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1. Introduction 

Diseases of plant are very significant biotic constraint that leads to crop losses worldwide.  Plant diseases mostly 
caused by bacteria, fungi, phytoplasmas, virus, and nematodes are group of biotic problems that cause serious crop yield 
losses. Recent study shows that about 10-15% of crop yield losses are due to disease (Maloy, 2005).  

 
Figure1: Showing Disease Triangle 

Source: Google search (2014) 
 

Disease occurs, as a result, of the interaction between three major factors; environment, plant and pathogen. 
Among the three factors if any is unfavour able disease infestation will not occur. Integrated disease management is based 
on any factor that can cause unfavour able condition between the factors. 

Integrated disease management (IDM) can be defined as a disease control strategy that uses all available 
management strategies to maintain disease from reaching an economic threshold. It does not encourage the use chemical 
to prevent disease. However, it serves as means of integration of cultural, biological and sometimes chemical control 
strategy. The adaptation of IDM strategy is a pre-requisite to sustainable agriculture (E 
Cotton belongs to the genus (Gossypium) which usually consist of at least 45 diploid and five allotetraploid species (Ulloa, 
et al., 2006) as well known to be one of the oldest plant fibres cultivated around the word, and it has been used not only 
with the aim of producing natural raw materials, but also using its product for the purpose of edible oil, animal feed, 
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pharmaceutical uses as well as source of income (chitarra, 2008). The aim of this essay is to critically review the integrated 
management of Fusarium wilt disease of cotton. 
 
1.1. Fusarium Wilt of Cotton 

Fusarium wilt of cotton was first described in United States (1892) by Atkinson. About eight genotypes of 
Fusarium oxysporum f.sp vasinfectum (fov), called races have describe and known throughout the world (DeVay, 1986 
and Smith et al., 1981). The races were identified and classified based on their pathogenicity tests on different species of 
cotton, G. hirsutum, G. barbadense and G. arboretum L. (Armstrong, 1958 and Ibrahim, 1966). Some races are known to 
acid sandy soils and interact with nematodes while others are prevalent in alkaline and wet clay soils. 

Fusarium wilt of cotton caused by Fov is a serious fungal disease of cotton that is responsible for crucial yield and crop 
losses in all cotton growing area. Fov can survive in soil for several years and cannot be eradicated once found on the field 
even in the absence of cotton (Hillocks, 1992). The fungus Fusarium oxysporum is very diverse in saprophytic and 
pathogenic forms. Fov can affect plant at any stage; under conducive environment crop losses will be high when 
susceptible cultivars are grown on infested field (DeVay et al., 1997). The incidence of disease in seedlings can be high in 
cold environment, although mean temperature of about 230C favour disease but higher temperatures of above 280C 
reduces the symptom expression. F. wilt is to resist attack until they were stress by other factors. However, there are great 
losses due F.wilt of cotton depending on the virulence of Fov, host ability to resistance, environment, as well as interaction 
with nematodes (Hao, et al., 2009). 
 
1.2. Disease Life Cycle 

F. wilt can invade the root system or other underground parts of host plants through wounds that are caused while 
transplanting once is within the plant, chlamydospore multiple and grows in the vascular stem of the root, and it then 
moves to the upper part in the stream sap by spores and lodge, germinate as well as affect other new part of plant. The 
toxic substance is secreted during interaction of fungus and host plant. These apparently causes wilting and death of the 
plant, once introduced in the area it persist even in the absences of cotton plant for over 10 years period (Smith, et al., 
2001). The strain of Fov is specifically known to cause wilt disease of cotton that plant at any stage. Below is a 
representational diagram of F. wilt disease of cotton 

