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ABSTRACT
Maize Lethal Necrosis (MLN) is a disease ofmaize reported in Kenya in 2012 that results in yield losses
of up to 100%. The epidemiology of MLN is complex as the disease is caused by the synergistic
interaction of 2 viruses (Maize chlorotic mottle virus (MCMV) and a potyvirus). In addition, multiple
reservoirs and transmission pathways exist for the spread of MLN. The current study was conducted
to understand farmers’ maize production practices, their understanding of MLN, and the status of
MLN in Kenya. Therefore, a survey of 406 randomly selected farmerswas conducted in Bomet, Narok,
Kirinyaga, Embu, and Nakuru. To confirm the presence of MLN, maize leaf samples were collected
from 18 fields and tested for MCMV and SCMV by molecular techniques. MLN Symptoms observed
included chlorotic mottle on leaves, necrosis, and premature plant death. MCMV and SCMV were
detected in all the maize growing regions at varying levels of incidence, and severity. Sequence
analysis of the partial coat protein genes of randomly selected positive samples of the two viruses
showed little variabilitywithin the studied isolates and those retrieved from theGenBank. The results
indicated that MLN is still prevalent in Kenya with farmers’ planting susceptible varieties.

ARTICLE HISTORY
Received 6 September 2021
Accepted 23 April 2022

KEYWORDS
MLN; farmers’ perception;
maize; genetic diversity

Introduction

Maize (ZeamaysL.) is one of themost important cereal
crops in Africa, covering 40million hectares which are
mainly in smallholder settings and producing about
81 million tonnes (FAOSTAT 2019). In Kenya, maize
is not only a significant contributor to food security
and nutrition, it is also a source of employment and
income to millions of subsistence farmers. Currently,
maize is cultivated on 2.196 million hectares of land
in the country, engaging more than 3 million small-
holder farmers andwith an annual production of 3.897
million tonnes (FAOSTAT 2019).

However, maize production in Kenya is around
1.77 t/ha (FAOSTAT2019), this is far below the achiev-
able potential of 6 t/ha when maize is cultivated under
good agronomic and management conditions, use of
the right quality of fertilizers and use of improved
maize hybrids adaptable to the agro-ecological zones
(Odendo et al. 2001).
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Maize Lethal Necrosis (MLN), caused by the syn-
ergistic interaction between Maize chlorotic mottle
virus (MCMV) and Sugarcane Mosaic Virus (SCMV)
is one of the major biotic constraints that severely
affects maize production in Kenya (Miano 2014).
Maize yield losses toMLNhave been reported to range
from 30%-100% depending on the variety, stage of
disease infection and prevailing environmental con-
ditions (Mahuku et al. 2015). MLN infected plants
(Figure 1) show a wide range of symptoms which
include chlorotic mottle on the leaves, mild to severe
mottling, dwarfing, premature aging of the plants,
necrosis developing from leaf margins to midrib,
necrosis of young leaves in the whorl leading to a ‘dead
heart’ symptom and drying up of whole plant (Miano
2014).

MLN is transmitted from one field or plant
to another via vectors where MCMV has been
shown to be transmitted by chrysomelid beetles
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Figure 1. Maize plants infected with MLN, showing the various
symptoms observed. Photo taken by Faith Njeru at farmers’ field
in Kenya.

(Nault et al. 1978) and thrips (Cabanas et al. 2013)
while aphids have been reported to spread SCMV
(Louie 1980). MLN causing viruses can also be spread
between cropping cycles by farmers planting contam-
inated maize seeds (Jensen et al. 1991), or through
infected maize debris (Kinyungu et al. 2019). Contin-
uous maize production has been associated withMLN
outbreaks (Redinbaugh and Stewart 2018). Crop rota-
tion has been reported to significantly reduce the inci-
dence of MCMV, contributing to higher maize yields
(Hutchens 1978). Results from epidemiological stud-
ies on MLN suggest that farmer’s maize production
practices have a significant effect on the incidence of
MLN.

To develop MLN management practices that are
effective, efficient and easily adaptable to the small-
scale farmer, there is a need to understand farmers’
knowledge in relation to the different aspects of the
disease. Understanding the role of knowledge in farm-
ers’ practices is also an important starting point for
developing a management strategy that fits the context
of the smallholder farmer maize production practices.

In Kenya, studies have been done to understand the
viruses associated with MLN (Wamaitha et al. 2018)
and their geographical distribution (Mwatuni et al.
2020). However, no studies have been conducted to get
insight into farmers’ knowledge and their role inMLN
control. Hence, the present study focuses on under-
standing farmers’ know-how on scientific knowledge
and recommended management practices on MLN
and also on their local knowledge of the disease man-
agement. The studywill also look at the limiting factors

for the adoption of recommended practices and farm-
ers’ perception on the use of mobile phones for disease
monitoring and information sharing. The findings of
the study are relevant to the design of MLN disease
management practices in the context of smallholder
farmer in Kenya.

