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 Abstract- This study was conducted to investigate the black 

sigatoka disease indices (BSI) of hand and open pollinated 2x and 

4x banana and plantain progenies under naturally occurring 

infection with a view to identifying resistant genotypes and to 

ascertain how BSI affects vegetative and yield components. 

Thirty six banana and plantain genotypes, comprising 6 2x and 6 

4x parental clones, 6 2x hand pollinated and, 6 2x open pollinated 

progenies, 6 4x hand pollinated progenies and 6 4x open 

pollinated progenies were planted using a randomised complete 

block design with two replications of six plants per genotype. 

Data collected were total number of leaves produced, number of 

standing leaves at flowering, number of youngest leaf showing 

necrotic spots due to black sigatoka disease at flowering, plant 

height, plant girth, height of tallest following sucker; bunch 

weight, number of hands per bunch, number of fingers per 

bunch and yield. Leaf Retention Index (LRI) and Black Sigatoka 

Index (BSI) were estimated. Data were subjected to analysis of 

variance and means compared by LSD test at P ≥ 0.05. There 

were significant differences (P > 0.05) in total number of leaves, 

number of standing leaves, number of youngest leaf showing 

necrotic spots, plant height, plant girth, height of tallest following 

sucker; bunch weight, number of hands per bunch, number of 

fingers per bunch and yield by some 2x and 4x parental clones 

and one or other of their progenies. In tetraploids, plant height 

was significantly associated with BSI (r = 0.502*), height of tallest 

following sucker (r = 0.534*), bunch weight (r = 0.551*) and yield 

(r = 0.477*). The diploids TMB2x 8084-2OP and TMB2x 8084-

2HP showed potential of being good black sigatoka resistant 

genotype whereas high yielding tetraploids with good black 

sigatoka resistance were parental clones TMP4x 7002-1CL, 

TMP4x 1658-4CL and TMP4x 7152-2CL. 

Keywords: - Musa spp, parental clones, necrosis, naturally 

occurring infection, vegetative traits, yield components 

I.    INTRODUCTION 

lack Sigatoka disease also referred to as Black leaf streak 

disease is caused by the fungus Pseudocercospora 

fijiensis (formerly Mycosphaerella fijiensis) and is one of the 

most destructive diseases of plantain and banana accounting 

for yield losses of up to 30-50% and even up to 100% by the 

second ratoon crop [1], [2], [3]. Black Sigatoka starts as dark 

streaks, initially visible on the lower leaf surface. Streaks 

rapidly enlarge, forming the characteristic elongated black 

lesions, visible on both leaf surfaces [4]. These lesions become 

necrotic and quickly destroy large portions of mature leaf 

tissue, causing severe defoliation and reduction in yield. The 

disease was first identified in Fiji lsland [5], but it is now 

present in nearly all other tropical and sub-tropical production 

areas like Central and South America, North America, French 

West Indies, Asia, Australasia and Oceania and other islands 

in the Pacific region [6], [7], [8], [9], [10]. In Africa, black 

Sigatoka was first identified in Gabon in 1978, from where it 

spread westward to Cameroon in 1980 and Nigeria in 1986 

[11], [12]. Since then infection risk has increased by more 

than 44% [13]. The socio-economic impact of this disease has 

continued to increase as the pathogen reaches new areas and 

the disease becomes more difficult to control [14]. Today 

contrary to some belief that the disease is no longer a threat, it 

is still migrating to new areas such as Reunion Island in Africa 

[15] and its spread worldwide is now being captured on maps 

[16], [17], [18]. Only a few countries like India, Pakistan, 

South Africa, Israel and mainland Australia that grow banana 

commercially for export are reportedly free of the disease 

[19]. In fact, [18] put it quite succinctly stating that the disease 

is a major constraint to global production of banana and 

plantain declaring that the bulk of global banana production 

experiences high potential threat from P. fijiensis, and the 

higher yielding areas for banana and plantain production are at 

greatest threat. Black sigatoka is more virulent, has a shorter 

life cycle and is harder to control than yellow sigatoka [20]. 

This is so because together with P. musae (previously M. 

musicola) causal agent of Sigatoka disease, and P. eumusae 

(previously M. eumusae) which is considered to be more 

aggressive than P. fijiensis [3] that causes Septoria leaf spot, 

they form the Sigatoka complex. These three pathogens can 

coexist on the same leaf or in the same lesion even along with 

other fungi of minor economic importance [21]. It is 

considered a biosecurity risk to the Australian banana industry 

[20], [22], [23], [24]. Infection is favoured by hot humid and 

windy weather [20], [22]. The disease reduces the 

photosynthetic efficiency of the plant, because the pathogen 

destroys the leaf area by the action of the phytotoxin, whose 

substance prevents the passage of electrons in the chloroplast 

membrane, causing foliar tissue necrosis [25]. There are six 

stages of symptom development [23] and symptoms can be 

quite similar to yellow sigatoka and to Eumusa streak. 

