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ABSTRACT

Every crop is subject to some form of natural
degradation over time under the right enabling
conditions. A fresh cassava root is the least stored crop
among the tuberous root family. Cassava root
deterioration is related to two processes; physiological
(primary) deterioration and microbiological (secondary)
deterioration. The physiological deterioration is due to
an endogenous phenomenon called Post-harvest
Physiological Deterioration (PPD). Its losses are
estimated to be as high as 40-60% within the first seven
days after harvest. The PPD induces both quality and
quantity loss of starch and renders the cassava roots
unmarketable and inedible. Symptoms include
blue/black vascular streaking, brownish occlusions
followed by discoloration of the tissues and an
unpleasant odour. Oxidative stresses that may be
associated with alternative respiratory pathways and
potentially cyanide production are factors that cause
PPD. Techniques to delay bio-deterioration are;
mechanical techniques (rapid processing, pruning,
traditional technique and modern storage technique),
conventional breeding (improved varieties, genetic
manipulation, speed breeding) and using transgenic
approaches. Efforts to breed delayed PPD in cassava had
met with little success. It will be of interest to focus on
traits for PPD and disease resistance, nutrition, reduced
cyanogenic compounds, and postharvest longevity, in
delivering quality storage roots for the future.
Keywords: Cassava, bio-deterioration, biotechnology,
roots.

INTRODUCTION

Cassava (Manihot esculenta Crantz.) is a major staple
food crop grown in Africa, Latin America, Oceania, and
Asia, feeding more than 800 million people each day.
The root, which is the major edible portion of the plant,
is an important source of dietary energy and comprises
more than 80% starch ( Lyer et al., 2010; Harris and
Koomson, 2011; Uarrota et al., 2015). Cassava plays an
important role in food security due to its vigorous nature
with traits such as drought tolerance and its ability to
grow in marginal environments where many other crops
perform poorly (Lyer et al., 2010; Morante et al., 2010).
Similarly, this crop remains viable below ground for up
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to 36 months which provides an addition to food security
and a vital subsistence crop for small-scale farmers
globally(Rosenthal and Ort, 2012; Uarrotaet al., 2015).
In addition to its role in food security, cassava starch in
a large scale is being used as a source of ethanol and
biofuel crop in many countries, including China,
Thailand, and Brazil (Zidenga et al., 2012). Globally, in
terms of caloric intake, cassava has been rated as fifth
most important crop overall (Rosenthal and Ort, 2012).
However, due to the short shelf life of cassava after
harvest, its subsistence and commercial utilization is
affected from a rapid postharvest physiological
deterioration (PPD) process, which renders the root
unpalatable within 72 hrs of harvest (Owiti et al., 2011).
The deterioration in cassava is more rapid than other
tuber and tuberous root crops such as yam and sweet
potato. Physiological deterioration occurs two to three
days after harvesting, followed by microbial
deterioration three to five days after that (Karim et al.,
2009; Zainuddin et al., 2018). This process, known as
postharvest physiological deterioration (PPD), begins at
the wounded root terminal and is influenced by the
cultivar as well as environmental conditions (Salcedo
and Siritunga, 2011). PPD induces both quality and
quantity loss of starch and renders the cassava roots
unmarketable and inedible. Symptoms include
blue/black vascular streaking, brownish occlusions, and
chemical deposits from wound sites, followed by
discoloration of the storage tissues and an unpleasant
flavour and odour (Reilly et al., 2007). Significant
quantities of cassava root are also damaged or rot during
transportation to markets or processing facilities
(Wenham,1995; Harris et al.,, 2015). Postharvest
physiological deterioration (PPD) has become one of the
primary limiting factors in the production and utilization
of cassava (Uchechukwu-Agua et al., 2015) because
PPD is triggered by unavoidable physical injury of
cassava roots during harvesting (Salcedo and Siritunga,
2011; Saravanan et al., 2016). Therefore, it is paramount
to investigate suitable and sustainable preservation
techniques to delay or inhibit the cassava PPD.

Strategies for delaying PPD consist of pre-harvest,
harvest, postharvest, and plant breeding methods. Pre-
harvest pruning has been found to delay PPD by
decreasing the starch/sugar ratio content in the storage
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roots (Qirschot et al., 2000), but pruning has a negative
impact on cassava yield (Ayoola and Agboola, 2004;
Liu et al., 2019). Although inhibiting PPD in cassava by
breeding approach(Tumuhimbise et al., 2015), can be
challenging (Morante et al., 2010). Hot water treatment
for 10 min combined with modified atmosphere
packaging delayed PPD during storage of cassava roots
(Acedo, 2012). Moreover, keeping 10°C and 80%
relative humidity contributed to delay PPD for 2 weeks
(Sanchez et al., 2006; Liu et al., 2019). However, these
techniques are costly. Chemical treatment can extend
cassava root shelf-life, for example, melatonin (Hu et
al., 2016; Ma et al., 2016) and CaCl2 (Hu et al., 2018)
treatment delayed cassava PPD. Therefore, other
suitable and sustainable preservation techniques to delay
or inhibit the cassava postharvest physiological
deterioration need to be further revealed.

CAUSES OF CASSAVA POST-HARVEST
DETERIORATION

Cassava deteriorates much more rapidly than other tuber
and tuberous root crops such as yam and sweet potato.
Postharvest Physiological Deterioration (PPD) is
physiological damage that occurs very quickly from 1 to
3 days after harvest (Hu et al., 2016; Liu et al., 2017).
Physiological damage is characterized by discoloration
of the vascular to blue, black, or brown part, then spread
throughout the parenchyma part of the cassava. Also, the
taste of roots becomes more bitter and emits a less
pleasant aroma (Liu et al., 2017). General discoloration
of the storage parenchyma is the initial symptom and
this depends upon the degree of mechanical damage of
the roots as well as the genotype and environmental
conditions. The factors causing PPD are variable and
wide ranging, but scientific research on the processes
and pathways leading to PPD seem to be converging to
oxidative stresses that may be associated with
alternative respiratory pathways and potentially cyanide
production (Sayre et al., 2011; Xu et al., 2013). Cassava
root deterioration is related to two separate processes
that is physiological (primary) deterioration and
microbiological (secondary) deterioration (Acedo and
Acedo Jr, 2013; Njokuet al., 2013).

