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Abstract

Biological experiment was performed (with Complete Random Design (CRD))
by using sterile and non-sterile soil, to investigate Rhizobium leguminosarum isolate
ability to enhance fava beans (Vicia faba) plant. The experiment includes: control
group (C), fertilizer treatment as group 1 (F), and Rhizobium leguminosarum
inoculum treatments as group 2 (R). Fava beans seeds were planted in pots filled
with 5 Kg soil (sterile and non-sterile), and after seven weeks of germination, length
and weight of plant vegetative part and plant root were measured. The ability of
Rhizobium leguminosarum isolate to produce hydrolytic enzymes (chitinase,
pectinase, protease, and lipase) was studied. The results show that the isolate was
able to produce chitinase, pectinase, protease, and lipase enzymes. Furthermore, the
addition of Rhizobium leguminosarum inoculum to fava beans plant increased the
length and dry weight of plant vegetative part (20.3% and 51.5% respectively) and
also increased the length and dry weight of plant root (49.28% and 56.2%
respectively) as compared with control group.

Keywords: Rhizobium leguminosarum, hydrolytic enzyme, fava beans, (Vicia faba),
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Introduction

The Rhizobia are special bacteria that can lives in the soil or in nodules formed on the roots of
legumes. The root-nodule symbiosis provides the most efficient source of biologically fixed ammonia
fertilizer for agricultural crops [1]. Biological nitrogen fixation can stimulated by applying the correct
Rhizobia to their legume crops, inoculation. Rhizobium inoculation has been reported to increase the
biomass of plant and seed production [2, 3] suggest that non-nodulating strains may be important
competitors at the root-soil interface and that their capacity to attenuate this symbiosis should be
considered in efforts to use rhizobia as biofertilizers. Rhizobium spp. increased plant protection by
cellulase, protease, lipase and B-1,3 glucanase production [4]. Also they have ability to produce
amylase, cellulase and hemicellulase enzymes [5, 6]. Hydrolytic enzyme breaks down protein, lipids,
nucleic acids, carbohydrate and fat molecules into their simplest units. The presence of hydrolytic
enzymes in plant infected microorganisms are widespread in nature.

This study was aimed to assess Rhizobium leguminosarum inoculum as biofertilizer by investigate
its ability to produce hydrolytic enzymes and improve length and weight of fava beans plant shoot and
root.

Materials and methods
Rhizobium inoculum

The Rhizobium leguminosarum isolate used in this study was provided by Department of
Biotechnology /College of Science/ University of Baghdad.

The isolate was reactivated in yeast mannitol agar, (15 gm/ L agar, 10gm/ L mannitol, 0.5 gm/ L
K,HPQO,4, 0.2 gm/L MgS0,.7H,0, 0.1 gm/ L NaCl, and 1 gm/ L yeast extract, in 1000 ml distilled water
at pH 6.8-7.0) incubated at 30 °C for 3 days [7].

Determination Rhizobium ability to produce hydrolytic enzymes

Chitin and Pectin medium containing plates were inoculated with Rhizobium leguminosarum
isolate and incubated at 30°C for 3-7 days. Clear zone formation indicate positive result for chitinase
and pectinase enzymes respectively [8].

Protease production investigated on milk agar, after inoculation with the bacterial isolate and
incubation at 30°C for 24h, by the formation of a clear zone [9].

Mineral salt olive oil agar was inoculated with the isolate and incubated at 30°C for 3-7 days, to
investigate the production of lipase. Positive result appear as bacterial growth and reduction of
medium oil [10].

Biological experiment
Soil preparation

Soil obtained from Baghdad University fields Table-1 was divided into two groups. The first was
autoclaved three times at 121°C for 1 hour each time [11], the second was left without sterility.
Inoculum preparation

Preparation of inoculum was achieved by growing of Rhizobium leguminosarum isolate in 100 ml
of yeast mannitol broth culture for three days at 30°C. The optical density of bacterial culture at 600
nm was 0.86.

