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Abstract: Biofertilizers improves the soil microbial content, Soil nutrient status and nutrient uptake by plant. In an
experiment, fifteen treatments comprised of various combinations of biofertilizers, organic manures and chemical
fertilizers were compared to access the impact of different sources of nutrient on performance of onion. The highest
soil organic carbon (0.40%) was observed in the treatments T,, (Farm Yard Manure (FYM) @ 20 t/ha) and T;; (FYM
@ 20 t/ha + Azotobacter + Vesicular-Arbuscular Mycorrhizae (VAM)). Highest bacterial (24.5 X 10° and actino-
myctes count (29.9 X 10%) was recorded in T1; (FYM @ 20 t/ha + Azotobacter + VAM) treatment while highest fungal
count (17.5 X 10°% was observed in Ts(Azospirillium + Recommended dose of NPK) treatment. At the time of har-
vesting, available nitrogen (N), Available phosphorus (P) and Available potassium (K) were higher in treatment T3
(Azospirillium + Recommended dose of NPK), Ty (Azotobacter + VAM + Recommended dose of NPK) and T3
(Poultry Manure @ 5t/ha) treatments respectively than that in other treatments. Azospirillum and Azotobacter
application along with recommended dose of N, P and K improved the fertility status of soil. The N uptake was
significantly higher in Ts treatment (162.6 Kg ha™) as compared to all other treatments except T; and T, treatments
while P uptake (13.6 Kg ha™) was significantly higher in T, treatment than that in other treatments except Ty, Tz, Ts
and T; treatments. The K uptake was significantly higher in Ts treatment (126.9 Kg ha™) as compare to all other
treatments except T; and Ty treatments. The present study highlights the need of use of biofertilizers along with
organic and inorganic manures/fertilizer to enhance the nutrient availability and improve soil health.
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INTRODUCTION decreasing availability of inorganic fertilizers jreak
periods is making crop production uneconomical
particularly for small and marginal farmers. Theref

it is essential to evolve and adopt a suitableeggsafor
integrated nutrient supply by using combination of
inorganic fertilizers, organic manures and bioliggrs.
The use of nitrogen fixing microbes will help irdeeing
the dependence on urea, while phosphorus solutgjlizi
microbes will increase the availability of P from

Onion is used in raw form as well as in dehydrated
form to add flavor and taste to Indian foods aslamary
ingredient in wide range of food preparationss laiso
used as salad. Onion is also a rich source of @imer
like phosphorus, calcium, vitamin C, protein and
carbohydrates. Onion is used in pharmaceuticalgrep
rations due to its medicinal values. Onion is also
known to cure heart diseases as it checks the itlepos relatively unavailable pools, thus use of integiate

of c_:ho_IesteroI in blood vessels (Barakatlal., 201_1)' source of nutrients will help in curtailing ovepgadence
India isthe second largest producerafion (with o inorganic fertilizers alone for nutrient suppty
area of 117.4 thousand hectare and production®820 nion.

