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ABSTRACT 

The objectives of this experiment were to investigate effects of inoculating tomato (Lycopersicon
esculentum F1 Hybrid, Delba) roots with plant growth-promoting rhizobacteria (PGPR) and Arbuscular
Mycorrhiza Fungi (AMF) on  lycopene, antioxidant activity and Total Soluble Solid (Tss) of tomato fruit.
PGPR treatments were inoculated with Pseudomonas putida, Azotobacter chroococcum and the AMF  treatment
was inoculated with Glomus mossea. In comparison to the control (which had non-inoculated by PGPR and
AMF), lycopene, antioxidant activity and Tss of fruit increased by PGPR and AMF treatments. In the PGPR
× AMF treatment  maximum lycopene, antioxidant activity and Tss were found in plants of the Pseudomonas
+ Azotobacter + AMF treatment. In the PGPR treatment maximum lycopene, antioxidant activity and Tss 
were found in plants of the Pseudomonas + Azotobacter treatment. Data showed lycopene, antioxidant activity
and Tss increased when AMF added to PGPR treatments.
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Introduction

Tomato (Lycopersicum esculentum L.) is a
savory, typically red, edible fruit, as well as the plant
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, according to FAO, is the second most
cultivated vegetable in the world, after potato with an
annual production of nearly 108 t of fresh tomato in
3.7 × 106 ha worldwide, while China, USA and
Turkey are the leading producers [1]. Studies have
shown that high consumption of tomato is
consistently correlated with a reduced risk of some
types of cancer [2] and may account for a low
incidence of ischemic heart disease [3]. 

Tomato fruit quality can be determined by the
following parameters, total soluble solid, lycopene,
antioxidant activity, vitamins C and E, pH and
nutrient contents. 

The defensive role has been attributed to the
carotenoids constituents, particularly lycopene and _-
carotene that accumulate in plasma and tissues in
relation to tomato intake [4]. 

In addition to carotenoids, tomato contains a
variety of natural antioxidants [5]. 

According to Rao et al. [6] and Toor and Savage
[7], lycopene is also responsible for the reddening of
the tomato, due to the differentiation of the
chloroplasts and chromoplasts, so this carotenoids is
very important with regard to the final nutritional and
marketable quality of this plant product [8].
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Plant-growth-promoting rhizobacteria (PGPR)
represent a wide variety of rhizosphere- inhabiting
bacteria which stimulate the growth of host plant
through different mechanisms of actions [9][10].
Since 1980, the ability of a large number of
fluorescent Pseudomonas strains to suppress soil-
borne diseases [11,12] and promote plant growth
[13,14] has been reported. [5] Today, utilization of
biofertilizers such as plant growth promoting
rhizobacteria (PGPR) has become a feasible
production practice. PGPR can enhance plant growth,
nitrogen fixation, hormone production, plant nutrition
and also control of plant diseases. Different PGPR
including associative bacteria such as Azospirillum,
Bacillus, Pseudomonas and Enterobacter have been
used for their beneficial effects on plant growth
[15,16]. Many marketable biofertilizers are mainly
based on plant growthpromoting rhizobacteria
(PGPR) that exert beneficial effects on plant
development often related to the increment of
nutrient availability to host plant [10]. Improving the
microbiological activity in the rhizosphere [17].

Arbuscular mycorrhizal fungi (AMF) are benefits
to plants include improved mineral nutrition [18],
protection against pathogens [19] and enhanced
resistance or tolerance to stress [20]

In the present work, we studied the impact
Pseudomonas putida , Azotobacter chroococcum and
the AMF Glomus mosseae alone or in combination,
on tomato growth fruit quality. 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.  The
chemical reagents, BHT (Butylhydroxytoluene, or
2,6–di– tert–butyl–4–methylphenol) and DPPH (2,2–
diphenyl–1– picrylhydrazyl) were purchased from
Sigma chemical Co. (St. Louis, USA).

