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Nursery inoculation with the arbuscular mycorrhizal fungus 
Glomus viscosum and its effect on the growth and physiology of hybrid
artichoke seedlings
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Abstract 

Most nurseries operating in Italy adopt high technologies and pro-
duce transplants that well suit and satisfy the grower’s need to produce
high value crops. Mycorrhizas are discussed as a tool for improving
and developing plant production  in the nursery. Much research has
been carried out on mycorrhizal symbiosis and we now know more
about the symbiontic relationship between fungi and host plants.
Plants receive numerous benefits from this symbiosis which are more
macroscopic the earlier in the ontogenetic cycle this symbiosis is
established. Therefore, it appears that the most effective period in
which the inoculum should be made corresponds to the in-nursery
growing stage. The earlier the plant is inoculated, the more evident the
effect will be. In this study, several aspects related to the physiological
foundations of arbuscular mycorrhiza in artichoke plants are present-
ed. The main goal was to study the effects of mycorrhiza on the growth
and physiological parameters of three hybrids of artichokes growing in
the nursery. The experimental 3¥2 design included two treatments
(with or without arbuscular mycorrhizal fungi) and three hybrids of
artichokes marketed by Nunhems (Opal F1, Madrigal F1, Concerto F1).
Mycorrhizal plants have greater shoot length, leaf area, shoot and root
fresh and dry mass, and root density. This also corresponded with
increased photosynthetic rates and stomatal conductance of mycor-
rhizal plants. Mycorrhizal colonization improves relative water content

and increases proline concentration in vegetal tissue. Inoculation pro-
duced the most beneficial effect on hybrid Madrigal F1 and on hybrid
Opal F1; the best mycorrhizal affinity was enhanced  when compared
to hybrid Concerto F1. The results showed that mycorrhizal symbiosis
stimulated the growth of inoculated seedlings providing a qualitative-
ly good propagation material.

Introduction

Nowadays, growers prefer to purchase seedlings from nurseries in
order to ensure the uniformity and quality of the propagation materi-
al. There is no doubt that even in Italy the developments in horticul-
ture observed over the last decades are related to the expansion of
nursery production that has allowed producers to be provided with
seedlings which are ever closer to perfection in their capability of
ensuring good production results. The superior quality requirements
for in-nursery produced plants are met by using high-input cultivation
techniques, such as the use of highly selected substrates and the
choice of slow release fertilizers (Gianquinto and Magnifico, 2003).
In-nursery plant production is aimed at producing well-shaped

plants with good root systems; in this respect, the nursery sector could
greatly benefit from the application of mycorrhizal fungi for quality
plant production (Barea et al., 2000; Jeffries et al., 2003). Moreover,
mycorrhizal inoculation  represents the most environmentally safe sys-
tem for managing pests in plant propagation (Hartman et al., 2002).
The direct influence of mycorrhizal inoculation on root morphology,
physiology and architecture (Lynch, 1995; Cruz et al., 2004; Green et
al., 2005) is a key factor in understanding the improvement in veg-
etable productiveness resulting from the better water supply. The sym-
biotic relationship between plants and mycorrhizal fungi has an influ-
ence on plant growth through other mechanisms which are not com-
pletely understood, such as the improvement of mineral nutrition and
the strengthened resistance to biotic and abiotic stress. 
The effectiveness of the mycorrhizal inoculation has been assessed

for many other vegetable species such as leek (Hamel et al., 1997), pea
(Bethlenfalvay et al., 1997), strawberry (Taylor and Harrier, 2001), let-
tuce and onion (Cantrell and Lindermann, 2001), asparagus
(Matsubara et al., 1996), mint (Gupta et al., 2002), melon (Ruta et al.,
2003), pepper (Estrada-Luna and Davies, 2003; Sensoy et al., 2007),
fennel (Kapoor et al., 2004), broad bean (Rabie and Almandini, 2005),
basil (Copetta et al., 2007), tomato (Al-Karaki, 2006; Hajiboland et al.,
2010), zucchini plants (Colla et al., 2008), watermelon (Westphal et al.,
2008) and bean (Pelaez et al., 2010).
Early inoculation of horticultural plants in the nursery is of interest

