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Abstract A field study was done to assess the potential
benefit of arbuscular mycorrhizal (AM) inoculation of elite
strawberry plants on plant multiplication, under typical
strawberry nursery conditions and, in particular, high soil P
fertility (Mehlich-3 extractible P=498 mg kg−1). Commer-
cially in vitro propagated elite plants of five cultivars
(‘Chambly,’ ‘Glooscap,’ ‘Joliette,’ ‘Kent,’ and ‘Sweet
Charlie’) were transplanted in noninoculated growth sub-
strate or in substrate inoculated with Glomus intraradices
or with a mixture of species (G. intraradices, Glomus
mosseae, and Glomus etunicatum) at the acclimation stage
and were grown for 6 weeks before transplantation in the
field. We found that AM fungi can impact on plant pro-
ductivity in a soil classified as excessively rich in P. Inoc-
ulated mother plants produced about 25% fewer daughter
plants than the control in Chambly (P=0.03), and Glooscap
produced about 50% more (P=0.008) daughter plants when
inoculated with G. intraradices, while the productivity of
other cultivars was not significantly decreased. Daughter
plant shoot mass was not affected by treatments, but their

roots had lower, higher, or similar mass, depending on the
cultivar–inoculum combination. Root mass was unrelated
to plant number. The average level of AM colonization of
daughter plants produced by noninoculated mother plants
did not exceed 2%, whereas plants produced from inoc-
ulated mothers had over 10% of their root length colonized
7 weeks after transplantation of mother plants and ∼6%
after 14 weeks (harvest), suggesting that the AM fungi
brought into the field by inoculated mother plants had
established and spread up to the daughter plants. The host
or nonhost nature of the crop species preceding strawberry
plant production (barley or buckwheat) had no effect on
soil mycorrhizal potential, on mother plant productivity, or
on daughter plant mycorrhizal development. Thus, in soil
excessively rich in P, inoculation may be the only option
for management of the symbiosis.

Keywords Arbuscular mycorrhizal fungi . Preceding
crop . Strawberry . Soil phosphorus . Functional specificity

Introduction

Conventional agriculture practices for high-value crops in
North America often include abundant fertilization leading
to nutrient accumulation in the soils. In particular, P ac-
cumulates in soils with a P fertilization history (Zhang et al.
1995). Zhang et al. (2004) concluded that large amounts of
residual fertilizer P were available in the soil in subsequent
years following fertilization due to the slow conversion
process of residual fertilizer P to stable P forms. In Quebec,
the available P (Mehlich-3 extractible P; Sen Tran and
Simard 1993) level of soils associated with strawberry
nursery plant production ranged from 63 to 310 mg P kg−1

(i.e., from medium to excessive; CPVQ 2000) in the spring
of 1998 (unpublished), when this study was initiated.

Arbuscular mycorrhizal (AM) root systems are known to
support stronger, healthier, higher-yielding plants through
increased nutrient acquisition (Bolgiano et al. 1983; Johnson
et al. 1992; Wacker et al. 1990; Miller 2000), reduced
levels of water stress (Augé 2001), lower disease incidence
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(Dehne 1982; St-Arnaud et al. 1995), and decreased phy-
tohormone production (Allen et al. 1980, 1982; Shaul-
Keinan et al. 2002). However, the current perception is that
these obligate symbionts play no role in soils where nu-
trients are highly available (Olsen et al. 1999). Improved
plant growth in response to AM colonization is mostly
achieved in soils when available soil P is limited (Bolgiano
et al. 1983; Abbott et al. 1984; Thompson 1991). AM
colonization, sporulation, and plant responses are inhibited
by high soil P (Abbott and Robson 1984; Liu et al. 2000).
The negative effects of soil P on plant response to AM
fungi occur even when the condition of high available P is
imposed on highly colonized plants (Hamel et al. 1996;
Dekkers and van der Werff 2000). The level of mycotrophy
of the crop explains the extent of the repression (Plenchette
and Morel 1996). Fertilization was also found to select for
less beneficial AM fungal species due to the prolific growth
of these species and reduced crop reliance on AM fungi in
nutrient-rich soil (Johnson 1993). Therefore, indigenous
AM fungal populations in agricultural soils might not be
the ones that best enhance plant growth. Thus, in high-P
soils, the inoculation of mycorrhizae responsive crops with
beneficial AM fungal isolates could provide economic ben-
efits. Some AM fungi–plant combinations are more bene-
ficial than others (Klironomos 2003). The selection of
beneficial combinations would maximize AM-derived ben-
efits. Thus, it may be profitable to identify the AM inoc-
ulant most appropriate for a given cultivar. Biodiversity is
related to higher productivity; AM fungal species are func-
tionally different and their impact on a host plant may be
complementary (Hart and Klironomos 2002). A diversity
of AM fungal species (indigenous or exogenous) may
allow AM fungal populations to better adapt to fluctuating
environmental conditions and achieve a higher consistency
in the plant responses (Koomen et al. 1987). Thus, a mul-
tiple-species inoculum could be superior to a single-species
inoculum.

