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Abstract

For a better understanding of how crop diversification affects the dynamics of the new invasive pest
in Africa, the fall armyworm Spodoptera frugiperda Smith (Lepidoptera: Noctuidae) and the extent to
which it causes damage to maize in such situations, a field survey was carried out in 215 farms in the
district of Quelimane, Mozambique. Around 96% of the farms were found to be under intercrop with
up to seven different crops. Sweet potato, cassava, tomato, cowpea, pumpkin and okra were found
to be the most common crops intercropped with maize. While the number of damaged plants
increased with the age of maize, the contrary was observed in relation to the number of fall
armyworm (FAW) larvae. No differences were observed in the number of FAW larvae in different
sampling locations, but differences were observed in the number of damaged plants. We found an
inverse relationship between the number of damaged plants and the number of FAW larvae with the
number of crops per farm. Independent of the sampling location, development stage and number of
crops in the farm, maize plants were found to have between 10 and 25% of their leaf surface area
damaged by FAW. Control measures should be stepped up when maize is in its vegetative and
flowering stages, and farmers should avoid planting maize as a sole crop.
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1. Introduction

Insect pests may pose a significant threat to agricultural production. The case of the new invasive
pest in Africa, the fall armyworm Spodoptera frugiperda Smith (Lepidoptera: Noctuidae) is not an
exception. First reported in Africa in 2016 (Goergen et al., 2016), the fall armyworm (FAW) is a
polyphagous migratory insect (Meagher et al., 2004) considered a major pest of maize (Molina-
Ochoa et al., 2001) and poses a serious threat to food security of millions of people in Sub-Saharan
Africa (Prasanna et al., 2018). In Mozambique, the occurrence of FAW was confirmed in early 2017
when a pheromone-based trap survey was conducted by the Ministry of Agriculture and Food
Security in several districts of the country (MASA, 2017). A report released in September 2018 by
FAO of the United Nations office in Mozambique (FAO, 2018) estimates a loss of around 49
thousand tons of maize as a direct consequence of FAW attack since its detection in the country.
Due to its economic importance, FAW was officially put on a top priority list of national
agricultural pests, prompting the government, research institutions and universities to look for
practical solutions in order to reduce yield loss provoked by its attack on maize. In this regard and
based on Integrated Pest Management (IPM) assumptions, we decided to investigate how crop
diversification affects the dynamics of FAW and to what extent it causes damages on maize in such
situations.
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2. Materials and Methods

2.1. Sampling Locations
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We carried out a field survey in 215 farms distributed in 6 different locations of the district of

Quelimane, Mozambique, between August 27th and September 03rd, 2018. GPS coordinates and

number of farms sampled in each location were recorded as shown in Table 1.

Table 1. Number of farms sampled per location.

Location Latitude Longitude Nr. of farms
Inhangulue 17d 55m 53.6s 36d 57m 00.2s 31
Madal Feira 17d 53m 15.5s 36d 58m 16.5s 38
Matamba 17d 47m 24.4s 37d 01m 19.6s 49
Mingano 17d 57m 11.5s 36d 59m 19.1s 17
Temane 17d 49m 54.3s 36d 58m 27.6s 34
Zalala 17d 49m 54.2s 37d 07m 15.6s 46

2.2. Sampling Procedures

Only farms with maize were included in the survey. Twenty plants were randomly selected and
checked for symptoms of attack by FAW and presence of larvae. Damages were assessed based on a
visual scale ranging from 1 to 5 points as described: 1 = up to 10% of the leaf surface damaged; 2 =
between 10 to 25% of the leaf surface damaged; 3 = between 25 to 50% of leaf surface damaged; 4 =
between 50 to 75% of leaf surface damaged; 5 = leaf surface area damaged in more than 75%. Crop
development stage, number and name of crops intercropped with maize were recorded.

2.3. Data Management

We determined the number and relative frequency of farms in which maize was planted as a
sole crop or intercropped. We determined the relative frequency of farms with different number of
crops. We then listed the crops found in each farm and determined the number of farms in which a
given crop was observed before determining its relative frequency. We determined the relative
frequency of farms according to different development stages of maize and we then asked whether
different development stages of maize were equally attacked by FAW. Because sampling was carried
out in different locations, we asked if regardless of the location of sampling, damages and number of
larvae on maize would be similar. Finally we established a relationship between number of crops in
the farm and percentage of damaged plants, number of larvae per farm and damage score.