Growth Condition and Plant Materials:

The greenhouse experiment was set as follows:
tomato seeds (Lycopersicon esculentum F1 Hybrid,
Delba) 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.
Lycopene content, antioxidant activity, TSS (Total
soluble solid) , in fruit were determined. The
physicochemical properties of the soil were also
determined (Table 1).

Lycopene Analysis:

The extraction and determination of lycopene
was based on the method of Fish et al., [21]. Tomato
fruits were grounded for one min with blender. Then,
ground tissues were kept on ice and, of course, out
of light. One gram of the puree was put in 50 ml
covered test tubes, then  hexan, 0.05% (W/V) +
butylated hydroxytoluene( BHT) in aceton 95%,
ethanol (in a ratio 1:1:1) made lycopene extraction
solution and was added to tubes. Then, tubes were
shaken for 10 min and 6 ml cold double distilled
water were added to each tube and agitated for
several minutes. Then the tubes were released for 15
min in room temperature. The absorbance of
supernatant (hexan layer) containing lycopene was
red with spectrophotometer at the wavelength of 503
nm. lycopene was estimated by:

Lycopene (mg kg-1) = (x/y)*A503 *3.12
X: Is the amont of hexan(ml), y: the weight of fruit

tissue ( g) , A503 the absorbance at 503 nm

Antioxidant Activity (Free Radical Scavenging Effect
Test) Analysis:

A test of the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) free-radical scavenging effect was performed
according to Hsu et al.,[22] with some modifications
by Rosales et al,.[23]. Aliquots of 0.5mL of
methanolic tomato extract and 2.5mL of freshly
prepared 0.1mmol L!1 DPPH methanolic solutions
were thoroughly mixed and kept for 60min in the
dark and cold. The absorbance of the reaction
mixture at 517nm was read with a spectrophotometer.
Methanol (0.5mL), replacing the extract, was used as
the blank. The free-radical scavenging effect was
calculated as follows: scavenging effect(%) = [1 !
(A517sample/A517blank)] × 100.

Total Soluble Solid (TSS):

TSS is an index of soluble solids concentration
in fruit. Homogenate tomato tissues were filtered
through Whatman No. 1 filter paper and the filtered
material was determined by a digital refractometer.
Results were expressed as percentage.
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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.

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

Result and discussion

Data illustrated significantly difference between
usages PGPR, AMF and PGPR × AMF treatments on
tomato fruit lycopene, antioxidant activity and Tss
(Table 2). In the PGPR treatments, Maximum
lycopene, antioxidant activity and Tss were observed
in the Pseudomonas + Azotobacter (71.66 mg kg-1

fresh weight, 50.73% and 8.26%, respectively)
treatment which had differed significantly from other
treatments (Table 3). Minimum lycopene, antioxidant
activity and Tss were found in the non- inoculated
treatment (46.21 mg kg-1 fresh weight and 39.35%
and 5.36%, respectively) (Table  3). In the PGPR ×
AMF treatments, maximum lycopene, was acquired
in the Pseudomonas + Azotobacter + AMF treatment
(76.43 mg kg-1 fresh weight), which had no
significantly difference with   Pseudomonas + AMF
(73.65 mg kg-1 fresh weight). Minimum lycopene
antioxidant activity and Tss was showed in the
control (which had non-inoculated by PGPR and
AMF) treatment (37.78 mg kg-1 fresh weight, 37.51%
and 4.82%, respectively) treatment (Table 4).
Maximun antioxidant activity and Tss were obtained
in Pseudomonas + Azotobacter + AMF treatment
(54.28% and 9.12%, respectively) which had
significantly difference in comparison to other
treatments (Table 4).

Based on the results, PGPR and AMF improved
lycopene, antioxidant activity and Tss of tomato fruit.
Ordookhani et al [24], 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 bacteria 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 [25,26,27]. 

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, bacterial, and viral pathogens in various crops
such as bean, tomato, radish, and tobacco [28].

