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Abstract: Sixteen treatments comprising of four biofertilizer inoculations [Rhizobium, phosphate 

solubilizing bacteria (PSB), Rhizobium + PSB and no inoculation] and four phosphorus (0, 20, 40 

& 60 kg P205/ha) levels were evaluated at Palampur to study the interaction of biofertilizers and 

phosphorus on growth and yield of lentil. Dual inoculation of Rhizobium and PSB resulted in taller   

plants, higher dry matter, nodules/plant, pods/plant, seeds/pod, 100-seed weight and seed and straw 

yield. Among phosphorus levels, significantly taller plants and higher number of primary 

branches/plant, seeds/pod and 100-seed weight were recorded at 40 kg P2O5/ha. The number of 

pods/plant and yield were highest at 60 kg P2O5/ha. The interaction between inoculation and 

phosphorus was significant for yield contributing characters and yield. The highest number of 

primary branches/plant (6.7), seeds/plant (1.8) and seed yield (924 kg/ha) was recorded under dual 

inoculation of biofertilizers + 60 kg P2O5/ha. 
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Introduction 

Lentil (Lens culinaris L.) is an important winter pulse crop grown in Indian sub-

continent. In Himachal Pradesh, it is the second most important rabi pulse crop after chickpea 

with an area of 872 ha and productivity of 456 kg/ha, lower than the national average 

(Anonymous 2008). Lentil like other pulse crops is given secondary importance as far as its 

growing environment is concerned. It is grown on marginal lands with low fertility and 

receives sub-optimal fertilizer application. Though, it shows good response to phosphorus 

application (Chaubey et al. 1990; Muhammad et al. 2002).  Rhizobium and phosphate 

solubilizing bacteria are known to benefit the crop by increasing the availability of soil 

nitrogen and phosphorus (El Sayed 1999). Considering the above said facts, the present 

investigation was carried out to evaluate the effect of biofertilizers and phosphorus levels on 

growth, yield attributes and yield of lentil under mid hill condition of Himachal Pradesh. 
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A field experiment was conducted during winter 2002-03 at the Research Farm of 

Department of Agronomy, CSK Himachal Pradesh Krishi Vishvavidyalaya, Palampur (32
o
6¢ 

N latitude, 76
o
3¢  E longitude and 1290.8 m altitude).  

  

Palampur falls under mid hill sub-humid zone of the state and is endowed with mild summers 

and cool winters with high rainfall during monsoon. The soil of experimental site was silty 

clay loam in texture and acidic in reaction (pH 5.5). It was low in available nitrogen (193.4 

kg/ha) and medium in phosphorus (14.2 kg/ha) and potassium (224.5 kg/ha). There were 16 

treatments comprising of four levels each of phosphorus (0, 20, 40 & 60 kg P205/ha) and 

biofertilizers [Rhizobium, PSB, Rhizobium + PSB and control (no inoculation)] in 

randomized block design with three replications. Lentil cv ‘HPL-5’ was sown with inter-row 

spacing of 30 cm during early December 2003. Nitrogen at 10 kg/ha was applied through 

urea whereas phosphorus was applied as per treatment through single super phosphate as 

basal application. The seeds of lentil were inoculated with Rhizobium and PSB cultures as per 

treatment before sowing. Other package of practices was followed as per recommendations of 

the university.  

Dual inoculation of Rhizobium and phosphate solubilizing bacteria (PSB) significantly 

increased plant height over their   sole   application  and  control  at 90 days after sowing 

(DAS) and at harvest (Table 1). However, increase in plant dry matter was significant under 

dual inoculation of Rhizobium and PSB at all the growth stages. Rhizobium and PSB 

inoculation had statistically equal plant height and dry matter. Seed inoculation with 

