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Plant inoculation with formulations of vesicular-arbuscular mycorrhiza (VAM) can be a sustainable tech-
nique for the improvement of tomato yield and plant resistance to biotic and abiotic stresses. Combination
of artificial plant mycorrhization with water deficit irrigation could be an effective agronomical technique
for the optimization of water use efficiency of tomato in the areas with a limited water availability. A
2-year research on field tomato was undertaken in Southern Italy (40°24'N; 16°48’E; 10 m a.s.l.) to eval-
uate the effects on crop growth, yield, and fruit quality of the combination of seedling inoculation with
two VAM formulations, alone or integrated with plant growth promoting rhizobacteria (PGPR), with
Tomato different irrigation regimes (restoration of 0%, 50%, and 100% of maximum crop evapotranspiration). A
Water use efficiency split-plot experimental design with three reps was followed, with irrigation regimes in the main plots
Yield and mycorrhizal treatments in the subplots. Both VAM treatments, either with or without PGPR, demon-
strated to be highly and rapidly effective on plant growth, as significantly increasing growth of tomato
seedlings and plant biomass at mid and end of both crops compared to the non-inoculated control.
Positive effects of mycorrhizal inoculation were extended also to marketable yield, mainly as a result
of an increased number and weight of fruits. Both VAM inocula did not significantly affect fruit quality
parameters, though increased water use efficiency of marketable yield. Both irrigation regimes positively
affected tomato growth and marketable yield, whereas the fruit quality was better in less- and non-
watered plants. Adversely to expectations, no synergism was found between artificial mycorrhization
and irrigation regimes.
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agronomical practices enhancing drought resistance, plant water-
use efficiency (WUE), and plant growth can be highly beneficial
(Hardeman et al., 1999; Egilla et al., 2001; Kirnak et al., 2001;
Sangakkaraetal.,2000). Deficitirrigation is an agronomical practice

1. Introduction

Tomato (Lycopersicon esculentum Mill.) is classified as a crop
with a high water demand and sensitive or moderately tolerant to

water stress (Zheng et al., 2013; Karlberg et al., 2007). Tomato tol-
erance to water deficit was generally reported as depending on the
cultivar, the phenological stage of deficit occurrence and the sever-
ity of the stress (Patané et al., 2011; Candido et al., 2000; Perniola
et al, 1994).

Under conditions of water scarcity, the large water demand
of tomato can be a limit to crop productivity and, therefore, all
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aimed to maximize WUE and to stabilize yields by limiting water
applications to the drought-sensitive growth stages of the crop
(Fereres and Soriano, 2007). Deficit irrigation has been widely
investigated on many crops, among which also tomato, and gen-
erally reported as a valuable and sustainable production strategy
for dry regions (Geerts and Raes, 2009; Kirda et al., 2004). Under
an average reference crop evapotranspiration (ETc), ranging from
3.3 to 7mmd~! during initial growing stage and full crop growth,
respectively. Zairi et al. (2003) reported the application of 65% of
ETc as economically acceptable to tomato crop. Moreover, Baselga
Yrisarry et al. (1993) documented an enhancement of fruit qual-
ity as consequent to a moderate water stress, mainly due to the
increase of soluble solids content. Adversely, Topcu et al. (2007)
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reported a significant reduction of tomato yield after the applica-
tion of 50% of ETc.

Vesicular-arbuscular mycorrhiza (VAM) are mainly known to
supply plants with additional nutrients, mainly nitrogen and phos-
phorus (Hodge et al., 2001; Harrison and van Buuren, 1995).
An improvement of plant photosynthetic activity, absorption of
microelements, and resistance to root pathogens, as well as of soil
properties, were also reported as further effects of VAM symbio-
sis (Turk et al., 2006; van der Heijden et al., 2006). Moreover, the
endotrophic symbiotic association of VAM with plant roots can also
induce a better plant WUE and resistance to drought stress-saline
(Augé, 2001; Lee et al., 2012).

Plant-growth-promoting rhizobacteria (PGPR), such as nitrogen
fixers, fluorescent Pseudomonas and sporulating Bacillus can also
play a relevant role in plant growth and soil pathogen suppression,
mainly due to their synergistic interaction with VAM (Elshafie et al.,
2013; Compant et al., 2005).

