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he effects of plant growth promoting rhizobacteria (PGPR) on

decreasing maize late wilt disease caused by Cephalosporium
maydis, enhancing plant tolerance to salinity stress and plant growth
parameters were studied. /n vitro, four out of the seven Pseudomonas
fluorescens isolates and three out of nine isolates of Bacillus subtilis
showed the potency to cease the growth of all target pathogens.
Significant reduction in disease incidence was recorded under
greenhouse and field conditions in seeds treated by PGPR strains
either individually or in combination. PGPR seed coated treatments
carried on biochar were the best which reduced the disease to 72% in
normal soil and 70% in saline soil under greenhouse conditions,
whereas, it gave 82.8% disease reduction in normal soil and 79.3% in
saline soil in the field. This treatment promoted seed germination
percentage, plant height, dry weight and chlorophyll levels more than
other treatments. Also, seed treatments with rhizobacteria decreased
the proline induction compared with untreated plants in normal and
saline soil due to decrease of salinity stress by PGPR especially that
carried on biochar. Under field conditions in normal and saline soil,
rhizobacteria seed coating carried on biochar either alone or in
combination significantly decreased disease infection and enhanced
the plant yield compared with control.

Keywords: Bacillus subtilis, biochar, Cephalosporium maydis,
Maize and rhizobacteria

Maize (Zea mays L.) is considered as one of the most important cereal crops in
Egypt. Late wilt, caused by Cephalosporium maydis Samra, Sabet & Hingorani, is
one of the most economical diseases of maize in Egypt; serious economic losses
from late wilt have been reported in Egypt where 100% infection occurs in some
fields (Samra et al., 1962). Furthermore, the yield losses reached up to 40%
(El-Shafey and Claflin, 1999). It is well known that maize is highly sensitive to
salinity which reduces crop productivity by 6-19%. In general, biochemical,
physiological, morphological and anatomical characteristics of crop species is
directly affected by soil salinity (Ashraf, 2004; Ashraf & Harris, 2004; Chinnusamy
et al., 2005; Parida and Das, 2005). There are many reports which show that salinity
induces water deficit in many crop species such as corn, sunflower, potato and
soybean (Katerji et al., 1998; Katerji et al., 2004). A primary response in salt
stressed plants is a decrease in plant water potential, resulting in decreased water use
efficiency, leading to the overall toxic damages and yield reduction (El-Hendawy e?
al., 2005; Mansour et al., 2005).
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Plant growth promoting rhizobacteria (PGPR) are a heterogeneous group of
bacteria that can be found in the rhizosphere, at root surfaces and in association with
roots (Ahmad et al., 2008). The enhancement of crop plant growth using PGPR is
documented (Reed and Glick, 2004) and these organisms have been used to reduce
plant stress associated with phytoremediation strategies for metal contaminated soils
(Reed and Glick, 2005). PGPR enhance plant growth through reducing ethylene
production, allowing plants to develop longer root better establish during early
stages of growth (Glick er al.,1998); (ii) enhancing a symbiotic nitrogen fixation
(Khan, 2005) or indirectly affecting symbiotic N2 fixation, nodulation or nodule
occupancy (Fuhrmann and Wollum,1989); (iii) producing or changing the
concentration of plant growth regulators like indole acetic acid (IAA) (Ahmad et al.,
2008); (iv) raising the solubilisation of nutrients with consequent increase in the
supply of bio-available phosophorous and other trace elements for plant uptake
(Glick, 1995); (v) production of phytohormones such as auxins, cytokinins and
gibberellins (Glick, 1995); and (vi) synthesis of antibiotic and other pathogen-
depressing substances such as siderophores, cyanide and chelating agents that
protect plants from diseases (Kamnev and Lelie, 2000). These organisms can also
increase plant tolerance to flooding (Grichko and Glick, 2001), salt stress (Mayak et
al., 2004a) and water deprivation (Mayak et al., 2004b).

Biochar defined as a product of thermal degradation of organic based feedstock,
through the process of pyrolysis, which requires elevated temperature and the
absence of oxygen (Lehmann and Joseph, 2009). Biochar is using as a carrier for
beneficial microorganisms and applying it as a biofertilizer or controlling soil borne
diseases. Furthermore, biochar is renewable, locally available and inexpensive; have
good water holding capacity, good aeration properties, and sustain growth and
survival of bacteria over time. Additionally, it is non-toxic, environmentally friendly,
easily manufactured, sterilized and manageable in the field (Khavazi ez al., 2007).
Moreover, it is simply converted to powder, mixable and packageable and able to
adhere to the seed. Also, growing interest in biochar is associated with its carbon
sequestration ability. Biochar is a promising means of reducing the atmospheric CO,
concentration (Xu et al., 2012). Furthermore, biochar has gained much attention as a
soil amendment (Lehmann et al., 2011). Several studies provide evidence that
biochar-amended soils have an impact on plant resistance to pathogens. Matsubara
et al. (2002) demonstrated that charcoal amendments had a suppressive effect on the
soil borne pathogen Fusarium sp. They found that charcoal produced from coconut
fiber suppressed Fusarium crown and root rot, and increased arbuscular mycorrhizal
(AM) colonization of asparagus seedlings.

