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ABSTRACf 

Drouglll is one of the major abiolic stress affecting crop yie lds. Bacterial 

populations of stressed soils arc well adapted to stress and can be implicated as bio 

inoculant!,! to impart lo ler::mce to crops grown in stressed ecosystems. r'raduction of 

c:':opl) lysaccharides (EPS) is a major mechanism in bacteria to cope wi th drauglu stress. 

The present study deals with the isolat ion and charncleriL...1l ion of 

exopolysacchnrides pl'Oduced by the PGPR from arid (Gholki Sindh) and semiarid 

(Ka lla .. soydnn) regions of Pakistan. and to investigate the drought Lo lenlllcc potential of 

these PGPR 0 11 rnnize when lIsed as bio inoculant alone and in combination La their 

n:spccli\' c EPS. Three bacteria l strains S I (Pro/ell,\' pelllll.!rl\ S2 (Psetit/omolHls 

tlerugillo!taj and S3 (A /c:aligelt(!s faeclllb.~ were selected as exopolysaccharides 

(EPS)producing bllclcria on the basis of mucoid colony formal ion. All these str:lins we re 

gram negative. moti le and positive for catalase. Strain SI was positive for oxidase and 

was phllsphalc solubilizcr. while S2 and S3 were ncgative. ' I hc isolated strains \'~·crc 

sequenced by using 16SrRNA. Biochemical characterization {solubility: quantilication of 

total slIgnr. protein and uronic acid; and emulsification uclivi ly) nnd Allenullled Total 

RcneClion Fourier Transformed lnfrll4Red spectroscopy ATR~F'TI R of 

c:xopolysac:charides was done for determining functional groups of EPS. 

Drought stress induced by wi thholding water supply had signifkani adverse 

elTects 011 growth of maize seedlings. Seed bacterization of Illai zc with EPS producing 

bacleri nl slrninsin combinnlion to th!! ir respect ive EPS improved so il moist ure cantellts. 

plant biomass. rool, and shoot lengthand leaf area. The inoeultlled plants showed higher 

levels of relative water content. protein and suga rs under drought stress. As compared La 

uIl 4 inocuiaied seedlings. inoculated seedlings showed significant ly lower activi ties of 

proline and ant iox idant enzymes. superoxide di smutase (SOD) peroxidase (POD) and 

cala lase (CAT) under drought stress. 

The strain S2 (Pseudomonas aeFligitwstl) iso lated from semi-arid region of 

Kallor Saydull was most potent PGPR under drought stress, In ull cases inoculum used in 

combinotion 10 their respective exopolysaccharides showed grc.lter potential to drought 

IOlcrancc as compared 10 inoculums alone. So exopolysaccharidcs production is the main 

mechanism and slower the desiccati on of rhizosphere soil during waler shortage. 
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i:.1<opolysotcclmrides keep the soil moist and he lps the plDnts to cope with long period of 

drou&!ll. Inoculation studies of maize with EPS producing bacteria undcr drought stress 

improve lhe so il moisture content and relative water conlent RWC of leaves. 
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Chapter # 1 introduction 

INTRODUCTION 

1.1. Exopolysaccharides producing bacteria 

Rhizosphere-inhabiting bacteria are extensively studied for their role in 

agriculture, and called plant growth promoting rhizobacteria (PGPR), because they have 

very good effects on overall health of the plant. Plant and microbe association attain 

much importance in recent decades (Afzal et af. 2008). They mainly belong to 

Pseudomonas and Bacillus genera. Many of the rhizobia are known to produce large 

amounts of EPS material both in the rhizosphere and when grown in pure culture. Whi Ie EPS 

production by Rhizobium spp. has been fairly well-documented, the specific physiological 

role of rhizobial EPS in vitro is unknown (Ann Staudt, 2009). Many fluorescent 

Pseudomonas strains e.g. (Pseudomonas aeruginosa) by colonizing the rhizosphere soil 

protect the roots through the production of antibiotics and protect the plants by 

prevention of microbial infections (lenni et af. 1989). There is a need for in -depth studies 

on the effectiveness of Pseudomonas spp. as PGPR across the globe. 

A number of dairy bacteria are also capable of synthesizing exopolysaccharides 

(Marshall et at. 2001). It is also believed that exopo lysaccharides production is the ability 

of lactic acid bacteria (Cerning, 1990; Sikkema et af. 1998; Cerning et af. 1999; De Vuyst 

et af. 1998; Ricciard et af. 2000). List of bacterial species that produce 

exopolysaccharides. 

Bacterial strains References 

L. lac tis subsp. Cremoris H414 Gruter et af. (1992) 

L. lacti ssubsp. Cremoris SBT0495 Nakajima et af. (1992) 

L. lactis subsp. Cremoris B40 Van Castern et af. (1998) 

Role of bacterial polysaccharides in growth regulation of maize (Zea mays L.) 1 



Chapter # 1 introduction 

L. lactis subsp. Cremoris 839 Van Castern et al. (2000b) 

L. lactis subsp. Cremoris 8891 Van Castern et af. (2000a) 

L. lactis subsp. Cremoris ARH74 Yang et al. (1999) 

S. thermophilus CNCMI 733 Doco et af. (1990) 

S. thermophilus EU21 Marshal et af. (200 I b) 

S. thermophilus Sfi6 Stingele et af. (1996) 

S. thermophilus Sfi 12 Lemoine et af. (1997) 

S. thermophilus Sfi39 Lemoine et af. (1997) 

S. thermophilus Sfi20 Navarini et af. (2001) 

S. thermophilus OR90 1 Bubb et af (1997) 

S. thermophilus Rs Feber, zoon et af. (1998) 

S. thermophilusSts Feberet af. (1998) 

S. thermophilus MR - I C Low et al. (1998) 

s. thermophilus EU20 Marshal et af. (2001 a) 

S. thermophilus S3 Feberetal. (2001b) 

S. thermophilus SY 89, SY 102 Marshal et a f. (2001 b) 

S. thermophilus Sc 136 Vincent et a f. (200 1) 

Lb. AcidophilusLMG9433 Robijin et af. (1996a) 

Lb. delbruekii subsp. Bulgaricusrr Gruter et af. (1993) 

Role of bacterial polysaccharides in growth regulation of maize (Zea mays L.) 2 
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Lb. delbruekii subsp. Bulgaricus 29 1 Feber et af. (200 1 a) 

Lb. helvaticus TYI-2 Yamamoto et af. (1994) 

Lb. helvaticus NCDO 766 Robij inet af. (1995b) 

Lb. helvaticus TN-4 Yamamoto et af. (1995) 

Lb. helvaticus Lh59 Stingele et af. (1997) 

Lb. helvaticus 2091 Staaf et af. (1996) 

Lb. helvaticus Lb 161 Staaf et af. (2000) 

Lb. helvaticus K16 Yang et af. (2000) 

Lb. paracasie 34-1 Robijin et af. (1996b) 

Lb. rhamnosus C83 Vanhaverbeke et af. (1998) 

Lb. sakei (formerl y Lb. sake) 0- 1 Robij in et af . (1995a) 

Lb. subsp. G-77 Due*nas-Chasco et af. (1998) 

1.2. Bacterial Exopolysaccharides 

The EPS usually designated for exopolysaccharides, which is the important 

material for biofilm formation by bacteria. This name of exopolysaccharides was 

proposed by Sutherland in (1972), he provides the general term for different types of 

exopolysaccharides (EPS) found outside the bacterial cell wall. Exopolysaccharides 

(EPS) are most important pati of extracellular matrix that often represents 40-95% 

(Flemming et af. 2001) of bacterial weight. Bacteria produce exopolysaccharides (EPS) 

in two forms: (1) slime exopolysaccharides (EPS) and (2) capsular exopolysaccharides 

(EPS) (Vanhooren et af. 1998). Exopolysaccharides (EPS) are found in a wide variety of 

complex structures (Kumon et af. 1994). Exopo lysaccharides are heterogeneous mi xture 

Role of bacterial polysaccharides in growth regulation of maize (Zea mays L.) 3 



Chapter # 1 introduction 

composed of: ( 1) polysaccharides (2) proteins (3) nucleic acids and (4) lipids (Wingender 

et al. 1999). Exopolysaccharides are long chain molecules, having molecular weight of 

10-30 KDa (Kumar et al. 2007). Production of exopo lysaccharides by bacteria is favored 

by high carbon and low nitrogen ratio (Kimmel et al. 1998). Exopo lysaccharides are 

water so luble polymers composed of monomers of wide range (Sutherland, 1977). Some 

exopolysaccharides are neutral , but most of them are polyionic either due to presence of 

uronic ac id (d-galacturonic acid, d-glucuronic acid and d-mannuronic acid) or due to 

prensence of ketal linked pyruvate group, inorganic parts like sulphate and phosphate 

may also cause polyionic nature of exopo lysaccharides (Sutherland et al 1990). Bacterial 

exopo lysaccharides are often ac idic polymers due to the presence of some functiona l 

groups like (hydroxyl group, carboxyl group and phosphoric acid) that gives the 

exopo lysaccharides high affinity for metal ions (Mittleman and Geesey, 1985). 

Exopolysaccharides are organic macromolecules formed by the presence of similar 

building blocks that polymerize as repeated units. The major organic palis are 

carbohydrates and proteins (Nielsen and lahn, 1999). 

ImpOitant role of exopo lysaccharides exhibited are (1) Protective (2) surface 

attachment (3) biofilm formation (4) microbial aggregation (5) plant-microbe interaction 

and (6) bioremediation (Mancaet al. 1985). Some physical and chemical properties of 

exopolysaccharides are useful in industries for stabilizing, thickening, coagulating, 

gelling, suspending, film forming and water retention capability in different industries 

I ike detergents, textile, paper, paints, adhesive, beverages and food (Sutherland, 1996). 

A lso used in petroleum industry, mining industry and oil recovery purposes (Sutherland, 

1998). Due to enzymatic activities of exopolysaccharides, they help in heavy metal 

transformation and degradation of organic recalcitrant (Hullebusch et al. 2003 ; Pal and 

Paul , 2008) . Exopo lysaccharides of bacteria are hydrated compounds with ~ 97% of 

water in po lymer matrix due to which EPS provide protection against desiccation 

(W ingenderet al. 1999; Hunter et al. 2005; Bhasker and Bhosle, 2006). Bacterial 

exopo lysaccharides also attracted the food industry since 1980s, where EPS used as food 

additives in a large number of products and in fermentation (Robert et at. 1995; 

Sutherland, 1998). Some exopo lysaccharides are also beneficial for health as they assist 
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in immune stimulation (Oda et af. 1982; Nakaj ima et af. 1995) also helpful against ulcer 

(Nagaoka et af. 1994). 

Dairy bacteria produce exopolysaccharides that can be classified as: - (De Vuyst 

et af. 1998). 

Group of EPS Subgroups of EPS 

Homopolysaccharides a-D-glucans, i.e. dextran 

~-D-glucans 

fructans 

polygalactans 

Hetropolysaccharides Produced by Lactobacillus 

delbruekii subsp. Bulgariclls and 

Streptococcus thermophilus with complex 

chemical structures. 

Keeping in view of the commercial importance of the EPS, the present 

investigation deals with the isolation of exopolysaccharides, and their chemical and 

physical characterization isolated from the drought stressed areas. 

1.3. Isolation and characterization of EPS 

There are many methods developed for the extraction of exopolysaccharides, but 

different methods are used in different conditions. Some requirements that are important 

for good method of EPS extraction include (1) minimum cell lysis, (2) no disruption in 

EPS characteristics and (3) ability to extract all the polysaccharides (Nielsen et af. 1999). 

Different methods that have been reported are divided into 3 categories (1) 

physical method, (2) chemical method and (3) combination of physical and chemical 

(Nielsen et al.1999). Physical method includes the extraction of exopolysaccharides by 
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using physical forces i.e. by centrifugation, filtration , dialysis and sonication technique 

(King et af. 1990), also by cation exchange (Frolundet af. 1996a) and by heating 

(Karapanagiotiset af. 1989; Morgan et af. 1990). While chemical method includes the use 

of different chemicals i.e. formaldehyde (HzCO), ethylenediaminetetraacetic ac id 

(EDTA), sodium hydroxide (NaOH) and ethanol (CzHsOH) (Liu and Fang, 2002). 

Chemical methods give more yield than physical methods but the chances of 

contamination and cell lysis are greater in chemical method (Nielsen et af. 1999). In 

physical method although yield was less than chemical method but chances of 

contamination and cell lysis are small which make it effective method (Comte et af. 

2006). But the combination of both physical and chemical methods makes it more 

reproducible and effective to get higher yield without any contamination and cell lysis 

(Nielsen et af. 1999). 

1.4. ATR-FTIR spectroscopy 

Attenuated Total Reflection Fourier Transformed Infra-Red spectroscopy A TR­

FTIR spectroscopy gives us information at molecular level for inorganic and organic 

constituents of bacterial exopolysaccharides. It permits to investigate the functional 

groups in close proximity that are dipolar. A TR-FTIR also shows dissociation of protons 

of the functional groups and random coil confirmation at different ph i.e. R-helical 

protein confirmation at pH < 2.6 and unordered confirmation at pH > 6 (Braun et af. 

1987). ATR-FTIR spectroscopy is in-situ, non-invasive method of spectroscopy that 

helps in the investigation of exopolysaccharides constituents and functional group 

chemistry and conformational changes without disturbing intermolecular associations of 

the constituents e.g. protein-polysaccharide association (Anselm et af. 2004). 

The most important advantage is its use in biological studies of almost any 

biological material. 

y Tn FTIR spectroscopy sample is required in very small amount. 

>- This technique of FTIR spectroscopy is a very sens itive and rapid 

technique and easy to use 
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Since the computer is already used for Fourier-transform, so it is 

easy to perform many scans to improve the signal- to-noise ratio 

'r Instruments used for FTTR spectroscopy are not so expensive as 

compared to NMR, X-Ray and CD spectroscopic instruments; also operation of 

its equipments is simple. 

'r Interpretation of the spectra obtained can also be learned easil y, 

it 's not so difficult 

};- Kinetic and time resolved studies are also possible (Mantcsch et af. 

1986; Mende lson e/ al. 1986; and Haris et af. 1999). 

1.5. Drought stress 

Drought stress effect the various physiological and biochemical process i.e. 

photosynthesis, respiration, translocation, uptake of ions, carbohydrate and nutrient 

metabolism and growth promoters which reduces growth of plant (Jaleel et af. 2008; 

Farooq et af. 2008). Reactions of plants to drought stress at various organizational levels 

are different that depends on intensity of stress, time duration, plant species and its stage 

of growth (Chaves et af. 2002; Jaleel et af. 2008b). It is very important to understand the 

response of plant to drought stress, also to make stress tolerant crops (Reddy et af. 2004; 

Zhao et al . 2008). About one-third of the world ' s arable land effected due to shortage of 

water and crop production suffer from drought stress (Kramer et af. 1980). As integral 

part water plays an important role in plants growth initiation and maintainance of other 

process involved in development and finally the economy of country effected. During a 

long period of drought (1998-99) about 48.8mm rainfall that allowed only 4.8 tlha grain 

yield. 

1.6. Maize (Zea mays L.) 

Maize is one of the earning crops in the world and also most versatile in the world. The 

grain of maize is used for corn starch, corn syrup, corn flakes , corn oil dextrose, grain 

cake, lactic acid and acetone preparation used by textile, foundry, fermentation and food 

industries. Due to development of poultry and livestock industry, the consumption of 
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maize also increased in feed. Humans used it in diet in both fresh and processed form 

(Hallauer et al. 1988). The global demand of maize will increase from 526-784 mi Ilion 

tons from 1993-2020 (Rosegrant et at. 1999). Maize gets an important position in the 

cropping system of Pakistan. In Pakistan after wheat and rice, maize is at third position in 

grain production. It is grown in almost all provinces of Pakistan, but most familiar in 

maize production are KPK and Punjab. Maize is the source of food not only for humans 

but also for livestock and poultry and used as a good forage crop. It is grown on an area 

of 87,000,000 ha with average yield of 12.23 million bushels (FAO, 2008). In Pakistan 

the average yield of maize is very low as compared to developed countries (Anonymous 

et at. 2000). The total area of world under the maize crop was 147.6 mill ion ha, have a 

grain production of 701.3 million metric tons and yield of 4752 kg/ha during 2006-07. 