Australia has regained disease-free status for black sigatoka 
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[22]. Despite the use of different control strategies, including 

good field practices such as early warning /forecasting 

systems, symptoms screening, biocontrol agents and leaf 

pruning, the only truly effective black sigatoka management 

relies on frequent fungicide applications [26]. To minimize 

yield loss, different fungicides e.g., dithiocarbamates, dithane 

M-22, benlate, strobilurins, morpholines and triazoles, 

petroleum oil, etc which must be applied from ground or by 

aircraft have been used to control the disease in large 

commercial farms [27], [28], [29], [30]. The fungicides and 

methods of application are expensive; accounting for up to 

27% of production costs [31]; yet they do not provide long 

term control due to the destructive potential of black sigatoka. 

Moreover, they have negative effects on human health because 

they generate respiratory, endocrine, and skin problems, and 

the impact on the environment is high coupled with reported 

development of resistance by the pathogen to some fungicides 

after continuous use [27], [30]. Research has shown that 

silicon, applied to the soil as silicic acid or potassium silicate, 

helps reduce the progress of black sigatoka in banana [32, 33]. 

Also spraying of Lixiviate (a liquid produced by decomposing 

plantain harvest residues) on the leaves has proven useful in 

controlling the disease [34]. Other methods of control used to 

prevent the spread of the disease in small farms are destruction 

of infected plants and elimination of the lowest necrosed 

leaves /deleafing to reduce the spread of the disease [35]. 

Avoidance mechanism is also used in which organic bananas 

are grown in areas not conducive for P. fijiensis, such as in 

Peruvian highlands, and therefore do not require fungicide 

applications [36]. Generally, the cooking banana (ABB) 

cultivars exhibit varying reactions to the fungus, ranging from 

susceptibility to resistance [37]. In contrast, the plantains 

(AAB) and dessert bananas (AAA) show widespread 

susceptibility. Thus, genetic control, e.g., the use of resistant 

hybrids [38], [39], [40], [41] and use of GMO besides being 

the most economic and effective control measure, is also an 

environmentally safe and sustainable technology. However, 

the large-scale adoption of these hybrids is not always 

guaranteed due to differences in taste, consumer preferences, 

cost of adoption to farmers, and farmer predisposition in 

favour of some agronomic traits and processing qualities, 

amongst others [42], [43], [44]. One of the most efficient 

techniques to generate resistance to black sigatoka is the use 

of agrobacterium tumefaciens as a conventional method of 

genetic transformation. In particular, the use of recent 

innovative techniques such as CRISPR / Cas9 for gene 

modification would be a powerful tool to generate high 

resistance to diseases caused by fungi, maintaining banana 

quality and decreasing the high maintenance costs. 

Unfortunately, the application of techniques for genetic 

modification of plants is still restricted in some countries 

while others are yet to accept GMO’s within their borders 

[30]. Low fertility, triploidy, slow propagation, space 

requirement and cycling time, among others have all 

contributed to a complex process that has not attracted 

manifold breeders and hence, the release of new attractive 

germplasm has been minimal over the last decade [45]. 

Therefore, banana and plantain improvement has largely 

concentrated on selection within clones and hybrids for 

disease resistance, for productivity, fruit flavor, hardiness, 

height, bunch weight and shelf life, etc. Evidently, under such 

conditions and circumstances, on top of the recent “orphan 

status” of bananas and plantains, progress on the genetic 

control of fungal diseases has been extremely slow and 

sporadic, and with regard to black Sigatoka, progress has been 

even more limited. This experiment was conducted therefore 

to investigate under naturally occurring infection, the black 

sigatoka disease indices (BSI) of hand and open pollinated 

diploid and tetraploid banana and plantain progenies with a 

view to identifying resistant genotypes in relation to their 

parental clones and how BSI affects vegetative and yield 

components. 

