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Rhopalosiphum maidis Fitch (Hemiptera: Aphididae) populations under different
maize management systems - preliminary study

Artar Botond CSORBAY, Janos BALINT!, Tamas FELFOLDI2, Attila SZABO?, Ciprian George FORAS,
Istvan MATHE*, Hugh D. LOXDALES, Adalbert BALOG! and Imre-Istvan NYARADI™*

1. Sapientia Hungarian University of Transylvania, Faculty of Technical and Human Sciences, Department of Horticulture,
Aleea Sighisoarei 1C, Targu Mures/ Corunca, Romania.

2. Department of Microbiology, ELTE Eétvos Lorand University, Pazmany Péter sétany. 1/c, 1117, Budapest, Hungary
3. Faculty of Horticulture and Forestry, Banat's University of Agricultural Sciences and Veterinary Medicine
“King Michael I of Romania” from Timisoara, Calea Aradului 119, Timisoara 300645, Romania
4. Department of Bioengineering, Sapientia Hungarian University of Transylvania,

Piata Libertatii 1, Miercurea Ciuc, 530104, Romania.

5. School of Biosciences, Cardiff University, The Sir Martin Evans Building,

Museum Avenue, Cardiff, Wales, CF10 3AX, UK.

* Corresponding authors, A.B. Csorba, E-mail: csorbaartur@yahoo.com
and LI Nyéradi, E-mail: nyaradi@ms.sapientia.ro

Received: 21. October 2019 / Accepted: 06. November 2020 / Available online: 15. November 2020 / Printed: December 2021

Abstract. In this study, a preliminary study was made to test the effect of host plant (maize, Zea mays) management on corn leaf aphid
endosymbiotic bacterial diversity. A series of field assessments were run by collecting natural populations of corn leaf aphids from
both traditionally managed (low-input) fields grown under high agricultural and natural landscape diversity and high-input
agricultural fields with fertilizers, grown in monoculture under low natural landscape diversity. Bacterial total DNA sequencing was
performed on an Illumina MiSeq platform. A total of 259,878 high-quality bacterial 16S rTRNA gene sequences were obtained from the
samples. In total, 213 bacterial genera were identified. A high abundance of primary symbionts (Buchnera sp.) and secondary
symbionts (uncultured members of the family Enterobacteriaceae) were detected in all aphid samples. Other bacterial genera (Bacillus,
Pseudomonas, Salipaludibacillus, Pantoea, Sphingomonas, and uncultured members of “Candidatus Moranbacteria” and
“Candidatus, Falkowbacteria”) were recorded, mostly from aphids collected from conventionally managed (high input) fields. The
overall effect of high input treatment was such that 28% of the corn leaf aphid bacterial community distribution was affected. In
contrast, low bacterial diversity was observed in corn leaf aphid populations from traditionally managed (low input) fields. These
findings reveal the role of external environmental factors in governing the endosymbiotic bacterial community of aphids.
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Introduction

Over the past 20 years, a growing amount of molecular evi-
dence has accumulated suggesting that aphid asexual line-
ages are not true clones, since they rapidly mutate and this
variation is selectable, and hence adaptive, and can affect cer-
tain phenotypic traits (Loxdale 2008a, 2008b). Aphids are also
closely associated with microorganisms, some of which are
obligate mutualists, usually referred to as primary symbionts,
such as Buchnera aphidicola, which is maternally inherited
(Russell & Moran 2006). In addition, other maternally trans-
mitted intracellular bacteria, like Rickettsia spp. (a-Proteobac-
teria), Spiroplasma spp. (Mollicutes) and various y-proteobac-
terial microbes (including Hamiltonella defensa, Regiella insecti-
cola, Serratia symbiotica and Arsenophonus spp.) termed second-
ary symbionts, are harbored by aphids (Fukatsu et al. 2001;
Gomez-Valero et al. 2004). These secondary symbionts are of-
ten shared between genetically divergent aphid lineages and
seem to undergo both vertical and horizontal transfer among
matrilines (Oliver et al. 2005). Only a few previous researches
reports suggest that these symbiotic bacteria communities are
involved in different traits related to aphid biology, modulat-
ing complex interactions of the aphid’s immune system
(Montllor et al. 2002; Oliver et al. 2005; Poirié & Coustau 2011).
The role of secondary symbionts has been widely studied in
the pea aphid, Acyrthosiphon pisum Harris (McLean et al. 2011;
Lukasik et al. 2013). Thus, for example, recent studies have
revealed that at the aphid population level, increasing plant