lakh tonnes) in the world next only to China andldh  Biofertilizers are products containing live or late
largest ~ exporter after Netherland and  Spainpjcroorganisms that are capable of mobilizing eats
(Anonymous, 2016a). In Punjab, it is cultivated OVe from unavailable form to available form through
an area of 8264 hectare with a production pf. 183bio|ogical processes (Gaur, 2010). Proper use of
thousand metric tonnes and average productivity Ofyiofertilizers on farm organic wastes and microbial
22.3 tons per hectare (Anonymous, 2016b). _inoculants help in maintaining the fertility of amrtural
Onionis a s.hallow rootgq and high nutrient d_emagl_w soils (Kannaiyan, 2002)Azotobacter and Azospirillium
vegetable; its productivity depends on soil fastili 516 free living bacteria which colonize near thetro
status and nutrients applied. Under inadequate,one and enhance the available nitrogen in thebsoil
fertilization considerable yield losses have beeny fixation, whereas phosphate solubilizing
reported (Balemet al., 2007). The increasing cost and pacteria (PSB) solublize the unavailable phosphorus in
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the soil and make it available for the plants (Delvi harvesting, biofertilizers improved the soil organi
al.,, 2003, Gupta and Samnotra, 2004, Yadtal., carbon status and highest soil organic carbon was
2004, Singh and Singh, 2007, Kachari and Korla,found in T (FYM @ 20 t hd) andT; (FYM @ 20 t
2009)Vesicular-Arbuscular Mycorrhizae (VAM) help ha'® along with Azotobacter and VAM) that was 0.40
in the development of stronger root system, in@eas per cent followed by F (Poultry manure @ t Ha that
root surface area, improve growth (Zandavetlial., was 0.38 per cent. Highest number of bacteria was
2004), nutrient uptake and increased toleranceosf h found in T;; where FYM along withAzotobacter and
roots to soil borne pathogens (Nelson and Acha#120 VAM was applied (24.5 X 19 followed by T;5 where
Singh and Singh, 2007). The present investigatias w poultry manure was applied @ 5 t'h¢23.8 X 10)
initiated to access the effect of biofertilizersganic (Table 2). Highest number of Actinomyctes were
manures and synthetic fertilizers on microbial dpun found in treatment 1 (FYM along with Azotobacter
nutrient availability and uptake by onion plant. antlj VAM) that was 2%9 X foand T, (FYM@ 20 t
ha-) that was 29.1 X10 The application oAzospiril-
MATERIALSAND METHODS lum along with recommended dose of fertilizers)(T
The present investigation was carried out at Vdgeta had highest number of fungi microorganism (17.5 X
Research Farm of Punjab Agricultural University, 10°) at the time of harvesting followed by, 116.8 X
Ludhiana during theabi season 2013-14. The soil was 10°) where VAM along with recommended dose of fertil-
loamy sand in texture with pH 7.6. Soil was low in izers was applied (Table 2). Thus, biofertilizerdh
organic carbon and nitrogen, high in phosphorus andmproved the microorganisms in the soil. FYM
medium in potassium. The onion cultivar Punjab treatments improved the microbial count at harmgsti
Naroya was sown in nursery beds during Novembertime due to slow releasing of nutrients. The plots
and transplanted in January with space of 15 cm5X 7 without inoculation of biofertilizers and applioati of
cm between rows and plants respectively. The axeexi chemical fertilizer did not differ significantly &m
was carried out in a randomized block design withinoculated ones initially at time of transplantint
fifteen treatments replicated thrice. The detail of harvesting, application of chemical fertilizer adon
treatments has been given in Table 1. showed lower microbial count for bacterial group
Organic carbon was determined by Walkley and Blackcompared to inoculated ones. The results corroborat
method (1934). Bacterial count was determined bywith the finding of Mandic et al. (2011) and
using serial dilution pour plate method (Gerhatdtl.,  Javorekovat al. (2015) who reported that the application
1981). Actinomycetes count was determined by usingof biofertilizers alone with organic manures resdltn
serial dilution pour plate method (Nonomura and €nhanced microbial activity.
Ohara, 1969). Fungi count was determined by usind\lutrient status of soil: At the time of transplanting N
serial dilution pour plate method (Kanveiral., 1997).  level in soil was140 kg fia P level was 32 kg Hand
Available Nitrogen in soil was estimated by alkalin K level was 150 kg ha N level in soil at time of
potassium permanganate method by Subbiah and Asijaarvesting was maximum in treatments T
(1965). Available Phosphorus in soil was estimatgd ~ (Azospirillum and recommended dose of N, P and K)
method given by Olsest al. (1954). Available Potassium that was 156 kg Hafollowed by treatment T
in soil was estimated with ammonium acetate and(Azotobacter along with recommended dose of fertilizers)

estimated by Hange's flame photometer (Jacksonthat was 154 kg ha treatment § (Azotobacter along
1967). with VAM and recommended dose of N, P and K) and
The N, P and K uptake by bulb was computed bytreatment T, (FYM @ 20 t h#) that was 150 kg ha
multiplying the percentage N, P and K content itbbu and minimum level of N in soil was found in treatthe

with bulb dry mass as given in the equation. Tis(control) that was 136 kg HéTable 2). While P
Nutrient uptake by bulb (Kg Ha = nutrient content level was found maximum in treatmento T
(%) x bulb dry mass (Kg Fa (Azotobacter along with VAM and recommended dose

