
Page 1/10

Effect of Nitrogen Fertilization on the Density of the Corn Leafhopper and Its
Impact on Both Disease Incidence and Natural Parasitism
Eduardo Gabriel Virla  (  egvirla@lillo.org.ar )

Fundacion Miguel Lillo https://orcid.org/0000-0002-9512-4254
Erica B. Luft Albarracín 

CONICET: Consejo Nacional de Investigaciones Cienti�cas y Tecnicas
Cecilia Diaz 

Universidad Nacional de Tucumán: Universidad Nacional de Tucuman
Guido A. Van Nieuwenhove 

Fundación Miguel Lillo: Fundacion Miguel Lillo
Franco D. Fernández 

INTA: Instituto Nacional de Tecnologia Agropecuaria
María V. Coll Aráoz 

CONICET: Consejo Nacional de Investigaciones Cienti�cas y Tecnicas
Nicolás Melchert 

CONICET: Consejo Nacional de Investigaciones Cienti�cas y Tecnicas
Luis R. Conci 

INTA: Instituto Nacional de Tecnologia Agropecuaria
María P. Giménez Pecci 

INTA: Instituto Nacional de Tecnologia Agropecuaria

Research Article

Keywords: Bottom-up control, corn stunt disease, Dalbulus maidis, maize, Spiroplasma kunkelii, vector

Posted Date: September 8th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-840055/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

Loading [MathJax]/jax/output/CommonHTML/jax.js

https://doi.org/10.21203/rs.3.rs-840055/v1
mailto:egvirla@lillo.org.ar
https://orcid.org/0000-0002-9512-4254
https://doi.org/10.21203/rs.3.rs-840055/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/10

Abstract
The corn leafhopper Dalbulus maidis (Hemiptera: Cicadellidae) is a specialist herbivore that attacks maize in the tropical and subtropical regions of the
Americas. It is vector of three relevant plant pathogens being responsible for severe yield losses. Modern agriculture is dependent on the addition of fertilizers,
especially nitrogen, which may in�uence the nutritional quality of the plants possibly with a subsequent increment of herbivorous insect populations. Through
a �eld experiment, using a randomized design with four treatments with different levels of fertilization, we evaluated the effects of nitrogen fertilization in corn
on the population levels of the vector D. maidis, on the incidence of the diseases transmitted by it, and on the levels of parasitism of the vectors’ eggs. The
amount of nitrogen fertilizer used signi�cantly in�uenced the density of the corn leafhopper and the parasitism by egg parasitoids, but not the incidence of the
diseases transmitted by it. Two weeks after fertilization, the vector density was signi�cantly higher in the highly fertilized treatment. The disease incidence
was not directly linked with the level of fertilization, however, the symptoms of the diseases were much less evident in plants that received higher fertilization.
Parasitism levels by egg parasitoids increased accordingly to the level of D. maidis populations.

Key Message
1) Nitrogen fertilization signi�cantly in�uenced the density of the corn leafhopper and the parasitism by egg parasitoids. 2) Corn stunting disease incidence
was not directly linked with the level of fertilization, however, the symptoms of the diseases were much less evident in plants that received higher fertilization.

Introduction
Fertilization has been, along with plant breeding, one of the most powerful tools to increase grain yield and has contributed to the doubling of cereal
production in the past 40 years (Tilman et al. 2002). Intensive high-yield agriculture is dependent on fertilizer amendments, especially nitrogen fertilizers
(Tilman et al. 2002). Nitrogen (N) is a macronutrient in plants, but its excess has diverse negative environmental effects. Concerning crop pests, fertilization
may in�uence the plant’s nutritional quality, increasing the population of herbivorous insects (Waring and Cobb 1992; Cook and Denno 1994) and could also
affect the recruitment of their natural enemies (Chen et al. 2010; Fallahpour et al. 2019; Shehzad et al. 2020). In the current scenario, the challenge is to
increase yields while reducing the environmental impacts (Foley et al. 2011). In South America, extensive agriculture, and particularly corn production, has
adopted a high level of techni�cation incorporating fertilization as an almost unavoidable input. This is especially veri�ed in Argentina, where fertilizer
amendments increased from about 300,000 to 4,305,000 tons in the period between 1990 and 2018 (Fertilizar 2020a), and 814,743 tons of N fertilizers were
used for corn cultivation during the 2017-18 growing season (Fertilizar 2020b). 

