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Abstract 

Management of fumonisin contamination in maize has been a challenge largely 
because there are no effective management measures for Fusarium ear rots. Maize 
varieties that are resistant to fumonisin contamination are also lacking. This study was 
conducted to determine the efficacy of atoxigenic Aspergillus flavus (Aflasafe KE01) 
on fumonisin contamination of maize. The study was carried out in four sub-counties 
in lower Eastern Kenya. Twenty-four maize fields were selected in each sub-county; 
where 12 fields were treated with Aflasafe KE01, while 12 fields comprised the 
untreated controls. Aflasafe KE01 was applied at a rate of 5 kg/ha and 10kg/ha by 
hand broadcasting in maize fields two to three weeks before tasselling of maize. 
Fumonisin level in the maize samples was determined using Accuscan Pro-reader 
enzyme-linked immunosorbent assay (ELISA). The results showed that application of 
Aflasafe KE01 reduced fumonisin in the maize from the Aflasafe KE01 treated fields 
by up to 68% compared to samples from untreated fields. About 62.5% of the maize 
fields treated with 5kg/ha of Aflasafe KE01 met the European Commission regulatory 
threshold of ≤2ppm for total fumonisin as compared to about 45% from the control 
fields. This indicates that Aflasafe KE01 is a potential biopesticide for the management 
of fumonisin in maize. Therefore, efficacy of Aflasafe KE01 to reduce fumonisin 
contamination of other key staples in Kenya should also be evaluated.  
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Introduction 

Maize is the staple crop in Kenya, 

contributing up to 21% of the total 

value of primary agricultural 

commodities (Kang’ethe et al., 2020). 

According to FAO statistics, maize crop 

occupies 48.5% of arable land 

(FAOSTAT, 2019). However, maize is 

prone to mycotoxins such as aflatoxins 

and fumonisins (Cinar and Onbasi, 

2019). Fumonisins are toxic metabolites 

produced by Fusarium verticillioides 

and Fusarium proliferatum and is 

common in maize-based food and feed 

(Fandohan, 2003; Kamle et al., 2019). 

In Kisii county, a study by Alakonya et 

al. (2009) reported fumonisin B1 levels 

of 3,600–11,600ng/g in maize. Acute 

aflatoxicosis outbreaks in humans in 

Kenya have been reported from time to 

time and in different parts of the county 

(Korir and Bii, 2012; Muthomi et al. 

2012; Okoth and Kola, 2012). 

Fumonisins are carcinogenic and have 

been linked to oesophageal cancer 

(Kimanya, 2015). Fumonisin epidemics 

occur commonly in dry years and are 

favored by warm, dry weather during 

grain-filling stage of maize growth. 

Droughts at the beginning of the 

growing season and wet weather 

during pollination and silking stages can 

favor fumonisin synthesis in harvested 

maize grain (Ariño et al., 2009). To 

reduce human exposure and deaths 

caused by fumonisin, there is an urgent 

need to manage/control its metabolism 

in maize. Fumonisins are managed by 

prevention of F. verticillioides infection.   

To manage mycotoxigenic fungi and 

mycotoxin production, different 

approaches have been used including 

physical, chemical and cultural 

methods. These methods range from 

the use of synthetic fungicides (UlHaq 

et al., 2020), breeding for resistant 

maize cultivars (Lanubile et al., 2014) 

and cultural approach to avoid pre- and 

post-harvest attack of fungi (Munkvold, 

2003; Njeru et al., 2019). However, 

agronomic practices for fumonisin 

content reduction are ineffective when 

conditions for fungal growth are 

optimal (Robertson-Hoyt et al., 2007). 

Biological control methods have 

become popular because of their ability 

to reduce the primary fungal soil 

inoculum and the infection rate in root 

systems of maize plants (Etcheverry et 

al., 2009). 

Non-pathogenic Fusarium strains have 

been moderately applied as biocontrol 
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agents in suppressing the growth of 

toxigenic strains of F. 

proliferatum and F. verticillioides in 

maize (Luongo et al., 2005). This 

method uses competitive exclusion 

which is made possible by the presence 

of toxigenic and atoxigenic strains of A. 

flavus populations. Application of non-

toxigenic inoculants in the soil around 

the crops ensures competition with 

toxigenic strains for infestation sites on 

the growing plant. This is achieved by 

identifying and successfully introducing 

harmless atoxigenic strains that show 

competitive gain over toxigenic strains. 