Physiological or Primary Deterioration

Primary deterioration also involves changes in oxidative
enzyme activities which generate phenols, including
catechins and leucoanthocyanidins, which polymerize in
later stages to form condensed tannins (Zidenga et al.,
2012; Sanchez et al., 2013).

Oxidative stress and reactive oxygen species (ROS)
scavenging mechanism

Wounding of the roots causes oxidative stress after 15
minutes, lyer et al., (2010) observed rapid increase in
free radical compounds such as singlet oxygen (O5),
superoxide (0O-2), and hydrogen peroxide (H20),
namely “oxidative burst”. The ROS concentration
increases because the wound causes electrons from
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oxygen altered into reactive and toxic structures through
Haber-Weiss reactions (Reilly et al., 2007). The
increase in hydrogen peroxide concentration is related to
PPD (Djabou et al., 2017), and it can be used as a
biomarker of deterioration (Uarrota et al., 2015).
Oxidative stress causes root metabolism changes,
leading to stress defence mechanisms, programmed cell
death, cell wall remodelling, and triggered signal
transduction (Reilly et al., 2007; Salcedo and Siritunga,
2011).

Oxidative stress activates plant defence mechanisms
(Djabou et al., 2017). One of them is by increasing the
activity of antioxidant enzymes such as peroxide (POD),
superoxide (SOD), catalase (CAT), glutathione
peroxidase (GPX), and ascorbate peroxide (APX) to
change free radical compounds into non-toxic
compounds such as water (H20) (Xu et al., 2013; Hu et
al., 2016). ROS scavenging mechanism is the main
regulator in inhibiting PPD.

Metabolites change during PPD

Wounds such as cuts and abrasions on cassava storage
roots show early physiological changes, including
increased respiratory rate and water loss (Marriott et al.,
1978). Wounding also triggers the production of
signalling compounds, such as reactive oxygen species
(ROS), jasmonic acid, salicylic acid, ethene, and acetone
(Reilly et al., 2007; lyer et al., 2010). Increased
respiration induces the conversion of starch to sugar
(S&nchez et al., 2013). In post-harvest, the starch content
of intact cassava storage roots free from wounds
gradually decreases over 6 days (Osunsami et al., 1989).
The secondary metabolite compounds increased at the
beginning of the PPD process in response to oxidative
stress, including coumarin, flavanones, phenol, and
flavan-3-ol(lyeret al., 2010). Hydroxycoumarin
compounds are widely analysed since they are assumed
to act as precursors of vascular discoloration. It is
reinforced by the association between decreasing
hydroxycoumarin content and increasing root storage
period (Buschmann et al., 2000; Uarrota et al., 2015).
The wounding of cassava roots exposed them to oxygen,
resulting in hydroxycoumarin oxidization and causing
blue or black discoloration (Buschmann, et al., 2000).
Scopoletin is the most common hydroxycoumarin
compound that changes to an insoluble coloured product
that indicates peroxidase activity (Buschmann, et al.,
2000). However, there was no correlation between
hydroxycoumarin or scopoletin compound with the PPD
resistant level ( Salcedo and Siritunga, 2011; Mahmoud
and Al-Ani, 2016). This phenomenon probably due to
the reduction of hydroxycoumarin has done before the
discoloration symptom fully appears (Salcedo and
Siritunga, 2011) .

Ethylene Production

Ethylene is a plant hormone causing metabolic changes
in plant tissues. Production of ethylene increases
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steadily from 6 hours after harvesting (Hirose et al.,
1984; Zainuddin et al., 2017), as well as emission of
other volatile metabolites such as ketones, cyanohydrin,
aldehydes and alcohols (lyeret al., 2010). Storage root
tissue undergoing PPD emits four times higher ethylene
levels compared to non-deteriorating root tissue (Hirose
et al., 1984). Unexpectedly, pre-harvest pruning, a
practice known to delay the onset of PPD, does not
affect ethylene production following injury and the
application of exogenous ethylene was not sufficient to
accelerate PPD (Hirose et al., 1984).

Microbiological or Secondary Deterioration
Microbiological deterioration results from pathogenic
rot, fermentation, and/or softening of the roots, and
generally occurs when the roots have already become
unacceptable because of physiological
deterioration(Plumbley and Richard, 1991; Wenham,
1995). PPD is much more important economically than
secondary microbial deterioration because the visible
colouration of the root is used as an indication of its
cooking quality making the crop difficult to sell.
Investigations have shown that the number of different
species of fungi and bacteria isolated from roots stored
under different conditions shows that post-harvest decay
of cassava is a complex matter, involving more than a
single initial organism. Two distinct specific types of rot
have been described by (Acedo and Acedo 2013), a dry
rot occurring under aerobic conditions and a soft rot in
an anaerobic environment caused by an unidentified
Rhizopus sp. and Bacillus sp respectively.

A more detailed investigation (Ekundayo and Daniel,
1973) indicated that soft rot of cassava roots was
caused by a complex of fungi; Lasiodiplodia
theobromae (Pat.) Griff. & Mobl., which is the most
important. Others are Trichoderma

harzianum Rifai, Cylindrocarpon candidum (Link)
Wollenw., Aspergillus niger van Tieghem

and Aspergillus flavus Link, Cylindrocarpon

candidum, Wollenw and Trichoderma harizianum
Rifia. These workers clearly associated the decay with
penetration through injury and concentrated on the later
stages of decay rather than on the initiation of
postharvest deterioration. (Wenham, 1995), who also
worked mainly with material that was in an advanced
stage of deterioration, isolated A. niger together with
"Cylindrium cladostrinum" (presumably C.
clandestrinium (Corda) Saccardo) and unidentified
Penicillium and Cladosporium spp.