The aim of this work was to assess the effect of plant growth promoting
rhizobacteria (PGPR) as seed treatments carrying on biochar on Cephalosporium
maydis the causal organism of late wilt disease, salinity stress and the growth
parameters of Z. mays in vivo and in vitro
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Materials and Methods

Fungal and rhisobacterial isolates:

The stalk-rot complex pathogens of maize; Fusarium oxysporum, F.verticillioides,
Rhizoctonia solani, Cephalosporium maydis, Macrophomina phasiolina and
Acremonium strictum were obtained from culture type collection of Maize and Sugar
Crops Dis. Dept., Plant Pathol. Res. Inst., ARC, Giza. Rhizosphere-rhizoplane
colonizing PGPR (Pseudomonas fluorescens and Bacillus subtilis) were isolated
from rhizosphere of maize plants at seedling and mature growth stages grown in the
fields. Samples were taken from plants grown in saline soil of the fields of
Agricultural Experiment Station at Sahl El-Hossainiya (Sharkiya) governorate and
Sakha (Kafr El-Sheikh) governorate and a field located at El-Fayum governorate.
Isolation of these strains of bacteria was done according to the method described by
Meera and Balabaskar (2012). To identify the bacterial isolates, certain biochemical
tests were conducted according to Breed et al. (1957). On the basis of colony
morphology and fluorescence under UV (365nm), many colonies were randomly
selected and further purified by streaking on King's B medium (KB). Purified
isolates were kept on original (KB) slants at 2°C and Nutrient agar for Bacillus
subtilis isolates.

In vitro antifungal activity of bacterial strains:

The antifungal activity of rhizobacterial isolates was evaluated against five
pathogens involved in the stalk-rot complex of maize on PDA + 0.2% yeast extract
(PDAY) medium by using the dual culture technique described by Dennis and
Webster (1971). Bacterial isolates were streaked at one side of Petri dishes 9-cm-
diam.containing 15-20 ml of PDAY medium. Discs (6-mm-diam.), taken from 7-
day-old cultures of F. oxysporum, F. verticillioides, R. solani, C. maydis,
M. phasiolina and A. strictum were placed at the opposite side of Petri dishes
perpendicular to the bacterial streak and incubated at 27+2 °C for 7 days. Four
replicate plates were prepared for each isolate. Petri dishes inoculated with fungal
discs alone served as control. The inhibition zone was measured as the distance
between the fungal colony margin and the area of antagonist growth after 7 days.
Inhibition zones or cessation of the fungal growth were used as criteria for the
positive effect as follows: (-): no inhibition zone, (+) = < 5 mm inhibition zone; (++)
= 5 to 10 mm inhibition zone; (+++) = > 10mm inhibition zone and (++++):
no fungal growth and bacteria fill the plate.

Production of antifungal metabolites:

Various metabolites produced by the antagonistic bacteria used in the present
study were estimated. The antagonistic bacteria were P. fluorescens (PSR-2) and B.
subtilis (BSR-9). Siderophores were semi quantified using chrome azurole S (CAS)
medium following the method of Schwyn and Neilands (1987). Production of
hydrogen cyanide (HCN) was detected as described by Castric and Castric (1983).
Chitinase activity was assayed by the method described by Renwick ef al. (1991).
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Greenhouse experiment:

These experiments were carried out for studying the effect of PGPR on
controlling maize late wilt, the target pathogen in stalk rot complex; also the plant
growth parameters were studied. The experiment was done under greenhouse
conditions at the Maize and Sugar Crops Dis. Dept., Plant Pathol. Res. Inst., ARC,
Giza, following the soil infestation technique as described by Samra et al. (1966),
during summer of 2017 growing season. Autoclaved clay loam soil (normal soil)
and saline soil-brought from a field of Sahl El-Hossainiya were used. Maize seeds
(cv. Boushy), susceptible to C. Maydis was used.

Inoculum preparation:

Fungal growth for inoculation was prepared by growing C. maydis isolate on
autoclaved sorghum grains in 500 ml glass bottles and incubation at 27 + 2°C for 2
weeks until sufficient growth of the fungus was obtained (El-Shafey et al., 1979).
Contents of the bottles were poured out and mixed to get homogenized inoculum,
and then inoculua were used for soil infestation at the rate of 30g /kg soil
Concerning preparation of rhizobacterial inocula, two full loops of highly
antagonistic B. Subtilis and/or P. fluorescens isolates from 3-day-old cultures grown
on nutrient agar and/or King’s B media, respectively, were transferred aseptically
into conical flasks (250 ml) containing 100 ml of broth medium and incubated at
27+ 2°C for 48h on a rotary shaker (150 rev min™). Bacterial cells were removed by
centrifugation at 10000 rpm for 10 min at 4°C. The pellet was re-suspended in small
quantity of sterile distilled water. Serial decimal dilutions were done to obtain
10%cfu/ml for each isolate (Cavaglieri et al., 2005).

