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ABSTRACT

The influence of arbuscular mycorrhiza fungi inoculation on  growth
performance of Acacia saligna (A. saligna) was studied in 2 greenhouse pot
experiment at the Soil and Water Sciences Department, Faculty of Agriculture,
Alexandria University. Soil samples were collected from El-Amal vitlage, West Nubaria
region for isolaticn of arbuscular myeorrhiza fungi. The arbuscular mycorrhiza genera
found were Acaulospora, Gigaspora and Glomus, the amount of spores varied from
24-81 spores per 100 g of collected scils. The collected inocula were tested for their
effectiveness in sporuiation, it was found that Glomus produced the highest amount
{5759 spores per 1G0 g soil). Inoculation with arbuscular myccrrhiza significantly
improved the growth of A. saligna. Inoculation increased significantly plant biomass as
compared with the uninoculated control plants. Inoculating A. safigna with arbuscutar
mycorrhiza fungi resulted in a 86.13, 53.33 and 85.46% colonization for Acaulospora,
Gigaspora and Glumos, respectively. The difference between the root to shoot ratio of
inoculated and uningculated A. safigna was significant though the inoculated A.
saligna had a higher root to shoot ratio as compared to uninoculated plants.
Inoculation with arbu "cular mycorrhiza increased significantly plant tissue nitrogen,
phosphorus and potassium content. Protein perceniage on A. saligna seedlings was
high with Glomus (19.06%) and low with uninoculated treatment (12.43%). Alsg,
alkaline phosphatase activity in the rhizosphere increased with inoculation with the
three inccula and the-concentrations.of Fe, Zn, Mn. and. Cu were significantly
increased by inoculation than uninoculation ({control). Higher micronutrients
concentration mean values of A. salfigna were observed with inoculation by Glomus,
being 450.16, 105.42, 185.21 and 10.23 ug g dry weight for Fe, Zn, Mn and Cu,
respectively.
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INTRODUCTION

The genus Acacia includes about 1200 species of trees and shrubs
with a natural distribution in Australia, Asia, Africa and the Americas. Over
800 of these species are endemic to Australia. Few species are planted
extensively outside their natural range for timber, pulpwood, tannin, fuelwood
and erosion control. However, others are little known but have attributes that
they could be more widely utllized to improve the well-being of people in
developing countries.

Acacia “Acacia saligna” (synonym: A. cyanophylia) is a species of the
genus Acacia that belongs to the plant family Leguminosae. It is a common
tree being introduced along the north-western coast region of Egypt
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especially on sand dunes east and west Matrouh sectors (Aly and Hassan,
1993). It is used as windbreaks and for sand dune stabilization in Egyptian
desert (Abd EI-Rahman, 1967). it is characterized by tolerance to moderate
ability to grow on poor soils, ability to bind sand, high production of biomass,
high coppicing ability and high nutritive value for sheep and goat (El-Lakany,
1987). In a drip-irigated plantation of A. saligna, established at the
Experimental Station of the Desert Development Centre, the American
University of Cairo, biomass production per tree averaged 6.5 kg of foliage
and 7 kg of wood per annum during the first three years. A. safigna foliage
was composed of 50-55% dry matter, 12-16% crude protein, 20-24% crude
fiber, 6-9% crude fat and 10-12% ash (El-Lakany, 1987).

Mycorrhizas, symbiotic association between plant roots and
beneficial seil fungi, are formed by the vast majority of weody plants and they
function to enhance nutrient uptake particularly in infertile soils (Trappe,
1977). Many trees require mycorrhizas to survive and grow in natural forest
ecosystems. The productivity of trees in plantations can be increased by
inoculating seedlings in the nursery with selected mycorrhizal fungi (Garbaye
and LeTacon, 1886).

