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Increased maize growth and P uptake promoted by arbuscular
mycorrhizal fungi coincide with higher foliar herbivory and larval
biomass of the Fall Armyworm Spodoptera frugiperda
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Abstract
Most plant species naturally associate with arbuscular mycorrhizal fungi (AMF), which are known to promote crop nutrition and health
in agroecosystems. However, information on howmycorrhizal associations affect plant biotic interactions that occur abovegroundwith
foliar herbivores is limited and needs to be further addressed for the development of pest management strategies. With the objective to
examine the influence of maize mycorrhizas on foliar herbivory caused by larvae of Spodoptera frugiperda, a serious pest in maize
agroecosystems, we performed a fully factorial greenhouse pot experiment with three factors: Maize genotype (Puma and Milpal
H318), AMF (with and without AMF, and without AMF with mineral P) and Insect herbivory (with and without S. frugiperda). Main
results showed that inoculation with AMF improved plant growth and foliar P concentration, which coincided with increased foliar
damage from herbivory and higher biomass of S. frugiperda larvae. A significant positive correlation between shoot P concentration
and larval biomass was also observed. Finally, foliar herbivory by S. frugiperda slightly increased and decreased AMF root coloni-
zation in Puma and H318, respectively. In conclusion, our results show that maize plant benefits from AMF in terms of promotion of
growth and nutrition, and may also increase the damage caused from insects by improving the food quality of maize leaves for larval
growth, which seems to be linked to increased P uptake by the maize mycorrhizal association.
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Introduction

Maize is one of the basic cereal crops producedworldwide, used
mainly for human consumption, livestock fodder, and bioenergy

(Bennetzen and Hake 2009). Insect pests, including the Fall
Armyworm Spodoptera frugiperda J. E. Smith (Lepidoptera:
Noctuidae), are among the most production-limiting factors in
maize agroecosystems (Pedigo and Rice 2009). Pest manage-
ment of includes chemical and biological control, cultural prac-
tices, and crop system diversification (Pedigo and Rice 2009).
Independent of the pest control strategy, it is important to con-
sider employing an agroecological approach taking into consid-
eration how other plant biotic interactions influence insect pest
management (Altieri and Nicholls 2004).

Manifold direct and indirect plant biotic interactions at dif-
ferent trophic levels take place in agroecosystems (Médiène
et al. 2011), which are all important for insect pest manage-
ment (Altieri and Nicholls 2004). Among such plant biotic
interactions, the symbiotic association between roots of most
plants and arbuscular mycorrhizal fungi (AMF) is a key one to
consider since it can strongly alter host plant phenotype such
as primary and secondary metabolism, nutrient concentration
and defense (Smith and Read 2008), thereby indirectly mod-
ifying plant–herbivore interactions.
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Maize naturally associates with AMF, which has been
shown to result in improved plant growth and P nutrition with
single AMF species (Sarabia et al. 2018) and field communi-
ties of AMF (Sarabia et al. 2017; Zitlalpopoca-Hernandez
et al. 2017; Alvarado-Herrejón et al. 2019). However, the
phenotypic plant response to AMF depends on maize geno-
type (Sawers et al. 2017) and agricultural practices such as
fertilization (Sarabia et al. 2017; López-Carmona et al.
2019) and tillage (Gavito and Miller 1998). Plant stress alle-
viation from abiotic and biotic stress is another key feature
related to arbuscular mycorrhizas (Kumar and Verma 2018).
Alleviation of biotic stress from plant pests including micro-
bial plant pathogens (Whipps 2004; St-Arnaud and Vujanovic
2007; Veresoglou and Rillig 2012) and arthropod herbivores
(Gange 2007; Gehring and Bennett 2009; Koricheva et al.
2009) by arbuscular mycorrhizas has been linked with both
induction of systemic resistance (Pozo and Azcón 2007;
Mauch-Mani et al. 2017) and improved tolerance from re-
source compensation (Garrido et al. 2010; Ramírez Gómez
and Rodríguez 2012; Zitlalpopoca-Hernandez et al. 2017).

