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ABSTRACT

Sweet potato is grown on a small scale in coastal Kenya due to shortage of planting
material and use of varieties that are not drought tolerant. Most farmers plant their
sweet potato on flat ground to avoid the labor-intensive land preparation. Some sweet
potato varieties have ornamental value but this potential is yet to be exploited in
coastal Kenya. This research was conducted to a) evaluate selected drought tolerant
sweet potato clones under different watering regimes, b) assess the performance of
conventional and ornamental sweet potato genotypes under different planting beds,
c) evaluate different sweet potato clones for the production of sweet potato planting
material under different vine planting methods, and d) assess the performance of
selected sweet potato clones at different locations in coastal Kenya. A Randomized
Complete Block Design with factorial arrangement of treatments was used in the on-
station experiments. On-farm trials were conducted using a Randomized Complete
Block Design. Nine drought tolerant sweet potato clones (coded 6.1A, 4.10, 7.8,
15.10, 7.6A0, 10.10B, 4.2B, 7.6B and 4.2A) and a farmer preferred variety were
evaluated under four different watering regimes. Three drought tolerant clones and
three planting beds were evaluated for storage root yield. Three ornamental sweet
potato varieties and three planting beds were evaluated for ground coverage. Three
drought tolerant clones and five methods of planting sweet potato vines were
evaluated in the sweet potato planting material multiplication experiment. In the on-
farm trials three drought tolerant clones and a farmer-preferred variety were
evaluated. Data collected included vyield, characteristics and nutritional contents of
storage roots, percent ground cover and vine yield. The data were subjected to the
analysis of variance using the general linear model procedure of the statistical
analysis system. Storage root yield was reduced by about 70 and 50%, respectively,
when water application was stopped early in the season, at two or three months after
planting. Clones 7.6B and 4.10 produced higher storage root yield (5.1-11.5 t ha-1)
than the rest of the clones, irrespective of the watering regime. Planting clones 4.2B
and 7.6B on raised beds and ridges led to higher storage root yield (11.1-12.5 t ha-1)
compared to planting the two clones on flat beds (6.9-8.3 t ha-1). Ornamental sweet
potato varieties Purple heart and Green fingers gave higher percent ground coverage
(68-72%), than variety Margarita (38%). In the long rains season, vine planting
methods without lining produced longer vines (56.4-91.1 m m-2) than those with
lining (14.8-21.8m m-2). In the on-farm trials, clone 4.2B produced higher number of
marketable storage roots per plant than the other two clones (7.6B and 4.2A) and the
farmer preferred variety. Planting sweet potato after the peak of the long rains season
led to higher storage root yield per plant than at the start of the long rains season and
during the short rains season. Clones 4.2B, 7.6B and 4.2A are recommended for
further agronomic trials in coastal Kenya. It is also recommended that the crop be
planted early in the planting season. Clones 4.2B and 7.6B are recommended for
planting on raised beds or ridges. Ornamental sweet potato varieties Purple heart and
Green fingers are recommended for evaluation in different locations in the coastal
Kenya. Planting methods without lining are recommended for multiplication of
planting material during the long rains season. Clone 4.2B is recommended for
planting after the peak of the long rains season.

xXxii



CHAPTER ONE

GENERAL INTRODUCTION

1.1 Background information

Sweet potato (Ipomoea batatas [L.] Lam.) is a tropical crop belonging to the family
Convolvulaceae (Morning Glory family). The main edible part of a sweet potato
plant is the storage root. Sweet potato is considered an “orphaned” crop, and has

been given little research attention and promotion (Andea, 2012).

Sweet potato performs better in well drained soils with a pH range of between 4.5-
7.0 and an annual rainfall of between 750-1,000 mm (Makini et al., 2018). The crop
can grow from sea level up to an altitude of about 2,500 meters above sea level
(M.a.s.l) and at temperatures between 15-33°C (Stathers et al., 2018). Sweet potato
takes between four and seven months to mature depending on the variety and

environmental conditions (Makini et al., 2018).

Sweet potato is an important root crop grown in over 120 countries and is the second
most important root and tuber crop, after the Irish potato in the world (FAOSTAT,
2018). The world production of sweet potato in 2018 was approximately 90M tons,
from a land area of 8M hectares (FAOSTAT, 2018). According to FAOSTAT (2018)
China was the largest producer of sweet potato in the world, producing
approximately 53M tons, while Kenya was ranked 14" with an annual production of
about 0.9M tons. In Sub-Saharan Africa (SSA), sweet potato is seen as both food
security and cash crop (Kivuva et al., 2014a). The main sweet potato growing areas
in Kenya include: Western, Nyanza, Rift Valley, Coast and Central regions (Makini
et al., 2018).

Sweet potato vines and storage roots have been used as human food and animal feed.

The vines and leaves may be fed to livestock as fodder with zero or minimal
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additional input cost (Claessens et al., 2009). A study by Kebede et al. (2011)
indicated that substituting concentrate of a mixture of 78.4% wheat bran, 20.6% noug
seed cake, and 1% salt with crude protein (CP) 20.5% and metabolizable energy
(ME) 2.16 MJ/kg dry matter (DM) with fresh sweet potato vines in the ration of
growing Arsi-Bale goats resulted to increments in DM intake. As human food, sweet
potato has been a good source of essential nutrients such as carbohydrates, protein,
vitamins, calcium and fiber (Mohanraj and Sivasankar, 2014). It was reported that
sweet potato storage roots could be processed to produce industrial products that are
used to manufacture clothe dyes, starch, noodles, alcohol and edible vaccines against
diseases such as hepatitis B and Norwalk virus (Stathers et al., 2018). In coastal
Kenya, sweet potato is usually taken as the main meal or part of the meal during
breakfast, lunch or supper. This explains the high demand for the crop in most

markets in the region.

Some sweet potato varieties have ornamental potential and may be used as
groundcover landscape plants for beautification in landscapes or for protecting the
soil from erosion caused by wind and water. Zhang et al. (2020) reported beneficial
effects of groundcover plants in reducing runoff and soil loss compared with bare
soil. Planting of ornamental sweet potato varieties may be an effective option to limit

soil erosion.

Coastal Kenya is comprised of four agro-ecological zones which include Coastal
Lowland Agro-ecological Zone Il (CL2), Coastal Lowland Agro-ecological Zone 111
(CL3), Coastal Lowland Agro-ecological Zone IV (CL4) and Coastal Lowland Agro-
ecological Zone V (CL5). Sweet potato has mainly been grown in agro-ecological
zones CL2 and CL3, which receive an average annual rainfall of 1,000-1400 mm
(Jaetzold et al., 2012).

Sweet potato has been grown in several parts of the coastal region of Kenya by

smallholder farmers mainly for subsistence; where on average farmers plant 0.2
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hectares of sweet potato (Makini et al., 2018). This kind of production does not meet
the demand of sweet potato in the region’s markets. Therefore, sweet potato has to be

supplied from other producing regions of the country.

1.2 Problem statement

Sweet potato storage roots are in high demand in most of the major markets of
coastal Kenya. The bulk of sweet potato storage roots sold in the region are derived
mainly from Nyanza and Western regions of Kenya. This could be partly attributed
to the fact that the crop has not been fully exploited in the region. The few farmers
growing the crop plant it on small acreages in the high rainfall areas, with limited
production of the crop in the low rainfall areas. Moreover, the crop faces competition
for space in the high rainfall areas with other food crops. Expansion of production to

the low rainfall areas is hindered by unavailability of drought tolerant varieties.

Reports from other parts of the country show that soil ridging has the potential of
increasing storage root yields of sweet potato and other root crops (Ahmed et al.,
2012). In coastal Kenya, majority of the sweet potato farmers plant the crop on flat
ground and thus, there is need to test whether soil ridging could lead to higher

storage root yields.

On average, farmers in sweet potato growing regions in coastal Kenya plant 0.2
hectares of sweet potato per household (Makini et al., 2018). Increasing the area
under sweet potato is limited by the amount of planting material available at the start
of the planting season. Considering that sweet potato is a supplementary staple for
the cereals and a household food security crop, there may be food insecurity if the
current production in the region is not increased through addressing the constraints

limiting the production of the crop.

In coastal Kenya there is a lot of soil erosion especially due to wind during the long

dry spells between the rainy seasons. Most of the ornamental plants used for
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landscaping in the region die due to the long dry spells experienced. Ornamental
sweet potato varieties may be used as ground cover landscape plants for
beautification in landscapes or for protecting the soil from erosion. Research has
shown beneficial effects of groundcover plants in reducing runoff and soil loss
compared with bare soil (Zhang et al., 2020). However, ornamental sweet potato
varieties that are adaptable to coastal Kenya have not been identified.

1.3 Objectives
1.3.1 Broad Objective

To evaluate the yield and ground coverage of drought tolerant sweet potato clones
and ornamental varieties under appropriate agronomic practices for increased

production of the crop under the unreliable rainfall conditions of coastal Kenya
1.3.2 Specific Objectives

(i) To determine the storage root yield of selected sweet potato clones on-station

under different watering regimes

(if) To evaluate the yield performance of selected sweet potato clones on-station
under different planting beds

(iii) To assess the ground coverage of selected ornamental sweet potato varieties on-

station under different planting beds

(iv)To determine the quantities of planting material of selected sweet potato clones

on-station under different methods of multiplication

(v) To assess the yield performance of selected drought tolerant sweet potato clones

under different ecological locations



1.4 Hypotheses

(i) The storage root yields of selected sweet potato clones do not differ under

different watering regimes

(ii) Different sweet potato clones produce similar storage root yields under different

planting beds

(i) The ground coverage of selected ornamental sweet potato varieties does not vary

under different planting beds

(iv) Different sweet potato clones produce similar quantities of planting material

under different methods of multiplying planting material

(v) Selected drought tolerant sweet potato clones give similar storage root yields
under different ecological locations

1.5 Justification

Scarcity of food due to unreliable and insufficient rainfall has been a major problem
affecting many households in coastal Kenya. Sweet potato, which is regarded as a
famine-relief food or disaster-related food or food security crop, can help mitigate
this problem since it often survives where staple crops fail (Andrade et al., 2009;
Mukhopadhyay et al., 2011). However, exploitation of the potential of the crop is
hindered by scarcity of drought tolerant varieties. Currently, sweet potato is grown
on a small scale in the high rainfall areas of coastal Kenya where the crop competes
for arable land with the region’s staples. To expand the area under sweet potato
production, there is need to identify high yielding varieties that can tolerate drought
as experienced in some parts of the region. Prior to this study, it was observed that
most farmers in coastal Kenya plant sweet potato on flat ground. This study therefore
also assessed the performance of the drought tolerant sweet potato clones on

different planting beds to provide information on the best planting bed for high root



yield. Apart from being a good source of human food, animal feed and industrial raw
material, sweet potato may also be used for its aesthetic value. The leaves of sweet
potato are mostly green, but may contain purple pigmentation (Truong et al., 2018).
Such varieties with brightly colored leaves can be used for ornamental purposes such
as landscaping, floral arrangements and as ground cover (Sousa et al., 2018).
Currently, there are no ornamental sweet potato varieties that have been identified
and recommended for use in coastal Kenya. This study therefore sought to identify
the best ornamental sweet potato variety that is suited to the region and the type of
planting bed to achieve the highest percent soil cover. Shortage of planting material
at the onset of the cropping season is the other obstacle to the attainment of full
potential of sweet potato in coastal Kenya. The scarcity of planting material is caused
by the dry spell that precedes the planting season. Drought has been reported to cause
up to 50% non-establishment of vine cuttings in Dokolo and Abalang areas in
Uganda (Ebregt et al., 2005). To address the shortage of planting material at the
onset of the cropping season, farmers in coastal Kenya conserve sweet potato vines
outside their bathrooms (Appendix Illa) and in swamps (Appendix Il1b) during the
dry season. The swampy areas have continued to dry up due to reduced rainfall as a
result of climate change. This study therefore sought to identify sweet potato

multiplication methods that are adaptable to changes in climatic conditions.



CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

Sweet potato is a perennial crop that is usually cultivated as an annual for vines and
storage roots. The crop is believed to have originated from Latin America where it
was first domesticated about 5000 years ago (Austin, 1988). It is from here that the
crop spread Westward across the Pacific and Eastward across the Atlantic to Europe,
Africa and Asia. The Spanish are credited with the spread of the crop across Europe
while the Portuguese traders introduced the crop to Africa, India and China
(Katayama et al., 2017). The crop reached the East African coast in the late 16"
century and was introduced inland by the British (Stathers et al., 2018).

Varieties of sweet potato may be differentiated on the basis of the morphological
traits of both leaves and storage roots such as size, color and shape (Yada et al.,
2010; Ravi and Saravanan, 2012). Sweet potato leaves have round, reniform, cordate
or triangular shape, and moderately or deeply lobed (Ravi and Saravanan, 2012). The
leaves are mostly green in color but may contain purple pigmentation (Truong et al.,
2018).

After cooking, the storage roots may be differentiated further by color, flavor, mouth
feel, sweetness, texture and fiber content. The flesh color may be beige, white,
yellow, red, pink, violet, purple and orange (Mohanraj and Sivasankar, 2014). Sweet
potato vines have stoloniferous growth habit where the vines can grow up to 3 m
long. The vines have nodes that are spaced at intervals, from which roots develop
and grow into storage organs. Propagation of sweet potato is usually done asexually,
by use of vine cuttings or storage roots. In a few weeks after planting (WAP) the

fibrous roots develop into storage roots that store large amounts of nutrients.



By 2018, Sweet potato was grown in over 100 countries, with China being the
biggest producer in the world (FAOSTAT, 2018). The crop was ranked as the second
most important root and tuber crop after potato in the world (FAOSTAT, 2018).
Sweet potato has been used as staple food in many parts of the world (Neela and
Fanta, 2019). The crop is among the storage root crops of the tropics that are widely
grown and consumed as subsistence staples in Africa, Latin America, the Pacific
Islands and Asia (Abewoy, 2021). Despite the immense importance, sweet potato is
still produced on a small scale as a secondary activity using inadequate production

technology, leading to low quality and productivity (Antonio et al., 2011).

In Sub-Saharan African (SSA) countries sweet potato has been an important food
security crop and also a commercial crop (Kivuva et al., 2014a). In the region sweet
potato is grown and nutritionally perceived in different ways, including as a staple
food crop, as a food security crop, as a secondary or co-staple, as a famine food or
disaster-related food, as a vegetable, as a substitute to bread or snack food, as a
woman’s crop and as a health food (Andrade et al., 2009). In Kenya, sweet potato is
an important staple crop (Hagenimana et al., 2001). The main sweet potato growing
areas in Kenya are Western, Nyanza, Rift Valley, Central and Coast regions with
Nyanza and Western regions being the leading producers. Under the current
population pressure on land experienced in the world (Stathers et al., 2018), and
unreliable rainfall in the coastal region of Kenya, sweet potato makes a better option

than cassava because of its much shorter maturity period.

2.2 Importance of sweet potato

Sweet potato is a multipurpose crop that is grown for its vines and storage roots. The
crop can be used as human food, animal feed, source of industrial raw materials, and
as an ornamental plant that can be used in landscaping and beautification of gardens.
All parts of the plant (roots, leaves and shoots) are edible. The leaves may be used as

fresh vegetables or dried and preserved for future use. Farmers in developing
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countries grow the crop mainly for subsistence, animal feed and for sale at the local
markets (Griineberg et al., 2015).

As human food, the crop is an important basic food and nutrition security crop, as
well as a cash crop therefore, serving as a source of income to the farming families
(Kivuva et al., 2014a). Sweet potato is regarded as a lifesaving or food security crop
as it often survives where staple crops fail (Mukhopadhyay et al., 2011). In Pakistan,
sweet potato is perceived to be an important vegetable that is high yielding, giving
high profits to farmers as it requires less inputs and is successfully grown with less
fertilizer and water needs (Saqib et al., 2017). In Nigeria, sweet potato forms part of
the diet due to its perceived nutritive values (Esan et al., 2018). The crop storage
roots are widely consumed as supplementary staple food or secondary food in Ivory
Coast (Koua et al., 2018). The crop is considered important in Kenya, because it is
both a food and cash crop, has low input demand and ready local market (Mudege et
al., 2020).

In coastal Kenya, sweet potato storage roots are the main economic product from the
crop. The storage roots are used as food, either after boiling, roasting or deep frying
and taken either alone or with other foods such as milk, porridge, soup or mashed
with beans and consumed as a complete meal. They can also be made into chips,
crisps or dried and ground into flour. The flour may be composited with wheat flour
to make bread, cakes, biscuits, mandazi, doughnut and chapati or maize, sorghum or

millet flour to prepare porridge or ugali.

Sweet potato as a food crop is gaining prominence among farmers and consumers
because of its nutritive value. Due to the awareness of the high nutritional value of
sweet potato there is an increasing consumer demand for the crop among health-
conscious consumers in the USA and Europe (USDA, 2015). The crop is currently
recognized as a functional food due to several of its nutraceutical components that

can be explored for its nutritional and medicinal value, where cultivation of its
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genotypes with superior health-promoting and medicinal properties can decrease the
need for transgenic modifications (Ayeleso et al., 2016). As human food, the storage
roots and leaves are a good source of essential nutrients such as carbohydrates,
protein, vitamins, calcium and fiber (Mohanraj and Sivasankar, 2014). The storage
roots have 25 to 30% carbohydrate content of which 98% is easily digested (Antonio
etal.,, 2011).

The crop is rich in dietary fiber, minerals, vitamins such as vitamin C, B-carotene,
carotenoid and bioactive compounds such as phenolic acids and anthocyanin, which
also contribute to the color of the flesh (Chandrasekara and Kumar, 2016; Faber et
al., 2013). The beta-carotene in sweet potato may help reduce the risk of cancer,
including prostate and lung cancer in human beings (Ware, 2019). Sweet potato
contains enough beta-carotene, vitamins A, C, E and B6, that makes it good dietary
complement to maize (CIP, 2018). It has the ability to produce plenty of calories per
hectare relatively quickly, making it ideal for combating hunger and under nutrition
(CIP, 2018). The crop is a valuable medicinal plant with anticancer, anti-diabetic,
and anti-inflammatory properties (Kwak, 2019). It also has a lower glycemic index
which opens perspectives to treat diabetes and obesity and is also richer in nutritional

compounds, minerals and vitamins than Irish potatoes (Ellong et al., 2014).

Sweet potato vines can be used as animal feed especially by farmers who grow crops
and keep animals. Some varieties have vigorous growth and due to their ability to
withstand drought they can be good sources of animal feed. Kebede et al. (2011)
concluded that substituting concentrate with 50% sweet potato vines is capable for
growing Arsi-Bale male goats with acceptable weight gain, feed intake, body
measurements and economic returns. It is a healthy, cheap animal feed where
livestock fed on sweet potato vines produce less methane, meaning its use could

potentially mitigate global warming (CIP, 2018).
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Field production of sweet potato provides resources for the processing and
pharmaceutical industries (Tobiasz-Salach et al., 2018). During the time of Speke-
Grant expedition in the 1860s sweet potato was already widely grown from Zanzibar
to Egypt and used as food and for making beer (Stathers et al., 2018). The crop may
also be fermented into soy sauce, vinegar, juices, pickles, and sochu (an alcoholic
drink produced in Japan) (Chandrasekara and Kumar, 2016). In Ethiopia sweet
potato storage roots are processed into many products such as bread, enjera, flour,
cookies, stew, local beer and juice (Gurmu et al., 2015). In China sweet potato is
used in starch noodle production while in East Asia the crop is mostly used for
production of distilled spirits (Griineberg et al., 2015). Some sweet potato cultivars
with high biological activities can be used to develop high nutraceutical value
products or provide the platform for the identification and isolation of certain
bioactive constituents which may serve as a starting or model molecule for the
production of semi or novel synthetic drugs (Ayeleso et al., 2016). In the US,
scientists have developed genetically modified sweet potato plants containing novel
edible vaccines against hepatitis B and the Norwalk virus that may in future provide

cheap forms of health protection (Stathers et al., 2018).

In the results of Akinpelu and Adenegan (2011) the cost-benefit ratio showed that
sweet potato marketing is a profitable enterprise. In the coastal region of Kenya,
sweet potato is commonly and largely grown in the South coast in Kwale County,
particularly Mivumoni, Kikoneni and Kanana areas, and some parts of Kilifi County
such as Rabai. The crop is rarely cultivated for commercial purposes. However, the
subsistence farmers who grow the crop in the region are now becoming aware of the
commercial potential and demand of the crop in the towns and major market centers

in the region.

