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Abstract
The influence of organic amendment with compost manure, an Arbuscularmycorrhizal (AM)
fungal, single culture and bacterial consortiuminoculums on plant growth and nutrition value of
cherry tomato was studied. A greenhouse experiment was conducted to compare the effects of
single bacterial strain, bacterial consortium, AMF and compost manure on growth of Cherry
tomato plant (Solanumlycopersicum var. cerasiforme). PGPR activity showed maximum
phosphate solubilization (61mm) by B1 isolate and Maximum EPS production (49 mg/ml) by A2
isolate. The result revealed the biometric parameters shoot and root length (77.0cm, 25.6cm)
whole plant fresh and dried weight (28gm,19.9gm),chlorophyll A and B content of the leaves
(5.1mg/ml,6.0mg/ml) of whole plant were significantly enhanced by the consortium (pseudomonas
+ bacillus subtilis) treatment T10. The maximum N (0.123 ppm), P (0.71ppm), K (4.8ppm) and
Na(0.72ppm)were obtained under treatment T10, The maximum uptake of Fe (11.96 ppm),
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Zn(4.75ppm), and Cu (0.71ppm) in cherry tomato was recorded by treatment T10 as compare to
another treatment and control plant. This approach provided direct information about the application
of inoculates, allowed the reduction of chemical inputs and positively influenced tomato quality.
Introduction
Cherry tomato (Solanumlycopersicum L. var. cerasiforme) is a cultivated variety of tomato.
The variety is generally considered to be similar but not identical to the wild relatives of the
domestic tomato. It has become more popular all over the world because of a good source of
vitamins A and C, solids content, good taste and fruit set even at high temperature (Premaet al.
2011). These compounds have been shown to play a role in the prevention of diseases. Lycopene
and other compounds (carotenes, lutein, and B-cryptoxanthin) in tomatoes reduce prostate
cancer risk (Giovannucci et al. 1995), cardiovascular pathologies (Limpenset al. 2006) and they
could be responsible for the lower risk of developing digestive tract pathologies (Franceschiet al.
1994).Since tomato plays an important role in human diet, its nutritional quality is of particular
concern to consumers throughout the world (Chapagain&Wiesman 2004). The bacteria residing
in the rhizosphere of plants and which bring about enhancement in growth and yield of crop plants
are widely referred to as plant growth promoting rhizobacteria (PGPR). PGPR can mediate plant
growth by different direct and indirect mechanisms (Glick 1995). Several microbial inoculants are
used as biofertilizer, which improve the uptake of nutrients like nitrogen, phosphorus, potassium,
sulphur, iron, zinc, copper etc. The current trend is the development of a consortium of PGPR
which will offer multiple beneûcial effects including growth promotion, nutrient value, yield
enhancement and protection from diseases and pests. Understanding the interaction between
consortium of microbial inoculants and plant systems will pave way to harness more beneûts from
microbial inoculants for improving plant growth and yield (Raja et al. 2006). Response of plants
to colonization by mycorrhizal depends on many biotic and environmental factors. This trial aimed
to study the interactions of VAM fungus with rhizosphere soils of cherry tomato plant and their
effect, on plant growth, nutrient concentration, and biomass production. Dual inoculation of VAM
and Bacterial consortium proved more effective in increasing the growth of different crop plants
(Sreeramuluet al., 2002)Arbuscularmycorrhizal are the most common symbiotic association
between plants (more than 80%) and soil fungi (Smith & Read 1997) of the Phylum Glomeromycota
149