World area under maize crop was 147.6 million hectare with a grain production of 701.3 

million metric tons and overall yield of 4752 kg per hectare during 2006-07. In Pakistan 

maize was grown on 1 05l. 7 thousand hectares with annual production of 3604.4 

thousand tones and average yield of 3427 kg per hectare. Maize crop is extensively 

grown as grain for humans and fodder for livestock consumption. Maize is a cereal crop, 

C4 species and high yielding. It uses moisture more efficiently. Maize uses 500-800mm 

of water during its life cycle that is 80-110 days (Critchley et al. 1991). Requirement of 

water for maize is (135mm/month) at the time of seedl ings that is (4.5mm/day) and this 

requirements of water increases up to (195 mm/month) that is (6.5mm/day) during hot 

and windy conditions (Jamieson et al. 1995). To cope with the shortage of water drought 

tolerant maize varieties are reliable options. Some physiological parameters can also be 

used as criteria for selection of maize varieties that should be simple, measureable 

heritable and related to plant growth and yield (Richads et al. 1978). Agaiti-2002 had 

higher germination of 50.22 and 49.90%, respectively after 36 h as compared to the rest 

of cultivars. Maize is not a reliable crop in dry land conditions, a lthough it has origin in 

semi-arid areas (Arnon et al.1972). In Pakistan it is grown twice a year (in spring and 

autumn). Apparently it is more tolerant to drought stress in its early stages of growth than 

fully developed stage (Dhillon et al. 1995). It has been found that drought stress reduce 

the photosynthes is of plant, leaf area, leaf chlorophyll and grain yield of maize (JLlll-Chen 

Role olbacterial polysaccharides in growth regulation o.fmaize (Zea mays L.) 8 



Chapter # 1 introduction 

et al. 1996). Nitrogen requirement of maize plant is 9-11 kg for the production of 1 t 

biomass (Annuare et al. 1995). 
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AIMS AND OBJECTIVES 

Objectives of present study include: 

~ Isolation and characterization of efficient EPS producing bacteria from 

arid (Gotki Sindh) and semi-arid (Kallar Sayedan) areas of Pakistan 

~ Isolation and quantification of exopo lysaccharides 

~ ATR-FTIR spectroscopy of exopolysaccharides 

~ Analysis of different growth and physiological parameters of maize grown 

under drought stress with inoculation of EPS producing bacteria alone and in 

combination of their respective exopolysaccharides. 
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REVIEW OF LITERATURE 

2.1. EPS producing bacterial interaction with plant roots 

Previously documented reports indicate that rhizospheric bacteria I.e. 

Pseudomonas, Azospirillum and Rhizobium that form association with plant roots are 

found in the mucigel of the root or may be found inside the extra cellular matrix self­

produced by bacteria (Fujishige et al. 2006).Attachment of bacteria to the plant root is 

also a first step in biofilm formation by bacteria on roots of the plants. Biofi lms formed 

by the bacteria around the roots are made up of bacterial populations or bacterial 

communities that encased inside the polymeric extracellular matrix (e.g. bacterial 

exopolysaccharides) formed by bacteria itself, they adhered to the external surfaces that 

contain sufficient moisture. This biofilm formation strategy of bacteria in real life is 

common in bacterial life (Costern et al. 1995). In attachment process first phase is a 

reversible, weak, and unspecific binding phase. In this phase 3 components are involved 

(1) lectin proteins, (2) Ca l2-binding protein called rhicadhesin and (3) bacterial 

polysaccharides. Lectin proteins of legumes are present at the tip of root hairs recognized 

the specific carbohydrates that are present on surface of bacteria and bind to them 

(Matthysse et al. 1998). Generally it is accepted that different plant factors that are 

involved in the process of attachment the most important are plant lectins that act as 

receptors for the attachment of bacterial exopolysaccharides (Ridge et al. 1998; Hirsch et 

al. 1999; and Rudiger et ai. 2001). 

There are different polysaccharides 111 which at least four different types are 

known to playa ro le in the formation of symbiosis association of bacteria to the plants 

these four types are (1) cyclic glucans, found in the periplasmic space of bacteria and also 

fo und in culture supernatants; (2) bacterial exopolysaccharides, form weak assoc iation 

with outer membranes and found in the extrace llular medium ; (3) capsular 

polysaccharides, that are bound to the outer membranes and (4) lipopolysaccharides, are 

the structural components of the outer membranes. It is also believed that bacterial 

surface exopolysaccharides also playa key role in the in the attachment of agro bacterium 

to the plant cell. 
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2.2. Survival of EPS producing bacteria under drought stress 

Many bacterial organisms and plants have an ability to survive in the long period 

of desiccation up to the extent of 99% water loss of cell (Welch et al. 2000). Some 

exopolysaccharides (EPS) producing bacteria like Pseudomonas have ability to survive 

even under drought stress due to production of their exopolysaccharides (EPS) 

(Sandhyael al 2009 a, b), these exopolysaccharides (EPS) protect these bacteria from 

desiccation in drought stress by enhancing the water retention and by regulation of 

organic carbon source's diffusion (Hepperet al. 1975; Roberson et al. 1992; Chenu et al. 

1993; Chenu and Roberson. 1996). It might be possible in the plants to tolerate the 

drought stress by increasing exopolysaccharides producing bacterial population density in 

the root zone of plants. Most of the strains of rhizobia that form nodulation to important 

cereal crops are very sensitive to desiccation of soil (Osang et al. 1982). Inoculation of 

Azospirillum strain has alleviation effect for low moisture content of soil on wheat plants 

under drought stress (EI-Komy et al. 2003). Specific root colonization has growth 

promotion effect on wheat and maize seedlings that is more evident under low moisture 

content of soil (Alvarez et al. 1996). In association of plant and Azmpirillum many 

biochemical changes which results in growth promotion and tolerance of plant in drought 

stress when soil moisture content is low (Pereyra et al. 2006). The phenomenon of 

adaptation to drought stress is a complex process in which physiological and biochemical 

changes takes place. Physiological changes that take place during plant microbe 

interaction and make them able to survive under unfavorable conditions are (I) formation 

of cyst (Sadasivan et al. 1987; Bashan el al. 1991), (2) formation of flock (Neyra et al. 

1995), melanin production (Givaudan et al. 1993), synthesis of poly-~-hydroxybutyrate 

(Okon et al. 1992), synthesis of exopolysaccharides (Del Gallo et· ai, 1990) and 

protection inside ectomycorrhizal spore caps (Li et al. 1987). Immediate response of 

rhizo bacteria under drought stress has morphological changes (Shollshtari et al. 1985). It 

is well known that some free-living rhizobia (saprophytic) are capable of sllrvival under 

water stress or low water potential (Fuhrmann et aI.1986). 
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2.3. Changes in root and shoot of maize under drought stress 

Most sensitive to drought stress is the cellular growth. In maize weight of shoot 

decreased while weight of roots increased under drought stress (Aggarwal et al. 1983 ; 

Morize tet al. 1983). It has been studied that under drought stress fresh and dry weight 

both are reduced in maize by 58 and 40% respectively (Shiralipouret al. 1984). Stress 

also decreased the shoot length and fresh weight in maize (Thakur et al. 1984). Drought 

resistance varieties of sorghum have deeper root penetration, heavier and numerous roots 

both primary and secondary roots than susceptible varieties (Bhan et al. 1974). The effect 

of drought stress on rate of cell division in the meristem of primary roots of maize was 

studied and observed that drought stress caused meristematic cells to be longer and lessen 

the division of cell. Highest cell division rate was 8.2 cells/mm per hr at 0.8 mm from the 

apex of cells under drought stress as compared to the 13 cells/mm per hr at 1.0 mm in 

control (Sacks et al. 1997). 

2.4. Changes in the physico-chemical properties of soil under drought 

stress when inoculated with EPS producing bacteria . 

A key parameter that helps in determination of available water, oxygen, and soil 

nutrients to the plants as well as microorganisms is the water potential of that soil 

(Postma et al. 1989; Blum et al. 1992; Van Gestel et af. 1993). The interaction among the 

soil, roots of plants, bacteria and water in the rhizosphere cause changes in physic­

chemical and structural properties in the rhizosphere soil (Tisdall el at. 1982; Haynes el 

al. 1990). Microorganisms of soil play an important role in the maintenance of quality 

and soil health (Jeffries et al. 2003). Polysaccharides produced by bacteria can attach to 

the particles of soil and 10rm aggregates (1) macro aggregates of >250 Ilm) and (2) micro 

aggregates of <25 0 Ilm) in diameter (Edwards et al. 1967; Tisdall et a1.1982; Oades 

1993). To keep soil structure maintained is important for the agriculture because it affect 

a number of processes that have great impacts on the yield of crop. But drought stress 

change the physico-chemical and also biochemical properties of soil and make it 

unsuitable for good yield of crop and activity of soil bacteria. Tn the soil availability of 

,,,,ater control the production of polysaccharides and proteins by bacteria in the soil, also 

Role of bacterial polysaccharides in growth regulation of maize (Zea mays L.) 13 



Chapter# 2 Review of Literature 

make it possible to consume them. Water availability in the soil also affects the soi l 

structure (Roberson et al. 1992). The role of exopolysaccharides producing bacteria 

Azospirillum in so il aggregation was reported by Bashen et al. (2004). Plants treated with 

exopolysaccharides producing bacteria Azospirillum show resistance to water stress 

(Bensalim et al. 1998) this was because of improving the so il structure by 

exopolysaccharides (Sandhya et al. 2009). Under drought stress inoculation of sunflower 

with exopolysaccharides producing rhizobacterial stra in Y AS34 show increased in 

(RAS /RT) root adhering so il per root tissue (Alami et al. 2000). Exopolysaccharides are 

the active constituents of soil organic matter (SOM) (Gouzou et aI.1993). The association 

of rhizobacteria with plant roots through these extra-cellular polymers also cause (1) 

formation of rhizosheath RS and (2) strict adherence of soil to the plant roots. The 

impoltant role of this rhizosheath RS is (1) active site for soil-m icrobial process (2) 

responsible for soil nutrient recycling (3) nutrient availability to the plants (4) responsible 

for the tlow of water and nutrients to the plant roots and (5) regulation of ions (Tisdall et 

al. 1994; Amellal et al. 1998). In addition to all these functions of rhizosheath (RS), the 

pOition of roots with attached RS when ploughed after crop harvesting, helps in the 

formation of micro aggregates, mentainence of microaggrigates, the indi spensible 

structure of so il for physico-chemical properties and fertility of soil for agriculture 

(Amellal et al. 1998; Watt et al. ] 993) . It is supported by experiments that the soil 

amendments with exopolysaccharides of bacteria cause increase in the aggregation of soi l 

particles (Cheshire et a1.1979; Martens et al. ] 993). 

2.S. Effect of EPS producing bacteria on growth of maize 

Maize show high sensitivity towards the drought stress during growing season 

while during flowering and grain filling period it is especially vulnerable to the drought 

of soil. Plants inoculated with exopolysaccharides producing microbes show high 

resistance to drought stress than non-inoculated plants (Bensalim et aI.1998). Plants 

growing in the arid and semiarid areas inoculated with beneficial bacteria shows increase 

in tolerance to the drought stress (Marulanda et aI.2007). Pseudomonas putida strain 

GAP-P45 is exopolysaccharide producing bacteria can form biofilm on surface of roots 

of sunflower seedlings and give tolerance to sunflower under drought stress. The plants 
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inoculated with Pseudomonas putida strain OAP-P45 exopolysaccharides producing 

bacteria showed increased soil aggregation, root adhering soil and high relative water 

content of leaves (Sandhya et al .2009). It was observed that there is a correlation 

between tl1e amount of exopo lysacchar ides (EPS) produced by Bradyrhizohium strain of 

cowpea and tolerance of these bacteria (Hartel et al.1986). Adaptation of plant to the 

environmental stresses lead to the adjustment of metabolites in the plant body that causes 

the several compatible solutes (i.e. sugar, polyamines, betaines, proline, polyhydric 

alcohols, quaternary ammonium compounds and other amino acids (Yancey et al.1982). 

Also associated with the production of stress proteins e.g. dehydrins with 9-200 KDa in 

size (Close et al.1996). Variation in the production of proteins is the indication of plant 

response to different stresses. Lettuce (Lactucastiva L.) inoculated with the PGPR 

Pseudomonas mendocina augmented antioxidant enzyme like catalase in drought stress 

(Kohlar et al. 2008). In antioxidant system antioxidant enzymes i.e. (SOD) superoxide 

dismutase, (POD) peroxidase and (CAT) catalase and many other compounds such as 

carotenoids and ascorbate form the principal defense system in oxidative damage (Larson 

et al. 1988; Burke et al. 1991). Maize is more susceptible to drought stress than sorghum 

and water contents of leaf decline more in rnaize than sorghum having low values of leaf 

water potential (Nagy et al.1995). Relative water content of leaves (R WC) is the index of 

plant water status that helps in the evaluation of tolerance to drought stress, and reduction 

in the (RWC) cause closure of stomata that further lead to decreased in CO 2 assimilation 

in plants (Oindaba et al.2004) . Relative water contents of leaves in different cultivars 

differ greatly under drought stress, and membrane permeability of leaf cell increased 

significantly (Liu et al.1995). The maize inoculated with bacteria Pseudomonas spp. 

strains has increased plant biomass, relative water contents of leaves, leaf water potential, 

root adhering soil/root tissues ratio, stability of soil aggregates and decreased the leaf 

water loss (Chen et al.1994). Plants inoculated with exopolysaccharides (EPS) producing 

bacteria showed higher concentration of sugars, proline, and free amino acids under 

drought stress conditions. But the starch, protein content and electrolyte leakage were 

decreased under same conditions with plant inoculation with (EPS) producing bacteria. 

Same plants inoculated with exopolysaccharides producing bacteria showed decreased 

activity of (APX) ascorbate peroxidase, (CA T) catalase and (OPX) glutathione 
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peroxidase enzymes under drought stress that is the indication of less effect of stress on 

the maize seedlings inoculated with (EPS) producing bacteria (Sandhya et al. 2010). 

2.6. Phosphates solubilization by microbes 

Several species of microorganisms having the ability of phosphorus so lublization 

have been isolated from the rhizospheric soil of the crops. Out of these (PSMs) only 20 to 

40% phosphorus solubalizers microorganisms are culture able in the laboratory 

conditions. These (PSMs) can be used as a biofertilizers in the soil for solubalization of 

soil phosphorus. Due to this phosphorus solubilizing ability of bacteria they increase the 

soil nutrients and have great importance. The application of these (PSMs) has a great 

impact on yield increasing of several crops (i.e. cereals, legumes, vegetables, oils, fibers) 

and other crops (Kundu BS et al.2009). The ability of (PSMs) to convert the insoluble 

and unavailable phosphorus in the soil to the soluble phosphates (i.e. orthophosphate) is 

important for the improvement of plant yield (Rodriguez et ai. 2006; Chen et al. 2006). 

The most efficient (PSMs) belong to the Bacillus, Pseudomonas and Rhizobium genera 

of microbes (Rivas et al.2006). In all the microorganisms found in the rhizosphere soil , 

the (PSMs) have an alternative to the biotechnology used for crop pi·oduction to fulfill the 

phosphorus requirement of plants. These (PSMs) in addition to phosphorus solubal ization 

also promote the plants development by enhancing the growth (Zaidi et al.2009). This 

ability of phosphorus solubalization and growth promotion of (PSMs) together 50% 

lessens the application of phosphorus to the crops (Yazdan et al.2009). Inoculation of 

seeds or soil with (PSMs) have largely used for solubalizing the applied and fixed 

phosphorus in the soil and improved the growth of plants (Nauyital et al. 2000) . Due to 

these (PSMs), solubility of calcium phosphate was mostly reported but the solubilization 

of other forms of phosphates (i .e. AIP04 and FeP04) was not investigated. The ability of 

phosphorus solubalization of (PSMs) can be determined by their ability to release some 

metabolites i.e. organic acids, these organic acids form chelation with cation bound to the 

phosphate through their hydroxyl and carboxyl group, that latter converted into the 

soluble form. It may also involve the production of proton extrusion in addition to 

organic acids (Nahas E et al.1996).The organic acids (mainly gluconic acids and keto­

gluconic acids) produced by (PSMs) to solubilize the phosphorus (Duebel A et ai.2000), 
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additionally these organic acids also lower the ph of rhizospheric soil (Khan AA et al. 

