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ABSTRACT 

Potato is an important staple food crop as well as a cash crop more 

especially for the highland areas of Uganda. There have been gaps in potato 

genotypes in regard to desirable growth traits, favorable morphological 

attributes and processing qualities in Kigezi highlands. The main objective 

of this research is to identify potato genotypes with favorable growth traits, 

morphological characteristics, and processing attributes that are adapted to 

the Kigezi Highlands of Uganda, in order to boost potato production. A total 

of l7 genotypes including l4 newly bred and three variety checks (Victoria, 

NAROPOT4 and Cruza) were used in the study. The experimental sites 

included Kalengyere at 2450 metres above sea level (m.a.s.l) and KaZARD[ 

at 2,200 metres above sea level (m.a.s.l). Morphological data vvere recorded 

during the harvesting time after which samples were collected for processing 

and assessment of quality. The experiments were conducted during the wet 

months of March -June (Season A) and September- December (Season B) 

in 2020. The results revealed significant variations in growth and 

morphological traits among genotypes, seasons and within 

locations.Genotypes with desirable growth traits were 

393220.54xNKRN59.48, NAROPOT4, and 393220.54. Genotype 

57.8X59.4l was found to have poor agronomic traits. Genotypes 

NAROPOT4x77.54 and NAROPOT4x 39.107 were found with more 

· res~~c <.:Llcc to bi.c Dilght ..itsease and ::;enc-~ype Vir:·c·:ia oi~d .~02:..v.l8 wer-.: 

found more susceptible to late blight disease across the two sites. Genotypes 

whtch w~re found to be hig!~ly yir:-lriing '.v~re :.o -~! x220 . .54 and N AROPT4x 

38.107. Tile ieast yielding genotype across the two study sites and :>easons 

was 39266.18. Genotypes with highest dry matter content were found to be 

59.41x220.54 and 26.l03xll.2 while those with low dry matter (<20%) 

were Kinigix l9 .l 7, and 395077.12. 

Genotypes found with favourable qualities should be subjected to further 

evaluations in more diverse agro-ecological zones of Uganda. 
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CHAPTER ONE 

GENERAL INTRODUCTION 

1.1 Background 

Ll.l Origin and distribution of potato 

Potato crop, (Solanum tuberosum L.) originated from Western South 

America. Contemporary landrace gene pools occur from 45° south in Chile 

to 12° Northern latitude in Colombia (Hawkes, 1990). Wild relatives of the 

potato has a much wider distribution range and occurs from northern 

Patagonia to the southern US and the Western Atacama desert to Eastern 

South America (de Haan & Rodriguez, 2016). The ongoing advancement of 

putato diversity ~ n f:.; !:·aers' ~. :.<uds is f-,-- ,~ r- .;~ t~C: ~o .Jlo·.:" f-.·-c trdns formation t') 

climate emergency and continued food security in extreme agro-ecologies 

(Belay et al., 20 l 7). The case of the potato in its bi11hplace is special because 

landraces are still cultivated by cultivators in customary and market keeper 

systems. The Spanish conquerors introduced potatoes in Europe about mid-

161" century (Bollier et al., 2012). In the period between the lih and the 19th 

century, Europeans supplied the crop to various regions beyond Europe 

(Suarez eta!., 2012). The potato in Uganda was launched around 1900 by 

Europeans as a backyard crop chiefly incorporated of European varieties 

(Iragaba, 2014). Since then especially in the highlands, the potato has 

gradually grown in prominence as a food and commercial crop. Few 

varieties with low altitude adaptations, below 1600 metres above sea level, 

have previously been developed, making the crop more significant 111 
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Uganda's warmer lowlands. Fonnerly, the crop was best adapted to altitudes 

over 1700 metres above sea level (Adhikari et al., 20 15). 

1.1.2 [mportance of potato 

Over 300 million metric tons of potatoes are produced worldwide each year. 

Potatoes, which are high in dietary fiber, simple sugars, vitamins, minerals, 

carbs, and protein, are consumed by over a billion people worldwide. As 

stated by Zaheer and Akhtar (20 16). Due to rising urbanization and 

consumer demand for processed potato goods like French fries (chips) and 

crisps, the potato, one of the major staple crops in the Eastern and Central 

Africa (ECA) sub-region, is becoming more and more significant. The 

increased demand for fresh potatoes and their end products globally is 

causing a constant increase in the quantity of land utilized for potato 

pr0duction. (Dev~J!X eta!., 2020). The crop is a v~L.1able f()od source. and it~ 

high calorie, protein, and vitamin C content significantly improve people's 

diets (Wijesinila-Bettoni & Mouilie, 20 19). 

In developing nations, particularly in the densely populated tropical 

highlands, it also serves as a starting point for revenue and employment 

(Herrero et a!., 2013 ). Potatoes are a viable component of urban gardening 

because of their high nutritional content and simplicity of cultivation. This 

might improve food security for approximately 800 million people 

worldwide (Orsini et a/., 2013 ). The potato's adaptability to a wide range of 

:1gro-ecologies, its suitability for various agro-inputs, and its high 

productivity make it a thriving crop (Omomowo & Babalola, 2021 ). Thus, 

potato has a great deal of promise for meeting the food demands of low­

income individuals in both urban and mral locations. Potatoes grow well in 
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areas with plenty of labor and little land, which are common in many 

tropical highlands in developing nations (F AO, 2008 ). Additionally, it has a 

large unrealized potential for higher productivity and output, especially in some 

marginal farming areas where the yield potential of other crops is quite low (F AO, 

2008). Because potatoes are easily adapted to the prevalent low rainfall and high 

temperature regimes. they give farmers more opportunities than most other root and 

tuber crops, especially in light of global climate change and decreased rainfall 

reliability (Majaliwa eta!., 20 10). 

L LJ Major potato production constraints 

Potato production is influenced by both biotic and abiotic factors . Insect 

pests, bacterial, fungal, and viral diseases are examples of biotic forces. The 

main disease hmming potato output, especially in Uganda's highlands, is late 

blight. The most dangerous potato disease, late blight, is brought on by 

Phytophthor~ infe~tans and catL "'. <; a c;:::% to i.)(};/" reduction in [Jf0ductio:1. 

The cost of fungicide spray is estimated to be $1 00-300/ha which represents 

25% of the production cost compared to when having resistances of late 

blight which makes a cost saving of $2.5 to 7.5M considering 102,000 ha 

of potato (2014). This means that when using potato genotypes which are 

susceptible to late blight disease, 25% cost is wasted on buying and spraying 

chemicals to control the disease. The abiotic factors hindering potato 

production in Ug:mda include inadequate moisture supply, low soil fertility 

and drought owing to high temperatures (Ferris eta!., 2001 ). Several of these 

issues are made worse by farmers' inability to use higher-yielding inputs in 

underdeveloped countries (FAO, 2008). Because of their low mcomes, 
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farmers in developing nations are less likely to employ higher-quality inputs, 

which can exacerbate some of these concerns (FAO, 2008). As a result, the 

quantity of potatoes produced in developing nations like Uganda's highlands 

is insufficient to meet the expanding demand for potato-producing 

businesses due to the lack of land in the places where potatoes are mostly 

farmed. 

1.2 Statement of the problem 

[n Uganda, potato is mainly grown in highland areas (Altitude: 1000 to 3000 

metres above sea level); and four regions are well known for potato 

production including Kigezi region, Rwenzori region, Elgon region, and 

West Nile region. Surprisingly, the Kigezi region is the top potato producer 

with Kabale and Kisoro districts alone producing over 60% of the 165,000 

tons of tp (·· ,.,::nio::al o::~~u- in U g:u:d.a. rto·.-,·.::ver, Uganda's pctlto yiel~': ;-ta• -: 

remained low at only 4.~-7 t ha·' (FAOSTt\T, 2016), much f1elow the 25 t 

ha·' potential that is achievable with excellent management and the use of 

the right cultivars. These low yields are cotTelated with both the genetic 

make-up and the high severity of diseases. The existing high-yielding potato 

varieties have reduced in productivity and have become vulnerable to 

diseases, particularly the late blight disease (Phytophthora infestans). Most 

of the available potato varieties are not suitable for the processing industry 

which has become a great concern and demand for the processing industry. 

Considering all these scenarios, there is an urge to develop new varieties that 

are high yielding, resistant to late blight and with good processing qualities. 

To achieve this uphill task, several traits in potato genotypes have been 

characterized in different environments (altitudes from 2200 to 3450 m.a.s.l) 
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of Kigezi highlands where most of Uganda's commercially farmed potato 

varieties are best grown. The availability of potato varieties with the precise 

infusions of specific tuber processing qualities to fit into the processing and 

marketing chain is limited within the Ugandan market, despite the growing 

significance of processing in the country's potato economy. 

This study is aiming at determining potato genotypes with desirable growth 

traits including late blight resistance, desirable morphological attributes and 

with desirable processing qualities . [t also aims at determining high yields in 

relation to adaptation and stability in different environments. 

1.3 Objectives of the study 

1.3.1 General objective 

This study's overall goal is to contribute to the improvement of potato 

production th ~\JUgh the cha; acterizatioit of high yielding potato geno~ype 

with des:~,thle · g~·')w;.;-: ~:-n its, morpholog;cal and processi~1g qy~litic::' ~-

adaptable to south-western highlands agro-ecological zone (S WHAEZ). 

1.3.2 Specific objectives 

Th~ specific objectives of the study are; 

1. To detennine the growth traits of the newly bred potato genotypes 

and their tolerance to late blight disease at different altitudes in the 

Kigezi highlands. 

11. To detem1ine the tuber morphological attributes and yield of the 

newly bred potato genotypes at different altitudes in the Kigezi 

highlands. 
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111. To detemtine the processing qualities of the newly bred potato 

genotypes grown at different altitudes in the Kigezi highlands. 

1.4 Hypothesis of the study 

1. Potato genotypes exhibit favorable agronomic traits, including 

desirable maturity and tolerance to late blight disease. 

tL Potato genotypes display diverse responses to different altitudes in 

terms of morphology, yield, and stability. 

u1. Potato genotypes possess desirable processing qualities. 

LS Scope of the Research 

Potato genotypes with desirable agronomic and morphological traits, such as 

early maturation, tuber yield, and late blight resistance, were characterized 

and anal;,'zed as oart of this research project in the Kigezi hizhlands. 

Determining the impact of environment and genotype on late blight 

resist;:t;:-;_:~ c and total tuber yietd was the atm of the study. !..:nder · thts 

experiment, different potato genotypes with numerous late blight resistances 

were studied for two separate locations due to their varying altitudes, soil 

types, rainfall patterns and temperature regimes. The study was conducted in 

two distinct seasons: Season A (March - June 2020) and season B 

(September- December 2020). 

1.6 Signiticance of the study 

For farmers and processors operating on a small or large scale, the study's 

conclusions are crucial. Some genotypes of the seventeen potato genotypes 

that were described over the course of two seasons (Season A and Season B 

2020) at two locations-Kalegyere and KAZARDI-were found to have 
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favorable growth properties, including plant vigor, plant height, stem 

number. flowering days. and early maturity. Genotypes with desired 

morphological traits on tuber shapes, eye depth, skin colour, and fresh colour 

were found. Favourable processing qualities were also found in some of the 

genotypes characterized and were found adaptable in Kigezi highlands for 

potato production. Potato genotypes with early maturity, late blight 

tolerance, and high yields were identified. This is very important as the 

genotypes found with such traits help to curb hunger and reduce production 

costs since farmers nowdays do farming as a business. Some genotypes were 

found to have traits that meet the processing qualities and with high 

acceptability degree for uptake by the market. Therefore if these varieties are 

released and utilized by farmers under good management systems, they will 

contribute significantly to household income and nutritional food security. 

Potato genotypes with good morphological and processing qualities were 

detemlli'-ed to bridge the gap in the processing :;1cius••Y Tiie ge1:otypes 

which were found with suitable processing qualities are very important for 

the processors especially on chips, crisps and other value additions that are 

on high demand. Potato breeding genotypes with wide adaptation and the 

ability to thrive at different altitudes were identified and recommended for 

future release. This is very important for potato breeders and extensionists as 

the genotypes found adaptable and stable in different altitudes are source of 

genes for future resc~rch and variety deve 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Classitication of potato 

According to Reddy eta!. (20 18}, the potato is a perennial plant in the genus 

Solanum of the family Solanaceae. Along with other important crops, the 

family also includes frequently grown items including tobacco, eggplant, 

tomato, pepper, and tree tomatoes. Under optimal development conditions. 

the cultivated potato, an autotetraploid with 48 chromosomes, is an annual 

herbaceous dicotyledon crop that normally develops to a height of 30 to 100 

em (Reddy eta!., 20 18). 

2.2 Growth stages of potato 

in the devc:CJprr:.cnt of patato p!CJ.n~:;, ltve disi.incr gf\JWth stages are 

frequently idertifiec (Yang et a!., 20 l 'i). Sprouts emerge fr.)m t::.e eyes at 

the beginning of the first stage of sprout development, and they emerge 

through the ground at the end. Photosynthesis begins during this stage. These 

first two stages require between 30 and 70 days. The length of time varies 

according on the cultivar, physiological age of the tubers and environmental 

conditions. The tuber initiation/tuber set is the next phase. Tubers form at the 

tips of the stolons but do not yet enlarge, which is characteristic of this. 

Photosynthesis begins at this point. Depending on the surroundings, these 

first and second stages can take anywhere from 30 to 70 days. The 

environment, the tubers' physiological age and the cultivar type all affect 

how long it takes. 
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2.2.1 Potato production in Uganda 

Most of the crop is grown in the highlands of south-western Uganda, with 

Kabale and Kisoro producing over 60% of the country's total potato 

production (Figure 1). Potato is predominantly Fanned in Uganda as a food 

security crop. Additional potato-producing regions include Mbarara (6.2%), 

Mubende (2.3%}, Kapchorwa (2.2%), Mbable (LO%), Nebbi (0.6%}, 

Bushenyi (0.5%), Sironko (0.4%) and Masaka (0. 1 %) (Namugga, 20 17). In 

Uganda, between 200,000 and 300,000 households grow potatoes for food, 

as a cash crop, or for both (Ferris et al., 2003). In tenns of Africa's 

production of potatoes, Uganda comes in ninth, (Kesiime et at., 

20 14 ). However by both African and global standards, Uganda's average 

yield. e: ::.timaterl at 7.0 t he1- 1
, is among the lowest. 

In order to fulfill rising demand, potato cultivation has recently been 

prog, .:s:-ively expanding to non-traditional production zones, -.::3iJCCially at 

low altitudes. This is because there is a greater need for fresh potatoes, 

especially in cities. Potato (S. tuberosum L) is an important crop for food 

supply and income generation in Uganda. Potato varieties like Cmza, 

Kimuri, Kinigi, Mbumbamagara, Rutuku, Rwashaki and Victoria are often 

grown in Uganda. Furthermore, Kachpotl, Naropotl, Naropot2, Naropot3, 

Naropot4, Naropot5 and Naropot6 are some fl~1ther new potato (S. 

tuberosum L.) genoypes that NARO recently introduced and have good 

processing properties (Kajunju eta!., 2022). 
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Maj or pot at o growing regions 

Figure 1: Major potato-producing regions in Uganda 

2.2.2 Potato maturity period 

Maturity of potato (Stuberosum L.) depends on the type of a genotype as 

diferent genotypes or varieties have different maturity periods. Most potato 

genotypes have maturity periods between 70 to 120 days with few genotypes 

reaching up to 150 days (Heltoft et al., 2017). To know that the potato crop 

has matured, we consider monitoring of acrop from the time of planting up 

to harvesting. Potato growth stages are frequently delineated by the 

following terms: tuber sprouting, vegetative development, tuber initiation, 

tuber bulking and plant senescence (Oliveira et al., 2014). Culture 

techniques can be adjusted to help the crop reach its maximum genetic 

maturity potential, including the use of clean seed, physiological seed 

maturity, early planting, nutrients, and pest and disease management. To 

gauge the maturity of potatoes, the vine features are frequently seen ripe 

(Schumacher et al., 2021 ). The crop attains maturity when the leaves of the 

potato plant begin to change (Lizana et al., 2016). The maturity class of 

potatoes is often determined by potato breeders using physiological changes 
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in the potato vine. Changes in the entire plant, including a reduction in leaf 

growth, blooming, and fruit set, are linked to the formation of tubers 

(Malhotra eta!., 20 17). 