Plant N, P and K uptake was computed by multiplying ©f N, P and K) that was 42 kg héollowed by treatment
the N, P and K content with plant dry mass. Finally T7 (VAM along with recommended dose of fertilizers),
total N, P and K uptake was calculated by sum oPN, treatment T;(FYM @ 20 t hd along withAzotobacter
and K uptake by bulbs and N, P and K uptake byand VAM) and treatment % (Poultry Manure @ 5t i

plants, respectively. that was 40 kg hsand minimum level of P in soil was
found in treatment F(control) that was 30 kg Ha
RESULTSAND DISCUSSION While K level was found maximum in treatments T

Microbial count of soil at the time of transplanting ~ (Poultry manure @ 5 t M that was 160 kg Ha

and harvesting: At the time of transplanting, organic followed by treatment & (FYM @ 20 t ha along
carbon in the soil was 0.26 per cent, bacteriaintou with Azotobacter and VAM) and treatment .} (FYM

was 20.5 X 18 Actinomyctes count was 24.3 X 10 @ 20 t_hé) that was 158 kg haand minimum level of
and fungus count was 15 X 3QTable 2). After K in soil was found in treatment,g{control) that was
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Table 1. Detail of treatments

Treatments Treatment detail

Ty Azotobacter + Recommended dose of NPK

T2 Azotobacter + 75% of recommended dose of N + Recommended dd2k o

LE Azospirillium + Recommended dose of NPK

Ta Azospirillium + 75% of recommended dose of N + Recommended dd3k o

Ts Phosphate Solubilizing Bacteria (PSB) + Recommended dose of NPK

Te Phosphate Solubilizing Bacteria (PSB) + 75% of recommended dose of P + Recommeddsel
of NK

T, Vesicular-Arbuscular Mycorrhizae (VAM) + Recommended dose of NPK

Tg Vesicular-Arbuscular Mycorrhizae (VAM) + 75% of recommended dose of P + recommended
dose of NK

Ty Azotobacter + Vesicular-Arbuscular Mycorrhizae (VAM) + Recommended dose of NPK

T1o Azotobacter + Vesicular-Arbuscular Mycorrhizae (VAM) + 75% of recommended dose of N +
75% recommended dose of P + recommended dose of K

Tu FYM @ 20 t/ha +Azotobacter + Vesicular-Arbuscular Mycorrhizae (VAM)

T FYM @ 20 t/ha

Tis Poultry Manure @ 5t/ha

Tia Recommended dose of NPK

Tis Control

Recommended dose of fertilizers (100:50:50, N: Rgkoer hectare)

146 kg hd(Table 2). significantly higher from rest of treatments. Among
Biofertilizers improved the N status of the soiledio organic manure, maximum N uptake was recorded
N fixation by Azotobacter and Azospirillum. These  with farm yard manure () that was 115.2Kg habut
bacterium convert the unavailable form of nitrogen the difference among other organic manure treatsnent
(nitrate) to available form of nitrogen (nitritedhus  was non-significant. Total N uptake attained with
improved the nitrogen availability in the soil (Kahi treatment T, where recommended dose of fertilizers
et al.,1992). PSB and VAM improved the phosphorus (105.7 kg h&) was significantly higher than treatment
status in the soil by solublization process. PSHE an Tis(53.3 kg h&) where no fertilizer was applied.

