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ABSTRACT

The objectives of this experiment were to investigate effects of inoculating of Two Bred Cultivars of
Tomato (Lycopersicon esculentum F1 Hybrid, Delba and Lycopersicon esculentum F1 Hybrid, Tivi ) roots with
plant growth-promoting rhizobacteria (PGPR) and Arbuscular Mycorrhiza Fungi (AMF) on  growth and element
content. PGPR treatments were inoculated with Pseudomonas putida,  Azotobacter chroococcum and the AMF
treatment was inoculated with Glomus mossea. genetic variability of genotypes was highly significant (P<0.01)
for all traits except for root dry weight/shoot dry weight. Azotobacter chrocoocum was more effective than
Pseudomonas putida to increase all traits' value except for shoot dry weight and K Content that they were
effective equally. Results showed that colonization of plant roots by fungus (M1) were significantly higher than
non mycorrhiza inoculated (M0) for all traits. The highest and lowest values of P contents were observed in
the Tivi F1 × (Pseudomonas + Azotobacter) × Mycorrhiza treatment and Delba F1 × non PGPR inoculated ×
non Mycorrhiza inoculated (9.19 and 7.17 mg g-1 dry matter, respectively)
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Introduction

The tomato is a savory, typically red, edible
fruit, as well as the plant (Solanum lycopersicum)
which bears it. Originating in South America, the
tomato was spread around the world following the
Spanish colonization of the Americas, and its many
varieties are now widely grown, often in greenhouses
in cooler climates.Tomato is one of the most
important grown vegetable crops which it,s  fruits are
rich source of vitamin, minerals , antioxidant activity,
lycopene and organic acids. Studies have shown that
high consumption of tomato is consistently correlated
with a reduced risk of some types of cancer [1] and
may account for a low incidence of ischemic heart
disease [2].

The rhizosphere is the zone of soil surrounding
a plant root where the biology and chemistry of the
soil are influenced by the root. This zone is about 1

mm wide, but has no distinct edge. Rather, it is an
area of intense biological and chemical activity
influenced by compounds exuded by the root, and by
microorganisms feeding on the compounds.

Bacteria that colonize roots effectively are
termed “Rhizobacteria” [3]. Plant growth promoting
rhizobacteria (PGPR) are free-living bacteria and
some of them invade the tissues of living plants and
cause unapparent and symptomatic infections[4].
PGPR have the ability to protect above ground plant
parts against viral, fungal and bacterial diseases by
induced systemic resistance (ISR) [5]. Plant growth
benefits due to the addition of PGPR include increase
in germination rates, root growth, shoot and root
weights [6], grain yield [7] [8], chlorophyll content
[9] tolerance to drought, salt stress and delayed leaf
senescence [10]. PGPR increase the growth of a
number of important crops, with some strains
inducing systemic resistance to fungi, bacteria,
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viruses, and in some cases nematodes [11,12].
In the present work, we studied the impact of

Pseudomonas putida, Azotobacter chroococcum and
the AMF  Glomus mosseae on tomato  plant growth.
The results can be benefitial to farmers and people
who focus on nutritional values of tomato.

Materials and methods

Microorganisms and Chemical Reagents:

The PGPR were obtained from the culture
collection of the soil and water Institute of Iran.
Applied PGPR contained Pseudomonas putida,
Azotobacter chroococcum. PGPR concentration was
adjusted to 1×108 (CFU/gr) in all inoculants. Density
of AMF(Glomus mossea) which was mixed with
sand, were 350 propagules per gram of inoculants. 

Growth Condition and Plant Materials:

The greenhouse experiment was set as follows:
tomato seeds (Lycopersicon esculentum F1 Hybrid,
Delba and Lycopersicon esculentum F1 Hybrid, Tivi)
were inoculated and sown in a soil field, mixed with
waterworn sand and peat (1/3, v/v each of them), and
after 25 days , seedlings were transplanted separately
into pots containing 7 kg of the mentioned (mixed)
soil.

