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ABSTRACT
The storage stability and shelf-life of agricultural produce is of great concern to both producers

and consumers. Due to the harsh climatic conditions of the tropics, sweetpotato roots deteriorate
at an increasing rate posing a challenge to its post-harvest storage life. The pre-harvest and post-
harvest application of calcium salts has been successful in slowing down the ripening process of
agricultural produce and reducing produce loss of firmness. The firmness of crops can be
maintained through the application of calcium salts (calcium chloride) by stabilizing cell
membranes and enhancing cell turgor. Ethylene, a naturally occurring plant growth hormone is
also used in improving the growth of plants and has diverse effects on the development, growth

and storage life of agri hloride was applied at two

different concentratio e-Fleshed Sweetpotato

cultivation and ethepht treated roots were also
dipped in the same cal ons a day after harvest.
The changes in the ph and shelf-life (weight loss,
sprouting, decay, shrin in inhibiting the growth
of certain pathogens e calcium chloride was
determined by measuri ogens isolated from the
orange-fleshed sweetp olletotricum spp. The

results showed that calcit table to inhibit the growth

of the pathogens. - plica |on sprouting of the
sweetpotato roots, Howevﬁre- and!post-arvesggl_gum ﬂmephon tr;aatments were not
able to reduce thg ‘physiol(l)gchIE\ﬁ!BJtﬁQ&e&é%%ecéy dfﬂt.he orange-fleshed
sweetpotato roots. The pre- and post-harvest calcium chloride and ethephon treatments had no

significant effect on the biochemical properties of the roots as compared to the control.
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CHAPTER ONE

1.0 INTRODUCTION
Sweetpotato (Ipomoea batatas Lam.) is a dicotyledonous plant which belongs to the
Convolvulaceae family. It is an important food security crop in many developing countries

including Ghana (Essilfie et al., 2015).

Sweetpotato is currently ranked as the sixth most important crop in the world having a total
production of about 105 million tonnes in 2016 with Asia accounting for close to 76% of world’s
production, followed by the African continent with about 19.5% (FAO, 2015; Mu & Zhang, 2019).
It is one of the vegetables most cultivated throughout the world. However, in 2018 the global

production of sweetpot ted to the world’s food

production (FAOSTA all the agro-ecological

zones in West Africa and with an estimated
production of 5.48 mil potato is grown widely
by peasant and small-h est, Volta and Central
Regions where about 0 ually on 9,622 hectares
of land (Bidzakin et al.
Sweetpotato is easily ed, andawidely ordiffere ic conditions and soils,
resisting drought and s A onsidered to be a basic

food source for the p since it is an energy-rich

carbohydrate food @@enjamin, 0 | 3" Mosta, et al. __@k storage roots are
the main food product altmgav can also rovide essential minerals,
TECH PROCEDAMUE

vitamins and proteins (Bovell-Benjamin, 2010): The'storage roots are rlch in starch, sugar, vitamin
C, B-carotene, iron and several other minerals (Laurie et al., 2012; Oloo et al., 2014; Sanoussi et
al., 2016). Sweetpotato has a large number of cultivars which differ from one another in the storage

1
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root skin colour, flesh colour, the sizes and shape of storage roots and leaves, the depth of rooting,
the time to maturity, resistance to diseases and pests, and in the texture of cooked storage roots
(Bovell-Benjamin, 2007). White or yellow-fleshed varieties are the most cultivated in Ghana, but
a few orange-fleshed varieties are available. Orange-fleshed sweetpotatoes enriches the diets of
consumers due to its extreme levels of bio-available pro-vitamin A and also improves food

availability and livelihoods.

The national average fresh storage roots yield has been reported as 25 metric tons per hectare but
due to low productivity in crop production, low adoption of existing technologies due to poor
market incentives and inaccessibility to relevant inputs, the national yield obtained has declined to

about 11.5 tonnes per priate technologies for

processing, transportat limited knowledge in

postharvest manageme A, 2010). Sweetpotato
roots have a very shor ical ambient conditions
(Nedunchezhiyan & R gttributed to the higher
moisture content of the ed to other staple foods
like legumes and cerea temperate areas, under
controlled temperature stored for several days
before consumption an cultivar and the storage

conditions (Wang et al., 2 ons play a major role in the

storage life of swe@_ln Ghana swee ! ored yea\/_ing_@hounds even when
matured, which ties the soi and-lead-to fi rﬁfl ro0ts and high'weevil infestation
el NTECHI PROCED ﬂgﬁ-[l‘ |

(Mariga, 2000). Unlike potato tubers, sweetpotato root does not undergo dormancy and can sprout

any time after harvest if conditions are conducive (Afek & Kays, 2004). Some farmers store their
sweetpotatoes in lined pits and on floors of dark airy rooms with higher temperature and relative

2
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humidity which induces sprout. Sprouting is one of the factors limiting the post-harvest life of
sweetpotato roots especially at elevated temperatures and high relative humidity. Sprouted
sweetpotato roots have a higher respiration rate, leading to greater loss and shriveled roots

(Edmunds et al., 2008).

Different pre- and post-harvest treatments have been employed to improve product quality and
minimize post-harvest losses. Some of the commonly used and proven methods include ultraviolet
radiation for protecting fruits against pathogenic fungal infections (Guo et al. 2015), the use of
polyamines to counteract the destructive effects of ethylene to extend the shelf-life of fruits
(Sharma et al. 2017), storage in a controlled or modified atmosphere, and dipping agricultural

produce in different pra

Pre- and post-harvest incidence of different

disorders, maintain g | produce. Post-harvest
calcium dips have been luce (Hernandez-Munoz
et al., 2006). Calciumui erous biochemical and
physiological processe and is responsible for
maintaining the plant ¢ ant impact on the post-
harvest fruit quality, rif ders by maintaining cell
turgor, membrane integ | catabolism, enhancing

resistance to attack by f i f fresh produce (Picchioni

et al., 1998; Hern@noz et al., also an imp_o_@pmercial hormone
used by farmers or crop pm reserve climaeten'e—and‘ﬁ -cl acteric'produce by either
2 N INTECR] PROGEDAMUS _[l“ ,

extending or reducing the shelf-life of such agricultural produce (Abeles et al., 2012). It has the
ability to regulate dormancy, sprouting and senescence in potatoes and onions and also maintain

the overall quality of sweetpotato and other agricultural crops (Cheema et al., 2008; Amoah, 2014).

3
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Studies involving the use of ethylene gas to reduce sprouting and to improve the overall storage of
crops like potato and onion has been conducted (Daniels-Lakes et al., 2005; Buffler, 2009).
Ethephon, an ethylene precursor can be used to generate ethylene which is capable of regulating
the growth and development of plants and crops. It is therefore imperative to evaluate the effect of
calcium chloride and ethephon used as a pre- and post-harvest treatment to inhibit storage root rot,
sprouting, and extend the storage life of sweetpotato. It is also important to isolate and identify
pathogens associated with sweetpotato decay in storage and to investigate the efficacy of calcium

chloride in controlling sweetpotato decay caused by pathogens.

The objectives of this study were to:

* Determine the ¢ the physiology,
quality, shelf-li “iochem ig sh eetpotatoes.

* Determine the e n the physiology,
quality, shelf-lif Jerti 3 eetpotatoes.

* Isolate and ide etpotato decay in
storage.

» Determine the ¢ lling orange-fleshed

sweetpotato rot

g - el
=1 INTEGR| PROCEDAMUS |



University of Ghana http://ugspace.ug.edu.gh
CHAPTER TWO

2.0 LITERATURE REVIEW
2.1 Origin and History of sweetpotatoes.
Sweetpotato (Ipomoea batatas L.), one of the most cultivated vegetables in the world is an energy-
rich food source for the populations of various developing countries (BovelBenjamin, 2007; Burri,
2013; Mosta et al., 2015). It is able to adapt widely to different climatic conditions and soils,

drought resistant, has low production costs and can be handled easily (Burri, 2011).

Sweetpotato originated from the tropical regions in the South and Central America (Austin, 1988).
Sweetpotato was domesticated 5000 years ago in Central America (Bovell-Benjamin, 2014;

Nishiyama, 2006) and i ical and some temperate

areas with diverse ag h Kumar, 2016). It is

cultivated in over 100 ong the first five most
important food crops g 012). It is considered in
most eastern and south ya, Tanzania, Ethiopia,
Zambia, Mozambique T, 2009; Shonga et al.,

2013).

2.2 World production |
Globally, roots an sfdr part of ( . populations with
an average per capita con n of 19.4 kglyear from 2013 t D FAO 2016). This
consumption estlmate IS pro;ected%%ﬂilﬁ Wfﬁ‘&%’gn 2025 (OCED -FAQ, 2016). In
2017, a total of about 494.6 million tonnes of roots and tubers was produced globally (FAOSTAT,

2019). Sweetpotato is one of the world's most important, versatile and under-exploited food crops


https://onlinelibrary.wiley.com/doi/full/10.1002/fsn3.1063#fsn31063-bib-0158
https://onlinelibrary.wiley.com/doi/full/10.1002/fsn3.1063#fsn31063-bib-0158
https://onlinelibrary.wiley.com/doi/full/10.1002/fsn3.1063#fsn31063-bib-0158
https://onlinelibrary.wiley.com/doi/full/10.1002/fsn3.1063#fsn31063-bib-0158
https://onlinelibrary.wiley.com/doi/full/10.1002/fsn3.1063#fsn31063-bib-0059
https://onlinelibrary.wiley.com/doi/full/10.1002/fsn3.1063#fsn31063-bib-0059
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with more than 90 million tonnes annual production, mostly contributed by Asian and African
countries, especially China (FAOSTAT, 2020). Sweetpotato is the seventh most consumed crop
worldwide, with an average land producing area of about 8.2 million hectares and an average yield

of 12.1 tonnes per hectare (Chueyen & Eun, 2013; Warammoboi et al., 2011; FAOSTAT, 2016).

Asia and Africa contributes 85% and 10% of the total world production respectively and the
remaining 5% is contributed by other countries, with China alone producing over 80% of the global
production (FAOSTAT, 2015). According to FAOSTAT, Bangladesh is the second leading
producer of sweet potato after India in South Asia, accounting for about 27% and 68% respectively
of their total production (FAOSTAT, 2020). As of 2020, Malawi, Tanzania, Nigeria, and Angola

are the top four global ridge Intelligence Data,

2020). About 105 mil year 2016 with China

producing 71 million g country (FAOSTAT,
2016). In that same ye nd tonnes making them
the only Pacific Isla [ato producers globally
(FAOSTAT, 2016). In d 113 million tonnes in
about 115 countries, bout 72 million tonnes,
followed by Nigeria, T3 . In 2020, the production
of sweetpotato in Chiné ing about 54.75% of the

total world production ( as reported that sweetpotato

was the third most@ﬁ_&t fo_odrcrop I al'and Eastern Aj_r@lntries, fourth crop
in six South African gountﬂe§ﬁrﬁgﬁﬂjnﬁ0ﬁmgﬁfﬁiﬂé@tua S (Vollfner etal., 2017).