Different PGPR including associative bacteria
such as Azospirillum, Bacillus, Pseudomonas,
Enterobacter have been used for their beneficial
effects on plant growth [15,16]. 

Benefits of mycorrhizae to plants include
improved mineral nutrition [18], protection against
pathogens [19] and enhanced resistance or tolerance
to stress [20]. 

These results showed a synergistic effect of
PGPR and AMF on tomato fruit quality. Synergistic
interactions between AMF and asymbiotic N2 fixing
bacteria such as Azotobacter chroococcum,
Azospirillum spp. and Acetobacter diazotrophicus
have been reported by many researchers [29]. 

Both AMF and PGPR complement each other in
their role in N-fixation, phytohormone production, P-
solubilization, and increasing surface absorption.
Multifaceted interactions of AM fungi with various
micro-organisms and micro-fauna in the
mycorrhizosphere may be positive or negative [30].
Meyer and Linderman reported enhanced
mycorrhization of clover in the presence of PGPR
rhizobacterium Pseudomonas putida. 

ZSimilar observations were made later by several
other researchers [29]. 

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

Table 2 :Variance  analysis of  lycopene (mg kg -1 fresh fruit), Antioxidant activity ( % ) and Tss (%) of tomato fruit.
SOV Degree of Freedom (df) Fruit lycopene ( mg kg-1 fresh weight) Fruit Tss (%) Fruit Antioxidant activity (%)
REP 3 1281 0.0878 1.475
PGPR 3 902.345** 11.313** 173.199**
AMF 1 2284.88** 20.640** 159.177**
PGPR×AMF 3 54.517* 0.539** 6.085*
C.V % 6.83 4.25 2.99
Ns,*** are levels of significance (  not significant , p<0.05 , p<0.01 respectively)
Sov: sources of variation
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Table 3: Effect of PGPR  on lycopene (mg kg-1 fresh fruit), Antioxidant activity ( % ) and Tss (%) of tomato fruit
Means

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 Treatment Antioxidant activity (%) Lycopene (mg kg-1 fresh fruit) Tss  (% )
B0 39.35c 46.21d 5.36c
B1 45b 63.37b 7.05b
B2 45.52b 59.05c 6.88b
B3 50.73a 71.66a 8.26a
B0: non-inoculated, B1: Pseudomonas putida. B2: Azotobacter chroococcum B3: Pseudomonas putida +  Azotobacter chroococcum

Table 4: : Effect of PGPR × AMF on lycopene (mg kg-1 fresh fruit), Antioxidant activity ( % ) , and Tss (%) of tomato fruit.
Means

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 Treatment Antioxidant activity (%) Lycopene (mg kg-1 fresh fruit) Tss  (% )
B0M0 (control) 37.51e 37.78e 4.82f
B0M1 41.20d 54.65d 5.90e
B1M0 43.19cd 53.10d 6.37d
B1M1 46.83b 73.65ab 7.72bc
B2M0 43.81c 48.73d 5.75e
B2M2 47.25b 69.38bc 8.02b
B3M0 47.20b 66.90c 7.40c
B3M1 54.28a 76.43a 9.12a
B0: non-inoculated, B1: Pseudomonas putida. B2: Azotobacter chroococcum B3: Pseudomonas putida +  Azotobacter chroococcum
M0: Non Mycorrhiza inoculated.B1: Mycorrhiza inoculated 

Acknowledgements

We would like to express my most gratitude to
laboratory personals of The Soil and Water Institute
of Iran  and also Dear Colleague Dr.Shahram
sharafzadeh, Dr. Omid Alizadeh , Dr. Hasan Zare
Neirizi.

Reference

1. F A O . ,  C r o p  D e s c r i p t i o n
a n d C l i m a t e , 2 0 0 4 . A v a i l a b l e :
http://www.fao.org/ag/agl/aglw/cropwater/tomat
o.stm#- descrip 24 January 2005].

