
DOI: 10.4236/as.2020.1111066  Nov. 16, 2020 1017 Agricultural Sciences 

Assessing New Banana Genotypes for Relevant 
Traits: Implication for Variety Selection 

Robooni Tumuhimbise1 , Alex Barekye2, David Talengera3, Kenneth Akankwasa4, 
Kephas Nowakunda4* , Moreen Asasira4, Deborah Karamura5, Eldad Karamura5 

1Rwebitaba Zonal Agricultural Research and Development Institute, Fort Portal, Uganda 
2Kachwekano Zonal Agricultural Research and Development Institute, Kabale, Uganda 
3Faculty of Agriculture, Ndejje University, Kampala, Uganda 
4National Agricultural Research Laboratories (Kawanda), Kampala, Uganda 
5Bioversity International, Kampala, Uganda 

Abstract 

Understanding the performance of new crop genotypes for traits of relevance 
is important in selecting potential cultivars to satisfy end-users. The objective 
of this study was to determine the performance of new banana genotypes for 
bunch mass (BMS) and BMS-related traits, resistance to black Sigatoka and 
sensory attributes. Eight cooking banana genotypes consisting of six new hy-
brid genotypes selected from advanced breeding trials and two control culti-
vars were evaluated in a randomized complete block design for three crop 
cycles at three locations in Uganda. Genotype, location, crop cycle and their 
interaction effects were significantly different for most traits assessed. The 
overall top two genotypes (“9058K-2” and “8099K-16”) combining high BMS, 
resistance to black Sigatoka and acceptable sensory attributes were identified. 
These genotypes are suggested as potential commercial cultivars for release to 
farmers in Uganda and/or other East African countries with similar environ-
mental conditions to those where the genotypes were tested. It should be 
noted that high BMS/yield and resistance to diseases are not the only factors 
to consider when selecting banana genotypes that meet end-user needs. A 
combination of high BMS/yield, acceptable sensory attributes and resistance 
to diseases essentially influence the selection process of banana cultivars. 
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1. Introduction 

Banana (Musa spp.), a perennial and vegetatively-propagated plant, is an impor-
tant crop in the tropical and subtropical regions of the world [1]. It is a source of 
food and income for millions of smallholder farmers, especially in Asia, South 
and Central America, and sub-Saharan Africa (SSA) [2] [3]. Majority of the ba-
nana production in SSA is done on small plots and backyard gardens [3].  

Every part of the banana plant is useful although the fruit is the most used 
plant part. The mature fruit of banana can be utilized in many forms, such as 
dessert when fully ripe, food when cooked and mashed or eaten directly after 
boiling or steaming [4] [5]. When cooked or steamed, banana, especially the 
cooking East African Highland Bananas (EAHBs) “Matooke”, are characterized 
by a unique flat taste and aroma, golden yellow colour and a soft texture [6]. 
Fruits, especially those of beer type of bananas “Embire” also the EAHBs can be 
squeezed when fully ripe to produce a natural sweet juice “Eshande” which upon 
fermentation can be processed into wine and/or “Waragi”; a tradition drink en-
joyed in most east African countries.  

The highest per capita consumption of banana in the world is in the East 
African region, where one-third of the people depend on this crop as a staple 
food—the crop occupies between 20% and 30% of the acreage under cultivation 
[7]. Annual production of bananas in the region is worth US$ 4.3 billion, ac-
counting for about 5% of the region’s gross domestic product [8]. The predomi-
nant type of bananas grown in East Africa is the EAHBs. These are a subgroup of 
triploid banana cultivars, with genome code AAA [9]. 

In Uganda, millions of people rely on banana for income and daily food, with 
approximately 75% of farmers cultivating the crop [10]. Banana occupies the 
third largest cultivated area amongst staple food crops in Uganda [1]. Despite 
the benefits of growing bananas in the country, the yield gap between the actual 
and potential is high. For example, over the last 30 years, banana yields have 
been declining with low yields of 5 to 10 t/ha/year compared to potential yield of 
70 t/ha/year and bunch mass dropping from 60 to 10 kg/plant or less [1] [11]. 
The number of years that banana plantations continue to be productive in some 
parts of Uganda, especially the central region, has been reduced to only five 
years compared to 50 years of plantation productivity in the past. The leading 
factors responsible for the decline in yield and productivity life are largely due to 
susceptibility of local cultivars to pests [11], especially banana weevils and ne-
matodes; and diseases, particularly black Sigatoka [12] [13] [14]. 

Black Sigatoka, also known as black leaf streak disease, caused by the fungus 
Mycosphaerella fijiensis (Morelet), is the most serious disease threat to banana 
production worldwide, causing yield losses of up to 50% [14] [15]. Heavy infes-
tation of black Sigatoka to banana can lead to a considerable reduction in the 
photosynthetic leaf area of the plant [15]. Consequently, bunches and fruits of 
infected plants produce lower bunch yield in comparison to those of healthy ba-
nana plants. Severe Sigatoka disease infection has also been reported to cause a 
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marked effect on banana ripening after harvest [16].  
There are several potential technology-based interventions to address the 

problem of black Sigatoka disease [17] [18] [19], however, developing resistant 
cultivars is the most fundamental intervention. Resistant cultivars offer enorm-
ous spill over benefits for human health and positive environmental impacts [19] 
[20].  

