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Summary &mdash; Microplants of 2 apple rootstocks (M9, M26) and one cultivar (Golden) were inoculated with VAM fungi
during a very early weaning stage of acclimatization following micropropagation and supplied with nutrient solution at
different P concentrations. Phosphate fertilization containing a high level of P (40 ppm) had no effect on the growth re-
sponse of mycorrhizal apple plants. At the lower levels of 8 and 4 ppm P mycorrhizal plants maintained the same
growth rate as with 40 ppm P. Phosphate fertilization had no influence on endomycorrhizal infection. No difference
was observed in the mineral contents of mycorrhizal and nonmycorrhizal plants, or between plants receiving different
levels of P. At the lower fertilization rates of P, endomycorrhizal infection not only improved growth but also homoge-
neity of Golden and M26 plants.
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Résumé &mdash; Influence de la fertilisation phosphatée sur la croissance et le statut nutritif de pommiers micro-
propagés infectés par des champignons endomycorhiziens pendant la période de sevrage. Des microplantes
de 2 porte-greffes de pommier (M9, M26) et d’un cultivar (Golden) ont été inoculés avec des champignons VAM pen-
dant une phase très précoce de l’acclimatation, après la micropropagation, et ont reçu des solutions nutritives com-
prenant des doses variables de P. La fertilisation phosphatée à un niveau élevé de P (40 ppm) n’a pas eu d’effet sur
la réponse de croissance de plantes de pommiers mycorhizées. A des niveaux plus faibles de 8 et 4 ppm (P) les
plantes mycorhizées ont la même vitesse de croissance que celles recevant 40 ppm de P. La fertilisation phosphatée
n’a pas eu d’influence sur l’infection mycorhizienne. On n’a observé aucune différence entre la composition minérale
des plantes mycorhizées et celle des plantes qui ne l’étaient pas, ni entre celles de plantes ayant reçu différentes
doses de P. Aux bas niveaux de fertilisation phosphatée, l’infection mycorhizienne a amélioré non seulement la crois-
sance, mais aussi l’homogénéité de Golden et de M26.
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INTRODUCTION

Micropropagated fruit trees are strongly de-

pendent on the presence of endomycorrhizal
fungi for growth ; the technique of in vitro

propagation, where plants are grown in sterile
media and then transplanted into artificial
substrata lacking VA fungi, strongly reduces or
does not allow the formation of mycorrhizae. In-
oculation with VA fungi appears to play a
key role in the survival and growth of micro-

plants, as has been observed in grapevine
(Schubert et al, 1987, 1988, 1990), apple and
pear (Granger et al, 1983; Branzanti et al, 1989).
Previous studies on grapevine (Ravolanirina et
al, 1989b) have shown that post vitro inocula-

tion during an early stage of acclimatization is

more efficient for plant development than in vitro
inoculation. Furthermore, potting mixes used in

horticultural systems can affect the response of
plants to mycorrhizal infection (Branzanti et al,
1991).
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The effect of endomycorrhization on fruit

crops in different horticultural substrata (Bran-
zanti et al, 1991) has shown that mixes contain-
ing soil and peat with either vermiculite or perlite
give best results for the growth of inoculated

plants. Addition of P fertilizer to the soil can re-
duce or increase the growth of mycorrhizal
plants depending on endophyte species (Schu-
bert et al, 1990). In this study we have compared
the effect of phosphate fertilization on the growth
response and nutritional status induced by my-
corrhizal inoculation in micropropagated apple
plants.

MATERIALS AND METHODS

Microplants of 2 apple rootstocks (M9, M26) and 1 cul-
tivar (Golden) were inoculated or not with endomycor-
rhizal fungi (Glomus fasciculatum, G mosseae, G in-
traradices) during a very early weaning stage of

acclimatization following micropropagation, according
to the technique described by Ravolanirina et al

(1989a). After 2 wk, well-infected microplants were
transplanted into 400 g pots containing a clay-loam
soil-peat-gravel mix (2/1/1) and grown in a controlled
temperature (20-25 °C) greenhouse (April-July).
Plants received weekly 20 ml Long Ashton solution
containing 1 of 3 different levels of phosphate (40, 8

and 4 ppm P). After 12 wk growth the plants were har-
vested and the height, stem diameter, fresh shoot and
root mass were assessed. Shoot mineral contents (P,
K, Mg, Zn, Cu, Fe) were analysed. P was determined
colorimetrically by the phosphomolybdovanadate pro-
cedure after complete digestion in perchloric acid; K,
Mg, Zn, Cu and Fe were determined by atomic ab-
sorption spectrophotometry. Endomycorrhizal infection
was estimated after staining the roots with trypan blue
(Phillips and Hayman, 1970), as intensity (M%) of in-
fection, according to the method of Trouvelot et al

(1986). In each experiment, pots were randomized
and each of the treatments (40, 8 and 4 ppm P) con-
sisted of 6 replicate pots. All data were subjected to
analysis of variance; significant differences between
treatment means were separated by Newman-Keuls
test.