A most effective AM inoculum would be of little use if
the AM fungi it contains does not become established in the
field due to the competitive pressure of indigenous AM
fungal populations. The introduction of beneficial AM fun-
gal strains through inoculation may be facilitated by re-
duction of the level of AM inoculum naturally present in a
field which may be better adapted to the local condition and
outcompete the introduced isolates. The reduction of the
level of indigenous AM fungi can be achieved by practices
such as fallow (Thompson 1987) or the inclusion of non-
host plant species in a crop rotation (Harinikumar and
Bagyaraj 1988; Black and Tinker 1979).

Previous studies have shown that AM inoculation of
strawberry plants have benefited vegetative growth such as
runner formation, number of leaves, leaf area and shoot,
and root dry matter (Holevas 1966; Daft and Okusanya
1973; Koomen et al. 1987; Hrselova et al. 1990; Niemi and
Vestberg 1992; Vestberg 1992; de Silva et al. 1996). Taylor
and Harrier (2001) and Khanizadeh et al. (1995) found that
strawberry vegetative growth response to inoculation de-
pended on cultivar–AM species combinations.

Strawberry nursery plant production is an industry that
could be enhanced by AM inoculation techniques. In
Canada, elite, or top-grade, strawberry plants are produced
in vitro to insure that plants are free from any deleterious
endophytes. The in vitro propagated plants are acclima-
tized in the greenhouse before being sent to specialized
nurseries where elite plants will be multiplied vegetatively
through aboveground runners, or stolons, from which new
daughter plants are formed in fields that are pathogen-free
or fumigated. The daughter plants produced are sold as
foundation, or lower-grade, plants which are transplanted
into strawberry production fields, where they can produce
good fruit yields for 1 to 4 years, depending on the cultivar,
climate, and pest pressure. In vitro propagated crops, such
as strawberry elite plants, require much less AM inoculum
than field crops and can be easily inoculated in the green-
house, at the acclimatization stage of production, before
transplantation into the field for multiplication. Once trans-
planted, the precolonized elite plants would establish a
mycorrhizal hyphal network in the soil, which could serve
as an inoculum source for the daughter plants.

The objective of this experiment was to assess, under
typical commercial production conditions and, in particu-
lar, high soil P fertility, the impact of commercially avail-
able strawberry cultivars and AM inocula combinations on
the productivity of elite strawberry plants and on the my-
corrhizal colonization of the daughter plants produced. The
effects on the effectiveness of inoculation of preceding host
and nonhost crop species commonly used in rotation with
strawberry production were also tested.

