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Summary

EL-SHANSHOURY A. R., HASSAN M. A. & ABDEL-GHAFFAR B. A. 1989. Synergistic

effect of vascular-arbuscular mycorrhizas and Azotobacter chroococcum on the
growth and the nutrient contents of tomato plants. — Phyton (Austria) 29 (2):
203-212, with 3 figures. - English with German summary.

Tomato plants (Lycopersicon esculentum MILL. CV. Luxor) were grown in
sterilized sandy soil, low in plant-available N and P. The soil was inoculated or
uninoculated with a vesicular arbuscular mycorrhizal fungus Glomus fasciculatum,
Azotobacter chroococcum, or both the two tested organisms together. Inoculation of
tomato with A. chroococcum enhanced root infection with G. fasciculatum, stimu-
lated the plant growth and resulted in increased shoot-N, -Ca, -Mg and -K compared
to the other treatments and root-N, -P, -Na, -Ca and -Fe compared to uninoculated
plants. Inoculation with G. fasciculatum recorded the highest levels of P in both roots
and shoots, and resulted in increased root-Na, -K, -Ca, -Mg and -Fe. A. chroococcum
displayed a synergistic effect with G. fasciculatum in tomato by enhancing mycorrhi-
zal infection, the plant growth and the levels of N and P.
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Zusammenfassung

EL-SHANSHOURY A. R, HASSAN M. A. & ABDEL-GHAFFAR. B. A. 1989. Synergisti-

sche Wirkung von vascular-arbuscularer Mycorrhiza und Azotobacter chroococcum
auf Wachstum und Nährstoffgehalt von Tomatenpflanzen. - Phyton (Austria) 29 (2):
203-212, mit 3 Figuren. - Englisch mit deutscher Zusammenfassung.

Tomatenpflanzen (Lycopersicon esculentum MILL. CV. Luxor) wurden in sterili-
sierter, sandiger, an pflanzenverfügbarem N und P armer Erde kultiviert. Die Erde
wurde mit dem vesicular-arbuscularen Mycorrhizapilz Glomus fasciculatum, mit
Azotobacter chroococcum oder mit beiden beimpft, Kontrollen blieben ungeimpft.
Impfung mit A. chroococcum stimulierte das Wachstum der Pflanzen und erhöhte im
Vergleich mit den übrigen Ansätzen den Gehalt der Sprosse an N, Ca, Mg und K, im
Vergleich zu den ungeimpften Pflanzen war der Gehalt der Wurzeln an N, P, Na, Ca
und Fe erhöht. Impfung mit G. fasciculatum führte zu den höchsten P-Gehalten in
Sproß und Wurzel und erhöhte in den Wurzeln den Gehalt an Na, K, Ca, Mg und Fe.
A. chroococcum wirkt mit G. fasciculatum hinsichtlich der Erhöhung der Infektion
mit dem Mycorrhizapilz, des Wachstums der Pflanze und ihrer N- und P-Gehalte
synergistisch.

Introduction

Microorganisms in the rhizosphere can increase or decrease the absorp-
tion of inorganic nutrient by plant roots and these appear to be significant
interactions that occur between these organisms under certain conditions.
Changes in the rhizosphere might affect the rhizosphere microflora and in
turn, plant growth (BAGYARAJ & MENGE 1978). It has been clearly shown
that vesicular arbuscular (VA) mycorrhiza can improve plant growth
through increased uptake of phosphorus, especially in low fertility soils
(DAFT & NICOLSON 1966, MOSSE & al. 1973, GERDEMANN 1975).

Azotobacter chroococcum is known to improve plant growth through
nitrogen fixation or through production of plant growth regulators (AZCON
& al. 1973, BAREA & BROWN 1974, AZCON & BAREA 1975, EL-SHANSHOURY

1979, EL-SHOURBAGY & al. 1979).

The synergistic effect on plant growth following inoculation with VA
mycorrhizal fungi and phosphate solublizing bacteria has been recorded by
BAREA & al. 1975, they concluded that the synergistic effect might be due to
plant growth substances produced by the bacteria rather than the soluble
phosphate ion released.

Information on the interaction between Azotobacter and VA mycor-
rhizae is lacking. However, BAGYARAJ & MENGE 1978 recorded a synergistic
interaction between Azotobacter and VA mycorrhizae on enhancing dry
weight of tomato plants.