Four PGPR treatments were considered
(Pseudomonas putida,, Azotobacter chroococcum,
Pseudomonas putida,+ Azotobacter chroococcum and
non- inoculated). Two AMF treatments were
(inoculated and non inoculated). N fertilizer was
added to all the treatments according to the soil test.
(Table 1). Shoot dry weight, root dry weight, Ca,
Mg, K and P contents determined.

Statistical Analyses:

Treatments were set in a factorial design of
experiment with 4 replications. Analysis of variance
based on Random Complete Block Design (RCBD),
comparison of quantitative traits means based on
Duncan’s new multiple range test (DNMRT) and t-
test were performed in SAS software for windows.

Result and discussion

Results of analysis of variance revealed that
genetic variability of genotypes was highly significant
(P<0.01) for all traits except for root dry
weight/shoot dry weight (Table 2). Tivi F1 variety
was better than Delba F1 variety for these traits,
indicating that it can be used for tomato breeding
programs (Table 3). Bacterium and fungus effects
were also highly significant (P<0.01) for all traits
(Table 2). Lack of usage of PGPR led to the lowest

value of traits indicating importance of bacterium to
absorb plant nutrition for plant growth improvement.
These results were in agreement with some report.
Krishna [13]. Reported that the seed bacterizaiton
with plant growth promoting rhizobacteria and
phylloplane bacteria promoted growth and increased
yield in groundnut. Pseudomonas species isolated
from rhizosphere of fir and spruce plants grass in
forest floor of Kashmir valley have been reported to
increase plant height, number of leaves, girth and
weight of fir and spruce plants significantly in
addition to enhancing the nitrogen, phosphorus and
potassium contents of plants [14].

Azotobacter chrocoocum (B2) was more effective
than Pseudomonas putida (B1) to increase all traits'
value except for shoot dry weight and K Content that
they were effective equally. In the PGPR treatments,
the highest contents of P, Mg, K and Ca were
observed in the Pseudomonas + Azotobacter (9.19,
8.273, 41.893 and 15.653 mg g-1 dry matter,
respectively) treatment which had differed
significantly from other treatments (Table 3). The
highest values of shoot and root dry weight traits
were also acquired in the Pseudomonas +
Azotobacter (8.763 and 1.822 g, respectively). On the
contrary, maximum root dry weight/shoot dry weight
wasn't observed in the B12 treatment, indicating that
root dry weight was less affected by this treatment
than shoot dry weight. Elisa [15] have also reported
similar results for shoot dry weight in their study.
The lowest values of all traits were found in the non-
inoculated treatment (Table 3). Our results showed
that colonization of plant roots by fungus (M1) were
significantly higher than non mycorrhiza inoculated
(M0) for all traits, indicating importance of fungus to
increase absorption of water and nutrients from the
soil (Table 3). Variety × bacterium interaction effects
were highly significant (P<0.01) for all traits except
root dry weight and root dry weight/shoot dry
weight, indicating that genotypes did not respond to
the bacterium levels similarly (Table 2). The highest
values of P, Mg, K and Ca contents were observed
in the Tivi F1 × (Pseudomonas + Azotobacter)
treatment (9.6, 8.63, 43.74 and 16.32 mg g-1 dry
matter, respectively) (Table 4). This treatment also
had maximum shoot dry weight (9.245 g). The
lowest values of P and K contents were observed in
the Delba F1 × non PGPR inoculated (7.54 and 34.33
mg g-1 dry matter, respectively). But, the lowest
values of Mg content, Ca content and shoot dry
weight were acquired in the both Delba F1 × non
PGPR inoculated and Tivi F1 × non PGPR
inoculated, indicating that varieties were not differed
considerably in this treatment (Table 4). 