with a view to field transplants: this biotechnology not only helps the
plants to become established, thus improving out-planting perform-
ance (plant survival and biomass development), but it is also more
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effective in adjusting the edaphic and microbiological characteristics of
the soil after transplanting (Azcón-Aguilar and Barea, 1997; Westphal
et al., 2008). Indeed, transplantation with preventively inoculated
plants is effective if the soil is low in such symbiontic fungi or in the
event that native fungus populations are not sufficiently effective in
colonizing plant roots. Since plants need to be inoculated only once dur-
ing their cultivation cycle, the use of this sustainable environmently-
friendly procedure is desirable for the quality of plant production. The
affinity between  plant and host is expressed by a symbiontic perform-
ance resulting from the combined action of two essential characteris-
tics: infectivity and efficiency. Infectivity is described as the capability
of the fungus to promptly and extensively colonize the root system; effi-
ciency is measured in terms of growth response. The roots of artichoke
plants, like other species, create symbiotic associations with arbuscu-
lar mycorrhizal fungi. Morone Fortunato et al. (2005) considered myc-
orrhizal inoculation to be a potential biofertilization strategy to
increase productivity of artichoke microplants. The results obtained by
Ceccarelli et al. (2010) also confirmed mycorrhizal symbiosis to be a
useful tool to improve artichoke production and to obtain more resist-
ant plants, with a high quality profile and nutraceutical content.
Over recent years, the diffusion of gamic propagation artichoke cul-

tivars has drawn the attention of agricultural research which has intro-
duced this culture into crop rotations, thus limiting problems of soil
exhaustion. However, the aspects concerning the cultivation of these
cultivars in the presence of mycorrhizal inoculum are not so present in
the literature. After assessing the great availability of hybrid cultivars,
it is very important to take into account the varietal behavior to mycor-
rhizal symbiosis. The assessment of the affinity between symbiontic
fungus (species and/or strain) and plant (species, cultivar) is a prereq-
uisite for improving the intrinsic quality of the seedlings produced.
The study aimed at assessing the effects of mycorrhizal inoculum

with Glomus viscosum - strain A6 on the growth and physiology of the
plant, evaluating the biometric and physiological aspects that are
either typical of the cultivar or induced by symbiosis. Three different
hybrid cultivars (Concerto F1, Madrigal F1, Opal F1) were examined.

Materials and Methods 

Plant culture and mycorrhizal inoculation
The experiment was conducted between February and April 2010 in

a greenhouse at the University of Bari, Apulia, Italy (41° 7′ 31″ N, 16°
52′ 0″ E). The experiment took place with temperature values ranging
from 10°C to 20°C, relative humidity ranging from 30 to 40%, under
natural light conditions. Achenes from three hybrids of Cynara cardun-
culus L. var. scolymus Fiori marketed by Nunhems (Opal F1, Madrigal
F1, Concerto F1) were surface sterilized by immersion into 0.5% mer-
curic chloride (0.5 mg Mercury (II) Chloride - Panreac Quimica SA /
100 mL sterile distilled water) for 20 min, rinsed in sterile distilled
water and germinated on wet filter paper in Petri dishes after 6 h of
soaking in sterile distilled water under sterile conditions. After three
weeks, 50 homogeneous seedlings for each hybrid were transplanted in
pots (volume=0.2 dm3) containing commercial peat mixture. After 30
days, the plantlets of three hybrids of artichoke were transplanted into
pots with a greater capacity (volume=3 dm3). The peat mixture (organ-
ic carbon 46%, organic nitrogen 1-2%, organic matter 80%) was mixed
with perlite at a 2:1 (v/v)  ratio, then sterilized in an autoclave (121°C,
2 cycles x 25 min) and used to fill the pots. 
The mycorrhizal inoculum consisted of spores, mycelium and root

segments of Glomus viscosum strains A6 obtained from strawberry
(mycorrhizal infection = 70%) roots after four months. For each arti-
choke hybrid, one half of the total of pots were inoculated with AM
fungi. For the mycorrhizal treatment, each pot was inoculated with 10

g of inoculum containing 60-70 fungal spores. The inoculum was placed
in each pot at the base of the  roots of artichoke seedlings. The plants
were watered daily with distilled water.

