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ABSTRACT 

 

The aim of this study was to assess the combined effects of the three plant growth promoting 

Rhizobacteria (Azospirillum lipoferum, Pseudomonas fluorescens and Pseudomonas putida) and a 

biostimulating molecule (chitosan) on plant growth parameters and seeds yield of maize in southern 

Benin. This study was conducted in reddish ferrous soil with fisher block experimental design. Maize 

seeds were soaked into chitosan solution for 12 hours and introduced into a seed hole with bacterial 

suspension. Experimental maize plants were fertilized by half or complete dose of Nitrogen-

Phosphorus-Potassium (NPK) and Urea. Result of the study revealed that the combination of P. 

fluorescens along with chitosan and half dose of NPK-Urea increased maize height, circumference and 

seeds yield of 10.18%, 22.05% and 44.10% respectively. Furthermore, the produced biomass increased 

71.43% compared to the control in the combination of P. fluorescens, chitosan and complete dose of 

NPK-Urea. Results of study suggesting that PGPR and chitosan can be used as an effective biological 

fertilizer combination for increasing maize production under field conditions. 
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1 Introduction 

 

Maize (Zea mays L.) is the most cultivated cereal in the world. 

It is an important crop in Southern Sahelian Africa. In Benin, it 

is subject to various economic transactions, and therefore 

represents a considerable source of incomes for producers and 

traders (Balogoun et al., 2013). The maize is the first 

consumed cereal in Benin and their productivity improvement 

will allow us to reach food self-sufficiency. Unfortunately, the 

production of maize in Benin is not spared of one of the main 

constraints of agriculture in Southern Sahelian Africa. This 

constraint is the steady decline of soil fertility that induced the 

reduction of crop productivity (Saïdou et al., 2012). 

 

In order to improve the soil fertility, the producers use various 

mineral fertilizers, that caused several environmental and 

health damages. Also, the intensive use of mineral fertilizers 

without addition of organic matter leads to poor soil organic 

matter content, which is more sensitive to wind and rain 

erosion (Alalaoui, 2007). 

 

To overcome the above problems, environmental advocates 

recommended the use of beneficial soil microorganisms and 

products derived from biological transformations. These 

products include Plant Growth Promoting Rhizobacteria 

(PGPR) and chitin by-product, such as chitosan. 

 

Antoun & Prevost (2005) affirmed that soil microorganisms 

having beneficial activities on plant growth and health 

represent an interesting and effective alternative to 

conventional agriculture. Plant Growth Promoting 

Rhizobacteria is a group of bacteria capable to actively 

colonize the plants root system and improve their growth and 

yield (Wu et al., 2005). These microbes colonized all 

ecological niches of root at all stages of plant development, 

even in the presence of a competing microflora. The use of 

PGPRs in modern agriculture has been justified in many 

countries including Brazil, India, America, Argentina and 

Uruguay (Haghighi et al., 2011). It was well reported that these 

rhizobacteria are efficient to promote in vitro germination and 

greenhouse growth of maize (Noumavo et al., 2013). 

 

Chitosan is a derived product from chitin and particularly 

extracted from the carapace of crustaceans, the insect’s cuticles 

and the fungi walls. In agriculture, chitosan is used as a 

fertilizer (Lemondé et al., 2011), phytosanitary products and 

also used to trigger plant defense mechanisms (Le devedec, 

2008). It plays an important role in the stimulation of plant 

growth and in mobilization of soil nutrients (Le devedec, 

2008). 

 

This study aims to assess the effects of the combination of 

three rhizobacteria namely P. fluorescens, P. putida and A. 

lipoferum and chitosan on the growth and seeds yield of maize 

under field conditions.  