This paper presents results of a study conducted to determine the effect
of interaction between Azotobacter chroococcum and Glomus fasciculatum
on the growth response, mineral content and mycorrhizal infection levels in
tomato plant (Lycopersicon esculentum MILL.).
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Mater ia ls and Methods

Tomato (Lycopersicon esculentum MILL., CV. Luxor) seeds (30 mg) were surface
sterilized by 1% sodium hypochlorite and planted as described in PACOVSKY & al.
1986. One week-old seedlings were transplanted to 12-cm pots containing 2 kg steam
sterilized soil. The pots were kept in a glasshouse with a temperature range of
23-33°C. Four groups of pots were established: the first one was inoculated with
Azotobacter chroococcum, the second was inoculated with VA mycorrhizal fungus
Glomus fasciculatum, the third was inoculated with the two tested organisms
together and the last one remained without any inoculation (control). All treatments
received 150 ml of N- and P-free nutrient solution (modified from Hewitt nutrient
solution) once weekly. Each pot was watered to field capacity every second day. When
the plants were 30 days old, all were fertilized with a single dose of 7.3 mg KH2PO4

per pot.
To inoculate tomato seedlings with the test organisms, the following procedure

was employed: A. chroococcum was grown on solid nitrogen free medium modified by
EL-SHANSHOURY 1979 which composed of (g/1) sucrose 30.0, K2HPO4 0.16, NaCl 0.2,
MgSO4.7 H2O 0.2, CaCO3 2.0, Fe2(SO4)3 0.005, NaMoO4.2 H2O 0.005, NaBO4 0.005,
tryptophan 10 mg, and agar 20; pH 7.O. Seven-day-old culture of Azotobacter was
scraped into sterile saline to give a suspension containing 2xlO9 cells/ml. 3 ml of this
suspension were added to the root region at the time of transplanting.

Plants that received the VA mycorrhizal fungus G. fasciculatum (THAXTER sensu
GERD) GERD & TRAPPE were inoculated with 3 ml containing between 200 and 250
fungal spores. This inoculum was collected from the rhizosphere of Zea mays pot
culture as described by BAGYARAJ & MENGE 1978. Control was made by adding 3 ml
sterile distilled water around the roots.

Plants were harvested 16-weeks after transplanting. The mycorrhizal status of
the roots were assessed according to the method described by PHILIPS & HAYMAN 1970.
The growth terms of root depth, shoot height, fresh and dry weigths of root and shoot
were recorded. Root/shoot ratios of fresh and dry weigths were computed. Nutrients
of dry root and shoot systems were determined according to ALLEN & al. 1974.
Mineral elements (Na, K, Ca, Mg and Fe) were determined by the acid digestion
method using Shimadzu Atomic Absorption Flame Spectrophotometer (Modell AA-
640-12). Phosphorus contents were estimated by the Molybdenum Blue method using
Novaspec spectrophotometer. The micro-Kjeldahl method was used to determine
total nitrogen.

Data were computed statistically to find out any significant difference between
the treatments. For this prupose, the one-way analysis of variance "t-test" and
confidence limits at 5 % level of significance were carried out according to STEEL &
TORRIE 1980.

Results and Discussion

1. Effect of inoculation upon plant growth

As shown in Table 1, the plants inoculated with both Azotobacter and
Glomus fasciculatum together recorded a higher percentages of mycorrhizal
infection than those inoculated singly with G. fasciculatum (P = 0.05). This
observation was in agreement with BAGYRAJ & MENGE 1978 who indicated
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Table 1.

The percentage of mycorrhizal infection of 16-weeks old tomato plant.

Inoculation % Root infection

Control 0
Azotobacter 0
Glomus 38+ (P = 0.05)
Azotobacter + Glomus 79+ + (P = 0.01)

that A. chroococcum enhanced infection and spore production by the
mycorrhizal fungus. Similar interactions have also been observed between
A. paspali and VAM fungi in Paspalum (BAREA & al. 1973) and between
A. chroococcum and G. fasciculatum in tall fescue (Festuca arundinacea)
(Ho & TRAPPE 1980).

The inoculation with Azotobacter alone significantly increased the root
depth, shoot height, fresh and dry weights of roots and shoots (P = 0.05) and
root/shoot of fresh and dry weights (Figure 1). The beneficial effect of
Azotobacter on tomato plants might be due to nitrogen fixation and secre-
tion of a high quantity of plant growth regulators (AZCON & BAREA 1975,
EL-SHOURBAGY & al. 1979, EL-SHANSHOURY 1979). Plants inoculated with
either a combination of Azotobacter + Glomus or Glomus alone resulted in
an increase of the shoot mean growth, but they reduced the root mean
growth, therefore the root/shoot ratios of the fresh weight (R/S)f and dry
weight (R/S)d were reduced. There is much evidence in the literature that
the presence of mycorrhizae decrease the root/shoot ratio by increasing the
aboveground production and possibly by reducing the need for below-
ground production in agreement with our finding. However, CRUSH 1974,
DAFT & EL-GAIAHMI 1974, 1975, ASIMI & al. 1980 and REDENTE & REEVES

1981 reported a reduction of root/shoot ratios when Glomus was present, as
compared with ft/iizo bmm-inoculated plants. HALL & al. 1984 reported a
reduction of root/shoot ratios of Lolium mycorrhizal pots.

