3]. With 
the exception of the Genus Cylicomorpha which is native to Africa, all are native to the 
Americas.

2.1 Morphology and general characters

Plants in the family Caricaceae are stout-stemmed trees and exudate latex-like 
substances. Their leaves are palmately compound or lobed. The inflorescences are 
axillary and cymose and the flowers usually have fused petals. The fruits consist 
of numerous seeds surrounded by mucilage [11]. Of all the species in the family 
Caricaceae, papaya (Carica papaya) is the most well-known species ostensibly due to 
its fruit. Papaya is known by various names including pawpaw (Australia), Malagor 
(Thailand), tree melon (Brazil), and Fruitabomba (Cuba) [12]. Papaya is a herba-
ceous plant and, depending on the variety of which there are many, grows to a height 
of up to ten meters in height. The leaves are palmately-lobed with long and hollow 
petioles and the blades are divided into 5–9 segments. The flower buds are developed 
at the axils of the leaves. The fertilized fruit consists of up to 1000 seeds. The fruit 
skin is green at the unripened stage and turns yellow-orange when ripens. Generally, 
papaya plants have a life span of between five and ten years [13].

Most species in the family Caricaceae are dioecious. One is monoecious and two, 
C. papaya and V. cundimarsensis are trioecious [14]. Although the morphology of 
male, female and hermaphrodite papaya plants are very similar, their flowers and 
fruits were distinct. The male papaya plants produce small flowers in clusters with 
long peduncles and produce no or very small fruits. The female plants have large and 
round flowers while the fruits are round or ovule. The hermaphrodite flowers are 
cylindrical and produce cylindrical fruits. The fruits from hermaphrodite papaya have 
superior quality (size, shape, and flesh thickness) than those from female papaya 
plants. Based on fruit types, papaya cultivars can be divided into Solo and Formosa 
types. The fruits from the Solo group are small (500–700 g) with oval or pear shape, 
while those of the Formosa group are medium to large (≥1000 g) with cylindrical 
shape [15].

2.2 Genomics

Papaya (Carica papaya) has a relatively small genome of approximately 372 Mb 
across 18 chromosomes (2n = 2x = 18). Papaya chromosomes consist of autosomes and 
sex chromosomes. Male papaya has the sex chromosome XY and female XX, while the 
hermaphrodite papaya has XYh. The nucleotide composition of the papaya genome 
is typical of dicot plants with a GC content of 36.51% GC and AT content of 63.49% 
[16]. The draft genomic sequence of a genetically modified variety of the female 
papaya, “SunUp”, which was derived from the Hawaiian inbred cultivar “Sunset”, was 
published in 2008 [17].

2.2.1 Sex determination

The papaya Y-chromosome deviated from the X-chromosome through deletions. 
Male-specific regions accounted for approximately 13% of Y-chromosome and 
share 99.6% of identity in male (MSY) and hermaphrodite (HSY) papaya [18, 19]. 
It consists of four knobs like heterochromatic structure and is heavily methylated 
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[18]. Expression of genes linked to X, Y and Yh chromosomes showed evidence of 
partial dosage compensation in X-link loci and a candidate gene associated with 
papaya sex determination and the transition to hermaphroditism, a homolog of the 
MADS-box protein short vegetative phase (SVG) [20, 21]. The dosage compensation 
of gene expression in papaya sex chromosomes was investigated further in female and 
male papaya and found to be at a gene by gene level. In addition, expression of most 
X-hemizygous genes was very low or none suggesting the role of gene silencing in 
controlling of transcriptional balance [22]. Recently, the landscapes of DNA methyla-
tion and transcriptomes were shown to be different in male and female papaya [23].

Using sequence information derived from papaya sex chromosomes, sex-specific 
primers were designed and used to screen plantlets/seedlings to identify fruit-bearing 
female and hermaphrodite types from males (MSY) [24]. More recently, a candidate 
gene, monodehydroascorbate reductase 4 (MDAR4), was identified from H-TSS No.7 
line with X-chromosome mutant (3 bp deletion) resulting in all hermaphrodite prog-
eny. MDAR4 is involved in a hydrogen peroxide scavenging pathway [25]. The marker 
developed from this gene has potential applications in papaya breeding, selection of 
potential lines for in vitro clonal propagation, and the production of high-quality 
commercial varieties of papaya seedlings.

2.3 Agronomic characteristics

Target genes related to papaya’s important agronomic traits, including tolerance/
resistance to abiotic and biotic stresses and fruit quality, were explored through omics 
and bioinformatics [26]. The papaya genome includes NBS genes which are disease-
resistant genes with nucleotide-binding site motifs in the Toll/interleukin-1 receptor 
(TIR) and non-TIR subclasses [27]. Transcriptome profiles in young leaves of papaya 
ringspot virus (PRSV) resistant genetically modified variety “Sunup” showed high 
expression of several transcription factors (TFs) including MYB, ERF, WRKY, NAC, 
transporter proteins, and hormone-related proteins compared to susceptible “Sunset” 
papaya plants [28]. Under mild drought stress, stress-responsive genes were differ-
entially expressed in papaya tissues with genes related to cell cycle and DNA repair 
processes. These stress-responsive genes were up-regulated in papaya leaves and sap 
while genes related to hormone signaling and sucrose metabolism were up-regulated 
in roots. Under severe drought stress genes related to oxidation-reduction, abiotic 
stress responses, and hormone signaling were also found to be up-regulated in all 
tissues [29]. Drought tolerant papaya had more photosynthetic II (PSII) efficiency 
than susceptible papaya. Drought susceptible plants displayed greater leaf abscission, 
less turgid shoots, and lower plant growth than those of tolerant papaya. Molecular 
analysis identified six transcription factors including CpHSF, CpMYB, CpNAC, 
CpNFY-A, CpERF, and CpWRKY that were highly expressed in tolerant papaya [30]. 
These genes were reportedly also involved in drought tolerance in rice and maize 
[31, 32]. Two transcription factors, RAP2.4 and DREB2 belonging to the ethylene 
response AP2/ERF family, have also been linked to extreme temperature responses in 
papaya. Overexpression of these genes in transformed tobaccos resulted in the cold 
(4°C) and heat tolerance (40°C) [33, 34]. In the regulation of fruit development and 
ripening, the papaya SQUAMOSA promoter binding protein Cp-SPL was found to be 
differentially expressed and cpmiRNA156 appears to play a critical role [35]. While 
in the carotenoid biosynthetic pathway, critical in the color development of papaya 
fruit, transcription factors HLH1 and HLH2 appear to regulate the transcription of 
lycopene β-cyclase genes [36].
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3. Papaya responses to environment stresses

Environmental factors including soil, temperature, and water availability are 
external factors that significantly impact plant growth and development. The 
increased demand for papaya fruit as a source of food and plant-derived products 
and the marginalization of land available for cultivation due to increased housing 
needs has pushed papaya cultivation to less productive farms or in more developed 
countries, expensive protective housing cultivation. Further, climate change involv-
ing prolonged periods of adverse temperatures and extremes in weather patterns 
are contributing to the environmental stresses on papaya cultivation. These changes 
are further limiting not just the productivity, but also the zones of cultivation. 
Traditional cultivation areas are realizing significant reductions in yield or are forced 
to grow alternative crops. Papaya plants have optimal cultivation temperatures of 
between 25°C and 30°C. Temperature, moisture, light, and wind are also major 
environmental factors impacting papaya production [37, 38]. Temperatures lower 
than 16°C and higher than 36°C for extended periods negatively impact plant growth 
[39]. Under these climate extremes, different plant tissue types and organs, includ-
ing roots, leaves, flowers, and fruit, exhibit variations in responses [40]. The use of 
traditional genotypes with desired plant fitness and plant developmental stages, fruit 
types, and yields are being negatively impacted pushing papaya breeding programs 
to develop varieties that are more adaptable and stable to seasonal changes [41].

In one study, the performance of a number of papaya cultivars including Solo, 
Formosa, and local commercial hybrids over two harvest seasons was compared. The 
results indicated that the summer harvest season with average temperatures of 24.9°C 
and maximums of 34.2°C were more productive than winter harvests where the aver-
age temperature was 21.9°C and the minimum 13.4°C [42]. Under low temperatures 
(<11°C), papaya plants produced fewer new leaves with no fruit set [43]. The optimal 
temperature for germination of papaya pollen was between 20 and 25°C at 72–80% 
humidity [44]. Further, extreme temperatures below 15°C and above 30°C negatively 
impacted germination with rates dropping to between 0 and 56%. Upon applying 
heat stress to papaya plants, it was shown that plants recovered from mild (37–41°C) 
and moderate (46°C), but not severe (49°C) heat stress. Photosynthesis was delayed 
while stress volatile production was induced [45].

Water stress has also been demonstrated to negatively impact papaya growth and 
development. For short periods of water stress, papaya leaves become droopy. If the 
water shortage continues, papaya plants will drop flower buds, and delay new fruit, 
flower, and leaf production. Water stress also results in leaf water potential and a reduc-
tion of stomatal opening. This, in turn, reduces carbon dioxide availability and conse-
quently photosynthesis [46]. As a result of limited water availability, seed germination 
in many papaya cultivars is also delayed [47]. The genotype “Golden” papaya with less 
chlorophyll content outperformed high chlorophyll “Alianca” papaya under limited water 
availability [48]. Drought tolerant papaya was shown to have greater photosynthetic II 
(PSII) efficiency than susceptible ones. Susceptible plants displayed greater leaf abscis-
sion, less turgid shoots, and lower plant growth than those of more tolerant ones [30].

4. Papaya production

Papaya can be grown from seeds and vegetative tissues such as cuttings, graft-
ing, and in vitro culture. The somatic embryos and somatic tissues can also be 
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micro-propagated [49]. In many countries including India, Bangladesh, and Malawi 
papaya seeds are collected by growers from open-pollinated varieties of both female 
and hermaphrodite types and cultivated with little or no fertilization, irrigation, 
insect, or pathogen control. As a result, the yield and quality generally are variable as 
too the phenotype. Fruits are harvested and consumed within the household and are 
an important source of dietary fiber [50–52].

4.1 Open field

Commercial production of papaya is traditionally done under large open-field 
conditions. Selected cultivars, both inbred and hybrid varieties with the desired mar-
ket characteristics of fruit color, weight, size, shape, and texture, are cultivated from 
seedlings. The plants are well maintained being fertigated, rouged to remove both off 
types as well as competing for vegetation, and sprayed with pesticides, fungicides, 
and other protective applications against insects and pathogens which negatively 
impact yield. Commercial papaya plantations are either rain-fed or irrigated by fur-
row, drip, sprinkler, or other mechanical means [53]. Integrated farm management 
has been practiced in some countries and has been shown to enhance papaya fruit 
yields and net return for growers even when compared to traditional management 
techniques [54]. Papaya fruit is harvested by hand using experienced pickers or, in 
some more developed countries, using mechanical harvesters. Fruit can be treated 
before packaging for long-distance transport. The use of cold room storage provides 
for the extended availability of fruit in the market and allows for farmers and whole-
salers to also penetrate nontraditional markets and seasons offering significantly 
higher returns.

Large-scale open field conditions are the preferred cultivation for most papaya 
commercialization as it provides large-scale production with low to medium 
investment and operating costs. The drawbacks are less consistent fruit quality and 
yields as a result of seasonal variations and unexpected weather conditions such 
as flooding, in addition to physical damage to fruit as a result of environmental 
conditions, insects, and disease. Favorable cultivation conditions for papaya plants 
include cultivation temperatures of between 20°C and 30°C with a relative humid-
ity of 66%, well-drained soil with a pH of between 6.0 and 6.5, low wind, adequate 
irrigation, and a balanced fertigation regime preferably via a drip irrigation system. 
Papaya plants are sensitive to frost with yields being negatively affected both 
through reduced temperatures and fruit quality. Generally, plants are productive 
after approximately nine months of transplanting and will yield for between two 
and four years, depending on the variety as well as weather conditions and inputs. 
Papaya is susceptible to a range of diseases and pests depending on the region. 
Papaya ringspot disease, caused by PRSV, is one of the most severe diseases and 
results in significant losses. Genetically modified PRSV resistant papaya varieties 
have been developed and have been found to be effective in controlling the disease 
[55]. Resistant varieties have been developed in a number of countries both on 
a research and commercial basis including the United States, Australia, Taiwan, 
China, India, Thailand, and The Philippines. In the United States two cultivars, 
Rainbow and SunUp, have been released on a commercial basis [56]. More  
recently, the use of gene mutation technologies, including CRISPR-Cas9, has 
allowed the mutation of cell receptors in papaya that facilitate cell infection by 
PRSV (as well in a range of potyvirus susceptible plants including species of 
Capsicum), thus rendering the mutated plant resistant.
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4.2 Protected cultivation

Papaya production under protected conditions has been widely adopted using a 
variety of modifications applicable to local climatic conditions and cultivars used. 
The use of greenhouses with full climate control environments provides for year-
round, high-quality fruit with maximum yields, albeit at very high capital input in 
addition to higher operating costs compared to open or protected field cultivation. In 
India, “Red Lady” papaya growing under greenhouse conditions performed well with 
reduced insect infestation and disease, and improved fruit quality [57, 58]. A combi-
nation of short stature cultivars and greenhouse conditions in Argentina and similar 
temperate regions allows for year-round papaya cultivation [59]. The use of closed 
plastic tunnels in the subtropical areas of Europe, including the Mediterranean and 
Canary Islands, has been successful in producing high yields. Similar methods have 
also been employed in Turkey where there is a widespread use of protected cultivation 
and greenhouses for a large range of crops [60]. A comparison of papaya cultivation 
and harvesting periods throughout the year indicated that greenhouse conditions 
result in the production of more uniform fruit quality in part due to a uniform season 
[61]. In southeastern Spain, five locally grown commercial papaya varieties were 
cultivated in multi-tunnel greenhouses covered with low-density polyethylene over 
fixed periods of 456 days and were considered a commercial success [62]. Under 
similar conditions and in the same region, five commercial cultivars of various 
geographic origins, have different plant and fruit types. Two varieties, “Siluet” and 
“Sensation”, have been specially selected under greenhouse conditions and are both 
high yielding with the fruit of optimal quality for the European market including 
size, shape, weight, and importantly, total soluble solids (TSS), a major factor in 
determining sweetness. The greenhouses, with active climate control (ACC) incor-
porating both cooling and heating systems, enhanced “Siluet” papaya plant growth, 
flowering, fruit set, and yield resulting in doubling yields with both more and heavier 
fruit. Additionally, fruit quality factors including skin color, acidity, and TSS were 
not affected. Protected cultivation and the use of greenhouses offer an affordable 
and cost-effective strategy for papaya cultivation, especially in regions where open 
field cultivation, whether due to climate, soil, or other factors, is not feasible [63]. 
The compactness of the protected system producing large volumes of high quality, 
uniform fruit, aligned with readily available packaging and transport facilities lends 
itself to supplying both long and short distance high-value markets.

5. Nutraceuticals

Fruits, leaves, and seeds of papaya have a long history of human consumption and 
use. Fruit pulp is widely known for its nutritional value while the leaves and seeds are 
used in cooking in many cultures. Papaya pulp consists of macronutrients (protein, 
carbohydrate, lipid), fiber, minerals, carotenoids, and vitamins A, B, and C. Carotenoids 
from papaya are more bioavailable for human nutrition than those from tomato and car-
rot [64]. Other papaya tissues including leaves and seeds are of high nutrition, although 
with reduced levels of vitamins. Phytochemical analysis of papaya pulp reveals signifi-
cant levels of phenols, terpenols, alkaloids, flavonoids, and saponins. Papaya leaves 
contain alkaloids, carpain, pseudocarpain and dehyrocarpaine, choline, carposide, sapo-
nins, pro-anthocyanin, benzyl isothiocyanate, while papaya seeds contain papaya oil, 
carpaine, benzyl isothiocyanate, benzyl glucosinolate, glucotropacolin, benzylthiourea, 



Tropical Plant Species and Technological Interventions for Improvement

124

hentriacontane, and β-sitostrol. Papaya oil contains oleic acid (72.5%) and palmitic 
acid (12.5%) [49, 65]. Caffeic acid, myricetin, rutin, quercetin, α-tocopherol, benzyl 
isothiocyanate (BiTC), and kaempferol have been identified in papaya, all of which have 
antioxidant activities and in the plant either promote antioxidant enzyme expression or 
reduce reactive oxygen species (ROS) production [66]. Alkaloids, flavonoids, saponins, 
and oleic acid all poses anti-inflammatory activities [12, 67, 68]. Alkaloids, flavonoids, 
and saponins in papaya have been shown to inhibit the bacterial growth of Enterobacter 
cloacae, Pseudomonas aeruginosa, Proteus vulgaris, Klebsiella pneumoniae, and Bacillus 
subtilis [69–71]. Finally, papaya latex, often considered a nuisance and irritatant, has 
been shown to actively inhibits the growth of gram-negative bacteria [72].

6. Conclusions

Lifestyles in the twenty-first century (and beyond) are setting strikingly different 
needs and demands from those of earlier periods. Twenty-first century consumers 
have higher expectations with respect to fruit type and quality; more flavorful, of 
higher nutritional value with additional benefits to both health and to the environment. 
Growers are constantly under pressure in meeting not just the demand for quantity but, 
more importantly, quality and overall consumer satisfaction. With the ready avail-
ability of papaya genomics and transcriptome databases, desired agronomic characters 
associated with fruit quality, yield, and plant adaptation can be identified in germplasm 
and incorporated into breeding programs [73, 74]. Papaya can be produced “for all 
seasons” using open field cultivation under favorable conditions and in protected culti-
vation systems and climate-controlled greenhouses regardless of climate and region.

Papaya cultivation under open field conditions offers large-scale production with 
low to medium capital inputs and low operating expenses, offsetting the issues of 
inconsistent quality and quantity due to seasonal changes, disease, and abnormal 
weather events. Protected cultivation and greenhouses with controlled environments 
provide more expensive papaya fruit year-round, but in higher yields and into markets 
demanding higher quality and capable of absorbing the additional costs. These condi-
tions provide flexibility for papaya production under varying conditions and locations.

Metabolites with nutritional values such as vitamin C and carotenoids in papaya 
can be consumed directly because of their high concentration in papaya flesh. 
Metabolites extracted from papaya fruit, including Papain, an enzyme widely known 
and used in the food industry and cosmetics, offer additional markets for the fruit. 
Other metabolites including antioxidants can be purified from papaya seed, flesh, and 
leaves and there are other active constituent molecules that are the subject of evalu-
ation and many no doubt many others yet to be explored. With multiple applications 
and the potential for the increased demand for papaya fruit and products, papaya is 
undoubtedly the fruit for the future.
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Abstract

Tamarillo has a unique flavor and rich history. South American fruit is popular in 
New Zealand. Tamarillo is commercially grown in New Zealand and South America. 
It grows best under sub-tropical areas. It matures in 18 months. It’s 2 m tall and has 
lifespan of about 7 years. For propagation, seeds or cuttings are employed, and plant 
trimming for effective output varies according to propagation method. Tamarillo 
plants are wind-sensitive and need cover or windbreaks. It’s a beautiful fruit with 
smooth, shining skin. Yellow, red, and purple fruits are available. This fruit contains 
vitamins, minerals, fiber, and antioxidants. It has a very low-calorie count. Breeding 
focuses on fruit quality through selection, hybridization, and biotechnological 
treatments for plantation and post-harvest management. Diseases, pests, viruses, 
and physiological abnormalities can be treated with plant protection techniques. Like 
other fruits, it’s edible after harvesting. Made into juices, concentrates, jams, gelatins, 
and sweets. If processing facilities and transport are available, it can be exported as 
pulp or concentrate. The tamarillo can diversify sub-tropical fruit production as a 
high-value cash crop, with excellent fruits commanding premium prices in Europe, 
North America, and Japan.

Keywords: botany, breeding, biotechnology, cultivation, composition, diseases, origin, 
production, processing, pests, trade, value addition

1. Introduction

The tree tomato (Solanum betaceum Cav., syn. Cyphomandra betacea (Cav. 
Sendt.)) is a lesser-known tiny shrub or semi-woody tree that grows at elevations of 
500–2500 m. The tamarillo, sometimes known as a ‘tree tomato’ because of its flesh’s 
resemblance to that of a tomato, is a member of the solanaceae (nightshade) family 
[1]. The tree tomato is related to a group of taxa that used to be classified under the 
Cyphomandra genus. The species of the genus Cyphomandra were reassigned to the 
genus Solanum, subgenus Bassovia, based on morphological and genetic data [2, 3]. 
The scientific community now uses the Solanum designations to refer to tree toma-
toes and wild cousins. In New Zealand, the term “Tamarillo” has become the usual 
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commercial identification for the fruit [4]. It can be found in subtropical and mild 
temperate climates all over the world. Commercially, it is grown in New Zealand and 
a few parts of South America. Although some high-performing uniform lines have 
been produced, commercial plantings are of seed propagated populations. Although 
it is a largely unexploited species, it presents a wonderful chance to diversify fruit 
production as a high-value income crop in many subtropical and mild temperate 
production locations. It comes in two colors red and yellow, with the red being the 
more popular and prevalent. It’s a vivid red egg-shaped fruit with yellow-orange flesh 
and black seeds encased in purple gelatin. The red color comes from anthocyanin 
pigments, while the yellow-orange color comes from carotenoids. Tree tomatoes at the 
fruit-bearing stage require support to keep their branches from breaking off as they 
get packed with fruit. Because of its shallow root system, they are readily blown over 
by the wind. The plant is not affected by the duration of the day. Cyphomandra species 
such as C. hartwegii, C. sibundoyensis, and C. cajanumensis produce edible fruits in the 
wild. Other Cyphomandra species are employed as colors and in medical formulations. 
This category of plants is becoming more economically important, and it may have a 
lot of future promise.

2. Area and production

Tamarillo popularly known as arboreal tomato [5] is a fruit tree of Andean origin 
and is currently grown in California, Argentina, Colombia, Ecuador, Venezuela and 
New Zealand [6] for use in the fresh fruit market and for food processing industry. 
Tamarillo is also produced less widely in Zambia, Zimbabwe, Uganda, Sri Lanka and 
India [7, 8]. The fruit’s distinctive flavor and nutritional benefits are causing an uptick in 
interest today [9], which is keeping prices high. New Zealand and the United States have 
developed extensive plant breeding programmes to develop new cultivars that are more 
appealing to customers [10]. In Colombia, tamarillo orchards cover a total cultivated area 
of 7646 ha distributed in 18 provinces. However, Antioquia and Cundinamarca alone 
account for two-thirds of the total production (50 and 14%, respectively) [7]. In New 
Zealand about 2000 tons are produced on 200 ha of land and exported to the United 
States, Japan and Europe. New Zealand’s horticultural practices, handling, storage, and 
transportation methods have all been enhanced via research there. Some better cultivars 
and shipping containers and circumstances for overseas exports have resulted from these 
investigations. This crop is limited by factors such as a lack of clear differentiation among 
varieties, low fruit quality (heterogeneity and phytosanitary issues), the use of ineffec-
tive local and foreign variety substitutions, and the fact that the tree tomato is frequently 
a subsistence crop and not included in genetic conservation programmes.

3. Marketing and trade

New Zealand is one of only three countries to grow tamarillos commercially, 
the others being Colombia and Australia. New Zealand leads in the production and 
export followed by Colombia [11]. Tamarillos of New Zealand are exported to the 
United States, Japan and Europe (Table 1). For the export, the existing marketing 
channels developed for the kiwifruit are used [12] which have greatly benefited the 
farmers. Due to lack of international market and knowledge of the fruit, the export 
potential of this fruit crop has not been yet achieved to its level. There are relatively 
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few barriers to trade and very few countries specifically refer to tamarillos in their 
tariff schedules. The United States of America continues to be the main export 
market for tamarillos. In Columbia majority of the produce is consumed locally, but 
some part is also exported to the Netherland, France, Canada, Germany and Spain. 
It is important to mention here that standards have been established among com-
mercial growing country’s that market tamarillo fruits (New Zealand, Ecuador and 
Colombia) and in other countries, there is no such regulation and therefore no com-
mercialization capacity [13, 14]. Fresh tree tomatoes are in high demand in foreign 
markets, particularly in the United Kingdom, the Netherlands and Spain, where they 
are especially popular if they are grown without the use of pesticides. Fair Trade 
accreditation also helps to open up new markets for the product. Imported fruit is 
processed into juices, syrups and other beverages as well as gelatins and other treats. It 
might also be exported in the form of fruit pulp or concentrate if processing facilities 
and suitable transportation were available.

4. Composition and uses

This fruit is found to be a good source of vitamin A, C, B6, E and antioxidants 
[15–18]. Tamarillo has a relatively high content of vitamins A and C (Table 2). Levels 
of vitamin A are intermediate between those of tomato and carrot [19], while the 
ascorbic acid content is similar to that of citrus fruits. Tamarillo is rich in antho-
cyanins and carotenoids which are responsible for their color [20]. The presence of 
anthocyanins and carotenoids show its biological, therapeutic, and preventative 
properties [21]. Osorio et al. [22] using spectroscopic analyses revealed that tama-
rillo fruits are a rich source of natural pigments with potential antioxidant activity, 
giving them a remarkable added-value. Phenolics are the main antioxidants found 
in the tamarillo fruit pulp [23]. The seed of the fruit is consumed together with flesh 
[24]. Tamarillo seeds made up 1.0–1.5% wet basis of the fruit (50–80 g). The seeds 
of tamarillo were examined for their proximate components [25]. Protein content was 

Market 2014 2015 2016

Volume Value Volume Value Volume Value

United States of America 12 100,036 11 74,318 8 60,475

Pacific Islands 0.01 98 0 0 0.01 52

Australia 42 182,239 0 0 0 0

Japan 0.05 753 0 0 0 0

Fiji 0 0 0.01 80 0 0

New Caledonia 0 0 0.02 19 0 0

Thailand 4 12,392 0 0 0 0

Total 59 $295,518 11 $74,417 8 $60,527

% change (yr/yr) 173% 62% −82% −75% −26% −19%

Source: Statistics New Zealand.

Table 1. 
Tamarillo export markets 2014–2016 (year ending June, tonnes and $NZ FOB).
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discovered to be 22.63%, fat content to be 21.13%, and ash to be 3.15%, with a total 
carbohydrate content of 43.87%, in the seeds. Tamarillo seed oil’s fatty acid profile 
revealed that linoleic acid (70.47%), oleic acid (14.93%), palmitic acid (9.41%), 
stearic acid (2.23%) and linolenic acid were the most prevalent fatty acids (1.73%). 
Apart from these, the oil included arachidic acid (0.23%), phellonic acid (0.22%), 
and lignoceric acid (0.23%). The fruits are very low in calories (only about 40 calories 
per fruit). These fruits are available in both red and yellow varieties. However, the 
red varieties are more popular and more common [26]. Acosta-Quezada et al. [11] 
assessed fruits of purple and yellow/orange cultivars and did not find any relevant 
differences among them.

Tamarillo is grown mainly for their edible fruits and to a lesser extent as an 
outdoor ornamental. The tamarillo fruit has been described as “brazenly beautiful” 
and the aroma “unusual and attractive”. They have several culinary uses and can be 
eaten raw in salads or as dessert but preferably cooked [27]. The flesh can be eaten 
fresh or made into a range of sweet and savory dishes and condiments. Tamarillos 
are tangy and usually sweet with a bold and complex flavor that differs by variety. 
The fruit can be stewed to use on cereal or as a pie or crumble filling, added to stews 
or made into a delicious chutney, which is especially good with chillies. In Jamaica 
and the West Indies, the fruits are considered to have beneficial effects in relieving 
disorders of the liver [27]. Tamarillo is an important component in Rwanda’s exotic 
fruit industry and consumption of the fruit is traditionally recommended for people 
suffering from stomach ailments. It is processed into jams, juices and jellies or canned 
in syrup or prepared in combination with milk products like yogurts, milk shakes and 
ice-creams. The fruit has high level of pectins, which makes it especially suited for 
jams and preserves [28]. It is also used for canning in syrup and for producing pulp, 
chutney, sauce, baby food and in combination with milk products like yogurt, milk 
shakes and ice creams [29]. The fruit can be used much as a regular tomato, but it has 
less moisture, so more water, stock or gravy is needed for most cooked dishes.

Constituents Content per 100 g of edible portion

Moisture (g) 85.20

Ash (g) 1.30

Crude protein (g) 1.60

Crude fat (g) 0.00

Carbohydrate (g) 11.90

Total dietary fiber (g) 6.00

Calcium (mg) 11.20

Sodium (mg) 17.80

Magnesium (mg) 25.20

Potassium (mg) 410.60

Iron (mg) 0.30

Beta-carotene (vitamin A) 4.80 (mg/100 g DW)

Ascorbic acid (vitamin C) 55.90 (mg/100 g DW)

Table 2. 
Nutritional composition of tamarillo fruits.
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5. Origin and distribution

The tamarillo C. betacea (Cav.) is native to the Andean region of South America 
where most Cyphomandra species are found in cultivated state. It is also grown in New 
Zealand, Brazil, Argentina and Colombia. The area where C. betacea originated is not 
known, but some wild or naturalized populations have been reported in southern 
Bolivia and northeastern Argentina and may give an indication of its area of origin 
[30, 31]. It is found that S. betaceum is closely related to S. unilobum, S. roseum, and in 
particular to S. maternum, all of which are found in Bolivia in wild status [2, 3, 32, 33]. 
Little information is available on the domestication of the tree tomato, and at present it 
is unknown when and where this process took place. In New Zealand it is cultivated as 
a minor fruit crop. It was introduced to New Zealand as early as the late 1800s and there 
have been a number of further introductions [34]. It is cultivated and naturalized in 
Venezuela and grown in the highlands of Costa Rica, Guatemala, Jamaica, Puerto Rico 
and Haiti. Tamarillo was adopted on January 31, 1963 by the growers of New Zealand as 
the official common trade name for Cyphomandra betacea. The tree tomato was named 
as tamarillo in New Zealand in 1967 [35]. Tamarillo is a Maori word that indicates 
leadership, and “rillo” comes from the Spanish word for yellow, “amarillo” which was 
the original type of tamarillo to be grown and only in the 1920s was a new red variety 
developed [9]. It is possible to grow it successfully in areas with Mediterranean cli-
mates, where it has good prospects as a developing new fruit crop [36–38]. In India it is 
found growing in Sikkim, Darjeeling hills of West Bengal, Tamil Nadu, Meghalaya and 
in other north-eastern states. In Nepal during survey, it was found that it is grown in 
home gardens for vegetable purposes. It has been grown in Queensland and Australia in 
home gardens for many years and is a practical crop in the highlands of the Australian 
part of New Guinea. In USA it is grown in California and occasionally in Florida in pots 
and indoors. The plants fruit satisfactorily in greenhouses. In Malaysia C. betacea is 
cultivated in Cameron Highland (Peninsular Malaysia), and Kundasang (Sabah) and is 
locally known as “Pokok Tomato” or “Tamarillo” in Peninsular Malaysia and as “Buah 
Cinta,” “Moginiwang,” or “Tamarillo” in Sabah.

6. Botany and taxonomy

The plant is a small shrub or half-woody, evergreen or partially deciduous, attrac-
tive fast growing, brittle tree, shallow-rooted reaching 3 m to 5.5 m in height rarely as 
much as 7.5 m. The dichasial branching is responsible for the shrubby habit of the tree, 
although seedling grown plants do go through a juvenile phase and the initial branch-
ing pattern may not occur until after 30 nodes growth [39]. The plant is not tolerant to 
drought stress, and can be damaged by strong winds because of shallow root system. 
The leaves are perennial, simple, 10–35 cm long and 4–12 cm broad, evergreen, alter-
nate, more or less heart-shaped at the base, ovate and pointed at the apex, thin, softly 
hairy, with prominent veins and have musky smell and slightly tinged purple when 
the leaves are young. Flowers with fragrance are borne in small, loose clusters near the 
branch tips, 1.25–2 cm wide, have 5 pale-pink or lavender, pointed lobes with 5 promi-
nent yellow stamens and green-purple calyx. The long-stalked, smooth, egg shaped are 
borne singly or in clusters of 3–12, pointed at both ends and capped with the persistent 
conical calyx. In length, it can be anywhere from 5 to 10 cm long, and in breadth, it can 
be anywhere from 4 to 5 cm wide. Red, orange, yellow, or red-and-yellow skin colors 
are all possible, as well as a variety of shades in between (Figure 1). Species-dependent 



Tropical Plant Species and Technological Interventions for Improvement

136

variations in flesh color include shades of orange-red, yellow, and cream-yellow. In the 
two longitudinal compartments of dark-purple and red fruits, as well as yellow and 
orange fruits, a soft, juicy, subacid to sweet pulp surrounds the seeds. The exterior 
layer of flesh is luscious and bland, whereas the skin is rough and unpleasant to eat. 
In spite of their diminutive size, the seeds are tough and bitter. A weak or under-ripe 
tomato with a subtle resinous aftertaste has a resinous scent and flavor. The plant bears 
in first or second year after planting, but peak production is reached after 4 years and 
has a life expectancy of only 5–12 years. In general, it forms a large spreading crown at 
a height of 1.5–2 m from base of a single upright woody trunk.

7. Varieties and cultivars

There are apparently no named cultivars, but there are local preferences accord-
ing to fruit color. Tamarillo have been described as three strains yellow, red (red skin, 
yellow-orange flesh), and purple (red-purple skin, light orange flesh), with the red 
being more popular and more common but no named varieties have been analyzed. In 
Europe and in the USA, the red and purple cultivars are the preferred by consumers due 
to its attractive color, flavor and nutritional properties. In Malaysia, the red variety of 
tamarillo can be easily grown at Cameron Highlands, Pahang. It is an egg-shaped bright 
red fruit with yellow-orange flesh and black seeds that are surrounded by purple seed 
coat. In Kenya the main varieties grown are the Gold-mine, Inca red, Rothamer, Solid 
gold and Ruby red. Red fruits are chosen for the fresh fruit markets because of their 
appealing color. Different selections have been developed in New Zealand from time 
to time. Commercial plantings of New Zealand’s current dominant “black” type were 
selected in the early 1920s as a variation on the yellow and purple variants that had been 
used in the past. A reselection process resulted in the creation of this massive, higher-
quality red variety. New Black was chosen by William Bridge in 1927 for its huge fruit. 
Ruby Red has been a staple of the New Zealand economy for decades. Heart-shaped 

Figure 1. 
Tamarillo origin and general aspects (A) Andean region from where tamarillo is native; (B) tamarillo tree 
with red fruits; (C) Tamarillo’s flowers; (D) Tamarillo’s fruits range of colors. (http://funnelandspade.blogspot.
pt/2010/06/tamarillos-also-known-as-treetomatoes.html; http://www.fancyplants.de/en/exotichome/nwhspec/
tamarillo/).
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fruit with a deep crimson color and a savory flavor were selected in 1970. Inca Gold is a 
canning favorite because of its amber hue and oval shape. If you are looking for some-
thing a little more vibrant, Ecuadorian Orange is a great choice. In 1979, Kaitaia Yellow 
was chosen for its flavor and sweetness. New Zealand is testing a new cultivar named 
Goldmine. Rothemer is an 85-gram fruit from San Rafael, California, with a bright red 
exterior and a golden yellow pulp. Solid Gold is an orange, luscious fruit with a sweet 
flavor. Red Delight, Yellow, and Oratia Round are also made in New Zealand.

8. Breeding and crop improvement

Tamarillo’s chromosomes are diploid (2n = 2x = 24). However, spontaneous tetra-
ploids, aneuploids, and triploids have all been documented. The flowers are autoga-
mous and self-compatible but flowers need to be shaken for pollination. Traditional 
plant breeding has largely ignored the tamarillo, and few crop improvement tech-
niques have been applied. Most attempts to transfer this crop into new areas have 
failed since they have relied on a single cultivar. As a result, the ability to use variety 
for local adaptation has been limited. On the other hand, the loss of genetic diversity 
in this crop and allied wild species is a major worry [40, 41]. Plantation management, 
fruit quality, and postharvest management are all improved through research and 
breeding. Breaking seed dormancy, improving fruit taste, and increasing yields are all 
key breeding goals. Little “stones” of sodium and calcium that occasionally form in the 
fruit skin offer a difficulty for industrial applications and must be eradicated through 
breeding. The following are the most important breeding procedures in this crop.

8.1 Selection

Although the tamarillo is essentially autogamous, there is some variation among 
plants of the same accession, particularly in traditional growing methods. This variance is 
caused by spontaneous mutations or by the inadvertent introduction of genetic material 
from different populations through genotype crossover [42]. This variation could be used 
to find a favorable variant that could be used in a future breeding effort for crop improve-
ment. As a result, screening valuable genetic variety in traditional growing areas for 
conservation, selection, and crop improvement for this underutilized fruit crop is critical.

8.2 Hybridization

Pollen tubes pierce the ovary and set fruits in most interspecific matings with 
Cyphomandra, according to [30], but seeds do not mature. Pringle and Murray [43] 
experimented with interspecific hybridization of Cyphomandra with nine different 
Cyphomandra species and discovered that the majority of the crosses failed after fer-
tilization. However, a species hybrid between the two Brazilian species C. corymbiflora 
and C. diploconos was obtained very easily. Most species’ combinations had reciprocal 
variances in compatibility. The results of these crosses indicate that the S locus is not 
involved in the regulation of interspecific incompatibility.

8.2.1 Intraspecific hybridization

There are no technical issues in crossing between different varieties of C. betacea. 
Tamarillo individuals have a high degree of homozygosity due to their autogamy, 
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and crossing genetically dissimilar individuals produces homogeneous offspring. 
Commercial production of the hybrid tamarillo is simple because each fruit contains 
more than 300 seeds [44]. The agronomic behavior of F1 hybrids, on the other 
hand, is completely unknown. Most solanaceous horticulture crops have heterotic 
yield features [45], and the tamarillo is no exception. Obtaining segregant genera-
tions allows for recombination and segregation, allowing for the emergence of new 
superior genetic combinations. There are, however, a scarcity of investigations on 
the degree of diversity in segregant generations. Despite the fact that it takes several 
years to evaluate, tamarillo cannot be regarded a standard fruit crop, as individual 
genotype evaluation can take up to 20 years. Nonetheless, evaluating each individual 
takes 3–5 years, making yearly species breeding schemes impracticable, as it could 
take up to 10 generations before an improved cultivar is released. It will be impos-
sible to determine the best effective breeding strategy for this crop until studies 
are conducted to determine the corresponding value of the additive and dominant 
components of genetic variation for each of the primary interest traits. Breeders 
are interested in developing pure lines or F1 hybrids that maximize heterozygosis’s. 
Vegetative propagation, on the other hand, allows for the propagation of the most 
valuable genotypes that may arise in segregant generations, such as an F2 produced 
by complimentary or transgressive crossings. Cloning permits the entire geno-
type to be preserved, which might be useful in the production of novel cultivars. 
Micropropagation for tamarillo [46] provides for vegetative propagation without the 
risk of viral transmission.

8.2.2 Interspecific hybridization

Interspecific hybridization could be effective for transferring desirable traits from 
wild species to cultivated forms, such as disease and worm resistance. Crossings 
between C. acuminata Rusby and C. uniloba Rusby have proven successful. These 
species are morphologically quite similar to C. betacea. Fertility is low in Tamarillo 
hybrids with C. acuminata. Those obtained using C. uniloba, on the other hand, are 
vigorous and prolific [30]. Other Cyphomandra species, such as C. hartwegii (Miers) 
Sendt. Ex Walp. and C. sibundoyensis Bohs, are edible as well, and may have some 
future potential as stand-alone plants or sources of genetic variety for tamarillo 
breeding. There is no publicly available enhanced breeding material for tree tomatoes. 
Nonetheless, numerous hybrids between S. betaceum and S. unilobum are being tested 
in Colombian fields as a result of breeding operations [47].

