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Abstract: The Osmotic Stress in crop plants soil is unresolved yet problem primarily emerged from excess salt and 
considered a threat to plants survival and productivity. In the present investigation, a pond-isolate Geobacillus 
caldoxylosilyticus IRD was halophytic facultative aerobic bacterium, found tolerant until 1-2 % NaCl solution (w/v). 
Geobacillus was isolated inoculated into 5 d old maize cultivars (TH 321, TH 310, SH 10 and SH 162) prior 
treatment with 350 mM NaCl for ten days. Geobacillus improved maize growth and dry weight. The number of 
vascular bundles decreased in roots and increased in leaves upon inoculation with Geobacillus. In addition, the 
accumulation of toxic Na+ and Cl- was much in maize seedlings grown under saline without Geobacillus than 
grown under saline with Geobacillus. Proline is a stress indicator; became two to four times higher in seedlings 
under salt without Geobacillus than seedling inoculated with Geobacillus. We conclude that Geobacillus 
caldoxylosilyticus is potential for protecting crop plants from salt stress consequences. 
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Introduction  
           The environmental contamination with high salt 
radicals is a fundamental threat to agriculture (Kijne 
2006). Maize (Zea mays L.) is a principal nation's food 
and recently maize became a strategic source of biofule 
in number of countries worldwide. Maize was reported 
as crop sensitive to salinity and other stresses (Katerji 
et al. 1996), thus its production and propagation should 
be highly maintained. The inhibitory effect of salinity 
to plant growth is a consequence of ionic impacts 
(Munns 2007). Research papers highlighted the plants 
particular sensitivity to Na+ in addition to the 
mechanisms exploited by tolerant maize plants to avoid 
salt stress, which based mainly on the exclusion of 
excess Na+ from the photosynthetic apparatus of young 
leaves (Fortmeier and Schubert 2006). A group of 
discovered wild plants found capable to survive and 
reproduce in saline environments was termed 
"halophytes". These plants characterized by specific 
structural and physiological appearance and adapted to 
extreme conditions by building number of involved 
tolerance strategies, such as, reducing the osmotic 
potential through fluxing out inorganic ions (e.g. Na+, 
Cl-) from the cell (Hasegawa et al. 2000). 

Salt stress impact varies and could be detected 
using biological indicators. Proline, for example, was 
yet discovered as endogenous amino acid accumulated 

intensively in plants tissue under favourable conditions 
such as; drought, salinity, extreme temperatures, or 
even invisible light intensity (Aspinall andPaleg 1981, 
Mansour 2000). Proline is therefore, known as stress 
indicator (Chen et al. 2001, Claussen 2005, Gadallah 
1993, Grik 1996, Monreal et al. 2007, Rai et al. 2004) 
stabilizes macromolecules and organelles, such as 
protein complexes and membranes (Bohnert and Shen 
1999, Bray et al. 2000). Proline also, controls pH in the 
cytosol and detoxify excess NH4 (Gilbert et al. 1998). 
Plant cell in saline environment is adapted to 
compartmentalize Na+ and Cl- in the vacuole via the 
Na+/H antiport. The activity of Na+/H antiport in the 
majority of salt-sensitive crop is extremely low 
(Mahajan and Tuteja 2005). 

Symbiosis is a known relation during which a 
microorganism is attached to plant specific organs) to 
achieve dual benefits. Based on our understanding to 
that value, practice inoculation under varied purposes 
has started. For instance, introducing soil bacteria to 
some roots plants found potential in promoting growth 
level in these plants (Chanway 1997). Some 65 years, 
the biological control of soil pathogens was conducted 
by growing bacteria in rhizosphere of these plants 
(Weller 1988). 

The target of the present investigation was 
isolation of salt-adapted bacterium which later known 
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as (Geobacillus caldoxylosilyticus IRD). Geobacillus 
was inoculated it into maize plants before grow it with 
350 mM NaCl to alleviate the stress consequences. 

