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Abstract: In Algeria, legumes are an important component of the diet because of their high protein 

content. They have long been considered as the most cultivated seed plants with cereals. In Algeria 

Lentil (Lens culinaris) is classified as the third legume crop after bean (Phaseolus vulgaris) and pea 

(Pisum sativum). The inoculation of lentils with Plant Growth-Promoting Rhizobacteria (PGPR) has 

gained significant attention in agricultural research due to its potential in enhancing plant growth 

and improving crop productivity. 14 PGPR isolated from the region of Constantine, Algeria were 

investigated for their ability to promote the cultivation of this legume under hydroponic conditions. 

The isolated strains had a stimulatory effect on growth. In hydroaerponic conditions application of 

PGPR significantly increased  shoot length, root length, fresh weight and dry weight by 178 %, 169 

%, 350 % and 311 % as compared with the uninoculated control. PGPR also show an excellent accu-

mulation of phosphorus in the root part compared to the aerial part, specifically for bacteria 29. 

These indicated that the isolated PGPR strains can be utilized as potential biofertilizers for stimu-

lating growth of lentil 
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1. Introduction 

Researchers and agriculturists are always investigating novel approaches to enhance 

crop productivity and resilience in the aim of sustainable agriculture and increased food 

security [1]; utilizing plant growth promoting rhizobacteria (PGPR) has emerged as one 

of these methods that shows promise for bossting the development and production of a 

variety of crops [2] such as lentils (Lens cilinaris)  

Due to their high protein content, lentils are a significant leguminous crop that sig-

nificantly contributes to the food and nutritional security of low-income families [3] how-

ever, a variety of element, such as soil health, environmental stresses and microbial inter-

action, might affect how they are produced [4]. A type of beneficial bacteria known as 

PGPR, which live in the rhizosphere, have drawn attention for their capacity to form sym-

biotic relation with plants, promoting nutrient uptake, enhance growth and give re-

sistance against pathogens [1, 5].  

Inoculation of lentils with PGPR agents has been shown to improve plant growth, 

nutrient mobilization, and yields [6] this suggests that inoculation of lentils with PGPR 

could be a promising approach. The aim of the study was to asses the possible use as 

inoculant, bacteria isolated from rhizosphere lentils to evaluate the accumulation of P and 

increasing the productivity by minimizing the fertilization.  

2. Materials and Methods 
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The experimental design consisted of randomized complete block with 3 replications 

and 2 treatments: lentils with PGPR inoculation and Lentils without PGPR inoculation 

(control)   

2.1. Plant material and inoculation  

The lentil (Lens culinaris) genotype used in this study is syrie 229 variety, a local se-

lection on an introduced population of Syria [7]. Seeds were surface-sterilized by immers-

ing them in 70% ethanol for 5 minutes, followed by a 1.5% calcium hypochloride solution 

for 10 minutes, and then thoroughly washed with sterile distilled water. They were ger-

minated for 3 days at 28°C in the dark.  

A well characterized and efficient PGPR strain suitable for lentil growth promotion 

was selected based on previous studies [8]. The selected PGPR strain was cultured on LB 

medium and incubated at the optimal temperature for growth. The inoculation was per-

formed by soaking the seeds of lentils for 30 min within a freshly prepared suspension of 

bacteria containing 108 bacteria ml -1.  

2.2. hydroponic system experiments 

Lentil seeds were sown in the hydroponic containers consisting of a container with 

nutrient solution [9]. prepared according to the recommended concentrations for lentil 

growth. The solution contained 2 mm urea as starter N during the first 15 days of trans-

plantation. Once the radicle has reached 5 cm the germinated seeds were inoculated and 

transferred into 30 l wats containing 10 plant per vat, the PGPR inoculum was introduced 

into the nutrient solution, maintaining a final concentration as per the experimental de-

sign. Control containers received sterile nutrient broth 

2.3. Growth parameters  

The plants were harvested after 6 weeks of growth, length and fresh weight of shoot 

and roots plants were measured. Lentil shoot, roots were separated and dried at 70° C for 

48 h and shoot and roots dry weight were measured. 

2.4. phosphate measurement 

Total P of plants was determined calorimetrically uses the molybdophosphate 

method (Murphy and Riley) after digestion with nitric-perchloric acids (6:1, V:V) at 250 

°C for 6h. 

2.5. statistical analysis: 

Data obtained were subjected to analysis of variance (ANOVA) using Excel stat soft-

ware version 2009 to determine significant differences between treatments. 