Arbuscular mycorrhizal (AM) fungi are cne of the most important
biofertilizers, hence these fungi link plant and soil, transport nutrients to the
plant roots and carbon compotnds to the soil and its biota. Arbuscular
mycorrhizal fungi may enhance plant growth by improving the supply of
nutrients of low mobility in soil by direct and indirect modifications in the
rhizosphere. The direct modification occurs by releasing hydrogen ions,
chelating compounds or phosphatase enzymes (Bolen, 1991} Gianinazzi-
Pearson and Gianinazzi (1978) stated that the maximum phosphatase activity
cccurred at the beginning of the infection (100% arbuscules) and declined
thereafter with the development of both onion plants and the AM infection.
They showed that the acid phosphatase was observed in the vacuolated,
immature terminal arbuscules while the alkaline phosphatase was localized
within the vacuoles of mature arbuscules and intercellular hyphae.

The objective of this study was to test the effect of arbuscular
mycorrhiza inoculation on growth, tissue nutrients concentration, protein
percentage and micronutrients concentration of A. saligna and activity of
alkaline phosphatase in the rhizosphere of 4. safigna seediings.

MATERIALS AND METHODS

A greenhouse pot experiment was conducted at the Scil and Water
Sciences Department, Faculty of Agriculture, Alexandria University. Surface
soil sample (0-20 c¢m) was collected from El-Amal Village, West Nubaria
region (46 km Alexandria-Cairo desert road and at 9 km east the road). The
main chemical and physical properties of this soil were measured as outlined
by Page et al.(1982) and the results chtained are given in Table (1). Sail was
autoclaved for three successive days at 121°C for one hour daily and then
distributed in black plastic pots at the rate of 6 kg pot ™.
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Nitrogen fertilizer as ammonium nitrate (33.5% N) was added at a
rate equivalent to 30 kg N fed™ and phosphorus fertitizer as mono-
superphosphate (15.5% P,0s) at the rate of 20 kg P,0s fed.” was applied for
2l pots.

Table {1): The main chemical and physical characteristics of the used

soil.
Characteristic Mean value
| pH* 82
EC” dsm™ 2.1
Total CaC0Q. % 23.8
QOrganic matter % 0.1
Available macronutrients:
Nitrogen mgkg” 492
Phosphorus mg kg™ 43
Potassium mgkg™ 18
Texture Sandy loam

* Measured in soil water past extract.

Tree piant

Acacia saligna seeds were obtained from the Nursery of Forestry and
Wood Technology, Agricultural Research Station, Faculty of Agriculture,
Alexandria University at Ahies, Alexandria.

Arhuscular mycorrhiza

Seventy four soit samples were collected from corn rhizosphere in El-
Amal village, West Nubaria region. Mycorrhizal spores used in this study
were ariginally extracted by a wetsieving and decanting technique
{Gerdmann and Nicolson, 1963) and sucrose centrifugation {Smith and
Skipper, 1979).

One hundred grams of soit were suspended in one Wer water by
gentie stirring. Heavier particles were atlowed to settle for a few seconds and
the liquid was decanted through a 450 micron sieve to remove the large
particles of organic matter and allow the spores to pass through. The
suspension was passed again through 100 micron sieve. The spores and
small size debris remained on 63 micron sieve were poured into centrifuge
tube containing water, centrifuged at 2000 rpm. The upper soiution was
poured, the debris at the bottom was added with 40% sucrose and
centrifuged for 2 minutes at 2000 rpm. The upper solution was separated and
examined by the microscope. The spores which were coliected and examined
under the microscope were stored for identification.

identification of arbuscular mycorrhiza

The identification of the obtained spores was carried out by following
the monograph and the manual of Gerdmann and Trappe (1974) and Trappe
and Schenck (1982} separate the spores into different genus by the spore
attachment, size and cofour. The classified spores were then multiplied in pot
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cultures with onion. Three strains of AM were selected to test for their
effectiveness on growth of A. saligna.

Seeds of A. saligna were immersed in sulphuric acid (99%) for 10
minutes then washed with distilled water several times unit! all traces of the
acid were removed. The seeds were soaked in water for two days and
germinated in mixture of 1:1 sand and vermicuiite culture (ratio on volume
basis) in greenhouse. Four weeks after germination, the plantiets were
transplanted for one seedling per pot and five replicates were used for each
treatment. For each AM fungus, inoculum consisted of a soil mixture
containing heavily colonized roots of onion, spores and mycelium. Un-
inoculated controls were included. The plants were irrigated when necessary
with tap water to keep the soil moisture at 60% of their water holding capacity
{26%) and were harvested 4 months after planting.