Sweetpotato is the main staple crop in Rwanda, Burundi, Malawi and Uganda and a secondary

staple crop in Eastern and Southern Africa (Low et al., 2017). In the Pacific Islands, sweetpotato
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is the most important staple food crop (McGregor et al., 2016a, 2016b) and a supplement in the

diets of the citizens of Fiji, New Caledonia and Vanuatu (Thaman, 1990). It is also an important
cultural crop in New Zealand, Easter Island and Hawaii (Ladefoged et al., 2005; Roullier et al.,
2013). And because of sweetpotatoes climatic and ecological adaptations, it is also well known in

Polynesia and the low-lying islands (lese et al., 2016; McGregor et al., 2016a, 2016b).

2.3 Sweetpotato production in Ghana

In Ghana, sweetpotato is ranked the fourth most important root and tuber crop after cassava, yam
and cocoyam in terms of its production (MoFA, 2016). About 96000 hectares of farmland is used
for the cultivation of the crop (MoFA, 2016). It has the ability to adapt to various environmental

conditions and it is | savannah and Forest

Transition ecological z rown in all ecozones in

Ghana but it is widely pper East, Upper West,
Central, and Volta Reg ording to the Food and
Agricultural Organizati e cultivation of the root
crop (FAO, 2010). G cing countries with an
estimated production @ 013). In 2016, the total

production was around ion (FAOSTAT, 2016).

2.4 Nutritional benefits anc

ellbeing of people (Su et
al., 2017a; Mohanraj & Sivasankar, 2014}. It plays a massive role in human diets since it has a
very high nutritive value (Scruggs & Quesada-Ocampo, 2016; Da Silva & Clark, 2013). It is a root

crop of approximately 25-30% carbohydrate content, with about 98% of its carbohydrate being
7
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easily broken down to obtain energy when consumed in the body (Clark et al., 2013). About 58-

72% of the entire sweetpotato root is composed of water. In vivo studies has shown that the
carbohydrate from sweetpotato has certain antidiabetic properties which has the ability to stabilize
blood sugar levels and decrease insulin resistance (Mohanraj & Sivasankar, 2014; Anbuselvi et

al., 2012). It also serves as an important source of proteins (Benjamin, 2007).

Sweetpotato contains several micronutrients like vitamin C, thiamin, riboflavin, niacin,
panthothenic acid, pyridoxine, vitamin E and folic acid (Hernandez Suarez et al., 2016). It also
contains some essential minerals and trace elements like iron, potassium, calcium, zinc, sodium,
magnesium and manganese (Luis et al., 2013; Antia, 2006). According to Hernandez Suéarez et al.

(2016), sweetpotato prt acids and anthocyanins

which are found to inh ancers and leukemia. It

is also highly rich i caffeic, cinnamic, and
hydroxycinnamic acids ammation and cancers
(Kurata et al., 2007). T -= rming up the body, due
to the sugar and other gai et al., 2011). It also
helps in impacting on ¢ from bronchitis. (Nagai

etal., 2011).

Sweetpotato leaves, shot rce of dietary fiber with

the roots being low in fats 3 3; Odongpo et al., 2002). In

' : - |
tropical and subtro ies, both the roots ar i ed as food (Chai et
al., 2015). They are also u dlﬁtﬁﬂﬁéﬁﬁiﬁhﬂhﬁi Chinaand the USA (Scott,
1992). According to Collado et al., (2001), about 33% of the starch used in the industries in China

was derived from sweetpotato. It has also been used extensively as a raw material in the industrial


https://www.sciencedirect.com/science/article/pii/S0924224421004398#bib99
https://www.sciencedirect.com/science/article/pii/S0924224421004398#bib99
https://www.sciencedirect.com/science/article/pii/S0924224421004398#bib99
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field for the production of alcohol (Collins, 1984) and the young leaves have also been used to
manufacture teas and powder drinks for human consumption. Sweetpotato is also used in the
baking industries for the manufacturing of bread, noodles and cake, for the preparation of
adhesives, textile and paper sizing. The crop is also made into flour and the roots, used in the

production of sweetpotato chips (Sebben et al., 2016).

The nutritional benefits, medicinal benefits of sweetpotato gives it great potential in combating the
food shortage and malnutrition that might occur as a result of the increase in the rate of population
(Zhang et al., 2018). This crop is considered the single most successful example of bio-fortification

of a staple crop (The World Food Prize, 2016).

2.4.1 Dry Matter Con

Sweetpotato like other dry matter (Woolfe,

1992). The high dry ma rred by consumers in

Africa. However, varie er dry matter contents

(Kapinga & Carey, 200 of both high carotenoid

and dry matter levels a P, 2016). The dry matter

content of sweetpotato tors like the agronomic

practice, type of cultiv and the occurrence of

diseases and pest (Brad conducted a research to

assess the bio-fortified swee g wide range of dry matter

contents (26.8-39. ult showed that the

I.. e
sweet potatoes dry matter ¢ Mﬁgﬁﬁpﬂﬁmﬂl@mﬂwﬁo he cam’fenmd content. The

yield and dry matter content of the roots is likely to reduce by 30-40 % when the planting time of

sweetpotato is delayed (Sajedi et al., 2009). According to Aidoo & Tetteh (2004) the dry matter
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content of five different varieties grown in Ghana was within the ranges 34.4 to 37.4 %. On the
other hand, a range of 20 to 40 % dry weight content was obtained by Ghana Crops Research

Institute for eight varieties (Asafu-Agyei, 2010).

2.4.2 Total Carbohydrates

The dry matter of sweetpotato is about 80% to 90% carbohydrate consisting of several quantities
of starch, pectin, cellulose, soluble sugars and hemicelluloses (Woolfe, 1992). The longevity of
the roots is determined by these compounds and the storage is determined by its carbohydrate
content. And the particular carbohydrates it contains. The carbohydrates may not be the same
depending on the type of cultivar, the environment in which the root is grown, growth stage and

the storage environme ng et al., (2002) on the

reduction in the carb ge shows that prolong

storage of raw sweetpo roots firmness and the
viscosity of the flour content (Zhitian et al.,
2002). Storing sweet pe onths causes a reduction
in starch content and a g of the sweet potatoes

also affects both cooki

2.4.2.1 Starch ‘ 4 | N 4 l _

The major carbohy .n the'swel arc and it ?tion ends as soon
as the storage rooF% d. For this reason, the quantily l \-%;1 IS very necessary
for longer storage Imﬁ‘e- of the &ﬁaﬁ@ﬁ@ﬁ H@MH%«&pendsbﬁthe stored reserves

for biochemical activities. The stored starch under goes enzymatic conversion to glucose (Aiyer,

2005). When the sweetpotato is cooked, the majority of the starch is converted into maltose, which

10
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gives a sugary taste to the cooked storage roots (Onwueme & Charles, 1994). There are so many
health and nutritional gains from consuming sweetpotato starch because of its low glycemic index
(GI) grade. However, there is slight increase in blood sugar due to the slow breakdown of the starch
when consumed (FosterPowell et al., 2002). Consequently, for patients with type-2 diabetes,
sweetpotato can be a good diet in curbing obesity. According to Zuraida (2003), in order to make
starch for ethanol production the roots can either be baked, boiled, fried or processed. It is a
substitute flour for cake or bread production. Most food products use sweetpotato as one of their
ingredients. The use of sweetpotatoes for the production of such food products could be potential
reasons for increase in the demand for sweetpotatoes. There are known genetic variations for starch

content of sweetpotato which acts differently in the stored form or when used as food (Collado &

Corke, 1997). Starch ¢ onditions and maturity

(Tian et al., 1991). Noc of sweetpotato helps in
raising gelatin material o of annual sweetpotato
produced is used for a ‘ . The roots and leaves of
sweet potatoes can be k down of raw starch its
usage is limited to som sweetpotato genotypes
have different rates of etpotato flour and starch
digestibility have ver . Zhang et al. (2002),

conducted a study on six

in the amount of cate, 01-3 )Sin | Ib‘it‘@i}y and the pasting

abilities. After 0-180 da rage, there was a slight decr ase in the starch content of the
~— N INTEGRI PROCEDAMUS ——

genotypes. However, in the genotygéﬁmrf ﬂ%ﬁ@'&gﬁ?ﬂamy decreased. In the first two

months of storage, alpha-amylase activity increased, but later reduced to a level similar to time of

in relation to the changes

harvest (Zhang et al., 2002).

11
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2.4.2.2. Sugars

Sucrose, glucose and fructose are the main forms of sugars in sweetpotato. The comparative
amounts of sugars vary amongst genotypes (Zhang et al., 2002). The bulk of sweetpotato sugar is
sucrose. The concentration of sucrose is higher than other sugars when cultivars are analyzed in
raw form, (Van Den et al., 1986). According to La Bonte et al., (2000), sucrose makes up 68% of
total sugar and the rest account for 22- 32% depending on the variety. However, when
sweetpotatoes are cooked, they tend to have maltose which results from hydrolysis of the stored
starch (Van Den et al., 1986). Again, storage increases the amount of sugar in sweetpotato storage

roots (Zhitian et al., 2002). The sugar content in the fresh storage roots of different American

varieties showed by Pic Rico varieties fluctuated

from 6.3 to 23.6 mg/10( ande (1985). The profile
for fructose content d owed a regular rise in
fructose through the de h regards to “Whitestar’.
During the evaluation,‘ t of the other cultivars.
The glucose content elopment. Zhang et al.
(2002) found that the ¢ e early stage of storage
and remained relativel
2.4.2.3 Total Proteins , p _
According to Maeshima et al. (198 | ) whi ulmore than 80% of
the entire proteins are con n the storage roots of sweelpgﬂ’ﬁ% :100 g of the fresh
storage roots of sv;geibotato é'gHt!:EﬁH_‘?E Hm%qgﬁl 2006).-?"I."he two proteins in

monomeric forms are sporamins A and B. During the dormant period, the two forms were present,

but a reduction was noticed during sprouting (Chokchaichamnankit et al., 2009). The proteins were

12
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separated from each other by electrophoresis on polyacrylamide gels in a non-denaturing buffer.
With respect to amino acid the two proteins are found to be similar to each other by composition,
peptide map and immunological properties. With sporamin A, the amino acid sequencing of the
amino terminal part showed that it is made up of more than two molecular species with varied
combinations of a few amino acids. According to Hattori et al. (1990), there is an uneven
distribution of the protein in the storage root. There is a greater concentration at the proximal end
than the distal end. Significantly, it has been noted that there is a higher sprouting at the proximal
end than the distal end. This could be as a result of the high protein concentration in the proximal

end.