The National Agricultural Research Organization (NARO) of Uganda in-
itiated a banana breeding program in the early-1990s, which has over the years 
developed hybrid genotypes, some of which have been officially released to far-
mers for production [21] [22]. Several other hybrid genotypes are under evalua-
tion for eventual release to farmers. In this study, we present and discuss the re-
sults of six new hybrid banana genotypes, which were selected from advanced 
yield trials of NARO and evaluated together with two control cultivars for traits 
of relevance for three crop cycles at three locations in the major banana growing 
areas of Uganda. Adoption of new banana cultivars in Uganda has been reported 
to be largely dependent on a combination of sensory, yield and disease resistance 
traits [23]. The objective of this study therefore was to determine the perfor-
mance of new banana genotypes for bunch mass (BMS) and BMS-related traits, 
resistance to black Sigatoka and food sensory attributes. 

2. Materials and Methods 
2.1. Banana Germplasm 

Eight cooking banana entries consisting of six new genotypes from advanced 
banana breeding evaluation trials of NARO and two control cultivars (improved 
and landrace) from farmers’ fields in Uganda were used for this study (Table 1). 
Selection of six new genotypes was based on their previous performance for 
bunch yield of over 10 kg/bunch and resistance to black Sigatoka. The control  
 
Table 1. Eight cooking banana genotypes used in the experiment. 

SN. Genotype Ploidy Remark 

1. 10054K-1 3× New genotype 

2. 10072K-10 3× New genotype 

3. 6880K-2 3× New genotype 

4. 8099K-16 3× New genotype 

5. 9019K-3 3× New genotype 

6. 9058K-2 3× New genotype 

7. Kabana 6H 3× 
Control improved cooking banana cultivar, 

with resistance to black Sigatoka [12]. 

8. Mbwazirume 3× 
Control landrace cooking banana cultivar, 

with farmer preferred quality attributes 
but susceptible to black Sigatoka [6]. 
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cultivars “Kabana 6H” and “Mbwazirume” were selected based on their predo-
minance in cultivation as improved and landrace cultivars, respectively. In addi-
tion “Kabana 6H” is a black-Sigatoka-resistant improved cultivar [12] whereas 
“Mbwazirume” is a most farmer-preferred landrace cultivar due to its superior 
food quality attributes (good taste, aromatic, good mouth feel, golden yellow co-
lour) but susceptible to black Sigatoka.  

2.2. Experimental Sites 

Experiments were conducted at three sites: Mbarara Zonal Agricultural Research 
and Development Institute, located in south western Uganda at 0˚36'16''S and 
3˚38'54''E, 1430 meters above sea level (masl); National Agricultural Laborato-
ries-Kawanda, located in central Uganda at 0˚25'14''N and 32˚32'26''E, 1300 
masl, and Nakabango Agricultural Research Station-Jinja, located in eastern 
Uganda at 0˚26'20''N and 33˚12'11''E, 1187 masl. Mbarara received an average 
annual rainfall of 1214 mm during the experimental period, while Kawanda and 
Jinja received average annual rainfall of 1390 mm and 1400 mm, respectively. 
Mbarara is characterized by low black Sigatoka disease pressure while Kawanda 
and Jinja are characterized by high black Sigatoka disease pressure. The experi-
ments were conducted from September 2014 to November 2018. 

2.3. Experimental Design 

Experiments at each site were laid out in a randomized complete block design 
with four replications. Two-months old tissue culture plants of each genotype 
were planted in deep holes (0.4 m deep and 0.6 m wide) spaced at 3 m × 3 m. To 
ensure the spread of black Sigatoka inoculum “spore”, experimental fields were 
established in the middle of existing banana plantations with blacks Sigatoka 
susceptible local banana cultivars. The blocks were further surrounded with 
black Sigatoka infected plants of “Mbwazirume” to act as spreaders. Five kilo-
grams of kraal organic manure (5 kg) were applied to the planting holes at 
planting and the banana test materials provided regular good management prac-
tices [24].  

