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Abstract — The objective of this work was to evaluate the influence of aqueous extracts of nonmycorrhizal
weedy species on dry matter accumulation and assimilate partitioning of maize plants, with or without
Cetraspora pellucida inoculation. The experiment was carried out in pots, in a completely randomized
design, in a 5x2 factorial arrangement consisting of four plant extracts (purple nutsedge, guinea-hen weed,
slender amaranth, and knotweed), a control irrigated with water, and two conditions (mycorrhizal and
nonmycorrhizal maize plants), with four replicates of each treatment. Plants were irrigated with aqueous
extracts diluted at 15%. Root colonization (RC), shoot dry matter (SDM), root dry matter (RDM), and RDM/
SDM were evaluated. Root colonization was not influenced by the extracts, and ranged from 41.5 to 65.2%.
Shoot dry matter of mycorrhizal (AM) and nonmycorrhizal (NM) plants was not influenced by the extracts;
however RDM showed varying responses. Mycorrhization favored the production of RDM, and increased
plant sensitiveness to the extracts. Guinea-hen weed extract increased RDM of AM plants, while the other
extracts inhibited it. In NM plants, the production of RDM was benefited by slender amaranth extract, to the
detriment of SDM. Mycorrhizal and nonmycorrhizal maize plants respond differently to aqueous extracts of
nonmycorrhizal weeds.

Index terms: Zea mays, Amaranthus viridis, Cyperus rotundus, Petiveria alliacea, Polygonum ferrugineum,
allelopathy.

Crescimento e colonizagao micorrizica de plantas de milho tratadas
com extratos de plantas infestantes nao micorrizicas

Resumo — O objetivo deste trabalho foi avaliar a influéncia de extratos aquosos de plantas invasoras nao
micorrizicas sobre o acimulo de matéria seca e sobre a partigdo de assimilados de plantas de milho com
inoculacdo ou ndo de Cetraspora pellucida. O experimento foi conduzido em vasos, em um delineamento
inteiramente casualizado, com arranjo fatorial 5x2 que consistiu de quatro extratos vegetais (tiririca, guing,
caruru, erva-de-bicho), um controle irrigado com agua e duas condigdes (plantas de milho micorrizadas e ndo
micorrizadas), com quatro repeti¢oes de cada tratamento. As plantas foram irrigadas com extratos aquosos
diluidos a 15%. Avaliaram-se: a colonizagdo radical (CR), a matéria seca da parte aérea (MSPA), a matéria seca
das raizes (MSR) e MSR/MSPA. A colonizagdo da raizes ndo foi influenciada pelos extratos, tendo variado
de 41,5 a 65,2%. A matéria seca da parte aérea das plantas micorrizadas (MA) e ndo micorrizadas (NM) ndo
foi influenciada pelos extratos; no entanto, a MSR teve resposta diferenciada. A micorriza¢do favoreceu a
producdo de MSR e aumentou a sensibilidade das plantas aos extratos. O extrato de guiné aumentou a MSR
das plantas M A, e os outros extratos a inibiram. Em plantas NM, a MSR foi beneficiada pelo extrato de caruru,
em detrimento da MSPA. Plantas de milho micorrizadas e ndo micorrizadas respondem diferentemente aos
extratos aquosos de plantas invasoras ndo micorrizadas.

Termos para indexacdo: Zea mays, Amaranthus viridis, Cyperus rotundus, Petiveria alliacea, Polygonum
ferrugineum, alelopatia.

Introduction cultivated plants, including maize (Cerrudo etal., 2012).

In agricultural areas, the presence of weedy plants In order to suppress competing species, weedy plants

is a problem that compromises production, as they  Produce allelopathic substances, which are released

compete for space and nutritional resources with  into the soil and impair seed germination, radicle
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growth and, later, the roots, by various mechanisms
(Cheng & Cheng, 2015).