2009). 

2.7. Antioxidants Enzymes activity under stress 

At cellular level most of the damages take place due to oxidative damage under 

drought stress, this injury is the result of imbalance between the production of reactive 

oxygen species (ROS) and their detoxification. At cellular level plants produce 

antioxidants enzymes (CAT) catalase, (SOD) superoxide dismutase, (POD) peroxidase, 

(GPX) glutathione peroxidase, (APX) ascorbate peroxidase, these antioxidant enzymes 

detoxify the reactive free radicals (Simsova-Stoilova et aI.2008). Detoxification of 02-to 

HzO z catalyzed by SOD (Dionisio-Sese et aI.1998). Catalase is present in the 

peroxisomes of cells and protects the cells by catalyzing the decomposition of HzO z into 

O2 and H20 (Foyer et aI.2000). POD peroxidase is an enzyme is present in higher plants 

and catalyzes the process of oxidation of phenolic and endolic co substrates and protects 

the plant cells from damage (Asada et al.1992; Borsanni et al. 2001). The action of 

antioxidant enzymes was changed under stress condition. Damage in the leaves is the 

indication of stresses e.g. increase in the peroxidation of membrane lipids, due to 

decrease in the level of antioxidant enzymes (SOD, POD, CAT) activities (Del Longo et 

al. 1993; Chen et al.1994; Qu et al.. 1996). It was found that in maize drought stress at 

booting stage of female inflorescence decrease the activity of SOD enzyme and increase 

the peroxidation of membranes permeability takes place (Song et al.1996). Similar results 

were obtained by (Li et aI.1998). 

2.8. Protein accumulation under drought stress 

In plants accumulation of osmolytes like proteins help in maintaining water status 

of cell, sub-cellular structures and protection of membranes and proteins from osmotic 

stress (Ashraf et al.2007). Stress proteins play their role in plants to tolerate the stress, 

these proteins are the water soluble (Wahid et at. 2007).Increased level of amino acids is 

the indication of drought tolerance in plants. It may be caused by the hydrolysis and 

breakdown of proteins in response to osmotic adjustment of the cellular contents 

(Greenway and Munns 1980). 
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2.9. Sugar accumulation under drought stress 

In sugar family, sucrose was known to function in osmoprotection, stabilization of 

cellular membranes and maintenance of turgor in plants (Mundree et al.2002). Bacteria 

consist of large amount of ionic po lysaccharides in the periplasmic space of bacterial cell, 

that were too large that diffuse through porin proteins and help to maintained the turgor 

pressure (Change et al .. 2007; Sandhya et al.2009a, b). Soluble sugars are the important 

osmolytes that helps in the osmotic adjustment in plants under drought stress. An 

increased level of soluble sugars was observed in plants under drought stress (Deka 

'nkova' et al. 2004). 

2.10. Proline accumulation under drought stress 

In plants increased level of proline is the indication of drought tolerance. Proline 

is found in large concentration in higher plants increases in stress response (Kavi Kishore 

et aI.2005). Large number of studies showed that accumulation of soluble sugar, proline 

and antioxidant increase the tolerance to drought stress (Lei et al. 2006; Ren et al.2007; 

Xiao et al. 2008; Xuet al. 2008). There was an evidence of compatible solutes 

accumulation in the plants in high concentration that help in the inactivation of the 

enzymes or due to water deficiency loss in membrane integrity (Schwab et al.1990). 

Plants accumulate some ions and some metabolites in their vacuoles mainly proline, that 

will decrease osmotic potential of the plant cells and maintain turgor pressure at high 

level and help these plants to maintain their metabolic and physiological process (Hossein 

Ansary et al. 2012). Inoculation of plant seedlings with Psedomonas spp. increased the 

proline contents under drought stress; it may be due to up regulation of biosynthesis 

pathway of proline to keep the proline in higher concentration, that helped in maintaining 

the water status of cell and protect the membranes under drought stress (Yoshiba et 

al. 1997). In maize plants proline level increased as much as 100 folds under low water 

potential (Voetberg and sharp 1991). 
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2.11. Relative water content of leaves under drought stress 

Relative water content was thought to be best criteria for water status of plants. 

Relative water content was the relation between the water absorbed by the plants and 

water transpired through leaves(Ganj i Arjenaki et al. 2012). It has been showed that 

wheat varieties with high relative water contents were more resistant to drought stress 

(Schonfeld et al. . 1988). In plants osmoregulation is the main mechanism that maintains 

the turgor pressure under water loss, that enables the plants continuously absorb the water 

and maintain metabolic activities (Gunasekera et al. 1992). In non-inoculated plants the 

value of re lative water content decreases than bacterial inoculated plants during drought 

period. 

2.12. Effect of EPS producing bacteria on Soil moisture contents 

Bacterial exopolysaccharides have an ability of water holding and cementing due 

to which exopolysaccharides producing bacteria helped to maintain the moisture content 

of soil and flow of water across the plant roots due to formation of soil aggregates 

(Roberson et al.. 1992; Tisdall et al.1982). Increased moisture and carbon contents 

helped to increase the soil aggregation around the plant roots and also moisture holding 

capacity of the soil due to presence of exopolysaccharides (Amellal et al. 1998). 
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MATERIALS AND METHODS 

3.1. Collection of soil samples 

Soil samples for the isolation of bacteria were co llected from depth of 6 inches 

from rhizosphcre soil of two different rainfed areas of Pakistan, including Ghotki and 

Kal lar Sayedan. Ghotki ineludcd in the Nara dessert, an extension of Great Indian Desert, 

located in Si ndh that is southern east province of Pakistan. This desert li es between 26°_ 

28 ° North and 68 °_70° East (Bhatti et al. 2001 ; Qureshi et al. 2004). It is about 23000 

K111 2. It is arid area with extreme temperature range, severe drought with high wind and 

scanty rainfall , average rainfall of 100-250 mm mostly during ] uly and September. 

Temperature range from 40-S2°e in summer and below ooe in winter (Qureshi et al. 

2005). 

Ka ll ar Saydan is locatcd in district Rawa lpindi. It lies at altitude of 2T -33 ° north 

and longitude of 16° _73 ° east, with 8% of soi l moi sture. It belongs to semiarid area. 

3.1.1. PH and electrical conductivity of soil samples used for isolation 

The pH and electrical conductivity of so il samples were measured by the method 

of McKeague, ( 1978) and McLean (1982). Air dried sample (1 g) was mixed with ( 1 Oml) 

of dist. water, st irred on magnetic stirrer for I hour to make homogeneous mixture of soil 

and water. Mixture was filtered with Whatman No. 42 filter paper. Fi ltrate obtained after 

fi ltration of homogeneo us mixture of soil was used for the determination of pH and 

electrical conductivity. 

3.1.2. Isolation of bacteria from soil 

Isolation of bacteria from soi l samples collected from Ghotki and Ka ll al' Sayedan 

areas of Pakistan was done by serial dilution method. During this method (lOg) of each 

so il sample was suspended in (9m l) of distilled water. So il suspension was centrifuged at 

3000rpm for 10-1 5 min. Decimal dilutions were made from the aliquot of each soil 

so lution after centrifugation. (lOOu l) of Aliquot from three dilutions 10-', 10-' and 10-
7 
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were spread on 1,8 agar plates, incubated for 48 hrs at 28-35"C. After 48 hours dist inct 

bacterial co lon ies were streaked on 1,8 agar plates 3-4 times until single co lony was 

obta ined. 

3.2. Identification and characterization of EPS producing bacterial 

isola tes 

3.2.1. Colony morphology 

l:or bactcrial identification bacterial co lony diameter, co lor, shape, margins and 

appearance we re exam ined. 

3.2.2. Gram staining and motility test 

Vi ncent method (1970) was used for the preparation of s lides of iso lated bacte ri a l 

cultures for Gram staining. A drop of sa line so lution was placed on slide, picked a s ingle 

bacterial co lony from plate smeared on saline so lu tion, air dried ; heat fixed ; sta ined with 

crystal violct for 1 min and sli ghtl y washed with sterile water. The smear was than 

washed with iodi ne solution fo r 1 min and deco lorized with abso lute alcohol for I min , 

and fina ll y washed with dist. water, air dried and observed under li ght microscope 

(N ikon , Japan) at IOOX magnification using o il emulsion. 

Mot ility test is used to check the ab il ity of bacteri a to migrate away from the li ne 

of inoculation. The bacterial culture was inocul ated into motility media, i.e, mannitol agar 

with a needle by strcaking thc culture in a straight line and was observed after 24-48 

ho urs incubation. If the test organi sm migrates away from the line of inoculation, the 

bacteria are motile. 

3.2.3. Catalase test 

(24 hrs old) I3acterial cu ltures were used for catalase test. Sing le bacterial co lony 

was placed on glass s lide and a drop of 30% hydrogen peroxide l-h02 was added . 

Appearance of gas bubbles indicates the presence of catalase enzymes in the bacteria 

(McFadden, 1980). 
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3.2.4. Oxidase test 

For the dete rminati on of ox idase in the bacteri a l stra ins (J % N, N , N, N­

tetramethyl e-pheny lcne diamine) Kovacks ' s reagcnt was used (Kovacks, 1956) . The 

reagent was mi xed w ith hot water and kept in dark. Filte r paper strip was dipped in 

Kovack ' s so luti on and th en a ir dri ed . 24 hrs o ld cultures were placed on thi s paper strip. 

Bacteria l stra ins pos itive fo r ox idase will show lavender co lor that w ill s low ly change 

into dark purp le and then black (S teel, 1961 ). 

3.3. Phosphorus solubilization index 

For the determ inati on o f phosphates so lubiliza tion specifica lly P ikov iskaya ' s agar 

medi a ,vas used. For dete rmining phosphates so lubiliz ing index autoc laved Pikov iskaya's 

media was poured in Petri -plates under stcrilizcd conditions and wait fo r so lidificat ion of 

med ia. With the help of sterilized tooth picks, a pin po int inoculati on was done on these 

agar plates under same ster i I ized conditi ons. It was a ll owed to grow the pla tes 111 

incubator at 28"C for 7 days .Form ation of c lear halo-zone was the indicat ion of 

phosp ho rus so lu ba li zat ion on p lates. Index of phosphorus so lu ba lization was ca lc ulated 

by co lony d iameter and ha lo-zone di ameter (Ed i-Premono, 1996). 

3.3.1. Quantification of available phosphates solubilized by EPS 

producing bacteria 

Quantification of ava ila ble phosphates so lubilized by bacte ria was do ne on the 

bas is o f phospho-mo lybdateblue co lor method (M urp hy and R iby, 1962). P ikov iskaya's 

broth of pI I 7 w ith sucrose was uscd for thi s purposc and so lution of tri-ca lc iull1 

phosphate (0 .3 gi l OO ml) was made se paratc ly. Pi kov iskaya' s broth and tri -ca lc iull1 

phosp hate was autoclaved separate ly. M ix the two so lu t ions and 2 loops full o f 

phosphates so lubaliz ing stra ins were inocul ated in each of fl ask under asepti c co nd it ions 

and p laccd on the rotary shaker at 12000 rpm and wa it fo r 12 days . Afte r 12 days the 

suspension was centrifuged at 10000 rpm fo r 15mints . T he supernatant obta ined was used 
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la r determ ining th e ava il abl e phospho rus by uSing spectrophotometer at 882nm and 

ca librated agai nst s tandard c urve of phosphorus . 

3.4. DNA Extraction 

Extrac ti o n of genomi c DNA of bacte ri a l stra in was carri ed o ut by us ing follow ing 

meth od. T he bacter ia l s tra ins were grown in nu tri ent broth and were kept overni g ht fo r 

the extract ion of geno mi c DNA. A bout 1. 5ml of saturatcd baetcri a l cultu re was 

trans ferred to eppendroff tube and was harves ted through centri fugati on at 10000rp l11 for 

2 minutcs. The pe llcts were co llected and were harvested aga in w ith l. 5ml of cell c ulture. 

Thereafter the pe ll ets were dra ined on paper towe l. The ce ll pe ll et was re-suspended and 

lysed in the 450ul of Transcription buffe r (TF) by v igoro us pipett ing. To remove prote in 

and ce ll debr is 45 ul of 10% Sodium D odecyl Sul fa te (SD S) so luti on and Sui of 20 m g/111I 

prote inase K mi x was added and mixed well and was incubated for an hour at 37"C. 

T hereafte;' the c lear supernatants was transferred to c lean v ial and about 500ul phenol ­

ch loroform was added and mixed v igorous ly we ll by inverting the tube until the phases 

were com plete ly mi xed . T hereafter the via l was ccntri fuged at 10000rpm fo r 2m inutes. 

The upper aqueous p hase was transferred to a new eppend roff and was mixed w ith 

pheno l-chl orofarm mixture again and centrifuged at 10000rpm fo r 5 mi nutes. T he 

aqueo us phase obta ined was transferred to new tube and SOul of sod iu m acetate was 

added and mixed well by hand. Thereafter, 300ul of isopropano l was added and m ixed 

gentl y to p rec ipi tate the DNA and was centri fuged at 10000rpm fo r 2-5 minutes. The 

DNA wa:, washed by Iml of 70% ethano l fo r 30sec and centri fuged. T he DNA was 

dra ined w ith eth ano l, dri ed and re-suspended in 50- 1 OOul T.E buffe r and DNA was sto red 

at -20"C for a long period of time. 

3.5. peR (Polymerase Chain reaction) 

The ge no mi c DNA o f PGPR iso lates was amplifi ed by the method as desc ribed 

by We isburg ( 199 1). T he Po lymerase cha in reac ti on was perform ed by usin g two 

universa l primers fd I fD 1 (AGAGTTTGATCCTGGCTCAG) and rd 1= 

(AAGGAGGTGATCCAGCC). T he cha in reacti on was carried out in T hermocyc ler. 
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r:ach SOu l reaction vo lume (master mix) contained 1 ul Template DNA , I ulfd I and 1 ul 

rd I far each reaction and 2S ul of prepared master mi x were used and the vo lume is raised 

to 50 ul by adding autoclaved co ld water. T he thermocycler was programed as follow ; 

after incubation at 95"C for 5 min sample were cycled for 94"C for 40 sec annealing at 

5TC for 30sec, extension was carried out at n"C for 2 min and one additional cycle for 

chain elongation . Then 5 ul of amplified sample was electropho resed on 1% (w/v) 

agarose ge l in I X TBE buffer at 80 V and then stained with ethidiumbromide 

(0.01 g/m l) .Gel was visualized under UV transilluminator lamp. IKb DNA gene ladder 

was used as molecul ar m arker. 

3.6. Culturing of EPS producing bacteria 

EPS producing bacteria were cu ltured in optim ized mineral salts medium with 

12 .6% KzIlPO II , 18 .2% KlhPO II, 10% NHIIN03 , 1 % MgSO".7I-lzO, 0 .6% MnSOIl, 1% 

CaC b.2IhO, 0 .06% FcSOIl.2IhO, 1 % sodi um molybdate , 1.5% NaCI and 0.2% of 

g lucose in 11 of distilled water for 10 days (Bramchari and S'£(. Dubey, 2006). 250m I 

mineral salts media was poured in 500ml flasks for each bacterial culture and autoclaved . 

Bacterial colony of each strai n with the help of loop were inoculated in each flask with 

mineral salts medium and placed on rotary shaker for 10 days at 3TC. 

3.7. Extraction of EI>S 

After incubation of 10 days the bacterial c ultures of 250m l were centrifuged at 

15,000 rpm for 20m in at 4"C. The exopo lysaccharides were extracted from the 

supernatant by the addition of two folds iee cold ethanol (95%), the solution was chilled 

at 4"C for comp lete precipitation.Exopolysaccharides were co llected from above solution . 

3.8. Purification of EPS 

Exopolysaccharides extracted were was hed w ith 70-100% ethano l-water mixture. 