Materials andmethods

Study area

The study was conducted covering 3 agro-ecological
zones: Highland tropics (HT), Moist transitional
(MT), and Moist Mid attitude (MM). Five counties
were purposively selected from these zones target-
ing those with a high incidence of MLN (40–70%)
from previous survey (Mwatuni et al. 2020). The selec-
tion of the counties also considered that the areas
have high maize production. Sampled counties were
Bomet,Nakuru,Kirinyaga, Embu, and Narok.

Selection of respondents

The study population comprised maize farmers in the
target counties, from which a representative sample
was obtained. The sample size was obtained using
Cochran’s sample size formula, the desired confidence
level was set at 95% and a desired precision of 5%. The
desired proportion of attributes was set at 50% (max-
imum variability). This gave a sample of 385 respon-
dents from the population, which was adjusted to 482
to mitigate for 20% non-response rate. The probability
proportion to size method based on the total number
ofmaize farmers in the counties was used to determine
the distribution of the sample size across the coun-
ties. Within each target sub-county, the respondents
were randomly selected based on a sampling frame
developed with the help of the Agricultural extension
officers based in the region.

Sample size calculation:

Formula n◦ = Z2pq/ e2

n0 is the sample size, Z2 is the abscissa of the normal
curve that cuts off an area a at the tails (1 – a equals the
desired confidence level, e.g. 95%) 1, e is the desired
level of precision, p is the estimated proportion of an
attribute that is present in the population, and q is 1-
p. Final sample size = effective sample size/ (1- non-
response rate anticipated).
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Data collection

In the present study, a semi-structured questionnaire
was developed and pre-tested in Mutithi sub-county,
Kirinyaga to improve the questions set as per the study
objectives. The questions set aimed at understanding
farmers’ knowledge onMLN, their perceptions and the
role of knowledge inMLN control practices. The ques-
tions asked included but not limited to, personal and
household characteristics of the farmer;maize produc-
tion practices(varieties grown, yield obtained, external
inputs used, key diseases and management practices,
and chemical use); farmer knowledge on MLN and
the methods practised to control the disease. In addi-
tion, farmers were questioned on the type of informa-
tion they accessed regarding maize farming and the
media platform theymostly used to access agricultural
information.

The questionnairewas administered through face to
face interviews conducted in the local language of the
community during the period fromMarch–May 2021.
The respondents targeted were either the household
head, spouse or the member responsible for making
farming decisions. Informed consent was sought from
the respondents and the data handled in accordance
with the General Data Protection Regulation (GDPR).

Farmers were also provided with coloured pho-
tographs (taken atMLNCIMMYTNaivasha screening
facility), at different stages of MLN severity to deter-
mine their ability to diagnose the disease.

MLN test sample collection

Maize leaf samples (84) were randomly sampled from
the farmers’ fieldswhich were close either to the main
or rural roads in Kirinyaga, Bomet and Narok coun-
ties. The collected maize leaf samples were preserved
in silica gel and transported to Kenya Agricultural
and Livestock Research Organization (KALRO) Njoro
for molecular analysis. In each selected field, maize
plants were selected following the staggered ‘X’ pat-
tern and evaluated for disease severity. MLN severity
was scored on a rating scale of 1–9 where 1 clean
plant with no symptoms and 9 severely affected plant
(https://mln.cimmyt.org/mln-scoring/mln-hybrid-sc
oring-scale/).

Data analysis

The survey questionnaire collected data on farmers’
maize production systems and their perceptions on

MLN. The farmers’ response to the questions was
recorded in the Kobo Toolbox platform which enables
the data to be received in real time, where data can
be easily managed and checked for any mistakes. On
completion of the field survey, the final datasets were
downloaded from the server as Excel (XLS) files and
used for further analysis. The survey data were anal-
ysed using descriptive statistics (percentage, frequency
andmean) to present findings in summaries and tables
after the data were encoded. Pearson Chi-square test
was used to determine whether there was significant
difference in maize production practices and farmers’
knowledge of MLN management among farmers of
different categories, and study counties. Disease inci-
dence and disease prevalence were determined by the
percentage of the plants showing MLN symptoms in
individual farms and the percentage of farms in a
county with MLN symptoms, respectively.

Total nucleic acid extraction

Total nucleic acid (deoxyribonucleic acid and ribonu-
cleic acid) were extracted from the 84 maize leaf sam-
ples collected from the farmers’ field in Kirinyaga,
Narok and Bomet Counties using a modified cetyl-
trimetyl-amoniumbromide (CTAB) protocol where
0.4 g of maize leaf tissue was ground in 2ml of extrac-
tion buffer using a mortar and pestle (Semagn 2014).
The RNA pellet was suspended in 50 μL of deionized
water.