8.3 Polyploidy breeding

Triploid and tetraploid seedlings are found at low frequency among commer-
cial plantings of the diploid tamarillo and may arise from the union of unreduced 
gametes. Further, [48] reported successful induction of tetraploids in the tamarillo 
(Cyphomandra, betacea (Cav.) Sendt.) by the application of colchicine to the germi-
nating seed. Triploids and aneuploids are produced from interploidy crosses. Most 
aneuploids produce primary trisomics (2n = 2x + 1 = 25), but some possesses 26 
chromosomes and few may be hyperpolyploids. Aneuploidy with 25 chromosomes, 
instead of 24 as the diploid types, show good fertility and give a similar or even higher 
yield and fruit size than their diploid counterparts. The pollen fertility of these plants 
can vary from 10 to 90%. The morphological traits of aneuploids and diploids were 
the same. For commercial use, aneuploids have fruit and seed sizes comparable to 
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those of diploids. Tamarillo polyploids have been proven to have low fertility and poor 
agronomic properties, whether they are spontaneous or manufactured [12].

8.4 Biotechnological methods

Traditional techniques have revealed themselves inadequate for improving culti-
vars because of the low success of cross-pollination, the high incidence of incompat-
ibility and phytosanitary issues [49]. A valid alternative for this plant’s breeding are 
biotechnological methods as in vitro cloning and genetic transformation [46].

8.4.1 In vitro regeneration systems

Tamarillo micropropagation methods have been described in various assays [49]. 
In vitro cloning can be achieved through (1) axillary shoot proliferation, which was 
the first method to be applied [10] (2) organogenesis, obtained on leaf explants [50] 
and (3) somatic embryogenesis, first obtained from mature zygotic embryos and 
hypocotyls cultures, and later from other explants [51, 52].

8.4.1.1 Somatic embryogenesis

Plant multiplication has the potential to be revolutionized by somatic embryo-
genesis, a powerful biotechnology tool. Auxin rich media is used to induce somatic 
embryogenesis in tamarillo, where embryogenic callus is first generated (induction 
phase) and subsequently developed into embryos after being switched to a medium 
free of auxin (development phase). Several explants of tamarillo have the potential 
to initiate embryogenic cultures including, mature zygotic embryos, young leaves, 
cotyledons and hypocotyls. Tamarillo mature zygotic embryos were one of the first 
explants tested for somatic embryogenesis. The formation of embryogenic tissue 
offers a great potential for large-scale production of plantlets [53] and is also useful in 
plant genetic transformation. Somatic embryos pass through different morphological 
phases similar to those occurring during zygotic embryogenesis [54]. The subcultur-
ing of somatic embryos, on auxin-free medium for a further 4–5-week period give 
rise to green normal plantlets.

8.4.2 Genetic transformation

A number of viral infections impact the health and vigor of tamarillo trees, as 
well as the appearance of the fruit. The tamarillo mosaic virus, the most important 
pathogenic virus, has no known resistance in Cyphomandra species (TaMV). There 
has been little success in using traditional breeding programmes to increase tamarillo’s 
virus resistance. Plants can now be genetically modified to be resistant to a variety of 
viruses, thanks to recent advances in molecular biology, including the tobacco mosaic 
virus. Agro bacterium mediated transformation of tamarillo has been successfully 
achieved and protocols for transformation are now available [55]. The use of genetic 
transformation offers the great opportunity for the improvement of many characters 
for which there is not enough genetic variation in the local germplasm. Genetic trans-
formation is also being used as a functional genomics tool, helping to better under-
stand the process of somatic embryogenesis [6]. The most successful strategy so far 
has involved constitutive expression in the host plant of the coat protein gene of the 
target virus. Recently, the coat protein gene for TaMV has been cloned and sequenced 
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which may allow TaMV resistance to be engineered into tamarillo. The application of 
the Agro bacterium mediated transformation method to obtain genetically modified 
tamarillo plants regenerated via, organogenesis was used to introduce the pKIWI110 
binary vector into leaf disks by using a virulent LBA4404 [56] and some of them also 
expressed the b-D-glucuronidase (gusA) reporter gene and chlorsulfuron resistance. 
Agrobacterium mediated transformation was also used to obtain tamarillo plants resis-
tant to tamarillo mosaic virus (TaMV) that were regenerated by shoot proliferation 
[6]. The NEP25 gene has been silenced in tamarillo using Agrobacterium-mediated 
genetic transformation procedures [10]. After undergoing somatic embryogenesis, 
these plants have been regenerated and are currently being evaluated to see if they 
have the same capacity for somatic embryogenesis as untransformed plants.

8.5 Breeding for yield

At present, the tamarillo is being introduced as a promising crop in a variety of 
environments, e.g., regions with a Mediterranean climate [37, 57]. But most attempts 
to introduce tamarillo culture have been based on a single cultivar and this has 
restricted the opportunity to exploit variation for local adaptation. For this purpose, 
germplasm screening is essential in order to select the most adapted types in local 
environments. Several evaluations of tamarillo germplasm have shown a high degree 
of genetic variation for yield and fruit weight. Differences among different plant 
genetic materials can be as high as two-fold for fruit weight [37, 57]. The fruit yield is 
highly affected environmental components and exploitation of most adapted material 
could maximize the selection for yield.

8.6 Breeding for quality

Among fruit quality parameters fruit shape is of interest because it is directly 
related to consumer acceptance because it affects fruit attractiveness and is important 
in terms of packaging and presentation. The fruit shape varies from round to elon-
gated, with a ratio length/width higher than two among accessions. Round to oval 
shapes appear to be preferred. Fruit color varies from yellow types to purple and it 
may have stripes or not. Differences among cultivars have been found organoleptic 
characters like soluble solids, titratable acidity, ascorbic acid and other characters 
[37, 58–60]. Cultivars with a higher sugar/acid ratio are probably more suited for 
processing industry. Sugar/acid ratio and sweetness were found to be higher in one of 
the seven accessions studied by [38] that had reduced acidity (between 15% and 23% 
and similar levels of soluble solids). Recently developed ‘Oratia Red’ and ‘Andys Sweet 
Red’ have a high sugar/acid ratio (Boyes and Strubi, 1997). Breeding for nutritive 
value is also possible as lot of variation for ascorbic acid content and vitamin A have 
been found among genotypes [19, 38, 58, 60]. Aromatic compounds of tamarillo 
have been identified [61, 62] and selection of high aromatic cultivars is of interest. 
However, aroma is a complex character, in which many interactions among different 
compounds are involved and in which environmental influence is considerable.

8.7 Breeding for disease resistance

Few studies have been devoted to tamarillo breeding for disease resistance. Most 
work has dealt with TaMV resistance. Resistance to TaMV has not been achieved yet, 
even in wild species belonging to the genus Cyphomandra. Genetic transformation 
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is being used to develop tamarillo cultivars resistant to TaMV. Strategies used up to 
now have mostly involved the use of genetic constructs which include sequences of 
the coat protein of this virus. The use of mutagenic agents, such as nitrous acid for the 
production of defective TaMV strains, which could be used for cross protection has 
not been successful [56]. Resistance to anthracnose is also being attempted by in vitro 
selection of cells capable of growing in the presence of crude filtrate of the fungus 
[63]. However, there are no reports of the efficacy of this strategy in developing 
mature plants resistant to this disease.

8.8 Breeding for early harvesting

Early harvesting is of significance since different cultivars differ in how quickly 
their fruit ripens [64]. This could be exploited to select the earliest cultivars. There is 
also quantitative variation in the response to postharvest applications of ethylene in 
some cultivars so it is possible to achieve successful postharvest ripening [65]. Despite 
being considered a non-climacteric fruit [65], ethylene applications stimulate ripen-
ing [66, 67]. Fruit can be harvested during the turning stage and allowed to ripen 
after harvest in materials where ethylene induces ripening. Fruits that are turning 
may be stored in this way and matured as needed.

8.9 Breeding for parthenocarpy

Occasionally, parthenocarpic (seedless) fruit-producing trees can be discovered 
in orchards. These trees require vegetative propagation because they are the result of 
spontaneous mutations. Fruits from parthenocarpy are ovoid-shaped, red to orange 
in color, and have stripes that range from green to coffee in hue. Orange is the color 
of the flesh. Fruit weighs normally only 20 g and is smaller than other fruit. Due to 
their lack of seeds, parthenocarpic tamarillos would be very intriguing; nevertheless, 
before this form of fruit can become well-known, low weight and poor yield issues 
must be resolved.

9. Soil and climate

Tamarillo plants grow best in light, deep, fertile and rich in organic matter soils. 
However, soils must be well drained, since the plants are not tolerant to water-logging. 
They grow naturally on soils with a pH of 5–8.5. The tamarillo requires full sun and 
freedom from competition with roots or shade from other plants. The tamarillo pre-
fers subtropical climate, they grow in many parts of world with rainfall between 600 
and 4000 millimeters and annual temperatures between 15°C and 20°C. Although 
species can also thrive in colder climates, in areas with temperatures not lower than 
10°C and where extreme freezing does not occur [49], but it is intolerant to frost 
(below −2°C) and drought stress. Even though extreme cold could severely damage 
tamarillo plants, often the plant has the capacity of recovering. During first year of 
planting the cuttings and seedlings should be protected from frost as plants are highly 
susceptible to frost and can readily be killed. Frost kills the small branches and foliage 
of mature trees but not the largest branches and main stem. It is assumed that fruit set 
is affected by night temperatures. Areas where citrus is cultivated provide good con-
ditions for tamarillos. Tree tomatoes cannot survive in areas with prolonged drought. 
They must have ample water during the dry season. The best way to retain moisture in 
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a tree tomato plantation is to apply mulch, which also reduces weed growth. Branches 
of Tamarillo’s are fragile, brittle and break easily when laden with fruit so wind breaks 
should be established before actual planting of the fruit plants in an area where wind 
may be a problem. Further these plants have a shallow root system and can be blown 
over by strong winds if not protected sufficiently. Hailstones can also damage the 
leaves and break the brittle branches. However, damage to fruit is not so severe as in 
other fruit crops due to their thick skin and strong attachment to the plant.

10. Propagation and rootstock

The plant is mostly multiplied through seeds, cuttings, or grafting [12] as well as 
more contemporary methods of in vitro clonal propagation, which include axillary 
branch proliferation, organogenesis, and somatic embryogenesis and are commonly 
referred to as micropropagation. Seed propagation is simple and best done in pro-
tected areas. Seeds produce a high-branched, erect tree, ideal for sheltered locations. 
Seeds for planting are first washed, dried in the shade and then placed in a freezer 
for 24 h to accelerate germination. They are then planted in boxes of rich soil by 
keeping 30 cm distance between seeds and 60 cm between rows and virtually 100% 
will germinate in 4–6 days. Seedlings should be kept in the nursery until they reach a 
height of 1–1.5 m for efficient growth. Cuttings should be taken from healthy plants 
that are free from pathogenic viruses from the basal or aerial suckers should be of 
1- to 2-year-old wood with thickness ranging from 10 to 25 mm and length 45–75 cm. 
They are planted directly in the field until they reach a height of 1–1.5 m. Cuttings 
develop into a shorter, bushy plant with low-lying branches, suitable for exposed, 
windy sites. Tamarillo can be grafted on several closely-related rootstock species. In 
Java, Cyphomandra costaricensis is sometimes used as a rootstock to attain a longer-
lived plant. The cuttings can also be grafted on wild tobacco trees (Solanum mauritia-
num). The Solanaceae family, which includes many tamarillo cousins, has strong and 
frequently undesirable alkaloids that can transmit to scions and into fruits grafted on 
such roots. This is important to remember. It is not advisable to integrate tamarillo on 
an unknown or untested rootstock.

Propagation through seeds is not recommended as this method is known to pro-
duce high degree of genetic variability that negatively affects fruit color resulting in 
rejection of fruits in the international market. Thus, methods of vegetative propaga-
tion are usually used to obtain uniform plants [49]. Vegetative propagation by cut-
tings has been found to transmit deadly viral diseases. Tissue culture offers a feasible 
solution to produce large numbers of disease-free planting materials. It is also known 
that in vitro propagated Tamarillo plants produce higher yields and shorter gestation 
period compared with traditional methods [68]. Another advantage offered by tissue 
culture methods is the large-scale availability of planting materials at any time of the 
year irrespective of the season.

Nodal explants are surface sterilized, added to Murashige and Skoog media 
containing Benzyl amino purine (BAP), and then incubated in a growth environment 
with a temperature of 25°C and a 16-h photoperiod. Rooting occurs without the use of 
an exogenous source of auxin 2 weeks after micro shoot development, and they grow 
to a height of 40 mm in 4 weeks. After that, the rooted plantlets are brought to the 
greenhouse to begin weaning. In vitro propagation of Tamarillo using axillary buds 
have been reported [69]. Somatic embryogenesis and direct organogenesis have also 
been reported by [49, 70]. Direct organogenesis has the potential to keep regenerated 
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plants’ genomes stable, whereas regeneration through an intermediary callus phase 
raises the probability of somaclonal changes [71]. A very effective and repeatable 
in vitro regeneration technique is moreover an absolute requirement for creating 
transgenic plants.

11. Layout and planting

The seedlings are transplanted in the field when they reach 5–7 cm in height, 
spaced 80 cm apart in rows and 2 m apart between rows. In New Zealand, the trees 
are kept 2.5–3 m apart in paired rows 2.5 m apart with 4.25 m between each pair. In 
mechanized production, single row planting distances of 1–1.5 m between plants and 
4.5–5 m between rows is recommended. In unprotected areas where winds are strong 
closer planting is recommended by keeping 1.5–1.8 m between the plants and 2.5–3 m 
between the rows and the trees may be staked to prevent swaying and disturbing of 
roots. In India, the trees are planted in pits 1.2–1.5 m apart. On poorly drained soils, 
plants should be planted on ridges. In poor soils or soils where nematode infestations 
or virus infections are possible prevalent, replanting with clean stock will be neces-
sary and is recommended after a period of 3 or 4 years.

12. Irrigation

To maximize and stabilize production, water and nutrient inputs should be 
provided when needed. The plants need continuous supply of water due to their 
shallow root system. Drought stress results in decrease of plant growth, fruit size and 
productivity. The tree tomato cannot tolerate prolonged drought and must have an 
ample water supply during extremely dry periods. A mulch may be very beneficial in 
conserving moisture at such times.

13. Nutrient management

The suggested fertilizer rates per hectare for intensive orchard production 
 techniques are 170 kg of nitrogen, 45 kg of phosphorus, and 130–190 kg of potas-
sium. While potassium and phosphorus are sprayed at the beginning of the growth 
season, nitrogen is applied all year round. It is recommended to apply 0.25–1.0 kg of 
NPK fertilizer per tree evenly between early spring and summertime. The producer 
should give the plants in their fifth or sixth year a special feeding of 2 parts super-
phosphate, 1 1/2 parts nitrate of soda, and 1 part sulfite of potash in late winter or 
early spring at a rate of 1–1.5 kg per plant or 100 kg per hectare.

14. Training and pruning

The plant should be trained by pruning back long shoots and pinching shoot tips 
to induce a compact growth and the production of the fruit clusters near the centre 
of the tree. Seedling trees are pruned back the first year after planting to a height of 
0.9–1.2 m to encourage branching. Annual pruning thereafter is advisable to eliminate 
branches that have already fruited and induce ample new shoots close to the main 
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branches since branches that have already carried fruits will produce smaller fruits 
with lower quality the next time. Annual pruning is also must otherwise, the tree 
will develop a broad top with fruits only on the outer fringe and wide-spreading 
branches are also subjected to wind damage. Pruning also facilitates harvesting and 
if done timely and appropriately can extend the total fruiting period. Light pruning 
facilitates the production of medium sized fruits and heavy pruning to large sized 
fruits. Under protected cultivation pruning can be helpful to prevent the excessive 
vegetative growth. Early spring pruning of in some trees brings about early maturity 
and fall pruning of other trees delays fruit maturity to the following fall. It is best to 
cut the roots on one side of the tree and lean it to the other when it is between one and 
one and half metres tall (in the direction of the midday sun at about 30–45 degrees). 
As a result, fruiting branches can develop along the entire trunk as opposed to simply 
at the top.

15. Intercropping and interculture

In plantations, tamarillo is frequently intercropped with citrus so that, for the first 
4–6 years of its rapid growth to a productive size, it can be produced economically. 
Thereafter, the tamarillo plants are removed [72]. Mulching can aid in preserving soil 
moisture because plants are susceptible to drought stress. As traditional soil manage-
ment techniques like plowing are impractical due to the thin and delicate root system, 
it can also be used as a tactic to control weeds. Because of the shallow root system, 
deep cultivation is not possible, but light cultivation is desirable to eliminate weeds 
until there is sufficient vegetative growth to shade them out. The plants have to be 
protected from wind. Their shallow root system does not provide enough stability and 
the lateral branches are fragile and break easily when carrying fruits. The tree has to 
be protected from the wind because its roots are weak and it can easily be blown over. 
It is also fragile, and strong winds can easily break its branches, especially when they 
are heavy with fruit. Before laying out the plantation, it is advised that windbreaks be 
built to protect the young plants for each 1/2 acre (1/5 hectare). In the New Zealand 
region of North Auckland, Albizia lophantha Benth. and Hakea saligna hedges are 
maintained clipped, narrow, and well-liked.

16. Flowering and fruit set

Tamarillo shows sympodial growth habit and each sympodial unit consists of 
3–4 leaves and a terminal inflorescence. New season’s growth begins in October with 
shoots that originate in the axils of the previous season’s leaf scars. Before inflo-
rescence commencement and branching, shoot extension advances up to 15 nodes 
at the start of the growth season. At the tip of the stalk, inflorescences develop, 
and later, continuation shoots develop, typically in the axils of the two most recent 
leaves. Monochasial and trichasial branches are also seen, despite dichasial branch-
ing being prominent. Although they begin at the shoot apex, inflorescences can 
eventually be found 30–40 mm above the branch fork. At maturity, the flowers and 
inflorescences hang pendulously, with the anthers and stigma facing downward. 
Typically, the inflorescence is a mono- or di-chasium with flowers arranged alter-
nately along the rachises. Up to 15 flowers per rachis and 50 in total could be seen 
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in each inflorescence. At 2–3-day intervals, flowers open in an acropetal succession. 
As a result, the same inflorescence may contain fruitlets, flowers, and flower buds. 
Particularly if a fruit had already set inside the inflorescence, apical flower buds on 
each rachis frequently abscise before flower opening. Inflorescences formed late in 
the season also lose their immature flower buds, and occasionally just one or two 
blooms fully opened.

In climates with little annual variation, tamarillo trees can flower and set fruit 
throughout the year. In climates with pronounced seasons (such as New Zealand), 
fruits ripen in autumn. The flower is pentamerous, radially symmetrical, stellate and 
hermaphrodite and 24 mm in diameter when the petals are fully reflexed. The petals 
have a variety of colors, ranging from white to pale pink to white with purple flecks, 
and are relatively lengthy and meaty. Each stamen is united to a petal and forms a 
cone around the style. The stamens have two anther sacs on either side of a wide, 
yellow connective tissue, as well as a short filament and an anther. The style extends 
2–4 mm beyond the anther cone and is long and thin. Small, flat, and papillate 
describe the stigma. Pollen is formed in large quantities in anthers (800,000 pollen). 
Pollen grains in their desiccated state are oval and trilobed with a pitted exine bear-
ing numerous fine spines. Individual flowers generally open before midday and the 
petals close around the anthers and style again in the evening. The following morn-
ing, each flower bloomed once more, and this pattern persisted for another 2–3 days 
before the petals fully closed. The number of days a flower is open has an impact on 
pollination. Nearly a day earlier than unpollinated blooms, pollinated flowers closed 
for the last time on average after 2.25 days (3.05 days). Either at flower opening or 
right before it, an anther opens. Pollen is not released spontaneously but anthers 
release a cloud of pollen via the apical pore if touched or squeezed. If the anthers 
are not disturbed the pollens remain in the anthers beyond final flower closure. All 
flowers bear stigmatic exudate on the day of flower opening and remain present 
on the stigma until Day 5, even though the petals had closed. On the stigma, pollen 
grains and tubes can be seen from days three to four, but their abundance is greatest 
on days zero and two. On Day 0, pollen grain germination is at its highest, and it 
gradually decreases over the following days. On any given day, there are observed to 
be comparable numbers of pollen tubes in the style and pollen grains on the stigma. 
After 24 h, pollen tubes are about two-thirds of the way down the style, and after 
48 h, they are present surrounding the ovules, according to observations of the pol-
len tube growth rate.

It is self-compatible and usually autogamous, but the flowers need to be shaken 
by the wind or visited by insects for pollination to take place [30, 43]. If grown in 
conditions where flower vibration is limited, such as in a greenhouse, fruit set can 
be very low. Flowers pollinated on Days −3-1 had the highest probability of fruit 
set. Fruit set then decline sharply until no fruit set on flowers pollinated on Day 4. 
Fruit set is strongly influenced by treatments designed to modify the pollen source 
and the vector. On average, two fruit set in open pollinated inflorescences and 0.6 
in inflorescences bagged to exclude external sources of pollen has been found. The 
flower pollination is carried out by honey bees (Apis melliferd) and bumblebees 
(Bombus terrestris or B. hortorum). Although fruit set is lower in both cases than in 
open-pollinated flowers, the quantity of fruits set per inflorescence is unaffected by 
the pollen source, whether “self” or “cross” (by hand pollination). Self-pollinated or 
cross-pollinated flowers produce between 0.7 and 0.9 fruit sets per inflorescence on 
average, as opposed to 2.0 from open-pollinated blooms (Figure 2).
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17. Fruit growth development and ripening

Fruit growth and development involves changes in its morphology, anatomy and 
physiology whilst fruit ripening is associated with dramatic changes in rind texture, color, 
juice composition, increase in softness due to changes in the cell walls, the metabolism 
of organic acids and the development of compounds involved in flavor and taste. During 
development it follows a simple sigmoid growth curve and during ripening it behaves 
as a non-climacteric fruit. Fruit growth shows an increase of fresh weight (and volume) 
fast and linear between the sixth and sixteenth week after this period the growth ceases 
[65, 73]. However, the weight dryness of the fruit continues to increase until reach a 
maximum in the twentieth week after anthesis. Tamarillos are commercially mature at 
21–24 weeks after anthesis. Maturity is indicated by color, firmness, juice content and sol-
uble solids content. Heatherbell et al. [74] reported that tamarillo fruits grew rapidly and 
reached full size within 16 weeks after anthesis and maturity is attained 11 weeks later i.e., 
at about 27 weeks. Marked changes in the skin and pulp color occur during development. 
After 15 weeks the first purple coloration of the skin appears, and thereafter increase 
in intensity. The green chlorophyll underlay disappears from the fruits between 18 and 
22 weeks. Tamarillo is a non-climacteric fruit; therefore, it does not exhibit adequate 
self-stimulated increase in ethylene production and a consequent respiratory increase as 
part of its ripening behavior [65]. Pratt and Reid [65] harvested red and yellow tamarillos 
from 5 to 23 weeks of age and they monitored their respiration rate, demonstrating that 
the respiratory rate decreases as the age of the fruit increases. The ripe fruits presented a 
relatively high respiratory rate immediately after harvest (35 mg CO2 kg−1 h−1 at 20°C), 
which then decreased gently until the beginning of the senescence. In this study the eth-
ylene production of the fruits harvested was measured and it was shown to be negligible 
length of fruit development (less than 0.10 μl kg−1 h−1 at 20°C) until the beginning of the 
senescence, when it increases abruptly together with the respiratory rate.

Figure 2. 
Floral phenology of the tamarillo flower based on observations from 20 flowers grown under glasshouse conditions 
(EPP—effective pollination period) [73].
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Tamarillos of red cultivars remain green until the fruit growth around the sixteenth 
week after anthesis. From that moment, it begins to appear a violet color at the apical 
end subsequently, it will spread over the whole fruit. Around the nineteenth week 
after anthesis, the green base color begins to turn yellow and the apparent color purple 
reveals to be red. Violaceous coloring of the tissue surrounding the seeds is evident 
around the 12th week after anthesis, and intensifies until the Twenty-first week, when 
it begins decrease in intensity again. The fruits of yellow cultivars present a pattern 
of similar color change, except that the red coloration is very slight, resulting finally 
in a light orange color, and without that red pigmentation appears around the seeds. 
Changes in skin color are due to the degradation of chlorophyll and increase in the con-
centration of anthocyanins and carotenes. However, the increase in concentration of 
anthocyanins in the skin is very small in the 4–6 weeks before the commercial maturity. 
The concentration of anthocyanins, carotenes and chlorophylls from the tissue that 
surrounds the seeds is maximum when the fruit is in the violet state and then decreases.

The immature fruits have a high Starch content (14% of fresh weight) that, before 
the end of the stage of active growth, begins to decrease until reach less than 1% in 
ripe fruits. The decrease in starch content is accompanied by an increase in concentra-
tion of soluble solids and sugars. The sucrose is the predominant sugar in tamarillos. 
The citric and the malic are the organic acids predominant in tamarillo throughout the 
fruit development. The concentration of citric acid increases rapidly during the period 
of active fruit growth, reaching more than 2% of the fresh weight; the decreases up 
to 1.4% in mature fruits. Malic acid concentration is relatively low during the entire 
period of fruit development (0.2% of fresh weight in mature fruits). The pectin con-
tent decreases throughout the fruit development. The lysis of unions between pectin’s 
and hemicelluloses results in increase in the solubilization of pectin’s during ripening. 
Tamarillo’s soluble solid content appears to rise to 10–12°B during ripening (normally, 
the values range between 10.0 and 13.5°B), while the titratable acidity gradually 
declines (typically, the values range between 1.0 and 2.4%), increasing the SSC/TA 
ratio and, as a result, the sensory flavor rating. The stems also undergo changes when 
the fruit ripens, turning yellow instead of green as a result of increased water loss and 
chlorophyll degradation [75]. Further, according to [76] an SSC value over 12% can 
qualify tamarillo either for raw consumption or industrial processing.

18. Fruit retention and fruit drop

Self-pollination occurs naturally in tree tomato blossoms. Unless there are bees to 
transmit the pollen, pollination may suffer if wind is fully stopped so as not to move 
the branches. Flowers that have not been pollinated will wilt quickly.

19. Harvesting and yield

The tree typically starts bearing when it is 1 1/2 to 2 years old and keeps producing 
for another 5 or 6 years. It may continue to bear fruit for 11–12 years if given appropriate 
nutrition. The crop does not ripen simultaneously and several pickings are necessary. 
Tamarillos are picked when fully colored. The optimum time to harvest the tamarillos 
of red cultivars is when they are violet color. Other recommended indices to determine 
the maturity of the fruit with greater accuracy are the firmness, the content of juice and 
the content of soluble solids [66]. The color of the pedicel in combination with the skin 
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color was also suggested as Maturity index. Fruit can also be picked when they are at the 
turning stage (when the green color of the skin begins to change and the characteristic 
skin color begins to show) and then treated with ethylene to stimulate ripening [66, 69]. 
This early picking and subsequent postharvest ripening reduce the risk of crop failure, 
increases earliness and concentrates harvesting as it allows harvesting to be advanced by 
up to 1 month [66]. The fruits are clipped, leaving about 12.5 cm of stem attached. They 
are collected in bags worn by the harvesters. A single tree can produce more than 30 kg 
fruits per year. A regular orchard yields 15–17 tons per hectare.

20. Protected/high tech cultivation

Tamarillos are suitable for growing as indoor container plants, though their swift 
growth, their light, water and humidity requirements and their large leaves can pose 
a challenge within a limited space. Plants grown in the greenhouse are heavily pruned 
to prevent excessive vegetative growth. Greenhouse tamarillo production can be 
somewhat inconvenient due to its long life and extended growing cycle [77]. If grown 
in conditions where flower vibration is limited, such as in a greenhouse, fruit set can 
be very low [78].

21. Disease, pest and physiological disorders

21.1 Diseases

21.1.1 Powdery mildew and leaf spot

If left unchecked, this fungus can produce a significant amount of defoliation. It is 
possible to remove powdery mildew by using commercial pesticide washes and neem 
oil sprays (Oidium sp.).

21.1.2 Bacterial blast

It is caused by Pseudomonas syringae and P. solanacearum. It affects the shoot and 
leaves. Anthracnose (Colletotrichum gloeosporioides).

21.1.3 Anthracnose (Colletotrichum gloeosporioides)

The damage it inflicts is immense. Good orchard management can help lower the 
risk of pest and disease control in markets that demand immaculate fruit. As long as 
the nursery is kept clean, predator insects can reduce the need for chemical pesticides.

21.2 Viral diseases

21.2.1 Tamarillo mosaic virus (TaMV)

TaMV symptoms include a mosaic mottling on the leaf and ugly irregular spots on 
the fruit skin that are a darker red than the cultivar’s typical skin color. Inside the fruit, 
there are no visible symptoms, and the eating quality is unaffected. Due to the milder 
background color typical of this variety of fruit, the darker red splotch on golden 
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tamarillos is particularly ugly. The plants grow stunted as a result. TaMV can only be 
controlled after symptoms occur by removing trees that are seriously infested [79].

21.2.2 Cucumber mosaic virus and potato virus Y

These not only diminish the plant’s strength and health but also distort the leaves, 
produce skin blemishes, and lower the plant’s marketability. They result in fruit 
mottling and yield loss. The severity of the symptoms will be greater if multiple 
viruses have simultaneously attacked the plant and will be worse on young or sickly 
plants. In the valleys of Ecuador’s Pichincha region, PLRV, ToRSV, PVY, and AMV 
were the most often discovered viruses linked to symptoms of viral diseases [80]. 
Alfalfa mosaic virus (AIMV), tomato spotted wilt virus (TSWV), arabis mosaic virus 
(ArMV), tobacco streak virus (TSV), and tomato aspermy virus (TAV) are other 
viruses that have affected the tamarillo, albeit the losses they cause are not as severe 
as those produced by TaMV [56]. The Colombian tamarillo crop’s declining yield is 
caused by a virus complex [81]. Phytosanitary problem, among which anthracnose 
(Colletotrichum acutatum) and viruses (PLCR, CMV, Potyvirus and ToMV) and 
others, apparently less influential (AMV, ToRSV and TSWV) has major effect on 
expansion plans of the tamarillo cultivation in Colombia [82]. Good orchard hygiene, 
pruning and burring infected plants and a good pest management programme will 
help to reduce pests and diseases in crop. A suitable spraying schedule can also be 
helpful. However, there is no cure for a virus once it has infected a plant; the only 
option is prevention. Since aphids are the primary transmitters of viruses, it is crucial 
to have effective control over them. Since there is no proof that viruses affecting 
the tamarillo may be propagated by seed, seed-based reproduction is a strategy for 
restricting their spread.

21.3 Nematodes

The plant is also harmed by Pseudomonas solanacearum wilt, root knot 
(Meloidogyne sp.), root rot, crown rot, and other diseases. Good cultural norms 
ought to help prevent these issues.

21.4 Physiological disorders

21.4.1 Abnormality

In order to make jam, small, hard, irregular, semi-transparent stones that are 
present in the flesh of tree tomatoes must be strained out. If these resemble the two 
grit-filled bumps in the fruit’s wall, that is unknown. Probably in the form of silicates, 
borates, aluminum-magnesium-oxygen complexes, aluminates, or magnesium 
oxides, these stones are highly concentrated sources of sodium and calcium.

21.4.2 Fruit scarring

Tamarillo fruit scarring is a cosmetic condition that costs New Zealand’s tamarillo 
growers significantly lost revenue [83]. According to estimates, the condition affects 
10–20% of the fruit, which will result in considerable economic losses. When the scars 
are about 3 cm long, they first appear as little, dark lines on the skin of young fruit. 
As the fruit grows, the scars turn into corky lesions. Phillips et al. [84] reported that a 
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physical injury caused the scarring. A dark, uneven, and crazy corky scar was rou-
tinely produced when the epidermal layer was scratched with a toothbrush. Physical 
injury such as wind rub has been reported to cause corky scarring in other fruits also, 
such as avocado [72]. Wounding fruitlets by scratching or removing a patch of epider-
mis resulted in the characteristic scarring, which suggests that any type of physical 
epidermal damage incurred early in fruit development may result in scarring.

22. Package and transport

Fruits are sorted by size as small, medium, large and packed in paper-lined 
wooden boxes for marketing. Polythene films can also be used to reduce water loss 
and maintain fruit quality [85]. Packaging usually consists of wooden or cardboard 
boxes containing one tray of tamarillos or preformed plastic trays with 3–8 fruits. 
Because of its firm flesh and tough skin, the fruit can be transported to long distances 
without bruising. However, it deteriorates rather rapidly under ordinary storage 
conditions.

23. Postharvest handling and storage

Different studies carried out to improve post harvesting ripeness showed that 
application of ethylene or ethephon is helpful to decrease the risk of crop failure and 
an earlier delivery to the consumer, thereby enhancing the marketability of tamarillo 
[67]. The fragile lateral branches can break easily when loaded with fruits, so prema-
ture harvest helps to reduce this risk and allows storage of fruits up to 20 days at room 
temperature. Tamarillos can be stored for about 12–14 weeks at 3.5–4.5°C. A cold 
water dipping process, developed by the New Zealand Department of Scientific and 
Industrial Research also allows further storage of 6–10 weeks. At higher temperatures, 
postharvest diseases multiply rapidly. One of the main causes of postharvest loss is 
bitter rot caused by a Colletotrichum sp. Applications of postharvest fungicides greatly 
reduce the number of fruits affected. Another alternative for postharvest disease 
control is to dip the fruit in water at 5°C for 10 min [86]. Temperatures below 7°C will 
reduce softening, weight loss, TA reduction, and color change, among other posthar-
vest handling characteristics that might impact quality. On the other hand, extremely 
low temperatures (between 0 and 2°C) raise the danger of chilling injury and worsen 
stem and calyx discolouration.

24. Processing and value addition

Pomegranate can be used in both savory and sweet dishes, and it can even be 
eaten raw. Fruits can be used to make preserves because of their high pectin content. 
However, if they are left untreated, they will oxidize and eventually fade. Yellow 
fruit is preferred for industrial production. As it turns out, it can be utilized in the 
same way as tomatoes are used in many other cuisines. Simply slice the tomatoes 
in half, sprinkle them with sugar, then consume the pulp and flesh by scooping it 
out. Chopped bacon and cream cheese go on top of sandwiches. Diced fruits, bread 
crumbs, butter, and seasonings are used as a stuffing for roast lamb. Dessert in the 
form of a pie sliced tree tomatoes, either on their own or accompanied by an apple, 
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are available. They may be filled with water or sugar syrup, then packed into plastic 
containers with 50% sugar syrup and quickly frozen for later use as pie fillings or 
puddings. In a blender or on the stove, puree the peeled fruits, remove the seeds, and 
freeze in containers. Before blending, add some lemon juice into the purée to enhance 
the flavor even further. Several slices of fresh tree tomato are placed on top of the 
gelatin, milk, sugar, and lemon juice-cooked fruits. Cooking tree tomatoes with sugar, 
lemon zest, and juice results in a jam or chutney; the tomatoes can also be cooked with 
onions and apples for chutney, depending on the desired consistency. Chutney for the 
commercial market is made in an Auckland, New Zealand, facility. Pectin in the fruit 
makes it simple to turn into jelly, but the fruit quickly oxidizes and discolors if not 
treated further. Using whole, peeled fruits and sugar, a thick sauce is cooked to serve 
with ice cream. The peeled fruits can be used for tomatoes in tomato sauce. Tamarillo 
jelly can be made from tomatoes with a 50°C Brix sugar concentration, sucrose, and 
2% pectin.

25. Conclusions

Tamarillo is a very unique fruit with not only a distinct flavor but also a fascinating 
history. This fruit is immensely popular in New Zealand, despite the fact that it is 
native to South America. Tamarillo grows best in a subtropical climate, although it can 
also be grown in areas where citrus crops are grown. Although it is currently grown 
in many countries, it is only commercially farmed in New Zealand and a few parts of 
South America. It rarely bears fruit in low-lying tropical places. It grows quickly and 
bears fruit in about 18 months. It reaches a height of around two meters and has a 
lifespan of about 7 years. Seeds or cuttings are commonly used for propagation, with 
plant trimming for efficient production varying according on the propagation method. 
Tamarillo plants are wind-sensitive and should be planted in naturally sheltered 
regions or protected by windbreaks. It is a really attractive fruit with a smooth and 
shiny skin on the outside. Vitamins, minerals, fiber, and antioxidants abound in this 
fruit. It has a very low-calorie count. It can be eaten after harvesting, much like most 
fruits. Juices, concentrates, jams, gelatins, and desserts are all made from it. It could 
be exported as fruit pulp or concentrate if processing facilities and suitable transpor-
tation are available. The tamarillo provides a chance to diversify fruit production in 
many subtropical fruit production locations as a high-value cash crop, with fine fruits 
fetching premium prices in niche markets in Europe, North America, and Japan.
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Abstract

Pineapple cultivation has had the greatest impact on the market and that has 
increased world production in the recent decades in all tropical and subtropical areas. 
It is one of the crops that best adapts to these environmental conditions. In Mexico, 
its production has decreased significantly. Tabasco pineapple producers have been 
facing various problems that have further worsened. The main causes of the crisis 
are increase in input costs, lack of provision of technical advice to small and medium 
producers, little support of field programs by the government, and the growth of 
imports of industrialized pineapple. At the same time, the problem is seen during the 
cultivation of pineapple in the field. The producer sows the plant with fertilization 
without having chemical tests of the soil and irrigation waterdue to the costs and no 
interpretation of the results of these soil analyses. This affects the harvest and quality 
of the pineapple in its sale price.

Keywords: fertility, phenological phases, price and soil

1. Introduction

Pineapple (Anana comosus (L.) Merr.) is a species of high commercial demand. 
MD-2 is among the most promising pineapple varieties, which has captured the 
consumer appeal in recent years [1]. Pineapple is very demanding in mineral elements 
such as nitrogen, phosphorus, potassium, boron, calcium, zinc, magnesium, magne-
sium, copper and humic-fulmic acids, which are applied in the region with chemical 
fertilization, with minimal use of compost or organic materials such as cattle or sheep 
manure existing in the region. The large number of inputs used includes the use of 
insecticides, nematicides, acaricides, and fungicides that contribute to contaminating 
the region’s soils. The pineapple clones that are currently enjoying the greatest growth 
are MD2 and the smooth cayenne cultivars in the state of Tabasco [2].
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The Mexican tropics present appropriate agroecological conditions for the 
development of tropical crops such as pineapple (Ananas comosus). Its fruit is highly 
demanded due to its pleasant flavor and aroma, as well as its content of vitamins A, 
B and C, is highly demanded in various markets of the world [3]. Maximum growth 
potential is expressed in subtropical, warm and humid climates. Therefore, its 
production is mainly distributed between latitudes 30° north latitude N and S [4]. 
The second place in the world production of tropical fruit trees, only surpassed by 
the mango [5], although it is native to Brazil and Paraguay, especially from the Paraná 
River basin [6]. Currently the main pineapple producing countries are Costa Rica, 
Brazil, the Philippines and Thailand [7].

