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Sharma, IB Maurya and Yogendra Kumar Sharma 

 
Abstract 
A field experiment entitled “Studies on consortium of Azospirillum brasilense and Vermicompost 

application on plant growth attributes, soil physico-chemical characteristics and microbial population in 

Custard apple cv. Raydurg” were conducted for two successive seasons (July 2018 to November 2018) 

and (July 2019 to November 2019) at the Fruit Instructional Farm, Department of Fruit Science, College 

of Horticulture and Forestry, Jhalawar district under Rajasthan state of India. The experiment consisted 

of different treatments of Azospirillum brasilense (AZS) and Vermicompost (V.C.) was laid out in 

Randomized Block Design with three replications. The sixteen different treatment combinations of 

Azospirillum brasilense and Vermicompost were applied to soil canopy of custard apple cv. Raydurg 

plants during first week of July 2018 and July 2019 in canopy rhizosphere of black vertisols in custard 

apple plants. Among various treatment combinations, T10 treatment containing (AZS @ 50g + V.C. @10 

kg/plant) was found comparatively better over all other treatments with respect to furthermost of the 

plant growth parameters, including soil physico-biochemical properties and microbial population density 

in soil availability in canopy of custard apple cv. Raydurg plants. The pooled consequences of two years 

demonstrated proportional improved plant growth parameters viz. rootstock girth (64.60 mm), scion girth 

(56.87 mm), plant height attribute (2.90 m), number of nodes per shoot (11.00), number of nodes per 

branch (64.17), number of shoots per branch (32.00), number of shoots per plant (147.83) have shown 

augmenting response in improvement of plant growth parameters under T10 treatment (AZS @ 50g + 

V.C. @ 10 kg /plant) in custard apple cv. Raydurg plants. However, important soil parameters regarding 

bulk density (1.28 g/cm3), soil pH (7.38) and electrical conductivity (0.46 dSm-1) lower down 

significantly under T10 treatment over other treatments. The soil physico-chemical properties especially 

change in porosity (50.22%), soil texture, organic carbon (0.55%), available nitrogen content (344.30 

Kg/ha), available phosphorous content (42.44 Kg ha-1) and available potassium content (317.00 Kg ha-1) 

were recorded better improve under T10 treatment (AZS @ 50g + V.C. @ 10 kg /plant). In T10 treatment 

(AZS @ 50g + V.C. @ 10 kg /plant) the values of bacterial population (27.33 cfug-1), fungi population 

(14.67 cfug-1) and actinomycetes population (10.50 cfug-1) have shown rise. In view of overall effect and 

equivalence of treatments T10 treatment was found comparatively better in plant growth, soil physico-

chemical and microbial population. This treatment may be considered worth application in order to 

obtain better plant growth, soil physico-chemical and microbial population in custard apple cv. Raydurg 

plants. 

 

Keywords: custard apple, soil health, raydurg plants, fungi population, phosphorous 

 

Introduction 

Custard apple (Annona squamosa L.) belongs to family Annonaceae of the order Magnoliales. 

Custard apple (Annona squamosa) is most important energizing and delicious fruit crops of 

arid and semi-arid regions. It is originated from tropical America and being acclimatized in 

India since last five decades. Custard apple is known as numerous local names such as sweet 

sop, sugar apple, Sitaphal and Sharifa in different part of India. It is grow well in tropical and 

warmer sub-tropical parts of India under sub humid and humid environmental regions. Custard 

apple occupies very an important place among underutilized fruit crops grown in India. 

Custard apple is a hardy and potential fruit crop for profitable growing in marginal soils and 

degraded lands, as well as waterless and salt affected soils. Though, the natural fertility of soils 

is infrequently adequate to give economic yields. In sand culture grown custard apple saplings 

nitrogen deficiency was characterized by restricted growth of plants with pale green to  
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yellowish leaves. Phosphorus deficiency indications to growth 

reduction, appearance of brown necrotic bands at the tips and 

margin of leaves, while potassium deficiency produces 

marginal scorching of leaves (Sadhu and Ghosh, 1976) [13]. 