Vidya (2019) Vol. No : 1

Saraf et al

(Shewfeltet al. 2001) Recent studies have demonstrated that AM fungi can also affect the volatile
compounds produced in the leaves (Guerrieriet al. 2004) Soil characteristics are improved by the
addition of compost manure (Jakobsen 1996; Roset al. 2003; Pagliaiet al. 2004). Composting
has been deûned as aerobiotic microbial activity leading to decomposition of most biodegradable
materials, usually mixtures of organic materials, which results in organic residue stability (Valdrighi
et al. 1996). The addition of compost to soil is considered an environmentally safe and agronomically
advantageous process at acceptable operational costs (Dell’Abateet al. 2000). Compost manure
has a positive effect on soil productivity and soil characteristics (Garcialet al. 1991) and its use is
suitable mainly for its low risk of toxicity (Witter and Lopez Real 1998).The aim of this work was
to evaluate the inûuence of comparative study of AM fungal-compost manure mixed bacterial
inoculum on plant growth of tomato grown in greenhouse; we analyzed the effects on plant growth
and morphology, and content of chlorophyll and nutrient value.
Materials and Methods
Sample collection
The five known culturesBrevibacillusbrevis (A1), Bacillus lichiniformis (A2),
Acetinobactercalcoaceticus (A3), Pseudomonas aeroginosa (B1),Bacillus subtilis (B2) were
kindly procured from department of microbiology and biotechnology, Gujarat University.A
mycorrhizalfungus,Glomusintraradices was collected from BLOO MYCO science lab,
Himatnagar,(Gujarat, India). The soil was obtained from a ûeld which was cultivated with cotton,
sited in hanspuragm (Gujarat, India). The compost manure was acquired from animal house.
Compatibility test among bacterial strains
One strain was streaked vertically and other strains were streaked horizontally on nutrient agar
media. The plates were incubated at room temperature (28 ± 2°C) for 72 h (Fukui et al. 2010).
PGPAttributes of single culture and consortium
PGP characteristics have the potential to contribute to the development of sustainable agricultural
systems. The potential phosphate solubilization of single culture and co-inoculated strain were
tested on the solid mediumpikovskaya’s medium according to the method of Gravel V
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(1977).Exopolysaccharide (EPS) production was checked on liquidmedium following method of
Modiet al 1989.
Seeds sterilization and bacterilization
Cherry Tomato seeds (S. lycopersicumL.var), were collected from Sarthi agro center andwere
surface sterilized by gently shaking in a 3% H2O2 solution for 20 min.After 20 mins decant the
H2O2 and the seeds with sterile distilled water 3 times. Decant all the distilled water and allow the
seeds to dry in sterile clean room. Five single bacterial culture and two bacterial consortia were
used for the pot experiment studies.
Pot study of S. lycopersicumL.var
The experiment aimed at compare the effects of different inoculants on cherry tomato. Cherry
Tomato seed were sown in pots having soil added with single culture, Arbuscularmycorrhizal
fungus and compost manure individually. Ten Treatments mycorrhizal (T1) (Mycorrhizal fungal
inoculum consisted of a mixture of rhizosphericsoil, spores, hypha, and mycorrhizal root fragment.
A pot was filled with soil and water as per protocols), compost manure (T2), mycorrhizal
+compost manure(T3) BrevibacillusBrevis (T4), Bacilluslichiniformis(T5), Acetinobacter(T6),
Pseudomonas aeruginosa (T7), Bacillus subtilis(T8), BrevibacillusBrevis +Bacillus +
Acetinobacter (T9), Pseudomonas +Bacillus subtilis (T10), were performed. ). Thirty grams of
Glomusintraradices (39 spores/g soil) were added in to soil (T1and T3).compost manure was
added 45gm/Kg of soil(T2and T3) (sahniet al 2008).All plant treatments were maintained and
seeds without treatment were sown in potas control.All the experiment was cultivated for 3
months (Nov–Jan 2019) in a greenhouse sited in Gujarat University (Ahmedabad, India
Mycorrhizal colonization
1 cm-long piece were cut from each root system and ûxed in 70% ethanol, and then stored at 4ºC
until mycorrhizal colonization analysis. Mycorrhizal colonization and arbuscule abundance were
estimated according to Trouvelotet al. (1986). Root pieces were cleared for 30 min at 60ºC in
10% KOH, stained with 1% methyl blue in lactic acid and mounted on a slide. The intensity of
mycorrhizal colonization was evaluated microscopically.
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Plant morphology and growth analysis
The following parameters were determined on 30, 60, and 90 days old plantlets: total plant length
(cm), total plant fresh and dried weight (gm), leaf number, Chlorophyll content,
mycorrhizalcolonization, Arbuscular density and nutrient determination was done .After plant
tissue ground, Nitrogen was analyzed using the standard kjehalh method. The analysis of rest of
the elements was carried out by digestion the samples in di-acid digestion mixture (HNO3:HCLO4,
9:4).Phosphorus content was estimated as described by Taussky and shorr(1953).Potassium and
Sodium content was determined by flame photometry. Micronutrient cations (Zn, Fe, and Cu)
concentrations were measured by AAS (Bhargana and Raghupathi, 1993).
Results and Discussion
Bacterial consortium
Compability test result showedA1 A2 A3 cultures (CON-1) and B1 B2 cultures (CON-2) were
compatible to each other. Absence of zone of inhibition indicates the strains were compatible to
grow with one another. Son et al (2006) found that synergistic association among of pseudomonas
and Bacillus spp. Combine or mixed inoculants that interact synergistically are currently popular
as biofertilizer and bienhancer. Biochemical activities that may increase the beneficial attributes of
their physiology (Bashan, 1998)
Characteristic of single culture and consortium for their PGP potential
The Maximum solubilization of P was achieved by pseudomonas (49mm) culture. In the mixed
cultures, maximum Psolubilization was achieved by CON-2(Pseudomonas + Bacillussubtilis)
(61mm) .The results suggest that the process of P solubilization, which is governed by a complex
group of mechanisms, is substantially affected by a mixed culture. Themaximum EPS production
on liqidmedium was recorded in A2 (BacillusLichiniformis)culture (49mm).in the mixed culture,
maximum EPS was proven by (CON-1). Increased EPS production has been reported with
BacillusLichiniformis when grown in mixed culture under in vitro conditions (Janzen and others
1992).
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Table: 1 Phosphate solubilization and EPS production by the single culture and consortium.
Culture