A Nano-Drop spectrophotometer was used to mea-
sure the RNA concentration at maximum absorbance
of 260 nm, and the purity was assessed by measuring
the 260/280 and 260/230 absorbance ratios.

cDNA synthesis and RT-PCR

cDNA was prepared from 1 μg of RNA following the
NEB #M0253 first Strand cDNA Synthesis Standard
Protocol (New England BioLabs, Ipswich, USA) as per
the instruction manual. Subsequently, the synthesized
cDNA was used as a template for polymerase chain
reaction (PCR) using MCMV and SCMV-specific
primers. MCMV-specific primers used were MCMV
F 5′- AACATTCACAGCAGACACC -3′ and MCMV
R 5′- GATAGCCACAATGAATCGTCC-3′ whereas
SCMV specific primers were SCMV F 5′-TCTACTGA
GCGATACATGCC-3′ and SCMVR5′-CGTGTGTTT
GAACCACGAAC-3′ to produce an amplicon of 259
and 169 bp in length, respectively.

https://mln.cimmyt.org/mln-scoring/mln-hybrid-scoring-scale/
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The PCR conditions forMCMV reaction were 94°C
for 2min, followed by 35 cycles of 94°C for 30 s, 50°C
for 30 s, and 72°C for 1min, with a final extension at
72°C for 7min. The PCR conditions for SCMV reac-
tion were similar to those of MCMV but with the
annealing temperature being set at 60°C. The PCR
product was analysed on 2% agarose gel in TBE buffer
(70V, 75min) and visualized under UV light.

Sanger sequencing

Ten sampleswere selected for Sanger sequencing based
on the geographical location and the quality of cDNA.
The amplified PCR product was sent to Inqababiotec
for sequencing. Both forward and reverse sequencing
was performed on an automated DNA sequencer (ABI
3500XL Genetic Analyzer) using the specific MCMV
and SCMV F and R primers. The sequences were
viewed in FinchTV and ambiguous and contaminated
sequences were removed. Both forward and reverse
sequences were merged and aligned in Bioeditto get
the consensus sequence for use in further analysis.

The partial coat protein gene sequences of 6 samples
in this studywere registered inGenBank and the acces-
sion numbers for MCMV (OL461943, OL461944,
and OL461945); SCMV (OL461946, OL461947, and
OL461948) were provided. The 6 isolates were anal-
ysed by BLASTN to determine the sequence identity
and similarity. Phylogenetic trees were constructed for
the coat protein genes isolates determined in this study
and those retrieved fromGeneBank. The phylogenetic
tree was constructed in MegaX where the sequences
were aligned in Clustal Omega and saved in a Fastafor-
mat, the best model for phylogenetic tree construction
was identified as Jukes-Cantor model for bothMCMV
and SCMV data. Bootsrap analysis with 1000 repli-
cates was performed to evaluate the significance of the
interior branches.

Results and discussion

Socio-demographic profile of the interviewed
farmers

Of the 406 farmers who were interviewed in the
present study, there was almost equal representa-
tion by both males (56.4%) and females (43.6%)
(Table 1). Statistically, there was a significant asso-
ciation between the gender of the farmer and the

county where they were from, with Embu (23.6%) and
Kirinyaga (36.7%) counties reporting a high number of
females (Pearson Chi-Square = 49.869, p = 3.845e-
10). This is in contrast to most survey studies done
in Africa which report a higher representation of
the males than the females citing the engagement of
females in domestic activities which limit their mobil-
ity and crucial opportunities for interaction with other
stakeholders(Mudde et al. 2017). Therefore, efforts to
promote MLN disease management strategies should
be structured in such a way that they are easily acces-
sible to both males and females.

The average age was 44.1 years, with many farm-
ers (44.4%) aged between 36 and 45 years. This age
represents a young population of maize farmers, pre-
senting great prospect of introducing new MLN man-
agement practices as young people easily adapt to new
ways of doing things. The majority of the respondents
(95%) had formal education, either primary school
(grade 1–8), secondary school (grade 9–12) or uni-
versity. Only 5% of the farmers were illiterate. Bomet-
county had the highest number of university graduates
(17.9%) while Narok had none. Hence it is easier for
extension officers to relay relevant MLN control infor-
mation to farmers. The average household size of the
farmers was 5 individuals and 4 people as dependants
(mostly school-going children). Therefore, less fam-
ily labour to work in the farm is available unless the
farmer hires workers. Hence MLN control measures
devised should be less labour intensive for them to be
easily adaptable to the farmer.

Maize production systems

The study indicated thatmaize production in the study
area is small scale, and the average field size was 1.58
acres (0.64 hectares) (Table 2). However, there was
a statistically significant difference in the means of
the land owned with the county F(4, 401) = 63.25,
p = 2e-16. Respondents from Narok had on average
3.41 acres under maize cultivation while Embu county
had the least area under maize cultivation, 0.42 acres
on average. Age of the respondents had no statistically
significant effect on the average land owned, how-
ever, gender had a significant effect F(1, 404) = 58.99,
p = 1.21e-13. This is in contrast with a report by
Kansiime et al. (2019) where older farmers owned
larger parcels of land. Male farmers owned on aver-
age 1.1more acres of land compared to female farmers.
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Table 1. Profile of sample farmers.