Mandal and Chattopadhyay (1993) [8] reported application of 

fertilizers at 240 g N, 240 g P and 240 g K per plant per year 

produced quality fruits in custard apple. The area under 

custard apple is augmenting in India on profitable scale and 

no work has been done with respect to fertilization of custard 

apple cv. ‘Raydurg’ in the Vertisols of Rajasthan. Hence, the 

present study was carried out to find out the requirement of 

NPK levels for commercial cultivation of custard apple cv. 

‘Raydurg’. In Rajasthan state, custard apple is in profusion as 

natural gene sanctuary of sub-mountainous tracts in Aravalli 

hills. The commercial cultivation of custard apple is gaining 

momentum in Chittorgarh and Jhalawar districts of Rajasthan 

state. In nature, custard apple thrives on shallow gravely soils 

in forest areas with green micro-climate under the cover of 

big forest tree species. 

Biofertilizers play helpful role along with organic manure in 

augmenting availabity present in rhizhosphere of Raydurg 

plant nutrients but also increases nutrient uptake through 

proton efflux under friendly situations of moisture, 

temperature and humidity surrounding plant environment 

variables with more obtainability of macro - micronutrients, 

superior synthesis of plant growth promoters, antifungal 

substances also enriching the soil fertility and sustainability in 

natural ecosystem. In recent years, biofertilizers have arisen 

as a significant supportive component of integrated nutrient 

source chain management. Several research findings showed 

huge potentialities and likely options via biofertilizers 

inoculants in adding inorganic fertilizers. Azospirillum 

brasilense are utilized widely to additional nitrogenous 

fertilizers in nutrient management programmes in 

horticultural fruit crops. Azospirillum are surface dominated 

rhizhobacteria. Research carried out over the past various 

years on different other crops have showed that the plants 

inoculated with Azospirillum derive positive advantage in 

terms of augmented yield, plant biomass and N uptake are 

attributed to small augmentation in N from biological nitrogen 

fixation, development and branching of roots, augmentation 

of root volume, production of plant growth hormones, 

augmentation in uptake of NO3
-, NH4

+, H2 PO-
4, K+ and Fe2+, 

enhanced water status of plants, augmented nitrate reductase 

activity in plants and production of antibacterial and 

antifungal compounds as reported by Wani (1990) [22]. 

Azospirillum brasilense are highly mobile in soil and 

increases the root surface available for nutrients. Besides, 

Azospirillum brasilense have also been found to stimulate 

synthesis of growth promoting substances like auxins, 

gibberellins, cytokinins and antibiotic metabolites which in 

turn enhanced resistance against biotic and abiotic stress. The 

role of Azospirillum is considered as important in revival of 

soil nutrient cycle through symbiotic biological fixation. The 

supplementation of organic manures with mineral fertilizers 

can have helpful effect on the amelioration of physical, 

microbiological and chemical properties of soil, which are 

indirectly responsible for supporting growth and development 

of plants as reported by Adak et al. (2012) [1] Excessive and 

indiscriminate use of chemical fertilizer has led to harmful 

effects both on soil and environments. The leftover of 

residues by the synthetic fertilizers got entry into food chain 

thereby causing environmental pollutions. The inorganic 

fertilizers generate problems of environmental pollution along 

with powerful hazards to flora, fauna counting human beings. 