Regarding the alternatives put in place by some farmers in the municipality of 
Huimanguillo, Tabasco, to improve their land, there is the use of compost that under-
goes a biological process through which it is possible to convert organic waste into 
stable organic matter (mature compost), due to the action of various microorganisms. 
The most common applications of composting include the treatment of agricultural 
waste and garden waste, mainly and fertilizers from animal farms. As stated above, 
the objective of the present study is focused on the production of national and inter-
national commercial pineapple and some problems that arise during the production 
process in the field.

2. Pineapple

Pineapple (A. comosus L.) is a tropical fruit native to Brazil. The ancestors called it 
Ananas, which means “excellent fruit”. Pineapple is a fruit of the Bromeliaceae family, 
it is non-climacteric that produces small amounts of ethylene in terms of ripening 
[8]. It is a perennial plant with a base formed by the compact union of several leaves 
forming a rosette. The concavities of the leaves can give rise to shoots with small basal 
rosettes (Figure 1), which facilitate the vegetative reproduction of the plant. They 
have a stem after 1–2 years that grows longitudinally and forms an inflorescence at the 
end. Its leaves are thorny that measure 30–100 cm long, its flowers are pink and have 
three petals that grow in the axils of pointed bracts and hypogynous ovary. Its flowers 
are grouped in spike inflorescences of about 30 cm in length with a thickened stem. 
The flowers bear fruit without need for fertilization and from the hypogynous ovary 
berry-shaped fruits develop, which together with the axis of the inflorescence and the 
bracts, give rise to a fleshy infructescence [8].

The main varieties are classified into six groups according to their growth habits, 
fruit shape, flesh characteristics and leaf morphology and have spread throughout 
the world based on their ability to adapt to local pedoclimatic conditions: 1) Cayenne 
(Figure 2), 2) Española, 3) Queen, 4) Pernambuco, 5) Perolera and 6) Gold “Extra 
Sweet” MD-2 [9].

Pineapple (A. comosus (L.) Merr.) has been for years one of the economic resources 
for export in many countries, is the United States (over 95% of exports), Argentina, 
Arabia Saudita, Chile, Egipto, Emiratos Árabes Unidos, the European Union and now 
Canada especially the cultivar Gold “Extra Sweet” MD-2, which due to its content 
of soluble solids, aroma and color has been preferred and has remained number one 
in world markets. This plant is fast growing and has a shorter production cycle; in 
addition, the production yields very sweet and pineapple juice extraction, although 
it is recognized that it is susceptible to mechanical damage and Phytophthora [10]. 
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Replacing the low-yielding cultivars with the better ones is a difficult task, consider-
ing that pineapple is one of the fruit trees with a high planting density, around 60,000 
propagules per hectare for ‘MD-2’ and, at the same time, is the one that produces 
fewer propagules naturally [11].

3. National and international pineapple production

In Mexico, pineapple was produced in 14 states during year 2019. Although 80% 
of the production was concentrated in the Bajo Papaloapan region, which include 
seven municipalities in the state of Veracruz: Isla, Juan Rodríguez Clara, José Azuela, 
Chacaltianguis, Medellín, Alvarado, Tlalixcoyan and two municipalities in the state of 
Oaxaca: Loma Bonita and Tuxtepec. Both the area planted and pineapple production 

Figure 1. 
Plant with a base formed by the compact union of several leaves forming a rosette.

Figure 2. 
The pineapple (Ananas comosus (L.) Merr.) that is produced in the soil of the sabana municipality of 
Huimanguillo, Tabasco.
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have increased from 13.93 thousand ha to 376.15 thousand t in 1980 to 44.18 thousand 
ha and 1041.16 thousand t in 2019, which represents an average annual growth rate of 
3% and 2.6%, respectively, Tuxtepec [12]. Therefore, pineapple is considered as the 
second most important tropical crop in the world after bananas, contributing more 
than 20% of the world volume of tropical fruits. Until 2002, Mexico occupied the 
seventh position in the world in pineapple production, contributing 4% of the total 
world volume Tuxtepec [13].

Worldwide, there are 14 countries that dominate pineapple cultivation, in 
which Mexico is the leader in yield with 42.8 t ha−1, but its production is surpassed 
by Thailand, the Philippines, Brazil, and China, who report yields of 23.6 t ha−1, 
37.5 t ha−1, 24.3 t ha−1 and 36.2 t ha−1 respectively Tuxtepec [14]. Although there are 
other countries that has greater production compared to Mexico, however, these are 
not considered important since their participation in the world market is less than 
2%. The cultivated area of pineapple in Mexico in 2008 was 29.46 thousand hectares, 
which produced 718.29 thousand tons, with a value of $94.92 million dollar USD [14].

The state of Tabasco in 2008 ranked fourth in planted area with 1287 hectares, 
and third in production with 42,400 tons, which reached a value of $6.17 million 
dollar USD [14]. The largest importer of pineapple worldwide is the United States 
with 696.82 thousand tons. Although Canada, another trading partner of Mexico, in 
the same year imported 102.06 thousand tons [15], even though Mexico is one of the 
most important trading partners for the US and Canada, it does not export pineapple. 
Which is due, among other things, to the area dedicated to this crop [16].

4. Economic importance

Although pineapple is grown in the state of Tabasco, the government, through 
various institutions, carried out agroecological zoning studies to find out areas having 
the greatest production potential for pineapple cultivation. The world pineapple 
market is 2.49 million tons, which is imported by 123 countries. 74.31% of the world 
pineapple market is dominated by eight countries listed below in order of importance: 
United States (696,820 t), Belgium (292,499 t), Netherlands (200,026 t), Germany 
(167,416 t), Japan (165,794 t), United Kingdom (116,730 t), Spain (113,182 t) and 
Canada (102,064 t) [15].

The pineapple cultivation is profitable when more than 45.8 t ha−1 fruit is pro-
duced. 5.96 thousand ha area was identified with great potential to produce pineapple 
mainly located in Campeche, Chiapas, Oaxaca, Puebla, Quintana Roo, Tabasco, 
Veracruz and Yucatán. It is concluded that pineapple production is profitable in those 
regions that present ideal agroecological conditions for its production. The main 
marketing channels for fresh pineapple in Mexico are: 1.- Central de Abasto de la 
Ciudad de Mexico: In this center it is acquired between 30 and 35% of the total vol-
ume of national production that is channeled to the fresh pineapple market. However, 
all this volume is not consumed in Mexico City and the metropolitan area rather an 
important part is redistributed to other supply centers in the interior of the country. 
2.- Central de Abasto de Monterrey: In this center, 20% of the produced crop volume 
is acquired. This plant supplies the market in the north of the country. 3.-Central 
de Abasto de Guadalajara: This center acquires an average of 10% of the national 
production destined for the fresh market. 4.- Second-order markets such as Puebla, 
Chihuahua, Tamaulipas, Yucatán and Michoacán, acquire 10% and 5.- Smaller places 
and self-service chains consume the remaining 30–35% [15, 16].
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5. Limiting factors in production

The factors that limit pineapple production are potential of the soils including 
soil fertility, acidity, excess or deficit of water, clay content, soil erosion, nutritional 
deficiencies, presence of Na, alkalinity and low CIC that, alone or in groups, influence 
the detriment of soil fertility [17].

The acid soils of the Sabana de Huimanguillo are characterized by high phos-
phorus fixation, deficiencies of zinc, boron, calcium, magnesium and potassium, 
low rate of formation of ammonium and nitrates, in addition to a high percentage of 
aluminum saturation [18]. These restrictive soil fertility conditions are manifested in 
foliar deficiencies that affect the yield and quality of citrus and pineapple fruits. For 
this reason, acid soils are classified with the methodology of the Integrated System 
for There are programs with advice and recommendations for pineapple production 
such as cultural work, prevention and management of diseases and pests, fertilization 
doses to avoid macro and micronutrient deficiencies, depending on the pineapple 
variety, but these programs do not reach the small producers, they empirically 
produce even the fruit, and a third party buys at the foot of the field at a lower price 
than in the market [19].

Pineapple cultivation affects the natural environment (Figure 3). In many pro-
ducing countries, there is a fruit sector of small producers whose plots are modest in 
size and have very little impact on the environment. However, industrial production, 
which produces most of the fruit destined both for fresh export and for processing, 
has important consequences for the environment.

6. Conclusions

The pineapple cultivation in Tabasco has been affected by the little support and 
technological interest which consequently increased the total costs of production. 
Furthermore, due to disproportionate increase in the application of chemical inputs, 
the cultivation surface and little or no technical advice, has made it difficult to place 
surplus production in the internal market. The situation is further aggravated by 
entry of the processed pineapple into the national territory through unfair trade 
practices. The small producers that produce the pineapple fruit without programs, 
recommendations to obtain better management and quality of the fruit, there is a 

Figure 3. 
Pineapple cultivation: a) Crop with problems of nutritional deficiency and excess water, b) crop in full growth 
with the proper management of fertilization doses and c) Development and growth of pineapple maguey without 
deficiencies and adequate drainage.
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Abstract

Cassava, a tropical root crop, provides the staple food for millions of people 
around the world. It is one of the tuber crops that could be cultivated on a small scale 
in an environment with erratic rainfall, and without necessarily needing heavy equip-
ment and machineries. Cassava could be successfully cultivated by resource-poor 
farm family. Farmers’ productivity could be as much as 70 tonnes per hectares under 
favourable conditions. However, smallholder farmers do among other things improve 
productivity through proven cultural practices and a mix of organic and inorganic 
measures. Irrigation is very necessary for achieving bumper harvest in areas with 
shortage of rainfall and insufficient soil moisture content. The concept of sustain-
ability in the practice of agriculture has been on the front burner world over in recent 
time. Therefore, the cultivation of cassava with the aim of increased productivity 
without jeopardising the factors of production meant for future time is encouraged. 
Practices that combine traditional knowledge with modern technologies that are 
adapted to the needs of small-scale farmers are on the increase around the world. 
Depending on the purpose, cassava could be harvested anytime from eight month. 
Cassava leaves could serve as vegetable and the stems use as fire wood.

Keywords: cassava, farmers, food, sustainability, smallholder

1. Introduction

Cassava (Manihot esculenta), a shrub that could survive up to 3 years or more is 
planted mainly in tropic and the sub-tropic regions of the world. It is a food crop 
cultivated for the consumption of its roots (Figures 1 and 2) and other various end 
products. Cassava is a very important staple crop in Africa, Asia and Latin America. 
Due to its low cold tolerant nature, it does not do well in temperate regions of the 
world. It is a crop cultivated by majority of resource-poor farm families. Cassava 
is a crop that can withstand vagaries of weather condition; it can survive in a poor 
environment where other crops could hardly survive. It can survive in an acidic soil 
where other crops could hardly survive. There is a mutual relationship between cas-
sava root and soil fungi which enable it to take phosphorus and other micronutrients 
from the surroundings. The whitish liquid (hydrogen cyanide) from cassava is deadly 
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to both human and livestock. And as such it must be fermented and properly drained 
before fed to livestock or consume by man. Cassava maximizes available soil moisture 
content. Also, it is hardy and resistant to common pests and diseases of crops. With 
limited inputs, farmers can achieve a lot in term of output. The root is about 65–70% 
water but when processed, the dry matter could be as much as 3350 kg per tonne 
depending on the cultivar. It is a common staple food that could be afforded by the 
poor almost everywhere around the globe because it is relatively cheap. It is better 
harvested any moment from 6 month when it is to be consumed as food. The longer it 
stays in the soil the higher the starch concentration. It implies that those who cultivate 
it solely for starch would get more when it stays longer in the soil before harvesting.

Cassava is very rich in carbohydrate, and the calorie is high. It is energy given food 
which seriously help to mitigate the incidence of famine among the rural poor in sub-
Sahara Africa and other places where it is cultivated. Also, cassava is rich in vitamin 
C, thiamine, riboflavin and niacin [1]. It is normally peeled and cooked to remove the 
cyanide acid.

The cyanide gas is volatile and would escape in the course of processing, making 
it and its bye-products fit for consumption. Relatedly, cassava mash is processed (by 

Figure 1. 
A typical cassava farm/plant/root.

Figure 2. 
Cassava root and a leaf.
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drying, roasting or boiling) into coarse flour and other food products. Furthermore, 
cassava could be cultivated for the sole purpose of harvesting its leaf (Figure 3).

According to [2] the leaf contain about 27% protein when dried. Both the leaves and 
the roots can be fed to livestock, and the stem could serve as firewood. Also, starch, which 
is one of the by-products of cassava serves as raw materials in food manufacturing, phar-
maceuticals, textiles, plywood, paper and adhesives, and for the production of ethanol.

2. Cultural practices

Cultural practices are the activities involved in the cultivation of cassava from the 
decision to plant it, site selection and right up to the harvesting and post harvesting 
operations. There have been campaigns worldwide against practices that are inimi-
cal to the human environment. Farmers are being enjoined to embrace eco-friendly 
agriculture. It has been observed overtime that the traditional ways of farming is 
not sustainable. Traditional methods such as plowing, harrowing, ridging and other 
operations which disturb soil structure and disrupts soil micro-organic activities are 
being replaced by environmental-friendly agriculture (zero or minimum tillage). 
Also, the use of bio-nutrients such as organic fertilizers, mulching and integrated 
pest management (IPM) are to be chosen instead of mineral fertilizers and chemical 
pesticides. Mineral fertilizers are volatile and as such release harmful gases into the 
air. Also, the leaching of the mineral fertilizers into water below the soil and runoff by 
erosion cause pollution to the water bodies. Also, the residue of the mineral fertilizer 
is toxic to the soil and the environment.

Moreover, in order to mitigate the vagary of challenges associated with agri-
culture, farmers engage in the mix of different crops on the same plot of land. 

Figure 3. 
Cassava leaves.
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This strategy helps to reinforce soil fertility, and lessen the perennial problem of 
market and or price instability peculiar to agriculture and its products. For instance, 
having a mixture of nutrient-demanding and nutrient-giving crops such as cassava 
and any leguminous crop helps to stabilize the soil nutrient. Also, crop specific pests 
and diseases will not have freedom of self-perpetuation. The intercrops among other 
things enriched soil organic matter and reduce if not eliminate soil erosion and leach-
ing of nutrients beyond the reach of plants’ roots. Having more than a crop on a plot 
of land is a form of diversification which enhances food security.

Cassava requires soil with a loose texture to allow for initial root penetration 
and strengthening. It’s susceptible to weed competition and too much moisture in 
the soil. Because of these factors, it is typically planted on soil that has been loos-
ened and weed-free. Conventional tillage makes it easy to fix stakes in degraded 
and unstructured soils and provides well-drained, aerated conditions for the 
root system [3]. Crop yields on the other hand, are determined by soil conditions 
rather than tillage. Cassava stakes can also be planted in non-tilled soil and give 
good yields, as long as the soil is healthy, well-structured, and free of compaction. 
Soils that are pliable and rich in organic matter are the best for its cultivation.

Farmers usually plant stem cuttings (planting materials) on manually created 
mounds or ridges where soils possess weak physical qualities. Conventional plowing, 
especially with tractor-mounted plows, harrows, and other heavy machines, bury 
the protective cover of the soil, kills soil microorganisms, promotes fast decomposi-
tion of organic matter, and damages soil structure by pulverizing soil aggregates. 
Season after season of plowing or hoeing the soil at the same depth results into a 
compacted soil layer commonly located below the topsoil, and that makes it difficult 
for water and roots to penetrate. For ongoing crop production in such soils, mechani-
cal loosening will be required, but at the expense of increased soil degradation. 
Growing cassava without tillage in the same soil may result in poorer yields in the 
first few years. However, in the long run, by decreasing mineralization, erosion, and 
water loss, organic matter may build up while also ensuring soil aggregate stability 
and internal drainage. Zero tillage enhances root function to the greatest extent 
possible. Once soil health has been restored, untilled land can generate high yields at 
a cheaper cost to both the farmer and the farming system’s natural resource base [4].

3. Cover crops and mulching

Another fundamental strategy for enjoying the full benefits of conserva-
tion tillage is maintaining a continuous ground cover. Because cassava’s initial 
development is slow, the soil is exposed to direct rain at the first few months of 
its growth, and the wide spacing between planted stakes favors the appearance 
of weeds. Therefore, ground cover is very crucial in cassava cultivation. Farmers 
cover the soil surface with mulch, such as crop residues, or grow cover crops, to 
protect the soil surface, reduce runoff and erosion, and inhibit weed growth. 
With little or no effort, cassava stakes can be planted simply through the mulch 
cover. Even during lengthy droughts, mulch cover protects the soil, reducing 
daily temperature changes and water loss. It raises the organic matter content of 
the soil and creates a favorable environment for soil microorganisms and wildlife 
below ground. It favors higher yields by improving physical soil conditions: lower 
soil temperatures, higher levels of moisture, increased water infiltration capacity, 
and lower evaporation [5].



171

Cassava Production Enterprise in the Tropics
DOI: http://dx.doi.org/10.5772/intechopen.104677

4. Mixed cropping

Cassava is widely cultivated as a single crop in Thailand and southern Brazil, but 
intercropping is done by small-scale farmers in many parts of the tropics. Small scale 
farmers do normally produce early crops such as common beans, mung beans, pea-
nuts, corn, upland rice, and various types of grain legumes between the Cassava rows. 
This method has many advantages. It protects the soil from the direct effects of rain, 
reduces soil erosion due to runoff, and limits weed growth in the early stages of cas-
sava development. Intercropping also produces crops that can be harvested at differ-
ent times of the year, increasing total net income per unit area and reducing the risk 
of total crop failure. For example, in southwestern Nigeria, corn and cassava are often 
cultivated at the beginning of the twice-yearly rainy season. Corn is harvested during 
a short rain break, after which cassava continues alone. The two plants have different 
pest and disease and growth requirements, so if one fails, the other can survive.

5. Planting materials and species

Cassava does well on poor soils, and can withstand erratic rainfall. Its ability to pro-
duce good yields without fertilizer/agrochemicals and or other external resources makes 
it one of most widely grown staple. However, cassava’s potential will not be realized until 
some important production constraints are addressed by high yield and well adapted cul-
tivars. Cassava are more affected by biological restrictions than drought and high temper-
atures [3]. As the importance of cassava as a food, animal feed and industrial feedstock 
grows worldwide, there is a growing demand for varieties with specific characteristics 
and adaptation to different ecosystems. In Africa, new varieties are being developed as 
cultivation expands to dry savanna, semi-arid and subtropical regions and the transition 
to market-oriented production accelerates. Providing high-yielding, adapted cassava 
varieties to small-scale farmers via a specific system is very crucial. The system consists 
of three parts: conservation and distribution of genetic resources, variety development, 
production of high-quality and healthy planting materials and delivery to farmers.

6. Breeding improved varieties

The early introduction of cassava to Africa and Asia presented a limited gene 
choice that limits the diversity available to farmers to select new varieties. For 
instance, a single clone was cultivated by majority of the farmers in Thailand until 
the 1990s [5]. As researchers across different institutes and several domestic breeding 
programs take advantage of the vast national breeding programs, they have excel-
lent combinations of many useful traits. The availability of varieties has improved 
significantly in recent decades the genetic diversity available in gene banks. Breeding 
of high-yielding varieties with resistance or tolerance to biological and non-biological 
stress contributes to a significant increase in cassava yield and overall production.

7. Varieties and planting material

Stakes cut from healthy stems free of pests and diseases have a higher rate of 
sprouting and produce higher root yields. As a result, many farmers do not save 
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cassava stems for planting and frequently source cuttings from neighbors or in 
local markets; under such conditions, assuring the quality of planting material is 
practically impossible. Effective systems for routine multiplication and distribution 
of disease-free planting material of improved varieties is essential for sustainable 
intensification. Although several protocols have been developed for the rapid multi-
plication of cassava, and could be scaled up for the dedicated production of material 
that meets quality standards [6], very few countries have a formal seed system for 
cassava multiplication.

For the production of cassava, it is essential to maintain genetic purity and use high 
quality planting materials that are free of diseases and pathogens. Because cassava propa-
gates vegetatively (Figure 4), diseases and pests can continue for several generations.

This is a negligible problem with plant seeds. In addition, cassava cuttings are 
perishable, bulky, and cumbersome to transport and require significant storage space. 
Subsistence farmers usually harvest in small portions over a year, so storing stakes 
until the next planting is logistically challenging. Stakes cut from healthy stems free 
of pests and diseases have high germination rates and high root yields. As a result, 
many farmers do not preserve cassava stalks for planting and often procure cuttings 
from their neighbors or local markets. In such situations, it is virtually impossible to 
guarantee the quality of the planting material. An effective system for the daily repro-
duction and distribution of disease-free planting materials of improved cultivars is 
essential for sustainable production. Several protocols have been developed for rapid 
breeding of cassava and can be extended for targeted production of materials that 
meet quality standards [6]. Few countries have a formal stem multiplication system 
for cassava breeding.

To increase the efficiency of cassava stem production, IITA and Nigeria’s National 
Root Crops Research Institute have developed a rapid multiplication technology, 
which involves cutting cassava stems into stakes with 2 or 3 nodes, rather than the 
usual 5–7. With efficient field management, cassava stems can be harvested twice a 
year, at 6 and 12 months after planting, yielding around 50 times more stems than 
were used for planting [7]. In the absence of a national cassava seed system, cas-
sava development programmes in a number of African countries have used a 3-tier 

Figure 4. 
(a) Cassava stem (b) Planted cassava stem cuttings.
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community-based system of rapid multiplication to supply farmers with improved, 
healthy planting material [8]. At the top level, material from breeders is multiplied 
under optimal agronomic conditions on research stations and government farms to 
produce disease-free foundation seed. The secondary level involves further multipli-
cation on farms often run by farmer groups, community organizations and NGOs. 
Certified material is then distributed to tertiary multiplication sites, which are the 
main and most readily accessible source of stems [9].

High participation in grassroots growth was achieved through the Great Lakes 
Cassava Initiative, managed by the Catholic Relief Services Foundation and sup-
ported by the Bill & Melinda Gates Foundation. It established a network of 6500 
small breeding plots with an average size of 0.3 ha, each serving about 350 local 
farmers and contributing to the breeding of a total of 33.6 million stems. This initia-
tive also introduced a low-cost quality control protocol based on visual assessments 
to assess variety purity and pest and disease assessments. The use of poor-quality 
planting material will remain one of the major causes of low cassava yields, especially 
in Latin America and Africa for some time to come. In the absence of efficient systems 
of multiplication and distribution, farmers can help to improve the situation using 
some simple local practices:

a. Take stems from healthy plants that are 8–12 months old, free of pests and 
diseases, growing in fertile soil, and producing high root yields. The primary 
stems of late-branching types with long, straight primary stems are the best.

b. Store cut stems in the shade, erect, with the base of the stems resting on dirt that 
has been loosened with a hoe and is frequently watered. Stems that have only 
been preserved for 5 days before being cut into stakes will sprout faster.

c. Just before planting, cut stems into stakes 20 cm long with 5–7 nodes each. The 
stakes should have a diameter of at least 3 cm, and the pith should be less than 
half the diameter of the stem.

d. Soak the stakes in hot water for 5–10 minutes before planting to destroy any pests 
or disease-causing organisms that may be present. It’s also easy to get the proper 
water temperature by mixing equal parts hot and cold water [10]. The stakes’ 
mother plants should have been appropriately fertilized to achieve large yields. 
Cassava plants cultivated on low-nitrogen, low-phosphorus, and low-potassium 
soil produce stakes that are also poor in those nutrients. In addition, they are low 
in starch, reducing sugars, and total sugars. Plants produced from low-nutrient 
stakes have a reduced rate of sprouting, produce fewer stems, and have poorer 
root yields as a result [11]. Some plants develop faster and produce more roots 
than others, even in a uniformly treated field. Farmers can boost the quantity of 
their next cassava harvest by only using stems from plants with strong root yields 
as planting material.

Rainfall is the only source of water for almost 80% of the world’s cropland. 
Rainfed cassava production accounts for up to 60% of worldwide agricultural 
output, and millions of the world’s poorest farmers rely on it for their livelihoods 
and food security. Irrigated agriculture produces up to three times more from the 
same unit area of land due to higher cultivation intensities and average yields. 
Agriculture, both rainfed and irrigated, faces significant obstacles. Irrigation is 
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under increasing pressure to produce more crops with fewer drops and to lessen its 
negative environmental implications, such as soil salinization and nitrate poisoning 
of drinking water, as competition for increasingly precious water resources intensi-
fies. More precise water-saving methods, including drip and micro-irrigation, 
should be used. Rainfed agricultural production is in grave danger as a result of 
climate change. By 2050, most scenarios predict a 30% or more decrease in rainfall 
runoff across large areas of Sub-Saharan Africa, South Asia, and Latin America. 
Crop yields are expected to drop in many developing countries as water flows grow 
more erratic, and the frequency of droughts and floods rises [12]. Nonetheless, a 
comprehensive review of agricultural water management indicated that rainfed 
areas have the highest potential for productivity gains [13]. However, better and 
drought-tolerant cultivars should be cultivated. In addition, widespread adoption 
of conservation tillage, mulching, and other soil management measures, as well as 
land deterioration and irrigation reversal should be practiced. Cassava, unlike most 
other food crops, does not have a crucial period for blooming and seed formation 
during which adequate soil moisture is required. It also has various water-saving 
defense mechanisms, and its roots can reach enormous depths to access subterra-
nean moisture stores [14]. Therefore, cassava can tolerate droughts for a long period 
of time [6].

8. Rainfed production

Cassava is nearly entirely a rainfed crop in most parts of the world. Rainfed 
cassava cultivation involves careful attention to planting dates, the use of planting 
methods and planting sites that make use of available soil moisture, and water-
conserving soil management procedures. Cassava may be grown all year if rainfall 
is evenly distributed, but it cannot be planted during seasons of excessive rains or 
drought [15]. Farmers in locations where there is only one rainy season per year plant 
as soon as the rains begin, which is normally in April–May in the northern tropics 
and October–November in the southern tropics. As the topsoil begins to dry out with 
the coming of the dry season, new plants will grow deeper roots once established. 
Before the start of the 5-month rainy season in Andhra Pradesh, India, farmers plant 
cassava in well-watered nursery beds to induce sprouting and root development. The 
rooted stakes are relocated to the field as the rains begin. If the early rains fail to hold 
off and any of the transplanted stakes perish, they are replaced with newly sprouted 
stakes from the nursery beds. Farmers can make the most of the short wet season by 
using this method, which eliminates the need for irrigation. In lowland paddy fields, 
however, some farmers plant short-duration cassava in February, after the rice has 
been harvested and the soil is still wet.

In lowland paddy fields, however, some farmers plant short-duration cassava 
in February, after the rice has been harvested and the soil is still wet. During the 
dry months that follow, the crop benefits from the leftover soil moisture, and it 
is harvested after 8 months before the area is utilized again for rice. Because the 
plants receive adequate soil moisture throughout the most essential stage of their 
growth cycle, planting early in the rainy season will normally generate the larg-
est yields. However, outputs depend on the cultivar of the crop planted. Also, 
the edaphic nature of the soil coupled with the maturity of the crop as well as the 
rainfall intensity reinforced to determine the harvest achieved by a farmer in a given 
year. Planting during the month of June for instance, resulted in yield of about 
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38 tonnes/hectare as against 26 tonnes/hectare at the beginning of dry season in 
October [15]. Later research at the same location in Thailand found that planting 
from August to November produced the highest average yield. A more recent experi-
ment, this one conducted over 3 years, yielded a different outcome. Cassava root 
yields were highest when it was planted in December, early in the dry season, and 
harvested 11 months later, in November [16].

Under rainfed agriculture, planting practices must be adapted to the soil moisture 
levels. Plant stakes on the tops of ridges or mounds to keep the roots above the stand-
ing water when the soil is poorly drained and overly wet due to heavy rainfall. This 
will also help to prevent root rot. When cassava is planted on the flat land in Thailand 
during dry periods, the rates of stake sprouting and plant survival are much higher, 
owing to the somewhat increased soil moisture content in the top 30 cm of soil [17]. 
In heavy and wet soils, stakes should be planted at a shallow depth of 5–10 cm, but 
slightly deeper in light-textured and dry soils.

With minimal tillage, which enhances internal drainage, the risk of waterlogging 
is reduced. When tillage is employed, farmland is better worked during the time when 
the internal drainage of the soil is optimum. The advantage of this is that it gives room 
for the practice of zero tillage which further enhances the soil condition. Planting 
2 months towards the end of rainy season is beneficial as it reduces weed menace.

9. Irrigated production

Cassava benefits from extra irrigation during rainless times when planted near 
the end of the rainy season or when the rainy season is relatively short. On level or 
almost flat land, flood or furrow irrigation can be used, but on sloping soil, overhead 
sprinklers or a spinning water cannon may be more practical. Irrigation at 100% of 
the crop’s water needs increased the root production attained without irrigation. It 
also marginally enhanced the starch content of roots while significantly lowering the 
hydrogen cyanide concentration [18].

Drip irrigation, which saves water while keeping soil moisture at a level that is very 
beneficial to crop growth, is more successful in terms of water use efficiency. Drip irri-
gation saves water by giving modest and frequent water applications (it also allows the 
farmer to water the cassava plants but not the weeds). Drip irrigation of cassava gener-
ated roughly the same yields as flood irrigation in trials in the severely arid zone. When 
drip irrigation was employed with the same amount of water as flood irrigation, yields 
increased significantly, reaching 67.3 tonnes somewhere in India [19]. Experiments 
conducted in south-western Nigeria yielded similar results. Rainfed cassava yielded 
root yields of fewer than 5 tonnes per hectare during the growing season. In plots with 
supplemental drip irrigation, yields increased dramatically as the amount of water 
provided increased. Irrigation resulted in yields of about 30 tonnes at 100% rainfall.

10. Crop nutrition

Agriculture must literally return to its roots to attain the increased production 
required to fulfill present and future demand by recognizing the value of healthy soil, 
drawing on natural sources of crop nutrition, and properly applying mineral fertil-
izer. The overuse of mineral fertilizer in agricultural production has resulted in severe 
environmental consequences, such as soil acidification, water contamination, and air 
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pollution. Fertilizer use that is more focused and sparing would save farmers money 
while also ensuring that nutrients reach crops and do not harm the air, soil, or rivers. 
The environmental impact of mineral fertilizer is a matter of management. In other 
words, the way with which fertilizers are used, particularly nitrogen (N) and phos-
phorus (P), affects whether this component of soil fertility management is beneficial 
to crops or harmful to the environment. Experience shows that crop nutrients from 
a mix of mineral fertilizer and organic sources, such as animal manure and trees and 
bushes, enrich the soil with nutrients, resulting in better and more sustainable yields 
of crops. Other biological relationships, such as those between plant roots and soil 
mycorrhizae, can improve crop nutrition. The foundation of a sustainable crop nutri-
tion system that yields more is a mix of ecological processes and judicious application 
of mineral fertilizer [12]. On soils where many other crops would fail, cassava may 
flourish and generate reasonable yields. It has a great tolerance for low-phosphorus 
and can often thrive without the use of phosphorus fertilizer. This is because cassava 
has created a favorable relationship with a fungus group known as “vesicular-arbus-
cular mycorrhizae” [13]. Mycorrhizae, which may be found in almost all natural soils, 
penetrate the cassava root and feed on the sugars it produces. In exchange, the fungi’s 
long filaments transfer phosphate and micronutrients to the plant from the surround-
ing soil. Cassava can absorb enough phosphorus for optimum growth because to this 
mutual relationship.

The plant tops contain the majority of the nutrients taken by cassava during its 
growth [6]. After the root harvest, returning stems and leaves to the soil as leaf litter 
or mulch nourishes the soil with new organic matter, and some of the nutrients are 
re-used by the following crop. When the plant tops are recycled, the root harvest 
eliminates less soil nutrients than most other crops [3]. A root yield of 15 tonnes per 
ha removes only about 30 kg of nitrogen, 20 kg of potassium (K), and just 3.5 kg of 
phosphorus [20]. Even after many years of continuous cassava production on the 
same land, there is little risk of phosphorus depletion. Cassava may be cultivated on 
very acidic and low-fertility soils due to its tolerance for low pH and the large levels of 
exchangeable aluminum that come with it. While maize and rice yields are typically 
negatively impacted when the soil pH is below 5 and aluminum saturation is above 
50%, cassava yields are typically unaffected until the soil pH is below 4.2 and alumi-
num saturation is beyond 80%. As a result, cassava may not require a lot of lime on 
acidic soils where other crops would struggle to do well.

11. Mineral fertilizer

Cassava responds positively to mineral fertilizer application. Traditional meth-
ods of managing soil fertility, such as intercropping and mulching increase cassava 
requirement for fertilizer. The harvest removes considerable amounts of nitrogen and 
potassium when root yields are high and wastes are not returned to the soil. Cassava 
would require annual per hectare treatments of 50–100 kg nitrogen, 65–80 kg 
potassium, and 10–20 kg phosphorus to maintain both yields and soil fertility. The 
predominant nutrient constraint was lack of K in 12 trials, lack of N in five trials, and 
lack of P in just two trials, according to the results of 19 long-term fertility studies 
conducted over 4–36 years of continuous cassava planting on the same plots. When 
suitable amounts of mineral fertilizer (100 kg N + 22 kg P + 83 kg K) were supplied 
annually and plant foliage was returned to the soil before each new planting, high 
root yields of up to 40 tonnes per ha were maintained in Thailand. Due to nutrient 
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depletion, notably of potassium, per hectare yields fell drastically when no fertilizer 
was provided and plant tops were removed from the field, from 30 tonnes in the first 
year to roughly 7 tonnes after 6 years. Similar effects have been observed in Colombia, 
India, Indonesia, Malaysia, Thailand, and Vietnam on a variety of soils [12].

Production of cassava on the same piece of land for several years would require 
adjustment in N-P-K balance to account for the removal of each nutrient during the 
root harvest. This can be accomplished by utilizing fertilizers with a 2:1:3 ratio of N, 
P2O5, and K2O, or any compound fertilizer high in K and N but low in P. Local fertil-
izer recommendations based on crop experiment outcomes and or simple fertilizer 
trials conducted in farmers’ fields should be considered first. Compound fertilizers 
should be used either when the stakes are planted or, preferably, at or shortly after 
planting. N and K should be sprayed in two parts, one at or soon after planting and 
the other 2–3 months later, when cassava reaches its maximum growth rate. The 
majority of mineral fertilizers dissolve quickly in soil water. They should be planted 
in 20–30 cm long, 4–5 cm deep bands dug at a distance of around 6–10 cm from the 
cassava stake or plant. The fertilizers should be covered with soil after application 
to prevent N volatilization and nutrient losses due to runoff and erosion. The plant’s 
roots will develop in the direction of the fertilizer solution to take up the nutrients.

12. Organic sources of nutrients

Mineral fertilizer can assist to reinforce yields. Nevertheless it cannot all alone 
sustain crop production for a long period of time on a depleted soil [21]. Farmers 
want to preserve and enhance soil best and fitness by the usage of different measures 
which include conservation tillage, alley cropping and manuring. Intercropping with 
grain legumes help fix atmospheric nitrogen to the soil. Although organic fixation 
cannot meet all of cassava’s nitrogen needs, it is however very important. Combining 
Leucaena with fertilizer bring about yields of greater than 20 tonnes. However, the 
benefit of alley cropping is limited in tropical soils which are largely barren or less 
productive. The mix of shrubs in rows of cassava in such area might bring about 
bumper harvest [6].

13. Pests and diseases

By cultivating insect-resistant cultivar, maintaining and encouraging biological 
control agents as well as regulating crop nutrient levels to minimize insect reproduc-
tion, agricultural losses to insects are kept to an acceptable minimum. Diseases are 
controlled through the use of disease-free planting material, pathogen-suppressing 
crop rotations, and the removal of affected host plants. To reduce weed growth, 
timely hand weeding and the use of surface mulching are required for effective weed 
management. Low-risk selective pesticides can be employed for targeted control 
as necessary, in the right amount and at the right time. Because all pesticides have 
the potential to be dangerous to people and the environment, they must be locally 
registered and approved, with explicit instructions on how to handle and use them 
safely. Cassava, like all important crops is susceptible to pests and diseases that can 
result in significant yield losses. In Africa, their impact is very severe. Asia had few 
severe pest and disease concerns until recently, but that may be changing as the crop 
is produced more intensively over bigger regions and planted all year for industrial 
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processing. When pest or disease management measures are required, a non-chemical 
control plan should be examined before deciding to use pesticides. Pesticides are 
frequently inefficient and rarely cost-effective because cassava is a long-season crop 
that is exposed to pests and diseases for a longer period of time. As a result, insecti-
cides should only be used in short-term, localized applications in areas where the pest 
is first noticed, and only when the pest is still in its early stages (vulnerable stage) of 
development.

A variety of non-chemical methods can assist farmers in reducing pest and 
disease losses while also safeguarding the agro-ecosystem [19]. First, planting 
material should come from mother plants that are free of disease symptoms and 
insect attacks, as well as types that have tolerance or resistance to the most common 
cassava diseases and pests. Stem cuttings can be soaked in hot water as an extra 
precaution to eliminate any pests or disease-causing organisms that may be present. 
Also, cuttings may need to be soaked in a fungicide and pesticide solution in extreme 
circumstances. Farmers who do so, however, must have obtained pesticide training 
and should select herbicides based on the recommendations of local plant protection 
professionals. Mulching, planting hedges, and intercropping are examples of eco-
system-based techniques that can provide refuge for natural enemies of insect pests. 
Early in the cropping cycle, increasing soil organic matter enhances pest-regulating 
populations. Applying proper quantity of manure and or fertilizer help to improve 
crop resilience. Insecticides should be applied with caution as they possess the 
chemicals that are deadly to the natural enemies of pests and diseases. Insecticides 
kill those biological control agents and other predators that feed on cassava pests. 
When this is the case, pest population rises prompting farmers to use more pesti-
cides, repeating and exacerbating the pest harm cycle. Whiteflies, mealybugs, and 
variegated grasshoppers can all be controlled with biopesticides like neem seed oil 
extract. Sticky traps and spraying plants with soapy water can also help to minimize 
the amount of whiteflies and mealybugs.

Although the majority of cassava diseases are found in Latin America and the 
Caribbean, where the plant originated, several are now prevalent in Sub-Saharan 
Africa and Asia as well. Some have evolved individually in Africa and Asia, and others 
have evolved together. Some have evolved in Africa and Asia separately and have yet 
to reach the Americas. One of the most common and dangerous cassava disease is 
bacterial blight. It is spread mostly by infected planting material or infected agricul-
tural tools. Rain splash, as well as the movement of people, machines, or animals from 
infected to healthy fields, can transfer it from one plant to another. The bacterium 
affects the leaves initially, which become brown in big patches and eventually die, 
then the petioles and woody stems’ vascular tissues. The impact of bacterial blight 
on yields varies according to region, variety, weather patterns, planting period, and 
planting material quality. Bacterial blight can jeopardize food security by lowering 
the yield of cassava leaves, a key source of vegetable protein in Central Africa. Despite 
its catastrophic potential, bacterial blight can be efficiently controlled by excellent 
agricultural techniques, viz.:

a. Use disease-free planting material or plants grown from meristem culture, rooted 
buds, or shoots

b. Soak stakes in hot water for about 50 minutes before planting. Stakes may be 
immersed in a cupper solution for 10 minutes in exceptional circumstances, and 
on the recommendation of a professionals.
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c. Planting should be done towards the end of wet season

d. Infected tools should be sterilized

e. Plants should properly be fertilized, particularly in terms of potassium.

f. Burning infected plants and agricultural leftovers

g. Intercropping cassava with other crops to minimize diseases spread

h. Cassava should be rotated with other crops or left fallow in order to avoid disease 
transmission in the soil. The most common way for viral infections to spread is 
through the use of infected planting material.