VAM solublize the unavailable form of phosphorus Total phosphorus uptake: The maximum total
into available form (Jayathilaket al., 2002). Our  phosphorus uptake of 13.6 Kg havas attained in
results are in conformity with Mengistu and Singh treatment T followed by treatment J(PSB along with
(1999). Biofertilization had moderately enhanced th recommended dose of fertilizers) that was 12.6 &3 h
fertility level of the soil after crop harvest. Apation which was significantly higher than rest of treatrnse

of Azospirillum and VAM resulted in increase 13.81 % except treatmentJ T3, Tsand T,. The minimum total
soil N and 13.41 % soil P as compared to initial uptake of 2.9 Kg ha phosphorus was observed in
fertility status of the soil of onion crop. Similgr control (Ty5) that was significantly lower from
Nelson and Achar (2001), Des#t al. (2003), Yadawt treatment § where maximum P content was found.
al., (2004), Gupta and Samnotra (2004), Singh andTotal uptake of P attained with application of
Singh (2007) and Kachari and Korla (2009) alsorecommended dose of fertilizers gfwas statistically
reported increase in soil N and P with the apghicat at par with treatmentg.

of biofertilizers alone with manures. Total potassium uptake: Application of Azospirillum

Nutrient uptake along with N, P and K (J) resulted in maximum total
Total nitrogen uptake: The data pertaining to the potassium uptake of 126.9 Kgt@able 3) which was
effect of different treatments on the total uptakeN, significantly higher than rest of treatments excépt

P and K nutrients has been presented in Table 3and . Minimum total potassium uptake of 59.8 Kg‘ha
Application of Azospirillum along with recommended was observed in control. Total K uptake attainethwi
dose of N, P and K (100 Kg N, 50 Kg P and 50 Kg K Tyswhere recommended dose of fertilizers (86.3 Kg ha
per ha) resulted in maximum total nitrogen uptake was significantly higher from {§ where no fertilizer
(162.6 Kg hd) which was statistically at par with (59.8 kg h&) was applied.

Azotobacter along with recommended dose of The application of full dose of nitrogen along
fertilizers (T;) and Azotobacter along with VAM and  Azospirillum and Azotobacter showed significantly
recommended dose of fertilizers T and was higher total nitrogen uptake as compared to reduced
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Table 2. Effect of different treatments on Microbial coumnidaNutrient status of soil at the time of transgitesnand harvesting

Microbial count Soil nutrient status (kg/ha)

Treatments O%C Bacterial  Actinomyctes  Fungi N P K
(10% (10% (109

At Transplanting time 0.26 20.5 24.3 15.0 140 32 015
At harvesting time
Ty 0.30 19.2 25.8 16.3 154 38 155
T2 0.28 18.3 25.1 15.2 145 35 150
T3 0.31 20.2 26.3 17.5 156 36 156
Ta 0.28 22.4 26.1 17.0 146 34 148
Ts 0.32 21.7 28.0 16.5 142 38 150
Te 0.27 19.4 27.4 16.1 140 36 146
T7 0.31 19.6 26.6 16.8 148 40 152
Ts 0.28 19.1 26.2 16.2 145 35 148
Ty 0.30 20.8 26.8 16.1 150 42 156
Tio 0.28 20.4 26.2 16.3 146 38 155
Tu 0.40 24.5 29.9 16.2 150 40 158
T2 0.40 23.7 29.1 15.7 150 38 158
Tis 0.38 23.8 28.3 16.1 148 40 160
Tia 0.32 19.1 23.9 16.7 142 36 152
Tis 0.26 20.5 24.3 15.0 136 30 146

Table 3. Effect of different treatments on total nutrientalge of onion

Nutrient uptake (Kg ha?)

Treatments
Total N Total P Total K
T. 154.0 11.5 119.9
T, 119.5 9.4 108.4
Ts 162.6 12.4 126.9
T, 133.8 10.1 105.8
Ts 87.7 12.6 102.1
Ts 78.7 8.6 95.9
T, 109.2 12.0 104.9
Ts 76.5 8.8 84.8
To 142.1 13.6 125.4
Tio 103.2 5.9 91.9
T 103.1 5.1 82.8
Tio 115.2 5.6 86.1
Tis 98.8 6.5 84.0
Tia 105.7 4.9 86.3
Tis 53.3 2.9 59.8
CD (P =0.05) 245 3.26 13.4

nitrogen application. The higher total nitrogenak@  and nitrogen fixation or assimilation Byzospirillum
could be due to the improved availability of nitemgto (Devi et al., 2003, Gupta and Samnotra, 2004). In-
plants due to N fixation by biofertilizers that petl in ~ crease in P uptake with application of PSB and VAM
improvement vegetative growth and reproductive cy- may be attributed to accelerated root developmedt a
cle. This may also be due to increased dry mater p enhanced root surface area which might have resulte
duction due to the effects of plant growth substanc
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in effective mining of soil phosphorus and higher acre.Environment and Ecology, 22: 551-553

availability of P in soil (Kachari and Korla, 2009) Jackson, M.L. (1967)Soil Chemical Analysis, pp.134-65,
429-51. Prentice Hall of India Pvt. Ltd. New Delhi.