Sample counties

Bomet Narok Embu Kirinyaga Nakuru Overall
n = 106 n = 50 n = 61 n = 103 n = 86 n = 406

Female 16.9 8.5 23.2 36.7 14.7 43.6
Male 33.2 15.3 8.7 16.6 26.2 56.4
Average household size 5.8 5.8 5.6 4.8 5.0 5.4
Average Dependants 4.1 4.9 3.8 4.0 3.6 4.0
Average Age of household head 41.1 41.4 48.9 46.1 43.7 44.1

Note: Survey data May–June 2021.

Table 2. Maize production practices for 2021.

Bomet Narok Embu Kirinyaga Nakuru overall

Average area under maize cultivation (acres) 1.84 3.41 0.42 0.67 2.12 1.58
maize yield (t/ha in good season) 2.49 6.86 1.56 2.03 4.98 3.30
maize yield (t/ha in 2020/2021 season) 1.22 1.42 0.77 0.94 2.96 1.48
Average cost of inputs (Ksh)
organic fertilizer 3376 10,506 2387 4434 10,626 6065
pesticides 1150 3500 1207 2604 1236 2014
weed management (per cent)

(n = 102) (n = 50) (n = 61) (n = 98) (n = 86) (n = 397)

manual weeding 100 92 85 57 73 80
use of herbicides 0 2 5 2 13 4
use both methods 0 6 10 41 14 15
pest control methods (percent)
pesticides 88 93 79 77 66 75
Biological/ cultural methods 13 7 18 6 26 15
practice irrigation (percent) 0 2 34 60 1 21
plough (percent)

(n = 104) (n = 50) (n = 61) (n = 98) (n = 86) (n = 399)

Tractor 2 100 0 8 60 28
hand plough with jembe 4 0 100 11 33 26
animal plough 4 0 0 67 3 18
Maize variety grown

n = 119 n = 34 n = 59 n = 94 n = 77 n = 383

Improved maize variety (percent) 82 56 98 88 97 87
OPV (percent) 18 44 2 12 3 13
Other constraints to maize production

n = 5 n = 25 n = 34 n = 78 n = 69 n = 211

Poor market prices 20 72 38 41 41 91
High cost of inputs 20 12 44 37 17 21
Weevils 38 12

A study done in Zambia also reported male farm-
ers owning larger parcels of land compared to female
farmers (Kansiime et al. 2019).

In the present study, farmers reported maize pro-
duction at 3.3 t/ha when the season is favourable
(timely rains and no biotic stresses). However, the
farmers noted that it is a while since these yields
were obtained as the agricultural sector has been hit
by many biotic and abiotic stresses. Estimated maize
production for the 2020/2021 cropping season was
1.48 t/ha. Majority of farmers (77.3%) obtained an
average yield of less than 2 t/ha. Respondents from
Nakuru county (9.6%), reported an average yield of
4.41 t/ha with these farmers reporting MLN incidence

rates of less than 10% in their farms. These farms
were the ones located in Molo area at an altitude of
2411.02m above sea level (GPS data). Previous studies
have reported low MLN incidence at higher altitude
areas due to unfavourable weather for insect survival
(Guadie et al. 2019).

Farmers spent approximately Ksh. 6065 on organic
fertilizer (47.8 Kgs of fertilizer per acre), for the whole
season (Table 2). Farmers cited low use of fertiliz-
ers to be due to lack of capital and inaccessibility to
government subsidised fertilizers. Use of herbicides
for weed control in combination with manual weed-
ing was also common among farmers in Kirinyaga
(41%). Use of biological and cultural methods for
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pest control was common in Nakuru (26%). Farm-
ers in Nakuru(altitude of 2411.02m above sea level,
GPS data)reported having minimal pest damage say-
ing when it rains, the pests are washed off. Other bio-
logical control methods reported included the use of
ash, soil, tobacco, and ariel (detergent). In addition,
some farmers reported to being against the use of pes-
ticides especially when growing maize for their own
use while others cited lack of money to buy the pes-
ticides. However, some farmers were of the opinion
that there has been a change in the pests affecting the
maize crop, as the cultural control methods were very
effective (eliminating the pests by 90–100%, according
to farmers’ observation) 5–10 years ago, but they were
noting these methods becoming less effective.

Maize production in the study areawasmainly rain-
fed, with irrigation being practiced in Kirinyaga (60%)
and Embu (34%). Most respondents (73.5%) reported
to have noticed the impact of climate change on farm-
ing reporting less and delayed rains, changes in rain-
fall patterns making it hard for the farmers to predict
planting times. Therefore, with the changes in weather
patterns being noticeable, there should be emphasis to
educate the farmers on the use of irrigation, and the
use of drought tolerant varieties.

The majority respondents (87%) planted improved
maize varieties (Table 2) with maize varieties planted
being different per county. This is supported by the
results of the ANOVA test showing statistically signifi-
cant differences between themaize variety planted and
the county F(4,401) = 28.01, p = 2e-16. In Kirinyaga
county, DUMA 43 (52%) was the most planted hybrid
selected for its drought tolerant and fast maturing
traits followed by Pioneer 3253 (31%) selected for its
favourable markets quality traits as it is sold as green
maize. Other hybrids planted in Kirinyaga county
included DK777, Pannar, Sungura, babycorn, DK8031
and DK9089. In Nakuru county and Narok, H6213 is
the most planted while in Bomet, DK777 and H614
hybrid varieties in Embu county. These hybrids are
selected for their adaptability to the agro-ecological
zones. However, only a selected few of the hybrids are
planted per county and there is a need to introduce and
diversify maize varieties planted per region.