In Sub-Saharan Africa, cassava mosaic disease (CMD) is endemic. Misshapen 
leaves, chlorosis, mottling, and mosaic are all common signs. Stunting and general 
decline occur in plants, and the more severe the symptoms are, the lower the root 
output. Corky necrosis in roots caused by cassava brown streak disease (CBSD) ren-
ders them unsafe for ingestion. Farmers may not realize their crops are infected until 
they harvest the roots because the signs of CBSD are not visible on the cassava leaves 
or stems. Because there are no visible indications above ground, disease-infected 
planting material is more likely to be used. Strict adherence to quarantine measures 
during international cassava germplasm exchange, as well as cultural methods, par-
ticularly the use of resistant or tolerant cultivars and virus-free planting material are 
two critical suggestions for controlling both CMD and CBSD. CMD and CBSD-free 
planting material has been developed and distributed with great success. In January 
2012, the United Republic of Tanzania released four high-yielding cassava varieties 
that are resistant to CMD and tolerant to CBSD. Researchers at different institutes 
across the globe have been working to develop series of CMD-resistant lines [22]. 
Root rots are abundant in Africa, Asia, and Latin America, and they occur primarily 
in poorly drained soils during periods of heavy rain. They are caused by a variety of 
fungal and bacterial infections and result in leaf loss, stem and shoot death, and root 
degeneration as the crop matures or during post-harvest storage. Post-harvest farm 
implements and plant leftovers are frequently contaminated with disease-causing 
fungus and serve as sources of spores that infect new plants. Other cultural methods 
that control root rots include:

a. Immerse stakes in hot water for roughly 50 minutes if no disease-free planting 
material is available;

b. Plant on light-textured, fairly deep soils with good internal drainage.

c. Reduce tillage and use surface mulches to improve drainage.

d. Cassava should be rotated with cereals or grasses, and unhealthy plants should be 
uprooted and burned.

Immersion of the stakes in a suspension of Trichoderma viride is very efficient 
biological control for root rot [21]. Two groups of preserved cassava roots were 
injected with four pathogenic fungus in Nigerian tests. A culture filtrate of T. viride 
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was also given to one of the groups. The incidence of rot in the group without T. viride 
ranged from 20 to 44% after 3 weeks; in the group inoculated with the biocontrol 
agent, there was a drastic reduction in the range and number of the target fungi after 
3 weeks, with the incidence of rot ranging from 0 to 3%. T. viride inoculation elimi-
nated the need for frequent synthetic fungicide application [23].

14. Weed management

Compared to several other crops, the initial growth of cassava is slow. As a result 
of this and the wide spacing between planted stakes, weed emergence and competi-
tion with the crop for available soil nutrients and sunlight is rife. In the first 4 months 
after planting, cassava can easily be overwhelmed by competition from weeds, and 
other leguminous plants. In East Africa, weeds are often a more serious production 
constraint than insect pests or diseases and may reduce yields by about 50% [24]. In 
Nigeria, farmers expend more resources controlling weed than other aspect of crop 
production. Once the cassava canopy has closed, it’ll shade out most weeds and keep 
the sector almost completely weed-free (Figure 5). Six to eight months after planting, 
when cassava starts to shed many leaves (especially during the dry season), weeds 
may reappear, but this generally does not seriously affect yields. Excessive late weed 
growth may make harvesting harder, but also can protect the soil from erosion if post-
harvest rains are heavy.

While cultural controls might not perfectly control weed, they are effective 
in reducing weed competition, and thus the necessity for mechanical or chemi-
cal weeding [25]. Cultural control begins with selection of high-quality planting 
material from varieties with vigorous early growth and tolerance or resistance to 
diseases and pests. High planting density and therefore the correct type and rate of 
fertilizer can stimulate early crop growth and rapid canopy closure. Planting within 
the season under drip irrigation also can encourage the expansion of cassava but not 
that of weeds. The soil should be covered with a thick layer of mulching material 
such as rice straw or maize residues to stop weed. Also, intercropping cassava with 
fast-growing plants, like melons, squash, pumpkins, common beans, groundnuts, 
soybeans, mungbeans and cowpeas proved to be effective in controlling weeds. Since 
those are short-duration crops, they will be harvested after about 3 to 4 months, 

Figure 5. 
Cassava canopy checks weeds.
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when the cassava canopy closes and weeds are shaded out. While intercrops may 
reduce cassava root yields, they markedly reduce weed growth, and offer an eco-
friendly and fewer expensive alternative to spraying with herbicides. A study in 
Nigeria of legume cover crops during a mixed cassava/maize system reported 
significant improvements in cassava root yields when velvet beans were grown to 
suppress weeds [26]. Common among the smallholder cassava farmers is mechanical 
control measures–by hoeing, starting after emergence. Research in Colombia found 
that with hand-weeding at 15, 30, 60 and 120 days after planting, cassava root yields 
were 18 tonnes per ha compared with only 8 tonnes/ha were obtained when weeds 
were controlled with herbicides. When weeds were not controlled in the least, yields 
fell to only 1.4 tonnes.

Weeds are often controlled with herbicides. Although many herbicides are 
highly toxic and, being water soluble and protracted within the environment, 
are often washed away to contaminate ground and surface water. Farmers got to 
exercise care within the choice of the herbicide to be used and follow the recom-
mendation of local plant protection specialists. Pre-emergence herbicides do not 
kill existing weeds. Instead, they prevent weed seeds within the soil from emerg-
ing or, at least, reduce their rate of growth. Pre-emergence herbicides are either 
incorporated into the soil before planting or applied on the soil surface with a 
knapsack sprayer immediately after planting. Pre-emergence herbicides that are 
selective for cassava are often applied over the vertically planted stakes without 
affecting cassava sprouting or yield. The application of pre-emergence herbi-
cides can maintain a cassava field almost weed-free for 6–8 weeks after planting. 
Farmers may apply a mix of two herbicides; one that controls the grassy weeds and 
the other on the broad-leaf weeds. A lower dosage is suggested on light-textured 
soils, while a higher dosage could be needed in heavy soils, like clay-loamy. Special 
care must be taken when cassava is grown in association with other crops, because 
the pre-emergence herbicides normally used for cassava may harm the intercrop. 
At about 2 months after planting, weeds may have to be controlled again to scale 
back competition with cassava. This is often usually done by hoeing or using an 
animal or tractor-mounted cultivator, counting on the peak of the growing cassava 
plants and therefore the extent of cover closure. When most of the weeds are grassy 
species, it’s also possible to use a selective post-emergence herbicide, which kills 
grasses but does not affect the cassava plant. Post-emergence herbicides are often 
used about 4–5 months after planting, when some bottom leaves start to drop off. It 
is best done on a windless days and with a nozzle shield to stop spray from reaching 
the cassava stems or leaves.

15. Harvest

Cassava is due for harvesting any time from 6 month. The crop does not have a 
specific time or season for its harvest; it can be harvested all-year-round. The fact 
that it can stay long and be preserved in the soil gives it the utmost advantage of being 
harvested piecemeal over a long period. The root is cooked and consumed as a local 
delicacy. Also, it could be processed to give a varieties of products (Figures 6–8) as 
a result of value addition. Cassava leaves can be fed upon as vegetable, and it is used 
as such in many homes where they are planted in West African countries. Moreover, 
cassava leaves and root serve as a good source of nutrients for livestock. The leaves are 
rich in vitamins.
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Figure 6. 
Cassava coarse (grains) flour.

Figure 7. 
Cassava (smooth) flour.

Figure 8. 
Cassava end (food) products.
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Cassava has a number of advantages, one of which is, it does not have a set har-
vesting season. They can be collected whenever needed during times of food scarcity, 
frequently one plant or even one root at a time. Harvesting for human consumption 
takes roughly 8–10 months; for industrial purposes, a longer growth time yields a 
higher root and starch output. Roots can be eaten directly by farm families, given 
to livestock, or sold for processing into a wide range of value-added products, from 
coarse flour (‘Garri’)to high-tech modified starch gels. The root of the plant is not the 
only portion that can be useful. The green section of the upper stem, which includes 
the leaves and petioles, is fed to cattle and buffaloes in several countries, while the 
leaf blades are fed to pigs and chickens. Fresh leaves are used to raise silkworms in 
China, Thailand, and Vietnam. Woody stems are crushed up and used as a substrate 
for growing mushrooms. Stumps are burned as fuelwood [12].

Cassava roots are typically collected by cutting the stems approximately 20 cm 
above ground and then dragging the entire root system out of the ground using the 
stump. If the soil is too hard or the roots are too deep, it may be necessary to remove 
the soil around the roots with a hoe, spade, or pick while avoiding injury to the roots. 
A harvesting blade mounted to a tractor is occasionally employed in heavy soils that 
can become quite hard in the dry season. The sword slashes through the soil material. 
The tractor’s forward momentum pulls the root clusters to the surface as the blade 
slices through the dirt right below the roots. The roots are then removed from the 
stump and transported in baskets or bags.

Large cassava fields are frequently harvested by middlemen who employ teams of 
labourers and deliver the roots to marketplaces or processing plants via trucks. Plant 
tops are harvested after the root harvest. Plant tops are generally left to dry on the 
ground after root harvesting and then integrated into the soil to help preserve its fer-
tility. However, by trimming the green tops every 3 months during the plant’s growth 
cycle, farmers can considerably increase the total amount of cassava foliage available 
for feeding to animals. Within 2–3 months after each trimming, the remaining stems 
will sprout and produce a new crop of leaves. Cassava stakes should be planted at a 
closer spacing of about 60 × 60 cm for maximum foliage output. Young leaves har-
vested at regular intervals during the cassava growth cycle have a higher protein and 
lower fiber content than those gathered at the end of the cassava growth cycle, when 
plants are generally harvested between 11 and 12 months. Younger leaves are more 
pleasant and give better nutrition.

The ultimate root production decreased as the frequency of leaf cutting increased, 
from roughly 40 tonnes per ha when leaves were collected only once at the time 
of root harvest to less than 25 tonnes when leaves were removed 5 times [27]. This 
approach may or may not be cost-effective, depending on labour costs and the relative 
pricing of fresh roots and dry leaves. Harvesting the plant tops four or five times 
over a one-year growth cycle takes a substantial amount of nutrients, particularly 
nitrogen, from the field, and would be unsustainable unless large amounts of mineral 
fertilizer were applied to maintain soil fertility.
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Chapter 10

Identification of Native Dendrobium 
Based on Morphological  
and Anatomical Characters in Liwa 
Botanical Garden
Mahfut

Abstract

Orchid is the most popular ornamental plant. One of the many orchid genus 
collected and known to have high morphological variations in the Liwa Botanical 
Garden is Dendrobium. But until now many collections have not been identified. 
This study aims to determine variations and identification of Dendrobium based on 
characters of morphological and stomata anatomical at Liwa Botanical Garden. Total 
collections of five Dendrobium accessions were namely CAT140, CAT 144, CAT 271, 
CAT 274, and IR015. The result showed leaf organs had high variations based on 
observation of 11 morphological characters. The phenetic relationship showed five 
accessions of Dendrobium can be classified into 2 main groups formed with a similar-
ity index value of 0.813 based on the Gower similarity value and the Unweighted Pair 
Group Method with Arithmetic Mean (UPGMA) method. Meanwhile, the results 
of the observation of 9 anatomical characters on the upper and lower surfaces of 
the leaves showed accessions IR015, CAT 140, and CAT 274 have stomata only on 
the lower surface, while CAT 144 has stomata on the upper and lower surfaces. The 
results of this study are expected to provide basic information in identifying natural 
orchids and conservation efforts in Liwa Botanical Garden.

Keywords: anatomical, Dendrobium, Liwa Botanical Garden, morphological, UPGMA

1. Introduction

Indonesia is known for its biodiversity of flora and fauna. One species of flora that 
has a high level of diversity is the orchid plant. The world’s orchid species consist of 
20,000 species spread over 900 genera. Orchids have a variety of variations that are 
located in the morphology, such as the shape of the flower, the number of florets, the 
size and color of the florets, the diversity of leaf and stem shapes (pseudobulb). One 
of the most orchid species, namely Dendrobium, with a total of 1500 species spread 
very widely throughout the world, from Japan, China, India, the Malacca Peninsula, 
Indonesia, the island of Papua, to Australia. This orchid has a charming flower and its 
types are also among the most [1–6].
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Dendrobium comes from the words “dendro” (tree) and “bios” (life). Dendrobium 
means orchid that grows on a living tree. The advantages of Dendrobium because they 
have a variety of shapes, sizes and colors of flowers. Flowers that have bloomed can 
last more than 30 days (still in pots) and each stem has more than 20 flower buds 
arranged neatly and beautifully. When they are adults, Dendrobium can remove more 
than two flower stems at the same time throughout the year. Easy to adapt so easy to 
maintain. Dendrobium growth will be optimal at locations less than 400 meters above 
sea level. Even so, maintenance in areas over 400 m above sea level can still grow and 
flower, but not optimum. This orchid has a relatively cheap price. This makes many 
people tempted to hunt orchids because of high economic value [6].

Lampung is one of the places on the island of Sumatra which has a flora conserva-
tion area, which is located in the Liwa Botanical Gardens, West Lampung Regency. The 
Liwa Botanical Garden has many species of orchids that have not yet been identified, 
given the high increase in exploitation due to economic reasons, this can threaten the 
existence of natural orchid plants that cause loss of their natural habitat and natural 
damage resulting in the extinction of existing flora species, especially on plants orchid. 
Moreover, orchid plants have high economic value because of the beauty of the various 
forms of flowers. This makes the reason people can just hunt for existing natural 
orchids. For this reason, the existence of the Liwa Botanical Garden is expected to 
guarantee the preservation of natural orchid species that can be utilized sustainably. 
However, until now there are several types of natural orchids that are not known with 
certainty what natural orchid species exist in the Liwa Botanical Garden [7–11].

Considering the importance of preserving and preserving orchids in the region, 
there is a need for further action. One way to do that is by identifying the types of 
natural orchids, especially Dendrobium species which have a high diversity compared to 
other orchid species. The identification results will be addressed based on leaf mor-
phology and leaf stomata anatomical structure, given the morphological character is 
one of the approaches that play an important role in the plant’s taxonomic and systemic 
basis. This study aims to determine variations in morphological characters and phenetic 
relationships and identification of Dendrobium based on morphological characters in 
the Liwa Botanical Garden. The results of this study are expected to be basic infor-
mation in the identification of natural orchids and conservation efforts in the Liwa 
Botanical Garden.

2. Identification of stomata morphological characters

Sample collection was carried out on Dendrobium leaves in the Liwa Botanical 
Garden. Overall, the sample accession is a native orchid of flora from Lampung. All 
samples were tabulated and documented with photos. The sample collection stage was 
conducted in December 2019–February 2020 at the orchid green house in the Liwa 
Botanical Garden. Dendrobium samples were chosen based on orchid data that could 
not yet be identified. Collection results obtained 5 accessions of Dendrobium samples 
with sample codes CAT140, CAT 144, CAT 271, CAT 274, and IR015 (Table 1). Overall, 
the sample accession is a native natural orchid of flora from Lampung.

The morphological identification research phase was carried out by direct 
observation when sampling in the field. Leaf morphology characters identified 
included leaf shape, length (P) and width (L) of leaf, leaf tip shape, leaf cross 
section, leaf arrangement, leaf edge shape, leaf surface texture, leaf symmetry, and 
leaf sitting [12, 13].
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Based on observations of morphological characters in the field, orchid plants have 
a high variation. These variations were found in habitus, pseudobulb, leaves, and 
flowers [13]. In this research the character of the flower is not done because the varia-
tion in habitus is seen in plant height, which ranges from 50–125 cm. Plant height can 
be categorized into 2, namely ≤ 100 cm (short) and> 100 cm (height) (Figure 1).

No. Acc. Species Origin location

CAT140 Dendrobium sp. Bukit Barisan Selatan National Park

CAT144 Dendrobium sp. Seminung Forest

CAT271 Dendrobium sp. Bukit Barisan Selatan National Park

CAT274 Dendrobium sp. Bukit Barisan Selatan National Park

IR015 Dendrobium sp. Bukit Barisan Selatan National Park

Table 1. 
List of accessions of Dendrobium samples in the Liwa Botanical Garden.

Figure 1. 
Habitus accession of Dendrobium samples in the Liwa Botanical Garden: (A) CAT 274, (B) CAT 144, (C) CAT 
140, (D) IR 015, and (E) CAT 271.
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No. Acc. Leaf pictures

CAT140

CAT144

CAT271

CAT274

IR015

Bar = 1 cm.

Table 2. 
Leaf type of accession of Dendrobium samples in the Liwa Botanical Garden [14].
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Leaves of Dendrobium have most varied organs based on field observation, 
(Table 2). Variation of leaf shape i.e. shape, length (P) and width (L), tip shape, 
cross section, arrangement, edge shape, surface texture, symmetry, and sitting of 
leaf [14].

Five accessions of Dendrobium from Liwa Botanical Garden showed a different 
morphological characterization of leaves, i.e. cross-sectional characteristics and sit-
ting of leaf. In the sample with accession number CAT 274, CAT 140, IR 015 and CAT 
271 the leaf cross section is zigomorphic (symmetry), whereas on accession number 
CAT 144 the leaf cross section is tight. In addition, intermittent leaf sitting was found 
in CAT 274 accession number, IR 215 and CAT 271, in contrast to samples with CAT 
accession number 144 characters of intermittent leaf sitting and meeting almost filled 
the plant stem and CAT 140 characters sat leaf intermittent intermittent interspersed 
and tightly located near the end of the stem [14].

Although the morphological characterization of the leaf shape was the same in all 
samples, namely the lanceolate/javelin shape, the length and width of the leaves dif-
fered from one sample to another. In CAT 274 samples (P: 4.5 cm and L: 1 cm), CAT 
144 samples (P: ± 1.7 cm and L: 0.5 cm), CAT 140 samples (P: 9.5 cm and L : 1.5 cm), 
IR 015 samples (P: 8 cm and L: 2 cm), and CAT 271 samples (P: 8.5 cm and L: 1.5 cm).

Analysis of phenetic was done using cluster analysis and principal component 
analysis (PCA) methods. The first step is the scoring morphological character using 
cluster analysis, then calculated the value of Gower similarity (Gower’s General 
Similarity) which results in a matrix of similarity between accessions. Data of matrix 
similarity using the UPGMA method was done by agglomerative hierarchial cluster-
ing, then the result was displayed on dendrogram.

Samples that have a longer leaf length morphological character CAT 140 (P: 9.5 cm 
and L: 1.5 cm), IR015 (P: 8 cm and L: 2 cm) and CAT 271 (P: 8.5 cm and L: 1.5 cm) will 
have a higher plant height habitus compared to samples that have shorter leaf morpho-
logical characters in CAT 274 samples (P: 4.5 cm and L: 1 cm) and CAT 144 (P : ± 1.7 
cm and L: 0.5 cm). Furthermore, there is also a striking difference in the morphologi-
cal character of the lowest plant leaves, namely in CAT 144 (P: ± 1.7 cm and L: 0.5 
cm). Other character differences also have the lowest plant height habitus and have a 
thicker leaf thickness than the others. The result of morphology character identifica-
tion of the Dendrobium leaves from Liwa Botanical Garden is presented in Table 3.

Based on Table 3, it is known that most of the accessions of Dendrobium samples 
in the Liwa Botanical Garden show the same morphological variation in the leaves:

1. The shape of lanceolate/javelin-shaped leaves.

2. The shape of the leaf tip is sharp/pointed/sharp to the tip.

3. Dual leaf arrangement.

4. The edge of the leaf is frayed (even).

5. Leaf surface texture is bald (smooth).

6. Symmetry of leaves in the form of symmetry.

In other characters, namely the form of pseudobulb and the place of growth, it is 
known that the entire accession of Dendrobium samples did not form pseudobulb and 
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epiphytic antibiotic types. Character types of habitats in general all Dendrobium have 
the same type, epiphytes, according to natural conditions where the sample collection 
of the Liwa Botanical Garden is a natural orchid taken from its natural habitat, such as 
the Bukit Barisan Selatan National Park and Seminung Forest which has low humidity 
(dry) at an altitude of 800–900 m above sea level. Epiphytic orchids grow in their 
natural habitat requires the intensity of indirect sunlight. In accordance with the type 
of growth attached to the host [13].

2.1 Phenetic analysis

Phenetic analysis on five accession of Dendrobium is done through cluster 
analysis and principal component analysis (PCA) methods. The first steps, scoring 
of the morphological character using cluster analysis, then calculated the Gower 
similarity value (Gower’s General Similarity) between five accessions using matrix 
of similarities. Then UPGMA methods to calculate the similarity matrix data using 
clustering of agglomerative hierarchial. The dendrogram results of analysis cluster 
of five Dendrobium accessions based on the morphological characters are presented 
in Figure 2.

Grouping the sample based on the level of similarity between accessions calculated 
using the gower coefficient formula and UPGMA was chosen for the clustering tech-
nique to produce a dendogram showing 2 main groups formed with a similarity index 
value of 0.813 marked as group A and group B. Group A consists of CAT 144 which 
has a distinguishing character that distinguishes from group B, namely the cross sec-
tion of the double leaf character (Figure CAT 144). Group B consists of CAT 140, CAT 
271, IR 015, and CAT 274 which have symmetrical cross-section characters (Figure 
CAT 140, CAT 271, IR 015, and CAT 274). Group B is divided into 2 sub-groups with a 
similarity index value of 0.861 marked with B1 and B2 on the dendogram. Characters 
that show the difference between the two, namely the ratio of the length and width 
of the leaf and leaf sitting. CAT 140 consists to subgroup B1, meanwhile CAT 271, IR 
015, and CAT 274 consist to subgroup B2. Subgroups B2 are divided into 2 based on 
differences in leaf length and width ratios namely B2a and B2b. IR 015 and CAT 274 

Figure 2. 
Dendrogram five Dendrobium accession of samples from Liwa Botanical Garden using UPGMA.
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in one group B2b with a similarity level of 100% were indicates the same type. Based 
on the PCA values, it can be seen that characters have a large influence on grouping 
are the ratio of length and width (PLD), cross section (PMD), and sitting (DKD). 
Variability of orchid leaf characters can be possible due to the hybridization and 
outcrossing processes.

3. Identification of stomata anatomical characters

The research stage of leaf stomata identification was carried out by direct observa-
tion using a miscropcope shortly after sampling in the field. The anatomical charac-
ters of leaf stomata identified include the average number of stomata, average length 
of stomata, average stomata width, average number of epidermis, average length of 
epidermis, average epidermal width, stomata index, stomata type, shape epidermis 
on the upper and lower surfaces of the leaves [13].

The epidermis is a system of cells, varying in structure and function that protects 
the primary plant body. The leaf epidermis is the outermost layer of cells, generally 
only one layer. In the leaf epidermis, there are usually epidermal derivatives in the 
form of stomas (plural: stomata). A stoma is a gap in the epidermis that is bounded by 

No. Parameter IR 015 CAT 140 CAT 144 CAT 274

1. Leaf upper surface

Average 
number of 

stomata

— — 2.80 —

Average 
length of 
stomata 

(μm)

— — 2.45 —

Average 
stomata 

width (μm)

— — 2.17 —

Average 
number of 
epidermis

29 41 45 42.8

Average 
epidermal 

length (μm)

5.22 5.49 4.31 4.64

Average 
epidermal 

width (μm)

4.22 2.79 2.65 2.88

Stomata 
index (%)

— — 5.86 —

Stomata type — — Tetracytic 
(1 stomata 

surrounded by 4 
neighboring cells)

—

Epidermis 
shape

Irregular, 
pentagonal, 
hexagonal

Irregular, 
pentagonal

Irregular, 
quadrilateral, 

pentagonal

Irregular, 
quadrilateral, 

pentagonal



195

Identification of Native Dendrobium Based on Morphological and Anatomical Characters…
DOI: http://dx.doi.org/10.5772/intechopen.102446

two special epidermal cells, namely the covering cell that functions to widen or nar-
row the gap. The stoma is surrounded by cells that can be the same or different from 
other epidermal cells called neighboring cells [13].

In this study, observations were made on 4 types of Dendrobium, namely 
Dendrobium IR015, Dendrobium CAT 140, Dendrobium CAT 144, and Dendrobium 274. 
Observations were made on the upper and lower surfaces of leaves (Table 4).

Based on Table 4, it is known that the types of IR015, CAT 140, and CAT 274 have 
stomata only on the lower surface, while CAT 144 has stomata on the upper and lower 
surfaces. This difference is due to the position of the leaves attached to the stem at 
CAT 144 forming an angle of 45°C, while the others open horizontally. This causes the 
top and bottom sides to be the same. The anatomical characters on CAT 144 on the 
upper and lower surfaces of the leaves, such as the number of stomata, length of sto-
mata, width of stomata, number of epidermis, length of epidermis, width of epider-
mis, index of stomata are not much different. Stomata are kidney-shaped, and belong 
to the tetracytic type, namely in the form of stomata surrounded by 4 neighboring 

No. Parameter IR 015 CAT 140 CAT 144 CAT 274

2. Leaf Lower Surface

Average 
number of 

stomata

5.2 2.50 2.50 3.4

Average 
length of 
stomata 

(μm)

2.75 2.78 2.33 2.57

Average 
stomata 

width (μm)

1.96 2.45 2.07 1.82

Average 
number of 
epidermis

32.2 30.75 43.50 42.2

Average 
epidermal 

length (μm)

3.54 5.13 4.42 3.74

Average 
epidermal 

width (μm)

2.72 3.03 3.06 2.45

Stomata 
index (%)

13.90 7.52 5.43 7.46

Stomata type Tetracytic 
(1 stomata 

surrounded by 
4 neighboring 

cells)

Tetracytic 
(1 stomata 

surrounded by 
4 neighboring 

cells)

Tetracytic 
(1 stomata 

surrounded by 4 
neighboring cells)

Tetracytic 
(1 stomata 

surrounded by 
4 neighboring 

cells)

Epidermis 
shape

Irregular, 
pentagonal, 
hexagonal

Irregular, 
pentagonal

Irregular, 
quadrilateral, 

pentagonal

Irregular, 
quadrilateral, 

pentagonal

Table 4. 
Anatomical characters on the upper and lower surfaces of leaves.
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cells. In IR015, CAT 140, and CAT 274 the upper surface of the leaves is composed 
only of the epidermis which is mostly irregular and pentagonal in shape. The highest 
number was in CAT 274 because the epidermis was smaller than IR015 and CAT 144.

On the lower leaf surface, it is known that the number of stomata at IR015 is the 
highest and the number of epidermis is the least, so that the stomata index is the larg-
est. The stomata index looks the largest because the stomata index shows the number 
of stomata divided by the number of stomata plus the number of epidermis and 
multiplied by 100%. The types of stomata in all types are the same, namely tetracytic 
in the form of stomata surrounded by 4 neighboring cells. The stomata are kidney-
shaped and the epidermis is irregular, pentagonal, and hexagonal in shape.

4. Conclusions

Five accessions of Dendrobium from Liwa Botanical Garden were identification 
based on morphological characters and phenetic relationships. The result of analysist 
11 morphological characters showed leaf of Dendrobium have high variations. The 
phenetic relationship showed five accessions of Dendrobium from Liwa Botanical 
Garden can be classified into 2 main groups formed with a similarity index value of 
0.813. The morphological characters that have a large influence on grouping are the 
ratio of length and width, cross section, and sitting of leaf based on PCA values. 
Variability of Dendrobium leaf characters can be possible due to the hybridization 
and outcrossing processes. The resulting phenetic dendrogram topology is supported 
by the morphological character classification. The results of the observation of 9 
anatomical characters on the upper and lower surfaces of the leaves indicate that 
the leaf organs have high variations. Accessions IR015, CAT 140, and CAT 274 have 
stomata only on the lower surface, while CAT 144 has stomata on the upper and lower 
surfaces. This difference is due to the position of the leaves attached to the stem at 
CAT 144 forming an angle of 45̊C, while the others open horizontally. IR015, CAT 
140, and CAT 274 the upper surface of the leaves is only composed of epidermis 
which is mostly irregular and pentagonal in shape. The highest number was in CAT 
274 because the epidermis was smaller than IR015 and CAT 144. The types of stomata 
in all types were the same, namely tetracytic in the form of stomata surrounded by 
4 neighboring cells. The stomata are kidney-shaped and the epidermis is irregular, 
pentagonal, and hexagonal in shape.
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Chapter 11

Holistic Pest Management 
Strategies in Tropical Plant Species
John Samuel Kennedy and Jeeva Kasiviswanathan Lekshmi

Abstract

The tropical climate shift is causing herbivores to emerge almost ceaselessly 
throughout the year in certain regions exhibiting homodynamic cycles and unbal-
anced biodiversity. Crop management and pest management are being viewed as 
separate activities, with recent focus on sustainability. Even though there is a great 
deal of information on crop loss assessment, systems analysis, systems modelling, 
individual pest sciences, and pest management, the Integrated Pest Management 
(IPM) concept is not frequently deployed. The IPM system is a multi-tactic approach 
to pest management in agricultural production that takes into account economic, 
environmental, ecological, and human health implications. This paper provides an 
overview of key achievements in the development of management strategies, includ-
ing the transition from a specific level of pest control that focuses on the suppression 
of target pests to an eco-friendlier and/or systems approach to pest management that 
employs a variety of non-chemical options as well as the judicious use of pesticides. 
The agroecological protection techniques and their integration to sustainably mini-
mise pest risks are also reviewed here and describe technological advances in tropical 
pest management using host resistance, semiochemicals, natural enemies, selective 
pesticides, ecological engineering and habitat management which promotes sustain-
able pest management.

Keywords: tropical crops, pest, synthetic insecticides, integrated pest management

1. Introduction

Changes in pest populations and natural enemies in the tropics are more difficult 
to understand and manage due to various factors such as climate change and non-
judicial use of control techniques [1]. The crop health and production are thus, irrepa-
rably harmed across the world in addition to the time-worn exploitation of synthetic 
organic pesticides that rooted an increased chemical pressure in agroecosystems 
ensuring technical, environmental and health consequences [2]. As a result, there is a 
rising awareness of the harmful impacts of chemical pesticides, leading to the notion 
of integrated pest management, which is esteemed as an ecosystem-based pest control 
philosophy aimed at achieving protracted pest or damage prevention through a holis-
tic approach [3]. The concept of IPM was established as an alternative to pesticides 
and the strategy entails a combination of techniques in a coordinated manner to keep 
insect populations below the threshold at which they cause significant loss [4]. The 



Tropical Plant Species and Technological Interventions for Improvement

202

key components of this technique include compatible cultural, mechanical, biologi-
cal and chemical methods of controlling insect pests and rodents [5]. Managing the 
diversity of natural enemies to promote crop productivity could help minimise the 
usage of synthetic pesticides in agriculture [6]. Landscape management, on the other 
hand, has been shown to increase the prevalence of natural enemies, hence improving 
biological control and perhaps reducing pesticide use [7]. They are well-known for 
causing significant crop yield losses by reducing plant survival, growth, and repro-
duction. Global yield losses are estimated to be between 7.9% and 15.1% [8]. Along 
with the notion of Integrated Pest Management, pest control practices are divided 
into two categories: human input-based practices and biodiversity-based practices 
[9]. The IPM strategy entails using a variety of techniques in a coordinated manner to 
keep insect populations below the threshold at which they cause significant loss and 
reduces the use of chemical pesticides, minimising their negative consequences [10]. 
The farmers’ perception is that pesticides can give a quick and certain control within 
a short period. They lack knowledge of other management strategies and considered 
them as not practical because of lack of training. In this chapter, we have briefly 
described the important tropical crops and their integrated management which will 
be useful for training personnels and researchers.

2. Integrated pest management in cereals

2.1 Rice

2.1.1 Important pests of rice

Yellow stem borer (Scirpophaga incertulas), Brown plant hopper (Nilaparvata 
lugens) and White backed plant hopper (Sogatella furcifera), Leaf folder 
(Cnaphalocrocis medinalis), Gundhi bug (Leptocorisa acuta), Gall midge (Orseolia 
oryzae), Termite (Odontotermes obesus), Rice Hispa (Dicladispa armigera), Climbing 
cutworm/Rice Ear Cutting Caterpillar/ Armyworm (Mythimna separata), Caseworm 
(Nymphula depunctalis), Mealy bug (Brevennia rehi), Black bug (Scotinophara 
coaractata).

2.1.2 Integrated pest management approach

Clipping the tops of bundled seedlings is a typical method for eliminating eggs 
and larvae of stem borer, hispa, thrips and leaf folder [11]. Plant hoppers, leaf  
hoppers, leaf folders, gall midges and cutworms are all kept at bay by keeping enough 
space between plants. Aquatic insects such as whorl maggot, root weevils, yellow 
stem borer, and case worm are suppressed when fields are drained for 1–2 days. 
Crop rotation is used to combat gall midge, stem borer, and termites. Infestations of 
white-backed plant hoppers can be controlled by planting rice crops at the proper 
time and synchronising transplants. Deep summer ploughing of fields reduces insect 
pest populations by exposing them to bird predation and parasitization. Flooding 
the field shortly after harvest has been mostly utilised to combat stem borer [12]. 
Mechanically trapping or crushing insects with a hand, tool, or machine is a tradi-
tional method to protect the rice crop from pests [11]. Pheromones were particularly 
effective in the control of the yellow stem borer, where they were employed for both 
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species monitoring and management via mating disruption or mass catching of males. 
The bulk of paddy pests is combated by a range of natural enemies like Tetrastichus 
spp., Telenomos spp., and Trichogramma spp. Xanthopimpla flavolineata was found 
as a prominent rice leaf folder pupal parasitoid. In various hoppers, more than 100 
parasitoid species and 72 predatory species have been. Spiders are the most preva-
lent predators in the rice environment. The wolf spider, Lycosa pseudoannulata, and 
Oxyopes sp. destroyed up to 90% of 130 borer larvae in a single day. This spider was 
also dangerous to stem borer moths. Neem seed kernel extract (NSKE) 5% and neem 
oil 3% were effective against brown plant hopper, as were botanical powder formula-
tions using NSKE, Vitex negundo, Prosopis juliflora, and Ipomoea carnea leaf extract 
5% for earhead insect and black bug [13]. The plant-derived natural compound chrys-
oeriol7 can potentially thus be used to develop environmentally-friendly pesticides 
[14]. Chemical insecticides, such as carbofuran 3% CG or carbosulfan 6% G or 
carbosulfan 25% EC for gall midge, are applied based on need. Cartap hydrochloride 
4% granules or cartap hydrochloride 50% SP, carbofuran 3% CG or monocrotophos 
36% SL for stem borer. Carbofuran 3% CG or monocrotophos 36% SL, apply cartap 
hydrochloride 4% granules, cartap hydrochloride 50% SP @, monocrotophos 36% SL, 
or chlorpyrifos 1.5% DP for leaf folder Spray imidacloprid 70% WG or imidacloprid 
30.5% m/m SC @ or ethofenoprox 10% EC or acephate 75% SP or buprofezin 25% SC 
@ or ethofenoprox 10% EC or acephate 75% SP or buprofezin 25% SC for brown plant 
hopper, WBPH and other sucking pests [15].

2.2 Maize

2.2.1 Important pests

Maize stem borer (Chilo partellus), Pink stem borer (Sesamia inferens), Shoot fly 
(Atherigona spp.), White grub (Holotrichia consanguinea), Cut Worm (Agrotis ipsilon), 
Hairy caterpillar (Amsacta albistriga), Aphid (Rhopalosiphum maidis), Army worm 
(Mythimna separata), Pyrilla (Pyrilla perpusilla), Thrips (Anaphothrips sudanensis),  
Termites (Microtermes obesi), Chafer beetle (Chiloloba acuta), Fall armyworm 
(Spodoptera frugiperda).

2.2.2 IPM approaches

To minimise pest populations, remove and destroy crop leftovers, any substitute 
host plants after harvest, and cut stems harbouring diapausing larvae. Growing 
recommended hybrids and composites and seeding with the first rain to minimise 
borer attack. Crop rotation with non-hosts proved highly efficient. Insects become 
more common as plant density increases. Insect incidence rises as plant density rises; 
so, the suitable plant population should be kept in the fields to prevent insect incidence. 
Trichogramma spp., a parasitic egg parasite can be used to keep stem borers away. Many 
spider species have been discovered in plant whorls feeding on stem borer eggs and 
early larval stages. Adult Menochilus sexmaculata Fab. and Coccinella septumpunctata 
L. coccinellid beetles feed on newly emerging stem borer larvae [16]. To control one 
of the annoyance pests, the fall armyworm (FAW), single cross maize hybrids were 
selected, as well as heavy ploughing before each crop season to open up the soil and 
expose FAW pupae to sunshine and predators. The FAW trap crop was sown in the form 
of Napier grass in the border rows. According to the researchers, seeds treated with 
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Cyantraniliprole 19.8% + Thiomethoxam 19.8% @ 4 ml per kg seed offered protection 
for up to 2–3 weeks after germination [17]. If staggered seeding is required, spray the 
crop with 5% NSKE or azadirachtin 1500 ppm @ 5 ml/l at weekly intervals, as in peri-
urban baby corn and sweet corn cultivation. Release 50,000 Trichogramma pretiosum or 
Telenomus remus seeds per acre at weekly intervals beginning a week after germination 
and continuing until harvest. Instal 5 FAW pheromone traps per acre before or during 
crop germination [18]. To keep population growth under control, mass capture male 
moths using traps. Need-based pesticides should be used to efficiently remove the 
pest, viz. carbofuran 3% CG for stem borer, shoot fly and thrips, dimethoate (30% 
EC for Stem borer and Shoot fly), imidacloprid (48%) FS, monocrotophos (36% SL), 
oxydemeton (25%) EC for shoot fly, thiamethoxam 30% FS for stem fly, thiamethoxam 
70% WS for shoot fly & aphids, thiamethoxam 12.6% + lambda cyhalothrin 9.5% ZC for 
aphid, shoot Fly, stem borer [19].

2.3 Wheat

2.3.1 Important pests

Termite (Odontotermis obesus, Microtermes obesi), Wheat aphid (Sitobian avenae), 
Army worm/cut worm (Mythimna separata), American pod borer (Helicoverpa 
armigera), Brown mite (Petrobia latens), Pink stem borer: (Sesamia inferens), Shootfly 
(Atherigona naqvii).

2.3.2 IPM approaches

Deep summer ploughing should be done in May and June to expose nematodes, 
rodents, and pupating larvae to radiation and predation termite management will 
be facilitated by the use of well-rotten farmyard manure, while it will be lowered 
by planting late and treating seeds with chlorpyriphos at a rate of 4 ml per kg of 
seeds prior to sowing. Trichogramma sp. was released at a rate of 50000 per acre 
for 2 to 3 times to suppress lepidopteran pests [13]. Need based insecticides viz., 
bromadiolone 00.005% RB for Indian field mouse, field rat, carbofuran 3% CG 
for ear cockle nematode, cereal cyst nematode, cypermethrin 10% EC for shoot 
fly, fipronil 0.3% GR for termites, imidachloprid 48% FS for aphids and termites, 
quinalphos 25% EC for aphid, ear head caterpillar and mite, thiamethoxam 70% 
WS for termites & aphids, thiamethoxam 25% WG for aphids were effectively 
utilised [20].