2 Materials and Methods 

 

2.1 Materials 

 

Maize seed of the EVDT 97 STR C1 variety were used for this 

study, this variety have 85 to 90 days development cycle 

(Badu-Apraku & Yallou, 2009). Chitosan was derived from the 

chitin extracted from the exoskeleton of crayfish. This 

bioproduct was obtained from the Department of Vegetables 

Physiology and Biochemistry at Cuba National Institute of 

Agricultural Sciences (Latin America). The rhizobacterial 

strain used (A. lipoferum, P. fluorescens and P.putida) were 

isolated from the rhizosphere of maize plants in southern Benin 

(West Africa). These microorganisms were taxonomically 

isolated and characterized by Adjanohoun et al. (2011). These 

strains were stored at -20°C in Muller Hinton broth 

supplemented with glycerol (10%) at Laboratory of Biology 

and Microbiological Molecular Typing (University of 

Abomey-Calavi, Benin). 

 

2.2 Geographical location of experimental field 

 

The study was carried out in the experimental station of 

Southern Benin Agricultural Research Center (Figure 1) 

located at Niaouli in the district of Allada (Atlantic 

Department, Benin). It is situated at an altitude of 105°, 

longitude 2° 19' East and latitude 6° 12' North. The site is 

characterized by a maritime sub-equatorial climate with two 

rainy seasons (a great season from March to June and a small 

season from September to November) and two dry seasons 

(from July to September and from November to March). The 

average pluviometry is 1.200 mm with maximum 

precipitations in June and October and minimum precipitations 

in August. The average temperature is around 27 °C. The soil 

is deep reddish ferrous without concretion (Aïhou, 2003).  

 

2.3 Chemical characteristics of the field soil  

 

The pH of 10 grams of soil suspended into 25 ml distilled 

water was determined by the method described by Boudoudou 

(2009). The assimilable phosphorus was determined by color 

method at 660 nm (Bray & Kurtz, 1945). The exchangeable 

cations (Ca, Mg and K) were determined using ammonium 

acetate method (Thomas, 1982). The organic carbon was 

evaluated by dichromate of potassium (K2Cr2O7, 1N) method 

as described by Walkley & Black (1934). 

 

2.4 Preparation of experimental Field 

 

After clearing of soil, the plowing was done at a depth of 15 

cm using a tractor followed by the leveling of the experimental 

station. Field plot of 4 m x 3.2 m (12.8 m²) with 4 lines of 4 m 

of long were prepared for this study. Data were collected over 

the useful plot 6.4 m
2
 consisted of the two center lines. 
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Figure 1 Geographical location of the experimental field. 

 

2.5 Experimental design 

 

The experimental design used was a Fisher block of 10 

treatments with 3 repetitions. Each treatment has covered three 

field plots separated by an alley (1 m). Treatments are defined 

as follows: CTL: control without bacteria, chitosan, NPK 

(Nitrogen, Phosphorus and Potassium and Urea); Q.flu : 

treated both with chitosan and P. fluorescens; Q. put : treated 

both with chitosan and P. putida; Q.lip : treated both with 

chitosan and A. lipoferum; Q.flu-½npku : treated with chitosan, 

P. fluorescens and half dose of NPK and Urea; Q.put-½npku : 

treated with chitosan, P. putida and half dose of NPK and 

Urea; Q.lip-½npku : treated with chitosan, A. lipoferum and 

half dose of NPK and Urea; Q.flu-1npku : treated with 

chitosan, P. fluorescens and complete dose of NPK and Urea; 

Q.put-1npku: treated with chitosan, P. putida and complete 

dose of NPK and Urea; Q.lip-1npku : treated with chitosan, A. 

lipoferum and complete dose of NPK and Urea. 

 

2.6 Preparation of PGPR inoculum and chitosan solution 

 

After rhizobacteria revivification on agar medium, PGPR 

inoculum were prepared by culture on nutrient broth (MH 

broth) for 24 h at 30°C for P. fluorescens and P. putida and 

37°C for A. lipoferum. The bacterial suspensions obtained were 

adjusted to 1 x 10
8
 CFU/ml (DO 0.45 at 610 nm) using the 

spectrophotometer (BioMATE 3S, Thermo scientific) as 

described by Govindappa et al. (2011). The chitosan solution 

was used at a concentration of 0.5 g/l. 