The chemical fertilizers being used as expensive input and 

have a relevant harmful effect for developing country like 

India for last four decades. Rapid increase in costs of 

inorganic fertilizers and depleting soil health required organic 

farming. Depleting structure of soil health demands 

restoration of soil through incorporation. Large scale use of 

chemical fertilizers has caused soil imbalance in terms of 

NPK and C: N ratio. Organic farming using vermicompost 

which were only source for supplying nutrients to crops in 

past, has regained its due importance keeping in view of soil 

health and balanced nutrition. The soil quality plays in 

important role in determining the sustainability and growth as 

well as productivity of any agro ecosystem as noticed by 

Dwivedi and Dwivedi (2007) [4]. Vermicompost is an eco-

friendly supportive organic additive derived from 

biodegradable organic wastes by earthworms and 

microorganisms especially Eisenia foedita. Vermicompost is 

devoid from chemical inputs and rich in supporting beneficial 

micro - flora such as N fixers, P - solubilizers, cellulose 

decomposing micro - flora etc. It contains earthworm cocoons 

which increases the population and enhances activity of 

earthworm in the soil through degradation of organic matter. 

Vermicompost contains valuable vitamins, enzymes and 

hormones like auxins, gibberellins etc, that enhances the 

decomposition of organic matter in soil, improvement soil 

structure, texture, aeration and improves better water holding 

capacity and thus prevents soil erosion. It also improves 

mineral nutrient content of soil in terms of macro and 

micronutrients, hitherto, because of its added organic matter 

content it promotes better rhizosphere development, root 

volume area and mineral nutrient absorption. Vermicompost 

has very high porosity, aeration, drainage and water holding 

capacity as reported by Sinha (2009) [16]. Nutrient profile 

available in applied Vermicompost was: N (1.6%), P (0.7%), 

K (0.8%), Ca (0.5%), Mg (0.2%), Fe (175 ppm), Mn (96.5 

ppm), Zn (24.5 ppm), Cu (5.0 ppm), C: N ratio 15.5. 

Vermicompost have many tremendous biological properties. 

It is rich in bacteria, actinomycetes, fungi as reported by 

Edwards (1983) [2, 5]; Tomati et al. (1987) [5, 19, 20]; Werner and 

Cuevas (1996) [23] and beneficial cellulose-degrading bacteria 

(Werner and Cuevas, 1996) [23]. In addition, Tomati et al. 

(1983) [5, 19, 20] reported that earthworm castings, obtained 

after process of sludge digestion were rich in microorganisms 

especially bacteria. In Vermicompost, the content of Nitrogen 

(N), Phosphorus (P) and Potassium (K) generally depends 

upon the substrate used. Red worm (Eisenia foetida) is mainly 

utilized in India for urban and peri-urban areas for sustenance 

of livelihood by progressive farmers raising Vermicompost 

production in Indian scenario. The present study was 

undertaken on custard apple cv. Raydurg during 2018 and 

2019 to assess the response of Azospirillum brasilense and 

Vermicompost in black vertisols with humid agro-ecological 

conditions.  

 

Material and Methods 

Site description 

The experiment was carried out at the Fruit Instructional 

Farm, Department of Fruit Science, College of Horticulture 

and Forestry, Jhalawar during the two consecutive seasons of 

2018-19 and 2019-20. The Jhalawar district is located at 23º4 

and 24º52 N-Latitude and 75º29 to 76º56 E-Longitude in 

South Eastern Rajasthan. Agro-climatically, the district falls 

in Zone V, known as Humid South Eastern Plain. About 
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84.22 per cent population of the district is rural whose main 

occupation is agriculture. Average precipitation in the region 

is 954.7 mm. The precipitation pattern is continuous with 

heavy downpour of rains during July and August months and 

continues till first week of September. High humidity prevails 

during rainy season i.e. up to 98 per cent and weather remains 

mostly cloudy during July-August month. Overall high 

humidity prevails during entire year except April to June 

months of the year in Jhalawar district of Rajasthan state. 

Maximum temperature range is the summer is 43-48º C and 

minimum 1-2.6 ºC during winter. Agriculture and forest lands 

occupy 73.5 per cent area, respectively in the district. Major 

fruit crops of the district are Nagpur Mandarin and Guava. 

While in kharif season, the major cash crops are soybean, 

maize and pulses and during Rabi - wheat, mustard, coriander 

and garlic are main crops. 