Plant seeds preparation

Seeds of fava beans plant, which provided by Ebaa agriculture research center / Irag, were prepared
by surface sterilization using 2% HgCl, and 95% Ethanol for 2 min, and then washed well with
distilled water [12].

Biological experiment

Biological experiment performed with Complete Random Design (CRD). The experiment includes
three groups: control group includes soil without addition (C), NPK fertilizer addition group (100
Kg.hec.™) (F), and Rhizobium leguminosarum inoculum addition group (R), which performed with
sterile and non-sterile soil and with three replicates. Sterile and non-sterile soil was distributed in 18
sterile (5 Kg) pots (9 for each). Seeds, treated with inoculum, were soaked with 100ml of Rhizobium
leguminosarum fresh culture and mixed with sterilized Arabic gum. Seeds (treated and non-treated
with inoculum) were cultured, pots were arranged randomly inside a plastic house and irrigated with
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tap water. After seven weeks from seeds germination, length of each plant vegetative part and plant
root were measured. Plant matters were oven dried at 60°C, until weight stability. Then plant

vegetative part and roots were weighted.

Table 1-The properties of soil used in the biological experiment.

properties Soil content
Electric conductivity (EC)(ds.m™) 1.8
pH 7.3
Cation exchange capacity(CEC) (cmol.Kg™) 18.6
Organic matter (gm.Kg™) 1.4
Nitrogen (mg.Kg™) 2.21
Phosphor (mg.Kg™) 14.53
Calcium carbonate (gm.Kg™) 235
Sand (gm.Kg™) 233
Silt (gm.Kg™) 273
Clay (gm.Kg?) 494
Soil texture Sandy loam

Results and Discussion
Production of hydrolytic enzymes by Rhizobium leguminosarum

The results showed that Rhizobium leguminosarum isolate was able to produce chitinease,
pectinase, protease and lipase enzymes. The hydrolysis zone formation on chitin, pectin and milk agar
indicate chitinease, pectinase and protease production respectively [9, 8]. The growth in mineral salt
olive oil agar and reduced the oil prove lipase enzyme production [10, 6]found That Rhizobium
species isolated from fenugreek roots have the potential to produce amylase and cellulose enzymes.
Hydrolytic enzymes production by some rhizospheric bacterial community indicate its ability to
promoting plant growth [13].
Effect of Rhizobium leguminosarum inoculum
Height of the vegetative plant part

The Rhizobium leguminosarum inoculum addition caused an increase in height of the vegetative
part of fava beans plants comparing with control groups in sterile and non-sterile soil (Figure-1).
Fertilizer groups show no significant increase from Rhizobium leguminosarum inoculum groups but
their increase were significant from control groups. The absence of soil normal flora may cause height
decreases of plants vegetative part in sterile soil comparing with non-sterile soil. The trajectory of the
co-evolutionary interactions between rhizobia and legumes is differentiated across different
environments [14].

25
£
L
- 20
£
©
o
g
s 15
(1]
8
Q
o0 . )
g i sterile soil
2 10
f.._ M non-sterile soil
o
£ 5
b0
@
T

C F R

, I

groups

Figure 1-The height mean of fava beans vegetative part (cm) for control (C), Fertilizer (F), and
Rhizobium leguminosarum inoculum (R) groups. (LSDy s value = 4.25)
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Dry weight of the vegetative plant part

Plants vegetative part in fertilizer groups presented the best weight which differ significantly from
other groups Figure-2. Rhizobium leguminosarum inoculum groups recorded an increase in the weight
of plants comparing with control groups in sterile and non-sterile soil. The increasing in plant growth
via Rhizobium inoculum due to soil nutrient enrichment through nitrogen fixation, siderophore
production, phosphate solubilization and phytohormones production [4].
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Figure 2-The dry weight mean of fava beans vegetative part (gm) for control (C), Fertilizer (F), and
Rhizobium leguminosarum inoculum (R) groups. (LSDg s value = 4.48)
Length of the roots