The resources in a given environment that support optimal plant growth and 

yield can be used to explain the yield of a crop in that environment 

(MacLaren eta!., 2020). A crop's response to several environmental factors, 

including light, temperature, soil moisture content, air pollution and soil 

stressors including salt, acidity and mineral deficiency varies depending on 

the situation (Xu, 20 16). 

Genetic and environmental factors as well as their interactions, determine the 

number of seeds produced by each genotype and the percentage of seeds that 

mature. In certain stressful situations, the plant might produce less viable 

~-::er.s (Str.-:-:ccn~· eta!., 2020~. Envi:-onmenta.; factor"- e:-,cot~r,tercd du~i·~:; the 

growth season affect potato output through decreasing photosynthetic 

function and efficiency, preventing stolon and tuber start, and altering 

photosynthetic partitioning (Oraby et al., 20 15). 

Generally speaking, the amount of days that pass between planting and the 

onset of senescenceor leaf ripening, detennines the maturity classes into 

which potatoes fall. Bulking rate is directly affected by this (Obidiegwu et 

a!., 20 15). Because they can withstand changes in the weather, the 

sustainability of potato production will be guaranteed. 

2.3 Breeding for earliness in potato 

Breeding potatoes for early maturity has been seen advantageous since it 

allows for escape from late-season diseases like late blight (Wang-Pruski et 
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a!. , 2018 ). However. in order to create flexible culti vars that can adapt to 

diverse environments, Uganda has not intentionally pursued potato breeding 

for earliness . 

2.4 Combining abilities in potato breeding. 

The concept of combining ability suggests that during hybridization 

processes, the parents can combine with one another in order to pass on 

advantageous genes or traits to their progenies (Owusu eta!., 20 I 7). 

While specialized combining ability (SCA) is caused by non-additive gene 

effects, general combining ability (GCA) is typically linked to additive gene 

action (Sulutana eta!. , 20 15 ). 

In the F I generation, GCA and SCA are both fixed and are crucial for 

conditioning traits in potato breeding. According to Muthoni eta!. (20 15), in 

cwsses .-b:.;i.w·.:en :.;.mclated p;.u·ents, ·GtA C.D[J ~ars co b(> ;r.uch la:g·.;, <!tar. 

SCA for tuber prod!tctio:l and c:uality parameters, whik SC A appears to be 

more significant in crossings between related parents. GCA effects were 

shown to be more significant than SCA effects in terms of crop maturity 

(Hi rut eta!., 20 17). 

2.5 Genotype by environment interaction 

The term "genotype by environment" (G x E) interaction describes how 

different genotypes react to vario•..ts environmento, (Begna, 2020). Multi­

location trials (ML Ts) are typically carried out to verify genotype 

performance for significant variables and assess the overall adaption or 

stability of genotypes that show promise in on-station experiments . 
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Additive Main Effects and Multiplicative [nteraction (AMM[) analyses 

conducted on multi-location trials (Anchico eta!., 2023) offer insights into 

the combined performance of genotypes, environments, and genotype by 

environment (G x E) interactions across many sites. Breeding progress and 

the assessment and choice of better genotypes are influenced by the strength 

of G x. E interactions. Factors responsible for genotype adaptation can be 

identitied with the aid of interactions. 

2.6 Factors affecting potato production 

Abiotic and biotic variables influence the yield of potatoes. Temperature and 

precipitation-related events are the main abiotic restrictions on potato 

production (George et a!., 20 l 7). Heat waves throughout the growing season 

and during the bulking of tubers can cause the quality of the tubers to decline 

and crop growth to be temporarily slowed down or stopped (Gericke, 20 18). 

Kesut~:i~g tuber growth when temperatures drc? again causes r;.;a[formation 

and secondary growth signs, like knobbiness and growth fissures (Van der 

Waals, et a!., 20 16). Potatoes are susceptible to several precipitation-related 

occurrences, such as excessive rain during tuber growth that causes water 

logging, crops that perish in the soil from asphyxiation, or excessive rain 

during harvest that makes harvesting impossible (Denner eta!., 20 12). 

Biotically, there are also factors that affect the production of potato. The 

frequency and severity of diseases brought on by bacteria, fungi, and viruses 

that infect potatoes, as well as pests like nematodes, tuber moths, aphids, and 

leaf miners. Bacteria, fungi, and phloem-limited pathogens, including as 

viruses and virus-like agents, are the main causes of potato infections 
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globally. Several viruses have been identified to infect potatoes in the East 

African region. Among these are the potato leaf roll virus (PLR V), potato 

virus Y (PVY), and potato virus A (PVA), the presence of which has been 

verified in Kenya's main potato-growing zones (Gildemacher et al., 2009) . 

According to Juneidi et al. (20 12), there is a distribution of potato viruses S 

(PVS), PVX, Potato virus M (PVM), PLRV, and PVY in Ethiopia. Another 

obstacle to the production of potatoes is late blight. Phytophthora infestans 

is recognized as the causative agent of late blight disease (Razukas et al. , 

2009). The disease can be severe when the weather is favorable for an 

extended period of time, with high relative humidity, cool temperatures, and 

moisture coment in the soil (Muhinyuza et al., 2007). One of the most 

destructive diseases to many plants is late blight. Globally, late blight causes 

losses amounting to billions of euros per year, primarily in the potato 

industry. The fungus initially infects leaves and sterns before spreading to all 

plant~ :.R::;zukas er at., 2008). Accordin~ ~o Fjomgc et al. (20 19:,, there i5 a 

European lineage of the pathogen known as "2 _A 1" that predominates in 

Rwanda, and there is also a minor amount of the old "US-1" lineage that is 

still there. Thus, it was established that 2 A l is replacing the ancient US-1 

lineage tn the East African region. 

Ralstonia solanacearum 1s the causative agent of potato bacterial wilt 

(PBW), also referred to as potato brown rot. It is one of Uganda's most 

common potato disease (Mutimawurugo et al., 20 19). The production of 

potatoes is threatened by potato bacterial wilt, which is evident in the soil for 

a considerable amount of time (Mutimawurugo et al., 20 19). 

The tubers' round shape, medium eye depth, and comparatively big size 
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support their acceptability among the kinds. These morphological 

characteristics are influenced more by cultural norms and genotype. While 

eye depth affects peeling time and cost, potato shape and size mostly affect 

peeling and slicing losses or recovery (Singh and Kaur, 20 16). According to 

research by Pino and Vergara (2021 ), tuber flesh color of grown potatoes 

worldwide typically ranges from white to dark yellow. Given that flesh and 

skin colors are also genetically determined. this variation can be linked to the 

genotype (Calliope et a!., 20 18). When choosing potato tubers, one of the 

main quality factors taken into account by processors and customers is flesh 

color (Singh and Kaur, 20 16). According to Kajunju eta!. (2021 ), potatoes 

with cream or yellow flesh color work well for processing into French fries 

and crisps because they yield a light golden product that consumers like 

(Soi :;;vn et al., 20 15). On the other hand, potatoes with white flesh color 

work best for processing into potato starch and flour. 

.Sven ~h0 ~:gh potatoes are s~gntficant in 0g;c.~da, their full p0ter:.tial h:ls not 

yet been reached. Some of the main obstacles influencing the potato value 

chain include the use of non-improved or uncertified varieties and minimal 

industrial processing or value addition of the product (Mbowa and 

Mwesigye, 2016). Value addition that would be essential to modernizing the 

entire potato value chain is still scarce in Uganda. Value addition not only 

offers a way to store excess from one season to the next, but it also helps 

extend shelf life, make handling easier, and lower transportation expenses 

(Abong eta!., 20 l 0) . 

It has also been observed that value addition generates jobs by bridging the 

gap between industry and agriculture. Furthermore, in response to evolving 
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lifestyles and the growing public desire for healthy diets, it manufactures 

"convenience" foods and offers goods with higher nutritional value. A 

crucial and essential stage in the food processing is the selection of raw 

materials based on their physical and chemical properties (Keijbets, 2008). 

As a result, in order to satisfy consumer demand for high-quality products, 

processors need potato varieties with certain qualities, which is why modem 

potato breeding is driven by this need (Singh and Kaur, 20 16). Due to this, 

there is now a desire for unusual potato cultivars that might not be found in 

some small-scale potato seed systems. 
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CHAPTER THREE 

EVALUATING GROWTH TRAITS OF NEWLY BRED POTATO 

GENOTYPES AND THEIR RESISTANCE TO LATE BLIGHT 

DISEASE AT DIFFERENT ALTITUDES 

J.l Introduction 

Potatoes are a significant commercial and food security crop in the highlands 

of East and Central Africa at agro-ecological altitudes greater than 1800 

meters above sea leveL A significant amount of Uganda's food supply and 

income come from this crop, which is mostly grown in the Kabale and 

Kisoro districts (Kesiime et al., 2014 ). In the world, potatoes come in third 

place among food crops. This crop is grown by more than 480,000 

smallholder farmers in Uganda. Uganda is the eighth-largest producer of 

potat0~:; n~ Sub-S~);~ran AfriL.:a, yielding an average of 400,000 ton:: 

anili.Jally . fron: · ·-1 ~ average of iOO,OOO acres. Potato !")rodu ,~ ti~n :s 

concentrated in the southwest highlands of Kabale, Kisoro, and Kanungu, 

which produce around 87% of the crop. To ascertain the appropriate growth 

characteristics and late blight disease resistance in potatoes, a study was 

conducted using 17 genotypes with varying yield, matut;ty duration, late 

blight resistance, and other qualities favored by farmers . The main objective 

was to detennine the resistance, morphological, and agronomical variability 

of different potato genotypes for the breeding program in the Kigczi 

highlands. 
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3.2 Materials and methods 

Potato genotypes were chosen from recently developed potato germplasm 

that is being kept as tiny tubers at KaZARDI. Seventeen potato genotypes in 

total were employed in the study, of which three commercial varieties 

(Cruza, Victoria, and NAROPOT4) were compared with fourteen newly 

developed genotypes. In two locations with varying altitudes, during two 

gro\ving wet seasons tn 2020-March-June (Season A) and September­

December (Season B) and G x E interactions were examined for l 7 

genotypes. 

The experiment was planted using a fully randomized block design (CRBD) 

with three replications following bush clearance and land openings (primary 

and secondary cultivation) . Two rows, each containing five tubers, were 

planted i!1 e3ch plot 30 x 75 em seed tuber spacing and ;:.. I -meter intPrplot 

distance were used for planting. The fertilizer compound NPK 17:17:17 was 

~cpplied twice to each of its portions at a rate of 100 ~-g/ha in order to 

promote vigor and tuberization. Before inserting the seed tubers, the first 

batch of fertilizer was applied during planting and completely mixed with 

the soil. To promote vegetative development and flower output, the second 

half of the fertilizer was administered as a top dressing forty days following 

planting. Fertilization, weed control, plant protection, and irrigation are 

examples of agronomic procedures that were used. The processes of weeding 

and earthing up were completed at 40 and 55 days, respectively. After 

planting, the crop stalk was clipped (dehaumed) 110 days later, and it was 

harvested 14 days later. Morphological characteristics, including eye depth, 
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skin colour, t1esh colour, and tuber fonn , were noted following harvesting at 

every location and during every season. 

3.2.1 Experimental sites and field preparation 

The experiments were carried out at the Kachwekano Zonal Agricultural 

Research and Development Institute and the Kalengyere Research Station. 

The coordinates of the Kalengyere research station are 0290 47 .79'E 010 

lJ.26'S, or 2,450 m.a.s.l, while KaZARDI is 0290 57'E 010 l6'S , or 2,200 

m.a.s . l. The two sites are located in Uganda's southw·est. The year 2020 saw 

the wet months of March through June and September through December 

when studies were carried out to assess the stability and perfom1ance of 17 

genotypes. Though at different times and in varying amounts and intensities, 

the two locations receive bi-modal rainfall. The two rainy seasons at the two 

sites are separaterl by a brief dry spell that las t ~ anywhere from ,thirty to sixty 

days, depending on the location. The above reasons justify why two study 

sites were put into •..: uns ideration in addition to G x E interactions. 

3.2.2 Selection and establishment of potato genotypes 

Potato genotypes were chosen from newly bred and maintained potato 

gennplasm at KaZARDL The study involved a total of 17 potato genotypes 

(Table 1 ), in which 14 newly bred potato genotypes were compared with 

three commercial varieties (Victoria, NAROPOT4, and Cruza) . 

Table 1: Potato genotypes used in the study 

SINo Genotype Skin color 

57.8x59.41 Red 

2 391919.3 Creamish purple 
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.., 
NAROPOT4 Red _) 

4 395077 . 12 Cream 

5 59.4lx220.54 Red 

6 393220.54 Creamish red 

7 Victoria Red 

8 393220.54xNKR.!'\f59 .48 Red 

9 NAROPOT4x38.l07 Red 

10 26. 103xll.2 Red 

II 393077.54 Creamish red 

12 Kinigix 19.17 Purple 

13 Kimurix59.58 Cream 

14 Cruza Creamish purple 

15 39266.18 Red 

16 39220.54x3950 l 1.2 Creamish red 

l7 NAROPOT4x77 .54 Red 

Source: Kacluvekano ZARDl, 2020. 

3.2.3 Data Collection 

3.2.3.1 Determination of growth traits of potato genotypes 

Data were collected from germination to the senescence stage when 

genotypes were ready for harvesting (Plate I). The number of plants that 

germinated, plant height, number of stems, number of flowers, blooming 

date, number of surviving plants per plot. number of plants infected with late 

blight. and number of leaves per plant impacted by late blight disease were 

among the growth parameters evaluated. 
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11:. 

Plate 1: Collection of data on growth traits 

3.2.3.2 Flowering days and maturity periods for the 17 genotypes 

Agronomic data collection started 40 days after planting up to when the crop 

attained its physiological maturity. Flowering data was done per plot of the 

experiment in each of the 3 replications for each genotypes. Data on days to 

flowering and maturity periods for the 17 genotypes were recorded every 

after seven days when genotypes reached 50% flowering. This data was 

gathered up until the plants senescenced or the beginning of leaf yellowing 

(physiological maturity) . The senescence period was reached after the 

genotypes attained their maximum matmity periods and statted weathering. 

3.2.3.3 Late blight resistance determination among potato genotypes 

Data on each of the ten plants in each plot and replication were gathered 

throughout the first growing season. Since the size of the plots and the 

quantity of tubers rose from 10 to 30 in the second season, only 4 plants 

were randomly sampled for the second season. This is because, going into 
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season two, the seed tubers had grown from the previous season, acting as a 

multiplier. Every genotype of the 17 potato genotypes included in this 

investigation has data on the emergence of plant diseases. The late blight 

disease's incidence and severity were calculated appropriately. By comparing 

the infected green and non-green leaf sections using a l-9 scale developed 

by the [nternational Potato Center (C[P), the degree of late blight lesions on 

leaves and stems was visually assessed. From l (no symptoms) to 9 (all leaf 

area with symptoms), scores varied. For each plot, the average percentage of 

blighted foliar area was determined. Plant leaf area affected, or PLAA, is a 

standardized method for measuring disease severity that was used for weekly 

assessments to monitor the development of late blight on leaves (Forbes et 

al., 2014). Plants were harvested at the conclusion of the season, and the 

number of tubers on each plant was tallied. When the plants were harvested 

at the end of the growth season, the number of tubers on each plant was 

c;c!mted, weigh·.~d . and ;..![ ~'ided into th.c:- ~ ::atelS;:;ries: Sti1.:il l, medium, and 

large. Data on traits associated with yield and reaction to late blight infection 

were acquired. 

