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Introduction 
 

Maize is one of the most important 

agricultural commodities worldwide after 

wheat and rice in terms of production, 

consumption, and trade. Hence, naturally 

occurring aflatoxin contamination in maize 

has important ramifications for both global 

trade and health. Aflatoxins, are cancerous 

secondary metabolites produced primarily by 

the fungi Aspergillus flavus and Aspergillus 

parasiticus, which contaminates various 

staple foods, including maize, groundnuts and 

tree nuts. Aflatoxin is most prevalent in 

important crops in tropical and subtropical 

regions of the world, and may occur in the 
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Climate change is a key factor for emerging food and feed safety issues all over the world. 

Aflatoxins are potent mycotoxins that cause developmental and immune system 

suppression, cancer, and death. The expected impact on the occurrence of mycotoxins in 

food and feed is of great concern. Among mycotoxins, aflatoxins have acute and chronic 

toxicity that cause suppression of immune system and even cancer. Hence, its 

concentration in agricultural food, feed and their commodities is regulated worldwide. 

Fungi Aspergillus is responsible for aflatoxin contamination in maize grains. Maize grain 

contaminated with aflatoxin is responsible for significant economic loss for producers, 

marketers, and stakeholders. The possible change in patterns of aflatoxin occurrence in 

crops due to climate change is a matter of concern that may require anticipatory actions. 

Aflatoxin contamination influenced by climate, by direct influencing population of A. 

flavus on maize that includes changes in the quantity of aflatoxin-producers in the 

environment and alterations to fungal community structure. Fluctuations in climate also 

influence predisposition of hosts to contamination by altering crop development and by 

affecting insects that create wounds on which aflatoxin-producers proliferate. Aflatoxin 

contamination is prevalent both in warm humid climates and in irrigated hot climatic 

condition. Generally, if the temperature increases in cool or temperate regions, the 

respective areas may become more susceptible to fungi Aspergillus as a result aflatoxins 

contamination increases. However, tropical countries may become unfavourable for 

growth of aflatoxin producing fungi. The objective of this paper is to review the potential 

impact of climate change on aflatoxin that contaminate maize in India, and to highlight key 

research questions and approaches for understanding this impact. 
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field and post-harvest under suboptimal 

storage conditions. It has been estimated that 

5 billion people worldwide are exposed to 

uncontrolled aflatoxin in the diet (Strosnider 

et al., 2006). Acute aflatoxin causes hepatitis, 

impaired growth in children, jaundice and 

gastrointestinal injuries with high morbidity 

and mortality (CDC, 2004). Prolonged 

chronic exposure is suspected to increase the 

risk for hepatocellular carcinoma (Marcel and 

Wild, 1995; Julia, 2005). In many parts of the 

world, particularly in Asia and sub-Saharan 

Africa, individuals are exposed both to high 

levels of aflatoxin and chronic hepatitis B 

virus (HBV) infection, which has been shown 

to greatly increase liver cancer risk (Qian et 

al., 1994): a multiplicatively greater risk of 

developing HCC than those exposed to 

aflatoxin or HBV alone (Liu et al., 2012). 

Mainly, A. flavus comes in contact with crops 

before harvest, it however remains associated 

with the crop through harvest and storage 

(Lillehoj, 1987). 

 

In India, human disease outbreaks attributable 

to consumption of aflatoxin-contaminated 

maize have been reported from district of 

Banswara in Rajasthan and Panchmahal in 

Gujarat (Krishnamachari et al., 1975). The 

occurrence of aflatoxins and ochratoxin A has 

been reported in poultry feeds from India 

(Gong et al., 2003; Thirmula Devi et al., 

2002). These observations reinforce the need 

for aflatoxin exposure intervention strategies 

within countries. Aflatoxin contributes to 

significant economic losses in maize which 

prevents these commodities from meeting 

international standards governing agricultural 

trade and food safety. Toxin production and 

fungal populations in maize have been found 

to depend on several interacting factors that 

stress corn plants (Payne, 1992). Stress 

factors include low moisture content of soil, 

high daytime maximum temperatures, high 

night time minimum temperatures, and 

nutrient-deficient soils (Miller et al., 1983; 

Widstrom et al., 1990; Abbas et al., 2002). 

India being a large country, there is extreme 

diversity in soils and climatic condition and 

maize is grown in a wide range of 

environments, extending from extreme semi-

arid to sub-humid and humid regions 

(Shekhar et al., 2016). The European 

Commission has proposed maximum 

allowable limits for aflatoxin in certain foods. 

The permissible limit of aflatoxin in foods for 

human consumption is 4-30 ppb, depending 

on the country involved (FDA 2004; Henry et 

al., 1999). In the United States, 20 ppb is the 

maximum aflatoxin residue limit allowed in 

food for human consumption (FAO 2003). 

Due to aflatoxin contamination the food 

products cannot be exported leading to 

financial losses. In developing countries 

drought stress may be particularly important 

in terms of food security. Maize is 

particularly prone to infection during water 

stress. This leads to increased preharvest 

aflatoxin contamination affecting nutritional 

quality to significantly impact on 

consumption or the ability to export. 