Results from a meta-analysis showed that the influence of
mycorrhizal associations on the performance of arthropod her-
bivores depends on the type of herbivore, with reduced and
increased damage from chewing and piercing-sucking herbi-
vores, respectively (Koricheva et al. 2009). Foliar arthropod
pests might also interact with AMF, as herbivory can alter the
allocation of plant photosynthates to the roots (Gange 2007;
Gehring and Bennett 2009; García-Rodríguez et al. 2012;
Machado et al. 2013). However, the general knowledge of
interactions between arbuscular mycorrhiza and foliar arthro-
pod herbivores is still limited. Most studies have been per-
formed with single species of AMF, with detached leaves,
and have focused on plant defense responses.

Hence, the objective of this work was to investigate the
interactions between a field community of AMF associated
with maize and the insect herbivore S. frugiperda in vivo fo-
cusing on the possible role of P in thismultitrophic interaction.
We tested the main hypothesis that mycorrhizal maize plants
compensate damage from foliar herbivory caused by
S. frugiperda by improving plant P uptake.

Materials and methods

Experimental design

Amultifactorial completely randomized designwas employed
with the following three factors: (1) Maize genotype (two
levels—H-318 and PUMA), (2) Insect herbivory (two
levels—with and without S. frugiperda), and (3) AMF (three
levels—with and without AMF and without AMF but with P).
Each of the 12 treatments (2 × 2 × 3) had five replicates, for a
total of 60 experimental units.

Biological materials and substrate

The maize (Zea mays L.) hybrids PUMA (Asgrow®) and H-
318 (Milpal®) were used in the present study as examples of
maize genotypes commonly grown in the state Michoacán in
Mexico. In a previous study, these hybrids were found to
differ in response to herbivory from S. frugiperda with more
herbivory and hence damage in H-318 than in PUMA (Real-
Santillan O, unpublished data).

Larvae of S. frugiperda were obtained from a laboratory
culture reared on a semi-synthetic diet before herbivory.
Adults were fed with 15% honey water solution (Poitout and
Bues 1974).

Soil was obtained from the experimental field station of the
National Agricultural University ofMexico, CampusMorelia,
Michoacán, Mexico. Soil texture was clayish (53.2% clay,
27.3% silt, and 19.5% sand) with the following chemical char-
acteristics: organic matter = 2.7%, inorganic nitrogen =
23.2 mg kg−1, plant available phosphorus (Olsen P) =
5.8 mg kg−1, and pH (H2O) = 7.3. Soil was mixed with quartz
sand (1:1, w/w) and disinfected in an electric soil sterilizer at
90 °C for 24 h.

Plant nutrients were mixed into the soil (mg kg−1 dry soil):
K2SO4 (75.0), CaCl2·2H2O (75.0), CuSO4·5H2O (2.1),
ZnSO4·7H2O (5.4), MnSO4·H2O (10.5), MgSO4·7H2O (45),
Na2MoO4·2H2O (0.18), and NH3NO4 (30). In the treatment
with P, 100 mg pot−1 P as KH2PO4 was mixed into the soil.

The field community of AMF in the maize field where the
soil was collected, has been reported to be dominated by
Glomus spp., Acaulospora spp., Gigaspora spp., and
Intraspora spp. (López-Carmona 2013).

Experimental set-up

Soil sand mix (1:1, w/w) (1200 g) was added to each pot
(1.5 L). In both treatments, “without AMF” disinfected soil
was used, whereas in treatments “with AMF” 25% of the soil/
sand substrate was non-disinfected and hence harbored the
native field community of AMF and other microbiota. In the
treatments “without AMF” and “without AMF with P,” soil
microorganisms other than AMF were reestablished by
adding 10 mL soil filtrate prepared by sieving a suspension
of 100 g non-disinfected soil in 1 L distilled water through a
nylon mesh (20 μm), which retained propagules of AMF, but
allowed other microorganisms to pass. Prior to filtration, the
soil suspension was mixed on a magnetic mixer for 2 h at
650 rpm.

The soil was watered to 80% of the water holding capacity.
Three maize seeds were then sown in each pot with the dif-
ferent maize genotypes in their respective treatments. One
week after seedling emergence, seedlings were thinned so that
each pot contained only one seedling of similar size to mini-
mize variation in plant development not related to the
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experimental factors examined. During the entire 8-week
plant growth period, pots were watered daily by weight to
maintain 80% water holding capacity. Every second week,
an additional 30 mg N were applied to each pot as a solution
of NH3NO4. Plants were grown under greenhouse conditions
with 15–20 °C and 25–30 °C night and day temperatures,
respectively.