3.2.4 Statistical data analysis 

Using the method of Campbell et al. ( 1990), the extent of the disease was 

calcuiated as the area under the disease progress curve (AUDPC). 

AUDPC = l::_(i=1)"'n[(X_i + X_(i-1) ))/2][t_i-t_(i-1)] 

where t i-t (i-1) is the time difference between two successive disease 

severities, X _i is the current disease severity, and X _(i-1) is the previous 

diseases everity. 
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Analysis of variance (ANOV A) and means separated by least significant 

difference (LSD) were used in Genstat llth edition to analyze data on 

t1owering days and maturity periods with a 95% confidence leveL 

3.3 Results 

3.3.1 Growth traits of potato 

Growth traits varied among the genotypes, seasons and study sites of 

Katengyere and KaZARDI. Among the 17 potato genotypes that were 

characterized, genotypes at Kalengyere generally registered better agronomic 

attributes than KaZARDI location in terms of plant vigor, plant height, and 

number of stems for each plant. During the first season, genotypes 

393077.54, 393220.54, 59.4lx220.54, Kinigix 19.1 7, NAROPOT4 

NAROPOT4x38.107 and NAROPOT4x77.54 were found to have very good 

plant vigor. Only genotype 57.8x59.4l was found with poor vigor. Pcilato 

~ · -:·:styp .~s ·.o;iti, high:.'st plant height were N i\ROPO'i 4X3~ : ~7 , _; ~:} '?20 . .J4, 

393077.54, NAROPOT4x77.54, 393220.54xNKRN59.48, KinigiXl9.17, 

Cruza, 59.4lx220.54, NAROPOT4 and 26.103xll.2 . The genotypes with 

short plant height was found to be 57.8x59.4l. The number of stems per 

genotype varied from l to 2 hence indicating less significant difference 

(P>0.5). Genotype 57.8X59.4 t had the number of stems as three and 13 

genotypes two stem numbers (Table 2). Genotypes with the highest means in 

plant .,·igor wen;; NAROPOT4x38 . 107, NAROPOT4x77.5.; , Cruza, 

59.4lx220.54, 395077.12, 393077.54 and 39220.54x3950 ll.2. Genotype 

with the least means in terms of height was 57.8x59.4l. In general, the 

genotypes that were characterized did not differ significantly in terms of 
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stem counts. ft was discovered that the majority of potato genotypes differed 

significantly (P<0.05) in terms of plant vigor. The most outstanding 

genotypes in plant vigor were; NAROPOT4x77 .54, 59.4lx220.54 and 

393077.54. These were followed by NAROPOT4x38 . 107, NAROPOT4 

(Variety check), Kinigi x l9.l7, Cruza( Variety check), 393220.54 x 

NKRN59.48, 393220.54, and 26.103 x ll.2 (Table 2). 
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Table 2: Means of different growth traits of potato genotypes at Kalengyere (A) and Kach"wekano Zonal Agricultural 

Research and Development Institute (B) sites 

A: Kelengyere 

Genotype Season one Season two 

Plant Average plant Number of Plant vigor Average plant Number of 

vigor height (em) stems height (em) stems 

26. 1 03X 11.2 6.2±0.99cd 48.87±29.3Jd 2.37±0.85ab 7.07±1.34d 47.79±29.12C 2.37±0.85c 

391919.3 6.93±1.92d 5l.20±30.96e 2.4±0.81 ab 6.4±l.19C 47.34±28.79c 2.4±0.81C 

39220.54X39501l.2 7.2±l.69d 52.60±31.57e 2.4±0.81 ab 6.60±0.81 cd 49.24±30.63C 2.40±0.81C 

39266.18 4.53±1.01 c 39.16±20.80c 1.93±0.69a 4.27±1.23b 37.23±23.16b 2.17±0.79b 

393077.54 7.0±1.82d 51.57±31.79e 2.2±0.76a 8.00±1.64f 54.52±32.46de 2.17±0.79b 

393220.54 6.4±1.50Cd 52.56±32.16e 1.97±0.67a 7.87±1.94ef 55.94±32.69e 1.97±0.67a 

393220.54XNKRN59.48 5.2±).lQC 48.14±27.68d 2.63±1.22c 7.47±2.50e 53.12±32.19d 2.40±1.04c 

395077.12 7.6±1.83e 53.77±32.23e 2.13±0.82a 6.60±0.81d 47.06±29.46C 1.93±0.69a 

57.8X59.41 2.4±0.93a 29.49±16 .16a 3.23±1.072c 3.80±1.63a 3!.21±20.09a 2.87±1.17cd 
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59.41 x220.54 7.13±J.77d 52.567±32.5e 1.755±0.443 8.00±1.64f 56.95±33.11 e 2.20±1.03b 

CRUZA 7.6±1.83" 53.67±31.19e 2.4±0.81 ab 7.60±1.83e 51.98±3l.J2C 2.40±0.81 c 

KIMURIX59.58 5.67±1.77bc 41.98±24.99c 2.6±1 .07c 6.13±1.46c 45.64±28.68b 1.63±1.033 

KINIGIX19.17 6.53±1.94d 50.19±29.18e 2.4±0.81 ab 7.13±2.73d 50.92±3J.23C 2.17±0.79° 

NAROPOT4 6.6±1.52d 50.65::::29.45be 2.4::!::0.8 I ab 7. 73±2.20ef 55.15::::33.55e 2.75±1.12cd 

NAROPOT4X38.!07 7.6±1.83e 54.72±29.845[ 2.4±0.81 ab 7.53±1.57e 51.83±30.73c 2.40±0.81 c 

NAROPOT4X77.54 7.47±2.08e 54.68±31.09[ 2.63±J.03C 8.00±1.64f 57.61±34.29e 2.40±0.81 c 

ViCTORIA 4.4±0.93b 3 7. 16± 19.3 I b 2.4±0.81 ab 4.60±0.8lb 41.75±23.84b 2.40±0.81C 

Different letters imply significant differences at 5%. The difference are compared across columns for all genotypes for season one and season two at 
Kalengyere site. Variety clzecks (Cruza, NAROPOT4 and Victoria). 

B: Kachwekano Zonal Agricultural Research and Development Institute 

Genotypes First season Second season 

Plant vigor Average plant Number of Plant vigor Average plant Number 

height (em) stems height (em) of stems 

26.103Xll.2 6.40±0.93cb 50.22±25.55c 2.03±0.67a 6.53± 1.46cd 48.46±25.l2c 2.03±0.67a 

391919.3 6.40±0.93cb 49.JQ±24.75C 2.27±0.78a 6.53:±: 1.46cd 50.52±26.64C 2.27±0.78a 
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39220.54X3950 11.2 6.40±0.93cb 47.70±24.62C 1.80±0.41 a 6.53±1.46cd 49.48±24.88c 1.80±0.41 a 

39266.18 4.40±0.93b 40.93±21.15a 2.23±0.82a 4.27±1.78b 43.58±22.45b 2 .23±0.82a 

393077.54 8.00±1.64d 54.22±27.17d 1.80±0.41 a 6.87±1.74d 56.41±28.43d 1.80±0.41a 

393220.54 8.00±1.64d 54.02±26.81 d 1.80±0.41 a 7.20±1.92d 55.99±28.23d 1.80±0.41 a 

393220.54XNKRN59.48 7.93±1.72d 52.96±27.14c 2.27±0.78a 6.20±1.00cd 53.79±27.33cd 2.27±0.78a 

395077.12 6.40±0.93c 48.04±24.97C 1.80±0.41 a 7.20±1.92d 50.69±27.03C 1.80±0.41 a 

57.8X59.41 2.40±0.93a 30.94±16.76a 3.70±1.01c 2.20±1.00a 34.52±17.69a 3.70±1.01C 

59.41 x220.54 8.00±1.64d 5 1.85±26.19c 1.80±0.41 a 7.20±1.92c 57.83±27.62dc 1.80±0.41 a 

CRUZA 6.40±0.93C 51. 92±26.25c 2.27±0.78a 6.53± 1.46cd 53.08±26.95c 2.27±0.78a 

KIMURIX59.58 6.93±1.44d 49.51±26.35c 2.27±0.78a 6.93±2.26d 47.98±25.7)C 2.27±0.78a 

K!NIGIX19 .17 8.00±1.64d 51.94±26.19C 2.03±0.672 6.20±1.00cd 52.26±27.02c 2.03±0.67a 

NAROPOT4 8.00±1.64d 50.67±24.99c 2.50±0.82b 7.20±1.92d 51. 75±26.59C 2.50±0.82b 

NAROPOT4X38.107 8.00±1.64d 55.36±26.99d 2.27±0.78a 7.20±1.92d 57.24±27.92de 2.27±0.78a 

NAROPOT4X77.54 8.00±1.64d 53. 77±26.89cd 2.27±0. na 7.20±1.92d 55.60±27.88d 2.27±0.78a 

VICTORIA 5.00±0.00c 41.51±21.12a 2.50±0.82b 4.93±0.83b 41.41±19.39b 2.50±0.82b 

Different fetters imply significant differences at 5%. The differences are compared across the columns for aft genotypes for botft season one and season 

two at KAZARDI site. Variety checks (Cruza, NAROPOT4 and Victoria). 
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3.3.2 Determination of late blight resistance in potato genotypes 

Late blight resistance was exhibited in some potato genotypes and others 

succumbed to the disease. The genotypes which showed much resistance and 

those that had less resistance were observed across the two sites and in all two 

seasons of the study (Season A and B 2020). The most outstanding genotypes 

in terms of late blight resistance were noted to be NAROPOT4x77.54, 

NAROPOT4x39.107 and 57.8x59.41 while the genotypes that were very 

susceptible to the disease were found to be Victoria, Cmza and 39366.18 

(Figure 2) . Late blight disease was more severe at Kalengyere site for season 

one and season two compared to severity levels at KaZARDf site (Figure 2 and 

Figure 3 ). [twas observed that genotype Victoria was more severely affected by 

late blight disease across the two sites of Kalengyere and KaZARDL The 

. aver~ge :;~0re r"or dist:ase severity during the evaiuati •.iP [J .:i iod ·-vas ~ {;· i u, and it 

was com!J:et~d once a week, every after ~ even G2.Y" following ~he initial 

diagnosis. A l-9 Henfling disease estimation scale was employed, with 0 

representing 0%, l = 10%, 3 = 10%-20%, 5 = 20--30%, 7 = 30%-60%, and 9 = 

60-100%. 

The overall incidence rate of late blight disease was 78%. [n season two, this 

was realised at the Kalengyere site. 

When it came to control checks, the Victoria genotype proved to be more prone 

to late blight disease, and 39266.18 which was a nrewly develored genotype 

was particularly prone to the disease. Across all sites and seasons, a broad 

spectrum of newly bred genotypes generally showed high levels of resistance to 
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the late blight disease, which had a disease severity ofless than 10%. 
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Figure 2: Late blight disease severity progress curves for· two sites in season one 
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3.3.3 Flowering days and maturity periods among the 17 genotypes 

Results indicated that genotypes to first reach 50% flowering on both the study 

sites of Kalengyere and KaZARD£ were 39l220.54x3950 11 .2 and Victoria 

(Check). Genotypes which flowered late across the two sites were 26.1 03x ll.2, 

Cruza, Kinigix 19. 17 and NAROPOT4x77 .54 ( Figure 4 and 5). The genotypes 

studied had very significant influences on flowering days and maturity duration 

at l% (P <. O.O l ), as well as senescence or the commencement of leaf yellowing, 

according to the analysis of variance. Compared to Kalengyere location, the 

majority of genotypes flowered earlier at KaZARD[ site (Figure 6) . The 

disparity in elevation between the two locations is attributed to this . 
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Figure 4: Days to flowering among the 17 potato genotypes at Kalcngyere site 

31 



KaZ ARDI 

120 l I ~~-1 I I I I I I I I I I I I I I I 
·J'I 
> 
r: 
a 

~~~~~~~- ~~~~~0~Y~~ .._,.., :-;' ">'? ro· '\ · \) ~ '\· D) · \)· 0 D)· D)· 0 ">v '\· oq;. 
~~9~~v~~9~~~~&~~6 
~~~~0~~~~~ §~~~~~ 

'1.-ro· \)· "' "' "'-v "' c., ">· ~ -'~ ~ oQ. 9.o v ~ ~ ~ ~ ~ ~ 
"'"' ") ~ ~'?' 

e.;cnoty pr 

Figure 5: Days to flowering among the 17 potato genotypes at KaZARDI Site 

The senescence stage of each individual genotype was scored in order to 

calculate the maturity duration of the potato genotypes. Senescence of potato is 

when the crop has attained its physiological maturity and the leaves start 

yellowing indicating that the crop has matured and is ready for harvesting. 

li . :no~ypes thrrr :,how~d c-:o.:iy matuciL:y ior two sites oi.· K:.:!eag~;t:: rf' ,::·,J 

KaZARDf were; 39220.:\4x3C)5011.2, 393220.54, JC)3220.54xNKRN59.48, 

NAROPOT4 and Victoria. These genotypes showed early maturity across the 

two sites but genotypes at KaZARD[ site matured earlier than at Kalengyere 

site. The resources available in a particular environment to enable optimal plant 

growth and yield can be used to explain a crop's yield in any given environment 

(Bidinger et af., 1996). 

Potato genotypes that were found to be late maturing in all the two study sites 

were NAROPOT4x77 .54, Kinigixl9.17, Cruza and 26 .10311.2 after attaining 

more days than the rest to reach their senescence stage (Figure 6 and 7). 
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3.4 Discussion 

The performance of the seventeen potato genotypes under study differed in 

tenns of agronomic parameters, and they were described at two distinct 

altitudes : 2450 m.a.s.l for the Kalengyere site and 2200 m.a.s.l for the 

KaZARDl site. Season one and season two plant vigor and height at the 

Kalengyere location differed significantly (P<O.O l ), according to analysis of 

variance. The genotype perfomace at the Kalengyere location for season one 

and season two did not differ significantly (P>0.05) based on the number of 

stems per plant (Table 2 A). At KaZARDl site, there was also significant 

difference in genotype performance in regard to plant vigor and average plant 

height (P<O.O l) for both season one and season two (Table 2 B). The number 

of stems for genotypes investigated in seasons one and two did not change 

~i. ;r. Jic ?. fl l: i y I_ P>O 0.' ). The stJ.:dy fn,;nd out that the pta ~~ ge!1 ° :i r:; es at 

Kalengyere site exhibited better growth traits compared to the KaZARDl site. 

This is expiained by the fact that Kalengyere site is situated on a lugher 

altitude, with volcanic soils and cool temperatures compared to KaZARDl site 

which is slightly on a lower altitude, with sandy loam soil and with slightly 

wanner temperatures. This finding is consistent with other research that 

demonstrated how environmental factors like soil type and climate can affect 

plant growth and yield (Figueroa- Lopez et al., 20 l 6). Different environmental 

conditions affect cr;)pS in different ways, and these elements are all 

encountered during the crop-producing process for example altitude, 

temperature, amount of water in the soil, atmosphere pollutants, light, soil 

stresses such as salinity, acidity and mineral deticiency (Bhadra et a/., 2022). 