 
Figure 2:  Showing F. Wilt Disease Lifecycle 

Source: Google Search, 2014 
 

1.3. Symptoms 
Typical symptoms of F. wilt are based on two symptoms external and internal, and can appear at any stage of crop 

development.  Stunted growth and yellow leaves appear dull before chlorosis and necrosis of the leave margin. Fov have 
the ability to infect host through taproots behind the root tip. The effect of lipoidal substances produces by the host, and 
fungal metabolites in combined can cause to occlusion of the vascular tissue (Shi, et al., 1992). Which further lead to brown 
discoloration (Colyer, 2001). Younger plants tend to die early when symptom develops. Severity of damage depends on; 
inoculum fungal distribution, the degree of internal vascular discolouration, time of fungal infection as well as weather 
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(Hutmacher, et al., 2004). However, the only way F. wilt can be diagnosed is by brown colour appearance inside the stem 
of affected cotton plan 

 
Figure 3: Brown Discolouration’s 

 
Figure 4: Leaf Chlorosis 

Source: Google Search, 2014 
 

1.4. Key Factors In Fusarium. Wilt Incidence 
There are certain numbers of factors that influence the development of F. wilt in cotton grown areas. These include; 

presence of the pathogenic strain of the fungus in the infested area, susceptibility of cotton cultivars to the disease, soil 
type climatic condition and soil borne living microorganisms. The interaction of all these factors leads to the development 
and affect the amount of wilt in a crop. 

 Presence of the pathogenic strain of the fungus in soil: F. wilt has the ability to survive in soil many decades, so 
this case the pathogenic strain must be presence in the soil without showing any symptoms being present. (Davis, 
et al., 2006).  The presence only becomes evident when there are numerous number of fungal propagules contact 
with the root in the soil that then causes infection. Once established it can be spread in contaminated soil attached 
to farm equipment such as boot, knives and vehicles. 

 Soil type: in some races there is correlation between the fungus races and the soil type. For example race 1 and 2 
were first describe in USA, to occur in sandy soil with approximate PH value of 5-6.5 while 3 and 4 are prevalent in 
clay soils in Egypt and India (Hillocks, 1992). However, most of them occur in black heavy clays soil and even in 
lighter soils in some cases. 

 Interaction with soil borne living microorganisms: in many cases where interaction occurs between Fov and the 
microorganisms may increases of suppresses the wilt incidence (Hillocks, 1992). Recently, it has been reported in 
USA nematodes interacting with race 1 and 2 leads to the increased of wilt incidence in susceptible cultivars 
(Kochman, 1996). 
 

1.5. Integrated Disease Management (IDM) Principles 
Plant disease management must be based on sound economic principles strategies to reduce the potential fungal 

disease infestation in the field. Below are the basic principles: 
 Exclusion  
 Avoidance  
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 Resistance cultivars  
 Eradication  
 protection 
 Exclusion: is a means or method of where by pathogen are prevented from  infecting another new field where the 

disease is not prevalent for example using certified seed, quarantine inspection and inspection of infested material 
to eradicate inoculum. The basic assumption is pathogen can be transferred from one area to another within short 
distance with the help of any agent such as; human intervention or other vectors. Exclusion is among the 
important way of managing disease infestation (Ploetz, 2007).  

 Avoidance: is a process whereby disease is prevented from infesting an area by choosing a time of a year calendar 
or site where there is no pathogen inoculum or the environment of is not conducive for the development of the 
disease. Example, suitable site, using certified seed that can withstand disease infestation and planting on time 

 Resistance cultivars: is the only ideal way to control cotton disease, if satisfactory levels of durable can be utilized 
and incorporated into culturally crop plant management. Resistance cultivars save time, effort, money as well as 
reduces the use of chemical for the purpose of managing and controlling disease. Resistance reduces economic 
losses, yield reduction as well as additional cost of control (Maloy, 1993).  Resistant cultivars will certainly reduce 
or slow the build-up of F. wilt in the soil, compared with susceptible cultivars. However, when weather conditions 
are favourable to the disease development, incidence may certainly increase even in resistance cultivars (Reid, et 
al., 2004). Planting cotton resistance cultivars is the most important IDM principles of controlling and managing F. 
wilt of cotton. 

 Eradication: is refers to the process of removing or eliminating inoculum in an infested area, after it been 
introduced before widely spreading or established in the area. It usually involves the destruction of numerously 
infested plants in the affected area; several disease infestations have been reported to be eradicated after 
infestation. However, it is not successful. Example by sanitising the disease affecting cotton by soil solarisation, 
chemical application and crop rotation by non-susceptible cultivars (Maloy and Baudoin, 2001). 

