
Abstract

Arbuscular mycorrhizal symbiosis contributes to the sustainability of
soil-plant system. A field experiment was conducted to examine the
effect of arbuscular mycorrhiza (AM) on quantitative and qualitative
performance in forage maize (Zea mays L.). Within the project Sviluppo
di modelli zootecnici ai fini della sostenibilità (SOS-ZOOT) a trial was
conducted at the experimental farm of the Agricultural Research
Council in Bella (PZ), located in Basilicata region (Southern Italy) at
360 m asl, characterised by an annual rainfall of approximately 650 mm.
For spring sowing, two plots of 2500 m2 were used, one sown with seeds
inoculated with AM (M), 1.0 kg/ha, and the other one with non-inoculat-
ed seeds (NM). After 120 days after sowing, when plants showed 30% dry
matter, five replicates of 1 m2 per plot were used to estimate dry matter
yield (DMY), while half plot was dedicated to the assessment of grain
production. For each replicate, three representative plants were consid-

ered; each plant was measured for height and was divided into leaves,
stem and ear. For each plot, the following constituents were determined:
crude protein, ash, ether extract, crude fibre (CF), fractions of fibre
[neutral detergent (NDF), acid detergent fibre (ADF) and sulphuric acid
lignin] and phosphorus (P). Throughout the period of plants’ growth, no
herbicides, organic or inorganic fertilisation, and irrigation water were
distributed. The preliminary results revealed a significant effect of AM
inoculation on forage maize DMY, P content in the whole plant, into the
leaves and on the quality of steam. The M thesis showed a significant
increase in terms of DMY in comparison with the NM thesis: 21.2 vs 17.9
t/ha (P<0.05). The mycorrhized whole plants [0.22 vs 0.17% dry matter
(DM), P<0.05] and leaves (0.14 vs 0.09% DM, P<0.05) showed an
increased P content. The stems of M plants showed a content of CF, NDF,
ADF and Ash significantly lower compared with NM plants. No signifi-
cant differences were observed for the other parameters. The prelimi-
nary study revealed a significant effect of AM seed inoculation on DMY
and quality of forage maize cultivated within a low input system.

Introduction

Arbuscular mycorrhizal (AM) fungi form a ubiquitous symbiotic rela-
tionship with over 90% of land plants (Smith and Read, 1997). AM can
directly and indirectly influence soil microbial communities (Rilling,
2004). The symbiotic relationship between AM and the roots of higher
plants contributes significantly to plant nutrition and growth and has
been shown to increase the productivity of a variety of agronomic crops
including maize (Augé, 2001). These positive responses in productivity
to AM colonisation have mainly been attributed to the enhanced uptake
by AM of relatively immobile soil ions such as phosphorus (P), potassi-
um (K), calcium (Ca), magnesium (Mg), sulphur, iron, zinc (Zn), cop-
per, and manganese (Mn) (Liu et al., 2000). In maize and other species,
the most widely recognized contribution of AM fungi to host-plant nutri-
tion involves their ability to extract P from outside the P depletion zone
around plant roots (Liu et al., 2000). Though the AM association can
offer multiple benefits to the host plant it may not be obviously mutual-
istic at all points in time, and it is possible under some conditions that
the AM may cheat their host plant into supplying carbon (C) with no
apparent benefit to the plant (Gosling et al., 2006). Sabia et al. (2015)
observed that inoculation with AM could increase in vivo digestibility of
forages used for animal feeding. Use of other readily soluble fertilisers,
particularly nitrogen (N) fertilisers, has also been reported to have a
negative impact on AM colonisation and/or diversity in some cases (Liu
et al., 2000), but the effect of biocides on the AM association is complex
and not easily predictable and the effect of fungicides is not straightfor-
ward. Crop management involves a range of practices which can impact
on the AM association, both directly, by damaging or killing AM and indi-
rectly, by creating conditions either favourable or unfavourable to AM
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(Gosling et al., 2006). In general, agricultural practices have a negative
impact on the AM association and agricultural soils are AM impover-
ished, particularly in terms of numbers of species (Menèndez et al.,
2001). Many farm management practices, such as use of water-soluble P
fertilisers and biocides are also disruptive to the AM association, result-
ing in AM communities which are impoverished, both in terms of num-
bers of individuals and species diversity (Gosling et al., 2006). However,
little is known about the effect of field inoculation of AM in maize under
low inputs conditions. Therefore, the present study aims to evaluate the
effects on the field inoculation under low energy inputs on the quantita-
tive and qualitative aspect in maize. 