Materials and methods   
Isolation of Geobacillus caldoxylosilyticus IRD 
(Geobacillus)    
                The bacterial strain was isolated according to 
(Esawy et al. 2007). The genus Geobacillus was  first  
isolated  from  a  pond  named Marakopara  in  the 
Atoll  Tikehau  (French  Polynesian  2005).  The 
samples were stored in seawater at 4 °C until 
processing. The Hungate technique (Hungate 1969) 
been used throughout this study. The basal medium 
(BM) contained (1-1 distilled water): 0.2 g NH4Cl, 0.13 
g K2HPO4, 0.15 g Na2HPO4.3H2O, 9.5 g NaCl, 0.8 g 
Na2SO4, 3.2 g sodium lactate, 10 ml trace mineral  10 
element  solution of Balch et al.  (1979). the pH was 
adjusted to 7.0 with 10 M KOH. Five-milliliter aliquots 
of medium were dispensed into Hungate tubes and 40 
ml aliquots were dispensed into serum bottles (100 ml) 
under a stream of N2-CO2 (80:20, v/v), and the sealed 
vessels were then autoclaved for  45 min at 110  °C. 
Prior to inoculation, tree sterile stock solutions 
NaHCO3 (10% w/v), CaCl2.2H2O (0.3 % w/v), and 
MgCL2.2H2O, MgSO4.7H2O (2% and 0.7 % w/v) 
were injected to respective final concentrations of 0.3 
%, 0.01 %, 0.08 %, 0.03 % (w/v). Before inoculation 
with 2 ml of sample, the gas phase  of  tubes  and  
serum  bottles was  purged with  a  gas  stream  of N2-
O2  (99:1,  v/v).    The  serum bottles  containing  BM  
were  incubated  at  45  °C  to  initiate  an  enrichment  
culture.  The culture was purified by using repeated 
Hungate roll tube method with BM solidified with 15 g 
1-1 agar. 
 
Growth conditions of Geobacillus caldoxylosilyticus 
IRD     
                The  pH,  temperature,  and NaCl  growth  
experiment  performed  in  duplicates,  using Hungate 
tubes  containing  BM  and  glucose  (20mM)  as  
energy  source.  Prior  to  inoculation  for  growth 
experiments,  the  cultivar  sub  cultured  at  least  once  
under  the  same  experimental  conditions. For all 
experiments, the bacterial growth was monitored by 
measuring the increase of turbidity at 600 nm in 
aerobic tubes inserted directly into a model UV-160A 
spectrophotometer (Shimadzu).The presence of spores 
was sought by microscopic examination of the culture 
at different phases of growth.  
    
Substrates test       
            Substrates  injected before  tested,  from  sterile  
stock  solutions,  to a  final concentration of  28  Mm  
into Hungate  tubes containing BM. The use of 
elemental sulfur (2% w/v), thiosulfate (20mM), sulfite 

(20Mm), nitrate (10 mM), nitrite (10Mm) and fumarate 
(20mM) as terminal electron acceptors was tested using 
BM supplemented with glucose (20mM) as energy 
source.  
 
Growth conditions of maize   
            Grains from four maize cultivars (Triple 
hybrids, TH 321, TH 310, Simple hybrids, SH 10 and 
SH 162) were pre-soaked overnight in distilled water 
then germinated in distilled water for five days. The  
growth  conditions  prepared  as  follow:  a-  control  
seedlings  grown  without  salt  and  without 
inoculation  for  10 days  (C)  b-  seedlings  grown with 
350 mM NaCl  for  10  days without  inoculation (C+) 
c- seedlings inoculated with 0.2 ml Geobacillus 
suspension and grown for 10 days without salt (G+) d- 
seedlings inoculated with 0.2 ml Geobacillus 
suspension and then grown for 10 days with 350 mM 
NaCl (G+). Both seedlings heights and dry weights 
were determined. 
   
Anatomical analysis      
           Sections  from  fresh  root  and  leaf  of maize  
seedlings were  dehydrated  and  then  placed  in  
formalin–acetic acid–alcohol  (FAA; 5:5:95)  for 24 h. 
Small portions of  the  leaves were cut and  then treated  
according  to  the  glycol  methacrylate  (GMA)  
method  of  Feder  and  O'Brien  (1968).  This  involves  
dehydrating  the material  through  a  graded  alcohol  
series  before  infiltrating with GMA  and  embedding  
in  capsules  containing GMA. The  capsules were  
placed  in  an  oven  at  60 °C  for  24 h  to  polymerize.  
Sections, 3–5 µm thick, were made using an 
ultramicrotome.  Staining was done with Schiff's 
reagent and toluidine blue.  The microscope slides been 
observed under a light microscope equipped with a 
digital camera and a computerized data capturing 
system. On day fifteen from maize growth, the 
anatomy of leaf and root was examined using light 
microscopy. 
   
