ISSN: 0975-833X

Available online at http://www.journalcra.com

INTERNATIONAL JOURNAL
OF CURRENT RESEARCH

International Journal of Current Research
Vol. 6, Issue, 08, pp.7754-7758, August, 2014

RESEARCH ARTICLE

INTERACTION OF BACILLUS SUBTILIS AND TRICHODERMA HARZIANUM WITH MYCORRHIZA
ON GROWTH AND YIELD OF CUCUMBER (CUCUMIS SATIVUS L.)

1Hadi Mahdi Aboud, 2Ali Hashim Al-Mosaye and *3Rabab Majead Abed

1Directorate of Agriculture Research, Ministry of Science and Technology, Baghdad, Iraq
zDepartment of Biology, College of Science for Women-University of Baghdad, Baghdad, Iraq
3Department of Biology, college of Education for Pure Science -University of Diyala, Diyala, Iraq

ARTICLE INFO

ABSTRACT

Article History:

Received 17" May, 2014
Received in revised form

25" June, 2014

Accepted 10™ July, 2014
Published online 06™ August, 2014

Key words:

Glomus mosseae,
Bacillus subtilis,
Chlorophyll,
Cucumber.

Experiment was conducted in field to study the influence interaction of B. subtilis bacteria and T.
harzianum fungi with AM fungi G. mosseae in growth and yield parameters of cucumber Cucumis
sativus. The present study showed that the relationship between B. subtilis and T. harzianum with G.
mosseae was positive due to getting a significant increase in the number of spores and the percentage
of colonization and the infection index of AM fungi and interaction among (G. mosseae + B. subtilis
+ T. harzianum) give highest increase in the number of G. mosseae spores (3950) spore, mycorrhizal
root (14.57)% and mycorrhizal dependency (79.8)%. The result showed that the interaction between
B. subtilis and T. harzianum give significant increase in the growth and yield parameters, and all
treatments with or without mycorrhiza increased the growth and yield of cucumber plant excepting
fresh root weight. This increase is due to get a significant increase in chlorophyll a,b and total
chlorophyll in all treatments comported with control without any addition, and in mycorrhizal
treatment there is a significant increase in weight of mycorrhizal roots and mycorrhizal dependency.

Copyright © 2014 Hadi Mahdi Aboud et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted

use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Cucumber (Cucumis sativus) it is one of important economic
crops in Iraq and Middle East countries, but according to
statistical of F.A.O. (2013) the cultivated area reached to
273000 Ha with low productivity. This due to wrong
application of pesticide and chemical fertilizer which is
destroyed the natural balance of soil and cause upset the
activity of the soil microorganisms (George and Marschner,
1996). There for became necessary to search for alternative
methods which it is effective, specialized, cheap and not
harmful to the environment one of these methods it is used
Biofertilizers (Pandey et al., 2013). Arbscular Mycorrhiza
(AM) fungi one of this biofertilizers. In a study carried out by
Ortas (2010) he has tested the response of cucumber plant to
inoculated to different type of Glomus spp. which are G.
mosseae, G.etunicatum, G. clarum, g. caledonium and the
mixture of these four species in field experiment the results that
mycorrhiza inoculation caused significantly increased in
cucumber seedling, fruit yield, P and Zn shoot concentration
and indigenous mycorrhiza inoculum successful in colonizing
cucumber roots.also Tiifenkg et al. (2012) found the ability
G.intradices, G. etunicatum and Gigaspora margarita in
increasing the nutrient uptake and some seedling traits of four
cucumber hybrids. Plant growth -promoting bacteria such as
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Bacillus subtilis can act either indirectly or indirectly in
improvement plant growth (Bars et al., 2004) by production of
growth stimulating Phytohormones, solubilization and
mobilization of phosphate, production of antibiotics and
induction of plant systemic resistance to pathogens (Idris et al.,
2004; Erturk et al., 2010) the result of Waheed et al. (2014)
study showed the plant which treated with B. subtilis recorded
maximum shoot length, root length, fresh and dry weight of
plant, rate of fruits weight and plant productivity. In addition to
above Trichoderma spp. is one of fungi that many studies have
proven it is efficiency as biofertilizer and biocontrol of many
phytopathogen and enhance plants tolerance to wide range of a
biotic stresses (Mastori et al., 2010; Murali et al., 2012) and
increased chlorophyll content and concentration of nutrients
uptake (Azarmi et al., 2011). The aim of this study to evaluate
the ability of G. mosseae fungus, B. subtilis bacteria, T.
harzianum and interaction between them in some growth and
yield parameters of cucumber plant under field conditions.