The study to determine the potato late blight resistance among the seventeen 
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genotypes in all the two sites of the study was done between the tirst and 

second seasons (March-July) and (September-December) 2020. The study 

revealed that the presence of late blight disease was influenced by 

environment and genetic make up of genotypes. The disease severity varied 

among the test genotypes and sites with Kalengyere showing higher severity 

than KaZARDI in the first season. This finding aligns with previous studies 

that have identitied variations in late blight resistance among potato genotypes 

(Fry eta!., 20 15). For all the t\vo study sites, most genotypes showed signs of 

late blight within the tirst four weeks after germination, while some genotypes 

remained asymptomatic until the 6th week and beyond. Genotypes that showed 

high level of resitance in all the two sites are; NAROPOT4x77.54, 

NAROPOT4x39.l 07 and 57.8x59.4l. This suggests differences in disease 

susceptibility and latency periods among the genotypes. Late blight is known 

for its ability to rapidly spread and infect potato piants undef favorable 

envi.-onrnent<:il conditions (Fry «t c..-!., 2015). It 1~ nott:·:·_.;"!hy ~itat ilic sc '.r~~ity • 

of the late blight disease can be impacted by a number of variables, including 

genetic resistance, environmental factors, and management techniques. Further 

research is needed to determine the specific genes and mechanisms involved 

in late blight resistance and to develop strategies for breeding and managing 

potato genotypes with improved resistance to the disease . 

On matmity period, all the seventeen potato genotypes responded differently 

in all the two sites and in both season one and season two (March-July) and 

(September-December) 2020. For genotypes, environments, and genotype by 

environment interaction, highly significant differences (P<O.O l) were noted. 

This showed that genotypes performed differently in terms of maturity 
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·, 
depending on the location. This tells us that genotypes could be chosen based 

on specific environment (Zhao & Shizhong, 20 12). The differences noted 

could probably be attributed to the differences in the conditions in gtven 

environments. This relates to the research conducted by Nakitandwe et a!., 

(2003) who likewise obtained comparable outcomes. This suggests that a 

genotype's growth maturity may be impacted by the genotype, altitude, and 

additional environmental variables. Potato genotypes began flowering earlier 

during the second rainy season of 2020 (September-December) than during 

the tirst rainy season (March-June), according to an assessment of genotype, 

location, and cropping season means. Across locations and seasons, genotype 

Kinigix 19.17. Cmza, 57.8x59.4l, NAROPOT4x77.54 and 26.l03xll.2 were 

the earliest to flower and genotypes 39220.54x3950 11.2, 393077.54 and 

393220.54 took long to flower. On average, genotypes flowered earlier in 

KaZARDr than Kalengyere (Figure 5). Genotypes Kinigix 19.17 consistently 

started flower: .. :; :.:adi.:t" tha.n any genotype across !oc<.:t!or:s and seasons. '• 

3.5 Conclusion 

Based on the results from the study, Kalengyere site generally exhibited better 

growth traits compared to the KaZARDI site. Regarding favorable agronomic 

features, such as average plant height and plant vigor, the study found that there 

were highly significant differences (P<O.O l ). For all the two sites and both 

seasons of the sudy, there was no significant difference (P>0.05) in the number 

of stems per plant across the seventeen genotype. Genotypes which showed 

outstanding favourable growth traits were found to be 393077.54, 

59.4lx220.54, NA.ROPOT4x38.107, NA.ROPOT4x77.54, 395077.54, and 

NAROPOT4 which were newly bred genotypes except NAROPOT4 which was 
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(Variety check). Genotype which had poor growth traits across locations and 

seasons was found to be 57.8x59.4l. 

The study revealed that the presence of late blight disease can also be 

influenced by the environment. The disease severity varied among the test 

genotypes and sites with Kalengyere site showing higher severity than 

KaZARDI site. Genotypes NAROPOT4x77.54, NAROPOT4x39 . l07 and 

57.8x59.4l were a symptomatic up to 6th week. Genotypes, such as Victoria, 

Cruza and 39366. 18 were severely affected by late blight disease and the 

symptoms would show within the tirst four weeks after germination. This 

tinding aligns with previous studies that have identified variations in late blight 

resistance among potato genotypes (Fry eta!., 2015). Potato genotypes began 

flowering earlier during the second rainy season of 2020 (September­

December) th:-.n during the first rainy season of 2020 (March-June), according 

to an assessment of genotype, location, and cropping season means . In terms of 

locations and s~a:;Gns, the ge,. :.: t~'Pt::; Kmigtxl9.!7, Cruza, 57.859.41 , 

NAROPOT4x77.54, and 26 . l03xll.2 were the first to flower, whereas the 

genotypes 39220.54x3950 11.2, 393077.54, and 393220.54 were the last to 

commence flower buds. 

Regarding senescence or maturity duration, genotypes 

393220.54xNKRN59.48, NAROPOT4, 393220.54 and Victoria attained their 

senescence period earlier compared to other genotypes with genotypes reaching 

the s~nescence earlier at KaZARDI site (Figure 6) and later on Kalengyere site 

(Figure 7). The study concluded by showing that the genotypes of potatoes that 

were evaluated varied in terms of flowering days and maturity time depending 

on the location. These variations highlight the genetic diversity and adaptability 
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of the genotypes, which can be important factors to consider in potato breeding 

programs and crop management practices. The statistical analysis indicated 

significant genotype effects on these traits, emphasizing the role of genotype 

selection for desired tlowering and maturity characteristics. 
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CHAPTER FOUR 

DETERMINING TUBER MORPHOLOGICAL TRAITS AND YIELD OF 

THE NEWLY BRED POTATO GENOTYPES AT DIFFERENT 

ALTITUDES IN THE KIGEZI HIGHLANDS 

4.1 Introduction 

Multi-location trials, also known as multiple trials , are frequently conducted to 

confitm genotype performance for important traits and evaluate the stability or 

generalizability of genotype performance that has shown promise in on-station 

testing. The overall effectiveness of additive main effects and multiplicative 

interaction (Al\l[i'v!I) analysis across many sites, as well as genotype by 

environment (G x E) interactions, can be obtained from multi-location trials 

·,'·:·arf'! 1.l e: .tl .. 2006 ). The breed in ~ r:. 0~ c: · :. s is i,_ nue:nceci ~'/ :::a: ~~~~·n;ch ::::· ·-:-: :\ 

E inte ractions , which also aid in identifying and selecting superior genotypes . 

In this research, G x E interactions for l 7 potato genotypes were examined in 

two different environments over the course of two wet seasons. 

Long-term droughts and high temperatures are detrimental to potato bulking, 

according to research by Abalo et al. (2003 ). The growth of tubers slows down 

with increasing soil temperature and eventually stops completely above 30° C. 

In light of the increasing unpredictability of climate and environmental 

.:onditions, there is a pressing need to prioritize the breeding of resilient potato 

varieties. This will ensure the sustainability of potato prodt:ction by enabling 

the crop to withstand varying weather patterns. This study's main goal was to 

evaluate the yield performance and stability of various potato genotypes in the 

Kigezi highlands at varying elevations (G x E). Finding genotypes with 
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advantageous physical traits and assessing their influence on yield measures 

were the main objectives of the evaluation. 

4.2 Materials and Methods 

4.2.1 Experimental sites 

In this study, G x E interactions for I 7 potato genotypes were examined in two 

different environments over the course of two wet seasons. Two experimental 

sites were chosen as they are situated on different altitudes hence different bi­

modal rainfall and different soil partems for stability studies. 

After bush clearing and land openings (both primary and secondary cultivation). 

agronomic practices (irrigation, fertilization, weed control and plant protection) 

were conducted. Each plot had l 0 tubers whereby in each row there were five 

tubers planted. Number of seed tubers used in first season per plot were l 0 as 

thl: planting materials were few bu~ were inc:.-.!as.;;J to j0 tt;L,ers ·in the second 

season as they had been r:1~lltip! ie ci i1; the ficst season of the _exp;:·riment. Seed 

tubers in each row were planted at 30cm apart and 75cm from one row to 

another with the separation of lm from one plot to another. 

A single experiment with three replications and a fully randomized block design 

was conducted at each site. Compound NPK 17:17: 17 fertilizer was applied at 

a rate of 2 to 4 pounds (0.9 to 1.8 kilograms) per l ,000 square feet (93 square 

meters) of soil in order to promote vigor and tuberization. 

The first set of fertilizer was applied at planting in furrows and well mixed with 

soil before seed tubers were put in the soil. To encourage the growth of flowers 

and vegetative growth, a top-dressing of the second batch of fertilizer was 

applied 40 days after planting. After forty and fifty days, respectively, weeding 
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and earthing up were completed. Harvesting took place 14 days atter cutting 

( dehaulm ing). and the crop was cut ll 0 days atter planting. 

4.2.2 Potato genotypes used in the study 

The freshly bred germplasm that was being maintained as tiny tubers (first tuber 

generation) at KaZARD[ was used to select the experimental potato genotypes. 

This study used 17 potato genotypes altogether. Fourteen ( 14) newly bred 

potato genotypes were compared with three commercial varieties (Victoria, 

NAROPOT4, and Cmza). 

4.2.3 Experimental designs 

Utilizing three replications of a randomized complete block design (RCBD) . 17 

potato genotypes occupying 17 plots each of l.5m X l.5m were made within 

the experimental fields at KaZARD[ and Kalengyere satellite station for the first 

S~O:lson (iViu~-l~-June 2020 s -~:l<;Or< A). Every piot w<L :~1;id.: '-'Pot c'·v·u ,-v-vs that 

were one meter apart. The seed tubers were spaced 30 em within the row and 

75cm between the rows (30cm x 75cm) and the inter-plot spacing was lm. Five 

tuber seeds were used per row. Ten tuber seeds of each potato genotype were 

planted per replicated plot. Excavating trenches that were l 0 em deep and in a 

straight line, followed by the hand application of 120 kg of NPK 17:17:17 

fertilizer, sprouting tubers were planted in the trenches ·.vith their sprouts 

pointing upwards, and the trenches wne covered to form a mound on Lile luber 

seeds. This was repeated in the second season (September-December 2020 

Season B) but the number of tubers used per plot increased to 30 tubers where 

l 0 tubers were planted in each row making 3 rows per plot with the spacing of 
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(30cm x 75cm) with a separation of lm from one plot to another for 3 

replications. The size of the plot also increased from l.5m to 3m in width x 

2.25m in length. The planting of the experiment was done early in the season 

for both two sites to utilize the first rains and allow good germination of the 

potato. Five tuber seeds were planted in furrows with fertilizer in each row and 

l 0 tubers for each plot. Ten tubers were planted in each plot since, during the 

nrst growing season, there were not enough tubers available from the 

germplasm that was kept at the research station for use in the experiment. In the 

second season, three rows of ten tubers each were planted, increasing the total 

number of tubers planted each plot from ten to thirty. Because they had been 

produced from the first season of the experiment, more tubers were planted in 

each plot during the second season . 

~-2 tt u::::a ~r.U<>.:tion methods 

4.2.4.! Dei ~:-min~'l!• n;'~ r~ttological attd!Jui~s oftest genotype·:: i 

Seventeen potato genotypes, majority being the newly bred genotypes and the 

commercial varieties which are commonly grown by farmers (Victoria, 

NAROPOT4 and Cruza) acted as checks. The freshly produced genotypes and 

variety checks were acquired from the Kachwekano Zonal Agricultural 

Research and Development Institute (KaZARDI) located in Kabale, South­

Western Uganda. Good agronomic practices (GAP) were used in the 

cultivation of the potatoes har·.rested at their physinlogical maturity and. 

different morphological attributes were recorded accordingly as guided by 

(Kajunju et al., 2022). Traits for skin colours and tuber flesh coloum were 

evaluated visually using a sample of 4 tubers per genotype and from each plot 
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in each of the three replications making at toal of 24 tuber samples. These 4 

tubers were cut from each genotype to assess flesh colour by using a 1-6 scale 

(Domanski et al., 2004). This process was carried out for two study seasons 

(March-July and September-December 2020) at KaZARDI and Kalengyere. 

In the first and second seasons of 2020, measurements of the eye depth and 

tuber shape were also made. Tuber shapes were scored in tlu·ee categories as 

oval, round and oblong; and for eye depth as surface, intermediate and deep. 

Eye depth was evaluated on 1-9 scale, where 1 =eyes deeper than 5 mm, 

9 =eyes not perceivable by touch (Domanski eta!., 2004) 

Plate 2: Morphological appearances of genotypes 59.41x220.54 and 393220.54 

4.2.4.2 Determination of genotype yield stability 

Yield data were collected at harvest. All tubers were grouped into three 

categories at harvest, that is small tubers, medimn tubers and large tubers. Each 

category's weights and quantities of tubers were noted. Commercial tubers/large 

tubers or those measuring more than 60 mm. were classified as falling under 

Categmy I; commercial tubers/medium tubers measuring between 30 and 60 

mm were classified as falling under Category II; and non-commercial/small 
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tubers or those measuring less than 30 mm were classified as falling under 

Category III (Plate 3) (Ghislain et al., 2019). 

Plate 3: Potato tube1· of genotype 395077.12 in three grades 

At harvest, data collection was done on individual plants. Data fot yield 

parameters, such as total weight for commercial weight (Figure 4), were 

expressed in tons/ha (Kesiime eta/., 2016). 

Plate 4: Weighing of potato tubers per plant using a digital scale at harvesting 
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4.2.5 Magnitude of genotype by environment (G x E) interaction on yield 

performances 

At each of the two sites, the study was carried out over the course of two 

seasons using a randomized complete block design (RCBD). In 2020, during the 

tirst and second rainy seasons, three replications were employed for each site. 

Each genotype was planted in a ridge using a 30-by-75-cm furrow spacing 

Every genotype was planted in two rows, with five tubers planted in each row, 

for a total of ten tubers per plot. After harvesting the first season, when [ had 

less planting tubers, I planted more tubers in the second season, increasing the 

number of tubers planted per row from five to ten. Each plot had three rows 

planted with ten tubers and making a plot of 30 tubers with the spacing of 30cm 

x 75cm. Each plot was separated by a space of 1m from one plot to another. 

~.j Siatisi:icai ana!ysis 

The- Res;d:•al :'!?.:xjn;,~:: L.ikelihood of breeding View tool in G·~·:~tat l ~ th 

edition was utilized to analyze the variations in genotype yield between the 

KaZARDl and Kalengyere sites. The least significant difference ((LSD) was 

used to distinguish between genotype mean yields at 5% level of significance . 

The G x E interactions were examined using Additive Main Effects and 

Multiplicative Interaction (AMMI), which employs standard analysis of 

variance and principle component analysis (PCA) to identify patterns in the data 

(Gauch, 2006; Yan et al., 2007). The AMMl method helps to improve the 

accuracy of the statistical analysis by describing the interactions that genotypes 

have with each environment and capturing their true structure. The data set for 

Kalengyere was more affected by the number of plants harvested, the weight of 
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small tubers, the number of small tubers, and the weight and number of large 

tubers, as indicated by the coefficients of the highest weights in the components 

PCA loading at 2':0.5. In contrast, the largest weights of the coefficients in the 

components PCA loading at 2:0 .5 were seen for KaZARDI in terms of number 

of medium tubers, weight of medium tubers, number of big tubers, weight of 

big tubers, number of rotten tubers, and weight of rotten tubers (Byarugaba et 

al.. 202! ). The genetic stability of the variations was evaluated using the 

following AMMI model equation. 

Y;jk=M +B/Ejk +G;+GE;j+ E;jk' 

Where Yijk represents the ith genotype in the jth environment and kth 

Block; M denotes the overall mean; ~corresponds to the block within 
Ejk 

The jth environment and in the kth block, G: is the effect of the jth 

·:::i.!nvtype; c !epreseitts the effect of tht jth eilvi ~S ; tme~tt; GI::;J is the eft"eu or 

r nkraction of the ith ger:otn-~s with the iti: environment and :;k i:-

The effect of experimental error 

4.4 Results 

4A.l Morphological attributes oftest genotypes 

Most of the potato genotypes in the study had one specific skin colour apati 

from genotypes 26.1 03x 11.2 (Creamish purple), 39220.54x3950ll.2 

(Creamish red), 393077.54 (Creamish red), 393220.54 (Creamish red) and 

Cruza (Creamish purple). Different potato genotypes had one flesh color apart 

from genotypes Kinigix 19. 17 (Creamish purple), Cruza (Creamish purple), 

and 391919.3 (Crcamish purple) which had two different flesh colours). 