The positive effects of mycorrhizal symbiosis on plant health
and growth are raising the interest in the use of these fungi as
bio-fertilizers, bio-regulators, and bio-protectors, thus reducing the
input of synthetic fertilizers and pesticides (Akhtar and Siddiqui,
2008; Gera Hol and Cook, 2005; Tilman et al., 2002). Seedling
pre-inoculation with commercial preparations of VAM in nursery
containers is the most promising method for the implementation of
mycorrhization in horticultural crops (Candido et al., 2013; Douds
et al.,, 2007; Larsen et al., 2007). A reduced seedling mortality, as
well as a greater uniformity of crop growth and an increased crop
yield were reported as effects of the pre-inoculation of seedlings
with VAM, though largely depending on the specificity of the asso-
ciation between the fungus and the species/cultivars of host plant
(Sorensenetal.,2008; Sensoy et al.,2007). Commercial inocula con-
sists mostly of a mixture of VAM (Glomus mosseae, G. intraradices,
G. viscosum) either pure or in a mixture with PGPR and ectomycor-
rhizal fungi (Dalpé and Monreal, 2004).

The association of artificial plant mycorrhization with water
deficit irrigation can be an interesting technique for the opti-
mization of water use in tomato, due to the better resistance to
drought of mycorrhized plants (Davies et al., 2002; Augé, 2001).
An increased root length and density or an altered root system
morphology, as enhancing soil exploration and water extraction,
have been hypothesized as potential mechanisms for the improved
drought resistance of mycorrhized plants (Bryla and Duniway,
1997; Davies et al., 1996). Enhancement of plant stomatal con-
trol or root water uptake by mycorrhizal hyphae, as well as turgor
maintenance by osmotic adjustment, have been also documented
(Augeetal., 1986; Allen, 1982). The exploitation of beneficial effects
of combining artificial plant mycorrhization with water deficit
irrigation can be particularly useful to tomato crop in the areas
where the availability of irrigation water is generally limited, such
as Southern Italy and, in general, Mediterranean regions. This paper
reports the results of a 2-year research on open field tomato aimed
toinvestigate the agronomical effects of the combination of two dif-
ferent VAM inocula (with or without PGPR and saprophytic fungi)
with different irrigation regimes (0%, 50%, and 100% restoration of
ETc).

2. Materials and methods

The experiment was carried out at the experimental farm “Pan-
tanello” (40°24'N; 16°48’E; 10 m a.s.l.), situated in the Metapontum
plain (Basilicata Region, Southern Italy) in the years 2008 and
2009, on a silty-loam soil, with pH 7.68 +£0.11, a low total nitro-
gen content (0.80+0.12gkg~1) and a good level of exchangeable
phosphorus (21.2+ 1.2 mgkg~1) and potassium (215+9mgkg1).

Soil was ploughed to a depth of 30 cm and then rotavated and
leveled at the time of basal dressing (50 kg ha—1 N, 123 kg ha~! P, 05,
and 245 kgha~! K,0).

2.1. Plant material

Tomato hybrid (F;) cultivar ‘Faino’ (Syngenta Seeds Co.;
Wilmington, DE, USA) was sown on 21 April 2008 and 28 April 2009,
respectively, within a 62 x 35 cm box containing a turf-based sub-
strate (COMPO SANA®, COMPO Italia Co., Cesano Maderno, Italy;
60% OM, 6.0-6.5 pH) and reared in a metal-plastic (PE 200 om)
greenhouse provided with lateral openings and anti-insect net. At
the full extension of cotyledon leaves, i.e., on 5 May 2008 and 13
May 2009, respectively, the bare root seedlings were singly trans-
ferred to 60-cell polystyrene alveolate containers, filled with 63 ml
of the same turf-based substrate per each cell. Seedlings at the 4-5
true leaf development stage were transplanted into the field on 26
May 2008 and 28 May 2009, respectively, 30 cm spacing between
plants and 150 cm between twin rows (4.44 plants per m?2).

Tomato seedlings were inoculated with VAM formulations at
their transfer into the alveolate containers (20 days before trans-
planting in field), by pipetting 1.15 ml of mycorrhizal formulations
into each alveolus, corresponding to 0.1¢g plant~! of biologically
active ingredient.