2.5 Variability of swee

Sweetpotato has a large in the storage root skin

colour (white, cream, 2ige to white, red, pink,

violet, yellow, orange, eaves, depth of rooting,

time to maturity, the re orage roots (Purseglove,

1991). Some varieties sweetpotato contains a

very high amount of [3- ption of this variety by

humans, converts it int 1in A deficiency in most

developing countries (G Irple-fleshed sweetpotato

varieties are well kn (Bovell-Benjamin,

2007; Furata et al.," " Cisneros-Zeviai “The purple-fleshed

sweetpotato varieties have e%#r!‘rgﬁﬂb E\H@ﬂ&ﬂlﬂi“b&%ﬁ

al., 1999) and are very good sources of anthocyanins which are usually concentrated in the starchy

¢ properties (Yoshimoto et

core and outer skins (Bae et al., 2006). Some sweetpotato varieties have phenolic extracts which

13
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has chemo-preventive properties required to tackle and prevent anaemia, hypertension and diabetes

(Shimozono et al., 1996; Rabah et al., 2004; Ludvik et al., 2004).

2.5.1 Flesh colour
Sweetpotato flesh ranges in colour from beige to white, white or cream, purple, red, pink, violet,

yellow to pale orange and deep orange (Alam et al., 2016).

2.5.2 Skin colour
The storage root skin colour also ranges from white, cream, yellow, brown, orange and purple

(Alam et al., 2016).

2.5.3 B-carotene content

The antioxidant activit 2ir phenolic compounds,

anthocyanin, and carot )). The sensory qualities
in all sweetpotato vari ogenic, isochlorogenic,
caffeic, cinammic, and hy ., 2009; Musilova et al.,
2017). Purple-fleshed tains higher levels of
anthocyanins than the da & Picha, 2008). The
orange-fleshed variet e, f-carotene, and B-5
cryptoxanthin (Alam e urce of B-carotene (pro-
vitamin A) and good r, manganese, calcium,
potassium), V|tam| ang et al., 2016).

Orange-fleshed sWeetpota ontaln as much as 276 98 ;,_L_g/ ; tene (Allam et al., 2020).

N TEGm FHD::EE}MHJE —r’
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2.6 Orange-fleshed Sweetpotato

Orange-fleshed sweetpotato is one of the varieties of sweetpotatoes easily cultivated and can serve
as a source of energy, nutrients, color, flavor and natural sweetener (Woolfe, 1992). Unlike the
other varieties of sweetpotato, orange-fleshed sweetpotato is a bio-fortified crop. It is highly rich
in B-carotene, which when consumed serves as a good source of vitamin A (Burri, 2011). This
helps to prevent vision impairments in most especially children under the ages of five, who are the
most vulnerable to vitamin A deficiencies (Meenakshi et al., 2010; Bovell-Benjamin, 2010;
Andrade et al., 2009). Unlike the white-fleshed sweetpotato, orange-fleshed sweetpotato has a
very sweet taste and the yellow to orange color which is pleasing to the eyes of children, making

it possible for them to Kaguongo, 2012). Orange-

fleshed sweetpotato is | eyesight, healthy skin

and mucous membrang ity to diseases such as
malaria, measles, and 1ge-fleshed sweetpotato
comprises of non-digé Dle_dleta A amins, and_antioxidants (Endrias et al.,
2016; Rodrigues et al., antioxida Jpel A he presence of phenolic
compounds and carote al components, orange-
fleshed sweetpotato co preventing carcinogenic

and cardiovascular dise

= ‘, " B 2 ‘ _aul
2.7 Pre and post-h i ‘ ‘-@
ED e P 7 F

The storage life of sweetpo a&f‘dfﬁﬁﬁﬁi @ﬁlﬁﬂﬂtgmm&g actices during production,

the handling practices after harvest, and the type of postharvest treatments applied to the crop (Ray

& Nedunchezhiyan, 2012; da Silva & Clark, 2013; Adu-Kwarteng et al., 2014). This is because,
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the root is affected by pre-harvest factors like the type of variety, soil type, time of planting and
harvesting, stage of maturity, fertilizer application and the pest and diseases. These factors if not
well taken into consideration can predispose the roots to physiological disorders and microbial
attack (da Silva & Clark, 2013). Postharvest factors like poor handling, transportation and storage
may also cause decay losses. The use of chemical sprays on the field are used to modify the
ripening process and the time of maturity which has an influence on the storage of the storage roots

and the quality of the storage roots on the market (Siddiqui et al., 2014).

2.7.1 Sweetpotato Storage
Due to the lack of appropriate storage facilities and the unfavorable environmental conditions,

sweetpotato growers a ots of challenges in the

storage of the storage ge roots are not able to

remain wholesome for traditionally created. A
typical example is the chain which are able to
last for less than a we > storage structure used
determines how long t developed regarding the
structures used in stori compositional changes,
nutritive value and she ' 0ts.ha oxiensi J ed (Amoah et al., 2011,
Agbemafle et al., 201 | optimum environmental

conditions for prolonged 1 be achieved by some of

those storage met@yr (4) weeks ‘ ah, 2014). D@]nnovative storage
methods of pre-treating sm stoag&rommm%tmt extracts repellants from
N e R PROCEDAMUS I

neem and lantana camara in pits and evaporative barn have been tried in some parts of Ghana

(Abano et al., 2011).
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2.7.2 Storage Requirements to Improve Sweetpotato Quality

Prolonged shelf-life and storage of sweetpotato storage roots requires that the harvesting, curing
and storage are carefully conducted. In order to achieve that, care must be taken to minimize
bruising and injuries on the storage roots during digging, collection, grading and packaging into
storage containers. The storage room must at all times be kept clean and able to provide favorable
conditions of relative humidity, temperature and gas composition. Injured roots and diseased roots

must at all times be removed from the storage room.

2.7.2.1 Temperature and Relative Humidity
In order to preserve agricultural produce for a longer period, they must be properly stored (Watada,

1999). Temperature pla egetables after harvest.

This is because, dep onment, elements like

respiration, produce so , wilting, sprouting and
microbial damage can 1990). The temperature
during harvesting mus ing the coolest times of
the day (Thompson, 19 n be extended to a year
when stored under opt so cause chilling injury
and therefore should be perature storage can be
achieved by the use of ¢ Id storage. High relative
e loss from the root skin in

groots (Paull, 19_2@!

1

humidity of about 85-90%

order to slow dowr@g_of the sweetpota

| ‘ T _‘_____.H,
2.7.2.2 Physiological Toss fMiJrEGH‘ FHEDﬁuUE_- 1 g
Physiological weight loss is a means of deterioration of the roots which can also cause rotting. It

is attributed primarily to the loss of water by the storage roots through respiration and the
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transformation of dry matter to energy. The storage roots also loose water through transpiration
when there is the difference between the vapor pressure in the interior part of the root and the
outside environment. All these phenomenon and processes leads to loss in weight of the roots
during storage (Kushman & Pope, 1972; Picha, 1986). The variety of the sweetpotato and the type
of storage systems utilized can contribute to weight losses in sweetpotato. Ray et al. (1994)
conducted an experiment to find out the improvement of shelf-life of sweetpotato by storing them
in locally available materials including sand, soil and saw dust, and to evaluate the percentage of
weight loss, rotting and weevil infestation associated with storage. At the end of the experiment, it
was clearly shown that the losses in fresh weight were mainly due to moisture loss and respiration.

According to Amoah et a ored for two (2) weeks was

observed in a compara f sweetpotato. The two

varieties of sweetpotat d a pit structure. After
twelve (12) weeks of st 0 32.5% (Amoah et al.,

2011).

2.8 Post-harvest losses
Despite all efforts mac processed sweetpotato
(Ipomoea batatas) prot malnutrition problems,
sweetpotato is faced .wih
Gungula, 2011; Ab .
short shelf-life of about four #ééf@ﬂﬁ_;] h@mﬁh;ﬂ@n tion“s'”(f\iedunchezhiyan &

Ray, 2010; Teye, 2010). Due to this, countries like China, Japan, Indonesia and the Phillipines

mostly process the sweetpotato storage roots into dry products (Woolfe, 1992). The short shelf-

18



University of Ghana http://ugspace.ug.edu.gh

life can also be attributed to the higher moisture content of sweetpotato (about 80%) as compared
to other staple foods like legumes and cereals (Alvarez-Jubete et al., 2010). Sweetpotato is likely
to lose some of the moisture during storage which can cause the degradation of both carotene and
ascorbic acid and can also change the porous structure of the storage roots through shrinking which
eventually alters the taste of any product made from the storage roots (Haralampu & Karel, 1983;
Yamsaengsung & Moreira, 2002; Koc et al., 2008). The storage roots are also likely to sprout
during storage which reduces the quality of the storage roots reserved for sale. Orange-fleshed
sweetpotato roots are subjected to several forms of postharvest losses after harvest. As a result of
high moisture content (60-75%), and high respiratory rate of the storage roots, they are very
res resulting in it being

perishable in storage.

susceptible to damage

Sweetpotato storage rc and respiration during

storage (Picha, 1986; physical and chemical

changes which in the e roots (Zhang, 2002).

Sweetpotato productio s caused by weeds, pest

(sweetpotato weevils), a few (NRCRI, 2010).

The damages caused b e and marketing of the

sweetpotato storage roq 2003; Afek, 2003).

Low productivity in crop proc veral facLo_hrS such as poor soil

uate clean planting

1

chnologies for processing,

conditions, low an

| ‘ B —
materials, lack of appropri elﬂ@ﬂﬁaﬂﬁ@ﬁ@mﬂtﬂ&f

transporting, handling and storage of produce, and the limited knowledge in post-harvest

management (MoFA, 2010). A survey conducted in the Cape Coast Metropolis by Birago (2005)
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revealed that sweetpotato farmers in that area do not store their harvested storage roots at all

because of high damages due to inappropriate storage technology.

2.8.1 Skinning

Orange-fleshed sweetpotato (Beauregard for instance) is the most common sweetpotato variety
that is highly susceptible to skinning (surface abrasion) during harvest and postharvest handling
(Boudreaux 2012; Meyers et al., 2013). Since pathogens are mostly able to get inside crops through
the wounds created on them, the skinned areas become highly susceptible to pathogen infections
(Clark et al., 2013). The wounds created on sweetpotato storage roots during harvesting and
handling can be healed through a process known as curing, by coating the roots with suberin in

order to protect them fr he skinned regions also

cause severe moisture on the market (Clark et

al., 2013). It is therefo ding at harvest in order

to obtain good quality

2.8.2 Sprouting

Storage roots/Tubers a ome which acts as food
reserves and can be us ara & Josheph Kumar,
2016). During propagat ‘(Hall, 1993) but during

storage and marketing the e sweetpotato storage roots

for fresh market s@v‘vthwait & order for th@@ to last for longer

periods, the rootshbmg_ergti §ﬁt?g&ﬂ_ﬁsﬁ0ﬁmﬁ&c§w Itriodﬂ of time. Within that

particular period, a phenomenon known as sprouting is inhibited. But towards the end of the
dormant period, the buds begin to grow and sprouting exhibited (Mani & Hannachi, 2015).