3. Integrated pest management in millets

3.1 Sorghum

3.1.1 Important pests

Shoot fly (Atherigona soccata), Stem borer (Chilo partellus), Midge (Stenodiplosis 
sorghicola), White grub (Holotrichia consanguinea), Armyworm (Mythimna separata), 
Cutworm (A. ipsilon), Grasshopper (Hieroglyphus sp), Pyrilla (Pyrilla perpusilla), 
Shoot bug: (Peregrinus maidis), Earhead caterpillars (Helicoverpa armigera), Earhead 
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bug (Calocoris angustatus), Sugar cane aphid (Rhophalosiphum maidis), Spider mite 
(Oligonychus indicus).

3.1.2 IPM approaches

Sowing dates must be altered based on the population dynamics of the main 
pests to keep the pest population under control. Sowing the same cultivar early 
and consistently across large areas reduced shoot fly, midge, and head bug dam-
age. Cultural practices such as high seed rate, balanced fertiliser treatment, field 
cleanliness, weeding, and intercropping with legumes reduced damage from shoot 
fly, stem borer, armyworm, and sorghum midge. Pest resistant cultivars should 
form the foundation of any sorghum pest control approach. P 311, SPV 1015, 
M-35-l, Swati, and CSV 14R are resistant to shoot fly and are suitable for cultivation 
throughout the rainy and post-rainy seasons [21]. In locations where head bugs and 
caterpillars are common, cultivars with loose panicles, such as ICSV 88032, can be 
grown. Insecticides derived from plants, such as those obtained from Azadirachta 
indica (neem), Annona squamosa, Acrorus calamus, Catharanthus roseus, and oth-
ers, were exploited in IPM [22]. Sorghum shoot fly eggs have been parasitized by 
Trichogrammatoidea bactrae and Trichogramma simmondsi; Trichogramma evanes-
cens, Trichogramma kalkae, Trichogramma chilonis and Trichogramma. australicum 
Aprostocetus spp. and Neotrichoporoides (Tetrastichus) nyemitawus were the most 
important shoot fly larval parasitoids. Need-based insecticides viz., malathion 50% 
EC for earhead midge, Oxydemeton – methyl 25% EC for shoot fly, phenthoate 2% 
DP for red spider mite, pink mite, purple mite, scarlet mite, phosalone 4% DP for 
ear head midge, quinalphos 5% G for stem borer, quinalphos 25% EC for Mite and 
Shoot fly, quinalphos 1.5% DP fo earhead bug, earhead midge, thiamethoxam 30% 
FS for shoot fly.

3.2 Pearl millet

3.2.1 Important pests

Cutworm (A. ipsilon), white grub (Holotrichia consanguinea), shoot fly 
(Atherigona soccata), stem borer (Chilo partellus), grasshopper (Hieroglyphus spp.), 
white ant (Chrotogonus sp), grey weevil (Myllocerus sp), earhead bug (Calocoris angus-
tatus), hairy caterpillar (Spilosoma obliqua), earhead worm (Cryptoblabes gnidiella), 
blister beetle (Mylabris pustulata), chaffer beetle (Rhizotrogus majalis).

3.2.2 IPM approaches

The pest management strategies recommended for sorghum might likewise be 
used for pearl millet. Long-term pearl millet pest control requires the development of 
high-yielding insect-resistant cultivars and hybrids. Among the possible sources of 
resistance discovered for numerous pests were MP-16, MP-19, MP-53, MP-67, MH-49, 
MH-52, MH-9, MH-82, MH-99 and MH-105 [16]. Shoot fly may wreak havoc on late-
planted kharif crops. As a result, sowing should begin soon after the monsoon begins, 
or no later than 10–15 days after the first monsoon rain. Adult beetles of White grubs 
were gathered and exterminated immediately after the first shower in the endemic 
zones after mating on trees such as neem or Acacia.
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4. Integrated pest management in pulses

4.1 Important pests

Pod borer (Helicoverpa armigera), spotted pod borer (Maruca vitrata), spiny pod 
borer (Etiella zinckenella), blue butterfly (Lampides boeticus), grass blue butterfly 
(Euchrysops cnejus), bihar hairy caterpillar (Spilosoma obliqua), stem fly (Ophiomyia 
phaseoli), pod weevil (Apionam plum), bean Aphid (Aphis craccivora), leaf hopper 
(Empoasca kerri), podfly (Melanagromyza obtuse), lab bug(Coptosoma cribraria), 
whitefly (Bemisia tabaci), thrips (Megalurothrips usitatus), blister beetle (Mylabris spp), 
stem fly (Melanagromyza sojae), tobacco caterpillar (Spodoptera litura), green semi-
loopers (Chrysodeixis acuta, Gesonia gemma and Diachrysia orichalcea), girdle beetle 
(Obereopsis brevis), pod borer (Helicoverpa armigera), white fly (B. tabaci).

4.2 IPM approaches

Plant spacing, sowing time, intercropping, and soil activities can all be adjusted 
to reduce H. armigera harm Chickpea germplasm with low to high insect pest 
resistance has been established. Deep ploughing of fields in the summer and leaving 
the land for solarization are widespread cultural practices in black gram and green 
gram pre-sowing [23]. Avoiding waterlogging, judicious fertiliser usage, and other 
common cultural methods for stem fly, pod weevil, pod fly, blister beetle, white 
grub and grass butterfly management. Installing light traps in and around fields to 
minimise crop stress [24], enhancing parasitic activity by avoiding chemical spray 
collecting and destroying eggs and early-stage larvae, handpicking older, gregarious 
caterpillars and cocoons during early stages and using yellow/blue pan water/sticky 
traps @ 4–5 traps/acre [25] light traps @ 1/acre, and pheromone traps @ 4–5/acre 
for monitoring adult moths’ activity. Cleaning of infected stubbles followed by deep 
summer ploughing, optimal fertiliser application, timely sowing, proper seedbed 
conditions and depth of sowing, optimum seeding rate and plant population, regu-
lar scouting, rogueing, and destruction of infected crop/plant parts, elimination of 
collateral/alternate and reservoir hosts, crop rotation and intercropping, cultivation 
of soybean only during the rainy season, and agronomic practices to avoid pests are 
all common cultural practices in soybean [26]. Collecting and eliminating girdle 
beetle-infested plant parts, egg masses, and gregariously feeding hairy caterpillar 
and tobacco caterpillar larvae should be prioritised. Ten to twelve bird perches will 
be installed on each acre. Pheromone traps should be used to track the spread of S. 
litura and Helicoverpa armigera, as well as Castor as a tobacco caterpillar trap crop 
and Dhaincha as a girdle beetle trap crop. It is recommended to intercrop soybean 
with asafoetida (early maturing variety), maize, or sorghum in a 4-row soybean 
with 2-row intercrop sequence. Increased biodiversity will aid natural biocontrol 
fauna such as coccinellid beetles, Chrysoperla, and others. In girdle beetle and 
semilooper endemic areas, intercropping with maize or sorghum should be avoided. 
Campoletis chlorideae, an ichneumonid, is the most prominent chickpea larval 
parasitoid of Helicoverpa armigera Six parasitoid species have been identified in 
Helicoverpa pupae collected in the field and potential biocontrol agents for B. piso-
rum have been reported Chrysopa spp., Chrysoperla spp., Nabis spp., Geocoris spp., 
Orius spp., Polistes spp., and species belonging to the Pentatomidae, Reduviidae, 
Coccinellidae, Carabidae, Formicidae, and Araneidae, respectively, are the most 
prevalent predators of insect pests The entomopathogenic fungus Nomuraea 
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rileyicaused 90–100% larval mortality, while Beauveria bassiana Balsamo caused 
only 6% chickpea damage compared to 16.33% damage in untreated control plots 
Spraying Bacillus thuringiensis (Bt) (Berliner) formulations later in the day yields 
greater control than spraying earlier in the day. Vegetable oils, neem oil, and karanj 
oil are excellent in protecting pulses from bruchid damage. For the management of 
Helicoverpa armigera, strategies for deploying Bt genes in transgenic chickpea have 
been devised. In order to deal with the Bihar hairy caterpillar, preventing preharvest 
infestation by irrigating once to forestall a prolonged mid-season drought. Dig 
1-inch-deep holes between the fields and dust them to kill the larvae. To control the 
larvae, spray Quinalphos 25% EC 600 ml diluted in (black gram) or Phenthoate 
50% EC diluted in (blackgram & greengram). Rates of sowing and seeding the ideal 
seed rate should be used depending on seed size. After every 15 rows, a one-row 
break should be provided to enable for spraying in a standing crop. Conservation 
of spiders, coccinellid beetles, tachinid fly, praying mantids, dragon fly, damsel 
fly, Chrysoperla, and meadow grasshoppers by limiting the use of wide-spectrum 
pesticides and releasing Telenomus remus at a rate of 50000/ha against S. litura. 
Spraying B. thuringiensis var. kurstaki, Serotype H-39, 3b, Strain Z-52 at a rate of for 
semilooper complex management (Chrysodeixis acuta, Gessonia gemma, Diachrysia 
orichalcea and defoliators). Trichogramma chilonis, Tetrastichus, and Telenomus are 
egg parasitoids, while Ichneumon promissorius, Carcelia sp, and Diglyphus isaea are 
larva parasitoids of Spodoptera and Helicoverpa; Xanthopimpla flavolineata is both 
a larval and a pupa parasitoid of an adult wasp; Encarsia formosa, Eretmocerus sp. 
Removal and destruction of damaged plant parts, as well as two applications of 
monocrotophos 36 WSC at one and three weeks of crop age. Need-based insec-
ticides viz., Monocrotophos 36% SL, Chlorantraniliprole 18.5% SC, Lufenuron 
5.4% EC, Thiodicarb 75% WP (Helicoverpa spp.) & (Maruca spp.), Novaluron 
05.25% + Indoxacarb 04.50% SC, Azadirachtin 0.03% (300 PPM) for pod Borer, 
Flubendiamide 39.35% w/w SC for fruit borer, Flubendamide 20% WGfor S. litura, 
Maruca spp, Pod borer, Quinalphos 25% EC for Bihar hairy Caterpillar, Beauveria 
bassiana 1.0% WP for gram pod borer (Helicoverpa armigera), Metarhizium aniso-
pliae 1.15% WP for Heliothis armigera, NPV OF Helicoverpa armigera 2.0% AS Strain 
for pod borer (Helicoverpa armigera), Bromadiolone 0.005% RB, Indian house rat, 
field Rat, Chlorantraniliprole 18.5% SC for green semi looper, stem fly, girdle beetle 
[27, 28]. Bioefficacy of flubendiamide 24% w/v + thiacloprid 24% SC w/v against 
shoot and fruit borer and its sucking pests and its safety to non-target organisms in 
brinjal was also proved.

5. Integrated pest management in oilseeds.

5.1 Groundnut

5.1.1 Important pests

Aphid (A. craccivora), bruchids (Caryedon serratus), jassid (Empoasca kerri), 
leaf miner (Aproarema modicella), termite (Odontotermes spp.), thrips (Scirtothrips 
dorsalis, Thrips palmi), tobacco caterpillar (S. litura), white grub (Lachnosterna 
(Holotrichia) serrata and Lachnosterna (Holotrichia) consanguinea), Bihar hairy cater-
pillar, (Spilosoma/Diacrisia obliqua), gram pod borer, (Helicoverpa armigera), jewel 
beetle (Chrysochroa fulgidissima).
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5.1.2 IPM approaches

Semi loopers, capsule borers, and hairy caterpillars in groundnut can be controlled 
by planting one row of pigeonpea following groundnut. The following methods are 
used to manage Helicoverpa armigera: Setting up pheromone traps at a rate of 10 per 
hectare to monitor Helicoverpaa armigera / S. liturai [29], When a considerable number 
of eggs and early instar larvae are seen, HaNPV @ 250 LE/ha or SlNPV @ 250 LE/ha 
or Bt. 1 kg/ha or 5% NSKE will be sprayed if not reduced [30]. Pre-monsoon planting 
reduces damage from white grub and bud necrosis (if protective irrigation is avail-
able). The plants’ cowpea or soybean function as trap crops for leaf miner. The major 
predators are a wide variety of spiders, Odynerus punctum, Coccinella septempunctata, 
Chrysoperla carnea, Rhynocoris marginatus, reduviid bug, praying mantis, fire ants, big 
eyed bugs (Geocoris sp.), pentatomid bug (Eocanthecona furcellata), earwigs, ground 
beetles, rove beetles etc. Ovomermis albicans, a nematode etc. and parasitoids are 
Chelonus blackburni, Bracon spp, Brchymeria spp., Apanteles spp., Goniozus spp., Elasmus 
spp., Stenomesius, Sympiesis and Tetrastichus, Trichogramma chilonis,Tetrastichus spp., 
Telenomus spp., Chelonus blackburni Carcelia spp., Campoletis chlorideae, Bracon spp. etc. 
[31]. If the pest is severe, use the prescribed dosages of a safe pesticide viz., carbofu-
ran 3% CG for pod borer and white grub, chlorpyrifos 20% EC for aphid root grub, 
deltamethrin 2.8% EC for leaf miner, flubendiamide 20% WG for spodoptera litura, 
imidacloprid 17.8% SL for aphid and jassid, lambda-cyhalothrin 5% EC for thrips, leaf 
hopper, leaf miner, methomyl 40% SP for spodoptera litura, methoxyfenozide 21.8% 
w/w SC for leaf eating caterpillar groundnut leaf minor and pod borer, oxydemeton – 
methyl 25% EC for aphid/ leaf minor, phenthoate 50% EC for leaf webber, quinalphos 
1.5% DP for thrips, jassids and red hairy caterpillar, quinalphos 20% AF for spodop-
tera, quinalphos 25% EC for leaf hopper, leaf miner, thrips, thiamethoxam 75% W/W 
SG for termites etc. [32].

5.2 Castor

5.2.1 Important pests

Tobacco caterpillar (S. litura), castor semilooper (Achaea janata), shoot and 
capsule borer (Conogethes (Dichocrocis) punctiferalis), red headed hairy caterpil-
lar (Amsacta albistriga, A. mooreii), Bihar hairy caterpillar (Spilosoma obliqua), 
whitefly (Trialeurodes ricini), thrips (Retithrips siriacus, S. dorsalis), hairy caterpillars 
(Euproctis fraternal), castor spiny caterpillar (Ergolis merione), castor slug (Parasa 
lepida).

5.2.2 IPM approaches

Summer ploughing to expose the hibernating pupae to predatory birds or hot sun 
[33] and selection of triple or double bloom castor cultivars viz., DCH-519, GCH-4, 
GCH-5, GCH-7, YRCH-1 which are tolerant to leafhopper. Springer, Cham. Castor 
varieties/hybrids with non-spiny capsules (Jwala) or semi-compact spike (GCH-4, 
GCH-7) are less damaged by capsule borer. In areas where red hairy caterpillar (RHC) 
is a problem, using a light trap (200-watt mercury lamp covers 10 ha area) on a com-
munity basis with the first monsoon rains to attract and kill the adult moths. In situa-
tions, where operating electric light trap is not feasible, a petromax light of 200 candle 
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power is also effective in attracting moths, covering 4–6 ha area [34]. Sowing cucum-
ber along field borders preferably before sowing of castor attracts the migrating cat-
erpillars of RHC [35]. Using vegetative twig traps (Jatropha or Ipomoea or Calotropis) 
for collection and killing of migrating larvae of red hairy caterpillars in endemic areas 
[36]. Sex pheromone trapinstalled for S. litura @ 10 traps/ha for monitoring and 
implementing timely control measures. Hand-picking and destruction of gregarious 
stages of S. litura and hairy caterpillars along with damaged leaves are effective for 
the management of defoliators in castor, which keep the defoliation level usually less 
[35]. Manipulation of parasitoid activity by avoiding spraying of insecticides, when 
1–2 cocoons of larval parasitoid (Microplitis maculipennis) observed per plant [37]. If 
the damage by the insect pests exceeds ETL any of the following insecticides could be 
sprayed. Dimethoate 30% EC - jassids, mites, semi looper, malathion 50% EC. jassids, 
mites, semi looper, B. thuringiensis var. Kurstaki, Serotype H-39, 3B, Strain Z-52 for 
hairy caterpillar, Achea Janata [33].

5.3 Sunflower

5.3.1 Important pests

Tobacco caterpillar (S. litura), head borer (Helicoverpa armigera), jassids 
(Amrasca biguttula), thrips (S. dorsalis), green semilooper: Thysanoplusia orichalcea, 
cabbage semilooper (Trichoplusia ni), Bihar hairy caterpillar (Spilosoma obliqua), 
cutworm (A. ipsilon), termite (Odontotermes obesus).

5.3.2 IPM approaches

Close spacing, particularly if the rainfall is heavy, mixed cropping of sunflower with 
cotton, Studies on groundnut and sunflower intercropping system. Removing nearby 
weeds that may serve as a host for aphids before planting sunflowers can slow or prevent 
a serious infestation [38]. To manage whiteflies, installing yellow sticky traps, which 
are coated with grease/sticky oily materials may be effective. Flooding of orchard with 
water in the month of October to kill the eggs, ploughing of orchard in November, rak-
ing of soil around tree trunk to expose the eggs to natural enemies and sun and removal 
of weeds. Fastening of alkathene sheet (400 gauge)/grease band of 25 cm wide after-
wards mud plastering of trunk at 30 cm above the ground in the middle of December 
and in July –August destruction of fallen leaves infested with scales. Bihar hairy cater-
pillar could be managed by pre-monsoon deep ploughing (two to three times) which 
expose the hibernating pupae to sunlight and predatory birds and timely sowing and 
clean cultivation [39]. Use of well rotten manure, intercropping with pigeon pea at a row 
ratio of 2:1 is effective in reducing the insect attack. Tobacco caterpillar will be controlled 
by intercropping sunflower with pigeon pea and spraying 5% neem seed kernel extract 
preferably in the evening or spraying SlNPV @ 100LE/acre/spraying Clerodendrum 
inerme dust (25%) and plant extracts (10%) [35]. For head borer management, intercrop 
with pigeon pea, groundnut, finger millet and soybean along with sowing trap crops like 
marigold at 50 plants/acre. The use of pheromone traps (4 traps/acre) to trap the male 
moths and setting of light traps (1 light trap/5 acre) to know the range of pest incidence 
as well as to kill moths’ population is also effective method [38]. Spraying dichlorvos 
76% EC, thiamethoxam 30% FS for jassids and thrips, thiamethoxam 70% WS for jas-
sids & thrips, cypermethrin 10% EC for Bihar hairy caterpillar, imidacloprid 48% FS for 
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jassid, whitefly, imidacloprid 70% WS for jassid and whitefly, imidacloprid 17.8% SL for 
aphid and jassid, malathion 50% EC for white fly.

6. Integrated pest management in commercial crops

6.1 Sugarcane

6.1.1 Important pests

Early shoot borer (Chilo infuscatellus), pink borer (Sesamia inferens), top shoot borer 
(Scirpophaga excerptalis), root borer: (Emmalocera depressella), internode borer (Chilo 
sacchariphagus indicus), stalk borer (Chilo auricilius), white woolly aphid (Ceratovacuna 
lanigera), black bug (Cavelerius sweeti), whitefly (Aleurolobus barodensis), pyrilla 
(Pyrilla perpusilla), mealybug (Saccharicoccus sacchari), (Oligonychus sacchari), termites 
(Odontotermes spp).

6.1.2 IPM approaches

Expose the grub stages by deep ploughings for predation. Destroying the ter-
mitarium present on the bunds and nearer to the field. Sugarcane woolly aphid 
(SWA) reduced in Paired or wider row planting. Selection of infestation free stalks 
and the discarding of seed stalks, and leaves left after seed preparation reduce scale 
insect, mealy bugs, white flies, borers, sugarcane woolly aphids [40]. Collection 
and destruction of beetles from neem trees during nighttime immediately after first 
heavy showers for white grub control. For top shoot borer, the egg masses should be 
destroyed and the affected canes along with pest stages will be removed [41]. Avoid 
excess use of N fertilisers before earthing up [42]. For Pyrilla releasing 1000 viable 
cocoons of Epiricania parasites per ha. is effective [43]. Syrphid fly @ 1000 larvae 
or cocoons per ha [44]. Internode borer will be managed by releasing Trichogramma 
chilonis parasitized eggs in suitable instalments and the use of pheromone traps. 
Placing of pheromone sleeve traps @ 25 per hectare for Chilo infuscatellus control 
by destroying adult males. Soil application of 10 G phorate or 2% methyl para-
thion dust. For Pyrilla Releasing 1000 viable cocoons of Epiricania parasites per 
ha. White grub (L) will be managed by collection and destruction of adults from 
sugarcane and application of 10 G phorate. At planting (January) to manage ter-
mite, shoot borer and root borer drenching of 20 EC chlorpyriphos. Drenching the 
sets immediately after planting in-furrow with Chloranthriniliprole 35%WG and 
Chloranthriniliprole 35%WG, were proved superior by recording the lowest average 
per cent dead hearts by early shoot borer [45]. Application of Metarhizium anisopliae 
(Metschnikoff) Sorokin (Ma-1) against sugarcane white grub, Holotrichia serrata 
(Hope) at 1x1013 conidia ha−1 was found next best to chlorpyriphos. Spinetoram 12 
SC were significantly effective in minimising, number of termites per colony [46]. 
For Rodents control bromadiolone cake 0.005% will be kept in rodent burrows or 
bait stations continuously for two days. Field evaluation of anticoagulant roden-
ticides, bromadiolone and difethialone in sugarcane fields of Cauvery delta. For 
Internode borer, Spot spraying of biopesticide like Verticillium Grasshopper Dusting 
of 2% methyl parathion dust in sugarcane and on bunds. 210–240 days after plant-
ing (August to September). Removal of 2–3 leaves containing egg and pupal stages 
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and spraying 0.08% DDVP or monocrotophos with addition of 2.5% N in spray 
solution or spraying neemark.

6.2 Tobacco

6.2.1 Important pests

Leaf eating caterpillar (S. litura), whitefly (B. tabaci), stem Borer (Scrobipalpa 
heliopa), gram pod borer/bud worm/ capsule borer (Helicoverpa armigera), grass hop-
per (Acrida exultata, Cyrtacanthacris tartarica, Atractomorpha crenulate).

6.2.2 IPM approaches

Deep summer ploughing, growing of castor as trap crop for oviposition, collec-
tion and destruction of egg masses and early instar larvae, removal of weeds are the 
common cultural practices of leaf eating caterpillar. Stem borer will be managed by 
removal of infested plants, use light trap. Whitefly and grass hoppers will be man-
aged by field sanitation and rogueing of alternate hosts, planting tall border crops 
to reduce white fly infestations, Using yellow sticky traps or cards, Conserving the 
available natural enemies such as Encarsia formosa, Eretmocerus spp., Dicyphushe 
sperus, Chrysocharis pentheus, spiders, coccinellids, lacewings etc. B. thuringiensis 
var. kurstaki, Serotype H-3a, 3b, Strain Z-52, NPV of S. litura 0.5% AS (1x109 POB/
ml), Release parasitoids viz., Trichogramma chilonis, Tetrastichus spp., Telenomus spp, 
Spraying NSKE 5% against eggs and first instar larva, Ichneumon promissorius, Bracon 
sp, Carcelia spp, Chaetopthalmus, Campoletis chloridae, Lissopimpla excels, Ichneumon 
promissorius, Neem extract containing 5% azadirachtin W/W [47, 48].

6.3 Cotton

6.3.1 Important pests

Leaf hopper (Amrasca devastans), whitefly (B. tabaci), thrips (Thrips tabaci), 
aphids (Aphis gossypii), mealybugs (Phenacoccus solenopsis), tobacco caterpillar (S. 
litura), pink bollworm (Pectinophora gossypiella), spotted and spiny bollworm (Earias 
vittella) & (Earias insulana), Helicoverpa bollworm (Helicoverpa armigera), leaf 
roller (Sylepta derogata), red cotton bug (Dysdercus cingulatus), dusky cotton bug 
(Oxycarenus hyalipennis), semi-looper (Anomis flava), stem weevil (Pempherulus 
affinis), shoot weevil (Alcidodes affaber).

6.3.2 IPM approaches

Summer deep ploughing is used to reveal the soil’s insect population’s inhabiting/
resting phases. Crop rotation can help to limit the occurrence of many pests of cotton 
The crop should be kept weed-free for at least 8–9 weeks following sowing, or until 
the canopy begins to close in due to timely inter-culture. Intercropping cotton with 
pigeon pea, groundnut and pulse crops is encouraged, as is the use of trap/border 
crops such as okra (for shoot weevil), cannabis, castor, marigold, early pigeon pea, 
jowar, and maize crops [49]. To suppress main perennial weeds, a hoeing in between 
crop rows should be performed following the appearance of cotton seedlings. 
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Allowing animals to graze after the last picking is advised for reducing the carryover 
population of bollworms. Growing of Setaria as intercrop to serve as live bird perches 
and installing 8–10 bird perches per ha after 90 days of crop growth for the benefit 
of predatory birds Hand-picking and destruction of various insect stages viz., egg 
masses and gregarious larvae of S. litura, grown-up larva of Helicoverpa armigera, 
affected plant parts, rosetted flowers due to pink boll worm and rotted bolls. Growing 
maize interspersed with cowpea on border to attract predators and parasitoids 
[50]. Only sucking pest tolerant Bt cultivars should be used for endemic areas. For 
bollworm and Spodoptera, Bacillus thuriengiensis var kurstaki is recommended. [Only 
suitable for non-Bt cotton]. Chemical control strategies under IPM need need-based, 
rational, and safe pesticide use like 50WP Diafenthiuron and Diflubenzuron 25 WP 
for whiteflies, aphids, thrips, and jassids, diflubenzuron 25 WP for tobacco caterpil-
lar, dinotefuran 20 SG for bollworms white flies, jassids, aphids, and Thrips, 5 SG 
emamectin benzoate for boll worms, pink american boll worm, spotted and spiny, 
fenvalerate 0.4 DP and Fipronil 5 for Aphid, Jassid, Thrips, White fly, spotted boll-
worm and pink bollworm, flonicamid 50 WG for boll worms aphids, jassids, thrips, 
and whiteflies; flubendiamide 20 WG and flubendiamide 39.35 SC for american 
bollworm, Fluvalinate 25 EC for bollworms (American and Spotted bollworm), 
imidacloprid 70 WG for aphids, jassids, red cotton bug, bollworm jassids, aphids 
and thrips. Avoid combining two or more pesticides in the same tank [51, 52]. Using 
pesticides like pyrethroids, which cause sucking bugs to resurface should be avoided.

7. Integrated pest management in vegetables

7.1 Okra

7.1.1 Important pests

Shoot and fruit borer (Earias vitelli, E. insulana), gram pod borer: (Helicoverpa 
armigera), jassids (Amrasca biguttula biguttula), aphids: (A. gossypii), whitefly  
(B. tabaci), red spider mite (Tetranychus spp), red cotton bug (Dysdercus cingulatus), 
ash/grey weevils (Myllocerus subfaciatus), stem fly (Melanagromyza hibisci).

7.1.2 IPM approaches

Growing maize/sorghum on borders as a barrier/trap crop for the entry of shoot 
& fruit borer adults and set up yellow sticky and delta traps for white fly etc. Erection 
of bird perches @ 10/acre in the field for facilitating bird predation [53]. Removal 
and destruction of borer affected shoots and fruits. Sprinkler irrigation to reduce 
the whitefly population Application of botanical insecticides. Inundative release 
of natural enemies such as Trichogramma brasiliensis against Earias vittella and H. 
armigera and Chrysoperla zastrowi sillemi for sap feeders [54]. Two to three sprays of 
NSKE @ 5% alternating with sprays of pesticides, if needed, for leaf hopper, white 
fly, mites and aphids etc. [55]. Leaf hopper, if crosses ETL (5 hoppers/plant), spray 
imidacloprid 17.8 [56]. This will be effective in controlling other sucking pests as 
well. Installation of pheromone traps @ 2/ acre for monitoring of Earias vittella moth 
emergence. Replace the lures after every 15–20-day interval. Releasing egg parasitoid 
Trichogramma chilonis @ 1–1.5 lakh/ ha starting from 30 to 35 days after sowing, 4–5 
times at weekly interval for shoot & fruit borer. Need based application of chemical 



213

Holistic Pest Management Strategies in Tropical Plant Species
DOI: http://dx.doi.org/10.5772/intechopen.105104

pesticides viz. imidacloprid 17.8 SL @ 150 ml/ha, cypermethrin 25 EC @ 200 g a.i/ha 
(0.005%), quinalphos 25 EC @ 0.05% or Propargite etc. 57 EC @ 0.1% for control of 
leaf hoppers, aphids, white flies, borers and mites.

7.2 Brinjal

7.2.1 Important pests

Fruit and shoot borer (Leucinodes orbonalis), jassids (Amrasca biguttula biguttula), 
hadda beetle (Epilachna vigintioctopunctata), whitefly (B. tabaci), aphids (A. gossypii), 
spider mites (Tetranychus spp.) grey weevils (Myllocerus subfasciatus), tobacco cut 
worm (S. litura), stem borer (Euzophera perticella), thrips (T. palmi), brinjal lacewing 
bug (Urentius hystericellus).

7.2.2 IPM approaches

Soil solarisation during June will help in reducing the soil-borne insects. However, 
care should be taken that sufficient moisture is present in the soil for its solarisation. 
Clipping of borer damaged shoots and collection and destruction of damaged fruits 
i.e., clean cultivation helps in management of borer and phomosis disease effectively. 
Seed of popular hybrids is sown in beds in the first week of July. Weeding should be 
done from time to time and infected seedlings should be rogued out from the nursery 
[57]. Bird perches @ 10/acre should be erected for facilitating field visits of predatory 
birds [58]. Blue/yellow sticky trap should be installed for hoppers, aphids, white fly 
etc. [59]. Give 2 to 3 sprays of 5% NSKE against sucking pests and borer. Neem oil 
(2%) application reduces borer infestation, though marginally. Pheromone traps @ 
5/ acre should be installed for monitoring and mass trapping of shoot & fruit borer 
Leucinodes orbonalis. Replace the lures with fresh lures after every 15–20-day interval. 
Release egg parasitoid T. brasiliensis for shoot & fruit borer, 4–5 times at weekly 
intervals. Apply neem cake @ 250 kg/ ha (in two splits) in soil along the plant rows at 
25 and 60 DAT for reducing nematodes and borer damage [60]. If the borer incidence 
crosses ETL (5% infestation), apply cypermethrin 25 EC (0.005%) or carbaryl 50 
WP, if the incidence of leaf hopper and other sucking insect pests is still above ETL, 
then apply imidacloprid 17.8 SL.

7.3 Cabbage and cauliflower

7.3.1 Important pests

Diamondback moth (Plutella xylostella), head borer (Hellula undalis), leaf webber 
(Crocidolomia binotalis), cabbage aphid (Brevicoryne brassicae), cabbage butterfly 
(Pieris brassicae), tobacco caterpillar (S. litura).

Removal and destruction of plant remnants, stubbles, debris after harvest and 
ploughing the field. Sowing 2 rows of bold seeded mustard as a trap crop for every 
25 rows of cabbage to attract moths to mustard [61]. Grow intercrops such as tomato, 
garlic, coriander and carrot in alternate rows with cabbage. Installing pheromone 
traps @ 4–5/acre for monitoring [62]. Release egg parasitoid, T. chilonis/pretiosum 
@ 20,000/acre 4–6 times at weekly interval and larval parasitoids [63], Diadegma 
semiclausm @ 1,00,000/acre (Hills – below 25–27°C) or Cotesia plutellae (plains) @ 
20,000/acre from 20 days after planting. Fungal pathogens, for example, Paecilomyces 
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spp. and Zoophthoraradican are effective. Cabbage borers collect and destroy  
caterpillars mechanically in the early stages of attack. Remove and destroy the webbed 
leaves with caterpillars and set up light traps @ 1/acre. Conserve parasitoids such as 
Cotesia crocidolomiae etc. for managing Cabbage leaf webber. For cabbage butterfly, 
fine-mesh netting in nursery will stop butterflies from reaching the crop and laying 
eggs. Collect and destroy eggs or caterpillars mechanically by hand- usually on the 
underside of the leaves. Release Trichogramma spp. and erect bird perches. Conserve 
parasitoids such as Cotesia glomeratus (larval), Pteromalus puparum (larval), Aphidius 
colemani (adult and nymph), Diaeretiella spp. (adult and nymph), Aphelinus spp. 
(adult and nymph) and predators such wasps, green lacewings, earwigs, ground 
beetles, rove beetles, spiders etc. [64]. Foliar spray with dimethoate 30% EC @ 
264 ml in 200–400 l of water/acre or fenvalerate 20% EC @ 120–150 ml in 240–300 l 
of water/acre or phosalone 35% EC @ or acetamiprid 20% SP. Foliar spray with 5% 
NSKE or azadirachtin 0.03% (300 ppm) neem oil-based WSP. Spraying flubendi-
amide 20% WG or lufenuron 5.4% EC or spinosad 2.5% SC or indoxacarb 15.8% EC 
@ or emamectin benzoate 5% SG or fipronil 5% SC of water/acre (Last spray should 
be 15 days before harvesting) [65].

7.4 Tomato

7.4.1 Important pests

Gram pod borer (Helicoverpa armigera), tobacco caterpillar (S. litura), whitefly 
(B. tabaci), serpentine leaf miner (Liriomyza trifolii), thrips (T. tabaci, Frankliniella 
schultzei), red spider mite: (Tetranychus spp), cutworm (A. ipsilon), aphids (Myzus 
persicae, A. gossypii, A. craccivora), mealybug (Phenacoccus solenopsis).

7.4.2 IPM approaches

For managing Serpentine leaf miner, use yellow sticky traps or cards. Erecting of 
bird perches @ 20/acre for encouraging predatory birds such as king crow, mynah 
etc. [66]. Ecological engineering of tomato with growing of ovipositional trap 
crops such as castor [67]. For gram pod borer field sanitation, ecological engineer-
ing of tomato with growing intercrops such as cowpea, onion, maize, coriander, 
uradbean etc. [68] and growing sorghum or maize in 4 rows all around tomato 
crop as guard crop. Rotate the tomato crop with a non-host cereal crop, cucurbit, 
or cruciferous vegetable. Instal pheromone traps @ 4–5/acre for monitoring adult 
moths’ activity [69], setting up of light trap @ 1/acre. Conserve parasitoids such as 
Trichogramma chilonis (egg), Tetrastichus spp. (egg), Telenomus spp. (egg), Chelonus 
blackburni (egg-larval), Carcelia spp. (larval-pupal), Campoletis chlorideae (larval), 
Eriborusargentio pilosus (larval), Microplitis sp. etc. Conserve predators such as 
lacewings, lady beetles, spiders and fire ants conserve predators such as C. carnea, 
coccinellids, King crow, common mynah, wasp, dragonfly, spider, robber fly, 
reduviid bug, praying mantis, fire ants, big-eyed bugs (Geocoris sp), pentatomid 
bug (Eocanthecona furcellata), earwigs, ground 34 beetles, rove beetles etc. Spraying 
NSKE 5% against eggs and first instar larva or azadirachtin 5% W/W neem extract 
concentrate @ [70]. spray dimethoate 30% EC. Leafhoppers, soil application of 
neem cake 100 kg/acre, Conserving predators such as ladybird beetles and green 
lacewings and parasitoids such as Anagrus flaveolus and Stethynium triclavatum. For 
serpentine leaf miner, spraying azadirachtin 1% (10000 ppm) neem-based EC or 
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azadirachtin 5% W/W neem extract concentrate [71], apply entomopathogenic nem-
atodes (EPNs) @ 20–120 crore infective juveniles of Steinernemafeltiae/acre, Spray 
with indoxacarb 14.5% SC or flubendiamide 20% WG or flubendiamide 39.35% M/M 
SC or novaluron 10% EC or carbaryl 50% WP or chlorantranilioprole 18.5% SC or 
lambda-cyhalothrin 4.9% CS or lambda-cyhalothrin 5% EC or phosalone 35% EC or 
quinalphos 20% AF or quinalphos 25% EC.

8. Integrated pest management in fruits

8.1 Mango

8.1.1 Important pests

Mango hopper (Idioscopus clypealis, Idioscopus niveosparsus), mango mealy bug 
(Drosicha mangiferae), fruit fly (Bactrocera dorsalis), stem borer (Batocera rufomacu-
lata), bark eating caterpillar (Indarbela quadrinotata), stone Weevil (Sternochetus 
mangiferae), shoot borer (Chlumetia transversa), leaf webber (Orthaga exvinascea), 
shoot gall psylla (Apsyllaci stellate), red ant (Oecophylla smaragdina), Eriophyid mite 
(Aceria mangiferae),stone weevil (S. mangiferae), termites (Odontotermes obesus, 
Microtermes obesi).

8.1.2 IPM approaches

Collection and destruction of crop debris, insect-damaged plant parts, removing 
weed plants [72], timely irrigation, organic manure, fertiliser at the recommended 
dose, drainage, weeding, mulching, interculture and so on are examples of cultural 
practices. Handpicking gregarious caterpillars and cocoons discovered on stems and 
destroying them in kerosene mixed water are examples of mechanical techniques. Use 
yellow sticky traps at a rate of 4–5 traps per acre and a light trap at 1/acre and Instal 
pheromone traps @ 4–5/acre for monitoring adult moth activity (replace the lures 
with fresh lures every 2–3 weeks) [73]. Erecting bird perches @ 25/ha for encourag-
ing predatory birds such as King crow, common mynah, etc. [74]. Common practices 
such as dense orchard pruning in December, orchard and field sanitation, rogueing 
and the application of bio-agents such as Metarhizium anisopliae @ 1x 108 cfu/ml or 
Beauveria bassiana @ 108 cfu/ml on tree trunk once during toffseason and twice at 
7 days intervals during the flowering season. Chemicals such as buprofezin 25% SC/
deltamethrin 2.8% EC)/ Dimethoate30% EC, imidacloprid17.8% SL, malathion 50% 
EC, monocrotophos 36% SL, oxydemeton–methyl 25% EC, oxydemeton–methyl 25% 
EC used judiciously [75].

8.2 Banana

8.2.1 Important pests

Banana rhizome weevil (Cosmopolitus sordidus), banana stem weevil Odoiporus 
longicollis), banana leaf-eating caterpillar (S. litura), Banana aphid (Pentalonia nigro-
nervosa), flower thrips (Thrips florum), Banana lacewing bug (Stephanitis typicus), 
hard scale (Aspidiotus destructor), fruit fly (B. dorsalis), banana scab moth (Nacoleia 
octasema).
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8.2.2 IPM approaches

Maintain sanitation in the orchard for banana aphids by following clean cultural 
practices [76]. Deep ploughing of the field is a helpful strategy for managing white 
grubs because it exposes the grubs to desiccation and insectivorous bird predation. 
During the night hours, collect and destroy beetles in kerosene mixed water and with 
light traps/pheromone traps. Addition of cover crop (inclusion of fallow in rotation 
sequences mass trapping and use of biological control agents in insect pest suppres-
sion may prove to be beneficial as alternative IPM strategies for the Banana rhizome 
weevil. Pheromone traps are used in mass trapping to keep insect populations under 
control Individual-based models (IBMs) were examined to depict the spatial dynam-
ics of the banana weevil in relation to the cropping system. Crop fragmentation and 
mass trapping were considered tools for reducing insect numbers. The results showed 
that altering agricultural residues in the area around each pheromone trap increased 
trap efficiency significantly. Traps were most efficient at catching weevils escaping 
the fallow in an intensive banana plantation fallow when placed at the transition zone 
between the banana region and the fallow. Before planting the suckers, wash them and 
immerse them in a Chlorpyriphos 20 EC [77]. Cleanliness in the orchard is critical. On 
the white grub-infested host plants, spray carbaryl at a rate of 2 ml per lit. Plants are 
protected from a termite infestation by using chlorpyriphos 20EC @ 400 ml/gunta 
with irrigation water or intermittent irrigation. Spray the pseudostem and soak the 
base of the tree with chlorpyriphos 20 EC. Spray Malathion 50 EC after one week. 
The fungus Beauveria bassiana, in combination with entomopathogenic nematodes 
(Steinernema spp. and Heterorhabditis spp.), appears to be effective in nematode 
control. The use of biological control agents in pseudostem traps in combination with 
pheromone attractants could be future development in control procedures.

