
Int. Jor. P. App. Scs., 2(2): 51-63, 2008__________________________________www.ijpas.com 
 

 51 

 
INTERNATIONAL JOURNAL OF PURE AND APPLIED SCIENCES  

 

FULL LENGTH RESEARCH PAPER 

 

AMMI Biplot Stability Analysis for Resistance to Purple Blotch (Alternaria porri 
(Ellis) Cif.) Disease in Onions (Allium cepa L.) 

 

L. Abubakar1 and M. A. Bakare2 
 

1Dept. of Crop Science, Faculty of Agriculture, Usmanu Danfodiyo University, Sokoto 
2International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria 

 
*Corresponding Author’s E-mail: labubakar2002@yahoo.com 
 
Received: January 2008                               Accepted: April 2008 
________________________________________________________________________ 

ABSTRACT 
Five open pollinated onion cultivars Red Creole (H), Kaharda (I), Koumassa (A), Sokoto 
local (G) and Ori (E) were crossed in a complete diallel and their progenies were 
evaluated in replicated trials, at Sokoto and Talata Mafara, Nigeria, during the 
2004/2005 and 2005/2006  seasons. The experiments were randomised as complete block 
design with three replications. 30 mls of 10 -1 cfu of spore suspension of Alternaria porri 
prepared by serial dilution was poured into the centre of each plot (sunken bed) 
immediately after irrigation at 2 weeks after transplanting. The AMMI analysis of 
variance of the populations indicated genotype recorded highly significant (p < 0.001) 
mean squares of 6086.23 for disease incidence, environment recorded significant (p < 
0.05) mean square of 61.56. The genotype, environment and genotype x environment 
interaction accounted for 99.1 %, 0.1 %  and 0.8% of the G + E + GE variation for 
disease incidence.  For cured bulb yield (market weight) genotype and environment 
recorded highly significant (p < 0.001) mean squares of 55285864.27 and 1272072.30. 
Genotype and environment explained 99.2 %  and 0.3 % of the treatment variation. 
Crosses I x H and H x I recorded least disease incidence and greater mean cured bulb 
yield across seasons and locations, and they were stable. Crosses I x A, E x E, E x G, A x 
E, E x A, G x I and H x E were early maturing.  
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________________________________________________________________________ 

 

INTRODUCTION 

 

Onion (Allium cepa L.) belongs to the genus 
Allium, and to the family Alliaceae (Messiaen, 
1994). There are five important species of the 
cultivated Allium of which the onion crop is the 
most important (Messiaen, 1994). Onion in 
comparison with other fresh vegetables is 
relatively high in food value (Hussaini et al., 
2000). They are used both as food and seasoning,  

 
the immature and mature bulbs are eaten raw or 
they may be cooked and eaten as a vegetable 
(Messiaen, 1994).  
 
On a worldwide basis, onion ranked as one of the 
five most important fresh market vegetable crops 
(Cramer, 2000). In Nigeria the crop is second 
only to tomatoes in importance among the 
vegetables and is mainly grown for its bulbs 
(Hussaini et al., 2000). The demand for onion is 
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world wide, in Nigeria though accurate and 
reliable production figures are not readily 
available, but with an estimated import figure of 
12,000 metric tones in 1983 and limited changes 
in the traditional production practices, 
production may still be lagging behind the 
national demand (Denton and Ojeifo, 1990). 
Global average yield of onion in 2004 has been 
estimated at 18.3 tonnes/ha, and 15 tonnes/ha for 
Nigeria (FAOSTAT, 2004). 
 
Onion like other vegetables is susceptible to 
numerous foliar, bulb and root pathogens that 
reduce yield and quality (Cramer, 2000). Purple 
blotch of onion caused by A. porri is an 
important disease of onion worldwide (Awad et 
al., 1978; Everts and Lacy, 1990; Brar et al., 
1990; Aveling et al., 1993, 1994; Chaput, 1995, 
Cramer, 2000 and Schwartz et al., 2005) 
especially in warm and humid environments 
(Suheri and Price, 2000). In India, the disease 
has become the main constraint to seed 
production in southwestern zone of Punjab State 
(Brar, et al.,1990). Purple blotch disease is also a 
common disease of onion in the United States of 
America (Cramer, 2000), Australia (Suheri and 
Price, 2001), South Africa (Aveling et al., 1993) 
and Nigeria (Abubakar et. al., 2006).   
 