 Protection: this principle is basically on setting or establishing a barrier between the (host plants) those that are 
susceptible and pathogen. The assumption of this principle is based on present of the pathogen and the infection 
will certainly occur without protective intervention strategy. For example, F. wilt of cotton lives in soil for long 
period. Protection and prevention it includes particular cultural practice such as; tillage, irrigation and altering 
soil PH and other practices that reduce the disease severity (Hillocks, 1992). 
 

1.6. Components of IDM 
In other to achieve the IDM principles, it has to be practice in one of the four component of IDM. Below are IDM 

components of cotton F. wilt disease 
 Cultural control  
 Biological control  
 Chemical control and  
 Resistance cultivars  

 
1.6.1. Cultural Control 

Cultural control method is IDM methods that modify the environment to suppress the prevalence of the inoculum 
pathogen. This method has a different range of strategy that includes; planting resistant cultivars, planting date and 
rotation with non-susceptible crops for example; cotton rotating with corn and soil solarisation to reduce the infestation of 
pathogen (Wright, et al., 2013). Cultural control is effective control strategy if combine with the other control strategy. 

Crop rotation:  is the practice of growing a series of different crops in the same land in sequential seasons. It also 
mitigates the build-up of pathogen and disease that often occurs when one species is continuously cropped. For example, 
nematodes can build up with repeated tomato crops in the same land. However, F. wilt  

Another means of killing different soil-borne pathogenic fungi is by soil amendment of the field with a full spread 
of organic nitrogen (>3% w/w) (Lazarovits et al., 2008). 

Once F. wilt established chlamydospore in the soil, it is almost very difficult to eradicate because it can survive in 
the soil for several decades in the absence of cotton rotation limits the effectiveness of Fov (Davis et al., 2006). 
Soil amendments were used to reduce the severity of F. wilt disease. Calcium as CaCO3 or Ca(OH) application to F. wilt 
conducive soil decreases the germination ability of chlamydospores (Peng et al., 1999). The amount of nitrogen added to 
soil can also alter the soil PH and the severity of the disease. Nitrogen fertilizer containing nitrate nitrogen (NO3-N) 
reduces F. wilt compare to fertilizer containing ammonium nitrogen (NH4-N). It has reported that NH4-N is needed for 
germ-tube germination and growth of F. wilt (Ciotola et al., 2000). However, once chlamydospores and nematodes interact 
is difficult to eradicate because it is cost efficient, labourers and nematode have to manage or control by nematicides and 
beyond that resistant cultivars to both F. wilt and nematodes. However, resistant cultivars are not complete measure to be 
taken. 

Likely the use of rotation involving non-host pathogen will reduce the rate at which the fungus will builds up in 
the soil but the most appropriate crop to use may also differ with race of the pathogen and the type of soil in the field.  
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1.6.2. Biological Control 

The use of chemicals has been a major issue of concise on the environment, their inactiveness against soil-borne 
pathogen such as F. wilt so there is a need to find other alternatives to chemical use against plant disease (Whipps, 2001). 

Biological control approach means the use of an organism to suppress the mode of action on another density area 
of an organism. It is also considered as the IDM, which is a successful method of controlling disease in an environment in a 
cost effective way. Both man-made and natural biological controls actively participate in the ecosystem. Natural biological 
control occurs, as a result, of green plant on earth that can produce biomass to sustain another means of life, with the help 
of biological control the plants produces. Natural biological control is the means of suppressing the number of pathogen 
naturally in the ecosystem without any human intervention (Kogan, 1998). For example addition of Bacillus subtillis 
spores to a cotton seed. This treatment reduces the severity of soil-borne pathogens of the cotton (Brannen and Kenney, 
1997). 

