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Simple Summary: Fall armyworm (FAW) was first detected in Uganda in 2016 and has spread to all the maize-
growing districts. Different methods have been deployed to control this pest. However, there is a limited 
understanding of the role of the environment and farmers' practices on the incidence and damage by S. 
frugiperda in Uganda. In this study, we aimed to assess the abundance of S. frugiperda and leaf damage levels 
in three different districts. We explored the association between crop management practices, crop stage and 
weather parameters on S. frugiperda damage and abundance in smallholder farmers’ maize fields using a 
longitudinal monitoring survey in 69 farmers’ fields of Kole, Kiryandongo and Nakaseke for three seasons. 
Leaf damage and incidence of damaged plants were differed with seasons and locations. Leaf damage and the 
number of larvae varied significantly in the different growth stages. Conservation tillage resulted in reduced 
leaf damage. There was no relationship between pesticide or fertilizer use and S. frugiperda leaf damage. 
Rainfall reduced damage. Timely and vigilant scouting, proper timing of control measures, minimum tillage 
practices, and crop diversity should be included in an integrated Mmanagement for S. frugiperda. 

Abstract: Spodoptera frugiperda (Lepidoptera: Noctuidae) commonly known as fall armyworm was first detected 
in Uganda in 2016 and has spread to all the maize-growing districts. Different methods have been deployed to 
control this pest. However, there is a limited understanding of the role of the environment and farmers' 
practices on the incidence and damage by S. frugiperda in Uganda. This study, therefore, assessed the 
abundance of S. frugiperda and leaf damage levels in three different districts and explored the association 
between agronomic practices, crop phenology and weather parameters on S. frugiperda damage and abundance 
in smallholder farmers’ maize fields using a longitudinal monitoring survey in 69 farmers’ fields of Kole, 
Kiryandongo and Nakaseke for three seasons. Leaf damage and incidence of damaged plants differed 
significantly between locations and seasons. Leaf damage and abundance of larvae varied significantly in the 
different growth stages. Conservation tillage resulted in reduced leaf damage. No significant relationship was 
observed between pesticide or fertilizer use with S. frugiperda leaf damage. There were non-significant negative 
relationships between leaf damage and rainfall. Timely and vigilant scouting, proper timing of control 
measures, minimum tillage practices, and crop diversity should be included in an IPM strategy for S. frugiperda. 

Keywords: cropping system; pesticide use; rainfall; temperature; tillage system 
 

1. Introduction 

Maize is one of the three most important cereals for food security at the global level and is of 
particular importance in the diets of the poor in Africa and Latin America [1]. Maize is a key income 
earner for farmers and a source of foreign exchange for the Government of Uganda. Uganda earns 
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about US$75m annually from maize exports for the last decade [2]. Productivity growth has not been 
in line with the ever-increasing population and the demand for maize for food, feed and industrial 
material due to biotic and abiotic pressures. The pressures include drought, heat, poor soil fertility, 
and waterlogging/excess moisture [3], often coupled with diseases [4] and insect pests. Arthropod 
pests are among the key factors contributing to low yields in today's maize production. These include 
the maize stalk borers Busseola fusca (Fuller, 1901, Lepidoptera: Noctuidae) and Chilo partellus 
(Swinhoe, 1885, Lepidoptera: Crambidae), cutworms and weevils [5]. Spodoptera frugiperda (J.E. Smith, 
Lepidoptera: Noctuidae), commonly referred to as fall armyworm (FAW), is now a major insect pest 
that was first reported in Africa in early 2016 [6].  

Spodoptera frugiperda has a high potential for rapid spread and poses a real threat to the food 
security and livelihoods of millions of smallholder maize farmers in Africa. A study by Day et al. [7] 
showed that without effective control, the pest has the potential to cause annual maize losses of 80 – 
200 million tonnes in 12 maize-producing countries in SSA. In Uganda, it has the potential to cause 
50% yield losses (Otim et al., Unpublished). Spodoptera frugiperda attacks all crop stages and causes 
severe leaf damage and direct damage to maize ears. The larvae defoliate and can kill young plants, 
or the young whorl of plants, resulting in a dead heart [8].  

Host plant resistance, cultural, biological, botanical, chemical, and biotechnological approaches 
have been used to manage S. frugiperda [9]. The agronomic and cultural approaches include early 
planting, adequate nutrient supply through mineral fertilizer, intercropping, frequent weeding, 
proper tillage, and the use of pheromone traps. Farmers also use their innovations such as using ash, 
chilli and sand, sugar solutions, and fish soup [10,11].  