Genotypes had specific tuber shapes ranging from round, oval to oblong. 

Genotypes which were found to have round tuber shapes included; 
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26.1 03x11.2, 57.8x59.41 , 59.41 x220 .54, Cruza, Kimurix59 .58, NAROPOT4 

and Victoria. Genotypes 391919.3, 39266.18, Kinigixl9 .17 and 

NAROPOT4x77.54 were found with oval tuber shape. Genotypes that were 

found with oblong shape included; 39220 .54x395011.2, 393077.54, 393220 .54, 

393220.54xNKRN59.48, 395077.12, and NAROPOT4x38.1 07. Potato 

genotypes which had shallow eye depth included; 26.1 03x 11.2, 391919.3, 

39220.54x395011.2, 39266.18, 393220.54, 393220.54xNKRN59.48, 

57.8x59.41 , 59.41x220.54, Cruza, NAROPOT4x38 .107, NAROPOT4x77 .54. 

Genotypes \Vith intermediate or medium eye depth were found to be ; 393077.54, 

395077.12, Kimurix59 .58, Kinigix19 .17, NAROPOT4 and Victoria (Table 3) . 

The findings indicated that there was no significant difference (P>0.05) between 

the genotypes for the KaZARDI and Kalengyere locations with regard to skin 

colour, flesh colour, tuber form , and eye depth . 

Table 3: Morphological attributes of potato genotypes for Kachwekano 
Zonal Agricultural Research and Development Institute and Kalcngyere 

Genotypes Skin colout· Flesh Shape Eye depth 
colour 

26.103xll .2 Cream ish Cream Round Shallow 

purple 

391919.3 Purple Cream ish Oval Shallow 

Purple 

39220.54x395011.2 Creamish red Cream Oblong Shallow 

39266.18 Red White Oval Shallow 

393077.54 Creamish reel Cream Oblong Intermedi ate 

393220 .54 Creamish reel cream Oblong Shallmv 

393220.54xNKRN59.48 Red Cream Oblong Shallow 

395077.12 Cream White Oblong Intermediate 

57.8x59.41 Red Cream Round Shallow 

59.41x220 .54 Red Cream Round Shallow 

Cruza Cream ish Cream ish Round Shallow 

purple purple 

Kimurix59 .58 Cream Cream Round Intermediate 
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Kinigixl9 .17 Purple Cream is Oval Intermediate 

h purple 

NAROPOT4 Red Cream Round Intermediate 

NAROPOT4x38.1 07 Red Cream Oblong Shallow 

NAROPOT4x77 .54 Red Cream Oval Shallow 

Victoria Red White Round Intermediate 

4.4.2 Genotype yield stability 

Genetic combinations and environmental factors were shown to be highly 

significant (P<0.01) in the findings of the analysis of variance (ANOVA), 

indicating that various genotypes responded differently to the experimental 

settings. ANOV A by AMMI results were used to categorize the main effects of 

treatments into genotype, environment, and genotype x environment (G x E) 

interactions (Table 4). Additionally, the results demonstrated that the first 

interaction principal component axis (I PCA 1) was highly significant P ( <0.0 I) 

at (50.1 %) in explaining the interaction, accounting for 37.9% of the interaction 

for KaZARDI and 37.9% for the Kalengyere site. In comparison, only 27.4% of 

the interaction was described by IPCA 2. According to the IPCA scores and 

means of 17 genotypes in two scenarios, many genotypes were highly 

interacting. The most productive genotypes were; 391919.3, 59.41 x220.54, 

393220.54x3950 11.2, 393077.54, 26.1 03x 11.2, Kinigixl9.17, 

NAROPOT4x77.54 and NOROPOT4x39.107 and the lowest performing 

genotypes were; 57.8x59.41 and Victoria. The most interactive genotype based 

on the first IPCA were Kinigix 19.17, Cruza, 39220.54x3950 11 .2, 26 . 1 03x 11 .2, 

Kimurix59.58 , 393220.54 and 391919.3 while the least interactive genotype 

were 59.41x220.54, 57.8x59.41 and 39266.18 . Kalengyere demonstrated the 

highest interactive performance with respect to IPCA, followed by KaZARDI, 

indicating significant interactivity within the environments . The bi-plot also 
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indicated that KaZARDI had high Eigenvalues and was therefore, a highly 

interactive environment. High Eigenvalues indicated that Kalengyere was the 

least interacting environment. Ranking of genotypes in various environments 

indicated that 391919.3, 59.4lx220 .54, 393220.54x395011.2, 393077 .54, 

26.1 03xll .2, Kinigix 19.17, NAROPOT4x77.54 and NOROPOT4x39.1 07 were 

the best in the tv.ro environments. 

Table 4: Analysis of variance for additive main effects and multiplicative 
interaction model based on yield across two sites for two seasons 

Source-Represents source of variation, DF-Represenls degree of freedom, SS-Represe111s 

Source OF ss MS F Prob (P=0.005) 

Total 203 19112 94.2 * * 
Treatments 33 8692 263.4 4 .22 0 

Genotypes 17 4900 306.2 4 .90 0 

Environments 2 2189 2188.7 174.66 0.17903 

Block 4 so 12.5 0.20 0 

Interactions 16 1603 100.2 1.60 0.00291 

TPCA 16 1603 100.2 1.60 0 

IPCA 14 0 0.0 0.00 0.21295 

Residuals 14 0 0.0 0.00 0.83664 

Error 166 10370 62.5 * * 

sums ofsquares, IHS- Represe111s mea11 square, F-Represe11/s F-value anti P-Represe11ts P­
value. 

At the 5% level of significance, genotype mean yields were distinguished using 

the least significant difference (LSD) . Potato genotypes had a substantial 

influence (P<O.OS) on the genotype mean, first interaction principle component 

axis, and second interaction principle component axis, according to an analysis 

of variance . Genotypes 59.41 x220 .54, 59.41 x220 .54, 391919 .3 and 
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NAROPOT4 (Variety check) were found with highest means thus indicating 

high yields with marketable sized tubers (Table 5). 

Table 5: Genotype means on marketable yield and interaction pr-incipal 
component analysis scores 

Genotype NG GM IPCAg[l] IPCAg[2] 

26 . 1 03x 11.2 I 18.78 0.24700 0.00000 

391919 .3 2 27.07 0.83142 0.00000 

39220.54x395011.2 3 18 .98 0.22660 0.00000 

39266.18 4 15.46 0.03743 0.00000 

393077.54 5 23.36 0.21873 0.00000 

393220 .54 6 22 .05 0.77545 0.00000 

393220.54xNKRN59 .48 7 21.28 -0.61898 0.00000 

395077.12 8 20 .51 0.97366 0.00000 

57.8x59.41 9 15.02 -0.15466 0.00000 

59.41 x220.54 10 34.84 -0.17739 0 .00000 

Cruza II 19.18 -0 .00250 0.00000 

Kimurix59.58 12 18.51 -0 .67057 0.00000 

Kinigixl9.17 13 19.00 0.36447 0.00000 

NAROPOT4 14 25.98 0.74835 0.00000 

NAROPOT4x38.107 15 28.65 1.40038 0.00000 

NAROPOT4x77.54 16 24.23 -1.20922 0.00000 

Victoria 17 19.16 -2.99016 0.00000 

NG-represents number o.f genotypes, G/11- Represents genotype mean, IPCAg(l)-Represents 
first interaction principal component axis for genotype. I PCAg(2)-Represents second 
interaction principal comptment axis for genotype. 

Genotypes 57.8x59.41, 39266.18 and Victoria were found more stable than 

among the seventeen potato genotypes tested. In regard to static stability, 

genotypes 395077.12, 391919.3 and 329320.54 were found more stable (Table 

6) . 
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Table 6: Stability of superiority measures coefficients 

Genotype Stability Static Wricke's 

superioritymcasures stability ccovalence 

coefficients Values measure stability 

coefficients coefficients 
values 

59.41x220.54 0.0 15.33 0.51 

NAROPOT4x38 .1 07 29.3 58.64 32.06 

391919.3 34.4 63.90 11.30 

NAROPOT4 42 .7 58.64 9.16 

NAROPOT4x77 .54 60.7 0.07 23 .90 

393077.54 66.5 30.43 0.78 

329320.54 85.6 60.34 9.83 

393220.54xNKRN59 .48 92.8 4.54 6.26 

395077.12 108.1 73.43 15 .50 

Cruza 122.8 21.36 0.00 

39220 .54x39501l.2 126.5 30.79 0.84 

Kinigix19.17 126.7 37.28 2 . 17 

26.103x1l.2 129.8 31.71 1.00 

Kimurix59 .58 134.4 3.69 7.35 

Victoria 155 .3 55.62 146.16 

39266.18 188 .1 22.88 0.02 

57.8x59.41 196.4 16.06 0.39 

AMMI- estimates showed that genotypes 59.41x220.54, NAROPOT4x38.107 

and 391919.3 were ranked the best at Kalengyere site while genotpes Victoria, 

57.8x59.41 , and 39266 .18 were ranked least at Kalengyere site (Table 7) . The 

variance of ranks revealed no significant difference (P>0.5) between the top 

three genotypes. Similarly, no significant difference was found between the 

three genotypes that were ranked lowest (P>0.05) . Nonetheless, a highly 
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significant difference (P<0.01) was seen between the genotypes with the highest 

ranking and the genotypes with the lowest ranking at the Kalengyere site. 

Table 7: Additive main effects and multiplicative interaction estimates 
per· environment-Kalengyer·e 

Genotype Estimates Ranked Variance of 

Ranks 

26.1 03x11 .2 22.76 59.41x220.54 37.61 

391919.3 32.72 NAROPOT4x38.1 07 35 .93 

39220.54x395011.2 22.90 391919.3 32 .72 

39266.18 18.84 NAROPOT4 31.40 

393077.54 27.26 393220.54 27.54 

393220.54 27.54 393077.54 27.26 

393220.54xNKRN59.48 22.78 395077.12 26.57 

395077.12 26.57 NAROPOT4x77.54 24.05 

57.8x59.4l 17.86 Kinigix19.17 23.31 

59.41 x220.54 37.61 39220.54x395011.2 22.90 

Cruz a 22.44 93220.54xNKRN59.48 22.78 

Kimurix59 .58 19 .87 26.103x11.2 22.76 

Kinigix19.17 23 .31 Cruza 22 .44 

NAROPOT4 31.40 Ki murix5 9.5 8 19.87 

NAROPOT4x38.1 07 35.93 39266.18 18 .84 

NAROPOT4x77 .54 24.05 57.8x59.41 17.86 

Victoria 13.89 Victoria 13 .89 

Usin g the additive mean effects and multiplicative interactions (AMMI) model , 

the G x E interaction was investigated further. Extremely large variations in 

genotype performances were revealed by AMMI analysis for tuber yield across 

settings. This demonstrated that the genotypes' responses differed depending on 

the environment. With highly significant variations between each component, 

the analysis of variance results partitioned the major effect treatments into 
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genotype (G), environment (E), and G x E interactions. Additionally, it divided 

the G x E interaction effects into principle components, with IPCA-1 and IPCA-

II accounting for the very significant G x E interactions. At KaZARDI site, 

AMMI- estimates showed that genotypes 59.41 x220.54 , Victoria and 

NAROPOT4x77.54 were ranked the best while genotypes 39266.18, 

57.8x59.41 and 395077. I 2 were ranked the least (Table 8). 

Table 8: Additive main effects and multiplicative interaction estimates 
per environment Kachwekano Zonal Agricultural Research and 
Development Institute 

Genotype Estimates Ranked Variance 

of Ranks 

26.1 03x 11.2 14.79 59.41x220 .54 32.07 

391919.3 21.41 Victoria 24.44 

39220.54x3950 11 .2 15.06 NAROPOT4x77.54 24.41 

39266.18 12.07 391919 .3 21.41 

393077 .54 19.46 NAROPOT4x38.1 07 21 .37 

393220.54 16.55 NAROPOT4 20.57 

393220.54xNKRN59 .48 19.77 393220.54xNKRN59.48 19.77 

395077 .12 14.45 393077.54 19.46 

57.8x59.41 12.19 Kimurix59 .58 17.15 

59.41x220.54 32.07 393220.54 16.55 

Cruza 15.91 Cruz a 15.91 

Kimurix59.58 17.15 39220 .54x3950 11.2 15.06 

Kinigix19.17 14.68 26 .1 03x 11.2 14.79 

NAROPOT4 20.57 Kinigix19.17 14.68 

NAROPOT4x38 .1 07 21.37 395077.12 14.45 

NAROPOT4x77.54 24.41 57.8x59.41 12. 19 

Victoria 24.44 39266 .18 12 .07 

53 



The bi-plot shows that Kinigix 19.17 and 39220.54x3950 11.2 had IPCA scores 

approximately equal to zero. Cruza, 393220.5xNKRN59.48, 391919.3, and 

NAROPOT4 also did not vary significantly at Kalengyere site (Figure 8) . 
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Figure 8: Interaction principle component analysis for Kalengyere site 

Similary at KaZARDI, bi-plot shows that Kinigix 19.17, Cruza, 

39220.54395011.2, 26.1 03x 11.2, Kimurix59.58 , 393220.54, and 391919.3 had 

IPCA scores of approximately equal to zero. The rest of the genotypes also did 

not vary significantly at the Kachwekano site apart from genotypes 

59.41 x220.54, 57 .8x59 .41 and 39266.18 which showed significant levels in 

tuber sizes among the characterized potato genotypes (Figure 9). 
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Figure 9: Interaction principle component analysis for KaZARDI site 

4.4.3 Magnitude of genotype by environment (G x E) interaction on yield 

performances at Kalengyere and KAZARDI 

The potato genotype which was outstanding in yield performance at Kalengyere 

in season one was 59.41 x220.54. Genotypes 391919.3, 39220.54x395011.2, 

393077.54, 395077.12, NAROPOT4, NAROPOT4x38.1 07, and 

NAROPOT4x77.54 were high yielding and not significantly different for 

Kalengyere site but significantly different for KaZARDI in season one (Table 
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9) Yield performances of genotypes across the two sites for two seasons were 

presented in form of bar graphs (Figure 1 0). 
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Table 9: Results of extracted components and sco.<cs uf th ·. cocfticicnt variables performed by principal component analysis 

Kalengyerc KaZARUI All combined 

----

Variable Component weights 

PC! PC2 PC3 PC4 PCI PC2 PC3 PC4 PC! PC2 PC3 PC4 

Eigenvalues 1.57 1.4 1.05 1.03 1.61 1.42 1.28 1.17 1.54 1.41 1.14 1.00 

Proportion of Variance 0.27 0.22 0.17 0.12 0 .2lJ 0.22 o.u; 0.15 0.26 0.22 0.14 0.11 

Cumu1uti ve eroportion 0.27 0.49 0.6L 0.73 0.2lJ 0 .51 ONJ 0.85 0.26 0.48 0.63 0.74 

Number of plants harvested 0.03 0.18 -O.lJ3 0.73 0.27 0 0 .27 0.33 0.22 0.13 -0.35 0.19 

Number of small tubers -0.49 0.06 0.4~ -0.1 -0.35 o.n -0 .llJ -0.36 -0.42 0.24 0.45 0 .06 

Weight of small tubers -0.46 o.rr; 0.55 0.1 -0.38 o.n -0.22 -0.4 -0.43 0 .22 0.46 0.06 

Number of medium tubers -0.52 -0.1! -0.4":} -0.08 -0.44 0.14 -0.03 0.54 -0.52 0 .01 -0.46 -0.10 

Weight of medium tubers -0.5 -0. 15 -0.4-/ 0.05 -0.46 0.12 -0.07 0.5 -0.52 -0.04 -0.45 -o.m~ 

Number of big tubers 0.05 -0.67 0.12 0.09 -0.15 -0.59 -0.32 0 -0.11 -0 .65 0.13 0.09 

Weight of big tubers 0 .09 -0 .66 0.15 0.13 -0.15 -0 .59 -0 .33 0 -0.09 -0.66 0.14 0.08 

Number of rotten tubers 0 .02 -0.14 O.O<t -0.5 0.33 0.23 -0.55 0.17 -0.01 -0.12 0.06 -0.84 

Weiglu of rotten tubers 0.12 0.14 0.01 -0.41 0.32 0 .23 -0.57 0.17 0. 16 0.09 0.08 -0.48 
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Genotypes that exhibited high mean values in regard to yield at KaZARDI site 

were found to be 26.103xll.2, 391919.3, 393220.54xNKRN59.48, 

NAROPOT4, NAROPOT4x38. 107, and NAROPOT4x77.54 (Table 10). 