Sweet potato has also been shown to improve soil fertility through addition of humus

(Makini et al., 2018). The good canopy cover formed by sweet potato leaves
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smothers weeds, making it easy for farmers to prepare land for a subsequent crop.
Ornamental sweet potato varieties have the potential for aesthetic purposes and also
for environmental protection. These varieties can help in beautification of the
landscapes especially in the tourist hotels at the Coast. They can also help in
preventing both water and wind erosion of the soil through provision of soil cover. It
Is worth noting that to date there is no research that has been done to identify
ornamental sweet potato varieties for coastal Kenya. Sweet potato can be used for
landscaping and landscaping has been reported to economically increase property
and resale values, lower energy costs, improve business and sales, and create positive
perceptions for areas in Washington state in the United States of America (Perry,
2021).

2.3 Ecological requirements and cultural practices

2.3.1 Ecological requirements

Sweet potato does best on well-drained, sandy or silt loam soils, which permit
expansion of storage roots (Verma, 2014). It is often grown on land with low soil
fertility but, under those conditions, yields are significantly lower than their actual
potential (Andrade et al., 2009). The crop is intolerant to water logging conditions,
(Makini et al., 2018) and performs better in loamy soils than sandy soils (Braun et
al., 2003). Sweet potato grows well on a soil pH ranging from 4.5 to 7 (Makini et
al., 2018) but highly tolerant to low soil pH (Ila’ava et al., 2000). Good soil aeration
encourages storage root formation in sweet potato (Agbede and Adekiya, 2009).

Sweet potato performs better in areas with temperatures ranging from 24 to 28°C.
These temperatures are suitable for early shoot and root growth in sweet potato
(Belehu and Hammes, 2004). Makini et al. (2018) showed that average temperatures
of 24°C, adequate sunshine, warm nights and annual rainfall of between 750 to 1,000
mm are optimal for the crop. Gajanayake et al. (2015) observed that root fresh and

dry biomass started to decline at comparatively low temperatures of 24.0 and 25.6°C,
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respectively, and suggested that temperatures higher than 24°C have detrimental
effects on the mid and late-season growth of sweet potato and development of
storage roots. High temperatures at low altitudes reduce the crop storage root
production (Belehu, 2003).

Sweet potato requires an annual rainfall of 750-1000 mm (Makini et al. (2018). With
this kind of rainfall a farmer can realize yield above 20 tons per hectare (Tewe et al.,
2003). The crop requires an average of 2 mm of water per day in the early growth
stages which increases gradually to 5-6 mm per day in the later growing stages
before harvesting (Nedunchezhiyan et al., 2012). In coastal Kenya, sweet potato is
grown mainly by small holder farmers who cannot afford irrigation. The reviewed
literature shows that no work has been done to identify high yielding varieties of the
crop that can tolerate harsh climatic conditions such as drought experienced in some

parts of the region.

2.3.2 Cultural practices

Cultural practices such as land preparation, weed control, crop rotation and fertilizer
application are among the ways of improving sweet potato yield (Grlneberg et al.,
2015). Land preparation for sweet potato growing involves ploughing, harrowing and
ridging, activities that are aimed at improving soil structure and removing weeds.
Tillage influences soil quality through its effects on soil physical, chemical, and
biological properties, which in turn affect crop productivity (Anikwe and Ubochi,
2007). A survey conducted by Echodu et al. (2019) in Kenya, Tanzania, Uganda and
Rwanda showed that, 43.3% of the farms visited had sweet potato planted on

mounds, 35% on ridges, 13.5% on flatland, and 3.5% on mixed mounds and flatland.

Ridges or mounds are also recommended where mechanized harvesting is practiced.
These two methods of seedbed preparation also help in conserving soil moisture,
reducing soil erosion, and making intercropping with other crops possible. Planting

13



sweet potato vines on ridges has been shown to significantly increase the weight of
total fresh storage roots, marketable fresh storage roots, and dry matter of storage
roots, while planting on flat or sunken beds caused significant decrease in the three
observed parameters (Ahmed et al., 2012). However, the three seedbed types were
observed to have similar effect on numbers of both total and marketable storage
roots. Ahmed et al. (2012) attributed the decrease in marketable storage root yield in
response to planting on flat or sunken beds to the relatively compact soil which may
limit and depress the expansion of storage roots. Ridges result in significant increase
in the number of plants with roots at harvest, number and weight of marketable and
non-marketable roots, total root yield and harvest index (Brobbey, 2015).

In order to obtain higher storage root yield and a more pleasant storage root shape,
all sweet potato varieties should be planted on ridges rather than on flat land (Braun
et al., 2003). In a study by Dumbuya et al. (2016), seedbed types were found to have
no significant effect on both marketable root weight per plant and total number of
marketable roots per plant, but ridges produced significantly higher root weight per
hectare and higher net return than mounds. Ridges and mounds provided sufficiently
favorable conditions for sweet potato growth and both loosen the soil, optimize
infiltration and facilitate root expansion (Dumbuya et al., 2016). Akinboye et al.
(2015) recommended a combination of ploughing, harrowing and ridging for sweet
potato that is to be produced for planting material or for forage. Despite all these
recommendations, no study has been conducted to determine the best planting beds
for high storage root yield of sweet potato in coastal Kenya.

Propagation of sweet potato is by use of vine cuttings or storage roots. Clean planting
material that is free from insects, soil and any symptoms of diseases should be
selected. Sweet potato is usually established using vine cuttings from mature crops
(Valverde et al., 2007) and storage root yield has been shown to increase with

increased number of nodes and length of cutting (Njoku et al., 2009). Storage roots
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may be used where there are insufficient vine cuttings, or when the level of pest and
disease infestation is high such that few healthy vines are left. In drier regions with
only one main rainy season, some storage roots are left in the soil over the dry season
to be used as planting material for the next rainy season. In coastal Kenya the storage
roots method is not viable owing to the long dry spells experienced between the rainy
seasons, which may lead to death of all roots.

A delay between vine cutting and planting may affect yield depending on the storage
conditions of the cuttings. Storing cuttings for one to two days in humid conditions
may be beneficial, as it promotes rooting at the nodes (Makini et al., 2018). Longer
storage may adversely affect establishment because of the exhaustion of the energy
reserves of the cuttings. To minimize moisture losses, it is advisable that leaves are
stripped from the lower portion of each cutting; bundles of cuttings wrapped in a wet
cloth or sack and kept in a cool place away from wind. Care should be taken during
planting to minimize damage of roots which developed during storage. If planting
material is to be maintained in a multiplication plot before planting of the next crop,
the cuttings should be planted at a close spacing of approximately 15 x 20 cm and
new growth may be ready for making cuttings after two to three months (Makini et
al., 2018).

2.4 Sweet potato varieties

Plant varieties can be classified on the basis of their use including human
consumption, animal feed and non-food industries and adaptation to agro climatic
zones (Grlneberg et al., 2015). These groups are often made more specific on the
basis of color, cooking quality, processing characteristics and adaptation to cropping
systems and time of maturity (Grineberg et al., 2015). Sweet potato varieties are
specific in adaption to agro-climatic conditions such as drought, heat, cold (in
tropical highlands), mineral-stress (including acid soils) or extreme salinity and have

large differences in taste, protein, starch, sugar, vitamin and mineral content
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(Andrade et al., 2009). The genotypes also have distinct differences in their
suitability for different finished processed products such as bread, chips among other

products.

The flesh color of some sweet potato varieties may range from cream, white, pale
yellow, dark yellow, pale orange, intermediate orange, dark cream, dark orange, to
those that are strongly pigmented with anthocyanin (Yada et al., 2010). Stable and
high yields coupled with good quality attributes are some of the factors determining
varieties acceptability. A study by Habibur et al. (2015) revealed significant
differences among sweet potato varieties in respect to morphological and yield
contributing characters after assessing all the characteristics of yield and yield
contributing characteristics such as number, length, diameter and total dry matter
content of storage roots of sweet potato. Sweet potato quality attributes vary widely
where cultivars with very high dry matter and starch content are usually low in
sugars, with no or very low beta-carotene content while some varieties with very
high beta-carotene content are usually high in individual sugar content and low in dry
matter and starch content (Griineberg et al., 2015). Sweet potato varieties also differ
in the extent of infection by diseases with some varieties being more susceptible than
others (Anginyah et al., 2001). In their study the sweet potato genotypes from
Eastern Africa were tolerant to Alternaria solani and attributed this to broad genetic

base of these local varieties.

Farmers prefer sweet potato varieties with traits such as sweet taste, medium size
storage roots, few secondary stems and size and shape of leaves, which are mostly
not considered in sweet potato breeding programmes (Abidin, 2004). These traits
should be given attention if the breeding programmes aim at cultivars for low-input
agriculture as the combined farmers and breeders’ efforts may lead to cultivars that
would ultimately benefit farmers. According to Kesiime (2014) many of the potato

varieties in Uganda were released because of their high yields or resistance to
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diseases but emphasized the need to develop genotypes that are able to withstand
drought as the other strengths are rendered void if a crop receives less than average
soil moisture during its growing period. Ali et al. (2015b) showed presence of
variations among accessions, and the possibility of selecting accessions for further
testing for different breeding objectives since some sweet potato accessions recorded
higher values for reducing sugar, total sugar, total starch content, pH, dry matter

content, total soluble solid, specific gravity and peel content.

In a study by Van Vugt and Franke (2018) there were some differences in fresh root
yield due to variety with some achieving much smaller root yield than other varieties.
Some of the desired traits that will lead to a variety to be adopted by farmers and
consumers include high beta-carotene, good yield, good storage quality, high dry
matter content, sweet taste, tolerance to drought, and pests and disease resistance. In
Western Kenya, taste, yield, maturity period and availability of vines are key factors
that farmers consider when selecting a sweet potato variety for planting (Were et al.,
2013). Some sweet potato varieties especially the orange fleshed, contain high
quantities of B-carotene or pro-vitamin A but have high moisture content while most
of the cream or white fleshed varieties, have a sweet taste and high dry matter
content, giving a dry texture.

Genotypes with cream to yellow fleshed storage roots have high dry matter content
greater than 30%, contrary to the deep orange-fleshed that are generally of low dry
matter content of below 25% (Makanginya, 2012). The orange fleshed varieties
currently in use have a low level of consumer acceptance and preference because
they have low storage root dry matter content (Gurmu et al., 2015). Processing sweet
potato quality traits include dry matter, starch yield, flour yield and peel loss. The
findings of Kathabwalika et al. (2013) showed significant variations in sweet potato
storage root yield and stability among genotypes with some genotypes identified for

vine production and others identified for storage root production.
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2.4.1 Ornamental sweet potato varieties

Sweet potato is a multipurpose plant due to its potential to many different uses of its
roots, leaves, and vines (Sousa et al., 2018). Ornamental sweet potato vines are
grown for decorative purposes. They are heat-loving annual vines that can be used in
covering beds, hanging over walls or trailing down containers forming large strips of
brightly colored foliage in the landscape together with brightly colored flowering
plants (Carey et al., 2007).

Ornamental sweet potato are primarily foliage plants with leaves varying in shape
depending on cultivar being either heart-shaped, lobed like sycamore or maple
leaves, and may occasionally bloom with pale lavender morning glory like flowers
(Carey et al., 2007). Ornamental sweet potato vines with purple, green, or variegated
leaves which were introduced to the nursery trade have been available in markets
(Adam, 2005). In a study by Sousa et al. (2018) all accessions evaluated presented
considerable noticeable high ornamental potential including leaf shape, leaf lobe
type, immature and mature leaf color, leaf lobe number, branch color, branch yield,
shape of central leaf lobe, petiole pigmentation, mature leaf size and root yield, and
therefore recommended them to be used in floral arrangements, cultivated as potted

plants or in garden beds.

Although ornamental sweet potato varieties are grown for their aesthetic value, they
also produce storage roots. However, some of the released cultivars like the 'Sweet
Caroline' series produce smaller storage roots that are generally not edible. Some of
the ornamental sweet potato varieties that have been released have solid purple
leaves and stems, and others with light green foliage and many of these also have
compact, well-branched, and upright plant architectures (Truong et al., 2018).
Depending on the cultivar, ornamental sweet potato vines come in various colors and
color combinations which include: white, pink, red, magenta, maroon, purple, and

different shades of green. The aggressive growth of ornamental sweet potato vines
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makes them ideal for use in containers, hanging baskets and outdoor ground covers
in flower beds (Mierzejewski, 2016). Most sweet potato plants rapidly cover the
ground, but lack canopy depth due to horizontal development of the canopy and poor

leaf orientation (Gruneberg et al., 2015).

Use of ornamental sweet potato plants in landscaping has gained popularity in the
last decade. This has triggered a lot of interest among researchers to develop new
cultivars that can be used to decorate different areas. The attractive flowers produced
by some varieties of sweet potato have made it to be accepted as an ornamental plant.
No research has been carried out in coastal Kenya to identify ornamental varieties as
groundcover landscape plants to be used in beautification of landscapes and for
protection of soil against wind and water erosion. A study on ornamental sweet
potato aims at identifying ornamental varieties with best ground coverage under

different planting beds in coastal Kenya.

2.5 Sweet potato production constraints

Sweet potato production is constrained by many biotic, abiotic and socio-economic
factors which hinder its production potential. Worldwide, the greatest biotic
constraint to sweet potato production is sweet potato viral diseases which often cause
serious yield losses, especially in high virus-pressure zones of SSA, followed by
sweet potato weevils, nematodes, and fungal diseases, while abiotic stresses affecting
the crop include drought, heat, cold and salinity (Grineberg et al., 2015). In most
cases the low yield of sweet potato can be linked to lack of improved varieties, pest
and disease incidences, and poor cultural practices (Moyo et al., 2004). The main
constraints to sweet potato productivity in Africa as summarized by Andrade et al.
(2009) include inappropriate agronomic practices such as planting techniques and
spacing, site selection, soil fertility management, lack of virus-clean planting

material, limited yield potential of local land races and sweet potato weevil.

19



In Eastern Africa, sweet potato production has many constraints including pests and
diseases, insufficient rainfall in drought prone areas, lack of arable land, declining
soil fertility, labor shortage due to diversion to non-farm activities, shortage of
planting material and dwindling water resources (Gichuki and Hijmans, 2005). In a
study carried out in Uganda, Rwanda, Kenya and Tanzania, about 32.6% of farmers
ranked pests as their number-one problem, followed by drought (21.6%), diseases
(11.9%) and lack of disease-free planting materials (6.8%) (Echodu et al., 2019).

Another challenge facing sweet potato farmers is the acreage under sweet potato
production. The results of a base line survey by Were et al. (2013) in Western Kenya
showed the average land area under sweet potato in acres per farmer was 0.28, 0.33,
0.4 and 0.27 for Busia, Kakamega, Bungoma and Butere-Mumias districts
respectively. This is clear evidence that sweet potato is competing with other staples
such as maize for arable land. Other challenges in smallholder-based sweet potato
production and marketing systems according to Low et al. (2020) include seasonality
(in terms of availability of the product in the market), lack of access to adequate and
quality planting material at the beginning of the growing season, post-harvest losses
associated with the bulky nature and improper handling of storage roots, low farm
gate price during the peak harvest seasons, poorly developed marketing systems and

the image of the crop as a poor person’s crop.

2.5.1 Effect of drought on crop production

Inadequate rainfall is one of the major constraints to agricultural productivity and
food security and is expected to worsen in future due to climate change (Balestrini et
al., 2018). Between 70 and 97% of smallholder farmers are affected adversely by
climate change because of small farm sizes and limited access to alternative
livelihood activities other than farming (Bagamba et al., 2012). According to
Bagamba et al. (2012) simulation results showed no economic gains from swamp

cultivation, and concluded that in order to improve productivity farmers should plant
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drought tolerant crops such as sweet potato as one of the options to adapt to climate
change.

Worldwide, climate change in the form of extreme heat and drought puts a major
challenge to sustainable crop production by negatively affecting crop yield, which is
likely to be aggravated in future due to continued greenhouse gas emissions that
would lead to further rise in temperature (Dahal et al., 2019). Globally, drought is a
major problem reducing crop production (Ahmadizadeh et al., 2012). In Kenya,
scarcity of water resources and severe forest degradation could be further worsened
by increasing temperatures, evaporation rates and rainfall variability (USAID, 2018).
According to USAID (2018) increase in severity of dry spells is among the climate
projection which may have an impact on agriculture leading to reduced grain yield

and quality, heat stress in livestock and damage to crops and land.

Drought is the main abiotic stress that can strongly interfere with plant performance
and crop productivity mostly through inhibition of photosynthesis (Dahal et al.,
2019). Drought tolerance in plants is an extremely complex trait where different
plants adapt to drought stress through diverse and integrated mechanisms and
strategies including morphological, physiological, cellular and molecular changes to
survive under drought stress conditions (Fang and Xiong, 2015). Most crops are
more sensitive to drought during their reproductive phase (storage root initiation)
than during their vegetative phase (Daryanto et al., 2016b). In sweet potato
production, water shortage is an environmental stress that affects the growth,
quantity and quality of the crop (Rahmawati et al., 2020).

Sub-Saharan agriculture has been identified as vulnerable to ongoing climate change
and therefore adaptation of agriculture has been suggested as a way to maintain
productivity and better knowledge of intra-specific diversity of varieties is
prerequisites for the successful management of such adaptation (Glato et al., 2017).

Compared to other storage root crops, sweet potato has a high yield potential and it is
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adapted even to drought prone areas (Wang et al., 2011). However, as for many
crops Yyield of sweet potato which is an important subsistence crop in SSA, can also
be severely impacted by drought stress (Lau et al., 2018). This is because sweet
potato root storage and productivity is very sensitive to water deficit stress

(Yooyongwech et al., 2014).

The results of Daryanto et al. (2016a) showed that the amount of water reduction in
sweet potato was positively related with yield reduction, but the extent of the impact
depended on the phenological phase during which drought occurred. Gouveia et al.
(2019) observed sweet potato biomass reduction due to water stress. Yooyongwech
et al. (2014) observed a decrease in the osmotic potential of sweet potato leaf tissue
due to reduced soil water content. Ghanbari et al. (2013) observed a 19-28%
reduction in bean leaf nitrogen and 39.8% reduction in grain yield due to water
stress. Although it is considered a drought tolerant crop, late planting does result in
sweet potato yield losses, due to water stress during the root initiation and main
bulking time (Low et al., 2020).

New heat and drought-tolerant sweet potato varieties were shown to help farmers
adapt to the effects of climate change (CIP, 2018). In a study conducted in Ghana,
Dukuh et al. (2016) observed no significant influence of irrigation on soil bulk
density, pore volume and particle density. Susceptibility to drought is known to be
one of the major problems in sweet potato production, hence screening and selection
of varieties for drought tolerance may have a positive impact on the livelihood and
health of vitamin A deficient people in SSA (Agili et al., 2012). According to Low et
al. (2020), drought tolerance indices based on measuring root yield under normal and
water deficit conditions are often used for selecting among sweet potato breeding

clones in stress-prone areas of SSA.

In a study conducted in Mozambique, Andrade et al. (2016) observed negative effect

of drought and genotype by year interaction on storage root yield. Lau et al. (2018)
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observed that a subset of genes was differentially regulated between two varieties
used in their study, thus representing genotype-specific responses to drought stress.
Since climate change is expected to have a negative effect on the quantity and quality
of animal feed available (Hidosa and Guyo, 2017), drought tolerant sweet potato
cultivars might become even more significant as animal feed compared to less
resilient grasses and cereal crops (Low et al., 2020). The effect of drought on sweet
potato results in yield loss which, in turn, leads to reduced income for producers, and
can be avoided by developing and adopting drought tolerant varieties (Esan et al.,
2018).

The maximum production potential of sweet potato is being constrained by severe
drought which affects most parts of Africa (Omotobora et al., 2014). In this research
Omotobora et al. (2014) observed drought tolerance in 12 out of 50 accessions that
were pre-screened for drought. In a study by Gouveia et al. (2019) some sweet potato
accessions showed high water use efficiency and good response to physiological
drought stress and were therefore considered the most drought tolerant. Drought
stress has been shown to cause up to 37% reduction in fresh root yield of cassava
(Turyagyenda et al., 2013). The effect of drought on sweet potato may also be
countered by irrigation but the extent of improvement in crop growth and

development will depend on the depth of irrigation (Delazari et al., 2018).