Booth, (1976), in a more detailed study on the
deterioration of cassava, isolated from the surfaces of
cassava roots various species of Pythium, Mucor,
Rhizopus,  Penicillium,  Aspergillus,  Fusarium,
Cladosporium, Glomerella, Gloeosporium,
Rhizoctonia, Bacillus, = Xanthomonas, Erwinia,
Agrobacterium and many saprophytic bacteria.
However, Booth was consistently unable to isolate any
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specific microorganism from the advancing margins of
deterioration in the flesh of the rots. It was therefore
concluded that the earlier stages of postharvest
deterioration in cassava with discoloration manifesting
at the vascular tissue were not as a result of microbial
attack, and that the later stages were essentially the
decay of already dying tissue caused by a wide variety
of saprophytes.

APPLIED TECHNIQUES OF BIO-
DETERIORATION ON CASSAVA

Cassava roots, suffer a remarkably short shelf life due to
a physiological deterioration compared to other tuber
crops. The extent of deterioration has been attributed to
the degree of mechanical damage by roots as well as the
genotype. The drivers of short shelf-life of harvested
cassava roots limits market potential and discourages all
stakeholders in the value chain (Howeler et al., 2013).
PPD poses a lot of negative outcome such as reduced
incomes for cassava farmers and lowers the reliable
supply of cassava as raw material for industry (Salcedo
and Siritunga, 2011). PPD inhibition techniques to
extend the shelf life of cassava storage roots widely
developed, ranging from cultivation, postharvest, plant
breeding to genetic transformation and biotechnology.
Aside from the effectiveness of inhibiting PPD, the
developed methods should also consider the ease and
cost of application.

Mechanical Techniques

Storing and transporting the roots in plastic sacks,
coating with paraffin wax and freezing (Njoku et al.,
2013) all ensures the exclusion of oxygen and this
techniques are actively and currently used to delay PPD
most importantly for the export market. These
moderntechniques have been adopted and implemented
in developed countries with little success due to the
increased cost; however, these methods are not practical
in developing countries. Traditional methods have been
developed by farmers in African to delay deterioration.
In this method, roots are either stored in pits, clamps,
trenches, boxes or left in the soil, but these methods are
after root harvest until they are consumed, processed or
marketed, which makes it easier and cheaper for
farmers.Ravi et al., (1996) carried out a novel research
using pits in sandy soil to store fresh cassava roots and
reported its low-cost as a method for extending the shelf
life of fresh cassava roots and reducing PPD. This
method was able to prolong the shelf life of cassava for
more than two months, with effects on the roots
becoming very sweet and having poor cooking qualities
leading to its only use as cattle feed. These methods are
based on the process of curing, which has been a
common method for enhancing the storage life of other
root crops. Curing over the time has aid in healing of
wounds faster on produce thus limiting deterioration at
relatively high temperatures (25 to 40°C) and high
relative humidity (RH; 80 to 85%) (Ravi et al., 1996).
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Rapid processing

Several traditional marketing and storage systems have
been adapted to prevent root perishability on a small
scale. PPD becomes a serious problem considering large
scale production, since there is no technique available to
store and preserve cassava roots commercially
(Aristizabal and Sanchez, 2007; Njoku et al., 2013). The
systems adapted include establishment of processing
centres very close to areas of production to ensure daily
supply of raw material, processing into storable forms
(by peeling, grating, drying, fermentation) and the
traditional trading of small quantities of roots (Westby,
2002).

Pruning

Pruning is another practice used to overcome PPD,
thistakes place approximately 2-3 weeks prior before
harvest, by removing all the leaves and stems of the
cassava plant approximately 40-50 cm above the soil
level. Pruning has been associated with the reduction in
the time of onset of PPD compared to un-pruned plants
(Plumbley and Richard, 1991; Njoku et al., 2013).

Traditional techniques

Cassava roots are known to last in soil up to three years,
this is a common way of avoiding losses due to PPD.
They are left standing in the soil until they can be
immediately consumed, processed or marketed. This
common method of storage has its disadvantages
because it occupies large areas of land used by the crop,
thereby making it unavailable for other agriculture
production. Furthermore, cassava roots left to stand in
the soil for a long period may increase in size, they
become more woody and fibrous, decreasing palatability
and increasing the cooking time, respectively, especially
if left longer than the optimal harvest time of 10-12
months after planting. Another negative effect of
allowing extensive in-field storage of cassava roots
increases their susceptibility to attack by pathogens as
well as the reduction of extractable starch (Ravi et al.,
1996).

Modern storage techniques

As cassava becomes a more industrial commodity
modern techniques such as the use of polyethylene bags,
waxing and deep freezing are being applied
commercially. The application of these more modern
techniques is very limited considering the conditions
under which much of the world’s cassava is grown (Ravi
etal., 1996; Njoku et al., 2013).

Polyethylene bags have been widely used and adopted
in West Africa and South America to store and transport
the roots of cassava after harvest, and this has been
observed to prevent PPD up to 4 weeks by subjecting the
root to high relative humidity inside the bag which
reduces transpiration and respiration. Also, putting into
consideration the quality of the roots (with minimal
damage), protection from sunlight, treatment with
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fungicide, and packing within three hours after harvest
(Ravi et al., 1996) vyields successful conservation. A
more recent modern method of limiting PPD is covering
cassava roots with paraffin wax by dipping the root in
paraffin wax (at a temperature of 55-65°C for a few
seconds) after treatment with fungicide. It has been
reported that the use of wax prolongs shelf-life of
cassava roots up to 2 months (Aristizabal and Sanchez,
2007). Paraffin wax works probably by cutting of the
influx of oxygen needed for oxidative respiration into
the harvested root.

