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Summary &mdash; Seedlings of Tetraclinis articulata (Vahl) Masters (Cupressaceae) growing under nursery conditions
were surveyed for mycorrhizal colonization over a period of time. They showed a typical vesicular-arbuscular mycor-
rhizal colonization, with percentages of infection ranging between 0% (1-month-old seedlings) to 72% (17-month-old
seedlings), and a 3-phase pattern of mycorrhizal development. In addition, growth responses of T articulata in sterile
soil were observed by inoculation with several mycorrhizal fungi: Glomus mosseae was the most effective in improv-
ing growth, and G fasciculatum was the most ineffective. This fungus was also tested at different levels of added P:
maximum yield was obtained in mycorrhized plants at 60 mg kg-1 P level and no significant differences between my-
corrhized and control plants were found at high fertilization rates.
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Résumé &mdash; Mycorhizes arbusculaires sur Tetraclinis articulata (Cupressaceae): développement de colonisa-
tion mycorhizienne et effet de la fertilisation et de l’inoculation. L’étude de la mycorhization de plantules de Te-
traclinis articulata (Vahl) Masters (Cupressaceae) dans des conditions de pépinière a été menée sur une période de 3
ans. Une colonisation typique avec des mycorhizes à vésicules et arbuscules a été developpée dans des pourcen-
tages compris entre 0% (pour plantules de 1 mois) et 72% (pour plantules de 17 mois), avec un modèle de dévelop-
pement mycorhizien à 3 phases. Des réponses de croissance de T articulata sur sol stérile ont été mises en évi-
dence, après des inoculations avec différents champignons mycorhiziens. Glomus mosseae a montré la meilleure
efficacité dans la stimulation de croissance de T articulata, tandis que G fasciculatum s’est révélé le plus infectieux.
On a étudié aussi ce dernier, par rapport à différents niveaux d’apport de P: la récolte maximale a été obtenue sur des
plantes mycorhizées, avec un apport de 60 mg·kg-1 de P. On n’a pas trouvé de différences significatives au niveau de
la croissance par rapport aux fortes doses de fertilisants.

INTRODUCTION

Tetraclinis articulata (Vahl) Masters is a mem-

ber of the Cupressaceae of North African origin.
In Europe it is only reported in Malta and in the
Southern Iberian Peninsula (Sierra de Cartage-
na) (Guerra et al, 1988). T articulata has been

used in nurseries in southeastern Spain for use
in revegetation programmes. Many commercial-
ly important woody species form arbuscular my-
corrhizae (AM). The contribution of mycorrhizae
to plant growth, uptake of immobile nutrients, re-
duction of transplant mortality etc, are well
known (Harley and Smith, 1983) and could also
be important in seedling development and pro-
duction of this species in nurseries.

The presence of AM in gymnosperms (Cu-
pressaceae and Taxodiaceae) has been report-
ed previously (Malloch and Malloch, 1982;
Klopatek et al, 1988; Castellano and Molina,
1989; Brundrett et al, 1990). Several papers
also report growth responses in these species
induced by AM (Maronek et al, 1980; Bartschi
et al, 1981; Parke et al, 1983; Kough et al,
1985).

The objectives of our study were first to de-
termine the mycorrhizal status of T articulata

seedlings and investigate root colonization de-
velopment over time; and secondly, to study T
articulata growth response to AM inoculation
and P fertilization.



MATERIALS AND METHODS

Assessment of mycorrhizal status

Plants growing in unsterilized soils under nursery con-
ditions were surveyed for the presence of AM natural
colonization. Ten randomly selected seedlings were
examined &ap; every 2 months from 30 d after sowing to
3 yr of age. Plant height was recorded, and shoot and
root weights determined after drying (80 °C for 16 h).
AM colonization was assessed on cleared and stained
root samples (Phillips and Hayman, 1970). The roots
of T articulata are thick and intensely pigmented so
they were heated in 10% KOH at 90 °C for 210 min
and later immersed in 10 vol hydrogen peroxide at
40 °C for 30 min. The percentage of AM root coloniza-
tion was estimated according to the gridline intersect
method (Giovannetti and Mosse, 1980) under a stereo-
scopic microscope (magnification x 40). The presence
of internal hyphae, vesicles and/or arbuscules was re-
corded from each mycorrhizal intersect under 100x
and 400x magnifications and expressed as a percent-
age to determine the stage of AM infection in relation
to plant age. Three categories were established ac-
cording to the morphological features of colonization:
percentage of mycorrhizal root length containing vesi-
cles (this includes the intersects with vesicles alone or
vesicles and arbuscules), percentage of mycorrhizal
root length containing only arbuscules, and percent-
age of mycorrhizal root length with only internal hy-
phae.