3. Results  

3.1. Effet of PGPR on lentils growth  

Inoculation on lentils with different PGPR isolates had a positive effect on the growth 

compared with the control (Table 1). 6 weeks after inoculation, we observed that the 9 

bacteria and the OL 13 control showed significantly different results (P 0.05) (Table 1).  

Table 1. Effects of bacteria isolated from Lens culinaris rhizosphere on lens culinaris shoot, root 

growth 6 weekds after inoculation. 

 

Bacterial 

strains 

Shoot 

length (cm) 

Root length 

(cm) 

Shoot fresh 

weight (mg) 

Shoot dry 

weight (mg) 

Root fresh 

weight (mg) 

Root dry 

weight (mg) 

OL13 17.45±1.86 22.43±1.35 24.28±2.03 19.04±0.02 47.14±3.23 6.71±0.06 

Bac 24 18.38±1.84 24.47±3.44 178.57±4.61 50.77±2.41 70.01±2.06 23.84±1.90 
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Bac 58 28.83±1.86 23.55±2.85 277±1.09 56.71±13.9 147.14±1.31 31.85±1.94 

Bac 82 15.02±2.39 38.53±1.11 307±1.41 56.28±1.7 75.71±1.36 25.57±2.34 

Bac 23 20.17±1.84 26.37±4.87 260±1.03 51.71±2.92 211.42±2.4 35.57±1.65 

Bac 6 15.45±1.86 26.47±3.54 186.85±1.17 46.42±1.26 102.85±3.5 36.42±1.94 

Bac 49 18.03±2.39 21.8±1.5 123.14±2.81 48.42±1.91 151.42±1.7 25.57±1.92 

Bac 29 28.55±1.84 35.5±4.26 119.57±2.53 38±2.43 134.28±2.0 22.14±2.71 

Bac 17 21.26±1.86 24.76±2.44 128.57±1.92 58.573.08 190±2.4 30.57±1.49 

Bac 46 17.17±2.39 24.3±12.06 127.66±2.65 55.66±2.17 251.66±3.6 27.33±1.25 

Six of the 9 bacteria showed particularly high growth promotion ability: 24, 58, 82, 

23, 6, 29, 46 these bacteria induced a high increase in fresh weight of shoot up to 13 times 

higher than that the control. Their promoting effect was also noted in growth of root, their 

fresh weight was almost 5 times higher that of the control for the isolate 46. This promo-

tional impact was confirmed by data on dry weight of shoot and roots.  

In terms of root length, the 9 bacteria PGPR inoculum showed significantly different 

results (Table 1) the isolate 82 displayed the highest root length at 38.54 cm and the isolate 

49 showed the lowest root length with averages of 21 cm. 

The PGPR isolates increased the shoot length of lentils compared to the control and 

the bacteria’s 58 and 29 was the most effective promoter of shoot length. 

3.2phosphorus content on lentils  

Phosphorus content of the shoot lentils was affected by the PGPR inoculation (Figure 1), 

bacterial isolates significantly increased the P contents both in roots and shoot compared 

to the control up to 150%. The isolate 29 and the isolate 46 performed significantly better 

than the others on shoot and roots respectively. Overall, the bacterial effect was more 

pronounced on root than shoot. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Effect on inoculation on concentration of Phosphorus (P) on roots ( grey bars) and shoots( 

black bars) of Lens culinaris inoculated with PGPR grown in hydroponic culture harvested at 6 weeks 

after sowing. 

4. Discussion 

The benefit effect of PGPR on plant growth have been demonstrated by a variety of 

research [10, 11, 5, 12]. In this study we inoculated bacterial strains already isolated from 
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lentils rhizosphere. The current research demonstrated that all bacteria isolated from len-

tils rhizosphere could be effective in enhancing the lens culinaris growth under hydroponic 

condition. 

Although variation between different bacterial strains were small, all bacterial inoc-

ulation caused significant differences on the plant parameters compared to the control. A 

positive effect on shoot and root development was observed. This result has also been 

reported by many other works [13, 14]. Six out of the nine bacteria examined proved to be 

most effective promoters of the lentils shoot and root development  

Inoculation of lentils resulted in an increase content of Phosphorus as compared to 

the control. Generally, solubilization of insoluble compound including P is due to the ex-

cretion of microbial metabolites as organic acids [15] or enzymes as phosphatases and 

phytases [16, 17]. studies showed that a higher nutrient uptake by inoculated roots signif-

icantly improved plants growth, so PGPR inoculations may increase the surface area and 

the length of roots [18]. 
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