Green (1969) reported that low onion production 
in Nigeria was as a result of pests and disease 
infestation. In addition to these, Kadams (1983) 
reported that traditional methods employed in 
onion production in Nigeria by the local farmers 
are usually responsible for their low 
productivity. Green (1972) also reported that wet 
season trials at Institute for Agricultural 
Research (IAR), Samaru, Zaria were associated 
with decline in production which was attributed 
to attack by leaf pathogens especially Alternaria 
porri.  
 
Genotype x environment interaction (G x E) is of 
notable importance in the development and 
evaluation of new varieties (Ado and Ishiyaku, 
1999), and an ideal variety is one that combines 
high yield with stability of performance. 
Experiments designed to evaluate the magnitude 
of genotype x environment interactions are in 
order because the ability of a breeder to correctly 
evaluate performance of cultivars over wide 
areas and future years is essential to hybrid 
development (Van Eewijk, 2006).  
 
The Additive Main Effects and Multiplicative 
Interaction (AMMI) model is a powerful hybrid 

statistical model that incorporates both the 
additive and multiplicative components of the 
two-way data structure. AMMI biplot analysis is 
considered to be an effective tool to diagnose 
Genotype-by-Environment Interaction (GEI) 
patterns graphically. In AMMI, the additive 
portion is separated from interaction by analysis 
of variance (ANOVA). Then the principal 
components analysis (PCA), which provides a 
multiplicative model, is applied to analyse the 
interaction effect from the additive ANOVA 
model. The biplot display provides visual 
inspection and interpretation of the Genotype x 
Environment Interaction components (Gauch, 
2006). 
 
The objective of the study was to evaluate 
stability of performance of onion populations for 
resistance to purple blotch disease using AMMI 
biplot analysis. 
 
MATERIALS AND METHODS 

 

Seeds of five open pollinated onion varieties Red 
Creole (H), Kaharda (I), Koumassa (A), Sokoto 
Local (G) and Ori (E) were crossed in a complete 
diallel mating to generate diversity for resistance 
to purple blotch disease (Table 1) during the 
2003/2004 onion growing season (October 2003 
– May 2004). Sokoto local was also chosen 
because it is the local standard cultivar. Seeds of 
the varieties were raised in a nursery where the 
soil was thoroughly mixed with farmyard 
manure at the rate of 5.5 tonnes/ha (NAERLS, 
1993). The seedlings were allowed to grow for a 
period of forty- nine days and later transplanted 
into plastic pots of 1458cm3. The seedlings were 
allowed to grow to form bulbs. Bulbs generated 
were then cut across to encourage flowering and 
planted into plastic pots of the same dimension 
for growth up to flowering. At flowering diallel 
cross was made by hand pollination among the 
five varieties in all possible combinations giving 
rise to twenty-five progenies, including the 
crosses, selfs and the reciprocals. 
 
The twenty five populations and their parents 
were evaluated over two onion growing seasons 
(2004/2005 and 2005/2006) at two locations: 
Sokoto (Kwalkwalwa village; latitude 130 06’ 
28” N and longitude 050 12’ 46” E) in Sokoto 
State and T/Mafara (latitude 120 13’ 18”N and 
longitude 060 05’ 05” E and altitude 1150m) in 
Zamfara State of Nigeria. In each field trial the 
populations were laid out in a Randomised 
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Complete Block Design (RCBD) and replicated three times at each location and growing season. 
______________________________________________________________________________________ 

 

Table 1a.. Description of the five open pollinated onion varieties used in the study 
 
Variety Source Description Purple blotch  resistance 

rating 
Red Creole Seminis Vegetable Seeds. Los 

Angeles, California, U.S.A. 
Red, long storage, 
flattened, globe shape. 
Long season to maturity 
and low yields, short day 
‘Asgrow’ brand. Selected 
for growing in the hot and 
humid environment of 
Louisiana, U.S.A. 

Highly 
Resistant 

Kaharda Office National des 
Am’enagements Hydro-
agricoles (ONAHA), Konni, 
Niger Republic. 