The results in Figure-3 showed that addition of Rhizobium leguminosarum inoculum increase the
length of plant root in contrast with control group, while fertilizer addition exhibit highest length of
plant root. The roots length in non-sterile soil are higher than in sterile soil (15.36 and 17.64 cm
respectively), but the different are not significant.
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Figure 3-The length mean of fava beans roots (cm) for control (C), Fertilizer (F), and Rhizobium
leguminosarum inoculum (R) groups. (LSDg g5 value = 9.53)

Dry weight of the roots

The results in Figure-4 showed that Rhizobium leguminosarum inoculum addition enhance the
roots weight, especially in non-sterile soil. The inoculum groups show no significant differences from
fertilizer groups. Roots weight in none-sterile soil are improved better than in sterile soil (the averages
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are 9.06 and 6.94 respectively). Plant growth promoting rhizobia increased plant growth through
enhancing soil nutrient [4] and biocontrol agent properties [15,16] found that the Rhizobium
leguminosarum strain PEPV16 was able to promote the growth of lettuce and carrots by increasing the
dry matter of shoots and roots, as well as the uptake of N and P in the edible parts of both plant
species. These data confirmed the suitability of Rhizobium as biofertilizer for nonlegumes.
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Figure 4-The dry weight mean of fava beans roots (gm) for control (C), Fertilizer (F), and Rhizobium
leguminosarum inoculum (R) groups. (LSDg g5 value = 3.52)

References

1.

10.

Robledo M, Jimenez-Zurdo JI, Velazquez E, Trujillo ME, Zurdo-Pineiro JL, Ramirez-Bahena
MH, Ramos B, Diaz-Minguez JM, Dazzo F, Martinez-Molina E, and Mateos PF. 2008.
Rhizobium cellulase CelC, is essential for primary symbiotic infection of legume host roots.
Microbiology. 105(19): 7064—-7069.

Poi SC, Basu TK, Behari K, Srivastav A. 1991. Symbiotic eectiveness of dierent strains of
Rhizobium meliloti in selecting inoculants for improvement of productivity of Trigonella foenum-
graecum. Environ. Ecol. 9: 286-287.

Gano-Cohen KA, Stokes PJ, Blanton MA, Wendlandt CE, Hollowell AC, Regus JU, Kim D, Patel
S, Pahua VJ, and Sachs JL. 2016. Nonnodulating bradyrhizobium spp. modulate the benefits of
legume-Rhizobium mutualism. Appl. Environ Microbiol. 82(17): 5259-5268.

Gopalakrishnan, Subramaniam, Arumugam Sathya, Rajendran Vijayabharathi, Rajeev Kumar
Varshney, C. L. Laxmipathi Gowda, and Lakshmanan Krishnamurthy. 2015. Plant growth
promoting rhizobia: challenges and opportunities. 3 Biotech, Springer Link. 5(4): 355-377.
Martinez-Molina Eustoquio, Victor M Morales, and David H. Hubbell. 1979. Hydrolytic enzyme
production by Rhizobium. Applied and Environmental Microbiology. 38(8): 1186-1188.

Singh Baljinder, Ravneet Kaur and Kashmir Singh. 2008. Characterization of Rhizobium strain
isolated from the roots of Trigonella foenumgraecum (fenugreek). African Journal of
Biotechnology, 7(20): 3671-3676.

Wang, E. T., van Berkum, P., Beyene, D., Sui, X. H., Dorado, O., Chen,W. X. and Marti!nez-
Romero, E. 1998. Rhizobium huautlense sp. nov., a symbiont of Sesbania herbacea that has a
close phylogenetic relationship with Rhizobium galegae. Int J Syst Bacteriol. 48: 687—699.
Sampson M. N. and Gooday G. W. 1998. Involvement of chitinease of Bacillus thuringiensis
during pathogenesis in insects. Microbiology, 144: 2189-2194.

Harrigan W. F., and MacCance M.E. 1979. Laboratory methods in food and diary microbiology.
Academic press. New York.