Sprouting of these roots is a major concern, since certain essential nutrients might be lost in the
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process and the quality of the roots/tubers reduced (Go mez-Castillo et al., 2013). Sweetpotato
storage roots sprout easily in the tropics. In the tropics, sweetpotato storage roots sprout very fast,
have a short period of dormancy of about two weeks when kept in the ambient storage and because
of the high moisture content of the roots, metabolism occurs rapidly. All the sprouts arise at the
proximal sections of the storage root as the buds in the distal and middle segments go through
paradormancy but as they stay for longer periods in storage, the sprouts appear at other segments
of the roots (Onwueme & Charles, 1994). Several researches are been conducted to find a solution
to this problem and traditional chemicals like Chlorpropham are been applied to prevent sprouting
(Huang et al., 2014; Cools et al., 2014). Endogenous growth hormones like abscisic acid,

giberillins and cytokinins control sprout factors and dormancy (Cheema, 2010). And can be

controlled by manipulz 8 re 1 't 2 Derature > stored roots (Cheema,
2010). Spraying with icals lik eic hyd L and me aphthalene-acetic acid
(MENA) in acetone ha | . . Nt spr‘r‘ 1 alsg ging the storage period
from four weeks to ei ‘ micals have adverse effect of the environment and

living organisms (Kay,

2.8.3 Diseases and pes
Pathogenic infections | shalflife raI produce during post-

harvest handling, distribut age. e ise_dan \Weetpotato storage root in

T _— .
the field and in st@k_)out 60% PO s 1T inc result of pest and

disease for a smgie__grownﬁﬁha? ‘sge viral diseases, nematodes,
F FIDGEDA, -

insect pests, mites and rodents together cause-high-damages to the storage roots after harvest.
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2.8.3.1 Fungal diseases of sweetpotato
Sclerotium blight, cercospora leaf spots, wilting and storage root surface rot, leaf distortion, black
rot and Fusarium root rot are fungal diseases known to affect the production of sweetpotato, its

storage and marketing (Thottappilly, 2009).

2.8.3.1.1 Black rot
Black rot is the most important fungal disease of sweetpotato. Sweetpotato storage roots infected

with black rot shows symptoms of dark circular depressions which spreads through the entire root.

The infected roots produce toxins which may be harmful for human consumption (Wilson et al.,

1970).

Charcoal rot, a post-harve

damage to the sw@‘storage 00 pausing the dis_@le to survive and

proliferate rapidlymin Warmlons with.an.. gxxensve-hes\‘r%llt forms a reddish-brown
EGR| PROCEDAMU |

coloration on the tissues of the sweetpotato-at-the-initial stages and later turns black behind the

a phaseolina causes great

active decay portions which finally progresses towards the center of the sweetpotato roots

following massive decay (Bartz & Brecht, 2002).
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Fig 2.2: sweetpotato infected with the charcoal rot disease.

2.8.3.1.3 Java Black Rot
Java black rot is also one of the major post-harvest diseases affecting sweetpotato. The disease is

caused by the fungus Diplodia tubericola which starts at one or both ends of the storage root. The

initial stage of the decay but becomes completely

black and shriveled aft 2 can fully be recognized
when the pathogen for periderm of the storage

roots (Skoglund & Smi

2,

i e -
Fig=2:3=Swegtpotato infected With the java bIaETE‘d'iseas"é.
~—1_INTEGR| PROGEDAMUS

Scurf is also a fungal disease affecting sweetpotato. According to Dewayani, et al. (2021), the

735

2.8.3.1.4 Scurf

spread of the disease is very slow and it causes brownish blotches on the sweetpotato storage roots.

23



Figure 2.4: Sweetpotato infected with the scurf disease.

2.8.3.1.5 Fusarium wilt
Fusarium wilt or stem rot caused by Fusarium oxysporum f. batatis is another fungal disease of
sweetpotato. It destroys the vascular tissues especially the xylem of the plant causing the leaves to

become yellow and wri

Figure 2.57Fusar O Sweetpotato.
[ 7 il |
S

B

2.8.3.1.6 Fusarium root rot WNTEGRI p ROCEDAMUS

The disease is caused by Fusarium spp. and do not only affect the produce in the field but are also

a major threat to stored storage roots. In China and the USA, storage root rot also known as dry rot

24



or end rot caused by Fusarium solani is one of the most important post-harvest diseases of
sweetpotato (Clark et al., 2013). Wang et al. (2014) recorded a disease incidence of about 10-20%
in China of Fusarium root rot on sweetpotato. Fusarium solani is a soil-borne pathogen which is
only able to penetrate the sweetpotato storage roots through wounds created on them during
harvesting to cause the infection (Clark et al., 2013). The disease is able to progress into the stems
to cause stem cankers and rotting on the sweetpotato storage roots which in the end leads to end

rot disease (Clark et al., 2013).

Figure 2.6: Fusarium root rot disease of sweetpotato.

2.8.3.1.7 Soft rot
Soft rot is a serious post-harvest fungal disease of sweetpotato, commonly known as Rhizopus soft
rot. It is mainly controlled by the use of resistant varieties and disease-free planting materials,

fungicide application before planting and burning of all infected erop residues.
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—_— - N

Figure 2.7: Soft rot disease of sweetpotatb:-

According to da Silva & Clark (2012) and Stokes et al., (2012), sweetpotato pathogens include

Fusarium solani, Macr: nd Diaporthe batatatis.

However, the most pat illus niger, soft rot

(Rhizopus stolonifer, theobromae), Black rot
(Ceratocystis fimbriat | rot (Macrophomina
phaseolina), Curvula" solani, Plenodomus
destruens, and Penicill 012). But then, previous
studies conducted on s vus, Aspergillus niger,
Rhizopus stolonifer, Penicellium  digitatum,

Cladosporium herbaru t (Tortoe et al., 2010).

o g o,
2.8.3.2 Viral diseases of s tato | ﬂ '
I.D S — i = p
Sweetpotato virus disease (SWLI)‘)EM of m&m%%jseases affecting sweetpotato

(Geddes, 1990). The mosaic is another virus disease of sweetpotato in both USA and Africa

causing malformed, small and mottled leaves which eventually affects the roots of the sweetpotato
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crop (Onwueme, 1978). Plants infected with such disease must be removed and burnt to prevent
the spread of the disease on the entire field. Another virus disease of sweetpotato is the feathery
mottle complex which comprises the leaf spot virus, the yellow dwarf virus (transmitted by the
white fly) and the internal cork virus (transmitted by aphids and develops corky patterns within
the flesh of the roots leading to a bitter taste when cooked) (Campbell et al., 1974). The feathery
mottle complex causes stunting of the plants, yellowing spots of the adult leaves and yellowing
veins of the younger leaves. Its strains has been the causal agent to various virus diseases of

sweetpotato (Campbell et al., 1974).

Figure 2.8: (A) Feather mottle cor
sweetpotato, (C) inte [cgrk viral disease v

.. ﬁTEGﬁI FFID-E}ED:&HJE&T] :

2.8.3.3 Nematodes affecting sweetpotato

ellow dwarf viral disease of

Three major types of nematodes attack the sweetpotato on the field which causes poor growth of

the crop, cracked roots and eventually a very low crop yield at the end of production (Giamalva et
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al., 1963). The three major types include the root knot nematode (Meloidogyne), the sting

nematode (Belonolaimus gracilis) and the lesion nematode (Pratylenchrus) which can be

controlled by the use of resistant varieties and crop rotation (Giamalva et al., 1963).

The sweetpotato weevi serious pest feeding on

the sweetpotato crop ( e sweetpotato weevil
(Cylas formicarius, C ound to attack the crop.
The adult weevil feeds he larvae of the weevil

feeds on the roots and c ind wholesomeness of the

root (Horton, 1989

| L, o -
4 INTEGRI PROCEDAMUS |
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Figure 2.10: Weevil (Cylas) attack on sweet potato.
Several methods have been employed to curb microbial decay of which curing have been found to

be the most appropriate technique to reduce microbial rot by stimulating wound healing.

Meanwhile, the use of fungicides, irradiation, bio-control and storage in ash and saw dust have

been found to have mo shelf-life of sweetpotato

storage roots. Diseases ontrolled by the use of
chemicals and culturz )f pathogen resistance,
development of new pa residues in food and the
potential dangers pose Iternative which is the
exogenous use of pla zed in the reduction of

pathogen (Tian et al.,

2.9 Calcium
The adequate sup i
plants, higher yielL_and be erj, :
to plants. It constitutes most or all of the-basic-nutrients WhICh is requwed to improve upon the

nutritional status of the plant (Lanauskas et al., 2006). However, despite the fact that the elements

may be present in their right quantities in the soil, uptake by the plant might be a problem
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(Lanauskas et al., 2006). This problem is especially important in terms of calcium uptake by plants,
which is required for the firmness of the fruit tissues and the quality and shelf-life of agricultural

product (Fallahi et al., 1997).

As part of the production of agricultural produce, pre-harvest foliar sprays or dipping of harvested
produce in calcium salt solutions has been one of the methods used in order to improve upon
agricultural produce quality and to minimize the use of fungicides. Soil fertilization with calcium
can be an alternative for increasing the concentration of calcium in crop produce. However, foliar
application has been proven by previous studies for being the most effective way to increase the
amount of calcium in the produce (Tzoutzoukou & Bouranis 1997). The external use of calcium

that is by pre-harvest s ses the concentration of

calcium in agricultura quality of the produce

(Poovaiah 1986).

Calcium plays an imp onway et al., 2002). It

helps in the stabilizatio aintains several cellular
functions (Conway et ellular and extracellular
processes of the produc ethylene production and
eventually delays the decay (Conway, 1987,
Manganaris et al., 200 deficient in the produce
increases the respiration rat - the_produce. Therefore,

. ; | .
calcium present in ease shelf-life and

reduce losses (Sallem& K reMﬂMap,%@m_d_

that significant changes has been realized in the content of antioxidant compounds such as phenols

1

1-an-experiment conducted

and ascorbic acid in some fruits treated with calcium. Due to this effect, the pre-harvest and

postharvest application of calcium salts has been successful in slowing down the ripening process
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of agricultural produce and reducing produce loss of firmness (Floros et al., 1992; Holb et al.,

2012; Mohammed et al., 1991; Saftner et al., 1998; Souty et al., 1995).