Based on the results, PGPR and AMF improved
P, Mg and Ca contents of tomato plants. So that,
maximum P, Mg and Ca contents were obtained in
Pseudomonas + Azotobacter + AMF treatment (9.44,
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Table 1: Physicochemical properties of soil used.
Parameter value
Electrical conductivity ( dsm-1) 0.53
PH of Saturated soil solution 7.15
Clay (%) 21
Silt (%) 28
Sand (%) 51
Nitrogen (%) 0.031
Phosphorous(mg kg-1) 6
Potassium(mg kg-1) 232
Iron(mg kg-1) 3.11

Table 2: Analysis of variance for studied traits of tomato plant.
SOV Degree Mean of Squares (MS)

of 
Freedom P Content Mg Content K Content Ca Content Shoot Root Root
(df) (mg g-1 (mg g-1 (mg g-1 (mg g-1 Dry Dry Dry 

dry matter) dry matter) dry matter) dry matter) Weight Weight Weight/ Shoot
(g) (g) Dry Weight

Replication 2 0.002 ns 0.006 ** 1.33 ns 0.013 ns 0.113 * 0.036 * 0.00026 ns

Variety 1 1.03 ** 0.59 ** 12.51 ** 2.14 ** 1.159 ** 0.078 ** 0.00007 ns

Bacterium 3 5.15 ** 4.11 ** 107.29 ** 14.22 ** 10.898 ** 0.834 ** 0.0034 **

Fungus 1 2.92 ** 2.04 ** 84.8 ** 7 ** 1.32 ** 0.527 ** 0.0041 **

Variety*Bacterium 3 0.37 ** 0.33 ** 10.15 ** 1.14 ** 0.583 ** 0.007 ns 0.0001 ns

Variety*Fungus 1 0.004 ns 0.007 ns 2.66 ns 0.02 ns 0.063 ns 0.010 ns 0.00002 ns

Bacterium*Fungus 3 0.11 ** 0.05 ** 1.97 ns 0.20 ** 0.059 ns 0.022 ns 0.00034 ns

Variety*Bacterium*Fungus 3 0.04 ** 0.035 ** 3.72 ns 0.16 ** 0.039 ns 0.0038 ns 0.00002 ns

Error 30 0.003 0.006 1.55 0.02 0.719 0.0089 0.00016
CV% 0.60 1.03 3.23 0.99 2.05 5.89 5.96
ns, * and **: Not significant, significant at the 5% and 1% levels of probability, respectively.
SOV: Sources of Variation

Table 3: Effect of varieties, bacteria and fungi on studied traits in  tomato plant
Means
-----------------------------------------------------------------------------------------------------------------------------------------------------------

Treatment P Content Mg Content K Content Ca Content Shoot Dry Root Dry Root Dry Weight/ 
(mg g-1 ( mg g-1 ( mg g-1 ( mg g-1 Weight (g) Weight (g) Shoot Dry Weight
dry matter) dry matter) dry matter) dry matter)

Variety V1 8.295 a 7.476 a 38.124 a 14.178 a 7.385 a 1.560 a 0.210 a
V2 8.588 b 7.697 b 39.145 b 14.60 b 7.695 b 1.641 b 0.213 a

Bacterium B0 7.605 d 6.854 d 34.647 c 13.017 d 6.438 c 1.224 d 0.19 d
B1 8.596 b 7.703 b 39.133 b 14.628 b 7.54 b 1.733 b 0.229 a
B2 8.377 c 7.518 c 38.864 b 14.258 c 7.42 b 1.624 c 0.219 b
B12 9.19 a 8.273 a 41.893 a 15.653 a 8.763 a 1.822 a 0.208 c

Fungus M0 8.195 b 7.381 b 37.305 b 14.007 b 7.374 b 1.496 b 0.202 b
M1 8.688 a 7.793 a 39.963 a 14.771 a 7.706 a 1.705 a 0.221 a

B0: Non PGPR inoculated, B1: Pseudomonas putida, B2: Azotobacter chroococcum, B12: Pseudomonas putida +  Azotobacter
chroococcum
V1: Delba F1, V2: Tivi F1, M0: Non Mycorrhiza inoculated, M1: Mycorrhiza inoculated. 

