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ABSTRACT: Root and basal rot disease (RBR) of onion, Fusarium oxysporum f. sp. cepa (FOC) is one of the 

most important diseases, causing tremendous losses in onion growing areas worldwide. In this study, various onion 

genotypes, including eight main and dominant Iranian seed sets and two exotic ones were tested against FOC 

incidence in greenhouse and field conditions of various growing stages. The incidence of the PBR was determined 

at three stages of early, flowering and seed setting stages on the bases of disease severity. The genotypes reacted 

differentially to FOC within and between various stages with a very high significant level. The genotypes were 

classified in five scoring scales accordingly. Highly infected ones tended to be associated with the high mean 

scores of 75 – 100 percent severity and the least infected genotypes had the lowest scores of 0 – 10 percent. In 

addition, the examined genotypes were ranked from 1 to 10 according to their markedly differing reactions to FOC 

at various stages. Variance and cluster analysis also showed similar results among the genotypes with various 

levels of infections. There was a direct, positive and enhancing correlation for every genotype to infection as the 

growing stages were reaching to maturing stage.   
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INTRODUCTION 

 

 Onion seed set cultivation in Iran starts in November 

for early varieties, which are harvested in July or August, 

and in March for late varieties, which are harvested in 

October Iran is located in the southern part of the northern 

moderate zone (latitude 25'03" – 39'47" N, longitude 

44'14" – 63'20" E), with a mean altitude of more than 

1,200 m above sea level. However, Iran has a diverse 

climate, with three main climatic regions: (1) dry and 

semidry: covering a large part of the interior and southern 

border of Iran, where annual rainfall is 25 – 30 mm; (2) 

mountainous, which is subdivided into cold and moderate 

mountainous climates: cold mountainous climate, which 

covers 40,000 km2 and has more than 500 mm annual 

rainfall, and moderate mountainous climate covering 

300,000 km2 with 250 – 600 mm annual rainfall and (3) 

Caspianic climate: a small narrow area between the 

Caspian sea and Alborz mountain Belt with 600 – 2,000 

mm annual rainfall. (Nasr Esfahani and Ansari Pour 2008).  

Root and basal plate rot disease (RBR) is one of the most 

important diseases of onion (Allium cepa L.) caused by a 

soilborne pathogen, Fusarium oxysporum f. sp. cepa 

(FOC) (Walker and Tims 1994; Burgess et al. 1994). FOC 

is one of the most destructive diseases of this strategic 

crop and causes considerable yield losses (Ozer and Koycu 

2004). The fungus occurs in most part of the world and 

survives for many years in the soil (Walker 1953). 

Contaminated seeds, bulbs and soil have been determined 

as the principal source of inoculums (Koycu and Ozer 

1997). Roots infections by FOC turn dark and then 

become brown and die. In wet conditions FOC can be 

present in internal scales of the bulbs and can be invade 
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the basal or stem of the bulb and then become mildew 

(Brayford 1996; Cramer 2000).  

In heavily infest fields, control measure are required for 

continuous, profitable onion and seed production. 

Although reducing the initial inoculums via soil 

solarization or fumigation and rotation can control some 

soilborne pathogen (Rabinowitch et al. 1981; Coskuntuna 

and Ozer 2007; Ozer and Koycus 1998; Cramer 2000; 

Ozer et al. 2003, 2004). But use of naturally resistant 

genotypes has been determined as the best opinion, and 

searching for resistant or tolerant varieties to this disease is 

unavoidable, being economical and applicable in large 

scale (Ozer 1998; Cramer 2000; Ozer et al. 2003, 2004).  

Onion genotypes differ in their degree of resistance to 

FOC. Under field condition, two Fall-planted cultivars, 

exhibited moderate resistance to FOC (Cramer, 2000). 

Ganeshan et al. (1998) reported three onion lines were 

resistant to FOC in both laboratory and field screenings 

replicated over years. In Brazil, Stadnik and Dhingra 

(1996), some cultivars were considered resistant to FOC at 

harvested after inoculation of transplants. Abawi and 

Lorbeer (1971) and Kodama (1983), reported that fungal 

growth was slower in resistant than in susceptible 

cultivars. 

The onion (Allium cepa) is a biannual plant, which their 

bulbs are growing in the second year for seed production. 

This paper details the studies undertaken to determine the 

relation of growing stages of onion seed sets and RBR 

incidence. Therefore, differential onion genotypes, 

including eight main and dominant Iranian seed sets were 

tested against FOC incidence for the first time in 

greenhouse and field conditions in order to check the 

sensitivity of these genotypes at various growing stages. 