2.10 Calcium chloride application

Generally, recognized safe chemicals like calcium chloride, calcium carbonate, calcium
biocarbonate, calcium proprionate, and ethylene diamine tetra acetic acid are not injurious to
human health (Sewalt et al., 2016). These chemicals are found to control post-harvest diseases of
fruits and vegetables. Firmness of produce can be maintained through the application of calcium
salts (Diaz-Corona, et al., 2020), which can be achieved by stabilizing cell membranes (Picchioni

et al., 1996) and enhe instance, an experiment

conducted by Bhalerao ion of calcium chloride

(1% concentration) red during storage and also
improved upon the phy: tion of calcium chloride
0 concentration) to pome ome antagonistic yeasts.
2% tration) t t t t
The combination of ca gonist candida spp. was
also able to control gra et al., 1990; Wisniewski
et al., 1995; Singh, 20 Jueous suspension (108
CFU/ml) of Kloeckera

as been used to control
Rhizopus rot of peaches.”

A number of exp@_have been conc ess the efficg@]cium chloride on

mycelial growth oﬁyqﬁouﬂuw*%ﬁgaﬁs&%mﬂm nsp. cepae (the causal agent

of onion rot) (Turkkan, 2013), Alternaria alternata, Alternaria solani, Aspergillus niger, Botrytis

cinerea, Fusarium solani isolated from guava fruits (Hassanein et al., 2018) and Lasiodiplodia

theobromae isolated from mango (Nur Fatimma et al., 2018). A study by Eryani-Raqgeeb et al.
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(2009) showed that spore germination of Colletotricum gloeosporiodes was effectively inhibited
by the postharvest application of calcium (calcium dip) on papaya, likewise that on red-flesh
dragon fruit (Hylocereus polyhizus) (Awang et al., 2011). This finding was later shown in other
studies and confirmed the reduction of anthracnose lesion diameters in infected papaya fruits
(Madani et al., 2016; Ayon-Reyna et al., 2017). Similar effect of Calcium in inhibiting the growth
of Botryosphaeria dothidea and Botrytis cinerea on apple

(Biggs et al., 1997; El-Gali, 2008) and Monilinia fructicola on peaches was reported (Biggs, 2004).
Due to the inhibitory effect of calcium, a study conducted in 2014 showed that calcium chloride at
1.5% and 2% significantly inhibited spore germination and hyphal growth of Colletotrichum

acutatum and Colletotricum gloeosporioides.isolated from apple anthracnose lesions (Stosic et al.,

2014). Moreover, a lo entra 19 ; oride’ so able to significantly
decrease spore germina ani et al., 2014). Also, a
recent study in 2019 nfir b hibitg ‘ chloride (in vitro) on
Colletotricum gloeospc;) oide ,iike e the protectio anana and chilli fruits from
anthracnose damage b anh Toan et al., 2019).
Tian et al. (2002) sho 0 significantly inhibited
spore germination and ach and nectarine fruits,
which was later confir jum chloride (2%) being

able to reduce the linear:

reported even witk@r_ca cium: Nor4% on T@wowth of Rhizopus

stolonifer isolates from guﬁts (Hass_aniin eEEI.£Q£§)._ E |
~——1_INTEGRI PROCEDAMUS '—

010). A similar result was
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2.11 Ethylene

Ethylene is a naturally occurring plant growth hormone used to boost agricultural production
through plant growth improvement and has diverse effects on the development, growth and storage
life of agricultural produce (Yaseen et al., 2010). Harvested produce may be exposed to natural
levels of endogenous and exogenous sources of ethylene intentionally or un-intentionally (Saltveit,
1999). Depending on the type of produce, physiological stage of development and the rate of
ethylene application, it has both beneficial and detrimental effect on crops (Abeles et al., 2012). A
research conducted by Cheema et al. (2013) on two varieties of sweetpotato found that there was
a decrease in the amounts of fructose and glucose when applied with 10 pl L-1 of ethylene at 25

°C for four weeks in stora ith higher respiration rates of the

ethylene treated storag sses which uses energy

through sugar metaboli ed by Amoah (2014) in
another research. Ho ogenous application of

ethylene rather increased potato (Foukaraki et al., 2012).

Ethylene also has sprou ble solution to minimize

sweetpotato sprouting s implies that the shelf-
life of sweetpotato can ontinuously to ethylene
in order to reduce spra ectively inhibits sprout

growth of potatoes dur ) of the roots when fried

(DanielsLake et aI@_A study conduc O’O) to as@ect of ethylene on

onion sprouting showed th ejwqug ﬁsiphcatlonof-efg&ﬁfjg)r sed the growth of dormant
: PROCE 5

onion bulbs and as well as already sprouting onion bulbs by inhibiting leaf blade elongation. Due

to the nature of ethylene at room temperature, handling it mostly in the tropics is difficult for the
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treatment of agricultural produce. However, chemical compounds such as ethephon and calcium

carbide which serve as precursors to ethylene generation exists.

2.12 Ethephon

Ethephon (2-chloroethylphosphonic acid) is a systemic plant growth regulator used in agriculture
for the generation of ethylene responses (Abeles et al., 2012). According to Bremer et al., (2008),
ethephon decomposes at a pH of 4 or higher. Ethylene is an important commercial hormone used
by farmers or crop producers to preserve climacteric and non-climacteric produce by either
extending or reducing the shelf-life of such agricultural produce (Abeles et al., 2012). Amoah

(2014) conducted a stud ion of ethylene on low

ethylene producing crt ing and senescence in

potatoes and onions. icultural crops can be
maintained with ethyl ing to Sitienei (2016)
ethephon, an ethylene g ato to ascertain its effect
on storage decay, weig has not been registered
for use on sweetpotato, se of the potential effect

ethephon has on sweet

A research conducted by pre-harvest application

of ethephon to the leaves a nning effect of sweetpotato

(Beauregard) stora@,_ Howeer, a of pe-harve;t_@n application was
realized in an expéﬁim_ent Enﬂréﬁﬁ?ﬁi&aﬁﬁ%aﬂﬁfuperimeni was to determine

the possible relationship between pre-harvest foliar ethephon application and storage root tip rot.

It was shown that after 1-2 months of root storage, tip rot occurred rather in the stored storage roots
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treated with the ethephon. There was an increase in the storage root tip rot in regards to the rate of

ethephon applied (Arancibia et al., 2013).

2.13 Fourier Transform Infrared Spectroscopy (FTIR)

Fourier Transform Infrared Spectroscopy is an analytical technique used to identify organic,
polymeric, and at times inorganic materials. It is commonly referred to as FTIR Analysis or FTIR
Spectroscopy. Chemical properties are observed and test samples are scanned by the use of infrared
light. Analyzing a sample using the FTIR instrument, infrared radiation of about 10,000 to 100 cm-

1is passed through the sample. Those radiations either pass through the sample or are absorbed by

the sample. The sample ional and/or vibrational

energy. The molecule f hich are present on the

spectrum from 4000 c ture produces a unique

spectral fingerprint. Th al identification.

INTEGRI PROGEDAMUS |
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CHAPTER THREE

3.0 MATERIALS AND METHODS
3.1 Experimental site
The experiment was carried out at the University of Ghana Farms from February, 2021 to May,
2021. The experimental site lies within the coastal savannah with an estimated mean annual rainfall
of 112 mm and a temperature of about 32°C. The Adenta series which has a sandy loam topsoil is
the type of soil present on the experimental site. Its colour is pale brown to brown and has a very

weak and loose granular structure and consistency (FAO/UNESCO, 1999).

3.2 Experimental desi

The field experiment ). The area of 111.1 m?

was divided into three purpose and an area of

2.7m x 11 m for the cu postharvest application

purposes.

3.3 Experimental fielc

Before planting, the ex er to break the large soil

clods to a fine tilth. The IS was as a result of the

previous cultivatiol ize on the fiel s'then i pegged and the individual

experimental ploté demar(ﬁmge&y&re finally cr"~

. ¥

1a] DGFE} e i
(30 cm high and 45 cm at the base) and ﬁneﬁuﬂmgs. 10 cminfength) planted at 30 cm intervals.
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3.4 Planting material

Freshly cut orange-fleshed sweetpotato vines (Apomuden) were obtained from a sweetpotato
producer at Samsam in the Greater Accra Region and was used for the cultivation of the storage
roots at the University of Ghana farms. Disease and pests free vines were used for the cultivation.
They were planted at an angle of 45° in the rows at a depth of about 5 cm, leaving at least 2 leaves
above the ground.

The treatments used for the experiment were calcium 2% (T1), calcium 4% (T2), ethephon 500
ppm, (T3),calcium 2% + Ethephon 500 ppm (T4), calcium 4% + Ethephon 500 ppm (T5) and

control, (distilled water) (T6).

The calcium salt (Calci | dealer (Fregeosco) and

concentrations of 2% . Chemophon was also
obtained from a licens a concentration of 500
ppm was prepared in t
3.5 Pre-harvest appli

Calcium chloride at twa application. The calcium

chloride (2%) solution loride powder in 6 L of
distilled water. The calc

chloride powder in 6 L of d

sprayed unlformly a

to prevent the heat from th fmrﬁﬁﬂirﬂﬂmw applied.”
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3.6 Foliar (Pre-harvest) application of ethephon

Ethephon, commercially known as Chemophon was obtained from Chemico Company Limited,
Ghana, and was used for the foliar application. It is a systemic plant growth regulator which can
be used for the generation of ethylene in order to regulate growth processes in crops like

pineapples, rubber, cotton and tobacco.

Ethephon at the selected concentration (500 ppm) was applied uniformly on the selected plots
seven (7) days before harvesting. The ethephon mixture was prepared by pouring 10ml of 480 SL
Chemophon stock solution in 15 L of water in a knapsack sprayer and mixed thoroughly. The
mixture was sprayed, ensuring that each leaf was fully soaked in the mixture. The other plots not

receiving the ethepho prevent the spray from

spilling onto them. T tion during spraying to

prevent the wind from

3.7 Agronomic practi
3.7.1 Irrigation
Watering was done on ¢ . The field was irrigated

properly and was some

3.7.2 Weeds control

Before planting, th@qs inspected ane

was performed ev!e.{y two_@?g&eﬁm'! HF_}GE :

hand picking was also done where needed. -
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3.7.3 Pest and disease control
The application of an organic pesticide (Attack) was used during the incidence of pests on the field
which was on the tenth week after planting. The pesticide was sprayed late in the afternoon, onto

the leaves.