Among the limiting factors of maize production, hoppers (Hemiptera: Auchenorrhyncha) are notorious because they can cause direct damages (feeding and
oviposition) and indirect effects due to their ability to transmit various pathogens (viruses, phytoplasmas, spiroplasmas, and classical bacteria) (Weintraub
and Beanland 2006). Direct damages result in tissue necrosis with diverse degrees of severity and physiological alterations (i.e. water stress) (Virla et al.
2021). These characteristics are aggravated by their high reproductive potential, short life cycle, great dispersal, and adaptability (Luft Albarracín et al. 2009).

One of the most important corn pests in the tropical and subtropical Americas is the corn leafhopper, Dalbulus maidis De Long (Hemiptera: Cicadellidae)
because it is an e�cient vector of three plant diseases: “corn stunt” (CSS, Spiroplasma kunkelii Whitcom et al.; = Spiroplasma phoeniceum Saillard according
with GBIF 2021 catalogue), “maize bushy stunt” (MBSP, Candidatus Phytoplasma asteris), and “corn streak or maize rayado �no” (MRFV, Maize rayado �no
virus) (Virla et al. 2010; Santana et al. 2019). The vector shows a broad distribution throughout the Americas: it has been detected from Southeastern and
Southwestern USA to Argentina (Santana et al. 2019). In Northern Argentina, it is the most common leafhopper feeding on corn (Luft Albarracín et al. 2009).
CSS, MBSP, and MRFV make up the pathosystem known as “corn stunting disease” or “achaparramiento” and may occur in the same areas or the same maize
plant together; in South America S. kunkelii is the most relevant due to its high incidence, followed by MBSP and the less frequent MRFV (Virla et al. 2004;
Giménez Pecci et al. 2017; Santana et al. 2019). The typical symptoms of S. kunkelii are chlorotic stripes running from the base of the leaf blades and
extending towards the apex; stunted growth of the plant due to the progressive shortening of the upper internodes, and the proliferation of ears in different
nodes, so that grain yield is markedly reduced, even to zero if the plants are severely attacked (Virla et al. 2004; Carpane et al. 2006). S. kunkelii causes
decreased absorption of N, P, K, Ca, Mg, S, Zn and other alterations in the corn plants physiology, like limited water retention in tissues (de Oliveira et al. 2002,
2005). Depending on the corn genotype and the weather, MBSP symptoms include reddening and shortening of the internodes. The symptomatic plants also
present tearing, twisting, and deformation of leaves and numerous ears and tillers arising from the leaf axils and the plant base. MBSP development is
favored by high temperatures. Outbreaks of the corn stunting disease have been reported in countries of Central and South America, like Nicaragua and Brazil
(de Oliveira et al. 2018).

It is known that nitrogen fertilization can have signi�cant effects on sap-feeder insects, like several aphids and leafhoppers species, leading to higher
population densities (Prestidge 1982; Douglas 2006). The effect of maize crop fertilization in D. maidis populations was addressed twice, showing
inconsistent �ndings: Power (1989) stated that nitrogen fertilization (urea 45%) does not affect the abundance of the vector nor the incidence of the corn stunt
disease while, on the other hand, Schetino Bastos et al. (2007) reported that the presence of D. maidis increases as nitrogen, sulfur, calcium and copper
concentration increases in the corn�eld.