 

2.7 Sowing and inoculation of maize seeds 

 

A seed hole of about 5 cm of depth were realized and 2 maize 

seeds previously soaked in chitosan solution for 12 h were put 

in the hole. This procedure was immediately followed by the 

inoculation with 10 ml of bacterial suspension and the seed 

hole has been closed immediately. Sowing was done at a 

distance of 0.80 m x 0.40 m for a density of 31.250 plants/ha. 

 

2.8 Collection of growth and yield data 

 

The height of randomly selected 20 maize plants was measured 

for each treatment at the interval of every 10 days. This 

procedure was started from the 7
th 

Day After Sowing (DAS) 

and continued till the end of study. The height of a maize plant 

is the distance between the collar of plant and the last ligule 

leaf measured using a ruler tape. The diameter of plant was 

measured through the caliper. The circumference of the plants 

was obtained by multiplying the plant diameter by π (to 3.14). 

 

The produced biomass and maize seeds yield were evaluated at 

harvesting (87 DAS). The biomass of 4 plants per field hole 

was determined by weighing using a scale of precision 

(Highland HCB 302, Max: 3000 g x 0.1 g). Regarding to seeds 

yield, the maize cobs were harvested and shelled per plant and 

per field plot. Maize seeds thus obtained were dried in an oven 

until constant weight. They were then weighed using a scale of 

precision (Highland HCB 302, Max: 3000 g x 0.1 g). The yield 

of maize seeds was obtained by the following formula: 
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Where: R is maize yield, expressed in t/ha; 

             P is the weight of maize seeds per field pot  expressed 

in kg. 

             S is the field pot area  (6.4 m
2
) 

 

2.9 Statistical analysis and map realization 

 

Comparison between treatments with regard to height, 

biomass, seed yielding and circumference at noose were 

evaluated by means of analysis of variance (AOVA) at 

probability level of 5% followed by Student Newman and 

Keuls (SNK) test. Before that, the assumptions for AOVA 

(normal distribution of population and equality of their 

variance) were examined for each variable. Only these 

conditions were violated for circumference at noose. For that 

reason, data were natural log transformed and then met the 

assumption. Then, analyses of variance followed by Student 

Newman and Keuls (SNK) test were performed on data with R 

statistical software 3.03. Further, in order to identify the 

treatments which have the highest performance for all 

parameters combined together, a canonical discriminate 

analysis was performed on the same data matrix. The 

geographical map of experimental field was realized using the 

ArcMap software version 9.2. 

 

3 Results  

 

3.1 Chemical characteristics of the experimental field soil 

 

Results of chemical characterization of the experimental area 

field soil were revealed that the soil of study area is deficient to 

minerals and have low fertility (Table 1). The soil has an acid 

pH (water pH 5.6; KCl pH 4.9) and low levels of phosphorus 

(9 ppm), organic carbon (0.60%), organic matter (1.03%) and 

sum of exchangeable bases (3.55 meq/100g). 

 

3.2 Impact of combination of PGPR and chitosan on maize 

growth parameters 

 

Effects of combined application of PGPRs and chitosan on 

growth parameters (height and circumference) of maize plants 

at 87
th
 DAS are summarized in Table 2. The results of analysis 

of variance revealed a significance difference (P-value < 0.05) 

between treatments for height and circumference parameters. 

For the height, Student Newman and Keuls test revealed that 

the treatment Q.put-½npku (chitosan, P. putida and half dose 

of NPK and Urea) has showed high performance (165.17 cm) 

while the treatment Q.lip (combination of chitosan and A. 

lipoferum) and Q.lip-½npku (the combination of chitosan, A. 

lipoferum and half dose of NPK and Urea) showed the lowest 

values (139.21 cm, 140.40 cm respectively) without being 

significantly difference. Furthermore, it was reported that the 

treatment containing Q.put-½npku (combination of chitosan-P. 

putida –half dose of NPK and Urea) was followed by the 

Q.flu-½npku (combination of chitosan-P. fluorescens– half 

dose of NPK and Urea) with respective increases of 10.85% 

and 9.03% compared to control plants. It was also reported that 

the treatment Q.flu (combination of chitosan - P. fluorescens) 

is not significant in the improvement of plant growth while the 

Q. put (combination of chitosan - P. putida) improved the plant 

height (3.71%) compared to control plants. The addition of 

NPK and Urea is important to increase the effects of these 

rhizobacteria and chitosan. 