2.4. Data Collection 

Data were collected on the number of standing leaves (NSL), youngest leaf spot-
ted (YLS) and index of non-spotted leaf (INSL) at plant flowering. The INSL is 
the proportion of standing leaves without the typical late stage symptoms of 
black leaf streak disease, i.e. a black spot with a necrotic centre [25]. INSL pro-
vides an estimation of available photosynthetic leaf area prior to fruit filling and 
is a measure of resistance to black Sigatoka [26]. Data at harvest were collected 
on bunch mass (BMS), total number of clusters (NCL) and fruits (NFT), and 
sensory attributes of cooked food of all the genotypes evaluated. The NSL was 
determined by direct counting of all standing leaves on a banana plant at flo-
wering. YLS was determined by counting down from the top of the plant the leaf 
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number of the first fully unfurled leaf with at least 10 discrete, mature, necrotic 
lesions or one large necrotic area with 10 light-coloured dry centres [26] and the 
INSL was calculated from NSL and YLS [26] as follows:  

( )YLS 1 100
INSL

NSL
− ×

=                     (1) 

where: 
INSL = Index of Non-Spotted Leaf, 
YLS = Youngest Leaf Spotted, and  
NSL = Number of Standing Leaves. 
The BMS (kg/plant) was determined by weighing the harvested bunches indi-

vidually using a digital weighing scale. The NCL and TNF were determined by 
direct counting of clusters and fruits on a bunch, respectively. 

The assessment of genotypes for food sensory attributes was performed at the 
second ratoon crop using a total of 164 banana farmers across the sites. Before 
the exercise, farmers were first trained to carry out evaluations of food based on 
five sensory attributes of taste, aroma, mouth feel, color and overall acceptabili-
ty, using a scale of 1 to 6; where 1 = dislike extremely, 2 = dislike, 3 = like fairly, 
4 = like, 5 = like very much, 6 = like extremely.  

2.5. Statistical Analysis 

The data collected were subjected to analysis of variance (ANOVA) using GenS-
tat, version 14 [27]. Means were separated using the Least Significance Differ-
ences (LSD) at P < 0.05. To identify and select high yielding banana genotypes 
with resistance to black Sigatoka and combining good sensory attributes, all the 
genotypes were sorted and ranked based on their performance for each trait of 
the 10 traits assessed across sites and cycles using Microsoft Excel [28]. Individ-
ual trait ranks were added; and a genotype with the lowest overall rank of one or 
close to one was considered the best genotype. Ranking was conducted on a scale 
of 1 to 8; where; 1 = Excellent and 8 = Worst.  

3. Results 
3.1. Performance of Genotypes in Response to Locations 

Genotypes and locations were significantly different for all the agronomic traits 
assessed (Table 2). Their second order interaction effects were similarly signifi-
cantly different for all traits except for bunch mass (Table 2).  

3.1.1. Bunch Mass 
The highest mean performance for bunch mass across genotypes was recorded 
in Mbarara (28.0 kg/plant) and lowest in Kawanda (25.4 kg/plant) (Table 2). 
Genotype “8099K-16” produced highest bunch mass (31.4 kg/plant), followed 
closely by “9058K-2” (31.24 kg/plant) and “Kabana 6H” (30.4 kg/plant). The 
least mean bunch mass of 13.8 kg/plant was recorded by “10054K-1” (Table 2).  
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Table 2. Mean performance of eight cooking banana genotypes for five traits evaluated at three locations across three crop cycles 
in Uganda from 2014 to 2018. 

Genotype 

Bunch Mass (Kg/plant) Number of Clusters Number of Fruits 
Number of 

Standing Leaves 
Index of 

Non-Spotted Leaf 

Location Location Location Location Location 

JN KW MB Mean JN KW MB Mean JN KW MB Mean JN KW MB Mean JN KW MB Mean 

10054K-1 14.1a 12.1a 15.5a 13.8a 5.6a 5.7a 7.6a 6.3a 62.8a 70.6a 85.7a 73.0a 9.6a 7.8a 10.8a 9.4a 82.7a 75.6a 94.4a 84.2a 

10072K-10 25.5bd 23.2b 26.5b 24.8b 8.2b 8.4b 10.2b 9.0bc 122.4b 135.4b 154.2de 137.3bc 10.3ab 10.1b 10.5a 10.3b 76.0a 72.5a 82.6b 77.1ab 

6880K-2 26.5b 29.4c 29.8c 28.6c 8.5c 8.4b 10.2b 9.0bc 119.6b 127.1b 120.7b 122.5b 10.9b 12.3c 13.9d 12.4c 78.9a 71.1a 76.0b 75.3b 

8099K-16 31.5c 29.8c 32.9c 31.4d 8.6c 8.9d 10.2b 9.2bd 125.7bc 132.5b 137.3cd 131.8b 11.0bc 12.9c 13.3d 12.4c 78.5a 71.2a 75.8bc 75.1b 

9019K-3 29.0c 26.4d 29.4c 28.3c 8.2b 8.2b 9.8b 8.7c 114.8b 130.0b 128.4bc 124.4b 10.9b 12.1c 13.7d 12.2c 78.7a 74.7a 74.4c 75.9b 

9058K-2 32.0c 30.5c 32.2c 31.2d 8.9d 9.0d 10.3b 9.4d 146.9d 153.3c 150.1de 150.1c 11.8bcd 11.8c 15.9e 13.2d 78.3a 79.7b 71.4c 76.5ab 