Increased drought stress significantly reduced the number and starch content of
storage roots, with severe drought conditions causing up to 76% reduction in the
number of storage roots compared to the optimum conditions (Rahmawati et al.,
2020). Insufficient water supply and very high temperatures cause physical damage,
physiological disruptions and biochemical changes in a crop, which lead to reduced
crop growth and yield (Fahad et al., 2017). Although sweet potato can survive severe
moisture stress conditions, marketable yield is adversely affected (Laurie et al.,

2009). It has been affirmed that weather conditions do influence sweet potato storage
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root yield, with rainfall having the greatest impact on the crop growth and storage
root yield (Richardson, 2019). The introduction of drought-tolerant sweet potato in
historical China, mitigated the negative impact of droughts on food supply (Jia,
2013). Drought causes retarded growth in sweet potato genotypes leading to yield
reduction (Laurie et al., 2015).

In a study by Esan et al. (2018) different varieties performed differently under
different stress levels and concluded that the varieties had different levels of
tolerance to drought. Some of the genotypes screened were noted to be very
susceptible to moisture stress and registered very low root yield while some
performed well and were noted to withstand severe moisture stress (Makanginya,
2012). The greatest effect of drought on sweet potato yield occurs during the storage
root-bulking phase (Bourke, 1989). However, the extent to which drought affects
sweet potato yield is not known. Yield, yield components, and quality traits of sweet
potato genotypes vary due to differences in genetic constitution, the environment and

genotype-by-environment interactions (Rukundo et al., 2017).

Sweet potato has a large network of genes which are involved in drought stress
tolerance mechanisms, and therefore contributing in determining the level of
tolerance of each cultivar (Arisha et al., 2020). Kulembeka et al. (2004) obtained
higher sweet potato storage root yield in sites with high rainfall at planting as
compared with sites in which planting was followed by dry spells. According to
Laurie et al. (2015) drought had a severe effect on the yield of all the genotypes,
especially at severe stress but some genotypes produced the highest yield at the mild
stress. However, appropriate sweet potato genotypes tolerant to drought conditions
must be identified because of the large differences observed among genotypes
(Laurie et al., 2015). In their study Lewthwaite and Triggs (2012) observed a
reduction in canopy cover and storage root yield in clones that were subjected to

water deficit. Moisture stress has been shown to severely affect the agronomic
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performance of sweet potato genotypes, with those genotypes observed to have the
highest stress tolerance index considered tolerant (Makanginya, 2012). Kesiime
(2014) characterized potato clones as drought tolerant, moderately tolerant and
susceptible based on drought effect on vyield and physiological and growth

parameters.

Sweet potato is relatively drought tolerant and has higher yield per unit of land than
rice and wheat (Jia, 2013). The development of drought tolerant sweet potato
varieties is highly desirable for maintaining crop productivity (Zhai et al., 2016).
Breeders have put a lot of effort in improving sweet potato tolerance to abiotic
stresses (Kang et al., 2018). However, no study has been done to identify drought

tolerant sweet potato varieties specifically for coastal Kenya.

2.5.2 Shortage of planting material

Sweet potato vine conservation and multiplication practices are largely influenced by
rainfall patterns (Low et al., 2020). According to Adeola et al. (2019), availability of
vines as planting material is an important factor that needs to be addressed, and
extension programme should ensure that farmers have adequate access to vines
through the establishment of a sustainable network of multipliers. Maximization of
sweet potato production potential may not be realized in SSA, especially in areas that
experience dry spells after the growing season, due to lack of planting materials at
the beginning of the rainy season (Andrade et al., 2017). Gurmu et al. (2019)
observed that, although farmers in Ethiopia maintain planting material in their home
gardens until the onset of the rainy season, they lose most of it due to recurrent

drought.

In a study conducted in the Lake Zone of Tanzania, McEwan et al. (2017) showed
that farmers with access to lake sides or swampy areas had a system of using these

lands for conserving planting material during the dry season, followed by shifting of
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the vines to upland fields for rain-fed production. In Southern Africa, where the
rainfall is unimodal, farmers traditionally leave roots in the ground during the dry
season to sprout when the rains start, and then multiply the sprouts to get enough
material to plant a new sweet potato crop (Low and Thiele, 2020). However,
prolonged dry spells in the region have limited the use of this method of
conservation, leading to inadequate planting material at the onset of rains, and, in the
long run, loss of some sweet potato germplasm by smallholder farmers (Makunde et
al., 2018). In Kenya, 75% of farmers sourced their planting material from their own
farms, 46% from other farmers, and 2% from commercial suppliers (Echodu et al.,
2019). Farmers have found sweet potato vine conservation during the dry season to
be quite challenging, leading to the possibility of shifting to other crops (Mudege et
al., 2019).

The results of a study by Adeola et al. (2019) showed a direct relationship between
vines availability and the intensity of adoption of improved varieties of sweet potato,
and therefore recommended the need for inclusion of preservation techniques of
vines in any intervention programme. According to Andrade et al. (2017) cultivars
with short and thick stems had a better survival rate during extended dry spells.
Effective seed systems are required in order to provide farmers with sufficient
quantities of planting material of required varieties at affordable price and in time for
planting season (Bukania, 2016). Unreliable rainfall and extended dry spell of more
than 4 months are associated with shortage of sweet potato planting material at the
beginning of the cropping season in the drought prone regions of Southern and
Eastern Africa, especially for households with no access to land in valley bottoms
(Andrade et al., 2009).

Seed provision systems for vegetatively propagated crops in SSA remains a
challenging and controversial subject since the conservation of planting material at

farm level during the dry season and the availability of sufficient planting material at
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planting time are two major constraints to sweet potato production, especially in
drought prone and low potential areas (Andrade et al., 2009). According to Low et
al. (2020) recent efforts by CIP in collaboration with African NARIs have focused
on developing innovative sweet potato seed systems, including irrigated vine
multiplication linked to established decentralized vine multipliers. Presently, no
research has been conducted in coastal Kenya to determine the effect of vine
multiplication methods both with and without irrigation on the amount of planting
material produced. The study being reported here aimed at evaluating the
effectiveness of vine multiplication methods both with and without irrigation. The
results of this study will likely provide information on viable method(s) which may

be adopted by sweet potato farmers in coastal Kenya.
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CHAPTER THREE

METHODOLOGY

3.1 Research sites description

On-station studies were conducted at Pwani University farm in Kilifi County, in
coastal Kenya between December 2016 and January 2019. Each of the study was
conducted for two seasons. The study site is located within the Coastal Lowland
Agro-ecological Zone IV (CL4), at an altitude of 15 M.a.s.l. It lies between -3.
615330 and 39.842910. Rainfall received at the site ranges from 1,000 to 1,100 mm
annually and is bimodal in nature, coming as long rains (LR) and short rains (SR)
seasons. The LR season starts from April and ends in July/August while the SR
season starts from October and ends in December (Figure 3.1). Two thirds of the
annual rainfall is usually received during the LR season (Saha, 2015). A long dry
season is experienced in the region from January to March. The SR season is quite
unreliable and may fail altogether, extending the length of the dry period. The
temperature range is from 22°C to 30°C and the mean relative humidity is about 80%
(Jaetzold et al., 2012). Soils at Pwani University farm are mostly Ferralsols, with low
organic matter (5-16 g kg?), low nitrogen content (0.7 g N kg™?) and a pH between
five and seven (Abdallah et al., 2021). Phosphorus was therefore applied at planting
as Di-ammonium phosphate (DAP) fertilizer, at the rate of 50 kg P2Os ha™™.

The on-farm trials were conducted for three seasons between April 2018 and January
2019 in Mavueni, Kaliang’ombe and Jimba in Kilifi County, and Mrima and Kenya-
Loma in Kwale County (Appendices 5.1 - 5.4).

3.2 Experiments

The following experiments were carried out in the study:
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3.2.1 Watering regime experiment
Treatments consisted of factorial combinations of the following factors:

Factor A: nine sweet potato clones (6.1A (C1), 4.10 (C2), 7.8 (C3), 15.10 (C4),
7.6A0 (C5), 10.10B (C6), 4.2B (C7), 7.6B (C8) and 4.2A (C9)) that had been
reported to be drought tolerant (Appendices 4.1 - 4.9) were obtained from KALRO-
Muguga for use in this study. A farmer-preferred variety from Kilifi namely, “Rabai”
(VR) was included as a local check (Appendix 1Vj).

Factor B: four different watering regimes

(i) Watering for the first two months after planting and stressing the plants for the
next three months - (W2)

(if) Watering for the first three months after planting and stressing the plants for the

next two months - (W3)

(iii)Watering for the first four months after planting and stressing the plants for the
next one month - (W4)

(iv)Watering throughout the growing period and not stressing the plants at all - (WO0)

A Randomized Complete Block Design (RCBD) was used, with factorial
arrangement of treatments. The treatments were replicated three times. Therefore,

there were 40 experimental plots in each block, and a total of 120 experimental units.

Watering regime experiment was conducted for two seasons.

3.2.2 Planting bed experiment for sweet potato storage root yield
Treatments consisted of factorial combinations of the following factors:

Factor A: three drought tolerant clones (C7, C8 and C9)
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Factor B: three planting beds (flat (P1), raised (P2) and ridge (P3))

RCBD was used, with factorial arrangement of treatments. The treatments were
replicated three times. Therefore there were nine experimental plots in each block,

and a total of 27 experimental units.

Planting bed experiment for storage roots was conducted for two seasons.

3.2.3 Planting bed experiment for ground coverage of ornamental sweet potato

varieties
Treatments consisted of factorial combinations of the following factors:

Factor A: three ornamental sweet potato varieties (Purple heart (V1), Green fingers
(V2) and Margarita (V3))

Factor B: three planting beds (flat, raised and ridge)

RCBD was used, with factorial arrangement of treatments. The treatments were
replicated three times. Therefore, there were nine experimental plots in each block,
and a total of 27 experimental units.

Planting bed experiment for ground coverage was conducted for two seasons.

3.2.4 Multiplication of planting material experiment
Treatments consisted of factorial combinations of the following factors:
Factor A: three drought tolerant clones (C7, C8 and C9)

Factor B: five methods of planting sweet potato vines (planting in pits without lining
(PWL), planting in pits with lining (PL), planting on flat grounds (OG), planting in
sacks without lining (SWL) and planting in sacks with lining (SL)).
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RCBD was used, with factorial arrangement of treatments. The treatments were
replicated three times. Therefore, there were 15 experimental plots in each block, and

a total of 45 experimental units.

Sweet potato planting material multiplication experiment was conducted during the

long rains season and off season under irrigation.

3.2.5 Assessment of drought tolerant sweet potato clones in different locations

Three sweet potato clones selected for drought tolerance (C7, C8 and C9) and one
farmer-preferred sweet potato variety (Carrot) were evaluated under different farms
for both sweet potato storage root yield and storage root numbers. The five on-farm
study sites were selected to represent the sweet potato producing areas in coastal
Kenya. The criteria that was used for selecting the on-farm locations was based on
both climatic and soil factors. Soil samples were taken from all the on-farm sites for

analysis.

RCBD was used, with each of the five on-farm sites forming a replicate. Therefore,
there were four experimental plots in each block, and a total of 20 experimental
units. The planting of the on-farm trials was done at the start of the long rains season,

after the peak of the long rains season and at the start of the short rains season.

3.3 Crop establishment

In the watering regime experiment sweet potato vines were planted in plots
measuring 3.75 x 0.9 m (3.375 m?) in a structure designed to ensure that the
treatments were not interfered with by rainfall, and also to mimic the dry spells
experienced in some parts of the region (Plate 3.1). The field was tilled to a medium
tilth and plots demarcated followed by ridging. Each plot consisted of three ridges,
each 0.9 m long and 45 cm high. The ridges were spaced 1.25 m apart. Each ridge

was planted with 3 vine cuttings (each 30 cm long), spaced 30 cm apart.
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For the planting beds experiments, sweet potato clones and sweet potato ornamental
varieties were planted in plots measuring 3.75 x 0.9 m (3.375 m?). Each plot
consisted of three rows 0.9 m long and spaced 1.25 m apart. Each row was planted

with 3 vine cuttings, (each 30 cm long), spaced 30 cm apart.

Plots measuring 0.3 x 0.6 m (0.18 m?) were established for the multiplication of
sweet potato planting material. Each plot consisted of two rows, each 0.6 m long and

spaced 0.2 m apart. Each row was planted with 6 vine cuttings, spaced 10 cm apart.

In the on-farm trial the plot size was 3.75 x 1.8 m (6.75 m?). Each plot consisted of
three ridges 1.8 m long and spaced 1.25 m apart. Each ridge was planted with 6 vine

cuttings, (each 30 cm long), spaced 30 cm apart.

Cuttings of three nodes were planted, with two nodes buried in soil in all the

experiments.

DAP fertilizer was applied to all plants at planting at the rate of 50 kg P2Os ha*

except for the plants in the on-farm trial.

Plate 3.1: Structures used to keep rainwater off the experimental plots
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3.4 Crop management practices

Plants were hand weeded in the early growth stages of the crop. An insecticide,
Dynamec 1.8 EC (Abamectin 1.8g/l), was applied at the rate of 250 ml/ha as
recommended to control insect pests (leaf defoliators and mites). Vines were trained
to minimize their spread into adjacent plots, as well as preventing them from forming
adventitious roots along the stems. Soil was carefully hoed back onto the ridges to
fill cracks on the ground, which had formed as a result of storage roots expansion.
This was carried out to avoid exposure of the storage roots to weevils in all the
experiments except the planting beds for ornamental varieties and multiplication of
planting material experiments. Irrigation water was applied when necessary to ensure
the plots had optimal soil moisture throughout the growing period except for the on-
farm trials. For the watering regime experiment the moisture control was managed by

stopping the irrigation in the treatments where their watering regime had ended.

3.5 Data collected

The following data were collected from the experimental plots of the watering

regime experiment:

Storage root yield

The crop was harvested five months after planting and storage root yield from each
plot was determined. All the three ridges of sweet potato in each plot were harvested
for the determination of sweet potato storage root yield. At harvest, plot wet weight
was measured after detaching the storage roots from the plant. This was done by
measuring all the storage roots harvested from a plot using a weighing scale.
Samples, each consisting of two storage roots were taken at random from each plot,

labelled and their fresh weight determined. The samples were then oven dried at
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105°C for 48 hours at Pwani University chemistry laboratory for DM determination.
The following formula was used to calculate DM:

Soven (9)  PW (kg)
Sfrash (gj A (mzj

DM (kg ha™) = #1,000 m*ha™?

Where Soven = Sample oven weight; Sresh = Sample fresh weight; PW = plot weight;
A = net-plot area.
Sweet potato yield was then derived using the following formula:

SW(kg) 10,000 m?ha*
= *
A(m?) 1,000 kg t~1

Y

Where Y = sweet potato yield (t hal); SW = field wet weight; A = net-plot area.

Storage root dry weight (DW) was then derived using the following formula:

1,000

DW = Wm/storage root (kg) * DM * 100

Where DW = storage root dry weight (t ha); WWistorage root = Wet weight of storage
roots; DM% = percent dry matter of storage roots.
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Storage root characteristics

The number, length and circumference of marketable storage roots per plant were
recorded after harvesting. The storage root circumference was determined using a
tape measure around the thickest part of the storage root (Plate 3.2). The length of
storage root was measured as the length of the edible portion of the storage root
(Plate 3.2). The number of marketable storage roots was taken by counting the

individual storage roots per plant.

Circumjerence

Pla
te
3.2

Me

asu

re
me

nt

of
cir
001 2 3 4 5 6 7 8 91011121314ol5cu

mf

ere

nce and length of sweet potato storage root

Storage root nutritional contents

35



Ten samples, each consisting of two storage roots were taken at random per clone
and the farmer-preferred variety and nutritional contents were determined. The
samples were taken from the plots which were watered throughout the growing
period of the sweet potato plants to get the genetic potential of the clones. Nutritional
analysis including protein, starch, vitamin A and total sugar contents of sweet potato
storage roots were performed in the department of food science nutrition and

technology laboratory of the University of Nairobi.

Protein content

Protein (N x 6.25) was determined according to Association of Official Analytical
Chemistry (Association of Official Analytical Chemists, 1980), method. The sweet
potato storage roots were cleaned and washed then made into slices and spread in hot
air oven trays and allowed to dry at 65 °C. Drying was continued until the sweet
potato became crisp, later made into powder and packed in an aluminum foil bag.
The protein content of the dried samples was estimated as per cent total nitrogen by
the Kjeldahl procedure. Protein per cent was then calculated by multiplying the per

Total sugar content

The total sugar content of sweet potato storage roots was determined according to the
spectrophotometric Anthrone method modified by Tokusoglu et al. (2003; 2005)
using saccharose as standard anhydroglycose for sweet potato. Standard buffer stock
solutions containing anthrone reagent and samples were measured for 620 nm at

spectrophotometer.
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Total starch content

The total starch content of sweet potato storage roots was determined by using the
method of International Starch Institute-Denmark described by Woolfe (1992).

Vitamin A content

2 g sweet potato storage roots sample was extracted with diisopropyl ether according
to the method. Then re-saponifed with 5% KOH and washed with 10% sodium
chloride. Vitamin A (retinol) stock and standard solutions and sample solutions were

measured for 325 nm at spectrophotometer (Speek et al., 1986).

The following data were collected from the experimental plots of the planting beds
experiment for storage root yield:

Storage root yield

The crop was harvested five months after planting and storage root yield from each
plot was determined. All the three ridges of sweet potato in each plot were harvested
for the determination of sweet potato storage root yield. At harvest, plot wet weight

was measured after detaching the storage roots from the plant.
Storage root number

The number, of marketable storage roots per plant were recorded after harvesting.
The number of marketable storage roots was taken by counting the individual storage

roots per plant.

The following data were collected from the experimental plots of the planting beds

experiment for ground cover:
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Foliage cover (Percent ground cover)-Ornamental quality

Data on percent ground cover (foliage cover) was collected from the experimental
plots for ornamental sweet potato varieties. Measurements of ground cover were
carried out two months after planting the ornamental sweet potato varieties. Percent
ground cover was estimated using the beaded string method (Sarrantonio, 1991).
Marks were made on a cotton string at 15 cm intervals. The string was stretched
along one diagonal in each plot and all marks falling directly above foliage were
counted and recorded. This procedure was repeated for the second diagonal. The

total number of possible marks for the two diagonals was recorded.

The following formula by Sarrantonio (1991) was used to determine percent ground

cover:

__ Total marks directly above foliage (Frg+ 514)

G x100

€ Total possible marks in the plot (Fa+ S4)

Where G is percent ground cover, F'q is count in the first diagonal, S'q is count in
the second diagonal, Fd is total marks in the first diagonal, and Sq is total marks in

the second diagonal.

The following data were collected from the experimental plots of the planting

material multiplication experiment:
Vine yield

Vine yield from each plot was determined by measuring the vine length using a tape
measure at eight WAP. The two rows of sweet potato in each plot were harvested for

the determination of total vine length per plot. The total vine length per plot was then
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converted to total vine length per square meter (i.e. vine yield or vine production
potential) by using the following formula:

Where Yy = vine yield (m m), L, = total vine length (m) per plot, and A, = plot area

in m2.

The vine yield (vine production potential) was then used to calculate the land size
that would be required to multiply enough sweet potato planting material for one

hectare, using the following formula:

Where Aa = land size (m?) required to multiply enough sweet potato planting material
for one hectare, C = number of cuttings required to plant one hectare, L. = length (m)
of a cutting, and Yy = vine yield (m m).

The following data were collected from the experimental plots of the on-farm

experiment:
Storage root yield

The crop was harvested five months after planting and storage root yield from each
plot was determined. All the three ridges of sweet potato in each plot were harvested
for the determination of sweet potato storage root yield. At harvest, plot wet weight

was measured after detaching the storage roots from the plant.
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Storage root number

The number, of marketable storage roots per plant were recorded after harvesting.
The number of marketable storage roots was taken by counting the individual storage

roots per plant.