II. MATERIALS AND METHODS 

This study was carried out at the International Institute of 

Tropical Agriculture (IITA) High Rainfall Station, Onne 

(4°51’N, 7° 03’E, 10m above sea level), in Rivers State, 

Nigeria. The rainfall pattern is monomodal, distributed over a 

10month period from February through December, with an 

annual average of 2400mm. Relative humidity remains high 

all year round with mean values of 78% in February, 

increasing to 89% in the months of July and September. The 

mean annual minimum and maximum temperatures are 25
0
C 

and 27
0
C, respectively, while solar radiation / sunshine lasts 

an average of 4hours daily [46]. At fruit maturity (90 – 120 

days following flower emergence), bunches from hand and 

open pollinated plants were harvested and ripened with 

ethylene for four days. Seeds were extracted from the ripened 

bunches and the embryos were excised and cultured in vitro 

for six weeks. The resulting diploid (2x) and tetraploid (4x) 

progeny seedlings were transferred to the nursery. Two-month 

old seedlings of these along with the parental clones 

(vegetatively propagated from parents) of each genotype (4x 

and 2x), were planted in the field. Thus a total of 6 diploid and 

6 tetraploid parental clones, 6 diploid hand pollinated 

progenies, 6 diploid open pollinated progenies, 6 tetraploid 

hand pollinated progenies and 6 tetraploid open pollinated 

progenies were planted (Table 1). The experimental design 

was a randomised complete block design with two replications 

of six plants per genotype. Planting was done in alleys of 

multispecies hedgerows in an area of 2,880 m
2
 at a spacing of 

3m x 2m [47], [48]. Fertilizer was applied at the rate of 300kg 

N and 450kg K per hectare, split into six applications [49], 

[50]. Weeds were controlled with Paraquat (150 ml 

Gramoxone in 20L water), applied when necessary. Other 

cultural practices were the same as those previously described 

by [49] except that there was no effort made to control black 

sigatoka disease. Black Sigatoka disease progression was 

monitored under naturally occurring infection in the field. 
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Table 1. Diploid and Tetraploid bananas and plantains used in the experiment 

Diploids (2x) Tetraploids (4x) 

Parental 

Clones 

Hand 

Pollinate

d 

Progenie

s 

Open 

Pollinate

d 

Progenie

s 

Parental 

Clones 

Hand 

Pollinate

d 

Progenie

s 

Open 

Pollin

ated 

Proge

nies 

Plantains Plantains 

TMP2x 

1448-

1CL 

TMP2x 

1448-

1HP 

TMP2x 

1448-

1OP 

TMP4x 

1658-

4CL 

TMP4x 

1658-

4HP 

TMP4

x 
1658-

4OP 

TMP2x 

2625-
5CL 

TMP2x 

2625-
5HP 

TMP2x 

2625-
5OP 

TMP4x 

2796-
5CL 

TMP4x 

2796-
5HP 

TMP4
x 

2796-

5OP 

TMP2x 

2829-

62CL 

TMP2x 

2829-

62HP 

TMP2x 

2829-

62OP 

TMP4x 

4698-

1CL 

TMP4x 

4698-

1HP 

TMP4
x 

4698-

1OP 

Bananas Plantains 

TMB2x 

8084-
2CL 

TMB2x 

8084-
2HP 

TMB2x 

8084-
2OP 

TMP4x 

6930-
1CL 

TMP4x 

6930-
1HP 

TMP4
x 

6930-

1OP 

TMB2x 
8532-

1CL 

TMB2x 
8532-

1HP 

TMB2x 
8532-

1OP 

TMP4x 
7002-

1CL 

TMP4x 
7002-

1HP 

TMP4

x 

7002-
1OP 

TMB2x 
9839-

3CL 

TMB2x 
9839-

3HP 

TMB2x 
9839-

3OP 

TMP4x 
7152-

2CL 

TMP4x 
7152-

2HP 

TMP4

x 

7152-
2OP 

CL = Parental clones; HP = Hand pollination; OP = Open pollination 

Data Collection and Statistical Analyses under naturally 

occurring black sigatoka infection 

Data on growth parameters, black sigatoka disease response 

and yield characteristics were recorded at flowering and 

harvest respectively for three crop cycles as follows: 

1. Total number of leaves produced (TNL) - leaves 

produced on the pseudostem at flowering, inclusive 

of dead and photosynthetically active leaves 

2. Number of standing leaves at flowering (NSLF) - 

total number of healthy leaves on the pseudostem at 

flowering 

3. Number of Youngest leaf showing necrotic spots due 

to black sigatoka disease at flowering (YLSF) was 

also recorded. This was done, by numbering from the 

youngest fully expanded leaf downwards to the 

youngest leaf showing black spots, due to black 

sigatoka disease [4] 

4. Leaf Retention Index (LRI) - the number of standing 

leaves at flowering (NSLF) divided by the total 

number of leaves (TNL). The LRI is the proportion 

of photosynthetically active leaves at flowering 

5. Black Sigatoka Index (BSI), was calculated as a 

measure of resistance to black sigatoka disease such 

that the higher the BSI, the higher the resistance to 

black sigatoka. The BSI indicates the proportion of 

standing leaves that are free from infection (BSI = 

YLSF/NSLF). 