Kabana 6H 30.8c 28.1cd 32.2c 30.4d 8.4c 8.6b 10.0b 9.0bc 105.2b 128.7b 141.7de 125.2b 11.1bc 12.5c 13.4d 12.3b 76.a 73.5a 72.0c 74.0b 

Mbwazirume 23.2d 24.1b 25.5b 24.3b 7.6b 7.6e 9.6b 8.3e 115.9b 123.7b 129.7bc 123.1b 8.5e 8.3a 12.1c 9.6a 54.b 50.4c 57.9d 54.2c 

MEAN 26.6A 25.4B 28.0C 26.7 8.0A 8.1A 9.7B 8.6 114.2A 125.2B 131.0C 123.4 10.5A 11.0B 13.0C 11.5 75.5A 71.1B 75.5A 74.0 

F-Probability 
    

 
   

 
   

 
   

 

Genotype (G) <0.001 
   

<0.001 
   

<0.001 
   

<0.001 
   

<0.001 

Location (L) 0.010 
   

<0.001 
   

<0.001 
   

<0.001 
   

<0.001 

G × L Interaction NS 
   

0.025 
   

<0.001 
   

<0.001 
   

<0.001 

LSD (0.05)                  

Genotype Mean 1.57    0.31    7.87    0.52    2.79 

Location Mean 0.96    0.19    4.79    0.31    1.70 

G × L Interaction Mean NS    0.80    20.1    1.32    7.12 

Means with the same small letter within the same column do not differ significantly according to Fisher’s test of least significant differences (P < 0.05). 
Means with the same Capital letter within the same row do not differ significantly according to Fisher’s test of least significant differences (P < 0.05). JN = 
Jinja, KW = Kawanda, MB = Mbarara. LSD (0.05) = Least Significant Difference at 5%. 

 
All genotypes had least performance for bunch mass in Kawanda except for 
“6880K-2” and “Mbwazirume” whose least performance was recorded in Jinja. 

3.1.2. Total Number of Clusters 
The highest mean performance for number of clusters across genotypes was 
recorded in Mbarara (9.7), while Jinja and Kawanda produced almost the same 
number of clusters of 8.0 and 8.1, respectively (Table 2). Genotype “9058K-2” 
produced highest number of clusters (9.4) trailed by “8099K-16” with 9.2 clus-
ters, and “10072K-10”, “6880K-2” and “Kabana 6H”, all with 9.0 clusters. Geno-
types “9019K-3” and “Mbwazirume” had the same trend of performance for the 
number of clusters in Jinja and Kawanda while “6880K-2” performed slightly 
better in Jinja than Kawanda although their performance for the trait was not 
significantly different. For the rest of the genotypes, performance for number of 
clusters was highest in Mbarara, followed by Kawanda and least in Jinja. 
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3.1.3. Total Number of Fruits 
The highest performance of the genotypes for total number of fruits was ob-
served in Mbarara (131) and the least in Jinja (114.2) (Table 2). Genotype 
“9058K-2” recorded highest number of fruits (150.1) trailed by “10072K-10” 
(137.3) and “8099K-16”, while “10054K-1” recorded the least number for the 
trait. Genotypes “10054K-1”, “10072K-10”, “8099K-16”, “Kabana 6H”, and “Mbwa-
zirume” performed highly for the total number of fruits in Mbarara, followed by 
Kawanda and least in Jinja whereas genotypes “6880K-2”, “9019K-3”, and “9058K-2” 
performed highly for the trait in Kawanda followed by Mbarara and least simi-
larly in Jinja.  

3.1.4. Number of Standing Leaves 
Performance of the genotypes for number of standing leaves was highest in 
Mbarara followed by Kawanda and least in Jinja (Table 2). Genotype “9058K-2” 
recorded highest number of standing leaves followed closely by “6880K-2”, 
“8099K-16”, “Kabana 6H” and “9019K-3”. Genotypes “10054K-1” and “Mbwa-
zirume” had the least number of standing leaves. Genotypes “10054K-1”, 
“10072K-10”, “Kabana6H” and “Mbwazirume” recorded the lowest number of 
standing leaves in Kawanda while genotypes “6880K-2”, “8099K-16” and 
“9019K-3” recorded the lowest number for the trait in Jinja. Only “9058K-2” 
recorded the lowest number of leaves in Mbarara. 

3.1.5. Index of Non-Spotted Leaf 
Jinja and Mbarara recorded an equal and highest index of non-spotted leaf 
across genotypes (75.5%), while Kawanda recorded the lowest of 71.1% (Table 
2). All hybrid genotypes were above 70% of index of non-spotted leaf and are 
thus, resistant to black Sigatoka. Genotypes “10054K-1”, “10072K-10”, “6880K-2”, 
“8099K-16” and “Mbwazirume” had the least index of non-spotted leaf in Ka-
wanda while “9019K-3”, “9058K-2” and “Kabana 6H” had the least for the trait 
in Mbarara. Highest index of non-spotted leaf in Mbarara was recorded by 
“10054K-1”, “10072K-10” and “Mbwazirume”. The highest in Jinja was recorded 
by “6880K-2”, “8099K-16”, “9019K-3” and Kabana 6H. 