Phosphate solubilization(mm)

EPS production (mg /ml)

BrevibacillusBrevis

46

39

Bacillus Lichiniformis

42

49

Acetinobacter

39

25

Pseudomonas Aeruginosa

49

35

Bacillus subtilis

30

20

CON-1

54

59

CON-2

61

48

Mycorrhizal colonization
After 3 month of growth, plants treated with mycorrhizal inoculum were colonized treatment
T1andT3 whereas no AM colonization was detected in control and other treatment roots.
Plant growth parameter
After 3 months of growth, there were a number of differences between plants amended with
mycorrhizal inoculums, single culture, bacterial consortium and compost Manure and control
plants .Bacterial consortium inoculums (T10)showedsigniûcantly increases in leaf number (126),
plantshoot length and root length (77cm and 25.6cm) andplant fresh and dried weight (28 gm and
19.9 gm) TableIIChlorophyll content was found in plant there was maximum chlorophyll content
(Chl-A and Chl-B) was found in T10 (4.2 mg/ml and 5.7 mg/ml) at 3 month as comparative to
other treatment. Outcome of green pigment showed in picture II. Similarly, the treatment with
combination of Pseudomonas + Bacillus spp. increased the plant growth of tomato (Latha P,
2009) and chilli (Sundaramoorthy S,2012) more than did individual strain were also reported.
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Table: II. Influence of plant morphology soil with AM fungi, compost manure and single culture,
bacterial consortium on growth of cherry tomato plant after 3 month of plantation.
Treatments

Shoot

Root

Fresh

Dried

Leaf Number

length(cm)

length(cm)

weight(gm)

weight(gm)

Control

27

9.0

06

3.3

33

T1

36

12.0

09

4.0

57

T2

42

14.0

12

5.5

60

T3

54

18.0

16

7.2

43

T4

39

13.0

10

4.5

60

T5

56

18.6

18

6.8

81

T6

45

15.0

15

7.5

69

T7

65

21.6

23

18

84

T8

58

19.3

18

9.5

69

T9

66

22.0

20

13.8

101

T10

77

25.6

28

19.9

126

Picture: II effect of combined application of different treatment on chlorophyll content on cherry
tomato plant after 3months of plantation.
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Nutrient determination
The analyzed data revealed that the maximum amount of uptake of N (0.123ppm), followed as P
(0.71ppm), Na (0.72ppm), Fe(11.96ppm), Zn (4.75ppm), Cu (0.71ppm) by cherry tomato plant
was recorded under treatment T10. A perusal of data showed that potassium uptake in cherry
tomato plant revealed that the K (6.8 ppm), were found to be the maximum under treatment T7.
Nutrient uptake in Cherry tomato plant perusal of data presented in table III. The results on the
uptake of nutrient element like Nitrogen , Potassium, Phosphorus, Sodium uptake by cherry
tomato plants are in line with those of Mamonova (1978) , Voogt (1993) , Yadav and Batra
(1991) andSubbiah and Perumal (1986) , who also observed the nutrient uptake by cherry
tomato plants increases with the increasing levels of fertilizer application. Similar results of
micronutrientcation (Cu, Fe, Zn,) uptake in Cherry tomato were obtained by Nangliya (2014).
Table: III effect of level of nutrient uptake of cherry tomato plant after 3 month.
atm ents

ntrol

N it rogen

P hosp horus

P otassium

S odium

Iron

(ppm )