2.4. Statistical Analysis

All statistical analysis was performed through R version 3.5.1 (Feather Spray). One-Way
Analysis of Variance of data related to percentage of damaged plants and number of larvae per farm
per location, per development stage and per number of crops in the farm was carried out. Tukey HSD
multiple comparison of means at 95% family-wise confidence level was used. Differences on damages
score were determined based on scale of points attributed.

3. Results and Discussion

3.1. Cropping Systems and Maize Development Stage

As shown in Figure la, almost every farm (about 96%) was under intercrop. In relation to the
development stage, we found that more than half of the farms had maize in its vegetative stage
(52.56%) as presented in Figure 1b.
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Figure 1. Relative frequency of farms under different cropping systems (a) and in different crop development
stages (b).

3.2. Damages and Number of Larvae per Development Stage

Our study shows that while vegetative stage had significantly higher percentage of damaged
plants [(Pr>F) <0.001], no differences were observed between flowering and maturation stages. While
no differences were observed between vegetative and flowering stages in relation to the number of
larvae, maturation stage had significantly lower number of larvae [(Pr>F) = 0.00411]. Although
differences were observed in percentage of damaged plants and number of larvae among different
stages, no differences were observed in damage score, as shown in Table 2.

Table 2. Percentage of damaged plants, number of larvae and damage score per development stage of maize.

Crop Stage % of damaged plants  Nr. of larvae per farm Damage score
Vegetative 66.95b 6.27a 1.31 (2)
Flowering 86.85a 5.92a 1.45(2)
Maturation 98.38a 0.60b 1.53 (2)

Numbers followed by same letter in the column are not statistically different.

The fact that the number of larvae was lower in plants on maturation stage than in vegetative
and flowering stages may be explained by the fact that in older plants, there are no new and fresh
leaves which can be used as food by FAW in comparison to the previous stages. In contrary,
vegetative stage shows lower percentage of damaged plants than flowering and maturation stages,
as older plants were exposed to FAW attack for a longer period than the young ones.

3.3. Damages and Number of Larvae per Sampling Location

Significant differences were observed in percentage of damaged plants per location [(Pr>F) <
0.001] but there were no differences in the number of larvae per farm among different locations
[(Pr>F) = 0.198]. No differences were observed on damage score (score 2) as shown in Table 3.

Table 3. Percentage of damaged plants, number of larvae per farm and damage score per location of sampling.

Sampling location % of damaged plants Nr. of Larvae per farm  Damage score
Mingano 95.59a 5.53a 1.76 (2)
Inhangulue 98.39%a 1.52a 1.70 (2)
Madal Feira 93.16a 5.03a 1.77 (2)
Temane 74.56ab 5.71a 1.18 (2)
Matamba 65.61b 6.33a 1.17 (2)
Zalala 63.48b 5.74a 1.11 (2)

Numbers followed the same letter in the column are not statistically different.
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3.4. Crops Intercropped with Maize

We found 15 different crops being intercropped with maize. We listed such crops in order of
their importance in Figure 2.
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Figure 2. Relative frequency of crops intercropped with maize (n =206).

We found that sweet potato, cassava, tomato, cowpea, pumpkin and okra, are the most common
crops in the period of the year in which our study was carried out. Although there are reports
suggesting that FAW can feed on a wide number of different crops including some listed above (Day
et al., 2017) we did not find any evidence of such behavior neither it was reported by the farmers,
which may be an indication of FAW preference to maize as reported by Prasanna et al.(2018).
Furthermore, these crops intercropped with maize seem to be of great importance for food security
in Quelimane. Therefore, recommendations for the management of FAW based on its host range
should take this knowledge into consideration.

3.2. Number of Crops in the Farm

Based on the number of farms under intercrop, we found that most of the farms had between 2
to 5 different crops, with a record number of 7 crops as shown in Figure 3.
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Figure 3. Relative frequency of farms with different number of crops.