Effect of P fertilization and inoculation

Soil

The soil used in the experiments had a pH of 7.6, 8.99
mg kg-1 available P, 12.5 mg/100 g available K, 1.94
mg/100 g total N, 1.14% organic matter and 5.92%
CaCO3, 26.5% sand, 49.7% silt and 23.8% clay. Soil
was sieved through a 4-mm mesh sieve, sterilized for
60 min at 100°C on 3 consecutive days and placed in
17.5 x 10-cm plastic bags commonly used in nursery
practice in southern Spain. Ten replicates per treat-
ment were prepared.

Plants

T articulata seeds were provided by El Valle tree nur-
sery and maintained at 4 °C until use. Seeds were

germinated in the bags and seedlings were thinned to
2 per bag after 30 d.

Inoculation

Four AM fungi were propagated on alfalfa pot cultures
for at least 1 yr. Glomus etunicatum Becker et Gerde-

mann, Glomus mosseae Nicolson et Gerdemann, and
Glomus sp GPR31 were isolated from the rhizosphere
of Medicago sativa L growing in a sandy soil in Port-
man (Murcia, Spain); Glomus fasciculatum (Thaxter
sensu Gerdemann) Gerdemann and Trappe was pro-
vided by the Zaidin Experimental Station (Granada,
Spain). Each replicate received 10 g inoculum consist-
ing of soil, mycorrhizal root fragments and spores from
the pot cultures. The inoculum was placed at a depth
of 5 cm and gently mixed with the soil.

Experimental design

Two separate experiments were carried out. In the first
experiment, the effect of P fertilization was studied in
uninoculated plants or plants inoculated with G fascic-
ulatum. Five levels were obtained by adding PO4H2K
in solution at the rates of 0, 30, 60, 120 and 240 mg
kg-1 soil. In the second experiment, the effects of the 4
above-mentioned AM fungi were tested and compared
with nonmycorrhizal control plants, in order to check

mycorrhizal efficiency. The plants were grown in the

greenhouse under natural light/dark conditions and
watered when needed.

Plant analysis

Plants were harvested 6 months after sowing. Plant

height and dry weight (80 °C 16 h) of shoot and roots
were recorded. The root systems were randomly sub-
sampled and stained as previously described for as-
sessment of mycorrhizal colonization, and percentage
of colonization estimated. All the shoots in a treatment
were mixed. Five hundred mg of leaf tissue from each
bulked sample were digested in nitric-perchloric acid
5:3 for 2 h at 130 °C and 4-6 h at 204 °C. P concentra-
tion was estimated colorimetrically with malachite

green reagent (Fernandez et al, 1985) in Uvikon 930
spectrophotometer at 660 nm wavelength. Data were
subjected to analysis of variance (ANOVA test). Inter-
actions between inoculation and fertilization were es-
tablished in the first experiment. Mean separation in

the second experiment was performed using Duncan’s
multiple range test (Duncan, 1955) after a significant
F-test.

RESULTS

Assessment of mycorrhizal status

The root system of T articulata showed typical
AM colonization. Under the experimental condi-
tions described, the roots began to be colonized
by natural endophytes between 1 and 2 months
after sowing. After that time, infection was



present in all the sampled seedlings (fig 1) with
percentages of colonization increasing gradually
from 20% to 50% in 2- and 7-month old seedlings
respectively. Then the infection remained stable.
Older seedlings showed percentages of coloniza-
tion ranging from 44-72% with several variations.
Data on plant growth are presented in figure 2.
On the other hand, qualitative changes in coloni-
zation with time were observed. The morphologi-
cal features of colonization in relation to plant
age are shown in figure 3. The infection was ex-
clusively of the arbuscular type in plants up to 5
months old. After that time, the percentage of
roots exclusively colonized by arbuscules de-

creased at the same time as the percentage of
roots containing vesicles (that is, vesicles and ar-
buscules or vesicles alone) increased. In 2-yr-old
plants, no roots containing only arbuscules were
recorded, but they were always recorded togeth-
er with vesicles.

Effect of P fertilization

The results of fertilization on T articulata are

shown in figure 4. The biomass of T articulata
was increased by P fertilization and mycorrhizal
inoculation (fig 4 A,B,C). Inoculated plants were
taller and had greater dry weights than the non-
mycorrhized controls at low and intermediate P
levels; so the beneficial effects of AM compared
to controls in terms of plant growth were ob-
served up to 60 mg kg-1 of applied phosphorus.
Maximum yield was obtained in mycorrhized
plants at 60 mg kg-1 P level. Higher doses of P
addition produced a growth depression in mycor-
rhized plants, but not in P content. Thus, at 240

mg kg-1 P level there was no significant differ-
ence in the shoot dry weight between inoculated
and control plants. No significant differences in

root dry weight were found in response to my-
corrhizal inoculation or P fertilization, suggesting
that these treatments only affected shoot bio-
mass (table I). Microscopic examination of

stained root segments revealed mycorrhizal col-
onization in all cases, but an increase in added
P resulted in a decreased percentage of coloni-
zation (fig 4E). Mycorrhizal inoculation increased
P concentration in tissue at all levels of added P

(fig 4D). However, for each inoculation treat-

ment, P concentration in shoots varied little at

different fertilizer levels. When 240 mg kg-1 P

was applied, a slightly decreased P concentra-
tion was found in mycorrhized plants.