(ppm)

(ppm )

(ppm )

(ppm)

0.022

0.20

1.9

0.21

3.12

2.85

0.21

0.080

0.46

6 .2

0.48

9.21

3 .65

0.32

0.060

0.39

4 .3

0.38

8.91

2 .21

0.35

0.085

0.48

6 .1

0.49

4.75

3 .55

0.69

0.028

0.31

2 .0

0.52

3.88

4 .11

0.93

0.057

0.38

2 .8

0.61

5.33

4 .12

0.36

0.033

0.41

4 .3

0.65

6.39

3 .12

0.57

0.091

0.60

6 .8

0.71

9.96

2 .11

0.61

0.048

0.34

3 .5

0.39

3.96

3 .44

0.12

0.099

0.67

4 .5

0.60

4.98

4 .24

0.44

0.123

0.71

4 .8

0.72

11.96

4 .75

0.71
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3 Months

2 Months

1 Months

Picture: I comparative study of the vegetative structure of cherry tomato plant with different
treatment.
Conclusion
The present investigation concluded consortium showed the best plant growth promotion and
nutrient uptake inSolanumlycopersicum var.cerasiformeunder pot study. The single culture and
bacterial consortium have the ability to produce EPS, solubilized inorganic P. The maximumshoot
length, root length, and higher value of plant fresh weight, plant dry weight, and higher value of
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chlorophyll contain was showed in treatment T10 (Pseudomonas Aeroginosa+Bacillus Subtilis)
followed by T9 (BrevibacillusBrevis, Bacillus Lichiniformis, AcetinobacterCalcoaceticus,)
as compare to another treatment and control plant. Our experiment showed bacterial
consortiumcould be best inoculum as compare to single strain, mycorrhizal and compost
manure.Moreover it can be very effective to plant nutrient uptake and plant growth promotion of
cherry tomato. The use of bacterial consortium is increasing in agriculture and may offer attractive
mechanisms to replace synthetic chemicals and fertilizers.
References
Anand DN, Muthukrishnan CR.(2016). Effect of nitrogen fertilization on tomato
(Lycopersiconesculentum Mill).South Indian Horticulture. 22:86-91.
Aimo S, Gosetti F, D’Agostino G, Gamalero E, Gianotti V, Bottaro M, Gennaro MC, Berta G
(2010). Use of Arbuscularmycorrhizal fungi and beneficial soil bacteria to improve yield and
quality of saffron (Crocus sativus L.). ISHS ActaHortic 850:159–162.
Bhargava, B.S. &Raghupathi, H.B. (1993) Analysis of plant materials for Macro and Micronutrients
"Methods of Analysis of Soils, plants, waters and Fertilizers', FDCO, New Delhi, India. (Eds)
H.L.STandon pp. 49-82.
Chapagain BP, Wiesman Z. (2004). Effect of Nutri-Vant-PeaK foliar spray on plant development,
yield, and fruit quality in greenhouse tomatoes.SciHortic 102: 177–188.
Dell’Abate MT, Benedetti A, Sequi P. (2000). Thermal methods of organic matter maturation
monitoring during a composting process. J Therm Anal Calorimetry 61: 389–396.
Franceschi S, Bidoli E, La Vecchia C, Talamini R, D’Avanzo B, Negri E. (1994). Tomatoes and
risk of digestive-tract cancers. J Nutr Cancer 59: 181–184.
Giovannucci E, Ascherio A, Rimm EB, Stampfer MJ, Colditz GA, Willett WC. (1995). Intake of
carotenoids and retinol in relation to risk of prostate cancer. J Nutr Cancer 87: 1767–1776.
Guru V, Tholkappian P, and Viswanathan K (2011), Influence Of ArbuscularMycorrhizal Fungi
And Azospirillum Co-Inoculation On The Growth Characteristics, Nutritional Content And Yield
Of Tomato Crops Grown In South India. IJFALS Vol. 1(4) 84-92.
157