3.8 Harvesting

Harvesting of the storage roots was done exactly three and half months after cultivation. The field
was irrigated to soften the soil before harvesting. This was done to prevent or reduce surface
injuries, wounds and cuts from being created on the sweetpotato roots. The storage roots were

oes and a cutlass. The

finally harvested early
storage roots were ination by soil-borne
microorganisms, and he cleaned roots were

packed into white pol laboratory for storage.

3.9 Storage
For the storage of the storage roots were each
packed in plastic conta ytato roots were used for
each treatment, distribut oots were later stored at

room temperature. .
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Figure 3.1: The orange ) 4 Ia acked in plastic containers and stored

3.10 Post-harvest app
Healthy and uniform s eriment. The treatments
included dipping in ac oncentrations 2% and 4%,
ethephon at 500 ppm, a a combination of CaCl;
(4%) and ethephon 500 loride and ethephon was
prepared as described fc esting. The sweetpotato
storage roots were clea m chloride solutions for
10 minutes and the ethe . tpotato storage roots from

staying too long i@emlcas ; inatio.r:@cium chloride and

ethephon was done by di p *hfteen sweetpotato storage r@@mt in the calcium chloride
. ﬁ PROG DAMUS :

solution for 10 minutes, alrdrled and later pped in the ethephon solution for 2 minutes.

Thereafter, the roots were air-dried to remove the surface moisture, packed in baskets and stored

at room temperature for 28 days. The post-harvest treatment was applied 24 hrs after harvesting.
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Each treatment was replicated three times with each replicate containing five sweetpotato storage

roots. The experiment was conducted in a completely randomized design (CRD).

3.11 Data collection and analysis

During the storage period, data was taken once a week for four weeks on the weight of the
individual roots, number of decayed, sprouted and shriveled roots.

3.11.1 Weight loss

The sweetpotatoes were weighed initially and at the end of the storage time, the weight loss
percentage was calculated using the following equation.

Weight loss (%) = (initi

3.11.2 Decay
The roots were assesse ting every week. Decay
was calculated based ing of each root. Roots
that showed extensive experiment (Wenzhang
et al., 2004). Decay wa oderate, 4 = moderately
severe and 5 = severe.
3.11.3 Shrinkage

Shrinkage of the storage eter of the storage roots

with a Vernier caliper at 2rval for the entire storage

period. The dmme@winguﬁ in

H
as the subsequent measuring jm FEEW

calculate the percentage root shrlnkage

Root shrinkage (%) = » ~D1 x 100

Do
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Where; Do is initial diameter and D is the subsequent diameters at different time of storage.
3.11.4 Sprouting index

Sprouting was also a parameter used to assess the physiological quality of harvested produce. In
post-harvest, a sprout is a defect, and a lot is considered as having sprouted if 10% of the roots
have sprouts greater than 19 mm (EAC, 2010). The sweetpotato storage roots were assessed for
the number of sprouted storage roots, the mean number of sprouted buds per storage root and the
maximum sprout length (mm) per storage root. Any bud growth up to 1 mm or more was counted

as a sprout. The sprouting index was then calculated using the formula by Obetta et al., (2007)

Sprouting index (%) = number. of sprouted roots X 100

The data obtained were g the Genstat statistical

package and the indivic nt difference (LSD).

3.12 Biochemical ana
Sample orange-fleshed eriod from each
experimental unit for b e sweetpotato storage
roots over the storage [; Infrared Spectroscopy

analyzer (FTIR).

3.13 Preparatlon ,qf Pota_%gﬁﬁﬁa:
| P FIDGEEJ'

A 1.2 g of potato dextrose agar was Weighed-into-eight small bottles and mixed with 30 ml of

on|of petri dishes

distilled water. The bottles were covered with a metallic foil and autoclaved for 2 hrs. They were
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finally placed in a water bath. Twenty-four petri dishes were sterilized in an oven at 175°C for 2

hrs and 30 mins and allowed to cool for 30 mins.

3.14 Isolation and identification of pathogens associated with the spoilage of sweetpotato
storage roots

Two separate experiments were conducted. For the first experiment, the storage roots were washed
under clean running water and cut into 2mm? segments at the junction between healthy and infected
parts of the storage root using a scalpel. The cut tissues were surface sterilized for 1 min in 1%

sodium hypochlorite (NaOCL) solution to get rid of contaminants on the surface and rinsed two

times with sterile distilied wate igho e - 2009). Four segmen of the tissue pieces were

plated out on water a: the lamina chamber to

incubate at 28°C for ]jl asis for the growth and

development of the pa from them were sub-

cultured on PDA and i e used in the identification

of the pathogen with he second experiment

involved the direct pic jar (PDA) in petri dishes

and the preparation of s n the storage roots. This

was later viewed under en ascertained.

5u

|

The fungal isolate (Collet(ﬁr Spp) obtamed from the rottew roots vyas inoculated into
NI EGHLPRGCERAMYS

healthy orange-fleshed sweetpota althy orange fleshed sweetpotato

3.15 Pathogenicit

storage roots were washed under running tap water and surface-sterilized in 1% sodium

hypochlorite (NaOCL) solution for 1 min after which they were rinsed twice with distilled water.
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One cylindrical disc each was removed from the three roots with a sterile cork borer. Mycelial
discs (4 mm diameter) were made from the cultures and a fungal disc was put into the holes created
in the roots. The orange-fleshed sweetpotato discs were replaced and inoculation sites wrapped
around with a paraffin wax. This was done to seal the wound created and to prevent contamination.
The storage roots were properly labelled and incubated at 28°C for 14 days. Disease symptoms
produced by artificial inoculation after the incubation period were compared with those observed
on the naturally infected storage roots collected from storage. The fungi was re-isolated from the
inoculated diseased sweetpotato storage roots and cultured on PDA plates. The morphology of

each pathogenic fungus was compared with that of the original culture.

— i ‘- ; o
g = = N
J

Figure 3.2: Orange-fleshed sweetpotato inoculated with fungal isolate (Colletotrichum spp)
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3.16 Anti-pathogenic susceptibility test

For the 4% concentration, 1.2 grams (g) of the calcium chloride was poured into two (2) small
bottles each containing 30 mL of molten PDA and anti-biotics added to prevent the growth of
bacteria. Each small bottle containing the 4% concentration of the calcium chloride and 30 ml of
molten PDA, was dispensed into six (6) petri dishes. For the 2% concentration, 0.6 grams (g) of
the calcium chloride was poured into two (2) small bottles each containing 30 mL of molten PDA
and anti-biotics added to prevent the growth of bacteria. Each small bottle containing the 2%
concentration of the calcium chloride and 30 ml of molten PDA, was also dispensed into six (6)
petri dishes. The petri dishes were swirled gently on the work bench to enhance even dispersion of

the chemical. The mixt

allowed to solidify and used Or the inhibition of mycelia growth
of the two fungi ident ‘ hum spp). Plugs of the
mycelia was inoculated aily ontg ium. f s containing 0.08 g of a
fungicide (Mancozeb) . . ‘ yodiplodia theobromae
and an extra three (3) co dazim and molten PDA
was used as the stand petri dishes containing
PDA with no chemical completely randomized
design (CRD). They and the diameter of the
radial mycelia measure ibition of fungal growth

was calculated using the

I:_1R(2)0 Ry “@_ﬁ 7 . | s
~ INTEGR] PROGEDAMUS I'—

Where Ri= radial growth of the pathogen in the com;rol -plates.

R2= growth of the pathogen with treatment.
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CHAPTER FOUR
4.0 RESULTS
4.1 Effect of pre-harvest application of calcium and ethephon treatment on the physiology

of orange-fleshed sweetpotato

4.1.1 Effect of pre-harvest calcium treatment application on the physiology of orange-

fleshed sweetpotato

Calcium chloride application to the orange-fleshed sweetpotato at pre-harvest had no major effect
on the leaves and vines. It was observed that, applying calcium chloride at 6 and 12 weeks did not

result in any colour change of the leaves and vines. (Figure 4.1).

Figure 4.1 Effect of folia t (A) 6 weeks after planting

(B) 12 weeks afterplanting. T— . - i
T | | __EH

INTEGRI PROGEDAMUS Ii
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4.1.2 Effect of pre-harvest ethephon treatment application on the physiology of orange-

fleshed sweetpotato

The ethephon applied had an effect on the leaves and vines of the orange-fleshed sweetpotatoes on
the field. Rapid yellowing and browning of the leaves and vines days after the application was

observed (Figure 4.2).

i ™ . i "
Figure 4.2 Effect of fo thept | EaVES ¢ , 3, 5 and 7 days before
harvesting

mmﬁmamﬁm@ -
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4.2 Effect of pre- and post-harvest calcium and ethephon treatment on the quality of

orange-fleshed sweetpotato

4.2.1 Effect of pre-harvest calcium and ethephon treatment on the Percentage weight loss

of orange-fleshed sweetpotato

At the end of the entire storage period (28 days), there was a steady rise in the percentage weight
loss amongst all the treatments pre-applied to the storage roots. The percentage mean weight loss
of the storage roots pre-treated with the combination of calcium chloride 2% and ethephon was
significantly different (p<0.05) from the rest of the treatments and the control. Storage roots treated

with the combination of calcium 2% and ethephon suffered the highest mean weight loss of about

48.50%, followed by c 4% and ethephon, and

ethephon which had d 22.75%, respectively

(Figure 4.3).

hon (500ppm)

W W
=T
1

% Weight Loss

Yol

?0 i = [
. — |
- PROCEDAMUS I'—
10 - =—
2 3 4
Weeks After Harvest

Figure 4.3: Percentage weight loss of I. batatas at pre-harvest application of Calcium and
Ethephon
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Table 1: Percentage weight loss mean separation of I. batatas at pre-harvest application of
calcium and ethephon after the storage period.

Means

Ethephon (500ppm) 22.75 a
Control 23.27 a

Ca 4% + Ethephon (500ppm) 32.78 b
Ca 4% 38.17b

Ca 2% 39.04b

Ca 2% + Ethephon (500ppm) 48.48 ¢
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4.2.2 Effect of post-harvest calcium and ethephon treatment on the percentage weight loss

orange-fleshed sweetpotato

For the post-harvest application of the treatments, there was a steady rise in the percentage weight
loss of all the treatments applied to the storage roots. The percentage mean weight loss of the
storage roots treated with the combination of calcium chloride 4% and ethephon and ethephon
alone were significantly higher (p<0.05) among the treatments. Roots treated with those two
treatments suffered the highest mean weight losses of about 49.86% and 38.53% respectively. The

rest of the treatments, the combination of calcium 2% and ethephon, calcium 2% and calcium 4%

had mean weight losses :05%, & 1 27 : gure 4.4).