Among species with weedy potential, purple
nutsedge (Cyperus rotundus L.) is the most harmful,
as it is found in most environments, while slender
amaranth (Amaranthus viridis L.) is common in soils
rich in organic matter (Lorenzi, 2008). Guinea-hen
weed (Petiveria alliaceae L.), a species considered
medicinal in Brazil, can behave asaweed inpasturesand
arable areas (Rojas-Sandoval & Acevedo-Rodriguez,
2014). Knotweed (Polygonum ferrugineum Wedd.)
is not considered a weedy species and, like the three
previously mentioned species, it belongs to a botanical
family thatis considered totally nonmycorrhizal, or with
mycorrhizal and nonmycorrhizal species (Brundrett,
2009). If the allelopathic compounds produced by
these plants negatively affect both symbionts (plant
and mycorrhizal fungus), the presence of weeds could
interfere with many other processes, which would
destabilize the agroecosystem.

Negative responses associated with allelochemicals
produced by guinea-hen weed and slender amaranth
are common (Pérez-Leal et al., 2005; Tabrizi &
Yarnia, 2011). Purple nutsedge is a species with high-
allelopathic potential; several reports show its negative
action on seed germination and initial growth of maize
seedlings (Hamaiyn et al., 2005) and other Poaceae
species, as well as on grain production (Silva et al.,
2015). Although no reports were found with respect to
knotweed, the family to which it belongs, Polygonaceae,
is known to contain species that produce a number
of biologically active compounds, such as emodin, a
multi-action anthraquinone (Fan et al., 2009) frequently
associated with inhibition of seedling growth by
retarding the elongation of the root and the hypocotyl.
In maize, Hasan (1998) found that the application from
10 to 100 mg L' emodin restricted the growth of roots
and shoots. For metabolism, this retardation is related
to the interruption of the respiratory process, and to the
production of peptides and receptors that control cell
division and differentiation in the radicular meristem
(Dallali et al., 2014).

Root growth is more sensitive to the phytotoxic
effects of allelopathic substances than the shoot
system, even when they are in low concentrations in
the soil (Ercoli et al., 2007; Wu et al., 2009). In addition
to the direct influence on root growth, allelochemicals
interfere with the physiological processes of plants, such

as nutrient uptake and photosynthesis, which affects
the regulation of arbuscular mycorrhizal symbiosis.
Several allelopathic substances have a defense function
against pathogens, such as fungi (Tapwal et al., 2011),
without necessarily differentiating among functional
and taxonomic groups.

Arbuscular mycorrhizal fungi (AMF) may have
their growth and extra-radical development altered
by the presence of these substances (Cantor et al.,
2011), and if the effects are negative for the fungus,
or for its efficiency in obtaining mineral nutrients,
the growth of the host plant could be compromised. If
damage occurs only to the plants, the establishment of
a mycorrhizal association may bring benefits or losses
to the plant, depending on the cost-benefit relationship
(Smith & Smith, 2015). If the associated fungi aid
in the absorption of water and mineral nutrients, it
will allow the plant to be more vigorous and tolerant
to the negative action of the allelopathic substances.
If, however, the fungi are not efficient, they will
function as a drain for the plant, since the plant is
already under an unfavorable condition. In addition,
the increased absorbance of soil solution materials,
including allelopathic substances (Achatz et al., 2014)
promoted by the AMF, can intensify the action of these
substances on the growth and development of a plant.

The damage caused by allelopathic substances,
either at the beginning of crop development or in the
vegetative phase (Silva et al., 2015), interferes with the
production of grains, which can result in significant
losses, especially if the weedy plant is resistant to
herbicides (Webster & Nichols, 2012). Determining
whether the cause of these losses is due to the action
of the allelochemicals on the plant, on the AMF, or on
both, becomes relevant in an agronomic context.

The objective of this work was to evaluate the
influence of aqueous extracts of nonmycorrhizal
weeds on the accumulation of dry matter and assimilate
partitioning between the shoot and radical systems
of maize plants, with or without inoculation of the
arbuscular mycorrhizal fungus Cetraspora pellucida.

Materials and Methods

The experiment was conducted in pots, in the
greenhouse of the Departamento de Biologia of
Universidade Estadual de Maringa, Maringd, PR,
Brazil. The preparation of substances and laboratory
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analyses were carried out in the Laboratorio de
Sistematica de Fungos of the same department.