Preparation the mixture of PGPR strains:

Mixture of equal volumes from each rizhobacterial culture (P. fluorescens and
B. subtilis) at log phase (10°cfu/ml) was prepared for seed treatment before planting
in greenhouse and field experiments.

Seed and soil treatment methods:
Seed soaking technique:

Maize seeds were soaked in the prepared bacterial suspension at the rate of 100
seed /100 ml in 250 ml Erlenmeyer flasks. Control seeds were soaked in sterile
distilled water. Flasks were incubated at 25°C on a rotator shaker at (70 rpm) for 6 h.
After incubation, excess inoculums were removed and seeds were left to air dry for
30 min. at room temperature and immediately planted in the infested-potted soil
(Cavaglieri et al., 2005).

Seed coating technique:

Seed coating was done using the method described by Bardin ef al. (2004). Seeds
were soaked for 15min. in 1% methyl cellulose (MC) solution at the rate of 3ml per
100 seeds. Thereafter, seeds were removed and placed in plastic bags then mixed
with bacterial suspension at the rate of 5 ml per 100 seeds. Bags were inflated with
air and shaken vigorously. Seeds were directly planted in the potted soil. Seeds
coated with sterile distilled water acted as control.
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Soil drench technique:

Soil drenching was carried out according to Jenana et al. (2009) and modified as
follows: potted soil was thoroughly drenched at sowing time with 100 ml of
prepared solution from bacterial suspension. Soil drenching was weekly repeated for
two times starting from the planting time. Control soil was drenched by sterile
distilled water.

Biochar preparation from rice straw:

Rice straw was cut using milling machine to a diameter about 1mm. After that,
the sample was dried in a vacuum oven at 80 °C for 24 hours. Slow pyrolysis
experiments of rice straw were carried out at 300 °C for 4 hour (El-Adely et al.,
2015). The physicochemical properties of biochar were determined at Soils, Water
and Environment Research Institute — Giza where, pH (7.0), carbon (63.8%), N/P/K
(2.55%, 0.65 and 1.18, respectively), cation exchange capacity (CEC) 32.15 coml
/kg and ash 16.3.

Application with PGPR:
Greenhouse experiment:

P. fluorescens and B. subtilis isolates were applied in four methods, i.e seed
soaking, seed coating, soil drench and seed coating with carrier biochar either
individually or in combination. All treatments were done in normal soil as well as
saline soil. Eight treated seeds were sown in each pot (25-cm-diam.). Untreated
seeds were used as control in infested soil normal and/or saline. Three pots were
used as replicates for each treatment. Pots were distributed in greenhouse under
ambient conditions. Disease incidence and vegetative growth were recorded 95 days
after sowing. Meanwhile, seed germination percentage was recorded 10 days after
sowing and determinations of chlorophyll and proline were done at seedling stage.

Analysis of plant growth parameters:

Germination (%), plant height (cm), fresh and dry weight (g/plant), proline
(ppm/g Fw) and chlorophyll (mg/g Fw) were determined. Seed germination
percentage was recorded 10 days after sowing; meanwhile, samples used for
determination of chlorophyll and proline were obtained at seedling stage. After three
months of planting in greenhouse, all treated plants in each of the four pots were
separately uprooted, thoroughly washed under running tap water to remove soil
particles from roots. The morphological characteristics were measured and dry
weight was determined after air-drying the fresh material for five days.

Total chlorophyll and proline content determinations:

The total chlorophyll content was determined in fresh leaves using the method
described by Saric et al., (1976). Proline content in fresh root tissue was determined
spectrophotometrically following the ninhydrin method described by Bates et al.,
(1973) using L-proline as a standard.

Field experiment:

A local maize variety Boushy, sensitive to infection with late-wilt disease, was
chosen for the experiment. PGPR treatments, as mentioned in greenhouse
experiment, except soil drench treatment were studied under field conditions in
disease nursery at Gemmiza Agricultural Experiment Station, Gharbiya, Egypt, and
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Agricultural Experiment Station at Sahl El-Hossainiya (Sharkiya) during summer of
2018. Untreated seeds were used as control. Three replicate plots, each of 20 plants
were used for each treatment. Disease incidence as infection percentage was
recorded 95 days after sowing. Maize grain yield parameters were evaluated during
harvest period.

Statistical analyses:

Data were subjected to statistical analysis, according to the method described by
Steel and Torrie (1990), whereas the differences between treatments were tested by
calculating L.S.D. at 5% level.