Determination of growth
Biometric measurements were taken 90 days after mycorrhizal inoc-

ulation; this is the amount of time required to evaluate the effective-
ness of the plant-fungus symbiotic relationship, expressed in terms of
growth benefits. The specificity of mycorrhizal fungus-hybrid cultivar
relationship is an important nursery strategy to improve vegetative sta-
tus. Symbiosis effects cannot be assessed over the short time period
(50 days) in which artichoke seedlings generally stay in the nursery. 
Ten plants were chosen at random and harvested. The following

parameters were studied: plant height (cm) (mean height of leaves per
plant), mean number of leaves per plant (n), fresh and dry leaf weight
(g), leaf area (cm2), root density (cm/cm3), fresh and dry root weight
(g). The dry weights were measured after drying samples in a pre-heat-
ed oven at 80°C for 48 h (the time required to obtain a constant
weight). To measure the root density, the modified line intersect
method (Tennant, 1975) was used. Total foliar area was measured on
selected plants using a Licor LAI Area Meter 3100.

Assessment of mycorrhizal colonization and dependency
The roots were cleared and stained by using the Philips and

Haymann method (1970) and the percentage of mycorrhizal coloniza-
tion was estimated by means of the Trouvelot and Gianinazzi method
(1986). For each hybrid, the mycorrhizal dependency (MD) (%) of the
plants was calculated according to Gerdermann (1975) as follows:
mycorrhizal dependency (%) = (total dry weight of mycorrhizal plant

- total dry weight of non-mycorrhizal plant)*100/ total dry weight of
mycorrhizal plant.

Physiological parameters
Mycorrhizal symbiosis influenced plant physiology. Some physiolog-

ical parameters (stomatal conductance, SPAD measurements, chloro-
phyll content, leaf relative water content, proline content) were evalu-
ated to investigate the relationship between AM fungus and plant phys-
iology. Stomatal conductance was measured using a Leaf porometer
(Model SC-1, Decagon Device, Washington, DC, USA) starting from 30
days after mycorrhizal inoculation. These measurements were made
between the hours of 10:00 to 12:00 every four days, and were carried
out on the completely expanded but not senescent leaves, with two
repeated readings for five sample plants (both mycorrhizal and non-
mycorrhizal).  
The chlorophyll content was measured from 30 days after mycor-

rhizal inoculation, using a Chlorophyll meter SPAD502 (Minolta
Camera Co. Ltd., Osaka, Japan). SPAD values were monitored every
four days and were performed between the hours of 8:00 and 10:00 on
the fully expanded first leaf with three readings repeated for five sam-
ple plants (both mycorrhizal and non-mycorrhizal). Stomatal conduc-
tance and SPAD values were monitored starting from 30 days after myc-
orrhizal inoculation, to allow symbiosis to be established and thus to
evaluate the possible differences between mycorrhizal and non-mycor-
rhizal treatments.Chlorophyll determination was estimated at harvest
on three sample plants for each hybrid and for each treatment. Prior to
extraction, fresh leaf samples were cleaned with deionized water to
remove any surface contamination. Chlorophyll extraction was carried
out on fresh fully expanded leaf material; 1 g of leaf sample was ground
in 90% acetone using a pestle and mortar. Absorbance was measured
with a UV/visible spectrophotometer (Lambda 3B - Perkin Elmer) and
chlorophyll concentrations were calculated using the equation pro-
posed by Strain and Svec (1966):

Chl a (mg mL–1) = 11.64 x (A663) - 2.16 x (A645)
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Chl b (mg mL–1) = 20.97 x (A645) - 3.94 x (A663)

A663 and A645 represent absorbance values read at 663 and 645 nm
wavelengths, respectively.
Leaf relative water content (LRWC) was calculated according to the

methods of Yamasaki and Dillenburg (1999). From two leaves from two
randomly chosen plants per treatment, 20 homogeneous portions (Ø
1cm) were obtained. These portions were weighed to obtain fresh mass
(FM). In order to determine the turgid mass (TM), the leaves were
floated on distilled water inside a closed Petri dish. Maximum turgidi-
ty was determined by weighing the leaves (after gently wiping the
water from the leaf surface with tissue paper) until no further weight
increase occurred. At the end of the imbibition period, the leaf samples
were placed in a pre-heated oven at 80°C for 48 h  in order to obtain dry
mass (DM). All mass measurements were made using an analytical
scale, with an accuracy of 0.0001g. Values of DM, TM and FM were used
to calculate LRWC using the following equation:

LRWC (%) =   (FM-DM) *100/(TM-DM)

Proline content in fresh vegetal tissue was determined according to
the method described by Bates et al. (1973). Proline content was esti-
mated on three plants for each hybrid and for each treatment.
Approximately 1 g of artichoke tissue was weighed and homogenized in
2 mL of 3% sulfosalicylic acid solution. The homogenate was cen-
trifuged at 13,000g for 10 min and 1 mL of supernatant was placed in a
reaction test tube. Glacial acetic acid (1 mL) and 1 mL of acid ninhy-
drin were added  to each  tube which was then closed and heated in a
100°C water bath for 1 h. After the sample had cooled in an ice bath for
15 min, 2 mL of toluene were added to every sample and mixed on a vor-
tex mixture for 20 sec in a fume hood. The test tubes were left to stand
at least 10 min to allow the separation of the toluene and aqueous
phase. The toluene phase was carefully pipetted out into a glass test
and absorbance was measured at 520 nm with a UV/visible spectropho-
tometer Varian Cary 50 Conc.