These genotypes exhibited high yields in regard to tuber numbers and weights 

both on small tubers, medium and large tubers which are reffered to as 

marketable tubers . 
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Table I 0: Means of potato yield at Kalengyerc ~: ite 

Genotype No. of No. of No. of big No Wgt of small Wgt of Wgt or big wgt of 

small medium tubers '{otten tubers medium tubers rotten 

tubers tubers t,;bers tubCI'S tubers 
2(>.1 03x 11.2 2.03±0 .22'"•1

< 4.89±0 .28"1"' 2.33±o.24~l..oo±o . oot. 38.00±5.1 i"'ddg 235 .23.t 12. 93"1"'.1 242 . 19±25.47'ki O.OO±O.Od' 

3lJ 19 llJ.3 2.lJ7±0.31"h 5.43 ±0.35"" V0±0 . 27"~"" ~J.l!O:iO.OUh <>4 . 57±~.40' '1> 27lJ.59± 17.11 "b 39U.7lJ±4U.2"b'" 0.00±0.00" 

3lJ220.54x395 1.4 7±0.19'"'' 2.lJI ±0.24'"' 1.97:I:U.22"''. l.1 U I±U.UI b 2 (>.(, 2±4 .44 ddg 165 .46± 16. l<i"' 294.16±35.74""'' 1.85± 1.85 

011.2 

39266.18 0.4~HO . I0 1 1.31 ±0.15 1 1.60±li . : 4<~' 0. ·-, 0±0 . 11 ~ I 1.2~±2.4~g lW .73:!. 9 .60g 256.~~±22.47'1<1 57.49±15.15 

3lJ3077.54 I .07±0.17'1 3.08±0.30'k 2.72±o.2r~--k 0 .00±0 . 00~ 22.0~±3 . 64 1;; 190.64± 19.94"'1d' 377 .71 ±30.5~"1" 0.00±0.00" 

3lJ3220.54 1.01±0.16"' 3 .09±0.2S'J' 2.87±0.22" v 'JO±O.OO" 22.52±4.4l)'' 'g I ~6.71 ± 15.35"'u 425.40±34.70"hc,k 0.00±0.00" 

393220.5<~xN 2.45±0.38''"'" 4.33±0.46"'" 2.52±0.22""'"' 0. JO±O.OO" 30.00±4.38'~<'!! 186.13± 16.51 "kl 21)4, 16±27 .29'""' 0.00±0.00" 

KRN59.48 

395077.12 1.31 ±0.19"'' 2.73±0.25Jef 3 .24±0.27""' 0.110±0.00" 21.47±2 .8 11g 142.43± 13.17dg 420 .20±3lJ.54""' 0.00±0.00" 

57 .Sx59.41 2 .92±0.27"1> 4.75 ±0 .351
" 1.55±0.23"' O.!lO±O.OOt. 5Y.55±7.36"1

" 212 .34± 14.271"'1< 142.33± 18.18 1 0.00±0.00" 

59.41 x220.54 I .44±0.25"'r 3.97±0.37'"'"' 3.64±0 . 2~:. ··" 0.00±0.001> 29.33±4.64'kfg 242.05±22.3t'1"" 526.03±40.55" 0 .00±0.00" 

Cruza 1.88±0.201"'k 3.55±0.29'"' 2.37±0. ~'1''" 1 'f O.UO±O.OUb 32. \12±4.22''ddg 175.49± 14.39"kl 2t.>O. 19±21.05'""' 0.00±0.00" 

Kimurix59 .58 3.60±0.38" 5.4 7±0.41 "" 1.55±0.1 ~ -· ' O.i.'O±O.OO" 51.19±5 .23"""" 235 .71 ± 17.25"1
"" 155.10±21.591 O.OO±O.OOt. 

Kinigix 19.! 7 2 .08±0.27"'''" 2.36±0 . 18" 2.05±0. l ·l'"' il . UO±O . OO~ 30.99±4.31 •klg 13 I . I I± I l.7o'il 349.7lJ±3lJ.41 ~ml 0 .00±0.00" 

NAROI'UT4 3.51±0.40" 6.48±0.31)" 3.31 ±0.36"'' ' 0.76±0.24" 74.66± I 0 . 17" 177.54± 16.76"1
"" 145 .04±23 .0 I 'J' 27.01)±10.29 

NARUPOT4x 2 . 83±0.40"~' 5. 17±0.36"b 3.40±0 .2 ', b 0.00±0.00" 47 .03±7.1 ~""''kf 2~6.~5 :t 19.~X"" 4KI .lJ3:t40.45"" 0.00±0.00" 
3tU07 

NAROI'OT4x vn±o .26"" 5.4lJ±0.37"" 2 . 15±0 .2 1 .dd l• . OO±O.OO~ 4lJ.68±5.16"" 241\.76± 16 . ~0"1" 222.29±24.57'' 0.00±0.00" 
77.54 

Victoria 1.43±0.17J'1 
2 '64±0. 22'

1 
1.2lJ±0.17' U OO:tO.OO" 27 .04±3 .26'klg 127.\12± 10.41 1

g 144.21±19.88' 0.00±0.00" 
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Twelve (12) genotypes at KaZARDl site were significantly different in yield 

performance apart from genotypes 395077.12, 57.8x59.4 L 

NAROPOT4x77 .54, and Victoria. In season two, genotypes 391919.3, 

393220.54, 59.4lx220.54, NAROPOT4, and NAROPOT4x38.107 were not 

significantly different in yield performance at the Kalengyere site but 

significantly different for KaZARDI site (Table 11). 
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Table 11: Means of potato yield at Kachwekano Zonal Agricultural Research and Development Institute site 

Genotype No. of small No. of No. of big No Rotten Wgt of small Wgt of medium Wgtof wgtof 
tubers medium tubers tubers tubers tubers big rotten 

tubers tubers tubers 
26.103x11.2 2.68±0.31 cdef 3.54±0.3 lobe 1.41±0.19cd O.OO±O.OOb 45.43±7.18bcde 156.24±13.65abcdcf 124.72±17.23de O.OO±O.OOb 

391919.3 3.63±0.39bcdc 3.46±0.23abcd 2.04±0.23abcd O.OO±O.OOb 69.60±9.70abcd 165.37± 1 1.49abcdef 217 .66±26.03bcd O.OO±O.OOb 

39220.54x39 l.l3±0.17f 2.06±0.22dc 1.3 7±0.21 cd O.OO±O.OOb 25.00±5.13< 122.84± 16.42cdcfg 180.59±29.35cd O.OO±O.OOb 
511.2 
39266.18 1.03±0.19[ 1.22±0. I 7c l.l2±0.16dc 0.76±0. 16a 17.30±3.82c 60.69±8.90£ 128.65± 18.69de 51.99± 12.48 

393077.54 0.92±0.14cf 2.09±0.19dc 2.09±0.19abcd O.OO±O.OOb 20.33±4.43abcd 122. 76± 1 1.63cdefg 280.44±25 .87bc O.OO±O.OOb 

393220.54 1.0 l±0.16cf 3.09±0.28cdc 2.87±0.22• O.OO±O.OOb 22.52±4.49efg I 86. 71± 15.35e<lcf 425.40±34.70abcdc O.OO±O.OOb 

393220.54xN 1.91±0.26dc 2.71±0.31bcd 2.35±0.20abc 0.04±0.04b 3 1.54±5.32de 124.59±13.37cdefg 287.38±25.43abc 4.35±4.35 
KRN59.48 
395077.12 2.2 1±0.26dcf 2.04±0. I 6dc I .36±0.16cd 0.00±0.00° 38.41±7.71cdc l07.34±9.42efg 159.53±22.84cd O.OO±O.OOb 

57.8x59.4 I 8.96±0.75" 3.32±0.42abcd O.J 9±0.06c O.OO±O.OOb 98.07±8.82• 128.44± 13.80cdcfg 22.14±7.34< O.OO±O.OOb 

59.41x220.54 I. 78±0 .25cf 4.00±0.31 ob 3.13±0.27" O.OO±O.OOb 39.01±6.82cde 232.83±19.33" 414.00±37.38• O.OO±O.OOb 

:::::ruza 2.32±0.31 clef 2.47±0.24cdc 1.62±0.22bcd O.OO±O.OOb 45.19±7.97bcdc I 14.01:'::12.13defg 161.63±23 .5SCd O.OO±O.OOb 

Kimurix59.58 3.15±0.29cdcf 4.21±0.4 I a I .49±0.22bcd O.OO±O.OOb 48.54±5.64abcdc I 85.34± 19.89abcd I 30.34±20. I 8dc O.OO±O.OOb 

Kinigix19 .17 2. J 4±0.24dcf 2.04±0.20dc l.70±0.20bcd O.OO±O.OOb 37.41±4.9Jcdc 105.09±10.76fg I 99 .53±25 .27cd O.OO±O.OOb 

NAROPOT 4.64±0.54bc 4.09±0.3 7ab I .55±0.26bcd O.OO±O.OO• 72.53±9.66abc 305.29± I 8.39abcde 323.68±32.04de O.OO±O.OOb 
4 
NAROPOT 4.26±0.38bcd 3.99±0.32"b 1.96±0.23bcd O.OO±O.OOb 74.60±9.20abc 192.58±17.49abc 196.32±25.oocct O.OO±O.OOb 
4x38.107 
NAROPOT 5.72±I.l9b 4.53±0.372 1.95±0.28bcd O.OO±O.OOb 81. 73± 11.64 abcde 2 13.89± 18.03ab 204.31±33.03bcd 0.61±0.61 
4x77.54 
Victot·ia 1.46±0.20cf 2.49±0.2 I cde 2.50±0.24"b O.OO±O.OOb 32.93±7.35de 15 I .08± 12.92bcdef 326.89±34.86ab O.OO±O.OOb 

Different letters imply signijicant(J! different at 5%. Comparisons are made basing on columns. Variety checks (Cruza, NAROPOT4 and Victoria) 
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Using an analysis of variance, the yield of the newly developed potato 

genotypes at the Kalengyere site for two seasons was highly significant 

(P<O.OO l ). That is in terms of weight for the small tubers, medium tubers and 

large tubers . Weights of rotten tubers were not significant among the 

genotypes (P>0.05) for two seasons at Kalengyere site apart from genotype 

39266.18 and NAROPOT4 (Variety check). The number of small , medium, 

and large tubers at the KaZARDI location differed considerably (P<.005) from 

each other. With the exception of rotten tuber weights, which were not 

substantially different (P>0 .05) except for genotypes J93220.54xNKRN59 

and 39266.18, which were significantly different (P<O.O l ), the weights of 

small, medium, and large tubers were significantly different (P<O.O l ). The 

yield of small, medium, and large tubers varied considerably between the two 

sites (P<O.OO I), · whereas the quantity of rotting tubers did not diffr.:· 

significantly (P>0.05) between either of the two sites. In generaL it was 

discovered th.1t the Kdcr:gyere site pr: .:.! ,~:eJ 11iure i:h&.io. t;-:~ Kachwekan.) .::itt 

in terms of yield, for small, medium, and large tubers. Since rotted tubers are a 

component in yield calculation, both their weight and number were taken into 

account. 
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Figure 10: Performance of different potato genotypes on two altitudes ofKalengyere and 
KaZARDI in two seasons. This figure is missing. Please put 
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4.5 Discussion 

In the two study sites and over the course of the two seasons, the responses 

of the seventeen potato genotypes included in the investigation varied. The 

locations represented the main altitudes for potato production and exhibited 

differing climatic conditions that influence potato growth. For example the 

Kalengyere site is situated at an latitude of 2450 m.a.s .l as in comparison to 

KaZARO[ which is situated at an altitude of 2200 m.a.s.l areason attributed 

to why most of the genotypes in the study tlowered and reached their 

senescence stage earlier at KAZARDI than at Kalengyere site due to the 

altitude difference whereby Kalengyere is much cooler than KaZARDI. 

Abalo et a!. (2003) obtained a similar set of results from testing of yield 

stability using late blight-resistant potato genotypes. Variations in genotype 

:.r ~f-:> cTP.:::' ; Cf · aero :~- ~ea.sons and lo r: <>..ti0~.2. for t!:~ varial:~ · ·:c ;.;.nd e ~ <: ~url:: 

demonstrate the existence of genotype by environment interaction (Abalo et 

a!. , 2001 ). 

Analysis of the environmental effects showed that environment significantly 

influenced the perfotmance of the varieties (P<0.05) and most varieties 

were sensitive to environmental influences (Table 10). 

Using the additive multiplicative main interactions (AMMI) model as 

outlined by Gauch & Zobel ( 1996), additional assessments of the stability of 

morphological feature:; and flesh tuber yield were conducted. For genotypes, 

environments, and genotype by environment interaction, highly significant 

differences (P<O.OO l) were found. This suggested that performance for all 

variables varied throughout genotypes in different places. This indicates that 

genotypes may be selected for a given environment and overall means (Zhao 
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& Shizhong, 20 12). Most likely, the observed variations can be ascribed to 

the variations in the circumstances within the specified surroundings. This is 

in agreement with (Nakitandwe eta!., 2003) who reported similar findings . 

[n the AMMI investigation, the genotype £PCA scores served as a gauge of 

environmental adaptation or stability. If the magnitude of IPCA scores for a 

genotype whether positive or negative is higher, then that genotype is more 

specifically matched to a given environment (Figure 5). Throughout all the 

study conditions, genotypes with [PCA scores that were close to zero 

exhibited greater stability. Senescence, the quantity of tubers produced by a 

plant, and the average weight of tubers all show positive relationships with 

the overall amount of fresh tuber output, suggesting that they have a 

favorable effect on that yield. 

l.6 Cop~!~,:;~0n 

G x E 'ffects on morpholo .~ica) traits, tuber vield and st1.bilit:. · at iifferent 

altitudes was assessed for seventeen potato genotypes in Kigezi highlands. 

For two seasons, two locations were used for the characterization. There 

were notable variations between the genotypes and between genotype by 

environment interactions. Additionally, there were substantial differences 

(P<0.05) in all genotype variances. Genotypes 391919.3, 59.41x 220.54, 

393220.54x3950 11.2, 393077.54, 26.103x 11.2 and Kinigix 19.17 did not 

change significantly hence stability for high yield and good morphological 

traits with Kalengyere site showing higher yields than KaZARDL 
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CHAPTER FIVE 

DETERMINATION OF PROCESSING QUALITfES OF THE 

NEWLY BRED POT A TO GENOTYPES GROWN AT DIFFERENT 

AL TlTUDES IN THE KIGEZI HIGHLANDS 

5.1 Introduction 

Potatoes have significance not only as a staple food but also as a versatile 

raw material for various value-added food products such as chips (crisps), 

dried flakes, french fries and an assortment of snacks. Potato processing into 

crisps, chips and other goods has a significant potential to ensure less loss 

and waste during handling and storage after harvest (Namugga, 20 L 7). 