8.3 Citrus

8.3.1 Important pests

Aphid (Toxoptera aurantii), citrus psylla (Diaphorina citri), fruit sucking moth 
(Eudocima fullonica, E. maternal), citrus/lemon butterfly (Papilio demoleus, P. 
polytes), citrus blackfly (Aleurocanthus woglumi), soft scale: Coccus hesperidium).

8.3.2 Integrated pest management practices

Intercropping, excessive irrigation, and nitrogen application should all be avoided 
to control citrus psylla since they increase humidity in the orchards, which is condu-
cive to pest growth. Pruning the impacted and dry shoots as well as modifying the 
canopy structure to aid in optimum light interception is recommended. Curry leaf 
should not be grown near citrus orchards because it can serve as a breeding ground 
for psylla. Each flushing season, two releases of Mallada desjardinsi (Navas) (=M. 
boninensis (Okamoto) @ 30 larvae/tree lower citrus psylla infestation levels Pruning 
of all afflicted sections throughout the winter is recommended for managing citrus 
leaf miner and keeping the pest population under control in extreme cases. Pruning 
should be avoided during active growth phases because it causes more fresh flushes, 
allowing the pest to have more generations. The citrus blackfly can be controlled by 
not planting infested seedlings. Plant the orchards at the appropriate spacing. Close 
spacing, excessive nitrogen application, and waterlogging should all be avoided. 
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Alternative hosts of the pest include guava, sapota, and pomegranate, which should 
not be grown near citrus groves. Clipping and destroying the afflicted shoots is recom-
mended [78]. Avoid twig cutting before the blackfly’s predicted egg-laying season. 
Spraying neem oil @ 100 ml or Karanja oil @ 100 ml + Teepol 10 ml during egg-laying 
reduces blackfly egg-laying. Fruit Sucking Moths can be controlled by getting rid of 
fallen fruits, which attract the moths. To avoid pest development, orchard horticulture 
must be kept clean. Fruit bagging on a modest scale is effective. Smoke is produced 
in orchards in the late evening hours, which repels the bug The adults would be 
attracted to light traps and poison baiting with malathion 50 EC @ 10 ml + 100 g 
jaggery +100 ml mandarin juice +900 ml water (two bottles of poison bait/25–30 
trees). Fruit flies in citrus can be controlled by submerging wooden blocks in a 6: 4: 
1 solution of ethanol, methyl eugenol, and malathion for 72 hours. In the 24th week 
of August, instal PAU fruit fly traps at a rate of 16 traps per square foot. If necessary, 
refill the traps. The collection and destruction of fallen fruits at regular intervals 
would limit the growth of puparia, reducing the fly population for the next year. Use 
male attractive fly traps baited with 0.1% methyl eugenol and 0.05% malathion 20 EC 
@ 25 traps/ha beginning 60 days before fruit harvest and fresh solution every 7 days 
to control fruit fly. Citrus aphids can be controlled with horticultural mineral oil at 
a concentration of 1.25% (12.5 ml I″ water) [Quinalphos 25 EC @ 1 ml or petroleum 
spray oil @5.9 ml or novaluron 10 EC @ 0.55 ml or imidacloprid 17.8 SL @ 0.4 ml or 
thiamethoxam 25 WG @ 0.32 g or acetamiprid 20 SP or neem oil @ 1–5 ml or imida-
cloprid 17.8 SL @ 0.5 ml can be exploited for the control of various pests in citrus [79].

9. Integrated pest management in plantation crops

9.1 Tea

9.1.1 Important pests

Tea mosquito bug (Helopeltis theivora), thrips (S. dorsalis), jassid (Empoasca 
flavescens), aphids: (Toxoptera aurantia), leaf eating caterpillar (S. litura), Red 
spider mite (Oligonychus coffeae), tea looper complex (Buzura suppressaria, Hyposidra 
talaca, H. infixaria), shot hole borer (Euwallacea fornicates), wood eating termite 
(Microcerotermes sp.), Scavenging termites (Odontermes sp).

9.1.2 IPM approaches

Routine cultural activities like as plucking rounds, adjusting pruning cycles, modi-
fying shade trees, and timely weed treatment can all be used as effective pest control 
measures in tea culture. Many foliar pests, such as tea mosquito bugs, aphids, jassids, 
scales, and leaf folding caterpillars like flush worms and leaf rollers, are removed or 
reduced by this technique. On the broken ends (stalks) of plucked shoots, tea mosquito 
bugs lay their eggs. The more eggs, larvae, and juvenile stages of pests are removed from 
the bushes, the shorter the plucking rounds must be. Intensive stalk removal during 
plucking will help to limit the prevalence of this insect. The intensity of plucking, 
on the other hand, is critical; the higher the intensity, the greater the pest population 
reduction. During a light pruning operation, most foliar pests such as the tea mosquito 
bug, flushworm, aphid, jassid, thrips, red Spider Mite (RSM), scarlet mite and purple 
mite are eradicated. The Light Skiff assists in the removal of unproductive shoots and 
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Helopeltis and thrips eggs Helopeltis is more likely to invade densely shaded regions 
Because the tea mosquito bug is a negatively phototropic pest, overgrown plantations 
should be thinned to provide for adequate sunshine and aeration. The insect is unable 
to endure sunshine, resulting in a reduction in the infestation. Several caterpillar pests 
have alternate hosts in shade trees such as Indigofera and Albizzia. As a result, the 
prescription for shade control will aid in the prevention of thrips, mites, and Helopeltis 
infestations. Sanitation in the field: Field cleanliness is important in the control of a 
variety of pests. Weeds provide ideal hiding places for Helopeltis and RSM, and they also 
act as alternate hosts for Helopeltis and RSM. RSM is controlled by weed-free agriculture 
and prohibits cattle, goats, and other animals from straying on RSM-infested fields. 
A trap crop also changes the habitat of an agro-ecosystem, which can be classified as 
an ecological engineering strategy. Marigold, on the other hand, is an attractive plant 
that may be used as a red spider mite trap crop in tea Removal by hand: Lepidopteran 
caterpillar collection and annihilation is cost-effective and useful for both small and 
large plantations [80]. Manual removal of larvae and pupae can greatly reduce the 
population of foliage-feeding caterpillars such as the looper caterpillar, faggot worms, 
flush worms and leaf roller. Solarization of the soil and heat treatment: The medium in 
which tea plants are grown in soil. Many insects, such as eelworms, cockchafer grubs, 
termites, and root mealy bugs, dwell or hibernate under or near the soil surface in ideal 
temperature and humidity conditions. In tea plantations, a light trap is a cost-effective 
and environmentally friendly monitoring method for lepidopteran pests The mechani-
cal control method for destroying termitaria appears to be a viable termite management 
solution [80]. In Bangladesh, the elimination of isolated termitaria is a common practice 
in tea plantations. In tea, Oligota flaviceps have been recognised as a predator of the 
red spider mite. The two most prevalent predators of Acaphylla theae and Calacarus 
carinatus are Amblyseius herbicolus and Euseius ovalis. Anthocorids of the genera Anthocoris 
and Orius, as well as predatory thrips such as Aelothrips intermedius and Mymarothrips 
garuda, are natural thrips adversaries. C. carnea has recently been recognised as a 
thrips and Helopeltis predator. Caloptilia theivora, a leaf roller, is highly parasitized 
by the eulophid Sympiesis dolichogaster. The looper caterpillar, Buzura suppressaria, is 
parasitized by Apanteles fabiae and Apantelesta probanae. Erythmelu shelopeltidis, an egg 
parasitoid, was found to be effective against the tea mosquito bug, Helopeltis theivora 
(The percentage parasitism in the field ranged from 52 to 83%, and this is the first time 
this species has been found attacking H. theivora. B. thuringiensis bacterial pesticides 
have been successfully employed to combat looper caterpillars, cutworms, flushworms, 
and other lepidopterous pests [81]. Verticillium lecani, Paecilomyces fumosoroseus, and 
Hirsutella thompsonii, three entomopathogenic fungi, were tested and proved to be 
efficient against pink, purple, and red spider mites. The possible entomopathogenic 
fungi for the management of Helopeltis in tea were discovered to be Cladosporium sp., 
Aspergillus niger and Aspergillus flavus. The most common entomopathogenic fungus, 
Metarhizium anisopliae, reduced the population of red spider mites, thrips, and live 
wood termites in tea Azadirachtin, an oxygenated triterpenoid derived from the seed 
kernel of the neem tree A. indica, is presently being tested against a variety of tea pests, 
including Helopeltis, Red spider mites, flushworm, and others. Plants suffering from 
root-knot nematodes, Meloidogyne brevicauda, were found to benefit from the applica-
tion of neemcake at a rate of 2 kg/bush Furthermore, extracts from Mahogany, Karanja, 
Datura, Tobacco, Bishkatali, Katamehedi, Lantana, Xanthium and Clerodendrum may be 
useful against significant tea pests such as tea mosquito bugs and red spider mites. Neem 
and Mahogani cake drastically reduced the nematode population in the soil [82].
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9.2 Coffee

9.2.1 Important pests

White coffee stem borer (Xylotrechus quadripes), coffee berry borer (Hypothenemus 
hampei), coffee root mealybug (Planococcus citri) Shot hole borer (Xylosandrus 
compactus), brown scale (Saissetia coffeae), green scale (Coccus viridis), cock chafers 
or white grubs (Holotrichia spp), hairy caterpillars (Eupterote spp), coffee bean beetle 
(Araecerus fasciculatus), red coffee borer (Zeuzera coffeae).

9.2.2 IPM approaches

Destroying ant nests from shade trees and promoting favorable environmental 
conditions for the growth of the white halo fungus are two ways to manage coffee 
scales (Verticillium lecanii). Maintain optimal shade on the estates to control the 
White coffee stem borer (two-tiered shade tree system). Collar prune the infested 
plants, uproot if the borer has entered into the root, burn the affected plants imme-
diately and remove the loose scaly bark of the main stem and thick primaries using 
a coir glove or coconut husk to eliminate the cracks and crevices which are used by 
the female beetle to place eggs on the stem. After removing susceptible plants by 
tracing, use a scrubbing or 10% lime coating or stem wrapping with empty fertiliser 
bags in hot spot areas, such as open patches and estate borders with poorly managed 
estates [83]. Pheromone traps can be set up in the field at a height of 1.8 to 2 metres 
above ground level. The traps should be laid out in a grid of 25 traps per hectare, 
with a 20-meter interval between them. During the summer, the shot hole borer 
will be controlled by cutting the affected twigs 2.5 to 7 cm below the shot hole and 
burning, removing, and killing all undesired / infested suckers, as well as keeping 
thin shade and providing good drainage in the estate. During the early part of the 
flight period, between April and October each year, spray Chloropyrifos 20 EC at 
a dosage of 600 ml in 200 l of water, coupled with 200 ml of any wetting agent on 
the main stem and thick primaries. Coffeeberry borer will be controlled through 
the use of cultural practises and phytosanitary measures, such as fumigation with 
aluminium phosphide under the supervision of a pest control agency or a techni-
cal expert, timely harvest, spreading gunny bags or polythene sheets at the time 
of harvest to reduce gleaning, removing gleanings and leftovers, dipping infested 
berries in boiling water for 2–3 minutes kills all stages inside, During the drying 
process, traps can be placed around the drying yard [84]. Dusting quinalphos 1.5% 
or methyl parathion 2% on afflicted patches and spraying with 4 litres of kerosene 
in 22 litres of water combined with 200 ml of any agricultural wetting agent reduced 
coffee mealybug. Drenching with roger 30EC at 3.3 ml per litre of water in the case 
of young plants (2–4 years).

9.3 Coconut

9.3.1 Important pests

Rhinoceros beetle (Oryctes rhinoceros), red palm weevil (Rhynchophorus ferru-
gineus), black headed caterpillar (Opisina arenosella), eriophyid mite: Aceria guer-
reronis (Acari: Eriophyidae), Termite: Odontotermes sp.



Tropical Plant Species and Technological Interventions for Improvement

220

9.3.2 IPM approaches

Rhinoceros beetle and cock chafer beetle could be controlled by collecting and 
eliminating the various stages of the beetle’s life cycle from manure pits (the pest’s 
breeding site) whenever manure is removed. GI hooks can be used to extract the 
adult beetle from the palm crown during the peak phase of population growth 
[85]. Pheromone traps installed and gathered away from the main plantation are 
effective. Set up a pheromone trap for rhinoceros beetles at a rate of one trap per 
100 hectares by attaching it to the plant at a height of 0.6 to 1 m to trap and kill the 
beetles [86]. Avoid cutting green leaves for red palm weevil, and if necessary, cut 
them about 120 cm away from the stem to prevent successful inward passage of the 
grubs via the cut end. Set up a pheromone trap and a trap with coconut logs: Set up 
attractant traps (dirt pots) containing sugarcane molasses 212 kg or toddy 212 l (or 
pineapple or sugarcane activated with yeast or molasses) + acetic acid 5 ml + yeast 
5 g + longitudinally split tender coconut stem/logs of green petiole of leaves into 30 
numbers in one acre to trap adult red palm weevils in large numbers. The discharge 
of baculovirus oryctes injected adult rhinoceros beetles at a rate of 6 insects per acre 
provides biological control by reducing the beetle’s leaf and crown damage. To attract 
and kill the adults, soak one kilogramme of castor cake in five litres of water and place 
it in little mud pots in the coconut gardens. In the base of the three innermost leaves in 
the crown, apply a mixture of neem seed powder + sand (1: 2) @ 150 g/palm or neem 
seed kernel powder + sand (1: 2) @ 150 g/palm. Growing intercrop (sun hemp, four 
crops per year) and a shelterbelt of Casuarina around the coconut garden to prevent 
additional infiltration could help manage the coconut eriophyid mite. Fenpyroximate 
5% EC was used as a chemical control (spray fluid volume as required). To control the 
Leaf Eating Caterpillar / Black Headed Caterpillar as a preventative precaution, clip 
and burn the first afflicted leaves at the start of the summer season. Cut the root at an 
angle and place it in a 7 × 10 cm polythene bag with an insecticidal solution contain-
ing monocrotophos 36% WSC + water 10 ml [87].

10. Conclusions

The pest management in tropical food crops with special emphasis on integration 
of cultural, mechanical, chemical and natural enemies is discussed in this chapter 
which will be useful for students, farmers, researchers and also entrepreneurs for 
updating their knowledge for future endeavours. The judicial and selective use of 
management strategies described could be helpful for sustainable pest management 
and production of these crops
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Abstract

Natural resources especially medicinal plants possess the potentials to sustain all exis-
tence on earth. Cymbopogon, a globally cultivated herb, possesses high contents of diverse 
essential oils for medicinal and economic purposes including treatment of malaria and 
candidiasis. Notable species include Cymbopogon citratus and C. flexosus having citral as 
the main chemical compound. Numerous compounds of these species include limonene, 
citronella, geranyl acetic derivatives, elemol, among others. Phytochemical analysis 
of these essential oils is usually done by the gas chromatography-mass spectrometry 
(GC-MS) method sequel to obtaining them through solvent extraction, hydrodistillation, 
supercritical CO2 extraction, chromatography among others. Although the supercritical 
CO2 extraction method gives greater quality yields void of toxic wastes with preserved 
thermal stability compared with other methods, its high-working pressure generates 
issues of safety risks and costs. Quantitative determination is done using spectropho-
tometric, chromatographic, and Folin-Ciocalteu methods. In comparison with other 
chromatographic techniques employed, gas chromatography exhibits greater efficiency 
by quantifying and determining the presence of various components at low concentra-
tions. This prominently economical plant with potent ethnobotanical benefits hinged 
on the essential oils phytochemicals is faced with diverse extraction challenges; thus, 
improvement in the extraction and quantification techniques is key to the harvest of pure 
yields of lemon grass essential oils.

Keywords: Cymbopogon, essential oils, phytochemicals, plants, extraction, 
chromatography

1. Introduction

Medicinal plants play an important role in a healthy society. Restoration of 
practices and knowledge related to medicinal plant resources is part of an important 
strategy related to biodiversity conservation, knowledge of new drugs and improv-
ing the living standards of rural populations [1]. The Gramineae family includes the 
genus Cymbopogon, which encapsulates herbs that are globally recognized for pos-
sessing high essential oil content. Its species are broadly distributed across the globe 
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where they are utilized for diverse purposes. Both the commercial and medicinal uses 
of its differential species have been well authenticated [2].

Additionally, the ethnopharmacology corroboration reveals the presence of an 
expansive array of properties possessed by these species, which establishes their 
utilization for pest control for cosmetics and anti-inflammatory media. Species of 
Cymbopogon may also envelope potentials as potent antitumor and chemopreventive 
drugs [3]. Cymbopogon flexuosus and Cymbopogon citratus are the two main species 
vastly farmed for their essential oils in various parts of the world [4]. It is cultivated in 
the subtropical and tropical regions of the world and widely used in the agriculture, 
cosmetics, flavor, food, pharmaceutical industries [1]. It is a member of the aromatic 
grasses containing essential oils with lemon flavor. Its species are tufted perennial C4 
grasses with several hard stems emerging from a short, rhizomatous base [5] with a 
citrus flavor, dried to powder or freshly used. The name Cymbopogon is derived from 
the Greek words “kymbe” (boat) and “pogon” (beard), referring to the flower spike 
arrangement [5]. The species C. citratus is identified by many international com-
mon names, such as West Indian lemon grass or lemon grass (English), citronelle or 
verveine des indes (French), hierba limon or zacate de limón (Spanish), xiang mao 
(Chinese), capimcidrao, or capim-santo (Portuguese), and locally, there are more 
than 28 indigenous names identified from different countries of the world [4]. Other 
common names of C. citratus include lemongrass, barbed wire grass, citronella grass, 
fever grass, and tanglad [6]. C. citratus thrives best in sunny, warm, humid conditions 
of the tropics and grown in a wide range of soil types, from rich loam to poor laterite. 
Although calcareous and water-logged soils adversely affect growth [7], those culti-
vated on sandy soils have higher leaf oil yields and higher citral content [8]. C. citratus 
is believed to have originated from Malaysia, and it is now widely grown in Central and 
South America, regions in Africa, Southeast Asia, and the Indian Ocean Islands, both 
on subsistence and commercial scales particularly in South-east Asia. It is an aromatic, 
evergreen, perennial grass that produces multiple stiff stems emerging from a short 
rhizome-like rootstock and grows to approximately 1.5 m tall. Although it rarely 
produces florets, the leaflets are blue-green, erect, and linear and exude a character-
istic lemon flavor when crushed [9]. The C. citratus is positioned as one of the most 
globally distributed genera that are usually utilized in all parts of the globe [3]. The 
plant, which can be dried and powdered, or used fresh, has been employed in diverse 
activities that include food flavoring, in teas, soups, with poultry, fish, beef, seafood, 
and curries. Reports have validated its global diverse health benefits, including the 
fact that lemongrass leaves and other parts can be infused to treat nausea, stomach 
aches, constipation, and a variety of stomach infections as well as to prevent ulcers 
[4]. C. flexuosus (Poaceae) is described as a native, tall perennial aromatic grass (sweet 
smelling sedge) with growth confined to specific patches of subtropical parts of Asia, 
Africa, and America. Cymbopogon flexuous, also known as the Cochin or Malabar grass, 
is native to Sri Lanka, India, Thailand, and Burma. It is naturalized in numerous parts 
of the tropical and subtropical Southeast Asia and Africa [10, 11]. Consequently, it has 
received significant global demand due its varied range of applications in differential 
industries. Reports reveal that Cymbopogon flexosus include more than 140 with 52 of 
them growing in Africa, 45 in India, 6 in Australia, 6 in South America, 4 in Europe 
(only in Montenegro), 2 in North America, and the others in South Asia. It is utilized 
as a medicinal tea, in preparation of soups, curries, and starting agent for vitamin A 
synthesis and has been known to be both perfumery and flavorful with the therapeutic 
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characteristics [10]. C. flexosus is a C4 grass endowed with industrial importance and 
abundant medicinal properties, and utilized for its essential oil (EO) production [11]. 
India is a significant exporter and the major producer of lemongrass oil. The essential 
oil comprises citral (i.e., a mixture of neral and geranial), geraniol, limonene, and 
geranyl acetate among others and is well-recognized for their antimicrobial, antican-
cer, and allelopathic activities [11, 12]. These essential oils are employed in the produc-
tion of eco-friendly pesticides [3, 11]. In addition, lemongrass is an important source 
of several vitamins (A, B1, B2, B3, B5, B6, folate, and vitamin C) and essential minerals 
(calcium, copper, iron, magnesium, manganese, potassium, phosphorous, zinc) [11]. 
The above-listed properties cause lemongrass to be an industrially preferred crop due 
to its enormous potential in the fields of medicine, cosmetics, food, and biotechnology 
[13]. In furtherance, a couple of studies published that lemongrass essential oil can be 
utilized as biofuel; thus, it is regarded as an energy grass [14].

2. Phytochemicals of essential oils of Cymbopogon species

The essential oils of Cymbopogon are identified by monoterpene constituents 
including citral, limonene, geraniol, citronellol, elemol, b-carophyllene, citronellal, 1,8 
cineole, linalool, methylheptenone, geranylformate, and geranyl acetic acid deriva-
tion. Essential oils are typically chemically characterized by GC-MS [1, 15–17]. The 
plant C. citratus is abundant in bioactive substances. Flavonoids, alkaloids, saponins, 
tannins, and phenolic compounds, such as quercetin, luteolin, apiginin, isoorientin 
2’-O-rhamnoside, and kaempferol, have been isolated and identified from the plant’s 
leaves [18, 19]. These phytochemicals have been reported to be beneficial, especially 
in the pharmaceutical, food, health, and agricultural industries [20, 21]. Alcohols, 
aldehyde, ketones, esters, and terpenes are predominantly the other compounds found 
in C. citratus [20]. It also consists of 1–2 percent essential oil on a dry basis with the 
chemical composition varying greatly depending on the habitat, genetic diversity, and 
agricultural treatment of the crops. Longifolene (V4) (56.67%) and selina-6-en-4-ol 
(20.03%) are the constituents of volatile oil from the roots [22]. Although the primary 
chemical constituent of lemongrass essential oil is citral, borneol, geranial, geraniol, 
β-myrcene, limonene, neral, geranyl acetate, alpha-terpeniol, estragole, methy-
leugenol, citronellal, careen-2, farnesol, (+)-cymbodiacetal, proximadiol, methyl 
heptenone, terpinolene, pinene, linalool, linalyl acetate, and β-caryophyllene have also 
been reported [5, 22]. Citral (3, 7-dimethyl-2, 6-octadien-2-al) refers to the natural 
mixture of two isomeric acyclic monoterpene aldehydes, that is, geranial (citral A or 
trans citral) and neral (citral B or ciscitral) [20], which have same molecular formula 
(C10H16O) but different structures [23–26]. The various components of C. flexosus 
are significantly recognized due to the high concentration of aromatic essential oil, 
which contain many secondary metabolites, particularly monoterpenes (citral) and 
sesquiterpenes (caryophyllene) [11, 27]. Lemongrass is used in a variety of traditional 
Asian dishes and beverages, and also in high-end perfumes, pharmaceuticals, and 
biomedical applications [28]. The antibacterial, insecticide, larvicide, antitumoral, 
and cytotoxic characteristics of C. flexuosus’ essential oil make it popular in alternative 
medicine [20]. The main constituents of the essential oil of C. flexuosus are Z-citral 
(-citral), geraniol, and -geranial (-citral), with citral contributing significantly to the 
oil’s antibacterial properties.
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3. Economic importance of essential oils of Cymbopogon

C. citratus Stapf. (lemongrass) is a spice commonly used in tropical regions, par-
ticularly in Southeast Asia. The primary compounds identified in C. citratus essential 
oil include α-citral, β-citral, geraniol, nerol, citronellal, myrcene, terpinolene, geranyl 
acetate, and terpinol methylheptenone. Terpenes, alcohols, ketones, and certain flavo-
noids and phenolics have also found in the plant [29]. Scientific research has described 
the antibacterial, anticarcinogenic, anti-inflammatory, antifungal, antioxidant, 
antiprotozoal, antirheumatic and cardioprotective effects of C. citratus [30–32]. It 
has shown a marked suppression of fungal infections including athlete’s foot, itching, 
ringworm, and yeast infections and has a synergistic effect by suppressing the growth 
of filamentous fungi by inactivating yeast cells [6, 33]. Citral, myrcene, and citronellal 
are secondary metabolites that have been isolated from lemongrass and characterized 
as antimalarials. They showed remarkable activity against Plasmodium sp. [34]. In HIV/
AIDS patients, oral candidiasis brought on by Candida albicans has been demonstrated 
to be successfully treated with lemongrass essential oil in 1 to 5 days [35].

LGEO’s pharmaceutical potential has been reported in rodents in a well-designed 
trial involving oral administration of EO’s key ingredient, citral, in combination with 
the nonsteroidal anti-inflammatory drug naproxen to experimental rats. The combi-
nation of naproxen and citral showed comparable anti-inflammatory effects com-
pared with naproxen alone, but with much less stomach adverse effects [36]. Citral 
from C. citratus is used as an additive in creams and ointments to treat local inflam-
mation as it significantly inhibits inflammatory mediators. It has also been shown to 
inhibit neutrophil attachment generated by tumor necrosis factor (TNF)-α at a dose 
of 0.1% and lipopolysaccharide (LPS)-induced nitric oxide synthase (iNOS) and 
monooxidation-induced signaling pathways co-bind to receptors, thereby blocking 
the nuclear factor Kappa B (NFƙB) pathway, COX2 and peroxisome proliferators. It 
suppresses activated receptor alpha (PPARα) by 60–70% and inhibits oral and tissue 
inflammation [6].

It has been reported to inhibit platelet composition and treat anxiety, gastrointestinal 
infections, diabetes, malaria, and pneumonia [25]. Tea made from lemongrass essential 
oil has been proven to have sedative, analgesic, anti-inflammatory, antipyretic, and 
antispasmodic properties. It has also been used as massage oil for relief of joint and 
muscle pain [37]. Diarrhea, stomach aches, and digestive issues can all be treated with 
lemongrass tea [38]. Lipid-lowering and hypoglycemic drugs may also contain lemon-
grass. In folk remedies and Ayurvedic medicines, it is used to control serum glucose, fat, 
and lipid levels and prevent obesity and high blood pressure. This plant has been used to 
keep blood sugar levels stable by secreting insulin (hyperinsulinemia). It lowers blood 
pressure that may result in hypertension [5]. It has been reported that citral (geranial and 
neral), the main constituent of C. citratus essential oil, is cytotoxic to a number of human 
leukemia cell lines. This occurs by the activation of procaspase 3. It has also been proven 
to inhibit the proliferation of pathogenic food-borne bacteria including Listeria monocy-
togenes and Salmonella Typhimurium [4].

Essential oils from C. citratus have been used to control infections and insects. It 
is efficient against Aedes aegypti, Phenacoccus solenopsis, Dermatophagoides sp., and 
Musca domestica. C. citratus is used in herbal soaps to cure swelling, itching skin, 
and rashes [6]. It has also been demonstrated that lemongrass essential oil inhibits 
Microsporum canis. Shampoos containing citral were efficient against Malassezia 
furfur, a fungus found in dandruff [39]. Lemongrass essential oil has been noted to 
exhibit considerable resistance to pathogenic fungi that interfere with the release of 
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mycotoxins during preservation of grains and other food products [40]. Cymbopogon 
is a common herb in tropical regions [30]. It is frequently used as a food ingredi-
ent for human consumption. Lemongrass is frequently used in Asian cuisine for its 
aroma. Industrially, they are important as part of beverages, baked goods, fragrances, 
pesticides, and preservatives [6, 41]. They can serve as deodorants for perfumes, local 
samples, candle repellents, and other insect repellents. It has been used as a repellent 
against snakes and other reptiles in some Asian and African countries [42, 43]. The 
potential of lemongrass as an effective substitute to antibiotic growth promoters was 
evaluated [44].

4.  Detection of phytochemicals in essential oils in Cymbopogon 
species—lemongrass

An understanding of the chemical components in plants is important for the 
discovery of beneficial phytochemicals useful in the synthesis of therapeutic agents 
and other useful chemical compounds. Higher plants are crucial sources of bioactive 
compounds essential for the maintenance of human health. C. citratus contains many 
pharmacologically active essential oils, flavonoids, phenolic compounds, and other 
bioactive constituents [6]. The methods of extraction of these essential oils include 
the following:

1. Solvent extraction: The solvent is combined with the plant material and then 
heated to extract the essential oil (EO). The plant extract is filtered and concen-
trated by evaporation of the solvent. The oil is extracted from the concentrate by 
combining it with pure alcohol and distilling it at low temperatures. However, 
because this method takes a long time to complete, the oils are more expensive 
than other methods [4, 45, 46].

2. Distillation methods: In hydrodistillation, the plant material absorbs water during 
the boiling process. The oil present in the oil cells diffuses via osmosis from the 
cell walls [46]. During steam distillation, at about 100°C, the combined vapor 
pressure corresponds to the ambient pressure. This allows volatile components 
with boiling temperatures between 150 and 300°C to evaporate at temperatures 
near 100°C [45]. The use of this simple technique for extraction of LGEO has 
been reported [47, 48]. Hydrodistillation yields less oil because incomplete oil 
extraction takes place due to a variable rate of distillation caused by heat [49]. 
Steam distillation has various disadvantages including possible loss of certain 
volatile chemicals, low extraction efficiency, and unsaturated compound degra-
dation may occur [46].

3. Supercritical CO2 extraction: CO2 was chosen for use in extraction for various 
reasons, including inertness, non-toxicity, non-flammability, high solubility, 
availability at low cost, ideal for thermolabile compound extraction, and ease of 
removal from the extract. Supercritical CO2 extraction is strongly suggested at 
low temperatures to prevent any damage to desirable EO constituents [50]. The 
use of this technique results in products that are free of toxic waste and of greater 
quality preserving thermal stability compared with conventional methods. How-
ever, the high working pressure necessitates the use of sophisticated equipment, 
which raises safety risks and costs [51].
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4. Ultrasound extraction (UAE): Plant cell walls are disrupted using ultrasound at 
frequencies greater than 20 kHz, which aid the ability of the solvent to permeate 
the cells and improve extraction yields. The UAE can process at a low temperature 
while maintaining good extract quality. The UAE is considered one of the easi-
est extraction methods due to the use of basic experimental equipment such as 
ultrasonic baths. The temperature and extraction time are controlled, while the 
ground sample is mixed with the appropriate solvent and placed in an ultrasonic 
bath [52]. Unfortunately, there are two major drawbacks to using an ultrasonic 
probe, both of which are connected to experimental reproducibility [53]. An 
advantage of this technique is that it is a green technology and its use in extraction 
of phenolic compounds has risen in popularity in the recent years [54].

5. Microwave extraction: Microwave extraction has a similar principle to hydrodis-
tillation except that heating is achieved using microwaves. This method reduces 
the number of biological components lost during extraction. It reduces time and 
extraction solvent volume. It has been employed as an alternative to traditional 
antioxidant extraction techniques by reducing extraction time and being envi-
ronmentally friendly [4, 54].

6. Spectroscopy: Data from variety of spectroscopic techniques are used to determine 
the structure of substances including ultraviolet (UV)-visible, infrared (IR), 
nuclear magnetic resonance (NMR), and mass spectroscopy. The fundamental 
premise of spectroscopy is that electromagnetic energy is passed through organic 
molecules that absorb part of it. A spectrum can be generated by measuring the 
amount of electromagnetic energy absorbed. Spectra are unique to each bond 
in the molecule, and this can be used to elucidate the structure of the organic 
molecule can be determined using these spectra. Since aromatic compounds 
are potent ultraviolet chromophores, UV-visible spectroscopy is preferred for 
quantitative study. When compared with other procedures, this technique takes 
less time and costs less. Fourier transform infrared spectroscopy (FTIR) is a 
non-destructive, high-resolution, quick analytical tool for identifying chemical 
components and determining the structure of compounds [54].

7. Chromatography: TLC is a rapid, inexpensive, solid-liquid chromatography 
technique for determining the presence of components in a mixture. Silica gel 
(SiO2 x H2O) and alumina (AL2O3xH2O) are the most used solids in chro-
matography [55]. Bio-autography is a technology that may be used to identify 
bioactive compounds with antibacterial activity in plant extracts. The bioauto-
graphic TLC method combines chromatographic separation with in situ activity 
measurement to facilitate identification and separation of active elements in a 
compound. High-performance liquid chromatography (HPLC) is an established 
technology for separating bioactive compounds. For optimal isolation, it is cru-
cial to select the right mobile phase, flow rate, detectors, and columns and other 
conditions. The identifying peak should have adequate retention time and be 
well separated from unrelated peaks [56]. Liquid chromatography-mass spec-
trometry (LC/MS) is also a useful tool for the analysis of phenolic compounds 
[56]. When pure standards are not available, the combination of HPLC with 
MS can quickly and reliably identify the chemical composition of herbs [57]. 
Overpressured layer chromatography (OPLC) is the bridge between thin-layer 
chromatography (TLC) and high-performance liquid chromatography (HPLC). 
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OPLC is particularly attractive for separating antimicrobial components from 
various matrices [58]. Gas chromatography is often combined with a flame 
ionization detector or an electron capture detector. This technique can quantify 
and determine the presence of materials present at low concentrations [59]. The 
gas chromatography section divides sample’s compounds into pure chemical 
pulses based on their vaporization.

8. Immunoassays: This method uses monoclonal antibodies to identify pharma-
ceuticals and natural low-molecular-weight bioactive substances. Monoclonal 
antibodies are produced by hybridoma technology. They are becoming increas-
ingly relevant in the study of bioactive compounds. They have been shown to 
have high specificity and sensitivity. MAb-based enzyme-linked immunosorbent 
assays (ELISA) have been shown to be more sensitive than traditional HPLC 
procedures in many cases [56].

5.  Quantification of phytochemicals of essential oils of Cymbopogon 
species

Refs. [60, 61] have documented the quantitative determination of phytochemicals 
(total alkaloids, flavonoids, phenol, saponins and tannins) of extracts of leaves using 
spectrophotometric and Folin-Ciocalteu methods, expressed per gram of the sample 
dry matter [60, 61]. These were majorly initiated by ethanolic and methanolic of 
acidified methanolic extractions as necessitated by the phytochemical of interest [62], 
followed by centrifugation and storage at −20°C until analysis was done.

For instance, the 1,10-phenanthroline method of total alkaloids content (TAC) 
estimation, as described by Ref. [63], entails the oxidation of alkaloids by iron 
(III) and subsequent complexation of iron (II) with 1,10-phenanthroline, to form 
a red-colored complex having the maximum absorbance at 510 nm. The reaction 
mixture containing 1 ml plant extract, 1 ml of 0.025 M FeCl3 in 0.5 M HCl, and 1 mL 
of 0.05 M of 1, 10-phenanthroline in ethanol is usually incubated for 30 min in hot 
water bath with maintained temperature of 70 ± 2°C, before the measurement of 
the absorbance of red-colored complex at 510 nm against reagent blank. Alkaloid 
contents are then estimated and expressed as the standard curve of quinine (0.1 mg/
ml, 10 mg dissolved in 10 ml ethanol, and diluted to 100 ml with distilled water) and 
the values expressed as g.100 g–1 of dry weight. This simple, sensitive, and economi-
cally viable spectrophotometric method has been used in the determination of some 
Rauwolfia alkaloids (ajmaline, ajmalicine, reserpine, and yohimbine HCl) in tablets 
of pharmaceutical formulations, with reports showing that the common excipients 
do not interfere with the proposed method. A statistical comparison of these results 
with the results of the reported approach shows good agreement and no significant 
difference in accuracy [61–63].

Phenolic compounds inhibit lipid oxidation by scavenging free radicals, chelating 
metals, activating antioxidant enzymes, reducing tocopherol radicals, and inhibit-
ing enzymes that cause oxidation reactions. These may provide the basis for the 
rapidly growing interest in the use of natural antioxidants and antimicrobials [64]. 
Quantification of total flavonoids content (TFC) has been according to the aluminum 
chloride method reported by [65], involving the dispense of 0.5 ml of extract into test 
tube, followed by the addition of 1.5 ml of methanol, 0.1 mL of aluminum chloride 
(10%), 0.1 ml of 1 M potassium acetate, and 2.8 ml of distilled water in a reaction 
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mixture. The absorbance read at 514 nm, after allowing to stand at room temperature 
for 30 min, is expressed as quercetin equivalent (QE) in mg/g material. In the same 
vein, the total phenolic content (TPC) quantification of samples extracts can be 
determined according to the Folin-Ciocalteu method of [62], where 1.5 ml of a 1 in 10 
dilution of Folin-Ciocalteu reagent is added to 300 ml of leaf sample extract, followed 
by 1.2 ml of Na2CO3 solution (7.5 w/v). The absorbance read, at 765 nm against a blank 
after allowing to stand at room temperature for 30 min, is expressed as gallic acid 
equivalent (GAE) in mg/g material.

Variations in the extraction yields could arise from the different extraction meth-
ods and solvents. Other factors could be the evaluated variety, harvest year, process-
ing, and storage [66]. Using walnut leaf as a case study, Ref. [67] investigated several 
solvents with different polarities such as hexane, chloroform, ethyl acetate, methanol, 
and ethanol for the evaluation of the cytotoxicity of walnut leaf extract on human 
cancer cell lines. They reported that the resulting methanol extract had the highest 
amount of TPC and TFC (120.28 ± 2.32 and 59.44 ± 0.87 mg/g DE, respectively) using 
colorimetric methods. For the ethanolic extracts, the concentration of the phenolic 
compounds in young leaves was substantially greater than those in the mature leaves. 
Employing the response surface methodology of optimization of the ultrasound 
assisted hydroalcoholic extraction of phenolic compounds of walnut leaves, Ref. [68] 
tried to establish the optimum conditions and the maximum predicted TPC, using 
61% ethanol concentration, 51.28 min extraction time, and the 4.96 v/w liquid-to-
solid ratio to obtain 10,125.4 mg GAEs/l, while 2925 mg quercetin equivalents (QEs)/l 
as maximum TFC was achieved by using ethanol with 67.83% concentration, v/w 
liquid-to-solid ratio of 4.96, and 49.37 min of extraction time. Under these condi-
tions, the experimental results were reasonably similar to the values predicted by the 
polynomial response surface model equation. Ref. [69] compared the antioxidant and 
antimicrobial activities of the prepared ethanol and water extracts from the leaves 
of three plants, namely P. aphylla, Persian walnut, and oleander. They showed that 
the ethanol extracts had the highest amount of total phenolics and flavonoids in all 
assays, as well as highest antioxidant and antimicrobial activities when compared 
with the water extracts.

Initially, the formation of stable and persistent foam on the liquid surface for 
approximately 15 min represented the presence of saponins [70]. However, the quan-
tification of plant saponins is usually performed by spectrophotometry and chroma-
tography. The major difference in quantitative expression between the two techniques 
is that spectrophotometry quantifies the total saponin value, while chromatography 
quantifies specific saponin compound [71].