After washing exopolysaccharides were redissolved in distilled water and dialyzed with 

dialysis tubing (molecu lar weight cut-off of 13 kDa; S igma-Aldri ch Chemic GmbH, 

See lze, Germany) against disti ll ed water at 4"C for 24hrs to remove excess sa lts from 
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exopol yscccharides. Extracted exopolysaccharides were lyophilized with 

I ,aboncolyophilizer at 3000 psi and stored at room temperature. 

3.9. Solu bility of EPS 

To check the solubility of exopolysaccharides in different so lvents, small 

quantiti es of lyophilized exopolysaccharides were taken in eppendroffs. Then 2ml of each 

so lvent was added such as benzene, water, chloroform, acetone , ethanol and methanol. 

T he mixture was vortexed and allowed to stabilize for some time and the pellet formation 

was observcd. 

3.10. Chemical characterization of EPS 

C hemical characterization of exopolysaccharides was done by evaluating total 

sugar, protein and uremic acid. Suspension of exopolysaccharides was prepared by 

resLlspended 2g of lyophilized exopo lysaccharides in 10ml of distilled water for 

eva luati on . 

3.10.1. Quantification of sugar 

Quantificat ion of sugar was done by P henol-S ulfuric acid (PSA) method (Dubois 

et ai , 1956). 2ml of resuspended EPS solutions were taken in test tubes, and 50~d of 80% 

(w/w) phenol so lution was added, that followed by the addition of 5ml of 95.5% 

concentrated I hS04. The mixture of phenol, sulfuric acid and EPS was incubated at room 

temperature (22-25°C) for I Omints, that followed by the incubation at (25-30°C) in water 

bath for 20mints. After incubation the solution required the additional stabilization for 

4hrs at room temperature. For final measurements absorbance was taken at 

spectrophotometer at 480 nm by using glucose as a standard. 

Contro l was run as a mixture of 50~d of 80% (w/w) phenol solution and 5ml of 

95 .5% co ncentrated H 2S04 , without EPS solution. 
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3.10.2. Quantification of protein 

Quantification of protcin was done by Lowery method (Lowery et af . 19S1) by 

using bovine serum albumin (BSA) as a standard, and absorbance was measured by 

spectrophotom eter at SOO nm wavelength. 0 .3 ml of resuspended EPS was poured in g lass 

test tubes , and I.Sml of alkaline copper reagent was added to it that followed by the 

addition of 7S/11 of folin phcnol reagcnt in thc mi xture in test tubes. The mi xture was 

incubated at room te mperature for 30min and absorbance was measured on 

spectrophotometer. The absorbance of solutions was compared with the BSJ\ standard 

curve to calcu late the amount of protein in EPS. 

Contro l was run as test tube with I. Sml of alkaline copper reagent and 7S ~d of 

folin pheno l reagent, without sample solution . 

3.10.3. Estimation of uronic acid 

Quant ifi cation of uroni c acid was carried out by carbazole assay (Taylor e£ al. 

2001) 

Reagents 

Assay 

1. Disso lve 0.9gm sodi um tetra-borate decahydrate 1I1 LOml of distilled 

water. Add 90ml of ice cold 98% conc . H 2 S04 to form a layer and incubate 

overnight without disturbing. 

2. 0.1 % (w/v) carbazolc in ethanol. 

Set up tubes containing 0.2-20llg of D-galacto-uronic acid in 250 /11 of dist water. 

Set up tubes for unknown samples. Add I.Sml of ice cold reagent (I) in each test tube. 

M ix we ll and incubate for I 5min at 100'C . Coo l the mi xture in ice bath and add SO IlI of 

reagent (2) . Mix well and incubate for 15min at 100 'C. Coo l in ice bath and read 

abso rbance at 525 nm on spectrophotometer. Co mpare the absorbance of samples with 

standard eurve of D-ga lacto-uronic acid. 
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Control was run as test tube with 1. 5ml of ice cold reagent (1) and 50111 of reagent (2). 

3. 10.4. Emulsification activity of EllS 

To determine emulsification activ ity a modified method of Rosenberg et al. 

(J 979) was used. Lyo philized EPS (0.5mg) was dissolved in 0.5ml of distilled water by 

heating for 15-20min then coo led at room temperature. Phosphate buffer sali ne (PBS) 

was added to the EPS solution to make a total vo lume of 2ml. 0.5ml of hexadecane was 

added in the mixture and was vortexed for 1 mint. The absorbance was taken 

immediately after vortex (Ao) at 540 nm on spectrophotometer. The mi xturewas 

incubated at room temperature for 30 and 60mints, and absorbance was measured after 

30m in and 60min (At) . After incubation at room temperature for 30 and 60min, fall in 

absorbance was recorded. Emulsifying activity of EPS was ca lculated in % as percentage 

retention after incubation time t = Atl Aox I 00. 

Control was run as a mi xture of 2m I (PBS) and 0.5ml hexadecane. 

Preparation of phosphate-buffer saline (PBS)-IL 

IX phosphate-buffer saline was prepared by (Dulbecco, R. et af. 1954) 

I. 8gNaCI 

2. 0.2g KC I 

3. 1.44g NazI IPO. 

4. 0.24g KlbPO. 

5. 800m I d ist water 

~ Dissolve all dry reagents in 800ml dist water. 

).- Adjust pH 7.4. 

~ Add dist water to a final volume oflL. 

).- Sterilized by autoc laving 
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3.11. FTIR spectroscopy of EPS 

To analyze the functional groups of EPS, l '-o urier Transformed Infra-Red (FUR) 

spectroscopy of lyophi lized EPS was done by single reflection A'fR accessories ; 

diamond being the preferred choice for most operations and applications beca use of its 

robustness and durabi li ty. Very sma ll amount of pellets or dry pellets of lyophilized 

exopolysaccharides were placed onto the Un iversal diamond ATR plate. The pressure 

arm positioned on the sample/crysta l area and locked onto a precise position above the 

diamond crystal. force was applied on the sample by pushing it onto a diamond surface. 

PerkinEIlller 's revolutionary Spectrum™ FT-IR software utilizes a ' PrevieVll Mode ' 

vv hi ch allows the quality of the spectrum to be monitored in real-time while nne tuning 

the exelied force. 

3.12. Inoculation of maize (Zea mays L.) with EPS producing bacteria 

Effect of exopolysaccharides producing bacteria on the growth of maize was 

studi ed by th e inoculation of maize seeds with EPS bacterial cel ls only and in 

co mbination to their respective exopolysaccharides. Seeds of mail:e variety (agaiti -2002) 

were co llected from NARC (Nat iona l Agr icultural Research Centre) Is lamabad. Seeds 

were surface sterilized by the following chemicals, 3 mints with 10% Clorox, and 3 mints 

with 95% ethanol and followed by washing with steri lized water. For seeds inoculation 

with only bacterial cells (48 hrs old cultures) were prepared in L.B broth media on shaker 

and far inoculation of seeds with cells -/- their respective exopo lysaccharides 10 days old 

culturcs were used. Steri lized seeds were soaked in both 48 hrs old cu ltures and 10 days 

old cultures of bactcria for 3-4 hrs. Seeds were sown in pots containing autoelaved 

mi xture of soil and sand with the ratio of 3: I respectively. Soi l and sand mixture was 

autoclaved three t imes for complete sterilization. Pots were placed in growth chamber 

with average day and night temperature of 25- 18'C respectively. After I weak of seed 

gcrmination plants scedlings werc subjected to the drought stress by withho lding water 

supply for 10 days and non-stressed plants were kept we ll watered. After 10 days of 

drought stress plants were harvested for fUliher analysis of both growth parameters and 

physiological parameters. 
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Physiological and biochemical analysis of plants inoculated with EPS 

producing bacteria. 

3.13. Soil moisture content (0/c,) 

A fter harvesting the plants, moisture content of soil was measured of both 

strcsscd plants and non-strcssed plants. Fresh weight of so il samples (20g) from depth of 

6 inchcs from rhizospherc of plants were dried in oven for 72 hI' at 70"C. Dry weight of 

soi I was recorded and moisture content was measured 

Soil moisture (%) = weight of wet so il (g)- weight of dry soi l (g) x 100 

Weight of dry soi l (g) 

3.14. Relative water content of leaves (%,) 

After harvesting the plants, relati ve water content of leaves was measured by the 

method of' (Weatherly, 1950). Fresh weight of leaves was recorded and then dipped the 

plants in watcr for 24 hI'S. After dipping in water for 24 hI'S fully turgid weight of leaves 

was recorded. T he leaves were dried in oven for 72 hI' at 70"C. The dry weight of leaves 

was recorded , and the relative water content of leaveswas measured 

RWC % = FW (g) - DW (g) x 100 

~ FW= fresh weight 

~ DW = dry weight 

>- FTW = fu ll y turgid weight 

3.15. Leaf area (cm2) 

FTW (g) - OW (g) 

Leaf area of randomly co llected plants from each treatment was calcu lated as the 

product of' length and width. Total leaf' area was ca lcul ated by formula used by (Mckee, 

1964). 
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Leaf area = length of leaf (cm) x wid th o f leaf (cm) x 0.74 

3.16. Shoot length (em) 

By usi ng measuring tape , length of freshl y harvested plant 's shoots was taken in 

(cm) from each treatment. 

3.17.1<'resh weight of shoots (cm) 

Plants were se lected randomly from each treatment and fresh weight of shoots 

was rccorded. 

3.18. Dry weight of shoots (cm) 

Plants w hi ch are se lected for fres h weight measurements from each treatment 

were dri ed in oven for 72 hrs at 70·C. Record the dry we ight of shoots for each plan t. 

3.19. Root length (cm) 

Length of fresh ly harvested plant' s roots was taken in (em) from each treatment 

by us ing meas uring tape. 

3.20. Fresh weight of roots (cm) 

P lants were se lected randomly from each treatment and fres h weight of roots was 

recorded in (g). 

3.21. Dry weight of roots (cm) 

Plants whi ch are se lected for fresh weight measurements of roots from each 

treatment were dried in oven for 72 hrs at 70·C. Record the dry weight of roots for each 

plant. 

3.22. Protein content of leaves (""gig) 

8y us ing method of (Lowery et al. 195 1) leaf prote in content was ca lcu lated. 
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Preparation of chemicals 

Phosphate buffer stock 

l. Monobasic sodium phosphate was prepared by: 

dissolving (27 .6g) ofNa,HPO. in I L of di still ed water. 

2 . Dibasic sodium phosphate was prepared by: 

dissolving (53.6g) ofNaH,PO. in 1 L of di still ed water. 

Phosphate buffer of pH (7.5) 

16ml of monobas ic sod iulll phosphate and (84m I) of dibas ic sod ium phosphate 

were mixed to get the p hosphate buffe r of pH (7 .5). 

Reagents preparation 

A. Reagent A was prepared by disso lving (2g) of Na,CO" (0.4 g) of NaOH 

and (1 g) ofNa-K tartrate in (1 OOml) di still ed water. 

8. Reagent B was prepared by dissolving (0.5g) of C uSO. in ( 1 OOml) d isti lled 

water. 

C. Reagent C was prepared by mi xi ng (50ml ) of reagent A and ( Iml) reagent 

R. 

D . Rcagent D was prepared by mi x ing folin -pheno l and di st ill ed water in 1: 1 

ratio. 

Procedure for protein estimation 

We igh 0.1 g of fresh leaves and ground in I ml of phosphate buffer w ith pH of 7.4 

by us ing morta r and pestle, centrifuged the mi xture at 3000 rpm for 10mints. O.lml of 

aliquot pipette out frolll the mi xture and poured in the tes t tubes. Add di stilled water up to 

final vo lume of Iml. Shake the test tubes after add ing 1 ml of reagent C, then add 0 .1 ml 

of reagent D, a llowed to incubate at room temperature for 30min and recorded the 

absorbance of each sa mpl e at 65 0 nm on spectrophotometer. Compare the read ings of 
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sample so lutions with (BSA) standard curve. BSA was used w ith different concentrat ions 

of 20, 40, 60, 80, 320 and 640mg. Phosphate buffer with pH of 7.4 was a sample for 

blank rcading. 

Calculations 

Prote in /-l g/g = K va lue x dilution factor x absorbance of sample 

Weight of sam pie (g) 

>- K va luc fo r protein = 17.52 

3.23. Sugar content of leaves (l1g/g) 

Sugar content of leaves was ca lculated by using a phenol -sulfuric acid (PSA) 

mcthod of (Dubois et al.1 956). O.S g of fresh plant leaves were homogeneousl y grinded 

with by lIsing mortar and pestle in 10ml of distilled water. Mixture was centrifugcd for 

5m in at 3000 rpm. Took O.lml supernatant in test tubes and add I ml 80% phenol so lution 

with water. All owed to incubate at room temperature for I hr and then 5ml of eonc. 

I bSO"was addcd. Incubatc for 4hrs at room temperature and absorbance was read on 

spectrophotometer at 420 nm. Glucose solution of different concentrations was Llsed as 

standard . Disti ll ed water was used as a blank. 

Calculations 

Protein ~L g/g = K va lue x dilution factor x absorbance of samp le 

Weight of sample (g) 

K va lue for sugar = 80 

3.24. Proline content of leaves (rug/g) 

PrJline content of leaves was measured by using a method of (Bates el al. 1973). 

For proline estimation 0.1 g of leaf samples were grinded with 41111 of (3%) 
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sulphosalicyclic ac id and incubate overnight at Soc. Mixture was centrifuged for 5min at 

3000 rpm . Mixed 4m l of fres hly prepared acidic ninhydrin in the supernatant and 

incubate in water bath at 100°C for I hr. coo led the mixture in ice bath and prol ine 

contents extracted in separating funnel by using toluene. The upper layer obta ined has the 

pro linc contcnts in it. The absorbance was recorded at 520nm. Blank was uscd as toluene. 

Calculations 

Protein ~Lg/g = K va lue x dilution factor x absorbance of sample 

Weight of sam pic (g) 

K value for proline = 19.6 

3.25. Extraction for Antioxidant Enzymes (g-1f.wt.) 

The activity of antioxidant enzymes (SOD, POD and CAT) superoxide dismutase, 

peroxidase and cata lase was determined by extraction in following way. 0.2g of fresh 

leaves was ground in 4m l of phosphate buffer with pH of 7.8 + 1 % PYP (polyvinyl 

pyrolidone). The mi xture was centrifuged at 15000 rpm for 15min. The supernatant was 

used for antiox idant enzymes estimation. 

3.25.1. Superoxide dismutase enzyme (SOD) 

The method of (Beauchamp and Frodov ich, 197 1) was used for Superoxide 

dismutase (SOD) estimation. 0.5ml of enzyme extract was collected in test tubes and 

final volume rose up to 0.8ml. Three so luti ons were prepared for dark, li ght and blank. 

Reference mixture 

~ 0.5ml of enzyme extract obtained from leaves 

• 2.5ml of solution from step 5 

• 0.5 ml of so lution from step 8 
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Reaction mixture 

~ 0. 5ml of enzyme extract obtained frol11 leaves 

• 2 .5m l of so lution from step 5 

• 0.51111 of so lution from step 8 

Blank 

• 0. 5ml of phosphatc buffer with plI of 7.0 

• 2.5ml of so lution from step 5 

• 0.5m l of solution from step 8 

Reaction mix ture was kept in li ght and rcference mi xture in dark for 20min. Absorbance 

of SOD enzyme 's samples was recorded at 560 nm. 

Calculations 

A 

)..- R,1 = R3-R2 

);.- A -= RI x 0. 5 

).- RJ = dark 

~ R2 = blank 

~ R3 = li ght 

3.25.2. Peroxidase enzyme (POD) 

Esti mation of peroxideenzyme was done by method of (Vetter et af. J 958) and 

mod ifi ed by (Gorin and Heidema, 1976). Poured 0.1ml of enzyme extract in tes t tubes 

and add 1.35ml of 100mM of MES buffer with pH of 5.5. Then added 3~t1 or 0.1 % 

phenyl ened iamine in the mixture and at the end 5~t1 of 0.05% H,O, was added in it a nd 
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took thc rcadings at 485 nm immediately aftcr the addition of 1l,0 ,that was I s'rcading and 

2
nd 

reading was took 3min after the addition of /-/ ,0 , in the mi xture. 