 

 

MATERIALS AND METHODS 

 

       The experiments were carried out at the beginning of 

February for greenhouse condition and continued until mid 

June and started at the beginning of November for field 

condition until February, similar to the onion growing 

season and conditions in Iran in 2009 - 2010.  

 

Onion seed set preparation 

 Onion seed sets, including eight main and dominant 

Iranian seed set (Azarshahr – Red, Ghom – White, Herssin 

– Local, Isfahan – Dorcheh, Kashan – White, Nishabour –

Ishaghabad, Yazd – Abarkoh and Zanjan – Gholigheseh) 

and two exotic ones (sweet Spanish – yellow and Texas – 

Early – Grano) were obtained from the present germplasm 

collection in the Potato and Onion Research Division, 

Research, for seed and seedling Institute, Karaj, under the 

Ministry of Jehad-e-Agriculture, Iran.  

 

 

 

Pot culture and Inocula preparations  

 The infected onion roots to FOC were treated with a 

1% sodium hypochlorite solution for 5 min, rinsed twice 

with sterilized, deionized water and air drying on sterile 

filter paper then, placed on potato- dextrose agar (PDA) 

(potato infusion form 200 g, dextrose 20 g and agar 15 g/l 

of distilled water) at 23 C for 7 day following positive 

identification of FOC (Koycu and Ozer 1997). 

Wheat seed (150 g) plus 300 ml of tap water was placed in 

1000 ml flask and autoclaved. After cooling, each flask 

was inoculated with mycelia discs of 0.5 cm in diameter of 

colonized PDA. Flasks were shaken daily by hand for 

about a minute and kept for 14 days at 23 C , then dilute 

to 5 10
3
 spores in 1 ml. The contents of each flask were 

ground in a warning blender and mixed with autoclaved 

soil from ten fields (field soil: manure: sand, 1:1:1 v/v, 

pH=7) because the disease thrives in sandy and sandy 

loam soils (Ozer et al. 2004; Abawi and Lorbeer 1971; 

Palo 1925). The infested soil was placed in plastic pots (25

 15 20 cm) each of which was planted with 1 onion 

(bulb) per pot, in contrast to the controls and or checks 

(non- infested soil). For each treatment, 9 replications 

were planted in infested soil and similar for the controls. 

The experiment was conducted in a greenhouse with on 

average temperature of 25 – 30 C , relative humidity of 

about 60% and a photoperiod of approximately 12 – 14 h 

daylight. The disease infections were assessed during three 

stages of early, flowering and seed setting stages. Each 

onion set was cut horizontally and the stem plates with 

roots were examined for brown discoloration and the 

percentage of infections including checks.  

 

Field culture 

 In the field experiment, for each treatment, a 

completely randomized block design was used with 5 

replicates for infested plots and 5 replicates for non-

infested plots (Checks). As in the pot experiment, for 

inoculation of the field, according to the number of onion 

seed set, the same amounts of inocula were calculated and 

inoculated. Non – infested field were used as control. 

Onion seed sets were planted in 4 m
2
 plat in rows for each 

replication using 25 onion healthy bulbs. 5 bulbs of each 

replicate were harvested randomly in every stage as in 

greenhouse experiment and disease incidence was 

recorded according to the percentage of discolorated roots.  

 

Disease assessment 

 In both greenhouse and field conditions, at every 

stages of early, flowering and seed setting stages, 

discolorate roots indicated the presence of FOC, which had 

already infected the roots. The fungus was also recovered 

on PDA amended with four – five few fresh, healthy, 

sterile onion roots after the medium was poured for 

mycelia growth on culture media (Koycu and Ozer 1997). 
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In each sampling, the onion plants were gently removed 

from the soil and the disease on individual washed roots of 

each onion plant was determined according to the 

following rating: 0 = no disease symptoms (a white, 

vigorous root), 10 = slight brown discoloration of the 

roots, and only a few (10%) roots with strong 

discoloration, 25% = > 10 – 25% of roots with strong brow 

discoloration, 50% = > 25 – 50% of roots with strong 

brown discoloration, 75% = > 50 – 75% of roots with 

strong brown discoloration and 100% = > 75% – 100% of 

the roots completely brown. At the end, in each replicate 

of each sampling, on the base of disease severity, were 

classified in 5 scoring scales including with various levels 

of resistance (0% – 10%), moderately resistant (10% – 

25%), tolerant (25% – 50%), moderately susceptible (50% 

– 75%) and susceptible (75% – 100%) (Nasr Esfahani and 

Ansari pour 2008). 