Effect of inoculation with several endophytes

The effects of inoculation on plant growth, my-
corrhizal colonization and P concentration in

T articulata are shown in table II. Plants inoculat-





ed with all the Glomus species used in the exper-
iment were significantly (P &le; 0.05) greater in

height and biomass than uninoculated plants.
The effect of inoculation with G mosseae on
shoot dry weight was greater than with the other
endophytes, whereas the least effective fungus
for growth improvement was G etunicatum. G
fasciculatum showed the highest percentage of
root colonization (32%) and G etunicatum the
lowest (7%). Phosphorus concentration in shoots
was clearly increased by colonization with G
mosseae and Glomus sp GPR31. The data on P
concentration confirms the results obtained for

dry weights, since G etunicatum was also the
least efficient endophyte for P uptake.

DISCUSSION

In the present study, AM colonization in T articu-
lata seedlings growing in natural nursery soils

has been reported, which confirms the mycorrhi-
zal status of Cupressaceae plant species. There
were 3 phases of mycorrhizal development (Sut-
ton, 1973): a lag phase, a phase of extensive my-
corrhizal development and a constancy phase.
The lag phase lasted 1-2 months and covered
the time necessary for root development, AM
propagule activation and host penetration. The
exponential development phase extended from 2
to 5-7 months. This stage, when the infection
was predominantly of the arbuscular type, corres-
ponded to a generalization of colonization, devel-

opment of hyphae from the entrance points and
the massive formation of arbuscules, as a site of
plant-fungus metabolite interchange. After 5-7
months, infection seemed to stabilize and this
constant phase, when there was a decrease in
the percentage of roots exclusively colonized by
arbuscules and an increase in the percentage of
vesicles, corresponded to the formation of vesi-
cles as a reserve structure for the fungus (Bon-
fante-Fasolo, 1984). This prior formation of ar-
buscules and the subsequent development of
vesicles at a later stage is a characteristic of AM
infection (Dodd and Jeffries, 1986; Douds and
Chaney, 1986).

It is also of note that the percentages of col-
onization in these nursery conditions with unster-
ilized soil were higher than when AM fungi were
used in sterilized soils. It is possible that a mixed
infection caused by several fungi more effective-
ly colonizes the root system than the isolated
AM fungi used in our experiments. Moreover,
soil sterilization could affect some edaphic char-
acteristics or release certain nutrients, and this
effect could alter the penetration mechanism
and colonization of the root systems by the fun-
gus, as Habte and Aziz (1985) hypothesized.
Soil sterilization eliminates the microorganisms
and therefore their possible effect on improving
mycorrhizal establishment (Azcón-Aguilar and
Barea, 1985). Another possibility is that a better
edaphic adaptation of natural fungi present in

soil could lead to faster and more efficient root
colonization (Sainz and Arines, 1988).



It has been shown in this work that AM were
efficient in promoting plant growth of T articulata
seedlings, but this stimulation varied depending
on the fertility level in the soil. The highest bene-
ficial mycorrhizal effect was obtained at low P

levels, in accordance with reports on other plant
species (Hayman, 1983; Smith and Gianinazzi-
Pearson, 1988). P fertilization also influenced

endophyte development in the root, but mycor-
rhizal colonization was not totally eliminated
even by the highest doses of P fertilization used.
The general pattern that colonization decreases
with increasing fertilization (Thomson et al, 1986;
Waterer and Coltman, 1988; Hetrick et al, 1990)
could be related to the inhibitory effect of high P

content in the plant on mycorrhizal colonization
(Cooper, 1984) or even to the nutritional status of
roots (Koide and Li, 1990). The addition of P had
little effect on plant growth of non-mycorrhized
seedlings when compared with the effect ob-
tained by mycorrhizal inoculation; thus, AM fungi
inoculation seems to be essential for good
growth of this plant.

Different AM fungi isolates may confer very
variable benefits on the same host plant (Barea,
1991). Under the experimental conditions de-

scribed, 2 autochthonous strains, G mosseae
and Glomus sp GPR31 were the most efficient in

promoting both plant growth and P uptake in T
articulata. Mycorrhizal colonization by the fungi



used in our experiments was always < 32%. This
confirms data already reported (Hayman and Ta-
vares, 1985; Aziz and Habte, 1990), where it was
shown that even with low percentages of coloni-
zation, AM fungi could significantly improve plant
growth.
The data presented here show that T articulata

could be considered a mycorrhiza-dependent
species. Thus an adequate selection and manip-
ulation of AM fungi seems to be decisive in in-

creasing plant growth of this member of the Cu-
pressaceae in nurseries.
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