
Abstract

Combination of plant inoculation with a commercial mycorrhizal
formulation with half or full fertiliser application rates was evaluated
for the effects on plant growth and yield and mycorrhization occur-
rence throughout two consecutive field tomato crops in southern Italy.
Mycorrhizal formulation was inoculated on tomato seedling roots both
in the nursery and after transplant. Inoculated tomato seedlings were
significantly larger than non-inoculated seedlings less than 30 days
after the first inoculation in the nursery. Above ground dry biomass
and stem number of inoculated plants were found to be higher also at
the end of each crop. Positive effects of mycorrhizal inoculation were
extended also to marketable yield of both crops, mainly due to an
increased number and weight of clusters and fruits. Mycorrhizal treat-
ment also improved crop earliness, seen in terms of anticipating plant

flowering, increasing first harvest yield, and reducing average harvest-
ing time compared to non-inoculated plants. Both rates of mineral fer-
tilisers positively affected tomato growth and marketable yield, but did
not influence fruit quality parameters. No significant interaction was
found between mineral fertilisation and plant mycorrhization. Crop
inoculation with mycorrhizal formulations could  reduce the amounts
of fertilisers and pesticides being used, and could represent a sustain-
able technique to improve crop yield and profitability.

Introduction

Microbial activity in the rhizosphere is a primary determinant of
plant health and soil fertility (Jeffries et al., 2003). Among mycorrhizal
fungi symbiotically associated to plant roots, arbuscular mycorrhizal
fungi (AMF) are the most important for agriculture, and are extreme-
ly beneficial to host plants (Gosling et al., 2006). Benefits of AMF are
mainly related to an improved uptake of relatively immobile phosphate
ions, although an increased uptake of macronutrients other than phos-
phorous (P), including nitrogen, potassium and magnesium, has also
been observed (Smith and Read, 2008; Hodge et al., 2001). Increased
plant resistance to insects and soil pathogens, and tolerance of salini-
ty, heavy metals and drought, were also reported as further AMF bene-
fits to the host plant (Allen, 2009; Avis et al., 2008; Brundrett, 2009; van
der Heijden et al., 1998). 
Plant-growth-promoting rhizobacteria (PGPR) and plant-growth-

promoting fungi are further components of rhizosphere microflora
that can also play a relevant role in plant growth and phytopathogen
suppression, mainly due to their synergistic interaction with mychor-
rhizae (Compant et al., 2005; Jeffries et al., 2003). 
Synergistic positive interactions between AMF and PGPR, such as

nitrogen fixers, fluorescent Pseudomonads and sporulating bacilli,
have been documented by many researchers (Galleguillos et al., 2000;
Hameeda et al., 2007), although some neutral effects of AMF-PGPR
interaction have also been reported (Andrade et al., 1997; Walley and
Germida, 1997).
Massive application of pesticides and fertilisers, as well as close

rotations and deep tillage, resulted in a gradual depletion of soil fertil-
ity and microbial diversity in intensive agricultural systems (Daniell et
al., 2001; Tilman et al., 2002). Conventionally managed soils were
found to exhibit a poorer microflora and a lower biological activity than
less intensively or organically managed soils (Mäder et al., 2002).
Breeding programmes have also aimed to select high chemical inputs,
almost completely ignoring the interactions between plant roots and
rhizosphere microorganisms (Wissuwa et al., 2009). 
Artificial plant inoculation with appropriate formulations of AMF

Correspondence: Trifone D’Addabbo, Institute for Plant Protection (IPP),
National Research Council, via G. Amendola 122/D, 70126 Bari, Italy. 
Tel. +39.0971.205371 - Fax: +39.0971.205378.
E-mail: t.daddabbo@ba.ipp.cnr.it

Key words: arbuscular mycorrhizal fungi, fertilisers, yield, mycorrhizal,
plant-growth-promoting rhizobacteria, tomato. 

Contributions: the authors contributed equally.

Funding: this work was supported by the Italian Ministry of Agricultural and
Forestry Policies (MIPAF), research project PROM (Progetto di Ricerca per
potenziare la competitività di Orticole in aree Meridionali - funds C.I.P.E.,
Resolution 17/2003, Scientific Co-ordinator: Dr. Agostino Falavigna).

Acknowledgements: the authors thank Paolo Putignano and Cosimo Danzi
for their valuable help in conducting the experimental trials.