Atoxigenic strains of A. flavus virtually 

eliminate the highly toxigenic strains 

thereby reducing aflatoxin 

contamination (Agbetiameh et al., 

2019; Senghor et al., 2020). The 

objective of this study, therefore, was 

to assess the effectiveness of 

atoxigenic Aspergillus flavus (Aflasafe 

KE01) on the reduction of fumonisin 

contamination in maize in Lower 

Eastern Kenya. 

Materials and methods 

Description of the study area 

The study was conducted in Nzambani 

sub-county (Kitui County), Kathiani 

sub-county (Machakos County) and 

Wote and Kaiti sub-counties (Makueni 

County) in lower Eastern parts of Kenya 

(latitude between 4oN to 4oS, longitude 

34o to 41oE). These regions receive an 

average rainfall of between 150 mm to 

650 mm p.a. On average, Machakos 

and Kitui counties receive 500 to 

700mm p.a and 500 to 1050 mm p.a. 

respectively.  The soils in these areas 

are sandy to loamy sand texture with 

low organic matter contents, low water 

retaining capacity and low plant 

nutrients thus making is susceptible to 

erosion (Gachimbi et al., 2005). 

Makueni county has several agro-

ecological zones (AEZs) with altitudes 

ranging from 790-1770masl and 

receives about 600-1050mm of average 

annual rainfall (Jaetzold et al., 2010). 

Experimental design and 

application of atoxigenic 

Aspergillus flavus (Aflasafe KE01) 

The farms were selected randomly 

within each sub-county. The 

experiments were conducted using 

maize planted by the farmers who 

consented to take part in the study. 

Each of the four sub-counties had 24 

maize fields where 12 fields were 

treated with Aflasafe KE01 while the 

other 12 were control fields. Within 



Ndirangu et al., African Phytosanitary Journal (2024) Atoxigenic Aspergillus flavus (Aflasafe KE01) 
application reduces Fumonisin contamination in maize in lower Eastern Kenya 

103 
 

each area, control fields were a 

maximum of 100m from treated fields. 

Aflasafe KE01 was obtained from the 

International Institute of Tropical 

Agriculture (IITA). Six of the individual 

farmers’ farms were treated with 

Aflasafe KE01 at an application rate of 

5 kg/ha while the other six were treated 

with 10 kg/ha.  Aflasafe KE01 was 

broadcast by hand in selected fields 2-

3 weeks prior to tasselling of maize. The 

experiment was carried out in one 

maize cropping season across the four 

sub-counties. Data collected from the 

experiment included the population of 

Fusarium species in the soil and grain 

samples and the fumonisin levels in the 

maize grains. 

Collection of maize cob samples 

Maize cobs were sampled from the 

maize fields to quantify the amount of 

fumonism present in grains. Maize cobs 

were sampled at harvest ensuring a 

minimum of eight cobs from each farm. 

Maize cobs were picked from the farm 

using a zigzag approach. The maize 

cobs were sun dried avoiding contact 

with the ground. Thereafter the dry 

maize was manually shelled by hand 

and dried in an oven at 45ºC for two 

days and then crushed to fine powder 

using a Bunn coffee mill grinder (Bunn 

omatic Corporation, Spring Field Illnois, 

USA). The ground maize sample was 

thoroughly mixed for fumonisin 

analysis. The samples were stored in 

the refrigerator at 4 ºC. 

Analysis of fumonisins in maize 

kernels 

AccuScan Neogen Reveal Q+ was used 

for fumonisin analysis. A sample of 10g 

of ground maize was mixed with 50ml 

of 65% ethanol then shaken vigorously 

in a centrifuge for three minutes and 

allowed to settle and then sieved using 

a Whatman No. 1 filter paper. Red and 

clear sample cups were placed into a 

labeled sample rack. Two hundred 

microlitres of the sample diluents was 

placed in the red dilution cup and mixed 

with 100μL sample extract in a sample 

cup and mixed by a pipette up and 

down five times. One hundred 

microlitres of the diluent sample extract 

was then transferred into a new well 

labeled clear sample cup. The new 

reveal Q+ for fumonisin test strip was 

placed into the sample cup with the test 

strip coming into contact with the liquid 

and the timer set for 6 minutes after 

which it was removed from the sample 

cup and read within 1 minute by fully 
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inserting in the AccuScan pro-reader 

which automatically analyzed the 

cartridge. The test strips were read in 

the Reveal AccuScan or Reveal 

AccuScan III Reader within one minute 

of completion of the 5-minute 

incubation. Reaveal Q+ was designed 

for quantitative analysis of fumonisin 

with a limit of detection that ranges 

from 0.3 to 6ppm. Samples with 

quantities above 6ppm were 

determined through serial dilution and 

the result acquired multiplied by the 

number of dilutions. After each dilution, 

the above procedure on taking reading 

from the Reveal AccuScan III Reader 

was followed. 