2.2. Experimental design

A total of nine experimental treatments were provided, accord-
ing to a split-plot block design, with three replicates of each treat-
ment. Three irrigation treatments were placed in the main plots,
and three mycorrhizal treatments in the 24.3 m2 (4.5 x 5.4 m) sub-
plots. Each subplot (experimental unit) consisted of three twin rows
including 108 tomato plants. The three irrigation regimes were:

(1) V100, full restoration (100%) of ETc.

(2) V50, 50% restoration of ETc.

(3) V0, no restoration of ETg, i.e., a single irrigation at transplanting
time.

The mycorrhizal treatments were:

(1) MO, control without any inoculation.

(2) M1, seedling inoculation with a commercial mycorrhizal for-
mulation (Micosat F®, CCS Aosta S.r.l. Company; Quart, Italy)
containing VAM (G. mosseae GP 11, G. intraradices GB 67, and G.
viscosum GC 41), rhizosphere bacteria (Agrobacterium radiobac-
ter AR 39, Bacillus subtilis BA 41, and Streptomyces spp. SB 14),
and saprophytic fungi (Beauveria spp., Trichoderma harzianum
TH 01, Pichia pastoris PP 59). In particular, 100 g of this formula-
tion contained 25 g of ground mycorrhizal roots together with
spores and hyphae of Glomus (crude inoculum). The percentage
of biologically active ingredients was 6.2%.

(3) M2, treatment with the single Glomus spp. commercial inocu-
lum described above, without bacteria and saprophytic fungi.

Adrip irrigation system (water flow 2.5 Lh~1/dripper) was used.
Hoses, pierced with holes every 30 cm, were placed in the middle
of the twin-rows.

Irrigation scheduling of V100 and V50 was based on simpli-
fied soil water balance method (Evapotranspirometric Criteria)
(Doorenbons and Pruitt, 1977); ETc was calculated according to the
evapotranspiration approach of (ETc=ETO x Kc), where ETO is the
reference evapotranspiration, calculated according to Hargreaves
and Samani (1985), and the crop coefficient (Kc) as reported by
Tarantino and Onofri (1991) for tomato. Water was applied on a
weekly basis.
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A 300m3 ha~! water volume was applied to VO, V50, and V100
at the transplant of seedlings, as to allow a uniform plant estab-
lishment. Two applications of ammonium nitrate, corresponding
to 80kgha! total nitrogen, were provided to all plots as a post-
transplant mineral fertilization. Treatments for the control of
insects and phytopathogens were applied as needed. Only non-
systemic formulations were used, in order to avoid any interference
with VAM colonization of tomato roots. In particular, Methomyl
(Lannate® 25, Du Pont) was used against insects, whereas sulfur
(TIOVIT JET®, Syngenta Crop Protection, Basel, Switzerland) and
copper (Cupravit 35 WG, Bayer CropScience, Leverkusen, Germany)
products were applied against fungal phytopathogens. Hoeing was
used for weed control.

2.3. Data recorded

At the transplant of each crop, stem height and diameter, num-
ber and total area (Area Meter LI-Cor, Inc., Lincoln, NE, Model 3100)
of leaves per plant, and dry weight of epigeal part and root biomass
were recorded on 10 inoculated and non-inoculated seedlings. At
mid growing season (full flowering-fruit setting), i.e., on 30 June
2008 and 9 July 2009, respectively, plant height, number of stems,
stem diameter, above ground dry biomass (stem and leaves) and
leaf area index (LAI) were recorded on five plants from each plot.

Tomato fruits were harvested from the central twin row of each
plot on 12 August and 8 September 2008 and on 7 and 27 August
2009, respectively. At each harvest, total and marketable yield and
number and weight of marketable and unmarketable fruits were
recorded in each plot. Fruit diameter, soluble solid content (°Brix),
and dry matter content were recorded on ten fruits randomly taken
from the marketable yield of each subplot.