2. Nitrogen and phosphorus content

The data represented in Figure 2 confirmed the previous observations,
where the inoculation of tomato plants with both Glomus and Azotobacter
either individually or in combination, significantly increased nitrogen and
phosphorus concentrations in the root, shoot and whole plant. This increase
may be attributed to N-fixation or glutamate synthetase activity (AZCON &
BAREA 1975, SMITH & al. 1985).

Nitrogen levels in root materials and whole plant recorded the highest
value in Glomus + Azoiobacter-inoculated plants. Single inoculation with
either Glomus or Azotobacter increased root- and whole plant-N content
more than uninoculated control plants, but less than the dual inoculation
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Fig. 1. Growth response of tomato inoculated with Azotobacter chroococcum (A),
Glomus fasciculatum (G) and Azotobacter + Glomus (A+G). C = uninoculated

control.

with both organisms together. This indicate that there is a synergistic or
additive beneficial effect of the two organisms on tomato plant. In this
connection, BAGYARAJ & MENGE 1978 and REDENTE & REEVES 1981 recorded
a synergistic effect of mycorrhizal fungi Glomus fasciculatum and a nitro-
gen fixing (Azotobacter or Rhizobium) with respect to nitrogen fixation
rates of tomato and sweetvetch.

The response of inoculated plants to the accumulating P is also recor-
ded in Figure 2. Plants inoculated with either Glomus alone or in a combi-
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Fig. 2. N— and P contents and N/P ratio of tomato plants as influenced by inoculation
with Azotobacter chroococcum (A), Glomus fasciculatum (G) and Azotobacter +

Glomus (A+G). C = uninoculated control.

nation with Azotobacter resulted in the highest P levels. The explanation for
the increased P-uptake following VA mycorrhiza inoculation probably is
that P is absorbed in VA mycorrhizal hyphae and transported across roots to
plants shoots. These results are supported and confirmed by the findings
reported by HATTINGH & al. 1973, PEARSON & TINKER 1975, RHODES and
GERDEMANN 1978, REDENTE and REEVES 1981 and BLOSS & PFEIFFER 1983.

As a general, the presence of Azotobacter increased N content rather
than P, on the contrary the inoculation with mycorrhizal fungi increased P
content rather than N. So, the N/P ratios increased in Azoiobacter-inocula-
ted plants but decreased with Glomus. Dual inoculation increased N/P ratio
in the root material and they had no influence on shoot-N/P ratio (Figure 2).
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These results agree with the findings reported by AZCON-AGUILAR & BAREA

1981, POWELL 1981, ABBOUT & ROBSON 1982 and HALL & al. 1984.

3. Other nutrient contents

The results (Figure 3) showed that the inoculation of tomato plant with
Azotobacter or Glomus either individually or in combination increased the
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Fig. 3. Concentration of Na, K, Ca, Mg and Fe in tomato plants as influenced by
inoculation with Azotobacter chroococcum (A), Glomus fasciculatum (G) and Azoto-

bacter + Glomus (A+G). C = uninoculated control.
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nutrient content (Na, K, Ca, Mg and Fe) in the root, shoot and whole plant
materials. Plants infected with Glomus had the highest levels of root-Na,
-K, -Ca, -Mg and -Fe; shoot-Na and -Fe and whole plant-Na, -Ca and -Fe;
whereas plants inoculated with Azotobacter had the highest levels of shoot-
K, -Ca and -Mg and whole plant contents of K and Mg. The accumulation of
these minerals may be attributed to secretion of growth regulators which
accelerate the uptake of these minerals in accordance with NICKELL 1982
who stated that uptake of K by wheat is accelerated by gibberellic acid.
Clear evidence for mycorrhizal involvement in uptake of nutrients other
than phosphate is scanty. BLOSS & PFEIFFER 1983 reported that inoculated
guayule with two Glomus species had greater concentrations of Ca, Mg, Mn
and Fe than did uninoculated plants. NIELSEN & JENSEN 1982 reported that
VAM inculation tended to increase Na- and K-uptake and decreased Ca-,
Mg- and Zn-concentrations in shoots. In our finding the presence of Glomus
depressed shoot-Mg concentration and the inoculation with Azotobacter in
the presence of Glomus depressed Mg concentrations in shoot and whole
plant. HALL & al. 1984 recorded that Glomus depressed Mg concentration of
rye grass.
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