Data analysis 

The data on fumonisin level was 

subjected to analysis by GenStat 15th 

edition to determine significant 

difference in fumonisin levels in 

Aflasafe KE01 treated and untreated 

maize fields. Differences between 

treated and untreated fields were 

separated using Fishers protected LSD 

(p≤0.05). Fumonisin categorization 

levels provided by Food and Drug 

Administration (FDA) of ≤ 2 = low, 2-4 

= medium and >4 = high fumonisin 

level (above acceptable level in maize) 

was used to analyze fumonisins. 

Results 

Efficacy of field application of 

atoxigenic A. flavus (Aflasafe 

KE01) in reducing fumonisin 

contamination of maize grains at 

harvest 

Maize sampled at harvest from Aflasafe 

KE01 treated fields were contaminated 

with varying levels of fumonisin. About 

63.5% of the maize fields treated with 

5kg/ha and 10kg/ha of Aflasafe KE01 

met the threshold set by European 

Commission (≤2ppm) for fumonisin 

(Table 1). A total of 66.6% of the maize 

samples met the standard set by the US 

FDA (≤4ppm) while 33.3% was above 

the set standard of (≤4ppm) in the 

maize samples from fields treated with 

10kg/ha of Aflasafe KE01 (Table 1). 

Generally, there was a reduction in 

fumonisin levels due to the application 

of Aflasafe KE01. There was significant 

difference in fumonisin levels in maize 

sampled from Aflasafe KE01 treated 

and untreated maize fields from Kaiti 

and Nzambani using the 10 kg/ha 

application rate with a 60 % and 65.5% 

decrease in the fumonisin level 

respectively (Table 2).
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Table 1. Proportions (%) of fumonisin contamination levels falling under different 

categories for maize sampled at harvest from treated and untreated fields with 

atoxigenic A. flavus (Aflasafe KE 01). 

   Fumonisin level (ppb) 
Rate of 
Aflasafe 

Sub-
county Treatment  ≤ 2 2-4 >4 Range 

5kg/ha Wote Treated 83.3 0.0 16.7 0-6 
  Untreated 66.7 16.7 16.7 0-11.5 
 Kaiti Treated 50.0 16.7 33.3 02-6.2 
  Untreated 16.7 50.0 33.3 0-8.2 
 Kathiani Treated 16.7 50.0 33.3 0-6.5 
  Untreated 16.7 33.3 50.0 0-8 

 
Nzamba
ni Treated 100.0 0.0 0.0 0-0.6 

    Untreated 83.3 16.7 0.0 0-3.3 
10kg/ha Wote Treated 83.3 0.0 16.7 0-4.1 
  Untreated 100.0 0.0 0.0 0-0.6 
 Kaiti Treated 50.0 0.0 50.0 0-5.4 
  Untreated 16.7 0.0 83.3 0-9.3 
 Kathiani Treated 50.0 16.7 33.3 0-7.5 
  Untreated 83.3 0.0 16.7 0-7.5 

 
Nzamba
ni Treated 66.7 0.0 33.3 0-7 

    Untreated 83.3 16.7 0.0 0-2.9 
The fumonisin level categories are ≤ 2ppb is low, 2-4ppb is medium and >4ppb is high. 

 

Table 2. Fumonisin level (ppb) in maize kernels sampled at harvest from atoxigenic 

A. flavus (Aflasafe KE01) treated and untreated fields in Kaiti, Nzambani Kathiani and 

Wote sub-counties in alternate seasons 

a Indicates reduction in levels of fumonisin in maize grains sampled from aflasafe KE01 treated and 

untreated fields. Means followed by the same letters within a column are not significantly different (p 

≤ 0.05) for each sub county. 