RESULTS

At the end of the experimental period, all inocu-
lated plants were mycorrhizal with fractional root
colonization ranging from 37-49%. Mycorrhizal
infection was not particularly affected by phos-
phate fertilization, although root colonization was
significantly higher in M9 plants receiving 4 ppm
than in those receiving 8 ppm P (table I), while
no significant difference was observed in Golden
and M26 plants at the same fertilization rate.



In M9 plants, growth was not affected by VAM
inoculation at the highest level of fertilization;
no difference was observed in terms of develop-
ment between inoculated and uninoculated M9

plants during the entire duration of the experi-
ment (table I). At the lower levels of phosphate
fertilization, M9 mycorrhizal plants were signifi-
cantly taller, had significantly larger stem diame-
ter, greater fresh mass and reduced root-shoot
ratio as compared to uninoculated controls; non-
mycorrhizal plants did not grow or grew poorly. A
similar pattern was observed in Golden and M26
plants receiving phosphate fertilization rates of 8
and 4 ppm respectively. These showed signifi-
cantly increased shoot height, stem diameter and
root fresh weight, while nonmycorrhizal plants
grew 2-5-fold less. The growth difference be-

tween mycorrhizal and nonmycorrhizal plants
was first observed visually 4 wk after inoculation
and lasted up to the end of the experiment.

Endomycorrhizal infection affected the homo-
geneity of inoculated plants. As reported in table
II, the values of variation coefficients for mycor-
rhizal plants were generally lower than those in

nonmycorrhizal plants at the intermediate and
lowest levels of P (8 and 4 ppm) for Golden,
M26, and M9. At the highest phosphate fertiliza-
tion, mycorrhizal inoculation had no influence on
the homogeneity of M9 plants (table II).

Phosphate fertilization did not affect the miner-
al content of mycorrhizal and nonmycorrhizal
plants (table III). No difference was observed in

leaf concentrations of P, K, Mg, Fe, Zn, or Cu be-
tween plants inoculated with mycorrhizal fungi or
receiving different rates of P.

DISCUSSION AND CONCLUSION

These results confirm previous observations that
phosphate fertilization at high levels has no ef-
fect on the growth of mycorrhizal micropropagat-
ed apple but eliminates the mycorrhizal respon-
ses by enhancing the growth of uninoculated

plants (Branzanti et al, 1989). In this experiment
nonmycorrhizal plants supplied with a nutrient

solution containing 40 ppm P grew as well as in-



oculated plants. Mycorrhizal plants grew equally
well at the lower levels of 8 and 4 ppm P and
maintained the same production as with 40 ppm
P, whilst nonmycorrhizal plants grew very poorly
(2-5-fold less).

Endomycorrhizal infection was also unaffected
by phosphate fertilization. This does not agree
with results obtained by other authors who report
that phosphate applications markedly influence
endophyte development in the host plant
(Mosse, 1973; Menge et al, 1978). Planchette et
al (1983a) observed that increasing P fertilizer
levels reduced endomycorrhizal infection in ap-
ple trees, but this value was not always maxi-
mum for the lowest P level. Endomycorrhizal
root colonization is affected by the host-fungus
combination; the results reported here confirm
these observations. At the lower rates of P fertili-
zation, statistically significant different levels of
root infection were observed depending on the
host plant-endophyte combination. Several
workers have reported a higher tissue concentra-
tion of P and other nutrients in mycorrhizal plants
(Hayman and Mosse, 1971; Ross, 1971; Powell
and Daniel, 1978; Lambert et al, 1979). Plan-
chette et al (1983b) observed that enhancement
of mineral content in inoculated apple plants
occurs only at the lowest P level. In our experi-
ment mycorrhizal inoculation and phosphate fer-
tilization, on the contrary, had no effect on leaf
mineral contents. This suggests that neither

growth stimulation of mycorrhizal plants nor that
of plants receiving different levels of phosphate
may be explained by higher mineral concentra-
tions in foliar tissues. Interestingly, endomycor-
rhizal inoculation did have a positive influence on
the homogeneity of micropropagated apple
plants at lower levels of P fertilization.

In conclusion, these results clearly show that
early endomycorrhizal inoculation ensures maxi-
mum growth of apple microplants after outplant-
ing, even under conditions of phosphate stress,
and has positive effects on the uniformity of

plants produced in vitro. This biotechnology
therefore appears to be of potential interest in

guaranteeing an optimum production of micro-
propagated fruit trees during the nursery stage.
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