Light red, late maturing.  Resistant 

Koumassa Institut National de Recherches 
Agronomiques du Niger 
(INRAN), Maradi, Niger 
Republic 

Red, late maturing. Moderately Resistant 

Sokoto local Farmers collections from 
Kwalkwalawa 
village,Wamakko Local 
Government Area, Sokoto State 

Brown, flat globe and late 
maturing 

Susceptible 

Ori International Crops Research 
Institute for the Semi-Arid 
Tropics (ICRISAT), Sadore, 
Niamey, Niger Republic. Bred 
by Hazera, Israel.  

Texas Grano type, early 
maturing, matures very 
uniformly, light brown 
skin, short storage.   

Highly susceptible 

 
 
______________________________________________________________________________________ 
 
 
The total farm area was 333m2 per season, with a plot size of 1.8m x 1.5m of sunken beds. The populations 
were: 
 
1 = A ,  2 = E, 3 = G,  4 = I,  5 = H, 6 = A x E, 7 = A X G,                                               8 = A X I, 9 = A X 
H, 10 = A X A, 11 = E X A, 12 = E X G, 13 = E X I,                                               14 = E X H, 15 = E X E, 
16 = G X A, 17 = G X E, 18 = G X I, 19 = G X H,                                            20 = G X G, 21 = I X A, 22 = 
I X E, 23 = I X G, 24 = I X H, 25 = I X I,                                               26 = H X A, 27 = H X E, 28 = H X 
G, 29 = H X I and 30 = H X H      
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Seeds for all the experiments were sown on 15th of October 
of each year in a nursery.   Farmyard manure at the rate of 
5.5 tonnes/ha (NAERLS, 1993) was thoroughly 
incorporated into the soil of the nursery beds, thereafter 
sunken beds of 2m x 1m dimensions were made. The soil 
was made into fine tilth after removing large stones and 
stumps and watered then left for two days. Seeds of the 
populations for evaluation were separately broadcast into 
the sunken beds and mulched with millet stalks and 
irrigated. One week after germination the mulch materials 
were removed from the beds. The seedlings were thereafter 
watered (irrigated) in the evenings at two days interval 
initially and later at five days interval until the time of 
transplanting. 
  

Transplanting of the seedlings was carried out forty nine 
days after sowing (7 WAS). The seedlings were removed 
from the seedbeds after watering to moisten the soil. At the 
field sites the seedlings were transplanted at a spacing of 
30cm between rows and 15cm within rows. Each plot 
consisted of six rows of ten plants per row, the populations 
being evaluated were planted in the two middle rows of 
each plot and the other four rows were planted with a guard 
row onion variety (Aleiro).  
 
No fertilizer was applied to the fields because according to 
Awad et al. (1978) application of nitrogen to onion plants 
increases susceptibility to purple blotch disease due to the 
production of succulent leaves, while addition of potassium 
and calcium super phosphate improves resistance to purple 
blotch. Soil tests were conducted at both locations and for 
both seasons. The results of the soil analysis indicate that 
the soil at Sokoto is sandy loam while at Talata Mafara the 
soil is loamy sand.  
 
Alternaria porri was Identified at the Usmanu Danfodiyo 
University, Sokoto, in accordance with Roberts and van 
Reenen-Hoekstra  (1988). The identifications were later 
confirmed at the Crop Protection Department, Ahmadu 
Bello University, Zaria, Nigeria. The inoculation of the field 
was carried out at two weeks after transplanting allowing 
the seedlings to overcome the transplanting shock, and also 
close enough to 10 WAS when the populations were at the 
5-7 leaf stage. This is in accordance with Arboleya et al. 
(2003) who reported that plants should be inoculated at 5-7 
leaf stage. Thirty mls of 10 -1 cfu of the spore suspension of 
Alternaria porri prepared by serial dilution was poured in 
the centre of each plot (sunken beds) immediately after 
irrigation.    
 
The first three irrigations of the fields after transplanting 
were carried out every four days. Thereafter irrigations were 
maintained at five day interval up to harvest. At Sokoto 
irrigation was by flooding method using water pump, while 
at Talata Mafara irrigation was by flooding using the gravity 

method, using water from canals constructed by the 
Bakolori irrigation project.  No sprays of any kind 
were carried out since the populations were being 
evaluated for fungal infection. Three weeding 
regimes were carried out during each season at each 
location. The first weeding was carried at 10 WAS, 
the second at 14 WAS and the last at 19 WAS. 
Weeding was done manually by hoeing. 
 