Six weeks after sowing, three L2 larvae of S. frugiperda
were placed on a leaf toward the stem center in the treatments
with insect herbivory. Prior to application of S. frugiperda
larvae, plants of all experimental units both without and with
S. frugiperda were individually covered with insect net
(200 μm mesh) to confine larvae to their respective experi-
mental unit. Larvae were left to feed for 2 weeks.

Harvest and analyses

The experiment was ended 8 weeks after sowing. Larvae were
collected and weighed. The level of shoot herbivory was
determined visually according to damage categories as
described by Domínguez and Dirzo (1995) using the follow-
ing levels of damage: 0 = no damage, 1 = 0–5% damage, 2 =
6–12% damage, 3 = 13–25% damage, 4 = 36–50% damage,
and 5 = 51–100% damage. Hereafter, the shoot was separated
from the root and the root system was washed free of soil.
Roots were then cut into 5–10 mm segments and mixed in
water to obtain a 2-g representative subsample from each ex-
perimental unit for measurement of AMF root colonization.
Root subsamples were stored at −20 °C until processing. The
shoot and the remaining roots were oven dried for 72 h at
80 °C. Dried shoots were milled and sieved with a 0.425-
mm mesh for further analysis of shoot N and P concentration.

Measurement of AMF root colonization was performed
with the root intersection microscopy method using a com-
pound stereo microscope according to Giovannetti and Mosse
(1980) after clearing and staining the roots according to
Kormanik and McGraw (1982) except that trypan blue was
used instead of acid fuchsin. Presence and absence of internal
AMF structures including vesicles, arbuscules, and/or myce-
lium only within the line of intersection was scored for 100
root intersections and data presented as percentage AMF root
colonization.

For P and N shoot analyses, shoot samples (0.25 g) were
pre-digested at room temperature for 24 h in 75mL glass tubes
with 1 g CuSO4, 10 g K2SO4, 3 mLH2O2 (30% v/v), and 7 mL
sulfuric acid (H2SO4). For the final complete digestion, the
tubes with the samples were placed in a digestor block where
temperature was gradually increased (50 °C every 20 min) to
375 °C for 3 h. The final digested mixture was filtered (filter
Whatman No. 1, 125 mm) and measured by colorimetric read-
ing at 660 nm in an autoanalyzer Braun+Luebbe III.
Measurements of N and P were performed according to
Bremner (1996) and Murphy and Riley (1962), respectively.

Statistical analyses

For the variables shoot and root dry weight, shoot N and P
concentration, AMF root colonization, larval weight, and recov-
ery, multifactorial parametric analysis of variance (ANOVA),
including the factors “Maize genotype,” “Insect herbivory,”
and “AMF,” was employed to test for significant effects of
individual factors and their possible interactions. Prior to
ANOVA, data were tested for variance homogeneity (Bartlett)
and normality (Andersen–Darling). In order to meet variance
homogeneity, data for shoot P concentration were Johnson
transformed, data for shoot N concentration were square root
transformed, and data for AMF root colonization were arcsine
transformed. LSD post hoc tests were used for comparisons of
treatment or factor means. For the variable herbivory damage,
which was based on non-parametric range data, Kruskal–Wallis
was employed for each of the factors “Maize genotype” and
“AMF,” individually. All statistical analyses were performed
with the Statgraphic Centurion XV 2.06 (Statpoint®) software.

Results

Only significant results for individual factors or interactions are
presented but means and standard errors of all treatments from
all variables measured are presented in Supplementary Table 1.

Shoot and root dry weight

Shoot and root dry weight showed significant effects from the
“Maize genotype × AMF” interaction (Table 1). Plants fertil-
ized with P had the highest growth both in terms of shoot and
root dry weight independent of maize genotype (Fig. 1a, b).
Inoculation with the AMF field population caused shoot
growth promotion compared to the control, although strongest
with the genotype PUMA (Fig. 1a, b).

Shoot P and N concentration

For shoot P concentration, significant effects were observed
for all three factors examined “Maize genotype,” “Insect her-
bivory,” and “AMF” although no interactions were significant
(Table 1). The shoot P concentration was significantly higher
in plants inoculated with AMF compared to the non-
inoculated controls and plants fertilized with mineral P
(Fig. 2a). The shoot P concentration was higher in PUMA
(1.48 mg P g−1) than in H-318 (1.33 mg P g−1). Herbivory
increased the shoot P concentration by 11.3% compared to
that of plants without S. frugiperda.

