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Summary Prunus dulcis (Miller), a tree which is able to develop in low fertility soils, forms VA 
mycorrhiza. Under glasshouse conditions the growth and P concentration in the leaf tissue of non- 
mycorrhizal plants, given a customary agronomic dose of P-fertilizer, were lower than those of 
m ycorrhizal plants. The 'relative mycorrhizal dependency'14 values of the almond tree were higher 
when a mixture of locally isolated (mainly Glomus fasciculatus) was used as inoculum. These 
indigenous endophytes were more tolerant of added fertilizers than Glomus mosseae taken from the 
pot-culture collection. 

The amount of VA infection and the number of Endogonaceae spores in the rhizosphere of almond 
trees growing in the field steadily increase from winter (the flowering season of this crop) until summer 
or early autumn. 

Introduction 

Most plant species growing under natural or agricultural conditions form 
mycorrhizal associations and it is now well established that these symbioses 
between soil fungi and plant roots play a key role in plant ecology and plant 
productivity T,16,23. Whereas the majority of herbaceous plant usually need 
mycorrhiza for suitable development, it seems that most woody plants, which are 
strongly mycotrophic, require mycorrhiza to survive (see 13 for references). 

Vesicular-arbuscular mycorrhiza (VAM) is the commonest type of 
mycorrhizal association since they are formed by about four-fifths of all 
terrestrial plant, mainly herbaceous, although they have been also found on the 
roots of some trees 4'z2. However, as far as we know the almond, Prunus dulcis 
(Miller) Webb formerly Amigdalus communis (L) Miller (Flora Europea), has not 
been described before. Almond tree grows, either native or cultivated, in several 
region all over the world and the importance of this crop is increasing ~ 2 as they 
are able to grow in low fertility soils. 

The primary objective of this study was to establish whether almond trees are 
able to form VAM and, as this was found, we then tried to determine their degree 
of dependence on mycorrhiza, as influenced by the species of VA fungi inoculate 
and the level of soil phosphate 4. 

A peculiarity of almond trees is that flowering takes place in winter (January), 
before leaf and fruit formation. In view of this, a secundary objective was to 
examine its possible influence on seasonal changes of VAM and to compare this 
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with known typical fluctuations described for other plants 6' 19. Hence this paper 
also reports on a survey of Endogonaceae spores and VAM at different times of 
the year in field plots. 

Material and methods 

Survey of  Endogonaceae spore population and VAM infield plots 

Almond tree rhizosphere samples were collected in the early January, April, July and October 1980, 
and January 1981 from three plots where the trees had long been established. Replicate samples, each 
consisting of several subsamples, were taken at random from the top 20 cm of soil. The samples 
contained roots and soil. After thorough mixing, the samples were wet-sieved to separate roots 
(700 gm sieve) and sporocarps and spores of VAM fungi {250 and 100 gm sieves) ~~ Feeder rootlets 
were cut into 1 cm segments, cleared and stained 2~ and more than 50 segments per sample were 
microscopically examined for VAM. The fractions retained on the 100 and 250 gm mesh were 
resuspended in water, spread on a counting dish, and apparently viable sporocarps and spores 
counted and identified by their morphological similarity to known species 5,17 

Soil 

This was a silty loam, pH (water) 7.4, collected from field plots where almond is cultivated at the 
province of Granada, Spain. It contained 10 ppm P (Olsen analysis) l 8, 1148 ppm total N, 251 ppm 
total K, 35,7~o CaCO3 equiv, and 1.81% organic matter. 

The soil was steam-sterilized at 100~ for 1 h for 3 days to destroy indigenous endophytes, and then 
inoculated with leachings from sievings of the same soil to restore its microbiota, except for 
Endogonaceae propagules. The soil was diluted with sterile nutrient-free sand in the ratio 3 : 1 (v/v). 

Plants and growth conditions 

Seeds of Prunus dulcis Miller, cv Amara, a common rootstock in this region, were germinated in 
moistened autoclaved sand. After 5 weeks, the seedlings were selected for uniformity and transplanted 
into pots contaiping 1 kg of the sand-soil mixture and given different phosphate additions. At 
transplanting the seedlings received a mycorrhizal inoculum, corresponding to the particular 
treatment and were grown singly for 5 months in a glass-house at 19-25'~C, watered from below and 
fed with Long Ashton nutrient solution 1 ~ (10 ml every fortnight without phosphate). 

Treatments 
Three mycorrhizal (including an inoculated control) and three phosphate treatments in a 3 x 3 

factorial desing were applied with five replicates in each case. 
The mycorrhiza were a yellow vacuolate spore type ~7, probably Glomus mosseae (from the 

collection of Rothamsted U.K.), a mixture of native endophytes consisting of Glomus spp. and 
unidentified (see Table 2). About 50 spores of the particular inoculum were placed in the planting hole. 
Uninoculated control seedlings received leachings from sievings of the mycorrhizal inocula. 

The 3 P levels were equivalent to 0, 75 and 150 kg P/ha and applied as K2HPO,~. 

Measurements 
At harvest, dry weights of roots and shoots were recorded and leaves analysed for N, P and K. 

Relative mycorrhizal dependency was calculated as defined by Menge et al. 14. ~ s ('ratio of the weights 
of mycorrhizal plants to the weights of non-mycorrhizal plants'). Mycorrhizal infection was estimated 
by examining microscopically stained samples 2~ of more than 100 feeder rootlets per pot. 
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Results 

Almond trees are able to form VAM. These were found either in plants 
naturally growing in the field or artificially inoculated in pots. 