Calculations 

POD (g-'f. wt.) = fim!1 rcading - - initial reading 

3 

~ Final reading = 2nd reading (3 mints after the addition of /-/ ,0 ,) 

~ Initial reading = 1 streading (immediately after the addition of /-/ ,0,) 

3.25.3. Catalase enzyme (CAT) 

Catalase act ivity was est imated by the method of (chand lee and scandalios , 1984). 0. 2ml 

of enzymc cxtract was poured in test tubes and 0.5ml of 0.05M phosphate buffer was 

added. At thc end O.lml of 3% H,O, was added in the mixture. The reading of mixture 

co ntaining enzyme extract was recorded at 240 nm 485n111 immediate ly afte r the addition 

o f H,O,that was I SI reading and 2nd read ing was took 3min after the add iti on of H,O, in 

the III ixture . 

Calculations 

CAT (g-'f.wt.) = initial readin g- final readin g 

3 

-,.. lnitial reading = I sireading (immediately after the addition of H2 0 ,) 

).- Fi na l readi ng = 2nd reading (3 mints after the addition of H ,O,) 

3.26. Statistical Analysis of Data 

T he data recorded in laboratory and pot experiments were subj ected to statist ical 

ana lys is (Stee l and Ton-ie, 1980) with stati st ix version 8.1. Means and standard errors of 

the means were ca lculated. Results were eva luated by analysis of variance (ANOY A). 
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T he differences between the means of inocu lated and co ntrol treatments were tested using 

the Least S ignificant Diffe rences test (at p < 0.05) . 
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RESULTS 

For the isolation of EPS producing bacteria soil samples were collected from two 

different areas.These soil samples were collected from rainfed areas like 

• Sindh (Ghotki) (located in Nara desseti of Sindh), lies between 26 0 _28
0 

north and 

68
0

_70 0 east, it is arid, with severe drought, 40-52°C temperature in summer and 

freezing in winter, average annual rainfall 100-250mm. 

• Kallar Saydan is located in district Rawalpindi and semiarid area. It lies at altitude 

of 2T-33 0 north and longitude of 160 _73 0 east, with 8% of soil moisture . 

4.1. pH and EC of soil samples 

Electrical conductivity and pH both were higher for the soil from Sindh. pH of 

soil from Ghotki Sindh was 8.72 and from Kallar Saydan was 8.10. E lectrical 

conductivity of soil sampled from Ghotki Sindh was 210 and from Kallar Saydan were 

160. 

4.2. Isolation and Identification of EPS producing bacteria 

Ten bacterial strains were isolated from three soil samples. A ll bacterial colonies 

were streaked on LB agar plates but three bacterial strains (S 1, S2 and S3) were selected 

for EPS production on the basis of mucoid colony morphology and other biochemical 

tests.The bacterial strains Slproduced green mucoid colony on LB agar plate and S2 

produced yellow green mucoid colony and S3 gave non-pigmented colonies on LB agar 

plate. S 1 has soapy odor, S2 has grape like odor and S3 has pleasant fruity odor. All 

colonies were circular and their size range from OJ to 0.5cm, margins entire as in (table 

1). S 1 isolate was positive for catalase and negative for oxidase, while S2 and S3 were 

positive for both oxidase and catalase tests. 
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4.3. Gram staining and motility 

All bacteria l isolate were gram negative, S l was rod shaped, S2 was bacilli and 

S3 was cocci. All bacterial strains were motile and swarm on agar plates (table 2). 

4.4. Phosphorus solubilization index and quantification of available 

phosphates solubilized by bacterial isolates 

Only one bacterial stra in (S 1) was phosphorus so lubiliz ing that form a clear 

circular and regular halo-zone around the bacterial colony. Index of phosphorus 

solubilization was 2.11cm and the total phosphates solubilized by thestrain(S l) were 

0.49ug/mi. 

4.5. Identification of bacterial isolates by 16s rRNA sequence analysis 

4.5.1. Alignment of 168 rRNA sequence of 81 strain 

For the isolate S 1 obtained from arid region of Ghotki Sindh the tota l length of 

sequence with 1537 nucleotide was obtained (Fig. I). The comparison of the nucleotide 

sequence with data nucleotide bank showed highest sequence similarity with 146411469 

and 99% with that of Proteus penneri strain(AC No: JN092595.1) respective ly. 

2TCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGTAACAGGAGAAAGC61 

2 I TCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGGGCGGTAACAGGAGAAAGC80 

62 TTGCTTTCTTGCTGACGAGCGGCGGACGGGTGAGTAATGTATGGGGATCTGCCCGATAGA 121 

81 TTGCTTTCTTGCTGACGAGCGGCGGACGGGTGAGTAATGTATGGGGATCTGCCCGATAGA140 

I 22GGGGGATAACTACTGGAAACGGTGGCTAATACCGCATGACGTCTACGGACCAAAGCAGGG181 

14 I GGGGGATAACTACTGGAAACGGTGGCTAATACCGCATGACGTCTACGGACC AAAGCAGGG200 

182 GCTCTTCGGACCTTGCGCT A TCGGA TGAACCCA TA TGGGA TT AGCT AGT AGGTGGGGTAA 241 

20 I GCTCTTCGGACCTTGCGCTATCGGATGAACCCATATGGGATTAGCTAGT AGGTGGGGT AA 260 

242 AGGCTCACCT AGGCGACGATCTCT AGCTGGTCTGAGAGGATGA TCAGCCACACTGGGACT 30 I 

26 1AGGCTCACCTAGGCGACGATCTCTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACT 320 

302GAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAA361 

321 GAGAC;\CGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAA T A TTGCACAA TGGGCGCAA380 
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362 GCCTGA TGCAGCCA TGCCGCGTGT ATGAAGAAGGCCTT AGGGTTGT AAAGT ACTTTCAGC 42 1 

381 GCCTGA TGCAGCCATGCCGCGTGTATGAAGAAGGCCTT AGGGTTGT AAAGT ACTTTCAGC 440 

422GGGGAGGAAGGTGTTAAGATTAATACTCTTAGCAATTGACGTTACCCGCAGAAGAAGCAC481 

441 GGGGAGGAAGGTGTTAAGATTAATACTCTTAGCAATTGACGTTACCCGCAGAAGAAGCAC500 

482 CGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTA54 1 

501 CGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTA560 

542 CTGGGCGTAAAGCGCACGCAGGCGGTCAA TT AAGTCAGATGTGAAAGCCCCGAGCTT AAC 601 

56 1 CTGGGCGTAAAGCGCACGCAGGCGGTCAATTAAGTCAGATGTGAAAGCCCCGAGCTTAAC620 

602 TTGGGAATTGCATCTGAAACTGGTTGGCT AGAGTCTTGTAGAGGGGGGTAGAATTCCACG 661 

621 TTGGGAA TTGCA TCTGAAACTGGTTGGCT AGAGTCTTGT AGAGGGGGGT AGAA TTCCACG 680 

662 TGTAGCGGTGAAATGCGT AGAGATGTGGAGGAAT ACCGGTGGCGAAGGCGGCCCCCTGGA 721 

681 TGTAGCGGTGAAATGCGTAGAGATGTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGA740 

722 CAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGA TT AGATACCCTGGTAG781 

74 1 CAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGA TT AGATACCCTGGTAG800 

782 TCCACGCTGT AAACGATGTCGA TTT AGAGGTTGTGGTCTTGAACCGTGGCTTCTGGAGCT841 

80 I TCCACGCTGT AAACGA TGTCGA TTT AGAGGTTGTGGTCTTGAACCGTGGCTTCTGGAGCT 860 

842 AACGCGTT AAA TCGACCGCCTGGGGAGTACGGCCGCAAGGTT AAAACTCAAA TGAA TTGA90 1 

861 AACGCGTTAAATCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGA920 

902 CGGGGGCCCGCACAAGCGGTGGAGCA TGTGGTTT AA TTCGA TGCAACGCGAAGAACCTT A 961 

921 CGGGGGCCCGCACAAGCGGTGGAGCA TGTGGTTT AA TTCGA TGCAACGCGAAGAACCTT A 980 

962 CCTACTCTTGACATCCAGCGAATCCTTT AGAGAT AGAGGAGTGCCTTCGGGAACGCTGAG 1021 

981 CCTACTCTTGACATCCAGCGAATCCTTTAGAGATAGAGGAGTGCCTTCGGGAACGCTGAG 1040 

1022 ACAGGTGCTGCA TGGCTGTCGTCAGCTCGTGTTGTGAAA TGTTGGGTT AAGTCCCGCAAC 1081 

1041 ACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAA TGTTGGGTT AAGTCCCGCAAC 11 00 

1082 GAGCGCAACCCTT ATCCTTTGTTGCCAGCGCGTAATGGTGGGAACTCAAAGGAGACTGCC 1141 

1101 GAGCGCAACCCTT A TCCTTTGTTGCCAGCGCGTGA TGGCGGGAACTCAAAGGAGACTGCC 1160 

11 42 GGTGAT AAACCGGAGGAAGGTGGGGATGACGTCAAGTCA TCATGGCCCTT ACGAGTAGGG 1201 

1161GGTGATAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGAGTAGGG 1220 

1202 CTACACACGTGCT ACAA TGGCAGA T ACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGAAC 126 1 

122 1 CT ACACACGTGCT ACAATGGCAGA T ACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGAAC 1280 

162 TCAT AAAGTCTGTCGT AGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAA TC 132 1 
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128 1 TCAT AAAGTCTGTCGT AGTCCGGA TTGGAGTCTGCAACTCGACTCCA TGAAGTCGGAATC 1340 

1322 GCT AGT AA TCGT AGATCAGAATGCTACGGTGAA TACGTTCCCGGGCCTTGT ACACACCGC 138 1 

134 1 GCT AGT AA TCGTAGA TCAGAA TGCT ACGGTGAA T ACGTTCCCGGGCCTTGTACACACCGC 1400 

1382 CCGTCACACCATGGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAACCTTCCGGGAGGGC 144 1 

140 I CCGTCACACCATGGG-AGTGGGTTGCAAAAGAAGT AGGT AGCTT AACCTTC-GGGAGGGC 1458 

1442 GCTTACCACTTTGTGATTCATGACTGGGG 1470 

1459 GCTT ACCACTTTGTGA TTCATGACTGGGG 1487 

Fig 1: AI ignment of 16S rRNA sequence of Proteus penned strain (isolated fro m arid 
region of Ghotki Sindh). 

4.5.2. Alignment of 168 rRNA sequence of 82 strain 

For the isolate S2 obtained from semi -arid region of Kallar Sayedan the total 

length of sequence with 1498 nucleotide was obtained (Fig. 2) . The compari son of the 

nucleotide sequence with data nucleotide bank showed highest sequence similarity with 

146511465 and 100% with that of Pseudomonas aeruginosa strain (Ae No: 

A Y792969. 1) respective ly. 

CTGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGATGAAGGGAG 60 

14 CTGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGATGAAGGGAG73 

61 CTTGCTCCTGGATTCAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGTGG 120 

74 CTTGCTCCTGGA TTCAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGTGG 133 

121 GGGATAACGTCCGGAAACGGGCGCTAATACCGCATACGTCCTGAGGGAGAAAGTGGGGGAI 80 

134GGGATAACGTCCGGAAACGGGCGCTAATACCGCATACGTCCTGAGGGAGAAAGTGGGGGA I 93 

181 TCTTCGGACCTCACGCT A TCAGA TGAGCCT AGGTCGGA TT AGCTAGTTGGTGGGGT AAAG 240 

194 TCTTCGGACCTCACGCT A TCAGA TGAGCCT AGGTCGGA TT AGCTAGTTGGTGGGGT AAAG 253 

24 1 GCCT ACCAAGGCGACGATCCGT AACTGGTCTGAGAGGATGA TCAGTCACACTGGAACTGA 300 

254GCCT ACCAAGGCGACGA TCCGTAACTGGTCTGAGAGGA TGA TCAGTCACACTGGAACTGA 313 

30 l GACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGC360 

314GACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGC373 

Role of bacterial polysaccharides in growth regulation of maize (Zea mays L.) 40 



Chapter#4 Results 

361 CTGATCCAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGA TTGTAAAGCACTTT AAGTTG 420 

374 CTGATCCAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGA TTGTAAAGCACTTTAAGTTG 433 

42 1 GGAGGAAGGGCAGTAAGTTAATACCTTGCTGTTTTGACGTTACCAACAGAATAAGCACCG 480 

434 GGAGGAAGGGCAGT AAGTT AA T ACCTTGCTGTTTTGACGTT ACCAACAGAA TAAGCACCG 493 

48 1 GCT AACTTCGTGCCAGCAGCCGCGGT AAT ACGAAGGGTGCAAGCGTT AA TCGGAA TT ACT 540 

494 GCT AACTTCGTGCCAGCAGCCGCGGT AAT ACGAAGGGTGCAAGCGTT AA TCGGAA TT ACT 553 

54 1 GGGCGT AAAGCGCGCGT AGGTGGTTCAGCAAGTTGGATGTGAAA TCCCCGGGCTCAACCT 600 

554 GGGCGTAAAGCGCGCGTAGGTGGTTCAGCAAGTTGGATGTGAAATCCCCGGGCTCAACCT 6 13 

60 I GGGAACTGCATCCAAAACT ACTGAGCT AGAGT ACGGT AGAGGGTGGTGGAA TTTCCTGTG 660 

614 GGGAACTGCATCCAAAACT ACTGAGCT AGAGTACGGTAGAGGGTGGTGGAA TTTCCTGTG 673 

66 1 TAGCGGTGAAA TGCGT AGA TAT AGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACT720 

674 TAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACT733 

72 1 GATAr:TGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTC 780 

734 GAT ACTGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGA TTAGAT ACCCTGGT AGTC 793 

781 CACGCCGT AAACGATGTCGACT AGCCGTTGGGA TCCTTGAGA TCTT AGTGGCGCAGCT AA 840 

794 CACGCCGTAAACGATGTCGACT AGCCGTTGGGA TCCTTGAGATCTT AGTGGCGCAGCT AA 853 

841 CGCGAT AAGTCGACCGCCTGGGGAGT ACGGCCGCAAGGTT AAAACTCAAA TGAA TTGACG 900 

854 CGCGA T AAGTCGACCGCCTGGGGAGT ACGGCCGCAAGGTT AAAACTCAAA TGAA TTGACG 9 13 

90 I GGGGCCCGCACAAGCGGTGGAGCA TGTGGTTT AA TTCGAAGCAACGCGAAGAACCTT ACC 960 

9 14 GGGGCCCGCACAAGCGGTGGAGCA TGTGGTTT AA TTCGAAGCAACGCGAAGAACCTT ACC 973 

96 1 TGGCCTTGACATGCTGAGAACTTTCCAGAGATGGA TTGGTGCCTTCGGGAACTCAGACAC 1020 

974 TGGCCTTGACATGCTGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTCAGACAC 1033 

102 1 AGGTGCTGCA TGGCTGTCGTCAGCTCGTGTCGTGAGA TGTTGGGTTAAGTCCCGT AACGA I 080 

1034 AGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGA TGTTGGGTT AAGTCCCGT AACGA I 093 

I 08 1 GCGCAACCCTTGTCCTTAGTTACCAGCACCTCGGGTGGGCACTCTAAGGAGACTGCCGGTI 140 

1094 GCGCAACCCTTGTCCTT AGTT ACCAGCACCTCGGGTGGGCACTCTAAGGAGACTGCCGGTI 153 

I 141 GACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCA TCA TGGCCCTT ACGGCCAGGGCT A 1200 

I 154 GACAAACCGGAGGAAGGTGGGGA TGACGTCAAGTCA TCATGGCCCTT ACGGCCAGGGCT A 1213 

120 I CACACGTGCT ACAA TGGTCGGTACAAAGGGTTGCCAAGCCGCGAGGTGGAGCT AA TCCCA 1260 
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1214 CACACGTGCT ACAA TGGTCGGT ACAAAGGGTTGCCAAGCCGCGAGGTGGAGCT AA TCCCA 1273 

1261 T AAAACCGATCGT AGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAA TCGCTI320 

1274 TAAAACCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTI 333 

1321 AGT AATCGTGAA TCAGAATGTCACGGTGAA T ACGTTCCCGGGCCTTGT ACACACCGCCCG 1380 

1334 AGT AATCGTGAATCAGAA TGTCACGGTGAAT ACGTTCCCGGGCCTTGT ACACACCGCCCG 1393 

138 1 TCACACCA TGGGAGTGGGTTGCTCCAGAAGT AGCT AGTCT AACCGCAAGGGGGACGGTT A 1440 

1394 TCACACCA TGGGAGTGGGTTGCTCCAGAAGT AGCTAGTCT AACCGCAAGGGGGACGGTT A 1453 

1441 CCACGGAGTGA TTCA TGACTGGGGT 1465 

1454 CCACGGAGTGATTCA TGACTGGGGTl4 78 

Fig 2: Alignment of 16S rRNA sequence of Pseudomonas aeruginosa strain (isolated 
from semi-arid region ofKallar Sayedan) 

4.5.3. Alignment of 168 rRNA sequence of 83 strain 

For the isolate S3 obtained from semi-arid region of Kallar Sayedan the total 

length of sequence with 1462 nucleotide was obtained (Fig. 3). The comparison of the 

nucleotide sequence with data nucleotide bank showed highest sequence similarity with 

146011461 and 99% with that of Alcaligenes faecalis strain (Ae No: AB680626.1) 

respectively. 