 Treatment Sub county 
  Kaiti Kathiani Nzambani Wote 
5 Kg/ha Treated 2.7a 3.7a 0.25a 2.5a 
 Untreated 3.7a 4.2a 0.8b 3.1a 
% Reductiona  27.0 11.9 68.7 19.3 
10 Kg/ha Treated 2.4a 1.8a 1.0a 0.5a 
 Untreated 6.0b 3.5a 2.9b 0.9a 
% Reductiona  60 48.5 65.5 44.4 
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Discussion 

The higher fumonisin levels noted in 

untreated fields is as a result of 

dominant occurrence of F. verticillioides 

and F. proliferatum in maize samples 

from these fields. Most isolates of 

F.verticillioides and F. proliferatum are 

major fumonisin producers (Chulze et 

al., 2015; Tsehaye et al., 2017).  The 

infection of maize grains with fumonisin 

in this study could be attributed to the 

high incidence of F. verticillioides and F. 

proliferatum (Misihairabgwi et al., 

2019). Additionally, weather in the 

lower Eastern parts of Kenya provides 

optimal conditions for the production of 

fumonisins in maize.  

The results from this study showed that 

maize samples from treated fields had 

lower fumonisin levels compared to 

maize from untreated fields. This 

implies that the fumonisin level in maize 

grains was reduced due to the 

application of Aflasafe KE01. Lauren et 

al. (2004) reported a reduction in the 

population of F. verticillioides and F. 

proliferatum, and significant inhibition 

of fumonisin Bl (FBI) production by the 

presence of F. gramineanum. In a study 

by Kaur et al. (2010) strains of non-

phytopathogenic Fusarium were 

combined with other biocontrol agents 

to obtain an effective reduction in 

fumonisin levels in crops. Other studies 

have reported a decrease in fumonisin 

levels in maize as a result of the 

interaction of A. flavus and Fusarium 

species (Dwivedi and Enespa, 2013; 

Camiletti et al., 2018; Giorni et al., 

2019; Reis et al., 2020). Single 

application of Aflasafe has been shown 

to be effective for up to 3 years and in 

several crops subsequently planted on 

the same plot (IITA, 2009). This implies 

that, Aflasafe KE01 should not 

necessarily be applied every season for 

effective control of the Fusarium 

species and fumonisim production in 

maize. 

Conclusion 

The level of Fumonisin in from Aflasafe 

KE01 treated fields were reduced by up 

to 68% compared to samples from 

untreated fields implying that Aflasafe 

KE01 is effective in reducing fumonisin 

contamination in maize and is therefore 

a promising biocontrol product in 

managing fumonisin contamination.  

References 

Agbetiameh, D., Ortega-Beltran, A., 

Awuah, R.T., Atehnkeng, J., 



Ndirangu et al., African Phytosanitary Journal (2024) Atoxigenic Aspergillus flavus (Aflasafe KE01) 
application reduces Fumonisin contamination in maize in lower Eastern Kenya 

107 
 

Islam, M.S., Callicott, K.A., & 

Bandyopadhyay, R. (2019). 

Potential of atoxigenic 

Aspergillus flavus vegetative 

compatibility groups associated 

with maize and groundnut in 

Ghana as biocontrol agents for 

aflatoxin 

management. Frontiers in 

Microbiology, 10, 2069. 

Alakonya, A.E., Monda, E.O., & Ajanga, 

S. (2009). Fumonisin B₁ and 

Aflatoxin B₁ levels in Kenyan 

maize. Journal of plant 

pathology, 91(2), 459-464. 

Ariño, A., Herrera, M., Juan, T., 

Estopañan, G., Carramiñana, 

J.J., Rota, C., & Herrera, A. 

(2009). Influence of 

agricultural practices on the 

contamination of maize by 

fumonisin mycotoxins. Journal 

of Food Protection, 72, 898–

902. 

Camiletti, B.X. Moral, J., Asensio, C.M., 

Torrico, A.K., Lucini, E.I., 

Gimenez-Pecci, M.P., & 

Michaillides, T.T. (2018). 

Characterization of Argenitinain 

endemic Aspergillus flavus and 

their potential use as biocontrol 

agents for mycotoxins in maize. 

Phytopahtology, 108, 816-828. 

Chulze, S.N., Palazzini, J.M., Torres, 

A.M., Barros, G., Ponsone, 

M.L., Geisen, R., & Köhl, J. 