Shoot N concentration showed a significant interaction ef-
fect of “Maize genotype × AMF,” but no effect of herbivory
(Table 1). The shoot N concentration in H-318 was unaffected
by AMF inoculation and P fertilization but was reduced in
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PUMA by P fertilization compared to the treatment without
AMF, and to the treatment with AMF, which also presented
higher shoot N concentrations than in the corresponding treat-
ments with H-318 (Fig. 2b).

AMF root colonization

A significant “Maize genotype × Insect herbivory” interaction
was obtained for AMF root colonization (Table 1), which was

slightly reduced and increased by insect herbivory in the maize
genotypes H-318 and PUMA, respectively (Fig. 3). Plants with-
out AMF inoculation remained without mycorrhizas at harvest.

Herbivory, larval weight, and recovery of larvae

Herbivory, larval weight, and recovery of larvae were signif-
icantly affected by AMF (Table 1). Herbivory was highest

Fig. 2 Shoot P concentration (a) means of the factor “AMF” (n = 20) and
shoot N concentration (b) means of the “Maize genotype × AMF”
interaction (n = 10) of 8-week-old maize plants. Bars topped by the same
letter do not differ significantly by post hoc LSD test (α = 0.05). Error
bars represent standard error of the mean

Table 1 Summary of linear model ANOVAs for all response variables for all individual factors and their interactions (df = 1, n = 5). Bold letters
indicate significant effects

Variables Maize genotype (M) AMF
(A)

Insect herbivory (I) M × A M × I A × I M × A × I

F p F p F p F p F p F p F p

Shoot dry weight (g) 0.01 0.940 106.6 <0.001 1.73 0.190 6.66 0.002 2.35 0.130 0.97 0.380 0.49 0.610

Root dry weight (g) 23.2 <0.001 117.7 <0.001 0.86 0.350 0.35 0.020 3.84 0.550 0.90 0.410 1.80 0.170

Nitrogen (mg g−1) 7.97 0.007 31.1 <0.001 0.24 0.620 11.1 <0.001 2.57 0.110 1.04 0.360 2.20 0.120

Phosphorus (mg g−1) 9.10 0.004 36.15 <0.001 8.26 0.006 1.00 0.370 0.30 0.580 0.92 0.400 0.97 0.380

AMF root colonization (%) 5.13 0.037 – – 0.07 0.790 – – 15.4 0.001 – – – –

Fall Armyworm weight (g) 0.12 0.730 56.0 <0.001 – – 0.10 0.910 – – – – – –

Recovery larvae 0.06 0.810 20.4 <0.001 – – 2.24 0.120 – – – – – –

Herbivory (Kruskal–Wallis) H = 23.55, df = 5, p = 0.000

Fig. 1 Shoot (a) and root (b) dry weight means of the “Maize genotype ×
AMF” interaction (n = 10) of 8-week-old maize plants. Bars topped by
the same letter do not differ significantly by post hoc LSD test (α = 0.05).
Error bars represent standard error of the mean
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with AMF, intermediate without AMF, and lowest without
AMF with P fertilization (Table 2). The same pattern was
observed for mean larval weight (Table 2) and recovery of
larvae (Table 2) although with much stronger contrasts be-
tween the treatments without AMF and without AMF with P
fertilization.

Significant positive correlations were observed between
larval weight and shoot P concentration (r = 0.70, P < 0.001)
(Fig. 4) and between larval weight and herbivory as damage
categories (r = 0.74, P < 0.001) (Fig. 4).

Discussion

Arbuscular mycorrhizal fungi provide key ecosystem services
in agroecosystems in terms of improved crop nutrition and
health (Gianinazzi et al. 2010). However, here we show that
such plant beneficial features of AMF in terms of improved
foliar P concentration coincided with increased foliar damage
from herbivores and higher biomass of S. frugiperda larvae.
Nevertheless, increased herbivory in mycorrhizal plants did
not result in reduced plant growth performance, confirming

our hypothesis that AMF help to compensate damage from
foliar herbivory, most likely by improving nutrient uptake.