The corn leafhopper has a rich natural enemy complex, being the egg parasitoids guild the most relevant according to the species richness. In Argentina, the
eggs of the vector are parasitized by 16 different species, including Mymaridae, Trichogrammatidae, Aphelinidae, and Eulophidae (Hymenoptera:
Chalcidoidea) (Luft Albarracín et al. 2017). It is widely recognized that plant quality can affect both the herbivore abundance and the tri-trophic levels (Tariq et
al. 2012; Shehzad et al. 2020). In particular, parasitoids respond to volatile cues that indicate the presence of hosts (Turlings et al. 1990; Coll Aráoz et al.
2020). These olfactory cues could be signals from the host itself (kairomones), from the host plant (synomones), or could be a combination of both (Vinson
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1999). Changes in the nutritional status of the plants can alter the volatile and non-volatile semiochemicals that guide the parasitoids and/or �nally determine
the hosts' acceptance (Blande et al. 2007).

Knowledge of the fertilization effects on the crops is crucial for developing effective management strategies (Han et al. 2019). So, taking into account the
importance of D. maidis and corn stunting disease for corn productivity in tropical and subtropical Americas, the increase in the use of N fertilizers, and the
divergent results obtained in previous studies regarding this issue with the vector, this contribution aimed to evaluate the effect of N fertilization on a)
population levels of D. maidis throughout the vegetative stage of the crop, b) the �nal incidence of S. kunkelii and MBSP, and c) the bottom-up control of the
vector by egg parasitoids. We postulate the following predictions: 1) the populations of the vector will be higher in the most fertilized treatment, 2) in
concomitance with the higher populations of the vector, the incidence of the diseases will be higher in the more fertilized treatments and, 3) egg parasitism
rates will be higher in the treatment with higher densities of the vector (density-dependent).

Materials And Methods
A �eld experiment was carried out under natural rainfall in the Facultad de Agronomía and Zootecnia, Universidad de Tucumán, Argentina, located at El
Manantial (S 26°4950.2, W65°1659.4, elevation:  495 m). El Manantial is in the foothills of San Javier Mountains, covered by the subtropical Yungas
rainforest. The rainfall during the experiment (December 26, 2018 – March 28, 2019) was 733.2 mm, with 55 rainy days. The average temperature was 23.6 °C
with a mean thermal amplitude of 10.2ºC, and the relative humidity average ascends to 81% (EEAOC 2021).

Assay

The experiment was a randomized complete design with four treatments and �ve replications. Each micro-plot [6 rows (spaced 0.50 m apart) x 7 meters long,
separated from each other by corridors 2.5 meters wide] was sown manually with 168 seeds of Syn126 Viptera 3® (Syngenta) (sowing density 78,000 - 80,000
plants/ha). It is a subtropical transgenic hybrid of a short cycle. The sowing date was December 26, 2018, optimal time for the region, and the seeds had an
insecticidal treatment (Cruiser®, 35 g Tiametoxam) provided by the supplying company, with a coverage of up to 15 days after sowing. Subsequently, no
agrochemicals were applied, except the fertilization planned for each treatment.

When the maize plants were in vegetative stage V3 (third leaf vegetative stage, 16 days after seedtime; January 11, 2019), we applied four levels of granulated
and solid N fertilizer YaraBela® Nitrodoble (Yara) [ammoniacal nitrogen–nitric (27%), nitric nitrogen (13.6%), ammoniacal nitrogen (13.4%), calcium (5%) and
magnesium (2.3%)]. Treatments were: N0 = non-fertilized (control); N100 = fertilizer doses of 100 kg*ha–1 (low fertilization); N200 = fertilizer doses of 200
kg*ha–1 (normal fertilization); N300 = fertilizer doses of 300 kg*ha–1 (high fertilization). A dose of 200 kg*ha–1 is recommended by the supplier to farmers in
the region. 

In the area, the soil is a typical �ne Argiudoll, a deep loess soil (Pereyra and Fernández 2018). Before conducting the experiment, physical and chemical
analysis was carried out on the soil. The soil (N0) was a franc-silty textural class, with 2.71% of organic material, pH 5.93, 0.160% of total nitrogen, 55.7 ppm
of NO3 (32.3 KgN*ha-1), 7.7 ppm of phosphorus, 1.17 me/100 g of potassium, and 0.53 dS/m of salinity by the electrical conductivity of the saturation
extract. 