species richness escalated the diversity of the aphid microbial
community, whereas at the individual aphid level, the oppo-
site was true. At the local scale, these effects, which are medi-
ated via defensive protection responses and a changing cost-
benefit trade-off to the aphid for hosting multiple secondary
symbionts (Zytynska et al. 2016), may potentially be driven
by varying selective pressures across different plant commu-
nities of varying diversities. In this light, different intensities
of crop management may represent an even more important
local or regional driver of selection, via the aphid endosymbi-
otic bacterial community, as indeed perhaps landscape struc-
ture does itself.

At the large spatial scale, the presence or absence of a
particular secondary symbiont and/or the presence of other
associated microbial species may have important effects such
that the aphid microbiome forms a true second genome along
with the aphid host’s own genetic inheritance (Moran 2007,
Scott 2011). Microsatellite analyses on the genetic diversity of
the Cotton-melon aphid, Aphis gossypii Glover collected over
a large geographical scale has shown that this aphid species
also comprises several host-associated microbial communi-
ties with wide distribution. Other studies have reported that
the aphid genus Cinara represents a ‘global diversification
scenario’, whereby speciation processes are strongly con-
strained by host genus associations (Jousselin et al. 2013). The
same research also revealed a pattern of frequent niche shifts
in terms of host plant use and feeding habits. Cinara species
as a group show frequent host specialization events and mul-
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tiple transitions from branch-feeding to shoot-feeding. Simi-
larly, many host-parasitoid interactions (especially those in-
volving hymenopterous (wasp) parasitoids and fungi) are af-
fected with unknown consequences to the important biologi-
cal control of aphid pests (Onstad 2014). This multitude of in-
teracting factors (crop management, climate and land-use
change, as well as natural enemies) that impinge upon aphids
seemingly drives them towards rapid adaptation (Field et al.
1999). The bacterial community of an individual aphid of a
given species and as well as that of aphid species populations
may thus play an important, yet undiscovered, role in relation
to such adaptations. The aim of the present research was thus
to shed light on this role and discover novel mechanisms in
aphid trait evolution.

Model species. The corn leaf aphid, Rhopalosiphum maidis
Fitch (Hemiptera: Aphididae) is a major agricultural pest
(Blackman & Eastop 2000, Emden & Harrington 2007). Its
hosts include several important crops, especially maize, often
cultivated under different climatic conditions in Europe, alt-
hough it also infests barley, oats, and wheat, and other plants
of the families Gramineae, as well as Cyperaceae and
Typhaceae (Brown & Blackman 1988, Blackman & Eastop
2000, Brown et al. 2015). Corn leaf aphid is also a significant
vector of several serious pathogenic plant viruses, including
barley yellow dwarf virus, sweet potato feathery mottle virus,
millet red leaf virus, sugarcane mosaic virus, and maize dwarf
mosaic virus. In Europe, infestation of maize by this aphid oc-
cur from June until the end of September (Kuo et al. 2006). The
most favorable conditions for aphid population growth in-
clude temperatures of 28-30°C and a relative humidity of 60-
70%. Asexual females give birth to live young parthenogenet-
ically, including four nymphal stages, each instar lasting
some two to three days, depending on temperature, until the
adult morph is attained. Time from birth to maturation ranges
from seven to ten days (Kuo et al. 2006).