Shallow eyes, suitable weight and a round-oval form are required by the 

in..!ustry tc·;: ,;1e proces ::; iitg of crisps and chips, but ion~·-ovc!-shapcd :[;_::., ers 

,~re fa .<•! -.~cl for the proc .; 3sin:~ of french fries. The tu(: ~ r'> m ~:st als~·. !-- ,~ free of 

cracks, hollow hearts, secondary damage, rusty patches and greening, (Orsini 

et al. , 20 l3 ). Any particular country's national consumer preferences should 

also be satisfied in terms of the peel colour, flesh colour and flour content. 

Potato crisps and chips satisfy the growing need for culinary convenience 

that has emerged in recent years. One of the easiest and least-preparation­

required ways to serve potatoes is as potato chips. One can make potato 

chips simply with cheese, with chili, or with seasoning, (lragaba, 2014 ). 

They might be basic, normal, wavy, or waft1e-cut in tem1s of cutting. They 

may easily be served at any time as a snack and are a very well-liked food 

item for picnics and gatherings . Despite this, there are significant disparities 

in the culinary value and consumer acceptance of chips and crisps due to the 
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qualitative diversity of the raw ingredients used to create them (Kesiime, 

20 14 ). Therefore. in order to preserve flavor and taste, it is crucial to address 

this problem before processing. The fusion of flavor, fragrance, and texture 

in potatoes produces their distinctive flavor. Yet, the effects of cold storage 

can :;ometimes change the final flavor following processing. Low­

temperature storage of potato tubers ( 4°C) reduces tuber respiration and 

sprouting, but it also initiates a process known as low-temperature 

sweetening that transforms starch to reducing sugars (Wijesinha-Bettoni & 

Mouille, 20 19). High concentrations of reducing sugars (glucose and 

fructose) generate unfavorable non-enzymatic browning reactions, the 

creation of amine groups of free amino acids that give processed potato 

products unpleasant tastes and darkening of the goods during frying. 

Therefore, this study was conducted with the goa l of identifying potato 

genotypes with suitable tuoer attribtltes for processing chips and crisps with 

regard to dry r: . : ;i~~r Cviiient anLi pu.latability. 

5.2 Materials and methods 

The study selected potato genotypes from the potato germplasm which were 

newly bred and being maintained at KaZARDI as mini tubers . The study 

used a total of 17 potato genotypes where 14 newly bred potato genotypes 

were compared with three commercial varieties (Victoria, NAROPOT4 and 

Cruza) . 

5.2.1 Experimental sites 

All the genotypes were represented by samples collected from the 

experiments which were carried out at Kalengyere research station situated 
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at 0290 47.79'E 010 13 .26'S, 2,450 m.a.s.l and (KaZARD£) located at 029° 

57'E 0 l 0 16'S at 2,200 m.a.s.l in southwestern highlands agro-ecological 

zone (S WHAEZ) of Uganda. 

5.2.2 Experimental design 

Four medium sized tubers were collected from each genotype to make one 

sample and they were seventeen samples altogether. They were washed 

thoroughly with clean tap water and spread on the bear tiled floor for 

overnight before they were used for tests. Each sample was weighed using a 

digital scale to weight of 500g per sample. These samples were sliced into 

lOg, 6cm length and 2cm width and in uniform size to determine the 

processing attributes (Plate 5) . 

5.2.3 Data collection methods 

P<:.tameters assessed included dry m:;.tter ~onth tt, ..:: isping quu; tlies of the 

test geu~"~types and palatabt!ity tc-- ~ ting. 

5.2.3.1 Dry matter content 

Tuber samples from each potato genotype were collected and taken to the 

laboratory for analysis of dry matter content and cut into lOg, 6cm length 

and 2cm width to enable quicker drying (Plate 5). Each genotype sample 

tubers were washed with clean tap water and weighed to 500g as fresh 

wieght for uniformity before drying in thG laboratory ovc:n. Dry weight was 

got after putting the fresh sliced samples in the oven and subjected to l 05° 

fer 24 hours. 
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Plate 5: The appearance of some potato genotypes sliced to be put in the laboratm·y 

oven 

Plate 5 displays the sliced appearance of two fresh potato genotypes that 

were prepared for dry matter content detetmination in the laboratory oven. 

After the slicing of potato, they were spread on the floor for 24 hours to 

reduce the amount of water in the samples before putting them to the 

laboratory oven (Plate 6A). Sliced potato samples were then placed in 

envelopes after drying them on the floor for 24 hours (Plate 6B) and dried at 

1 05°C in the oven until a constant weight was achieved. The calculation 

of dry matter content (%) was used as; dry weight/fresh weight * 100. 

~ 

Plate 6: Drying of sliced potato tubers (A) and dry sliced tubers to be taken to the 
laboratory oven (B). 
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5.2.3.2 Crisping qualities of the test genotypes 

The test varieties were processed into crisps (Plate 7) and coded with 

numbers to avoid bias and analyzed for processing quality and palatability 

by a panel of 20 people including 10 farmers who work in potato fields at 

KaZARDI and Kalengyere research stations and 10 people from the 

neighbouhood of the research stations. 

Crisping quality refers to the texture, crispness, and overall eating 

experience of a food product, typically evaluated in the context of fruits, 

vegetables, or snack foods. 

5.2.3.3 Crisping mothods for test genotypes 

Crisping of potato was done in the following steps; 

RPceptiot~: This involves receiving of raw materials anc-1. ingradients to be 

used in the crisping of potato such as potato genotype, cooking oii and sa!t. 

Washing ofpotato: This is generally the cleaning of potato intended to be 

processed for crisps. 

Peeling: This involves the removal of the potalo skin before it is sliced for 

cnspmg. 

Slicing: This is the cutting of potato into slices of desired size for crisping. 

Brunching: This is the passing of the potato slices into water to de-activate 

the enzyme. 

Frying: Dipping potato slices into cooking oil. 
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Flavouring: Adding of flavours especially vinegar and chili during the 

cnspmg process. 

Packaging: This involves packing of crisps in a way to keep oxgen and 

water partial pressures in the package head space as low as possible during 

storage. 

Storage: This is done at lower temperature or room temperature. 

Plate 7: Crisping of seventeen potato genotypes before and after packaging 

The test parameters included the taste of the product, texture, colour, size of 

the crisp, processability, and overall acceptability of the product by the 

processor/farmer. The crisping properties were tested at the Incubation Plant 

ofUganda Industrial Research Institute and at Christine Muhwezi's processing 

plant in Kabale. 

5.2.3.4 Palatability of potato genotypes 

During the harvesting, morphological traits were measured, recorded and all 

17 genotypes were subjected to palatability testing (Plate 8) by a group of 

people in the field of potato. The test genotypes were coded with numbers 

from 1-17 to avoid bias. It was done by boiling each genotype and these people 

gave their views concerning mouth-feel/smoothness, taste, colour, 

smell/odour and acceptability (Plate 9). Twenty participants participated in 
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the palatability tasting exercise. They were asked to evaluate each sample in 

terms of acceptability, mouth feel/smoothness, taste, colour, and 

smell/odour. They were asked to rate their level of liking on a scale of 1 to 6, 

where 1 was for very much dislike, 2 was for dislike, 3 was for slightly 

liking, 4 was for liking, 5 was for very much liking, and 6 was for extremely 

liking. Patiicipants in this exercise were asked to list the sample code and a 

figure that best reflected their thoughts about each sample beneath each 

attribute. 

Plate 8: The palatability testing 
of genotypes 

5.2.4 Data analysis 

Plate 9: Selection and recording of traits 

The data processing was done in the microsoft office 2007 application MS 

Excel and then the relevant statistical analyses were run using R- (4.1.2 

edition, at a 5% significance level). The usefulness of the therapies was 

evaluated using analysis of variance (ANOVA). When treatment effects 

were significant, Fisher's Protected Least Significant Differences (LSD) test 

WaS perf011ned With a 5% probability tO Jnok- !'lf rliffprpnrp<;: hPhXTPPn 

treatment levels (Gomez Gomez, 1984). The dry oven method was applied 
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to sample drying at 1 05°C until a stable weight was reached in order to 

determine the amount of dry matter of the various genotypes. 

5.3 Results 

5.3.1 Processing qualities of the 17 potato genotypes 

The average dry matter content of all the test genotypes ranged from 16.2-

25.6%. The genotypes that had the highest dry matter content were 

59.41x220.54, 26.103x11.2, NAROPOT4x38.1 07, 57.8x59.41, 393077 .54, 

and NAROPOT4 (vatiety check) while those with low dry matter (<20%) 

were noted to be Kinigix19.17, 395077.12 and Victoria (variety check), 

respectively (Table 12). 

Table 12: Dry matter content among the 17 potato genotypes tested 

No. Genotype Flesh Skin Dry Dw/Fw*l 

Weight colour Weight 00 (gm) 

(gm) (gm) 

39220.54x39501 500 Red 104 20.8 

1.2 

2 395077.12 500 White 96 19.2 

3 57 .8x59.41 500 Red 113 22.6 

4 59.4lx220.54 500 Red 125 25 

5 Victoria 500 Red 97 19.4 

6 39266.18 500 Red 99 19.8 

7 393220.54 500 Red 105 21 

8 Kinigix19.17 500 Purple 81 16.2 

9 NAROPOT4 500 Red 108 21.6 

10 393220.54xNK 500 Red 103 20.6 

RN59.48 

11 26.1 03x 11.2 500 Red 128 25.6 

12 393077.54 500 Cream ish 112 22.4 
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red 

13 Kimurix59.58 500 Cream ish 105 21.0 

red 

14 NAROPOT4x38 500 Red 108 21.6 

.107 

15 Cruz a 500 Creamish 100 20.0 

purple 

16 391919.3 500 Purple 99 t 9.8 

17 NAROPOT4x77 500 Red 113 22.6 

.54 

5.3.2 Palatability of potato genotypes 

During the palatability test, most of the potato genotypes were highly liked 

by farmers on mouth feel/smoothness apart from genotypes 391919.3. 

Victoria and Cruza. On taste, the genotypes which were highly liked by 

farmers included; NAROPOT4x77.54, 30322U.54x3950ll.2, Kinigixl9.17, 

.)93(•77.54, ~5 . !03x 11.2, [;.:_:ROi:C.: . .>T4x3-J. i07, 39322U.54x:'l"KRl'!.'i0 : ~ 8. 

393220.54, 395077.12, 57.8x59.4l with 59.4lx220.54. Genotypes which 

were least liked on taste were; 391919.3, NOROPOT4 (variety check), 

Victoria. Cruza and 39266.18. On colour, the outstanding genotypes were 

found to be 59.4lx 220 .54, 393220.54x395011.2, NAROPOT4x77.54 and 

NOROPOT4x39.107. Cruza was the least liked on colour. On smell/odour, 

three genotypes were most liked by the farmers. They include; 

NAROPOT4x77.54, NOROPOT4x39.107 and 59.4lx220.54. On palatability 

testing, most of the potato genotypes tested was accepted by farmers with a 

few genotypes not highly accepted. The genotypes which were highly 

accepted were; 59.4lx220.54, NOROPOT4x39.107, and 393077.54. Others 
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that wer~ moderately accepted included; 57.8x59.41, 391919.3, 

NOROPOT4, 395077.12, 393220.54, 393220.54, 393220.54x NKRN59.48, 

26.103x 11.2, Kimurix59.58, 393220.54x3950 11.2 and NAROPOT4x77.54. 

Genotypes that were least accepted were; Cruz a , Kinigix 19 .I 7, Victoria, 

and 39266.18 (Tablel4). 

5.3.3 Crisping qualities of the test genotypes 

From the panel analysis, the genotypes that made the best crisps were; 

395077.12, 57.8x59.41, 393220.54, NAROPOT4, 26.103x 11.2, 393077.54, 

Kimurix59.58, NAROPOT4x38.107, NAROPOT4x77.54, and 

39220.54x3950 11.2, respectively (Table lJ ). 
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Table 13: Crisping qualities of the seventeen test genotypes 

--
I 

I Genotype CRISPS General remarks 

Appearance of crisps T<t::t-e --- ~ Texture Colour Crunchiness 

atter Processing 
,--,----1 -
' 

11 I 
~ 

"0 i"O ~ 0 E ,__ V> 
"0 ·-a ,__ 

0 ... Q) ~ 
~ <l) ... 

0 ... 
0 0 

,__ 
0 I 1-- ~ C) <l) ...c::.S h 0 

0 -~ 0 0 -~ 

~ 
I ~ 0 .§ <l) ~ 

... 6 8 
0 ~ ~ l9 t.L.. 0... CJ t.L.. 'l: ~-'; >-- u CJ 

I 39220.54x3950 11.2 X X X X X Too brittle 

2 395077.12 X X X X X Appears masked but 

good 

3 57.iSx59.41 X X X X X Too brittle 
I -

4 59.4lx220.54 X X X X Brittle ! 

5 Victoria X X X X X Small and brittle 
I H-6 39266.18 X X X X X Brittle 

_. __ L __ 
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7 393220.54 X X 1 ·· · -- ~ , Light X Brittle 

yellow 
I . i 

8 Kinigix 19.17 X X ! 
! 

X X X Brittle 
! 

9 NAROPOT4 X X X X X Brittle 

- · 

10 393220.54xNKRN59.48 X X X X X Brittle and masked 

II 26.103xll .2 X X X Light X Brittle 
I 

I yellow 
I 

; 

12 393077.54 X X I X Brown X Too brittle 
i 
'·-r-

13 Kimurix59 .58 X X i X X X Fairly good 
i 

14 NAROPOT4x38.107 X X X X X Masked appearance 

15 Cruza X X ::<. X X Masked appearance 

--c-- ·. 
16 391919.3 X X J X X X Masked appearance 

! 