Respondents in Narok reported that the OPV (Sir-
are) wasmore tolerant toMLN compared to the hybrid
varieties. The average maize production of hybrids in
Narok was 2.1 and 1.75 t/ha for the OPV. Therefore,
though the OPVs were perceived to be more disease

tolerant, their yieldwas still low.Hence, theOPVs have
unexploited genetic diversity for novel traits that can
be adopted into breeding programmes.

Though pests and diseases are considered to be a
major constraint to maize production, in the present
study,most farmers (91%) reported poormarket prices
as the main drawback to maize farming (Table 2).
Appropriate policies and regulations should be put in
place to make maize farming economically attractive
to the farmers. Weevils was reported to be a prob-
lem in Nakuru county. Resistance to pests and dis-
eases is considered favourable to the farmers if the
trait is combined with other traits such as high yield-
ing, favourable traits to the market which are more
favourable to the farmer. Breeders breeding for biotic
and abiotic stresses should also take into account farm-
ers’ preferences.

Farmers’ knowledge ofMLN and if they have
observed it in their farms

During the survey, farmers were shown photos of
MLN infected maize plants. The majority of the farm-
ers (80%) could identify MLN, though given different
names in the different counties (Table 3). The sever-
ity of MLN is noted in the present study as 93%
of the farmers reported to having observed MLN in
their farms. Statistically, there was no difference in the
knowledge ofMLNand the age or gender of the farmer.
However, there was a statistically significant difference
in themeans of the farmers that observedMLNand the
county, F (4,392) = 4.22, p = 0.00231. Fewer farmers
in Kirinyaga reported having observed MLN com-
pared to farmers in Bomet and Narok. Farmers (78%)
also reported MLN as the most problematic maize
disease they have observed. Other diseases observed
included common rust, ear rots, leaf blight, smut.
Common rust was reported as amajor problemby 30%
of farmers in Nakuru (data not shown). Farmers also
indicated the unpredictability ofMLN, with farmers in
Bomet noting a reduction in incidence and severity of
MLN in 2018 and then a resurgence in 2019.

Across all the study areas, more than 70% of
the respondents reported that MLN is higher dur-
ing the short rains (sunny season) and off-season
plantings (Table 3). Similarly, Regassa et al. (2020)
reported relatively high MLN incidence during the
off-season plantings which support our findings.
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Table 3. Percent of farmers knowing and having observed MLN in their farms.

Bomet Narok Embu Kirinyaga Nakuru Overall

n = 106 n = 50 n = 61 n = 101 n = 86 n = 404

KnowMLN-yes (percent) 45 90 97 99 84 80
Observed MLN in the farm (percent) 99 98 93 86 90 93
Season when MLN incidence is high

(n = 102) (n = 49) (n = 55) (n = 93) (n = 82) (n = 381)

Short rains 72 98 71 74 87 79
long rains 5 0 16 14 1 7
all seasons maize is planted 2 2 13 10 5 6
do not know 22 0 0 2 7 8

Environment plays a critical role in disease develop-
ment and the dry and hot conditions during off season
and short rains/sunny season would be a favourable
environment for reproduction and movement of vec-
tors to transmit MLN causing viruses. A few of the
farmers (6%) reported MLN being high any season
that maize is planted. This could be attributed to
maybe late plantings in long rains which have been
reported to contribute to high MLN incidence or
delayed rains (which simulate sunny season in the long
rains) (Jumbo et al. 2015).

Yellowing was reported by 60% of the farmers as the
most common symptom associated with MLN. Few
farmers could identify the early onset MLN symp-
toms (chlorotic mottle on leaves), making it difficult
for the farmer to control the disease early before it
spreads. Premature plant death and male sterility were
not identified by farmers as MLN symptoms. There-
fore, yellowing was the prominent MLN symptoms
recognized by the farmers who had limited know-how
of other symptoms associated with MLN.

About 46.3% of the farmers reported to observe
MLN when the maize was at the pre-flowering stage
and 36.5% at the vegetative stage. Other prominent
stages were post-flowering stage (7.3%), 4–5 leaf stage
(5.3%) and flowering stage (2.2%). About 2% of the
farmers noted that MLN can affect the maize plant at
any growth stage. The results of this study are con-
current with previous studies reporting that MLN can
affect maize plants at all growth stages (Beyene et al.
2017).

Farmers’ perception onMLN causal pathogens and
spreadingmechanisms

Concerning the causal agent of MLN, 42.3% of the
respondents did not answer this question. However, of
those who responded (80.7%) did not know the causal

agent of MLN, 8.5% of the farmers mentioned envi-
ronmental factors and 2% poor seed. However, 13% of
the farmers (majority being from Nakuru and Bomet)
mentioned viruses as the causal agent of MLN.