 

Experimental details 

The field experiment was laid out in Randomized Block 

Design (RBD) with three replications. The factors of 

experimentation comprising of sixteen treatments 

combinations of Azospirillum and Vermicompost on soil 

canopy of custard apple cv. Raydurg plants. Eight years old 

custard apple cv. Raydurg plants of uniform size growth and 

vigour were selected at Fruit research farm, Department of 

Fruit Science, College of Horticulture and Forestry, 

Jhalrapatan, Jhalawar for experimentation. For this 

experiment, a total of 48 plants were selected from the 

established custard apple block for two consecutive research 

trials from July 2018 to November 2019 and July 2019 to 

November 2019, respectively. T0 (control), T1 (AZS @ 25 

g/plant), T2 (AZS @ 50 g/plant), T3 (AZS @ 75 g/plant), T4 

(V.C. @ 10 kg/plant), T5 (V.C. @ 15 kg/plant), T6 (V.C. @ 20 

kg/plant), T7 (AZS @ 25 g + V.C. @ 10 kg/plant), T8 (AZS @ 

25 g + V.C. @ 15 kg/plant), T9 (AZS @ 25 g + V.C. @ 20 kg/ 

plant), T10 (AZS @ 50 g + V.C. @ 10 kg/plant), T11 (AZS @ 

50 g + V.C. @ 15 kg/plant), T12 (AZS @ 50 g + V.C. @ 20 

kg/plant), T13 (AZS @ 75g + V.C. @ 10 kg/plant), T14 (AZS 

@ 75g + V.C. @ 15 kg/plant), T15 (AZS @ 75g + V.C. @ 20 

kg/plant). 

 

Soil sample collection and analysis 

In order to assess the physico-chemical properties of the 

experimental soil, the soil samples were drawn randomly 

from different location in the field at a depth of 0-30, 30˗60 

and 60˗90 cm before the commencement of the experiment. A 

representative sample was prepared and subjected to 

mechanical, physical and chemical analysis.  

 

Methodology used for observation  

The various methods used for studying plant growth attributes 

of custard apple cv. Raydurg are given under suitable 

headings: 

 

Plant growth attributes  

Rootstock girth (mm) 

For measuring the girth of rootstock, the custard apple cv. 

Raydurg plants were marked at a fix point. Initial girth of 

rootstock was measured separately under allotted treatment 

combinations and final rootstock girth was measured after 

completion of experiment by using digital Vernier Calipers. 

The observations pertaining to rootstock girth were recorded 

for two consecutive seasons i.e. during July 2018 and 

November 2018 for first season and during July 2019 and 

November 2019 for second season.  

 

Scion girth (mm) 

For recording the scion girth, plants of custard apple cv. 

Raydurg were marked at a fix point. Initial scion girth was 

measured before initiation of experiment the allotted 

treatment combinations of plants and final scion girth was 

recorded after completion of experiment with the help of 

digital Vernier Calipers. The observations related to scion 

girth were measured for two successive seasons i.e. during 

July 2018 and November 2018 for first research trial and 

during July 2019 and November 2019 for second research 

trial.  

 

Plant height (m) 

The plant height attribute was measured from the base of the 

soil surface to the highest apex of the plant with the help of 

measuring tape. Initial plant height was recorded before 

initiation of experiment on plants with allotted treatment 

combinations and final plant height was measured after 

completion of experiment for two consecutive seasons i.e. 

during July 2018 and November 2018 for first research 

duration and subsequently during July 2019 and November 

2019 for second duration respectively.  

 

Number of nodes/shoot 

The numbers of nodes per shoot on related five shoots were 

counted manually at initiation and completion of experiment 

from related tagged shoots during July 2018 and November 

2018 as well as during July 2019 and November 2019 

successively.  

 

Number of nodes/branch 

The numbers of nodes per branch on related five branches 

were counted manually at starting and termination of 

experiment on selected tagged branches during July 2018 and 

November 2018 and subsequently during July 2019 and 

November 2019, respectively.  