To check the effectiveness of the nitrogen treatment a phenological evaluation of the corn crop, 54 days after seeding (February 18, 2019), was performed,
including leaf relative chlorophyll content using an N-TESTER™ (Yara) device (Table 1). Data were obtained measuring 30 plants of each micro-plot.

Vector population sampling

The density of the vector (adults) was calculated based on the exhaustive (non-extractive) review of 3 groups of 20 plants each, taken at random, from each
replicate of the treatments (Luft Albarracín et al. 2009). We searched for corn leafhoppers resting or feeding on the corn plants. Sampling was carried out
weekly, from the �rst fully expanded leaf stage to V7-8 (seventh-eighth leaf vegetative stage, 42 days after seedtime) according to the technique by Virla et al.
(2010). The density was measured based on the average number of insects per plant, recorded on each sampling date. On the fertilization day, the mean
density of the vector was 0.0175 adults/plant. 

The reason for monitoring the vector from the �rst leaf to V7-8 stages is because the early phenological stages of corn are the most susceptible to the
acquisition of CSS (Hruska and Gómez Peralta 1997), and in further growth stages, the canopy is so developed that it is impossible to continue with accurate
monitoring of the vector.

Spiroplasma kunkelii and MBSP detection and incidence calculation

A visual evaluation of the typical symptoms of “corn stunting disease” was performed on the same plants surveyed for vector abundance to estimate the % of
symptomatic plants in each treatment. 

At milk grain stage (R3, 89 days after sowing), the second leaf below the tassel was collected at random from 40 plants from each treatment for S. kunkelii
and MBSP detection (Virla et al. 2004). Leaves were taken to the laboratory and kept at 4 ºC until they were tested for the presence of S. kunkelii by double-
antibody sandwich enzyme-linked immunosorbent assay using locally developed antisera (Giménez Pecci et al. 2009). MBSP phytoplasm detection was
acceded by PCR using the universal primer pairs P1–P7 (1.8 kb) (Deng and Hiruki, 1991) and R16F2n–R16R2 (1.2 kb) (Gundersen and Lee 1996), in direct and
nested reactions respectively, as previously stated by Galdeano et al. (2013). Reactions were performed in a thermal cycler (TRIO-Thermoblock, Biometra) in
40 μL reaction solution containing 50 ng of template DNA, 0.4 mM each primer, 100 mM dNTPs, 1 U GoTaq DNA Polymerase (Promega). In nested reaction, 1
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μL of 1:25 fold P1/P7 PCR product dilution was employed. Total nucleic acid was puri�ed using the Doyle and Doyle (1990) protocol. The quality and quantity
of DNA were accessed by agarose gel electrophoresis and by spectrophotometry (NanoDrop®, NANO-1000).

Spiroplasma kunkelii and MBSP incidence was estimated as the percentage of plants with a positive reaction. The tests for MRFV were not performed
because this pathogen has been registered sporadically in Argentina (Giménez Pecci et al. 2017) and no symptoms were observed to indicate its presence.

Bottom-up control by egg parasitoids 

The percentage of parasitism of the vectors’ eggs was measured through the exposure of sentinel eggs. Six to ten females of D. maidis from a colony
maintained at the laboratory were placed for oviposition in PET (polyethylene-terephthalate) cylindrical cages (35 cm high × 18 cm diameter) enclosing a
distal part of the leaves of maize plants belonging to each treatment to obtain the sentinel eggs (Luft Albarracín et al. 2017). Cages were placed on the basal
leaves from two plants in each micro-plot (a total of 10 plants per treatment). The plants used for the sentinel eggs were selected at random, but always 1.5
meters from the edge, inside the micro-plot. The cages with the females were kept enclosing the leaves for 3 days (from February 8th to 11th) and then were
removed along with D. maidis females in order to expose the eggs to natural parasitism, from February 11th to 18th. After that period, the leaves containing
exposed eggs were cut from the plant and transferred to Petri dishes containing wet tissue paper at the bottom, which were then covered with clear plastic
wrap to avoid desiccation. The total number of eggs and parasitized ones were checked 10 days after by subsequent dissections. Eggs developing eyespots
were considered as “unparasitized” meanwhile, those that changed to brownish, reddish, or black were considered as “parasitized” (Virla et al. 2005). A total of
770 eggs were exposed: 221 for N0 (control), 118 for N100, 174 for N200, and 187 for N300. 

