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Wild cardoon (Cynara cardunculus L.) is a promising crop for biomass production. A nursery trial
was conducted to investigate the effectiveness of mycorrhizal inoculation on the biomass yield of
wild cardoon seedlings and the effect of the pesticides fosetyl-Al, folpet and propamocarb, as fungi-
cides, and isofenphos, phoxim and oxamyl, as insecticides, on cardoon plant growth and the mycor-
rhization. The arbuscular mycorrhizal (AM) fungi inocula were: commercial inoculum with Glomus
mosseae spores, and an inoculum of a Glomus sp. strain (AMF-i) isolated locally. Mycorrhizal in-
oculation with either inoculum increased cardoon shoot biomass compared to non-inoculated control
plants. The pesticide applications had a neutral or positive effect on cardoon seedling growth. How-
ever, the AM fungi colonisation did not decrease except for plants colonised by G. mosseae and
treated with the insecticides isofenphos and oxamyl. Thus, the mycorrhiza can survive to pesticide
concentrations employed in commercial nursery, and enhance cardoon plant productivity.
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Introduction

Cynara cardunculus L., wild cardoon, is widely
distributed in central and western Mediterrane-
an areas, and has been traditionally used for for-
age (Ryder et al. 1983). Recently, interest in this
plant has increased due to potential industrial
applications of some of the plant constituents as
proteases in cheesemaking (Costa et al. 1996)
and antibiotic production (Grancai et al. 1994),
or as a bioenergetic source (Fernández et al.
1997). Wild cardoon is adapted to continental

Spanish climatology, and can be used to protect
soils from degradation, at the some time as pro-
ducing a valuable crop.

Mycorrhiza, symbiotic associations between
plant roots and determined soil fungi, play a key
role in mineral cycling in the ecosystem, affect
nutrient uptake by plants, and have been shown
to protect plants against biotic and abiotic stress
factors (Azcón-Aguilar and Barea 1997), in-
cluding pathogens (Azcón-Aguilar and Barea
1996). Most plant species are able to form myc-
orrhiza and the arbuscular type formed by zy-
gomecetous fungi of the Glomalean order is the
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most frequently found in vegetable crops (Barea
et al. 1993). Different species or isolates of ar-
buscular mycorrhizal (AM) fungi have been
shown to be more effective than others in pro-
moting host plant growth (Abbott and Robson
1981, Bethlenfalvay et al. 1989). Different re-
sponses in the plants might be due to the inter-
action of the inoculated fungus with other soil
microbiota and to the negative effects of pesti-
cides and other agricultural practices in the es-
tablishment and development of the symbiosis
(Schreiner and Bethlenfalvay 1996, Pattinson et
al. 1997). The origin of the inocula and its effi-
cacy under tested conditions are factors that need
to be considered in large-scale artificial inocu-
lation.

In a nursery, the use of pesticides is a com-
mon practice to prevent infections by phytopath-
ogenic agents. However these pesticides might
have an effect on the mycorrhizal association
(Trappe et al. 1984). Therefore, prior to the com-
mercial use of AM fungi in a nursery, the effect
of commonly used pesticides on the AM sym-
biosis needs to be evaluated. Fosetyl-Al is a fre-
quently used systemic fungicide and its effect
on AM fungi colonisation and the host plant have
been reported with contradicting results. Appli-
cations of this fungicide have shown both a de-
crease (Sukarno et al. 1993, Seymour et al. 1994,
Sukarno et al. 1996, 1998) and an increase (Jaba-
ji-Hare and Kendrick 1987, Plenchette and Per-
rin 1992) of the root colonisation. Other common
fungicides used in a nursery are propamocarb, a
systemic pesticide that does not seem to affect
the symbiosis (Fontanet et al. 1998), and folpet,
a preventative fungicide that has been shown to
delay the establishment of the symbiosis
(Schüepp and Bodmer 1981). The effect of the
insecticides, isofenphos, phoxim and oxamyl on
mycorrhizal plants has not been studied before.

The aims of this research were: 1) to assess
the influence of mycorrhizal colonisation on the
growth of wild cardoon using two different AM
fungi (commercial and native strains) as inocu-
lum; 2) to investigate the influence of six pesti-
cides, three fungicides and three insecticides, on
AM fungi colonisation.

Material and methods

The experiment was carried out in nurseries of
Comercial Técnica y Viveros, S.A. (COTEVI-
SA), L’Alcúdia, Valencia, Spain. The experimen-
tal design was a randomised block including sev-
en pesticide treatments: three fungicides (fosetyl-
Al, folpet and propamocarb), three insecticide
treatments (phoxim, oxamyl and isofenphos) and
a control without pesticide applications. These
were combined with three AM inoculation treat-
ments: plants inoculated with a commercial in-
oculum, plants inoculated with a native isolate
and non-inoculated plants.