Materials and methods

Experimental design

A field experiment was conducted at the Horticultural Re-
search Center of McGill University, Ste-Anne-de-Belle-
vue, QC, Canada. A site was selected in a Chicot sandy
loam soil that was high in nutrient content, in particular, P.
The experiment had three factors: rotation crop, strawberry
cultivar, and AM inoculum. Two preceding crops were
selected based on their susceptibility to AM colonization:
barley is a host plant and buckwheat is a nonhost plant.
In 1998, the two crops were randomized into blocks con-
sisting of two 36×6 m plots. Barley and buckwheat were
sown in early June 1998 at a seeding rate of ∼50 and 108 kg
ha−1, respectively. Both crops were sown with a row width
of 15 cm. Due to the adequate nutrient content of the soil,
no additional fertilizer was applied. In the spring of 1999,
five strawberry cultivars (Chambly, Glooscap, Joliette,
Kent, and Sweet Charlie) were preinoculated in the green-
house with one of three AM fungal treatments (control,
Glomus intraradices Schenck & Smith, or a mixture of
G. intraradices, Glomus mosseae Gerdemann & Trappe,
and Glomus etunicatum Becker & Gerdemann; beneficial
isolates selected by Premier Tech Inc., Rivière-du-Loup,
QC) and transplanted in the field with the factorial com-
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binations (cultivar×inoculum) randomized in subplots
within the main plots. The strawberry plants were trans-
planted 0.5 m apart, as prescribed for strawberry plant
production, into two 10-m rows 1.0 m apart, which con-
stituted each sub-subplot. Each treatment combination
was replicated four times. In the fall of 1998, straw was
applied uniformly on the field soil and removed in the
spring of 1999. To prevent fruit formation and stimulate
runner and daughter plant production, the flower buds
were removed from all strawberry plants as they formed,
as it is done in commercial nurseries.

Inoculation of strawberry seedlings

Elite class strawberry (Fragaria×ananassa Duch.) seed-
lings were obtained from in vitro cultures prepared by
Phytoclone, Inc. (St-Étienne-des-Grés, QC). At the acclima-
tion stage, the seedlings were inoculated by transplanting
into PRO MIX BX (Premier Tech), a peat-based plant-
growing mix (10% peat, 90% mycorrhizal spores; pH 5.5–
6.5) to which a minimum of one effective AM fungal
propagule per gram of growing mix was added. Non-
inoculated seedlings were transplanted into uninoculated
PRO MIX BX. All plantlets were placed in a greenhouse
and maintained for 2 weeks under a white plastic hood
providing 45% shade. The plantlets were misted two to
four times per day depending on sunlight intensity. Plant-
lets did not receive fertilizer during this period. Over the
2-week period, the hood was gradually removed and the
misting was reduced until the plantlets became completely
exposed to the greenhouse environment. The temperature
in the greenhouse fluctuated between 25/18°C for the
daytime/nighttime periods. The photoperiod was gradually
increased to 16 h using HPS 400 W (30W/M2) lamps.
Following the 2 weeks under the hood, acclimation to fer-
tilization began with 150 ppm of N in the form of calcium
nitrate, potassium nitrate, and magnesium nitrate applied
twice per week. Fertilizer applications continued for 6
weeks with formulations of 20–5–30 and 15–0–15 with the
application of 40 ppm of N using 4–25–35 during the final
week. Following 4 weeks under greenhouse conditions, the
temperature was adjusted to 18/15°C daytime to nighttime
periods, respectively. The plantlets were irrigated on an as
needed basis.

Data collection

Prior to seeding of the rotation crops, a soil analysis was
done. Soil available P, K, Ca, and Mg was measured using
the Mehlich-3 extracting solution (Mehlich 1984). Buck-
wheat and barley were plowed in as green-manure crops
before seed onset. Shoot biomass was measured by sam-
pling the shoots of barley and buckwheat in three 1-m2

quadrants and drying at 70°C for 24 h before weighing.
In the spring of 1998, the mycorrhizal potential of the

soil was tested by bioassay. The mycorrhizal potential was
determined by taking three undisturbed soil cylinder sam-

ples (458 cm3 of soil) per block. Two 1-week-old sorghum
plants were transplanted into each cylinder, then placed in
the greenhouse and maintained for 5 weeks. The cylinders
were watered as necessary from the bottom to prevent
crusting of the soil surface. At the end of the 5 weeks, the
roots were harvested from the cylinders, washed, and cut
into 1- to 1.5-cm pieces. The roots were cleared by auto-
claving in 10% KOH for 12 min and by staining with
0.02% acid fuchsin (Brundett 1994) in lactic acid, glycerol,
and water (1:1:1). Percent colonization was determined using
the grid-line intersect method, as described by Giovannetti
and Mosse (1980).