The soil used in the planting was an Oxisol, collected
from horizon B on the campus of Universidade
Estadual de Maringa. The soil was sieved and sterilized
by autoclaving and, after chemical testing, its acidity
was corrected with dolomitic limestone (PRNT 80%).
Fifteen days after liming, another sample was prepared,
and six samples were subjected to analysis of chemical
and physicochemical properties, according to the
method described by IAC (2001). The extractor used for
determining the Ca and Mg levels was 1 mol L' KCI;
pH was measured in CaCl,; K content was determined
by Mehlich-1; and P content was determined by
ion exchange resin. The evaluated properties were:
H™+AI**, 2.1+0.15 cmol, dm?; Ca?*, 2.7+0.13 cmol, dm;
Mg*, 2.0+0.11 cmol, dm?; K, 0.05+£0.03 cmol, dm?;
Pies, 2.6£0.81 mg dm?; C, 8.241.16 g dm™; and pH
(CaCly), 6.2+0.05.

The mycorrhizal inoculum was produced with soil-
inoculum, which contained spores and extraradical
mycelium of the AMF Cetraspora pellucida (T.H.
Nicolson & N.C. Schenck) Oehl, F.A. Souza & Sieverd.,
from the Colec¢ao de Espécies de FMA of the Instituto
Agrondmico do Parana. The inoculum was produced
in sterilized soil pots by growing Cetraspora pellucida
with Urochloa decumbens (Stapf.) Webster.

For aqueous extract preparation of the weedy plants,
aerial parts of slender amaranth (dmaranthus viridis L.,
Amaranthaceae), purple nutsedge (Cyperus rotundus
L., Cyperaceae), guinea-hen weed (Petiveria alliacea
L.), and knotweed (Polygonum ferrugineum Wedd.)
were collected early in the morning. The samples were
superficially disinfected with 5% sodium hypochlorite
followed by three washes in distilled water. The plants
were weighed in order to obtain 300 g of fresh material
of each species, which was crushed in a blender with
distilled water to make 1 L of solution. The liquid
extract from each plant was then filtered through
a 45 um mesh metal sieve, placed in an amber glass
container, and stored under refrigeration.

Maize seed were planted in 40 pots of 2 L capacity,
with 1.5 L of soil. In the treatments with AMF
inoculum, 5 g of soil-inoculum containing spores
of C. pellucida was added in the center of the pot,
5 cm below the surface. After the soil preparation,
conventional maize seed (Zea mays L.) were sown.
Thinning was done one week after the emergence of
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seedlings, in order to leave only one plant per pot. Prior
to sowing, seed were washed in running water because
they had been previously treated with fungicides by
the manufacturer.

Maize plants irrigation was performed with the
extracts diluted in distilled water at 15% concentration.
Maize treatments was performed with 100 mL of the
corresponding extract twice a week, whereas the
controls received the same volume of deionized water.
Once a week, all plants were irrigated with Hoagland
nutrient solution at 0.02 mL P L' water and, as
necessary, deionized water in equal quantities. Three
months after seedling emergence, the aerial parts and
total roots of plants, and 100 g of soil were collected
from the pots of each treatment for the analyses of
root dry matter (RDM), shoot dry matter (SDM), and
the RDM/SDM ratio that determines the assimilate
partitioning among the root and shoot systems, and the
root colonization by the mycorrhizal fungi (RC). The
roots were washed on a sieve, dried with paper towels,
and weighed to determine the fresh matter mass; then,
1 g of roots was removed for evaluation of mycorrhizal
colonization. The shoot systems were cleaned with a
brush. Both roots and aerial parts were oven-dried at
65°C, until a constant weight was obtained, in order to
determine their respective dry matter mass.

To evaluate mycorrhizal colonization, roots were
washed in running water and preserved in 70%
alcohol. The samples were then subjected to clearing
with 10% KOH, while being heated in a water bath
for approximately two hours, and to acidification with
5% HCI, and to staining with Trypan blue according
to the method of Phillips & Hayman (1970). After
staining, the quantification of radical colonization
was performed by means of the gridline intersection
method proposed by Giovannetti & Mosse (1980).