Results

Isolation and identification of Rhizobacterial strains:

Plant growth promoting rhizobacteria (PGPR) isolation was done from
rhizosphere of maize plants, these isolates were subjected to identification using
morphological and biochemical characterization and fluorescence under UV
(365nm). Identification process indicated that a number of seven isolates of
Pseudomonas fluorescens and nine isolates of Bacillus subtilis were isolated from
maize plants rhizosphere. Isolates were further tested for their antifungal activities.
The biochemical tests were performed for further confirming the identification of the
effective native isolates of P. fluorescens and B. subtilis. All isolates of
P. fluorescens produced similar results with regard to Gram staining (negative) and
starch hydrolysis (negative). Also, they were positive for gelatin liquefaction,
catalase test, oxidase test and fluorescent pigmentation. On the other hand, it was
found that all B. subtilis isolates were positive for gram staining, spore forming,
starch hydrolysis, catalase test and citrate test. Meanwhile, they were negative for
oxidase test and nitrate reduction test.

Antagonistic effect of rhizobacterial strains against some soil fungi:

Results, in Table 1 indicate that most of the tested Pseudomonas isolates
efficiently inhibited the radial growth of the virulent maize pathogens tested. It was
observed that B. subtilis (BFR1, BFR2, BSRS8) filled the plate during 48h of
incubation at 2742 °C, giving 100% growth inhibition against C. maydis followed by
B. subtilis (BFR3, BSR9). P. fluorescens (PSR3, PSR2) recorded 100% inhibition
against C .maydis. It was observed that seven antagonistic organisms; namely (BFR-
2, BFR-3, BSR-8, PFR-9, PSR-1, PSR-2 and PSR-3) showed the potency to cease
the growth of all target pathogens. On the other hand, isolate BKR-6 was unable to
affect any of the tested pathogens (F. oxysporum, F. verticillioides, R. solani,
M. phasiolina, C. maydis, and A. strictum) involved in the stalk-rot complex.
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Table 1. In vitro antagonistic effects of P. fluorescens and B. subtilis against
some soil fungi on PDAY medium

. . Antagonistic effects against pathogens
Rhizobacterial
No. strains R. M. F. F. C A.
solani|phasiolina | oxysporium| verticillioides| maydis| streactum

BFR-1 |B. subtilis + + - - L+ +
BFR-2 |B. subtilis ++ + o ++ o+ |
BFR-3 |B. subtilis - - + ++ A+ -
BKR-4 |B. subtilis - - + + T+ T
BKR-5 (B. subtilis - - - - + _
BKR-6 |B. subtilis - - - - - R
BSR-7 |B. subtilis ++ + - - T T
BSR-8 |B. subtilis ++ + ++ T+ | A
BSR-9 |B. subtilis +++ + ++ T+ Tt Tt
PFR-1 |P. fluorescens | ++ + + + T+ T+
PSR-2 |P. fluorescens + - + | Tt
PSR-3 |P. fluorescens - + + T+ T+
PSR-4 |P. fluorescens - - - ++ n N
PKR-5 |P. aurgenosa - - - + + T
PKS-6 |P. mendocin - - + + + R
PFS-7 |P. putida - - - + n T

Culture assay: + represents 0-5 mm, ++ represents 5-10 mm, +++ represents 10-15 mm,
++++ represents >15 mm wide zones.

Antifungal metabolites produced by rhizobacterial strains:

P. fluorescens (PSR2) had the ability to produce siderophore and chitinase better
than B. subtilis isolate (BFR-9) (Table, 2). It produced same levels from hydrogen
cyanide (HCN) and B-1, 3-gluecanase as B. subtilis.

Table 2. Antifungal metabolites produced by rhizobacterial strains

Treatment Siderophore HCN Chitinase £-1,3-
gluocanase
P fé;rseﬁcze)nce e . . L
vl I e :

Greenhouse experiment:

A highly antagonistic rhizobacterial strains i.e. (B. subtilis BSR-9 and PSR-2)
previously tested for it antagonistic effect against maize stalk rot complex pathogens
were used against C. maydis the causal organism of maize late wilt, also the main
component of stalk-rot complex in the greenhouse experiment. Results in Table 3
show that, seed treated with rhizobacterial strains significantly reduced the infection
percentage with late wilt compared to control treatment, the infection percentage in
normal soil was lower than saline soil. Generally P. fluorescens was highest in
reducing infection percentage than B. subtilis. Also, treatment of rhizobacterial
strains together gave high disease reduction percentage in both normal and saline
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soils. It was observed that the best method for treating seeds with rhizobacteria to
control infection was seed coating plus biochar as a carrier. Meanwhile, soil drench
was the lowest effective method in this respect. Data in Table 3 also reveal that
seeds coated with biochar as a carrier of both rhizobacterial strains inocula scored
the highest reduction in disease incidence, being 72%, followed by P. fluorescens
carried on biochar application reached to 66.7% in normal soil. Whereas, in saline
soil, maize seeds coated with biochar mixed with the two bacteria tested gave 70%
reduction in infection followed by biochar application with P. fluorescens 65%. On
the other hand, seeds soaked in both bacteria came after seed coating treatment in
reducing the infection where the highest reduction was 55.5% in normal soil with
P. fluorescens treatment followed by 47.5% reduction in saline soil. Soil drenching
treatment was the lowest effective method for controlling late wilt disease, whereas,
it never gave more than 45% reduction.

