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Introduction 
Cowpea [Vigna unguiculata L. Walp] commonly known in India as lobia is one of 
the important kharif pulse crops grown for vegetable, grain, forage and green 
manuring. Green tender pods are used as vegetable, the vegetable cowpea pods 
contain moisture 84.6%, protein 4.3%, carbohydrate 8.0% and fat 0.2% it is also 
rich a source of calcium, phosphorus and iron. In India, cowpea was grown over 
an area of 25.43 m ha with production of 19.27 mt [1]. In Rajasthan, cowpea 
covers an area of 0.61 lakh ha with a production of 0.33 lakh tonnes [2]. Soil is a 
living biological system containing billion of microorganism. These microorganisms 
feed on soil organic matter and break it down into humus. Potassium humate  is 
the potassium salt of humic acid having 50 % humic and 12 % potassium. It is 
used in agriculture as a fertilizer additive to in agriculture increase the use 
efficiency of fertilizers especially nitrogen and phosphorus based fertilizer inputs. 
The losses of soil and releasing elements as available nutrients and providing the 
stimulus environment for microbial activity. It is substantially increasing proteins, 
fibers, and sugars which help improve quality and yields [3]. Bio fertilizers are 
microbial inoculants or carrier based preparations containing living or latent cells 
of efficient strains of nitrogen fixing, phosphate is solubilizing and cellulose 
decomposing microorganisms intended for seed or soil application and designed 
to improve soil fertility and plant growth by increasing the number and biological 
activity of beneficial microorganisms in the soil. Bio fertilizers produced from P and 
K rocks and elemental sulfur inoculated with oxidizing bacteria produces sulfuric 
acid and release nutrients [4]. However, to provide N for plants and to control the 
effects of the low pH, the rock bio fertilizers need to be mixed with organic matter 
with a high pH [5]. The incorporation of organic matter in the soil and the addition 
of arbuscular mycorrhizal fungi are methods that promotes oil fertility and plant

  
growth by increasing the nutrient availability and nutrient absorption, especially in 
reference to P a nutrient that is found in low levels in tropical soils [6, 7]. They are 
composting the area with the objective of increasing the number of such 
microorganisms and accelerate microbial process to augment to extent of the 
availability of the nutrient in a form, which can easily assimilated by plant [8]. The 
Rhizobium as fertilizer in pulses could fix 50-200 kg of N/ha/season and is able to 
meet 80-90% of the crop requirement for nitrogen. It includes mainly the nitrogen 
fixing, phosphate solubilizing and plant growth-promoting microorganisms [9]. 
 
Materials and Methods  
The pot experiment was conducted in cage house of Department of Plant 
Physiology and laboratory analysis of plant and soil samples were analysed in 
Department of Soil Science and Agricultural Chemistry, S.K.N. College of 
Agriculture, Jobner (Rajasthan) during the kharif season, 2014. Entire dose of 
potassium humate was thoroughly mixed in soil before sowing of the crop. The 
cowpea variety RC-19 was treated with Rhizobium+ VAM, Rhizobium + PSB, 
VAM + PSB and Rhizobium + VAM + PSB seed followed by Rhizobium 
inoculation. 10 treated seed per pot were sown on 25 th July, 2014 and after 
germination, only five plants per pot were maintained. The crop was harvested on 
29th September, 2014. Measured volume (1.25 litres) of water was applied to each 
pot according to plan of experiment. Besides one pre sowing irrigation six 
subsequent irrigations were given on field capacity of 11.5 per cent. The soils 
were collected from experimental pots and left for air dry in processing laboratory. 
After dried samples were ground and sieved through 2 mm sieve and stored in 
plastic bags. The chemical and biological properties of the processed soil samples 
were determined by following the standard procedure. A soil water suspension 
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Abstract- To study the effect of potassium humate and Bio-inoculants on soil fertility, Enzymatic activity and microbial population in soil of cowpea, a pot experiment 
was laid out during kharif, 2014 on loamy sand soil, at S.K.N. College of Agriculture, Jobner according to completely randomized block design with three replications. 
The treatments consisting of three levels of potassium humate (control, 5 and 10 mg kg -1) and five bio-inoculants (no inoculation, Rhizobium + VAM, Rhizobium + PSB, 
VAM+PSB and Rhizobium + VAM + PSB) were applied. The application of potassium humate @ 10 mg kg -1 and seed inoculation with Rhizobium+VAM, Rhizobium+ 
PSB, VAM+PSB and Rhizobium+VAM+ PSB significantly increased the organic carbon, available nitrogen, phosphorus and potassium, microbial population (bacteria, 
fungi, actinomycetes), enzymatic activities (alkaline phosphatase and dehydrogenase activity) in soil at harvest stage of the  crop than control, while, pH and EC of soil 
decreased non significantly at harvest. 
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Table-1Effect of potassium humate and bio-inoculants on soil properties after harvest of cowpea 
Treatments pH2 EC2 (dsm-1) Organic carbon (%) Available N (kg/ha) Available P (kg/ha) Available K (kg/ha) 