Sampling procedure

The plant roots were carefully washed from soil particles and
randomized small pieces, about 1 cm length of fresh roots was used for AM
infection percentage measurement using Giovannetti and Mosse (1980)
method. Clearing and staining method of Phillips and Hayman (1970} with
trypan blue stain was used for preparing root samples for microscopic
observations.

Fresh and dry (oven-dried at 75°C for 48 hrs) weights of plants were
recorded. Total nitrogén was measured by Kjeldahl method and protein
percentage was caiculated (Chapman ancd Pratt, 1961), phosphorus was
determined by the vanadomolybdate yellow method and potassium was
measured by flame photometry (Jakseon, 1958).

Micronutrients {(Fe, Cu, Zn and Mn) were also determined in the
oven-dried plant materials according to methods outlifed by Chapman and
Pratt (1961). ' - :

Plants were collected carefully with root zone, then the rhizosphere
soil samples were separated by gentle shaking for assay of alkaline
phosphatase activity using Eivazi and Tabatabia method (1977).

The data were statistically analyzed using ANOVA procedure and the
comparison means were tested using least significant differences analysis
{SAS, 1990).

RESULTS AND DISCUSSION

ldentification of arbuscuiar mycorrhiza and counting spores

Amounts of arbuscular mycorrhizal spores in collected and multiplied
samples are shown in Table {2). Three genera of arbuscular mycorrhizal;
Acauiospora, Gigaspora and Glomus were found. The highest amount of
spores found was 81 spores/100 g soil and the least was 24 spores/100 g
soil. The collected inocula were tested for their effectiveness in sporulation
and infectivity. It was found as shown in Table {2} that Glomus produced the
highest amount (5759 spores/100 g soil}) while Acaufospora and Gigaspora
produced lower amounts (2645 and 1600 spores/100 g soil, respectively).
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Table {2): Amounts of arbuscular mycorrhizal spores in collected and

multiplied samples.

Arbuscular Collected Multiplied
mycorrhizal Description sample spores | sample spores
inocula 100 g soil 1100 g soil

globose, hyaline, pale
Acauicspora | green, pitted-spore, 45 2645

surface 151x157 u

globose, hyaline,

Gigaspora white, pink, white, 24 1600
suspensor 233x236
globose, subglobose,
Glomus yellow brown, straight 81 5759
attachment 126x132 p

inoculation and Acacia saligna growth

The fresh and dry weights of root and shoot of A. saligna seedlings
inocufated with arbuscular mycorrhizal inocula are shown in Table (3). It is
clear that inoculating A. safigna with arbuscular mycorrhiza significantly
increased the fresh and dry weights of root and shoot The response of A.
saligna to mycorrhizal inoculation was found to depend upon the inoculum of
arbuscular mycorrhiza used. The growth of seedlings was greatest in the
Glomus inoculum and least in the Acaulospora inoculum. Inoculation
increased significantly plant biomass as compared with the uninoculated
control plants (Table 3). This observation was true for the three tested
inocula.

Inoculation of A. safigna with Glomus inoculum increased root fresh
and dry weights from 19.43t045.36 g piant” and from 3.75 to 4.64 g plant”,
respectively. The percentage increase of these parameters were less in
Acaulospora and Gigaspora inocula. Aiso, inoculating A. saligna with
arbuscular mycorrhizal fungi increased significantly the shoot fresh and dry
weights (Table 3). The shoot fresh welght increased from 33.29 to 51 80g
plant®, from 33.29 to 56.12 g plant’ and from 33.29 to 61.82 g plant™ with
GugaSpora Acaulospora and Glomus inocuia, respectively. Also the dry
weight of A. saligna shoot was higher with Glomus (13.79 g plant”) than the
other two inocula. At the end, the growth of inoculated A. saligna was highly
significant as compared to the uninoculated plants.