Rhizobium alone and in combination with PSB significantly increased nodules/plant over no 

inoculation at 90 days after sowing. However, nodule number/plant was not significantly 

influenced at 120 DAS due to inoculation. Plant height increased with increasing level of 

phosphorus up to 40 kg P2O5/ha. Application of 20 kg P2O5/ha and control (P0) had similar 

plant height at 90 and 120 DAS while at harvest, former had taller plants than the latter. Plant 

dry matter accumulation increased with an increase in phosphorus level up to 60 kg P2O5/ha 

at 90 and 120 DAS. However, at harvest 60 kg P2O5/ha could not significantly increase plant 

dry matter accumulation over 40 kg P2O5/ha. At the harvest, 20 kg P2O5/ha and control 

produced similar dry matter. Nodules/plant increased with increasing level of phosphorus up 

to 60 kg P2O5/ha at 90 DAS, while it was up to 40 kg P2O5/ha at 120 DAS. The better growth 

due to biofertilizers and phosphorus may be due to better availability of nutrients during the 

crop growth period. Similar findings were also reported by Roy and Rahaman (1992), Haque 

and Khan (2012) and Krishnareddy and Ahlawat (1996). Biofertilizer x phosphorus 

interaction was not significant for any of the growth characters.  
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Dual inoculation of Rhizobium and PSB significantly increased number of primary 

branches/plant and number of seeds/pod over no inoculation whereas Rhizobium and PSB 

inoculation remained at par with uninoculation (Table 2). 100-seed weight was not 

significantly increased by seed inoculation with biofertilizers either alone or in combination. 

However, the maximum seed weight was recorded with dual inoculation of biofertilizers. 

Biofertilizer inoculation individually as well as in combination significantly increased the 

biological yield. Rhizobium inoculation significantly increased seed yield by 11%  over no 

inoculation. It may be due to increase in the availability of soil nitrogen to the plants for 

increased growth and development as Rhizobium present in root nodules fixes atmospheric 

nitrogen. Kantar et al. (1994) and Selim (1995) also reported similar results. Treatment with 

phosphate solubilizing bacteria also produced significantly higher seed and straw yield over 

no inoculation.  PSB inoculation produced 7 and 9% higher seed yield than Rhizobium 

inoculation and uninoculation, respectively. PSB inoculation helps to release unavailable soil 

phosphorus and may increase the efficiency  of applied phosphatic fertilizers.  Similar results 

have also been reported by Gaur (1990). Dual inoculation of Rhizobium and PSB produced 

the highest seed and straw yield. Seed and straw yield was 29 and 17% higher with dual 

inoculation of biofertilizers over  no inoculation, respectively. This may be due to increased 

availability of nitrogen and phosphorus to the plants which in turn results in enhanced 

absorption of nutrients. El Sayed (1999) also observed the similar effect.  

Increasing level of phosphorus increased the number of primary branches/plant and 

seeds/pod up to 40 kg P2O5/ha (Table 2). P20 and P0 had similar number of branches/plant. 

Seed weight also increased with increasing level of phosphorus up to 40 kg P2O5/ha. P0 and 

P20 produced similar seed size. Increasing level of phosphorus increased biological yield up to 

60 kg P2O5/ha. Application of phosphorus significantly increased seed and straw yield. The 

highest seed yield was recorded with 60 kg P2O5/ha. P60 resulted in 61, 57 and 11% higher 

seed yield over P0, P20 and P40, respectively. It may be due to the favourable effect of 

phosphorus on root development and root nodulation at initial stages and on yield 

components at later stages. The present results corroborate to the findings of Khare et al. 

(1988), Barua et al. (2011), Datta et al. (2013) and Mahmood et al. (2010). 

The highest number of seeds/pod and number of branches/plant was recorded with dual 

inoculation of biofertilizers + 60 kg P2O5/ha. The interaction was non-significant however, 

maximum seed weight was with dual inoculation of biofertilizers + 40 kg P2O5/ha. 

Favourable effect of Rhizobium may be due to better availability of nitrogen to plants. These 

findings were in conformity with those of Maiti et al. (1988). This stimulating effect of PSB 

in yield attributes might be due to more availability of phosphorus to the plants and more 

synthesis of proteins, fats and carbohydrates. Phosphorus is known to take part in 
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carbohydrate metabolism and it also acts as energy carrier derived from the metabolism 

which is stored as phosphate molecules for subsequent use in growth, development and 

production in plants. This may be due to better nutrition of the plants during reproductive 

period. Similar findings were also observed by Gwal et al. (1995). Dual inoculation of 

biofertilizers and 60 kg P2O5/ha significantly increased the biological yield. Seed inoculation 

with Rhizobium and PSB in combination with phosphorus at 60 kg P2O5/ha produced the 

highest seed and straw yield. These results are in conformity with those of Azad et al. (1991), 

Ali et al. (2004), Haque and Khan (2012) and Singh et al. (2010). PSB inoculation with and 

without 60 kg P2O5/ha significantly increased the harvest index. 