Though most of the farmers (84.2%) did not know
how MLN is spread from one area to another and
from one farm to another, 15% of the respondents
identified insects, wind, contaminated seed, infected
debris/soil and contaminated farm tools as possible
mechanisms of MLN distribution. Statistically, there
was a significant association between the farmers who
had some idea on how MLN is spread and their edu-
cation level (Pearson Chi-Square = 190.85, p = <

0.001). In addition, there was a significant association
between gender and the respondents who answered
the question on MLN spread mechanisms (Pearson
Chi-Square = 67.471, p = < 0.001) with more men
(70%) responding to the question compared to 30% of
the women.

MLN causing pathogens can be spread from one
farm to another by insects and wind, therefore the
practice of neighbouring farmers could have an effect
on anotherwiseMLN free farm.The lack of knowledge
on MLN spreading mechanism limits how the farm-
ers view the importance of concerted effort in MLN
control.

Maize yield losses toMLN

About 31% of the respondents estimated the maize
yield loss to MLN at 50–70% (Table 4). Statistically,
there was a significant association between farmers’
estimation of yield loss to MLN and their location/
county (Pearson Chi-Square = 384.11, p = 2.2e-16).
Nakuru was least affected by MLN, with 43% of farm-
ers reporting less than 10% maize yield losses to MLN
(Table 4). The results of this study show that farmers
could appreciate the potential magnitude of yield loss
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Table 4. Perceived yield loss due to MLN in different counties of
Kenya.

Bomet Embu Kirinyaga Nakuru Narok Overall

(n = 53) (n = 49) (n = 88) (n = 84) (n = 48) (n = 322)

0–10% 0 8 43 13
11–25% 2 8 11 12 8
25–40% 2 4 5 25 8 10
40–50% 8 2 3 0 2 3
50–70% 85 10 24 6 52 31
70–90% 2 12 16 10 33 14
90–100% 2 63 33 5 4 21

due to MLN where experimental studies have shown
yield reductions of up to 70% in highly susceptible
hybrids (Uyemoto et al. 1980).

Further analysis of the data showed that there was a
significant association between estimated maize yield
losses and the cropping system practiced (monocrop-
ping, intercropping or both) (Pearson Chi-Square =
97.524, p = <0.01) and whether the farmer prac-
tised crop rotation (Pearson Chi-Square = 79.388,
p = <0.01). A study by Regassa et al.(2020) reported
a significant association between cropping systems,
crop rotation and MLN incidence. In addition, level
of weeds had a positive correlation with MLN sever-
ity scores (Figure 2). Findings of this study confirmed
the reports of Gudero Mengesha et al. (2019), that
MLN severity was high in plots with high weed levels.
Pearson correlation between frequency ofweeding and
MLN scores is −0.34, meaning that the two variables
vary in opposite directions. This means that the more
you weed, there will be lowMLN severity scores, since
a higher frequency of weeding reduces the number of
weeds on the farm.

MLN control measures

In the present study, farmers’ management of MLN
was limited with 74.8% reporting to not controlling
the disease. These farmers reported that MLN spreads
very fast, making any control attempt not effective.
Other reasons given for not controllingMLN included:
expensive, not knowing how to control the disease,
not knowing MLN is a disease that needed to be con-
trolled, not being economically viable.

The control method that most farmers thought
was not economically viable was roguing, the pref-
erence being to let the maize crop grow to cut the
stalks for the animals or leave them as manure. In
addition, some farmers also reported that roguing

Figure 2. Correlation between level of weeds in the farm, num-
ber of times of weeding per season and mean MLN scores of
randomly selected maize plants in the farm (MLN mean scores
of 25 maize plants in each farm. Correlogram plotted in R stu-
dio: https://www.R-project.org/. (More intense colours for more
extreme correlations)).

was not effective as MLN control method. Similarly,
Mudde et al.(2017) reported that 40% of the farm-
ers practising roguing to control MLN said the prac-
tice was ineffective. When the data were extrapolated
by county and gender, there was a statistically sig-
nificant association between farmers’ management of
MLN and their geographical location (Pearson Chi-
Square = 384.11, p = 2.2e-16) and gender (Pearson
Chi-Square = 11.585, p = 0.00305). A Tukey post-
hoc test revealed that more men than women tried to
control MLN (p = 0.0006962). Hence there should be
more emphasis to reach and educate more women on
MLN control methods.

Of the farmers who tried to control MLN, crop
rotation and roguing were the most used methods.
Generally, most farmers practised crop rotation for
3–6 months (one season interval) which is ineffective
for disease management. A few of the farmers used a
combination of methods which included: crop rota-
tion, roguing, vector control and use of clean seeds
(Figure 3). In addition to the use of resistant varieties,
decontamination of farm tools was also used though
to a smaller scale.