Harnessing wild relatives for cassava improvement
The genus Manihot is from the family Euphorbiaceae
with about 98 species spread through-out the Central
and South America. Manihot fabellifolia and Manihot
peruviana are believed to be the primary gene pool for
domesticated cassava (Allem, 1999). Cultivated
cassava, Manihot esculenta ssp. esculenta, was
domesticated from M. esculenta ssp. Fabellifolia.
Comparative genome-wide analyses between wild
relatives and cultivated cassava varieties have revealed
that wild cassava relatives have more genetic variation
than the cultivated cassava (Mbinda and Mukami,
2022). However, is unfortunate that some of the wild
relatives of cassava are on the verge of extinction, and
may be extinct in the near future (Nassar et al. 2007).
This will deprive the gene reservoir for cassava breeding
programs. Natural hybridization occurs among wild
Manihot species as well as between them and
domesticated cassava varieties. Successful interspecifc
hybridization of cassava genotypes and Manihot
walkerae for delayed PPD (Morante et al. 2010)
signifies that genetic improvement for PPD tolerance
can be accomplished by using wild relatives.

Conventional Plant Breeding

Plants that are PPD resistance are genetically transferred
to the next generation through plant breeding and this
has been a long-term solution. PPD has a wide range of
heritability values between 52% and 94%. Hence, the
character of PPD resistance is controlled strongly by
genetic (Tumuhimbise et al., 2015; Verturini et al.,
2015), but environmental variance still needs to be
minimized. There have been constant efforts of breeders
in improving cassava yield and resistance to stresses of
both biotic and abiotic through conventional breeding.
However, some limitation to the success of breeding
includes lack of resistant genes in existing germplasm,
high heterozygosity, poor flowering, the outcrossing
nature of cassava and quantitative trait such as PPD most
especially. Unfortunately; trait separation has been
difficult due to some desirable traits often being
recessive and genetically linked to undesirable ones.
Research has established that there is a strong genetic
link between PPD and high dry matter content
(Rahmawati et al., 2022), this has made breeding for
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PPD tolerance via conventional means a difficult
challenge.

Improved varieties

Variety of attempts has been made towards creating
PPD resistant cultivars; this has shown some promise for
industrial cassava production, however due to the
gradual loss of starch during the storage process even
within PPD-resistant cultivars, the time for which
cassava can be stored is limited. Each day stored cassava
loses starch at a rate of about 1% , thereby depreciating
the amount of starch during storage even as little as a
week, thereby rendering it un-useful for industrial
applications (Sanchez et al., 2013).

Breeding for PPD resistance is challenging and
complicated due to the multiple chemical pathways and
genes that contribute to the resistance, and also the
interaction with other desirable quality traits in cassava.
For example, high dry matter content in cassava that is
typically desired by industrial producers has to PPD to
battle with, because PPD is positively (though weakly)
associated with dry matter content (S&nchez et al.,
2006). PPD is also negatively associated with carotenoid
content: high carotenoid content may delay PPD by 1-2
days. This positive relationship between the two
nutritive effects suggests the potential for breeders to
develop PPD-resistant cultivars that will contain both
high dry matter and high carotenoid (Sanchez et al.,
2006). Sayre et al., (2011) found that genetically over
expression of Arabidopsis alternative oxidase in cassava
delayed the onset of PPD by as much as three weeks,
and additionally that transgenic plants with elevated B-
carotene content had a shelf life of four weeks.

Genetic manipulation to increase PPD tolerance in
cassava storage roots

Cassava root responses to PPD have been studied over
the years at the ecological, phenotypic, cellular,
physiological, biochemical, and molecular Ilevels.
Investigation from these studies establishes a firm
foundation on measures to mitigate the perishability of
cassava roots through genetic alterations. At the
expression level, microarray assays (Reilly et al., 2007)
and total RNA sequencing have been utilized to
explicate the differential expressions of RNA transcripts
and protein profiles involved in PPD response (Yan et
al., 2021).

The physiological changes that occur during cassava
storage root development are caused by stage-dependent
control of metabolic pathways, which is also reported in
other plants (Sun et al., 2019; Lopez-Ruiz et al., 2020).
Several researchers have investigated numerous genes
that are crucial in dry matter accumulation, cytosolic
processes, oxidative mechanisms, stress responses,
programmed cell death, cellular metabolism, as well as
biosynthesis and activation of protein syntheses and
secondary metabolites involved in PPD specific-stage
mechanisms (Morante et al., 2010; Uarrota et al., 2015).
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Having highlighted these genes, this will help in
genetically editing some genes that replaced or over
expressed.

Genes conferring PPD tolerance

Studies on different tuber crops such as potato,
sweetpotato, and eggplant (Mbinda and Mukami, 2022)
have revealed the mechanisms involved in carbohydrate
metabolism and starch deposition in tubers, tuber
wounding, and postharvest internal browning. He stated
the mechanisms underlying these processes in cassava
can be drastically different from that of other plant
species. Findings from potato and sweetpotato have
provided some insights on the possible regulatory
mechanisms involved in PPD in cassava. Therefore,
various studies have been conducted over the last two
decades to unveil various important and essential genes
for PPD and its components in cassava. More recently,
the mechanisms that govern PPD development and
progression in cassava roots were examined using
cDNA microarray, proteomics, metabolomics, and large
transcriptomic analyses (Mbinda and Mukami, 2022).
Reilly et al. (2007) researched towards identifying the
full set of genes expressed during cassava post-harvest
physiological deterioration, he used cDNA microarray
technology to characterise genes that show significant
change in expression during the PPD response. 63 out of
the 72 non-redundant expressed sequence tags were
induced which showed altered regulation during the
post-harvest period, whilst 9 were down-regulated.
Many of the up-regulated and PPD-specific expressed
sequence tags were predicted to play a role in cellular
processes including reactive oxygen species turnover,
cell wall repair, programmed cell death, ion, water or
metabolite transport, signal transduction or perception,
stress response, metabolism and biosynthesis, and
activation of protein synthesis.

