














































































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 
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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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