 

Statistical analysis 

 Disease severity on onion seed set roots was arcsine 

transformed prior to statistical analysis. The data were 

statistically evaluated with analysis of variance with 

PROC ANOVA (complete black design). The Pearson’s 

correlation coefficients were calculated. The data were 

also subjected to cluster analysis according to Ward's 

minimum variance method using the cluster procedure of 

SAS computer software (SAS Institute 1996). 

 

RESULTS AND DISCUSSION 

 

 The mean of the index results in greenhouse and field 

conditions are summarized in tables 1, 2 and 3. In each 

sampling the differences among examined genotypes in 

their reaction to the pathogen FOC are apparent with 

marked differences leading to a clear rank order. Many of 

the genotypes had low resistance, or intermediate status. 

Genotypes could be classified into five groups according 

to various disease severities. There were less RBR 

symptoms on the plants sampled randomly at the early 

growth stage in infected replicates in field and greenhouse. 

After incubation on blotter paper or wheat straw agar, 

infected roots turned dark and brown, indicating that FOC 

had already infected a small proportion of the plants 

sampled, but when the fungus was recovered on PDA 

along with a few fresh healthy onion roots, mycelium 

developed in the culture media. But there were not any 

symptoms on the roots of the plants sampled randomly in 

non – infected pots in greenhouse. And, after incubation 

on blotter paper or wheat straw agar or on PDA culture 

media, there was not any brown discoloration or mycelia 

formation. There were rare and negligible symptoms on 

the roots of the plants sampled randomly in non – infected 

field in all stages of sampling. 

During all stages one month after planting, flowering and 

seed setting stages, rank order differed significantly and 

the differences were readily apparent by comparing the 

mean severity disease. Thus, highly infected genotypes 

tended to be associated with the high mean scores of 75 – 

100 percent disease severity and the least infected 

genotypes had the lowest scores of 0 – 10 percent. 

According to table 1 and 2, in the early growth stage, 

Zanjan – Gholigheseh and Texas – Early Grano in pots 

and in the field culture, Yazd – Abarkoh and Zanjan – 

Gholigheseh were the most susceptible genotypes as 

indicating by high scores, 62.5% and 32% respectively. 

But, Kashan – White genotype in the field and, Kashan – 

White, Ghom – White and Isfahan – White genotypes 

were the resistant ones in greenhouse with low scores (9% 

and 25%). In flowering stage, Texas – Early Grano, Yazd 

– Abarkoh and Zanjan – Gholigheseh in the pots and 

Zanjan – Gholigheseh in the field were the most 

susceptible genotypes by 75% and 57.37% respectively. In 

this stage, Kashan – White in the field and Kashan – 

White, Ghom- White, Azarshahr – Red and Isfahan – 

Dorcheh were the most resistant ones by lower scores, 

17.2% and 50% respectively. In seeding stage, in the pot 

culture, most of the genotypes indicating Herssin – Local, 

Nishabour – Ishaghabad, sweet Spanish – yellow, Texas – 

Early – Grano, Yazd – Abarkoh and Zanjan – Gholigheseh 

were highly susceptible ones with 100% brown 

discoloration roots and no setting flower or low flowering 

with a few number of seeds and in the field Zanjan – 

Gholigheseh was the most susceptible genotype with the 

mean of 67.5% discoloration in roots. In this sampling 

Isfahan – Dorcheh, Ghom – White, Kashan – White in 

glasshouse and Kashan – White in the field were the most 

resistant genotypes with an equal amount of 62.5% and 

24.6% respectively.   

The exotic Sweet Spanish was moderately resistant 

(20.93%), Whereas Texas early Grano was among the 

tolerant genotypes (32.7%) in the field experiment. Also, 

in pot experiment, Sweet Spanish was more resistant to 

RBR, with 70.83% severity and Texas early Grano with 

79.16% was among the most susceptible ones along with 

Zanjan Gholigheseh genotype.  

The mean of disease severity of all stages sampling of 

Iranian and exotic onion genotypes to RBR in the field and 

greenhouse conditions shows in table 3. It shows a higher 

disease severity in all genotypes in greenhouse condition 

in comparison to the field conditions.  

Tables 5, 6 and 7 show a preliminary analysis of variance 

revealed differences in infection to FOC between stages of 

samplings (P = 0.01) and also the genotypes (P = 0.01) in 

pots and field conditions, with a significant effect (P = 

0.01). It also shows differences between two experiments 

(pot and field cultures) (P = 0.01) (table 4). The mean of 

disease severity in field conditions was 32.81 whereas, in 

greenhouse was 63.33, fallowed by the different letter 

significantly different in Duncan’s multiple range test (P = 

0.01). 