The cardoon seeds were obtained from “Es-
cuela de Ingenieros Agrónomos de la Univer-
sidad Complutense” (Madrid, Spain) and were
sown in 60 ml pots. The potting substrate was a
mixture 1:1 (v/v) of peat (12N:14P:18K;
Pindstrup Moseburg S.A.E., Burgos, Spain) and
coconut fibre (Cocopeat®; Projar S.A., Valencia,
Spain) plus 0.5 g l–1 of a controlled-release fer-
tilizer (Osmocote®Mini, 2–3 months, 18N:6P:
12K; Scotts Europe B.V., Heerlen, Netherlands).
Additional fertilizers were not applied during the
experiment. Before sowing, the cardoon seed-
lings were soaked in water overnight. Each my-
corrhizal inoculum was mixed with the potting
substrate to achieve an inoculum concentration
of 5% (v/v). Two types of AM fungus inocu-
lum were used: a commercial inoculum (En-
dorize M from Biorize, Dijon, France) with
Glomus mosseae (Nicol. & Gerd.) Gerd. &
Trappe spores, and a native endophyte inocu-
lum produced from an AM fungus (AMF-i) iso-
lated from local ly grown onion roots  in
L’Alcúdia (Valencia, Spain). AMF-i starter in-
oculum was handed over to Biorize to be culti-
vated and to produce sufficient quantity of in-
oculum. The AMF-i is a Glomus species that
has not been identified yet.

The pesticides used were the fungicides fo-
setyl-Al (Aliette® 80 W, Rhône Poulenc Agro-
chimie, France), folpet (Ortho Phaltan® 80 W,
Agrodán S.A., Madrid, Spain) and propamocarb
(Previcur® N, AgrEvo Ibérica S.A., Valencia,
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Spain); and, as insecticides were isofenphos
(Oftanol® 5 G, Bayer Hispania, Barcelona,
Spain), phoxim (Volaton® 10 G, Bayer Hispania,
Barcelona, Spain) and oxamyl (Vydate® 10 G
DuPont, E. I. Du Pont de Nemours & Co., UK).
Fosetyl-Al and folpet, formulated as wettable
powders, and propamocarb, as an emulsifiable
concentrate, were used as soil drenches on one-
week-old cardoon seedlings. The concentrations
applied were comparable to those used in com-
mercial nurseries and were, respectively, of 6, 4
and 8 mg a.i. (active ingredient) ml–1 of water
per plant. These fungicides are applied as pre-
ventive treatment and against a broad spectrum
of fungal diseases in commercial nurseries. In
the insecticide treatments, pots were filled with
the substrate mixed previously with the insec-
ticide to achieve a concentration of 5 mg a.i. l–1

of substrate, corresponding to standard nursery
applications. After overnight soaking cardoon
seeds were sown in pots. These insecticides are
applied to protect against larvae and nematodes
from soil and have a broad spectrum of disease
control.

The increase in growth of cardoon seedlings,
measured as shoot dry weight (SDW), the root :
shoot (R : S) ratio and the percentage mycor-
rhizal colonisation (% AM) were measured af-
ter 8 weeks of seedling growth; twenty plants
per treatment were used to measure the SDW and
R : S ratio, and ten plant roots to determine AM
percentage root colonisation. Cardoon roots were
stained using trypan blue (Brundrett et al. 1994),
and mycorrhizal infection levels were deter-
mined by a grid-line intersect technique (Gio-
vannetti and Mosse 1980). SDW, R : S ratio and
percentage of AM fungi root colonisation data
were analysed using two-way analysis of vari-
ance (ANOVA). Mycorrhizal infection data were
arcsin transformed prior to analysis. All data
were analysed using the Statgraphics Plus (STSC
1996). Means were compared with Tuckey´s
HSD multiple range test at the 95% confidence
level.

Results

Mycorrhization
After 8 weeks of growth, the cardoon seedlings
inoculated with the two AM fungi had bigger
SDW and lower R : S ratios than non-inoculated
plants (Table 1). Roots of non-inoculated plants
were not mycorrhizated. Mycorrhizal plants in-
oculated with AMF-i and with G. mosseae shown
similar R : S ratio and percentage root colonisa-
tion. However, the SDW of inoculated with
G. mosseae and non-mycorrhizated seedlings
were not significantly different and lower than
AMF-i inoculated plants.