In response to the enormous threat of crop yield losses by the invasive S. frugiperda, the 
government of Uganda promoted the use of synthetic insecticides e.g Striker (Lamba Cyahalothrin 
and Thiomethoxam), Roket (Profenos and Cypermethrin) for its control on Maize. However, the 
results of the effectiveness of the pesticides are variable and inconclusive, and the chemical 
insecticides present a hazard to users, the environment, and consumers. Also, the farmers' use of 
insecticides has not been guided by proper ecological considerations related to population dynamics, 
particularly knowledge of factors affecting population density, damage and abundance. This 
information is not yet available in Uganda. Nonetheless, many factors, including farmers' agricultural 
practices such as pesticide use, fertilizer use, weeding frequency, cropping and tillage system [12], 
and environmental factors such as rainfall and temperature are key to understanding the population 
dynamics of S. frugiperda [13]. Also, there has not been any systematic season-long-follow up of the 
abundance of FAW in Uganda. Therefore, the aim of this study was; 1. to assess population dynamics 
and damage by S. frugiperda as influenced by farmers’ practices and weather conditions in three 
districts of Uganda.  

2. Materials and Methods 

The study was conducted in Nakaseke, Kole and Kiryandongo, which lie in three different agro-
ecologies of Uganda. Nakaseke, Kole, and Kiryandongo lie in Western savannah grasslands, North 
Eastern savannah grasslands and North Western savannah grasslands, respectively (Table 1). The 
districts are one of the major producers of maize in the respective agro-ecologies [14]. Additionally, 
unpublished results of a survey carried out in 2020 showed these districts as having high S. frugiperda 
damage (Otim et al., unpublished). 
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Table 1. Characteristics of the different districts in which the population dynamics of S. frugiperda 
were studied. 

District Mean 
annual 
rainfall 
(mm) 

Altitude 
(meters 
above 
Sea level) 

Mean daily 
Temp. (°C) 

Soil type Crop growing 
months 

Major crops 
grown 

Kole 1283 1072 Max: 31.6 °C 
Min: 19.5 °C 

Sandy clay 
loam 

April-October maize  
millet 
cassava 
beans 

Nakaseke 1728 1200 Max: 29.5 °C 
Min: 18.5 °C 

Sandy clay 
loam    

March-May 
August-November 

bananas 
coffee 
potatoes 
beans 

Kiryandongo 1153 1160 Max: 31.8 °C 
Min: 19.8 °C 
 

Sandy loam March-May 
August -November 

maize 
cassava 
beans 
sweet 
potatoes 

Source: https://weatherspark.com/countries/UG, accessed 23rd September 2021, 
https://www.nakaseke.go.ug/about-us/district-profile, https://www.kole.go.ug/about-us/district-profile, 
https://www.kiryandongo.go.ug/about-us/district-profile accessed on 30th September 2021. 

2.2. Study design 

A longitudinal monitoring survey was conducted in Kole, Kiryandongo and Nakaseke districts 
(Figure 1) for three seasons; 2020B (September to December), 2021A (March to June) and 2021B 
(September to December). In each of the districts, ten maize fields (20221A and 2021B) and three fields 
earlier in 2020B were selected purposively based on the date of planting and farmers' willingness to 
allow access. A total of 69 fields were monitored. The differences in the number of fields in the 
different seasons were because of initial operational costs. The fields measured at least one acre and 
were separated by at least 5 Km. The GPS location of each field was recorded using GPS Test App 
version 1.6.3. All fields were managed entirely by the farmers. The daily minimum and maximum 
temperature, and rainfall of the study period in the different districts were obtained from Uganda 
Meteorological Authority (UMA). 
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Figure 1. A map of Uganda showing the districts (left panel) and farmers’ fields where the population 
dynamics of S. frugiperda were studied. 

2.2 Abundance and damage of Spodoptera frugiperda life stages 

Data collection began approximately three weeks after planting (WAP) and continued every two 
weeks till harvest. On every visit, the phenological stage of maize plants was obtained using the ‘leaf 
collar method’ [15] and recorded. To determine the abundance of S. frugiperda in the field, each field 
was divided into four quadrants measuring approximately 0.125 acres and 15 maize plants were 
sampled randomly in each, making a total of 60 plants per field. Plants within five meters from the 
edge were not sampled to avoid edge effects. Each sampled plant was scored for S. frugiperda leaf 
damage and examined for the presence of S. frugiperda eggs, larvae, and pupae. The number of life 
stages on each plant was counted and recorded. Leaf damage was scored on a scale of 0 – 9 according 
to [16]; where 0 = No visual leaf injury and 9 = Whorl and furl leave almost destroyed. 