3.6 Data analysis

The sweet potato storage root yield and yield characteristics, vine yield and percent
ground cover data were all subjected to the analysis of variance (ANOVA) using the
General Linear Model (GLM) procedure of the Statistical Analysis System (SAS)
Version 9.1 (SAS Institute, 2002). Because of the high variability observed in the
data, square root transformation of the original data (n) was performed before
analysis to improve the normality of the data. Where the F values were significant,
treatment means were separated using the Least Significant Difference (LSD) at the

5% level of significance.
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CHAPTER FOUR

YIELD PERFORMANCE OF SELECTED SWEET POTATO CLONES
UNDER DIFFERENT WATERING REGIMES

Abstract

The production of sweet potato in coastal Kenya is diminishing due to unreliable
rainfall. Farmers are currently using unimproved sweet potato varieties that are not
drought tolerant due to unavailability of improved varieties. A study was therefore
conducted at Pwani University from 2016 to 2017, to identify sweet potato clones
that would give high yield with minimal watering. Nine drought tolerant clones
(6.1A, 4.10, 7.8, 15.10, 7.6A0, 10.10B, 4.2B, 7.6B and 4.2A) and a farmer-preferred
variety “Rabai” were evaluated under four watering regimes: (i) Watering for the
first two months after planting and stressing the plants for the next three months, (ii)
Watering for the first three months after planting and stressing the plants for the next
two months, (iii) Watering for the first four months after planting and stressing the
plants for the next one month, and (iv) Watering throughout the growing period and
not stressing the plants at all. The different watering regimes were meant to mimic
the occurrence of rains for a given period within the season, followed by their
disappearance in the remaining part of the season, as experienced in coastal Kenya.
A Randomized Complete Block Design was used, with factorial arrangement of
treatments. Treatments were replicated three times. The data collected included
storage root yield, storage root characteristics (number, length and circumference)
and storage root nutritional contents (protein, starch, vitamin A and total sugars).
Sweet potato yield was determined using a weighing scale. The number, length and
circumference of storage roots were recorded after harvesting. All the yield and yield
characteristics data were subjected to analysis of variance using the general linear
model. Storage root circumference was reduced by limited water irrespective of the

time it started after planting. Water application that was stopped early in the season
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reduced the storage root yield by up to 70%. Sweet potato clones 4.10 and 7.6B had
high vyield performance across seasons, irrespective of the watering regime.
However, clone 4.10 had the lowest content of total sugars (192 mg/100g) and this
was considered a bottleneck to the potential adoption by farmers and acceptance by
the market. Clones 4.2B, 7.6B and 4.2A had the highest contents of total sugars
(1142-1433 mg/100g) and were therefore likely to be adopted by farmers and
accepted by the market. Farmers are likely to realize improved storage root yield by
planting sweet potato early in the rainfall season to ensure adequate utilization of the
rains during the first four months of crop growth. It is therefore recommended that
clones 4.2B, 7.6B and 4.2A be multiplied for use by farmers in the drought prone
areas of coastal Kenya. In order to realize enhanced storage root vyield, it is
recommended that farmers plant the crop early enough in the planting season to

ensure adequate utilization of the rains.

4.1 Introduction

Sweet potato is among the most important food crops in the world (Gichuki and
Hijmans, 2005). Globally, sweet potato yield of 11.4 t ha was realized in 2018
(FAOSTAT, 2018). The crop is regarded as both food security and cash crop in Sub-
Saharan Africa countries (Kivuva et al., 2014a) and can contribute to sustainable
agricultural development, boost economic growth and reduce poverty and, hence,
reduce malnutrition and hunger in the region. The crop does well in areas that receive
an annual rainfall of between 750 to 1000 mm (Makini et al., 2018).

In coastal Kenya maize is the staple food and it is mainly cultivated by smallholder
farmers under rain fed conditions but due to increasing climatic uncertainty and
declining soil fertility, crop failures often result in shortages affecting many people
every year, therefore crop diversification is very important in addressing this food
challenge. Sweet potato is a supplementary staple food in the region, especially when

the cereals are not ready. The crop also has potential as a commercial crop in coastal
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Kenya. Sweet potato having the advantage of being drought tolerant after
establishment has higher yield potential, compared to the staples including maize,
and its nutritional benefits is important to farmers in drought prone areas (Motsa et
al., 2015).

Drought, resulting from both erratic and low rainfall amounts, poses a major threat to
sweet potato production (Mir et al., 2012). Total potato tuber yield was affected by
drought leading to 19-23 t ha!, 11.4-13.7 t ha! and 8.1-11.3 t ha! at field capacity,
50% and 25% moisture, respectively (Kesiime et al., 2016). Some sweet potato
varieties may exhibit drought tolerance (Aldow, 2017). Under water stress
conditions, as vegetative growth decreased storage root yield of sweet potato also
reduced (Sagib et al., 2017). The sweet potato clones used in this study were selected
for drought tolerance in the Kenyan highlands. This therefore emphasized the need
for yield evaluation of sweet potato clones that were bred for drought tolerance, in
coastal Kenya under different watering regimes.

Sweet potato varieties that are adaptable to the drier zones of coastal Kenya, agro-
ecological zones CL4 and CL5, which receive an average annual rainfall of 600 to
900 mm are yet to be identified. Identification of such varieties will help in the
expansion of sweet potato production into the low rainfall areas in the region.
Considering the fact that sweet potato is a supplementary staple to cereals and a food
security crop, there is need to increase its production by addressing the above
constraint. This study was therefore conducted to identify sweet potato clones that
can perform well under limited water. Limited water was achieved by withdrawing
the watering after a certain time of watering from planting. This was done to ensure
the treatments under limited water did not have adequate moisture during the

growing period.
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4.2 Materials and Methods
4.2.1 Site description
The study was conducted for two seasons (December 2016 to April 2017 and July

2017 to November 2017), at the Pwani University farm in Kilifi County. The site

characteristics are as described in Chapter 3, Section 3.1.

4.2.2 Treatments
The following treatments were evaluated:

Factor A: Nine sweet potato clones (6.1A (C1), 4.10 (C2), 7.8 (C3), 15.10 (C4),
7.6A0 (C5), 10.10B (C6), 4.2B (C7), 7.6B (C8) and 4.2A (C9)) that had been
reported to be drought tolerant (Appendices 4.1 - 4.9) were obtained from KALRO-
Muguga for use in this study. A farmer-preferred variety from Kilifi namely, “Rabai”

(VR) was included as a local check (Appendix 1Vj)
Factor B: Watering regimes

(i) Watering for the first two months after planting and stressing the plants for the
next three months - (W2)

(if) Watering for the first three months after planting and stressing the plants for the
next two months - (W3)

(iii)Watering for the first four months after planting and stressing the plants for the
next one month - W4)

(iv)Watering throughout the growing period and not stressing the plants at all - (WO0)

Therefore, there were 40 treatment combinations, replicated three times (making a
total of 120 experimental units).

A Randomized Complete Block Design (RCBD) was used. The treatments were

arranged in a factorial manner and replicated three times (Table 4.1).
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4.2.3 Crop establishment and management

The sweet potato vines were planted as described in Chapter 3, Section 3.5. The crop
was managed as described in Chapter 3, Section 3.6. Water application in the
appropriate plots was done at the rate of 750 ml per plant per day, as per the

recommendation by Nedunchezhiyan et al. (2012).

4.2.4 Data collection and analysis

The following data were collected:

(i) Storage root yield

(i)  Storage root characteristics (number, length and circumference)

(i)  Storage root nutritional contents (Protein, starch, vitamin A and sugar

contents)

The collected data were analyzed as described in Chapter 3, Section 3.8.

4.3 Results and Discussion

Effect of watering regime on yield and yield characteristics of sweet potato

storage roots

The number and circumference of marketable sweet potato storage roots were
significantly (F = 30.38; P<0.05), (F = 50.37; P<0.05) affected by watering regimes
(Table 4.2). Marketable storage roots consist of the fraction of total storage roots that
meets the size, shape, weight and quality requirements of the intended market (Love
and Thompson-Johns, 1999). Plants that were subjected to watering regimes WO and
W4 did not differ in their number of marketable storage root but had significantly
higher number of marketable storage roots than those subjected to watering regimes
W3 and W2. Sweet potato plants that were subjected to watering regime W2 had the



smallest number of marketable storage roots per plant. Plants that were watered
throughout the growing season (WO0) had significantly thick storage roots, followed
by those that were stressed for one month (W4), two months (W3) and lastly for
three months (W2). Reducing sizes of storage roots is among the drought tolerance
mechanisms used by sweet potato when it is subjected to moisture stress conditions
(Kivuva, 2013). This probably explains the observed decrease in the circumference
of storage roots where watering was stopped during growth. It is expected that when
a plant is subjected to water stress, the rate of photosynthesis will be reduced, leading
to a reduction in the amount of photosynthates translocated to the storage organs of
the plant. The results of this study are in agreement with those by Kivuva (2013) who
reported decreased number of sweet potato storage roots under water stress

condition.

Table 4.2: Effect of watering regime on the number and circumference of
marketable storage roots per plant

Watering regimes Number of marketable Storage root circumference
storage roots per plant (cm)
WO 2422 12.19%
w4 2372 11.01°
w3 1.86" 8.98 ¢
W2 1.43°¢ 6.34 ¢
LSD 0.2845 0.9993
Pr>F <.0001 <.0001

Watering regimes: W2 = watering for the first two months after planting and
stressing the plants for the next three months, W3 = watering for the first three
months after planting and stressing the plants for the next two months, W4 =
watering for the first four months after planting and stressing the plants for the next
one month, WO = watering throughout the growing period and not stressing the
plants at all (i.e. watered up to the time of harvesting)

Means within a column followed by same superscript are not significantly different
at P<0.05.



Plants that were watered throughout (WO0) and those that were subjected to limited
water for one month (W4), following continuous watering for four months, did not
differ in their number of marketable storage roots. This is attributed to the sufficient
soil moisture during the root initiation period, which is within the first few weeks
after they are planted, and by the time stress commenced in the W4 treatment, the
storage roots were already fully formed. Probably this could have been the reason as
to why there was no difference in storage root numbers in WO and W4 in this study.
Water provided late in the growing period is known to encourage vegetative growth
but not the development of new storage roots (Ekanayake et al, 1990). Stressing
sweet potato plants for two months or for three months caused a reduction of the
circumference of storage roots by 26 and 48%, respectively. Similarly, two months
stress and three months stress reduced the number of marketable storage roots by 23
and 41%, respectively. These results are in agreement with the findings by
Ekanayake et al. (1990) who observed fewer marketable storage roots in sweet
potato plants that had been subjected to water stress than in those plants that were
watered throughout the growing season. The results of this study are also in
conformity with those of Rahmawati et al. (2020) which showed that water stress
significantly decreased the number of storage roots by 76.03%.

Makanginya (2012) results showed that water stress reduced the number of storage
roots per plant. According to Bok et al. (2004) cultivars with larger storage roots
produced fewer numbers of storage roots and vice versa. However, this was not the
case in this study as the overall best clone C2 had the best storage roots in all the

parameters tested including circumference, length and weight.

Watering regime had significant (F = 68.62; P<0.05), (F = 63.87; P<0.05) effect on
storage root yield per hectare (Table 4.3). Plants that had not been subjected to
limited water during the growing season (watering regime WO0) had significantly

higher fresh storage root yield than those subjected to limited water for one month,



following continuous watering for four months after planting (watering regime W4).
Prolonged watering, beyond four months after planting, probably led to increased
water content in the storage roots and hence increased wet weight. However, the two
watering regimes (WO and W4) had similar effect on dry storage root yield. This is
probably an indication that the water applied four months after planting was only
effective in increasing the moisture content of sweet potato storage roots. Therefore,
farmers growing sweet potato for processing do not have to water the plants four
months after planting. Watering that was stopped early in the season, at three (W3)
or two (W2) months after planting, led to a 52-70% reduction in the storage root
yield. In their study Laurie et al. (2015) concluded that drought had a detrimental
effect on the growth of sweet potato plants to such an extent that no significant
differences could be observed under severe drought conditions between the
genotypes, and the yield observed was also largely affected by retarded growth as a
result of the drought conditions. These results are in agreement with the findings by
Ekanayake and Wanda (2004) and Laurie et al. (2009) who observed that irrigation
treatments had significant effect on marketable storage root yield. Results observed
under this study are consistent with the results of Lewthwaite and Triggs (2012) who
observed significant differences in most of the genotypes evaluated with the more
irrigated ones producing a higher yield, although some genotypes did not show any
difference in yield at different irrigation levels applied. The observed significant
reduction in yield of sweet potato that had been subjected to limited water condition
in this study could be the result of closure of stomata, with the resultant decline in
photosynthetic and transpiration rates, as suggested by Laurie et al. (2009). The
results of this study are in line with Wamala and Akanda (2013) results which
showed that different genotypes had different storage root yield at different watering
regimes and some genotypes had stabilized storage root yield even when the water

stress was prolonged.



Table 4.3: Effect of watering regime on sweet potato storage root yield (wet-
weight and dry-weight basis)

. . Storage root yield (wet- Storage root yield (dry-
Watering regimes weigr?t basis)y ( weigr?t basis)y o
__________________________ (t L) -
WO 6.402 1.57¢
W4 5.31° 1.43°2
W3 3.15¢ 0.75°
W2 1.99 ¢ 0.46°¢
LSD 0.6714 0.206
Pr>F <.0001 <.0001

Watering regimes: W2 = watering for the first two months after planting and
stressing the plants for the next three months, W3 = watering for the first three
months after planting and stressing the plants for the next two months, W4 =
watering for the first four months after planting and stressing the plants for the next
one month, WO = watering throughout the growing period and not stressing the
plants at all (i.e. watered up to the time of harvesting)

Means within a column followed by same superscript are not significantly different
at p<0.05.

Water stress decreased plant growth by affecting the uptake of nitrogen and
magnesium that are required for cell growth and chlorophyll synthesis (Rodriguez-
Delfin et al., 2012). The high storage root yield observed in sweet potato that had
been watered throughout the growing season was probably due to improved cell
growth and chlorophyll synthesis, leading to increased photosynthesis. Inadequate
rainfall amount has been reported to reduce the rate of photosynthesis and the
partitioning of assimilates, leading to low yield (Roitsch et al., 2003). The observed
yield reduction in sweet potato subjected to limited water in this study was probably
the result of reduced rates of photosynthesis and inefficient partitioning of
assimilates. Saqgib et al. (2017) showed that sweet potato yield parameters (storage
root length, storage root diameter, number and fresh weight of marketable storage

roots per plant) were directly linked with vegetative growth. Consequently, when
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moisture stress caused a reduction in vegetative growth, the storage root yield also
declined (Saqib et al., 2017).

In a study by Makanginya (2012) severe drought reduced both fresh and dry storage
root weight of sweet potato genotypes as it is the case with this study. From the
results of their experiment Kirnak et al. (2001) concluded that water stress
significantly decreased leaf chlorophyll concentrations, plant growth and fruit yield
in eggplant as severe water stress treatment reduced the fruit yield by 66% compared
to control treatment, and high water stress lowered nutrient levels. According to
Motsa et al. (2015) limiting the biomass due to limiting the canopy which is the only
source of biomass for subsequent partitioning to the storage roots in sweet potato
would consequently lead to a source limitation of assimilates to storage roots,
therefore lowering the vyield. Proline was found to be involved in tolerance
mechanism and was the main strategy by which plants avoided detrimental effects of
water stress. The observed significant effect of watering regime on storage root fresh
weight and dry weight, circumference and number per plant is in conformity with the
results of Ekanayake and Wanda (2004) that showed significant effect of total
irrigation on all measured traits of sweet potato. These findings correlate with those
of a research on cassava by Turyagyenda et al. (2013) where water stress resulted in
mean decline of 37.04% in mean yield and 19.43% in number of roots. The
significant effect of watering regime on sweet potato storage root yield and root
characteristics could be as a result of a large set of parallel changes in the
morphological, physiological and biochemical processes when the clones and the
farmer preferred variety were exposed to limited water which may affect growth, as
demonstrated by the results of Laurie et al. (2009). According to Delazari et al.
(2018) the reduction in the growth of plants under water stress is due to water stress
limiting stomatal conductance, transpiration, leaf growth (LAI) and chlorophyll

concentration, proportional to soil moisture conditions.



Effect of watering regimes and clones on yield and yield characteristics of sweet

potato storage root

Results of this study showed significant (F = 1.58; P<0.05) interaction effect of
watering regime and sweet potato clone on storage root length (Figure 4.1). Clone C2
produced long storage roots irrespective of the watering regime. The length of
storage roots in C9 was reduced by more than 35% when watering was stopped 2, 3
and 4 months after planting. While the farmer-preferred variety produced shorter
storage roots than clones C3, C4, and C7 when watering was stopped at four months
after planting, it did not differ with the three clones when watered throughout the
growing season. This is an indication that the farmer-preferred variety of sweet
potato has the same potential as that of clones C3, C4, and C7 when subjected to

optimum watering.

When water application was stopped at two months after planting, clone C2
produced longer storage roots than the rest of the clones and the farmer-preferred
variety (VR). Sweet potato clones C2, C5 and C8 produced roots of similar length
when the plants were subjected to limited water for two months, following
continuous watering for three months after planting. These observations show that
the response of sweet potato length to watering regime is dependent on both the
duration of water application and the variety. These results are not in agreement with
those by Ekanayake et al. (1990) who observed that the interaction of sweet potato

clone and water stress level had no significant effect on sweet potato yield indices.



Length of storage root (cm)

VR C1 C2 C3 C4 C5 C6 Cc7 C8 C9
Sweet potato clone

igure 4.1: Effect of watering regime and sweet potato clone on the length o

sweet potato storage root (cm)

The results showed significant (F = 2.03; P<0.05) interaction effect of watering
regime and sweet potato clone on percent dry matter of storage root (Figure 4.2).
Sweet potato clones C1, C2, C4, C8 and C9 were not affected by stress levels in
terms of storage root percent dry matter. Even with severe stress they still had
adequate amount of dry matter. This may be attributed to the genetic makeup of these
clones. Clone C5 was the most affected by severe stress. The two factors i.e.
watering regime and sweet potato clone independently had no significant effect on
percent dry matter of storage roots. However, their interaction significantly affected
the storage root percent dry matter. This therefore shows that watering regime had
influence on the clones, on their performance in terms of percent dry matter or the
performance of the clones on percent dry matter depended on the period of water
application. The fact that watering regimes independently had no significant effect
on percent dry matter of storage roots is contrary to the results of Ekanayake and
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Wanda (2004) which showed that root dry matter increased as water stress increased
and was the most sensitive root quality trait. These study results of watering regime
where there are some significant interactions effect between clones and environment
are disagreeing with the results of Ekanayake et al. (1990) in which all the sweet
potato yield indices had non-significant effect of interactions between clones and

environment.

35 -

30 -

25 -

20 -

15 -

Percent Dry Matter

VR C1 C2 C3 C4 C5 Cc6 Cc7 Cc8 co
Sweet potato clone

Figure 4.2: Effect of watering regime and sweet potato clone on dry matter (%o)

of storage root

Effect of clones and seasons on yield and yield characteristics of sweet potato

storage root

The results of this study showed that interaction of season and sweet potato clone
had significant (F = 10.67; P<0.05), (F = 7.23; P<0.05) effect on both fresh and dry
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storage root yield of sweet potato (Figures 4.3 and 4.4). Sweet potato clone C2 had
significantly higher fresh or dry storage root yield than the rest of the drought
tolerant clones and the farmer-preferred variety across seasons. While clones C1 and
C9 gave higher fresh storage root yield in season 1 than in the second season, clone
C8 gave yields that were similar in the two seasons (Figure 4.3). The fresh storage
root yields of clones C3 and C7 were higher in the second season than those realized
in season 1. While clones C3, C7 and C8 gave lower dry storage root yields in the
first season than those realized in the second season (Figure 4.4), clone C2 had
significantly higher dry storage root yield in season 1 than in season 2. Osiru et al.
(2009), observed variable yield response of sweet potato genotypes across seasons.
This probably explains the variable yield responses of the drought tolerant clones and

farmer-preferred variety evaluated in this study, across seasons.