Pesticides
The application of the systemic fungicides, fo-
setyl-Al and propamocarb, both on non-inocu-
lated seedlings and on G. mosseae mycorrhizal
seedlings produced an increase in SDW com-
pared with plants without fungicides. Plants in-
oculated with AMF-i did not show any signifi-
cant differences (Table 1). There were no sig-
nificant differences in the R : S ratio nor in the
percentage root colonisation. In the folpet treat-
ment, plants inoculated with AMF-i had a high-
er SDW than folpet treated of non-inoculated and
G. mosseae inoculated plants. Also, in this treat-
ment the root colonisation was higher in the
AMF-i inoculated seedlings than G. mosseae
inoculated plants and the control plants inocu-
lated with AMF-i. The R : S ratios of folpet treat-
ed plants inoculated with both fungi were smaller
than those of non-mycorrhizal cardoons treated
with folpet.

In AMF-i inoculated seedlings treated with
isofenphos, a significant increase of SDW was
observed compared with non-inoculated and
non-treated plants (Table 1). Also, there was a
significant reduction of the R : S ratio, compared
with plants treated with the same insecticide,
either inoculated with G. mosseae or non-in-
oculated. The isofenphos application on G. mos-
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Table 1. Means of shoot dry weight (SDW), root : shoot weight ratio (R : S) and mycorrhizal colonisation percentage
(% AM) of Cynara cardunculus L. plants inoculated with Glomus mosseae (Gm) spores, an AM fungus isolate (AMF-i)
spores or non-inoculated control (Nil). Three fungicides were watered on one-week-old seedlings; three insecticides were
mixed with substrate seeds; and one control without pesticide treatments. After 8 weeks of culture, cardoon plants were
harvested.

SDW, g R : S % AM

Nil Gm AMF-i Nil Gm AMF-i Nil Gm AMF-i

Control 0.49 0.74 0.95b 1.12 0.50b 0.54b – 70 69

Fungicides
Folpet 1.05 0.74 2.00abc 1.03 0.73b 0.88b – 57 93ac

Fosetyl-Al 2.08a 1.37a 0.97 0.60 0.99 0.77 – 61 58
Propamocarb 1.77a 1.32a 1.09 0.88 0.82 0.94 – 71 60

Insecticides
Isofenphos 0.71 1.13 1.15a 1.30 1.25 0.35bc – 24a 96ac

Oxamyl 0.55 0.61 0.75 1.20 1.31 0.85 bc – 50a 78
Phoxim 0.50 0.70 1.14b 1.01 1.00 0.94 – 65 64

a Significantly different (P < 0.05) to control treatment in the same column.
b Significantly different (P < 0.05) to non-AM inoculation in the same line.
c Significantly different (P < 0.05) of AMF-i inoculations in relation to Glomus mosseae inoculations in the same line.

seae mycorrhizal plants produced a drastic re-
duction of the percentage AM root colonisation.
However, the same insecticide had the opposite
effect on the AMF-i inoculated cardoon plants
where there was an increase in the AM root col-
onisation. Oxamyl also reduced G. mosseae root
colonisation except to AMF-i inoculations that
were not different from the colonisation observed
in the non-pesticide treated plants. The other
insecticide assayed, phoxim, increased signifi-
cantly the SDW of AMF-i inoculated plants, but
other parameters were unaffected.

The interactions between the pesticide (fun-
gicide and insecticide) treatments and the AM
fungi are shown in Table 2. The inoculation with
the AM fungi alone did not modify cardoon
SDWs in any case, even though they affected
significantly the R : S ratios and the mycorrhiz-
al colonisation percentages. The fungicides did
not affect significantly R : S ratio of seedlings
and the insecticides the mycorrhizal colonisation
percentage. The interaction among the insecti-
cide and fungicides treatments and the AM fun-
gi was significant, when assessing the SDW (ex-
cept in insecticide treatments), the R : S ratio

and the AM root colonisation. Therefore the pes-
ticides studied had a different effect related with
the fungal isolate used for the inoculation.

Discussion

The results show that the mycorrhization in car-
doon seedlings inoculated with both AM fungi
increased the biomass (SDW) respect to the con-
trol plants. So, as described by Gianinazzi et al.
(1990), lower R : S ratios in mycorrhizal plants
have been associated with an effective symbio-
sis that allows an allocation of resources to the
shoots. Our results indicate that mycorrhizal car-
doon plants had a lower R : S ratio than non-
mycorrhizal plants. The application of mycor-
rhizal inoculations as other species of the car-
doon family such as the artichoke (Cynara sco-
lymus) should be evaluated in view of our results
to assess its effects on commercial production.

The mycorrhizal cardoon seedlings of both
AM fungi showed significant differences in
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SDW, though both reduced the R : S ratios com-
pared to control plants. Previous studies suggest
that there are many factors associated to the ef-
fectiveness in stimulating plant growth of dif-
ferent AM fungi (Barea et al. 1993), and the
importance of physiological and genetic adap-
tation of AM fungi to environmental conditions
(Azcón-Aguilar and Barea 1996). In this study
there were growth differences between inoculat-
ed plants with each mycorrhizal fungus, but with
our results, it is difficult to determine in field
which will be better to produce high cardoon
biomass and new works must be achieve.