Leaf damage incidence (percentage damage) for S. frugiperda was calculated using the formula 
below; 𝐿𝑒𝑎𝑓 𝑑𝑎𝑚𝑎𝑔𝑒 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 = (𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑎𝑚𝑎𝑔𝑒𝑑 𝑝𝑙𝑎𝑛𝑡𝑠/𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑎𝑚𝑡𝑠 𝑠𝑎𝑚𝑝𝑙𝑒𝑑) ∗ 100 

Adult populations were also monitored using the pheromone traps deployed in universal 
bucket traps (Figure 3) set up in each farmer’s field a month after planting. The P061 pheromone 
containing Z11-hexadecenyl acetate and Z9-tetradecenyl acetate (4.35g a.i/kg) manufactured by 
Chemtica Internacional S.A was used. The traps were hung in an upright orientation on a long pole 
at 1.2 m off the ground. The pheromone lure was placed on the top section of the bucket trap and 
replaced every four weeks based on the manufacturer's recommendation. The trapped adults were 
counted and recorded every two weeks until harvest. 

2.3 Farmers’ practices 

We interviewed owners of the selected farms to obtain information on fertilizer use – (yes or no) 
and pesticide use frequency, tillage system, weeding, and maize variety planted. Conservational 
tillage was defined as zero tillage where herbicides were used to kill weeds before planting maize 
while conventional tillage was land opened and fine-tilled using ox plough, hoe, or tractor. The 
cropping system was observed and recorded. The cropping system was defined as sole or 
intercropped.  

2.4 Environmental parameters 

Mean daily minimum and maximum temperature and total rainfall were sourced from the 
Uganda Meteorological Authority. This is because temperature and rainfall are reported to affect the 
damage and abundance of S. frugiperda (Observation from the field). 

2.5 Yield  

Yield data was taken at physiological maturity. Fifteen maize plants were randomly sampled 
per quadrant and their cob weight after removing the husks was measured and recorded. Grain yield 
(t/ha) was determined from field weight [kg] (FW) per plot and corrected to 13.5% moisture content 
as: 

G𝑟𝑎𝑖𝑛 𝑤𝑒𝑖𝑔ℎ𝑡 ቀ ௧௛௔ቁ  =  ሾ(ிௐ ∗଴.଼ ∗ (ଵ଴଴ – ௠௖)∗ଵ଴,଴଴଴)(଼଺.ହ ∗ ଶ.଼ଵ ∗ ଵ଴଴଴) ሿ 
Where mc is the field moisture content of grain per plot, 0.8 is the shelling coefficient, 10,000 m2 

is the area of a hectare, and 2.81 m2 is the area of the 20 plants per plot. 

2.6. Data analysis 

The means of leaf damage, damage incidence (proportion of damaged plants), and the mean 
number of egg batches, larvae and trapped adults were tested for normality using the Shapiro-Wilk 
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test and Levene test for equal variance using the ‘car’ package of R Studio version 4.0.4. Data on the 
number of egg batches and adults trapped was transformed by powers 0.375 and 0.38, respectively 
using Tukey's Ladder of Powers procedure. Two-way ANOVA was done on leaf damage, leaf 
damage incidence, and the number of egg batches and larvae to compare different seasons and 
districts (locations). Graphs on mean leaf damage and mean number of larvae per 20 plants over the 
different growth stages were plotted however for mean number of egg batches was not done because 
of the very low numbers. Three-way ANOVA was performed on leaf damage and the number of 
trapped adults to compare different seasons, management practices, and locations. Mean separations 
were done using Fisher's LSD. Linear regression was done using ‘The R stats’ package in R Studio 
version 4.0.4 to establish the relationships between yield and leaf damage at the late vegetative stage. 
The late vegetative stage was used because it gave the clearest relationship. The relationship between 
the life stages of FAW (egg batches and larvae) and grain yield was not carried out because their 
numbers were very low. 

The categorical data on the different management practices were coded using the dummy 
coding method. Their dummy variables were used to perform the multiple regression analysis in R 
studio using the lm() function to establish the relationship between management practices and mean 
leaf damage and mean number of larvae per twenty plants. The management practices except 
pesticide application frequency were coded and the following were baseline variables for each 
management practice, fertilizer use; no – 0, tillage system; conventional – 0, cropping system; sole – 
0. These baseline variables were used because they occurred most often. Maize varieties were 
grouped into different categories, hybrid, local and OPV. These were then subjected to one-way 
ANOVA to determine differences in damage and number of larvae per twenty plants between these 
categories in the different districts.  

Linear regression was done using ‘The R stats’ package in R Studio version 4.0.4 to establish the 
relationships between weather factors (daily maximum temperature and rainfall) and leaf damage. 
The relationship between temperature (minimum, maximum and mean daily temperature) was 
explored and only maximum temperature gave some significant relationships and trends. 
Relationships between weather factors and the number of egg batches and larvae were not done 
because they were very low to establish this relationship. 