Table 3. Effect of two rhizobacterial strains tested on maize late wilt in normal
and saline soils under greenhouse conditions during 2016 growing

season
Late wilt Infection (%) Reduction (%)
o] ]
2 2
72 72
& ® 7 g & & 78 g
2 e = w = | 8 e = =
Treatment | = = iy 3 2 oy oy Iy ? - -
S 8 = s |8 8 S esQ
19 o ] & 19 I~ [« = =3
z. = = s - = = = & -
=‘ = g_ 5. E' = g - (-D"
oQ o =9 [ ae =%

Normal soil

P. fluorescens | 28.6 | 25.0 | 35.7 21.4 55.5] 61.1 44.5 66.7

B. subtilis 35.7 | 28.6| 393 28.6 44.5| 555 38.9 55.5
P+B* 322 | 214| 36 17.9 49.9| 66.7 44 72
Control 643 | 643 | 643 64.3 - - - -
Saline soil

P. fluorescens | 37.5 | 28.6 | 39.3 25 475| 60 45 65
B. subtilis 429 | 32.1| 44.6 28.6 40 55 37.5 60
P+B 39.3 | 28.6 | 404 214 45 60 434 70
Control 714 | 7141 714 71.4 - - - -
LSD 0.05% Treat. =  0.536 Methods = 0.519 TxM = 1467

P+B* (P. fluorescens + B. subtilis)

Effect of two rhizobacterial strains tested on some plant growth parameters of maize:

Data illustrated in Table 4 show that, seed treatments with rhizobacterial strains
significantly promoted plant growth compared to control either in normal or saline
soil. No significant differences were found among treatments and/or methods of
application in their effects on seed germination percentages, whether in normal or
saline soil. But, the percentage of seed germination was higher in seed coated with
biochar inocula and seed coated only with the two rhizobacteria tested either alone
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or together where it reached 96.3% in normal soil and 92.6% in saline soil compared
with the control 70.4 and 66.7%. All treatments significantly increased plant height
comparable to check plants either in normal or in saline soil. There were significant
differences between seed treatments carried out using P. fluorescens either alone or
combined with B. subtilis meanwhile, biochar inocula recorded the highest increase
in maize plant height measurement in normal soil (107 and 102.7 cm, respectively).
Treatment with B. Subtilis showed no significant difference between methods of
application.

Data in Table 4 reveal that significant increase in dry weight of grown plants was
recorded compared with check plants, either in normal or saline soil. Seeds coated
with P. fluorescens and a mixture of P. fluorescens and B. subtilis with or without
biochar resulted in higher dry weights.

Regarding to proline concentration in plant tissues, data in Table 4 indicated that
control plants in normal soil had a higher proline concentration 0.74 ppm/g Fw than
plants inoculated with PGPR. In saline soil, the proline levels increased significantly
in all treatment, but control plants had the highest concentration of proline (1.87
ppm/g Fw). Treatments of P. fluorescens and /or B. subtilis with the carrier biochar
showed the lowest levels of proline. Also, seed treatments with P. fluorescens and/or
B. subtilis individually achieved low levels of proline more than combination
treatments except with the carrier biochar. The highest levels of proline were
obtained in soil drench with any of the two tested rhizobacteria either alone or in
double combination followed by seed soaking treatment in normal and/or saline soil.

On the other hand, results in Table 4 show that plants grown from seed treated
with any of the two tested bacteria had chlorophyll levels significantly higher than
control (11 mg/g FW) this was obvious in saline soil. The treatments of mixed
PGPR mixer under any method of application gave the highest levels of chlorophyll
content followed by P. fluorescens in both soils, where PGPR mixed treatment gave
19.1 mg/g Fw followed by seed coating treatment (18.2 mg/g Fw) in normal soil, the
same treatments gave 14.7mg/g Fw and 13.7mg/g Fw, respectively in saline soil
compared with plant grown in normal soil control (8.17 mg/g Fw).

Effect of rhizobacetrial strains on maize late wilt and yield under field conditions:

Data in Table 5 reveal that seed treatment with rhizobacteria (PGPR) by soaking,
coating or carrying on biochar, significantly reduced maize infection with late wilt
compared with check plants under normal or saline soil (55.3% infection in normal
soil and 60% in saline soil). However, the combined treatment of P. fluorescens and
B. subtilis with biochar gave the highest reduction in late wilt infection, being 82.8%
in normal soil and 79.3% in saline soil, followed by seed coating with P. fluorescens
and/or B. subtilis. On the other hand, the lowest treatment in reducing disease
incidence was seed soaking in both normal and saline soil, giving 59.7 and 62.8%
reduction in infection percentage, respectively.
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Table 4. Effect of two rhizobacterial strains on maize plant growth parameters
under greenhouse conditions in normal and saline soils during 2016
growing season

Gern:)i/nation Plant Dry Proline ppm/g| Chlorphyll

Treatment T leelgh;. Nv.velghts. N. o S. sl.ng/g F;JV.