Root colonization of the strawberry transplants was de-
termined prior to transplanting. Daughter plant coloniza-
tion was determined at 7 and 14 weeks after planting by
randomly sampling five daughter plants per subplot.

The total number of daughter plants was counted in 2-m-
length rows to determine the average number of daughter
plants per mother plant produced. From the 2-m subplot,
10 daughter plants were randomly selected for crown
measurement and fresh and dry root and shoot masses
measurements.

Statistical analyses

Analysis of variance (ANOVA) was done with Network
JMP 3.2.6 using the following model:

Y ¼PCþ bloc½PC� þ cultivar þ PC � cultivar þ bloc

� cultivar½PC� þ inoculumþ PC � inoculum
þ cultivar � inoculumþ PC � cultivar � inoculum;

where PC stands for preceding crop. When the analysis
indicated differences among the means, means were com-
pared using contrasts. The Shapiro–Wilk W test for nor-
mality was conducted on the data prior to analysis. The
distribution was not normal for the variable daughter shoot
dry mass. To meet the requirement of the ANOVA test, a
natural log transformation was performed on the data set
prior to analysis. The distribution was not normal for the
percentage of colonization of daughter plants 7 and 14 weeks
after transplantation of the mother plants and no transfor-
mation could bring normality. The distribution was normal
when the data related to the control inoculum treatment
were removed from the colonization at 7 weeks data set.
Thus, an ANOVA was conducted on this partial data. The
percentage of colonization at 14 weeks could not be ana-
lyzed by ANOVA; standard errors were computed.

Results

Soil analysis

The soil analysis revealed that the soil had previously been
overfertilized. This was expected as the field had a history
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of repeated compost applications in the years preceding
this study. The near-neutral pH (7.17) Chicot sandy loam
was found to have 498 mg P kg−1, 324 mg K kg−1, 2,731
mg Ca kg−1, and 377 mg Mg kg−1. As expected in a high-P
soil, the indigenous mycorrhizal population had a low
mycorrhizal potential of 3.32%.

Impact of treatments on AM colonization

The root colonization rate of the inoculated strawberry
mother plants, prior to transplantation, never exceeded 4%
and noninoculated plants had no trace of mycorrhizal
structure. The percentage of daughter plant root coloniza-
tion at 7 weeks following transplantation was affected by a
cultivar–inoculum interaction (Table 1). While G. intra-
radices produced higher percentage of root colonization in
‘Glooscap’ (P=0.002) and ‘Joliette’ (P=0.04) 7 weeks after
transplantation, the two infective inocula produced similar
colonization levels in ‘Chambly,’ ‘Kent,’ and ‘Sweet
Charlie’ (Fig. 1a). Less than 2% of AM colonization was
found in the roots of control plants at that time. Fourteen
weeks after transplantation, AM colonization had declined
in all treatments except in the uninoculated controls (Fig. 1b).
G. intraradices produced the highest level of colonization in
Chambly, Glooscap, and Sweet Charlie roots (Fig. 1b). AM
colonization levels were similar in Joliette and Kent. The
significance of these effects could not be tested by ANOVA
as data distribution was not normal and could not be
normalized by transformation. Colonization percentages were
all below 12%. It is noteworthy that uninoculated plants
developed only trace levels of colonization (less than 3%)
even after 14 weeks in the field. The preceding crops did not
influence AM development (Table 1).