3. Results 

3.1 Abundance and damage of Spodoptera frugiperda life stages in the study districts 

The number of egg batches was low on all sampling dates in the three districts. Kole had 
significantly more egg batches per plant in season 202IB, whilst the number of batches did not differ 
significantly between the seasons in the other two districts (Table 2). There were significant (P<0.01) 
interactions between location and season in the mean number of larvae per plant (Table 2). 
Kiryandongo had significantly higher larval abundance in all seasons when compared with the other 
two districts (Table 2). 

Table 2. Abundance of Spodoptera frugiperda life stages by location and season. 

Location 
Season 

Mean no. of egg batches per plant Mean no. of larvae per plant 
2020B 2021A 2021B 2020B 2021A 2021B 

Kiryandongo 0.02 ± 0.013bc 0.01 ± 0.004bc 0.04 ± 0.013bc 0.69 ± 0.148ab 0.73 ± 0.127a 0.70 ± 0.107a 
Kole 0.05 ± 0.023ab 0.02 ± 0.007bc 0.24 ± 0.064a 0.47 ± 0.091abcd 0.20 ± 0.030d 0.63 ± 0.082abc 
Nakaseke 0.00 ± 0.000c 0.03 ± 0.009bc 0.01 ± 0.004bc 0.34 ± 0.069bcd 0.37 ± 0.054bcd 0.34 ± 0.047cd 
Overall mean 0.045 0.501 
Lsd 0.04 0.311 
p-value 0.0029 0.0039 
CV (%) 62.642 24.661 
Mean separations were made between and within columns and rows per variable. For each variable, means 
within a column and those within a row followed by similar letters are not significantly different at P<0.05. 
*There was an interaction between season and district. 
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Maize in all investigated fields was damaged by S. frugiperda. Leaf damage differed significantly 
between districts (P<0.05) in all seasons (Table 3). There were significant interactions (P<0.001) in leaf 
damage between seasons and districts. Kiryandongo had significantly the highest damage in all 
seasons and Nakaseke had the lowest damage (Table 3). The incidence of leaf damage was high 
(>70%) in all locations and differed significantly between the locations in the three seasons (Table 2). 
It ranged from 72% in Kole in 2020B to 90% in Nakaseke in 2021A. 

Table 3. Leaf damage severity and damage incidence by location and season. 

Location 
Spodoptera frugiperda mean leaf damage 

score (0 –9) 
Spodoptera frugiperda mean damage 

incidence (%) 
Season 2020B 2021A 2021B 2020B 2021A 2021B 

Kiryandongo 2.0 ± 0.019de 2.6 ± 0.010a 2.4 ± 0.057b 83.8 ± 0.531cd 85.3 ± 0.191bc 
84.3 ± 

0.531bcd 

Kole 1.6 ± 0.016g 2.1 ± 0.034cd 2.2 ± 0.025c 72.0 ± 0.214f 
84.2 ± 

0.387bcd 81.8 ± 0.426d 

Nakaseke   1.5 ± 0.006g 1.8 ± 0.059ef 1.8 ± 0.024f 78.4 ± 1.409e 90.0 ± 0.315a 86.9 ± 0.509b 
Overall 
mean 

2 82.976 

Lsd 0.167 3.061 
p-value < 0.001 < 0.001 
CV (%) 3.327 1.464 
Mean separations were made between and within columns and rows per variable. For each variable, means 
within a column and those within a row followed by similar letters are not significantly different at P<0.05.  
*There was an interaction between season and location. 

3.2 Variation in Spodoptera frugiperda abundance and damage with maize growth stage 

The mean number of larvae was significantly different in the different growth stages in all 
districts (P<0.001). The mean number of larvae per plant was very variable with the most larvae 
counted at tasselling stage in 2020B and 2021A and at the late vegetative stage in 2021B (Figure 2). 

 
Figure 2. The number of Spodoptera frugiperda larvae at different growth stages in the surveyed 
districts (Mean separations for mean damage score for growth stage*district in a given season). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2024                   doi:10.20944/preprints202401.0380.v1

https://doi.org/10.20944/preprints202401.0380.v1


 7 

 

Leaf damage generally varied significantly in the different growth stages in all seasons and 
districts (Figure 3). In 2020B, the peak was at the late vegetative stage in Kole; in Kiryadongo damage 
peaked at the late vegetative and again at the reproductive stage, while in Nakaseske there was a 
steady increase in the reproductive stage. In 2021A, which had the highest damage levels, damage 
increased up to the reproductive stage in Kiryadongo and Kole, but peaked at tasselling in Nakaseke, 
whereas in 2021B, damage in all the districts peaked at tasselling (Figure 3).  