Materials and methods

The study was carried out at Agricultural Research Council (CRA),
Research Unit for the Extensive Animal Husbandry located in Bella
(PZ), Basilicata region, Southern Italy (40°42’N, 15°32’E), charac-
terised by an annual rainfall of approximately 650 mm, whereas during
the period of crop growth there were approximately 200 mm of rainfall
(Stelluti, 2009). For spring sowing two plots of 2500 m2 were used; the
plots were located in a land with superficial groundwater, therefore soil
moisture was high throughout the experimental period. Commercial
seed were used from Pioneear corn (Zea mays L.) hybrids PR32W86 and
seed rate for each plots were 7 seeds per m2. Sowing was conducted on
May 13th 2013. The plants were grown 70 cm apart between the rows
with 20 cm spacing in each row and intervals between plots were 2 m.
One plot was sown with seeds inoculated with AM (M) were treated by
Micosat F® (C.C.S. Aosta s.r.l., Quart, AO, Italy), consisting of spores,
soil, hyphae and root fragments of infected clover (Trifolium repens) of
AM fungus of Glomus spp. The seeds for M theses were dressed distrib-
uting the product in amount of 1.0 kg/ha, and the other one plot with
non-inoculated seeds (NM). Throughout the period of plants’ growth,
no herbicides, organic or inorganic fertilisation, and irrigation water
were distributed. The soil composition in plots was: cation exchange
capacity 25.22 meq/100 g, Ca 21.84 meq/100 g, Mg 2.99 meq/100 g, K
0.71 meq/100 g, sodium 0.30 meq/100 g, pH 7.27, P2O5 43.58ppm, organ-
ic C 1.69%, organic matter 2.91%. At harvesting 13 September 2013, 120
days after sowing, when plants showed 30% dry matter (DM), five repli-
cates of 1 m2 per plots were used to estimate DM yield (DMY), while
half plot was dedicated to the assessment of grain production when the
ear showed 80% DM. For each replicate, three representative plants
were considered; each plant was measured for height and was divided
into leaves, stem and ear. For whole plant, leaves, stem, ear and grain
following constituent was performed: for determination of DM content,
each samples were oven-dried (65°C for 72 h) and afterwards ground
(Cyclotec Tecator mill with a mesh grid of 1 mm). The ether extract was
determined by extraction with petroleum ether AOAC (1990); the ash
was determined in a muffle furnace at 550°C for 3 h AOAC (1990); the
N content was determined by using the Kjeldhal method, those values
were converted to crude protein (CP) by multiplying by a factor of 6.25
AOAC (1990); the neutral detergent (NDF) and acid detergent fibre
(ADF) and sulphuric acid lignin analyses were performed by the
sequential procedure of Van Soest et al. (1991), using the Ankom 200
Fiber Analyzer (ANKOM Technology Corporation, Macedon, NY, USA).
The NDF was assayed with sodium sulphite and without a-amylase,
and P concentrations were also determined in according to AOAC
(1990). All data were subjected to analysis of variance using the gener-
al linear model procedure with the treatment as fixed effect of the sta-
tistical analysis system (SAS) ver. 6 (SAS Institute, Cary, NC, USA).
Significance between means was tested using Fisher’s least signifi-
cance difference. 

Results

Total DM yield, grain production and quantitative performance of dif-
ferent part of plant are show in Table 1. The maize treatment with spore
of AM had higher of DMY than to the NM [mean±standard error (SE):
21.2±1.9 vs 17.9±1.9 t/ha; P<0.05]. The M maize plants showed a num-
ber of plants per square metre higher than to the NM (mean±SE:
5.6±0.1 vs 4.9±0.1 plants/m2; P<0.05). Chemical composition on % of
DM of whole plant and leaves are show in Tables 2 and 3, respectively.
The content of P in M plants and in its leaves was higher compared to
plants NM (mean±SE: 0.22±0.01 vs 0.17±0.01% DM; P<0.05), and
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Table 1. Quantitative performance of maize (mean±standard
error mean).

                                           Control     Mycorrhized       SEM      P

DMY (t/ha)                                        17.9                      21.2                     1.9          *
Grain (t/ha)                                       9.5                        9.6                      0.1         ns
Height (cm)                                      203                       215                       6           ns
Number of plants/m2                       4.9                        5.6                      0.1          *
Leaves (g)                                          85                         85                       14          ns
Stems (g)                                           80                         76                       16          ns
Ears (g)                                             196                       211                      22          ns
SEM, standard error mean; DMY, dry matter yield; ns, not significant. *P<0.05.

Table 2. Chemical composition of whole plants on dry matter
basis (mean±standard error mean).