3 ATTGAACGCTAGCGGGATGCTTTACACATGCAAGTCGAACGGCAGCGCGAGAGAGCTTGC62 

ATTGAACGCTAGCGGGATGCTTTACACATGCAAGTCGAACGGCAGCGCGAGAGAGCTTGC 60 

63 TCTCTTGGCGGCGAGTGGCGGACGGGTGAGT AAT AT ATCGGAACGTGCCCAGT AGCGGGG 122 

61 TCTCTTGGCGGCGAGTGGCGGACGGGTGAGTAATATATCGGAACGTGCCCAGTAGCGGGG 120 

123 GAT AACT ACTCGAAAGAGTGGCTAAT ACCGCATACGCCCTACGGGGGAAAGGGGGGGA TC 182 

121 GATAACTACTCGAAAGAGTGGCTAATACCGCATACGCCCTACGGGGGAAAGGGGGGGATC I 80 

183 GCAAGACCTCTCACT A TTGGAGCGGCCGA T A TCGGA TT AGCT AGTTGGTGGGGT AAAGGC 242 

181 GCAAGACCTCTCACT A TTGGAGCGGCCGAT A TCGGA TT AGCTAGTTGGTGGGGT AAAGGC 240 

243 TCACCAAGGCAACGATCCGTAGCTGGTTTGAGAGGACGACCAGCCACACTGGGACTGAGA 302 

241 TCACCAAGGCAACGATCCGT AGCTGGTTTGAGAGGACGACCAGCCACACTGGGACTGAGA 300 
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303 

30 1 

363 

361 

423 

42 1 

483 

48 1 

543 

541 

603 

60 1 

663 

66 1 

723 

721 

783 

781 

843 

84 1 

903 

90 1 

963 

96 1 

CACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGGGAAACCCT 362 

CACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAATGGGGGAAACCCT 360 

GATCCAGCCATCCCGCGTGTATGATGAAGGCCTTCGGGTTGTAAAGTACTTTTGGCAGAG 422 

GATCCAGCCATCCCGCGTGT A TGATGAAGGCCTTCGGGTTGT AAAGT ACTTTTGGCAGAG 420 

AAGAAAAGGTATCCCCTAATACGGGATACTGCTGACGGTATCTGCAGAATAAGCACCGGC 482 

AAGAAAAGGTATCCCCTAATACGGGATACTGCTGACGGTATCTGCAGAATAAGCACCGGC 480 

TAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGG 542 

TAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGG 540 

GCGT AAAGCGTGTGTAGGCGGTTCGGAAAGAAAGATGTGAAATCCCAGGGCTCAACCTTG 602 

GCGTAAAGCGTGTGTAGGCGGTTCGGAAAGAAAGATGTGAAATCCCAGGGCTCAACCTTG600 

GAACTGCA TTTTT AACTGCCGAGCT AGAGTA TGTCAGAGGGGGGT AGAA TTCCACGTGT A 662 

GAACTGCATTTTT AACTGCCGAGCT AGAGTA TGTCAGAGGGGGGT AGAATTCCACGTGT A 660 

GCAGTGAAATGCGTAGATATGTGGAGGAATACCGATGGCGAAGGCAGCCCCCTGGGATAA 722 

GCAGTGAAATGCGTAGATATGTGGAGGAATACCGATGGCGAAGGCAGCCCCCTGGGATAA 720 

TACTGACGCTCAGACACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCA 782 

TACTGACGCTCAGACACGAAAGCGTGGGGAGCAAACAGGA TT AGATACCCTGGTAGTCCA 780 

CGCCCTAAACGATGTCAACTAGCTGTTGGGGCCGTTAGGCCTTAGTAGCGCAGCTAACGC842 

CGCCCTAAACGATGTCAACTAGCTGTTGGGGCCGTTAGGCCTTAGTAGCGCAGCTAACGC 840 

GTGAAGTTGACCGCCTGGGGAGT ACGGTCGCAAGA TT AAAACTCAAAGGAA TTGACGGGG 902 

GTGAAGTTGACCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAA TTGACGGGG 900 

ACCCGCACAAGCGGTGGATGATGTGGA TT AA TTCGATGCAACGCGAAAAACCTT ACCT AC 962 

ACCCGCACAAGCGGTGGATGATGTGGA TT AA TTCGATGCAACGCGAAAAACCTTACCT AC 960 

CCTTGACATGTCTGGAAAGCCGAAGAGATTTGGCCGTGCTCGCAAGAGAACCGGAACACA 1022 

CCTTGACATGTCTGGAAAGCCGAAGAGATTTGGCCGTGCTCGCAAGAGAACCGGAACACA 1020 

1023 GGTGCTGCA TGGCTGTCGTCAGCTCGTGTCGTGAGA TGTTGGGTT AAGTCCCGCAACGAG I 082 

102 1 GGTGCTGCA TGGCTGTCGTCAGCTCGTGTCGTGAGA TGTTGGGTT AAGTCCCGCAACGAG 1080 

1083 CGCAACCCTTGTCA TT AGTTGCTACGCAAGAGCACTCT AATGAGACTGCCGGTGACAAAC 11 42 

108 1 CGCAACCCTTGTCA TT AGTTGCTACGCAAGAGCACTCT AA TGAGACTGCCGGTGACAAAC 11 40 

143 CGGAGGAAGGTGGGGA TGACGTCAAGTCCTCATGGCCCTT A TGGGT AGGGCTTCACACGT l202 
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1141 CGGAGGAAGGTGGGGA TGACGTCAAGTCCTCA TGGCCCTT A TGGGTAGGGCTTCACACGT 1200 

1203 CATACAATGGTCGGGACAGAGGGTCGCCAACCCGCGAGGGGGAGCCAATCTCAGAAACCC 1262 

120 1 CAT ACAA TGGTCGGGACAGAGGGTCGCCAACCCGCGAGGGGGAGCCAA TCTCAGAAACCC 1260 

1263 GA TCGT AGTCCGGA TCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAA TCGCT AGTAA TC 1322 

1261 GA TC JT AGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCT AGTAA TC 1320 

1323 GCGGA TCAGAATGTCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACC 1382 

1321 GCGGATCAGAA TGTCGCGGTGAATACGTTCCCGGGTCTTGT ACACACCGCCCGTCACACC 1380 

1383 ATGGGGAGTGGGTTTCACCAGAAGTAGGT AGCCTAACCGTAAGGAGGGCGCTT ACCACGG 1442 

1381 ATGGG-AGTGGGTTTCACCAGAAGT AGGT AGCCTAACCGTAAGGAGGGCGCTT ACCACGG 1439 

1443 TGGGA TTCATGACTGGGGTGA 1463 

1440 TGGGA TTCA TGACTGGGGTGA 1460 

Fig 3: Alignment of 16S rRNA sequence of Alcaligenes jaecalis stra in (isolated from 
semi-arid region of Kallar Sayedan) 

4.6. Exopolysaccharides Solubility 

The lyophilized EPS were only soluble in water and insoluble in other solvents 

I ike benzene, acetone, chloroform and ethanol. After vortex when left undisturbed pellet 

formation in all solvents was observed except water. Similar results were also reported by 

(Vimala and Lalithakumari, 2003). 

4.7. Chemical analysis of exopolysaccharides 

The chemical composition of exopo lysaccharideswas shown in (Tab le: 3). Sugar 

contents were 98% in S2 and S3 strains and 97% in S 1 strain and. There were no 

significant differences in sugar and uronic acid contents of the three isolates. Uronic acid 

was found in very small quantity than sugar in exopolysaccharides of al l strains. 

4.8. Emulsification activity of exopolysaccharides 
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Emulsification activity gives the strength of EPS in retaining the emulsion breaks. 

Dialysed-i!xopolysaccharides have greater activity of emulsification than non-dialysed 

exopolysaccharides. The non-dialysed exopolysaccharides of strain S-1 retained 42.11 % 

and 10.52% after 30 and 60 min while dialysed exopolysaccharides 46.88% and 34.38% 

respectively. Non-dialysed exopolysaccharides of S-2 retained 42.85% and 4.76% after 

30 and 60 min while dialysed 44.73% and 34.21 % respectively. Similarly in case of S-3 

strain non-dialysed exopolysaccharides retained 37.5% and] 8.75% after 30 and 60 min 

while dialysed exopolysaccharides 46.15% and 33.33% (table 4). These show that 

exopolysaccharides produced by S-l show a good stability for emulsion . In all cases 

dialysed lyophilized exopolysaccharides show greater stability than non-dialysed. 

4.9. Fourier-transformed infrared spectroscopy of exopolysaccharides 

FTIR spectrum of EPS of all bacterial isolates show slight differencein peaks, 

most of the peaks are similar in all. Several characteristic bands of FTlR spectrum 

represent different functional groups (fig 4, 5, 6). Peaks that are common to all EPS 

samples are (1) 3275.12 cm-' in SI, 3273.01 cm-' in EPS of S2, and 3278.91 cm-' 

represents O-H stretching and hydrogen bonding; (2) 2923.08 cm-' in case of S 1, 

3016.74 cm-\ 2926.98 cm-'in case of S2, and 3016.78 cm-\ 2908.98 cm-I in S3 

represents (aliphatic CH symmetric and asymmetric stretching in CH3 and CHz) that is 

fatty acid region ; (3) 1633.61 cm-' of Sl , 1634.50 cm-' of S2, and 1634.33 cm-' of S3 

shows (C=O asymmetric stretching of -NH-CO-R and/or N-H bending of HzN-CO-R 

(Amide J); (4) 1540.0 cm-1in Sl, 4 1539.58 cm-' in S2, 1539.17 cm-' in S3 are the peaks 

of (N-H bending of - NH- (Amide II), as protein region; (5) 1379.02 cm-' range in S 1, 

1304.84 cm-' range in S2, 1377.97 cm-' range in S3 is of (P=O stretching of phosphate 

P043
- ) as nucleic acid region and peaks which are different are (6) 1379.02 cm-' in S 1, 

and 1377.97 cm-' in S3 shows C=O symmetric stretching of carboxylate and/or C-OH 

stretching of phenolic OH represent esters but absent in S2; (7) 1304.84 cm-' in both S2 

and S3 show O-H bonding in carboxylic acid but absent in S1; (8) 1227.97 cm-\ 122 1.38 

cm-' in EPS of S 1 and S3 respectively but absent in EPS of S2 show absorbance of p=o 

stretching of phosphate P043
- and/or C-O stretching of -O-COR that is phosphate group; 
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(9) 1070.29 cm-' in case of EPS of S 1 strain, 1029.43 cm-1 in case of EPS of S2 strain, 

1023.33 cm-' and 807.70 cm-' in case of EPS of S3 strain are of C-O-C group vibrations 

in the cyclic structures of carbohydrates that represent po lysaccharide region (table 5, 6, 

7). 

Effect of EPS producing bacterial inoculation on growth and physiology 

of maize (Zea mays L.) 

Plant growth was significantly enhanced by inoculation of EPS producing 

bacterial strains. After exposure to drought stress un-inoculated plants stalied wilting 

after 3 days but inoculated plants with (bacterial cellsalone) resist to stress up to 7 days 

then started wilting. While seeds inoculated with (bacterial cells and their EPS in 

combination) resist stressing up to 10 days. 

4.10. Soil moisture content (%) 

A ll treatments have increasedthe moisture content of soil than un­

inoculatedcontrol. Soil moisture content was calculated that was increased in case of soil 

inoculated with all strains in combination with their respective exopolysaccharides that is 

S-l +EPS, S2+EPS and S3+EPS by 68%, 67% and 65% respectively in non-stressand 

74%, 51 % and 66% respectively in stress. Soil inoculated with S-1+EPS (strain I in 

combination with its exopolysaccharides) has maximum moisture content that was 68% 

in non-stress and 74% in stressover control (fig: 7). All strains with their respective 

exopolysaccharides showed greater moisture content than soil inoculated with only 

bacterial cells and un-inoculated control. 

4.11. Relative water content of leaves (0/0) 

Relative water contents as in (fig: 8) showed maximum increase in treatment 

S2+EPS in non-stress that was 45% over control , while underdrought stress condition 

relative water content was higher in (S3+EPS) by 47%. The treatments with only 

bacterial cells S2 and S3 have almost equal amount of R WC in both stress and non-stress 

condition~ that was 39% and 26% in drought stress while 22%and 13% in non-stress 
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condition respectively as compared to contro l. Seeds inoculated with all treatments show 

increased RWC in both stress and non-stress than un-inoculated control. 

4.12. Leaf area (cm2) 

Fig: 9 showed leaf area of plants that was increased in plants inoculated with EPS 

producing bacteria alone and also in combination to their respective exopolysaccharides. 

In case of seeds inoculated with S2+EPS showed increase maximum in leaf area as 

compared to a ll other treatments both in stress and non-stress that was 130% in non-stress 

and 127% in drought stress. Also in case of seeds inoculated with only bacterial strains, 

like S2 has maximum leaf area 84% in stress and 78% non-stress than other inoculation 

with only bacterial strains and control.Seeds inoculated with all treatments show 

increased RWC in both stress and non-stress than un-inoculated control. 

4.13. Shoot length (cm) 

All treatments have increased effect on shoots length in both drought stress and 

no- stress than non-inoculated control. Treatment S2+EPS showed maximum increase in 

shoot length as 76% in stress and 72% in non-stress over non-inoculated control. S2, S3 

and S 1 +EPS treatments show same effect on shoot length in both stress and non-stress 

that was 50%, 33% and 42% respectively,while in other treatments S2+EPS, S3+EPS, S 1 

and non-inoculated control showed increased effect on shoot length in non-stress 

condition (Fig: 10). 

4.14. Fresh weight of shoot (g) 

All treatments increased the fresh weight of shoots as compared to un-inoculated 

control plants in both stress and non-stress. Seeds treated with S3 have maximum 

increase in fresh weight in non-stress conditions by 83% than control. Seeds inoculated 

with S 1 +EPS and S3+EPS have almost same value of fresh weight in both stress and 

non-stress conditions that was 17% in case of S 1 +EPS and 31 % in S3+EPS as compared 

to control (fig: 11). 
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4.15. Dry weight of shoot (g) 

All treatmentshave increased effect on dry weight of shoots than control plants in 

both drought stress and non-stress condition.S3 has maximum increase in dry weight 

44% in non-stress condition and 61 % in stressthan control plants. After S3 , treatment 

S2+EPS has maximum value of dry weight that was 41 % than control in non-stress. In 

case of seeds inoculated with S 1, S 1 +EPS and S3+EPS have equal values of dry weight 

in both stress and non-stress. While in other cases it was greater in non-stress than 

drought stress (Fig: 12). 

4.16. Root length (em) 

All treatments have increased effect on roots length in both drought stress and 

non-stress than non-inoculated control. Treatment S3+EPS showed maximum increase in 

root length as 50% in non-stress and 42% in stress over non-inoculated control. S2 and 

S 1 +EPS treatments show same effect on root length in both stress and non-stress that was 

27% and 33% respectively over control , while in other treatments S2+EPS, S3+EPS, S 1, 

S3and non-inoculated control showed increased effect on shoot length in non-stress 

cond ition (Fig: 13). 