Received for publication: 11 May 2013.
Revision received: 4 July 2013.
Accepted for publication: 8 July 2013.

©Copyright V. Candido et al., 2013
Licensee PAGEPress, Italy
Italian Journal of Agronomy 2013; 8:e22
doi:10.4081/ija.2013.e22

This article is distributed under the terms of the Creative Commons
Attribution Noncommercial License (by-nc 3.0) which permits any noncom-
mercial use, distribution, and reproduction in any medium, provided the orig-
inal author(s) and source are credited.

Growth and yield promoting effect of artificial mycorrhization combined
with different fertiliser rates on field-grown tomato
Vincenzo Candido,1 Gabriele Campanelli,2 Trifone D’Addabbo,3 Donato Castronuovo,1
Marek Renco,4 Ippolito Camele1
1School of Agricultural, Forest, Food and Environmental Sciences, University of Basilicata, Potenza,
Italy; 2Agricultural Research Council, Research Unit for Vegetable Crops in Central Areas (CRA-
ORA), Monsampolo del Tronto (AP), Italy; 3Institute for Plant Protection (IPP), National Research
Council, Bari, Italy; 4Parasitological Institute, Slovak Academy of Sciences, Kosice, Slovak Republic

[page 168] [Italian Journal of Agronomy 2013; 8:e22]

Italian Journal of Agronomy 2013; volume 8:e22

Non
-co

mmerc
ial

 us
e o

nly



and PGPR can improve plant adsorption of water and nutrients with a
reduction in the use of chemical fertilisers and pesticides resulting in
higher crop sustainability. Beneficial effects of AMF inoculation on
plant growth and yield were widely documented for vegetable crops
(Douds et al., 2007; Hamel and Plenchette, 2007; Larsen et al., 2007).
Technical issues raised by the large amount of inoculum needed for
AMF application in the field can be effectively avoided by mycorrhizal
inoculation of seedlings or cutting beds over a much smaller surface
(Jeffries et al., 2003). An improvement in crop productivity following
artificial inoculation with AMF formulations has been documented also
for tomato, as a consequence of plant phenological, molecular and
metabolic variations and systemic effects on fruits (Conversa et al.,
2012; Salvioli et al., 2012). 
In intensive vegetable cropping systems, potential benefits of mych-

orrhizal inoculation may be compromised by the massive input of min-
eral fertilisers. A reduced AMF colonisation of roots and spore density
in soil was generally reported, mainly in the presence of an intensive
use of P fertilisers (Kahiluoto et al., 2001; Kogelmann et al., 2004),
although a negative impact on AMF colonisation and/or diversity has
often been documented also for other readily soluble fertilisers, partic-
ularly nitrogen (N) fertilisers (Burrows and Pfleger, 2002; Treseder and
Allen, 2002). 
This paper reports the results of a field experiment in southern Italy

aimed at investigating the agronomical effects of tomato inoculation
with a commercial AMF and PGPR formulation, and its interactions
with different levels of mineral fertilisers throughout two consecutive
crops. 

Materials and methods

The experiment was carried out during 2006-2007 in a field on the
experimental farm Pantanello at Metaponto, in the Province of Matera,
southern Italy (40° 24’N; 16° 48’E; 10 m asl). 
Field soil was sandy-loamy (51.3% loam, 29.0% sand, 19.7% clay),

with a 7.7 pH, 0.8 g/kg total nitrogen, and 21.2 and 215 mg/kg exchange-
able phosphorous and potassium, respectively.
Soil was 30-cm ploughed, rotavated and levelled, and the field was

subdivided into nine 27 m2 plots. At ploughing, 80, 100 and 200 kg ha–1

of N, P2O5 and K2O fertilisers, respectively, were applied to three plots;
another three plots received half the quantity of the same fertilisers,
and the remaining three plots did not receive any fertiliser at all. 
For both years, cherry tomato HF1 PX 02325715 (Seminis srl, Parma,