Potassium humate 

Control  (KH0) 8.44 2.41 0.239 119.34 16.09 148.46 

5 mg/kg (KH1) 8.30 2.33 0.258 135.11 20.70 172.21 

10 mg/kg (KH2) 8.19 2.25 0.273 144.62 21.63 190.03 

SEm+ 0.16 0.04 0.005 2.64 0.38 3.36 

CD (p= 0.05) NS NS 0.014 7.66 1.09 9.73 

Bio-inoculants 

Control (B0) 8.45 2.44 0.242 118.56 15.84 151.23 

Rhizobium + VAM (B1) 8.34 2.35 0.259 134.42 19.64 174.24 

Rhizobium + PSB (B2) 8.32 2.33 0.262 136.22 19.92 175.92 

VAM + PSB (B3) 8.28 2.29 0.253 129.24 20.31 169.22 

Rhizobium + VAM + PSB (B4) 8.18 2.24 0.268 146.68 21.66 180.56 

SEm+ 0.20 0.06 0.006 3.41 0.49 4.34 

CD (p= 0.05) NS NS 0.018 9.88 1.41 12.57 

 
 

Table -2 Effect of potassium humate and bio-inoculants on Enzymatic activity and Microbial population in soil at harvest of cowpea.  
Treatments Dehyrogenase enzyme activity 

(P kat kg-1 soil)) 
Alkaline phosphatage enzyme activity 

(µml PNP produced g-1 soil hr-1) 
Microbial population 

Bacteria        (x 10-7 g-1) Fungi   (x 10-4 g-1) Actinomycetes (x 10-4 g-1) 

Potassium humate 

Control  (KH0) 5.82 8.79 0.68 0.47 0.73 

5 mg/kg (KH1) 6.15 9.84 0.79 0.58 0.88 

10 mg/kg (KH2) 6.34 10.73 0.82 0.64 0.92 

SEm+ 0.13 0.20 0.02 0.01 0.02 

CD (p= 0.05) 0.37 0.57 0.05 0.04 0.05 

Bio-inoculants 

Control (B0) 5.81 8.54 0.66 0.46 0.72 

Rhizobium + VAM (B1) 6.14 9.96 0.79 0.58 0.87 

Rhizobium + PSB (B2) 6.21 10.12 0.80 0.60 0.89 

VAM + PSB (B3) 6.03 9.58 0.76 0.55 0.83 

Rhizobium + VAM + PSB (B4) 6.33 10.75 0.82 0.65 0.93 

SEm+ 0.17 0.26 0.02 0.02 0.02 

CD (p= 0.05) 0.48 0.74 0.06 0.05 0.07 
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was prepared in the ratio of 1: 2.5 (10 g soil and 25 ml of distilled water) and pH2 
(1:2 soil water suspension) was recorded with the help of glass electrode pH 
meter  and EC2 was measured with the help of EC meter and expressed as dS m-1 
[10], Organic Carbon [11], Available N [12], Available P [13], Available K [10], 
Dehydrogenase activity [14], Alkaline phosphatase activity [15] and Total bacteria, 
fungi and actinomycetes were estimated by following the serial dilution and plating 
technique as described by [16]. 
 
Results  
Effect on soil chemical properties 
It is evident from the data summarized in [Table-1] that with the application of 
potassium humate, there was a significant increase available nitrogen, 
phosphorus and potassium in soil under treatments KH1 and KH2 as compared to 
control(KH0) after harvest. An examination of data in [Table-1] revealed that after 
of the crop due to inoculation of cowpea seed with Rhizobium + VAM, Rhizobium 
+ PSB, VAM + PSB and Rhizobium + VAM + PSB, there was a significant 
increase in available nitrogen, phosphorus and potassium in soil in comparison to 
no inoculation. The increase in available nitrogen, phosphorus and potassium in 
soil of cowpea with Rhizobium + VAM + PSB was significantly higher over 
Rhizobium + VAM, Rhizobium + PSB as well as VAM + PSB inoculations.  
 