6. Plant height, plant girth, height of tallest following 

sucker and number of suckers;  

7. Bunch Weight (kg), Number of hands per bunch, 

Number of fingers per bunch and Yield (tons/ha) 

All data were subjected to the analysis of variance in a 

randomized complete block design using the General Linear 

Model (GLM) of Statistical Analysis Software (SAS, 2010) to 

test for significance at 5%, level of significance. If a measured 

trait was significant, the means were separated by the least 

significant difference (LSD) test at P = .05 and presented 

along with the 3 year means in tables. Crop cycle main effects 

were examined to determine how performances differed in the 

plant, first ratoon and second ratoon crops. Simple linear 

correlation analysis (r) was performed to find out the 

relationships between the Black Sigatoka indices and 

vegetative traits, yield and yield components. 

III. RESULTS AND DISCUSSION 

There were significant differences (P=.05) in the total number 

of leaves produced (TNL) by some 2x and 4x parental clones 

and one or other of their progenies (Table 2). For diploids 

such parental clones were TMP2x 1448-1CL, TMP2x 2625-

5CL and TMB2x 8084-2CL and for tetraploids they include 

TMP4x 1658-4CL and TMP4x 4698-1CL. A similar but not 

identical pattern occurred in the number of standing leaves at 

flowering (NSLF). This is because whereas some parental 

clones differed significantly in the number of standing leaves 

they produced from one or other of their progenies, some hand 

pollinated progenies differed significantly from their open 

pollinated counterparts but not from their parental clones. 

Table 2. Total Number of Leaves (TNL), Number of standing leaves (NSLF) 

and Number of Youngest leaves showing necrotic spots (YSLF) at flowering 
of Parental clones (CL) hand pollinated (HP) and open pollinated (OP) diploid 

(2x) and tetraploid (4x) Banana & Plantain genotypes under naturally 

occurring infection by Black Sigatoka disease over 3 crop cycles at IITA High 
Rainfall Station, Onne, Rivers State, Nigeria 

Diploid 

(2x) 

Genotypes 

Tetraploid 

(4x) 

Genotypes 

Total 

number of 

leaves 

(TNL) 

Number of 

standing 

leaves at 

flowering 

(NSLF) 

Number of 

Youngest 

leaves 

showing 

necrotic 

spots at 

flowering 

(YLSF) 

2x 4x 2x 4x 2x 4x 

TMP2x 

1448-1CL 

TMP4x 1658-

4CL 
38.0 

37.

0 
11.5 10 9.0 8.7 

TMP2x 

1448-1HP 

TMP4x 1658-

4HP 
33.0 

35.

0 
11.0 9.5 8.5 7.7 

TMP2x 
1448-1OP 

TMP4x 1658-
4OP 

27.5 
29.
0 

8.0 9.0 6.4 7.1 

TMP2x 

2625-5CL 

TMP4x 2796-

5CL 
28.0 

33.

5 
8.0 11 6.5 9.1 

TMP2x 
2625-5HP 

TMP4x 2796-
5HP 

35.0 
35.
0 

9.5 
11.
5 

7.8 9.3 

TMP2x 

2625-5OP 

TMP4x 2796-

5OP 
27.5 

29.

5 
8.5 8.5 6.6 7.0 
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TMP2x 
2829-62CL 

TMP4x 4698-
1CL 

26.5 
37.
0 

7.5 
11.
0 

6.0 8.8 

TMP2x 

2829-62HP 

TMP4x 4698-

1HP 
28.5 

27.

5 
7.5 8.0 5.8 6.6 

TMP2x 
2829-62OP 

TMP4x 4698-
1OP 

25.0 
28.
5 

7.5 8.5 6.1 7.0 

TMB2x 

8084-2CL 

TMP4x 6930-

1CL 
36.5 

28.

0 
11.0 8.0 8.9 6.6 

TMB2x 
8084-2HP 

TMP4x 6930-
1HP 

33.0 
33.
0 

10.5 
11.
0 

8.1 9.0 

TMB2x 

8084-2OP 

TMP4x 6930-

1OP 
28.0 

31.

0 
8.0 9.0 7.2 7.3 

TMB2x 

8532-1CL 

TMP4x 7002-

1CL 
29.0 

27.

5 
9.0 8.5 7.4 7.0 

TMB2x 

8532-1HP 

TMP4x 7002-

1HP 
34.5 31 11.0 9.0 7.9 7,2 

TMB2x 

8532-1OP 

TMP4x 7002-

1OP 
30.0 

29.

0 
8.5 9.0 6.5 7.5 

TMB2x 

9839-3CL 

TMP4x 7152-

2CL 
27.5 

33.