Speed breeding

Shortening plant generation periods have been the aim
breeders using the new breeding technologies, thereby
increasing genetic acquisition by reducing breeding
cycles. Speed breeding technology, or rapid generation
advancement, have been established to shorten the
breeding cycle. This is successfully carried out by
adjusting environmental conditions such as temperature,
prolonged photoperiod humidity control, plant growth
regulators such as gibberellic acid, and use of haploids
to maximize plant development rate and flowering
thereby, quickening the genetic gain (Ghosh et al.,
2018). Speed breeding has been effectively applied in
some crops of long-day such as barley, wheat, canola,
chickpea (Ghosh et al., 2018), and some few short-day
crops plants such as soybean (Nagatoshi and Fujita,
2019) and peanut (O’Connor et al., 2013). Till date, no
speed breeding technique has been applied for cassava.
Therefore this call is an urgent need to formulate a
cassava genotype-independent high-density planting to
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trigger early flowering for speed breeding. For crop
research and breeding, accelerated breeding of cassava
will be instrumental, particularly in introducing traits in
response to emerging threats and needs.

Biotechnology

Biotechnological techniques have been promising
strategies to regulate gene expression in the storage root
to increase cassava root shelf-life. There are various
genes that have been found to be up- or down-regulated
during storage (Hu et al., 2016), and their modulation at
either genomic, transcriptomic, or proteomic level can
effectively delay PPD. Overexpression of alternative
oxidase (Zidenga et al., 2012) and co-overexpression of
proteins for superoxide dismutase and catalase (Xu et
al., 2013), have effectively slowed down PPD
responses. Using RNAI technology, Liu et al., (2019)
have completely inhibited expression the feruloyl CoA
6’-hydroxylase gene in cassava, concomitantly blocking
scopoletin biosynthesis, a critical metabolite in PPD
development. Recently, Beyen et al., (2020) have
employed virus induced gene silencing to modulate PPD
development in Cassava roots. These findings put
together demonstrate the great potential of
biotechnological tools in mitigating the effects of PPD
in cassava roots.

Genome editing

These technology utilize various endonucleases such
including meganucleases, zinc finger nucleases (ZFN),
transcription  activator-like  effector  nucleases
(TALENS), and CRISPR/Cas (Mbinda and Mukami,
2022), for targeted genome modifications. The RNA-
based CRISPR/Cas system has a comparative advantage
in precision, simplicity, and affordability and has
emerged as more robust and convenient than protein-
based techniques. CRISPR/Cas technology’s ability to
perform multiplex genome editing, (simultaneous
targeting of multiple related or unrelated targets) is
greatly appealing, especially for complex and
multigenic traits such as PPD. For example, four genes
were simultaneously edited Setaria viridis in
multiplexed CRISPR/ Cas9 (Weiss et al. 2020).
CRISPR/Cas technology could therefore be the most
significant advancement in plant breeding since the
Green Revolution; it will most certainly become the
standard tool of crop breeding in future. CRISPR/Cas
genome editing approaches also facilitate the
modification of traits in plants that are difficult to
acquire through conventional breeding approaches such
as cassava, leaving no traces of foreign gene(s).
Transgenic approaches

All successful transgenic strategies to reduce PPD in
cassava storage roots have so far been enzyme based that
reduce oxidative stress or scopoletin biosynthesis. It has
been suggested that cyanogenesis during the onset of
PPD (Uarrota et al., 2015) triggers ROS production by
inhibition of mitochondrial respiration (Zidenga et al.,
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2012). Transgenic roots of cassava had a 10-fold
reduction in ROS accumulation, expressed arabidopsis
cyanide-insensitive mitochondrial alternative oxidase
(AOX) and significantly lower PPD scores compared to
wild-type roots up to 21 days after harvest (Zidenga et
al., 2012). Hydrogen cyanide (HCN) content and PPD
score in 1374 cassava genotypes have no
correlation(Chavez et al., 2005). This suggests for PPD
susceptibility, HCN content of cassava roots cannot be
used as a proxy, and therefore the mechanism triggered
by AOX to reduce PPD remains unclear.

CONCLUSION AND FUTURE PROSPECTS OF
MITIGATING PPD

Post-harvest physiological deterioration of cassava is a
major problem for cassava farmers and processors and
remains to be a major constraint for expansion of
cassava cultivation. Cassava growers yarn to supplying
fresh and high quality roots with longer storability.
Having such varieties will be highly beneficial not just
to small holder farmers but to the industrialists and
scientists. Despite the immense potential of cassava,
postharvest quality traits have not been prominently
factored in breeding programs. The considerable
germplasm and molecular tools that are present gives so
much hope towards making an expeditious advancement
in cassava PPD breeding. It will also be of interest to
focus on traits for PPD and disease resistance, nutrition,
reduced cyanogenic compounds, and postharvest
longevity, in delivering sustainable, high quality storage
roots for the future.

REFERENCES

Acedo, J.Z. and Acedo Jr, A. L. (2013). Controlling
Postharvest Physiological Deterioration and
Surface Browning in Cassava ( Manihot esculenta
Crantz ) Roots with Hot Water Treatment.

Acedo, J. and A. J. (2012). Controlling postharvest
physiological deterioration and surface browning
in cassava (Manihot esculenta Crantz) roots with
hot water treat- ment. Southeast Asia Symposium
on Quality Management in Postharvest Systems
and Asia Pacific Symposium on Postharves. 989,
357-361.

Allem, A. C. (1999). The closest wild relatives of
cassava (Manihot esculenta Crantz). Euphytica.
1999;107(2):123-33.
https://doi.org/10.1023/A:1026422229 054

Aristizabal, J. and Sanchez, T. (2007). Technical guide
for the production and analysis of cassava starch.
Bulletin of Agriculture Services of the FAO 130
Rome Italy. p134.