                                           Control     Mycorrhized      SEM       P

Crude protein (%)                          7.23                     7.85                    0.51          ns
Crude fibre (%)                              18.66                   19.04                   1.53          ns
Neutral detergent fibre (%)        55.38                   56.39                   1.19          ns
Acid detergent fibre (%)              24.38                   24.53                   0.75          ns
Acid detergent lignin (%)              2.24                     2.71                    0.26          ns
Ether extract (%)                            2.34                     3.10                    0.40          ns
Ash (%)                                              6.55                     8.32                    1.22          ns
P (%)                                                  0.17                     0.22                    0.01           *
SEM, standard error mean; ns, not significant; P, phosphorus. *P<0.05.

Table 3. Chemical composition of plant leaves on dry matter
basis (mean±standard error mean).

                                            Control    Mycorrhized      SEM       P

Crude protein (%)                            2.54                    2.73                   0.52          ns
Crude fibre (%)                               27.18                  27.17                  1.67          ns
Neutral detergent fibre (%)         72.26                  70.89                  1.82          ns
Acid detergent fibre (%)               39.35                  38.57                  1.74          ns
Acid detergent lignin (%)               2.49                    2.55                   0.09          ns
Ether extract (%)                             1.23                    1.45                   0.10          ns
Ash (%)                                              11.65                  12.79                  1.36          ns
P (%)                                                    0.09                    0.14                   0.01           *
SEM, standard error mean; ns, not significant; P, phosphorus. *P<0.05.
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(mean±SE: 0.14±0.01 vs 0.09±0.01% DM; P<0.05), respectively whole
plants and leaves. The content in CF, NDF and ADF (P<0.01; P<0.001),
was higher in the steam of plants NM that to the M (Table 4).

Discussion

Quantitative parameters 
The main objective of this study was to investigate the effects of AM

in maize under low energy inputs. Our results showed that the seeds
dressed with spore of Glomus supp. have a 15.5% more productivity of
dry matter per hectare than in NM (Table 1) under low inputs condi-
tion. Not difference was found in terms of DM produced for the parts of
plant. Micronutrients are needed by the plant in small quantities but
are very important for proper growth and development, as they are
parts of various enzymes, pigments and other biological molecules
essential for plant life (Varma, 2008). Higher productivity observed in
M plot may be due of a significant higher number of plats on m2 than
in NM plot. Most probably during the initial period of the germination
and growing, the AM helped the seed for uptake the low nutrient pres-
ent in soil and a major number of seed germinated (P<0.05). AM, one
of the most important rhizosphere compounds that increase the plant
strength in biotic and abiotic stress conditions, has the ability to
increase the tolerance of plants to high and low humidity conditions
(Entry et al., 2002). Different are the micronutrients needed for plant
development, most benefits of mycorrhiza have been traced to phos-
phorus uptake and other elements like zinc also probably play a key role
in increase of growth and yield of the plant (Varma, 2008). The arbus-
cular mycorrhizal symbiosis may alleviate plant responses to drought
stress conditions by several mechanisms including water uptake from
the soil by AM hyphae. Goicoechea et al. (1997) found that AM was
important in maintaining cytokinin levels under drought. The DMY in
our trial was lower than to the results obtained in studies under high-
energy inputs (Martiniello et al., 2007; Martiniello et al., 2010; Fu et al.,
2011), but in agreement with other study (Cox et al., 2009). The indus-
trial corn hybrids are generally very productive, resulting from crosses
of genetically selected, but under unfavourable conditions had lower
production performance compared to M. Not significant different was
found for other quantitative parameters considered. 

Qualitative parameters
The phosphorus content in whole plants and leaves was significantly

higher in the M than in NM (Tables 2 and 3). It has been reported that
Glomus intraradices significantly increased concentrations of N, P, K,
Mg, Mn and Zn in grain under drought conditions compared to non-
mycorrhizal plants. During the experimental period not supplement
irrigation was done and most probably in drought situation the M
plants increased P concentration than in NM plants. Concentration of
heavy metals, e.g. lead, and P in maize plants generally increases when
inoculated with arbuscular mycorrhizal fungi, which suggest signifi-
cant participation of fungal structures in element accumulation
(Sudova and Vosatka, 2007). A previous work established that improved
P nutrition at early stages of maize growth is reflected in the final
maize yield (Gavito and Miller, 1998). These authors found that in
maize shoots P concentrations increased when a rapid mycorrhizal
development was observed. Our trial, inoculated plants took up more
total P and accumulated more P in the whole plant and leaves than in
NM plants, there by suggesting that use of this fungal isolate enhanced
the yielding potential of the employed maize cultivar, also when no
organic and inorganic fertiliser was applied. Chemical compositions on
% of DM of plant steam are show in Table 4. The content in CF was

higher in the steam of plants NM that to the M (mean±SE: 29.83±0.99
vs 23.41±0.99% DM; P<0.01) and also the NDF and ADF (P<0.001). The
content of CF was 21.5% less in steam of M plants than in NM. Both CP
and CF have been used widely to compare forage sources being gener-
ally negatively correlated and have been, and continue to be, major con-
tributors in ration formulation into the 1980s (National Research
Council, 1984). More recently, CF has been de-emphasized while CP
warrants attention (National Research Council, 2000). The plant cell
contents consist of sugars, starches, soluble proteins, organic acids,
and other constituents that are mainly digestible. Schellenbaum et al.
(1998) observed that AM symbiosis significantly affected tobacco plants