 

Impact of climate change on aflatoxin 

contamination  

 

The effect of climate change on mycotoxins is 

extremely complex, which involves many 

factors. There is an increase in average global 

air temperatures and changes of precipitation 

distribution when we talk about the effect of 

climate change however, an increase in the 

variability of the weather with more extreme 

events such as heat waves, droughts and 

extreme precipitation (Field, 2012; IPCC, 

2007; Pachauri and Reisinger, 2007). The 

global, climate change is expected to 

negatively affect agricultural production 

(Pachauri and Reisinger, 2007). In addition 

that, climate change also affects the 

prevalence of fungal species that can infect 

the crop, associated plant diseases and 

mycotoxin contamination (Gregory et al., 
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2009; Madgwick et al., 2011). The population 

of aflatoxin producing fungi associated with 

crops and soils varies with climate. These 

fungi compete poorly under cool conditions 

and the population of A. flavus in cool areas 

(temperature minima >20°C) is low compared 

to warmer regions (temperature minima 

<25°C) where Aspergillus sp are common 

throughout soils, air, and on crop surfaces 

(Manabe et al., 1978; Shearer et al., 1992). 

Maize crop grown in warm climates and 

prone to infection by A. flavus however, in 

some regions, infection occurs when 

temperatures rise is coupled with drought 

(Sanders et al., 1984; Schmitt and Harburgh, 

1989). These fungi are native to warm arid, 

semi-arid, and tropical regions with changes 

in climate resulting in large fluctuations in the 

concentration of aflatoxin production (Bock et 

al., 2004; Shearer et al., 1992). Climate also 

influences the types of aflatoxin producing 

fungi as a result aflatoxin-producing fungi 

differing geographically (Cotty, 1997; Horn 

and Dorner, 1998, 1999; Lisker et al., 1993). 

High temperatures and dry conditions favour 

growth and dispersal of spores of A. flavus 

that also impair growth and development of 

maize (Cotty and Jaime-Garcia, 2007). 

Drought together with high temperatures 

favours aflatoxin production in field (Payne, 

1998). 

 

However, insect damage plays an important 

role in predisposing to aflatoxin 

contamination, which will be affected by 

climate change in turn. Changes in climate 

result in large alterations in the quantity of 

aflatoxin producing fungi (Bock et al., 2004; 

Shearer et al., 1992). The population of 

Aspergillus associated with crops and soils 

varies with climatic conditions and compete 

with other fungi poorly under cool conditions 

as a result the population of A. flavus in such 

areas (Minimum 20°C) is low compared to 

warmer regions (Minimum 25°C). However 

aflatoxin producing fungi are common 

throughout air, soils, and crops (Shearer et al., 

1992). Hence, a change in temperature 

towards the higher temperatures will tend to 

increase aflatoxin concentrations. Crops 

grown in warm climates have greater chance 

of infection by A. flavusand in some regions 

infection only occurs when temperatures rise 

in association with drought (Sanders et al., 

1984; Schmitt and Hurburgh, 1989). 

Therefore Climate-change factors will have a 

profound effect on both growth and relative 

aflatoxin production. Paterson and Lima 

(2010) suggested that a major risk in 

developed countries will be in temperate 

climates when temperatures tend to increase 

>30C, which would be conducive to aflatoxin 

production and represent a significant risk. 

The fungal infection to build up aflatoxin can 

be caused during two distinct phases, during 

growth stage when crop is in the field and 

secondly during storage condition. However, 

only one stage is required for contamination. 

 

Pre-harvest contamination  

 

Field infection occurs during the development 

of the crop when A. flavus associated with cob 

in the field at the time of maturity of crop and 

infection often follows drought stress, insect 

injuries such fungal growth called pre-harvest 

contamination (Russel et al., 1976; Cotty 

1991; Cotty, 2001). The second phase occurs 

after maturation when plant is exposed to 

warm moist conditions in the environment or 

during storage. Pre-harvest aflatoxin 

contamination of crops occurs in the 

temperate and tropical regions. Though, 

developing crops is supposed to be resistant to 

infection by A. flavus and subsequent 

aflatoxin contamination, unless environmental 

conditions favour fungal growth and crop 

susceptibility. Stressed plants under drought, 

insect damage are the most susceptible to 

fungal invasion and aflatoxin production. 

High temperature and drought, which often 

occur together during the growing season and 
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likely contribute to poor kernel development, 

have been reported to increase growth of the 

fungus and toxin production (Payne, 1998). 

 

A tan sooty black, greenish or greenish 

yellow mould grows on and between kernels. 

The damage is most common at or near the tip 

of the ear; silk infection is favoured by high 

night and day temperature. Sometimes the 

susceptible maize genotypes got infected with 

Aspergillus sp. at the time of silking. The 

infection goes through silk to the developing 

seed/grains but remained latent and cause 

decay at the time of maturity in the form of 

cob rot/ear rot, sometimes the grain remain 

infected but does not show any symptoms 

even at the time of maturity. Maize planted 

and harvested late and grown under nitrogen 

stress are more commonly contaminated with 

aflatoxins prior to harvest than maize grown 

under good management practices and 

supplied with adequate nitrogen. Such 

contaminated seed/grain again spoiled at the 

time of poor storage conditions due to 

colonization of Aspergillus sp. and other 

micro-flora and consequently aflatoxin 

contamination takes place that cause serious 

health hazardous problems in a wide range of 

animals, when used as feed. 