 
Figure 3. Mean leaf damage at different growth stages in the surveyed seasons and districts (Mean 
separations for mean damage score for growth stage*district in a given season). 

The mean number of S. frugiperda adults trapped per field was significantly different (p<0.05) 
growth stages in season 2021A (Table 4). In this season, the highest number of FAW adults were 
mostly trapped in the reproductive stage of maize; and Kiryandongo had the highest catches, 
followed by Kole and the least were in Nakaeske (Table 4).  

Table 4. Mean number of Spodoptera frugiperda adults trapped per field by growth stage, season and 
location. 

Maize growth 
stage 

Kiryandongo  Kole  Nakaseke  Grand 
mean 2020B 2021A 2021B Mean 2020B 2021A 2021B Mean 2020B 2021A 2021B Mean 

Early vegetative 11.5  2.0  - 6.8 1.0 - - 1.0 0.4  1.0 2.5  1.3 3.1  
Late vegetative 7.0  9.2  5.5  7.2 0.0 1.2  8.4  3.2 0.0 1.6  7.6  3.1 3.6  
Tasseling 2.7  7.7  5.3  5.2 0.3  0.3  4.9  1.8 0.0 2.9  6.1  3.0 4.3  
Reproductive 3.0  9.6  6.5  6.4 1.3  0.6  2.1  1.3 0.1  9.1  2.4  3.9 2.5  
Grand mean 6.1 7.1 5.8 6.4 0.7 0.7 5.1 1.8 0.1 3.7 4.7 2.8 3.4 
Se 2.1 1.8 0.3 1.8 0.3 0.2 0.9 0.8 0.2 1.9 0.8 1.5 1.6 
p-value 0.88 0.06 0.93 0.95 0.45 0.05 0.68 0.69 0.26 0.06 0.68 0.53 0.71 
Mean separations were made within columns per location. *There was no interaction between season and 
location. 

3.3. The relationship between management practices and leaf damage/larval abundance  

Regression analyses were conducted on the relationship between different management 
practices with leaf damage and the abundance of S. frugiperda larvae (Table 5). The tillage system was 
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the only significant predictor for S. frugiperda leaf damage (P = 0.002), where damage was higher in 
the conventional tillage than in the conservational tillage (Figure 4). A shift from conventional tillage 
to conservational reduced mean damage by 0.6 (Table 5). Fertilizer use, cropping system, weeding 
frequency and pesticide use frequency were not significant predictors of leaf damage. The cropping 
system and tillage system were the significant predictors for larval abundance (P = 0.027, and P = 
0.013, respectively). A shift from sole to intercropping reduced the abundance of larvae per plant by 
0.04. Likewise, a shift from conventional tillage to conservational reduced the mean number of larvae 
per plant by 0.04 as per the fitted regression lines below. 

Table 5. Multiple linear regression analysis coefficients of the relationship between farm management 
practices and damage and abundance of Spodoptera frugiperda larvae. 

 
Mean leaf damage per plant Mean number of larvae per plant 

Estimate SE t value Pr(>|t|) Estimate SE t value Pr(>|t|) 
(Intercept) 2.02 0.251 8.049 <0.001 0.79 0.304 2.588 0.012 
Fertilizer use 0.12 0.183 0.662 0.510 -0.10 0.221 -0.458 0.649 
Cropping system -0.24 0.209 -1.132 0.262 -0.60 0.253 -2.378 0.021 
Tillage system -0.60 0.186 -3.221 0.002 -0.59 0.225 -2.622 0.011 
Weeding frequency 0.14 0.134 1.049 0.298 0.07 0.161 0.424 0.673 
Pesticide frequency 0.03 0.135 0.190 0.850 0.13 0.163 0.771 0.444 

 
Figure 4. Regression between rainfall and Spodoptera frugiperda damage in the different seasons and 
districts. 

𝑁𝑜. 𝑜𝑓 𝑙𝑎𝑟𝑣𝑎𝑒 𝑝𝑒𝑟 𝑝𝑙𝑎𝑛𝑡 = 0.05 + (0.01 ×  𝐹𝑈) – (0.04 ×  𝐶𝑆) – (0.04 ×  𝑇𝑆)  + (0.0 ×  𝑊𝐹) + (0.01 ×  𝑃𝐹)  
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𝑀𝑒𝑎𝑛 𝑑𝑎𝑚𝑎𝑔𝑒 =  2.02 + (0.12 ×  𝐹𝑈) – (0.24 ×  𝐶𝑆) – (0.60 ×  𝑇𝑆)  + (0.14 ×  𝐸𝐹)  + (0.03 ×  𝑃𝐹)  
Where; FU= Fertilizer Use, CS = Cropping system, TS = Tillage system, WF =Weeding Frequency 

and PF = Pesticides Application frequency.  