Impact of treatments on plant multiplication

Strawberry plant productivity was measured as the number
of daughter plants produced per mother plant. There was a
cultivar×inoculum interaction for the number of daughter

Fig. 1 Daughter plant root colonization rates of five strawberry
cultivars inoculated with G. intraradices (G. intra), a mix of G.
intraradices, G. mosseae, and G. etunicatum, or uninoculated a 7
weeks and b 14 weeks after transplantation of their mother plants in
the field. Note that the 7-week data related to control plot was
excluded from the ANOVA to meet the normality requirement of the
test; the 14-week data could not be normalized and consequently was
not analyzed by ANOVA. Means (n=4) ±standard error followed by
similar letters are not significantly different within a cultivar, ac-
cording to contrasts (P=0.05)

Table 1 P values taken from ANOVAs conducted on root and shoot dry mass, number of daughter plants per mother plant, and AM
colonization of daughter plants at 7 and 14 weeks from transplantation

Source df Root mass Shoot mass Daughter plants produced AM root colonization

7 weeksa 14 weeksb

Preceding crop (PC) 1 ns ns ns ns –
Cultivar 4 0.01 ns 0.008 <0.0001 –
Inoculum 2 ns ns ns <0.0001 –
Cultivar×inoculum 8 0.05 ns 0.03 0.0003 –
PC×cultivar 4 0.002 ns ns ns –
PC×inocula 2 ns ns ns ns –
PC×cultivar×inoculum 8 ns ns ns ns –

These mother plants were different in vitro propagated elite strawberry cultivars inoculated or not with a single-species or a three-species
mix inoculum, at the acclimation stage in the greenhouse
aData related to control plots were excluded from the ANOVA to meet the normality requirement of the test
bNormality could not be obtained for this data and thus was not analyzed by ANOVA
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plants produced per mother plant (Fig. 2). Inoculation
generally reduced the number of daughter plants produced
per mother plant, although these reductions were signifi-
cant only in Chambly (P=0.03). Glooscap, in contrast,
produced ∼50% more daughter plants when preinoculated
with G. intraradices (P=0.004). Marketable plants are all
healthy plants with a crown diameter of 8–13 mm (R.
Hogue, personal communication), and all plants randomly
chosen from all treatments produced crowns within this
range.

The mean shoot dry mass of daughter plants was not
affected by treatments (Table 1). A cultivar by inoculum
interaction (Table 1) revealed that while the root dry bio-
mass of Kent daughter plants was reduced (P=0.003) by
both AM inocula, the mixed inoculum increased root bio-
mass production of Joliette daughter plants (Fig. 3).

Impact of preceding crop

Barley and buckwheat crops were planted into the field to
increase or decrease the size of the indigenous AM pop-
ulation prior to introducing selected AM fungal species
through inoculation of the subsequent strawberry crop. In
the spring following these preceding crops, no difference in
the soil mycorrhizal potential was found. After growing
sorghum plants for 5 weeks in undisturbed soil cores taken
from the barley and buckwheat plots, only 3.8 and 3.9% of
AM colonization was found in the roots of the trap plants.
Shoot dry mass produced by the two crops in 1998 was also
not significantly different (barley 1.88 tons ha−1, buck-
wheat 1.39 tons ha−1). The only impact of preceding crop

was seen on Joliette daughter plant root mass, which was
higher (P=0.00003) after barley than after buckwheat.

Discussion

Impact of inoculation on AM colonization

The percent colonization rates of the strawberry roots of
<12% were much lower than those reported in previous
greenhouse studies where lower concentrations of P were
used. For example, Chávez and Ferrera-Cerrato (1990) ob-
tained colonization levels of 25–75% in inoculated straw-
berry plants. Kiernan et al. (1984) observed colonization
rates of at least 26.6% when strawberry plants were inoc-
ulated with G. mosseae.