Source of information onMLNmanagement

The majority of the farmers mentioned having
received information onMLNmanagement. Themain

https://www.R-project.org/
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Figure 3. Methods used to control MLN by farmers in the study counties.

source of information (41.6%) was fellow farmers. Sta-
tistically, there was a significant association between
the farmers who received information on MLN and
the education level (Pearson Chi-Square = 512.12,
p > 0.01). Furthermore, 56.4% of the farmers who got
access to information had secondary education. Farm-
ers acknowledged receiving information frommultiple
sources which included: extension workers, field visits,
radio, television and agricultural offices. Few farmers
(8%) relied on mobile phones as a source of infor-
mation on MLN. This seems to indicate that though
fellow farmers are the main source of information on
MLN management, other platforms are also gaining
traction.

Farmers’ use ofmobile phones and
community-based system

Most of the farmers (96.78%) in the study area owned
a mobile phone, of whom 78.5% had a smartphone.
These results are consistent with previous studies
that have reported mobile phone ownership of up
to 95.1% among the Kenyan adult population (Krell
et al. 2021). Most of the farmers (59.2%) reported that
using their mobile phones for communicating with
family. In addition 24.9% of the farmers used their
mobile phones to coordinate farm activities and mar-
keting of the maize crop. Only 9.5% of the farmers
used their mobile phones to get information on maize
management while 15.9% accessed social media plat-
forms (Facebook, WhatsApp, Twitter). Statistically,

there was a significant association between education
level and farmers use of mobile phones (Pearson
Chi-Square = 278.07, p > 1.434e-14). More farmers
(60%) whose education level was above secondary
level used mobile phones for coordination of farm
activities and getting information on maize manage-
ment.

When farmers were asked about Mbeguchoice
(www.mbeguchoice.com), an online platform devel-
oped to assist farmers in buying the best seeds for
their agro-ecological zone, none of the farmers knew
about it. A study by Wyche and Steinfield (2016) also
reported the lack of awareness by farmers on how
they can use their mobile phones to gain access to
agricultural information, market information.

All of the farmers also reported lack of a comm-
unity-based system to discuss issues on maize pro-
duction citing the lack of monetary gain in the sec-
tor. However, this is contradictory as maize is an
important crop which can be used in several applica-
tions including use as for animal feed and in industry
(fuel production). The lack of information leads to
farmers in the study areas planting maize for their
own use (50%) or selling through middlemen (23%)
(Data not shown) leading to lack of gain from maize
cultivation.

MLN disease severity, incidence and prevalence

All the fields evaluated in Kirinyaga, Bomet, Nakuru
and Narok had plants infected with MLN disease.

http://www.mbeguchoice.com
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Figure 4. Map showing severity (A) and incidence (B) of MLN in 4 study counties.

Table 5. MLN severity analysis, incidence and prevalence. The
difference in themean level of severity among the different coun-
ties was statistically not significant atα = 0.05 (F-Value = 0.863,
P-value = 0.4446).

County Mean severity Incidence Prevalence

Bomet 4.928 96.8 100
Kirinyaga 4.412 92.2 100
Narok 4.23 90.67 100
Nakuru 3.93 79.68 100

Narok region had the highest MLN incidence, fol-
lowed by Bomet, whereas the lowest incidence was
noted in Nakuru (Figure 4). BometCounty registered
the highest disease symptom severity 4.928 while
Nakuru registered the lowest 3.93 on the 1−9 MLN
disease symptom severity scale.

The samples collected from the farmers field were
at different growth stages including 4–5 leaf stage,
vegetative, pre-flowering and flowering stage. Statisti-
cally, there was no significant difference inMLNmean
scores and the maize growth stage (f (3) = 2.044,
p = 0.154). In addition, maize crop existing at differ-
ent growth stages in the field simultaneously due to
farmers’ practise of planting maize at different times
facilitates easy transmission of MLN from older to
younger plants by the insect vectors and leads to con-
tinuous MLN disease infection (Table 5).

Results of RT-PCR

MCMV and SCMV were detected by RT-PCR in 69
and 73 pooled leaf samples respectively out of the 84
maize leaf samples. Double infection of MCMV and

SCMV was reported in 60 maize leaf samples. Inter-
estingly in Kirinyaga, 3 asymptomatic maize leaf sam-
ples collected tested positive for MCMV with 1 of the
samples testing positive for both MCMV and SCMV
(Figure 5 and Table 6).

Sequence comparisons of partial coat protein region
of SCMV

Blast analysis of the aligned SCMV sample sequences
(Kirinyaga, Bomet and Narok) identified the organ-
ism as SCMV. The SCMV isolates used in this
study shared 99-100% nucleotide sequence identity
among themselves. Analysis of the sample sequences
in BLASTn, using the default parameters revealed
nucleotide identity of 96.45% to 100% with SCMV
sequences deposited in the GenBank. A high similar-
ity was noted between East African isolates (Tanza-
nia, Rwanda and Ethiopia) and previously deposited
Kenyan isolates.

