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Pathologie végétale
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in an agricultural soil : inoculation of seedlings
and hardwood cuttings with Glomus mosseae
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Summary — Seedlings and hardwood cuttings of Actinidia deliciosa var. deliciosa Chev. (cv. Hayward) were inoculated
with Glomus mosseae Nicol. & Gerd. under controlled conditions and the roots of adult trees in an agricultural soil were
sampled for vesicular—arbuscular mycorrhizal (VAM) infection. Roots from both seedlings and cuttings were extensively
colonized by a predominantly arbuscular infection and there was a seasonal variation in the morphology of the fungal
development within roots of hardwood cuttings. Four spore types belonging to endogonaceous species were recovered
from the original soil in the orchard and roots from adult trees were naturally infected by indigenous endophytes.

Actinidia deliciosa — Endomycorrhizae — indigenous spores ~ infection morphology

Résumé — Endomycorhizes a vésicules et arbuscules de I'Actinidia deliciosa : étude dans un terrain agricole
et inoculation des plantules et boutures. Plantules et boutures d'hiver d’ Actinidia deliciosa var. deliciosa (A. Chev. )
C.F. Liang et A.R. Ferguson ont été inoculées avec Glomus mosseae dans des conditions contrdlées. La colonisation
des racines de plantules et boutures par le champignon a été extensive et majoritairement du type arbusculaire. Les
caractéristiques morphologiques de l'infection présentent une variation saisonniére dans le cas des boutures. La pré-
sence de mycorhizes a vésicules et arbuscules dans les racines de A. deliciosa d'une exploitation commerciale est
rapporitée et quatre types de spores appartenant a la famille des Endogonacées, capables de produire des myco-
rhizes a vésicules et arbuscules ont été isolées a partir du terrain agricole.

Actinidia deliciosa — Endomycorhizes — spores indigénes — morphologie de I'infection

Introduction rainfall, mild winter, hot and dry summer and le

ached, calcium rich, high-pH soils) different from
the natural habitat of Actinidia deliciosa. The
objectives of this study were, first, to investigate
whether or not A. deliciosa could be infected by
VAM fungi at early stages of seedling or cutting
growth, making periodical assessments of the
internal infection and, second, to check for VAM
colonized adult plants in an agricultural soil.

Actinidia deliciosa var. deliciosa Chev., the kiwi-
fruit, is grown in Northern Spain and the acreage
dedicated to this crop is increasing yearly. It has
been recently described as a host plant for vesi-
cular—arbuscular mycorrhizal (VAM) fungi (Powell
and Santhanakrishnan, 1986; Cravero et al,
1987). The crop management of kiwifruit involves
vegetative propagation by stem cuttings and
several transplant and media changes from nur-
sery to field location. The influence of mycorrhi-
zae could be decisive in increasing outplanting
performance of cuttings and seedlings, as has
been proven for other woody species {Kormanik

Materials and Methods

Mycorrhizal syntheses in hardwood cuttings and
seedlings

Hardwood cuttings from a female cv. Hayward plant

et al, 1982). VAM fungi should have a major
influence on field establishment of kiwifruit under
mediterranean environmental conditions (low

were taken when vines were dormant in early January,
from a 4-year old orchard in the seaside area north of
Barcelona. Rooting was induced by a hormonal treat-
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ment: 2000 g/ml hydroalcoholic solution of naphtha-
len—1-acetic acid (NAA). The cuttings were planted in
a mist bed using a light, steam-sterilized (80°C, 60
min), peat—perlite mixture (2:1, v/v) as the rooting
medium. Temperature in the mist-bed was adjusted to
27°C and the substrate was moistened when needed.
Two months later, when rooting had just begun
after extensive callus formation, 8 cuttings were
transplanted into 15-cm diameter pots. A sterile sandy
soil was used as a potting medium, of low phosphorus
status, with 10 mg/kg of NaHCO, —soluble P (Olsen et
al., 1954) and pH 7.2. Inoculum of Glomus mosseae
(Nicol. & Gerd.) was applied under all cuttings as 5 g
of soil from a 1-year old onion pot culture containing a
mean value of 54 G. mosseae sporocarps per 10 g, as
well as infected root fragments. Plants were watered
when needed and, once a week, 25 ml of a modified
Hoagland's nutrient solution (Hoagland and Arnon,
1938) without P, were added to each pot.

A. deliciosa seeds from a kiwifruit of cv. Hayward
pollinated by the male cv. Tomuri were germinated on
autoclaved quartz sand, and 6 seedlings, with 3 leaves
each, were transplanted to small individual pots for
inoculation with G. mosseae. The same source of
inoculum was used in this assay but only 2 g of rhizos-
phere soil were applied to each seedling when trans-
planted. The soil used as growing medium was identi-
cal to the one used for cuttings, and seedlings were
fertilized weekly with 5 ml per pot of the modified
Hoagland's solution mentioned above.