Differences were observed on the percentage of damaged plants per number of crops in the farm
[(Pr>F) = 0.00229] as shown in Figure 4a. Based on regression model provided in Figure 4b, there is a
strong association between the number of crops in the farm and percentage of damaged plants (R? =
0.9375). This means that the percentage of damaged plants may be highly influenced by the number
of crops present in the farm in an inverse relation as b is negative.
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Figure 4. (a): Percentage of damaged plants by number of crops in the farm. (b): Linear regression between

percentage of damaged plants and number of crops in the farm.

Although no differences were observed in the number of larvae regardless of the number of
crops in the farm [Pr(>F) = 0.564] (Figure 5a), regression analysis (Figure 5b) shows a strong
association between the number of crops and number of larvae in the farm (R? = 0.8687) in an inverse
relationship as b is negative.

Our findings on the number of FAW as a function of number of crops in the farm seems to be an
indication that maize herbivore-induced plant volatiles are more effective attracting FAW when it is
planted as a sole crop than when under intercrop, as the possible interaction of volatiles from
different plants can misguide insects for host detection and reduce infestation as suggested by Afrin
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et al. (2017). Additionally, from the point of view of the insect pest, monocrop is a dense and pure
concentration of its basic food resource. A more complex community exhibits more stability and less
fluctuations in the numbers of undesirable organisms (Altieri et al., 2009).

In regard to herbivore-induced plant volatiles, Carroll et al. (2006) concluded that the
monoterpene linanol and 4,8-dimethyl-1,3,7- nonatriene were the major volatiles induced by FAW
herbivory on maize. They observed that FAW preferred damaged plants over undamaged ones. This
may also be an indication of strong preference to maize (Meagher et al., 2004).

Although one can use intercrop as stand-alone approach to pest management (Smith and Liburd,
2018), the success of the method depends on a solid knowledge of how distinct crop characteristics
and combinations will influence the behavior of pest (Seni, 2018) and arthropod-plant interactions
(Smith and Mcsorley, 2000) as one of the benefits of intercropping is to act as pest and disease
suppression strategy (Ramert et al., 2002).
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Figure 5. (a): Number of larvae by number of crops in the farm. (b): Linear regression between number of larvae

and number of crops in the farm.

Our study also shows no differences on damage scores up to 6 crops (score 2) but farms with
more than 6 different crops had lower damage score (score 1) as shown in Figure 6a. Regression
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analysis indicates a highly inverse relationship between recorded damage scores and number of
crops in the farm (R2? = 0.9943) and b is negative (Figure 6b).
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Figure 6. (a): Damage score by number of crops in the farm. (b): Linear regression between damage score and

number of crops in the farm.

4. Conclusions

It seems that FAW is well established in Quelimane and farmers are not familiar with the pest
as they are not able to identify it. The number of damaged plants increases with the age while the
contrary is observed in relation to the number of larvae. Independently of the sampling location,
development stage and number of crops in the farm, plants were found to have between 10 and 25%
of its leaf surface area damaged by FAW. Although farmers normally do not do intercrop on the basis
of pest management approach, the fact that almost every farm was under intercrop, may significantly
contribute to the reduction of the pest population density in the farms and this alternative should be
better explored. Based in our findings, we concluded that there is an inverse relationship between
number of crops in the farms and percentage of damaged plants, number of larvae and damage score.
Control measures should be stepped up during vegetative and flowering stages and farmers should
avoid planting maize as a sole crop.
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Further Research and Challenges

We found that farmers are not familiar with FAW and, as such, they do not apply any method
of control against it. Farmers should therefore be trained in identification of different stages of FAW
and symptoms of its attack. Because of ecological features of FAW and taking into account health and
environmental issues related to pesticide application, if pesticides are to be used, class III and
selective pesticides should be recommended, made available and farmers should be properly trained
in pesticide management and application through existing agricultural extension services.

We also found dead larvae of FAW in some plants and we observed that there were many ants
in those plants. We then decided to check plants with ants and observed that all plants with ants had
dead larvae or no larvae at all. We are not sure if larvae died because of the ants or ants were there
because of dead larvae. Based on this observation, it would be of scientific interest to check whether
ants are killing FAW larvae or there are entomopathogens such as fungi or viruses acting as
biocontrol agents. Taking this into account, surveys for the identification of potential natural enemies
should be carried out. As an important component of IPM approach, it would also be interesting to
conduct field experiments for the screening of genetic resistance of maize varieties grown in
Mozambique.
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