5.1 Spectrophotometric method of phytochemical quantification

Regarded as a simple, rapid, and inexpensive approach, total saponins assay, also 
known as vanillin-sulfuric acid assay, involving the reaction of oxidized triterpene 
saponins with vanillin is one of the spectrophotometric methods used to quantify 
saponins. It uses sulfuric or perchloric acid as oxidant, resulting in a distinctive 
purple coloration of the reaction system [71]. Being the most commonly utilized 
spectrophotometric method for quantifying plant saponins and providing an excel-
lent reference for future experimental design, reports suggest that in order to allow 
full color development, few criteria, such as choice of standards and wavelength, 
should be taken into account when selecting this method [70]. However, researchers 
have reported 544-nm wavelength, with a majority selecting wavelengths in the range 
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of 480–610 nm (excluding 473 nm and 283 nm). This is likely due to the maximum 
absorption of purple color that falls within this range [72, 73].

Hemolytic method is a spectrophotometric method for determining the saponin 
concentration of a plant material [74]. This is based on the release of oxy-hemoglobin 
when saponins react with blood reagent producing measurable color changes detected 
by the spectrophotometer. Ref. [75] have quantified the saponin content in bitter 
gourd varieties with the hemolytic technique, with their result showing that white 
bitter gourd types had much lower levels of saponin (0.25%) than the green varieties 
(0.67%). In furtherance, the saponin extract was dissolved in distilled water, before 
incubation of 100 μl of this solution with 1 ml fresh EDTA-blood at 30°C for 30 min. 
Hemoglobin was measured in the supernatant photometrically at 545 nm, after 
centrifugation for 10 min, and the result is expressed in hemolytic saponins.

5.2 Chromatographic method of phytochemical quantification

Thin-layer chromatography (TLC), high-performance liquid chromatography 
(HPLC), and ultra-pressure liquid chromatography (UHPLC) are the most com-
mon chromatographic methods employed [73, 76, 77]. Multiple reaction monitoring 
(MRM)-based UHPLC-ESI-MS/MS technology, according to studies, was developed 
to provide more precise and sensitive measurement of main saponins and sapoge-
nins in conjunction with chlorogenic acid [78]. Refs. [79, 80] described the use of 
ultra-high-performance liquid chromatography coupled to single-stage Orbitrap 
high-resolution mass spectrometry (UHPLC-Orbitrap-MS) to simultaneously detect 
and quantify phytochemicals in green tea and walnut leaves-derived nutraceuticals. 
Ref. [81] submit that by combining LC separation and MS detection, a high selectivity 
could be attained since the MS detector’s selectivity allows for more precise identity 
by confirmation by comparing fragmentation patterns and observing qualifier and 
quantifier ion transitions.

Additionally, although sensitivity—the connection between analyte signal and 
concentration—may not be a crucial parameter for evaluation during method valida-
tion, it provides information about the instrument signal and might be helpful during 
method optimization. In light of these, Ref. [78] suggest that this method can be used 
to quantitatively measure bioactive compounds in crude plant materials and other 
related products, while also determining the same compounds in other biological 
sample matrices such as plasma, potentially minimizing matrix effect. Reports of 
Refs. [82, 83] show chromatographic methods to allow separation and purifica-
tion of various saponin biotypes from plant materials to identify a specific saponin 
compound and investigate its pharmaceutical property. Refs. [84, 85] suggest that 
the main goal of all the studies using HPLC technique is the quantification of specific 
saponin components. The specific saponin content detected serves as an excellent 
data reference source to future researchers, in addition to providing a reliable scien-
tific reference to pharmaceutical manufacturers interested in further processing of 
their respective plant sources [71].

Standardization and purification of complex extracts are still problematic since 
the mixtures are more toxic than individual components and present more difficulty 
in detoxification than a single molecule [86, 87]. More so, isolation, synthesis, or 
formulation processes could be slow and expensive, but relatively inexpensive for 
plant essential oils. In light of these, Ref. [88] allude that simultaneous quantifica-
tion and qualitative analyses of phytochemicals could easily be achieved via quick 
and conventional methods such as non-destructive near-infrared spectroscopy and 
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isocratic high-performance liquid chromatography. These improved methods can 
support rapid and precise content evaluation and confirmation [86].

5.3 Spectroscopic techniques of phytochemical quantification

Spectroscopic techniques such as ultraviolet (UV-visible), infrared (IR), mass 
spectroscopy, and nuclear magnetic resonance (NMR) provide sufficient information 
for quantitative as well as qualitative analysis of phytochemicals. Basically, depending 
on its structure, the organic molecule absorbs electromagnetic radiations in certain 
regions and produces a spectrum. The obtained spectrum helps in the identification 
and quantification of the molecule, since they are specific to functional groups [89].

The spectroscopic techniques include the following:

i. Ultraviolet-visible spectroscopy can be used to identify various phytochemicals 
using maximum absorption (λ max) values that correspond to their structural 
characteristics, such as total phenolic extract (280 nm), flavones (320 nm), and 
phenolic acids (360 nm) [54]. This technique is cheaply available and requires 
less time for observation [90].

ii. Infrared IR spectroscopy also referred to as vibrational spectroscopy exploits 
the vibrational modifications associated with elongation or bending of certain 
molecules upon exposure to the infrared region of electromagnetic radiations 
[89]. The various functional groups or chemical bonds in the molecule have 
different vibrational frequencies depending on the force constant (bond 
strength) values and decreased masses [54], which aid structural determi-
nation of a bioactive compound by capturing the characteristic frequency 
absorption bands for the functional groups present in the IR spectrum. 
Higher resolutions of chemical composition and elucidation of molecular 
structure can further be achieved with the Fourier transform infrared 
 spectroscopy (FTIR) [91].

iii. Mass spectroscopy involves the conversion of organic molecules to highly 
energetic charged species through bombardment with electrons or lasers [89]. 
As such, the molecular formula of the bioactive compound can be predicted 
by the estimated relative molecular weight of the fragmented ions adjacent to 
the places of fragmentations [54]. According to the published reports, mass 
spectroscopy has proven to be a highly effective analytical instrument in the 
structural elucidation of phenolic compounds when used in conjunction 
with electrospray ionization (ESI), a preferred method of producing charged 
 species from macromolecules [91].

iv. Nuclear magnetic resonance (NMR) spectroscopy reveals the magnetic 
properties of some nuclei including 1H, 13C, 19F, and 31P [90]; thus, a signal is 
produced when the molecule’s intrinsic frequency of the active nuclei resonates 
with the oscillation frequency of the external magnetic field applied. This is 
determined by measuring the chemical shift arising from variations in the 
strength of the applied magnetic field, the chemical environment, and changes 
in the magnetic characteristics of the various nuclei [54, 89]. The quantitative 
concentrations of the most abundant compounds in the oily fractions of hemp 
leaves, hurds, and roots were revealed by the NMR method [92–94].
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6. Conclusion

This chapter discusses two of the most common species of Cymbopogon and their 
essential oils. The chapter showcases diverse phytochemicals of the oils, economic 
importance of Cymbopogon essential oils, detection, and quantification techniques 
of the phytochemicals of these essential oils obtained from Cymbopogon species. 
Additionally, different extraction and quantification methods for obtaining the 
essential oils were explicated. Findings from this chapter portray the different 
challenges associated with extraction and yields of these essential oils. Although 
chromatographic methods are commonly employed for extracting and quantifying 
these essential oils, there is need for improvement via the use of combined and more 
sensitive techniques for greater as well as pure yields of essential oils of lemon grass.
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Chapter 13

Effects of the Invasive Alien 
Prosopis juliflora (Sw.) DC and Its 
Management Options in Ethiopia: 
A Review
Wakshum Shiferaw and Sebsebe Demissew

Abstract

This paper aimed to review the effects of P. juliflora (hereafter P. juliflora is 
 represented by P. juliflora) on environmental factors in Ethiopia, management options 
and take up lessons learned elsewhere, and discuss about utilization and management 
of P. juliflora. It addresses relevant scientific information based on the evaluation of 
data collected from different journals, books, manuals, and various reports using the 
systematic review method. Invasion of P. juliflora had positive effects on soil proper-
ties, negative effects on plant diversity, human health, livestock health, and other 
economic losses. Its negative effects are outweighing its positive effects. The main 
negative effects of P. juliflora are its biotic factors such as allopathic chemicals and 
active ingredients such as phenolic compounds that are impairing animals and human 
beings. Mechanical, chemical, management by utilization, fire, disruption of its phe-
nological stages, and biological control methods are among control methods of the 
species. However, these control methods have their pros and cons for its management. 
The review was based on limited research findings and sources because there are 
limitations in research works regarding P. juliflora and its management. This review is 
used to know the invasion of P. juliflora and its management options in Ethiopia and 
other similar tropical countries across the world.

Keywords: allopathic, control methods, management, Prosopis juliflora, policy

1. Introduction

Invasive species are either indigenous or exotic which are being taken over a 
particular habitat [1, 2]. Invasive alien species are species that are introduced inten-
tionally or unintentionally into new areas and cause loss on an environment they 
invade [2]. In recent decades, biological invasions are increasing [3, 4] and threaten 
ecosystems, biodiversity, and food security [5]. Invasive alien species are representa-
tives of all taxonomic levels of viruses, bacteria, algae, plants, invertebrates, and large 
mammals [6].
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In the world database, P. juliflora is one of the 100 worst invasive alien spe-
cies [7]. The report by Ethiopian Biodiversity Institute showed 35 invasive alien 
plant species (IAPS) in the country [8]. Some of these invasive alien plants include 
P. juliflora, Parthenium hysterophorus, Eichhornia crassipes, Lantana camara, Acacia 
drepanolobium, Orobanche, and Cuscuta species, which are identified as major plant 
invaders [2]. It was found that there were emerging plant invaders such as Cryptostegia 
grandiflora, Parkinsonia aculeate, Mimosa diplorotricha, Mimosa pigra, and Argemone 
Mexicana, and Nicotine glauca [8]. In Ethiopia, plant species including P. juliflora, 
P. hysterophorus, E. crassipes, L. camara, and A. drepanolobium are the worst that 
threatened biodiversity losses [9]. These species were overtaking other land uses 
such as woodlands, grazing lands, parklands, urban greening, farmlands, which had 
reduced their ecosystem services of the land uses.

P. juliflora is a perennial evergreen multipurpose tree or shrub native to the 
Caribbean, North and South America transported out of its ranges through human 
activities [10–12]. It was introduced to African countries, for instance, since 1822 
in Senegal, South Africa in 1880, Egypt in 1900, Kenya since 1973, and into Eritrea 
from Sudan probably during the early 1980s [2]. There is contradicting informa-
tion regarding the introduction of P. juliflora into Ethiopia. For example, it was 
introduced in the late 1970s from India into Goro nursery-Dire-Dawa. On the other 
hand, P. juliflora was first introduced to the Afar region in the late 1970s. The intro-
duction of P. juliflora in the Afar region was through coordinated efforts between 
government and communities to stop desertification, greening up the region, and 
mitigate the impacts of drought [12]. P. juliflora was then planted over large areas up 
to 1982, and the sector Food for Work Program in 1986–1988 continued to expand 
its plantation. This species now exists in most regions of Ethiopia for instance, Afar, 
Oromia, Amhara, Somali, and Southern Nations and Nationalities Region States. It 
was reported as one of the invasive and problematic invasive alien species in Afar and 
Somali Regions and expanded to Great Rift Valley toward South Omo in Southern 
Nations and Nationalities Regional State of Ethiopia [13] and is the dominant invasive 
tree species in semiarid and arid ecosystems in the tropical regions of Eastern Africa 
[14]. During 2019 in Afar Region, Shiferaw et al. [15] reveal that there were 1.2 mil-
lion ha of P. juliflora invaded lands that expanded at the rate of 31,127 ha per annual. It 
established 12.3% of P. juliflora land surface invasions in Afar region. Moreover, other 
information of Pitroff [16] reported by Farm-Africa that P. juliflora invaded over 1.8 
million ha in Afar region.

Several research works show that P. juliflora had environmental effects, which is 
aggravating and influencing invasions into various ecosystems [10] that significantly 
had weaken ecosystem services [17, 18]. It reduced palatable grasses of livestock and 
replaced grass species such as Chrysopogon plumulosus, Cenchrus ciliaris and Setaria 
verticillata, and valuable woody species Acacia tortilis, Acacia Senegal, and Acacia 
nilotica. P. juliflora resulted also in social instability and economic hardship, plac-
ing constraints on sustainable development, economic growth, poverty alleviation, 
and food security in Afar region [19–21]. It caused harm or is likely to cause harm 
to the environment, people, economy, or human health [22, 23]. P. juliflora pods 
fed by livestock caused tooth decay and death through indigestion in the absence of 
supplementary feeds in the dry seasons [24, 25]. In arid and semiarid areas, ecosystem 
services obtained from woodlands, rangelands, livestock production, groundwater, 
and benefits of conservation areas and tourism were also under threat [26].

In different parts of Ethiopia, so as to minimize and control the invasion of 
P. juliflora, different strategies were applied such as eradication through mechanical 
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methods and burning and cutting of the juvenile plant at 10 cm and adult plant at 
40 cm down to the ground were tried by the Ethiopian Institute of Agricultural 
Research [27]. These methods were costly to manage the species. In addition, control-
ling P. juliflora invasion through utilization such as charcoal production and animal 
feeds were also tried [28, 29]. However, most of these efforts failed to control the spe-
cies. Current management practices are also not satisfactory to sustain the rangelands 
and woodlands. P. juliflora management options counter to environmental effects 
are not sufficient to control its invasion progress toward rangelands and expand into 
other land use systems in the invaded regions of the country. Unless improved man-
agement interventions are adopted, the sustainability of ecosystem services will be at 
stake in near future. This paper aims to review the effects of P. juliflora on environ-
mental constituents in Ethiopia, review the management options and take up lessons 
learned elsewhere or in Ethiopia, and review about the utilization and management 
of P. juliflora. Thus, this paper addresses relevant scientific information based on the 
evaluation of information collected from different journals, books, manuals, and 
various reports.

2. Review method

In this paper, relevant pieces of literatures were selected using the systematic 
review. Based on the specific objectives of the topic, journals, books, manuals, various 
reports, and related synthesized ideas were screened. Hence, 81 journals, 9 books, 5 
proceedings, and 17 various reports were selected. In addition, except for the concept 
of some terminologies used, update sources were used for the review.

3. Environmental effects of Prosopis juliflora

Dense impenetrable thickets of P. juliflora compete with native plant species 
and harms environment thus disrupt ecosystem functions and services. The species 
affected soil properties, hydrology, land use and land cover changes, rangelands, 
quality and availability of animal feeds, threat to fertile agricultural lands and loss 
of their productivity, reduce biodiversity, invaded wildlife reserves and national 
parks, affect human and livestock health, the economy of the country and the overall 
livelihoods of pastoralists, social conflicts and cerate political instability, reduce bird 
diversity, blocks roads of both animal and inhabitants, reduce urban amenity, but 
induce carbon sequestration in the invaded areas (see Table 1).

3.1 Effects of Prosopis juliflora on soil environment

3.1.1 Soil physicochemical properties

Windbreaks, cover crops, and cultivation practices can control loss of soil [64]. 
Likewise, a shelter belt of P. juliflora is planted around fields in many semiarid regions 
to reduce wind speed and reduce wind induced soil erosion, decrease desiccation 
by reducing transpiration, and thereby increase plant and animal production [65]. 
These types of plantation using P. juliflora were also practiced in the invaded regions 
of Ethiopia. The capacity to block the flow of wind depends upon the height, density, 
and thickness of the stands of plantations. Apart from preventing the loss of fertile 
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soil, P. juliflora reduced wind damage from crops, reduced loss of soil moisture, and 
improved microclimate. A report by Patnaik et al. [43] in Sudan shows that wind 
speed inside 5-year-old P. juliflora plantation reduced an average 14%, while potential 
evaporation reduced by 22% in the same site. P. juliflora was growing quickly, and 
it was a wind-resistant plant, which could be planted successfully to control soil 
erosion and could serve as shade and shelter that affected water balance by increas-
ing relative humidity but reducing temperature and evapotranspiration [10]. On the 
other hand, in low land areas of Central Sudan, a study by Al-Amin et al. [66] shows 
that Leptadenia pyrotechnical provided relatively good protection windward against 
consequences from erosion than cover of P. juliflora. This study shows protection of 
P. juliflora against soil erosion lower than the later species. Another study in Central 
Sudan by Al-Amin [67] reveals that the growth of P. juliflora in clusters could be 
more effective against wind protection than individual stems. P. juliflora had planted 
where soil fixing or improvement is an important consideration [68], 1). The authors 
also proved that P. juliflora was particularly suitable for stabilizing dunes and easily 
erodible soils. This is because of its ability to survive and grow on poor sites in which 
a few other species could tolerate, and its extensive lateral root system could bind soil 
particles particularly in the upper 60 cm soil depth.

Findings by Giessen et al. [69] show that P. juliflora enriched SOC, total P, total N, 
and available P under its canopies of topsoil in semiarid of Northeast Brazil. In Kenya, 
results by Mwangi and Swallow [24] reveal that biomass of understory plant species 
was five times lower under the canopy of P. juliflora than open grasslands. SOC and 

Effects of P. juliflora Authors

environmental harms [21, 30, 31]

Disrupt ecosystem functioning and services [14, 30, 32, 33]

Soil properties and soil seed bank [30, 34–39]

Hydrology [40]

Land use land cover changes [41–46]

Rangelands, quality, and availability of animal feeds [11, 21, 30, 32, 43, 47]

Productivity of agricultural lands [30, 48, 49]

Loss of biodiversity [30, 43, 48, 50]

Invade parts of wildlife reserves and national parks [2, 32, 35, 47, 48, 51]

Human and livestock health [2, 13, 30, 35, 43, 52, 53]

Effect economy and overall communities’ livelihoods of a 
country

[2, 32, 54]

Social tensions or conflict [29, 30, 36, 43, 55]

Political instability [13, 17, 56]

Barrier to movements of the animal and human beings [30, 43, 57]

Reduces urban amenity [54, 58]

Reduces bird diversity [43, 59]

Carbon sequestration [30, 60–63]

Table 1. 
Effects of Prosopis juliflora on environmental properties and its environmental services.
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total N concentrations in soils under P. juliflora were higher than those under open 
grassland areas. In Afar region of Ethiopia, a study by Shiferaw et al. [14] shows that 
invasion of P. juliflora changed the physicochemical properties in Teru and Yalow 
Woredas. Several findings show that positive effects of P. juliflora on soil properties 
overweight the negative ones. For instance, P. juliflora significantly affected soil pH, 
exchangeable Na+, water-soluble Ca2+ + Mg2+, water-soluble Na+, and exchange-
able Na percentages. The invasion of P. juliflora significantly increased soil pH but 
decreased exchangeable Na+, exchangeable Na percentage, and water-soluble Ca2+ + 
Mg2+ than non-invaded open grazing lands. The clay content of P. juliflora invaded 
lands was higher than non-invaded open grazing lands. However, the sand content of 
the soil was higher under non-invaded grazing lands than P. juliflora invaded lands. 
In this study, though in most of the findings, the invasion of P. juliflora had positive 
effects on physicochemical properties, Shiferaw et al. [2] show negative effects on 
plant diversity, human and livestock health, economic losses, and it means that nega-
tive effects are outweighing its positive effects.

According to Sadeq et al. [35], SOC, total N, available P, total S, and total soluble 
salts were higher under canopy of P. juliflora than outside in soil depth of 0–45 cm, 
but total Na increased within this soil depth. In Kenya, Muturi et al. [70] show 
that soil characteristics such as %sand, %clay, N, P, K, Mg, Mn, Fe, and Cu under 
P. juliflora species and mixed species of Acacia and P. juliflora canopies were similar 
except that pH and calcium were higher under the P. juliflora species and mixed 
species of Acacia than under canopy of P. juliflora. But, in Turkwel riverine forest, 
silt and carbon were lower under Acacia canopy than under P. juliflora. In terms 
of soil salinity, neutralizing alkaline, sodicity, and soil nutritional status, physical 
properties such as soil moisture, bulk density, and soil texture, P. juliflora have 
ameliorating effects. These are primarily due to complex interactions between the 
effects of nitrogen fixation, incorporation of leaf litter, changes in microclimate, 
and changes in the floral soil fauna and soil microbial populations [10]. In Kenya, 
research by Kahi et al. [71] reveals that organic matter and total N were higher 
under P. juliflora canopy than under open areas. However, available P, soil pH, soil 
bulk density were lower under P. juliflora canopy than under open areas. Thus, 
growth of P. juliflora implications for creation of suitable soil microclimate prob-
ably due to litter turnover and its facilitation of infiltration and draw water from 
ground to surface soil.

3.1.2 Soil biological properties

Mehadi et al. [72] indicate that invasion of P. juliflora increased total mycor-
rhizal colonization of roots and reduced heavy metals such as Cadmium (Cd) levels 
in plants. In addition, the intensity of mycorrhization under canopy of P. juliflora 
was significantly higher than under species of native Acacia. Results in Saudi Arabia 
revealed that Cmic under P. juliflora was greater in rhizosphere for P. juliflora than in 
rhizosphere of Acacia ehrenbergiana and A. tortilis. As a result, extracts from parts 
of P. juliflora were used in disinfecting and bio-functions against different bacterial 
pathogens. But, litter fall of P. juliflora inhibited plant growth and their Arbuscular 
Mycorrhizal Fungi colonization of roots [34]. For instance, the litter and leaf extracts 
of P. juliflora significantly inhibited the germination of Sorghum bicolor. On the other 
hand, P. juliflora stimulated soil microbial biomass of carbon, soil metabolic quotient, 
and activities of soil enzymes.
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3.1.3 Hydrology

Moisture and nutrients that were taken from deep soils under P. juliflora were benefi-
cial to the herbaceous plants. The removal of trees from the savannah ecosystems during 
wet and dry seasons supported large numbers of grazers that facilitates the growth 
of herbaceous plants. But, during the dry periods, the survival of the shallow-rooted 
herbaceous plants could be endangered by removal of trees [71]. During this season, 
transportation of moisture from deep soil by trees was encountered in semiarid and arid 
regions. Extensive lateral root systems of P. juliflora capture surface water after rain, 
but its deep tap roots allowed them to survive prolonged drought through accessing the 
water table [10]. However, in dry areas, evapotranspiration of plants was escalated than 
their transpiration. For example, Shiferaw et al. [40] indicate the daily average transpira-
tion of P. juliflora lower than the daily average evapotranspiration of a dense P. juliflora.

3.1.4 Soil seed banks

Soil seed bank is ground flora of various vegetation ecosystems. It is important for 
shaping the composition, diversity, structure, and regeneration of plant communities 
and consequently restoration of vegetation ecosystems. Soil seed bank depends on the 
spatial distribution of vertical and horizontal seeds of different species and vegetation 
communities. The spatial distribution of seeds in the soil is primarily a function of the 
dispersal process [73]. Dense thicket of P. juliflora hindered the dispersal of other seeds 
of other plant species in the invaded area. The seeds of P. juliflora were characterized by 
a seed coat-imposed dormancy and established a huge persistent seed bank in the soil. 
This character makes it easy and continues germination of seeds of the species. In addi-
tion, livestock and wild animals are attracted by the green foliage to eat ripened pods 
and disperse the seeds. Dispersal and successful germination of the seeds of P. juliflora 
were thus through endozoochory of animals’ seed ingestion. Seeds subsequently dis-
persed away from the parent plant and the pods are easily transported by runoff [36].

Land use dynamics, struggle over resources, and change of climate are key factors 
that influenced the probability in the expansions of P. juliflora [2]. When an invasive 
species became irresolutely verified, its control can often be challenged and eradica-
tion is habitually not possible. Subsequently, its impacts on biodiversity, ecosystem 
progressions, and ecosystem services can be serious [36]. In vegetation ecosystems, 
the seed bank of soil has been considered as a promising and cost-effective method 
for reestablishing of other native plant species, but its influence factors have not been 
clearly understood [74]. Possibility of vegetation restoration from soil seed bank is 
usually dependent on its seed density and species composition [75, 76]. The increases 
in the invasion of P. juliflora in certain ecosystem inhibit free dispersal of seeds in 
other native plants. Therefore, seed dispersal determines species diversity, composi-
tion, and density of plant species. Studies show that both livestock and wildlife spe-
cies played a critical role in the dispersal of P. juliflora that enhanced the arrival of its 
seeds and progress into other land uses [77]. These in turn affected the fate of seeds of 
other native plant species.

4. Effects on land use and land cover changes

In the introduced areas, P. juliflora invasion and expansion increased both in cover-
age of area and density of the species. At global level, PENHA [78] reported that land 
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covered by P. juliflora was 50 million hectares. In Africa alone, for example, the land 
covered was about 5 million hectares forming dense thickets of P. juliflora. In several 
African countries such as Kenya, Ethiopia, Sudan, Senegal, and South Africa, it had 
become an invasive species [10, 79]. In the Afar region in Ethiopia, P. juliflora is now 
threatening serious problems on pastoral areas where its invasion existed in four of 
five zones and 11 of 32 districts of the region. Among the five administrative zones 
of the Afar region, the Amibara woreda of Zone 3 is thought to be recognized as the 
starting point for the introduction and spread of P. juliflora [55]. This woreda was rep-
resented as a degraded semiarid ecosystem in the region [30, 80]. Zone 1 and Zone 3 
were the two zones that severely invaded by P. juliflora, and it was expanded to the 
remaining zones [18]. Dubti, Asayita in Zone 1 and Mile, Gewane, Amibara, Gelealu, 
and Awash Fentale in Zone 3 were the most severely invaded woredas in Afar region. 
Reports also show that Zone 4 and Zone 5 were partly invaded woredas of Afar region.

EBI [8] reported that P. juliflora was threatening vegetation types including Acacia-
Commiphora woodland, desert, and semi-desert scrublands in Afar Floristic Region. 
Within these vegetation types, habitats invaded by P. juliflora were river banks, irrigated 
cropland, roadsides, and the settlement areas [2]. P. juliflora displaced grazing lands and 
threatened wildlife conservation areas [47, 50, 81]. According to Helland [42], P. juliflora 
was associated mostly with the loss of pasture and invasion of woodlands. The major 
factors that aggravated and influenced invasions into various environments are the 
changes of land use and land cover and climate change [10], and increase in population 
pressure and overgrazing of pasture lands owing to large herding were also other causes 
for the increase of invasion of P. juliflora in invaded regions of Ethiopia [15].

5. Rangeland quality and availability of animal feeds

P. juliflora replaced local biodiversity in several spots in Afar rangelands and 
riversides [27]. In such habitats, the grasslands had no more used for grazing and 
ecosystem functions of rangelands were changed to thickets of P. juliflora. These made 
Afar pastoralists moved further from their home and pasture fields. As a result, these 
aggravated foods and feed shortage. Mitiku [82] reported that in Amibara woreda of 
Afar region, P. juliflora severely invaded dense Acacia woodlands, riverine forests, and 
agricultural lands. His results indicated that in 16 years (1986–2001) of land use, land 
cover changes by P. juliflora and displaced 9.91 km2 areas of Acacia woodlands. Most 
households reported that invasion of P. juliflora into rangelands was more in Amibara 
woreda than in Awash Fentale [83]. These could be probability and the adaptability of 
the species and its first arrival in the earlier woreda than the later. Similarly, in border 
country Eritrea, study by Harnet [84] shows that the invasion of P. juliflora invaded 
both dry season and wet season rangelands and roadsides in lowlands. A study by Zarga 
[45] reveals household responses reveal that rangelands had taken over by P. juliflora. 
Moreover, in South Africa, Ndhlovu et al. [85] suggested wider areas of rangelands 
covered by P. juliflora invasions and reduced its grazing capacity.

6. Biodiversity

Invasive species are the second threats to global biodiversity loss next to the land 
use changes [86]. In the world, biotic invasions by alien plant species are considered as 
the major factors in biodiversity loss and endangered plant species. The reasons are the 
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natural bio-geographical barriers of oceans, mountains, rivers, and deserts provided 
that isolation of essential species that ecosystems to evolve have lost their effectiveness 
due to the increase in global economy [87]. Biodiversity loss aggravated particularly 
the decline of plants that had associated with deforestation, land degradation, climate 
change effects, land use dynamics, and spread of invasive alien plants. Some of these 
invasive species caused considerable disasters in dry vegetation and rangelands of 
East Africa [88]. In Ethiopia, invasive alien plants and other native invasive plants 
could affect entire ecosystem services. As a result, natural agro-ecosystems are largely 
affected by the invasive alien plants [89].

Enormous invasive alien plants indicate in the decline of threatened and endan-
gered native species; because they changed ecosystem processes, change of vegetation 
structures, and shift native species for the reason that they reached high densities 
and biomasses [58]. In Afar region, Tessema [13] indicated that P. juliflora threatened 
native plant species such as Acacia prasinata, Boswellia ogadensis, Euphorbia doeloensis, 
Euphorbia ogadensis, and Indigofera kelleri. P. juliflora blamed for many disaster effects 
such as replacing grasses, herbs, and shrubs, which were consumed by local livestock, 
injured livestock with its poisonous thorns, and causing goat teeth to rot and fall out 
because the small seeds got stuck between the teeth. Thousands of goats had been 
toothless and died from starvation following teeth loss, which decreased their num-
ber and threatening goat breed [88].

7. Effects of P. juliflora on the habitat of wild animal

In Afar region, wild animals were endangered due to the disruption of ecosystem 
integrity. These habitats that harbor threatened plant species also harbored many 
globally threatened and vulnerable mammal and bird species [88]. It reduced the 
diversity of birds under the thickets of P. juliflora than adjutant non-invaded habitats 
[43]. But, the invasion of species caused for the loss of agricultural crops adjacent 
its thicket. This is probability the habitat harbor wild animals to hide in the thicket 
affected production of crops.

8. Health

8.1 Effect of P. juliflora on human health

P. juliflora thorns are dangerous and inflict pain that is like being bitten by a snake 
[21]. For instance, among human injuries, 8.4% in Awash Fentale and 5.2% household 
respondents in Amibara woreda reported that pricked by thorns of P. juliflora [83]. 
Furthermore, the studies also highlighted the complexity of the cause of Anopheles’ 
relationship with invasive alien plants such as P. juliflora that increased malaria inci-
dences [53, 90]. These have implications to the production of anopheles insect in thick-
ets of P. juliflora, which threated human health in the invaded regions of the country.

8.2 Effect of P. juliflora on animal health

Due to the loss of quality pasture lands, thousands of goats have been rendered 
toothless and died from starvation following teeth loss, which has been decreased 
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their number [88]. Nevertheless, households in Awash Fentale and Amibara 
woredas replied that pods/seeds were the most palatable part of P. juliflora by 
animals [83]. Most of them argued that leaf of P. juliflora was the most toxic and 
killed their animals after consumptions [10]. This might be due to a permanent 
weakening of the ability to digest cellulose in pods and high sugar content of the 
pod that depresses the rumen bacterial cellulose activity and finally killed the 
animal. Feeding of P. juliflora pods was leading to neurological disorders, toxic-
ity to neurons of cranial nerve nuclei leading to partial anorexia, depression, 
salivation, twitching, dehydration, and bloody diarrhea, bile duct hyperplasia, 
renal tubules, and there is rarefaction of lymphoid tissue, chronic and progres-
sive injury to neurons, and causing denervation atrophy [43]. As a result, various 
plant parts of P. juliflora affected animal health and reduced their  production in 
the invaded regions of the country.

9. Effects of Prosopis juliflora on the economy

9.1 Use of Prosopis juliflora

Introducing species to new locations had tremendous contributions to societal 
development [75]. Due to this, human welfare had improved the introduction of its 
parts out of its native ranges. Trade enabled modern societies to benefit from the 
unmatched movement and formation of species in the world [91]. Wood sources of 
P. juliflora were also used either as fuel wood or structural material. As a fuel, it could 
be burned directly or formed as charcoal, and timber, it can be used poles or formed 
into different types of furniture [24].

P. juliflora pods and seeds are consumed by a wide variety of animals, both in 
their native range and where it was hosted, and it is an important mammalian diet 
when trees were existent in large numbers [43]. For instance, a study by Ilukor et al. 
[92] in the Afar region of Ethiopia shows that households fed their animals with 
leaves and pods of P. juliflora. However, feeding animals that consumed only P. juli-
flora leaves and pods caused acrimonious milk and lost body weight of animals [93]. 
P. juliflora branches were widely used as fencing posts, while its pods high in pro-
tein and sugars were important food for human being [24]. P. juliflora species had 
also ameliorating effects on soil under natural and semi-natural systems because 
of nitrogen fixation and leaf litter incorporated into the soil improved physical and 
nutritional status of soil. These had reduced the use of inorganic fertilizers com-
mercially purchased by land managers in the invaded regions. High mineral content 
and rapid decay of small leaves were favorable characteristics for the use of foliage 
as a soil ameliorant. Compost making could detoxify its allelochemical effects on 
germination and growth of plants [94]. In addition, when added to agricultural and 
forest fields, compost made from leaf of P. juliflora replaced the cost incurred to 
commercial fertilizers in various countries. Other uses of P. juliflora are flowers for 
the supply of nectar and pollen as bee forage to produce honey. Flower of P. juliflora 
is small, yellow, and gathered on long inflorescences producing pollen and nectar 
that is high in protein and sugars [43]. Although P. juliflora has diverse economic 
values, the use of the plant is limited. In Ethiopia, for example, local communities 
in the invaded areas used the plant only for animal feed, fuel wood, charcoal, and 
construction purposes [2]. These indicate that P. juliflora was underutilized in the 
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invaded areas of the country that made it easy invasion and threatened vegetation 
ecosystems and affected native plant species.

10. Effects of Prosopis juliflora on grazing lands

In animal-rearing areas of lowlands, pressures on environment caused living 
incomes make dynamics, which improved demands and concentrated supplies of 
natural resources owing to the upswing of population. Widespread rearing of live-
stock and crusade in search for feed and water, resource use for charcoal production 
and construction materials, and shortage of institutional capacity levied influences 
on present natural resources particularly on woodland vegetation. These caused 
devastation and deprivation of the vegetation resources in the invaded areas [95]. 
As a result, the socioeconomic and ecological impacts of P. juliflora on grazing lands 
became severe [13]. P. juliflora is the source of income for the poor, but has damaging 
effects for pastoralists and rich people by slaying their animals and attacking their 
rangelands [82].

11. Prosopis juliflora versus social conflict and political instability

Reports show that invasion of P. juliflora might lead to serious food insecurity 
and might even trigger tribal conflicts for the remaining few pastures and farmlands 
[13, 19]. This resulted in the taken over of grazing lands by the P. juliflora aggravated 
by climate change and has been caused border conflicts and political instability, for 
example, between Afar clan and Issa of Somali on the border of the two regions. 
The combination of diminishing grazing areas and population growth both human 
and animal has contributed to land degradation, competition for pasture and water, 
and interethnic and intra-ethnic conflict. These factors have favored the invasion of 
P. juliflora in the invasion region [96]. Furthermore, Rogers et al. [97] reported that 
impacts of P. juliflora interact with other drivers of vulnerability. Pastoralists report 
had broadened conflict, complicated relationships with the state, and increased 
decentralization within invaded areas of southern Afar of Ethiopia. In Kenya, some 
individuals, from Chemonke village, claimed to have been displaced from their 
original settlements by P. juliflora. They had to seek alternative settlements elsewhere 
sometimes imposed them to lease land for cultivation in their new areas. Conflicts 
might rise as the displaced areas, which seek alternative settlements [24]. A report 
by FAO [57] further pointed out that invasion of P. juliflora, climate, conflict, and 
economic shocks were among the causes of political instability and the main drivers 
of food insecurity in Somalia in East Africa.

12. Deterioration of urban amenity by Prosopis juliflora

P. juliflora in its native range in Mexico is described as an urban afforestation pro-
gram that would mitigate air pollution by planting with other native species [98]. But 
it deteriorates ecosystems in its exotic land ranges in tropics such as Asia and Africa. 
P. juliflora is an aggressive invader of urban fallows and abandoned fields that deterio-
rate its beauty [99]. Pasiecznik et al. [43] pointed out that P. juliflora does not fulfill all 
the qualities required for urban trees. It disrupts urban amenities in towns (Figure 1).
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13. Blockade of roadsides by P. juliflora

A Report by Patnaik et al. shows that invasion of P. juliflora creates impenetrable 
thickets, which could be seen encroaching upon roadsides and blocking the roadsides 
resulted in human dwellings and blocking pathways (Figures 2 and 3) and seriously 
aggravate road accidents in (Figures 3 and 4). As indicated, the growth of P. juliflora 
moderately invades roadside next to wetlands and homesteads [50, 82]. These could 
be homesteads and wetlands have better organic matter and moisture for its establish-
ment and growth. Due to the thorns of P. juliflora, these thickets can seriously aggra-
vate a road accident and human and livestock movement to their homes and water 
sources (Figure 5). The invasions of P. juliflora block access to water sources, irriga-
tion canals, homesteads, and blocked paths in Garrisa of Kenya [100]. Findings by 
Esther and Brent [101] in Kenya and Koyira [50] in Afar of Northeast Ethiopia show 
that the invasion of P. juliflora blocked trails and roads used by humans and livestock.

Figure 1. 
P. juliflora disrupts urban beauty in Melka Sedi (left) and Awash Sebat (right), Southern Afar region in 
Northeast Ethiopia.

Figure 2. 
Typical scenes of P. juliflora advancing toward human dwellings (left) and blocking pathways (right).
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Figure 3. 
Encroachment of P. juliflora in a wetland (left), and typically impenetrable thickets formed by the species (right) in 
Kebena site of Awash Fentale Woreda in Afar region, Northeast Ethiopia. (Source photos: Shiferaw, 2017).

Figure 4. 
Encroachment of P. juliflora in a wetland (left), and typically impenetrable thickets formed by the species 
(right). Due to the thorns contained in P. juliflora, these thickets can seriously aggravate a road accident.

Figure 5. 
P. juliflora blocks paths to water sources in Melka Sedi, Southern Afar region in Northeast Ethiopia (Photo: 
Shiferaw, 2019).
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14. Allelochemical effects of P. juliflora

Analysis of chemical extracts showed that allopathic compounds are phenolic 
or antioxidant capability in nature. Sluggish in breakdown and heavy buildup of 
leaf litter below P. juliflora may result in the increase of toxic substances in the soil 
layers, hindering the growth of other plant species [102, 103]. For instance, report 
by Kaur et al. [104] shows that there was a noticeable accrual of litter beneath the 
thicket of P. juliflora compared with P. juliflora cineraria in the hyper-arid habitats. 
Studies by El-Keblawy and Al-Rawai [103] reveal that lower species richness, even-
ness, and frequency of native species in plots under shades of P. juliflora. However, 
it had no allopathic effect on its seedlings growing below its canopies. But, Muturi 
et al. [70] show P. juliflora canopy hindered regeneration of other native species. 
Findings by Samuel et al. [105] depict that leaves of P. juliflora have greater inhibi-
tory effects than its roots and barks. Muturi et al. [70] also indicated that bark 
contained the least inhibitory composites. But, shoot and root growth introverted 
by leaf and root extracts at higher application and concentrations. P. juliflora had 
both positive and negative interactions with plant communities in naturalized 
areas [2, 13, 23, 24, 50, 105]. Several studies carried out in many parts of the world 
show that problems of P. juliflora were outweighing positive ones ecologically, 
socioeconomically, and in all health aspects. However, some studies indicate that 
above-ground biomass, frequency, and cover of understory plant species were 
significantly higher under non-invaded grazing lands than under the shades of 
P. juliflora [71].