The application of the pesticides, fungicides
and insecticides, on cardoon seedlings increased
the SDW yield. This increase was greater in the
case of fungicides than in the case of insecti-
cides treatments. The pesticide treatments had a
significant effect on the cardoon growth that
might be explained owing to the supply of re-
sources to AM fungus in the roots together with
the negative effect of pathogens cause stresses
to the plants (Waters and Borowicz 1994), but
the pesticides aid to control plant decays. Thus,
this phenomenon can enhancing plant growth,
as Pattinson et al. (1997) observed after treated
mycorrhizated cotton seedlings with different
pesticides.

The G. mosseae inoculated seedlings treated
with the fungicides fosetyl-Al and propamocarb
might have increased the SDW yield compared
to the control treatment by the inhibitory action
on the fungal pathogens. The effective symbio-
sis between plant-fungus did not happen in spite
of the presence of the mycorrhizal roots because
the R : S ratios among treatments were similar.
However, on AMF-i inoculated seedlings there
was no significant effect on SDW yield nor on
R : S ratio under the same conditions. Probably,
the cardoon seedlings allocated resources to AM
fungus, but because of the negative effect of the
pesticides on the AM fungus, the plants did not
benefit from the mycorrhizal symbiosis. The fol-
pet treatment did not inhibit effective symbiosis
of both mycorrhizal fungi, here the R : S ratios
were reduced. The results between fungi were
different with this fungicide: AMF-i inoculated
seedlings increased the SDW yield and the my-
corrhizal root colonisation was stimulated; these
effects did not happen with G. mosseae seed-
lings. Thus, folpet promoted cardoon growth and
AMF-i fungus colonisation for a positive bal-
ance of the mycorrhizal symbiosis. Jabaji-Hare
and Kendrick (1987) already described differ-
ent effects of fungicides on mycorrhizal sym-
biosis, and in the same experiment, they ob-

Table 2. P values from ANOVA of the mycorrhizal and pesticides treatments for shoot dry weight (SDW),
root : shoot weight ratio (R : S) and mycorrhizal colonisation percentage (% AM) of Cynara cardunculus
L. plants.

SDW R : S % AM

Fungicides
AM fungi 0.2857 0.0130 0.0185
Fungicides 0.0071 0.4835 0.0411
AM fungi × Fungicides 0.0012 0.0001 0.0000

Insecticides
AM fungi 0.4118 0.0063 0.0919
Insecticides 0.0009 0.0206 0.9748
AM fungi × Insecticides 0.1529 0.0000 0.0000

Pesticidesa

AM fungi 0.2043 0.0020 0.0000
Pesticides 0.0000 0.0000 0.0109
AM fungi × Pesticides 0.0000 0.0000 0.0000

a Pesticides is both fungicide and insecticide treatments.
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served that the fungicide metalaxyl reduced the
growth of leek mycorrhizal plants, but fosetyl-
Al increased growth plant when the concentra-
tion of fungicide was increased.

The application of insecticides did not pro-
duce meaningful increases in the SDW of the
treated seedlings. Probably, the insects had a
lower harmful effect on cardoon seedlings. How-
ever, the insecticides affected each mycorrhizal
inoculation in a different way. Mycorrhizal root
colonisations of G. mosseae were decreased with
isofenphos and oxamyl; an effective symbiosis
did not happen. However, the same insecticides
increased root colonisations and decreased R : S
ratio in AMF-i inoculations; insecticides had
positive effect on this fungus and its mycorrhiza-
tion, mainly isofenphos. The AM fungi react dif-
ferently to the pesticides (Schreiner and Beth-
lenfalvay 1996, Pattinson et al. 1997), and the
research should be developed towards the dis-
covery of chemical forms compatible with the
endomycorrhizal fungi employed in each situa-
tion.

In conclusion, the beneficial effects of the
mycorrhization of wild cardoon on biomass have
been observed at nursery level. The majority of

pesticides annulled the effect of the mycorrhizal
symbiosis, but due to phytopathogens hinder the
cardoon growth, mainly in this case for fungal
decays, the application of fungicides is made
necessary. At least, in our study most of the pes-
ticides treatments do not prevent a normal in-
fectiveness of AM fungi inocula, and except
G. mosseae with insecticides isofenphos and ox-
amyl, the percentage of mycorrhizated roots in
presence of pesticides was not decreased. It is
important to achieve a good mycorrhizal root
colonisation because these seedlings will be
sown in field locations where the number of na-
tive inocula is very low because of topsoil ero-
sion. Therefore, it must be expected that when
the plants are transplanted into the field, and dis-
appear the remains from the pesticides, the bene-
ficial effects of mycorrhizal symbiosis will be
showed in cardoon plants.
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