VAM colonization and morphological features of
internal infection were assessed on cleared and
stained root samples (Phillips and Hayman, 1970)
2, 5 and 8 months after inoculation for cuttings, and 1
and 2 months after inoculation for seedlings. The
percentage of root colonization was determined by a
grid-line intersect method (Giovannetti and Mosse,
1980). Internal infection features were evaluated on 10
pieces of root, each measuring 2 cm for hardwood cut-
tings and 1 cm for seedlings. The root pieces were
chosen randomly and placed as groups of 5 on 2 glass
slides. From these root pieces each 1 mm was asses-
sed separately under 100 x and 400 x magnifications,
for the presence of external hyphae, internal hyphae,
arbuscules and vesicles, to measure the stage of VAM
infection at the time of sampling.

Collection of field samples from an agricultural
soil

Collection of field samples from under 15 year old
kiwifruit trees was conducted in late January in an
orchard in Girona (Northern Catalonia) cultivated
under minimum tillage with no phytochemical treat-
ments and low fertilization. Samples were taken out of
3 different sites in the orchard, and the pH and the P
content of the original soils were measured. A. delicio-
sa rootlets were checked for VAM natural infection.
Soil around the root samples was sieved thoroughly to
detect any spore from native endogonaceous species
in the rhizosphere of adult plants. White clover (Trifo-
lium repens L. cv. Grasslands Huia) was used as the
trap plant to isolate the native endophytes present in
the soil. Seeds from 7. repens were sown in the
orchard soil collected and 5—week old seedlings were
transferred into sterile sandy soil after VAM presence
was confirmed. Fifteen replicates, with 2 seedlings
per pot were used. Six months later, pot cultures
were checked for VAM indigenous spores and the

morphological characteristics of the internal infection
were examined.

Results

Mycorrhizal syntheses in hardwood cuttings and
seedlings

Under the experimental conditions described,
both hardwood cuttings and seedlings were
extensively colonized by G. mosseae. The infec-
tion features are shown in Table | related to the
time of sampling. The general morphology of the
internal infection was characteristic of G. mos-
seae (Abbott and Robson, 1979) with long and
straight thick-walled intercellular hyphae, 90°
branching and H connections. There were no dif-
ferences in the diameter of internal and external
hyphae between hardwood cuttings and seed-
lings. The internal hyphae diameter was 4.26 +
0.52 um for cuttings, and 4.56 £ 0.46 pum for
seedlings; external hyphae were aiways thicker
7.63 + 1.35 pm and 7.42 + 1.37 um in inoculated
cuttings and seedlings, respectively. The internal
vesicles were thick-wailled and lemon or oval
shaped, mostly empty of seedlings and with a
large, single oil vacuole in hardwood cuttings.
Although the number of vesicles remained low in
all instances, there was a significant (p = 0.05)
increase in the percentage of vesicular infections
between 1- and 2-month old seedlings. The
infection was mainly of the arbuscular type. The
arbuscules were tree-shaped when apparent.
The percentage of infected roots with active
arbuscules did not vary significantly between 1—
and 2-month old seedlings but we recorded a
drastic change between 5— and 8—month old cut-
tings. In the latter, most of the arbuscules were
already senescent.

Collection of samples from an agricultural soil

The soil in the A. deliciosa orchard sampled had
a high clay content, the pH was 8.2 and phos-
phorus was 81 mg/kg of NaHCO,-soluble P. We
found VA-mycorrhizal kiwifruit roots, fungal myce-
lia and three different spore types belonging to
endogonaceous fungi. identical propagules were
present in the three sites chosen. During the iso-
lation process with white clover, the same spore
types were recovered, together with a fourth new
one, not found in the original soil. Four different
spore types could then be described according to
their external morphology. Spore type 1 (Fig. 1)
was found in all the samples, both from the
orchard and from pot cultures. They were abun-
dant, hyaline to pale yellow, small-sized (40-50
um in diameter) in clusters attached to external
mycelium, with a straight hyphal attachment and
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Table I. Infection features for A. deliciosa seedlings (A) and hardwood cuttings (B) inoculated with Glomus mosseae.

Time after % Root length % Root length % Infected root % Infected root % Infected root  Vesicular
inoculation with with with with senescent  with density @
(months) external hyphae internal hyphae arbuscules arbuscules vesicles

Ab

1 53.740.2 55.8+2.1 82.7+13.3 0 —6.545.5 2.2+2.1

2 83.6+1.3 88.4+3.1 87.5t 2.5 0 17.5+2.6 3.5+3.0
Bec

5 66.71£0.7 79.242.2 56.0+12.7 —0.410.1 6.614.4 43125

8 745115 96.2+5.8 22+ 1.1 44.0+17.0 9.517.2 2.0+1.1

2 Number of vesicles per mm infected root containing at least 1 vesicle.

b Figures are means of 100 segments, 1 mm each, per plant. Average of 3 plants + SD.
€ Figures are means of 200 segments, 1 mm each, per plant. Average of 8 plants + SD.