soil soil | soil | soil | soil | soil | soil soil | soil soil

. Seed soaking 81.5 | 74.1 |92.0|86.0| 26.6 |21.3| 042 | 053 [13.2 | 11.3

.§= Seed coating 92.6 | 81.5 |100.0/87.0| 29.3 |24.0 | 027 | 045 | 158 | 122

§ Soil drench 852 | 704 |87.3|87.0| 262 |18.5| 045 | 0.55 | 12.07| 8.9
o

® | Biocharinocula | o051 g5 1027|937 | 324 [27.0 | 017 |037 | 167 | 128

Seed soaking 778 | 74.1 |90.0|85.0| 30.1 |21.7| 048 | 0.81 |[11.3 | 10.1

Z‘ Seed coating 96.3 | 88.9 |96.7|903| 322 |243 | 033 | 056 | 14.07| 10.1
S

§ Soil drench 81.5 | 77.8 |90.3|85.0| 28.0 |22.0 | 049 | 097 | 112 | 94

Biocharinocula | ¢ 5| 659 |95.0]92.0| 341 [253 | 030 | 054 | 142 | 123

~ Seed soaking 88.9 | 852 [92.7]90.0| 29.6 |25.7| 054 | 098 | 133 | 127

§§ Seed coating 96.3 | 88.9 |1023|96.7| 353 [263 | 046 | 058 | 183 | 13.7

§§ Soil drench 852 | 88.9 |94.0|88.0| 273 |27.3| 058 | 098 | 141 | 12.2
1Y

+ | Biocharinocula | 963 | 936 |107.0[99.0| 36.7 [29.9 | 0.43 |0.60 [19.1 | 14.8

Biochar 778 | 741 [89.0[85.0] 225 [182] 070 |1.22 | 133 | 9.1

Control 80.4 | 68.7 |80.0(78.7| 185 |13.3| 0.74 | 1.87 |11.00| 8.2

L.S.D. 0.05 11.043 | 10.787 |6.386|7.906| 8.893 [2.898 | 0.088 |0.206 |0.838 | 1.08

Table 5 shows that seed treatments with rhizobacterial strains (PGPR) either
alone or in combination significantly improved crop production compared to check
plants. Combination of rhizobacterial strains with biochar caused makeable
increments in maize yield parameters compared with individual treatments. All
treatments significantly increased yield of the grown plants in comparison to check
plants (17.8ardb/fed in normal soil and 14.3 ardb/fed in saline soil).

The same trend was observed regarding seed treatment with combination of
rhizobacterial strains with biochar, P. fluorescens mixed with B. subtilis in normal
and saline soils produced the highest yield, being 27.8 and 24.3ard/fed, respectively.
In contrast, plants treated with B. subtilis alone produced the lowest yield (19.5 and
17.6 ardb/fed in normal and saline soils, respectively).
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Seeds coated with biochar alone significantly reduced infection compared with
control but not significantly increased the yield. There was a significant difference
between methods of application under treatments.

Table 5. Effect of two rhizobacetrial strains on maize late wilt and yield under
field conditions at Gemmeiza and Sahl Elhsinia during 2016 growing

season
Gemmeiza (Normal - . .
soil) ( Sahl Elhsinia (Saline soil)
Treatment Yield Yield
1 1
% Inf. |% Red. % Inf. | % Red.
° ° ardb/fed | "° ° ardb/fed
i: Seed soaking 23 | 597 218 23 62.8 18.4
S | Seed coating 133 | 759 232 17.5 70.8 19.8
7]
o
§ | Biocharinocula | 125 | 774 | 265 152 | 747 235
Q
% | Seed soaking 19.4 64.9 19.5 23.8 60.3 17.6
[]
S | Seed coating 16.5 70.2 223 19.5 67.5 223
I3
& | Biochar inocula | 14.5 73.8 24.6 16.4 72.7 23.6
wg Seed soaking 18.2 67.1 235 16.8 72.0 20.5
N Q A
2 g | Seed coating 103 81.4 27.6 12.6 79.0 22.9
S ]
P
E§ Biochar inocula | 9.5 82.8 27.8 12.4 79.3 243
+
Biochar inocula 46 28.6 183 45 25.0 16.7
Control 55.3 17.8 60 143
L.S.D. 0.05% 3.287 3.892 4.961 4.074

Discussion

The present study was carried out to control maize late wilt disease and evaluate
plant salt tolerance using plant growth-promoting bacteria (PGPR) and biochar as a
carrier. The PGPR strains i.e., Pseudomonas fluorescens and Bacillus subtilis were
evaluated in vitro and in vivo to manage maize late wilt caused by Cephalosporium
maydis and enhancement of maize growth under salinity stress. Four methods of
application were carried out i.e., seed soaking, seed coating, soil drench and seed
coating with biochar carrier.