The dry weight of mycorrhizal plants was significantly greater than that on 
non-mycorrhizal controls at each level of soil P (Table l). In fact, mycorrhizal 
plants which received no P fertilizer were heavier than non-mycorrhizal seedlings 
an equivalent of 150 kg P/ha. The relative mycorrhizal dependency was affected 
by the mycorrhizal inoculum type, but not by the amount of phosphate applied 
to the soil. The root : shoot ratio is lowered by increasing phosphate supply, by 
the VAM endophytes and even more by the interactions between these 
treatments. In the case of Glomus mosseae, mycorrhizal infection tended to 
decline with increasing addition of phosphate, but this was not found for native 
endophytes. 

Table 1 also records the effect of mycorrhizal inoculation and phosphate 
addition on the concentration of N, P and K in leaf tissue. The effect on P uptake 
by the plants, as indicated by the present P in the leaves is noteworthy. 

Data from the survey experiment (Fig. 1) show that the amount of VAM 
infection increases during winter and spring, rises steadily until summer (July) 

70- 

60" 

50- 
0~ 

"o 

vl 
v 40- 

3O 

-~ 20  

10. 

W i n t e r  S p r i n g  

1 
S u m m e r  A u t u m n  W i n t e r  

"400 

.350 

-300 
o 

'250 ~ 

'200 

"150 

. I00 
E 
D 

Z 

"50 

Sampl ing t ime ( s e a s o n )  

Fig. 1. Seasonal change in VAM-frequency and spore numbers  of VAM fungi of almond trees. The 
confidence limit (5%) of each value is shown. 
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Table 2. Population of Endogonaceae spores in the rhizosphere soil of almond trees growing in the 
field, as influenced by season 

Endogonaceae Spore number per 100g dry soil (• C.L.)* 
species 

January April July October January 

G. mosseae 5 •  4 •  3 8 + 6  56•  6 5 •  1 

G. macrocarpus, 

var. geospora 12 • 3 19 • 2 15 • 3 85 • 19 14 • 1 

G.fasciculatus 30 • 4 49 • 5 88 • 9 185 • 28 28 • 6 

Unidentified 10 • 3 10 + 4 22 • 2 24 • 6 8 • 2 

* C.L. = Confidence limit at 5% level of significance. Numbers rounded offafter statistical analysis. 

and then begins to decrease. The number of Endogonaceae spores steadily 
increased from January onward to a peak in autumn. Table 2 gives the numbers 
of each Endogonaceae species in the mycorrhizal population in the rhizosphere 
of the almond tree. Three species of Endogonaceae were identified and Glomus 
fasciculatus was the most common. 

Discussion 

Mycorrhizal fungi inoculated into the rhizosphere of almond tree seedlings in 
pots stimulated growth and nutrition. Concentrations of P in the leaf tissue of 
non-mycorrhizal plants were relatively low, even when seedlings were given a 
customary agronomic dose of P fertilizer. Obviously, VAM enhance the ability of 
almond trees to absorb P, indicating that this plant, like many other trees 13, is to 
some extent, dependent on mycorrhiza for suitable growth. 

Mycorrhizal activity, also phosphate addition, are known to influence the 
distribution of dry matter between root and shoot 22, and in agreement, both 
factors lowered the root:shoot ratio (R/S) in almond tree seedlings. However, 
non-mycorrhizal plants which had been given a customary agronomic dose of 
soluble P, had a higher R/S ratio than mycorrhizal seedlings without added 
phosphate. 

The relative mycorrhizal dependency of a given host plant usually decreases as 
fertilization levels increase 1'15. In the present experiment, the degree of 
mycorrhizal dependence of almond tree seedlings, which received a complete and 
balanced mineral fertilization 1 ~ (minus P), appears to be less influenced by the 
addition of increasing amounts of phosphate (the limiting nutrient) than by the 
species of mycorrhizal endophyte. 
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Nat ive  V A M  fungi, seem to be more  to lerant  of a d d e d  fertilizers than  Glomus  

mosseae ,  cont ras t ing  with most  o ther  observa t ions  2'3. P robab ly ,  indigenous  

endophy tes  isolated from a lmond  tree rhizospheres  are not  only  adap ted  to the 

host  but  also to the superphospha te  appl ica t ions  that  the field plots  had  received 

in the past.  The compat ib i l i ty  of mycor rh iza l  inocula t ion  with the add i t i on  of 

cer ta in  doses of phospha te  fertilizers, as has been found in some previous  

cases 3, o, Z 1, is of no tewor thy  pract ical  significance. 

The  a m o u n t  of VA mycor rh iza l  infection in a lmond  tree roots ,  and  the 

abundance  of Endogonaceae  spores  in the rh izosphere  soil of p lants  growing in 

the field were clearly influenced by season. As previously  found in other  

s i tua t ions  6'~9, mycor rh iza l  infection increased dur ing  the growing season. 

Usual ly ,  the p r o p o r t i o n  of mycor rh iza l  to non-mycor rh iza l  roots  in c rop  plants  

remain  cons tan t  dur ing  flowering and  fruit fo rmat ion  when pho tosyn tha te s  are 

d iver ted  to such energy-consuming  processes. In the a lmond  tree however,  the 

percentage  V A M  increased dur ing  fruit format ion,  p r o b a b l y  because this process 

is suppo r t ed  by energy subst ra tes  accumula ted  in the preceding growing 

season ~2. Hence,  the mycor rh iza l  fungus could  still be suppl ied with 

pho to syn tha t e  dur ing  the per iod  of fruit fo rmat ion  and in this way help the p lant  

at  such a stage when it has a high d e m a n d  for minera l  nutrients.  
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