 

Number of shoots/branch  

The numbers of shoots per branch were recorded manually at 

initiation and completion of experiment on selected five 

branches and average was marked out. Observations 

pertaining to number of shoots per branch were recorded for 

two consecutive seasons i.e. during July 2018 and November 

2018 and subsequently during July 2019 with final 

observation during November 2019. 

 

Number of shoots per plant 

The numbers of shoots per plant were counted manually on 

allotted treatment combinations of custard apple plants during 

initiation and completion of experiment. The data concerning 

number of shoot per plant was recorded for two successive 

research periods i.e. during July 2018 and November 2018 

and subsequently during July 2019 and final observation at 

November 2019, respectively.  

 

Soil parameters 

Bulk density (g/cm3) (Piper, 1950) [11] 

Bulk density of soil of 0-15 cm depth was determined. The 

core sampler was pressed in the soil for enough depth to fill 

the core. Carefully removed the sampler and trimmed the soil 

extending out of the core with a sharp knife. Soil was oven 

dried at 105 ºC to a constant weight, cooled and weighed. Soil 
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volume was taken equal to inner volume of core sampler. 

Bulk density was calculated using the following formula and 

expressed as g/cm3. 

 

 
 

Porosity (%)  

The porosity was calculated at end of experiment as per the 

formulae 

 

 
 

pH: (Jackson, 1973) [7] 

Soil pH was determined by using 1:2 soil water suspensions 

by glass electrode pH meter. 1:2 soil water suspension was 

prepared by taking 20 g of soil and 40 ml distilled water in 

100 ml beaker.  

 

Electrical conductivity (dSm-1): (Jackson, 1973) [7] 

Electrical conductivity of soil was determined in 1:2 soil 

water suspension by using standard precision conductivity 

bridge. Digital conductivity meter 1:2 soil water suspension 

was prepared by taking 20 g of soil and 40 ml distilled water 

in 100 ml beaker. 

 

Organic carbon (%) 

The determination of soil organic carbon is based on the 

Walkley Black’s (1934) [21] chromic acid wet oxidation 

method. Oxidisable matter in the soil is oxidized by 1 N 

K2Cr2O7 solution. The reaction is assisted by the heat 

generated when two volumes of H2 SO4 are mixed with one 

volume of the dichromate. The remaining dichromate is 

titrated with ferrous sulphate. The titre is inversely related to 

the amount of C present in the soil sample. Following 

reagents was used to determined organic carbon percentage in 

soil. 

a. Standard N, Potassium Dichromate (K2Cr2O7) solution: 

Exactly 49.04 g of K2Cr2O7 is dissolved in water and 

diluted to one litre. 

b. 0.5 Ferrous ammonium sulphate solution: Exactly 196.1 

g Fe (NH4) (SO4)2 6H2O is dissolved in 800 ml of 

distilled water containing 20 ml of concentrated H2SO4 

and diluted to one litre.  

c. Diphenyl amine indicator: 0.5 g of diphenyl amine is 

dissolved in 20 ml of water and 100 ml of concentrated 

H2 SO4. 

d. Orthophosphoric acid (85%)  

e. Concentrated sulphuric acid 

 

Calculation  

 

 
 

Where, 

B = Volume (ml.) of ferrous ammonium sulphate solution 

required for blank titration. 

T = Volume of ferrous ammonium sulphate solution needed 

for titration of soil sample. 

Available nitrogen (kg/ha) 
Available nitrogen was determined by using alkaline 
potassium permanganate method as suggested by Subbiah and 
Asija (1956). 
 
Reagents 
a. 0.32% KMnO4: Dissolve 3.2 g pure KMnO4 in distilled 

water and dilute to one litre. 
b. 2.5% NaOH Solution: Dissolve 25 g NaOH is distilled 

water and dilute to one litre. 
c. 0.02% H2 SO4: Dissolve 0.56 ml of concentrated H2 SO4 

and make the volume to one litre and then standardize 
with 0.02 N NaOH using phenolphthalein indicators. 

d. 0.02 N NaOH: Dissolve 0.8 g NaOH in distilled water 
and diluted to one litre. 

e. Methyl red indicator: Dissolve 0.07 g methyl red in 100 
ml of 95% ethanol. 