In spite of the low colonization levels obtained in this
study, it appears that a functional mycorrhizal network was
present and operating. This is evident from the higher
percent root colonization rates of the inoculated vs uni-
noculated AM treatments at 14 weeks. The AM fungi
carried in colonized mother plants appear to have spread in
the soil to reach the daughter plants and increase the level
of colonization of daughter plants produced by the latter.
The decline in percent root colonization between 7 and 14
weeks may be due to the fact that daughter plants are pro-
duced at greater distance from the point of AM fungi
introduction, the mother plants, as the season progresses
(Fig. 4). The low level of colonization of daughter plants of
later cohorts may be reducing the plot mycorrhizal colo-
nization average. A decline in root colonization with time
may also be a function of the natural biological decline of

Fig. 2 Number of strawberry daughter plants produced per mother
plant for five strawberry cultivars inoculated with G. intraradices
(G. intra), a mix of G. intraradices, G. mosseae, and G. etunicatum,
or uninoculated. Means (n=4) ±standard error followed by similar
letters are not significantly different within a cultivar, according to
contrasts (P=0.05)

Fig. 3 Root dry weight of strawberry daughter plant for five
cultivars. Means (n=4)±standard error followed by similar letters are
not significantly different within a cultivar, according to contrasts
(P=0.05)
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the fungi after 14 weeks in a high-P fertile soil. High soil P
level reduces both intra- and extraradical AM development
(Abbott and Robson 1984; Liu et al. 2000). The higher
daughter plant mycorrhizal colonization rates sometimes
seen in G. intraradices inoculated plots at 7 and 14 weeks
suggest that G. intraradices extraradical mycelium tends to
spread over longer distance than that produced upon inoc-
ulation with the mix of G. intraradices, G. mosseae, and G.
etunicatum, or to better resist high soil P fertility than other
species.

Daughter plants well colonized by effective AM sym-
bionts may survive transplantation better. Colonization of
transplants was shown to improve plant survival after
transplantation (Carpio et al. 2003; Colozzi-Filho et al.
1994; Khaliel and Elkhider 1987). Thus, it seems that
inoculation of elite plants may result in the production of
better-quality foundation plants, upon improvement of
plant production and inoculation strategies. The pretrans-
plant colonization rate of <4% was lower than what is
expected from 5 weeks of growth in the greenhouse after
inoculation. It might be possible to modify nursery inoc-
ulation practices to allow for better colonization rates of the
nursery plants. For example, higher dose of inoculant could
be used. The dose used in this study, although generally
adequate for the production of transplants as per Premier
Tech Inc. experimental tests, might be suboptimal in the
case of newly rooted vitroplants. Normal commercial pro-
duction practices were used in this study; therefore, fertil-
ization might also be optimized. Increasing the length of
plant acclimation time would less likely be economical
considering the high cost linked to greenhouse operations.
The production of foundation plants well colonized by
effective AM fungi should be more successful in soil with
lower P levels than the one used in our study.

Impact of inoculation on cultivar productivity

Previous studies have generally reported a beneficial effect
of mycorrhizal inoculation in strawberry productivity.
Holevas (1966) and Chávez and Ferrero-Cerrato (1990)
observed increases in fruit yield as a result of AM
inoculation. G. intraradices and other single-species inoc-
ula have been shown to improve stolon production (de
Silva et al. 1996; Khanizadeh et al. 1995; Kiernan et al.
1984; Chávez and Ferrera-Cerrato 1990). Khanizadeh et al.
(1995) observed higher stolon production in inoculated
strawberry plants and, in particular, in Chambly and Kent.
Under the high soil P fertility condition of our study, the

effect of inoculation on daughter plant production was pos-
itive only when Glooscap was inoculated with G. intra-
radices. In this case, however, productivity increased by
∼50%. It appears that large economic benefit can result
from the inoculation of Glooscap elite plants. The cultivar
Chambly was negatively affected by AM inoculation. For
cultivars under high soil P conditions, the AM fungi may
be acting as an energy drain on the plants; the output of
reduced C from the plant may exceed the benefit linked to
the presence of the fungi (Graham et al. 1997).