15. Understandings for the management of P. juliflora

A study by Shanwad et al. [106] indicates that control of P. juliflora is extremely 
difficult and costly for eradication once it invaded ecosystems. Report by Pasiecznik 
et al. [43] also confirmed that once P. juliflora established into large areas, prevention 
of further spread is not possible as the species quickly builds up soil seed bank. Thus, 
it required regular removal of all new seedlings over very many years, as seeds could 
remain viable for more than 40 years [31]. To control its invasions, different strategies 
can be applied such as eradication by utilization and mechanical control of P. juliflora. 
The potential irreversibility of the damage of invasion costs and may impose coun-
tries economic losses for management. The main management reactions after an alien 
species invaded are mitigation and adaptation [91].

To reverse the situations, integrated management strategies, participation 
of all stockholders and multidisciplinary research approaches within and across 
countries should be designed. To control invasive alien plants, various manage-
ment options are tried but barriers faced for management in developing counties 
like Ethiopia [2]. In the invaded areas, experiences indicate that there are several 
methods of P. juliflora management. Chemical, mechanical, biological, manage-
ment by utilization, and disrupting phenology of P. juliflora are among the man-
agement methods to control the species. There are three methods for the control 
of P. juliflora namely mechanical, chemical, and biological strategies [30]. Control 
of P. juliflora by utilization is an effective control way and management. In the 
following subsections, the pros and cons of management and control of P. juliflora 
invasions are discussed.
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15.1 Chemical control methods for P. juliflora

Several available herbicides were tried to control P. juliflora. For example, the 
study by Shanwad et al. [106] shows combinations of chemicals reduced growth and 
development of P. juliflora. In their study, Mera-71, 2, 4-D ester followed by paraquat 
was the best in affecting weed recovery. The control of the regrowth of P. juliflora was 
effectively achieved by two times applications of systemic trans-located herbicides 
like Mera-71 (Glyphosate) and 2, 4- compared to paraquat, diuron. Controlling 
P. juliflora through chemicals at juvenile stages is highly effective than adult stages. 
Eradication of P. juliflora has been attempted in several countries through chemicals 
but has proved unsuccessful and chemical eradication is not environmentally friendly 
[107]. In, Ethiopia this management strategy was also tried to control P. juliflora but 
failed to manage it.

15.2 Mechanical control methods of P. juliflora

The mechanical control of P. juliflora is very labor-intensive, expensive, and eco-
nomically feasible only for high-value lands. Mechanical control method of P. juliflora 
plant was recommended to cut at 10 cm for young trees and 40 cm for matured stems 
to control coppicing (Figure 6). Control of the spread of the P. juliflora is ineffective 
to eradicate it by mobilizing communities. Management of P. juliflora by utilization 
such as fuel wood, construction, and charcoal production, feed livestock by crushing 
pods are the best management options [57, 93]. But small-scale households cannot 
afford to control using mechanical methods. Pastoralists, agro-pastoralists, and urban 
dwellers should also manage their territory of rangelands, woodlands, homesteads, 
and compounds through hand weeding of P. juliflora seedlings. This method can 
minimize its invasion before it takes roots in different land uses. However, some of 
these methods need labor costs for control. Since cutting promotes regeneration, all 
mechanical methods of control cannot be recommended [107]. This management 
strangely was largely applied in Ethiopia to control the invasion of P. juliflora in Afar 
and Somale region, but did not succeed.

Figure 6. 
Phenological patterns of P. juliflora in the Awash Fentale and Amibara Woredas, Afar region of Ethiopia in 
2016/2017 cropping season. (Source: Shiferaw et al. [83]).
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According to Shiferaw et al. [83], disrupting the phenology of Prosopis juliflora or 
aborting the juveniles of the species throughout the year, particularly during the peak 
time of flowering before seed set could also be used for the management P. juliflora. 
This method controls the species before it disperses seeds into the soil stores as a 
soil seed bank (Figure 6). These needs forced community involvement during its 
flowering times like yearly voluntary and community participation in soil and water 
conservation works in Ethiopia. During floral removal, care should be taken due to 
the allergy to its pollination.

According to Pantaik et al. [10], pollens of P. juliflora trigger allergic asthma, 
rhinitis, and skin allergy. Defoliation of only the leaves of P. juliflora also inhibits 
photosynthesis of the species (Figure 6). But, this method of destruction of leaf 
parts needs care not to cut the branches as P. juliflora aggressively propagates by all 
parts of its stems. Appropriate silvicultural techniques (e.g., thinning) of P. juliflora 
should also be practiced to lessen the invasiveness and effects on other plants [55]. For 
instance, a research by Singh et al. [108] shows that plant height was recorded to be 20 
and14% higher in P. juliflora and A. nilotica respectively grown in combination with 
grasses than the sole plantation of these species applying a silvicultural treatment of 
P. juliflora. Moreover, Walter and Armstrong [109] reported that proper silvicultural 
management increased the quality of wood for maintaining its benefits for livelihood 
and control the invasion of P. juliflora. This management strategy could not be tried in 
Ethiopia at large to control the progress of P. juliflora into various vegetation ecosys-
tems to enhance the values we get from ecosystem services.

15.3 Biological control methods of P. juliflora

In recent decades, biotic control has increased recognition in various countries 
due to lucrative and reliable means of managing large invasiveness of alien plants. It 
comprises the restrained, strictly administered introduction of one or more species of 
highly studied alien organisms that blizzard from the original home ranges of invad-
ing plant species, and which physiologically are reformed to feeding absolutely on or 
attacking completely plants of that [30]. In Africa, though the goal of cooperation 
for biological control of P. juliflora in South Africa with other countries, it delayed 
trendy due to the controversy for the introduction of biological control agents onto 
P. juliflora. Additionally, debates about the relative value and costs of trees continued 
to hinder progress with the planned increase of biological control [110]. Ravhuhali 
et al. [111] concluded that managing the spread of invasive species could also be 
accomplished using livestock as biological control while improving the productivity 
of the animals (e.g., P. juliflora pods utilized for livestock feed ingredients with other 
feeds). The release of bio-control agents was also considered where these technologies 
were not feasible because careless release in some species might escape and change 
into invasiveness inclining to threaten the native organisms [107]. These strategies 
were not largely tried on research fields of Ethiopian Agricultural Research Institutes, 
for instance, and had no theories in management of P. juliflora in the invaded areas of 
Ethiopia.

16. Conclusions

P. juliflora has effects on the soil environment in the form of allelochemicals that 
are ingredients in its plant parts that have effects on living organisms, take over land 
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uses land cover aggressively, economic loss, the health of humans and animals, and 
reduce the diversity of organisms. On the other hand, the species is used to ameliorate 
soil properties (soil physical, biological properties), e.g., sequester CO2 for mitigation 
of greenhouse effects, and other economic values (construction materials, furniture, 
medicinal values, sources of pollination for honey production, and animal feeds, etc.) 
particularly in the semiarid and arid tropics. However, the negative effects of P. juli-
flora exceed its positive values. Mechanical, chemical, management by utilization, fire 
regime, disrupting its phenological stages, and biological control methods have their 
pros and cons to control P. juliflora. Therefore, prevention, integrated management 
strategies, and management of the species by utilization are the best measures used 
to control P. juliflora recommended globally and in Ethiopia. Mechanical methods 
(aborting phenological stage, utilization of the species, others) need awareness of the 
communities, and forced mobilization is vital for effective and efficient management 
of the species.

Previously, in several countries, the management methods, namely mechanical, 
chemical, and biological, were being tried to control the alien P. juliflora. But all the 
methods failed to eradicate the species. As a result, the species is continuing to invade 
and take valuable farmlands, grazing lands, rural homesteads, wetlands, roadsides, 
and urban areas, particularly in Afar and Somali regions. In Ethiopia, more research 
involving multidisciplinary research approaches should be designed to conduct 
the effects of P. juliflora on the environment, economy, and health of animals and 
communities. Moreover, other teams should also design other effective and efficient 
management designs that are different from previous researches that is vital to allevi-
ate the invasion of the species and thus improve the livelihood of inhabitants in the 
region.

Acknowledgements

The authors express their sincere thanks to Addis Ababa and Arba Minch 
Universities that had taken attention to review on this topic to manage invasive alien 
plant species Prosopis juiflora in the invaded areas of the country.

Conflict of interest

The authors declare no conflict of interest.



Effects of the Invasive Alien Prosopis juliflora (Sw.) DC and Its Management Options…
DOI: http://dx.doi.org/10.5772/intechopen.108947

265

Author details

Wakshum Shiferaw1* and Sebsebe Demissew2

1 Department of Natural Resources Management, College of Agricultural Sciences, 
Arba Minch University, Arba Minch, Ethiopia

2 College of Natural and Computational Sciences, The National Herbarium, 
Addis Ababa University, Addis Ababa, Ethiopia

*Address all correspondence to: waaqs@yahoo.com

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Tropical Plant Species and Technological Interventions for Improvement

266

References

[1] Burgiel SW, Muir AA. Invasive Species, 
Climate Change, and Ecosystem Based 
Adaptation: Addressing Multiple Drivers 
of Global Change. Washington DC: Global 
Invasive Species Programme (GISP); 2010

[2] Shiferaw W, Demissew S, Bekele T. 
Invasive alien plant species in Ethiopia: 
Ecological impacts on biodiversity a review 
paper. International Journal of Molecular 
Biology Open Access. 2018;3:169-176

[3] Pysek P, Richardson DM. Invasive 
Species, environmental change and 
management, and health. Annual 
Review of Environment and Resources. 
2010;35:25-55. DOI: 10.1146/
annurev-environ-033009-095548

[4] Thapa S, Chitale V, Rijal SJ, Bisht N, 
Shrestha BB. Understanding the 
dynamics in the distribution of invasive 
alien plant species under predicted 
climate change in Western Himalaya. 
PLoS One. 2018;13(4):e0195752

[5] Turbelin AJ, Malamud BD, 
Francis RA. Mapping the global state 
of invasive alien species: Patterns of 
invasion and policy responses. Global 
Ecology and Biogeography. 2017;26:78-92

[6] Neill PE, Arim M. Human health 
link to invasive species, Encyclopedia 
of Environmental Health, 2nd edition, 
2011; 3:116-123.

[7] Lowe S, Browne M, Boudjelas S, 
De Poorter M. 100 of the world’s worst 
invasive alien species a selection from the 
global, invasive species database. ISSG. 
2000;6:1-11

[8] EBI (Ethiopian Biodiversity Institute). 
Ethiopian’s Fifth National Report to the 
Conservation Biodiversity. Addis Ababa, 
Ethiopia; 2014

[9] Shiferaw W, Bekele T, Demissew S, 
Aynekulu E. Socio-ecological impacts 
of invasive Plant Species in Ethiopia: A 
review paper. Journal of Agricultural 
Forest Meteorological Research. 
2020a;3(2):292-296

[10] Pasiecznik NM, Felker P, Harris PJC, 
Harsh LN, Cruz G, Tewari JC, et al. 
The Prosopis juliflora - Prosopis pallida 
Complex: A Monograph. UK: HDRA; 
2001. p. 172

[11] Shiferaw W, Bekele T, Demissew S, 
Aynekulu E. Relationship between 
Prosopis juliflora invasion and livelihood 
diversification in the South Afar 
region, Northeast Ethiopia. Regional 
Sustainability. 2020c;1(1):82-92. 
DOI: 10.1016/j.regsus.2020.09.002

[12] Wakie T, Laituri M, Evangelista H. 
Assessing the distribution and impacts 
of P. juliflora through participatory 
approaches. Applied Geography. 
2016;66:132-143

[13] Tessema AY. Ecological and 
economic dimensions of the paradoxical 
invasive species– Prosopis juliflora 
and policy challenges in Ethiopia. 
Journal of Economics and Sustainable 
Development. 2012;3(8):2222-2855

[14] Shiferaw W, Demissew S, 
Bekele T, Aynekulu E. Effects of 
Prosopis juliflora invasion on native 
Species diversity and Woody Species 
regenerations in rangelands of Afar 
National Regional State, Northeast 
Ethiopia. Journal of Resources and 
Ecology. 2023;14(1):1-16. DOI: 10.5814/j.
issn.1674-764x.2023.01.004

[15] Shiferaw H, Schaffner U, Bewket W, 
Alamirew T, Zeleke G, Teketay D, et al. 
Modeling the current fractional cover 



Effects of the Invasive Alien Prosopis juliflora (Sw.) DC and Its Management Options…
DOI: http://dx.doi.org/10.5772/intechopen.108947

267

of an invasive alien plant and drivers 
of its invasion in dry land ecosystems. 
Scientific Reports. 2019a;9:1576. 
DOI: 10.1038/s41598-018-36587-7

[16] Pittroff W. Invasive alien species: 
The threat to sustainable livelihoods 
and ecosystems health. In: Policies and 
Realities -Needs for Environmental 
Rehabilitation in Ethiopia. 29thAnnual 
Conference of the Biological Society of 
Ethiopia. Addis Ababa, Ethiopia; 2019. 
pp. 1-58

[17] Rettberg S. The spread of Prosopis 
juliflora in the wetlands of the Middle 
Awash Basin. In: Managing Prosopis 
juliflora for better (agro-) pastoral 
Livelihoods in the Horn of Africa. In: 
Proceedings of the Regional Conference. 
Addis Ababa, Ethiopia; 2014

[18] Shiferaw W, Bekele T, Demissew S, 
Aynekulu E. Effects of Prosopis juliflora 
invasions on land use/cover change 
in South Afar region, Northeast 
Ethiopia. Advance Research Journal 
of Multidisciplinary Discoveries. 
2019d;34(5):26-43

[19] Admasu D. Invasive Plants and Food 
Security: The Case of Prosopis juliflora 
in the Afar Region of Ethiopia, Addis 
Ababa. 2008

[20] Haile MZ. Invasion of Prosopis 
juliflora (SW.) DC and Rural Livelihoods: 
The Case of Afar Pastoralists at Middle 
Awash Area of Ethiopia. Ethiopia: 
Norwegian University of Life Sciences 
(UMB). 2008

[21] Seid O, Haji J, Legesse B. Rural 
households’ perception on the effects 
of Prosopis juliflora invasion: The 
case of Amibara District of Afar 
National Regional State, Ethiopia. 
Pastoralism: Research, Policy, and 
Practice. 2020;10:21. DOI: 10.1186/
s13570-020-00174-1

[22] Richardson DM, Cambray RA, 
Chapman WRJ, Dean CL, Griffiths DC, Le 
Maitre DJ, et al. Vectors and pass ways of 
biological invasions in South Africa: Past, 
present, and future. In: Ruiz G, Carlton JT, 
editors. Invasive Species. Vectors and 
Management Strategies. Washington, DC: 
Island Press; 2003. pp. 292-349

[23] Shiferaw H, Bewket W, Alamirew T, 
Zeleke G, Teketay D, Bekele K, et al. 
Implications of land use/land cover 
dynamics and Prosopis invasion on 
ecosystem service values in Afar 
region, Ethiopia. Science of the Total 
Environment. 2019b;675:354-366

[24] Mwangi E, Swallow B. Prosopis 
juliflora invasion and rural 
livelihoods in the Lake Baringo 
area of Kenya. Conservation 
and Society. 2008;6(2):130-140. 
DOI: 10.4103/0972-4923.49207

[25] Preeti K, Avatar SR, Mala A. 
Pharmacology and therapeutic 
application of Prosopis juliflora: A review. 
Journal of Plant Sciences. 2015;3(4):234-
240. DOI: 10.11648/j.jps.20150304.20

[26] Wilgen BWV, Forsyth GG, 
Maitre DCL, Wannenburgh A, 
Kotze JDF, Berg EVD, et al. An 
assessment of the effectiveness of a large, 
national-scale invasive alien plant control 
strategy in South Africa. Biological 
Conservation. 2012;148:28-38

[27] Berhanu A, Tesfaye G. The Prosopis 
juliflora dilemma, impact on dryland 
biodiversity and some controlling 
methods. Journal of the Dry Lands. 
2006;1(2):158-164

[28] Sertse D, Pasiecznik N. Controlling 
the spread of Prosopis juliflora in 
Ethiopia by its utilization. Programs for 
International Development. 2014:1-2

[29] Wakie T, Evangelista P, Laituri M. 
Utilization Assessment of Prosopis 



Tropical Plant Species and Technological Interventions for Improvement

268

juliflora in Afar Region, Ethiopia. US 
Forest Service, an Office of International 
Programs USAID Pastoral Livelihoods 
Initiative II Project (PLI II). 2012

[30] Abdullah MM, Ute AJ, Regasa T. 
P. juliflora (Sw.) DC distribution, 
impacts and available control methods 
in Ethiopia. Tropical and Subtropical 
Agroecosystems. 2017;20(1):75-89

[31] Wise RM, van Wilgen BW, Le 
Maitre DC. Costs, benefits, and 
management options for an invasive alien 
tree species: The case of mesquite in the 
Northern Cape, South Africa. Journal of 
Arid Environments. 2012;84:80-90

[32] Belay M, Goshu A. Impact of Prosopis 
juliflora on pastoral communities of bale 
zone Oromia region, Ethiopia. World 
Rural Observation. 2020;12(3):85-94. 
DOI: 10.7537/marswro120320.07

[33] Hussien A, Seboka S, Shiferaw W. 
Assessment of irrigation water quality of 
lowlands in the Bale Zone, South Eastern 
Oromia, Ethiopia. International Journal 
of Water Resources and Environmental 
Engineering. 2017;9(12):264-269. 
DOI: 10.5897/IJWREE2017.0747

[34] Mehadi M, Tounekti T, Khemira H. 
Effects of Prosopis juliflora on germination, 
plant growth of Sorghum bicolor, 
mycorrhiza, and soil microbial properties. 
Allelopathy Journal. 2019;46(2):121-132. 
DOI: 10.26651/allelo.j/2019-46-2-1214

[35] Sadeq AMM, Abido SM, Salih AA, 
Alkhuzai AJ. The effects of Mesquite 
(Prosopis juliflora) on soils and Plant 
communities in the deserted rangelands 
of Bahrain. International Journal of 
Forestry Research. 2020;2020:1-8. 
DOI: 10.1155/2020/8810765

[36] Shiferaw H, Teketay D, 
Nemomissa S, Assefa F. Some biological 
characteristics that foster the invasion 

of Prosopis juliflora (Sw.) DC. at middle 
awash Rift Valley Area, North-Eastern 
Ethiopia. Journal of Arid Environments. 
2004;58(2):135-154

[37] Shiferaw W, Bekele T, Demissew S, 
Aynekulu E, Pitroff W. Invasion of 
Prosopis juliflora and its effects on soil 
physicochemical properties in Afar 
region, Northeast Ethiopia. International 
Soil and Water Conservation Research. 
2021b;9(4):631-638. DOI: 10.1016/j.
iswcr.2021.04.003

[38] Shiferaw W, Bekele T, Demissew S, 
Aynekulu E. Prosopis juliflora invasion 
and effects of environmental factors 
on the density of soil seed bank in Afar 
Region, Northeast Ethiopia. Journal of 
Ecology and Environment. 2019c;43(1)

[39] Tiedemann AR, Klemmedson JO. 
Effect of mesquite on physical and 
chemical properties of the soil. Journal of 
Range Management. 1973;26(1): 27-29

[40] Shiferaw H, Alamirew T, Sebinasi D, 
Bewket W, Zeleke G, Urs S. Water use 
of Prosopis juliflora and its impacts 
on catchment water budget and rural 
livelihoods in Afar Region, Ethiopia. 
Scientific Reports. 2021;11:2688. 
DOI: 10.1038/s41598-021-81776-6

[41] FAO. FAO Invasion of Prosopis 
juliflora in India. In: Problems Posed 
by the Introduction of Prosopis juliflora 
Species in Selected Countries. Rome: 
FAO; 2007. p. 13

[42] Helland J. Afar Resilience Study for 
Feinstein International Center (Tufts 
University) and Afar Region Disease 
Prevention, Preparedness and Food 
Security, Coordination Office. Ethiopia; 
2015

[43] Patnaik P, Abbasi T, Abbasi SA. 
Prosopis (Prosopis juliflora): Blessing 
and bane. Tropical Ecology. 
2017;58(3):455-483



Effects of the Invasive Alien Prosopis juliflora (Sw.) DC and Its Management Options…
DOI: http://dx.doi.org/10.5772/intechopen.108947

269

[44] Syomiti M. How Prosopis juliflora can 
be economically rewarding to pastoral 
communities in Kenya’s rangeland. 
East Africa TIRI Research, TRB-13. 
Kenya Agricultural Research Institute, 
Kenya. 2015.

[45] Zerga B. Degradation of rangelands 
and rehabilitation efforts in Ethiopia: 
The case of Afar rangelands. Journal of 
Advances in Agricultural Science and 
Technology. 2015;3(6):81-94

[46] Zergaw YA, Anke J, Detle M. 
Ecosystem engineer unleashed: 
Prosopis juliflora threatening ecosystem 
services? Regional Environmental 
Change. 2015;15:155-167. DOI: 10.1007/
s10113-014-0616-x

[47] Kebede TA. Sustaining the Allideghi 
Grassland of Ethiopia: Influence of 
Pastoralism and vegetation change. 2009

[48] Shiferaw W, Bekele T, Demissew S, 
Aynekulu E. Phenology of the alien 
invasive plant species Prosopis juliflora in 
arid and semi-arid areas in response to 
climate variability and some perspectives 
for its control in Ethiopia. Polish 
Journal of Ecology. 2020b;68:37-46. 
DOI: 10.3161/15052249PJE2020.68.1.004

[49] Tegene S, Ayele N, Belay L. 
Assessment of Prosopis juliflora 
infestation and management options 
at Tendaho Sugar Estate. International 
Journal of Advanced Research and 
Biological Science. 2019;6(3):191-200

[50] Koyira TS. Impact of Prosopis juliflora 
L. (Fabaceae) on Plant Biodiversity 
at Alledeghi Wildlife Reserve and 
Surrounding Local Community, 
Ethiopia. Ethiopia: Addis Ababa 
University; 2015

[51] Mukherjee A, Dilip AV, Nagaraj HK. 
Invasive Prosopis juliflora replacing the 
native floral community over three 

decades: A case study of a world heritage 
site, Keoladeo National Park, India. 
Biodiversity and Conservation. 2017:1-18. 
DOI: 10.1007/s10531-017-1392-y

[52] Hussain IM, Shackleton TR, 
El-Keblawy A, Perez TMM, González L. 
Invasive Mesquite (Prosopis juliflora), 
an allergy and health challenge. Plants. 
2020;9:141. DOI: 10.3390/plants9020141

[53] Stone MC, Witt BRA, Walsh CG, 
Foster AW, Murphy TS. Would the 
control of invasive alien plants reduce 
malaria transmission? A review. Parasites 
& Vectors. 2018;11:76. DOI: 10.1186/
s13071-018-2644-8

[54] Haji J, Mohammed A. The 
economic impact of Prosopis juliflora on 
agropastoral households of Dire Dawa 
administration, Ethiopia. African Journal 
of Agricultural Research. 2013;8(9):768-
779. DOI: DOI, 10.5897/AJAR12.014

[55] Shiferaw W. Invasion of Prosopis 
juliflora (Sw.) DC and its Ecological 
Impacts in Afar National Regional State, 
Northeast Ethiopia. Ethiopia: Addis 
Ababa University; 2020

[56] Eriksen S, Lind J. Adaptation 
as a political process: Adjusting 
to drought and conflict in Kenya’s 
drylands. Environmental Management. 
2009;43:817-835

[57] FAO. Innovative ways of managing 
Prosopis juliflora trees in Somalia, 
safeguarding agricultural and 
pastoralist livelihoods by transforming 
a longstanding threat into a sustainable 
resource for women and youth. 2020

[58] Surendra B et al. Invasive alien Plant 
Species assessment in urban ecosystem: 
A case study from Andhra University, 
Visakhapatnam, India. International 
Research Journal of Environmental 
Science. 2013;2(5):79-86



Tropical Plant Species and Technological Interventions for Improvement

270

[59] Khera N, Mehta V, Sabata BC. 
Interrelationship of birds and habitat 
features in urban green spaces in Delhi, 
India. Urban Forestry & Urban Greening. 
2009;8:187-196

[60] Archer SR, Andersen EM, 
Predick KI, Schwinning S, Steidl RJ, 
Woods SR. Woody plant encroachment: 
Causes and consequences. Rangeland 
Systems. 2017;2:25-84

[61] Bogale AG, Tolossa TT. Climate 
change intensification impacts and 
challenges of invasive species and 
adaptation measures in eastern Ethiopia. 
Sustainable Environment. 2021;7:1875555

[62] Dangles O, Malmqvist B. Species 
richness–decomposition relationships 
depend on species dominance. 
Ecology Letters. 2004;7(5):395-402. 
DOI: 10.1111/j.1461-0248.2004.00591.x

[63] Hejda M, Pysek P, Jarosik V. 
Impact of invasive plants on the 
species richness, diversity, and 
composition of invaded communities. 
Journal of Ecology. 2009;97:393-403. 
DOI: 10.1111/j.1365-2745.2009.01480.x

[64] Ogunsola AO, Adeniyi DO, 
Adedokun AV. Soil management and 
conservation: An approach to mitigate 
and ameliorate soil contamination. Soil 
Contamination. 2020

[65] Tewari JC, Mathur BK, Tewari P, 
Singh Y, Singh M, Ram M, et al. Prosopis: 
A miracle Species of hot arid and semi-arid 
regions of India. Popular Kheti. 2013;1(2)

[66] Al-Amin NKN. Semi-arid vegetation 
pattern, stability and suitability to 
suppress sand movement in Central 
Sudan. Asian Journal of Agricultural 
Sciences. 2011;3(1):44-50

[67] Al-Amin NKN, Stigter CJ, 
Mohammed AE. Wind reduction 

patterns around isolated biomass for 
wind-Erosion control in a Desertified 
area of Central Sudan. Research Journal 
of Environmental and Earth Sciences. 
2010;2(4):226-234

[68] Zeila AD. Mapping and Managing 
the Spread of Prosopis juliflora in 
Garissa County, Kenya. Kenya: Kenyatta 
University; 2005. pp. 1-81

[69] Giessen H, Menezes RSC, 
Salcedo IH, Wick B. Organic matter 
transformations and soil fertility in a tree 
pasture in semiarid NE Brazil. Plant and 
Soil. 2003;252:195-205

[70] Muturi GM, Poorter L, Mohren GMJ, 
Kigomo BN. Ecological impact of 
Prosopis juliflora species invasion in 
Turkwel riverine forest, Kenya. Journal 
of Arid Environments. 2013;92:89-97

[71] Kahi CH, Ngugi RK, Mureithi SM, 
Ngethe JC. The canopy effect of 
Prosopis juliflora (Sw.) DC. and Acacia 
tortilis (Hayene) trees on herbaceous 
plants Species and soil Physico-
chemical properties in Nejemps Flats, 
Kenya. Tropical and Subtropical 
Agroecosystems. 2009;10:441-449

[72] Mehadi M, Taieb T, Habib K. 
Invasive character of Prosopis facilitated 
by its allelopathy and a wide mutualistic 
interaction with soil microorganisms. 
Journal of Biological Sciences. 
2017;18(3):115-123

[73] Shiferaw W, Demissew S, Bekele T. 
“Ecology of soil seed banks: Implications 
for conservation and restoration 
of natural vegetation”: A review. 
International Journal of Biodiversity and 
Conservation. 2018b;10(10):380-393

[74] Li CD, Xiao B, Wang Q , Zheng R, 
Wu J. Responses of soil seed Bank and 
vegetation to the increasing intensity 
of human disturbance in a semi-arid 



Effects of the Invasive Alien Prosopis juliflora (Sw.) DC and Its Management Options…
DOI: http://dx.doi.org/10.5772/intechopen.108947

271

region of northern China. Sustainability. 
2017;9:18-37. DOI: 10.3390/su9101837

[75] Duncan RP, Diez JM, Sullivan JJ, 
Wangen S, Miller AL. Safe sites, 
seed supply, and the recruitment 
function in plant populations. Ecology. 
2009;90(2129-2138):e0195752

[76] Gonzalez SL, Ghermandi L. 
Comparison of methods to estimate 
soil seed banks: The role of seed 
size and mass. Community Ecology. 
2012;13(2):238-242

[77] Mworia JK, Kinyamario JI, Omari JK, 
Wambua JK. Patterns of seed dispersal 
and establishment of the invader Prosopis 
juliflora in the upper floodplain of Tana 
River, Kenya. African Journal of Range 
and Forage Science. 2011;28(1):35-41

[78] Penha Tsegay B, Livingstone J, 
Zeremariam F, editors. Proceedings of a 
Regional Conference, Exploring Prosopis 
juliflora Management and Policy Options 
in the Greater Horn of Africa. Addis 
Ababa, Ethiopia; 2014

[79] Shackleton RT, Le Maitre DC, 
Pasiecznik NM, Richardson DM. Prosopis: 
A global assessment of the biogeography, 
benefits, impacts and management of 
one of the world’s worst woody invasive 
plant taxa. AoB PLANTS. 2014;6:plu027. 
DOI: 10.1093/aobpla/plu027

[80] Ilukor J, Rettberg S, Treydte A, 
Birner R. To eradicate or not to eradicate? 
Recommendations on Prosopis juliflora 
management in Afar, Ethiopia, from 
an interdisciplinary perspective. Policy 
and Practice. 2016;6:4. DOI: 10.1186/
s13570-016-0061-1

[81] Zeray N, Legesse B, Mohamed HJ, 
Aredo KM. Impacts of Prosopis juliflora 
invasion on livelihoods of pastoral 
and agro-pastoral households of 
Dire Dawa Administration, Ethiopia. 

Pastoralism: Research, Policy, and 
Practice. 2017;7(7):1-14. DOI: 10.1186/
s13570-017-0079-z

[82] Mitiku GS. The Ecological and Socio-
Economic Impacts of Invasive Plant 
Species: The Ecological Distribution 
and Socio-Economic Impacts of Prosopis 
juliflora in the Afar Regional State of 
Ethiopia. Müller: VDM Verlag Dr; 2010

[83] Shiferaw W, Demissew S, Bekele T, 
Aynekulu El. Community perceptions 
towards invasion of Prosopis juliflora, 
utilization, and its control options in 
Afar region, Northeast Ethiopia. Plos 
One; 2022;17(1): e0261838

[84] Harnet M. The ecological and 
socioeconomic role of Prosopis 
juliflora in Eritrea. In: An Analytical 
Assessment within the Context of Rural 
Development in the Horn of Africa. 
Gutenberg University; Gutenberg. 2008

[85] Ndhlovu T, Milton-Dean SJ, Esler KJ. 
Impact of Prosopis (mesquite) invasion 
and clearing on the grazing capacity of 
semiarid Nama Karoo rangeland, South 
Africa. African Journal of Range and 
Forage Science. 2011;28:129-137

[86] Miranda JD, Armas C, Padilla FM, 
Pugnaire FI. Climatic change and 
rainfall patterns: Effects on semi-arid 
plant communities of the Iberian 
southeast. Journal of Arid Environments. 
2011;75:1302-1309

[87] Borokini TI, Babalola FD. 
Management of invasive plant species in 
Nigeria through economic exploitation: 
Lessons from other countries. 
Management of Biological Invasions. 
2012;3(1):45-55

[88] Obiri JF. Invasive plant species and 
their disaster–effects in dry tropical 
forests and rangelands of Kenya and 
Tanzania. JAMBA. 2011;3(2):417-428



Tropical Plant Species and Technological Interventions for Improvement

272

[89] Fessehaie R, Tessema T. Alien plant 
species invasions in Ethiopia: Challenges 
and responses. In: International 
Workshop on Parthenium Weed in 
Ethiopia. Addis Ababa; 2014

[90] CBD. WHO Biodiversity and 
health. State of Knowledge Report. 
2015;2015:1-4

[91] McNeely JA, Mooney HA, 
Neville LE, Schei P, Waage JK. A Global 
Strategy on Invasive Alien Species. 
Switzerland: IUCN; 2001

[92] Ilukor J, Birner R, Gelaye MT, 
Negusse GY. Economic Impact of Prosopis 
juliflora on Animal Health and Production: 
A Case of Afar Region, Ethiopia. 
Tropentag. Prague, Czech Republic; 2014

[93] Tegegn GG. Experiences on Prosopis 
juliflora Management Case of Afar 
Region. South Africa; 2008

[94] Asrat G, Seid A. Allopathic effect 
of meskit (Prosopis juliflora (Sw.) DC) 
aqueous extracts on tropical crops 
tested under laboratory conditions. 
Momona Ethiopian Journal of Science. 
2017;9(1):32-42. DOI: 10.4314/mejs.v9i1.3

[95] Dong S, Wen L, Liu S, Zhang X, 
Lassoie JP, Yi S, et al. Vulnerability of 
worldwide pastoralism to global changes 
and interdisciplinary strategies for 
sustainable pastoralism. Ecology and 
Society. 2011;16(12):10

[96] Wakwaya K, Yirga M, Yesehak E. 
In: Stark J, Terasawa K, Ejigu M, 
editors. Climate Change and Conflict in 
Pastoralist Regions of Ethiopia: Mounting 
Challenges, Emerging Responses. 
Ethiopia: USAID; 2011. pp. 1-64

[97] Rogers P, Nunan F, Fentie AA. 
Reimagining invasions: The social and 
cultural impacts of Prosopis juliflora on 
pastoralists in southern Afar, Ethiopia. 

Pastoralism: Research, Policy, and 
Practice. 2017;7(22):1-13. DOI: 10.1186/
s13570-017-0094-0

[98] Munoz-Pizza MD, Villada-
Canela M, Rivera-Castaneda P, Reyna-
Carranza AM, Osornio-Vargas A, 
Martínez-Cruz LA. Stated benefits 
from air quality improvement through 
urban afforestation in an arid city – A 
contingent valuation in Mexicali, Baja 
California, Mexico. Urban Forestry & 
Urban Greening. 2020;55:26854

[99] Mude A, Ouma R, Steeg VJ, 
Kariuki J, Opiyo D, Tipilda A. Kenya 
Adaptation to Climate Change in the Arid 
Lands: Anticipating, Adapting to and 
Coping with Climate Risks in Kenya - 
Operational Recommendations for 
KACCAL. Nairobi, Kenya: International 
Livestock Research Institute; 2007. p. 135

[100] Maundu P, Kibet S, Morimoto Y, 
Imbumi M, Adeka R. Impact of 
Prosopis juliflora on Kenya’s semi-
arid and arid ecosystems and local 
livelihoods. Biodiversity. 2009;10:2-3. 
DOI: 10.1080/14888386.2009.9712842

[101] Esther M, Brent S. Invasion of 
Prosopis juliflora and Local Livelihoods: 
Case Study from the Lake Baringo Area 
of Kenya. Nairobi: World Agroforestry 
Center: ICRAF; 2005

[102] El-Keblawy A. Impacts of native 
and exotic Prosopis juliflora species on 
native plants in arid lands of the UAE. 
In: International Conference on Ecology, 
Agriculture and Chemical Engineering, 
(ICEACS’2012). Phuket, Thailand; 2012

[103] El-Keblawy A, Al-Rawai A. Impacts 
of the invasive exotic Prosopis juliflora 
(Sw.) D.C. on the native flora and soils of 
the UAE. Plant Ecology. 2007;190:23-35

[104] Kaur R, Gonzales WL, Llambi LD, 
Soriano PJ, Callaway RM, Rout ME, 



Effects of the Invasive Alien Prosopis juliflora (Sw.) DC and Its Management Options…
DOI: http://dx.doi.org/10.5772/intechopen.108947

273

et al. Community impacts of Prosopis 
juliflora invasion: Biogeographic and 
congeneric comparisons. PLoS One. 
2012;7(9):e44966. DOI: 10.1371/journal.
pone.0044966

[105] Samuel G, Sebsebe D, Tadesse W. 
Allelopathic effects of the invasive 
Prosopis juliflora (Sw.) DC on selected 
native Plant Species in middle awash, 
southern Afar rift of Ethiopia. 
Management of Biological Invasions. 
2012;3(2):105-114

[106] Shanwad UK, Chittapur BM, 
Honnalli SN, Shankergoud I, 
Gebremedhin T. Management of Prosopis 
juliflora through chemicals: A case study 
in India. Journal of Biology, Agriculture 
and Healthcare. 2015;5(23):30-38

[107] FAO. Invasives. In: Sankaran KV, 
editor. Newsletter of the Asia-Pacific 
Forest Invasive Species Network 
(APFISN ). Kerala, India: FAO; 2007

[108] Singh YP, Singh G, Sharma DK. 
Performance of pastoral, Silvipastoral, 
and silvicultural Systems in Alkali Soils 
of Indo-Gangetic Plains. Journal of Soil 
& Water Conservation. 2015;14(2):1-6

[109] Walter JK, Armstrong VK. Benefits, 
Threats, and Potential of Prosopis in 
South India, Abingdon. 2014.

[110] Zachariades C, Hoffmann JH, 
Roberts AP. Biological control of 
mesquite (Prosopis species) (Fabaceae) 
in South Africa. African Entomology. 
2011;19(2):402-415

[111] Ravhuhali KE, Mudau HS, Moyo B, 
Hawu O, Msiza NH. Prosopis Species—
An invasive Species and a potential 
source of browse for livestock in semi-
arid areas of South Africa. Sustainability. 
2021;13:7369



Tropical Plant Species and 
Technological Interventions 

for Improvement
Edited by Muhammad Sarwar Khan

Edited by Muhammad Sarwar Khan

This book provides a precise and meticulous overview of the production technologies 
involved in the cultivation of tropical plants. Technological advances have transformed 

the cultivation of fruit and ornamental plants from agronomic to value-added plants. 
The book highlights the essentials for developing tropical plants with increased 

nutritive, nutraceutical, and aesthetic value.

Published in London, UK 

©  2023 IntechOpen 
©  HAKINMHAN / iStock

ISBN 978-1-80356-074-8

Tropical Plant Species and Technological Interventions for Im
provem

entISBN 978-1-80356-076-2


	Tropical Plant Species and Technological Interventions for Improvement
	Contents
	Preface
	Chapter1
Introductory Chapter: IntegrativeTechnologies for Sustainable Plant Improvement
	Chapter2
Emerging Trends to ImproveTropical Plants: Biotechnological Interventions
	Chapter3
Applications of Biotechnological Approaches in the Product and Breeding of Phalaenopsis Orchids
	Chapter4
Lesser Known African IndigenousTree and Fruit Plants: Recent Evidence from Literatures and Regular Cultivation Culture
	Chapter5
Challenges and Advances in the Production of Export-Quality Macadamia and Its Integral Use with GreenTechnologies
	Chapter6
Papaya: TheVersatileTropical Fruit
	Chapter7
Tamarillo (Cyphomandra betacea (Cav.)) Origin, Cultivation, Breeding and Management
	Chapter8
The Production and Marketing Issues of Pineapple (Ananas comosus) under Humid Tropical Conditions in the State of Tabasco and Way-out
	Chapter9
Cassava Production Enterprise in theTropics
	Chapter10
Identification of Native Dendrobium Based on Morphological and Anatomical Characters in Liwa Botanical Garden
	Chapter11
Holistic Pest Management Strategies inTropical Plant Species
	Chapter12
Phytochemical Contents of Essential Oils from Cymbopogon Species: A Tropical Medicinal Plant
	Chapter13
Effects of the Invasive Alien Prosopis juliflora (Sw.) DC and Its Management Options in Ethiopia: A Review