Objectives. In the study, the following central question
was posed: Does host plant (here maize, Zea mays) manage-
ment, i.e. conventionally managed high input field crop with
fertilizer input (HIF) or traditionally managed low input field
(LIF) influence corn leaf aphid endosymbiotic bacterial com-
munity composition and diversity.

Material and Methods

Presentation of study areas

Field collection of corn leaf aphid were made from both traditionally
managed (low-input) fields grown under high agricultural and natu-
ral landscape diversity and high-input agricultural fields treated with
chemical and fertilizers and grown in monoculture in conditions of
low natural landscape diversity. Low-input fields were classified ac-
cording to their environmental divergence. This covers the main
maize cultivation geographic areas and clustered according to climate
regime as in the Sighisoara area (Saxon region) of Central Transylva-
nia, Romania. The region comprises mostly valleys between moun-
tains with no pesticide and fertilizer usage in maize production, char-
acterized by a landscape mosaic of different land-cover types (approx.
28% forest, 24% pasture, and 37% arable land). High-input fields were
located in North Romania represented by intensive maize monocul-
tures for more than ten years. Synthetic fertilizers (NKP) were added
only once per year in a 60 kg/ha in all plots. No other management
(pesticides) were used. Both fields were situated in a same altitudinal
range of about 250 m. a. s. I. The climate was the same, with low tem-
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peratures in winter (-10 C° or below), rainy spring and moderate
warm summer (25-30 C°).

Field collection of corn leaf aphids

Aphid samples were collected from three different maize fields (same
maize variety) during the same time period (June 12, 2019) when all
plots were in flowering (R2 to R3) stages. The sample T2_1 was col-
lected from a traditionally managed (low-input) field, samples T2_2
and T2_3 from conventionally managed (high-input) fields. Conven-
tionally managed fields were placed close (1 km distance) to each
other, near a main road, both sited between other conventionally
treated wheat fields and apple orchards. All samples were taken from
maize plants inside the field; this was done to minimize the possible
effects of field margins.

Sampling procedures and similar sampling methods were used
both in traditionally managed fields (low-input) and conventionally
managed (high-input) fields. Asexual lineages of wingless (apterous)
individuals were collected during plant surveys. Ten maize plants per
field were randomly selected at each sampling date, with first instar
aphid nymphs (5 from each colony / per plant) collected and stored
in 0.5 mL Eppendorf tubes containing 99% ethanol prior to DNA anal-
ysis.

Aphid associated bacterial community analysis
Bacterial community analysis was performed on samples from tradi-

tionally and conventionally managed fields, all analyzed samples con-
taining five first instar aphids, as above. For DNA extraction and sub-
sequent PCR amplification, aphids were first washed twice with 70%
ethanol to remove surface-attached microbes. Analysis was based on
amplicon sequencing of the 16S rRNA gene, as in our previous work
(Benedek et al. 2019). Briefly, total genomic DNA was extracted using
the DNeasy PowerSoil Kit (Qiagen), whereafter a part of the 16S rRNA
gene was amplified using primers with the Bacteria-specific se-
quences Bakt_341F (5"-CCT ACG GGN GGC WGC AG-3' (Herlemann
et al. 2011)) and Bakt_805NR (5-GAC TAC NVG GGT ATC TAA
TCC-3' (Apprill et al., 2015)). DNA sequencing was performed on an
Ilumina MiSeq platform using MiSeq standard v2 chemistry as a ser-
vice provided by the Genomics Core Facility RTSF, Michigan State
University, USA.

Data analyses
Methodological details and the applied bioinformatic and statistical

analyses were as described in Benedek et al. (Benedek et al. 2019), ex-
cept that the resulting sequence reads were processed using the
mothur v1.41 software (Schloss 2020). This was based on the MiSeq
standard operating procedure (downloaded on 03/04/2020), with the
removal of chimeric sequences performed using VSEARCH (Rognes
etal. 2016). OTUs (operational taxonomic units) were defined at a 97%
nucleotide sequence similarity level. Raw sequence data were submit-
ted to NCBI under BioProject ID PRINA647165.