 

Regarding to circumference, there was significant difference 

(P-value < 0.05) between the natural logs of the mean value of 

each treatment. The large circumferences of maize plants were 

induced by the Q.put-½npku with increase of 22.05% 

compared to control plants (Table 2). The combination of Q. 

put increased the plant circumference growth of 9.20%. This 

increase is 22.05% inferior to than the circumference obtained 

from the Q.put-½npku. Although these results showed the 

importance of NPK and Urea application, further combination 

of chitosan and PGPR reduced the dependence of this crop on 

the NPK and Urea.  

 

3.3 Impact of combination of PGPR and chitosan on biomass 

production and seeds yield of maize 

 

The results of analysis of variance revealed a highly significant 

difference (P-value < 0.01) on biomass production and seed 

yield parameters (P-value < 0.05). The influence of PGPR and 

chitosan on the biomass production by maize plants is 

presented in Table 3. All treatments improved the biomass 

production. The combination of chitosan with PGPR has 

induced a better biomass production. Biomass values obtained 

with the plants treated with PGPR and chitosan are 

significantly greater than that obtained with the control plants. 

The largest biomass production was reported from the 

treatment Q.flu-1npku and it was followed by Q.flu-½npku. 

Both treatments induced 71.43% and 62.19% increases as 

compared to control. Except to P. putida, the combination of 

chitosan, rhizobacteria and NPK-Urea is better than the 

combination without NPK-Urea for maize biomass production. 

 

 

Table 1 Chemical characteristics of the experimental field soil. 

 

Sample pH Phosphorus 

Assimilable (ppm) 

Organic 

Carbon (%) 

Organic 

Matter (%) 

Exchangeable Bases (meq/100g) 

Water KCl K Ca Mg Na 

Soil 5.6 4.9 9 0.60 1.03 0.14 2.59 0.59 0.23 

ppm : parts per million ; meq : milliequivalents 
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Table 2 Effects of combination of PGPR and chitosan on Height and Circumference of maize plants at 87
th
 DAS. 

 

Treatments Height (cm) Circumference (cm) 

Mean Stderr. Mean Stderr. 

CTL 149.00
ab 

6.21 4.67
b 

0.11 

Q.flu 146.91
ab 

6.52 4.74
ab 

0.10 

Q. put 154.53
ab 

5.18 5.10
ab 

0.24 

Q.lip 139.21
b 

4.59 4.75
ab 

0.13 

Q.flu-½npku 162.45
ab 

3.91 5.28
ab 

0.34 

Q.put-½npku 165.17
a 

3.61 5.70
a 

0.19 

Q.lip-½npku 140.40
b 

6.96 4.65
ab 

0.13 

Q.flu-1npku 145.02
ab 

4.34 4.87
ab 

0.16 

Q.put-1npku 153.20
ab 

3.98 4.92
ab 

0.17 

Q.lip-1npku 148.74
ab 

2.62 4.88
ab 

0.30 

F-value 2.96 - 2.53 - 

P-value 0.021 - 0.040 - 

Signification * * 

* = p < 0.05 (significant); std err: standard error; In a column, the means with different letters are significantly different with probability 

level of 5 % according to Student Newman-Keuls test; CTL: Control without bacteria, chitosan, NPK (Nitrogen, Phosphorus and 