8.49 and 16.05 mg g-1 dry matter, respectively)
which was significantly differed in comparison to
other treatments (Table 4).    

Minimum P, Mg and Ca contents were showed
in the control (which had non-inoculated by PGPR
and AMF) treatment (7.22, 6.56 and 12.46 mg g-1

dry matter, respectively) (Table 4).
Ordookhani [16], showed that PGPR and AMF

can increase tomato fruit quality. It may be related to
increasing of minerals by plant inoculated. Increased
nutrient uptake by plants inoculated with plant-
growth promoting Bacterium has been attributed to
the production of plant growth regulators at the root
interface, which stimulated root development and
resulted in better absorption of water and nutrients
from the soil [17][18][19].Thamizh and Nanjan [20]
stated the combined application of Azospirillum,

phosphobacteria and VAM with 75 per cent of
recommended NPK (90:90 kg/ha) recorded higher
yield of potato (14.96 t/ha) which was 21 per cent
higher than uninoculated control (11.93 t/ha).
Parvatham [21] reported that Azospirillum inoculation
improved nitrogen and phosphorus availability in the
rhizosphere of behind crop thereby facilitating better
uptake of nitrogen and phosphorus in black clay soil.
PGPR can improve plant growth, plant nutrition, root
growth pattern, plant competitiveness and responses
to external stress factors. PGPR have also been
shown to induce systematic resistance (ISR) to
fungal, bacteriumal, and viral pathogens in various
crops such as bean, tomato, radish, and tobacco [22,
23, 24, 25, 26 and 27].

Variety × bacterium × fungus interaction effects
were  highly  significant (P<0.01) for P, Mg and Ca
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Table 4: Interaction effects of  variety× bacterium, bacterium × fungus and variety× bacteriuon × fungus  on  studied  traits in  tomato
plant.

Means
----------------------------------------------------------------------------------------------------------------------------------------

Interaction P Content Mg Content K Content Ca Content Shoot Dry Root Dry Root Dry Weight/ 
(mg g-1 ( mg g-1 ( mg g-1 ( mg g-1 Weight (g) Weight (g) Shoot Dry Weight
dry matter) dry matter) dry matter) dry matter)