Conclusion Javorekova, S., Makova, J., Medo, J., Kovacsoy&I&irousova,

. . . . . I, Hordk, J. (2015). Effect of bio-fertilizers dpption on
The inorganic/chemical fertilizers are costly, iesu microbial diversity and physiological profiling oficroorgan-
soil and environmental pollution and also pose huma isms in arable soiEurasian Journal of Soil Sdience, 6: 54-61
health hazards, while, biofertilizers are eco-fdlgn Jayathilake, P.K.S., Reddy,|.P., Srihari, D. and Redil
non-toxic and relatively cheaper natural productse (2002). Effect of nutrient management on growtle)di
integrated use of biofertilizers along with orgaaiud and yield attributes ofabi onion (@llium cepa L.).
inorganic manures/fertilizers will help in improgn Vegetable Science, 29: 184-185

nutrient use efficiency, protect nutrients agalosses ~ Kachari, M. .and Korla, B.N. (2009). Effect of bidiéeers
on growth and yield of cauliflower cv. PSBK-Ihdian

Soil and environmental degradaton, The restiy re-, U 0fHortclture 66: 496.501
9 : Kalyani, D.P., Sankar, C.R., Pillai, R.N. and Pardad\.

vealed that highest soil organic carbon (0.40%) was (1992). Studies on the effect of nitrogen aadspirillum

observed in the treatments,and Ti;. Highest bacte- on dry matter and nutrient uptake of cauliflowdege-
rial and actinomyctes count was recorded in tfeat- table Science, 19: 147-151

ment while highest fungal count (17.5 X*L@vas ob-  Kannaiyan, S. (2002). Biofertilizers for sustaireabiop produc-
served in Ftreatment. The soil available nitrogen (N), tion, In: Kannayan (edjiotechnology of Biofertilizers. pp.
Available phosphorus (P) and Available potassium (K 9-49. Narosa Publication House, New Delhi.

Kanwar, S.S., Gupta, M.K. and Punj, V. (1997aboratory

were higher in treatment;T Ty and T3 treatments, P, : ¢ )
9 » 9 13 manual of basic microbiology, Department of Microbi-

respectlvely th‘.”m that In othgr treatments. ThepN u ology, Collage of Basic Sciences, Himachal Pradesh
take was significantly higher ingTreatment (162.6 Kg Krishi Vishvavidyala, Palampur

=1
ha’) as compare to all other treatments excepafid  \andic, L., Djukic, D., Beatovic, I., Jovovic, Z.eBakovic,

T, treatments while P uptake (13.6 Kg'havas sig- M. and Stevovic, V. (2011). Effect of different tfézers
nificantly higher in 5 treatment than that in other and biofertilizers on the microbial activity and
treatments except;JTT;, Ts and T, treatments. The K productivity of soil under potato cultivatiorAfrican
uptake was significantly higher in;Treatment (126.9 Journal of Biotechnology, 10:6954-6960

Kg ha') as compare to all other treatments except T Mengistu, F. and Singh, N. (1999). Effect of bidiferers on
and Ty treatments. The application of biofertilizers growth, y;f)lld ggd nutgg'ntggtage of onioAll{um cepa
along with recommended dose of fertilizers not only NEISL.).Veget e Science 26: 193-195

. . - . on, R. and Achar, P.N. (2001). Stimulation obvgh
improves nutrient availability but also improveseth and nutrient up take by VAM fungi irBrassica

yield and protects the soil against degradation. oleracea var. capitata. Plant Biology, 4:277-281
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