Potassium and Urea); Q.flu: treated both with chitosan and P. fluorescens; Q. put: treated both with chitosan and P. putida; Q.lip: 

treated both with chitosan and A. lipoferum; Q.flu-½npku: treated with chitosan, P. fluorescens  and half dose of NPK and Urea; Q.put-

½npku: treated with chitosan, P. putida and half dose of NPK and Urea; Q.lip-½npku: treated with chitosan,  A. lipoferum and half dose 

of NPK and Urea; Q.flu-1npku: treated with chitosan, P. fluorescens and complete dose of NPK and Urea; Q.put-1npku: treated with 

chitosan, P. putida and complete dose of NPK and Urea; Q.lip-1npku: treated with chitosan, A. lipoferum and complete dose of NPK 

and Urea. 

 

All treatments improved the maize seeds yield. The maize 

seeds yields obtained with plants treated with the combination 

of chitosan and PGPR were better than those obtained with 

control plants (Table 3). The largest yields of maize seeds 

(4.28 t/ha) were obtained with the plants treated with the 

combination of Q.put-½npku followed by Q.put-1npku with 

the increases of 44.10% and 38.38% compared to control. 

 

3.4 Canonical discriminant analysis of data 

 

The canonical discriminant analysis performed on the same 

data matrix showed the first two canonical axes explained 

45.92% of the total variance (Figure 2) which is enough for a 

kind interpretation of results. Axis one is axis of height and 

axis 2 is axis of biomass. The treatment Q.put-½npku, Q.flu-

½npku and Q. put produced the highest performance for both 

growth and yielding parameters combined together. 

 

 Discussion  

 

This study assessing the effects of chitosan and rhizobacteria 

(PGPR) on growth and yield of maize under field conditions, 

result of study revealed the significant impact of these two on 

the growth and yield of maize crop and reduced the 

dependency of this crop on NPK and Urea. The study area soil 

has acidic nature (water pH 5.6; KCl pH 4.9). Indeed, the soil 

is neutral when their pH included of 6.5 to 7.5 (Baize, 2000). 

The water pH is a parameter used to assess the current soil 

acidity. It is not very stable over time while the KCl pH (more 

stable) allows to evaluate the potential acidity of soil. 

According to Bray & Kurtz (1945) the phosphorus assimilable 

rate (9 ppm) is close to the critical threshold (between 8 and 10 

ppm) and reveals the lower fertility of soil because it is inferior 

to 40 ppm. Furthermore, the soil content of  organic carbon and 

organic matter is low. The sum of exchangeable bases (3.55 

meq/100g) is also low and less than the average level 

(5mol/kg) according to Malouhi (1997). In general, the field 

soil has low levels of minerals, hence its very low fertility 

level. 

 

The effects of PGPR and chitosan on height and circumference 

parameters of maize plants at 87
th 

DAS are presented in Table 

2. Note that the improvement of maize growth parameters by 

PGPR and chitosan varied from one treatment to another. The 

difference of effects observed between the treatments was 

significant (p ˂ 0.05).  Similar type of results was obtained by 

various researchers when they tried PGPR on various crops 

(Glick, 1995; Welbaum et al., 2004; Pirlak et al., 2007; Dursun 

et al., 2008; Jelin et al., 2013). According to Jelin et al. (2013) 

application of Pseudomonas strain in maize crop improved 

17% plant height. Findings of these researchers are in 

agreement with the findings of present study where at par plant 

growth was reported. Similarly, Pirlak et al. (2007) reported 

that the inoculation of Pseudomonas BA-8 and Bacillus OSU-

142 strains to the apple (Mallus pumilla) trees have greatly 

improved the length and diameter of apple stern compared to 

control. Furthermore, Dursun et al. (2008) showed that 

Pseudomonas BA-8 and Bacillus OSU-142 have great 

potential to increase the growth parameters of rocket (Eruca 

sativa) plants.  
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Figure 2 Plot of the two canonical discriminant functions (Can 1 and 2) based on both growth and yielding parameters. 