At the end of each harvest, fresh shoot weight (stem and leaves)
was recorded on the plants from the sampling area of each plot.
Samples of these plants were oven dried and weight of total above
ground biomass (stem, leaves, and fruits) was determined. Harvest
index (HI), i.e., the ratio between fruit and total dry weight, and
irrigation water use efficiency (IWUE, kg m3), corresponding to the
ratio between dry weight of marketable yield and total volume of
irrigation water (Tarantino et al., 1997; Steduto, 1996), were also
calculated.

Mycorrhizal root colonization was estimated on thirty frag-
ments, each 2-cm length, randomly taken from each root sample
of inoculated and non-inoculated plants after clearing and stain-
ing (Brundrett et al., 1984). Frequency of colonization, intensity of
colonization and presence of arbuscules and vesicles were deter-
mined according to Trouvelot et al. (1986) using Mycocalc software
(INRA, Dijon, France). Analyses were carried out in three stages, i.e.,
at transplant and at mid and end crop-growing season.

Weather data were collected during both tomato crops. Air
temperature and relative humidity were measured by 50Y probes
(CS500-L mod., Campbell Scientific Inc., Utah, USA), whereas an
electronic tipping bucket rain gauge (TB4AMM-L mod., Campbell
Scientific Inc., Utah, USA - 0.2 mm resolution) was used for rain-
fall measurement. All data were recorded by a CR 10x data-logger
(Campbell Scientific Inc., Utah, USA).

Crop data were subjected to factorial analysis of variance,
considering years and irrigation and mycorrhizal treatments
as sources of variation, and means were separated by the
Student-Newman-Keuls (SNK) test at P < 0.05. Statistical package
SAS (ver. 17 9.1., 2005) (SAS Institute Inc., Cary, NC, USA) was used.

3. Results and discussion
3.1. Weather data

Crop season was less rainy in the first than in the second crop,
as 38 and 113 mm total rainfall were recorded during the first and

second crop, respectively, vs. a 88 mm multi-year average (Fig. 1A).
In the first crop, rainfalls were concentrated from 10 to 20 May, i.e.,
before tomato transplanting, and from 20 to 31 July, 19 and 16 mm,
respectively, whereas in the second crop most of rainfall occurred
from 20 to 31 May (17 mm) and from 20 June to 31 July (87 mm),
i.e., during flowering, setting, and early growth of tomato.

In the first crop, maximum air temperatures were significantly
lower than the multi-year average in the period 20-31 May,
but higher from 20 June to the end of the crop (Fig. 1B). Peak
temperatures were recorded in the interval 20-30 June (35.6°C)
and from 1 to 10 July (34.8 °C) and August (35.3 °C). In the second
crop, maximum temperatures were above the multi-year average
at start growing season, i.e., from 20 to 31 May (30 °C). The highest
values were reached from 20 to 31 July (36.1 °C) and from 10 to 20
August (34.3 °C), whereas the lowest values occurred in the period
20-30 June. Trend of minimum and maximum temperatures
was almost similar to that of maximum values. Ten-day mean
minimum values maintained above 20°C more frequently in the
first than in the second crop.

Ten-day minimum and maximum mean values of relative
humidity (RU) were lower in the first than in the second crop
(Fig. 1C). Maximum and minimum RU values ranged 70-75% and
20-22%, respectively, in the period from end June to end August
2008. Relative humidity was particularly high from 20 to 30 June
and from 1 to 10 July 2009, ranging maximum and minimum values
largely above the multi-year average, 95% and 40%, respectively.

3.2. Irrigation data

Eleven and 10 irrigations were provided to the first and the sec-
ond crop, respectively. In the first crop, 4260 and 2280 m3 ha~! of
totalirrigation volumes were applied to V100 and V50, respectively,
vs.3705 and 2003 m3 ha~!, respectively, applied to the second crop.
The higher irrigation volumes of the first crop were mainly due to
the longer growing season and the larger evapotranspiration.

3.3. Effects of mycorrhizal treatments on tomato seedlings

Effects of mycorrhization were evident since the early stages of
plant growth, as at the transplant of both crops frequency of col-
onization was significantly higher on the seedling roots from both
M1 and M2 treatments than on those from MO (Table 1). In the first
crop, frequency of colonization was significantly higher on seedling
roots inoculated with M2 than with M1, whereas no significant dif-
ference was found between the two-micorrhizal treatments in the
second crop.

