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The bioprotective effect of AM root colonization against the soil-borne fungal
pathogen Gaeumannomyces graminis var. tritici in barley depends on the barley
variety
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a b s t r a c t

The systemic effect of root colonization by the arbuscular mycorrhizal fungus (AMF) Glomus mosseae on
the susceptibility of old and modern barley varieties to the soil-borne fungal pathogen Gaeumannomyces
graminis var. tritici (Ggt) was studied in a split-root system. Plants were precolonized on one side of the
split-root systemwith the AMF and thereafter the other side of the split-root systemwas inoculated with
the pathogen. At the end of the experiment the level of bioprotection was estimated by quantifying
lesioned roots and the determination of the root fresh weight. AM root colonization provided protection
in some of the barley genotypes tested, but not in others. This protective effect seemed to vary in the
oldest and the most modern barley variety tested.

� 2011 Elsevier Ltd. All rights reserved.

Root colonization by AMF not only affects plant growth
parameters but also has been reported to exhibit bioprotective
effects against soil-borne fungal pathogens (reviewed by St-Arnaud
and Vujanovic, 2007; Vierheilig et al., 2008). Mark and Cassells
(1996) state that a general goal for a biocontrol organism such as
AMF is that it will be host-genome independent, to avoid the cost of
having to select for new strains of the biocontrol agent for each host
variety. To our knowledge there are two reports on the protective
effect of AMF in different host varieties, one with strawberry (Mark
and Cassells, 1996) and the other one with potato (Yao et al., 2002).
In both studies the host genotype results in a differing bioprotective
response by the mycorrhizal association.

Ggt causes take-all disease. In wheat and barley it has been
reported that AM root colonization locally reduces root lesions
caused byGgt (Graham andMenge,1982) and diminishes a negative

effect of Ggt on root growth (Graham and Menge, 1982; Ksiezniak
et al., 2001). Recently, it could be shown that when barley plants
show high degrees of AM root colonization, take-all disease is
locally and systemically reduced (Khaosaad et al., 2007; Vierheilig
et al., 2008).

In the present study we were interested whether the systemic
protective effect of mycorrhization against the soil-borne fungal
pathogen Ggt reported by Khaosaad et al. (2007), is genotype
specific and differs between modern and old barley varieties.

Four barley (Hordeum vulgare L.) varieties were tested: “Nürn-
berg” is older than 1831 (Aufhammer and Simon, 1957). “Hanna/
Kargyn” has already been in cultivation before 1927 (Wunderlich,
1951). “Union” was first released in the Germany in 1955 and
Xanadu in Germany in 2003. Barley seeds were surface-sterilized
(sodium hypochlorite:water (1:1 v/v) 5 min), rinsed with tap water
and germinated in vermiculite. Six days old barley plants were
transferred to a sterilized (20 min, 120 �C) silicate sand and soil
(3:2 v/v) mixture into split-root systems (for details see Khaosaad
et al., 2007). Experiments were performed in a greenhouse.
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Plants were watered four times a week. Gaeumannomyces graminis
var. tritici (Ggt)(CBS 541.86) and Glomus mosseae (BEG 12) were
used (for details see Khaosaad et al., 2007). Ggt was cultured as
described by Khaosaad et al., (2007). Shortly, discs of mycelium
from a Potato Dextrose agar culture were transferred to Erlenmeyer
flasks containing 40 g of autoclaved barley seeds which were
incubated in the dark (28�C/12 days). From this inoculum 6 g per
split-root/plant were applied. AMF inoculation was performed as
described by Khaosaad et al., (2007) with the difference that the
inoculum compartment contained sorghum (Sorghum vulgare)
colonized by G. mosseae. AMF root colonization was determined at
the time of Ggt inoculation in five plants per treatment (5 weeks
after AMF inoculation). Ggt inoculationwas performed as described
by Khaosaad et al., (2007). At the time of harvest (15 days after Ggt
inoculation; total plant age 8 weeks) root (from each side of the
split-root system) fresh weight (FW) was determined and Ggt
infection was determined in fresh roots (whitish roots: non-infec-
ted; yellow to dark brown roots: infected; see Khaosaad et al.,
2007). The percentage of roots lesioned by Ggt was determined
according to a modified method of Newman (1966). For the
determination of AMF root colonization roots were stained
(Vierheilig et al., 1998) and the percentage of root colonization
determined (Newman (1966). Statistical analyses were performed
using SYSTAT for windows, version 11.0. Variance comparisons
were done using Fisher’s least significant difference test (P < 0.05,
n ¼ 5).

At time of inoculation with Ggt all varieties showed an AM root
colonization ranging from a high level of around 30% in Nürnberg
and Xanadu, an intermediate for Hanna/Kargyn to a low for Union
(around 5%) (Fig. 1). At the end of the experiment AM root coloni-
zation was highest in Xanadu (more than 50%).

Inoculation with Ggt affected the roots (Fig. 2). In presence of
Ggt in all four genotypes the number of lesioned roots was clearly
enhancedwith highest levels in Xanadu.When alreadymycorrhizal
plants were inoculated with Ggt, the number of lesioned roots
diminished compared to non-mycorrhizal plants.