Italy) was sown broadcast in a turf-based substrate (60% organic mat-
ter, 6.0-6.5 pH) in a 62¥35 cm box. At full extension of cotyledon leaves,
bare root seedlings were transferred singly to 60-cell polystyrene sow-
ing trays, 63 mL of the same substrate in each cell. Half seedlings from
each tray were inoculated with 1.15 mL/cell of a commercial microbial
formulation (Micosat F, CCS AOSTA Srl, Aosta, Italy), containing
ground mycorrhizal roots, spores and mycelia of AMF Glomus mosseae
GP11, G. viscosum GC41, G. intraradices GB67, as well as PGPR as
Pseudomonas sp. PN 01, P. fluorescens PA28, Bacillus subtilis BA41,
Streptomyces sp. SB14, and the antagonistic saprophytic fungus
Trichoderma viride TH03.
Forty-day old seedlings were transplanted in the field on 15th May
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Figure 1. Ten-day minimum and maximum temperature and rainfall trends recorded during the two tomato crop cycles and compared
to the pluriannual values.
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2006 and 25th May 2007. Each plot was subdivided into two 13.5 m2 sub-
plots, and each transplanted with inoculated or non-inoculated
seedlings. Plants were spaced 30 cm apart within double rows, 1.5 m
between each row. A further 1.15 mL of the microbial formulate were
poured in the soil beside each previously inoculated seedling so as to
reach a total 100 L ha–1 application rate. Therefore, the experiment was
arranged in a split plot randomised design, with three replicates of five
different treatments and non-treated soil as control. 
Top-dress 60 and 30 kg ha–1 N, split into three applications from

plant rooting to flowering, were provided to the plots with full and half
basal fertilisation, respectively. Plant irrigation was provided through-
out both crops by a drip irrigation system: dripper lines 0.5 m apart and
emitters (2.5 L h−1 water flow rate) spaced 0.20 m from each other.
Non-systemic chemical treatments were applied, as needed, for weed
and insect pest control. 
Daily maximum and minimum air temperatures and rainfall were

recorded by a CR-10X data-logger (Campbell Scientific, Inc., Logan, UT,
USA).
Dates of initiation of different plant phenological phases were

recorded throughout each crop. 
At transplant of each crop, stem height and diameter, above ground

and root dry weight, and leaf area (Area Meter LI-Cor, Inc., Lincoln, NE,
USA; Model 3100) were recorded on 10 inoculated and non-inoculated
seedlings. At half crop cycle and before fruit setting, plant height and
number of stems, above ground dry biomass and leaf area index (LAI)
were recorded on three plants from each plot. 
Tomato fruits were harvested on 28th July, 10th August and 4th

September 2006, and on 10th and 31st August 2007 in the first and sec-
ond cycle, respectively. At each harvest, tomato yield of each plot was
estimated by recording number and weight of ripe clusters from 20
plants. Number and weight of marketable and waste fruits were record-
ed on 10 clusters from each plot. Average fruit weight, soluble solid
(°Brix) and dry matter content were recorded on 10 marketable fruits
from each plot.
Percentage incidence of first harvest yield on total cumulative yield

and mean harvesting time (MHT) were calculated as indicators of crop
earliness. MHT was calculated according to the following formula:

TMR (dd) = Â(y1* d1)…….(yn * dn) / Y

where: 
d is days between crop transplant and harvest beginning;
y is yield at each harvest; 
Y is total cumulative marketable yield.
At end of harvest, we counted number of stems per plant and above

ground dry biomass weight was recorded as the cumulative dry weight
of oven-dried stem, leaves and fruits of plants from each sampling area.
Harvest index was calculated as a ratio between fruits and total dry
matter weight. Mycorrhizal root colonisation was estimated on 30 2-cm
fragments randomly taken from each root sample of inoculated plants
after clearing and staining (Brundrett et al., 1984). Frequency of
colonisation (F), intensity of colonisation (m%), and presence of
arbuscules and vesicles (a%) were determined according to Trouvelot
et al. (1986) using Mycocalc software (INRA, Dijon, France).
All data were statistically analysed by ANOVA and means separated

by the Student-Newman-Keuls (SNK) test.

Results

Climatic trend
Maximum air temperatures averaged 36.7°C during the last ten days

of June 2006, and 34.8°C and 34.3°C in the second ten days of July and
the third ten days of August 2007, respectively (Figure 1). In both years,
mean maximum temperatures remained over 30°C from the second ten
days of June to the last ten days of August, exceeding 40°C on June 20th

and August 20th 2006, and on June 2nd and 26th and July 24th 2007.
Average minimum temperatures peaked at 20.4°C and 22.2°C in the
last ten days of June 2006 and the last ten days of August 2007. 
From May to August 2006, rainfall was concentrated in the first ten

days of June (15 mm), in the first (17.4 mm) and second (24.6 mm) ten
days of July, and in the first (14.6 mm) and second (13.8 mm) ten days
of August. Rainfall was lower and less frequent in 2007; rain fell main-
ly in May (9.8 mm, 15 mm and 11.2 mm in the first, second and third
ten days, respectively) and June (18 mm in the first ten days). There
was no rain at all during May 2006 or from 13th June to 24th September
2007.