Clone C2 was superior in its performance probably because it was more tolerant to
limited water than the rest of the drought tolerant sweet potato clones and the farmer-
preferred variety. This mostly is due to the innate genetic attribute of this clone in
response to limited water supply. Mbinda et al. (2018) reported that sweet potato
plants with high capacity for water retention are most likely to survive low water
stress for longer periods than those with low capacity. This probably explains the
best performance of sweet potato clone C2 compared with the other clones and the
farmer-preferred variety. According to Rykaczewska (2015) plants exposed to high
temperatures in dry conditions had lower photosynthetic activity, leading to reduced
accumulation of photosynthates in their storage organs. This probably explains the
observed low storage root yield from sweet potato subjected to limited water in this

study, conducted at a site whose temperatures were high during the study period.
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The interaction effect of season and clone on the circumference and length of sweet
potato storage roots was significant (F = 11.32; P<0.05), (F = 13.80; P<0.05)
(Figures 4.5 and 4.6). While marketable storage roots of clones C3 and C7 and
farmer-preferred variety (VR) had significantly smaller circumference in season 1
than in season 2, the reverse was true for clone C9 (Figure 4.5). Sweet potato clones
C1, C2, C4, C5, C6 and C8 had similar circumferences of storage roots in both
seasons. While the storage roots for clones C1, C4, C5 and C9 were significantly
longer in season 1 than in season 2, the reverse was true for the farmer-preferred
variety (VR) (Figure 4.6). Clones C2, C3, C6, C7 and C8 produced storage roots that
had similar lengths in both seasons. The observed seasonal variability in the size of
storage roots of the drought tolerant clones and farmer-preferred variety is in
agreement with the observations by sweet potato farmers that the performance of
some of the varieties grown in coastal Kenya is season specific. In this case a
superior sweet potato variety for the region would be one that maintains high yield

level across seasons.
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Figure 4.5: Effect of season and sweet potato clone on circumference of sweet
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Figure 4.6: Effect of season and sweet potato clone on length of sweet potato
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The results showed significant (F = 12.93; P<0.05) interaction effect of season and
clone on number of marketable storage roots per plant (Figure 4.7). Clone C2
maintained the same number of marketable storage roots across seasons. This is an
indication that the production of marketable storage roots in clone C2 was not
influenced by season. While the number of marketable storage roots was
significantly higher for clone C2 than for the other eight clones and the farmer-

preferred variety in season 1, it did not differ with clones C3, C7 and C8 in season 2.

Variability among clones for number of marketable storage roots, might be due to
both genetic and environmental factors. The ambient temperatures in season 1 were
higher than those in season 2 (Appendix Ib). High temperatures are known to have
negative effect on dry matter accumulation in sweet potato (Gajanayake et al., 2015).
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In potato, elevated temperature significantly lowered the rate of dry matter
partitioning to tubers and their growth (Van Dam et al., 1996). Dry matter
accumulation will have direct impact on the number of marketable roots, through its
influence on the size and shape of sweet potato storage roots. The results of this
study therefore show that clone C2 was probably less sensitive to high temperatures
than were the other eight clones and the farmer-preferred variety. The observed
similarity in the number of marketable storage roots in clones C2, C3, C7 and C8 in
season 2 probably shows that these clones had the same potential when subjected to
favorable temperatures. Variability for most of the yield components in sweet potato
Is attributable to genetic factors and also environmental factors (Yadeta et al., 2011).
Temperature is among factors affecting sweet potato growth and productivity
(Mandal, 2006). During the time these trials were conducted, temperatures were
favorable during season 2 which was not the case for season 1. Season 2 was from
July to November while season 1 was from December to April, a time when there are
high temperatures in coastal Kenya. Lower number of marketable sweet potato
storage roots in season 1 compared to season 2 may be explained by the temperature
factor. Meteorological data for the two seasons during the experiment showed that
season 2 was characterized by favorable temperatures whereas season 1 had higher

temperatures.

Sweet potato clones C3 and C6 were not affected by season in terms of their number
of marketable storage roots in both seasons. This probably shows that these clones
performance in terms of number of marketable storage roots is not influenced by
season. Therefore they are able to give the same results irrespective of different
conditions. While the farmer-preferred variety had significantly lower number of
marketable storage roots in season 1 than in the second season, the reverse was true
for clones C1, C2, C4, C5, C7, C8 and C9. This probably shows that these clones
performance in terms of number of marketable storage roots is influenced by season.

Therefore they perform differently in reference to the conditions they are exposed.

15



Number of marketable storage roots
[¥N]
]
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
1
1
i
i
1
1

VR C1 Cc2 C3 Cc4 C5 Ccé6 Cc7 C8 Cc9
Sweet potato clone

Figure 4.7: Effect of season and sweet potato clone on the number of marketable

sweet potato storage roots per plant

It was observed in this study that there was significant (F = 5.17; P<0.05) interaction
effect of season and sweet potato clone on percent DM of storage root (Figure 4.8).
Sweet potato clones had different dry matter content in different seasons. All the
sweet potato clones evaluated in this study had lower % dry matter in season 1 than
in season two. Accumulation of dry matter in the evaluated sweet potato clones was
influenced by season. Plants exposed to high temperatures in dry conditions had
lower photosynthetic activity, leading to reduced accumulation of photosynthates in
their storage organs (Rykaczewska, 2015).
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Figure 4.8: Effect of season and sweet potato clone on dry matter (%) of storage

root

Sweet potato clone C7 had the highest amount of total sugars and starch, while C5
had the highest amount of vitamin A, and C3 had the highest amount of protein
(Table 4.4). Sweet potato has been shown to have an enormous amount of genetic
variation for nutritional quality attributes (Andrade et al., 2009). The genotype by
environment interaction has been observed to be low for all sweet potato quality
traits, except protein, iron and zinc (Andrade et al., 2009). In this study, clone C2 had
the least total sugars but was shown to be superior in terms of yield and all the yield
parameters. This clone (C2) may however be useful when processed into flour for
making food products and animal feeds as well as in the production of starch.
Andrade et al. (2009) observed that there was low consumption of sweet potato in
some West African countries because the roots were too sweet and had low DM

compared to cassava.
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Table 4.4: Nutritional analysis of sweet potato clones and a farmer preferred

variety

Vitamin A Total sugars Protein Starch
Clone (1g/100g9) (mg/100g) (%) (%)
VR 25 992.5 7.53 68.54
Cl 305.4 477 10.59 59.99
C2 795.9 192 8.46 52.01
C3 69.5 849.5 10.88 47.96
C4 188.5 431.5 8.87 38.46
C5 2570.9 953.5 6.74 56.01
C6 106.2 767.3 10.28 50.87
C7 1712.4 1433.5 7.26 68.92
C8 30.7 1142.4 7.50 61.86
C9 50 1172 9.69 57.40

4.4 Conclusion and Recommendations

Sweet potato clones C2 and C8 maintained the same vyield level across seasons,
irrespective of the watering regime. However, clone C2 had the least amount of total
sugars (192 mg/100g) and this may limit its adoption by farmers and acceptance by
the market. Clones C7, C8 and C9 had the highest amounts of total sugars (1142-
1433 mg/100g), a characteristic that is likely to boost their adoption by farmers and
acceptance by the market. Water application that was stopped early in the season, at
two or three months after planting, caused significant reduction of sweet potato
storage root yield. Selection of varieties to be tested on-farm was based on their
performance in terms of yield and sugar content of storage roots.

Clones C7, C8 and C9 are therefore recommended for multi-locational evaluation in
coastal Kenya to ascertain their superiority to the farmer-preferred varieties. The best
candidate(s) from the evaluation may then be multiplied for use by farmers in the
drought prone areas of coastal Kenya. For improved sweet potato storage root yield,
it is recommended that farmers plant the crop relatively early in the rainfall season so

that it is not exposed to limited water within the first four months of growth.
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CHAPTER FIVE

YIELD PERFORMANCE OF SELECTED SWEET POTATO CLONES
UNDER DIFFERENT PLANTING BEDS

Abstract

Sweet potato is grown in several parts of the coastal region of Kenya on a small
scale, where on average individual farmers allocate less than 0.2 hectares of land to
the crop. One of the major factors limiting the acreage under sweet potato in the
region is the slow labour-intensive preparation of planting beds for the crop. Farmers
rely on family labor which is usually limited because grown up children go to school
and are available to help in farming activities only during weekends. This has led to
most farmers planting their sweet potato on flat ground. The study deals with drought
tolerant clones bred somewhere else therefore trying to adapt them to coastal
conditions. Studies from other parts of the world have shown that unlike other crops,
sweet potato gives best performance when grown on ridges or raised beds. The
effectiveness of planting sweet potato on special beds (ridges, or raised beds) instead
of planting on flat ground has not been assessed in coastal Kenya. A study was
therefore conducted to assess the yield of selected drought tolerant sweet potato
clones (4.2B, 7.6B and 4.2A) planted on different planting beds (Flat bed, Raised bed
and Ridge). The experiment was carried out, using the Randomized Complete Block
Design, with the treatments arranged in a factorial manner and replicated three times.
Use of raised beds or ridges increased the storage root yield by up to 104% and
number of roots per plant by up to 41%, as compared with planting on flat beds.
Sweet potato clones 4.2B and 7.6B had similar number of marketable storage roots
per plant but both produced higher number of roots than clone 4.2A. It is therefore
recommended that farmers plant clones 4.2B and 7.6B on raised beds or ridges for

increased number and yield of sweet potato storage roots.
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5.1 Introduction

Ridging and construction of raised beds are known to reduce soil bulk density and
loosen compacted soils (Agbede and Adekiya, 2009; Akinboye et al., 2015). These
methods of preparing planting beds, therefore, enhance soil aeration and the
expansion of sweet potato storage roots. Tillage has been shown to influence soil
temperature, with conventionally tilled plots having significantly higher soil
temperature than no till plots at the early stages of sweet potato growth (Anikwe and
Ubochi, 2007). In Ghana tillage method had significant effect on sweet potato yield,
where ridging led to higher net benefit than the mound method (Dumbuya et al.,
2016). Land preparation by ploughing, harrowing and ridging gave fine soil tilth for
easy root growth and development (Akinboye et al., 2015). Convectional tillage
increased sweet potato storage root yield by 30% (Agbede, 2010) while planting
sweet potato on flat or sunken beds led to 11% reduction in total fresh storage root
yield (Ahmed et al., 2012).

Braun et al. (2003) in Namibia recommended the planting of sweet potato on ridges
rather than on flat beds in loamy sand to obtain high storage root yield. Higher sweet
potato storage root yield and number of marketable roots was observed from ridges
than from mounds (Brobbey, 2015). Responses to planting beds have also been
reported for other root crops. Cassava that was planted on ridges had higher root
yield than that planted on flat ground and this was attributed to the increased number

of roots per plant under ridge-planting (Ennin et al., 2009).

For farmers planting sweet potato on sloppy land, ridging along the contour will in
addition help in erosion control (Akinboye et al., 2015). The effectiveness of
planting sweet potato on special planting beds (ridges and raised beds) as compared
with planting on flat beds has not been assessed in coastal Kenya. This necessitated
the need for a study to establish whether planting beds have any effect on the yield of

sweet potato.
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5.2 Materials and Methods

5.2.1 Site description

The study was conducted for two seasons (April to August 2018 and July to
November 2018) at the Pwani University farm in Kilifi County. The site

characteristics are as described in Chapter 3, Section 3.1.

5.2.2 Treatments
The following treatments were evaluated:

Factor A: Three drought tolerant sweet potato clones selected from the watering
regime experiment reported in Chapter 4 of this thesis. The three selected clones
were the best in terms of yield and sugar content among nine drought tolerant sweet
potato clones and a farmer preferred variety. The drought tolerant clones had been
obtained earlier from the Kenya Agricultural and Livestock Research Organization

(KALRO) Centre at Muguga. The treatments were coded as follows:

(i) 4.2B-(C7)
(ii) 7.6B - (C8)
(iiii)4.2A - (C9)

Factor B: Planting beds
(i) Flat bed - (P1)
(i) Raised bed - (P2)

(iii)Ridge - (P3)

Therefore, there were nine treatment combinations, replicated three times making a

total of 27 experimental units.
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A Randomized Complete Block Design (RCBD) was used, with the treatments
arranged in a factorial manner and replicated three times (Table 5.1).

Table 5.1: Experimental field layout

Block 1 Block 2 Block 3
Plot | Treatment | Plot | Treatment Plot | Treatment
1 Flat C8 10 | Raised C9 19 | Ridge C7
2 Flat C9 11 | Raised C7 20 | Ridge C8
3 Flat C7 12 | Raised C8 21 | Ridge C9
4 Raised C8 13 | Ridge C8 22 | FlatC8
5 Raised C7 14 | Ridge C7 23 | Flat C9
6 Raised C9 15 | Ridge C9 24 | Flat C7
7 Ridge C7 16 | FlatC7 25 | Raised C9
8 Ridge C9 17 | FlatC8 26 | Raised C7
9 Ridge C8 18 | FlatC9 27 | Raised C8
5.2.3 Crop establishment and management

The first trial (S1) was conducted between April and August 2018, while the second
trial (S2) was conducted between July and November 2018. The sweet potato vines

were planted as described in Chapter 3, Section 3.5.

The crop was managed as described in Chapter 3, Section 3.6.

5.2.4 Data collection and analysis

The following data were collected:

M Storage root yield

(i) Number of marketable storage roots

Data were analyzed as described in Chapter 3, Section 3.8.
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5.3 Results and Discussion

There was no significant interaction effect of season and sweet potato clone on the
number of marketable storage roots per plant. Similarly, there was no significant
interaction effect of season and planting bed on the number of marketable storage
roots per plant. This is an indication that season did not influence the response of
sweet potato to the other factors.

The results of this study showed significant (F = 5.09; P<0.05) effect of season on
the number of marketable sweet potato storage roots per plant (Table 5.2). Season 1
had significantly higher number of marketable storage roots per plant than Season 2.
The observed higher number of marketable storage roots in season 1 may be
attributed to the low temperatures experienced in season 1 compared to those in
season 2. High temperatures have negative effect on dry matter accumulation of
sweet potato storage roots (Gajanayake et al., 2015). Temperatures higher than 24°C
have been reported to have detrimental effects on the growth of sweet potato and
development of storage roots (Gajanayake et al., 2015). High temperatures at low

altitude reduce sweet potato storage root production (Belehu, 2003).

Table 5.2: Effect of season on the number of marketable sweet potato storage

roots per plant

Season Number of marketable storage roots
S1 2.49%

S2 2.02°

LSD 0.4272

Pr>F 0.0307

CV 16.85

Seasons: S1 = Season 1, S2 = Season 2

Means within a column followed by same superscript are not significantly different
at P<0.05
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Planting beds had significant (F = 4.95; P<0.05) effect on the number of marketable
sweet potato storage roots per plant (Table 5.3). Planting sweet potato on raised beds
(P2) or ridges (P3) increased the number of marketable storage roots by 37-41%, as
compared with planting on flat beds. This may be attributed to the improved soil
conditions on raised beds and ridges. It may be due to increased water infiltration,
soil texture and aeration improvement, and reduced bulk density. Raised beds and
ridges had similar number of marketable storage roots. The results of this study are
contrary to those by Saqib et al. (2017) who observed higher number of storage roots

on plants grown on ridges than those grown on raised beds.

Planting sweet potato vines on ridges has been shown to significantly increase the
weight of total fresh storage roots, marketable fresh storage roots, and dry matter of
storage roots, while planting on flat or sunken beds caused significant decrease in the
three observed parameters (Ahmed et al., 2012). However, the three seedbed types
were observed to have similar effect on numbers of marketable storage roots. Ridges
caused significant increase in the number of marketable storage roots (Brobbey,
2015).

Table 5.3: Effect of planting beds on the number of marketable sweet potato

storage roots per plant

Planting beds Number of marketable storage roots
P1 1.79°

P2 2522

P3 2.462

LSD 0.5232

Pr>F 0.0130

CcVv 16.85

Planting beds: P1 = Flat bed, P2 = Raised bed, P3 = Ridge

Means within a column followed by same superscript are not significantly different
at P<0.05

The results of this study also showed significant (F = 14.06; P<0.05) effect of sweet
potato clone on the number of marketable storage roots per plant (Table 5.4). Sweet
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potato clones C7 and C8 had similar number of marketable storage roots per plant
but both produced higher number of roots than clone C9. This is probably due to
genetic makeup of the clones. These results are in agreement with those by Mwololo
et al. (2012a) and Mahmud et al. (2021) who observed higher number of storage
roots per plant in some varieties than in others. Mahmud et al. (2021) associated
these differences to genotypic differences among the sweet potato varieties. The
results are also in conformity with those by Gasura et al. (2021) who reported

significant differences in the number of storage roots among sweet potato genotypes.

In a study by Van Vugt and Franke (2018) there were some differences in fresh root
yield due to variety with some achieving much smaller root yield than other varieties.
The findings of Kathabwalika et al. (2013) showed significant variations in sweet

potato storage root yield and stability among genotypes.

The main effects; season, planting bed and sweet potato clone on the number of
marketable storage roots per plant were significant but their interaction effects were
not. This therefore shows that the response of sweet potato to one of the three factors
is not influenced by the presence of the other(s), with respect to number of
marketable storage roots. These results are contrary to those by Ahmed et al. (2012)
who found no significant effect of seedbed type on number of both total and
marketable storage roots. Akinboye et al. (2015) reported the highest number of
sweet potato storage roots from a treatment combining ploughing, harrowing and

ridging.

Table 5.4: Effect of sweet potato clone on the number of marketable sweet

potato storage roots per plant

Sweet potato clone Number of marketable storage root
Cc7 2.76a
C8 2.53a
C9 1.48b
LSD 0.5232

26



Pr>F <.0001
cV 16.85
Drought tolerant sweet potato clones: C7,C8 and C9
Means within a column followed by same superscript are not significantly different
at P<0.05

The results of this study showed significant (F = 5.14; P<0.05) interaction effect of

season and planting bed on sweet potato storage root yield (Figure 5.1). While
planting bed had significant effect on storage root yield in Season 2, it had no effect
in Season 1. In Season 2, raised beds gave significantly higher storage root yield than
ridges. Sweet potato planted on raised beds produced significantly higher storage

root yield in season 2 than it did in season 1.

Planting sweet potato on raised beds or ridges increased the storage root yield by
104% and 53%, respectively, in Season 2 as compared with planting on flat bed.
These results are in agreement with those by Ahmed et al. (2012) which showed that
sweet potato grown on ridges produced significantly higher storage root yield than
those grown on flat beds. Ahmed et al. (2012) attributed their findings to improved
soil physical properties, drainage and aeration, that enabled adequate storage roots
growth and expansion. However, the results of this study are disagreeing with the
findings by Pepo (2018) which showed that sweet potato planted on flat beds gave
higher yield than that planted on ridges. The results also disapprove those reported
by Akinboye et al. (2015) who observed highest fresh yield of sweet potato under

slash and burn system of land preparation compared to ploughing, harrowing and

16 +

14 -

Storage root yield (t ha')
o]

Flat bed Raised bed Ridge

Planting bed




Figure 5.1: Effect of season and planting bed on sweet potato storage root yield

The results of this study showed significant (F = 5.21; P<0.05) interaction effect of
season and sweet potato clone on storage root yield (Figure 5.2). These results are in
conformity with those by Mcharo et al. (2001), Mwololo et al. (2012a) and Mahmud
et al. (2021), who observed significant interaction effect of sweet potato variety and
season on root yield. In the current study, while sweet potato clone had significant
effect on storage root yield in Season 2, it had no effect in Season 1. Season had
significant effect on the performance of clone C7, but had no effect on clones C8 and
C9. Season 1 had relatively lower temperatures than season 2. The results of this
study therefore show that clone C8 and C9 were probably more sensitive to high
temperatures than was clone C7. The observed similarity in the storage root yield in
clones C7, C8 and C9 in season 1 probably shows that these clones had the same
potential when subjected to favorable temperatures. These results are in agreement
with those from a study conducted by Duque (2020) in Pennsylvania, which showed
that seven out of ten sweet potato varieties produced consistent yield across years. In
Season 2, clone C7 gave the highest storage root yield as compared with clones C8
and C9.
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Figure 5.2: Effect of season and sweet potato clone on sweet potato storage root
yield (t hat)

5.4 Conclusion and Recommendations

Sweet potato planted on raised beds or ridges had higher storage root yield and
number of marketable storage roots per plant than that planted on flat beds. Clones
C7 and C8 were both superior to clone C9 in terms of the number of marketable
storage roots per plant. Even though there was seasonal effect on the storage root
yield of clone C7, the mean yield of clones C7 and C8 were higher than that of clone
C9. From these results, it is recommended that farmers plant clones C7 or C8 on
raised beds or ridges for increased yield and number of marketable sweet potato

storage roots.
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CHAPTER SIX

SOIL COVERING ABILITY OF SELECTED ORNAMENTAL SWEET
POTATO VARIETIES UNDER DIFFERENT PLANTING BEDS

Abstract

Ornamental plants are plants that are grown for decorative purposes in gardens and
landscape design projects. Some sweet potato varieties are known to have
ornamental value and are used for landscaping purposes. Ornamental sweet
potato varieties are cultivars of the same species as edible sweet potatoes and are
classic plants perfect for landscaping. Their use could be expanded especially in the
tourism industry which is a major contributor to the Kenyan economy. However, the
full potential of sweet potato as an ornamental is yet to be exploited in coastal
Kenya. The effectiveness of ornamental plants in landscaping depends on the extent
to which they cover the ground. A study was therefore conducted to evaluate the
performance of selected ornamental sweet potato varieties under different planting
beds. The aim of this study was to assess the ground covering ability of selected
ornamental sweet potato varieties (Purple heart, Green fingers and Margarita) planted
on different planting beds (Flat bed, Raised bed and Ridge). The experiment was
carried out, using the Randomized Complete Block Design, with the treatments
arranged in a factorial manner and replicated three times. Planting beds did not affect
the ground covering abilities of the selected ornamental sweet potato varieties.
Ornamental sweet potato varieties Purple heart and Green fingers had significantly
higher percent ground coverage (68-72%), than variety Margarita (38%) across
seasons. These varieties (Purple heart and Green fingers) are therefore recommended
for multi-locational evaluation across ecological zones in coastal Kenya to ascertain

their ground covering ability.
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6.1 Introduction

Sweet potato is considered a multipurpose plant due to the different uses of its roots,
leaves, and vines (Sousa et al., 2018). The genus Ipomoea is of great importance as
an ornamental (Sousa et al., 2018). Sweet potato may also be used to provide ground
cover for erosion control during the rainy season (Kwak, 2019). The sweet potato
plant is a creeping vine with lobed, heart shaped leaves that are spirally arranged. It
produces white or lavender flowers. Varieties of sweet potato differ in terms of size,
color and shape of their leaves (Yada et al., 2010; Hue et al., 2012; Ravi and
Saravanan, 2012; Ellong et al., 2014; Glato et al., 2017; Sousa et al., 2018). The
leaves may have round, reniform (kidney-shaped), cordate (heart-shaped), fingerlike
or triangular shape, and may be moderately or deeply lobed (Carey et al., 2007; Ravi
and Saravanan, 2012). The leaves are mostly green in color but may contain purple

pigmentation (Truong et al., 2018).