Figure1, 2 and 3 shows the dendrogram of similarities 

among the genotypes, using Ward’s minimum variance 
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method for cluster analysis of the tested quantities traits in 

field and pot experiments. The results revealed four groups 

in field and pot experiment at the two rescaled distance 

cluster combined. 

 When onion plants were sampled at early planting 

stage (4 weeks after planting), less RBR symptoms were 

visible on the plants sampled randomly in infested 

replicates in field and greenhouse conditions. But after 

incubation some vigorous roots on blotter paper or wheat – 

straw agar, turned brown. Brown discoloration indicated 

that FOC already infected the plants early in the growing 

seasons, even under the relatively cool, spring growing 

conditions in field and greenhouse experiments. It also 

suggested that, FOC is present in the root tissue before the 

brown color is visible. These result are in agreement with 

findings of Ozer (1998), Ozer and Koycu (1998 and 2004), 

indicating that there are resistance sources in onion 

cultivars and promising lines.  

In field and greenhouse experiments, genotypes were 

resistant at the first stage also, were resistant, when RBR 

was assessed at flowering and seeding stage. Also, 

susceptible genotypes at early growth stage were 

susceptible at other two stages too. For example, the most 

resistant genotypes (the least infected genotypes), defined 

as having the least brown roots were Kashan – White and 

Ghom – White in pots and Kashan – White in field 

conditions. These genotypes were rated in all stages. 

Thornton and Mohan (1996), studies on the response of 

Sweet Spanish onion cultivars and numbered hybrids to 

basal rot and found varieties and hybrid lines resistance to 

FOC.  

Rating RBR severity before maturity may result in a wider 

range of values, which will assist is distinguishing 

differences among cultivars. RBR was rated here on 

onions that were not mature, and the ratings had a wider 

range, and more differences in response were apparent. 

An ideal experiment would have compared the response of 

onions in the presence and absence of FOC, all other 

factors being equal. Comparing onion cultivars to each 

other may be more informative than comparing them to 

pathogen – free control. For example, cultigens can be 

compared with the standard commercial cultivars that were 

included in these studies. Because, they are grown widely 

and resistant to RBR. Field experiments, that include both 

breeding lines and standard commercial cultivars, provide 

a realistic evaluation of the commercial potential of the 

new germplasm. Almost the same findings have been 

reported by Nasr Esfahani and Ansari Pour (2008), Nasr 

Esfahani (1999) and Ozer et al. (2004). It has been found 

that there are certain chemical compounds such as 

pectolytic enzyme in onion as response to pathogen (Ozer 

et al. 2004). Also it has been shown that resistance to FOC 

is control by two partially dominant genes, as FOC1 and 

FOC2 (Cramer, 2000). 

Our method has three main advantages over that, described 

by Thornton and Mohan (1996): 1) it eliminates the 

variability owing to plant characteristics, 2) formation of a 

vigorous root system is ensured by growth under natural 

temperature and light, and 3) the optimal conditions for 

fungal activity on the exposed, prolific root system 

minimized the number of escapes, thus providing a 

reproducible screening method that can be employed all 

year.  

In conclusion, although early – season and late – season 

assessments RBR resistance were in general agreement, 

high resistance may not always translate to high yield, 

probably because other factors could also affect onion 

yield.         

 

 

 
Table 1. The mean and ranking of disease severity of Iranian and exotic onion genotypes to RBR rot in field condition in various stages 

Genotype Stage 1 Rank order Stage 2 Rank order Stage 3 Rank order 

Azarshahr 18.4cd 5 31.2bc 6 38.6 cd 6 

Ghom 7.6e 9 22.6cd 8 29.2 cd 7 

Herssin 32.6a 2 43.6b 3 57.6 b 2 

Isfahan 12.2c-e 6 23.6cd 7 27.8 d 8 

Kashan 9de 8 17.2d 10 24.6 d 9 

Nishabour 29.6ab 3 39.6b 4 56.8 b 3 

Sweet spanish 12c-e 7 21.6cd 9 29.2 cd 7 

Texas 21.8bc 4 32.8bc 5 43.6 bc 5 

Yazd 38a 1 44.4b 2 53.8 b 4 

Zanjan 38a 1 57.37a 1 72.8 c 1 

Means fallowed by the same letter are not significantly different at P=0.01 level in Duncan’s multiple range test 
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Table 2. The mean and ranking of disease severity of Iranian and exotic onion genotypes to RBR in greenhouse condition in 3 stages 