Plant growth parameters 
At transplant, almost all tomato seedling growth parameters were

affected by the previous mycorrhizal inoculation in the nursery (Table
1). Height, above ground and root dry weight and dry matter content of
inoculated seedlings were higher than those of non-inoculated plants.
Inoculated seedlings also showed a wider leaf area and a higher num-
ber of leaves per plant.
At half crop cycle, plant height, top dry weight and leaf area index

were significantly higher in the second than in the first crop (Table 2).
In contrast, a larger number of plant branches and a delayed flowering,

Article

Table 1. Effects of mycorrhization on morphological traits of tomato seedlings at transplant.

Year Mycorrhizal Stems Leaves/plant Epigeal part Roots
treatment Height Thickness Number Area Dry weight/ Dry Dry weight/ Root/shoot dry 

(cm) (mm) (cm2) plant matter plant weight ratio
(mg) (%) (mg)

2006 Micosat F. 12.2a 3.3a 5.7a 31.0a 249a 9.8a 103a 2.6a

Control 9.5b 3.0b 4.7b 12.4b 90b 8.8b 42b 2.2b

Significance ** * ** ** ** ** ** *
2007 Micosat F. 21.0a 2.9a 6.0a 76.4a 365a 9.6a 115a 3.2a

Control 17.4b 2.9a 5.3b 66.9b 318b 9.8a 102b 3.0b
Significance ** ns ** ** ** ns ** *

a,bMeans followed by the same letters in the same column and within each experiment are not significantly (α≤0.05) different according to the Student-Newman-Keuls Test. *P≤0.05 was considered significant;
**P≤0.01. ns, non-significant. 
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fruit setting and veraison occurred in the first tomato crop. 
Mineral fertilisation positively affected plant growth; height, above

ground dry biomass, leaf area index and stem number of plants from
both full and half fertilised plots were significantly higher than in non-
fertilised soil, although the increase in growth was much more evident
in plots receiving the full quantity of fertiliser. Compared to non-fer-
tilised plots, mineral fertilisation also resulted in a significantly earlier
flowering and fruit veraison, whereas no significant differences were
found between the two quantities of fertiliser. Plants inoculated with
the mycorrhizal formulation were significantly taller, and had higher
above ground dry biomass and LAI, and a significantly earlier flowering
and veraison than non-inoculated plants. 
Final above ground dry biomass was significantly higher in the sec-

ond than in the first crop (Table 3). Compared to non-fertilised control,
half and full rate mineral fertilisation increased final above ground dry
biomass by 2.7 and 4.2 t ha–1, respectively, and number of stems per
plant by 2 units. Plant inoculation with the mycorrhizal formulation
also resulted in a significant increase in above ground dry biomass and
number of stems per plant: +0.6 t ha–1 and +1.1 units, respectively.

Yield parameters
Tomato yield was significantly higher in the second than in the first

crop due to a lower number of clusters and fruits per plant, and to a
lower fruit dry matter and soluble solid contents (Table 3). A longer
length cycle and a 2-week delay in fruit ripening and harvest were also
observed in the first crop. 
Marketable yield was always significantly higher in soil receiving

both half and full fertiliser rates than in non-fertilised control. Half and
full fertiliser rates increased tomato yield by 37% and 61% in the first
crop and by 21% and 32% in the second crop, respectively, mainly due

to a significantly higher number of clusters per plant. There was no sig-
nificant difference in average fruit weight when compared to control. 
Plants inoculated with the mycorrhizal formulation provided a signif-

icantly higher yield compared to the non-inoculated plants, mainly due
to a higher number of clusters and fruit. 
All yield parameters showed a statistically significant interaction

only between crop cycle and mineral fertilisation. 
The second tomato crop was earlier than the first, providing a 34.9%

larger yield (+) in a 14-day shorter MHT (Table 4). 
Both mineral fertilisation and mycorrhizal inoculation also resulted

in a significantly earlier crop harvest than the non-treated control,
increasing first harvest yield by 4.6% and 4.1% in a 3.5- and 2-day short-
er MHT, respectively.
Tomato fruit dry matter and soluble solids content were significant-

ly higher in the second than in the first crop, without any significant
influence of either mineral fertilisation or mycorrhizal inoculation.