(2015). Biological control as a 

strategy to reduce the impact 

of mycotoxins in peanuts, 

grapes and cereals in 

Argentina. Food Additives & 

Contaminants: Part A, 32(4), 

471-479. 

Cinar, A. & Onbasi, E. (2019). 

Mycotoxins: The Hidden 

Danger in Foods. In: 

Mycotoxins and food safety. S. 

Sabuncuoglu (Ed.), p. 1-21. 

Boston, MA: IntechOpen.  

Dwivedi, S.K. & Enespa, K. (2013). In 

vitro efficacy of some fungal 

antagonists against Fusarium 

solani and Fusarium oxysporum 

F. sp lycopersici causing Brinjal; 

and tomato wilt. International 

Journal of Biological and 

Pharmaceutical Research, 4(1), 

46 – 52. 

Etcheverry, M.G., Scandolara, A., Nesci, 

A., Vilas Boas Ribeiro, M.S., 

Pereira, P., & Battilani, P. 

(2009). Biological interactions 

to select biocontrol agents 



Ndirangu et al., African Phytosanitary Journal (2024) Atoxigenic Aspergillus flavus (Aflasafe KE01) 
application reduces Fumonisin contamination in maize in lower Eastern Kenya 

108 
 

against toxigenic strains of 

Aspergillus flavus and Fusarium 

verticillioides from 

maize. Mycopathologia, 167, 

287–295. 

Fandohan, P., Hell W., Marasas, F., & 

Wingfield, M. (2003). Infection 

of maize by Fusarium species 

and contamination with 

fumonisins in Africa. Africa 

Journal of Biotechnology, 2, 

570-579. 

FAOSTAT (Food and Agriculture 

Organization Corporate 

Statistical Database). 2019. 

https://www.fao.org/faostat/e

n/#data/QC 

Gachimbi, L.N., Van Keulen, H., 

Thuranira, E.G., Karuku, A.M., 

De Jager, A., Nguluu, S., & 

Nandwa, S.M. (2005). Nutrient 

balances at farm level in 

Machakos (Kenya), using a 

participatory nutrient 

monitoring (NUTMON) 

approach. Land use 

policy, 22(1), 13-22. 

Giorni, P., Bertuzzi, T., & Battilani, P. 

(2019). Impact of fungi co-

occurrence on mycotoxin 

contamination in maize during 

the growing season. Frontiers 

in Microbiology, 10, 1265. 

doi:10.3389/fmicb.2019.01265

.  

IITA. (2009). Aflasafe. A safe and cost-

effective biocontrol product 

that reduces aflatoxin in field 

and stores. Available at: 

http://www.iita.org/c/documen

t_library/get_file?uuid=18ae61

fe-4250-4d21-b2a9-

a753492705e4&groupId=2535

7, (Accessed on 7th September, 

2018). 

Jaetzold, R., Schmidt, H., Hornetz, B. ,& 

Shisanya, C. (2009). Farm 

management handbook of 

Kenya: Natural conditions and 

farm management information. 

Ministry of Agriculture (Vol. II). 

Nairobi, Kenya. 

Kamle, M., Mahato, D.K., Devi, S., Lee, 

K.E., Kang, S.G., & Kumar, P. 

(2019). Fumonisins: Impact on 

Agriculture, Food, and Human 

Health and their Management 

Strategies: Review. Toxins 11, 

328; 

doi:10.3390/toxins11060328. 

Kang’ethe, E., Mutua, F., Roesel, K., & 

Grace, D. (2020). Food safety 

landscape analysis: The maize 



Ndirangu et al., African Phytosanitary Journal (2024) Atoxigenic Aspergillus flavus (Aflasafe KE01) 
application reduces Fumonisin contamination in maize in lower Eastern Kenya 

109 
 

value chain in Kenya. Nairobi, 

Kenya: ILRI. 

Kaur, R., Kaur, J., Rama, S., & Singh, A.  

(2010). Nonpathogenic 

Fusarium as a biological control 

agent. Plant Pathology Journal, 

9(3), 79 -91. 

Kimanya, M.E. (2015). The health 

impacts of mycotoxins in the 

eastern Africa region. Current 

Opinion in Food Science 6, 7–

11 

Korir, K. & Bii, C. 2012. Mycological 

quality of maize flour from 

aflatoxins ‘hot’ zone Eastern 

Province– Kenya. African 

Journal of Health Sciences 

21(3–4), 143–146. 