0 
11.5 

10.

5 
9.2 9.3 

TMB2x 

9839-3HP 

TMP4x 7152-

2HP 
32.0 

33.

5 
11.5 

11.

0 
9.8 9.0 

TMB2x 

9839-3OP 

TMP4x 7152-

2OP 
31.0 

27.

5 
10.5 8.5 9.1 7.4 

LSD 0.05 7.79 2.53 2.39 

 

Among diploids, this was the case between the hand pollinated 

TMB2x 8532-1HP and the open pollinated TMB2x 8532-1OP. 

With tetraploids, this was found between the hand pollinated 

TMP4x 2796-5HP and open pollinated TMP4x 2796-5OP and 

also between the hand pollinated TMP4x 7152-2HP and open 

pollinated TMP4x 7152-2OP. In these instances, the hand 

pollinated progenies performed better than their counterparts 

the open pollinated progenies. With regard to the number of 

youngest leaves showing necrotic spots at flowering (YSLF); 

in the diploids, the parental clone TMP2x 1448-1CL differed 

significantly only from its open pollinated progeny TMP2x 

1448-1OP. There were no significant differences among 

diploids of similar genotype. With tetraploids TMP4x 2796-

5HP differed significantly from TMP4x 2796-5OP but not 

from its parental clone, whereas TMP4x 6930-1HP differed 

from its parental clone TMP4x 6930-1CL but not its open 

pollinated counterpart. 

Black Sigatoka Indices (BSI) and Leaf Retention Indices 

(LRI) 

The open-pollinated diploid banana TMB2x 8084-2 OP 

displayed significantly higher (P=.05) black sigatoka 

resistance (BSI) than its hand pollinated sibling TMB2x 8084-

2HP and its parental clone TMB2x 8084-2Cl (Table 3). 

However, their leaf retention indices (LRI) did not differ 

significantly (Table 3). Also the diploid banana parental clone 

TMB2x 8532-1Cl exhibited significantly higher black 

sigatoka resistance than its hand pollinated progeny TMB2x 

8532-1HP but again their LRI did not differ significantly. 

Whereas the tetraploid plantain parental clone TMP4x 1658-

4Cl showed significantly higher resistance to black sigatoka 

than its open pollinated progeny TMP4x 1658-4OP, their LRI 

did not differ significantly. The tetraploid plantain parental 

clone TMP4x 7152-2Cl had significantly higher BSI than its 

hand pollinated progeny TMP4x 7152-2HP though their LRI 

again did not differ significantly. Thus for both banana and 

plantain genotypes there was no consistent pattern in 

resistance to black sigatoka when comparing parental clones 

and their hand or open pollinated progenies. 

Table 3. Black Sigatoka Indices (BSI) and Leaf Retention 

Indices (LRI) of Parental clones (CL), hand pollinated (HP) 

and open pollinated (OP) diploid (2x) and tetraploid (4x) 

Banana & Plantain genotypes under naturally occurring 

infection by Black Sigatoka disease over 3 crop cycles at IITA 

High Rainfall Station, Onne, Rivers State, Nigeria 

Diploid (2x) 

Genotypes 

Tetraploid 

(4x) 