Mycorrhization parameters
At transplant, presence of fungal mycelium was clearly evident on

tomato seedling roots previously inoculated with the mycorrhizal for-
mulation, whereas almost no endomycorrhizal structures were
observed in non-inoculated plants (Table 4).
There was only a slight variation in frequency of mycorrhization

(F%) and arbuscule presence (a%) between the two crops (Table 5).
Mycorrhization frequency and arbuscule presence at half cycle were
significantly higher in the second than in the first crop. In contrast,
mycorrhization indices at the end of the crop were significantly higher
in the first than in the second year.
No significant interaction was found between mineral fertilisation

and mycorrhization, although at the end of the crop almost all mycor-
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Table 2. Effects of fertilization and mycorrhization on plant growth parameters and occurrence of phenological phases at mid crop
cycle.

Treatments Plant growth parameters Occurrence of phenological phases 
(days from transplant)

Plant height Stems/plant Above ground Leaf area index Flowering Fruit setting Ripening
(cm) (no.) dry biomass (LAI)

(t ha-1)

Years (Y)
2006 54.7b 7.2a 1.5b 0.9b 32.4a 45.1a 64.8a
2007 74.9a 6.5b 3.8a 3.0a 23.6b 36.8b 58.5b
Significance ** ** ** ** ** ** **

Fertilization (F)
0 57.1c 6.4c 1.8c 1.2c 29.2a 41.9a 62.3a
50 65.1b 6.9b 2.8b 2.0b 27.6b 40.6b 61.3a
100 72.2a 7.2a 3.3a 2.7a 27.3b 40.3b 61.3a
Significance ** ** ** ** ** ** ns

Mycorrhization (M)
Micosat F. 66.2a 7.2a 2.9a 2.2a 27.1b 40.4b 61.4a
Control 63.4b 6.5b 2.3b 1.8b 29.0a 41.5a 61.9a
Significance * ** ** ** ** ** ns

Interactions
Y x F ns ns ns ** * ** ns
Y x M ns ns ns ns ns ns ns
F x M ns ns ns ns ns ns ns
Y x F x M ns ns ns ns ns ns ns

a,b,c Means followed by the same letters in the same column and within each experiment are not significantly (α≤0.05) different according to the Student-Newman-Keuls Test. *P≤0.05 was considered significant;
**P≤0.01. ns, non-significant.
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Table 4. Mycorrhization parameters of tomato seedling roots at transplant.

Mycorrhizal treatments Mycorrhizal indices
F% M% m% a% A%

2006 2007 2006 2007 2006 2007 2006 2007 2006 2007

Control 5.6b 6.7b 0.1b 0.1b 1.0b 1.0b 0.0b 5.0b 0.0b 0.0b

Micosat F. 100.0a 100.0a 5.1a 5.5a 5.1a 5.5a 24.3a 9.4a 1.3a 0.6a

Significance ** ** ** ** ** ** ** ** ** **
a,bMeans followed by the same letters in the same column and within each experiment are not significantly (α≤0.05) different according to the Student-Newman-Keuls Test; **P≤0.01 was considered significant. 
ns, non-significant. 

Table 5. Mycorrhization parameters on tomato roots at mid (flowering-fruit setting stage) and end crop cycle.

Treatments Mycorrhizal indices
F% M% m% a% A%

Mid End Mid End Mid End Mid End Mid End

Years (Y)
2006 67.4b 77.0a 17.1a 26.2a 17.7a 27.2a 40.3b 35.5a 12.2a 14.8a
2007 69.6a 61.9b 19.3a 25.2a 20.4a 25.8a 50.5a 27.8b 14.1a 13.7a
Significance * ** ns ns ns ns ** ** ns ns
Fertilization (F)
0 66.4b 67.8 9.9b 23.3b 10.5b 23.3b 47.2a 27.4b 8.1b 11.8b
50 67.8ab 70.0 24.0a 23.3b 24.5a 23.9b 37.1b 27.0b 15.8a 9.9b
100 71.4a 70.5 20.7a 30.5a 22.1a 32.2a 51.8a 40.6a 15.5a 20.9a
Significance ** ns ** ** ** ** ** ** ** **
Mycorrhization (M)