Lanubile, A., Ferrarini, A., Maschietto, 

V., Delledonne, M., Marocco, 

A., & Bellin, D. (2014). 

Functional genomic analysis of 

constitutive and inducible 

defense responses to Fusarium 

verticillioides infection in maize 

genotypes with contrasting ear 

rot resistance. BMC 

Genome, 15, 710. 

Lauren, D., Dimenna, M., & Smith, W. 

(2004). Effects of temperature 

on Fusarium and mycotoxins 

during short-term storage of 

maize kernels (Zea mays). New 

Zealand Journal of Crop and 

Horticultural Science, 32, 77-

84.  

Luongo, L., Galli, M., Corazza, L., 

Meekes, E., Haas, L., Plas, L.C., 

& Kohl, J. (2005). Potential of 

fungal antagonists for bio-

control of Fusarium spp. in 

wheat and maize through 

competition in crop debris. 

Biocontrol Science and 

Technology, 15, 229–242. 

Misihairabgwi, J.M., Ezekiel, C.N., 

Sulyok, M., Shephard, G.S., & 

Krska, R. (2019). Mycotoxin 

contamination of foods in 

Southern Africa: A 10-year 

review (2007–2016). Critical 

Review in Food Science and 

Nutrition, 59, 43–58. 

Munkvold, G.P. (2003). Epidemiology of 

Fusarium diseases and their 

mycotoxins in maize ears. 

European Journal of Plant 

Pathology, 109, 705-713. 

Muthomi, J.W., Mureithi, B.K., 

Chemining'wa, G.N., Gathumbi, 

J.K., & Mutit, E.W. (2012). 

Aspergillus species and 

Aflatoxin b1 in soil, maize grain 

and flour samples from semi-



Ndirangu et al., African Phytosanitary Journal (2024) Atoxigenic Aspergillus flavus (Aflasafe KE01) 
application reduces Fumonisin contamination in maize in lower Eastern Kenya 

110 
 

arid and humid regions of 

Kenya. International Journal of 

AgriScience, 2(1), 22-34. 

Njeru, N.K., Midega, C.A.O., Muthomi, 

J.W., Wagacha, J.M., & Khan, 

Z.R. (2019). Influence of socio‐

economic and agronomic 

factors on aflatoxin and 

fumonisin contamination of 

maize in western Kenya. Food 

science & nutrition, 7(7), 2291-

2301. 

Okoth, S. & Kola, M. 2012. Market 

samples as a source of chronic 

aflatoxin exposure in Kenya. 

African Journal of Health 

Sciences 20(1–2): 56–61 

Reis, T.A., Oliveira, T.D., Zorzete, P., 

Faria, P., & Corrêa B. (2020). A 

non-toxigenic Aspergillus flavus 

strain prevents the spreading of 

Fusarium verticillioides and 

fumonisins in maize. Toxicon, 

181, 6-8.  

Robertson-Hoyt, L.A, Betrán, J, Payne, 

G.A, White, D.G, Isakeit, T, 

Maragos, C.M, Molnár, T.L., & 

Holland, J.B. (2007). 

Relationships among 

resistances to Fusarium and 

Aspergillus ear rots and 

contamination by fumonisin 

and aflatoxin in maize. 

Phytopathology, 97,311–7. 

Senghor, L.A., Ortega-Beltran, A., 

Atehnkeng, J., Callicott, K.A., 

Cotty, P.J., & Bandyopadhyay, 

R. (2020). The atoxigenic 

biocontrol product Aflasafe 

SN01 is a valuable tool to 

mitigate aflatoxin 

contamination of both maize 

and groundnut cultivated in 

Senegal. Plant Disease, 104(2), 

510-520. 

Tsehaye, H., Brurberg, M.B., Sundheim, 

L., Assefa, D., Tronsmo, A., & 

Tronsmo, A.M. (2017). Natural 

occurrence of Fusarium species 

and fumonisin on maize grains 

in Ethiopia. European journal of 

plant pathology, 147, 141-155. 

UlHaq, I., Sarwar, M.K., Faraz, A., & 

Latif, M.Z. Synthetic chemicals: 

Major component of plant 

disease management. In Plant 

Disease Management 

Strategies for Sustainable 

Agriculture through Traditional 

and Modern Approaches; 

Springer: Cham, Switzerland, 

2020; Volume 13, pp. 53–81.