3.4. Relationship between maize varieties and leaf damage 

Maize variety was analyzed separately. No significant differences (p>0.05) in leaf damage were 
observed among maize varieties in the three districts (Table 5). The majority of the farmers in 
Kiryandongo and Nakaseke planted hybrid varieties while in Kole majority planted local varieties. 

Table 5. Mean Spodoptera frugiperda damage score and mean number of larvae under different types 
of maize variety. 

Type of  
maize variety 

Kiryandongo Kole Nakaseke 

Mean leaf damage 
No. of 
fields Mean leaf damage 

No. of 
fields 

Mean leaf 
damage 

No. of 
fields 

Hybrid 2.5 ± 0.341 10 2.2 ± 0.117 9 1.8 ± 0.140 10 
Local 2.3 ± 0.188 5 2.0 ± 0.173 10  1.7 ± 0.150 6 
OPV 2.5 ± 0.240 8 1.9 ± 0.543 4  1.8 ± 0.130 7 
Mean 2.5  2.1  1.8  
se 0.170  0.123  0.081  
p-value 0.83  0.65  0.73  

 Mean no. of larvae 
per 20 plants 

No. of 
fields 

Mean no. of larvae 
per 20 plants 

No. of 
fields 

Mean no. of 
larvae per 20 

plants 

No. of 
fields 

Hybrid 1.3 ± 0.559 10 0.6 ± 0.154 9 0.6 ± 0.168 10 
Local 0.6 ± 0.172 5 0.5 ± 0.125 10 0.3 ± 0.113 6 
OPV 0.7 ± 0.134 8 0.6 ± 0.311 4 0.5 ± 0.094 7 
Mean 0.9  0.6  0.5  
se 0.252  0.092  0.082  
p-value 0.546  0.979  0.862  

3.5 Effect of weather factors on the damage and abundance of Spodoptera frugiperda 

There were negative relationships between leaf damage scores and rainfall in all seasons and 
locations but this was only significant for Kiryadongo in 2020B and Kole in 2021B; and marginally so 
for Kole in 2021A (Figure 5). When there was a significant relationship, the regression equation 
accounted for 64% of the variation in 2020B in Kiryandongo, and 92% of the variation in 2021B in 
Kole. 
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Figure 5. Regression between maximum temperature and Spodoptera frugiperda damage in the 
different seasons and districts. 

The only significant relationship between S. frugiperda damage and maximum temperature was 
in 2020B in Nakaseke, where it was negative and maximum temperature accounted for 72% of the 
variation (Figure 6). 

 
Figure 6. Relationship between maize yield and Spodoptera frugiperda damage in the different seasons 
and districts. 
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3.6. Relationship between grain yield and leaf damage 

The relationship between maize yield and leaf damage was variable but was only significant 
(negatively) in Kiryadongo in 2021B where an increase in mean damage by 1 caused a decrease in 
yield by 1.9 t/ha (Figure 7). 

4. Discussion 

The objectives of this study were to assess population dynamics and damage by S. frugiperda as 
influenced by farmers’ practices and environmental conditions in three districts of Uganda. The 
results showed that S. frugiperda leaf damage was dependent on location, season, crop growth stage, 
tillage system, cropping system; rainfall, and temperature. The larval numbers were dependent on 
location, season, crop growth stage, cropping and tillage system.  

The differences in locations are attributed to differences in weather factors (rainfall and 
temperature) and the main agronomic practices. Whereas the season differences are attributed to 
differences in weather factors such as rainfall and temperature. 

There were significant negative relationships between rainfall and S. frugiperda damage, in some 
cases. Heavy downpours are reported to be unfavorable for S. frugiperda population build-up because 
of egg dislodgement [17,18]. Heavy rainfall could also have washed and drowned the first and second 
instar larvae. Kiryandongo had significantly the highest S. frugiperda damage in all seasons. The low 
of an average of 110mm per month and sometimes non-existent rain may explain the high damage 
in Kiryandongo during the seasons.  The negative impact of rainfall could mean that farmers who 
plant early can exploit the Nitrogen flush for high vigour, and also avoid severe damage by S. 
frugiperda. Exploiting the period of much rainfall also results in a reduction in pesticide use and 
therefore a reduction in the cost of production and negative effects associated with pesticide use. 
Kiryandongo having the highest damage can also be explained by the high numbers of larvae. There 
was a positive highly significant relationship between leaf damage and larvae in this district. 