Vidya (2019) Vol. No : 1

Saraf et al

Glick BR (1995) the enhancement of plant-growth by free-living bacteria. Can J Microbiol
41:109–117.
Gautier H, Rocci A, Buret M, Grasselly D, Causse M. (2005). Fruit load or fruit position alters
response to temperature and subsequently cherry tomato quality. J Sci Food Agric 85: 1009–
1016.
Guerrieri E, Lingua G, Digilio MC, Massa N, Berta G. (2004).Interactions between plant roots
and the rhizosphere affect parasitoid behaviour.EcolEntomol 29: 753–756.
Garcial C, Hernandez T, Costa F. (1991).The inûuence of composting on the fertilizing value of
anaerobic sewage sludge. Plant Soil 136: 269–272.
Hampton MO, Schaffer B, Bryan HH.(1994). Nutrient concentration, growth and yield of tomato
and squash in municipal solid waste amended soil. Horticulture Science.29:785-788.
Jakobsen ST. (1996). Leaching of nutrients from pots with and without applied compost.
ResourConserv Recycling 17: 1–11.
Johansson JF, Paul LR Finlay RD (2004) .Microbial interactions in the mycorrhizalrhizosphere
and their significance for sustainable agriculture. FEMS Microbiology Ecology 48 1-13.
Limpens J,Schroder FH, de Ridder CMA, Bolder CA, Wildhagen MF, Obermuller-Jevic UC, et
al. (2006). Combined lycopene and vitamin E treatment suppresses the growth of PC-346C
human prostate cancer cells in nude mice. J Nutr 136: 1287– 1293.
Mathur, N. and A. Vyas, (2000).Mycorrhizal dependency of Tamarixaphylla in saline areas of
Thar Desert. Naturalia, 25: 105-110.
Mamonova LG. The productivity and utilization of nutrient elements by tomato plants receiving
different rates of mineral fertilizers. Toudy Ural SKNII S. Kh. 1978; 23:66-71.
Prema G, Indiresh KK and Santosha HM (2011). Evaluation of cherry tomato
(Solanumlycopersicum var. cerasiforme) genotypes for growth, yield and quality traits. Asian J.
Hort. 6(1): 181-184.
Raja, H.A. and Shearer, C.A. (2006). Jahnula species from North and Central America, including
158

Vidya (2019) Vol. No : 1

Saraf et al

three new species. Mycologia 98: 312-332.
S.E. Smith and D.J. Read, (2008). Mycorrhizal symbiosis.3rd Edn, Academic press, London,
Shewfeltalker C. (2001).A new fungal phylum, the Glomeromycota: phylogeny and evolution.
Mycol Res 105: 1413–1421.
Sreeramulu, K.R., M. Hanumanthappa, A. Gowda, K.N. Kalyana and N. Jayasheela, (2000).
Dual inoculation of Azotobacterchroococcum and Glomusfasciculatum improves growth and
yield of sunflower under filed conditions and saves N and P fertilizer application. Environ. Ecol.,
18: 380-384.
Subbiah BV, Perumal R. (1986).Effect of NPK and CaCl2 on the yield and nutrient uptake in
tomato. South Indian Journal of Horticulture. 34:82-99.
Taussky, H. H., and Shorr, E. (1953). A Flame photometric method for the determination of
inorganic phosphorus. J. Bud. Chem. 202, 675:160-166.
Valdrighi MM, Pera A, Agnolucci M, Frassinetti S, Lunardi D, Vallini G. (1996). Effects of
compost derived humic acids on vegetable biomass production and microbial growth within a
plant (Cichoriumintybus) – soil system: a comparative study. AgrEcosyst Environ 58: 133–144.
Voogt W. (1993) .Nutrient uptake of year round tomato crops. ActaHorticulture. 339:99-112.
Yadav BS, BatraBR(1991). Response of spring planted tomato varieties to N and P fertilization
and spacing. Indian Journal of Agriculture Research.; 34:182-184.
Witter E, Lopez Real J. (1998). Nitrogen losses during the composting of sewage sludge, and the
effectiveness of clay soil, zeolite, and compost in adsorbing the volatilized ammonia. Biol Waste
23: 279–294.
❑

159