Determination of Na+, Cl- and K+ 
            The mineral contents were determined as 
described by (Cottenie et al., 1982).   
  
Determination of proline content    
              Proline in dry maize seedlings investigated 
according to Bates et al. (1973) as follows:     
The Acidic ninhydrin prepared by warming 1.25 g 
ninhydrin in 30 ml glacial acetic acid and 20 ml of 6 M 
phosphoric acid with agitation until dissolved. The 
mixture was kept to cool and stored at 4°C. The reagent 
remains stable for 24 hours. Approximately 0.1 g of 
ground dried tissue was homogenized in 10 ml of 3% 
aqueous sulfosalicylic acid, and then filtered through 
filter paper Whatman No.2. Two ml of the filtrate were 
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mixed with equal volume of glacial acetic acid and 2 
ml of acidic ninhydrin in a test tube and heated for 1 
hour at 100°C.  The reaction mixture was extracted 
with 4 ml toluene, mixed vigorously in a test tube for 
15-20 second. The chromophore containing toluene 
was aspired from the aqueous phase and warmed to 
room temperature. The absorbance was read at 520 nm 
using toluene as a blank. Referring To proline standard 
curve the proline concentration was determined and 
calculated on dry matter basis as µg proline 10-3g -1.   

Results and discussion  

Characterization of Geobacillus caldoxylosilyticus    
                The isolate (Geobacillus) was isolated from 
Marakopara pond in the Atoll Tikehau (French 
polynesian). The analysis of the most recent 16S rRNA 
gene sequences available from the RDP and Gene Bank 
revealed that our isolate belonged to the genus 
Geobacillus, Geobacillus caldoxylosilyticus being its 
closest phylogenetic relative similarity of 95%, The 
level of DNA-DNA relatedness between our  isolate  
and  Geobacillus was  26.6%  and  therefore  revealed  
that  (Geobacillus)  isolate  should  be assigned  to  a  
novel  species  of  the  genus Geobacillus  (Esawy  et  
al.  2007). the halophylic obligate aerobic isolate was 
characterized by Gram positive coci, central to terminal 
endospore. Generation time under optimum conditions 
was 1-2 h. Growth was observed in a pH range 4.5-9.5, 
with an optimum at 7.5.  The  isolate  was  moderately  
thermopile  growing  at  temperature  ranging  from  
37-52  ºC,  the optimum  growth was  at  45  ºC  and  
no  growth was  observed  at  55  ºC.  Geobacillus was 
capable of hydrolyze sucrose, starch, glucose, maltose, 
casein, lactose.  No growth was observed with ribose, 
fructose, xylose, mannose and fumurate. Elemental 
sulfur, sulfate, thiosulfate, sulfite, nitrate and nitrite are 
not used as electron acceptors. It grew in a wide range 
of carbon sources including glucose, lactose, starch, 
sucrose, raffinose and xylose (Ahmed et al 2000). The 
NaCl not obligatory required for growth of the isolate. 
The NaCl concentration optimal for growth was 1% 
(w/v). The isolate was tolerant to 3.5% NaCl (w/v) 
Figure (1).  In  contrary,  Ahmed  et  al  2000  reported  
that  the  isolate  growth  was inhibited in the presence 
of 3 % Na Cl.  
  