Effect on Soil microbial population and enzyme activity 
It is evident from the data summarized in [Table-2] with the application of 
potassium humate there was a significant increase microbial population (bacteria, 
fungi and actinomycetes) and enzymatic activity (Alkaline phosphatase and 
Dehydrogenase activity) in soil under treatments KH1 and KH2 as compared to 
control (KH0) after harvest. An examination of data in [Table-2] revealed that after 
of the crop due to inoculation of cowpea seed with Rhizobium + VAM, Rhizobium 
+ PSB, VAM + PSB and Rhizobium + VAM + PSB, there was a significant 
increase microbial population (bacteria, fungi and actinomycetes) and enzymatic 
activity (Alkaline phosphatase and Dehydrogenase activity) in soil in comparison 
to no inoculation. The increase in microbial population (bacteria, fungi and 
actinomycetes) and enzymatic activity (Alkaline phosphatase and Dehydrogenase 
activity) in soil of cowpea with Rhizobium + VAM + PSB was significantly higher 
over Rhizobium + VAM, Rhizobium + PSB as well as VAM + PSB inoculations and 
no inoculation. Inoculation of Rhizobium+PSB+VAM significantly increased soil 
microbial population compared to no inoculation. Data presented in [Table-2] show 
that inoculation of biofertilizer viz. Rhizobium+ PSB+VAM significantly increased 
the dehydrogenase activity in soil. The application of Rhizobium +PSB+VAM 
significantly enhanced the alkaline phosphatase activity in soil at harvest of 
cowpea over no inoculation of bio fertilizer. Increased microbial and root activity in 
the rhizosphere may generally account for higher activity including phoshpatase 
[17] and [18]. 
 
Discussion  
Effect on soil chemical properties 
One of the most striking characteristics of humic acids in soils and other 
environments is their ability to interact with metal ions and soil minerals to form 
complexes of varying properties and increasing chemical stability [19]. [20] also 
found that application of humic acid increased the mineralization of organic P 
which enhance plant available P in soil. The results corroborate the finding of [21-
23] who also observed increase in organic carbon, available nitrogen, phosphorus 
and potassium by the use of potassium humate. The bio fertilizers have important 
role in improving nutrient supplies to soil and also have long term impact without 
any adverse effects [24]. Inoculation of seed with nitrogen fixers might have 
increased the concentration of an efficient and healthy strain of Rhizobium 
bacteria in the root nodules which in turn might have resulted in greater fixation of 
atmosphere N consequently having higher accumulation of nitrogen in the soil. 
The microorganism is also responsible for providing favorable physical properties, 
which help in the mineralization of soil nutrient leading to higher available 
phosphorus and potassium. The beneficial effect of micro-organism on potassium 
availability includes minimization of the losses from leaching through the action of 
organic acids, released during decomposition and also minimizing losses due to 

fixation [25] 
 
Effect on Soil microbial population and enzyme activity 
The increase in microbial population and enzymatic activities were expected since 
any form of organic matter applied to soil would serve as a “food” source for 
microorganisms. This was confirmed by [26] who reported increased bacterial and 
actinomycete growth and activity in soil on account of humic acid application. The 
results find support from the work of [27-29] who also observed an increase in the 
soil microbial population (bacteria, fungi and actinomycetes) and enzyme activities 
with application of potassium humate. Use of bio fertilizer significantly increased 
the crop productivity and thereby provided substrate essential for microbial growth 
and activity, which probably responsible for this increase in soil microbial 
population. The low content in control could be due to no addition of any external 
input into the soil and over by poor crop productivity. Similar result was also 
reported by [30]. 
 
Conflict of Interest: None declared 
 
References 
[1] GOI (2013) Agricultural statistics at a glance. Directorate of Economics and 

Statistics. Department of Agriculture and Cooperation, Ministry of 
Agriculture. http//dacnet.nic.in. 

[2] GOR(2013) Vital Agricultural Statistics, 20012-13, Directorate of 
Agriculture, Government of Rajasthan, Jaipur. www. rajasthankirshi. org.in. 

[3] Patil, R., Junne, S., Mokle S. and Santuk W. (2010) Archives of Applied 
Science Research, 2, 76-79. 

[4] El Tarabily K.A., Soaud A.A., Saleh M.E. and Matsumoto S. (2006) Austr. J. 
Agric. Res., 57, 101-111. 

[5] Lima F.S., Stamford N.P., Sousa C.S., Lira Junior M.A., Malheiros S.M.M., 
van Straaten P. (2010) World J. Micro-biol. Biotechnol., 26, 1769–1775. 

[6] Stamford N.P., Santos P.R., Santos C.E.R.S., Freitas A.D.S., Dias S.H.L. 
and Lira Junior, M.A.(2007) Biores. Technol., 98, 1311–1318. 