For statistical analysis of amplicon sequencing data, the subsam-
pling of reads was performed to the read number of the smallest da-
taset (n=73,189). Microbial alpha diversity (estimated using the Shan-
non-Wiener and Inverse Simpsons’s (1/D) diversity indices) and spe-
cies richness values (using the Chaol and the ACE richness metrics)
were calculated using mothur v1.41. Linear regression was used to as-
sess the variation in total bacterial diversity indices (Shannon and
Simpson indices, as above) under different treatments and control, R?
values computed using PAST version 4.02 (Hammer et al. 2001).

Principal Components Analyses (PCA) were used to identify the
proportion of variation in each PCA axis (bacterial DNA diversity and
treatment + land use) that was explained by the most frequent bacte-
rial distribution. We then used the average count of each bacterial
DNA reads numbers detected and log10 transformed from each sam-
ple grouping as response variables as component 1 (PCA axis1) and
treatment (LIF vs. HIF) as component 2 (PCA axis 2) scores, respec-
tively. Bacterial diversity profile comparison was performed using al-
pha diversity indices. All data analyses were made in PAST.
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Principal Components Analyses (PCA) to identify the proportion of variation in each PCA axis (bacterial DNA
diversity and land use) that was explained by the most frequent bacterial distribution. We used the average count of each
bacterial DNA reads numbers detected and log10 transformed from each sample grouping as response variables as compo-
nent 1 (PCA axis1) and environmental factors (LIF vs. HIF) as component 2 (PCA axis 2) scores, respectively.

Results (high input) fields, along with other bacteria detected with

A total of 259,878 high-quality bacterial 165 rRNA gene se-
quences were obtained from the samples (86,626 + 15,031
reads per sample). Good’s coverage values were higher than
0.99 in all cases, indicating that sequencing depth was suffi-
cient to recover all major taxa (Table S1 Supplementary online
materials). The average length of sequences was ~450 nt,
which allowed genus-level taxon identification. In total, 213
bacterial genera were identified (Table S1 Supplementary
online materials).

A high abundance of primary symbionts Buchnera and
secondary symbionts including uncultured Enterobacteri-
aceae were detected in all aphid samples tested, although
there were no significant differences in these bacterial distri-
bution between aphids (Figure 1). While other bacterial gen-
era (Bacillus, Pseudomonas, Salipaludibacillus, Pantoea, Sphingo-
monas, and uncultured members of “Candidatus Moranbacte-
ria” and “Candidatus Falkowbacteria”) were recorded,
mostly from aphids collected from conventionally managed

very low relative abundance from sample T2_3 (Figure 1). The
effect of treatment was such that this explained 28% of the
corn leaf aphid bacterial community distribution (Figure 2).
Most of the genera detected with relatively low abundance,
such as Bacillus, Sphingomonas and Salipaludibacillus are het-
erotrophs commonly found in nutrient-rich environments,
and could be gut-associated (Garrity 2005). Members of these
genera are often isolated from various insects, including
aphids (Grigorescu et al. 2018). On the other hand, uncultured
members of “Candidatus Moranbacteria” and “Candidatus
Falkowbacteria” represent a yet unknown, but potentially
symbiotic (Brown et al. 2015), fraction of the aphid-associated
bacterial community.

Overall, no differences in aphid bacterial diversity be-
tween two conventionally managed (high input) fields were
detected, although differences between low and high input
fields bacterial diversity were detected. Contrastingly, a low
bacterial diversity was observed from traditionally managed
(low input) fields (Figure 3).
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Figure 3. Bacterial alpha diversity profile comparison consid-
ering the whole (213 genera) bacterial community associated
with corn leaf aphids in differently treated maize fields. Data
analyses were made in PAST.

Discussion

Only a few previous published studies have presented the de-
tailed species composition of endosymbiotic bacterial com-
munities associated with particular aphid species (McLean et
al. 2011). In the present study, 213 bacterial genera were de-
tected and identified as being closely associated with corn leaf
aphid populations infesting maize crops grown under LIF
and HIF conditions.