The observed plant growth and shoot P promotion by na-
tive field communities of AMF is a common maize mycorrhi-
za response (Zitlalpopoca-Hernandez et al. 2017; Alvarado-
Herrejón et al. 2019) although depending on maize genotype
(Sawers et al. 2017) and agricultural practices such as fertili-
zation (Sarabia et al. 2017; López-Carmona et al. 2019). The
soil P level available for plant growth in the present study
(7.3 mg P kg−1) was below the critical soil P level recom-
mended for maize growth, which has been reported to be
<15 mg P kg soil (Tang et al. 2009). When P is limiting plant
growth as was the case in the present study, maize may benefit
from associating with AMF principally in terms of plant
growth promotion (Deng et al. 2017).

As was the case in the present study, effects of AMF on
maize N acquisition seem to be less important than those on P.
In scenarios with N deficiency, mycorrhiza plant growth sup-
pression may even occur (López-Carmona et al. 2019). In a
field experiment, competition for N between AMF and maize

Fig. 4 Linear associations between larval weight and shoot P
concentration (a) and larval weight and herbivory (b)

Fig. 3 AMF root colonization means of the “Maize genotype × Insect
herbivore” interaction (n = 10) of 8-week-old maize plants. Bars topped
by the same letter do not differ significantly by post hoc LSD test (α =
0.05). Error bars represent standard error of the mean

Table 2 Factor treatment means of the factor AMF for the herbivore
variables herbivory, larvae weight and recovered larvae

Herbivore variables AMF treatments

−AMF +AMF −AMF + P

Herbivory index 2.3b 4.3a 0.2c

Larvae weight (mg) 17.8b 139.0a 0.3c

Recovered larvae 1.00b 2.30a 0.13c

Within each variable means followed by the same letter do not differ
significantly by corresponding post hoc ANOVA test (α = 0.05, n = 10)
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was suggested to be responsible for an observed increase in
kernel N concentration after elimination of the native AMF
community by fungicide application (Wang et al. 2018). In the
present study, when improving maize P acquisition, either
induced by AMF or by application of mineral P to the sterile
soil substrate, shoot N dilution occurred, suggesting that the
mineral N application rate during maize growth was not
enough to avoid N deficiency, though only statistically signif-
icant in the PUMA maize genotype.

S. frugiperda herbivory had no significant effect on the
plant growth parameters examined, although herbivory tended
to reduce shoot and root dry weight, and as expected, did so
more markedly in the susceptible genotype H-318. However,
mycorrhizal plants were subjected to higher levels of herbiv-
ory than non-mycorrhizal plants both with and without P fer-
tilization. In sterile soil, herbivory was lowest in P fertilized
plants. In addition, recovery of the larvae added to each plant
was very low in non-mycorrhizal plants, but whether the lar-
vae had died or escaped is unfortunately unaccounted.

The improved larval performance in mycorrhizal plants in
terms of herbivory and biomass is opposite to the findings of
Koricheva et al. (2009) reporting that arbuscular mycorrhizal
associations reduce the performance of foliar chewing insects
like S. frugiperda. This effect was suggested to be linked to
AMF induced host plant defense responses increasing the
amounts of bioactive metabolites toxic to such herbivores,
although depending on AMF species (Koricheva et al.
2009). The observed improved herbivore performance in the
present study with a maize mycorrhiza association suggests
that interactions between foliar chewing insects and AMF are
complex, depending on plant and AMF species and most like-
ly also growth substrate nutritional status, which needs to be
further examined. In general, information onmaize–mycorrhi-
za–herbivores is limited (Zitlalpopoca-Hernandez et al. 2017;
Murrell et al. 2019)

Our results suggest that AMF-mediated increased maize
shoot P status is most likely responsible for the increased food
quality for S. frugiperda. Similarly, Goverde et al. (2000)
found that AMF increased shoot P concentration of Lotus
coniculatus coincided with improved life history traits of the
lepidopteran herbivore, Polyommatus icarus. On the other
hand, Bernaola et al. (2018) reported that improved perfor-
mance of S. frugiperda and other pests in rice was not related
to alterations in shoot nutrient composition, but rather alter-
ations in defense-related pathways. This may also be the case
in our study, but as in the case of Bernaola et al. (2018), plant
defense was not measured in the present study. Future studies
on plant–AMF–herbivore interactions should include more
detailed analyses of both plant nutrition and defense, to un-
ravel underlying mechanisms of the observed interactions.