Harvesting was carried out when more than 50 % of 
the tops were down for all the materials. The crops 
were carefully harvested using hoes to bring the 
bulbs to the surface of the soil, while the upper parts 
of the plants were cut with knives and sickles to 
separate the bulbs from the tops level with the neck. 
The harvested bulbs were spread on the floor in a 
ventilated room and allowed to dry for ten days.  
 
Data on cured bulb yield (kg/ha) was determined by 
weighing, and days to maturity was recorded when 
50 % tops were down for each plot. Disease 
incidence (%) was assessed fortnightly. Disease 
incidence was determined according to Tarr (1981):  
 

        
Disease Incidence(%) = Number of diseased plants/ 
Total number of plants         x             100                  
 
Diseased plants were plants that had sunken spots on 
leaves, which later enlarged to become purple with a 
yellow halo, and elongated destroying the leaf tissue 
and eventually causing the bulb to rot.  
 
Data of the experiments were statistically analysed 
using the Statistical Analysis Systems (SAS)(1996) 
computer package. The Matmodel software (version 
3.0; Gauch, 2007) was used to perform AMMI 
analysis of variance of cured bulb yield (market 
weight), days to maturity and disease incidence. The 
AMMI model is 
 
Yger = µ + αg + βe + Σnλnγgnδen + ρge + εger 
 
Where Yger is the yield of genotype g in 

environment e for replicate r, 
 

µ is the grand mean, 
 
αg is the genotype g mean deviation 
(genotype mean minus grand mean), 
 
βe is the environment e mean 
deviation, 
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λn is the singular value for IPCA axis n, 
 
γgn is the genotype g eigenvector value for 
IPCA axis n, 
 
δen is the environment e eigenvector value for 
IPCA axis n, 
 
ρge is the residual, and 
 
εger is the error. 
(Zobel, et al., 1988) 
 

RESULTS 

 

The AMMI analysis of variance of the populations tested in 
four environments for disease incidence indicated genotype 
recorded highly significant (p < 0.001) mean squares of 
6086.23 for disease incidence (Table 1). Environment 
however, recorded significant (p < 0.05) mean square of 
61.56. The genotype, environment and genotype x 
environment interaction accounted for 99.1 %, 0.1 %  and 
0.8% of the G + E + GE variation for disease incidence. 
Partitioning of genotype x environment interaction 
component showed that IPCA 1 was highly significant (p< 
0.001) and accounted for 85.80 % of the G x E sum of 
squares for the character. 
 
AMMI analysis for cured bulb yield (market weight) 
showed that genotype and environment recorded highly 
significant (p < 0.001) mean squares of 55285864.27 and 
1272072.30 (Table 2). Genotype and environment explained 
99.2 %  and 0.3 % of the treatment variation. Partitioning of 
genotype x environment interaction through AMMI model 
analysis showed that IPCA 1 was significant factor and 
accounted for 91.3 % of the G x E sum of squares for the 
character. For days to maturity genotype, environment and 
genotype x environment interaction recorded highly 
significant (p < 0.001) mean squares of 286.25, 13.13 and 
3.1respectively (Table 3). Genotype, environment and 
genotype x environment interaction explained 96.3 %, 0.6 % 
and 3.1 % of the G + E + GE variation. The partitioning of 
the genotype x environment through AMMI model analysis 
showed that IPCA 1 was highly significant factor and 
accounted for 95.1 % of the G x E sum of squares for the 
character.  
 
Crosses I x H and H x I recorded least disease incidence 
across seasons and locations, and they were stable (fig. 1). 
Crosses H x I and I x H also recorded the greatest mean 
cured bulb yield across seasons and locations, and they were 
stable for the character (fig. 2). Crosses I x A, E x E, E x G, 
A x E, E x A, G x I and H x E recorded lower mean number 
of days to maturity (fig. 3) across seasons and locations.  