Primary and secondary symbionts (Buchnera and uncul-
tured members of the family Enterobacteriaceae) dominated
these communities in both conventionally and traditionally
managed fields. Even so, it is clear that traditionally managed
maize crops supporting corn leaf aphids showed overall
lower bacterial diversity and were mostly dominated by pri-
mary and secondary symbionts (Table S1 and Figure 1). In
contrast, in conventionally treated maize crops, where the
dominant treatments were synthetic fertilizers (K, P and N),
the high bacterial diversity detected within the infesting corn
leaf aphid population was seemingly correlated with syn-
thetic fertilizer applications.

Nitrogen especially might have positive effects on aphids’
performance, probably due to deposition-induced increases
in host plant chemistry, the effect of potassium and phosphor
on aphids needs further investigation.

To our knowledge this is the first account to describe the
diversity of endosymbiotic bacteria inhabiting corn leaf
aphids infesting maize crops, grown both under LIF and HIF
conditions, and explored experimentally using high resolu-
tion molecular (DNA) markers. It can also be stated that
whilst the aphids are not ‘free agents’ in terms of their biology
and life style, including host plant adaptation (Brown &
Blackman 1988; Loxdale & Balog 2018; Loxdale et al. 2020),
nor indeed are the bacterial endosymbionts inhabiting these
insects free of constraints, here abiotic constraints (i.e. plus or
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minus synthetic fertilizer application), these factors may have
significant influence on endosymbiotic bacterial diversity.
This argues for a novel and unexpected role of external envi-
ronmental factors in governing the endosymbiotic bacterial
community of aphids, in turn influencing the aphids them-
selves in a three-tier cascade, i.e. level of soil nutrition (plus
or minus application of synthetic fertilizer) — diversity of sym-
biont community within aphid host — aphid host. Other fac-
tors may also have significant role in endosymbionts commu-
nity diversity, more precisely mutualistic relationship with
ants (which produce antibacterial substances) may induce
speciation in aphids and might influence the composition of
endosymbionts. This has to be further investigated under dif-
ferent environmental conditions and ant species visiting
aphids’ colonies.

Previous researches made in the northern hemisphere
have revealed that corn leaf aphids infesting barley usually
have ten chromosomes (2n=10), whereas those from maize,
sorghum and Johnson grass (Sorghum halepense) collected
from all parts of the world, commonly have only eight (2n=8)
(Brown & Blackman 1988). Accordingly, morphometric anal-
ysis indicated that the ten-chromosome form can be consid-
ered as a single asexual lineage (= ‘clone’ sensu lato) of R.
maidis with regard to its karyotype and host-plant relation-
ships (Brown & Blackman 1988); as a result, different fitness
consequences of secondary symbionts may well occur in dif-
ferent R. maidis clonal lineages and karyotypes. In relation to
host plant affects and secondary symbionts, a study of the pea
aphid revealed that artificial infection with the symbiont
Hamiltonella defensa decreased fitness on Lathyrus plants (pea-
vines or vetchlings) but not on Vicia faba (broad bean), a plant
acceptable to the pea aphid genotypes tested. The same study
also revealed that by removing the Hamiltonella from natural
aphid-bacterial associations resulted an average of 20% de-
crease in fecundity in all host plants tested, suggesting uni-
versal rather than plant-species-specific effects of the symbi-
ont (McLean et al. 2011).

The present findings are of course preliminary. To throw
more light on the intriguing scenario here detected, we are
currently conducting further research in an attempt to detect
in more detail the diversity of the symbiont community in-
fecting corn leaf aphids from other field sites using larger
aphid samples and with molecular-based identification of sec-
ondary symbionts through to species level, if this is possible.
In addition, the possible effect/s of these symbionts in the ad-
aptation of corn leaf aphids to abiotic and biotic factors, espe-
cially host plant factors (i.e., antifeedants), will be investi-
gated.
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