MATERIALS AND METHODS

Field experiment were carried out on Diyala - Iraq in clay -
loam soil during the growth season 2012-2013. Their purpose
is to study the effect of Plant Growth Promoters (PGP) Glomus
mosseae, Bacillus subtilis and Trichoderma harzianum and
their interaction between them in some parameters of growth
and yield of cucumber plant, the experiment included the
following steps.
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Preparation the inoculation of PGP

T. harzianum funga has been added to soil after growing it on
corn greish which added to the soil by 2 gm /hole. as for
mycorrhizal fungi G. mosseae we used in this experiment two
isolation of it which growing on white corn plant, the
mycorrhizal inoculate (spores + hypha + mycorrhizal root ) are
applied at rate 10 gm / hole. Bacterial suspension of B. subtilis
(11x 10°) were applied at rate 10 ml / hole. All these
inoculation were added to soil before 2 days from seeded.

Application field experiment

Cucumber seeds are surface sterilized by using Sodium
hypochlorite solution 2% for 2 min then seeds washed twice
with distilled water and dried by using filter paper and seeded
at rate 3 seeds / hole, and 18 seeds for each treatment, in 8
treatment with 3 replicate for each treatment.

Plant and Mycorrhizal analysis

The following growing and yield parameters were recorded at
the end of the experiment .the percentage of germination seeds
were recorded after 10 days from seeded, length of shoot,
fresh and dry weight of shoot, leaf area, number of flower,
number of fruits and fruits weight, fresh and dry weight of root
and For the measurements of root parameters (length, average
diameter, surface area) we are using EPSON scanner V700.
according to methods of Agarwal et al. (1986) chlorophyll a ,b
and total chlorophyll are identified. For mycorrhizal analysis
we are account the number of G. mosseae spores in soil by
using the wet sieving and decanting method (Gerdemann and
Nicolson, 1963), to measurement the percentage of
mycorrhizal infection the root staining with acid fuchsine
(Phillips and Hayman, 1970) and the Percentage of
mycorrhizal colonazation determination by formula in
(Giovannetti and Mosse, 1980), weight of mycorrhizal roots
(Pairunan et al., 1980) and calculation of mycorrhizal
dependency (Graham and Svertsen, 1985).

Statistical Analysis

The experiment were conducted and analyzed as factorial with
three replications using a Completely Randomized Design
(CRD) for laboratory experiments, and a Completely
Randomized Block Design (CRBD) for greenhouse and field
experiments. The mean values were compared by using LSD
test at probability of 5 % (p < 0.05).

RESULTS

Mycorrhizal parameters

Figure (1) showed the effect of interaction of 7. harzianum and
B. subtilis with G. mosseae in AM fungi colonization, infected
index of AM fungi, number of spores, weight of mycorrhizal
root and mycorrhizal dependency under field condition. The
result showed. Significant increase in the percentage of AM
fungi colonization that was 100% for all treatments and for
infection index by AM fungi it is reached to 100% in
treatments of interaction (G. mosseae + B. subtilis) and

(G. mosseae + T. harzianum) comparison with 60% in g.
mosseae only and the figure showed that the interaction among
(G. mosseae + B. subtilis + T. harzianum) give highest
increase in the number of G. mosseae spores followed by
treatment of (G. mosseae + T. harzianum) which was (3950,
3500) spores respectively, while we can see the same number
of spores in treatments of (G. mosseae only) and (G. mosseae
+ B. subtilis) which was (1680) spores for each treatments.
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Figuer 1. Influence of interaction between 7. harzianum(Th) and
B. subtilis (Bs)with mycorrhizal fungi G. mosseae (Gm) in % AM
colonization, % AM infection index, Number of spores,
Mycorrhizal root weight and Mycorrhizal dependancy

From the same figure we can see that the treatment of (G.
mosseae + B. subtilis + T. harzianum) give a significant
increase in the weight of mycorrhizal root flowed by treatments
(G. mosseae + T. harzianum) and (G. mosseae + B. subtilis)
which the percentage of increase is (79.8, 61.49, 47.35) %
respectively compared with the treatment of (G. mosseae
only). For mycorrhizal dependency the result showed that all
treatments give significant increasing in the mycorrhizal
dependency and the percentage of increase for (G. mosseae +
T. harzianum) and (G. mosseae + B. subtilis) and (G. mosseae
+ B. subtilis + T. harzianum) are (13.51, 14.57, 14.57) %
respectively.

Shoot growth and yeild parameters

The results appear in Table (1) showed the ability of PGP to
increasing the growth and yield of cucumber plant
which grown under field conditions. The result showed that
the treatment of (B. subtilis + T. harzianum) caused a
significant increase in shoot height, dry weight, leaf area,
flower number, fruit number and fruit weight and the
percentage of increasing was (94.56, 221.01, 242.22, 307.75,
218.95, 218.95) % respectively in comparison with control
treatment. In Figuer (2) we can see that PGP shows a
significant increase in the content of chlorophyll in cucumber
plant and all treatments have caused a significant increase in
chlorophyll a, b and total chlorophyll in variabl increase among
treatments.