 
Calculation - Available N (kg/ha) = R × 31.36 

Where R = Volume of 0.02 N H2SO4 required for titration 
 
Available phosphorus in soil (Kg/ha) 
Available phosphorus was determined with extraction by 0.5 
M NaHCO3 solution adjusted at pH 8.5 as suggested by Olsen 
et al., (1954) [10]. 
 
Reagents 
a. 0.5 Sodium bicarbonate: Exactly 42 g of NaHCO3 is 

dissolved water and volume is making up to one litre. 
The pH with 1 N NaOH. 

b. Activated charcoal (Phosphorus free)   
c. Ammonium molybdate: (1.5%) Dissolve 15 g of 

ammonium molybdate in 300 ml of warm distilled water 
(about 50 °C). Filter the mixture and allow it to cool. 
Then 342 ml of concentrated HCL is added gradually by 
stirring it. It was to one litre by distilled water. 

d. Stannous chloride (Stock solution): Exactly log of SnCl2 

is dissolved in 25 ml concentrated HCL, and a piece of 
tin is added followed by heating, till it becomes clear. 
The solution is stored in umber coloured bottle. 

e. Working solution of stannous chloride: 0.5 ml stock 
solution of SnCl2 is taken, and volume is made up to 66 
ml with distilled water. 

f. Standard solution of phosphorus: Exactly 0.43 g of 
analytical reagent KH2PO4 (oven dried at 40 ºC) is taken 
and it is dissolved in about half a litre of distilled water. 
Then 25 ml of 7 N H2SO4 is added and volume is made 
up to 1 litre with distilled water. This gives 100 ppm P. 

 
Standard curve 
2.5 ppm P solution was prepared by taking 2.5 ml of 100 ppm 
solution in 100 ml volumetric flask and its volume was made 
up by distilled water. The standard curve was prepared by 
taking different concentration of P, i.e. 0.1, 0.2, 0.3, 0.4, 0.5 
and 1.0 ppm P. These readings were taken on calorimeter. 
 

 
 

 
 

 (Obtained from standard curve) = (ppm P) R × 8.96 × 2.29 

 

Available potassium (Kg/ha) 

Available potassium was determined by extracting the soil by 
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shaking with N neutral ammonium acetate solution by flame 

photometer as suggested by Metson (1956) [9].  

a. N neutral ammonium acetate solution: The 700 ml of 

distilled water is taken in a one litter volumetric flask. 

Then, 57 ml glacial acetic acid (95.5%) along with 69 ml 

of concentrated ammonium hydroxide is added. It is then 

diluted to volume of 900 ml and pH is adjusted to 7.0 by 

the addition of 3N NH4OH, and volume is make up to 1 

litre. 

b. Standard solution: Exactly 1.908 g of AR grade KCl was 

dissolved in distilled water and volume is make up to 1 

litre. This solution contains 1 mg K/ml i.e. 1000 ppm K.  

c. Working solution of K: Taking 10 of 1000 ppm K 

solution in 100 ml volume flask and making, its volume, 

this gives 100 ppm K. 

 

Standard curve 

From the 100 ppm solution 10, 15, 20, 25, 30 and 40 ml of K 

were taken in each 100 ml volumetric flask and volume was 

made up. The curve was obtained by plotting the reading of 

flame photometer against the various concentrations of K. 

 

Calculation  

 

 
 

Where, R = ppm of K in the extract (obtained from the 

standard curve) = ppm K × 11.2 

The soil of experimental site was clay loam in texture (Black 

cotton soil), normal in reaction and fair in fertility status with 

respect to nitrogen, phosphorus, and potassium. 