Statistical Analysis

Dalbulus maidis adult �eld density was subjected to a generalized mixed linear model with a normal distribution and log link function. Treatment was included
as a �xed variable while replicates, i.e. sampling day, were included as a random variable. 

To estimate the rate of growth of D. maidis adult population and its relationship with the stage of development of the crop for each treatment simple linear
regression were performed. Moreover, linear regressions to assess the relationship between the % of symptomatic plants for the “corn stunting” disease and
the age of the crop were made. 

The natural parasitism of D. maidis’ eggs were subjected to a generalized linear model with a binomial distribution and a logit link function at α=0.05.
Followed to the analyses, a LSD test for means segregation was used. Data are presented as mean ± SEM. In addition, a simple linear regression to elucidate
the relationship between parasitism rate and adult �eld density of D. maidis recorded for each treatment when assessing natural parasitism (i.e. 42 days after
sowing) were performed. Statistical analyses were performed using IBM SPSS®.

Results
Vector populations 

The GLMM shows that D. maidis adult density was signi�cantly affected by fertilizer concentration (F= 94.31, df: 3-23, p<0.01). Adult �eld density of D. maidis
increased signi�cantly as the fertilizer concentration increased (Fig. 1). Overall means of adult densities registered for the different treatments were
signi�cantly different among them (LSD test, p<0.05), 0.121 ± 0.0022, 0.192 ±0.0015, 0.265 ±0.0026, and 0.279 ±0.0022 for N0, N100, N200, and N300
respectively. 42 days after sowing, an average density of 0.067 adults/plant was recorded in the control treatment while in the highly fertilized treatment the
mean density was 5.5 fold higher, 0.373 adults/plant (Fig. 1; Table 1).

Linear regression showed that just the addition of fertilizer signi�cantly increased D. maidis densities. In this context, the rates of growth of D. maidis adults
were 13, 9, and 6 fold higher, for N300, N200, and N100 treatments respectively, regarding control treatment (Fig. 1).

Incidence of the diseases

On day 54 after sowing, the �rst symptomatic plants for all treatments were detected. Moreover, the percentage of symptomatic plants assessed visually
decreased as the fertilization level increased (Fig. 1). 89 days after sowing and by analytical determinations, the most affected plants were those from the
control treatment and those from the N300 treatment, although symptoms were masked in the latter (Table 2). The visual evaluation of the symptoms of the
diseases transmitted by the corn leafhopper (S. kunkelii and MBSP) underestimated the real number of affected plants (Table 2). This was particularly
notorious with the MBSP symptoms in the highly fertilized treatments. The laboratory analysis (serological and PCR) con�rmed that there was no direct
relation between the incidence of pathogens and the level of crop fertilization (Table 2). All the samples that showed reddening of the leaves had the presence
of the pathogen MBSP. Many plants had a double infection, which is almost impossible to recognize in the �eld.