In both crops, all the growth parameters of seedlings from both
M1 and M2 treatments were significantly larger than those from
MO, except for number of leaves and root dry weight of M1 in
the first crop. Growth data of seedlings from M2, except for num-
ber of leaves and root dry weight, were significantly larger than
those from M1 in the first crop, whereas no significant difference
between the two mycorrhizal treatments was found in the second
crop. Growth effect of mycorrhization on tomato seedlings has been
also documented in a study of Conversa et al. (2007).

3.4. Effects of irrigation and mycorrhizal treatments on root
mycorrhization

Interaction “year x irrigation” was statistically significant only
for the intensity of colonization and presence of arbuscules and
vesicles at crop end (Table 2), as differences of these two myc-
orrhization indices among irrigation regimes were larger in the
first than in the second crop (Fig. 2). A significant interaction
“year x mycorrhization” was found only for the frequency of
colonization at both mid and end growing season, due to the sig-
nificantly larger variations of this parameter among mycorrhizal
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Fig. 1. Trend of 10-day minimum and maximum temperatures (A), rainfall (B), and minimum and maximum relative humidity (RU) (C) recorded during the two tomato
growing seasons, in comparison to multi-year average. Standard error is reported for each 10-day multi-year average.

treatments in the first than in the second crop (Fig. 3). Interaction
“irrigation x mycorrhization” was never significant for any mycor-
rhizal parameter at both mid and end crop.

At mid growing season, frequency of colonization and presence
of arbuscules and vesicles of both M1 and M2 were significantly
higher than MO (Table 2), whereas intensity of colonization did not
statistically differ among the three mycorrhizal treatments. At crop
end, all mycorrhizal indexes were significantly lower for MO than
for M1 and M2, and intensity of colonization of M2 was significantly
higher than M1. Low values of mycorrhization indices of MO seem to
indicate that natural mycorrhizal symbiosis of tomato in the pedo-
climatic conditions of Southern Italy occurs more difficultly and
later than on artificially mycorrhized plants.

Frequency of colonization and presence of arbuscules and vesi-
cles at mid growing season were significantly higher on the roots
from V50 and V100 than from VO, without any significant difference
between the two irrigation regimes. At crop end, VO, V50, and V100
significantly differed among them for all mycorrhization indices but
frequency of colonization.

3.5. Effects of irrigation and mycorrhizal treatments on plant
growth

At mid growing season, the interaction “year x irrigation” was
statistically significant only for shoot dry biomass and LAI (Table 3),
due to the significantly higher values of these two parameters
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Table 1
Effects of mycorrhizal treatments on morphological traits of seedlings at the transplant of the two tomato crops.
Mycorrhizal treatments’ Stems Leaves Seedling dry weight (mg) Frequency of
colonization
Height (cm) Diameter (mm) Number Area (cm?) Shoot Root Shoot/root ratio
2008
MO 7.5¢ 2.0c 3.3b 16.7¢ 67.3c 54.3b 1.2b 21c
M1 9.0b 2.2b 3.3b 23.2b 94.3b 53.3b 1.8a 79b
M2 11.3a 2.5a 4.0a 35.7a 144.2a 78.8a 1.8a 94a
Signiﬁcancez * * *k *5k ** sk sk sk
2009
MO 7.1b 3.0b 4.3b 20.1b 144.9b 67.8b 1.9b 29b
M1 11.2a 3.5a 5.0a 43.8a 301.5a 121.6a 2.5a 100a
M2 11.3a 3.4a 5.1a 42.2a 301.9a 124.0a 2.4a 100a
Signiﬁcancez *k * *k *k *ok *k * *k

1 Means followed by the same letters in the same column and within each experiment are not significantly (P < 0.05) different according to the SNK test.
2 * Significance at P <0.05; **, significance at P <0.01; ns, no significant difference.

Table 2
Effects of irrigation and mycorrhizal treatments on frequency of colonization (F), intensity of colonization (m), and presence of arbuscules and vesicles (a) at mid and end
growing season of the two tomato crops.