The antifungal activity of isolated PGPR were tested against stalk- rot complex
pathogens (F. oxysporum, F. verticillioides, R. solani, C. maydis, M. phasiolina and
A. strictum) using dual culture method. Results indicated that four out of the seven
P. fluorescens isolates and three out of nine isolates of B.subtilis showed the potency
to cease the growth of all pathogens. Also, it was observed that B. subtilis
completely inhibited the growth of F. oxysporum, F. verticillioides, C. maydis,
M. phasiolina and A. strictum. This finding agreed with that suggests by Nalisha et
al. (2006), Kim et al. (2008) reported that B. subtilis produces antifungal compounds
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and suppressed radial growth of S. rolfsii. In fact, antibiosis and competition for
space and nutrients are generally the mode of antagonism observed with Bacillus
species (Edwards et al, 1994). Most Bacillus spp. produces many kinds of
antibiotics such as bacillomycin, fengycin, mycosubtilin, and zwittermicin, which
are effective on suppressing growth of target pathogens in vitro and/or in situ (Kim
et al., 2008). On the other hand, B. subtilis grew rapidly and colonized the surface of
the medium and suppressed fungal growth. These results are in accordance with the
findings of Mavrodi et al. (2001) who reported that P. fluorescens antagonism is
related to mechanisms more diverse than those found for Bacillus. Effects are
attributed to production of siderophores, volatile compounds, antibiotics (e.g.,
pyrrolnitrin, tensin, and pyoluterin), cell-wall degrading molecules besides
extracellular chitinase, and protease enzymes activity as well as competition and
induced systemic resistance.

A greenhouse experiment was conducted to evaluate the influence of a highly
antagonistic rhizobacterial strains as well as inoculated biochar on controlling late
wilt disease and corn growth characteristics in saline and normal soil. B. subtilis
BSR-9 and P. fluorescens PSR-2, the most antagonistic strains, were used in treating
seeds against C. maydis. Results indicated that rhizobacterial strains significantly
reduced infection percentage in normal and saline soils under any method of
application tested compared to control treatment. The reduction in the disease
incidence was higher in seed treated with rhizobacterial strains together and seed
coating plus biochar as a carrier method followed by P. fluorescens carried on
biochar in normal and saline soils. This finding agreed with many investigations
used biochar as a carrier for beneficial microorganisms (Matsubara et al. 2002,
Khavazi et al., 2007). It is renewable, locally available and inexpensive; have good
water holding capacity, good aeration properties, and sustain growth and survival of
bacteria over time. Additionally, the right inoculants carrier should be non-toxic,
environmentally friendly, easily manufactured, sterilized and manageable in the field
(Khavazi et al., 2007). Moreover, it is important that the carrier be simply converted
to powder, mixable and packageable and able to adhere to the seed. It should easily
release bacteria into the soil (Smith 1992). Also, growing interest in biochar is
associated with its carbon sequestration ability. Biochar is a promising means of
reducing the atmospheric CO2 concentration (Xu ef al., 2012). Furthermore, biochar
has gained much attention as a soil amendment (Lehmann et al, 2011). Several
studies provided evidence that biochar-amended soils have an impact on plant
resistance to pathogens. Matsubara et al. (2002) demonstrated that charcoal
amendments had a suppressive effect on the soil borne pathogen Fusarium sp. They
found that charcoal produced from coconut fiber suppressed Fusarium crown and
root rots, and increased arbuscular mycorrhizal (AM) colonization of asparagus
seedlings. Also, results indicated that significant reduction in the disease incidence
was recorded by seed treatments with rhizobacterial strain P. fluorescens, either
individually or in combination with B. subtilis. Moreover, it was observed that seed
coated with biochar as a carrier was the best method for treating seeds with both
rhizobacteria. These results are in harmony with those reported by many researchers
(El-Assiuty et al., 1991; El-Mehalowy et al., 2004). Similarly, Hamza et al. (2013)
reported that the formulations of B. subtilis, B. pumilus, P. fluorescens and
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Epicoccum nigrum caused noticeably reduction in maize late wilt under field
conditions. Ebrahim (2010) found that the most effective antibiotics (DAPG, PLT,
PCA and PLN) and several enzymes (lipase and protease) as well as siderophores
(pyoverdine and pyochelin) are produced by P. fluorescens, which showed
antagonistic activity toward R. solani and significantly inhibited root infection when
coated onto sugar beet seeds. Also, Bacillus-based biological control agents have
modes of action that include antibiosis, parasitism, colonization, competition and
induced systemic resistance (Jacobsen et al., 2004).