There was no significant influence of temperature (maximum) on S. frugiperda leaf damage. 
There was one isolated case in Nakaseke season 2021B with a negative significant relationship 
between maximum temperature and leaf damage. This was unexpected as temperature rises are 
reported to favor S. frugiperda multiplication. For example, Anandhi et al. [19] indicated that every 
1°C increase in maximum temperature increased the larval population of S. frugiperda by 1.56 in India.  
Temperature between 18 °C and 30 °C, was inversely related to the development time for the entire 
larval development period and the optimal temperature for larval development is 30 °C [20]. The 
length of the entire developmental period (egg to adult) increased from 20.27 days at 32 °C to 71 days 
at 18 °C [21]. Low temperature is known to delay the development of S. frugiperda and hence low 
damage. 

4.1. Spodoptera frugiperda abundance and damage as influenced by maize growth stage 

The results of this study have shown that larval numbers were generally higher at the late 
vegetative and tasseling stages. A fairly similar pattern was observed in the populations of adult 
moths. An increase in larval numbers in late vegetative and tasseling stages may in part be due to 
additional immigration into the fields, and an increase in the populations of the individuals existing 
in the fields. These observations are similar to those reported by Niassy et al. [22], who found that 
larval numbers were mainly influenced by the maize stages.   

Leaf damage generally peaked in the late vegetative stage, and occasionally in the tasseling and 
reproductive stages. The increase in leaf damage with the growth stage may be because of the gradual 
build-up in the population of larval numbers, and the increase in the abundance of bigger larvae that 
are reported to eat proportionate to their weight [23]. Also, increased damage with crop age may be 
a result of an influx of new moths and multiplication in the same fields. It was also reported in Egypt, 
that S. frugiperda damage increased with an increase in maize age [23]. Gross et al, [24] mentioned 
that the sensitivity of maize growth stages to S. frugiperda attack varied based on the plant growth 
and development. Spodoptera frugiperda larvae mainly consume a large leaf mass during vegetative 
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growth stages. These results imply that farmers need to regularly and closely monitor maize fields in 
order to intervene and prevent the population of S. frugiperda from reaching economically damaging 
levels at the vegetative stages, or reproductive stage. 

4.2. The abundance and damage by Spodoptera frugiperda as influenced by management practices 

Fields with conservational tillage had a lower S. frugiperda damage and larval abundance than 
those using conventional tillage practices in all seasons. This was also observed in Zimbabwe where 
maize farms under minimum or no tillage had significantly reduced S. frugiperda infestation [25]. 
Maize production under zero or minimum tillage was reported to reduce S. frugiperda damage in the 
Americas because it favored population build-up for predatory species. Most farmers in Nakaseke 
practice conservational tillage and had the highest larval parasitism rates (3.3%) (Ajam et. al., 
Unpublished) hence this explains why their fields had the lowest S. frugiperda damage. 

Intercropping significantly reduced S. frugiperda larval abundance but not damage. The fact that 
maize intercropped with a non-host reduced the pest abundance is in line with the stipulation that 
the presence of non-host plants disrupts the movement of S. frugiperda larvae from one maize plant 
to another [26]. In our study, intercropping only reduced larval abundance. This concurs with 
research done by Yigezu and Wakgari [27] where non-host legumes, such as beans, when 
intercropped with maize, significantly reduced S. frugiperda infestation. Also in support of the 
findings of this study, intercropping of maize with legumes, such as cowpea (Vigna unguiculata L.), 
groundnut (Arachis hypogaea L.), and common bean (Phaseolus vulgaris L.), was ineffective in reducing 
S. frugiperda damage [25,28]. This seems to show that intercropping can reduce numbers but not 
damage. The crops intercropped with maize included beans, soybean, peas, groundnuts, sim sim and 
cassava, with the majority of the fields being intercropped with soybeans. 

Insecticides are the most popular management option for the control of S. frugiperda. In our 
study, however, we did not realize a difference in leaf damage under the different pesticide spray 
frequencies. Pesticide application also did not cause a significant reduction in larval numbers. This 
may be because of the timing of the pesticide application whereby fields could have been sprayed 
late when the damage was already high, or because the application rate of the pesticides was below 
recommended as was the case from most farmers' narratives in Kiryandongo. An average of 
8mls/20ltrs of Roket (Profenos and Cypermethrin) was used, which is below the recommended rate 
of 30mls/20ltrs. Most farmers applied Roket and Striker (Lambacyahalothrin and thiomethoxam).  
Other studies also reported that pesticides were not effective in the control of S. frugiperda, since fields 
sprayed had even higher damage than those sprayed [29].  

This study showed that there were no significant differences between fields where fertilizers 
were applied and those that did not apply them. This finding is contrary to recent reports by farmers 
that reported higher S. frugiperda severity where fertilizer application was done than where it was 
not applied [29]. This could have been because the farmers that applied fertilizer used urea (top dress) 
and foliar fertilizers like Super grow and MaizePlus in their fields which are majorly nitrogen-based 
fertilizers. A total of 18 out of the 69 monitored fields applied fertilizers. Nitrogen fertilizers change 
the C/N ratio and make plants more susceptible to S. frugiperda damage [30]. 