 

Microbial population (cfug-1) 

Fourty-eight soil samples under different treatment 

combinations of Azospirillum brasilense and Vermicompost 

application were collected from the custard apple cv. Raydurg 

plants rhizosphere from 1.53 area volume and were brought to 

laboratory in polythene bags and screened through 2 mm 

sieve. The samples were pooled and thoroughly mixed to 

make a representative sample. The serial dilution technique 

was employed for isolation and identification of viable 

Bacteria, Fungi and Actinomycetes count. Prepared the media 

for desired microflora. Pour the autoclaved and cooled (45ºC) 

medium into sterile Petri plates and then allowed the medium 

to solidify. Add one gram of sieved (2mm) soil to 9 ml sterile 

water and shake it for 15-20 minutes. Prepare serial dilution 

10-2, 10-3, 10-4, 10-5, 10-6, 10-7 and 10-8. Add 1 ml of aliquots 

of various dilutions over cooled and solidified medium in 

Petri plates. The plates were rotated for uniform distribution 

of spores. Incubate the plates at 28 ºC for 3-4 days. Observe 

the plates for appearance of colonies onto the surface of 

medium. Population count of Bacteria, Fungi and 

Actinomycetes were measured using dilution plate technique 

by employing Martin Rose Bengal agar media and Ken 

Knight’s agar media, respectively as suggested by 

Rangaswamy (1966) [12]. 

 

Nutrient agar (Bacteria) 

Beef extract: 10.0 g 

Peptone: 0.5 g 

NaCl: 0.1 g 

Agar-agar: 15.0 g 

Distilled water: 1000 ml 

 

Martin’s rose bengal medium for (Fungi) 

Glucose: 1.0 g 

Peptone: 0.5 g 

K2HPO4: 1.0 g 

MgSO4.7H2O: 0.5 g 

Rose Bengal: 0.33 g 

Streptomycin sulphate (10%) sol.: 3.0 ml 

Agar-agar: 15.0 g 

Distilled water: 1000 ml 

 

Kenknight and Munaires medium for (Actinomycetes) 

K2HPO4: 1.0 g 

NaNO3: 0.1 g 

KCl: 0.1 g 

MgSo4: 0.1 g 

Glucose: 1.0 g 

Agar-agar: 15-20 g 

Distilled water: 1000 ml 

 

Statistical analysis 

The data obtained during the experimentation were subjected 

to individual year analysis of the data during 2018 and 2019 

in custard apple cv. Raydurg to followed by pooled statistical 

analysis of two years (2018 and 2019) using Fisher’s (1950) 
[6] analysis of variance technique. The significance of the 

treatments was tested through F test at 5 per cent level of 

significance. The critical difference CD was calculated to 

assess the significance of difference among the different 

treatments.  

 

Results and Discussion 

Plant growth parameters 

It is clear from the data presented in table 1 that the 

morphological growth attributes viz. rootstock girth (mm), 

scion girth (mm), plant height (m), number of nodes/shoot, 

number of nodes/branch, number of shoots/branch, number of 

shoots/plant augmented significantly with biofertilizers and 

vermicompost at different treatment combinations, the 

maximum rootstock girth (67.34 mm), scion girth (59.08 

mm), plant height attribute (2.94 m), number of nodes per 

shoot (12.83), number of nodes per branch (68.17), number of 

shoots per branch (34.33), number of shoots per plant 

(150.67) were found better under T14 treatment (AZS @ 75g + 

V.C. @ 15 kg /plant)and have shown amenable response in 

enhancement of plant growth parameters. However, 

considering the equivalence of treatments in obtaining plant 

growth parameters at par performance with T10 treatment 

(AZS @ 50g + V.C. @ 10 kg/plant), it was observed as best 

treatment for holistic improvement of custard apple cv. 

Raydurg plants for two successive ontogenical seasons. In T10 

treatment, the equivalent values for plant growth parameters 

including rootstock girth (64.60 mm), scion girth (56.87 mm), 

plant height characteristic (2.90 m), number of nodes per 

shoot (11.00), number of nodes per branch (64.17), number of 

shoots per branch (32.00), number of shoots per plant 

(147.83) have shown at par response to T14 treatment in 

enhancement of above mentioned plant growth parameters. 