2. Franceschi,  S.,  E. Bidoli,  C. La Vecchia, R.
Talamini, B.  D’Avanzo and E.  Negri, 1994.
Tomatoes and risk of digestive-tract cancers. Int.
J.Cancer, 59: 181-184.

3. Gerster, H., 1997. The potential role of lycopene
for human health. J. Am. Coll. Nutr., 16: 109-
126.

4. Oshima, S.,  F. Ojima, H.  Sakamoto, Y. 
Ishiguro and J. Terao, 1996. Supplementation
with carotenoids inhibits singlet oxygen mediated
oxidation of human plasma low-density
lipoprotein. J. Agric. Food Chem., 44: 2306-
2309.

5. Davies, J.N. and G.E. Hobson, 1981. The
constituents of tomato fruit. The influence of
environment, nutrition and genotype. Crit. Rev.
Food Sci. Nutr., 15: 205-279.

6. Rao, A.V., Z. Waseen and S. Agarwal, 1998.
Lycopene content of tomatoes and tomato
products and their contribution to dietary
lycopene. Food Res Int 31:737–741.

7. Toor, R.K. and G.P. Savage, 2005. Antioxidant
activity in different fractions of tomatoes. Food
Res Int., 38: 487-494.

8. Dumas, Y., M, Dadomo. G. Di Lucca and P.
Grolier, 2003. Effects of environmental factors
and agricultural techniques on antioxidant
content of tomatoes. J. Sci. Food Agric., 83:
369-382.

9. Zahir, Z.A., M. Arshad and  W.T J.r. 
Frankenberger, 2004. Plant growth promoting
rhizobacteria application and perspectives in
agriculture. Adv Agron, 81: 97-168.

10. Vessay, J.K., 2003. Plant growth promoting
rhizobacteria as biofertilizers. Plant soil 255:
571-586.

11. Bakker, P.A.H.M., J.G. Lamers, A.W. Bakker,
J.D. Marugg,  P.J. Weisbeek and B. Shippers,
1987. The role of siderophores in potato tuber
yield increase by Pseudomonas putida in a short
rotation of potato. Neth J Plant Pathol 92: 249-
256.

12. Mazzola,  M., 1999. The potential use of natural
and genetically engineered fluorescent
Pseudomonas spp. as biological control agents.
In: Subba Rao NS, Dommergues YR (eds)
Microbial interactions in agriculture and forestry,
vol 1. Science, Plymouth, pp: 195-218.

13. Lifschitz, R., J.W. Klopper, M. Kozlowski, C.
Simonson, J. Carlston, E.M.  Tipping and I.
Zaleska, 1987. Growth promotion of canola 
(rapeseed) seedlings by a strain of Pseudomonas
putida under gnotobiotic conditions. Can J
Microbiol., 33: 390-395.

14. Glick,  B.R., 1995. The enhancement of plant
growth by free-living bacteria. Can J Microbiol
41: 109-117.

15. Kloepper, J.W and C.J.  Beauchamp,  1992. A
review of issues related to measuring of plant
roots by bacteria. Canadian Journal of
Microbiology, 38: 1219-1232.



1294Adv. Environ. Biol., 5(6): 1290-1294, 2011

16. Ho¨flich,  G., W. Wiehe and G. Kuhn, 1994.
Plant growth stimulation with symbiotic and
associative rhizosphere microorganisms.
Experientia, 50: 897-905.

17. Kohler, J., F. Caravaca, L. Carrasco, A. Rolden,
2007. Interactions between a plant growth-
promoting rhizobacterium, an AM fungus and
phosphate-solublizing fungus in the rhizosphere
of Lactuca sativa. Appl. Soil Ecol., 35: 480-487.

18. Smith, S.E and  D.J.  Read, 1997. Genetic,
cellular and molecular interactions in the
establishment of VA mycorrhizas. In: Smith SE,
Read DJ (eds) Mycorrhizal symbiosis. Academic,
New York, pp: 9-33.