Ornamental sweet potato just like other ornamental plants is grown for decorative
purposes due to their colorful foliage of different shapes. The aggressive growth of
ornamental sweet potato vines makes them ideal for use in containers and hanging
baskets (Mierzejewski, 2016). Ornamental sweet potato may also be grown outdoors
as annual ground cover in flower beds (Mierzejewski, 2016).

The value of ornamental plants depends on their attractive appearance which
includes leaf color, shape, texture and variegation, and overall plant structure (Chen,
2021). Sousa et al. (2018) reported that sweet potato varieties that possess
ornamental characteristics may be ideal for potted plants, cut foliage, use as
complement to table arrangements or in garden beds. Sweet potato as an ornamental
plant can be used indoor as a potted plant to eliminate indoor air pollutants and for
freshness (Saini et al., 2020). When planted as garden plants, ornamental sweet
potato can help in the beautification of landscapes especially for the tourism industry
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(Plate 6.1). Landscaping has been reported to economically increase property and
resale values, as well as create positive perceptions among investors (Perry, 2021).

The ornamental horticulture industry is of great importance in the world
(Hovhannisyan and Khachatryan, 2017), where ornamental plant products have been
sold all over the world, as their market is extremely competitive (Boutigny et al.,
2020). Nelson et al. (2018) showed that ornamental plant business was profitable
with a mean return of USD 369.73 per annum to labor and management. In addition,
some ornamental plants may be used as sinks for the abatement of air pollution at
highly polluted sites whereas others can be used as bio indicators (Saxena and
Ghosh, 2013).

Sweet potato cultivars vary greatly in form and growth habit with many cultivars
having developed through systematic breeding while others appear through natural
hybridization and mutation (Atu, 2013). Ornamental sweet potato varieties with
purple, green or variegated leaves have been reported to be available in garden
centers (Adam, 2005). Sweet potato vines grow rapidly covering the ground
(Loebenstein and Thottappilly, 2009) but lack canopy depth due to horizontal

development of the canopy and poor leaf orientation (Griineberg et al., 2015).

6.2 Materials and Methods

6.2.1 Site description

The study was conducted for two seasons between July and September 2018, and
August and October 2018, at the Pwani University farm in Kilifi County. The site
characteristics are as described in Chapter 3, Section 3.1.

6.2.2 Treatments

The following treatments were evaluated:
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Factor A: Three ornamental sweet potato varieties (Appendix I1b - d)

(i) Purple heart - V1

(ii) Green fingers - V2

(iii)Margarita - V3

Factor B: Planting beds

(i) Flatbed - (P1)

(i) Raised bed - (P2)

(iii)Ridge - (P3)

Therefore, there were nine treatment combinations, replicated three times making a

total of 27 experimental units.

A Randomized Complete Block Design (RCBD) was used, with the treatments

arranged in a factorial manner and replicated three times.
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Table 6.1: Experimental field layout

Block 1 Block 2 Block 3

Plot Treatment Plot Treatment Plot Treatment
1 Ridge, V3 10 Flat, V3 19 Raised, V2
2 Ridge, V2 11 Flat, V1 20 Raised, V3
3 Ridge, V1 12 Flat, V2 21 Raised, V1
4 Flat, V3 13 Raised, V2 22 Ridge, V1
5 Flat, V1 14 Raised, V3 23 Ridge, V2
6 Flat, V2 15 Raised, V1 24 Ridge, V3
7 Raised, V2 16 Ridge, V1 25 Flat, V1

8 Raised, V1 17 Ridge, V2 26 Flat, V3

9 Raised, V3 18 Ridge, V3 27 Flat, V2

6.2.3 Crop establishment and management

The study was conducted between July and September 2018, and August and
October 2018. The sweet potato vines were planted as described in Chapter 3,
Section 3.5.

The crop was managed as described in Chapter 3, Section 3.6.

6.2.4 Data collection and analysis

Percent ground cover (foliage cover) data were collected
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Data were analyzed as described in Chapter 3, Section 3.8.

6.3 Results and Discussion

Ornamental sweet potato varieties differed significantly in their ground covering
ability (F = 28.28; P<0.05) (Table 6.2). Varieties Purple heart (V1) and Green fingers
(V2) had higher percent ground coverage than variety Margarita (V3). Despite
variety Green fingers (V2) having narrow leaves, the ground covering ability was not
different to that of variety Purple heart (V1), and was significantly higher than that of
variety Margarita (V3) which had broad leaves. This study results contradict the
results of Mwololo et al. (2012b) which showed that broad leaved varieties had high
ground coverage compared to narrow leaved varieties. The difference in the ground
covering ability may be due to genetic makeup of the different varieties as suggested
by Ali et al. (2015a).

Planting bed did not affect the ground covering ability of the ornamental sweet
potato varieties. This study results are in conformity with those by Brobbey (2015)
that showed there was no significant effect of seedbed type on percentage ground

Cover.

Table 6.2: Effect of ornamental sweet potato variety on foliage cover (percent

ground cover)

Sweet potato variety Percent ground cover
Purple heart (V1) 68.11 2

Green fingers (V2) 72.00 2

Margarita (V3) 38.11°

LSD 10.02

Pr>F <.0001

CV 24.90

Ornamental sweet potato varieties: Purple heart (V1), Green fingers (V2), Margarita
(V3)
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Means within a column followed by same superscript are not significantly different
at P<0.05

There is very limited literature for ornamental sweet potato varieties. This is
therefore preliminary work as there is very little earlier information on ornamental

sweet potato varieties.

6.4 Conclusion and Recommendations

Sweet potato varieties V1 and V2 showed excellent ground covering ability and are
therefore recommended for multi-locational trials in coastal Kenya to ascertain their

ground covering ability. If proved to perform well, these varieties may then be

multiplied for use in the tourism industry and for environmental protection.
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CHAPTER SEVEN

EVALUATION OF PRODUCTION OF PLANTING MATERIAL OF
SELECTED SWEET POTATO CLONES UNDER DIFFERENT
MULTIPLICATION METHODS

Abstract

Sweet potato is a staple food that contributes to food security for communities in
Sub-Saharan Africa. The production of sweet potato in coastal Kenya is low and this
has been associated with shortage of planting material during the rainy season. A
study was therefore conducted at the Pwani University farm to assess different
methods for the production of sweet potato planting material. The methods evaluated
in this study were: planting in pits without lining, planting in pits with lining,
planting on flat grounds, planting in sacks without lining and planting in sacks with
lining. A Randomized Complete Block Design was used, with factorial arrangement
of treatments. Treatments were replicated three times. Vine yield data was collected
from the experimental plots and subjected to analysis of variance using the general
linear model. In the long rains season, sweet potato in the treatments without lining
produced longer vines than those with lining. Different vine planting methods
produced similar vine lengths in the off-season multiplication. The planting methods
without lining are recommended for use by farmers during the long rains season
multiplication of planting material. It is also recommended that farmers start the
multiplication during off-season and continue during the long rains season so as to
multiply enough planting material that will allow expansion of the area under sweet

potato.

7.1 Introduction

Sweet potato is an important storage root crop grown in over 120 countries in the

world, on about 8 million hectares of land, and with a total annual production of
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about 92M tons with a yield of 11.4 t ha' (FAOSTAT, 2018). Lack of access to
sufficient planting material at the beginning of the rains is one of the value chain
challenges in the predominantly smallholder-based sweet potato production systems
in Sub-Saharan Africa (SSA) (Low et al., 2020). Accessing planting material of
adapted cultivars is among the challenges that should be properly tackled for
achieving dissemination and wider adoption of improved sweet potato cultivars in
SSA (Low et al.,, 2020). The major constraint hindering the attainment of full
production potential of sweet potato in Kenya is inadequate planting material at the
onset of planting season (Njeru et al., 2004; Gichuki and Hijmans, 2005). Vine
shortage was reported by Ume et al. (2016) as one of the major constraints of sweet

potato production in Ebonyi state, Nigeria.

The difficulty in conserving and accessing sweet potato vines during long dry spells
was reported as a key sweet potato farming challenge for farmers in Bungoma and
Homa Bay counties, Kenya (Mudege et al., 2020). Farmers in Eastern Uganda suffer
a chronic shortage of planting material at the beginning of the rainy season
(Namanda, 2012). In places where planting time is once a year in the main rainy
season farmers cannot save sweet potato vines for the next planting season because
of the long dry season (Aldow, 2017). However, where farmers plant sweet potato
twice a year they are able to save planting material after harvest by planting sweet
potato vines near their homes (home garden) during the dry season, to serve as
source of planting material for the next planting season (Aldow, 2017; Gurmu et al.,
2019). In Malawi, farmers experience insufficient planting material at the onset of
rains and have to wait for the sprouting of sweet potato in the early weeks of the
rainy season, leading to late planting (Van Vugt and Franke, 2018). This is also the

case with sweet potato farmers in coastal Kenya.

On average farmers in coastal Kenya plant 0.2 hectares of sweet potato (Makini et

al., 2018). Even if farmers wanted to expand their area under sweet potato they are
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limited by the amount of planting material available at the start of the planting season
(V. Mzinga, personal communication). In a study conducted in Northeastern Uganda,
Abidin (2004) observed that sweet potato is mostly planted late in the planting
season due to lack of planting material early in the season. Shortage of planting
material was reported by more than 80% of farmers in Ethiopia as one of the major

sweet potato production constraints in that country (Gurmu et al., 2015).

It has been observed that the dry conditions that are experienced between cropping
seasons cause death of sweet potato vines that remain on farms after harvest, thus
contributing to their shortage in the succeeding season (Mwololo et al., 2012b; B.
Abdallah, personal communication). In some study sites in coastal Kenya, including
Mwaluvanga and Lukore there was depressed vine yield due to drought (Mwololo et
al., 2012b). Farmers in the region have the option of multiplying planting material
off-season under irrigation or at the onset of rainy season, since they normally plant
their crop mid-season after the peak of the rains.

Different methods of multiplication and maintenance of planting material have been
recommended by different studies done in other parts of the world. Intensive
methods of conserving planting material using domestic wastewater as a partial
solution to shortage of planting material were recommended by Gibson et al. (2009).
Farmers in Soroti District of Uganda have developed mechanisms and strategies to
manage vine availability (Isubikalu, 2007). These included plot reservations and use
of storage roots, establishment of sweet potato gardens under a large shade tree, and
planting sweet potato vines in swamps during the dry season. Farmers in the Lake
Zone of Tanzania, who have access to lakesides or swampy areas, were using these
lands to conserve planting material during the dry season (McEwan et al., 2017). In
Southern Tigray, Ethiopia, lack of sweet potato planting material has prevented
farmers from planting the crop (Aldow, 2017).
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Maintenance of planting material during the prolonged dry season is a challenge, and
results in delayed planting to allow for the bulking of sufficient planting material
early in the rainy season (Stathers et al., 2018). Vine conservation techniques that
included small-scale dry season irrigation to help provide significant quantities of
planting material at the beginning of the rains were recommended by Stathers et al.
(2018). Farmers with swamp land in six districts of Uganda were able to benefit from
sale of sweet potato vines at the start of the cropping system (Okonya and Kroschel,
2014).

In some parts of coastal Kenya such as Rabai and Kanana, farmers conserve sweet
potato vines outside bathrooms (Appendix Illa) and in swamps (Appendix Il1b)
during the dry season in order to have some planting material at the onset of the
cropping season. Considering that sweet potato is a supplementary staple to the
cereals, as well as a household food security crop (Jia, 2013), there may be food
insecurity in the sweet potato growing areas in coastal Kenya if the production is not
increased. This calls for efforts to address the constraints limiting the production of
the crop, especially inadequacy of planting material during the cropping season.
There is also need for sweet potato multiplication technologies that are adaptable to
changes in climatic conditions since the swampy areas, where farmers used to
multiply planting material, have continued to dry up due to reduced rainfall. A study
was therefore conducted to evaluate technologies for production of sweet potato
planting material. This study aimed at enhancing sweet potato production in Kwale
and Kilifi counties through increased production of planting material and thus
increasing its availability to farmers at the onset of the subsequent cropping season.
Timely provision of sufficient sweet potato planting material to farmers will help in

increasing production and meeting the demand for the crop in the region.
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7.2 Materials and Methods

7.2.1 Site description

The study was conducted for two seasons in coastal Kenya in 2018, at the Pwani
University Farm in Kilifi County. The site characteristics are as described in Chapter
3, Section 3.1.

7.2.2 Treatments
The following treatments were evaluated in this study:
Factor A: Three sweet potato clones bred for drought tolerance

Three selected drought tolerant sweet potato clones, 4.2B, 7.6B and 4.2A, were
evaluated. The three selected clones were the best in terms of yield and sugar content
among the nine-drought tolerant sweet potato clones that had been obtained earlier
from the Kenya Agricultural and Livestock Research Organization (KALRO) Centre
at Muguga, and whose performance is reported in Chapter 4 of this thesis. The

treatments were coded as follows:
(i) Drought tolerant sweet potato clone 4.2B - (C7)
(if) Drought tolerant sweet potato clone 7.6B - (C8)
(iii) Drought tolerant sweet potato clone 4.2A - (C9)
Factor B: Vine method of planting

(i) In pit with lining - (PL): This consisted of a pit measuring 0.3 x 0.6 m (0.18 m?)
with its surface lined with polythene before placing the growing medium (soil-

manure mixture)
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(i) In pit without lining - (PWL): This consisted of a pit measuring 0.3 x 0.6 m (0.18
m?) with the growing medium placed in it without a polythene lining

(iii)In sack with lining - (SL): This consisted of a sack measuring 0.3 x 0.6 m (0.18
m?) with its surface lined with polythene before placing the growing medium

(soil-manure mixture)

(iv)In sack without lining - (SWL): This consisted of a sack measuring 0.3 x 0.6 m

(0.18 m?) with the growing medium placed in it without a polythene lining

(v) On flat ground - (OG): This was a control treatment in which sweet potato vines

were planted on flat ground in plots measuring 0.3 x 0.6 m (0.18 m?)

Therefore, there were fifteen treatment combinations, replicated three times (making

a total of 45 experimental units).
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Table 7.1: Experimental field layout

Block 1 Block 2 Block 3
Plot Treatment Plot Treatment Plot Treatment
1 CISL 16 C8SL 31 CoSL
2 C8PL 17 CIPL 32 C7PL
3 C9SWL 18 C80G 33 C8SWL
4 C70G 19 C7PWL 34 C70G
5 C8PWL 20 C9SL 35 C9PWL
6 C8SL 21 C9PWL 36 C7SL
7 C9PL 22 C7SL 37 C9PL
8 C7PWL 23 CI9SWL 38 C8PWL
9 C8SWL 24 C8PWL 39 C9SWL
10 C9PWL 25 C7PL 40 C7PWL
11 C80G 26 C70G 41 C80G
12 C7SWL 27 C8SWL 42 C7SWL
13 C7PL 28 C90G 43 C8PL
14 C90G 29 C7SWL 44 C90G
15 C7SL 30 C8PL 45 C8SL
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A Randomized Complete Block Design (RCBD) was used, with a factorial
arrangement of treatments. The treatments were replicated three times. Plots for
Block 1 were established under a tree, those for Block 2 under shade-net and those
for Block 3 in the open field. Light intensity was the blocking factor. Variation

within a block were minimized as much as possible.

7.2.3 Crop establishment and management

The first trial coincided with the long rains season (April to July 2018), while the
second trial was conducted off-season (August to October 2018), purely under
irrigation. The first trial was meant to mimic the current farmers’ practice of
multiplying sweet potato planting material at the onset of the LR season while
targeting to plant the crop in May/June. The sweet potato vines were planted as
described in Chapter 3, Section 3.5.

The crop was managed as described in Chapter 3, Section 3.6.

7.2.4 Data collection and analysis

Vine yield from each plot was determined by measuring the length of vine, using a
tape measure, at eight WAP. Two rows of sweet potato in each treatment were
harvested for the determination of total vine length per plot. The total vine length per
plot was then converted to total vine length per square meter (i.e. vine yield or vine

production potential) by using the following formula:

Where Yy = vine yield (m m?), L, = total length of vine (m) per plot, and A, = plot

area in m2.
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The vine yield (vine production potential) was then used to calculate the land size
that would be required to multiply enough sweet potato planting material for one

hectare, using the following formula:

_CxL,
a — Yv

Where A, = land size (m?) required to multiply enough sweet potato planting material
for one hectare, C = number of cuttings required to plant one hectare, L. = length (m)
of a cutting, and Y, = vine yield (m m).

Vine yield data were subjected to the analysis of variance (ANOVA) using the
general linear model (GLM) procedure of the statistical analysis system (SAS),
Version 9.1 (SAS Institute, 2002).

Square root transformation of the original data (n) was performed before analysis to
improve the normality of the data. Where the F values were significant, treatment
means were separated using the least significant difference (LSD) at the 5% level of
significance. The land size required to multiply sweet potato planting material for
one hectare was regressed against the vine production potential of sweet potato under
different methods of multiplication to estimate the size of nursery bed that farmers
will have to set aside for the production of sweet potato planting material, depending

on the vine production potential of a given sweet potato variety.

7.3 Results and Discussion

The results of this study showed significant (F = 10.22; P<0.05) interaction effect of
season and method of planting on sweet potato vine length (Figure.7.1). During the
LR season, sweet potato planted in pits without lining (PWL), or on flat grounds
(OG), or in sack without lining (SWL) had significantly longer vines than that
planted in pits with lining (PL) or sack with lining (SL). This observation was not
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evident during off-season. This is probably an indication that when multiplication of
sweet potato planting material is done solely under irrigation (as was done off-

season), any of the methods of planting would give the same vine yield.

Rainfall received during the LR season probably led to the accumulation of excessive
amounts of water in the soil for treatments with lining, leading to waterlogged
conditions. Sweet potato growth is known to be adversely affected by waterlogged
conditions (Bourke, 1989). Waterlogging causes damage to plants due to the
depletion of oxygen as water replaces air in the soil pore spaces. This leads to
denitrification due to the anaerobic conditions created by the shortage of oxygen in
the soil, resulting into loss of soil nitrogen which is important for crop growth.
Waterlogged crops have slow growth and are unable to achieve canopy closure,

critical for crops to achieve high yield (Mitchell, 2008).

Roots translocate low amounts of nutrients to the leaves when sweet potato is
subjected to waterlogging (Lin et al., 2006). The lack of significant differences
between treatments (planting methods) without lining and those with lining during
off-season is probably an indication that the irrigation water did not create
waterlogged conditions in the treatments with lining, leading to similar rates of
elongation of sweet potato vines with or without lining. Farmers who planted sweet
potato twice a year were able to save planting material after harvest by planting
sweet potato vines near their homes (home garden) during the dry season and, thus,
to keep planting material for the next planting season (Aldow, 2017). Therefore, it
would be very appropriate for the farmers to adopt planting in sacks without lining as
it would be easier to manage and also possible to put the sacks under shade in case of

harsh climatic conditions.