Rodena A. G. 1972. Method in aquatic microbiology. University perk press. Battimore Butter
wortts, London.

1235


https://www.ncbi.nlm.nih.gov/pubmed/?term=Robledo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18458328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jim%C3%A9nez-Zurdo%20JI%5BAuthor%5D&cauthor=true&cauthor_uid=18458328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vel%C3%A1zquez%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18458328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trujillo%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=18458328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zurdo-Pi%C3%B1eiro%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=18458328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ram%C3%ADrez-Bahena%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=18458328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ram%C3%ADrez-Bahena%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=18458328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramos%20B%5BAuthor%5D&cauthor=true&cauthor_uid=18458328
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%C3%ADaz-M%C3%ADnguez%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=18458328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dazzo%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18458328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mart%C3%ADnez-Molina%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18458328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mateos%20PF%5BAuthor%5D&cauthor=true&cauthor_uid=18458328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gano-Cohen%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=27316960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stokes%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=27316960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blanton%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=27316960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wendlandt%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=27316960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hollowell%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=27316960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Regus%20JU%5BAuthor%5D&cauthor=true&cauthor_uid=27316960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27316960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27316960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27316960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pahua%20VJ%5BAuthor%5D&cauthor=true&cauthor_uid=27316960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sachs%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=27316960
https://www.ncbi.nlm.nih.gov/pubmed/27316960
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gopalakrishnan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28324544
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sathya%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28324544
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vijayabharathi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=28324544
https://www.ncbi.nlm.nih.gov/pubmed/?term=Varshney%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=28324544
https://www.ncbi.nlm.nih.gov/pubmed/?term=Varshney%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=28324544
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gowda%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=28324544
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krishnamurthy%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28324544
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4522733/

Alsalim et al. Iragi Journal of Science, 2018, Vol. 59, No.3A, pp: 1231-1236

11.

12.

13.

14.

15.

16.

Bashan Y. M. E. Puente, M. N. Rodriguez-Mendoza, G. Toledo, G. Holguin; R. Ferrera-Cerrato
and S. Pedrin. 1995. Survival of Azospirillum brasilense in the bulk soil and rhizosphere of 23soil
types. Applied and Environmental Microbiology. 16(5): 1938 -1945.

Vincent J.M. 1970. A manual for the practical study of root- nodules bacteria. International
Biological Program. Handbook No.15. Black well Scientific Publication. Oxford, England. pp:
125 - 126.

Ahmad Naseer, Zabta Khan Shinwari, Samina Bashir and Muhammad Yasir. 2013. Function and
polygenetic characterization of rhizospheric bacteria associated with GM, and non GM maize.
Park J. Bot. 45(5): 1781-1788.

Cauwenberghe Jannick Van, Wouter Visch, Jan Michiels and Olivier Honnay. 2016. Selection
mosaics differentiate Rhizobium — host plant interactions across different nitrogen environments.
Nordic Society Oikos J. 1-7.

Kumar Harish, R.C.Dubey, and D.K.Maheshwari. 2011. Effect of plant growth promoting
rhizobia on seed germination, growth promotion and suppression of Fusarium wilt of fenugreek
(Trigonella foenum-graecum L.). Crop Protection. 30(11): 1396-1403.

Flores-Felix Jose, Esther Menéndez, Lina P. Rivera, Marta Marcos-Garcia, Pilar Martinez-
Hidalgo, Pedro F. Mateos, Eustoquio Martinez-Molina, Ma de la Encarnacion Veldzquez, Paula
Garcia-Fraile, and Raudl Rivas. 2013. Use of Rhizobium leguminosarum as a potential biofertilizer
for Lactuca sativa and Daucus carotacrops. Journal of Plant Nutrition and soil. 176 (6): 876-882.

1236


https://www.sciencedirect.com/science/article/pii/S0261219411001657#!
https://www.sciencedirect.com/science/article/pii/S0261219411001657#!
https://www.sciencedirect.com/science/article/pii/S0261219411001657#!