Bottom-up control by egg parasitoids within the treatments

The analysis showed that parasitism rates were signi�cantly affected by fertilization treatment (c2=56.50, df: 3, p <0.01). The lower parasitism rates were
observed in control and N100 treatments (0.163 ± 0.025 and 0.165 ± 0.027 respectively), which signi�cantly differ from conventional (N200) and higher
fertilization treatments (0.275 ± 0.034 and 0.465 ± 0.036, respectively). In addition, a highly signi�cant positive correlation was observed between parasitism
rate and D. maidis’ adult density/corn plant (F=14.11, df:1-39; p <0.01) (Fig. 2). An increase of 0.1 adults of D. maidis/corn plant leads to an increase in the
rate of parasitism close to 11% (Fig. 2).
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Discussion
In this study, the effects of nitrogen fertilization in maize on D. maidis density, the incidence of the diseases transmitted by it, and the percentage of parasitism
of its eggs were explored. As expected, the increase in N content in plants, caused an increase in the density of the vector, and consequently higher parasitism
rates. However, we did not record a direct relationship in the incidence of diseases.

Vector populations 

The density of the vector increased in the fertilized plots relative to the control plots. But the differences were clearly veri�ed two weeks after crop fertilization,
with signi�cantly higher densities in the highly fertilized treatment when compared to the N0 (control) and N100 treatments (Fig. 1), presumably because of
the effect of the fertilizer on plant quality. On a previous study, Power (1989) stated that nitrogen fertilization affected maize growth but had no impact on D.
maidis abundance, although later Schetino Bastos et al. (2007) reported a direct relationship between the nitrogen content in corn leaves and the number of
nymphs and adults of the corn leafhopper. Plants with a higher level of fertilization are more palatable to sap-sucking insects (Bernays and Chapman 1994),
because of the increment of nitrate and soluble amino acids in the phloem sap (Ponder et al. 2000; Douglas 2006). Auchenorrhyncha insects survive better,
develop faster, molt into larger adults, and are more fecund if they develop on nitrogen-rich host plants (Rossi et al. 1991; Cook and Denno, 1994). Considering
that the life cycle of the vector (egg to egg) is 42 days at 25 ºC (Van Nieuwenhove et al. 2016) and that the average temperature recorded during our
experiment was similar, we estimate that most of the recorded adults during our experiment were colonizing migrants. D. maidis adults have high mobility
(Castro et al. 1992; Oliveira et al. 2002) and can detect through visual and/or olfactory cues which plants offer a better nutritional status (i.e. where the leaves
chlorophyll content is higher) (Table 1). We do not know yet how adults are oriented towards the most palatable plants in the �eld; whether they orient mostly
by visual stimuli, considering the leaves color or the biomass amount (Todd et al. 1990), or olfactory cues that allow discrimination between more adequate
hosts from a nutritional point of view (Coll Aráoz et al. 2019). Rossi et al. (1991) stated that the leafhopper Carneocephala �oridana (Hem.: Cicadellidae)
preferred plants with higher nitrogen content, and those individuals that reached them had a signi�cant competitive advantage due to an increase in body size
and fertility. Also, Cook and Denno (1994) described that macropterous of the planthopper Prokelisia marginata (Hem.: Delphacidae) moved from nutritionally
inferior host plants to nitrogen-enriched ones. 