3.2. Performance Genotypes in Response to Crop Cycles 

Genotypes were significantly different for all the agronomic traits assessed while 
plant cycles were significantly different for only bunch mass, number of clusters 
and fruits (Table 3). Genotypes × crop cycle interaction effects were significant-
ly different for all the traits (Table 3).  

3.2.1. Bunch Mass 
The bunch mass of all genotypes except “Mbwazirume” increased gradually 
from plant crop to second ratoon crop (Table 3). “Mbwazirume” attained the 
highest bunch mass (25.6 kg/plant) at t plant crop, which reduced at first and 
second ratoon crops to 23.8 kg/plant. Averaged across genotypes, the highest  
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Table 3. Mean performance of eight cooking banana genotypes for five traits evaluated across three locations for three crop cycles 
in Uganda from 2014 to 2018. 

Genotype 

Bunch Mass 
(Kg/plant) 

Number of Clusters Number of Fruits 
Number of 

Standing Leaves 
Index of 

Non-Spotted Leaf 

Crop Cycle Crop Cycle Cycles Cycles Cycles 

PCR RC1 RC2 Mean PCR RC1 RC2 Mean PCR RC1 RC2 Mean PCR RC1 RC2 Mean PCR RC1 RC2 Mean 

10054K-1 12.5a 13.4a 15.5a 13.8A 6.0a 6.4a 6.6a 6.3A 63.0a 66.1a 89.9b 73.0A 9.0a 10.1a 9.2a 9.4A 86.5a 79.7a 86.3a 84.2A 

10072K-10 21.9a 24.4a 28.1b 24.8B 7.7a 9.4b 9.8b 9.0BC 109.1a 126.9b 176.0c 137.3BC 11.5a 9.9b 9.9b 10.3B 81.4a 74.0a 75.8a 77.1AB 

6880K-2 23.4a 27.3b 35.1c 28.6C 8.2a 8.8a 10.1b 9.0BC 101.3a 114.4b 151.9c 122.5B 11.8a 12.4a 12.9a 12.4C 76.2a 78.4a 71.4a 75.3B 

8099K-16 25.3a 31.4b 37.4c 31.4D 8.3a 9.4b 9.9b 9.2BD 110.8a 131.7b 152.8c 131.8B 12.6a 11.8a 12.7a 12.4C 75.1a 75.8a 74.3a 75.1B 

9019K-3 23.1a 26.4a 35.4b 28.3C 7.6a 8.4ac 10.2b 8.7C 100.8a 115.0b 157.4c 124.4B 11.6a 12.1a 12.8a 12.2C 75.8a 76.7a 74.9a 75.8B 

9058K-2 25.8a 30.6b 37.3c 31.2D 7.9a 9.6b 10.6c 9.4D 127.1a 146.1b 177.2c 150.1C 13.4a 12.8a 13.5a 13.2D 75.7a 76.8a 76.9a 76.5AB 

Kabana 6H 29.1a 29.6ab 32.4b 30.4D 7.7a 9.1b 10.3c 9.0BC 112.6a 118.7a 144.4b 125.2B 12.4a 12.0a 12.6a 12.3C 73.1a 74.3a 74.5a 74.0B 

Mbwazirume 25.6a 23.8a 23.8a 24.4B 8.6a 7.8a 8.6a 8.3E 121.1ab 116.0a 132.2b 123.1B 10.9a 9.9a 7.9b 9.6A 55.0a 53.7a 53.6a 54.2C 

MEAN 23.3a 25.9b 30.6c 26.6 7.8a 8.6b 9.5c 8.6 105.7a 116.9b 147.7c 123.4 11.6a 11.3a 11.5a 11.5 74.8a 73.6a 73.4a 74.0 

F-Probability 
                 

Genotype (G) <0.001 
   

<0.001 
   

<0.001 
   

<0.001 
  

<0.001  

Crop Cycle (C) <0.001 
   

<0.001 
   

<0.001 
   

NS 
  

NS  

G × C Interaction <0.001 
   

<0.001 
   

<0.001 
   

<0.001 
  

<0.001  

LSD (0.05)                  

Genotype Mean 1.57    0.31    7.87    0.52   2.79  

Crop Cycle Mean 0.93    0.18    4.66    NS   NS  

G × C Interaction Mean 4.60    0.92    23.18    1.53   8.22  

Means with the same small letter within the same row do not differ significantly according to Fisher’s test of least significant differences (P < 0.05). Means 
with the same capital letter within the same column do not differ significantly according to Fisher’s test of least significant differences (P < 0.05). PCR = 
Plant Crop, RC1 = First Ratoon Crop, RC2 = Second Ratoon Crop; LSD (0.05) = Least Significant Difference at 5%. 

 
bunch mass was obtained at the second ratoon crop (36.6 kg/plant) and the least 
bunch mass obtained at plant crop stage (23.3 kg/plant). 