Seedling growth was evaluated by comparing shoot
dry matter to root dry matter. To compensate for the
removal of the 1 g subsample of the roots, data were
converted by rule of three, and RDM and RDM/SDM
were estimated.

Data were initially tested for the assumptions of
normality (Shapiro-Wilk), homogeneity (Levene)
and linearity (visual inspection), and a two-factorial
analysis of variance was performed, whose mean values
for the treatments were compared using the Fisher test
to detect of minimum significant differences. The
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level of significance was 5%, and all analyses were
done with Statistica software.

Results and Discussion

The aqueous extracts of the weeds altered the
root dry matter (RDM), but not the shoot dry matter
(SDM) in the two groups of plants, inoculated or not
with Cetraspora pellucida (Table 1). Aerial and radical
systems in which roots were more sensitive responded
differently to the extracts; this fact has been previously
observed by other authors (Ercoli et al., 2007, Wu et al.,
2009). Assimilation partitioning between the radical
and shoot systems (RDM/SDM) was influenced
by the two factors investigated in the present study
(mycorrhization and aqueous extract treatment).
However, the response to extracts differed between
mycorrhized (MA) and nonmycorrhized (NM) plants.

Inoculation of the control plants, which did not
include extracts, favored the production of RDM
and, although the higher RDM/SDM ratio showed
a preferential allocation of resources to the roots,
the production of SDM was not impaired (Table 1).
Although mycorrhization favors lateral root production
(Fusconi, 2014), the expected gains in SDM did not
occur due to the higher volume of roots, and to the
presence of the extraradical mycelium of the fungus
inoculated in the formation, which can be explained by
the uniformity of the potting conditions and the cost of
mycorrhizal symbiosis (Smith & Smith, 2015).

Mycorrhizal plants had an increased RDM when
treated with the guinea-hen weed extract, but a
decreased RDM with the extracts of purple nutsedge,
slender amaranth, and knotweed; such responses
were not observed in the NM plants (Table 1). The
negative influence of the extracts of purple nutsedge
and slender amaranth on maize root growth has also
been reported in other studies (Hamayun et al., 2005;
Tabrizi & Yarnia, 2011). The shoot of guinea-hen weed
accumulates a great quantity of allantoin (Sousa et al.,
1990), anitrogen-rich compound thatplays an important
role in the assimilation, metabolism, transport, and
storage of N in plants (Smith & Atckins, 2002). As
allantoin is a derivative of inosine monophosphate, its
concentration is directly related to the concentration of
this purine, which has been reported to be a promoter
of plant growth, especially of roots, as verified in rice,
sunflower, and tomato (Tokuhisa et al., 2010).
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Among the extracts that reduced the production of
RDM in the AM plants, only knotweed affected RDM/
SDM, with a reduction of MSR/MSPA ratio (Table 1).
The production of RDM increased in NM plants
an it was only influenced by the slender amaranth
extract, unlike that observed by Anaya et al. (1987),
and Tabrizi & Yarnia (2011). However, the beneficial
effect of the slender amaranth extract on RDM of NM
plants was associated with a lower investment in SDM
formation. Allelopathic responses associated with the

Table 1. Means+standard deviations of shoot dry mass
(SDM) and root dry mass (RDM) of mycorrhized (AM) and
nonmycorrhized (NM) maize (Zea mays) plants treated with
different aqueous extracts of nonmycorrhizal weedy plants
(purple nutsedge, guinea henweed, slender amaranth, and

knotweed)®.