  

 

Table 1.  Growth of lentil as influenced by bio-fertilizers and phosphorus application  

 Treatment Plant height (cm) Dry matter 

accumulation (g/m
2
) 

Nodules/plant 

  90 

DAS 

120 

DAS 

Harvest 90 

DAS 

120 

DAS 

Harvest 90 

DAS 

120 

DAS 

Biofertilizer                 

BF0 (No inoculation) 12.7 23.3 26.2 29.7 60.3 155.0 4.1 6.7 

Rhizobium 13.2 24.6 27.7 29.6 64.6 159.6 4.9 7.4 

Phosphorus solubilizing 

bacteria (PSB) 

13.2 25.4 27.9 29.7 63.9 163.9 4.7 7.2 

Rhizobium + PSB 14.3 26.1 29.4 33.2 75.2 185.5 5.3 8.3 

LSD (P=0.05) 1.2 NS 2.1 1.9 7.8 20.5 0.7 NS 

Phosphorus (P)                 

P0  (control) 11.8 21.8 24.8 24.3 52.9 130.2 4.0 6.2 

P20 (20 kg P205/ha) 12.4 23.4 27.0 28.5 62.3 146.2 4.3 6.8 

P40 (40 kg P205/ha) 14.1 26.7 29.4 33.0 70.0 186.0 4.8 8.0 

P60 (60 kg P205/ha) 15.1 27.4 29.9 36.3 78.7 201.7 6.0 8.8 

LSD (P=0.05) 1.2 2.3 2.1 1.9 7.8 20.5 0.7 1.1 

Interaction (P x Bio-

fertilizer) 

                

P0  + BF0 11.2 19.0 24.0 23.8 47.9 119.8 3.0 5.7 

P20 + BF0 12.0 21.0 26.0 27.1 57.1 135.0 3.7 5.7 

P40 + BF0 13.0 26.0 26.0 32.7 63.7 176.0 4.0 8.0 

P60 + BF0 14.0 27.0 28.7 35.3 72.6 189.0 5.7 7.7 

P0   + Rhizobium 11.7 22.0 24.7 22.8 57.4 128.0 4.0 6.7 
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P20 + Rhizobium 12.0 23.7 28.0 27.0 62.0 141.0 5.0 6.7 

P40 + Rhizobium 14.0 26.0 29.0 31.4 64.4 176.9 5.0 7.7 

P60 + Rhizobium 15.0 26.7 29.0 37.3 74.7 192.4 5.7 8.7 

P0   +  PSB 11.7 23.0 23.7 25.4 48.5 133.7 4.0 5.7 

P20 + PSB 12.7 24.0 27.0 29.0 62.7 144.5 3.7 7.0 

P40 + PSB 13.7 27.0 31.0 32.0 68.3 177.2 5.0 7.7 

P60 + PSB 14.7 27.7 30.0 32.3 75.9 200.3 6.0 8.7 

P0   + Rhizobium + PSB 12.0 23.3 27.0 25.4 57.8 139.3 5.0 6.7 

P20 + Rhizobium + PSB 13.0 25.0 27.0 31.0 67.7 164.0 4.7 8.0 

P40 + Rhizobium + PSB 15.7 27.7 31.7 36.0 83.8 214.2 5.0 8.7 

P60 + Rhizobium + PSB 16.7 28.3 32.0 40.2 91.7 224.7 6.7 10.0 

LSD (P=0.05) NS NS NS NS NS NS NS NS 

 

 

 

Table 2.  Yield attributes and yield of lentil as influenced by biofertilizers and phosphorus  

 Treatment Primary 

branches/plant 

Pods/ 

plant 

Seeds/pod 100-

seed 

weight 
(g) 

Seed 

yield 

(kg/ha) 

Straw 

yield 

(kg/ha) 

Biological 

yield 

(kg/ha) 

HI 

(%) 

Biofertilizer                 

BF0 (No 
inoculation) 