Incidence of the diseases

Power (1989) a�rmed that nitrogen fertilization did not impact CSS incidence. In accordance, our study demonstrated that the incidences of CSS and MBSP
were not directly linked with the level of N fertilization, however, the symptoms of the diseases were much less evident in plants that received higher
fertilization (Table 2). It is well known that the symptomatology caused by S. kunkelli and MBSP depends on many factors, including germplasm, climatic
factors, and fundamentally the phenological stage of the corn plant at the time of infection, and perhaps also the MBSP isolate (Carpane et al. 2006; de
Oliveira et al. 2018). Infected plants in the early stages show the highest levels of symptomatology (Hruska and Gómez Peralta, 1997). We assumed that
infective D. maidis adults similarly colonized the plots, since the latter were randomly distributed, therefore the inoculum pressure would have been similar at
the beginning of the assay in every plot. Castro et al. (1992) evaluated the movement of D. maidis and proved that the �ight activity depends mostly on the
size of the �eld and not on the sown density of maize plants. It was expected that the incidence of the diseases would be higher in the treatments with a larger
population of vectors; however, there was no clear relation between vector densities and the occurrence of disease. This may be due to the high mobility of the
corn leafhopper and that infective adults could easily move from one treatment to another during the early stages of the culture, establishing themselves in
the most fertilized treatment after V5-6 (about 15 days after the fertilizer application) (Fig. 1), coinciding with the period of accumulation of dry matter by the
plants. In contrast to our results, Castro et al. (1992) while studying the in�uence of maize sown density on the incidence of the “corn stunting” disease, found
a lower percentage of infection in plots with a higher density compared to those with a lower density, as a result of fewer vectors per plant in the former. The
use of nutrients by the plant and the consequent vegetative storage is well represented by a logistic-type curve, where three sub-periods are clearly
distinguished: between the emergence and the beginning of the stem lengthening, the dry matter accumulates slowly, due to the weak growth of the vegetative
organs, such as leaves and stems, but in the second stage a strong increase is veri�ed reaching the maximum value; �nally, coinciding with physiological
maturation, a slight decrease in dry matter occurs due to foliar senescence (Evans 1972). The relationship between the level of N soil fertilization and the N
uptake dynamics and use e�ciency largely depends on various aspects such as soil, germplasm, planting density, etc. (Swank et al. 1982; Ciampitti and Vyn
2011). 

Bottom-up control by egg parasitoids within the treatments

The nutritional status of plants can affect the foraging behavior of natural enemies and their effectiveness, leading to the decrease of the herbivore
populations (Denno et al. 2003; Aqueel and Leather 2012; Han et al. 2019). According to our predictions, the treatments with the highest levels of fertilization,
had the highest levels of parasitism. D. maidis eggs were 2.85 times more parasitized in the treatment with a higher level of fertilization than in the control.
Several investigations showed that the supply of nitrogen to plants increases the parasitism rate for several species of Lepidoptera and aphids (Jansson et al.
1991; Kalule and Wright 2002; Staley et al. 2011). Moon et al. (2000) stated that Anagrus sp. nr armatus (Hymenoptera: Mymaridae) attacked signi�cantly
more eggs of Pissonotus quadripustulatus (Hemiptera: Delphacidae) on fertilized plants compared to those on unfertilized plants and they attributed the
increase in the levels of parasitism to the changes in the morphology of the host plant induced by fertilization. Nitrogen fertilization impacts the nutritional
value of plants, and thus triggers bottom-up effects in the third trophic level, due to better quality or larger size of the herbivores that feed on fertilized
plants (Vinson 1998; Pérez-Contreras and Soler 2004). On the other hand, the lower availability of nitrogen can lead to an increase in plant defensive
compounds (Chen et al. 2008), and their negative effects can extend to herbivores and higher trophic levels (Turlings and Benrey 1998).

We found a positive correlation between parasitism rates and host density. Optimal foraging theory suggests that parasitoids can maximize their parasitism
rate by aggregating in high-density patches of hosts leading to a decrease in host search times by females or costs of time spent rejecting already-parasitized
hosts, i.e. handling times (Cook and Hubbard 1977; Walde and Murdoch 1988). In a previous review on this subject, Gunton and Pöyry (2016) stated that inLoading [MathJax]/jax/output/CommonHTML/jax.js
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most cases there is a positive association between host density and parasitism, which is in line with our �ndings. They also found that negative correlations
generally occur when either the host or the parasitoid species were exotic (i.e. lack of speci�city), in the orders Lepidoptera or Diptera, when the parasitoid was
larger, or when the study was conducted at a �ner grain size (i.e. the area over which each datum for host density is measured). A strong positive density-
dependent relationship between D. maidis and its egg parasitoids community has been reported (Moya-Raygoza 2020). A recent contribution tested the
foraging behavior of D. maidis and its egg parasitoid Anagrus virlai (Hymenoptera: Mymaridae), comparing plants previously affected by conspeci�c herbivory
and with no previous contact with the herbivores (Coll Aráoz et al. 2020); corn leafhopper females were able to detect and signi�cantly preferred healthy
seedlings of a corn landrace over the attacked ones and the egg parasitoid wasp was able to detect the attacked plants. The landrace tested released
allomones that avoided colonization of more individuals from the pest and also attracted parasitoids, that where not attracted toward maize hybrids also
assayed in the same study. The increase in parasitism registered in the treatment with higher fertilization, in our �eld experiment could be mediated by the
volatiles released by the plants.