Treatments Mid growing season End growing season
F m a F m a
Years (Y)!
2008 60.6 0.3 9.9 95.6 7.6 63.4
2009 85.5 0.9 37.1 99.5 1.0 80.3
Significance” ** ns * * * *
Irrigation regimes (IR)!
Vo 55.5b 0.8 8.6b 95.9 1.0c 58.2c
V50 82.0a 0.5 29.5a 97.6 3.9b 73.6b
V100 81.7a 0.5 324a 99.2 8.0a 83.7a
Significance” * ns * ns * o
Mycorrhizal treatments (M)’
MO 51.0b 0.7 14.2b 92.6b 1.1c 50.0c
M1 79.4a 0.4 26.3a 100.0a 4.6b 84.6a
M2 88.8a 0.7 30.0a 100.0a 7.2a 80.9a
Significance’ * ns * * * *
Interactions®
Y x IR ns ns ns ns * *
Y xM > * ns o ns ns
IRxM ns ns ns ns ns ns
Y xIRxM ns ns ns ns ns ns

1 Means followed by the same letters in the same column and within each experiment are not significantly (P < 0.05) different according to the SNK test.
2 * Significance at P <0.05; **, significance at P <0.01; ns, no significant difference.

at V100 and at both V50 and V100 than at VO in the first and stems were significantly lower for M1 and M2 than for MO, whereas
second crop, respectively (data not shown). Plant height and number of stems was significantly higher in non-mycorrhized
number and diameter of stems showed a significant interaction plants (data not shown). Interaction “year x mychorrhization” was
“irrigation x mychorrhization,” as at V100 height and diameter of not significant for all growth parameters but the stem diameter.
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Fig. 2. Interactive effect of “year x irrigation” on intensity of colonization (m) and presence of arbuscules and vesicles (a) at crop end. Histograms with the same letters within
each trait are not significantly (P < 0.05) different according to the SNK test.
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Fig. 3. Interactive effect of “year x mycorrhization” on the frequency of colonization (F) at mid and end growing season of tomato. Histograms with the same letters within

each trait are not significantly (P < 0.05) different according to the SNK test.

Tomato growth parameters at mid growing season were signif-
icantly higher in the second than in the first crop, as well as
significantly higher for M1 and M2 than for MO (Table 3).

At end growing season, weight of dry epigeal biomass, HI and
IWUE showed a significant “year x irrigation” interaction, as dif-
ferences among the values of these parameters at VO, V50, and
V100 were lower in the first than in the second crop (data not
shown). No other significant interaction was found, except for
“year x mycorrhization” on shoot weight. Dry weight of shoots and
total epigeal biomass resulted significantly higher in the second
than in the first crop, which, adversely, resulted in higher values
of HI (+0.2) and IWUE (+0.5 kg m~3). All growth indices at crop end
were significantly higher for M1 and M2 than for MO, except for HI.
Final weight of dry fruits and epigeal biomass and HI values were
significantly larger at both V50 and V100 than at VO and at V100
than at VO, whereas IWUE was significantly higher in non-irrigated
soil.

Table 3

3.6. Effects of irrigation and mycorrhizal treatments on tomato
yield

All the yield parameters but the fruit diameter showed a
statistically significant “year x irrigation” interaction (Table 4).
As previously observed for plant growth parameters, this inter-
action can be attributed to the significantly larger differences
among irrigation regimes in the second than in the first
crop (data not shown). Interactions “year x mycorrhization” and
“irrigation x mycorrhization” were found statistically significant
only for the yield at first harvest and the fruit mean weight,
respectively. The absence of any other significant interaction “myc-
orrhization x irrigation on crop yield parameters is in contrast to
initial hypotheses and expectations of our research, as indicating
no synergism of artificial mycorrhization with deficit irrigation.
However, this is in good agree with the poor and not signif-
icant effects of the interaction “irrigation x mycorrhization” on

Effects of irrigation and mycorrhizal treatments on tomato plant growth at mid and end crop-growing season.