V1 × B0 7.54 g 6.85 f 34.33 c 12.99 f 6.348 d 1.193 a 0.188 a
V1 × B1 8.58 c 7.7 c 38.99 b 14.61 c 7.502 c 1.712 a 0.228 a
V1 × B2 8.23 e 7.45 e 39.12 b 14.12 e 7.408 c 1.592 a 0.215 a
V1 × B12 8.79 b 7.92 b 40.05 b 14.99 b 8.28b 1.745 a 0.211 a
V2 × B0 7.67 f 6.86 f 34.97 b 13.04 f 6.527 d 1.255 a 0.192 a
V2 × B1 8.62 c 7.71 c 39.27 b 14.65 c 7.578 c 1.753 a 0.231 a
V2 × B2 8.47 d 7.59 d 38.61 b 14.39 d 7.432 c 1.657 a 0.223 a
V2 × B12 9.6 a 8.63 a 43.74 a 16.32 a 9.245 a 1.898 a 0.205 a
B0 × M0 (Control) 7.22 h 6.56 h 32.88 a 12.46 h 6.312 a 1.135 a 0.180 a
B0 × M1 7.99 g 7.15 g 36.42 a 13.58 g 6.563 a 1.313 a 0.20 a
B1 × M0 8.42 e 7.55 e 38.28 a 14.34 e 7.408 a 1.58 a 0.213 a
B1 × M1 8.77 c 7.86 c 39.99 a 14.92 c 7.672 a 1.885 a 0.246 a
B2 × M0 8.20 f 7.36 f 37.33 a 13.98 f 7.285 a 1.57 a 0.216 a
B2 × M1 8.55 d 7.67 d 40.4 a 14.54 d 7.555 a 1.678 a 0.222 a
B12 × M0 8.94 b 8.05 b 40.74 a 15.26 b 8.492 a 1.698 a 0.200 a
B12 × M1 9.44 a 8.49 a 43.05 a 16.05 a 9.033 a 1.945 a 0.215 a
V1 × B0 × M0 7.17 k 6.61 l 32.62 a 12.54 l 6.237 a 1.1 a 0.176 a
V1 × B0 × M1 7.9 i 7.08 k 36.03 a 13.44 k 6.46 a 1.287 a 0.199 a
V1 × B1 × M0 8.35 g 7.51 hi 37.88 a 14.24 hi 7.38 a 1.573 a 0.213 a
V1 × B1 × M1 8.8 d 7.88 d 40.11 a 14.98 d 7.62 a 1.85 a 0.243 a
V1 × B2 × M0 8.05 h 7.25 j 36.58 a 13.75 j 7.27 a 1.547 a 0.213 a
V1 × B2 × M1 8.52 ef 7.64 fgh 41.66 a 14.49 fgh 7.55 a 1.637 a 0.217 a
V1 × B12 × M0 8.59 e 7.76 def 39.16 a 14.72 ef 8.13 a 1.66 a 0.204 a
V1 × B12 × M1 8.98 c 8.08 c 40.95 a 15.25 c 8.43 a 1.83 a 0.217 a
V2 × B0 × M0 7.28 j 6.51 l 33.13 a 12.37 l 6.39 a 1.17 a 0.183 a
V2 × B0 × M1 8.07 h 7.22 jk 36.8 a 13.71 j 6.67 a 1.34 a 0.201 a
V2 × B1 × M0 8.49 f 7.59 ghi 38.68 a 14.43 ghi 7.43 a 1.587 a 0.213 a
V2 × B1 × M1 8.74 d 7.83 de 39.86 a 14.86 de 7.72 a 1.92 a 0.248 a
V2 × B2 × M0 8.36 g 7.47 i 38.07 a 14.2 i 7.3 a 1.593 a 0.218 a
V2 × B2 × M1 8.58 e 7.71 efg 39.14 a 14.59 fg 7.56 a 1.72 a 0.227 a
V2 × B12 × M0 9.28 b 8.35 b 42.31 a 15.79 b 8.85 a 1.737 a 0.196 a
V2 × B12 × M1 9.91 a 8.91 a 45.16 a 16.84 a 9.64 a 2.06 a 0.214 a
B0: Non PGPR inoculated, B1: Pseudomonas putida, B2: Azotobacter chroococcum, B12: Pseudomonas putida +  Azotobacter
chroococcum
V1: Delba F1, V2: Tivi F1, M0: Non Mycorrhiza inoculated, M1: Mycorrhiza inoculated.

contents (Table 2). The highest and lowest values of
P contents were observed in the Tivi F1 ×
(Pseudomonas + Azotobacter) × Mycorrhiza treatment
and Delba F1 × non PGPR inoculated × non
Mycorrhiza inoculated (9.19 and 7.17 mg g-1 dry
matter, respectively) (Table 4). For Mg and Ca
contents, Tivi F1 × (Pseudomonas + Azotobacter) ×
Mycorrhiza treatment had the highest values (8.91
and 16.84 mg g-1 dry matter, respectively). Both
Delba F1 × non PGPR inoculated × non Mycorrhiza
inoculated and Tivi F1 × non PGPR inoculated ×
non Mycorrhiza inoculated had the lowest values of
Mg content (6.611 and 6.511 mg g-1 dry matter,
respectively) and Ca content (12.541 and 12.371 mg
g-1 dry matter, respectively) (Table 4)

All these studies suggest that colonization of
plant roots by AM fungi significantly influences the
mycorrhizosphere microorganisms, including PGPR.
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