Leaf damage was not significantly different among the different weeding frequencies.  
However, studies have shown that repeated weeding reduced S. frugiperda damage, probably due to 
areas where weeds were S. frugiperda hosts of the Graminaceous family [25]. These inconsistencies in 
the results could also be because there were varying numbers of farmers doing different weeding 
frequencies and differences in the effectiveness of how weeding was done. The lack of significant 
differences between  maize varieties may be due to the lack of varieties with known resistance to S. 
frugiperda. These observations are however contrary to the ones reported by Ntare et. al in Eastern 
Uganda [31]. The possible reasons for this contraditions could include among others location, 
environment and management practices. 

The relationship between yield and Spodoptera frugiperda leaf damage 
In this study, though the relationship between grain yield and S. frugiperda leaf damage was 

mostly non-significant; in Kiryadongo, the most hit district, there was a significant negative 
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relationship between grain yield and leaf damage in 2021B. This indicates that the level of leaf 
damage was high enough to result in a significant effect on grain yield. Reports from Zimbabwe and 
Ethiopia also showed S. frugiperda leaf damage to be significantly negatively associated with yield 
[25,32]. The lack of significant difference between leaf damage and grain yield in the other cases of 
this study agrees in part with the results by Britz, [33], who reported that plants with low to moderate 
damage scores did not suffer significant yield losses. Plant response to damage is influenced not only 
by the severity of symptoms, but also by factors such as drought conditions [34], soil nutrient status 
[35], the length of the larval feeding period, and the inherent level of plant resistance to larval feeding 
damage [36]. These factors, not documented in this study, solely or interactively could have 
influenced the results of this study. 

5. Conclusions and recommendations 

The study showed that there were significant differences between districts in S. frugiperda 
abundance and damage. Kiryandongo had significantly the highest leaf damage and Nakaseke the 
lowest. There were significant differences in the abundance of S. frugiperda larvae and damage 
between the growth stages, with the tasselling stage having the highest abundance of S. frugiperda 
larvae and the late vegetative to tasseling stages having the highest mean leaf damage. 

With regard to management practices, conversation tillage was associated with reduced damage 
of S. frugiperda. On the other hand, pesticide application frequencies, weeding frequency and maize 
varieties were not associated with S. frugiperda damage.  Tillage and cropping systems were 
significant predictors of the abundance of S. frugiperda. 

There was a negative relationship between leaf damage and rainfall in all seasons and locations, 
where increased rainfall reduced S. frugiperda damage. There was no significant relationship between 
the mean number of larvae per twenty plants and rainfall in all seasons and locations. There were no 
significant relationships between leaf damage with mean daily maximum temperature in all seasons 
and locations. Similarly, there were no significant relationships between the mean number of larvae 
per twenty plants with the mean daily maximum temperature in all seasons and locations. 

Monitoring and scouting of maize fields should start immediately after maize crop emergence 
since S. frugiperda infestation was recorded from early vegetative to reproductive stages.  

Sensitization of farmers to be more vigilant in monitoring and scouting for S. frugiperda when 
there is less or no rain, which conditions promote pest buildup. In addition, exploiting the use of 
natural controls through the integration of weather information in S. frugiperda management could 
help reduce unnecessary pesticide applications, save costs for farmers and reduce heavy 
environmental hazards.  

There were largely insignificant relationships between grain yield and damage. This indicates 
that, when there are low to moderate damage scores, a farmer may apply less costly cultural and 
biological and natural control methods to realize profits. 

Recommendations  
For management of S. frugiperda 

1. Monitoring and scouting of maize fields should start immediately after maize crop emergence 
since S. frugiperda infestation was recorded from early vegetative to reproductive stages.  

2. Sensitization of farmers to be more vigilant in monitoring and scouting for S. frugiperda when 
there is less or no rain, which conditions promote pest buildup. In addition, the integration of 
weather information in S. frugiperda management could help reduce unnecessary pesticide 
applications, and save costs for farmers and reduce heavy environmental hazards. 

3. There is a need to promote conservation tillage to reduce S. frugiperda abundance in maize fields.  
For further research 

1. There is a need to evaluate the different varieties used by farmers in Uganda for resistance to S. 
frugiperda damage. The use of resistant varieties is cost-effective to farmers and it will reduce the 
use of pesticides which are harmful to humans and the environment. 

2. Controlled studies on the effect of management practices on the incidence of S. frugiperda and 
since the farmers’ fields were heterogeneous.  
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