Treatment Mycor- Extract Extract x mycorrhization
rhization AM NM
Shoot dry mass (g)
AM 0.67+0.13 - - -
NM 0.59+0.19 - - -
Control - 0.71+0.15 0.70+0.18 0.72+0.15
Purple - 0.56+0.23 0.60+0.11 0.52+0.33
Guinea - 0.56+0.18 0.67+0.12 0.45+0.17
Slender 0.62+0.09 0.57+0.05 0.67+0.09
Knotweed - 0.71+0.13 0.82+0.05 0.60+0.08
Fisher test n=16" n=8" n=4"
Root dry mass (g)
AM 0.23+0.13a - - -
NM 0.17+0.07b - - -
Control - 0.20+0.09  0.27+0.05bA  0.12+0.05bB
Purple - 0.16+0.10  0.17+0.15cA  0.15+0.06bA
Guinea - 0.27+£0.19  0.42+0.15aA  0.12+0.05bB
Slender - 0.22+0.08  0.15+0.05cB  0.30+0.00aA
Knotweed - 0.16+£0.07  0.15+0.10cA  0.17+0.05bA
Fisher test n=16* n=8" n=4¥**
Root dry matter/ shoot dry matter ratio
AM 0.36+0.23 - - -
NM 0.30+0.07 - - -
Control - 0.29+0.17b  0.42+0.16bA  0.17+0.06bB
Purple - 0.29+0.14b  0.28+0.19bA  0.31+0.08bA
Guinea - 0.47+0.282  0.65+0.29aA  0.28+0.04bB
Slender - 0.35+0.12ab  0.26+0.08bB  0.45+0.06aA
Knotweed - 0.23£0.11b  0.18+0.13cA  0.29+0.06bA
Fisher test n=16™ n=8* n=4**

(OMeans following uppercase letters compare treatments in the rows
(extract x mycorrhization) and lowercase letters in the columns.
*“Nonsignificant. *, ** ***Sjgnificant by Fisher's test, at 5, 1, and 0.1%
probability, respectively.
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use of aqueous extracts of Amaranthus retroflexus
L. were also observed in plants of Lepidium sativum
L. (Brassicaceae), a nonmycorrhizal species, which
exhibited seedlings with a longer root and a greater
quantity of total dry matter (shoot and root systems),
when they were treated with stem or leaf extracts at 25
and 50% concentrations (Mlakar et al., 2012).

In AM plants, decreases of the RDM production did
not interfere in the development of the shoot system
(Table 1), probably because of the benefits brought by
mycorrhizae in the obtention of nutrients (Bagyaraj
et al., 2015). Achatz et al. (2014) also observed
decreases in the RDM formation without influence
on shoot growth of mycorrhizal tomato plants treated
with juglone, a quinone produced by Juglans regia L.
(Hejl & Koster, 2004).

Since the slender amaranth extract produced
adverse effects on the production of RDM in AM
and NM plants (Table 1), it can be inferred that the
establishment of mycorrhizal symbiosis potentiated
the negative influence of the allelochemicals due to
their increased concentration in the roots. The works
by Barto et al. (2011) and Achatz et al. (2014) showed
that extraradical AMF hyphae absorb and transfer
allelochemicals from the soil solution to the plants. The
higher concentration of these compounds in the roots
may have been responsible for the reduction of RDM
in AM plants, as observed by Achatz et al. (2014).

Mycorrhization may have also altered plant
responses to allelopathic compounds in the
extracts, by promoting metabolic pathways related
to detoxification, which resulted in an increased
tolerance to allelochemicals. Although several studies
have shown the positive influence of the arbuscular
mycorrhizal association on plant tolerance to these
compounds (Javaid, 2007), very little has been done
to unravel the mechanisms involved in this process.
Matsubara et al. (2010) associated the greater tolerance
of mycorrhizal asparagus plants to allelochemicals
with higher levels of ascorbic acid and polyphenols,
which are two natural antioxidants.

In addition, it is possible that the allelochemicals
present in the slender amaranth extract interfered in
basic plant processes, such as hormonal balance and
respiration, among others, and altered the growth of
AM plants by direct or indirect mechanisms (Bogatek
& Gniazdowska, 2007; Ghayal et al., 2009), which
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include their interaction with the symbiotic fungus

Cetraspora pellucida.
Maize and other species of Poaceae produce
sesquiterpene lactones, such as strigolactones,

which are released into the soil via radical exudation
(Steinkellner et al., 2007). These are recognized
as branching factors of AMF hyphae (Akiyama &
Hayashi, 2006). With the formation and subsequent
growth of extraradical mycelium, it is expected that
the mycobiont would require a greater amount of
organic compounds for the synthesis of structural
components, and for the maintenance of the metabolic
activities of the hyphae (Finlay, 2008). This way, the
plant no longer allocates energy to the formation of
vegetable tissues, which is more costly, thus benefiting
the AMF. Sesquiterpene lactones are produced by
species of Amaranthaceae, such as Amaranthus
spinosus L. (Suma et al., 2002), but no study to date
has investigated the action of lactones, or any other
compound produced by slender amaranth, on the
development of AMF. Thus, it is not possible to affirm
that the strigolactones present in the aqueous extract
of Amaranthus viridis have influenced branching or
growth of AMF hyphae.