Glasshouse salinity tolerance assessment: experimen-
tal design
The experiment had two elements: hybrid artichoke cultivars and

mycorrhizal treatments, and included a conventional 3¥2 factorial
arrangement.  Since the data were expressed as percentage (relative

water content), to overcome the problem of irregularities, we trans-
formed the measured values according to the angular transformation.
ANOVA analysis and multiple comparisons of means were performed
using Fisher’s Least Significant Differences (LSD test).
A protectiveness level of P≤0.05 was used for morphological and

physiological determinations in the greenhouse; a protectiveness level
of P≤0.01 was used for analytical determinations in the laboratory.

Results  

In agreement with the results obtained by Morone et al. (2005), for
each  hybrid of artichoke the beneficial effects of mycorrhizal inocula-
tion on the morphological parameters were evident (Table 1). The inoc-
ulated plantlets were grown faster than the control, with a more robust
appearance and greater root development. Root density was higher in
inoculated plantlets. In addition, there was an increase in both fresh
and dry weight measurements. Mycorrhizal plantlets had more leaves
and higher leaf areas, respectively, than non-mycorrhizal plantlets
(Table 1). Hybrids Opal F1 and Madrigal F1 obtained the best perform-
ance after mycorrhizal treatment. At the end of the trial, extensive myc-
orrhizal structures were observed in root systems of inoculated plants,
while none were observed in non-inoculated plantlets. The root colo-
nization percentage was higher in Hybrid Madrigal F1 (82.5%) than it
was in Opal F1 (69.3%) and Concerto F1 (57.9%). These results were
confirmed by the mycorrhizal dependence data. The hybrid Madrigal F1
had a higher percentage of mycorrhizal dependence (40%) than Opal
F1 (21%) and Concerto F1 (14%). This result implies higher affinity
between Madrigal F1 and Glomus viscosum strain A6. During the exper-
iment, mycorrhizal plants always showed a trend of higher stomatal
conductance than non-mycorrhizal plantlets (Table 2). Higher stomatal
conductance can be associated with the higher CO2 influx into the mes-
ophyll tissues. SPAD values (Table 3) were also greater for mycorrhizal
than those for non-mycorrhizal plants. The mycorrhizal treatment,
indeed, significantly enhanced the foliar chlorophyll content. SPAD val-
ues showed the beneficial effects of mycorrhizal symbiosis, already evi-
dent within a month of mycorrhizal inoculation. Higher chlorophyll
content was confirmed by the analysis of chlorophyll content determi-
nation in vegetal tissues, especially in hybrid Madrigal F1 and Opal F1,
90 days after mycorrhizal inoculation (Figure 1).  A look at the data pre-
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Table 1. Morphological characteristics of three hybrid cultivars of artichokes (Madrigal F1, Opal F1, Concerto F1) inoculated with
Glomus viscosum strain A6 (AM+) compared to uninoculated plants (AM-) 90 days after mycorrhizal inoculation.

Treatments Plant Leaves Leaf area SFW SDW RFW RDW Root 
height  (n) (cm2) (g) (g) (g) (g) density
(cm) (cm cm–3) 

Mycorrhiza (M)
AM+ 45.9a 7.2a 543.2a 51.2a 6.3a 33.9a 8.0a 437.1a
AM– 41.9b 6.4b 448.4b 40.5b 4.7b 25.4b 6.1b 386.1b
Significance * * * * * * *

Hybrid cultivars (C)
Concerto F1 39.1b 5.9c 384.1c 40.2b 3.8c 20.8c 4.8c 398.6b
Madrigal F1 45.2a 6.7b 459.0b 49.1a 5.2b 27.4b 6.4b 415.3a
Opal F1 47.1a 7.9a 644.6a 48.1a 7.5a 40.8a 10.1a 420.9a
Significance * * * * * * * *