[CTL: Control without bacteria, chitosan, NPK (Nitrogen, Phosphorus and Potassium and Urea); T1: treated both with chitosan and P. 

fluorescens; T2: treated both with chitosan and P. putida; T3: treated both with chitosan and A. lipoferum; T4: treated with chitosan, P. 

fluorescens  and half dose of NPK and Urea; T5: treated with chitosan, P. putida and half dose of NPK and Urea; T6: treated with 

chitosan,  A. lipoferum and half dose of NPK and Urea; T7: treated with chitosan, P. fluorescens and complete dose of NPK and Urea; 

T8: treated with chitosan, P. putida and complete dose of NPK and Urea; T9: treated with chitosan, A. lipoferum and complete dose of 

NPK and Urea] 

 

The study realized by Mezaache (2012) showed that the 

bacterial inoculation of the tubers had induced their growth. 

Rajkumar et al. (2008) demonstrated that the Pseudomonas 

fluorescent (SE21 and RD41) applied to the red pepper 

(Capsicum annuum) seeds had significantly decreased the 

incidence of disease caused by Rhizoctonia solani. Glick, 

(1995) and Welbaum et al. (2004) have mentioned the capacity 

of PGPR to stimulate the plant growth and their great interest 

for sustainable agriculture. The inoculation could compensate 

the deficiency in nutrients and improve the plant development 

through production of growth regulator stimulating root 

development. A large root system allows a better absorption of 

water and nutrients from the soil (Wu et al., 2005). Indeed, 

Gamalero & Glick (2011) reported that the stimulation of plant 

growth by soil bacteria can also result of providing nutrients 

which are not sufficiently available in the soil. Several authors 

argue that PGPR can promote the plant growth through various 

mechanisms such as the nitrogen fixation (N2) and trace 

elements solubilization such as phosphate (P), inhibition of 

ethylene synthesis by the plant, the synthesis of plant 

hormones or vitamins and by decreasing the toxicity of heavy 

metals (Whipps, 2001; Dobbelaere et al., 2003; Cakmakci et 

al., 2006; Orhan et al., 2006). Noumavo et al. (2015) reported 

that the rhizobacteria strongly produced Indole Acetic Acid 

(IAA), ammonia (NH3), hydrogen cyanide (HCN), 

exopolysaccharides and exhibit strong antifungal activity 

against Fusarium verticillioides, real pathogen of maize. 

 

Previously, Heinsohn & Bjornson (1998) also reported that 

chitosan allows an increase of the root system growth by 

induction of better synthesis of growth hormone. The 

combination of these different PGPR and chitosan mechanisms 

of action explain the improvement of observed parameters’ 

growth. The works conducted by Wanichpongpan et al. (2001) 

and Ramos-Garcia et al. (2009) has demonstrated the growth 

stimulatory effect of chitosan respectively on gerbera (Gerbera 

jamesonii) and gladiolus (Gladiolus spp.) plants. Hasegawa et 

al. (2005) obtained an increase of height and diameter of 

Arisaema ternatipartitum after added of chitosan in cultural 

substrate. Several authors have also shown the use of chitosan 

in stimulation of maize growth (Boonlertnirun et al., 2011; 

Lizarraga-Paulin et al., 2011) and cucumber (Cucumis sativus) 

(Shehata et al., 2012). 
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Table 3 Effects of combination of PGPR and chitosan on biomass produced and yield of maize seeds at 87
th
 DAS. 

 

Treatments Biomass (g) yield (t/ha) 

Mean Stderr. Mean Stderr. 