Genotypes 

BSI LRI 

2x 4x 2x 4x 

TMP2x 1448-1CL 
TMP4x 

1658-4CL 
0.78 0.87 0.30 0.27 

TMP2x 1448-1HP 
TMP4x 

1658-4HP 
0.77 0.81 0.33 0.27 

TMP2x 1448-1OP 
TMP4x 

1658-4OP 
0.80 0.79 0.29 0.31 

TMP2x 2625-5CL 
TMP4x 

2796-5CL 
0.81 0.83 0.29 0.33 

TMP2x 2625-5HP 
TMP4x 

2796-5HP 
0.82 0.81 0.27 0.33 

TMP2x 2625-5OP 
TMP4x 

2796-5OP 
0.78 0.82 0.31 0.29 

TMP2x 2829-62CL 
TMP4x 

4698-1CL 
0.80 0.80 0.28 0.30 

TMP2x 2829-62HP 
TMP4x 

4698-1HP 
0.77 0.83 0.26 0.29 

TMP2x 2829-62OP 
TMP4x 

4698-1OP 
0.81 0.82 0.30 0.30 

TMB2x 8084-2CL 
TMP4x 

6930-1CL 
0.81 0.83 0.30 0.29 

TMB2x 8084-2HP 
TMP4x 

6930-1HP 
0.77 0.82 0.32 0.33 

TMB2x 8084-2OP 
TMP4x 

6930-1OP 
0.90 0.81 0.29 0.29 

TMB2x 8532-1CL 
TMP4x 

7002-1CL 
0.82 0.82 0.31 0.31 

TMB2x 8532-1HP 
TMP4x 

7002-1HP 
0.72 0.80 0.32 0.29 

TMB2x 8532-1OP 
TMP4x 

7002-1OP 
0.76 0.83 0.28 0.31 

TMB2x 9839-3CL 
TMP4x 

7152-2CL 
0.80 0.89 0.42 0.32 

TMB2x 9839-3HP 
TMP4x 

7152-2HP 
0.85 0.82 0.36 0.33 

TMB2x 9839-3OP 
TMP4x 

7152-2OP 
0.87 0.87 0.34 0.31 

LSD 0.05 0.080 0.055 

CL = Parental clones; HP = Hand pollination; OP = Open pollination 

In contrast, the diploid banana genotype TMB2x 9839 with 

numerically higher BSI did not show significant differences in 

BSI between parental clone and corresponding progeny but 

had significant differences (P=.05) in LRI between the 

parental clone and both progenies (Table 3). There were no 

significant differences between 4x genotypes for leaf retention 

index (LRI). Interploidy comparison showed that generally 

4x-parental clones had numerically higher BSI than 2x-

parental clones thus expressing higher black sigatoka 
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resistance than those of 2x- parental clones. There was no 

significant difference between 4x and 2x progenies for this 

trait. On average open pollinated 2x and 4x progenies had 

higher but not significantly different BSI than hand pollinated 

2x and 4x progenies respectively. Host resistance as measured 

by black sigatoka index (BSI) depicted that this trait was 

higher in TMB2x 8084-2OP than TMB2x 8084-2HP and 

TMB2x 8084-2Cl. Higher resistance of this clone is related to 

its ability to slow symptom development and spread in the 

leaves. The better performance may be attributed to the 

pollination method. For the open pollinated genotypes, the 

chance of receiving different pollen mixtures may have 

resulted to improved disease resistance. Genetic improvement 

in Musa is targeted at obtaining progeny with improved 

disease resistance than their parental genotype. This was 

achieved in this study as TMB2x 8084-2OP had significantly 

higher BSI than the parental clone. Conversely, TMP4x 1658-

4OP and TMP4x 7152-2HP had lower BSI than their 

respective parental clones. These differences can best be 

explained by additive gene action [38], [51]. 

Vegetative Traits and Black Sigatoka Disease Indices 

The responses of some vegetative traits of the plantain and 

banana genotypes under natural infection of black sigatoka 

disease are presented in Table 4. Generally, 4x genotypes were 

taller with their plant girths bigger than 2x genotypes attesting 

to the fact that 4x genotypes also had higher BSI and showed 

better resistance to black sigatoka disease under natural 

infection [52], [53]. Among the 2x genotypes, of particular 

interest were those that showed high BSI implying higher 

resistance to black sigatoka disease like the open pollinated 

banana progenies TMB2x 8084-2OP and TMB2x 9838-3. 

Interestingly both genotypes despite their higher BSI did not 

differ significantly (P=.05) in height, girth and height of tallest 

following sucker from their hand pollinated counterparts and 

parental clones. Correlation analysis showed that for diploids, 

plant height was negatively associated with BSI (r = -0.295), 

plant girth was negatively associated with BSI (r = -0.166) and 

height of tallest following sucker was also negatively 

correlated with BSI (r = -0.288). Considering 4x genotypes 

with the highest BSI, the parental clone of plantain TMP4x 

1658-4CL had significantly (P> 0.05) taller plants with more 

robust girth than its hand and open pollinated progenies 

whereas the open pollinated plantain TMP4x 7152-2OP only 

had significantly taller plants with more robust girth than its 

hand pollinated counterpart. With respect to height of tallest 

following sucker, the parental clone TMP4x 1658-4CL was 

significantly (P=.05) taller than its hand pollinated progeny 

just as the open pollinated progeny TMP4x 7152-2OP was 

significantly taller than its hand pollinated counterpart. 

Correlation analysis showed that for tetraploids, plant height 

was positively and significantly associated with BSI (r = 

0.502*), plant girth was positively correlated with plant girth 

(r = 0.436) and height of tallest following sucker was 

significantly and positively associated with BSI (r = 0.534*). 

Correlation analysis showed very weak relationships between 

LRI and BSI in both the diploids (r = 0.099) and the 

tetraploids (r = 0.020). 