=& Ca ( . ‘
—&—Ethe m) oy - 1 I on (500ppm)
—&— Ca (:

% Weight loss
N W W A
h S th S

1 1 1 1

(o]

-— 3 .

INTEGA Weeks ufter Tiavvdsd =

Figure 4.4: Percentage weight loss of I. batatas at post-harvest application of Calcium and
Ethephon
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Table 2: Percentage weight loss mean separation of |. batatas at post-harvest application of
calcium and ethephon after the storage period.

Means

Control 26.60 a

Ca 4% 27.08 a

Ca 2% 28.12a

Ca 2% + Ethephon (500ppm) 32.05a
Ethephon (500ppm) 38.53Db

Ca 4% + Ethephon (500ppm) 49.86 ¢

4.2.3 Effect of pre-ha centage shrinkage of

orange-fleshed sweet

At the end of the entire entage shrinkage of all

the treatments applied the roots treated with
calcium chloride 2% ar e rest of the treatments
and the control. Roots 7 $ 5% 5 r ficantly higher (p<0.05)
root shrinkage followec m _ - calciu 14% ethephon. There was no

significant difference i

ethephon respectively (figure 4.5).
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=0-Ca (2%) =0 Ca (4%)
=0—Ethephon (500ppm) —0-—Ca (2%) + Ethephon (500ppm)
—8—Ca (4%) + Ethephon (500ppm) =@ Control

23 - |

[EY
oo
1

% Shrinkage
&

\

Figure 4.5: Percentag
ethephon

of calcium and

Table 3: Percentage s
calcium and ethephon ¢

Ethephon (500p
Control

Ca 2% + Ethep
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4.2.4 Effect of post-harvest calcium and ethephon treatment on the percentage shrinkage
orange-fleshed sweetpotato

For the post-harvest application of the treatments, there was a steady rise in the percentage
shrinkage of all the treatments applied to the storage roots. The percentage mean shrinkage of the
storage roots treated with the combination of calcium chloride 4% and ethephon was significantly
higher (p<0.05) from the rest of the treatments and the control. There was no significant difference
between the ethephon and calcium 2% treated roots and the control. The mean percentage
shrinkage at the end of the entire storage period was 29.43%, 16.81%, 15.33%, 13.83%, 13.35%

and 11.89% for calciu ium 2%, calcium 2% and

ethephon, and control

% Shrinkage

- ™,
INTEGR weeks anes bt

Figure 4.6: Percentage shrinkage of I. batatas at post-harvest application of calcium and ethephon
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Table 4: Percentage shrinkage mean separation of |. batatas at post-harvest application
of calcium and ethephon after the storage period.

means

Control 11.89a

Ca 2% + Ethephon (500ppm) 13.35ab
Ca 2% 13.83 ab

Ethephon (500ppm) 15.33 ab

Ca 4% 16.81b

Ca 4% + Ethephon (500ppm) 29.43¢c

4.2.5 Effect of pre- an on orange-fleshed

sweetpotato sproutin

The treated and untreated ) Ora a age roots showed no signs of
sprouting after the sto vest application of the
treatment.
4.3 Effect of pre- and n the shelf-life of

orange-fleshed sweetg

got decayed. About 87%, 80%, 67% and 60% of the roots pre-treated with ethephon, calcium 2%,

the combination of calcium 4% and ethephon, and control, respectively got decayed with calcium
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4% having the lowest percentage (53%) of decayed roots (Table 5).

Table 5: Decay percentage of |. batatas at pre-harvest application of calcium and ethephon

Treatment (pre-harvest) Number of decayed roots Decay percentage (%)
Calcium 2% 12 80
Calcium 4% 8 53
Ethephon 500 ppm 13 87
Calcium 2% + Ethephon 500 ppm 14 93
Calcium 4% + Ethephon 500 ppm 10 67
Control 9 60

The rate of decay was ith the combination of

calcium chloride 2% a um chloride 2% treated
roots showed a modere 4%, ethephon, control

and the combination o d a moderate decay rate

(table 6).

Table 6: Severity of de
Treatment (Pre harves

tments after storage.

Calcium Chloride 2%
Calcium Chloride 4%

Ethephon 500 ppm

Calcium Chloride 4% +

EGAT PROGEDAMUS
Control ———— Edgcérate--“'_—
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4.3.2 Effect of post-harvest calcium and ethephon treatment on orange-fleshed sweetpotato

decay

Majority of the storage roots (87%) treated with the combination of calcium 2% and ethephon got
decayed. About 80%, 73%, 67% and 47% of the storage roots treated with the combination of
calcium 4% and ethephon, control, ethephon and calcium 2% respectively got decayed, with
calcium 4% having the lowest percentage (20%) of decayed storage roots (Table 7).

Table 7: Decay percentage of 1. batatas at postharvest application of calcium and ethephon

Treatment (postharvest) Number of decayed roots Decay percentage (%)
Calcium 2% 7 47
Calcium 4% 20
Ethephon 500 ppm 67
Calcium 2% + Ethep 87
Calcium 4% + Ethep 80
Control 73

The rate of decay was s treated with ethephon,

combination of calciu alcium chloride 4% and

ethephon. Calcium chl ium' ct / ‘- e roots showed a slight

harvest application of treatn
Decay score ||

~ 1 INTEG e AlMLS |
Calcium Chloride 2% . -Wﬁﬁw—ﬂ

Calcium Chloride 4% Slight

Ethephon 500 ppm Moderately severe
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Treatment (Post-harvest) Decay score

Calcium Chloride 2% + Ethephon 500 ppm Moderately severe
Calcium Chloride 4% + Ethephon 500 ppm Moderately severe

Control Moderate

4.4 Effect of calcium chloride and ethephon on the biochemical properties of the orange-
fleshed sweetpotato

The FTIR spectra of all the twelve (12) different samples are shown in Figure 4.7. The band at
3302 cm is assigned to the stretching vibration of the bonded O-H group, and the band at 2934

cm™ is assigned to C- e hydrogen atoms. The

band at 1642 cm™ is as at 1007 cm is assigned

to the stretching vibra rent treatments had no
significant effect on new band losses were

associated with the app dded.
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4.5 Isolated and iden
At the end of the storag and Colletotrichum spp.
(Figure 4.11) were the rage roots. The mycelia

of the fungi grew on th
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Figure 4.8. Decayed orange-fleshed sweetpotato storage root after 28 days of storage with
Botryodiplodia theobromae spores. The red arrow indicates acervulus

Subcultures of Botryodi arious growth stages of

Botryodiplodia theobra es to the final darkening

stage (figure 4.9).

Figure 4.9: Botryodiplod

) Intermediate stage (B)
Fully grown stage(C) ;

(o) "‘-.-:“a;_:L

o

NTEGR| PROCEDAML
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8 days of storage with
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Figure 4.13: Coll Dound microscope.

4.6 Pathogenicity test

After 12 days of inocul aused disease on healthy

orange-fleshed sweetpotato st e pathogen on the previous

infected storage ro@i&?gserved on th otato. ﬂ.@&s. And the same

pathogen (Colleto'trichum nw\p%ﬁ‘nﬁgﬁﬁe'@ﬁ@h@su)pe after isolation.

ated sweetp
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4.7 Antifungal susceptibility test
There was growth of Botryodiplodia theobromae in the various treatment after the bioassay. A
represents the standard fungicide, B and C represents the growth of Botryodiplodia theobromae in

calcium chloride 4% and 2% respectively, D represents the control (Figure 4.14).

A B

ous treatments after the
hloride 2% (C), Control

Figure 4.14: G
bioassay. Standard fung

(D).

The percentage inhibition of |
e

that the treatments wmﬁjfg'whibit mycelia growth of Botryo@ﬁiﬁmgromae by 0%, but
L ] g
the standard fungicide was able.td inhibit it @y%@ﬁkmufi.

loride 2% and 4% showed
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Table 9: Percentage inhibition of Botryodiplodia theobromae by the various treatments.

TREATMENT INHIBITION PERCENTAGE (%)
Calcium Chloride 2% 0

Calcium Chloride 4% 0

Standard fungicide (Mancozeb) 100

Control 0

The growth of Colletotrichum spp. in the various treatment after the bioassay. A represents the
standard fungicide, B an p. in calcium chloride 4%

and 2% respectively,

Se———————

Figure 4.15: Growth of Colletotrichum spp. in the various treatments after the bioassay.
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Standard fungicide (A), Calcium Chloride 4% (B), Calcium Chloride 2% (C), Control (D).

The percentage inhibition of Colletotrichum spp. by calcium chloride 2% and 4% showed that the
treatments were able to inhibit it by 28% and 33% respectively, but the standard fungicide was

able to inhibit it by 100% (Table 10).

Table 10: Percentage inhibition of Colletotrichum spp. the various treatments.

TREATMENT INHIBITION PERCENTAGE (%)
Calcium Chloride 2% 28

Calcium Chloride 4% 33

Standard fungicide (Mancozeb + 100

Carbendazim)

Control

=
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CHAPTER FIVE

5.0 DISCUSSION
The use of chemical sprays on the field are to modify the ripening process and the time of maturity,
and these are known to have an influence on the storage and the quality of produce on the market
(Siddiqui et al., 2014). According to Diaz-Corona et al., (2020), firmness of crops can be
maintained through the application of calcium salts which is achieved by stabilizing cell
membranes and enhancing cell turgor. A study conducted by Bhalerao et al., (2010) showed that
the pre-harvest application of 1% concentration calcium chloride reduced the percentage
physiological loss in weight during storage and also improved the physicochemical qualities of

sapota fruits. The co ‘

) and yeast antagonist
candida spp. was also ars (McLaughlin et al.,
1990; Wisniewski et a ast, the combination of
calcium chloride and e roots in this study had
the highest physiologic Id be due to water loss
from the storage roots t (Edmunds et al., 2008).
The high ethephon con gh physiological weight
loss of the storage root dry matter content and
lower weight loss whe er ethephon (100 ppm)

concentration. The study ec S had a high physiological

weight loss from o@with the 500 pp ation of etheghg@!

| — |
Ethylene is an important OMJWHW@@EM%L rop producers to preserve
climacteric and non-climacteric produce by either extending or reducing the shelf-life of produce

(Abeles, 1969). Amoah (2014) conducted a study and concluded that the exogenous application of
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ethylene on low ethylene producing crops has the ability to regulate dormancy, sprouting and
senescence. Similar results were obtained from this study with all the sweetpotato storage roots
showing no signs of sprouting. Also, the quality of sweetpotato storage roots and other agricultural
produce can be maintained with ethylene application (Cheema et al., 2008). A study conducted by
Wang et al. (2013) on sweetpotato showed that the pre-harvest application of ethephon to the
leaves and vines reduced the skinning effect of storage roots. In this study, pre-harvest ethephon
application had a yellowing effect on the leaves which was then followed by abscission of the
leaves. Similar results to determine ethephon-induced effects on leaf senescence and chlorophyll

content by Chen et al., (2010) was observed. The sweetpotato leaves detached and senesced in

those treated with etheg ays after application.