CTL 793.33
c 

104.14 2.97
b 

0.26 

Q.flu 1100.00
abc 

48.07 3.30
ab 

0.27 

Q. put 1200.00
ab 

48.07 3.50
ab 

0.20 

Q.lip 913.33
bc 

117.19 3.45
ab 

0.38 

Q.flu-½npku 1286.67
ab 

52.07 3.84
ab 

0.27 

Q.put-½npku 1160.00
abc 

62.45 4.28
a 

0.20 

Q.lip-½npku 933.33
bc 

151.44 3.98
ab 

0.20 

Q.flu-1npku 1360.00
a 

69.28 3.65
ab 

0.23 

Q.put-1npku 1100.00
abc 

57.74 4.11
ab 

0.28 

Q.lip-1npku 1060.00
abc 

104.14 3.43
ab 

0.13 

F-value 4.56 - 2.57 - 

P-value 0.002 - 0.038 - 

Signification ** * 

* = p < 0.05 (significant); ** = p < 0.01 (highly significant); std err: standard error; In a column, the means with different letters are 

significantly different with probability level of 5 % according to Student Newman-Keuls test. All the remaining abbreviations are like 

table 2. 

 

The inoculation of maize plants by combination PGPR and 

chitosan has significantly improved the produced biomass in 

present study. The combinations of chitosan - P. fluorescens–

complete dose of NPK and Urea followed by chitosan -P. 

fluorescens- half dose of NPK and Urea have induced the best 

biomass production with increases of 71.43% and 62.19% 

compared to control (Table 3). The study conducted by Aliye 

et al. (2008) has shown that P. fluorescens (strains PF9 and 

PF20) are responsible to increase the biomass of potato plants 

(Solanum tuberosum). The biomass improvements obtained in 

present study are greater than those obtained by Adjanohoun et 

al. (2011). Indeed, Adjanohoun et al. (2011) have registered an 

increase of 59.57% of the aerial biomass, induced by 

rhizobacteria P. fluorescens. This difference is due to 

beneficial effects of chitosan that are added to PGPR effects. 

The chitosan plays then an important role in stimulation of 

maize plants growth. 

 

Concerning the yields of maize seeds, the combination of 

chitosan -P. putida - half dose of NPK and Urea followed by 

the combination of chitosan-P. putida–completedose of NPK 

and Urea are induced the increases of 44.10% and 38.22% 

respectively compared to control (Table 3). Sundara et al. 

(2002) have shown that the inoculation of Bacillus megaterium 

solublizing phosphates allows improve the yields of sugar cane 

(12.6% compared to control). Indeed, Werner (2004), affirmed 

that in the rhizosphere, exit very important and intensive 

interactions between plant, soil and microorganisms. These 

interactions may significantly influence the plant growth and 

yield at harvest. In addition, Pseudomonas BA-8 and Bacillus 

OSU-142 have also induced a beneficial effect on the length, 

crop yield and quality of fruit of pricot (Prunus armeniaca), 

cherry (Prunus cerasus) and raspberry (Rubus idaeus) (Esitken 

et al., 2005; Orhan et al., 2006). Furthermore, Asghari-Zakaria 

et al. (2009) found a positive effect of chitosan on the yield of 

potato under in vitro cultures. Chitosan has been used to 

stimulate the natural defenses of plants. Indeed, the chitosan 

spraying of vines increases the production of chitinases, the β-

1,3-glucanases (which degrade the wall of the mould) and 

biosynthesis of  antimicrobial phenolic compounds (Amborabe 

et al., 2004). The combinations of chitosan, P. putida and half 

dose of NPK and Urea, chitosan, P. fluorescens  and half dose 

of NPK and Urea and chitosan and P. putida were the 

treatments which produced the highest performance both for 

growth and yielding parameters combined together. 

 

Conclusion  

 

Present study brings the new knowledge’s on the beneficial 

effects of the bioproduct chitosan in association with PGPR on 

growth and yield of maize in Southern Benin. Among the 

evaluated treatments, the combination of chitosan, P. putida 

and half dose of NPK-Urea improved all parameters of maize 

growth and yield excepted biomass produced. This treatment 

will allow to reduce by half the quantity of chemical fertilizers 

(Azote, Phosphorus, Potassium and Urea) commonly used by 

the farmers for maize production in Southern Benin. This new 

agricultural biotechnology using soil microorganisms and 

biological products is one of the best alternatives for a healthy 

and sustainable agriculture. 
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