Table 4. Vegetative traits of parental clones (CL) and progenies of Parental 

clones (CL) hand pollinated (HP) and open pollinated (OP) diploid (2x) and 
tetraploid (4x) Banana & Plantain genotypes under naturally occurring 

infection by Black Sigatoka disease over 3 crop cycles at IITA High Rainfall 

Station, Onne, Rivers State, Nigeria 

Diploid 

(2x) 

Genotypes 

Tetraploid 

(4x) 

Genotypes 

Plant height 

(cm) 

Plant girth 

(cm) 

Height of 

tallest 

following 

sucker (cm) 

2x 4x 2x 4x 2x 4x 

TMP2x 

1448-1CL 

TMP4x 

1658-4CL 
286.2 347.7 42.6 59.9 251.9 260.0 

TMP2x 

1448-1HP 

TMP4x 

1658-4HP 
281.2 298.1 39.7 52.8 284.2 209.9 

TMP2x 

1448-1OP 

TMP4x 

1658-4OP 
277.9 274.3 38.2 40.5 267.4 246.1 

TMP2x 

2625-5CL 

TMP4x 

2796-5CL 
285.2 291.6 40.5 44.6 245.4 261.4 

TMP2x 

2625-5HP 

TMP4x 

2796-5HP 
254.2 306.9 35.6 46.6 231.8 259.1 

TMP2x 

2625-5OP 

TMP4x 

2796-5OP 
300.4 297.8 40.9 44.2 273.1 279.0 

TMP2x 

2829-62CL 

TMP4x 

4698-1CL 
264.2 311.4 40.4 51.1 270.0 248.9 

TMP2x 
2829-62HP 

TMP4x 
4698-1HP 

260.3 295.4 36.6 51.1 238.3 233.3 

TMP2x 

2829-62OP 

TMP4x 

4698-1OP 
245.3 280.8 38.5 42.3 250.3 256.9 

TMB2x 
8084-2CL 

TMP4x 
6930-1CL 

274.7 309.2 40.7 51.6 262.7 280.8 

TMB2x 

8084-2HP 

TMP4x 

6930-1HP 
269.2 310.0 41.4 52.5 261.9 274.7 

TMB2x 
8084-2OP 

TMP4x 
6930-1OP 

254.7 305.8 39.7 50.4 235.4 254.6 

TMB2x 

8532-1CL 

TMP4x 

7002-1CL 
256.1 342.9 39.7 56.9 263.6 243.2 

TMB2x 
8532-1HP 

TMP4x 
7002-1HP 

253.9 299.7 39.3 49.1 246.9 250.0 

TMB2x 

8532-1OP 

TMP4x 

7002-1OP 
273.9 303.3 41.3 47.0 234.9 265.4 

TMB2x 
9839-3CL 

TMP4x 
7152-2CL 

212.5 339.8 33.8 56.4 229.9 299.5 

TMB2x 

9839-3HP 

TMP4x 

7152-2HP 
263.8 237.5 41.3 37.5 247.0 224.1 

TMB2x 
9839-3OP 

TMP4x 
7152-2OP 

238.4 308.9 36.5 47.1 236.8 270.0 

LSD0.05 36.22 7.15 43.64 

 

Yield components and Yields and Black Sigatoka Disease 

Indices 

The responses of yield components and yields of the banana 

and plantain genotypes exposed to natural infection of black 

sigatoka disease in the field are presented in Table 5. The 

highest yielding diploid was the hand pollinated banana 

TMB2x 8084-2HP (5.2t/ha) followed by its open pollinated 

counterpart TMB2x 8084-2OP (4.6t/ha); both of them out 

yielding their parental clone (4.2t/ha). Whereas TMB2x 8084-

2OP had exhibited the highest BSI, its hand pollinated 

counterpart TMB2x 8084-2HP had one of the lowest BSI 

though with a higher LRI than its open pollinated counterpart. 
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This could have improved its yield potential as it had more 

photosynthetically active leaves. Others [46] had reported 

earlier that full-sibs could exhibit distinct host responses to 

black sigatoka disease. The third highest yielding diploid was 

the hand pollinated banana TMB2x 8532-1HP. All three plants 

also had the highest bunch weights amongst diploids. 

Considering the tetraploids, the highest yielding were the 

parental clones TMP4x 7002-1CL (10.4t/ha) with its open 

pollinated progeny producing less than a third of its yield 

(2.8t/ha) and its hand pollinated progeny producing slightly 

more than half its yield (6.9t/ha). The second highest yielding 

tetraploid was the parental clone TMP4x 1658-4CL (8.1t/ha) 

with its progenies producing less than half its yield. Both 

parental clones had moderate to high BSI. Surprisingly the 

tetraploid parental clone with the highest BSI had the third 

highest yield of 7.6t/ha with its progenies producing only half 

its yield despite having moderate to high BSI. 