3.2.2. Total Number of Clusters 
The total number of clusters for all genotypes except “Mbwazirume” increased 
gradually from plant crop to second ratoon crop (Table 3). “Mbwazirume”, at-
tained the highest number of clusters (8.6) at plant and second ratoon crops and 
the least number of clusters at the first ratoon (7.8). Averaged across genotypes, 
the highest number of clusters was observed at the second ratoon crop (9.5) and 
the least observed at plant crop (7.8). 

3.2.3. Total Number of Fruits 
The genotypes performance for total number of fruits took the same trend, in-
creasing from plant crop to the second ratoon crop cycles except for “Mbwazi-
rume” (Table 3). Mbwazirume had the highest number of fruits at the second 
ratoon crop cycle (132.2), followed by plant crop (121.1) and the least at first ra-
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toon crop cycle (116). Averaged across genotypes, the highest number of fruits 
was observed at second ratoon crop (147.7) and the leased observed at plant crop 
cycle (105.7). 

3.2.4. Number of Standing Leaves 
Averaged across genotypes, the numbers of functional leaves at plant and ratoon 
crop cycles were not significantly different (Table 3). However, the highest mean 
performance for the trait was observed at the plant crop phase. With the excep-
tion of “Mbwazirume” and “10072K-10” that attained the highest number of 
functional leaves at the plant crop phase, the rest of the genotypes produced the 
highest number of functional leaves at the second ratoon crop phase.  

3.2.5. Index of Non-Spotted Leaf 
Averaged across genotypes, the Indices of non-spotted leaf at plant and ratoon 
crop cycles were not significantly different (Table 3). Nevertheless, the highest 
mean performances for these traits were observed at plant crop. Genotypes 
“10054K-1”, “10072K-10” and Mbwazirume attained highest index of non-spotted 
leaf at plant crop while “6880K-2”, “8099K-16” and “9019K-3” attained highest 
values for the trait at first ratoon crop. “Kabana 6H” and 9058K-2 attained the 
highest index of non-spotted leaf at the second ratoon crop. The index of 
non-spotted leaf values of “Mbwazirume” reduced gradually from the plant crop 
cycle to the second ratoon crop cycle.  

3.3. Performance of Genotypes for Sensory Attributes 

Banana genotypes differed significantly for all the sensory attributes evaluated 
(Table 4). For food taste, all genotypes had a score above 5.0 and the most supe-
rior genotypes for the trait were “8099K-16”, “Mbwazirume” and “9058K-2”. For 
food aroma and mouth feel, the most superior genotype was “Mbwazirume”, 
which was trailed closely by “8099K-16” and “9058K-2”. For food colour and 
overall acceptability, “8099K-16” performed highly, followed closely by “Mbwa-
zirume” that was also followed closely by “9058K-2”.  

3.4. Overall Performance of the Genotypes for All the Traits  
Assessed 

To identify and select high yielding banana genotypes with resistance to black 
Sigatoka and combining good sensory attributes, genotypes were ranked for 
performance for each of the traits assessed (Tables 2-4). Top performers for a 
combination of the desired traits were identified. Accordingly, genotype “9058K-2” 
was ranked the most superior (Table 5). This was followed closely by “8099K-16”. 
There was not a single genotype that was superior in all the traits assessed. For 
instance, the best genotype for bunch mass was “8099K-16” while the best for 
total number of clusters was “9058K-2”. For the total number of fruits, the best 
genotype was similarly “9058K-2”, while the best for number of standing leaves 
was “6880K-2”. 

https://doi.org/10.4236/as.2020.1111066


R. Tumuhimbise et al. 
 

 

DOI: 10.4236/as.2020.1111066 1026 Agricultural Sciences 

 

Table 4. Mean performance of six new cooking banana genotypes, one local control cul-
tivar “Mbwazirume” and one hybrid control “Kabana 6H” for fruit sensory attributes 
evaluated at the second ratoon crop across three sites in Uganda in 2018. 