 

Post-harvest contamination  

 

Post-harvest contamination occurs worldwide 

when conditions in the storage favours for the 

growth of Aflatoxigenic fungi. Aflatoxigenic 

fungi can grow in feedlot manure 

(Hendrickson and Grant, 1971). It occurs if 

the produce is not handled properly to 

minimize the thriving of the fungal are most 

severe when crops are caught by rain just 

prior to or during harvest. During high 

humidity, initially dry seed develops water 

content conducive to contamination. The 

combination of moisture content and 

temperature favours fungal/molds infection as 

a result aflatoxin contamination increased. 

The molds that start the deterioration process 

in stored grains can grow at low water active 

and these molds are known as xerophilic 

molds. These molds cannot be detected on 

freshly harvested grains as they occur in very 

low numbers. The most likely, the sources of 

contamination for xerophilic fungi are the 

silos or sheds themselves, but transport 

vehicles, dust etc. may also contribute to the 

contamination. As molds grow and become 

established their metabolic activities create 

microenvironments with elevated temperature 

and moisture content.  

 

Aspergillus flavus in particular, only grows 

when relative humidity in the air is above 85 

percent or moisture content in the grain is 

above 16 per cent. As the moisture content 

increases, conditions become suitable for 

other, less xerophilic molds in a process 

known as fungal succession (Wicklow 1995), 

Aspergillus sp. is common molds in some 

tropical countries like India which can grow 

in low water active value and cause loss of 

germination, deleterious qualitative change in 

maize grains in addition to the aflatoxin 

contamination which varies with climate both 

temporally and spatially. Thus seed kernels 

become contaminated with aflatoxin B1, both 

before and after harvest (Diener et al., 1987). 

The high health risk caused by aflatoxins 

leads to strict concentration limits in different 

countries.  

 

Importance of aflatoxin contamination in 

maize  

 

Aflatoxin contamination endangers the food 

supplies and health of both people and 

livestock. This threatens the economic 

livelihood of farmers, commercial feed users, 

and numerous feed and food industries. 

Unless aflatoxin levels in crops and livestock 

are effectively managed, national 

development efforts to achieve food security 

and improve health in Kenya will be 
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undermined. The understanding of the 

outbreak and spread of aflatoxin in these areas 

is crucial to ensure food security and human 

safety. The knowledge of the impact of 

climate will allow development of improved 

management procedures, better allocation of 

monitoring efforts, and adjustment of 

agronomic practices in response to projected 

global climate change. 

 

In developing countries like India, drought 

stress is particularly important in terms of 

food security. For example, marginal land 

where stress tolerant sorghum was previously 

grown is being replaced with maize in 

Maharashtra, Karnataka, Madhya Pradesh, 

Andhra Pradesh etc. Maize is prone to 

infection when water stress periods occur. 

This leads to increased aflatoxin 

contamination of such crops pre-harvest and 

post-harvest and can significantly impact on 

the ability to export the crop and also on the 

nutritional quality when consumed in rural 

subsistence communities. 

 

Prevention strategies 

 

Prevention of aflatoxin contamination for the 

purpose of public health importance and 

economic improvement is very important. 

Hence, a number of strategies for reduction 

and control of aflatoxin have been considered 

in different areas of world. The management 

of aflatoxing can be done by adopting 

following strategies: 

 

Pre-harvest strategies 

 

Use recommended plant population and crop 

production practices. 

 

Use a balanced fertility programme 

 

Timely irrigation to reduce drought stress 

Adopt GAP to minimize the insect damage 

 

Timely harvest  

 

Crop rotation is one technique that can 

prevent mycotoxin contamination. 

 

Post-harvest strategies 

 

Proper monitoring of temperature and relative 

humidity 

 

Dry grains to obtain moisture contents below 

14% immediately after harvest 

 

Maintain hygiene and sanitation from harvest 

to storage 

 

Segregate foreign materials and broken grains 

 

Storage should be sealed, airtight container or 

structure to limit the presence of aerobic 

organisms 

 

Clean, fumigate, or segregate maize grain as 

and when insects and molds are noticed  

 

In conclusion, climate change will add new 

challenges related to the dynamics of patho-

systems and future food security. There is a 

need for continuous monitoring of the 

climatic changes and its interaction with 

aflatoxin producing fungi and host. If the 

current climatic patterns continue in this 

century, aflatoxin concentrations in maize 

will likely to be increased, whereas some 

other toxins viz., DON levels may decrease.  

 

However, climate change-induced alterations 

in cropping patterns or shifts in pathogen 

populations could create new opportunities 

for DON risk in areas where maize currently 

is not grown or is a minor crop, and where 

new, more aggressive isolates of  

F. graminearum occur. Overall it will 

increase the economic and health risks with 

consumption of aflatoxin infected maize. 
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