The significant plant biomass production by the inoculated plants
could be attributed to enhanced inorganic nutrition absorption and also to
greater rates of photosynthesis in inoculated plants (Allen et al., 1981).

Initial evidence of host specific colonization of A saligna was
provided by observation and examination of the morphological characteristics
of the arbuscular mycorrhizal fungi. Root colonization of A. saligna seedlings
showed abundant intraradicai hyphae, variously shaped vesicles, some
arbuscules and hyphal coils, Data in Table (3) show that the inoculating A.
saligna with arbuscular mycorrhiza fungi resulted 66.13, 53.33 and 85.46%
colonization for Acaulospora, Gigaspora and Glomus, respectively. There
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was no arbuscular mycarrhiza contamination as evident in the uninoculated
plants (control) which showed zero% colonization. It is obvious that
mycorrhiza colonization is normally attributed to the tree species and
environmental factors. Smith et al(1979) reported that the extent to which
typical vesicular arbuscular mycorrhiza fungi colonize root system varied with
plant species.

Table (3): Fresh and dry weight of root and shoot and root colonization
of Acacia saligna seedlings inoculated with arbuscular
orrhizal inocula.

Arbuscular Root waiq ht Shoot weight Root 5
mycorrhizal (g plant”) {g plant’) colonization |
| inocula | Fresh | Dry | Fresh | Dry (%) |
Uninoculated 19.43 375 33.29 10.73 -
Acaulospora 39.87 4.35 56.12 1257 66.13
Gigaspora 31.17 422 51.80 11.81 53.33 ;
Glomus 45.36 464 61.82 13.79 85.46 |
L.S.Dggs 224 0.29 7.96 162

Figure (1) shows the effect of inoculation with arbuscular mycorrhiza
strains on root to shoot ratio of A. saligna. The difference between the root to
shoot ratio of inoculated and uninoculated A. saligna was significant The
inoculated A. saligna had a higher root to shoot ratio as compared to
uninoculated plants. The data indicate that the highest root to shoot ratic was
obtained at inoculation with Glomus where these ratios were 0.58, 0.71, 0.60
and 0.73 for uninoculated, Acaulospora, Gigaspora and Glomus, respectively
(Figure 1). lt-was_ reported that the higher root to shoot ratio of the inoculation
plants could be attributed to the effect of mycorrhiza infection, which could
increased nutrients absorption, giving fise to a higher root and shoot biomass
increment {Clapperton and Reid, 1982). They also concluded that this high
rate was due to that arbuscular mycorrhizal plants are being able to
translocate more carbon to the roots than non-mycorrhiza plants.

1.0+
0.8
0.6
" ﬂ-.l-/
] /
=
= 0.2
0.0 r T T 1
Uninoculared Acarlospora Gigaspora Glomis

Figure (1): Effect of arbuscular mycorrhizal inocula on root/shoot ratio
of inoculated Acacia saligna seedlings.
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This point out that tree seediings, with higher root to shoot ratio, are able to
have a higher survival percentage when planted in the field.

Inoculation and plant tissue nutrients concentration

Table (4) shows that plant tissue nitrogen, phosphorus and
potassium concentrations were much higher in the inoculated plants than in
the uninoculated ones. Nitrogen, phosphorus and potassium concentrations
were 1.99, 0.12 and 1.42% in the uninoculated plants, respeclively. The
seedlings inoculated with Glomus contained higher nutrient concentrations
{3.05, 0.40 and 1.78% for nitrogen, phosphorus and potassium, respectively)
than with Acaulospora or Gigaspora (Table 4). Ames et al(1983) reported
that about 24% of the total nitrogen uptake in mycorrhizal plants could be
attributed to uptake and delivery by the external hyphae. This indicates that
nitrogen is taken up by vesicular arbuscular mycorrhiza hyphae from
inorganic sources of ammonium and, therefore, the higher nitrogen
concentration in mycorrhizal plants could be attributed to the hyphae uptake,
Michelsen and Rosendahl (1990} reported that mycorrhizal roots are able to
absorb several times more phosphate than uninoculated rocts from soils and
from solutions. Mycorrhizal roots are known to have not only a considerably
greater phosphate inflow rates, but also to possess a pathway of phosphate
uptake with a much higher affinity for phosphate than non-mycorrhizal roots.
This couid aiso expiain the higher potassium concentration in inoculated
plants. Li et a/.{1991) demonstrated that about 10% of the total potassiam
uptake in mycorrhizal coach grass was due to hyphal uptake and transport.