In the present study, root colonization ranged from
41.5t0 65.2% (purplenutsedge and control, respectively)
and it was not influenced by the extracts (Table 2). The
roots were only colonized by arbuscules and hyphae
(typical in Gigasporaceae), which shows that the pots
were not contaminated with alloctone vesicle-forming
fungi, such as those belonging to the genera Glomus

Table 2. Mean percentages of total root mycorrhizal
colonization (TRC) and arbuscular colonization (AC) in
maize plants inoculated with spores of Cetraspora pellucida,
and treated with aqueous extracts of nonmycorrhizal weeds
(purple nutsedge, guinea-hen weed, slender amaranth, and
knotweed).

Treatment TRC (%) AC (%)

Mean Standard Mean Standard

deviation deviation

Water 65.21 14.59 64.67 14.96
Purple nutsedge 41.54 23.03 40.91 24.06
Guinea-hen weed 55.34 4.16 54.47 4.25
Slender amaranth 58.80 23.66 55.11 19.81
Knotweed 52.72 5.71 52.11 8.08
p-value 0.382" 0.380™

"Nonsignificant. n=4.
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and Acaulospora (sensu lato). The roots, for the
most part, showed few intraradical hyphae, and were
colonized by arbuscules only. The massive presence
of arbuscules indicates intense activity of metabolite
exchanges between the symbionts, since this occurs to
a greater extent in arbuscules (Pumplin & Harrison,
20009).

The responses reported in the production of RDM in
AM plants may have resulted from the direct influence
of the allelochemicals on the extraradical mycelium,
as mycorrhizal colonization was not affected by the
extracts. Negative action of allelopathic substances
on AMF is scarce, and it is generally associated with
the presence of glucosinolates, which are common
compounds in species of Brassicaceae (Bainard et al.,
2009).

In the present study, the extraradical mycelium of
Cetraspora pellucida may have increased the uptake of
the allelopathic compounds present in the soil solution,
and caused the lower RDM formation of the AM plants
(Table 1); apparently, they were neither transferred to
the aerial parts nor transferred at low nonphytotoxic
concentrations, as observed in the association of
Rhizophagus irregularis-tomato (Achatz et al., 2014).
This reduction may be due to the sequestration of these
compounds in the walls of the hyphae (phytoextraction),
which would prevent their distribution to the rest of
the plant. Glomalin, a glycoprotein present in the wall
of arbuscular mycorrhizal fungi, has been reported
as active in the sequestration of heavy metals present
in the soil (Vodnik et al., 2008). In the present study,
the accumulation of allelochemicals in the absorption
system (roots and hyphae) may explain the fact that
there was no influence of the extracts on dry matter
production in the AM maize plants. However, studies
aimed at extracting, identifying, and quantifying the
active compounds accumulated in the roots and the
extraradical mycelium are necessary to confirm such
hypotheses.

Conclusions

1. The aqueous extracts of the evaluated weeds do
not influence the dry matter production of the aerial
parts of maize plants, irrespective of their mycorrhizal
condition.

2. The extracts of purple nutsedge, slender amaranth,
and knotweed, reduce the dry matter production of
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roots of mycorrhizal maize plants, while the extract of
guinea knotweed increases it.

3. The extract of slender amaranth favors the
partitioning of nutrient resources for the production of
roots in nonmycorrhizal maize plants to the detriment
of maize aerial parts.

4. The extracts of the evaluated weedy plants do not
influence the colonization of the roots by Cetraspora
pellucida.

5. Maize plants respond differently to the extracts of
weedy plants, regardless of the mycorrhizal situation.
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