Applications of Geobacillus to maize     
            For  reaching  multiple  experimental  targets,  
the  scientists  used  NaCl  often  with  high  
concentrations.  For  example,  it was  reported  by  
Binzel  et  al  (1987)  that  428 mM NaCl  exposed  to 
tobacco cell  revealed proline levels of  induction and 
accumulation in  the  intracellular and cytoplasm.  
Under  this  investigation,  using  relatively  high  salt  
concentration  (350  mM)  in  treating  maize  is  

preferred for  two reasons: first, to study  the shock 
effect, which known  to  induce endogenous  abrupt  
and continuous physiological and structural variations  
inside plants (Abdelkader  et al. 2007). Second, 
Geobacillus is salt-adapted bacteria; tolerate and grow 
efficiently in high osmotic stress (i.e 1-2% NaCl, Fig 1).  
The concentration used here equals to approximately 
2% NaCl (w/v), therefore, NaCl concentration is still 
around the average concentration required for 
Geobacillus growth. The maximum growth obtained in 
seedlings grown normally or grown with salt stress was 
illustrated in Fig. 2. The height of control seedlings 
was similar to heights of control seedlings inoculated 
with Geobacillus. The control heights were 10, 10, 12 
and 15, in cultivars TH 321, TH 310, SH 10 and SH 
162, respectively.  On  the  other  hand,  the  height  
values  of G+  seedlings  were  higher  although  not 
significantly  surpassed  those  of  C+  seedlings  (Fig  
2).  Regarding shoot height parameter, maize response 
to salt stress was heterogeneous and the best growth 
was 6 cm detected in SH 10 cultivar.  Geobacillus 
inoculation into maize lead to less reduction in cell 
elongation, observed within 10 days only of incubation.  
 
Dry mass (DM)     
            The DM of maize seedlings was calculated on 
day ten from salinization, after detaching the grain. In 
Figure 3 salt stress lead to a significant increase of DM 
in maize. Several authors debated that reduction in 
shoot and root dry matter due to plant desiccation is a 
sign of stress adaptation and hence a good morpho-
physiological indicator of tolerance in these plants 
(Azevedo Neto and Tabosa 2000,  Azevedo Neto et al. 
2004, Alberico and Cramer 1993). In the current 
investigation, Geobacillus inoculation enhanced both 
growth and DM in maize cultivars (TH 321, TH 310 
and SH 10) whereas no significant change was detected 
in growth of SH 162 cultivar (Fig 3). Therefore 
Geobacillus affected growth criteria of three cultivars 
from four.  
  
Anatomical structure of root and leaf     
              Salt stress influences the anatomical structure 
of plant different organs, reasoned by lipid 
peroxidation effects on membranes (Abdelkader et al. 
2007), also causes leaf injuries and leaf size decrease 
via decreasing cell expansion and cell division (Curtis 
and Lauchli 1987, Fricke and Peters 2002, Hasegawa et 
al. 2000).  Investigation of the anatomical characters of 
maize without and with Geobacillus inoculation, 
clarified the denatured structure of root cortex in 
Geobacillus- free seedling (Fig 4 G) compared to 
Figure 4 H, where considerable protections conferred 
to root appearance upon inoculation with Geobacillus. 
Upon salt stress, data revealed a decrease in leaf 
thickness at the midrib region in ST10 and ST162 
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cultivars and an increase in midrib thickness in TH321 
and TH310 cultivars (Table1). This suggested the 
differential responses to salt stress by different plants 
genotypes (Azevedo Neto et al. 2004). Upon 
Geobacillus inoculation, the midrib thickness 
significantly increased in all cultivars which confirmed 
the bacterial role in minimizing the deleterious effects 
of salt stress. The number of root vascular bundles has 
not changed significantly in root sections of maize 
cultivars (Table1). Preservation of cortical layer from 
denature was significant phenomenon, occurred only 
when Geobacillus was inoculated (Fig 4H). Number of 
leaf vascular bundles in seedlings inoculated with 
Geobacillus surpassed those without Geobacillus 
inoculation. For example, number of vascular bundles 
in leaf sections increased significantly from 25-73 and 
from 84 -99 in TH321 and SH162 cultivars, 
respectively.  The  area  of  root  increased  upon  
Geobacillus  inoculation  as  well  even  in  seedlings  
under  control  conditions (Table1).   
 