Genotype Stage 1 Rank order Stage 2 Rank order Stage 3 Rank order 

Azarshahr 37.5ab 3 50b 3 75b 2 

Ghom 25b 4 50b 3 62.5b 3 

Herssin 37.5ab 3 62.5ab 2 100a 1 

Isfahan 25b 4 50b 3 62.5b 3 

Kashan 25b 4 50b 3 62.5b 3 

Nishabour 50ab 2 62.5ab 2 100a 1 

Sweet spanish 50ab 2 62.5ab 2 100a 1 

Texas 62.5a 1 75a 1 100a 1 

Yazd 50ab 2 75a 1 100a 1 

Zanjan 62.5a 1 75a 1 100a 1 

Means fallowed by the same letter are not significantly different at P = 0.01 level in Duncan’s multiple range test 

 
Table 3. The mean and ranking of disease severity of Iranian and exotic onion genotypes to RBR in field and greenhouse conditions 

Genotype Infested field Rank order Infested greenhouse Rank order 

Azarshahr 29.4 de ± 13.1 6 54.16 ab ± 18.81 5 

Ghom 19.8 ef ± 12.84 9 45.83 b ± 18.81 6 

Herssin 44.6 b ± 12.73 3 66.66 ab ± 30.27 4 

Isfahan 21.2 ef ± 10.57 7 45.83 b ± 18.81 6 

Kashan 16.93 f ± 11.07 10 45.83 b ± 18.81 6 

Nishabour 42 bc ± 16.04 4 70.83 ab ± 24.57 3 

Sweet spanish 20.93 ef ± 11.89 8 70.83 ab ± 24.57 3 

Texas 32.7 cd ± 2.15 5 79.16 a ± 18.81 1 

Yazd 45.4 b ± 9.81 2 75 ab ± 22.36 2 

Zanjan 56.05 a ± 17.43 1 79.16 a ± 18.81 1 

Means fallowed by the same letter are not significantly different at P = 0.01 level in Duncan’s multiple range test 

 
Table 4. Comparing the mean of Disease severity in infested field and glasshouse conditions 

infested field infested greenhouse 

32.90 b 63.33 a 

Means fallowed by the same letter are not significantly different at P = 0.05 level in Duncan’s multiple range test 

 
Table 5. Analysis of variance of resistance of onion genotypes to RBR in greenhouse condition 

Source DF Sum of Square Mean Square F Value 

Replicate 2 41.66667 20.83333 0.44 
Genotypes 9 15875.00000 1763.889 ** 37.63 

Genotypes * Replicate 18 1208.33333 67.12963 1.43 

Stages 2 28906.25000 14453.125 ** 308.33 
Genotypes *Stages 18 2031.25000 112.8472* 2.41 

Error 40 1875.00000 46.87500  
Corrected Total 89 49937.50000   

Coeff Var = 10.81031 
** Significant at 1% level of probability, * Significant at 5% level of probability 

 
Table 6. Analysis of variance of resistance of onion genotypes to RBR in farm condition 

Source DF Sum of Square Mean Square F Value 

Replicate 4 1528.94667 382.23667 9.12 
Genotypes 9 14296.34667 1588.482** 37.89 

Stages 2 7255.78667 3627.893** 86.53 

Stages* Genotypes 18 824.01333 45.778 ns 1.09 

Error 160 6708.5333 41.9283  

Corrected Total 299 123176.1467   

Coeff Var = 37.83722 
** Significant at 1% level of probability, * Significant at 5% level of probability 
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Table 7. Analysis of variance of resistance of onion genotypes to RBR in the field and greenhouse conditions in combination 

Source DF Sum of Square Mean Square F Value 

Expect 1 147896.8892 147896.8892** 2670.68 

Replicate 6 1570.6133 261.7689 4.73 
Genotypes 9 20766.8051 2307.4228** 41.67 

Stages 2 24375.1244 12187.5622** 220.08 

Genotypes *Stages 18 1033.3756 57.4098 ns 1.04 
Genotypes *Expect 9 9826.6100 1091.8456** 19.72 

Stages*Expect 2 11786.9123 5893.4562** 106.42 

Genotypes *Stages*Expect 18 1821.8877 101.2160* 1.83 
Error 314 17388.7200 55.3781  

Corrected Total 389 321010.5359   

Coeff Var =26.78828 
** Significant at 1% level of probability, * Significant at 5% level of probability 

 

 
 

Figure 1. Dendrogram of similarities of resistance among the onion genotypes using Ward’s method cluster analysis, in field condition 

 

 
Figure 2. Dendrogram of similarities of resistance among the onion genotypes using Ward’s method cluster analysis, in greenhouse condition 
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Figure 3. Dendrogram of similarities of resistance among the onion genotypes using Ward’s method cluster analysis, in field and greenhouse condition 
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