4.3 54.2 1.7 2.5 545 1067 1612 34 

Rhizobium 4.7 62.4 1.8 2.5 605 1132 1737 35 

Phosphorus 

solubilizing 

bacteria (PSB) 

4.6 66.2 1.7 2.5 649 1121 1770 36 

Rhizobium+PSB 5.1 70.8 1.8 2.6 706 1253 1959 35 

LSD (P=0.05) 0.6 4.6 0.02 NS 26.6 75.0 83.5 1.6 

Phosphorus (P)                 

P0  (control) 3.8 49.9 1.7 2.4 492 902 1394 35 

P20 (20 kg 

P205/ha) 

4.3 54.9 1.7 2.4 506 974 1480 34 

P40 (40 kg 

P205/ha) 

5.1 70.3 1.8 2.6 713 1299 2012 35 

P60 (60 kg 

P205/ha) 

5.3 78.4 1.8 2.6 794 1397 2192 36 

LSD (P=0.05) 0.6 4.6 0.02 0.14 26.6 75.0 83.5 NS 
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Interaction (P x 

Biofertilizer) 

                

P0  + BF0 3.7 35.7 1.7 2.4 429 819 1247 34 

P20 + BF0 4.0 46.0 1.7 2.4 455 879 1334 34 

P40 + BF0 4.7 62.3 1.8 2.5 612 1247 1859 32 

P60 + BF0 4.7 72.7 1.8 2.7 684 1322 2006 34 

P0   +  Rhizobium 3.7 53.0 1.7 2.4 512 896 1408 36 

P20 +  Rhizobium 5.0 54.7 1.7 2.4 522 985 1507 34 

P40 +  Rhizobium 5.0 65.7 1.8 2.6 659 1315 1975 33 

P60 +  Rhizobium 5.0 76.3 1.8 2.6 727 1331 2058 35 

P0   +  PSB 4.0 55.3 1.7 2.4 511 950 1467 35 

P20 + PSB 4.7 60.3 1.7 2.4 523 983 1505 34 

P40 + PSB 4.7 70.7 1.8 2.5 721 1230 1951 36 

P60 + PSB 5.0 78.3 1.8 2.5 841 1324 2165 38 

P0   + Rhizobium 

+ PSB 

4.0 55.7 1.7 2.4 516 945 1461 35 

P20 + Rhizobium 

+ PSB 

3.7 58.7 1.7 2.5 525 1050 1575 33 

P40 + Rhizobium 

+ PSB 

6.0 82.7 1.8 2.7 861 1405 2265 37 

P60 + Rhizobium 

+ PSB 

6.7 86.3 1.8 2.7 924 1613 2537 36 

LSD (P=0.05) 1.2 NS 0.04 NS 53.4 150.0 167 3.3 

 

From the present study it can be concluded that for better crop growth and productivity of 

lentil, the seed must be inoculated with  dual culture of Rhizobium and PSB and crop must be 

fertilized with 60 kg P2O5/ha subsequently along with other package of practices for the crop 

recommended by the university.  

  

References 

[1] Ali MA, Hussain M, Malik WH and Tahir M. 2004. Evaluation of the effect of Rhizobium 

inoculation and phosphorus on grain yield and nodulation behaviour of Lens culinaris. 

Pakistan Journal of Life and Social Science 2(2):112-114. 

[2] Anonymous 2008. Package of Practices for Rabi Crops. Directorate of Extension Education, 

CSKHPKV, Palampur, pp 85. 

[3] Azad AS, Gill AA and Dhaliwal HS. 1991.  Response of phosphorus and Rhizobium culture 

on grain yield of lentil.  Lens Newsletter 18(1-2):14-19. 

[4] Barua R, Bhuiya MSU, Kabir MM, Maniruzzaman S and Ahmed Z. 2011. Effect of Mimosa 



 
Shahid Rasool et al, International Journal of Advances in Agricultural Science and Technology, 

                                                     Vol.3 Issue.7, December- 2016, pg. 35-42                      ISSN: 2348-1358 
Impact Factor: 6.057 

 

© 2016, IJAAST All Rights Reserved, www.ijaast.com                                                                        41 

(Mimosa invisia) compost and phosphorus on the yield and yield components of lentil 

(Lens culinaris L.).The Agriculturists 9(1-2): 63-72. 