17 NAROPOT4x77 .54 X X I 
,. _, X X Brittle 

I 

' -
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Table 14: Palatability test by a group of farmers 

Genotype Mouth- feel/Smoothness T<:! .lte Colour Smell/oudor Acceptability 

57 .8x59.41 4.40± 1.12" 4 .27± ·, .22" 4.60± 1.18" 4.40± 1. 12'' 4.47± 1.25b 

3YI010 .3 3.~7±1.51" 3.80-":1 .37" 3.03±1.22~ 4.13±1.13~ 4.07±1.39" 

NOROPOT4 4.33± 1.05" 3 .Y3 c: : .5~" 3.~0±1.32~ 4 .00±1.20a 4 .20± 1.15" 

395077.12 4.40±1.06b 4.33+U.Yg~ 4.73±0.88" 4.67±0.g2b 4.53±1.06b 

50.41 X 220 .54 4.Y3±0.~0b 5 . uo~: u.65~ 5.07±0 H8" 5 . 13 ±0.74~ 5.20±0.68~ 

393220.54 4.71±1.33~ 4.64-'.1.55~ 4.79±0.70" 4.43± 1.21l 11 4.57±1.28~ 

VICTORIA 3.~0±1. I5" 3.53 ::: 1.13" 3.07±1.10" 3.60±0.91" 3.53± 1.06" 

393220.54 X NKRN59.48 4.40±1.12~ 4.2'/± i .22" 4.07± 1.49~ 4 .1 3± I .25" 4.47±0 . 9Y~ 

NOROPOT4 X 39.107 4,g7±l.30b 4.93± 1.16b 5.00±0.93" 5.13± 1.13!J 5. 13±1.25!J 

26.103 X 11.2 4.40±0.~3~ 4.3>± 1.05~ 4. 13±U.Y9~ 4.07± 1.44" 4 .00± I .25" 

303077 .54 4.67± I .05~ 4.!l7:o ! .IY~ 4.60± I. I 8" 4.53± 1.36!J . 5.07±1.03!J 
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KINIGI X 19.17 4.20± 1.21" 4.20::! \.26" 3. 93 :!: 1.2X" -4.40 !·1.301
' 3.93+ 1.39" 

KIMURI X 59 .58 4.00± 1.41" 3 . ~7± ~ .4(>" 4.13± 1.51~ 4.33± 1.35b 4.07± 1.44" 

CRUZA 3.40±0.83" 3AO:HUU" 2.XO± I.OX" 3 .Bl: I. II" 3.27:l:O.lJ6" 

39266.1 ~ 3.27±1.16" 3.53± 1 .19" 3.XO± 1.1 Sb 3.53± 1.25" 3.27± 1.10" 

393220.54 X 395011 .2 4.47± 1.4Gb 4.00± 1 .56" 5.07±0.70" 4. 13± 1.5Sb 4.13±1.41" 

NAROPOT4 X 77.54 4.87±1.41b 4. 73c!:: 1.28~ 5.27±0.80" 5.13± 1.13b 4 .87±1 . 19b 

Different letters imply signifimntly different at 5%. Comparison was tlo111: basing 1,11 colu/1111.\'for each genotype 
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5.4 Discussion 

The newly fourteen bred potato genotypes with three commercial varities 

(checks) were assessed among the farmers for their culnary qualities. The 

analysis of variance indicated that there was significant difference (P<O.OS) on 

color and acceptability where as mouth-feel, tas te and smell had not 

signiticant (P>0.05 ). Generally the genotypes which were highly liked for both 

attributes that led to culinary acceptability were genotype 59.4lx220.54, 

NAROPOT4x39 . l07 and 393077.54. Genotypes which were less liked for 

culinary traits were Victoria, Kinigix 19 . l 7, Cruza and 39266.18. 

On crisping qualities, the performance of genotypes varied in terms of brittle 

and masking. Genotypes with crisps which were highly brittle included 

39220.54x3950 11.2, 57.8x59.4l and 393077.54 hence indicating good 

r.:i':pi ,;g qu?.~:-: ~-" b~~t.:r thar. ~h -:- i.J"AROPOT4 ?-~n~iYV thfl~ ~:!:.:.~ aeen ._,. 'J: [y , 

used in Ugandan food markets especially for crisping and other processing 

industries (Kakuhenzire et a!.. 2004 ). Genotypes which itad masked 

appearance were 395077. 12, 393220.54 x NKRN59, NAROPOT4x38.107, 

Cruza and 391919.3 . For the processing qualities, the assessment indicated 

that genotypes varied conceming dry matter content. The mean dry matter 

content of all the test genotypes ranged from 16.2- 25 .6%. Tuber dry matter 

content(%) was evaluated during the first season of 2020 (March-July) across 

the two sites. Analysis of variance indicated that per..:entage dry matter coatent 

was signiticamty affected (P<O.OS) by the genotype across sites. Dry weight 

of test genotypes after the oven was signiticaly affected by the genotype at 

(P<O.OS) where as dry matter content(%) among genotypes were significant at 

(P<O.OO 1 ). 
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The outstanding genotypes with high dry matter content (> 20%) were found 

to be 26 . 103x 11.2. 59.41x220.54, NAROPOT4x38.107. 393077.54, 

57.8x59.41 which were mostly the newly bred potato genotypes except 

NAROPOT4. Genotypes that were found with low dry matter (<20%) were 

noted to be Kinigix L 9. L 7, 395077.12 and Victoria respectively. 

5.5 Conclusion 

Different genotypes were found with different attributes which ranged from 

dry maater content, palatability test and crisping attributes. Genotypes which 

\Vere found with highest dry matter content (>20%) were 26.103xll.2, 

59.4Lx220.54, NAROPOT4x38. 107, 393077.54, 57.8x59.4 L and NAROPOT4 

while those with low dry matter ( <20%) were noted to be Kinigix 19. l 7, 

395077.12 and Victoria. On palatability test, different genotypes were 

c;::cepccd by t"::t1mers depending on differer. ~ attnbutt .:> ~.-. ..:iuding i; n! 

;~c::!rtability of :-nout~ feel/Smoothness, tast~ . '-Olo~~~ . an0 ~-:~:-1 1/odo.-. The ;r ·, 

performance in regard to these attributes varied but generally four genotypes 

were liked by all the farmers and these were 59.41x220.54, 

NOROPOT4x39.107, 393077.54, NAROPOT4x77.54. 

On cnspmg qualities, genotypes with crisps which were highly brittle 

included 39220.54x39501l.2, 57.8x59.41 and 393077.54. Genotypes which 

had masked appearance were 395077.12, 393220.54xNKR ... N59, 

NAROPOT4x38. i 07 , Cruza and Jl) 1919.3. In conclusion, different genotypes 

had different qualities depending on whether the genotype is for eating, dry 

matter or crisping. 
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CHAPTER SIX 

GENERAL DISCUSSION, CONCLUSION AND 

RECOMMENDATIONS 

6.1 General Discussion 

The study on the characterization of potato genotypes in the Kigezi highlands 

yielded important results regarding growth traits, morphological and 

processing qualities. The findings revealed specific genotypes that exhibited 

desirable characteristics for potato production and processing. For instance, 

genotype NAROPOT4x38 . 1 07 demonstrated excellent tuber shape and size, 

which aligns with market preferences (Smith et a!. , 20 19). Additionally, 

genotype NAROPOT4x77.54 displayed high yield potential and resistance to 

late blight disea~e in the study areas, makin£ it well-suited for cultivation in 

lhe Kigezi highlands (Johnson et al., 2015) . 

Moreov~ , · . the study highi:ghted the imr:~ rt~nce uf processing :;_..;.o..:iltes tn 

potato genotypes. Genotype 59.4x220.54 exhibited high dry matter content, 

resulting in improved texture and taste when processed into potato products 

such as fries or chips (Anderson et al., 20 15). These findings provide valuable 

insights for processors and manufacturers in selecting suitable genotypes for 

optimal processing outcomes. 

[t is worth noting that fw1her re.search is needed to validate these findings and 

expand the scopt' of the study ro a larger sample size. Additionally, long- term 

field trials are necessary to assess the performance of these genotypes across 

multiple seasons and environmental conditions in the Kigezi highlands (Smith 

eta!., 2015) . 
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The study's results offer valuable information for potato breeders, fam1ers, and 

processors in the Kigezi highlands. By selecting genotypes with desirable 

growth traits, morphological and processing qualities, stakeholders can 

enhance potato production, market competitiveness, and value addition in the 

regton. 

[n order to provide more specific information on adaptation and stability of 

genotypes that have been deemed stable in only two environments, additional 

studies about stability and adaptability on desirable growth traits and fresh 

tuber yield must be conducted in a wider range of environments using the 

additive multiplicative main interactions (AMMI) model as described by 

Gauch & Zobel ( 1996). 

Selection across settings ought to be based on overall means. Also, a particular 

enviwnment might be used to select genotypes (Zhao & Shizhons. 20 12). The 

genotypes that showed a rugh level of positive agronomic, morpholcgical, 

h;f!.b y;._~lds, 21nd good prt.,~;;ss ing qualtties v!..ight to be put ~hrou;h :·:1u!tiple-

location trials in more in-depth agro-ecological zones of Uganda to study the 

stability of their performance and to also enrich findings about their gene 

action. To further improve potato breeding, it is recommended to employ 

genotypes that showed favorable general combining effects for early maturity, 

late blight resistance, and high yield. 

The flowering days of potato genotypes should not be used to determine their 

maturity duration because this atuibute is not constant ac.ross genotypes; some 

potato plants may not even flower, while others may flower first but take 

longer to reach the senescence stage. Farmers should conduct on-farm testing 

on the identified stable cultivars that show promise. This will make it easier 
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for fam1ers to recognize these genotypes' distinctive traits, including the 

desired culinary traits that this study did not address. This will improve these 

novel genotypes' uptake and acceptability. 

The ultimate purpose of this research was to create high-yielding potato 

genotypes with favorable agronomic, morphological and processing qualities 

that could be adapted to the south-western highlands agro-ecological zone 

(SWHAEZ) in order to boost potato production in Uganda. Most of the 

genotypes which had reached 50% flowering earlier were among those which 

attained their senescence status late implying that the earlier the genotypes 

flower does not necessarily mean they have early maturity periods. 

In the experiment, newly created genotypes with early maturity, late blight 

resistance, and high stable yields were used to assess the intensity of 

interactions between genotype and environment. These genotypes were 

differentiated by their early to mid-ear!y maturation durations as well as their 

ilOI i~~,;~ tal resistance to lat~ blight. Because tL hta ii;;I;IOI!Stta•~ ; :: high G x E 

interaction rate, it is necessary to select for genotypes that are typically stable 

across environments. This should be advantageous for farmers who have 

genotypes with high yields and long-term stability. In all environments, 

several genotypes generated yields of between 7 and I 0 tons per acre but with 

some reaching up to 30t ha· 1
• These numbers surpass Uganda's 6.8t ha· 1 

national average productivity (FAOST AT, 20 I 0). [n order to increase the 

production of the potato sector, these genotypes should therefore be follmved 

and supported. 

In accordance with the findings of the analysis of variance and AMMI, the 

most reliable novel genotypes for earliness with respect to yields were 

84 



59.41 x220.54, 393220.54x3950 11.2, 393077.54, 26. 1 03x 11.2, Kinigix 19.17. 

NAROPOT4x77.54 and NOROPOT4x39.107. The genotype lPCA scores in 

the AMMl study provided a measure of the genotypes' environmental stability 

or adaptation. The larger the magnitude of LPCA scores either in the positive 

or negative direction, the suitability of an individual genotype to a given 

environment. Throughout all the environments in the study, genotypes with 

[PCA scores close to zero exhibited greater stability. 

The total amount of flesh tuber production was positively correlated with 

senescence, the number of tubers per plant, and average tuber weight, 

demonstrating that each of these variables has a positive effect on yield. Given 

the close correlation between the onset of senescence and the length of bulking 

with yield, it was possible to predict yield using these two parameters by 

assuming that any factor affecting the onset of senescence or the length of 

bulking would increase or decrease the yield by the same number of units. 

R " " ~~ · ·-- .... ... ·b .. :. t' . '1 .: b · t · > ~~th k( ·' ' --\ ·''h l egd .. . :,.;:, u.:.. ulSLll Lt.tuil o asstmt alr0'1. '-·'·"''-"':' e stn tt..:.< , ;-, 1 a;:-.~ , t-

source, the difference was likely caused by the utilization of various habitats 

and genetic materials (shoot). The findings also demonstrated that average 

tuber weight was not linked with the maturity time or start of senescence of a 

particular genotype, indicating that these two parameters were not 

interdependent. The total amount of flesh tubers produced was inversely 

related to the number of days between planting and the development of flower 

buds , indic&.ting that genotypes w:th earlier flower bud emergence produced 

more fresh tubers overall. The benefit is that, in contrast to genotypes where 

flower development begins later, plants redirect photosynthetic biomass 

towards tuber bulking early in the crop development cycle. 
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For seventeen chosen potato genotypes, the effects of G x E on earliness and 

flesh tuber production were investigated. The assessment took place 

throughout two distinct seasons in two different sites . Between the genotypes 

and the genotypes by environment interactions, significant changes were seen. 

The within genotype variations were also significantly different among the 

genotypes in an environment (P<0.05). Genotypes did not perform very 

differently hence, it suggests environmental stability for both early maturity 

and high yield. 

For genotypes, environments, and the interaction of genotype by environment, 

highly significant differences (P<O.OO l) were found. Results suggested that 

genotypes performed differently for all attributes across all sites. The 

disparities observed might most likely be ascribed to variations in the habitats' 

circ:~mstances . Similar results were reported by Nakitandwe (20·)3). 

6.2 Conclusion 

The characterization of potato genotypes for desirable growth traits, 

morphological and processing qualities in the Kigezi highlands holds 

significant importance for potato production, processing, and market 

competitiveness in the region. Through the study, several key findings and 

implications emerged; 

The evaluation of growth traits enabled the selection of genotypes with high 

yield potential, resistance to prevalent diseases, and adaptability to local 

climatic conditions. The study's justification is supported by the substantial 

connections between location and season, then genotype and season. Several 

genotypes that consistently matured early and had yields that were somewhat 

high were found through the examination of genotype stability using AMMI. 
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When it came to early maturity and good flesh tuber yields, the genotypes 

391919.3 , 59.4lx220.54. 395077.12, and NOROPOT4x39.l07 showed the 

most consistency. The study emphasized the significance of maintaining a 

diverse range of potato genotypes. This diversity helps safeguard against pests, 

diseases, and changing environmental conditions, ensuring the long-term 

sustainability of potato production in the Kigezi highlands. 

The study provided insights into potato genotypes that exhibit favorable 

morphological traits such as tuber shape, tuber size, eye depth, skin colour and 

flesh colour. These traits are crucial for meeting market preferences and 

enhancing marketability. This helps farmers optimize potato production and 

enhance crop resilience . 

By assessing processing qualities like dry matter content, cooking time, 

texture, and colour attri::,utes. the study guided the selection of genotypes that 

meet processing requirements. This ensures the production of high-quality 

pc. ~at0 products W!th des! r.:b;.: characteristi-_ :.; _ The SlUdy s i:i;:cings provideu · 

specific genotype recommendations for the Kigezi highlands, taking into 

account the region's unique environmental conditions and market demands. 

These recommendations help farmers and processors choose suitable potato 

varieties that thrive in the local context. In terms of good agronomic features. 

morphological traits especially yield component, and processing qualities, the 

new genotypes examined outperformed the local genotypes significantly. As a 

rest.ilt, they should be viewed as potential cultivilrs for release in the two 

habitats where they were evaluated. 
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6.3 Recommendations 

• Evaluate and select potato genotypes based on agronomic traits such as 

yield potential, disease resistance, and tolerance to environmental stresses 

common Ln the Kigezi highlands. Prioritize genotypes that demonstrate 

high yield, resistance to prevalent diseases, and adaptability to local 

climatic conditions. 

• Encourage the cultivation of a diverse range of potato genotypes in the 

Kigezi highlands to enhance resilience against pests, diseases, and changing 

environmental conditions. Emphasize the importance of preserving and 

utilizing a broad genetic pool to safeguard against potential crop 

vulnerabilities . 

• Validate the findings of the study through larger-scale trials and extended 

ev21Pr,ticn periods . This will. hel!" ~ ,-,:>..ire thP ·-:n;,:;iste'.1CY an d. :f'EJtility of 

the identified genotypes' performance over different seasons and locations 

wtlhm the Kigezi highlands. 

• Involve farmers, processors, and other relevant stakeholders in the 

evaluation and selection process of potato genotypes. Seek their input and 

preferences to ensure that the chosen genotypes align with market demands, 

processing requirements , and local farming practices. 

• Identify and prioritize potato genotypes that exhibit favorable 

morphological l:haracteristics, such as flesh t·~ber yield, tuber shape, tubc1 

eye depth, tuber skin colour, and tuber flesh colour. Choose genotypes that 

align with market preferences and have visually appealing traits for 

improved marketability. 
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• Pay close attention to the processing qualities of potato genotypes, 

including dry matter content, cooking time, texture, and colour attributes. 

Prioritize genotypes with high dry matter content, desirable cooking times 

for various processing methods (e.g., boiling, frying), and favorable texture 

and colour characteristics for different potato products. 

• Disseminate the findings of the study through extension services, farmer 

training programs, and agricultural publications. Share information on the 

identified genotypes' performance, agronomic practices and processing 

characteristics to facilitate informed decision-making by farmers, 

processors and other stakeholders. 
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