4.17. Fresh weight of root (g) 

It was observed that all treatments have increased effect on fresh weight of roots 

than non-inoculated control. The treatment S2+EPS have maximum increase of root 

length in both stress and non-stress condition, that was 57% in non-stress and 37% in 

stress condition over control. Treatment S3 has equal effect in both stress and non-stress 

condition: and S3 has maximum increase in stress condition than a ll other treatments and 

control. All treatments of bacterial cells with their respective exopo lysaccharides have 

greater effect on the fresh weight of roots on both stress and non-stress cond itions (fig: 

14). 
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4.18. Dry weight of root (g) 

It was observed that all treatments have increased effect on dry weight of roots 

than non-inoculated control. The treatment S2+EPS have maximum increase of root 

length in both stress and non-stress condition, that was 65% in non-stress and 43% in 

stress condition over control. All treatments of bacterial cells with their respective 

exopolysaccharides have greater effect on the dry weight of roots on both stress and 110n­

stress condition (fig: 15). 

4.19. Protein contents of leaves (~g/g) 

A protein content of leaves was increased in all treatments as compared to control. 

Treatment S2 has maximum increase in protein content of leaves in stress condition that 

was 58% and S 1 has maximum increase in protein content of leaves in non-stress 

condition that was 93%. Protein content was higher in drought stress than in non-stress 

including all treatments and control, but in case of S 1 +EPS and S3+EPS show different 

behavior to amount of leaves protein, both have equal effect on protein contents of leaves 

in both stress and non-stress that was 77% in non-stress and 15% in stress forS 1 +EPS, 

87% in non-stress and 23% in case of S3+EPS (fig: 16). 

4.20. Sugar content of leaves (~g/g) 

All treatments showed increased amount of sugar content of leaves in both 

inoculation with only EPS producing bacterial strains and in combination with their 

respective exopolysaccharides than un-inoculated control (fig: 17). Seed inoculated with 

S I +EPS and S2+EPS have highest sugar level in both drought stress and non-stress 

conditions that was 50% in non-stress and 33% in stress for S 1 +EPS and S2+EPS. Sugar 

values increases in stress than non-stress conditions in plants inoculated with S 1 and S2 

as in control plants. But seed inoculated with Sl+EPS and S2+EPS andS3 show different 

results , have greater value of sugar content in non-stress. 
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4.21. Proline content of leaves (mg/g) 

All treatments have decreased effect on proline content of leaves than non­

inoculated contro l in both stress and non-stress condition. Treatment S2+EPShas 

maximum decrease in proline content of leaves than un-inoculated control (Fig: 18). 

4.22. Superoxide dismutase (g-1f.wt.) 

Fig: 19 show that all treatments have decreased effect on activity of superoxide 

dismutase enzyme than non-inoculated contro l. Treatment S2+EPS show maximum 

decrease in the value of superoxide dismutase enzyme of leaves in both drought stress 

and non-stress than control. All treatments including contro l have greater value of 

superoxide dismutase enzyme in drought stress than non-stress condition. 

4.23. Peroxidase (g-1f.wt.) 

All treatments have decreased activity of peroxidase enzyme than non-inocu lated 

contro l both in stress and non-stressed condition . Maximum decrease in the value of 

peroxidase enzyme of leaves was found S2+EPS in both drought stress and non-stress. 

All treatments including control have greater value of peroxidase in drought stress than 

non-stress condition (fig: 20). 

4.24. Catalase (g-1f.wt.) 

In (fig: 2 1) all treatments have decreased activity of catalase enzyme than non­

inoculated control both in stress and non-stressed condition. Maximum decrease in the 

value of catalase enzyme of leaves was found S2+EPS in both drought stress and non­

stress . All treatments including control have greater value of catalase in drought stress 

than non-stress cond ition. 
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Table 1: Morphological characteristics of Bacterial Isolates 

Bacterial Color odor Size Elevation Margins Colony 
Isolates (cm) appearance 

AS-l Off Soapy 0.2 Pulvinate Entire Smooth 
white shiny 

AS-2 Creamy Bitter 0.45 convex Irregular Rough 
opaque 

BS-l Creamy Bitter 0.2 Raised Irregular Rough 
opaque 

BS-2 Off Bitter 0.6 Convex Irregular Smooth 
white shiny 

7H Light Pungent 0.4 Convex Regular Smooth 
yellow shiny 

7C Light Pungent 0.3 Convex Erose Smooth 
brown translucent 

SP Creamy Sulpher 0.3 Raised Erose Rough 
like opaque 

SI Green Fruity 0.3 Convex Entire mucous 

S2 Yellowi Grapes 0.5 Raised Entire mucous 
sh green like 

S3 Off Fruity 0.3 Raised Entire mucous 
white 

Note: Three bacterial isolates (Sl, S2 and S3) were selected on the basis of 
mucus colony formation 

SI (isolated from soil sample collected from arid region of Ghotki Sindh) 
S2 andS3 (isolated from soil sample collected from semi-arid region of 

Kallar Sayedan) 

Table: 2 Gram staining and motility 
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Bacterial Gram stain Shape Motility 
isolates 

SI Negative Rod + 

S2 Negative Bacilli + 

S3 Negative COCCI + 

SI (isolated from soil sample collected from arid region of Ghotki Sindh) 
S2 and S3 (isolated from soil sample collected from semi-arid region of 

Kallar Sayedan) 

+ stands for positive in test 
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Table 3: chemical characterization, sugar, protein, uronic acid contents 
ofEPS 

Bacterial Sugar Protein Uronic acid 
isolates (l1g/mg) (l1g/mg) (l1g/mg) 

control 309.9 B 20.2 C 0.8500 A 

SI 6981.9 A 703.0 B 1.1193 A 

S2 6948.7 A 1121.2 A 0.9250 A 

S3 7066.7 A 1074.7 A 1.1337 A 

SI (isolated from soil sample collected from arid region of Ghotki Sindh) 
S2 and S3 (isolated from soil sample collected from semi-arid region of 

Kallar Sayedan) 
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Table 4: Emulsifying activity of EPS 

Bacterial EPS Incubation Sample OD Emulsifying 
strains time (min) at 540nm Activity (%) 

0 0.19 100 
Non-dialysed 30 0.08 42.105 

SI 60 0.02 10.52 
Dialysed, 0 0.32 100 

lyophilized 30 0.15 46.88 

60 0.11 34.38 

Non-dialysed 0 0.21 100 

30 0.09 42.86 
60 0.01 4.76 

S2 Dialysed, 0 0.38 100 
lyophilized 30 0.17 44.73 

60 0.13 34.2 1 
Non-dialysed 0 0 100 

30 30 37.5 
60 60 18.75 

S3 Dialysed, 0 0 100 
lyophilized 30 30 46.15 

60 60 33.33 

SI (isolated from soil sample collected from arid region of Ghotki Sindh) 
S2 and S3 (isolated from soil sample collected from semi-arid region of 

Kallar Sayedan) 
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Table 5: Potential functional groups in EPS of SI bacterial strain 

Potential functional EPS ofSI 
groups 

Wave number (cm-1) Cha racteristics 
of peak 

0-H stretching and 
hydrogen bonding 3275.12 broad 

Aliphatic CH stretching 
(symmetric and 2923 .08 strong 

asymmetric stretching 
ofCH3 and CH2) 
c =o asymmetric 

stretching of 1633.61 Very strong 
-NH-CO-R and/or N-H 
bending ofH2N-CO-R 

(Amide I) 
N-H bending of -NH-
(Amide II) and/or C=C 1540.04 strong 
stretching of aromatic 

nng 
c =o symmetric 

stretching of 1379.02 Weak, a little 
carboxylate and/or broad 
C-OH stretching of 

phenolic OH 
p=o stretching of 

phosphate P04 1227.97 strong 
3- and/or 

c-o stretching of 
- O-COR 

C-O-C group vibrations 
in the cyclic structures 1070.29 strong 

of carbohydrates 

SI (isolated from soil sample collected from arid region of Ghotki Sindh) 
S2 and S3 (isolated from soil sample collected from semi-arid region of 

Kallar Sayedan) 
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Table 6: Potential functional groups in EPS of S2 bacterial strain 

Potential functional EPS ofS2 
groups 

Wave number Characteristics 
(cm-1) of peak 

O-H stretching and 3273.01 Very broad 
hydrogen bonding 

Aliphatic CH stretching 3016.74,2926.98 Strong, little broad 
(symmetric and 

asymmetric stretching 
ofCH3 and CH2) 
C=O asymmetric 1634.50 Sharp and strong 

stretching of 
-NH-CO-R and/or N-H 
bending ofH2N-CO-R 

(Amide I) 
N-H bending of -NH- 1539.58 strong 
(Amide II) and/or C=C 
stretching of aromatic 

nng 
0-H bending in 1304.84 Doublet, fairly strong 
carboxylic acid 

C-O-C group vibrations 1029.43 Very sharp and strong 
in the cyclic structures 

of carbohydrates 

Sl (isolated from soil sample collected from arid region of Ghotki Sindh) 
S2 and S3 (isolated from soil sample collected from semi-arid region of 

Kallar Sayedan) 
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Table 7: Potential functional groups in EPS of S3 bacterial strain 

Potential functional EPS ofS3 
groups 

Wavenumber Cha racteristics 
(cm-') of peak 

0-H stretching and 3278.91 Very broad band 
hydrogen bonding 

Aliphatic CH stretching 3016.78, 2908.98 Doublet fairly strong 
(symmetric and 

asymmetric stretching 
ofCH3 and CH2) 
C=O asymmetric 1634.33 Strong and sharp 

stretching of 
-NH-CO-R and/or N-H 
bending ofH2N-CO-R 

(Amide I) 
N-H bending of - NH- 1539.17 Strong 
(Amide II) and/or C=C 
stretching of aromatic 

nng 
c =o symmetric 1377.97 Strong 

stretching of 
carboxylate and/or 
C-OH stretching of 

phenolic OH 
0-H bending in 1304.82 Doublet, fairly strong 
carboxylic acid 

p=o stretching of 122l.38 Strong but little broad 
phosphate P04 

3- and/or 
C-O stretching of 

- O-COR 
C-O-C group vibrations 1023.33 Strong, very sharp 
in the cyclic structures 

of carbohydrates 
C-O-S stretching of -0- 807.70 Strong 

S04-
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Figure 10: Effect of EPS producing bacterial strains on shoot length in 
both drought stress and non-stress. SI (strainl alone); S2 (strain2 
alone); S3 (Strain3 alone); SI +EPS (strainl in combination of its 
exopolysaccharides); S2 (strain2 in combination of its 
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exopolysaccharides ). 

SI (isolated from soil sample collected from arid region of Ghotki Sindh) 
S2 and S3 (isolated from soil sample collected from semi-arid region of 

Kallar Sayedan) 

Role of bacterial polysaccharides in growth regulation of maize (Zea mays L.) 64 



Chapter # 4 

2 l 

1.
8

1! 
:§ 1.6 

~ 1.4 
o 
o 
-S;1.2 -' 

~ 1 . ef 
..c 
tID 

.!!! 0.8 
~ 

-s; 0.6 -
QJ 

.:: 0.4 

0.2 

0 1 

i 
I 

qJ 

h 

I 

control media 

LSD value = 0 . 1448 

P value = 0 . 0000 

cd 

1 

51 

cd 

fg 
I 

a 

b 

fg 
I 

~ ... ---~-- ... --~--- '- -_ ... --".. ..... 

52 53 51+EP5 52+EP5 53+EP5 

treatments 

Results 

• contro l 

drought stress 
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Figure 12: Effect of EP8 producing bacterial strains on dry weight of 
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exopolysaccharides), 83 (strain3 in combination of its 
exopolysaccharides). 

81 (isolated from soil sample collected from arid region of Ghotki Sindh) 
82 and 83 (isolated from soil sample collected from semi-arid region of 

Kallar Sayedan) 
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Figure 13: Effect of EPS producing bacterial strains on root length in 
both drought stress and non-stress. S1 (strain1 alone); S2 (strain2 
alone); S3 (Strain3 alone); S1+EPS (strain1 in combination of its 
exopolysaccharides); S2 (strain2 in combination of its 
exopolysaccharides); S3 (strain3 III combination of its 

exopolysaccharides). 

S1 (isolated from soil sample collected from arid region of Ghotki Sindh) 
S2 and S3 (isolated from soil sample collected from semi-arid region of 

Kallal'Sayedan) 
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Figure 14: Effect of EPS producing bacterial strains on fresh weight of 
roots in both drought stress and non-stress. SI (strainlalone),S2 
(strain2 alone), S3 (Strain3alone), SI +EPS (strain 1 in combination of its 
exopolysaccharides), S2 (strain2 in combination of its 
exopolysaccharides), S3 (strain3 in combination of its 
exopolysaccharides). 

SI (isolated from soil sample collected from arid region of Ghotki Sindh) 
S2 and S3 (isolated from soil sample collected from semi-arid region of 

Kallar Sayedan) 
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Figure 15: Effect of EP8 producing bacterial strains on dry weight of 
roots in both drought stress and non-stress. 81 (strainlalone),82 

(strain2alone), 83 (8train3alone), 81 +EP8 (strain 1 in combination of its 
exopolysaccharides), 82 (strain2 in combination of its 
exopolysaccharides ), 
exopolysaccharides ). 
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81 (isolated from soil sample collected from arid region of Ghotki Sindh) 
82 and 83 (isolated from soil sample collected from semi-arid region of 

Kallar Sayedan) 
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Figure 16: Effect of EPS producing bacterial strains on protein content 
of leaves in both drought stress and non-stress. SI (strainl alone); S2 
(strain2alone); S3 (Strain3 alone); SI+EPS (strainl in combination of its 
exopolysaccbarides); S2 (strain2 in combination of its 
exopolysaccbarides); S3 (strain3 in combination of its 
exopolysaccha rides). 

SI (isolated from soil sample collected from arid region of Ghotki Sindh) 
S2 and S3 (isolated from soil sample collected from semi-arid region of 

Kallar Sayedan) 
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Figure 17: Effect of EP8 producing bacterial strains on sugar contents of 
, leaves in both drought stress and non-stress. 81 (strainl alone), 82 (strain2 
alone), 83 (8train3alone), 81+EP8 (strainl in combination of its 
exopolysaccharides), 82 (strain2 in combination of its exopolysaccharides), 
S3 (strain3 in combination of its exopolysaccharides). 

81 (isolated from soil sample collected from arid region of Ghotki Sindh) 
82 and 83 (isolated from soil sample collected from semi-arid region of 

Kallar Sayedan) 
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Figure 18: Effect of EP8 producing bacterial strains on proline contents 
of leaves in both drought stress and non-stress. 81 (strainl alone), 82 
(strain2 alone), 83 (8train3 alone), SI +EPS (strain 1 in combination of 
its exopolysaccharides), S2 (strain2 in combination of its 
exopolysaccharides), S3 (strain3 in combination of its 
exopolysaccharides). 

SI (isolated from soil sample collected from arid region of Ghotki Sindh) 
S2 and S3 (isolated from soil sample collected from semi-arid region of 

Kallar Sayedan) 
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Figure 19: Effect of EPS producing bacterial strains on superoxide 
dismutase activity (SOD) of leaves in both drought stress and non­
stress. SI (strainlalone), S2 (strain2 alone), S3 (Strain3 alone), SI +EPS 
(strainl in combination of its exopolysaccharides), S2 (strain2 in 
combination of its exopolysaccharides), S3 (strain3 in combination of its 
exopolysaccharides). 

SI (isolated from soil sample collected from arid region of Ghotki Sindh) 
S2 and S3 (isolated from soil sample collected from semi-arid region of 

Kallar Sayedan) 
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Figure 20: Effect of EPS producing bacterial strains on Peroxidase 
activity (POD) of leaves in both drought stress and non-stress. SI 
(strainl alone), S2 (strain2 alone), S3 (Strain3 alone), SI +EPS (strain l 
in combination of its exopolysaccharides), S2 (strain2 in combination of 
its exopolysaccharides), S3 (strain3 in combination of its 
exopolysaccharides). 