Implications

Our study demonstrated that two weeks after nitrogen fertilization, when the nutritional status of the plant improves, the populations of D. maidis increase
accordingly to the levels of fertilization, as well as the parasitism levels of their eggs. Although we have not found a direct relationship between the increase in
fertilization, the density of the vector, and the incidence of CSS and MBSP, we were able to verify that the plants that received the highest amount of nitrogen
showed much fewer symptoms than those without fertilization. Further studies should be carried out to elucidate if the evident decrease in CSS and MBSP
symptoms corresponded to improvements in the physiological state of the plants that allowed them to better withstand the diseases. The information
obtained here is useful at the time of diagramming mitigation strategies for D. maidis populations and the incidence of diseases transmitted by them.
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Tables
Table 1: Phenological state of the crop, average densities of the vector (adults/plant) recorded 42 days after sowing, and characterization of the crop situation
54 days after sowing. Treatments: N0 = control non-fertilized; N100 = 100 kg*ha–1; N200 = 200 kg*ha–1; N300 = 300 kg*ha–1. Different letters in the vector’s
density column indicate statistically signi�cant differences (LSD test, p<0.05).

  42 days after sowing   54 days after sowing  

 

 

Treatments

phenological stage
of the plants

vector density ±
standard error

  % of plants with male
in�orescence

% of plants with at
least one ear

plant height
range (meters)

leaf relative
chlorophyll level

N0  V7 0.067 ±0.021a   70 0 1.6 – 1.75 257

N100 V7-8 0.200 ±0.029b   90 0.5 1.7 – 1.95 363

N200 V7-8 0.320 ±0.049bc   100 15 1.8 – 2.00 396

N300 V8-9 0.373 ±0.016c   100 35 1.8 – 2.30 538

Table 2: Results (percentage) of the visual evaluation of symptoms for Spiroplasma kunkelii (CSS) and MBSP disease and the analytical determination of the
pathogens for the different levels of N fertilization 89 days after sowing. Treatments: N0 = non-fertilized; N100 = 100 kg*ha–1; N200 = 200 kg*ha–1; N300 =
300 kg*ha–1.

  Visual estimation   Analytical determination

 

 

Treatments

 

 

n

plants with CSS
symptoms

plants with MBSP
symptoms

symptomatic
plants 

   

 

n

positive for
CSS

positive for
MBSP

affected
plants 

N0 100 15 27 42   40 35.0 25.0 60.0

N100 100 15 12 27   40 2.6 20.0 22.5

N200 100 3 15 18   40 20.0 10.5 25.0

N300 100 0 15 15   40 17.5 50.0 42.5
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Figure 1

Evolution over time of the densities (mean adults/plant) of the corn leafhopper (Dalbulus maidis), and percentage of the symptomatic plants for corn stunting
disease, in plots of maize with different levels of fertilization. The linear regressions between both variables and the time of maize development are presented
(in days after sowing). Formulas represented in normal letters correspond to the regression between the vector densities and the development of the crop, and
formulas with letters in bold correspond to the regression between % of symptomatic plants and the time since the maize was sown. A: N0 = non-fertilized; B:
N100 = 100 kg*ha–1; C: N200 = 200 kg*ha–1; D: N300 = 300 kg*ha–1.

Figure 2

Relationship between natural parasitism rate and adult �eld density of D. maidis recorded for each treatment, 42 days after sowing (non-fertilized N0 = 0.067;
N100 = 0.200; N200 = 0.320; N300 = 0.373).
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