46



400 -

350 -

300 -

250 +-

200 +-

150 +-

100 +-

Sweet potato vine yield (m m?)

50 +-

oG PL PWL SL SWL
Method of planting

LR = Long rains; On flat ground (OG), Pit without lining (PWL), Pit with lining
(PL), Sack without lining (SWL), Sack with lining (SL)

Figure 7.1: Effect of season and method of planting on sweet potato vine length

The results of this study also showed significant (F = 3.54; P<0.05) interaction effect
of season and method of planting on the size of nursery bed required to produce
enough sweet potato vines to plant one hectare of land (Figure 7.2). Sweet potato
planted in the LR season on flat grounds (OG), or in pits without lining (PWL), or in
sack without lining (SWL) required significantly smaller land area than that planted
in sacks with lining (SL). Similar results were not evident during off-season. This
may have been an indication that when multiplication of sweet potato planting
material is done solely under irrigation (as was done off-season), the same size of
nursery bed would be required under any of the methods of planting to produce
material required for planting one hectare. The lack of significant differences
between planting methods without lining and those with lining during off-season
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may mean that any of the methods of planting would give the same amount of
planting material required to plant one hectare of sweet potato.

The amount of sweet potato vines used by farmers for multiplication of planting
material under their current practice is normally limited due to the loss of vines
experienced during the January-March dry spell that proceeds the LR season. Off-
season multiplication of planting material with irrigation would minimize the death
of sweet potato vines due to drought, as it is currently experienced by farmers in
coastal Kenya. The material obtained from the off-season multiplication would
enable farmers start the LR season multiplication with a lot more vines than they
would without having done any multiplication during the preceding off-season. If
farmers were to adopt off-season followed by LR season multiplication of planting
material, they would produce enough material that would enable them expand the

area under sweet potato production.
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Figure 7.2: Effect of season and method of planting on the size of nursery bed

required to produce enough sweet potato vines to plant one hectare

The results of this study showed a negative relationship between the vine production
potential of sweet potato (vine length per square metre) and the size of nursery bed
required to produce enough planting material to plant one hectare (Figure 7.3). The
coefficient of determination (R? =0.9733) shows that around 97% of the sizes of
nursery bed required to produce enough sweet potato vines to plant one hectare could
be explained by the increase in the total length of sweet potato vines produced on one
square metre of land (vine production potential), and only 3% of the results was due
to random variation. Figure 7.3 is therefore a useful tool that may be used by farmers
who are planning to produce sweet potato planting material. Using this tool, they
would be able to estimate the size of nursery bed they will have to set aside for the

production of sweet potato planting material, depending on the vine production
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potential of a given sweet potato variety. The higher the vine production potential of
a given sweet potato variety, the smaller the size of nursery bed needed to multiply

enough planting material for one hectare.
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Figure 7.3: Relationship between vine production potential and size of nursery
required to produce planting material enough for one hectare

7.4 Conclusion and Recommendations

During the LR season, treatments without lining had longer sweet potato vines and
required smaller land area to produce material required to plant one hectare of sweet
potato than those with lining. However, in the off-season multiplication of vines with
irrigation all the treatments had similar vine length and therefore required the same
land area to produce material to plant one hectare.

For the LR season multiplication of sweet potato planting material, it is
recommended that farmers plant the vines on flat ground or in pits without lining or

in sacks without lining. This would allow free drainage of water and minimize

50



chances of waterlogging. For off-season multiplication under irrigation farmers can
use any of the methods of planting. To multiply enough planting material that will
enable farmers expand the area under sweet potato, it is recommended that they start

the multiplication during off-season and continue during the LR season.
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CHAPTER EIGHT

ASSESSMENT OF THE YIELD PERFORMANCE OF SELECTED
DROUGHT TOLERANT SWEET POTATO CLONES IN DIFFERENT
LOCATIONS

Abstract

Sweet potato in Coastal Kenya is grown on a small scale in agro-ecological zones
CL2 and CL3, which receive an annual rainfall of between 1,000-1400 mm. Very
minimal sweet potato production is done in the low rainfall areas because of lack of
sweet potato varieties that are drought tolerant or adaptable to the different agro-
ecological zones with different climatic conditions. Earlier studies have shown
variations in storage root yield among sweet potato genotypes and across different
agro-ecological zones. Currently, evaluation of drought tolerant sweet potato
varieties for their adaptability in different locations has not been done in coastal
Kenya. Identification of varieties that are adaptable to different locations in the
region is critical for increased production of the crop. A study was therefore
conducted at Kaliang’ombe, Jimba and Mavueni locations in Kilifi County, and
Mrima and Kenya-Loma locations in Kwale County, through on-farm field
evaluation. The aim of this study was to assess the storage root yield of selected
drought tolerant sweet potato clones (4.2B, 7.6B and 4.2A) against a farmer
preferred variety Carrot in the different locations. The study was conducted for three
seasons: at the start of the long rains, after the peak of the long rains, and during the
short rains. A Randomized Complete Block Design was used, with treatments
replicated five times. All the data were subjected to the analysis of variance using the
general linear model procedure. Sweet potato clone 4.2B, had significantly higher
number of marketable storage roots per plant than the other two clones (7.6B and
4.2A) and the farmer preferred variety Carrot. Clone 7.6B did not differ significantly

with the farmer preferred variety Carrot but the two produced higher number of
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marketable storage roots per plant than clone 4.2A. Sweet potato planted at the start
of the long rains and after the peak of the long rains produced higher number of
marketable storage roots per plant than that planted during the short rains. The crop
that was planted after the peak of the long rains had significantly higher storage root
yield per plant than that which was planted either at the start of the long rains or
during the short rains. From the results of this study, it is recommended that farmers
plant sweet potato after the peak of the long rains season for increased yield of
storage roots. It is also recommended that farmers plant sweet potato clone 4.2B for

increased number of marketable storage roots.

8.1 Introduction

Farmers participation in the on-farm evaluation of new crop varieties enhances the
adoption of the best among the varieties (Saleh et al., 2004). Significant differences
in sweet potato storage root yield among genotypes and also across different agro-
ecological zones were observed by Kathabwalika et al. (2013), an indication that
different genotypes are likely to perform differently in different locations, probably
because of differences in weather conditions. Sweet potato yield differences in two
research sites were attributed to differences in soils or weather conditions (Hartemink
et al., 2000). Sweet potato is known to be adaptable to many agro-ecological zones
and has a growing period of between three to five months, depending on variety and
environmental conditions (Afuape et al., 2011). There exists a clear pattern of
genotype by environment interactions with respect to sweet potato storage root yield,
and breeding for yield performance in low-yielding or marginal environments should

be given specific consideration (Griineberg et al., 2005).

The number and yield of sweet potato storage roots were influenced by agro-
ecological zones, with some variations also observed within agro-ecological zones
(Tairo et al., 2008). Multi-locational trials were recommended for the selection of

high-yielding varieties intended for commercial production to improve farmers’ yield
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and income across agro-ecological zones in Nigeria (Wariboko and Ogidi, 2013).
Genotype by environment interactions with respect to root yield, showing
inconsistency in the performance of breeding lines across environments and seasons

was seen in a study by Adebola et al. (2013).

Farmer participation in variety selection was recommended by Abidin (2004).
According to Laurie and Magoro (2008) the use of participatory varietal selection
proved to be a useful selection method since it involves farmer in the evaluation
process, giving them a feeling of ownership of the outcome. The results of a study
conducted in Uganda showed that two of the eleven sweet potato varieties evaluated
through farmer-participatory approach were adaptable to various agro-ecological
zones of Northern and Southern regions (Abidin, 2004). In a study by Kambale
(2017), genotypes, sites and seasons affected sweet potato leading to high variability

in fresh root yield.

Some drought tolerant genotypes had high yield in particular environments (specific
interaction between genotypes and environments) while others had high yield across
environments (stable genotypes), implying that the genotypes varied in their ability
to tolerate drought (Kivuva et al., 2014b). These researchers recommended that
breeding programmes for drought tolerance should factor in evaluation across
environments while selecting drought tolerant clones for wide or narrow
environments. High variation in fresh root yield among sweet potato genotypes was
observed across sites and in different seasons and this was attributed to both genetic
and environmental factors (Kambale, 2017). Factors such as genotype, environment,
management and socio-economic interactions are important when choosing a crop
variety since they are likely to affect the overall performance of a crop (Tittonell and
Giller, 2013).

Currently, drought tolerant varieties that are suitable for the different agro-ecological

zones in coastal Kenya have not been identified. A study was therefore conducted to
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investigate the performance of sweet potato clones bred for drought tolerance to
different locations in coastal Kenya. The study objective was to enhance sweet potato
production in the region through identification of high yielding clones for coastal
Kenya which can maintain same yield across locations, and which meet farmer and
consumer preferences. The participatory approach was applied in the evaluation of
sweet potato clones against a farmer preferred variety in on-farm trials to identify

clones that would perform well across locations in coastal Kenya.
8.2 Materials and Methods

8.2.1 Site description

The study was conducted on-farm in coastal Kenya for three seasons between April
2018 and January 2019. There were five on-farm sites: two in Kwale County and
three in Kilifi County. Farms were selected in Mrima and Kenya Loma locations in
Kwale County, and Kaliang’ombe, Jimba and Mavueni locations in Kilifi County for
the on-farm evaluation of selected sweet potato clones under different locations in
coastal Kenya (Table 8.1). The five on-farm study sites were selected to represent the
sweet potato producing areas in coastal Kenya. The study sites characteristics are

shown in Appendix Ic.

8.2.2 Treatments

Sweet potato clones:

Three selected drought tolerant sweet potato clones, 4.2B, 7.6B and 4.2A, were
evaluated on farmers’ fields against one farmer-preferred variety known as Carrot.
The three selected clones were the best in terms of yield and sugar content among the
nine-drought tolerant sweet potato clones that had been obtained earlier from
KALRO Centre at Muguga, and whose performance is reported in Chapter 4 of this
thesis. The treatments were coded as follows:
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0] Farmer preferred variety Carrot - (VC)

(i) 4.2B-(C7)

(iii) 7.6B-(C8)

(iv) 4.2A-(C9)

Therefore, there were four treatments, replicated five times making a total of 20

experimental units (Table 8.1).

A Randomized Complete Block Design (RCBD) was used, with each of the five on-
farm sites forming a replicate. The treatments were not replicated in each farm and

each farm was only representing one replicate.
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8.2.3 Crop establishment and management

The first trial coincided with the start of the long rains (LR) season (S1), the second
trial was started after the peak of the LR season (S2), while the third trial coincided
with the short rains (SR) season (S3). The on-farm trials were conducted under rain-
fed conditions. The second trial was meant to mimic the current farmers’ practice of
planting sweet potato after the peak of the LR season. The sweet potato vines were
planted as described in Chapter 3, Section 3.5.

The crop was managed as described in Chapter 3, Section 3.6. These trials were
researcher designed and farmer managed and the farmer was involved in the

management of the trials.

8.2.4 Data collection and analysis

The following data were collected:

(1) Storage root yield

(i) Number of marketable storage roots

Data were analyzed as described in Chapter 3, Section 3.8.

8.3 Results and Discussion

There was no significant interaction effect of season and sweet potato clone on the
number of marketable storage roots per plant. The main effects of season and clone

are therefore reported.

The results of this study showed significant (F = 12.08; P<0.05) effect of season on
the number of sweet potato storage roots per plant (Table 8.2). Sweet potato planted
in seasons S1 and S2 produced higher number of marketable storage roots per plant

than that planted in season S3 (coinciding with the SR season). These results are
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consistent with those reported by Kambale (2017), which showed significant
differences among seasons for number of sweet potato storage roots. Farmers in
coastal Kenya believe that most of the sweet potato varieties cannot form storage
roots during the SR season (V. Mzinga, personal communication). The result of this
study therefore confirms why farmers in the region do not plant sweet potato during
the SR season. This study dispels the farmers’ belief because the sweet potato
planted during the SR season formed storage roots, even though in smaller numbers
than those realized during the LR season. The numbers of storage roots realized in
seasons S1 and S2 were not significantly different probably because by the time the
rains stopped during season S2, storage roots had already been formed. According to
Ekanayake et al. (1990), any moisture provided late in the growing period only led to
vegetative growth of sweet potato but not storage root formation, which was

probably the case for season S1.

Table 8.2: Effect of season on the number of marketable sweet potato storage

roots per plant

Season Number of marketable storage roots per plant
S1 2.5170%

S2 2.93152

S3 1.5835 P

LSD 0.5074

Pr>F <.0001

Season: S1 = planted at the start of long rains, S2 = planted after the peak of long
rains, S3 = planted during short rains

Means within a column followed by same superscript are not significantly different
at P<0.05

The results of this study also showed significant (F = 4.45; P<0.05) effect of sweet
potato clone on the number of sweet potato storage roots per plant (Table 8.3). Sweet
potato clone C7, had significantly higher number of marketable storage roots per
plant than the other two drought tolerant clones (C8 and C9) and the farmer preferred

variety (VC). Clone C8 did not differ significantly with the farmer preferred variety
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(VC) but the two produced higher number of marketable storage roots per plant than
clone C9. The difference in the number of marketable storage roots of different
clones may be attributed to the genetic make-up of the clones. This study results are
consistent to those reported by Tairo et al. (2008), which showed significant
variation among sweet potato germplasm with respect to the number of roots per
plant. The results of Habibur et al. (2015) revealed considerable variations among

the genotypes in terms of the number of storage roots.

Table 8.3: Effect of sweet potato clone on the number of marketable sweet

potato storage roots per plant

Sweet potato clone Number of marketable storage roots per plant
C7 3.0100%

C8 2.3293°

C9 1.6167 ©

VC 2.4200°

LSD 0.5859

Pr>F 0.0082

Drought tolerant sweet potato clones: C7, C8, and C9; Farmer preferred sweet potato
variety Carrot: VC

Means within a column followed by same superscript are not significantly different
at P<0.05

In this study, it was observed that season had significant (F = 18.56; P<0.05) effect
on sweet potato storage root yield per plant (Table 8.4). Season S2 had significantly
higher storage root yield per plant than seasons S1 and S3. Excessive soil-moisture
conditions are known to have negative effect on the formation of storage roots,
particularly when such conditions occur soon after planting (Wilson, 1982). These
results confirm why farmers in coastal Kenya plant sweet potato after the peak of the
LR season (S2). The present study results are in line with those reported by
Hartemink et al. (2000) and Kambale (2017), which showed significant variations in

sweet potato storage root yield across seasons.
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Table 8.4: Effect of season on sweet potato storage root yield per plant

Season Storage root yield per plant
S1 0.29050

S2 0.65550 2

S3 0.20400 °

LSD 0.1491

Pr>F <.0001

Season: S1 = planted at the start of long rains, S2 = planted after the peak of long
rains, S3 = planted during short rains

Means within a column followed by same superscript are not significantly different
at P<0.05

8.4 Conclusion and Recommendations

Sweet potato clone C7 had a higher number of marketable storage roots per plant
than clones C8 and C9 as well as the farmer preferred variety (VC). Season S2,
which starts after the peak of the LR season was superior to season S3 in terms of
both the number and yield of storage roots per plant. The former was also superior to
season S1 in terms of storage root yield per plant. From these results, it can be
recommended that farmers plant sweet potato after the peak of the long rains season
for increased yield of storage roots. It is also recommended that farmers plant sweet

potato clone C7 for increased number of marketable storage roots.
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CHAPTER NINE

GENERAL CONCLUSION AND RECOMMENDATIONS
9.1 Conclusion

9.1.1 Watering regime

Water application that was stopped early in the season, after two or three months of
growth, led to a significant decrease in sweet potato storage root yield. Sweet potato
clones C2 and C8 produced significantly higher storage root yield than the rest of the
clones across seasons, irrespective of the watering regime. However, C2 had the
lowest content of total sugars and this is likely to affect its adoption by farmers.
Clones C7, C8 and C9 had the highest contents of total sugars and were therefore

likely to be adopted by farmers.

9.1.2 Planting beds for storage root production

Sweet potato planted on raised beds or ridges produced higher storage root yield and
number of roots per plant than that planted on flat beds. Planting sweet potato clones
C7 and C8 on raised beds and ridges led to significantly higher storage root yield
than planting the two clones on flat beds. Season of planting sweet potato influenced
the effect of both the planting beds and sweet potato clones in terms of storage root

yield.

9.1.3 Planting beds for ground coverage

Two of the three ornamental sweet potato varieties that were evaluated in the study
(Purple heart and Green fingers) produced about 70% percent ground coverage, as

compared with variety Margarita that produced about 40% ground coverage.
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9.1.4 Multiplication of planting material

During the LR season, sweet potato planted in pits or sacks without lining and those
planted on flat ground had longer vines and required smaller land area to produce
material required to plant one hectare of sweet potato than that planted in pits or
sacks with lining. However, during the off-season multiplication of vines under
irrigation, all the vine planting methods had similar vine length and therefore
required the same size of nursery bed to produce material to plant one hectare. This
is an indication that the use of lining is only necessary during the off-season

multiplication of vines, where moisture retention is crucial.

9.1.5 Assessment of drought tolerant sweet potato clones in different locations

Three drought tolerant sweet potato clone (C7, C8 and C9) and one farmer preferred
variety Carrot (VC) were evaluated under different farm locations. Clone C7
produced significantly higher number of marketable storage roots per plant than the
other two clones and the farmer preferred variety. Planting sweet potato at the start of
the long rains season (S1) or after the peak of the long rains season (S2) led to the
production of higher number of marketable storage roots per plant than when the
crop was planted during the short rains season (S3). Sweet potato planted in season
S2 produced significantly higher storage root yield per plant than that planted in

seasons S1 and S3.

9.2 Recommendations

9.2.1 Watering regime

The best candidates (C7, C8 and C9) may be multiplied for use by farmers in the
drought prone areas of the region. For enhanced sweet potato storage root yield, it is

recommended that farmers plant the crop at an appropriate time to ensure that it is

not exposed to limited water.
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9.2.2 Planting beds for storage root production

It is recommended that farmers plant sweet potato clones C7 and C8 on raised beds

or ridges for high storage root yield.

9.2.3 Planting beds for ground coverage

Ornamental sweet potato varieties Purple heart and Green fingers are recommended
for evaluation across agro-ecological zones in coastal Kenya to confirm their ground
covering ability. Any variety that performs well across locations may then be
multiplied for landscaping in the tourism industry and for soil conservation purposes

in other areas.

9.2.4 Multiplication of planting material

Sweet potato vine planting methods without lining are recommended for
multiplication of planting material in the long rains season. It is also recommended
that farmers start the multiplication during off-season and continue during the long

rains season so as to multiply enough planting material that will allow expansion of

the area for sweet potato production.