According to da Silva & 0 pathogens include

Fusarium solani, Macr and Diaporthe batatatis.
However, the most pa pergillus niger, soft rot
(Rhizopus stolonifer, theobromae), Black rot
(Ceratocystis fimbriat al rot (Macrophomina
phaseolina), Curvula solani, Plenodomus
destruens, and Penicil an, 2012). The orange-
fleshed sweetpotato stol 'wo different pathogens,
Colletotrichum spp. were realized in the

sweetpotato storage ro C|um and ethephon

confi rEﬁEi ﬂﬁMEE@ﬂdeﬁ) Aranc'bla et al. (2013) to

determine the possible relationship between pre-harvest foliar ethephon application and root tip

a month after storage. Thi

rot showed that after 1-2 months of root storage, tip rot occurred in the stored storage roots treated
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with the ethephon (Arancibia et al., 2013). This could be due to the ripening effect of the ethephon

on the sweetpotato storage roots.

The application of the different treatments had no significant effect on the molecular structure of
the sweetpotato. The treatment application neither led to the formation of new functional groups
nor altered the short-range structures of the sweetpotato sample. The band at 3302 cm™ represented
the stretching vibration of the bonded O-H group of starch or polyphenols which signified the
presence of starch or polyphenols in the sweetpotato roots (Han et al., 2020). The amide | band at
1007 cm™ represented the stretching vibration of the bonded C=0 group of the peptide linkages

showing signs of proteins.in the sweetpotato storage roots (Krekora et al., 2020). The obtained

result is similar to a st nducted 21nie W owed application of ethephon
had no significant effec L “e SUCrQE tent of , . tpotatQ e roots (Siteinie, 2016).
This observation was p ‘ y mag 7 ‘ eema gf ‘ 13). : he glucose and fructose
content, ethephon applllca 10N éd 0 the decline in their concentrations (Amoah, 2014; Sitienei,
2016). The decline was eetpotato storage roots.
In contrast, the current oots in the glucose and

fructose content of the

\
Calcium chloride on ed and has proven to be

effective in inhibiting their'e xyspc_)rum f.sp. cepae (the

| .
causal agent of o ernaria alternata,

]

R |
Alternaria solani, Aspergi usﬂﬁmmiﬁﬁmmgmmaa isolated from guava fruits
(Hassanein et al., 2018) and the growth o-f Lasiod'iﬁodia theobromae isolates from mango (Nur

Fatimma et al., 2018). A study by Eryani-Rageeb et al. (2009) showed that spore germination of
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Colletotricum gloeosporiodes was effectively inhibited by the post-harvest application of calcium
(calcium dip) on papaya and on red-flesh dragon fruit (Hylocereus polyhizus) (Awang et al., 2011).
This finding was later shown in other studies and confirmed the reduction of anthracnose lesion
diameters in infected papaya fruits (Madani et al., 2016; Ayon-Reyna et al., 2017). Likewise that
of Botryosphaeria dothidea and Botrytis cinerea on apples (Biggs et al., 1997; El-Gali, 2008) and
Monilinia fructicola on peaches (Biggs, 2004). Due to the inhibitory effect of calcium, calcium
chloride concentrations of 2% and 4% was tested by agar diffusion plate method in this study to
assess the growth of Botryodiplodia theobromae and Colletotricum isolated from the infected

sweetpotato storage roots. The results showed that calcium chloride at both concentrations were

not able to inhibit spor nt pathogens. Contrary

to this, another study ¢ % and 2% significantly
inhibited spore germin tum and Colletotricum
gloeosporioides isolate 14). Moreover, a lower
concentration of 1%, c ease spore germination
of Colletotricum gloec t study confirmed the
inhibitory effect of calc oides, and the protection
of pisang awak banana /0 application (Le Thanh
Toan et al., 2019). Ho o calcium chloride rather

boosted the growth of Co increased concentration of

calcium chloride U@éﬂ_ etal., (200 n vitro calciu_m_@‘testing at 2% also
| ‘ _— : |
significantly inhibited sporq gmggﬁ?dﬁﬁ\&ggﬁﬁmqﬂﬁ splonifer. isolates from peach

and nectarine fruits, which was later confirmed by Ismail et al., (2010). A similar result was

reported even with a higher calcium chloride concentration of 4% on mycelia growth of Rhizopus

stolonifer isolates from guava fruits (Hassanein et al., 2018).
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CHAPTER SIX
6.0 CONCLUSION AND RECOMMENDATIONS
6.1 Conclusion
The overall quality and shelf-life of the orange-fleshed sweetpotatoes after applying calcium
chloride both on the field and after harvest was not improved or prolonged. The storage roots
after the storage period showed signs of decay, shrinkage and weight loss. The purpose of

calcium chloride application on the storage roots to enhance firmness was not obtained.

The overall quality and shelf-life of the orange-fleshed sweetpotatoes after applying ethephon

both on the field and after harvest was not improved or prolonged. The storage roots after the

storage period showed

The study showed that ephon treatment had no

significant effect on the pared to the control but
fleshed sweetpotato.
The fungi responsible f 10e were Botryodiplodia
theobromae and Collec
The study also showe entration (2% and 4%)

possess no significant i

and Collectotricu
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6.2 Recommendation

Extensive studies can be conducted at different calcium chloride application periods including the
sixth and twelfth weeks on the orange-fleshed sweetpotato since the calcium chloride was only
applied six weeks and twelve weeks after cultivation. The exact concentrations of calcium chloride
and ethephon used in this study can be used on other sweetpotato varieties and other root crops to
compare their effects on the shelf-life and quality. Also, different calcium chloride and ethephon
mode of application or dipping times can be assessed to compare their effect on the quality and
shelf-life of orange-fleshed sweetpotato. Higher concentrations of the calcium chloride can be used

in the inhibition of the mycelia growth of Botryodiplodia theobromae and lesser concentrations of

the calcium chloride c of Collectotricum spp.

since the concentratio rowth of the pathogen.
Finally, the exact conc can be tested on diverse

fungal species to deter

NTEGRI PROCEDAMUS |
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APPENDIX

ANALYSIS OF VARIANCE (ANOVA) FOR THE STUDY

Appendix 1: ANOVA for percentage weight loss at 2 weeks for the pre-harvest application

Source of variation d.f. S.S. m.s. v.r.  Fopr.
Rep stratum 2 31.215 15.608 6.59
Rep.*Units* stratum

Treatment 5 109.825 21.965 9.28 0.002
Residual 10 23.672 2.367

Total 17 164.712

Appendix 2: ANOVA for percentage weight loss at 3 weeks for the pre-harvest application
Source of variation d.f. S.S. m.s. v.r.  Fopr.

Rep stratum

Rep.*Units* stratum
Treatment
Residual

<.001

Total

Appendix 3: ANOVA
Source of variation

e-harvest application
F pr.

Rep stratum

Rep.*Units* stratum
Treatment
Residual

<.001

Total
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Appendix 4: ANOVA for percentage root shrinkage at 2 weeks for the pre-harvest
application
Source of variation d.f. S.S. m.s. v.r.  Fopr.

Rep stratum

2 14.478 7.239 5.13
Rep.*Units* stratum
Treatment 5 32.294 6.459 458 0.020
Residual 10 14.107 1.411
Total 17 60.879

Appendix 5: ANOVA for percentage root shrinkage at 3 weeks for the pre-harvest
application

Source of variation F pr.

Rep stratum

Rep.*Units* stratum
Treatment
Residual

<.001

Total

Appendix 6: ANOVA
application
Source of variation

pre-harvest

F pr.

Rep stratum

Rep.*Units* stratum

Treatment
Residual | " 7 49.984 4.998
Total : ’!H;E@%lg IQGED_—-“E"L |
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Appendix 7: ANOVA for percentage weight loss at 2 weeks for the post-harvest
application

Source of variation d.f. S.S. m.s. v.r.  Fopr.
Treatment 5 165.028 33.006 1250 <.001
Residual 12 31.689 2.641

Total 17 196.717

Appendix 8: ANOVA for percentage weight loss at 3 weeks for the post-harvest
application

Source of variation d.f. S.S. m.s. v.r.  Fopr.
Treatment 5 551.371 110.274 18.72 <.001
Residual 12 70.670 5.889

Total

Appendix 9: ANOVA
application
Source of variation

Treatment
Residual

Total

Appendix 10: ANOV/
application
Source of variation

e post-harvest

F pr.

Treatment
Residual

Total

91



University of Ghana http://ugspace.ug.edu.gh

Appendix 11: ANOVA for percentage root shrinkage at 3 weeks for the post-harvest
application

Source of variation d.f. S.S. m.s. v.r.  Fopr.
Treatment 5 355.164 71.033 1948 <.001
Residual 12 43.767 3.647

Total 17 398.930

Appendix 12: ANOVA for percentage root shrinkage at 4 weeks for the post-harvest
application

Source of variation d.f. S.S. m.s. v.r.  Fopr.
Treatment 5 619.652 123.930 20.72 <.001
Residual 12 71.778 5.982

Total 1 691.4

Appendix 13: Means for the pre-harvest

application
Treatment 4™ week
Calcium 2% 39.00
Calcium 4% 28.20
Ethephon 500ppm 22.70
Calcium 2% + Ethep 48.50
Calcium 4% + Ethep 32.80
Control 23.30

Appendix 14: Means (
harvest application

Treatment 4™ week
Calcium 2% - 19.40
Calcium4% [ 8.1 . 2.18
Ethephon 500ppm = 3.66 ’ 6.11 e 7.94
Calcium 2% + Ethephon 500ppii : —— 3382
Calcium 4% + Ethephon 500ppm ™ 16.19 4 i e 15.77
Control 619  |8.29 10.55
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Appendix 15: Means of percentage weight loss at 2"9, 37 and 4™ week for the post-harvest

application
Treatment 2" week 3 week 4™ week
Calcium 2% 14.44 20.90 28.12
Calcium 4% 14.18 20.16 27.08
Ethephon 500ppm 11.19 17.79 38.53
Calcium 2% + Ethephon 500ppm | 13.13 21.68 32.05
Calcium 4% + Ethephon 500ppm | 20.97 34.78 49.86
Control 13.89 20.97 26.60

Appendix 16: Means of percentage root shrinkage at 2"9, 3" and 4" week for the post-
harvest application

Treatment 2" week 3 week 4™ week
Calcium 2% 13.83
Calcium 4% 16.81
Ethephon 500ppm 15.33
Calcium 2% + Ethep 13.35
Calcium 4% + Ethep 29.43
Control 11.89
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