Micosat F. 100.0 99.4 35.2 49.7 35.2 50.0 76.1 55.1 25.8 28.2
Control 37.0 39.4 1.2 1.6 2.9 3.0 14.7 8.3 0.5 0.2
Significance ** ** ** ** ** ** ** ** ** **
Interactions

A x C * ns ns ns ns * ns * ns **
A x M ns ** ns ns ns ns * ns ns ns
C x M ** ns ** ** ** * ** ** ** **
A x C x M * ns ns ** ns ** * ** ns **

a,bMeans followed by the same letters in the same column and within each experiment are not significantly (α≤0.05) different according to the Student-Newman-Keuls Test. **P≤0.01 was considered significant. 
ns, non-significant.

Table 3. Effects of fertilisation and mycorrhization on tomato yield, fruit quality, crop earliness and plant growth at harvest.

Treatments Yield Clusters per Fruit quality Crop earliness Plant growth
plant (N)

Total Marketable N/ Mean Soluble  Dry Yield at 1st Harvest Above ground Harvest Stems (no.)
(t ha–1) (t ha–1) plant weight solids matter harvest mean dry biomass index

(g) (°Brix) (%) (%) time (d) (t ha–1)

Years (Y)
2006 54.1b 51.2b 30.6b 176b 6.3a 7.7b 9.2b 4.4b 104a 9.0b 0.53a 11.9a
2007 61.3a 56.1a 38.7a 215a 6.7a 8.6a 10.1a 39.3a 90bb 12.6a 0.46b 9.4b
Significance ** ** ** ** ns * ** ** ** ** ** **
Fertilization (F)
0 43.4c 40.3c 26.5c 149b 6.4a 8.0a 9.7a 18.8b 99a 8.5c 0.48a 9.2b
50 59.6b 56.2b 35.6b 204a 6.4a 8.2a 9.6a 23.8a 96b 11.2b 0.49a 11.2a
100 70.0a 64.4a 41.8a 233a 6.6a 8.1a 9.7a 23.0a 95b 12.7a 0.51a 11.6a
Significance ** ** ** ** ns ns ns ** ** ** ns **
Mycorrhization (M)

Micosat F. 60.6a 56.0a 36.3a 208a 6.4a 8.1 9.7 23.9 96b 11.3a 0.51a 11.2a
Control 54.8b 51.2b 32.9b 183b 6.5b 8.1 9.6 19.8 98a 10.2b 0.50a 10.1b
Significance ** ** ** ** ns ns ns ** ** ** ns **
Interactions

Y x F ** ** ** * ns ns ns * ** * * ns
Y x M ns ns ns ns ns ns ns ** ns ns ns ns
F x M ns ns ns ns ns ns ns ns ns ns ns ns
Y x F x M ns ns ns ns ns ns ns ns ns ns ns ns

a,b,cMeans followed by the same letters in the same column and within each experiment are not significantly (α≤0.05) different according to the Student-Newman-Keuls Test. *P≤0.05 was considered significant;
**P≤0.01. ns, non-significant. 
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rhization indices were significantly higher in the fully fertilised plots
than in non-fertilised soil. 

Discussion and conclusions

Tomato yield performance was affected in different ways by climat-
ic conditions in the two years studied. High temperatures were
recorded in the last ten days of June 2006, and these induced anthop-
tosis and almost completely prevented fruit setting in the first crop. 
Low mycorrhization indices of non-inoculated plants demonstrated

that natural symbiosis with soil-native AMF populations is of little ben-
efit to conventional tomato crops, particularly in the climatic conditions
recorded during this experiment.
Artificial AMF inoculation was shown to be highly and rapidly effec-