9.2.5 Assessment of drought tolerant sweet potato clones in different locations

From the results of the on-farm study, it is recommended that farmers plant sweet
potato clone C7 after the peak of the long rains season (S2) for increased number and

yield of sweet potato storage roots respectively.
Areas for further research

Evaluation of the vine survival capacity of the best drought tolerant sweet potato
clones identified in this study
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Evaluation of water use efficiency among selected drought tolerant sweet potato

clones

Root quality assessment for the best drought tolerant sweet potato clones identified

in this study: sensory evaluation and cooking quality

Determination of the best plant spacing for 100% ground coverage by the best

ornamental sweet potato varieties identified in this study
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APPENDICES

Appendix I: Characteristics of the study sites

Appendix la: Rainfall distribution at the on-station study site (Pwani
University) in 2016, 2017 and 2018

I
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Source: KALRO-Mtwapa meteorological station
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Appendix Ib: Temperature (°C) during the watering regime experiment

Minimum temperature

Maximum temperature

December 2016 23.9 31.6
January 2017 26.5 33
February 2017 25.5 33.3
March 2017 27.1 34
April 2017 27 32.5
May 2017 25 31
June 2017 25 30
July 2017 25.5 30.6
August 2017 24.5 30
September 2017 24.5 30
October 2017 25.5 31.5
November 2017 25.5 32

Source: KALRO-Mtwapa meteorological station
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Appendix Ic: Characteristics of the sites used for on-farm trials

Site GPS County | AEZ | Average | Soil Soil fertility
(mm) texture
Kaliang’ombe | -3. 901419 | Kilifi CL3 | 900 Loamy | Low N, OC,
Sand |andP,
39.540543
Adequate K
Jimba -3.896962 | Kilifi CL3 | 900 Sandy | Low N, OC
Loam |andK,
39541081
Adequate P
Mavueni -3.680750 | Kilifi CL3 | 1000 Loamy | Low N, OC,
Sand |PandK
39.795083
Mrima -4.4966170 | Kwale | CL2 | 1300 Loamy | Low N and
Sand | OC,
39.246517
Adequate P
and K
Kenya-Loma | -4.494117 | Kwale | CL3 | 1200 Loamy | Low N, OC,
Sand | andP,
39.213333
Adequate K
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Appendix I1: Ornamental sweet potato varieties

Appendix Ila: An illustration of ground coverage by ornamental sweet potato
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Appendix I1b Ornamental sweet potato variety Purple heart (V1)
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Appendix Ilc: Ornamental sweet potato variety Green fingers (V2)
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Appendix I11: Preservation of sweet potato planting material

Appendix Illa: Sweet potato variety Rabai planting material being preserved

outside a bathroom in Rabai, Kilifi County, Kenya
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Appendix Il1b: Planting material being preserved in a swampy area in Kanana,

Kwale County, Kenya

Appendix 1V: Sweet potato clones and farmer preferred varieties

Appendix IVa: Sweet potato clone 6.1A (C1) foliage and storage roots in the




watering regime experiment
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Appendix 1Vb: Sweet potato clone 4.10 (C2) foliage and storage roots in the

watering regime experiment
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Appendix IVc: Sweet potato clone 7.8 (C3) foliage and storage roots in the

watering regime experiment
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Appendix IVd: Sweet potato clone 15.10 (C4) foliage and storage roots in the

watering regime experiment
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Appendix IVe: Sweet potato clone 7.6A0 (C5) foliage and storage roots in the

watering regime experiment

108



Appendix IVf: Sweet potato clone 10.10B (C6) foliage and storage roots in the

watering regime experiment
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Appendix 1Vg: Sweet potato clone 4.2B (C7) foliage and storage roots in the

watering regime experiment
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Appendix 1Vh: Sweet potato clone 7.6B (C8) foliage and storage roots in the

watering regime experiment

>
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Appendix IVi: Sweet potato clone 4.2A (C9) foliage and storage roots in the

watering regime experiment
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Appendix 1Vj: Farmer preferred variety Rabai (VR) foliage and storage roots

in the watering regime experiment
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Appendix IVK: Farmer preferred variety Carrot (VC) foliage and storage roots

in the on-farm experiment
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Appendix V: Satellite images showing the location of on-farm study sites

Appendix Va: Jimba and Kaliang’ombe on-farm study sites

4 ~3:896962

\

\
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Source: Google map (Downloaded on 01-12-2022)

I
F. -2 ARN750
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Source: Google map (Downloaded on 01-12-2022)
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Appendix Vc: Mrima on-farm study site

-4.496617

Google

s

Source: Google map (Downloaded on 01-12-2022)
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Appendix Vd: Kenya-Loma on-farm study site

-4.494117

Source: Google map (Downloaded on 01-12-2022)
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Appendix VI: Tables showing output from Analysis of Variance for different

parameters using SAS software

Appendix Vla: Effect of watering regime on the number of sweet potato storage

roots per plant

Source DF Sumsof Squares Mean Square  FValue Pr>F

BLOCK 2 2.87012333 1.43506167 16.94 <.0001
SEASON 1 3.25501042 3.25501042 38.42 <.0001
CLONE 9 41.90421042 4.65602338 54.95 <.0001
WR 3 7.72272792 2.57424264 30.38 <.0001
SEASON*CLONE 9 9.86259375 1.09584375 12.93 <.0001
CLONE*WR 27  3.29325125 0.12197227 1.44 0.0876
SEASON*CLONE*WR 30  2.02344583 0.06744819 0.80 0.7648
Error 158 13.38667667 0.08472580

Corrected Total 239 84.31803958

WR = Watering regime

Appendix VIb: Effect of watering regime on sweet potato storage root

circumference

Source DF  Sums of Mean Square  F Value Pr>F
Squares
BLOCK 2 2.57635083 1.28817542 4.13 0.0178
SEASON 1 2.98820167 2.98820167  9.58 0.0023
CLONE 9 98.61999833 10.95777759 35.14 <.0001
WR 3 47.11408167 15.70469389  50.37 <.0001
SEASON*CLONE 9 31.75936500 3.52881833 11.32 <.0001
CLONE*WR 27 8.56101833 0.31707475 1.02 0.4496
SEASON*CLONE*WR 30 9.14933333 0.30497778 0.98 0.5055
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Error 158  49.2630492 0.3117915

Corrected Total 239  250.0313983

WR = Watering regime
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Appendix Vlc: Effect of watering regime on sweet potato fresh storage root

yield (wet-weight basis)

Source DF Sums of Squares Mean Square F Value Pr>F
BLOCK 2 3.9118918 1.9559459 8.34 0.0004
SEASON 1 0.2978626 0.2978626 1.27 0.2616
CLONE 9 108.0536650 12.0059628 51.17 <.0001
WR 3 48.3004756 16.1001585 68.62 <.0001
SEASON*CLONE 9 22.5402797 2.5044755 10.67 <.0001
CLONE*WR 27  8.6414918 0.3200553 1.36 0.1233
SEASON*CLONE*WR 30  5.3211205 0.1773707 0.76 0.8145
Error 158 37.0726289 0.2346369

Corrected Total

239 234.1394159

WR = Watering regime

Appendix VId: Effect of watering regime on sweet potato dry storage root yield

(dry-weight basis)
Source DF Sums of Squares Mean Square F Value Pr>F
BLOCK 2 1.03352710 0.51676355 7.16 0.0011
SEASON 1 0.90540450 0.90540450 12.55 0.0005
CLONE 9 26.39923962 2.93324885  40.66 <.0001
WR 3 13.82287765 4.60762588 63.87 <.0001
SEASON*CLONE 9 4.69478029 0.52164225 7.23 <.0001
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CLONE*WR

SEASON*CLONE*WR

Error

Corrected Total

27

30

158

239

1.90265140

1.73373804

11.39894357

61.89116216

0.07046857

0.05779127

0.07214521

0.98

0.80

0.5038

0.7584

WR = Watering regime
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Appendix Vle: Interaction effect of watering regime and sweet potato clone on
the length of sweet potato storage root

Source DF Sums of Squares Mean Square F Value Pr>F
BLOCK 2 5.10278250 2.55139125 7.73 0.0006
SEASON 1 0.54055042 0.54055042 1.64 0.2026
CLONE 9 92.49696208 10.27744023 31.13 <.0001
WR 3 39.76638458 13.25546153  40.15 <.0001
SEASON*CLONE 9 41.01992875 4.55776986 13.80 <.0001
CLONE*WR 27  14.12463625 0.52313468 1.58 0.0435
SEASON*CLONE*WR 30  11.05810417 0.36860347 1.12 0.3233
Error 158 52.1666175 0.3301685

Corrected Total 239 256.2759663

WR = Watering regime

Appendix VIf: Interaction effect of watering regime and sweet potato clone on

storage root % dry matter of sweet potato

Source DF Sumsof Squares  Mean Square FValue Pr>F
BLOCK 2 7.35075250 3.67537625  4.34 0.0146
SEASON 1 89.97626042 89.97626042 106.26  <.0001
CLONE 9 45.26926708 5.02991856  5.94 <.0001
WR 3 26.67567458 8.89189153 10.50 <.0001
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SEASON*CLONE

CLONE*WR

SEASON*CLONE*WR

Error

Corrected Total

9

27

30

158

239

39.36822708

46.50418792

32.78142917

133.7890475

421.7148462

4.37424745

1.72237733

1.09271431

0.8467661

5.17

2.03

1.29

<.0001

0.0038

0.1605

WR = Watering regime
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Appendix VIg: Interaction effect of season and sweet potato clone on fresh

storage root yield (wet-weight basis) of sweet potato

Source DF Sums of Squares Mean Square F Value Pr>F
BLOCK 2 3.9118918 1.9559459 8.34 0.0004
SEASON 1 0.2978626 0.2978626 1.27 0.2616
CLONE 9 108.0536650 12.0059628 51.17 <.0001
WR 3 48.3004756 16.1001585 68.62 <.0001
SEASON*CLONE 9 22.5402797 2.5044755 10.67 <.0001
CLONE*WR 27  8.6414918 0.3200553 1.36 0.1233
SEASON*CLONE*WR 30  5.3211205 0.1773707 0.76 0.8145
Error 158 37.0726289 0.2346369

Corrected Total 239 234.1394159

WR = Watering regime

Appendix VIh: Interaction effect of season and sweet potato clone on dry

storage root yield (dry-weight basis) of sweet potato

Source DF Sumsof Squares Mean Square FValue Pr>F
BLOCK 2 1.03352710 0.51676355  7.16 0.0011
SEASON 1 0.90540450 0.90540450 12.55 0.0005
CLONE 9 26.39923962 2.93324885  40.66 <.0001
WR 3 13.82287765 4.60762588  63.87 <.0001
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SEASON*CLONE 9 4.69478029 0.52164225 7.23 <.0001
CLONE*WR 27 190265140 0.07046857 0.98 0.5038
SEASON*CLONE*WR 30  1.73373804 0.05779127 0.80 0.7584
Error 158 11.39894357 0.07214521

Corrected Total 239 61.89116216

WR = Watering regime

Appendix VIi: Interaction effect of season and sweet potato clone on storage

root circumference of sweet potato

Source DF Sumsof Squares Mean Square FValue Pr>F
BLOCK 2 2.57635083 1.28817542 4.13 0.0178
SEASON 1 2.98820167 2.98820167 9.58 0.0023
CLONE 9 98.61999833 10.95777759  35.14 <.0001
WR 3 47.11408167 15.70469389  50.37 <.0001
SEASON*CLONE 9 31.75936500 3.52881833 11.32 <.0001
CLONE*WR 27  8.56101833 0.31707475 1.02 0.4496
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SEASON*CLONE*WR 30  9.14933333 0.30497778 0.98 0.5055
Error 158 49.2630492 0.3117915

Corrected Total 239 250.0313983

WR = Watering regime

Appendix VIj: Interaction effect of season and sweet potato clone on the length

of sweet potato storage root

Source DF Sums of Squares Mean Square FValue Pr>F
BLOCK 2 5.10278250 2.55139125 7.73 0.0006
SEASON 1 0.54055042 0.54055042 1.64 0.2026
CLONE 9 92.49696208 10.27744023 31.13 <.0001
WR 3 39.76638458 13.25546153  40.15 <.0001
SEASON*CLONE 9 41.01992875 4.55776986 13.80 <.0001
CLONE*WR 27  14.12463625 0.52313468 1.58 0.0435
SEASON*CLONE*WR 30  11.05810417 0.36860347 1.12 0.3233
Error 158 52.1666175 0.3301685

Corrected Total 239  256.2759663

WR = Watering regime
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Appendix VIk: Interaction effect of season and sweet potato clone on the

number of sweet potato storage roots

Source DF Sums of Squares Mean Square FValue Pr>F
BLOCK 2 2.87012333 1.43506167 16.94 <.0001
SEASON 1 3.25501042 3.25501042 38.42 <.0001
CLONE 9 41.90421042 4.65602338 54.95 <.0001
WR 3 7.72272792 2.57424264 30.38 <.0001
SEASON*CLONE 9 9.86259375 1.09584375 12.93 <.0001
CLONE*WR 27 3.29325125 0.12197227 1.44 0.0876
SEASON*CLONE*WR 30 2.02344583 0.06744819 0.80 0.7648
Error 158 13.38667667 0.08472580

Corrected Total 239  84.31803958

WR = Watering regime

Appendix VI I: Interaction effect of season and sweet potato clone on % dry

matter of sweet potato storage root

Source DF Sums of Squares Mean Square F Value Pr>F
BLOCK 2 7.35075250 3.67537625 4.34 0.0146
SEASON 1 89.97626042 89.97626042 106.26 <.0001
CLONE 9  45.26926708 5.02991856  5.94 <.0001
WR 3 26.67567458 8.89189153 10.50 <.0001
SEASON*CLONE 9 39.36822708 4.37424745 5.17 <.0001
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CLONE*WR

SEASON*CLONE*WR

Error

Corrected Total

27

30

158

239

46.50418792

32.78142917

133.7890475

421.7148462

1.72237733
1.09271431

0.8467661

2.03

1.29

0.0038

0.1605

WR = Watering regime
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Appendix VIm: Effect of season on the number of marketable sweet potato

storage roots per plant

Source DF Sums of Squares Mean Square FValue Pr>F
BLOCK 2 0.667778 0.333889 0.56 0.5766
SEASON 1 3.034074 3.034074 5.09 0.0307
PB 2 5.907778 2.953889 4.95 0.013
CLONE 2 16.77778 8.388889 14.06 <.0001
SEASON*PB 2 2.667037 1.333519 2.24 0.1225
SEASON*CLONE 2 1.179259 0.58963 0.99 0.3827
PB*CLONE 4 3.094444 0.773611 1.3 0.2909
SEASON*PB*CLONE 4 1.95963 0.489907 0.82 0.5208
Error 34 20.28556 0.596634

Corrected Total 53 55.57333

PB = Planting bed

Appendix VI n: Effect of planting bed on the number of marketable sweet

potato storage roots per plant

Source DF Sums of Squares Mean Square FValue Pr>F
BLOCK 2 0.667778 0.333889 0.56 0.5766
SEASON 1 3.034074 3.034074 5.09 0.0307
PB 2 5.907778 2.953889 4.95 0.013

CLONE 2 16.77778 8.388889 14.06 <.0001
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SEASON*PB
SEASON*CLONE
PB*CLONE
SEASON*PB*CLONE
Error

Corrected Total

34

53

2.667037

1.179259

3.094444

1.95963

20.28556

55.57333

1.333519

0.58963

0.773611

0.489907

0.596634

2.24

0.99

1.3

0.82

0.1225

0.3827

0.2909

0.5208

PB = Planting bed
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Appendix Vlo: Effect of sweet potato clone on the number of marketable sweet

potato storage roots per plant

Source DF  Sumsof Squares Mean Square FValue Pr>F
BLOCK 2 0.667778 0.333889 0.56 0.5766
SEASON 1 3.034074 3.034074 5.09 0.0307
PB 2 5.907778 2.953889 4.95 0.013
CLONE 2 16.77778 8.388889 14.06 <.0001
SEASON*PB 2 2.667037 1.333519 2.24 0.1225
SEASON*CLONE 2 1.179259 0.58963 0.99 0.3827
PB*CLONE 4 3.094444 0.773611 1.3 0.2909
SEASON*PB*CLONE 4 1.95963 0.489907 0.82 0.5208
Error 34 20.28556 0.596634

Corrected Total 53 55.57333

PB = Planting bed

Appendix VIp: Interaction effect of season and planting bed on sweet potato

storage root yield

Source DF Sums of Squares Mean Square FValue Pr>F
BLOCK 2 200.6248 100.3124 9.89 0.0004
SEASON 1 175.6807 175.6807 17.32 0.0002
PB 2 156.3437 78.17185 7.71 0.0017
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CLONE 2 199.4826 99.7413 9.83 0.0004

SEASON*PB 2 104.2548 52.12741 5.14 0.0112
SEASON*CLONE 2 105.5937 52.79685 5.21 0.0107
PB*CLONE 4 57.68074 14.42019 1.42 0.2478
SEASON*PB*CLONE 4 47.32074 11.83019 1.17 0.3428
Error 34  344.8285 10.14202

Corrected Total 53 139181

PB = Planting bed

Appendix VIQ: Interaction effect of season and sweet potato clone on sweet

potato storage root yield

Source DF Sums of Squares  Mean Square  FValue Pr>F
BLOCK 2 200.6248 100.3124 9.89 0.0004
SEASON 1 175.6807 175.6807 17.32 0.0002
PBT 2 156.3437 78.17185 7.71 0.0017
CLONE 2 199.4826 99.7413 9.83 0.0004
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SEASON*PB 2 104.2548 52.12741 5.14 0.0112

SEASON*CLONE 2 105.5937 52.79685 5.21 0.0107
PB*CLONE 4 57.68074 14.42019 1.42 0.2478
SEASON*PB*CLONE 4 47.32074 11.83019 1.17 0.3428
Error 34  344.8285 10.14202

Corrected Total 53 1391.81

PB = Planting bed

Appendix VIr: Effect of ornamental sweet potato variety on foliage cover

(percent ground cover)

Source DF Sums of Squares Mean Square F Value Pr>F
BLOCK 2 59.7037 29.85185 0.14 0.873
SEASON 1 10.66667 10.66667 0.05 0.8266
PBT 2 1369.926 684.963 3.13 0.0566
VAR 2 12381.48 6190.741 28.28 <.0001
SEASON*PB 2 0.44444 0.22222 0 0.999
SEASON*VAR 2 283.1111 141.5556 0.65 0.5301
PB*VAR 4 128.2963 32.07407 0.15 0.9633
SEASON*PB*VAR 4 513.7778 128.4444 0.59 0.6743
Error 34 7441.63 218.8715

Corrected Total 53 22189.04

PB = Planting bed
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Appendix VIs: Interaction effect of season and method of planting on sweet

Source DF Sums of Squares Mean Square F Value Pr>F
BLOCK 2 264.2068889 132.1034444 11.32 <.0001
SEASON 1 30.3921111 30.3921111 2.60 0.1120
MOP 4 401.6011111 100.4002778 8.60 <.0001
CLONE 2 51.9628889 25.9814444 2.23 0.1171
SEASON*MOP 4 477.2473333 119.3118333 10.22 <.0001
SEASON*CLONE 2 45.9602222 22.9801111 1.97 0.1488
MOP*CLONE 8 43.9448889 5.4931111 0.47 0.8718
SEASON*MOP*CLONE 8 73.0386667 9.1298333 0.78 0.6199
Error 58 676.886444 11.670456

Corrected Total 89  2065.240556

potato vine length

MOP = Method of planting
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Appendix VIt: Interaction effect of season and method of planting on size of

nursery bed required to produce enough sweet potato vine to plant one hectare

of land

Source DF Sums of Squares Mean Square F Value Pr>F
BLOCK 2 39. 5726667 19.7863333 3.72 0.0301
SEASON 1 1.6810000 1.6810000 0.32 0.5759
MOP 4 124.4517778 31.1129444 5.86 0.0005
CLONE 2 15.1046667 7.5523333 1.42 0.2496
SEASON*MOP 4 75.2051111 18.8012778 3.54 0.0119
SEASON*CLONE 2 15.3206667 7.6603333 144 0.2448
MOP*CLONE 8 48.1775556 6.0221944 1.13 0.3551
SEASON*MOP*CLONE 8 32.4548889 4.0568611 0.76 0.6358
Error 58 308.1406667 5.3127701

Corrected Total 89  660.1090000

MOP = Method of planting

Appendix Vlu: Effect of season on the number of sweet potato storage roots per

plant
Source DF Sums of Squares Mean Square  FValue Pr>F
BLOCK (FARM) 4 0.85041667 0.21260417  1.59 0.1927
SEASON 2 3.22170333 1.61085167 12.08 <.0001
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CLONE 3 1.77895333 0.59298444 4.45 0.0082

SEASON*CLONE 6 0.61417667 0.10236278 0.77 0.5994
Error 44 5.86778333 0.13335871
Corrected Total 59 12.33303333

Appendix VI v: Effect of sweet potato clone on the number of marketable sweet

potato storage roots per plant

Source DF Sums of Squares Mean Square F Value Pr>F
BLOCK (FARM) 4 0.85041667 0.21260417 1.59 0.1927
SEASON 2 3.22170333 1.61085167 12.08 <.0001
CLONE 3 1.77895333 0.59298444 4.45 0.0082
SEASON*CLONE 6 0.61417667 0.10236278 0.77 0.5994
Error 44 5.86778333 0.13335871

Corrected Total 59 12.33303333

Appendix VI w: Effect of season on sweet potato storage root yield per plant

Source DF  Sums of Squares Mean Square F Value Pr>F
BLOCK (FARM) 4 0.04512667 0.01128167 0.27 0.8953
SEASON 2 1.54672333 0.77336167 18.56 <.0001
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CLONE 3 08531333 0.02843778 0.68 0.5675

SEASON*CLONE 6 0.02207667 0.00367944 0.09 0.9972

Error 44 1.83355333 0.04167167

Corrected Total 59 3.53279333
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