[5] Chaubey AK, Kuashik MK and Singh SB 1999.  Response of lentil to phosphorus and zinc 

sulphate nutrition.  Crop Research Hisar 17(3): 309-312. 

[6] Datta SK, Sarkar MAR and Uddin FMJ. 2013. Effect of variety and level of phosphorus on 

the yield and yield components of lentil. International Journal of Agricultural 

Research Innovation and Technology 3 (1): 78-82. 

[7] El Sayed SAM 1999.  Influence of Rhizobium and phosphate solubilizing bacteria on nutrient 

uptake and yield of lentil in the New Valley (Egypt).  Egyptian Journal of Soil Science 39 (2): 

175-186. 

[8] Gaur AC. 1990. Phosphate solubilizing micro-organisms as biofertilizers.  Omega Scientific 

Publishers New Delhi, pp. 176. 

[9] Gwal IB, Tiwari RJ and Gupta DK. 1995. Fertilizer management of lentil under rainfed 

conditions in MP. Lens Newsletter 22(1-2): 11-12.  

[10] Haque MA and Khan MK. 2012. Effects of phosphatic biofertilizer with inorganic 

and organic sources of phosphorus on growth and yield of lentil. J. Environmental Science 

and Natural Resources 5(2): 225-230. 

[11] Jain RC, Tiwari RJ and Nema DP. 1995. Integrated nutrient  management for lentil 

under rainfed conditions in MP. II. Nodulation, Nutrient content and Economics. Lens 

Newsletter 22(1-2): 13-15. 

[12] Kantar F, Kiziloglu T, Caglar O and Akten S. 1994.  Lentil yield in relation to 

Rhizobium leguminosarum inoculations in eastern Anatolia.  Lens Newsletter 21(2): 36-40. 

[13] Khare JP, Tomar GS, Tiwari UK and Sharma HL. 1988.  Response of lentil to 

nitrogen and phosphorus levels under rainfed conditions in central India.  Lens Newsletter 

15(2): 12-14. 

[14] Krishnareddy SV and Ahlawat IPS. 1996. Growth and yield response of lentil 

cultivars to phosphorus, zinc and biofertilizers. Journal of Agronomy and Crop Science 

177(1): 49–59. 

[15] Kumar R and Chandra R. 2008. Influence of PGPR and PSB on Rhizobium 

leguminosarum bv. viciae strain competition and symbiotic performance in lentil. World 

Journal of Agricultural Science 4 (3): 297-301. 

[16] Mahmood I, Razzaq A, Bukhari SAH and Naveed TM 2010. Optimization of Lentil 

(Lens culinaris Medic.) cultivars response to NPK under rainfed 

conditions. Journal Agricultural Research 48(3): 343-351. 

[17] Maiti S, Chatterjee BN and Sengupta K 1988. Response of greengram and lentil to 

Rhizobium inoculation. Indian Journal of Agronomy 33(1): 92-94. 

[18] Muhammad H, Shah SH and Nazir SM. 2002. Differential genotypic response to 

phosphorus application in lentil (Lens culinaris medic).  International Journal of Agriculture 

and Biology 4(1): 61-63. 

[19] Roy SK and Rahaman SML. 1992. Effect of seed rate and inoculation on nodulation, 



 
Shahid Rasool et al, International Journal of Advances in Agricultural Science and Technology, 

                                                     Vol.3 Issue.7, December- 2016, pg. 35-42                      ISSN: 2348-1358 
Impact Factor: 6.057 

 

© 2016, IJAAST All Rights Reserved, www.ijaast.com                                                                        42 

growth and yield of lentil. Legume Research 15(3): 131-136. 

[20] Selim MM. 1995. Rhizobial inoculation and fertilization on lentil grown under new 

reclaimed sandy soil conditions. Egyptian Journal of Agronomy 20(1-2): 137-151. 

[21] SinghYP, Chauhan CPS and Gupta RK. 2000. Effect of sulphur, phosphorus and 

inoculation on growth, yield and sulphur utilization by lentil (Lens culinaris). Indian Journal 

of Agricultural Science 70(7): 491-493. 

  

 

 