Treatments Mid growing season End growing season
Height (cm) Stem number Stem diameter Shoot dry biomass LAI Epigeal dry biomass (Tha™!) HI IWUE
(mm) (Tha™1) (kgm~3)
Fruits Shoots Total
Years (Y)'
2008 55.5 6.2 11.7 1.7 1.7 5.4 2.5 7.9 0.68 53
2009 68.3 9.5 14.9 4.7 4.7 53 4.7 10.0 052 49
Signiﬁcancez *k *ok *ok wk *k ns *k Hk Hk Hk
Irrigation regimes (IR)’
Vo 60.9a 7.7a 12.7a 2.8c 2.9c 3.9¢ 3.0c 6.9¢c 0.57a 11.6a
V50 62.7a 8.0a 13.4a 3.2b 3.3b 5.5b 3.5b 9.0b 0.61b 2.3b
V100 62.1a 7.9a 13.9a 3.5a 3.5a 6.7a 4.2a 10.9a 0.63b 1.5¢c
Significance? ns ns ns . . . > . . .
Mycorrhizal treatments (M)!
MO 58.8b 7.8 12.8b 2.9b 2.9b 4.9b 3.4b 8.3b 059 4.7b
M1 62.2a 7.9 13.8a 33a 3.4a 5.6a 3.6a 9.2a 0.61 5.2a
M2 64.7a 7.8 13.4a 3.3a 3.3a 5.5a 3.7a 9.3a 060 53a
Signiﬁcancez *% ns * *k *k *k *k w5k ns Hk
Interactions?
Y x IR ns ns ns ok ok ok ok ok . .
Y xM ns ns * ns ns ns > ns ns ns
IRxM * . * ns ns ns ns ns ns ns
Y xIRxM ns ns ns ns ns ns ns ns ns ns

1 Means followed by the same letters in the same column and within each experiment are not significantly (P < 0.05) different according to the SNK test.

2 * Significance at P <0.05; **, significance at P<0.01; ns, no significant difference.
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Table 4

141

Effects of irrigation and mycorrhizal treatments on yield and quality traits of the two tomato crops.

Treatments Yield (Tha') Number of fruits Fruit quality parameters
per plant
At first harvest Marketable Total Marketable Total Mean weight (g) Diameter (mm) Soluble solids Dry matter
(°Brix) content (%)

Years (Y)!

2008 43.0a 71.2a 83.5a 56.1b 73.1b 22.2a 33.2a 5.1b 6.8b

2009 38.5b 69.7b 75.5b 73.1a 82.7a 19.1b 31.0b 6.6a 7.2a

Signiﬁcance2 ok * *x *x *x *x sk sk *%
Irrigation (IR)!

VO 28.4b 42.5¢ 47.6¢ 52.0b 60.8b 15.2¢ 29.1¢c 6.6a 8.1a

V50 46.2a 73.6b 83.7b 68.9a 82.4a 20.8b 32.4b 5.8b 6.7b

V100 47.7a 95.3a 107.2a 73.0a 90.6a 25.9a 34.7a 5.1c 6.2¢c

Signiﬁcancez £ *k *k *k *k *k *k *k *k
Mycorrhizal treatments (M)’

MO 36.3b 65.7b 74.3b 59.4b 73.1b 20.6a 32.2a 5.9a 7.0a

M1 43.8a 73.2a 82.5a 65.8a 78.8a 21.1a 32.1a 5.8a 7.0a

M2 42.2a 72.5a 81.7a 68.7a 81.9a 20.2a 31.9a 5.9a 7.1a

Significance? o > > > o ns ns ns ns
Interactions®

Y x IR - ok o o o o ns - ok

Y xM * ns ns ns ns o ns ns ns

IRx M o ns ns ns ns ns ns ns ns

Y xIRxM > ns ns ns ns ns ns ns ns

1 Means followed by the same letters in the same column and within each experiment are not significantly (P < 0.05) different according to the SNK test.

2 * Significance at P <0.05; **, significance at P <0.01; ns, no significant difference.

tomato biochemical and agronomical parameters previously doc-
umented by other studies (Di Cesare et al., 2012; Kaya et al.,
2003).