The effect of multiple-AM fungal species colonizing a
host plant is not necessarily additive. On the contrary,
Davies et al. (2000) report that a mix of AM fungal species
reduced growth of pepper plants as compared to inocula-
tion with G. fasciculatum alone. The mixed inoculant,
however, was more efficient at reducing drought stress
(Davies et al. 2002), emphasizing that the response of a
host plant to AM colonization is not only cultivar- or iso-
late-specific but also depends on the environment. Under
conditions typical of commercial strawberry plant produc-
tion, we found that the single-species inocula, G. intra-
radices, was not different in its effect on daughter plant
production from that of the mixed Glomus species inocula,
although only G. intraradices increased plant productivity
significantly in Glooscap.

The lack of AM inoculation effect on shoot dry weight is
a contrary finding to previous greenhouse studies, using
lower P concentrations in the potting media, where AM
inoculation increased shoot dry weight of strawberry daugh-
ter plants (Kiernan et al. 1984; Khanizadeh et al. 1995), and
cultivar–AM interaction effects influenced shoot dry weights
(Chávez and Ferrera-Cerrato 1990). Khanizadeh et al.
(1995) reported that AM inoculation also had an effect at
nutrient solution concentrations up to 1,000 μMP. The root
dry weight being influenced by an inoculation–cultivar in-
teraction is, however, consistent with the findings of
Chávez and Ferrera-Cerrato (1990). Strawberry plants with
high root dry mass may survive transplantation better. In
this regard, it might be beneficial to inoculate elite plants of
the cultivar Joliette, as it produced daughter plants with
larger root mass and hence plant of better quality. In con-
trast, inoculation of the cultivar Kent resulted in daughter
plants with lighter root mass.

Thus, it appears that if AM inoculation technology was
to be implemented in strawberry plant multiplication nur-
series with high P fertility soils, it should be used only with
responsive cultivars. Furthermore, care would have to be
taken to use the inoculum appropriate to given cultivars. In
this study, only Glooscap and Joliette benefited from

M

d
S

d

First cohort Second cohort

Fig. 4 Diagramatic representa-
tion of strawberry vegetative
reproduction. M Mother plant, d
daughter plant, S stolon
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inoculation. Kent always responded negatively to inocula-
tion and inoculated Chambly produced less daughter plants,
whereas Sweet Charlie showed no positive or negative
growth response. However, inoculation in Chambly and
Sweet Charlie led to the production of daughter plants with
the largest AM colonization levels.

Impact of preceding crop

The only impact of preceding crop was a higher root mass
production in Joliette daughter plants after barley than after
buckwheat. This effect was unrelated to AM development.
The lack of response in AM development to barley and
buckwheat as host and nonhost preceding crops is in
contrast to previous studies, where host plants enhanced
AM fungal development thereby increasing plant produc-
tivity of the subsequent crop (Dodd et al. 1990; Thompson
1991; Gavito and Miller 1998; Karasawa et al. 2001) and
nonhost plants depleted the soil of indigenous AM species
(Harinikumar and Bagyaraj 1988; Black and Tinker 1979).
Management of AM fungal species through selective use of
AM host preceding crops leading to net benefits in the
subsequent crops has been effective in low-input agricul-
ture (Panja and Chaudhuri 2004). The lack of a preceding
crop effect in this study suggests that high-P soils, with a
low indigenous AM background, requires the introduction
of AM fungi through inoculation to achieve AM develop-
ment and benefits in a given crop.

Conclusion

We found that AM inoculation may trigger a response on
strawberry plant productivity even in excessively P-rich
soil, a condition not uncommon in Quebec nursery fields.
This response was cultivar×AM inoculum-specific and
could be large and positive or negative. Thus, care should
be taken to select the proper inoculum on responsive cul-
tivars to improve rather than reduce the profitability of
nurseries with high-P fertility soils. The single-species G.
intraradices inoculant was more effective at increasing
daughter plant production than a species mix in this study.
The extremely low infective capabilities of the indigenous
AM fungal population studied suggest that inoculation
should be preferred over AM population management through
crop rotation in excessively high-P soils.
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