Genotype 
Fruit sensory attributes (Hedonic scale: 1 - 6) 

Taste Aroma Mouth Feel Colour Overall Acceptability 

10054K-1 5.03a 4.69a 4.37a 4.75a 4.90a 

10072K-10 5.40b 4.47b 4.76b 5.15b 4.95a 

6880K-2 5.50c 5.28c 5.35c 5.18b 5.33b 

9019K-3 5.28d 4.69a 5.22d 4.72c 4.87a 

9058K-2 5.69e 5.45d 5.64e 5.75d 5.41b 

8099K-16 5.85f 5.59de 5.78f 5.93e 5.79c 

Kabana 6H 5.20g 4.88f 4.53g 4.29f 4.40d 

Mbwazirume 5.73h 5.70e 5.79f 5.92e 5.78c 

Mean 5.46 5.09 5.18 5.21 5.18 

F-Probability <0.001 <0.001 <0.001 <0.001 <0.001 

LSD (0.05) 0.04 0.14 0.04 0.09 0.36 

Means with the same letter within the same column do not differ significantly according to Fisher’s test of 
least significant differences (P < 0.05). Hedonic scale of 1 to 6, where: 1 = dislike extremely, 2 = dislike, 
3=like fairly, 4 = like, 5 = like very much, 6 = like extremely. LSD (0.05) = Least Significant Difference at 
5%. 

 
Table 5. Eight cooking banana genotypes ranked by superiority of their traits (Tables 2-4) 
evaluated across three locations and crop cycles. 

Genotype 

Ranking of banana genotypes based on superiority of their traits 

BMS NCL NFT NSL INSL TST AMA MF CL OA Mean 
Overall 
Rank 

10054K-1 8 8 6 8 1 8 6 8 6 6 6.5 8th 

10072K-10 6 3 1 6 2 5 8 6 5 5 4.7 5th 

6880K-2 4 3 3 2 5 4 4 4 4 4 3.7 3rd 

8099K-16 1 2 8 2 6 1 2 2 1 1 2.6 2nd 

9019K-3 5 6 5 5 4 6 6 5 7 7 5.6 6th 

9058K-2 2 1 2 1 3 3 3 3 3 3 2.4 1st 

Kabana 6H 3 3 7 4 7 7 5 7 8 8 5.9 7th 

Mbwazirume 7 7 4 7 8 2 1 1 2 2 4.1 4th 

BMS = bunch mass (Kg/plant), NCL = number of clusters, NFT = total number of fruits, NFL = number of 
standing leaves, INSL = index of non-spotted leaf (%), TST = taste, AMA = aroma, MF = mouth feel, CL = 
color, OA = overall acceptability. 

4. Discussion 

Understanding the performance of new cropgenotypes for traits of relevance is 
important in cultivar selection to satisfy end-users. This ultimately facilitates 
faster adoption of new cultivars when right cultivars are selected. The objective 

https://doi.org/10.4236/as.2020.1111066


R. Tumuhimbise et al. 
 

 

DOI: 10.4236/as.2020.1111066 1027 Agricultural Sciences 

 

of this study was to determine the performance of new hybrid cooking banana 
genotypes for agronomic, sensory and black Sigatoka resistance traits to inform 
their selection process. To meet the stated objective, we evaluated eight cooking 
banana genotypes for bunch mass (BMS) and BMS-related traits, resistance to 
black Sigatoka and sensory attributes at three diverse locations for three crop 
cycles in Uganda. 

Genotypes, locations and crop cycles and their two-way interaction effects 
were significantly different for most traits. Significant genotypic effects for the 
traits assessed revealed that the genotypes evaluated were significantly different 
and that phenotypic selection would be possible among them. Significant loca-
tion effects on the other hand revealed that the locations from where the expe-
riments were conducted were different from each other and therefore affected 
the performance of genotypes for traits evaluated. Certainly, the three sites 
(Mbarara, Jinja and Kawanda) during the experimental period registered differ-
ent amounts of rain fall received. Mbarara received a total annual rainfall of 1214 
mm while Kawanda and Jinja received total annual rains of 1390 mm and 1400 
mm, respectively. Besides, the sites differ by altitude and pressure for black Si-
gatoka disease. Of the three sites, Mbarara is at the highest altitude characterized 
by low pressure for black Sigatoka disease due to cooler environments. The three 
sites are indeed found in three distinct agro-ecological zones that receive differ-
ent amounts of rain and temperatures and many other conditions [29]. Signifi-
cant crop cycle effects for BMS, NCL and NFT revealed differences in crop 
cycles for these traits.  

Plant-crop cycle in banana is usually associated with smaller bunches [30] as 
the initial mother plants are not yet acclimatized to the environmental condi-
tions. With the progression of the cycles (first ratoon crop and subsequently 
second ratoon crop), bunches grow bigger because the ratoon plants are already 
acclimatized to the environmental conditions. The implication thereof is that, 
selection for BMS and its related traits should be appropriately performed on 
ratoon plants. There were no significant crop cycle effects on NSL and INSL, 
implying that the crop cycles were not any different for these traits, thus their 
selection can be conducted at any crop cycle of banana growth and development 
without losing any valuable information. It may also be important to note that 
NSL and resistance to black sigatoka are high heritable traits.  

Significant genotype × location interaction effects for the traits assessed re-
vealed that some of the genotypes had specific adaptation to one or more of the 
locations, while the significant genotype × crop cycle interaction effects for BMS 
and other traits were indicative of differences in patterns of yield performance 
among genotypes as previously reported [19]. 