SI (isolated from soil sample collected from arid region of Ghotki Sindh) 
S2 and S3 (isolated from soil sample collected from semi-arid region of 

Kallar Sayedan) 
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Figure 21: Effect of EP8 producing bacterial strains on catalase (CAT) 
activity of leaves in both drought stress and non stress. 81 (strain 1 
alone), 82 (strain 2 alone), 83 (strain 3 alone), 81 +EP8 (strain 1 in 
combination of its exopolysaccharides), 82 (strain 2 in combination of 
its exopolysaccharides), 83 (strain 3 In combination of its 
exopolysaccharides ). 

81 (isolated from soil sample collected from arid region of Ghotki Sindh) 
82 and 83 (isolated from soil sample collected from semi-arid region of 

Kallar Sayedan) 
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DISCUSSION 

In the present study maize plants were inoculated with the (EPS) 

exopolysaccharides producing bacteria Proteus penneri, Pseudomonas aeruginosa and 

A lcaligenes faecalis alone and in combination to their respective exopolysaccharides to 

alleviate the adverse effects of drought on the growth and physiology of maize. 

The EPS producing bacterial strains were selected on the basis of formation of 

mucoid colony. All these bacterial strains Proteus penneri (S1), Pseudomonas 

aeruginosa (S2) and Alcaligenes faecalis (S3) produced mucoid colony on LB agar 

media. (Chan et af. 1984; Jankins et af. 1992) also studied with Pseudomonas 

aeruginosa and Escherichiacoli respectively and selected these microorganisms as EPS 

producing organisms on the basis of mucoid colony. According to Robertson and 

Firestone (1992) production of mucus related to the exopolysaccharides production in 

Pseudomonas bacteria. 

Production of pigmentation 111 all bacterial strains was also detected during 

selection process both in L.B agar and L.B broth. (Nair et af. 1992; Arrage et af. 1993) 

demonstrated that production of pigmentation by exopolysaccharides producing bacteria 

was related to resistance in these bacteria against toxic substances in contaminated water. 

The exopolysaccharides extracted contains total carbohydrates (neutral sugars), 

proteins and very small amount of uronic acids. According to Bramhachari and Dubey 

(2006) exopolysaccharides produced by Vibrio harveyi was acidic due to presence of 

neutral sugars, proteins, uronic acids. 

Exopo lysaccharides produced by Proteus penneri, strain (Sl) show a good 

stability for emulsion. In all cases dialysed lyophilized exopolysaccharides show greater 

stability than non-dialysed. Dialysed exopo lysaccharides of Proteus penneri (Sl) 

retained 46.88% and 34.38% after 30 and 60 min respectively. The emulsion's stability by 

exopolymer from Proteus penneri (S 1) strain is comparable with Vibrioharveyi YB23 

bacterial isolate reported earlier by (Bramhachari et af. 2006) 

Accord ing to FTiR spectrum of EPS of present study may have cyclic 

carbohydrates of polysaccharides, proteins and uronic acid. Some authors like (Schmitt 

and Flemming, 1998; Sheng et a1. 2006) arbitrarily divided the spectrum obtained from 
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FTTR into several characteristic bands representing different compounds. According to 

them peaks within (I) 2956-2850 cm-I(aliphatic CH symmetric and asymmetric 

stretching in CH3 and CH2) as fatty acid region ; (2) 1652- 1648 cm- I (C=O asymmetric 

stretching of -NH-CO-R and/or N-H bending of H2N-CO-R (Amide 1)) and 1550-1548 

cm- I (N-H bending of -NH- (Amide II), as protein region; (3) 1300-1245 cm-I (p=o 

stretching of phosphate P04
3
-) , as nucleic acid region; (4) 1085-800 cm- I as 

polysaccharide region . According to them their EPS have cyclic carbohydrates of 

polysaccharides, uronic acid and proteins . 

Absorption peak at 1,076 and 1,122 cm-1are characterstic of uronic acid. It is well 

known that the presence of acidic functional groups (e.g. carboxyl) uronic ac id 

(glucuronic acid) and of EPS involved in metal sequestration (Bramhachari and Dubey 

2006; Bhaskar and Bhosle 2005 ; Pal and Paul 2008) . Hydroxyl and amine groups of EPS 

were predominant in lead sequestration and thus protect E. cloacae strain P2B from lead 

toxicity (Pal and Paul 2008; lyer et al. 2004). The presence of acidic sugars in the EPS 

may be important, helpful in the heavy metal-binding properties of this polymer. 

Vibrioharveyi excrete EPS that is highly surface active, which is probably due to polymer 

containing uronic ac id-contain ing (Bramhachari et al. 2006). Chem ical composition of 

EPS produced by Pseudomonas aeruginosa have analysed by Grobe et al. (1995). 

Based on the charged groups EPS are classified into neutral polymers or acidic 

polymers but majority of the EPS are considered as polyanionic due to the presence of 

uronic acids, ketal linked pyruvate, phosphate and sulphated groups (Sutherland, 200 1). 

FT-TR anal ys is of the three bacterial EPS also indicated the presence of many charged 

groups. The charged groups of the EPS are involved in biological and physiological 

functioning of the EPS (Sutherland, 2001) and the EPS producing rh izospheric bacteria, it 

can be expected that these EPS would also play important role in mechanical and 

structural stability of the sa lt-affected soils and soil aggregation around plant roots 

(A lami et al. 2000, Amellal et al. 1998). 

Soi l moisture content was highest in case of so il inoculated w ith all strains in 

combination with their respective exopolysaccharides both in drought stress and non­

stress . Treatment of Proteus penneri (S 1) and Pseudomonas aeruginosa (S2) with their 

respective EPS showed maximum increase in soi l moisture. The high affinity of EPS for 
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water provides protection for bacteria under drought stress. An EPS matrix surrounding a 

bacterial colonymay slow down the drying process, thereby increasing the time available 

for metabolic adjustment. Exopolysaccharides holds the water in the soil surrounding the 

plant roots and soil dries more slowly with EPS; also protect the bacteria from desication 

and fluctuations in water potential (Hepper, 1975; Wilkinson, 1958). Roberson and 

Firestone (1992) suggested that the increase in EPS production by Pseudomonas during 

desiccation is required to ensure protection of this strain in sandy soil. 

Development of optimal leaf area is important to photosynthesis and dry matter 

yield. Seeds inoculated with all strains in combinations with its exopolysaccharides 

showed maximum increase in leaf area as compared to control both in stress and non­

stress. Inoculations of strain Pseudomonas aeruginosa (S2) with its EPS give maximum 

increase in leaf area under non-stress condition and also under drought condition. 

Root length in all treatments was higher in both drought stress and non-stress 

conditions. The importance of root systems in acquiring water has long been recognized . 

The development of root system increases the water uptake and maintains requisite 

osmotic pressure in Phoenix dactylifera (Djibril et al. 2005). Pseudomonas spp. 

increased total microbial activity, shoot and root length, total dry weight (Aim et al. 

2007). The inoculation with EPS-producing bacteria could cause the development of 

much better root system; which subsequently increases the shoot growth (Nemat et al. 

2012). All treatments have increased effect on shoots length in both drought stress and 

non-stress than non-inoculated control. Inoculation of Pseudomonas aeruginosa (S2) 

show maximum increase in shoot length Inoculation of Pseudomonas putida strain GAP­

P45 increased total shoot length studied by (Sandhya, 2009). 

Root and shoot fresh weight of all treated plants was significantly higher in 

comparison with un-inoculated control. Dry weight of roots and shoots was also higher in 

plants inoculated with EPS producing bacteria. Plants inoculated with strain Proteus 

penneri, S 1 have same value of fresh and dry weight of shoots in both stress and non­

stress conditions show the resistance to drought effect. Plant growth promoting bacteria 

influence growth of plant through various mechanisms and several scientists have 

reported healthy effect of PGPR inoculation on various crops (Khalid et al. 2004 ).Plants 

inoculated with strain Pseudomonas aeruginosa (S2) show maximum increase in root 
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fresh and dry weight. Pseudomonas fluorescens biotype G (ACC-5), and Pseudomonas 

putida biotype A (Q-7) improved fresh and dry weight of plants (Zahir et at. 2008). 

In this study, R WC of all the treatment was found to be significant as compared 

with the un-inoculated control. Treatment of Pseudomonas aeruginosa (S2) show 

maximum increase in RWC of plant leaves. Plant having higher yields under drought 

stressshouid have high R WC and decrease in RWC in plants under drought stress may 

depend on plant vigor reduction and have been observed in many plants (Liu et aI.2002). 

The plants inoculated with Pseudomonas putida strain GAP-P45 exopolysaccharides 

producing bacteria showed high RWC of leaves (Sandhya et al. 2009). 

PGPR application significantly increased protein content when compared with the 

un-inoculated control and inoculated stressed control. Protein content was significantly 

greater in all treatments as compared to the un-inoculated control. Application of 

Pseudomonas aeruginosa (S2) show maximum increase in protein content of leaves.The 

increased protein content prevents denaturation and decomposition of the cellular 

molecules and components especially during a biotic stress conditions (Campell and 

Close, 1997). 

Inoculation of EPS producing Pseudomonas sp. increased soluble sugar content 

in drought stress seedlings than un-inoculated seedlings indicate that PGP Pseudomonas 

sp. helps in degrading the starch content and biosynthesis of more sugar that is helpful for 

osmotic adjustment to alleviate that effect of drought stress. In case of un-inoculated 

seedlings under drought stress plant growth was affected due to the absence of PGP 

Pseudomonas sp. that in turn affected the biosynthesis and decreasing content of soluble 

sugar and starch (Sandhya et al. 2010). 

The un-inoculated control plants, compared to the inoculated plants, under 

drought conditions had an increased activity of antioxidant enzymes SOD, POD and CAT 

and concentration of proline. Plants inoculated with Pseudomonas aeruginosa (S2) have 

maximum decrease in activity of antioxidant enzymes SOD, POD and CAT and 

concentration of proline. Plants Inoculated with PGPR strains under drought stress 

decreased activities of antioxidant enzymes. It is interesting to note that drought stress 

and antioxidant enzyme activity have significant interaction, but inoculation with plant 
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growth promoting rhizobacteria lessen the adverse effect of drought stress on the 

antiox idant enzymes activity (Hans and Lee, 2005). 
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CONCLUSION 

It is concluded from present study that the bacterial isolates Proteus penneri (S 1), 

Pseudomonas aeruginosa (S2) and Alcaligenes jaecalis (S3) as exopolysaccharides 

producing bacteria proved to be best for drought tolerance in addition to their ability as 

plant growth promoting rhizobacteria. Exopolysaccharides producing bacteria has 

potential to impart drought tolerance in plants in combination to their potential as PGPR 

plant growth promoting rhizobacteria. A pronounced effect of inoculation of these 

exopolysaccharides EPS producing bacteria on growth of maize in a drought affected soil 

indicated their potential to be used as bio inoculums under drought-affected soil. 

Since the chemical behavior of the exopolysaccharides with soil constituents IS 

determined by their interaction with the inorganic ions (cations and anions), the 

interaction of exopolysaccharides obtained from EPS-producing bacteria native to the 

drought-affected soils with constituents of the soils in the presence of different cations 

should also be thoroughly studied. 
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Appendix 

Appendix-I: Analysis of variance table for soil moisture content 
I' -- --

Sour"ce DF SS MS F P 

repli cate 2 2 .02 1.010 

---

Treatment 15 4295.36 286.357 2166.25 0.0000 

E rror 30 3 .97 0.132 

Tota l 47 4301.34 

Coefficient of Variation = 1.90 

Appendix-2: Analysis of Variance Table for Relative Water Content 

Source DF SS MS F P 

rep li cate 2 7.02 3.512 

Treatment 15 5685.02 379.001 127.77 0.0000 

Error 30 88.99 2.966 

Total 47 578 1.03 

Coefficient of Variation = 2.54 

I . 
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Appendix 

Appendix-3: Analysis of Variance Table for Leaf Area 

SOUl'c~ DF SS MS F P 

replicate 2 9.95 4.9730 

- --

Treatment 15 1148 .08 76.5385 133.18 0.0000 

Error 30 ] 7.24 0.5747 

-

Total 47 1175 .26 -- --

Coefficient ofVariatiol1 = 4. 09 

Appendix-4: Analysis of Variance Table for Shoot length 

Source DF SS MS F P 

-

replicate 2 10.05 5.026 

Treatment 15 2859.46 190.631 133.67 0.0000 

-

Error 30 42 .78 1.426 

To ta l 47 29 12.3 0 
-

Coefficient of Variation = 2.63 
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Appendix 

Appendix-5: Analysis of Variance Table for Shoot Fresh Weight 
- - - -----

Source DF SS MS F P 

repli cate 2 0.00937 0.00468 

--- - -- -----

Treatme nt 15 4 .7 1673 0.3 1445 4 1.68 0.0000 

error 30 0.22632 0.00754 

Tota l 47 4.95242 

Coefficient of Variation = 8.1 4 

Appendix-6: Analysis of Variance Table for Shoot Dry Weight 
--_._-

SOUl"ce DF SS MS F P 

replicate 2 0.00005 0.00003 

Treatmcnt l 5 0.01528 0.00 102 55.57 0 .0000 

Error 30 0.00055 0.00002 

Tota l 47 0.01588 

Coefficient of Variation = 6. 17 
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Appendix 

I' Appendix-7: Analysis of Variance Table for Root length 

Source DF SS MS F P 

rep licate 2 4.34 2. 172 

T reatment 15 1845.78 123.052 64.07 0.0000 

Error 30 57.62 1.92 1 

Total 47 1907.74 

Coefficient of Variation = 5.49 

Appendix-8: Analysis of Variance Table for Root Fresh Weight 

Source DF SS MS F P 

-----

replicate 2 0.00705 0.00353 

Treatment 15 1.82543 0. 12170 181 .82 0.0000 

Error 30 0.02008 0.00067 

f-

Total 47 1.85257 

Coefficient of Variation = 3.39 
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Appendix 

Appendix-9: Analysis of Variance Table for Root Dry Weight 
- --

Source DF SS MS F P 

repli cate 2 0.00039 0.00019 

Treatment 15 0.05090 0.00339 32.55 0.0000 

Error 30 0.00313 0.00010 

Tota l 47 0.05441 

Coefficient of Va.-iation = 10.94 

Appendix-lO: Analysis of Variance Table for Protein Content of Leaves 

Source DF SS MS F P 

repli cate 2 16788.4 8394 

Treatm ent 15 1.062£+07 708604 18.78 0.0000 

Error 30 1132077 37736 

Total 47 1.1 77E+07 

Coefficient ofVariatioll = 7.14 
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Appendix 

Appendix-II: Analysis of Variance Table for Sugar Content of Leaves 

Source D .F SS MS F P 

replicate 2 273466 136733 

- ----

Treatment 15 2.648E+07 1765411 33.84 0.0000 

Error 30 1565055 52 168 

-

Total 47 2.832E+07 

Coefficient of Variation = 3.09 

Appendix-I2: Analysis of Variance Table for Proline Content of Leaves 

SOUl"ce DF SS MS F P 

replicate 2 169 84.3 

-

Treatment 15 155660 10377.3 78.82 0.0000 

Error 30 3950 J 31.7 

Tota l 47 159778 

Coefficient of Variation = 2.88 
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Appendix 

Appendix-13: Analysis of Variance Table for Superoxide Dismutase 
-

Source DI~ SS MS F P 

replicate 2 0.370 0.18492 

Treatment 15 113.6 17 7.57444 3 1.96 0.0000 

Error 30 7 .110 0.23701 

Tota l 47 12 1.097 

Coefticient of Variation = 15.72 

Appendix-14: Analysis of Variance Table for Peroxidase 

Source DF SS MS F P 

- - -- -

replicate 2 0.00010 5.063E-05 

Treatment 15 0.00630 4.l98E-04 8.88 0.0000 

Error 30 0.00142 4.726E-05 

Tota l 47 0.00782 

Coefticient of Variation = 28.5 1 
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Appendix-I5 : Analysis of Variance Table for Catalase 
-

Source DF SS MS F P 

rep li cate 2 418 209 

- ---

Treatment 15 175 1063 116738 409.9 1 0.0000 

E rror 30 8544 285 

Total 47 1760025 

Coefficient of Va,-iation = 6.16 
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