Depending on the variety the root fresh weight was significantly
affected by the pathogen (Fig. 3). Ggt-inoculation clearly reduced
the root fresh weight on the Ggt-side of the split-root system in
Nürnberg and Xanadu, but no effect was observed in Hanna/Kargyn
and Union. Only in Nürnberg pre-mycorrhization on one side of the
split-root system resulted in a positive effect on root growth on the
Ggt-side.

A genotype-dependent variation of mycorrhization levels has
been reported in a number of cereals (Azcon and Ocampo, 1981;
Hetrick et al., 1992, 1993; Kapulnik and Kushnir, 1991; Lackie
et al., 1987; Vierheilig and Ocampo, 1991a,b). Moreover, in wheat
Hetrick et al. (1993) could show that depending on the age of the
variety AM colonization levels varied. Old wheat varieties

(before 1950) showed higher degrees of root colonization
compared to modern varieties (after 1950). The oldest barley
variety we tested, i.e. Nürnberg, was deposited in 1831 in the
foundation of a building (that means that it was even cultivated
before 1831), whereas Xanadu was released in various European
countries within the last 6 years.

We found that some barley varieties became faster colonized by
the AMF, but at the end of our experiment AM colonization levels
did not vary in the varieties Nürnberg (before 1831), Hanna/Kargyn
(1920s) and Union (1950s), whereas levels were slightly higher in
the most modern variety Xanadu. This could mean that in barley, in
contrast to wheat (Hetrick et al., 1993), the susceptibility to AMF is
not linked with the breeding period of the variety and that the
genetic control of the final degree of mycorrhization in the tested
old and modern barley varieties does not differ drastically.

There are many reports about bioprotection against soil-borne
fungal pathogens due to AM root colonization (St-Arnaud and
Vujanovic, 2007). In our study a general AM protective effect in
the four varieties tested could not be observed, however, this could
be attributed to two factors:

i) A different degree of AM root colonization at the time of Ggt-
inoculation. As known from other reports an AM bio-
protective effect is only observed after a critical level of AM
root colonization (Caron et al., 1986a,b; Cordier et al., 1998;
Graham and Menge, 1982; Khaosaad et al., 2007; Vierheilig
et al., 2008) or when functional arbuscules are developed
(Slezack et al., 2000). This could explainwhy in case of Union,
with a rather low degree of AM root colonization at the time
of Ggt-inoculation, AM root colonization did not result in
bioprotection.

ii) A different susceptibility of the tested barley varieties to Ggt.
Barley varieties with a low Ggt-susceptibility would show no
or nearly no changes of the parameters we determined for an
effect of Ggt on the plant (lesioned roots and root FW) and,
thus, a bioprotective effect of AM would not become evident.
Looking at our data on lesioned roots after Ggt-inoculation
alone, this can be excluded as all barley varieties showed
about the same percentage of lesioned roots, but looking at
the root FW, Ggt showed no effect in Hanna/Kargyn and
Union, but clearly reduced the root FW in Nürnberg and
Xanadu. Both varieties showed highest levels of AM root
colonization at the time of Ggt-inoculation, however, a clear
bioprotective effect of AM root colonization on the root FW
could only be observed in Nürnberg. This excludes that in our
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Fig. 1. Percentage of barley roots colonized by Glomus mosseae at the time of Gaeu-
mannomyces graminis inoculation and at the end of the experiment on the first side of
the split-root system. Bars with different letter are significantly different according to
Fisher’s least significant difference test (p < 0.05, LSD, n ¼ 5).
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Fig. 2. Percentage of lesioned roots when inoculated with Gaeumannomyces graminis
on the second side of the split-root system. Bars with different letters are significantly
different according to Fisher’s least significant difference test (p < 0.05, LSD, n ¼ 5).
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experiment the level of AM root colonizationwas the decisive
factor for the positive effect on the root FWas similar high AM
root colonization showed a positive effect on the root FW of
Nürnberg, but not on the root FW of Xanadu.

Similar as suggested for mycorrhization (Hetrick et al., 1992,
1993), through breeding the susceptibility of plants to pathogens
might be altered. In our study the age of the barley variety did not
seem to play a role in its susceptibility to Ggt. However, possibly the
age of the variety had an effect on AM bioprotection. In the old

landrace Nürnberg a protective effect of AM root colonization was
obvious in both Ggt-parameters measured (lesioned roots and root
FW), indicating a possibly enhanced bioprotective response to AMF
in this genotype, compared to the most recent variety Xanadu in
which only one Ggt-parameter (root FW) was positively affected by
AM root colonization.

To summarize, a protective effect of AM root colonization
against Ggt seems to be more complex than thought until now as
the genotype of the host plant seems to play a role. This confirms
data with strawberry and potato on the importance of the plant

Fig. 3. Root fresh weight of split-root system of barley plants inoculated or noninoculated on one side with Gaeumannomyces graminis and the other side with the AMF Glomus
mosseae. Bars with different letters are significantly different within varieties according to Fisher’s least significant difference test (p < 0.05, LSD, n ¼ 5).
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genotype in mycorrhizal bioprotection (Mark and Cassells, 1996;
Yao et al., 2002). Whether the breeding period of the barley
variety can be linked with a bioprotective effect of AM root colo-
nization against Ggt needs further studies.
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