 

DISCUSSION 

 

Genotype and environment are two factors that 
determined the phenotypic variation between 
populations in terms of disease resistance. Indicating 
that they are more important in breeding for resistant 
types (Table 1). Populations H x I and I x H were 
more resistant and stable for the character across 
seasons and locations (Fig. 1). This is expected as the 
populations were crosses of the two resistant parents 
Red Creole and Kaharda.  
 
Genotypic variation between onion populations 
reported by Bock (1964), indicated Red Creole 
(hybrid), Red Creole (open pollinated) and Yellow 
Creole as very resistant, White Mexican and 
Burgundy Red were rated resistant, White Creole was 
fairly resistant and Bombay Red was highly 
susceptible. Resistance to purple blotch was also 
reported in the variety Red Creole and Red Shallot 
from Ethiopia (Natural Resource Institute, 1990). 
Montes (2004) evaluated thirty-two onion cultivars in 
Honduras and reported Red Creole as highly resistant 
to purple blotch. Soumah and Keita (2004) in two 
separate trials evaluated onion cultivars for resistance 
to purple blotch and in each trial they found Ori as 
highly susceptible. While Abubakar et al. (2006) 
screened seven onion cultivars for resistance to 
purple blotch and reported that Red Creole and 
Kaharda were highly resistant and resistant 
respectively. 
 
Genotype and environment are factors responsible for 
the phenotypic variation observed between the 
genotypes for cured bulb yield, with the genotype 
accounting for most of the variation (Table 2). These 
are the two factors therefore to consider in breeding 
for cured bulb yield in onions particularly under 
purple blotch disease. Populations H x I and I x H 
were observed to be higher yielding and stable for 
cured bulb yield across seasons and locations (Fig.2). 
This has further confirmed the resistance of these 
populations to purple blotch disease. Genotypic 
variation in onion has been reported by several 
authors, Esnault et al. (2005) reported that chilling 
requirement varies with cultivar and that the optimum 
temperature and duration of the cold treatment and or 
photoperiod must be determined for each variety. 
McCallum et al. (2001) reported that onion varieties 
differ widely in composition from those with firm 
bulbs of high dry matter content to those with soft 
bulbs of low dry matter content, and from high to low 
pungency. Varietal differences and high coefficients 
of variation in quercetin levels between onion 
varieties have been reported (Smith, 2003), with red 
and yellow onions having higher concentration and 
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white onions having lower concentration. Hole et al. (2002) 
reported the existence of variability in onion cultivars in 
terms of skin characteristics and quality. 
  
Similarly Rouamba et al. (2001a) observed significant 
variation between onion cultivars with respect to total 
soluble solids, bolting and marketable yields. Rouamba et 
al. (2001b) further reported allozyme variation, 
geographical differentiation and genetic variability among 
the populations. In an evaluation of onion germplasm of 
North Western Nigeria Abubakar (2005), concluded that 
genetic variability exist among ecotypes collected and that 
the variation is both in respect of agronomic and growth 
characteristics. The variation among the ecotypes was both 
within and between states and zones of collection.  
 
Genotype, environment and genotype x environment 
interaction components accounted for the phenotypic 
variation observed between the populations with respect to 
days to maturity (Table 3). The genotype accounted for 
most of the variability and genotype x environment 
interaction had greater influence on the phenotype than the 
environment. This therefore suggests that these components 
of the phenotype are important in selection for earliness in 
onions under purple blotch. Partitioning of the G x E 
component also indicated the IPCA1 being more 
responsible for the G x E component. Populations I x A, A x 
E, E x A, E x E, E x G, H x E, G x I and A x H were early 
and stable for earliness across seasons and locations (Fig. 3). 
Indicating that they have potentials of being used in the 
breeding of early maturing types.  Asian Vegetable 
Research and Development Center (AVRDC, 2003) 
reported 77 elite lines of three groups of onions for short 
day environment in the tropics were evaluated for time of 
maturity, bulb colour and bulb yield. Significant variability 
was found among these populations; materials with days to 
maturity of 114 to 135 days were discovered. The 2003 
Columbia onion varietal demonstration results also 
indicated significant variation among onion cultivars with 
respect to bulb yield, bulb diameter, defects % and days to 
maturity (WSU, 2003).  
 