[7] Aryal U.K., Xu H.L. and Fujita M. (2003) J. Sustain. Agric., 21, 29–41. 
[8] Subba-Rao N.S.(1986) Phosphate Solubilization by soil Microorganisms. In: 

Advances in Agricultural Microbiology, Subba-Rao, N.S. (Ed.). Oxford and 
IBH, New Delhi: 295-303. 

[9] Goel A.K., R.D. Laura D.V. Pathak G. Anuradha and Goel A. (1999) Inter. 
J. Trop. Agric., 17, 1-18. 

[10] Jackson M.L. (1973) Soil Chemical Analysis, Prentice Hall, Pvt. Ltd. New 
Delhi, 239-241. 

[11] Walkely A. and Black C.A. (1934) Soil Science., 37, 28-29. 
[12] Subbiah B.V. and Asija G.L. (1956) Current Science, 25, 259-260. 
[13] Olsen S.R. (1954) Estimation of available phosphorus in soils by extraction 

with sodium bicarbonate. USDA circular No. 939, Washingaton D C. 
[14] Tabatabai M.A. (1982) Soil Enzymes. In Methods in Soil Analysis, part 2, 

Chemical and Microbiological Properties 2nd Edneds Page, A.L., Miller 
R.H. and Keeney, American Society of Agronomy, Madison D.R. 903-948. 

[15] Tabatabai M.A. and Bremner J.M. (1969) Soil Biology and Biochemistry, 1, 
301-307. 

[16] Schmidt E.L. and Caldwell A.C. (1967) A practical manual of soil 
microbiology, laboratory Adeth.ds, Soil Bull. 7, FAO, Rome. 

[17] Singh A., Singh V.K., Chandra R. and Srivastava P.C. (2012) Journal of the 
Indian society of soil science, 60, 38-44. 

[18] Nath D.J., Ozah B., Baruah R., Borah D.K. and Gupta M. (2012) Journal of 
the Indian Society of Soil Science, 60, 20-24. 

[19] Filip Z. & Bielek P. (2002) Biol. Fertil. Soils, 36, 426-433. 
[20] Sarir M.S., Durrani M.I. & Mian I.A.(2006) J. Agric. Biol. Sci., 1, 29-31. 
[21] Sarir M.S., Sharif M., Ahmed Z. and Akhlaq M. (2005) Sarhad J. Agric., 21, 

75-81. 
[22] Nikbakht A., Kafi M., Babalar M., Xia Y.P., Luo A. and Etemadi N. (2008) 

Journal of Plant Nutrition, 31, 2155- 2167. 
[23] Bama K.S. and Selvakumari G. (2009) Advances in Plant Sciences, 22, 

505-506. 



International Journal of Agriculture Sciences 
ISSN: 0975-3710&E-ISSN: 0975-9107, Volume 8, Issue 53, 2016 

 || Bioinfo Publications || 2641 

2641 

 

Effect of Potassium Humate and Bio-Inoculants on Cowpea [Vigna unguiculata L. Walp] Influence of Soil Fertility, Enzymatic Activity and Microbial Population in Soil  

 
[24] Sardana V. (1997) Agric. Rev., 18, 69-95. 
[25] Dhakshinamoorthy M., Santhy P., Selvi D. and Mathan K.K. (2000) 

Sustenance of crop productivity and soil fetility on an inceptisol in a long 
term fertilizer experiment. Proceedings of International Conference on 
Managing Natural Resources for Sustainable Agricultural Production in the 
21st Century, New Delhi, 3, 1336-1337. 

[26] Vallini G., Pera A., Avio L., Valdrighi M. and Giovannetti M. (1993) Biol. 
Fertil. Soils, 16, 1-4. 

[27] Deepa M. and Govindarajan K. (2002) Effect of lignite humic acid on soil 
bacterial, fungal and actinomycetes population. In: Abstrs. National seminar 
on "Recent trends on the use of humic substances fur sustainable 
agriculture", Febuary 27th and 28th, 2002. Annamalai University, Annamalai 
Nagar, Tamil Nadu, pp. 15. 

[28] Sellamuthu K.M. and Govindaswamy M. (2003) Society of Sugarcane 
Research and Promotion, 5, 273 –277. 

[29] Kavitha M.P., Ganesaraja V., Paulpandi V.K. and Subramanian R.B. (2011) 
Indian journal of Agricultural Research, 45, 151-155. 

[30] Fries L.L.M., Pacovsky R.S., Safir G.R. and Kaminski J. (1998) Physiologia-
Ptantarum, 103, 162-171. 

 
 
 