Soil solarisation is a process of heating soil by covering with transparent polythene to trap solar energy to control 
soil-borne disease during the hot period (Gamliel and Katan, 2009). The main purpose of the treatment is to reduce 
inoculum population in infested soil and to reduce the need of chemical fumigants. However, the effectiveness of the 
treatment may be limited to areas where optimal period of solarisation can conflict with planting schedule (Bonnet et al., 
2005). 

Soil solarisation of infested field of cotton has been proven to be effective (Katan et al., 1983 and Ioannou et al., 
1998). Solarisation reduces the incidence of F. wilt by 97.5, 58, and 0% when covered with double layers of polyethylene 
film, a single piece film layer and uncovered field respectively (Ben-Yephet, et al., 1987). Once the interaction of F. wilt and 
nematodes occur in the cotton field is very difficult to eradicate. However, the combination of solarisation and metham-
sodium are known to be very effective in suppressing both F. wilt and nematode than with solarisation or metham-sodium 
alone (Hillocks, 1992). Most cotton growers are sceptical about using solarisation on the field, because the field need to be 
free of cultivation for about one month (Minuto et al., 2006). However, in combination with bio-control agent, the period 
needed to solarise can be reduced (Dong, et al., 2006). 

1.6.3. Chemical Control 
Involves the use of chemical fungicide to control soil pathogen, this particular mode of action often involves under 

biological or bio-rational control. Chemical methods are only needed where it became necessary or when no effective 
alternatives are available or are not sufficient to keep pathogen population from reaching damaging levels as the last 
resort in controlling pest. 

F. wilt infestation can be decreased by fumigating soil with methyl bromide (Hillocks, 1992). For example, a 
mixture of chloropicirin and methyl bromide, although this type of treatment is usually limited to very high value crop 
plant that are grown on a small field not crop planted over a large field (Hillocks, 1992). In cotton field where wilt 
infestation is associated with root-knot nematodes, the incidence of the disease can be suppressed with 1,3-
dichloropropene and metam sodium (Hillocks and Kibani, 2002).  

Aldicard can reduce nematode populations and root galls (Koening, et al., 2004). However, less information and 
knowledge on its effect on F. wilt. The effects of aldicard (Temik 15G) on disease severity of eight different cotton cultivars 
with different resistibility were tested in 1994 and 1995 (Colyer, et al., 1997). In all the cultivars, application of aldicard 
suppresses the stem discoloration and root galling. These differences leads to cotton seed yield and lint percentage. 
 
1.6.4. Resistance Cultivars 

Introducing resistance ability of F. wilt to cultivars can be done through conventional and unconventional 
breeding. By conventional breeding; in this process resistance is introduced from the parent plants to offspring when any 
of the parents contributes desire trait such as; short life cycle and the nutrition yield by sexual recombination (Hwang, 
1999). Using conventional breeding, resistance ability cotton has been developed against F. wilt (Ulloa et al., 2006).  

Using resistance cultivars to manage F. wilt has been successful in Egypt, Tanzania and China (Hillocks, 1992). 
Because nematodes may increase the disease incidence in both resistance and susceptible to F. wilt (Reid, et al., 2004). 
Planting cotton resistance cultivars is a good management practice. High level of resistance cultivars to M. incognita 
suppresses the F. wilt severity more rapidly than tolerance to wilt or moderate resistance to nematodes (Abd-Elsalam et 
al., 2009). 

 
2. Conclusion 

F. wilt disease of cotton is one of the highly destructive disease of cotton plant and is very difficult to manage. No 
effective control measure for F. wilt of cotton has been found other than resistant cultivars. However, there are no 
available immune cultivars.  

Chemical management of cotton F. wilt is limited and expensive, and rotation is not effective because of the ability 
of disease to survive for long period in soil. Since wilt is associated with root-knot nematode, resistance cultivars, 
chemical, soil amendment and rotation practices directed at management of the nematode have proven in some literatures 
to be effective in reducing the incidence and severity of F. wilt disease of cotton. 

Cultural and biological approaches are considered best because there are environmentally friendly and to health 
of both human and natural enemies. However, chemical approach is known to easiest but dangerous to health and is 
consider as a last alternative to control F. wilt disease of cotton.  
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