Mineral content (Na+,Cl- and K+)     
             Based on the literature, tolerant plants 
efficiently exclude Na+ from photosynthesizing young 
leaf (Moradi et al. 2003) and salt tolerance is strongly 
dependent on the net selection of K+ (less toxic) over 
Na+  (high toxic). Tolerance is further dependent on 
the ability of plant cells to re-establish ion homeostasis. 
Some authors (Alberico and Cramer 1993) debated that 
salt tolerance in maize was not particularly related to 
Na+ content in shoots as much as cells efficiency to 
compartmentalize ions in the vacuole (Rai and Takabe 
2006). This process delays the effect of the ionic stress, 
which takes days; weeks or even months before the 
physical damage appears in the plant (Munns 2002). It 
is likely that Geobacillus after inoculation exploited 
NaCl to run the cellular activities necessary for growth, 
thereby, assisted in shielding salt effects from plants 
tissue. The data in hand showed that Na+ decreased in 
TH321, TH310 and ST10 seedlings inoculated with 
Geobacillus before exposure to salt stress (Fig 5A). 
The effect of Geobacillus was potential and clearly 
seen in the accumulation of Na+ in seedlings without 
Geobacillus. The protection efficiency, as noted, not 
solely related to Geobacillus presence as much as 
Geobacillus-plant interaction (Fig 5A).    

In parallel, Cl- increased reaching 4-20 mg per 
gram dry weight in stressed seedlings without 
Geobacillus inoculation. When Geobacillus was 
injected before seedlings exposure to salt stress the 
level of Cl- dropped significantly and reached 2-6 mg 
per gram dry weight (Fig 5B). Surprisingly, Cl- level 
was below the control when Geobacillus introduced 
into ST162 cultivar. Here, we propose the efficiency 
potential of Geobacillus in encountering Cl- 

accumulation in maize plants under salt stress, which 
could be also beneficial for other crop plants. 
The accumulation of K+ differed in behavior, as K+ 
decreased in level in salt stressed seedlings. This fact 
recently observed by Yilmaz et al. (2004) who 
discovered that NaCl lead to Na+ increase and K+ 
decrease, and subsequently K+/Na+ decrease in tomato 
plant seedlings. In four maize cultivars, K+ increased 
in the control seedlings compared to salt stressed 
seedlings whether were inoculated with Geobacillus or 
not. But this increase was even proportionally higher 
when Geobacillus was inoculated into seedlings (Fig 
5C). The drop in K+ characterized the salt-stressed 
seedlings was greater when seedlings were inoculated 
with Geobacillus. These results argue that Geobacillus 
interferred to assist maize to display a proper 
physiological behavior under normal conditions and 
when plants bio-safeties were threatened by 
undesirable environmental conditions.  
 