                   Article

Table 5. Chemical composition of plant ears on dry matter basis
(mean±standard error mean).

                                              Control   Mycorrhized      SEM       P

Crude protein (%)                              6.35                  7.23                   0.85          ns
Crude fibre (%)                                  5.78                  5.82                   0.48          ns
Neutral detergent fibre (%)           48.16                46.90                  3.19          ns
Acid detergent fibre (%)                  8.70                  8.68                   0.62          ns
Acid detergent lignin (%)                 1.22                  1.37                   0.42          ns
Ether extract (%)                               4.08                  3.85                   0.28          ns
Ash (%)                                                 1.59                  1.72                   0.18          ns
P (%)                                                      0.25                  0.30                   0.04          ns
SEM, standard error mean; ns, not significant; P, phosphorus. 

Table 6. Chemical composition of maize grains on dry matter
basis (mean±standard error mean).

                                              Control  Mycorrhized      SEM       P

Crude protein (%)                              7.85                  8.20                   0.55          ns
Crude fibre (%)                                   3.10                  3.47                   0.42          ns
Neutral detergent fibre (%)            28.21                26.36                  2.83          ns
Acid detergent fibre (%)                   4.61                  5.37                   0.38          ns
Acid detergent lignin (%)                  1.33                  1.32                   0.08          ns
Ether extract (%)                                6.11                  6.45                   0.63          ns
Ash (%)                                                  2.09                  2.20                   0.16          ns
P (%)                                                      0.43                  0.46                   0.05          ns
SEM, standard error mean; ns, not significant; P, phosphorus. 

Table 4. Chemical composition of plant steams on dry matter
basis (mean±standard error mean).

                                             Control    Mycorrhized      SEM       P

Crude protein (%)                             5.85                   6.23                   0.85          ns
Crude fibre (%)                                 29.83                 23.41                  0.99          **
Neutral detergent fibre (%)          66.26                 50.78                  2.32        ***
Acid detergent fibre (%)                 38.38                 28.32                  1.06        ***
Acid detergent lignin (%)                4.55                   4.68                   0.48          ns
Ether extract (%)                              0.63                   0.75                   0.15          ns
Ash (%)                                                6.01                   4.98                   0.30           *
P (%)                                                     0.07                   0.08                   0.01          ns
SEM, standard error mean; ns, not significant; P, phosphorus. *P<0.05, **P<0.01, ***P<0.001.
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during drought in terms of soluble carbohydrate accumulation and par-
titioning. Their AM plants accumulated less glucose and fructose in
leaves and roots than NM plants in drought conditions. Similar findings
were reported for rose and pepper after drought (Davies et al., 1993).
Schellenbaum et al. (1998) suggested that the fungus is a strong com-
petitor for root-allocated carbon under conditions limiting photosynthe-
sis and it is also possible that higher sugar concentrations in NM than
in M tissues result when NM plants suffer greater drought strain. Most
probably the effect of symbiosis between root and plant have been a
positive effect during the summer period on the M plants, and also on
the quality. The fibre content in steam in our study was lower than to
the results obtained in study under high-energy inputs (Li et al., 2010),
but in agreement with Boona et al. (2012). Not different was found for
over parameter considered in steam and also for ear and grain quality
between the treatments (Tables 5 and 6).

Conclusions

The development of sustainable agricultural systems with low-input
of mineral fertilizers and chemical pesticides is an issue that is gain-
ing ground. In Europe, the EU stimulates sustainability in a wide range
of fields including agriculture. Mycorrhizal fungi are key organisms
that can be beneficial in the development of strong and healthy crops
with reasonable yield in low-input systems. Management of mycor-
rhizae in field conditions through agricultural practices could reduce
fertiliser application required for most economical yield. These prelim-
inary results support the hypothesis that plants inoculated with com-
mercial AM inoculum show high yield under low energy inputs, with a
greater concentration of P in plants and in leaves and a lower fibre con-
tent and its fractions in stems. However, further studies are needed to
monitor the vitality of mycorrhizal roots and to study the relationship
between vegetative stages, reproductive stages and rainfall.
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