Ayoola, O.T. and Agboola, A. A. (2004). Influence of
cassava planting patterns and pruning methods on
crop yield in a cassava-Based cropping system.
The African Crop Science Journal, 12(2), 115—

6532



INT’L JOURNAL OF AGRIC. AND RURAL DEV.

122.

Beyen, G., Chauhan, R.D., Gehan, J., Siritunga, D. and
Taylor, N. (2020). Cassava shrunken-2 homolog
MeAPL3 determines storage root starch and dry
matter content and modulates storage root
postharvest physiological deterioration. Plant
Molecular Biology

Booth, R. H. (1976). Storage of fresh cassava (Manihot
esculenta). I. Post-Harvest deterioration and its
control. Journal of Experimental Agriculture
International, 12(2), 103.

Buschmann, H., Reilly, K., Rodriguez, M.X., Tohme, J.
and Beeching, J. R. (2000). Hydrogen peroxide
and flavan-3-ols in storage roots of cassava
(Manihot esculenta crantz) during postharvest
deterioration. J. Agric. Food Chem., 48(11),
5522-5529.

Chévez, A.L., Sanchez, T., Jaramillo, G., Bedoya, J.M.,
Echeverry, J., Bolafios, E.A., Ceballos, H. and
Iglesias, C. A. (2005). Variation of quality traits in
cassava roots evaluated in landraces and improved
clones. Euphytica, 143(1-2), 125-133.

Djabou, A.S.M., Carvalho, L.J.C.B., Li, Q.X,
Niemenak, N. and Chen, S. (2017). Cassava
postharvest  physiological deterioration: a
complex  phenomenon involving  calcium
signaling, reactive oxygen species and
programmed cell death. Acta Physiology Plant.,
39(4), 91.

Doughari, J. H., EImahmood, A. M. & Manzara, S.
(2007). Studies on the antibacterial activity of root
extracts of Carica papaya L. African Journal of
Microbiology Research, 1(3), 37-41.

Ekundayo, J.A. and Daniel, T. M. (1973). Cassava Rot
and its Control. Transactions of the British
Mycological Society, 61(1), Pp 27. IN13.

Ghosh, S., Watson, A., Gonzalez-Navarro, O.E.,
Ramirez-Gonzalez, R.H., Yanes, L., Mendoza-
Suérez, M., Simmonds, J., Wells, R., Rayner, T.,
Green, P. and Hickey, L. T. (2018). Speed
breeding in growth chambers and glasshouses for
crop breeding and model plant research. Nature
Protocols, 13(12), 2944 — 2963.

Harris, M. and Koomson, C. (2011). Moisture- pressure
combination treatments for cyanide reduction in
grated cassava. Journal for Food Science., 76, 20—
24,

Harris, K. P., Martin, A., Novak, S., Kim, S., Reynolds,
T., & Anderson, C. L. (2015). Cassava Bacterial
Blight and Postharvest Physiological
Deterioration Production Losses and Control
Strategies. (298), 1-34.

Hirose, S., Data, E.S. and Quevedo, M. A. (1984).
Changes in respiration and ethylene production
cassava roots in relation to postharvest
deterioration. In: Uritani, 1., Reyes, E.D. (Eds.),

Volume 25(2): 6527-6535 2022

©SAAT FUTO 2022

Tropical Root Crops: Postharvest Physiology and
Processing. Japanese Science Society Press,
Tokyo. 83-98.

Howeler, R.L., Thomas, N., Holst Sanjuan, K., Sanjuan,
K.H., Quiros, H., Isebrands, J., Martinez Oliva, E.,
Lagos Molina, S.M., Echeverri Rodriguez, J.H.
and Corrales Gonzélez, V. G. (2013). Save and
Grow Cassava: A Guide to Sustainable
Production Intensification. FAO, Roma (Italia).
Retrieved from http://www.fao.org/3/a-
i3278e.pdf.

Hu, L., et al. (2016). Microencapsulation of brucea
javanica oil: Characterization, stability and
optimization of spray drying conditions. Journal
of Drug Delivery Science and Technology, 36, 46—
54.

Hu, W., Kong, H., Guo, Y., Zhang, Y., Ding, Z., Tie,
W., Yan, Y., Huang, Q., Peng, M., Shi, H., and
Guo, A. (2016). Comparative physiological and
transcriptomic analyses reveal the actions of
melatonin in  the delay of postharvest
physiological deterioration of cassava. Frontiers
in Plant Science. Retrieved from
https://doi.org/10.3389/fpls.2016.00736

Hu, W., Tie, W,, Ou, W,, Yan, Y., Kong, H., Zuo, J.,
Ding, X., Ding, Z., Liu, Y., Wu, C., Guo, Y., Shi,
H., Li, K., and Guo, A. (2018). Crosstalk between
calcium and melatonin affects postharvest
physiological deterioration and quality loss in
cassava. Postharvest Biology and Technology,
140, 42 — 49.

lyer, S., Mattinson, D.S. and Fellman, J. K. (2010).
Study of the early events leading to cassava root
postharvest deterioration. Trop. Plant Biol., 3(3),
151-165.

Karim, O.R., Fasasi, O.S. and Oyeyinka, S. A. (2009).
Gari yield and chemical composition of cassava
roots stored using traditional methods. Pakistan
Journal Nutrition 8,. 8, 1830-1833.

Liu, S., Zainuddin, I.M., Vanderschuren, H., Doughty,
J. and Beeching, J. R. (2017). RNAI inhibition of
feruloyl CoA 6’-hydroxylase reduces scopoletin
biosynthesis and postharvest physiological
deterioration in cassava (Manihot esculenta
Crantz) storage roots. Plant Molecular Biology,
94(1-2), 185-195.