19. Azcon-Aguilar, C., M.C. Jaizme-Vega and C.
Calvet, 2002. The contribution of arbuscular
mycorrhizal fungi to the control of soil borne
plant pathogens. In: Gianinazzi S, Schuepp H
(eds) Mycorrhizal technology: from genes to
bioproducts— achievement and hurdles in
arbuscular mycorrhizal research. Birkh_user,
Basel, pp: 187-198.

20. Turnau, K. and K. Haselwandter, 2002.
Arbuscular mycorrhizal fungi, an essential
component of soil microflora in ecosystem
restoration. In: Gianinazzi S, Schuepp H (eds)
Mycorrhizal technology: from genes to
bioproducts. Birkh_user, Basel, pp: 137-149.

21. Fish, W.W., P. Perkins-Veaziea and J.K. Collins,
2002. Quantitative assay for lycopene that
utilizes reduced volumes of organic solvents. J.
Food Comp. Anal., 15(3): 309–317.

22. Hsu, C.L., W. Chen, Y.M. Weng and C.Y.
Tseng, 2003. Chemical composition, physical
properties and antioxidant activities of yam
flours as affected by different drying methods.
Food Chem, 83: 85-92 .

23. Rosales, M.A., J.M. Ruiz, J. Herna´ndez, T.
Soriano,  N. Castilla and L.  Romero,  2006.
Antioxidant content and ascorbate metabolism in
cherry tomato exocarp in relation to temperature
and solar radiation. J. Sci. Food Agric., 86:
1545-1551.

24. Ordookhani, K., K. Khavazi., A. Moezzi and F.
Rejali, 2010. Influence of PGPR and AMF on
antioxidant activity, lycopene and potassium
contents in tomato. African Journal of
Agricultural Research, 5(10): 1108-1116. 

25. Kloepper,  J.W., R.M.  Zablowicz, B . Tipping
and  R. Lifshitz, 1991. Plant growth mediated by
bacterial rhizosphere colonizers. In: Keister,
D.L., Gregan, B. (Eds.), The rhizosphere and
plant growth, 14. BARC Symposium, pp: 315-
326.

26. Zimmer,  W.,  K. Kloos, B. Hundeshagen, E.
Neiderau and  H. Bothe,  1995. Auxin
biosynthesis and enitrification in plant growth
promotion bacteria. In: Fendrik, J., De Gallo
Vandeleyden, J., De Zamoroczy, D. (Eds.),
Azospirillum VI and related microorganisms,
Series G:Ecological, 37: 120-141.

27. Ho¨flich, G. and G. Ku¨hn, 1996. Fo¨rderung das
Wachstums und der Na¨hrstoffaufnahme bei
kurziferen O¨ l- und Zwischenfruhten durch
inokulierte Rhizospherenmikroorganismen.
Zeischrift fur Pflanzenerna ¨hrung und
Bodenkunde, 159: 575-578.

28. Zhang, S., M.S. Reddy and  J.W.  Kloepper, 
2002. Development of assay for assessing
induced resistance by plant-growth-promoting-
rhizobacteria against blue mold of tobacco. Biol
C o n t r o , 2 3 ( 1 ) :  7 9 - 8 6 .  d o i :
10.1006/bcon.2001.0992.

29. Suresh, C.K.  and D.J. Bagyaraj, 2002.
Mycorrhiza-microbe Interface: Effect on
Rhizosphere. In: Sharma AK, Johri BN. ,
editors. Arbuscular Mycorrhizae. Enfield, New
Hampshire, USA: Scientific Publishers; pp. 7–28.

30. Facelli, E., J.M. Facelli, S.E. Smith and M.J.
Mclaughlin, 1999. Interactive effects of
arbuscular mycorrhizal symbiosis, intraspecific
competition and resource availability on
Trifolium subterraneum cv. Mt. Barker. New
Phytol., 141(3): 535-547. doi: 10.1046/j.1469-
8137.1999.00367.x.