To further understand the genetic relationships
among the global SCMV isolates, the 3 SCMV
sequences from this study and genomes from Gen-
Bank representing different parts of the world were
used on a phylogenetic analysis. Phylogenetic anal-
ysis of the partial gene sequences showed that
they all belong to a single monophyletic clade of
SCMV (Figure 6). Previous studies have also reported
that SCMV sequences are phylogenetically diverse
and tend to cluster together by geographical origin
(Mahuku et al. 2015).
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Figure 5. Results ofMCMV and SCMV on a 2% agarose gel: total RNAwas extracted from the samples collected from farmers’ field, cDNA
was then prepared followed by RT-PCR for MCMV and SCMV using specific primers for these viruses.

Table 6. MLN viruses testing results using RT-PCR for MCMV and SCMV.

MCMV SCMV MLN

County
No. of samples

tested Positive
Percent
positive Positive

Percent
positive Positive

Percent
positive

Kirinyaga 25 11 40 20 80 8 32
Bomet 25 24 96 19 76 18 72
Narok 34 34 100 34 100 34 100
Overall 84 69 82 73 87 60 72

Sequence comparisons of the partial coat protein
region ofMCMV

The 3 MCMV isolates used in the analysis shared
98.84% to 100%nucleotide identitywith other sequences
in the GenBank. The highest identity was observed
with other East African isolates. The MCMV iso-
lates used in the study were aligned in Clustal

Omega among themselves using the default set
parameters, the nucleotide identity identified by
Sequence Manipulation Suite (Ident and Sim) was
100%. The results from the present study sup-
port results from previous studies which report low
genetic variability of MCMVv(Guadie et al. 2019)
(Figure 7).

Figure 6. Phylogenetic relationships among SCMV coat protein genes of isolates determined in this study (SCMVKirinyaga, SCMVBomet,
SCMVNarok) and those retrieved fromGenBank (accession number andgeographic region is given). The evolutionary historywas inferred
by using the Maximum Likelihood method and Jukes-Cantor model. Evolutionary analyses were conducted in MEGA X.
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Figure 7. Phylogenetic tree reconstructed based on coat protein genes of isolates determined in these study (OL461945, OL461943,
OL461944) and those retrieved from the GenBank: The evolutionary history was inferred using the Maximum Likelihood method based
on the Jukes-Cantor model at 1000 bootstraps. GenBank accession numbers and country of origin are indicated.

Conclusions

The present study has shown that MLN, caused by
the combination of MCMV and SCMV which were
present in all the study regions, is widely distributed
and still a major problem to maize production in
Kenya. From the results of the study, farmers are still
plantingmaize varieties which are susceptible toMLN.
This is evident from the symptoms observed on the
farms. In addition, the varieties being planted had
been screened for their tolerance to MLN, and the
results of the study showed that they were suscepti-
ble to MLN (Semagn et al. 2014). Since breeding for
tolerant varieties is an economically and environmen-
tally friendly way to control plant viral diseases, efforts
should bemade to releaseMLN tolerant varieties to the
farmers.

The findings of the study showed that, though most
farmers knew MLN, their understanding of MLN was
limited in regard to its causal agents, spread mecha-
nisms and visible symptoms on infected maize plants.
Therefore, the lack of a better understanding of MLN,
limited the farmers to adopt effective management
practices. For example, the farmers uprooting maize
plants with visible symptoms, threw them at the farm
side or in ditches. Studies have shown thatMCMV can
be transmitted through MLN infected maize residues
(Kinyungu et al. 2019). Therefore, improper disposal
ofMLN infected plants can lead to spreading of the dis-
ease instead of controlling it. In addition, the duration
of crop rotation practised (3–6 months) is insufficient
to lead to effective MLN management. Some farmers
reported to practising crop rotation by changing the
variety of maize planted. There should be sufficient

efforts to introduce new plant varieties favourable to
the farmer and the consumer to minimize overdepen-
dence on maize.

Most farmers owned a mobile phone, meaning that
there is an opportunity to use the platform for infor-
mation sharing on MLN disease, its management and
also on other aspects of maize production such as
access to tolerant seed varieties and marketing. How-
ever, before the use of the mobile-based platform is
adopted, sufficient study should be conducted to find
out the most acceptable, affordable and adaptable way
for the farmers to adopt the new technologies.

From the results, MLN can attack maize crop at
any stage of growth as the farmers reported to observ-
ing the disease from when the maize plant was at the
4–5 leaf stage. The presence of MLN (MCMV and
SCMV) was also confirmed by the results of RT-PCR
and sequencing analysis. This corroborates with find-
ings from previous studies that MLN attack crops at
any stage of growth (Frank et al. 2016).

Asymptomatic plants also tested positive for
MCMV.Therefore, there should be deployment of field
rapid test to be able to detect MCMV early on for
implementation of proper control measures.

Therefore, the present study depicts the complexity
of MLN and its significant effect on maize production,
farmers’ income and food security. Maize production
is mainly small scale and MLN mitigation measures
should be adaptable to be incorporated in the farm-
ers’ daily practices. Farmers should be sensitized on
diversification of their cropping systems with research
being done to identify alternative crops attractive to
the farmers, the different agro-ecological zones and the
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market. In addition, the government should invest in
establishing irrigation schemes as most of the maize
farming was rainfed with farmers citing unpredictabil-
ity of the weather as constraint to maize farming.
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