Interaction
M x C * S * * * * S S

SFW, shoot fresh weight; SDW, shoot dry weight; RFW, root fresh weight; RDW, root dry weight; means in each column followed by different letters are significantly different (P≤0.05) according to Fisher’s Least
Significant Differences test; S, significant; *non significant per P≤0.05. 
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sented in Table 4 on the physiological status of plantlets clearly
revealed that mycorrhizal treatments improved the relative water con-
tent of inoculated plantlets compared to controls. Significant differ-
ences in relative water content of leaves were observed among the arti-
choke hybrids. The two-way analysis of variance (Table 4) showed that
hybrid Opal F1 gave the best result in terms of relative water content.
Proline accumulation in leaf tissue (Figure 2) was improved in mycor-
rhizal treatments, especially for hybrid Opal F1. 

Discussion

Considering the plant-fungus interaction, the extent of mycorrhizal
colonization of the root system and related plant responses were
expected to vary in different plant-fungus combinations (Smith and
Read, 1997). The differences in the mycorrhizal colonization rate could
be attributed to the differences in mycorrhizal dependency among the

Article

Table 2. Stomatal conductance of three hybrid cultivars of artichokes (Madrigal F1, Opal F1, Concerto F1) inoculated with Glomus
viscosum strain A6 (AM+) compared to uninoculated plants (AM–) from 45 days after inoculation to 90 days after inoculation. Data
were periodically monitored (every four days) during greenhouse trial.

Treatments Stomatal conductance (mmol m–2 s–1)
Days after inoculation

46 50 54 58 62 66 70 74 78 82 86 90

Mycorrhiza (M)
AM+ 437a 457a 466a 483a 509a 522a 541a 522a 499a 479a 462a 411a
AM– 386b 406b 430b 449b 470b 493b 513b 494b 476b 445b 425b 391b
Significance * * * * * * * * * * * *

Hybrid cultivars (C)
Concerto F1 399b 417b 434b 446b 477b 493b 504b 487b 465b 441b 419b 394b
Madrigal F1 415a 437b 455a 476a 496a 514a 538 a 519a 494a 475a 440a 413a
Opal F1 421a 439b 454a 475a 495a 515a 537a 517a 492a 479a 442 a 410a
Significance * * * * * * * * * * * *

Interaction
M x C S S S S S S S S S S S S

Means in each column followed by different letters are significantly different (P≤0.05) according to Fisher’s Least Significant Differences test; S, significant; *not significant (P≤0.05).

Table 3. SPAD values of three hybrid cultivars of artichokes (Madrigal F1, Opal F1, Concerto F1) inoculated with Glomus viscosum
strain A6 (AM+) compared to uninoculated plants (AM–) from 45 days after inoculation to 90 days after inoculation. Data were peri-
odically monitored (every four days) during greenhouse trial.

Treatments SPAD values
Days after inoculation

46 50 54 58 62 66 70 74 78 82 86 90

Mycorrhiza (M)
AM+ 34.3a 34.8a 37.5a 38.6a 39.6a 40.9a 41.8a 42.6a 43.9a 45.4a 46.5a 47.4a
AM– 31.9b 32.5b 34.7b 36.5b 37.5b 38.6b 39.4b 40.2b 40.9b 41.7 43.5b 44.7b

Significance * * * * * * * * * * * *
Hybrid cultivars (C)
Concerto F1 31.8b 32.5b 34.1c 36.4b 37.2b 38.1c 38.6b 38.9b 39.0c 39.7c 39.7c 40.7c
Madrigal F1 33.4a 34.8a 38.1a 39.4a 40.8a 41.5a 42.0a 42.9a 45.4a 46.5a 49.2a 50.0a
Opal F1 34.0a 34.6a 36.1b 36.9b 37.7b 39.8b 41.2a 42.5a 42.8b 44.0b 46.4b 48.0b
Significance * * * * * * * * * * * *

Interaction
M x C S S S S S S S S S S S S

Means in each column followed by different letters are significantly different (P≤0.05) according to Fisher’s Least Significant Differences test; S, significant; *not significant (P≤0.05).

Table 4. Leaf relative water content (LRWC) in three hybrid cul-
tivars of artichokes (Madrigal F1, Opal F1, Concerto F1) inocu-
lated with Glomus viscosum (AM+) compared to uninoculated
plants (AM–) 90 days after mycorrhizal inoculation. 