Table (4): Effect of arbuscular mycorrhizal inocula on nutrient
concentrations in Acacia saligha plants.

| Arbuscular mycorrhizal Nutrient concentrations (%) |
I - inocula - - | - - Nitrogen Phosphorus | Potassium '
- Uninoculated 1.99 0.12 142 |
! Acaulospora J 2.62 0.26 184 |
1 Gigaspora 2.25 0.18 153
% Glomus | 305 040 | 178 |
i L.S.Dors il 0.22 0.04 008 |

The response of A. saligna to mycorrhizal inocuiation was found to
depend upon the strain of arbuscular mycorrhiza used. Protein percentage of
A. saligna seedlings was higher in the Glomus (19.06%) than in the
uninoculated plant (12.43%). Inoculation increased significantly protein
percentage as compared with the uninoculated control plants (Figure 2). El-
Lakany (1987) reported that A saligna is characterized by ability to grow on
poor soils, high production of biomass, high coppicing ability and high
nutritive value for sheep and goat.
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Figure {2): Effect of arbuscular mycorrhizal inocula on protein content
{%) in inoculated Acacia saligna seedlings.

inoculation and alkaline phosphatase activity

Data presented in Table (5) show the effect of arbuscular mycorrhiza
on the activity of alkaline phosphatase in the rhizosphere of A. saligna plants.
It is clear that alkaline phosphatase activity high significantly increased with
inoculation with the three inocula. The alkaline phosphatase activity in
uninoculated plants was 1863 pg g' h” which is lower than that of
Gigaspora was 42.28 ug g h™'. The soil rhizosphere of the inoculated plants
with Acaulospora and Glomus had higher alkaline phosphatase activities.
This indicates that mycorrhizal plants tended to increase the activity of
alkaline - phosphatase in mycorrhizosphere. This also may result by
phosphatase excretion by mycorrhizal hyphae in mycorrhizosphere.

Table (5): Effect of arbuscular mycorrhizal- inocula on alkaline
phosphatase activity of inoculated Acacia saligna

rhizosphere. '
Arbuscular mycorrhizal inocula Aficaling phos FT atg.se methey
! (hgg h)

Uninoculated 18.63
Acaulospora 50.19
Gigaspora 4228
Glomus 65.40
L.5.Dgps 4.56

inoculation and micronutrients concentration in dry matter of plant
Table (6) indicated that the concentrations of Fe, Zn, Mn and Cu
were significantly increased by inoculation than uninoculation (control).
Results illustrated in Table (6) indicated that micronutrient concentrations in
the nonmycorrhizal plants were 296.34, 37.29, 96.33 and 6.21 pg g” dry
weight for Fe, Zn, Mn and Cu, respectively. Higher micronutrients
concentration mean values were observed with inoculation by Glomus, being
450.16, 105.42, 185.21 and 10.23 ug g dry weight for Fe, Zn, Mn and Cu,
respectively. Inoculation with Gigaspora recorded the lower mean values of
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micronutrients concentrations by A. saligna seedlings {Table 6). in this
connection, Gnekow and Marschner (1989) reported that vesicular arbuscular
mycorrhiza often enhances acquisition of phosphorus and micronutrients in
plants.

Table (6): Effect of arbuscular mycorrhizal inocula on micronutrient
concentrations (ug g' dry weight) of inoculated Acacia

saligna.

Arbuscular mycorrhizal inocula Fe Zn Mn Cu !
Uninoculated 296.34 37.29 96.33 | 6.21
Acaulospora 420.51 89.46 | 154.02 | 9.88

Gigaspora 32711 71.27 | 12052 | 693
Glomus 45016 | 10542 | 185.21 110.23
L.5.Dpps 82.29 6.02 13.94 | 0.56 |
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