Compared to other sites, Mbarara recorded the best performance for all the 
agronomic traits. This was due to favourable conditions and low pressure for 
black Sigatoka. Higher altitude areas in Uganda such as those in Mbarara are 
characterized by low pressure for black Sigatoka disease due to cooler tempera-
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tures [31]. Besides, the hybrids that were studied are derivatives of the local East 
African highland banana cultivars that are endemic to East Africa and highly 
adapted to high altitude areas of ≥1400 masl in the East African region.  

Performance of the genotypes for BMS and BMS-related traits (NCL and 
NFT) was generally lowest when bananas were harvested at plant crop cycle and 
highest when harvested at ratoon crop cycles, a trend that in part reflects the 
dynamics in banana growth and development [30]. Banana established from 
suckers or tissue culture plants grow through phases: the vegetative phase cha-
racterized by rapid growth of pseudostem and foliage; the flowering phase cha-
racterized by rapid shooting out of inflorescence from the heart of the pseudos-
tem; and the fruiting phase, where the ovaries contained in the first (female) 
flowers grow rapidly, developing parthenocarpically into clusters of fruits, called 
hands. The numbers of fruits and clusters are cultivar-dependent.  

At every phase of banana growth and development, dry mass production and 
partitioning between plant organs occur, although the rate differs during the 
growth stages of the plant and is also cultivar-dependent. During the growth of 
the plant crop, new suckers (ratoons) that would later develop into new mother 
plants emerge. The ratoon suckers from the initial mother plant are acclimatized 
to environmental conditions, and therefore produce much higher yields than the 
plant crop. This occurs usually in the absence of pests and diseases which would 
otherwise reduce yields of the sucker-plants (ratoon crop). Because the hybrid 
genotypes were resistant to black Sigatoka, they produced progressive yields 
from pant crop to ratoon crops (first and second). Mbwazirume a local cultivar 
susceptible to black Sigatoka, however, had reduced performance for BMS and 
other traits from the pant crop to ratoon crop. Resistance of hybrids to black Si-
gatoka was shown by the INSL of over 70% compared to that of a susceptible 
cultivar “Mbwazirume” of less than 55%. Carlier et al. [26] and Orjeda [32] re-
vealed that bananas require more than 70% of active leaf foliage at flowering for 
proper development of the banana fruit. Resistance to black Sigatoka of over 
70% of INSL is one of the key banana breeding targets of most banana breeding 
programmes in Africa. Severe infestation of bananas with black Sigatoka, can 
lead to a considerable reduction in the photosynthetic leaf area of the plant. 
Consequently, bunches and fruits of infected plants produce lower bunch weight 
in comparison to those of healthy banana plants [14] [15]. Vuylsteke et al. [33] 
revealed that resistance to black Sigatoka results from the interaction between a 
major recessive gene and two modifiers with additive effects. 

The sensory attributes (taste, aroma, soft mouth feel, and colour) of “9058K-2” 
and “8099K-16” were consistently ranked high and closest to those of “Mbwazi-
rume”. “Mbwazirume” is one of the most consumer-preferred landrace cooking 
banana cultivars due to high quality attributes of its cooked food. It dominates 
the banana markets in Uganda and is therefore highly marketable. Adoption 
rates of improved banana cultivars are often low regardless of their economic 
importance in terms of higher yield and resistance to diseases [3]. Reasons given 
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by farmers for low uptake include inferior taste, poor marketability compared to 
local cultivars, and risks associated with growing new cultivars [34]. Farmers in-
dicate preference for local cultivars because of their superior sensory attributes 
(good taste, aromatic, good mouth feel, golden yellow colour), even if new culti-
vars have better agronomic traits and better response to biotic and abiotic 
stresses [3] [23]. It is therefore important that new banana cultivars in addition 
to high yield and resistance to pests and diseases should possess good sensory 
attributes to meet farmer needs and preferences for higher adoption. In the 
present study we selected and recommended two banana hybrid genotypes 
“9058K-2” and “8099K-16” because of their high BMS, resistance to black Siga-
toka and good sensory attributes. 

5. Conclusion 

Banana genotypes evaluated in this study showed high degree of variation for all 
the traits assessed, implying high potential for selection among them. Significant 
differences among crop cycles for BMS, NCL and NFT, with higher mean per-
formance for these traits observed at the second ratoon crop revealed that the 
selection for BMS and BMS-related traits can be perfectly done at the second ra-
toon crop for optimal results. Non-significant crop cycle effects for NSL and 
INSL showed that selection for these traits can be done at any crop cycle of ba-
nana without losing any valuable information. The top two banana genotypes 
that combined high BMS, resistance to black Sigatoka and acceptable sensory 
attributes were “9058K-2” and “8099K-16” (Table 2). These two genotypes are 
recommended as potential commercial cultivars in Uganda and/or other East 
African countries with similar environmental conditions to those where the ge-
notypes were tested. 
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