tive on plant growth. Inoculated tomato seedlings were significantly
larger than non-inoculated seedlings after less than 30 days after the
first inoculation in the nursery, and dry top biomass and stem number
of inoculated plants were found to be higher also at the end of each
crop. The positive effects of mycorrhizal inoculation were extended
also to marketable yield of both crops, mainly as a result of an increased
number and weight of clusters and fruits. The improvement in tomato
plant growth and yield through AMF inoculation has already been
reported for tomato (Salvioli et al., 2012) and for other different veg-
etable species (Douds et al., 2007; Regvar et al., 2003). In field condi-
tions, tomato plants inoculated with a commercial formulation of
Glomus intraradices were recently found to produce larger inflores-
cences, and a higher number of flowers and total and marketable fruits
(Conversa et al., 2012). In contrast, the same commercial mycorrhizal
formulate tested in our experiment did not result in any significant
increase in either total or marketable yield of an organic tomato crop,
probably due to a natural organic soil richness (Bosco et al., 2007).
The higher efficiency of mycorrhizal plants in taking up soil phos-

phate, and thus improving plant nutritional status, was suggested to be
one reason for the positive impact of AMF mycorrhization on tomato
plant productivity (Subramanian et al., 2006). It was also hypothesised
that enhanced fruit setup and yield could also be related to an increase
in pollen quantity and quality in mycorrhizal plants (Poulton et al.,
2001; Subramanian et al., 2006). 
Mycorrhizal treatment also improved crop earliness, seen as acceler-

ating plant flowering, an increase in first harvest yield and a reduction
in the average harvesting time compared to non-inoculated plants. 
Accelerated flowering and a faster fruit production following tomato

plant inoculation with the AM fungi G. mossae or G. intraradices have
previously been reported by Salvioli et al. (2012) and Hildebrandt et al.
(2002), respectively. Salvioli et al. (2012) also hypothesised that accel-
erated flowering could also be due to a forced meristem transition from
the vegetative to floral status or to the effects of mycorrhizal fungus on
the expression of flowering-related genes. 
In our experiment, quality parameters of tomato fruit were not sig-

nificantly affected by plant AMF inoculation. This is in contrast to many
other studies documenting a positive impact of root inoculation with
beneficial rhizosphere microorganisms on fruit quality parameters
(Charron et al., 2001; Kaya et al., 2003; Mena-Violante et al., 2006). An
increase in antioxidant activity and a higher lycopene and shoot and
fruit potassium content were also reported for tomato fruits from AMF-
inoculated plants (Ordookhani et al., 2010).
Plant-growth-promoting fungi inoculation was generally found to

increase plant nutrient uptake, due to a better water and nutrient
absorption by the improved root system (Höflich and Kühn, 1996;
Kloepper et al., 1991; Zimmer et al., 1995). Combination of AMF with
PGPR was generally found to result in a synergistic positive interaction

(Galleguillos et al., 2000; Hameeda et al., 2007), although neutral
effects were also observed in other studies (Andrade et al., 1997; Walley
and Germida, 1997).
In our study, mineral fertilisation had a positive effect on plant

growth and marketable yield and accelerated crop flowering, fruit verai-
son and harvesting time, but did not influence fruit quality parameters.
No significant interaction was found between mineral fertilisation and
plant mycorrhization, although the few variations in mycorrhization
frequency and arbuscule presence in the two tomato crops were more
evident when the full quantity of full fertiliser was given. Mineral fer-
tilisation was usually reported to decrease AMF colonisation in agricul-
tural crops, as a lower AMF activity was observed in conventional agri-
cultural systems with high inputs of inorganic fertilisers than in organ-
ic crop systems (Douds et al., 1993). However, use of fertiliser in
extremely nutrient deficient soils was found to increase AMF colonisa-
tion (Hayman, 1975), to mycorrhizal function. (Gryndler et al., 1990).
Based on these contrasting responses, the mediation of plant nutrition-
al status in the mycorrhizal response to fertilisers was suggested by
Douds and Johnson (2003). In particular, P:N ratio seems to be an
important factor governing AMF response to nutrient enrichment, as
AMF colonisation was generally found to be reduced by P fertilisation
in the presence of adequate N levels, but not necessarily in N-limited
plants (Sylvia and Neal, 1990).
Inoculation of tomato plants with AMF, both alone or in combination

with PGPR, can provide considerable benefits in terms of growth, nutri-
ent uptake and also yield, although results are difficult to predict and
are not always guaranteed. More generally, application of mycorrhizal
formulations in intensive tomato systems may improve crop sustain-
ability, due to a reduced impact of fertilisers and pesticides. However,
the large variability of plant response to mycorrhization between crops
and within crop varieties suggests that it would be useful to extend
research to a wider range of tomato genotypes studied over a longer
period of time. 
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