Leaf relative water content (%)

Treatments (M)
AM+ 86.3a
AM- 80.7b
Significance *

Hybrid Cultivars (C)
Madrigal F1 83.2b
Opal F1 84.9a
Concerto F1 82.4b
Significance *

M x C S

S, significant; values with different letters are significantly different according to Fisher’s Least
Significant Differences test (P ≤0.01).



hybrid artichoke cultivars. Notably, Madrigal F1 and Opal F1 showed a
greater affinity with Glomus viscosum. Concerto F1 had lower mycor-
rhizal dependency and colonization that led to lower symbiosis influ-
ences on altering the physiology of mycorrhizal plants.
For each artichoke hybrid cultivar, all morphological parameters

studied were significantly increased by mycorrhizal symbiosis in agree-
ment with previous research (Ruta et al., 2003; Morone Fortunato et al.,
2005). Greater root density would form higher surface absorption areas
of roots mainly due to external hyphal growth in the soil (Hardie and
Leyton, 1981). External hyphae took part directly in water uptake and
transport (Wu and Xia, 2004). The increased leaf relative water content
in mycorrhizal artichokes might be due to an improvement in the water
uptake by the mycorrhizal root system through an extra-radical phase
(Ruiz-Lozano et al., 1995; Vazquez et al., 2001, Wu and Xia, 2006). 
During the period of the experiment, mycorrhizal plants presented

higher values of stomatal conductance that would be consistent with
the higher rates of gas exchange. This physiological adaptation could
be necessary to supply the carbon needs of fungal symbionts (Augé et
al., 2008). The best water content of mycorrhizal plants supported the
metabolism of the leaf mesophyll. In fact, tissue chlorophyll content
was enhanced by mycorrhiza. Mycorrhizal symbiosis resulted in a pro-
line increase in leaf tissues. The increased proline content is a physi-
ological strategy that provides the leaf with an osmotic mechanism for
preventing excessive water loss and can also protect the cell metabo-
lism by containing the protein denaturalization and/or by controlling

the cell pH (Aspinall, 1981).
The proline accumulation, related to the biometric and physiological

results obtained during the trial, could be interpreted as the physiolog-
ical response of plant-fungus interaction that activates an endogenous
production of proline, as reported by many authors (Ruiz-Lozano et al.,
1995; Hatimi, 1999; Krishna et al., 2005). The enhanced chlorophyll
level, the increased values of SPAD and of stomatal conductance, the
major leaf relative water content might be responsible for increased
photosynthesis in mycorrhizal artichokes that may be able to assimi-
late more CO2 and thereby to accumulate more biomass (Krishna et al.,
2005; Estrada-Luna and Davies, 2003). The effectiveness of the symbi-
otic performance was particularly evident for hybrid cultivars Madrigal
F1and Opal F1. The results obtained show that an effective mycorrhizal
symbiosis between AM fungi and artichoke plantlets is possible.
In recent years, artichoke cultivation has met several economic dif-

ficulties which have reflected the agronomic and pathological problems
of this crop. These have limited, sometimes severely, its production and
the quality of the head making its cultivation uncompetitive.
This study underlines the importance of propagation of artichokes by

seeds as a new technique as opposed to the traditional system. The ben-
efits of artichoke propagation from seeds are: easy transplant, crop pro-
grammability, and high productivity.
The use of mycorrhizal inoculation in the early stages of nursery cul-

tivation enhances the vigor and health of plants. Mycorrhizal inocula-
tion has been proven to be an important tool in a more sustainable hor-
ticultural production of artichokes in the nursery, and represents a
valid instrument to overcome the phytosanitary problems related to
artichoke cultivation.
The practice of mycorrhizal inoculum is effective in improving the

intrinsic quality of the artichoke plantlets produced in nurseries.
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Figure 1. Chlorophyll content in three hybrid cultivars of arti-
chokes (Madrigal F1, Opal F1, Concerto F1) inoculated with
Glomus viscosum (AM+) compared to uninoculated plants  (AM)
90 days after mycorrhizal inoculation. Values with different letters
are significantly different according to Fisher’s Least Significant
Differences (P≤0.01).

Figure 2. Proline content in fresh vegetal tissue in three hybrid
cultivars of artichokes (Madrigal F1, Opal F1, Concerto F1) inoc-
ulated  with Glomus viscosum strain A6 (AM+) compared to
uninoculated plants (M-) 90 days after mycorrhizal inoculation.
Values with different letters are significantly different according to
Fisher’s Least Significant Differences (P≤0.01).
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