Proline content     
          An important mechanism to cope with salt and 
drought in plants was the osmotic adjustment, i.e. 
reduction of cellular osmotic potential by net solutes 
(carbohydrates, proline and amino acids) was 
considered (Hasegawa et al. 2000). Proline used as 
stress indicator (Zhu and Liu 1997) or as reference to 
tolerant and sensitive cultivars. Proline increased in 
seedlings under salt stress than control seedlings. Based 
on our data, salt sensitive plants must have 
accumulated higher proline than salt tolerant ones 
which also reached by Jain et al. (1991). Herein, 
TH321 and TH310 cultivars must be more sensitive 
than ST10 and ST162 cultivars (Fig 5D). The highest 
proline level was detected in TH310 cultivar followed 
by TH321 then SH162 and finally SH10. This 
suggested that SH10 cultivar builds the best tolerance 
mechanisms followed  by  SH162,  then  TH321,  
whereas  TH310  was  the  salt  stress  sensitive  
cultivar.  Upon Geobacillus introduction into some 
seedlings before exposed to salt stress, the ranking was 
changed slightly.  This  suggested  that  decreasing  
proline  level  was  dependent  on  the  interaction  
between  Geobacillus-cultivar-salt  all  together.  
Therefore, the best tolerant cultivar with the 
inoculation was SH10  followed  by,  TH310;  then  
TH321  and  SH162,  was  the  most  sensitive  cultivar.  
Proline participates in membrane and protein protection 
in plants and proline over accumulation point to one 
fact "the plant is under real stress, Binzel et al.  1987".  
These data highlighted the efficiency of Geobacillus in 
salt stress alleviation in maize plants. 
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Table.1 Effects of inoculation of Geobacillus 
caldoxylosilyticus into maize seedlings in improving 
some anatomical parameters of maize seedlings 
exposed to 350 mM NaCl medium.  Control seedlings 
(C) salt-stressed seedlings (C+). Geobacillus inoculated 
into control seedlings (G) Geobacillus inoculated into 
salt-stressed seedlings (G+). Vascular bundles (VB). 
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Fig. 4 Light microscope photographs view leaf and 
root sections of maize seedlings exposed to 350 mM 
NaCl. Control  leaf  (A)  and  salt-stressed  leaf  (B)  
control  root  (E)  and  salt-stressed  root  (F). 
Geobacillus treated control leaf (C) and Geobacillus 
treated salt-stressed leaf (D). Treated control root with 
Geobacillus (G) and s treated salt-stressed root with 
Geobacillu (H). Arrows point to midrib in leaf sections 
and to cortical layers in root sections. Magnification 
used (32 X). 
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Legends to figures  
Fig.1 Effects of series of NaCl concentrations on 
Geobacillus caldoxylosilyticus growth.  
Fig.2  Shoot  heights  in  15  days  old maize  seedlings  
exposed  to  350 mM NaCl medium  (control+  and 
Geobacillus+) and salt free medium (control and 
Geabacillus).  
Fig.3 Quantification  of  dry mass  of maize  seedlings  
exposed  to  350 mM NaCl medium  (control+  and 
Geobacillus+) and salt free medium (control and 
Geabacillus).  
Fig.4 Light microscope photographs view leaf and root 
sections of maize seedlings exposed to 350 mM NaCl. 
Control  leaf  (A) and  salt-stressed  leaf  (B)  control  
root  (E) and  salt-stressed  root  (F). Geobacillus 
treated control leaf (C) and Geobacillus treated salt-
stressed leaf (D). Treated control root with Geobacillus 
(G) and s treated salt-stressed root with Geobacillu  (H). 
Arrows point to midrib in leaf sections and to cortical 
layers in root sections. Magnification used (32 X).   
Fig.5A Accumulation  of Na+  in  dry weight  of  15  
days  old maize  seedlings  exposed  to  350 mM NaCl 
medium  (control+  and  Geobacillus+)  and  salt  free 
medium  unexposed  to  350 mM NaCl  (control  and 
Geabacillus).   
Fig.5B  Accumulation  of Cl- in  dry weight  of  15  
days  old maize  seedlings  exposed  to  350 mM NaCl 
medium (control+ and Geobacillus+) and salt free 
medium (control and Geabacillus).   
Fig.5C Accumulation  of K+ in  dry weight  of  15  
days  old maize  seedlings  exposed  to  350 mM NaCl 
medium (control+ and Geobacillus+) and salt free 
medium (control and Geabacillus).  
Fig.5D Proline  accumulation  in  dry weight  of  15  
days  old maize  seedlings  exposed  to  350 mM NaCl 
medium (control+ and Geobacillus+)  and salt free 
medium (control and Geabacillus).  
Table.1 Effects  of  inoculation  of  Geobacillus  
caldoxylosilyticus  into  maize  seedlings  in improving  
some  anatomical  parameters  of maize  seedlings  
exposed  to  350 mM NaCl medium.  Control seedlings 
(C) salt-stressed seedlings (C+). Geobacillus inoculated 
into control seedlings (G) Geobacillus inoculated into 
salt-stressed seedlings (G+). Vascular bundles (VB). 
 
Conclusion   
           Maintenance of plant growth and productivity 
involves safe manipulation of environmental 
undesirable conditions via introduction of biological 
agent to achieve a biological control. Salt stress is a 
major stresses caused by ionic stress, frequently 
quantified by excess Na+, Cl- and K+. Exclusion of 
these ions is crucial for crop plants protection. 
Geobacillus  caldoxylosilyticus  is  halophytic  bacteria  
isolated from ponds then inoculated into maize plants 
prior exposed to 350 mM NaCl for ten days. In terms 

of the high salt stress and the short experimental span, 
Geobacillus efficiently acted to encounter number of 
deleterious impacts during this period. Geobacillus 
protected plant growth, structure and brought plant 
physiology to normal even within high ionic stress. 
Geobacillus retained homeostasis. In addition, 
Geobacillus-inoculated seedlings possessed less proline, 
which implies to that plants are not under salt stress. 
Geobacillus and its application are recommended for 
crop plants protection against salt stress.  
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