Concerning plant growth parameters under greenhouse conditions, results
indicated that seed treatment with rhizobacterial strains especially that carried on
biochar promoted growth of maize plants, resulted in high percentage of germination
and significantly increased plant height, dry weight, chlorophyll and decreased
proline production in comparison to control whether in normal or saline soil. These
results are in harmony with those reported by Zeng and Zhang (2010) they reported
that seed coating is a technique that might combine several components, such as
nutrient elements, fertilizers, plant growth regulators and pesticides at much lower
rates than the traditional application, by applying them to seed with adhesive agents
to increase seed performance. Also, they found that seed-coating does not inhibit the
germination process; on the contrary, plant fresh weight, germination energy,
germination percentage, germination index and vigor index of coated seeds were
significantly higher than in uncoated seeds. Likewise, Gholami et al., (2009) found
that maize seeds coated with gum Arabic as an adhesive and rolled in a suspension
of bacteria (PGPR) with perlite significantly increased the seed germination and
seedling vigour of maize. In additions seeds treated with a talc-based formulation
with PGPRs resulted in better yield than untreated seeds. They reported that plant
height, leaf area, seed dry weight, 100-seed weight and shoot dry weight were
significantly higher for coated seeds than for controls. Similarly, Alagawadi and
Gaur (1988) showed that seeds soaked in liquid culture of rhizobia or Pseudomonas
straiata produced plants with more dry matter, grain and straw yield of chickpea
than untreated seeds. Moreover, the combined inoculation of these two bacteria gave
better results. Moreover, biochar is the carbonaceous residue left in the pyrolysis
process. Several studies have highlighted its benefit for mitigation of global climate
change and as an effective strategy to manage soil quality and crop productivity
(Renard et al., 2012). Amending soil with biochar has increasingly attracted
widespread attention for its chemical stability, ideally suited for sequestrating C in
soil, rapidly increases soil fertility and plant growth by supplying and retaining
nutrients while simultaneously improving the physical and biological properties of
the soil (Woolf et al., 2010, Uzoma et al., 2011).

Osmolytes synthesis induced by abscisic acid hormone can also protect plants
against drought stress. Notably, osmolytes can decrease the hydric potential of the
cell and thereby help it to avoid losing water. Proline is one type of osmolyte, and
changed like abscisic acid hormone depending on salt concentration as reported by
many investigators (Paleg ef al., 1983; Ashraf and Foolad 2005) they showed that
proline synthesis can be seen as a symptom of stress in plants, taking into account
their pathway of induction. It has also been reported that plants that were inoculated
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with PGPR (Pseudomonas sp.) showed a decrease in proline synthesis when they
were under water stress (Tiwari et al., 2016). This is in agreement with our results,
that plants treated by rhizobacterial strains together with seed coating plus biochar as
a carrier method followed by P. fluorescens carried on biochar in normal and saline
soils may have a lower level of stress in saline conditions than control plants.
Bogges et al. (1977) determined that water stress prevents the oxidation of proline,
resulting in higher proline levels. In addition, other researchers working with
Bacillus megaterium BOFC15 and Arabidopsis found that spermidine improves
drought tolerance in plants, which was associated with altered levels of ABA (Zhou
etal., 2016).

Total chlorophyll contents of plants grown from seeds treated by PGPR strains
were significantly higher than control. The mixture of bacteria with biochar in seed
coating recorded the highest increase in chlorophyll levels in the grown plants
compared to other treatments and control in both soil types. This finding is in
agreement with Aly et al. (2008) they demonstrated that cyanobacteria strains
applied either as seed-soaking or foliar, significantly increased the chlorophyll
content in sugar beet leaves. Also, they pointed to the role of PGPR as
phytohormone sources which increase the chlorophyll content. Grattan and Grieve
(1994) suggested that PGPR can reduce the harmful effect of NaCl on N uptake, the
essential nutrient component of chlorophyll molecule structure in saline soil.

Under field conditions, seed treatments with rhizobacterial strains significantly
decreased disease and improved maize ear and yield characters. The enhancing
effects of seed inoculation with rhizobacteria on shoot dry weight and yield of maize
were reported by many researchers (Pandy et al, 1998; Shaharoona, et al., 2006).
Results of this investigation are similar to those obtained by Vikram (2007) and
Gholami et al. (2009) as they stated that auxins produced by rhizobacteria can
influence plant growth, including seed germination and root development which
improve uptake of essential nutrients thus increasing plant growth. Gholami et al.
(2009) suggested that the increased synthesis of hormones like gibberellins trigger
the activity of specific enzymes that promote early germination, such as a-amylase,
which have brought an increase in availability of starch assimilation. Our results
revealed that plants grown from treated seeds with rhizobacterial strains together
with seed coating plus biochar as a carrier method followed by biochar application
with P. fluorescens in normal and saline soils are in agreement with many studies
that shown positive effects of biochar on plant growth in tropical climates (Major et
al., 2010). Many chemical and physical characteristics of biochar, such as high
porosity, sorption capacity and high water holding capacity (WHC), might create
suitable habitats for microorganisms, promoting their activities (Thies and Rillig,
2009). Also, Vidhyasekaran and Muthamilan (1996) treated chickpea seeds with a
talc-based formulation of three P. fluorescens strains to control of chickpea wilt. The
results showed that field emergence, chickpea yield and suppression of disease were
improved by seed treatment. Research has demonstrated that biochar application can
significantly improve crop productivity (Chan et al., 2007).
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In conclusion, usage of seed coating of rhizobacterial strains (e.g. B. subtilis and
P. fluorescens) individually or together plus biochar as a carrier minimized late wilt
disease, salinity stress effect and enhanced maize growth parameters.
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