Liu, G., Li, B., Wang, Y., Wei, B., He, C,, Liu, D., &
Shi, H. (2019). Novel Role of Ethanol in Delaying
Postharvest Physiological Deterioration and
Keeping Quality in Cassava. Food and Bioprocess
Technology.

Lépez-Ruiz, B.A., Zluhan-Martinez, E., Sanchez,
M.D.L.P., Alvarez-Buylla, E.R. and Garay-
Arroyo, A. (2020). Interplay between hormones
and several abiotic stress conditions on
Arabidopsis thaliana primary root development.

6533



INT’L JOURNAL OF AGRIC. AND RURAL DEV.

9(12), 2576.

Lyer, S., Mattinson, D.S. and Fellman, J. K. (2010).
Study of the early events leading to cassava root
postharvest deterioration. Tropical Plant Biology,
3, 151-165.

Ma, Q. X., Zhang, T., Zhang, P., and Wang, Z. Y.
(2016). Melatonin atten- uates postharvest
physiological deterioration of cassava storage
roots. Journal of Pineal Research, 60(4), 424 —
434,

Mbinda, W. and Mukami, A. (2022). Breeding
for postharvest physiological deterioration
in cassava: problems and strategies. CABI
Agriculture and Bioscience (2022) 3:30
https://doi.org/10.1186/s43170-022-00097-4

Mahmoud, S. N., & Al-Ani, N. K. (2016). Effect of
Different Sterilization Methods on Contamination
and Viability of Nodal Segments of Cestrum
nocturnum L. International Journal of Research
Studies in Biosciences (1JRSB), 4(1), 4-9.

Marriott, J., Been, B.O. and Perkins, C. (1978). The
aetiology of vascular discoloration in cassava
roots after harvesting: association with water loss
from wounds. Plant Physiol., 44, 38-42.

Morante, N., Sanchez, T., Ceballos, H., Calle, F., Pérez,
J.C., Egesi, C. et al. (2010). Tolerance to
postharvest physiological deterioration in cassava
roots. Crop Science, 50, 1333-1338.

Nagatoshi, Y. and Fujita, Y. (2019). Accelerating
soybean breeding in a CO2-supplemented growth
chamber. Plant Cell Physiology, 60(1), 77 — 84.

Nassar, N. Wild and indigenous cassava, Manihot
esculenta Crantz diversity: An untapped genetic
resource. Genetic Resource Crop Evolution.
2007;54(7):1523— 30.
https://doi.org/10.1007/s10722-006-9144-y

Njoku, D.N., Amadi, C.O., Mbe, J and Amanze, N. ., &
National. (2013). Strategies To Overcome Post-
Harvest Physiological Deterioration In Cassava
(Manihot Esculenta) Root: A Review. 51-62.

O’Connor, D.J., Wright, G.C., Dieters, M.J., George,
D.L., Hunter, MN. Tatrell, JR. and
Fleischfresser, D. B. (2013). Development and
application of speed breeding technologies in a
commercial peanut breeding program. Peanut
Science, 40(2), 107 — 114.

Oirschot, Q. E., O’Brien, G. M., Dufour, D., EI-
Sharkawy, M., and Mesa, E. (2000). The effect of
pre-harvest pruning of cassava upon root
deterioration and quality characteristics. Journal
of the Science of Food and Agriculture, 80(13),
1866-1873.

Osunsami, A.T., Akingbala, J.O. and Oguntimein, G. B.
(1989). Effect of storage on starch content and
modification of cassava starch. Starch — Stdrke.
41(2), 54-57.

Volume 25(2): 6527-6535 2022

©SAAT FUTO 2022

Owiti, J., Grossmann, J., Gehrig, P., Dessimoz, C.,
Laloi, C., Hansen, M. et al. (2011). iTRAQ- based
analysis of changes in the cassava root proteome
reveals pathways associated with post- harvest
physiological deterioration. Plant Journal 67:67,
145-156.

Plumbley, R.A. and Richard, J. E. (1991). Post-harvest
deterioration of cassava. Tropical Science, 31,
295-303.

Rahmawati, R. S. R. I., Khumaida, N., Ardie, S. W., &
Sukma, D. (2022). Effects of harvest period |,
storage , and genotype on postharvest
physiological deterioration responses in cassava.
BIODIVERSITAS, 23(1), 100-1009.
https://doi.org/10.13057/biodiv/d230113

Ravi, V., Aked, J., & Balagopalan, C. (1996). Review
on tropical root and tuber crops I. Storage methods
and quality changes. Critical Reviews in Food
Science & Nutrition, 36(7), 661-709.

Reilly, K., Bernal, D., Cortés, D.F., Gomez-Vasquez,
R., Tohme, J. and Beeching, J. R. (2007). Towards
identifying the full set of genes expressed during
cassava post-harvest physiological deterioration.
Plant Molecular Biology, 64(1-2), 187-203.

Rodriguez-Rubio, L., Martinez, B., Donovan, D. M.,

Rodriguez, A., and Garcia, P. (2013).

Bacteriophage virion-associated
peptidoglycan hydrolases: potential new enzybiotics.

Critical Reviews in Microbiology, 39,427—
434,

https://doi.org/10.3109/1040841X.2012.72367
5

Rosenthal, D.M. and Ort, D. R. (2012). Examining
cassava’s potential to enhance food security under
climate change. Tropical Plant Biology, 5, 30-38.

Salcedo, A. and Siritunga, D. (2011). Insights into the
physiological, biochemical and mole- cular basis
of postharvest deterioration in cassava (Manihot
esculenta) roots. American Journal of
Experimental Agriculture, 1(4), 414-431.

Sanchez, T., Chéavez, A. L., Ceballos, H., Rodriguez-
Amaya, D. B., Nestel, P., and Ishitani, M. (2006).
Reductionordelay ofpost- harvest physiological
deterioration in cassava roots with higher
carotenoid content. Journal of the Science of Food
and Agriculture, 86(4), 634-639.