 

 

 

CONCLUSION 

 
Genotype and environment are two factors that influence 
resistance to purple blotch disease in onions, while the G x 
E component in addition to these was responsible for days 
to maturity in onion populations grown under purple blotch 
infection. Populations H x I and I x H were observed to be 
resistant and stable across all environments, and I x A, G x 
I, H x E, A x E, E x A, E x G and A x H were early and 
stable across environments. 
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TABLES 

 
Table 1: AMMI analysis of variance table for disease incidence (%) 
 
Source of variation df Mean squares % of treatment SS % of G x E 

SS  
Total 299 504.79   
Treatment 99 1489.38***   
Genotype 24 6086.23*** 99.1  
Environment 3 61.56* 0.1  
G x E 72 16.59 0.8  
IPCA 1 26 39.42*** 0.7 85.8 
IPCA2 24 4.27  8.6 
IPCA3 22 3.05  5.6 
Error 200 17.42   
Grand mean for disease 
incidence is 73.40 % 

    

AMMI accounted for 
99.88 % of treatment 
sum of squares 

    

* significant at 5 % and *** significant at 0.1 % 
 
 
Table 2: AMMI analysis of variance table for market weight (cured bulb yield, Kg/Ha) 
Source of variation df Mean squares % of treatment SS % of G x E 

SS 
Total 279 4845700.11   
Treatment 99 13510998.67***   
Genotype 24 55285864.27*** 99.2  
Environment 3 1272072.30*** 0.3  
G x E 72 95998.74 0.5  
IPCA 1 26 242765.56*** 0.5 91.3 
IPCA2 24 24252.84  8.4 
IPCA3 22 814.24  0.3 
Error 180 79785.90   
Grand mean of market 
weight is 2194.99 Kg/ha 

    

AMMI accounted for 
99.96 % of treatment 
sum of squares 

    

*** significant at 0.1 % 
 
 
Table 3: AMMI analysis of variance table for days to maturity 
Source of variation df Mean squares % of treatment SS % of G x E SS  
Total 279 26.48   
Treatment 99 72.05***   
Genotype 24 286.25*** 96.3  
Environment 3 13.13*** 0.6  
G x E 72 3.10*** 3.1  
IPCA 1 26 8.17*** 3.0 95.1 
IPCA2 24 0.09  1.0 
IPCA3 22 0.00  0.0 
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Error 180 1.42   
Grand mean of days to 
maturity 174.71 days 

    

AMMI accounted for 99.86 
% of treatment sum of 
squares 

    

*** significant at 0.1 % 
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Fig1. AMMI 1 Biplot of IPCA 1 score versus Mean disease Incidence 
 
*T/Mafara 03 = T/Mafara 2004/2005 season 
T/Mafara 04 = T/Mafara 2005/2006 season 
Sokoto 03 = Sokoto 2004/2005 season 
T/Mafara 04 = Sokoto 2005/2006 season 
 
 
 



Int. Jor. P. App. Scs., 2(2): 51-63, 2008__________________________________www.ijpas.com 
 

 62 

-25

-20

-15

-10

-5

0

5

10

15

20

25

0 1000 2000 3000 4000 5000 6000 7000 8000 9000

Mean market weight (kg/ha)

IP
C

A
 1

 s
c
o
r
e

I x I

I x H

H x H

H x A

T'Mafara03

T'Mafara04

Sokoto04

Sokoto03

A x I

I x A

A x E

A x A

I x G

E x I

E x E

E x G

G x E
G x G

G x I

I x E

E x A

H x E

E x H

G x E

H x G

A x G

G x A A x H

H x I

 
 
Fig2. AMMI 1 biplot of IPCA 1 score versus Mean of market weight 
 
 
*T/Mafara 03 = T/Mafara 2004/2005 season 
T/Mafara 04 = T/Mafara 2005/2006 season 
Sokoto 03 = Sokoto 2004/2005 season 
T/Mafara 04 = Sokoto 2005/2006 season 
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Fig3. AMMI 1 biplot of IPCA 1 score versus Mean of day to mature 
 
*T/Mafara 03 = T/Mafara 2004/2005 season 
T/Mafara 04 = T/Mafara 2005/2006 season 
Sokoto 03 = Sokoto 2004/2005 season 
T/Mafara 04 = Sokoto 2005/2006 season 
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