Total and marketable yield, as well as the yield at first harvest,
resulted significantly larger in the first than in the second crop
(Table 4). Adversely, second crop resulted in a statistically larger
number of total and marketable fruits per plant. Yield at first har-
vest and total and marketable yield also were significantly larger at
both V50 and V100 than at VO, due to a larger number and weight
of total and marketable fruits per plant. A positive yield response of
tomato to increasing irrigation volumes was reported also by pre-
vious studies (Candido et al., 2000; Patane and Cosentino, 2010).
In a study of Di Cesare et al. (2012), total yield of different tomato
varieties increased by 41.5-64.4% moving from no irrigation to nor-
mal irrigation conditions. Genotype-dependent effects of irrigation
on yield and fruit weight were documented also by Pernice et al.
(2010). Adversely, some studies reported a reduction of green fruit
yield and blossom-end rot as associated to irrigation (Candido et al.,
2000; Warner et al., 2007).

Plants from M1 and M2 provided a significantly larger mar-
ketable and total yield compared to MO (Table 4), due to a higher
number of total and marketable fruit, whereas no significant dif-
ference was found between M1 and M2. An increase of crop yield
following VAM inoculation has been already reported either on
tomato (Salvioli et al., 2012) and other vegetable crops (Douds
et al., 2007; Regvar et al., 2003). Conversa et al. (2012) reported
a higher number of flowers and total and marketable fruits in field
tomato inoculated with a commercial formulation of G. intraradices.
Adversely, Bosco et al. (2007) did not find any significant increase
of total and marketable yield of organic tomato artificially mycor-
rhized with M2 formulation applied in our experiment. Absence
of significant differences between the effects of M1 and M2 on
tomato yield was also reported by Di Cesare et al. (2012). Rea-
sons of such a huge variability of results can be found in the large
dependence of the effectiveness of mycorrhization on the speci-
ficity of fungus-host plant (species and/or cultivars) relationship
more than on environmental factors (Sensoy et al., 2007; Gosling
et al., 2006). Results of our experiment seem to confirm a minor
importance of environmental factors for mycorrhization effective-
ness, as in the presence of two climatically different crop seasons

the effects of mychorrizal treatments on tomato yield were quite
similar in both crops.

3.7. Effects of irrigation and mycorrhizal treatments on tomato
fruit quality

Interaction “year x irrigation” was significant for all fruit qual-
ity parameters but the diameter (Table 4), due again to the lower
differences among V0, V50, and V100 in the first than in the second
crop (data not shown). As for crop yield, fruit quality parameters did
not show any significant interaction “irrigation x mycorrhization,”
whereas the interaction “year x mycorrhization” was statistically
significant only for the mean fruit weight. Weight and diameter
of fruits were significantly larger in the first than in the second
crop (Table 4), as well as significantly larger at both V50 and V100
than at V0. Adversely, a significantly higher content of soluble solids
and dry matter was recorded in the second growing season and in
absence of irrigation (VO0). Variable effects of irrigation on tomato
fruit quality were previously documented also in other studies
(Cahn et al., 2001; Candido et al., 2000; Favati et al., 2009), though
full irrigation regimes were generally found to reduce content of
total and soluble solids, color and firmness of tomato fruits (Colla
et al, 2001; Dumas et al., 1994).

Mycorrhizal treatments M1 and M2 did not significant affect
fruit quality, adversely to positive impacts previously documented
for root inoculation with beneficial rhizosphere microorganisms
(Kaya et al., 2003; Mena-Violante et al., 2006).

4. Conclusions

Inoculation of nursery seedlings with VAM formulations, either
alone or combined with PGPR, confirmed to provide considerable
growth and yield benefits to tomato crop. Further benefits of plant
artificial mycorrhization can be the higher WUE also observed in
this study and, more generally, the improved crop sustainability
related to a lower application of fertilizers and pesticides. The large
variability of plant response to mycorrhizal treatments requires,
however, additional multi-year studies on a wider range of tomato
genotypes.
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A further indication emerging from this study is that, under the
climatic conditions of Southern Italy, irrigation is the best agro-
nomical practice for an enhanced yield performance of tomato,
regardless of variety and crop system, tough at expense of fruit
quality.

The absence of any synergism between artificial mycorrhiza-
tion and irrigation volumes observed in this study may indicate that
combined application of plant mycorrhization and deficit irrigation
can be an effective tool for the optimization of crop water demand
only if specifically adapted to tomato genotype more than to pedo-
climatic and agronomical conditions.
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