a double laminated wall. These characters are
similar to those described by Walker (1982) for
Glomus occultum. Spore type 2 (Fig. 2) was
frequently recovered from the orchard samples,
but found in only two out of the 15 pot cultures
sampled. They were medium to large sized
(120—200 um), dark orange, single-walled, with
scattered pit-like structures and projections on
the surface with a bulbous hyphal attachment
that ascribed them to the genus Gigaspora
(Trappe, 1982). Spore type 3 was found in one of
the original orchard soil samples and in three of
the 15 pot cultures examined. They were globo-
se, vacuolated, medium-sized (90—170 um in
diameter), with a single funnel-shaped attach-
ment. They belonged to the genus Glomus.

Fig. 1. Glomus sp. spore type 1. Small chlamydospores
attached to external mycelium by a straight hyphal attach-
ment {x 400).

Spore type 4 was found in four of the 15 pot cul-
tures and in none of the orchard samples. They
were spherical, pale yellow, with small uniform
vacuoles as cellular contents, laminated double-
walled with a hyaline subtending hyphae, very
similar to Glomus clarum (Nicol. & Schenck), but
smaller in size. In nine out of the 15 pot cultures
examined, two or more different spore types
were recovered.

The internal natural infection, due to VAM
fungi, in A. deliciosa roots sampled, varied from
30 to 70% in different tree root systems when
measured by the grid-line intersect method (Gio-
vannetti & Mosse, 1980). The infection was
mainly of the arbuscular type, although some
vesicles were present. These vesicles could be
separated into two different groups according
to their main features: those of the first kind
were small, spherical, intercellular with a mean

100 um

Fig. 2. Gigaspora sp. spore type 2. Dark orange azygospores
with projections on the surface and bulbous hyphal attach-
ment (x 100).
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diameter of 15 um; those of the second kind were
oval-shaped, intra- or intercellular vesicles, with
mean dimensions 35 x 50 um. Intercellular
vesicles, were usually attached at the end of an
internal hypha, in a terminal position. The internal
mycelium ran intercellularly and was irregular
with abundant H connections and many coiled
hyphae.

The most distinctive features were the
presence of a high number of arbuscules in a
well-established infection and the distribution in
clumps of vesicles and arbuscules. Both kinds of
vesicles described in the A. deliciosa roots were
also found in the clover roots. The internal myce-
lium was similar too, except for the absence of
coiled hyphae, which were more common in the
roots of woody species (Fontana, 1985).

Discussion

Vesicular—arbuscular mycorrhizal inoculation of
A. deliciosa seedlings and hardwood cuttings
resulted in well-established G. mosseae internal
infections which were predominantly arbuscular
in both cases, a characteristic that has been
reported for other mycorrhizal woody species and
related to their nutritive requirements (Kormanik
et al, 1982; Fontana, 1985). The difference in
the pattern of the infection development shown
between seedlings and cuttings can be ascribed
to their different levels of morphological
differentiation. Cuttings present a sequence more
similar to an adult vine with a high percentage of
active arbuscules in the spring when the nutrient
demands are at maximum. These arbuscules
became senescent in autumn just before leaf
abscission and winter dormancy. The seedlings
did not show any relationship between the inter-
nal infection features and the season; the VAM
infection followed a sequential development simi-
lar to the one observed in annual plants (Brun-
drett et al., 1985). The general features of inter-
nal G. mosseae morphology were identical
for cuttings and seedlings with most internal
hyphae running intercellularly, a common feature
described in woody angiosperms (Bonfante-
Fasolo, 1984). The anatomical shape of the inter-
nal structure is known to be linked to the sym-
bionts identity (Abbott, 1982) and also influenced
by the host piant P status (Mosse, 1973).

Sampling of a commercial kiwifruit orchard
showed a high colonization of the root systems
by naturally occurring VAM fungi. Four spore
types belonging to VAM endogonaceous species
were recovered from the orchard soil. The physi-
cal and chemical characteristics of the orchard
soil (high clay content and alkaline pH) are not
considered the most suitable for kiwi vine growth

(Save and Serrano, 1986) in spite of the high fruit
yields recorded. The native endophytes isolated
will be tested for their symbiotic efficiency and
ability to improve kiwifruit growth. Powell and
Santhanakrishnan (1986) have shown that even
a low rate mycorrhizal inoculation with Glomus
fasciculatus increases the growth of Kkiwifruit
hardwood cuttings in nursery culture and our
results show that an extensive mycorrhizal infec-
tion can be achieved both in seedlings and hard-
wood cuttings after inoculation of G mosseae.
The magnolioid type morphology (Baylis, 1975;
St. John, 1980) of the A. deliciosa root system
and the high VAM infection rates found under
natural field conditions suggest that A. deliciosa
could be considered a highly mycorrhiza-depen-
dent species.
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