It is well known that N fertilization improving shoot N
concentration can increase performance of insect herbivores
(Mattson 1980), whereas information on the effects of P

fertilization on insect herbivores is less studied (Huberty and
Denno 2006). However, in vitro studies where P was added to
the diet have been shown to increase the growth of lepidop-
teran larvae (Clancy and King 1993). Also, improved growth
of Manduca sexta larvae was observed when feeding on
leaves of P-fertilized Datura wrightii (Perkins et al. 2004).
Similarly, Janssen (1994) reported increased larval growth of
Spodoptera exempta with increased P concentration in maize
leaves.

Interestingly, recovery of larvae feeding on shoots from
plants fertilized with P without mycorrhiza was very low
and the few recovered ones had lower average biomass com-
pared to that of larvae feeding on shoots of mycorrhizal plants
or non-mycorrhizal plants without P fertilization. Overall, the
shoot N concentration was low, and from visual observations,
symptoms of maize N deficiency were apparent with chlorotic
leaves. The observed reduction in larval performance may be
due to induced resistance from N deficiency, which is com-
mon for a wide range of herbivores (Tingey and Singh 1980).
Plant deficiency from nutrients such as N, P, and K has been
shown to induce alterations in the production of secondary
metabolites such as the increase in phenolic compounds used
in plant defense (Gershenzon 1984; Chishaki and Horiguchi
1997; Fortier et al. 2006), whichmay explain the low recovery
of larvae observed in the present study. Similarly, Slansky
(1993) reported that lepidopteran larvae avoid feeding on nu-
trient deficient foliage, which may even have repellant effects
against herbivores. Moreover, Estiarte et al. (1994) found that
larvae of Helicoverpa armigera feeding on N-deficient plants
had lower biomass than those feeding on plants with normal N
concentration. Future studies on S. frugiperda herbivory as
affected by AMF and/or P fertilization should employ con-
fined herbivory compartments where larvae can be fully
accounted.

Overall, the observed herbivory did not result in plant
growth reduction, which indicates some degree of tolerance
allowing the plant to recover from herbivore infestation
(Núñez-Farfán et al. 2007; Peterson et al. 2017; Wang et al.
2018). Although mycorrhizal plants suffered from higher
levels of herbivory than non-mycorrhizal plants regardless of
P fertilization, no effect on plant growth was observed, sug-
gesting a higher tolerance level in mycorrhizal plants. This
concurs with other studies on mycorrhiza mediated tolerance
to pest infestation, which seems to be related to improved
nutrient acquisition and/or increased photosynthetic activity
(Vannette and Hunter 2009).

Herbivory slightly reduced and increased the percentage of
AMF root colonization in H-318 and PUMA, respectively,
while herbivory had no effect on root dry weight. The ob-
served changes in AMF root colonization seems to be associ-
ated with altered resource allocation to the mycorrhizal asso-
ciation depending on maize genotype. This coincides with
Gehring and Bennett (2009), who reported varying effects of
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foliar herbivory on AMF, although the consensus is that foliar
herbivory diminishes AMF performance due to reduction of
photosynthetic area, resulting in lower allocation of carbohy-
drates to the roots and thereby reduced resources for
biotrophic fungal symbiont growth (Gange et al. 2002;
Gehring and Bennett 2009). However, in general, effects of
foliar herbivory on the performance of mycorrhizal associa-
tions have been shown to be limited as was the case in the
present study (Barto and Rillig 2010).

Ryan and Graham (2018) recently questioned the relevance
of managing AMF in agroecosystems while calling for addi-
tional field-based evidence of the claimed crop benefits of
AMF. Likewise, field-based studies on the effects of AMF
on plant–arthropod interactions are limited (Heinen et al.
2018). The observed improved performance of S. frugiperda
larvae feeding on leaves of mycorrhizal maize may result in
reduced crop health and hence yield reduction, but studies on
effects of AMF on natural enemies of S. frugiperda in the field
would provide a more balanced idea of effects of AMF on
crop health. Plants with AMF may also promote the perfor-
mance of natural enemies of S. frugiperda, as has been shown
with predator spiders regulating spider mite infestation in my-
corrhizal bean (Hoffmann et al. 2011).

In conclusion, our results show that field communities of
AMF promoting maize growth and nutrition, may also in-
crease the insect damage by improving the food quality of
maize leaves for larval growth, which seems to be linked to
increased P uptake by the maize mycorrhizal association.
Such plant biotic interactions seem to be important to consider
when developing pest management strategies in maize
agroecosystems. However, this needs to be investigated under
field conditions in future experiments.
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