Sanchez, T., Chavez, A.L., Ceballos, H., Rodriguez-
Amaya, D.B., Nestel, P. and Ishitani, M. (2006).
Reduction or delay of post-harvest physiological
deterioration in cassava roots with higher
carotenoid content. Journal of the Science of Food
and Agriculture, 86(4), 634 — 639.

Sanchez, T., Dufour, D., Moreno, J.L., Pizarro, M.,
Arag6n, 1.J., Dominguez, M. and Ceballos, H.
(2013). Changes in extended of cassava roots

6534



INT’L JOURNAL OF AGRIC. AND RURAL DEV.

during storage in ambient conditions. Postharvest
Biology and Technology, 86, 520 — 528.

Saravanan, R., Ravi, V., Stephen, R., Thajudhin, S. and
George, J. (2016). Post-harvest physiological
deterioration of cassava (Manihot esculenta). A
review. Indian Journal of Agricultural Science,
86(11), 1383-1390.

Sayre, R., Beeching, J.R., Cahoon, E.B., Egesi, C.,
Fauquet, C., Fellman, J., Fregene, M., Gruissem,
W., Mallowa, S., Manary, M., et al. (2011). The
BioCassava plus program: biofortification of
cassava for sub-Saharan Africa. Annual Review of
Plant Biology, 251 — 272.

Sun, D., Feng, H., Li, X,, Ai, H.,, Sun, S., Chen, Y., Xu,
G., Rathinasabapathi, B., Cao, Y. and Ma, L. Q.
(2019). Expression of new Pteris vittata phosphate
transporter  PvPhtl; 4  reduces arsenic
translocation from the roots to shoots in tobacco
plants. Environmental Science Technology, 54(2),
1045 - 1053.

Tumuhimbise, R., Shanahan, P., Melis, R. and Kawuki,
R. (2015). Genetic variation and as- sociation
among factors influencing storage root bulking in
cassava. Journal of Agricultural Science, 153,
1267-1280.

Uarrota, V. G., Nunes, C., Augusto, L., Peruch, M.,
Neubert, E. D. O., Coelho, B. and Maraschin, M.
(2015). Toward better understanding of
postharvest deterioration : biochemical changes in
stored cassava ( Manihot esculenta Crantz ) roots :
Food  Science and  Nutrition, 1-14.
https://doi.org/10.1002/fsn3.303

Uchechukwu-Agua, A.D., Caleb, O.J. and Opara, U. L.
(2015). Postharvest handling and storage of fresh
cassava root and products: a review. Food
Bioprocess Technology., 8, 729— 748.

Verturini, M.T., Santos, V.D.S. and Oliveira, E. J. D.
(2015). Pesq. Agropec. Bars. 50(7), 562-570.

Weiss, T., Wang, C., Kang, X., Zhao, H., Elena-Gamo,
M., Starker, C.G., Crisp, P. A, Zhou, P., Springer,
N. M., Voytas, D. F. and Zhang, F. (2020)
Optimization of multiplexed CRISPR/ Cas9
system for highly efficient genome editing in
Setaria viridis. Plant Journal. 2020;104(3):828—
38. https://doi.org/10.1111/tpj.14949

Wenham, J. E. (1995). Post-harvest Deterioration of
Cassava A Biotechnological Perspective. FAO,
Rome.

Westby, A. (2002). Cassava utilization, storage and
small-scale processing. In: Hillocks, RJ., Thresh,
J.M., Bellotti, A.C. (Eds.) Cassava Biology,
Production and Utilization CABI publishing
Oxfordshire, UK. pp 480.

Reilly, K., Bernal, D., Cortés, D.F., Gomez-Vasquez,
R., Tohme, J. and Beeching, J.R. (2007). Towards
identifying the full set of genes expressed during

Volume 25(2): 6527-6535 2022

©SAAT FUTO 2022

cassava post-harvest physiological deterioration.
Plant Molecular Biology. 2007 May;64(1-2):187-
203. doi: 10.1007/s11103-007-9144-0. Epub 2007
Feb 22. PMID: 17318318.

Xu, J., Duan, X., Yang, J., Beeching, J.R. and Zhang, P.
(2013). Enhanced reactive oxygen species
scavenging by overproduction of superoxide
dismutase and catalase delays postharvest
physiological deterioration of cassava storage
roots 2013;161(3): Plant Physiology., 161(3),
1517-1528.

Yan, Y., Wang, P., Wei, Y., Bai, Y., Lu, Y., Zeng, H.,
Liu, G., Reiter, R.J., He, C. and Shi, H. (2021).
The dual interplay of RAV5 in activating nitrate
reductases and repressing catalase activity to
improve disease resistance in cassava. Plant
Biotechnology Journal., 19(4), 785.

Zainuddin, .M. Fathoni, A., Sudarmonowati, E., &
Beeching, J.R.,  Gruissema, W. and
Vanderschurena, H. (2017). Cassava post-harvest
physiological deterioration: From triggers to
symptoms Postharvest Biology and Technology
Cassava post-harvest physiological deterioration :
From triggers to symptoms. Postharvest Biology

and Technology, (October), 0-1.
https://doi.org/10.1016/j.postharvbio.2017.09.00
4

Zainuddin, I. M., Fathoni, A., Sudarmonowati, E., &
Beeching, J. R. (2018). Postharvest Biology and
Technology Cassava post-harvest physiological
deterioration: From triggers to symptoms.
Postharvest Biology and Technology,
142(September 2017), 115-123.
https://doi.org/10.1016/j.postharvbio.2017.09.00
4

Zidenga, T., Leyva-Guerrero, E., Moon, H., Siritunga,
D. and Sayre, R. T. (2012). Extending cassava root
shelf life via reduction of reactive oxygen species
production. Plant Physiology., 159, 1396-1407.

6535