Root growth parameters

Table (2) showed that the treatments of (B. subtilist+ T.
harzianum) caused a significant increase in all root parameters
which are root length, surface area, average diameter, fresh and
dry  weight and the percentage increase  was
(294.87, 277.14, 106.78, 112.69, 207.26) % respectively
compared with control treatment.
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Figure 2. Influence of B. subtilis (Bs), T. harzianum(Th) and mycorrhizal fungi G. mosseae (Gm) and the interaction between them in
the content of chlorophyll a , b and total chlorophyll in cucumber plant which grown under field condations
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Table 1. Influence of B. subtilis (Bs), T. harzianum(Th) and mycorrhizal fungi G. mosseae (Gm) and the interaction between them in
shoot growth and yeild of cucumber plant under field condations

Treatments Height (cm) Fresh weight (g) Dry weight (g)  Leaf area (cm?) No. of flower No. of fruits Fruits weight (g)
control 22.033 13.96 3.380 184.400 4.66 5.33 399.75

Gm 33.867 32.76 8.340 630.466 16.00 13.33 999.75

Bs 31.300 24.50 7.950 370.580 12.66 10.66 750.00

Th 29.367 25.37 8.190 279.356 14.33 12.33 924.75
Gm+Bs 31.933 26.13 9.360 319.020 17.33 15.33 1149.75
Gm+Th 33.400 29.43 10.310 285.620 13.00 13.00 975.00
Bs+Th 42.867 29.57 10.850 631.060 19.00 17.00 1275.00
Gm+Bs+Th 36.330 32.46 10.503 597.220 18.00 16.33 1224.75
L.S.D. at 5% 2.854 1.786 0.569 128.125 2.621 2.601 0.438

Table 2. Influence of B. subtilis (Bs), T. harzianum(Th) and mycorrhizal fungi G. mosseae (Gm) and the interaction between them in
root growth parameters of cucumber plant under field condations

Treatments Length (cm) Fresh weight (g)  Dry weight (g) Serves area (cm?) Average diameter (mm)
control 38.42 5.36 1.79 11.68 0.369
Gm 95.16 8.60 3.04 24.03 0.699
Bs 66.31 8.73 3.22 16.80 0.628
Th 119.03 8.26 331 25.08 0.509
Gm+Bs 137.7 1.07 4.47 28.51 0.559
Gm+Th 124.58 10.60 4.90 24.87 0.755
Bs+Th 151.71 11.40 5.50 44.05 0.763
Gm+Bs+Th 127.13 11.13 5.46 25.59 0.701
L.S.D. at 5% 16.975 NS 0.688 6.744 0.072
DISCUSSION G. mosseae spores. These are due to the ability of 7. harizanum

The present reserch showed that the relationship between
T. harzianum and B. subtilis with mycorrhiza fungi G. mosseae
were positive which reflected in the increased the number of G.
mosseae spores, percentage of root colonaziation by
mycorrhiza. some  studies showed that phosphate
solubilising bacteria (PSB) such as B. subtillis and B. circulans
together with AM fungi g. intraradices can increase the
establishement of AM fungi in the onion root(Singh and
Kapoor, 1998) Through induced the expression of some genes
like GmFox2 which encoding to multifunctional protein
(Gianinazzi et al., 2002). Vivas et al. (2003) suggested that
should be using co- inoculated between AM fungi G. mosseae
and G. intraradices with Bacillus sp. to optimize the formation
and function of AM fungi symbiosis in normal and stress
environments, saprotrophic fungi such as Trichodermia spp.
mainly influence in the development of AM fungi symbiosis
(Garicia- Romera et al., 1998). Al- Kurtany et a/.(2008) found
that the percentage of AM fungi Glomus spp. colonization
increased when there 7. harzianum in the same treatment
which reflected on increased growth and yeild of eggplant
which grown under feild conditions . also the result of this
study showed the ability of all PGP and the interaction between
them to increasing some growth parameters for shoot and root
part and increaseing some yield parameters in cucumber plant.
The maize plant shown response to inoculation with AM fungi
through increasing of growth and yield parameters which is
(biomass, length, circumference of spikes, number of grains
per cob, grain yield and grain size), and increased in content of
some biochemical such as protein, lipid and starch
(Berta et al., 2014). Bhuvaneswari et al. (2014) reported that
the interaction between G. mosseae and T. harzianum give
significant increase in growth parametares of chilli plant such
as length of shoot and root, dry weight of shoot and root,
number of leaves, number of branching and number of

to production phytohormones such as auxins and gibberelin
which enhance plant growth (Abood et al., 2009), increase
nutrant uptake (Al- Kurtany et al., 2008) induction of plant
resistance (Hibar et al., 2007) biocontrol of many bathogens
(Yang et al., 2012) mycorrhiza fungi can improved plant
growth by many strateg such as induced plant resistance for
biotic and abiotic stress (Hafez and Abdel-Fattah, 2013)
incrase nutrint uptake (Ortas, 2010) and the result of this study
showed increase of mycorrhizal depandacy It is thought that
the determination of high- mycorrhizal depandacy cultivars
could lead to improvements in cucumber seedling production
in the future. (Tiifnk¢i et al., 2012) the result of important the
inoculation by B. subtilis in this study agree with (Zongzheng
et al., 2009) and these due to ability of Basillis spp. to
production phytohormones (Idris et al., 2004).
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