Table 5. Yield components and yields of parental clones (CL) and progenies of Parental clones (CL) hand pollinated (HP) and pen pollinated (OP) diploid (2x) 
and tetraploid (4x) Banana & Plantain genotypes under naturally occurring infection by Black Sigatoka disease over 3 crop cycles at IITA High Rainfall Station, 

Onne, Rivers State, Nigeria 

Diploid (2x) Genotypes 
Tetraploid (4x) 

Genotypes 

Bunch weight (kg) 
Number of hands per 

bunch 

Number of fingers per 

bunch 
Yield (tons/ha) 

2x 4x 2x 4x 2x 4x 2x 4x 

TMP2x 1448-1CL TMP4x 1658-4CL 2.0 7.0 7.0 6.3 113.0 99.5 2.4 8.1 

TMP2x 1448-1HP TMP4x 1658-4HP 2.7 2.9 6.2 5.2 94.0 76.3 3.7 3.0 

TMP2x 1448-1OP TMP4x 1658-4OP 3.2 2.7 7.0 6.3 118.2 85.0 3.7 3.6 

TMP2x 2625-5CL TMP4x 2796-5CL 2.2 3.4 6.7 6.2 107.0 92.5 2.6 4.1 

TMP2x 2625-5HP TMP4x 2796-5HP 2.1 3.2 6.8 6.0 100.0 93.0 2.5 3.7 

TMP2x 2625-5OP TMP4x 2796-5OP 2.3 4.8 7.2 7.0 118.0 118.8 2.3 5.0 

TMP2x 2829-62CL TMP4x 4698-1CL 2.8 3.1 6.3 6.5 100.8 97.5 3.5 3.8 

TMP2x 2829-62HP TMP4x 4698-1HP 1.9 3.6 4.7 6.7 72.3 94.7 2.0 4.4 

TMP2x 2829-62OP TMP4x 4698-1OP 1.5 3.9 6.2 7.5 102.8 101.2 2.0 3.7 

TMB2x 8084-2CL TMP4x 6930-1CL 3.8 3.9 7.7 7.2 129.5 106.0 4.2 4.5 

TMB2x 8084-2HP TMP4x 6930-1HP 4.6 4.4 8.0 7.5 134.0 123.3 5.2 5.0 

TMB2x 8084-2OP TMP4x 6930-1OP 3.9 3.6 7.8 6.7 140.2 111.8 4.6 3.9 

TMB2x 8532-1CL TMP4x 7002-1CL 3.3 7.9 7.2 6.8 123.7 103.8 3.7 10.4 

TMB2x 8532-1HP TMP4x 7002-1HP 4.1 2.3 7.0 5.3 120.3 77.2 4.4 2.8 

TMB2x 8532-1OP TMP4x 7002-1OP 2.7 5.2 6.2 5.7 106.2 85.0 3.2 6.9 

TMB2x 9839-3CL TMP4x 7152-2CL 2.6 6.8 5.8 7.3 87.8 101.5 3.7 7.6 

TMB2x 9839-3HP TMP4x 7152-2HP 1.7 2.8 5.8 6.7 90.0 92.5 2.4 3.3 

TMB2x 9839-3OP TMP4x 7152-2OP 2.0 3.0 6.3 6.3 112.5 88.8 2.3 3.6 

LSD0.05 2.39 1.39 27.18 2.58 

 

On average, bunch weight, and yields of tetraploids were 

higher than those of diploids under naturally occurring black 

sigatoka infection. Similar findings have been reported by 

[54]. In diploids bunch weight was negatively correlated with 

BSI (r = -0.172) whereas in tetraploids bunch weight was 

positively and significantly associated with BSI (r = 0.551*). 

Other yield components showed weak correlations with BSI in 

both diploids (Number of hands per bunch and BSI r = 0.123; 

fingers per bunch and BSI r = 0.192) and tetraploids (Number 

of hands per bunch and BSI r = 0.261; fingers per bunch and 

BSI, r = 0.133). With respect to final yields, there was a 

negative relationship between yield and BSI in diploids (r= -

0.112), whereas there was a significant positive association 

between yield and BSI (r = 0.477*) in tetraploids. 

IV.   CONCLUSION  

This experiment has shown that the open pollinated diploid 

TMB2x 8084-2OP and its counterpart the hand pollinated 

diploid TMB2x 8084-2HP have potential as black sigatoka 

resistance genotype producing fairly good yields under 

naturally occurring black sigatoka infection. Other high 

yielding tetraploid genotypes with good black sigatoka 

resistance include the parental clones TMP4x 7002-1CL, 

TMP4x 1658-4CL and TMP4x 7152-2CL. 
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