The better plant growth parameters in T10 treatment (AZS @ 

50g + V.C. @ 15 kg/plant) might be due to increased root 

volume, augmented photosynthetic and photoreceptor 

pigments, enhanced proline levels, mobilization of enzymes, 

improvement of physical condition of soil, macro and micro- 
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nutrients availability, improved auxin synthesis, improved 

source-sink ratio and apportionment of multinutrients within 

the plant system. 

It is clear from the data presented in table 1 and fig.1 depicts 

the reflective trend Vis a Vis different treatment combinations 

of Azospirillum brasilense and Vermicompost on 

performance of major growth characteristics in custard apple 

cv. Raydurg plants. The better effect of T10 treatment over 

other treatment may also be elucidated in the light of the fact 

that balanced fertilization, appropriate uptake and better 

distribution of plant nutrients within the plant system might 

resulted with the combined dose of Azospirillum brasilense 

and Vermicompost. The augmented root surface area there by 

making it obtainable for more extinction of nutrient by 

Azospirillum brasilense under T10 treatment might improve 

the nitrogen fixation and improved the plant growth 

parameters. The better growth parameter under T10 treatment 

(AZS @ 50g + V.C. @ 10 kg/plant) might be attributed to 

augmented biological nitrogen fixation and growth promoting 

phytohormones particularly auxin production along with 

stimulatory role through Vermicompost augmentation in 

canopy soils of custard apple cv. Raydurg. It could also be 

attributed with the fact that Azospirillum brasilense in 

combination with Vermicompost possibly augmented 

biological mechanisms which increased the obtainability of 

nutrients for better assimilation by custard apple plants. 

Similar explanations for development of plant growth 

parameters in horticulture crops under the influence of 

biofertilizer and vermicompost has been presented by Dutta et 

al. (2010) [3] in litchi and Singh et al. (2010) [14, 15] in 

strawberry. 

 
Table 1: Effect of Azospirillum brasilense and Vermicompost on rootstock girth, scion girth, no. of nodes/shoot, no. of nodes/ranch, no. of shoots/branch 

and no. of shoots/plant of custard apple cv. Raydurg pooled via analysis for two consecutive seasons during (2018 and 2019) 
 

Treatment combinations 
Rootstock girth 

(mm) 

Scion girth 

(mm) 

Plant height 

(m) 

No. of nodes/ 

shoot 

No. of nodes/ 

branch 

No. of shoots/ 

branch 

No. of shoots/ 

plant 

T0 (Control) 58.17 50.74 2.70 7.50 50.50 21.83 126.00 

T1 (AZS @ 25 g/plant) 60.69 53.93 2.81 9.33 57.67 26.50 141.17 

T2 (AZS @ 50 g/plant) 60.72 54.20 2.81 9.83 58.67 27.33 142.00 

T3 (AZS @75 g/plant) 60.67 54.12 2.83 9.17 58.17 27.67 141.17 

T4 (V.C.@ 10 kg/plant) 60.79 54.14 2.81 9.83 59.00 28.33 141.67 

T5 (V.C. @ 15 kg/plant) 60.70 54.06 2.83 9.33 59.33 27.83 141.50 

T6 (V.C. @ 20 kg/plant) 61.35 54.28 2.82 9.67 58.50 27.17 141.67 

T7 (AZS @ 25 g +V.C. @ 10 kg/plant) 61.43 54.10 2.86 9.50 59.33 28.17 142.17 

T8 (AZS @ 25 g + V.C. @ 15 kg/plant) 60.80 54.31 2.81 9.83 58.33 28.17 141.83 

T9 (AZS @ 25g + V.C. @ 20 kg/plant) 61.73 54.24 2.82 9.67 61.00 28.17 142.33 

T10 (AZS @ 50 g + V.C. @ 10 kg/plant) 64.60 56.87 2.90 11.00 64.17 32.00 147.83 

T11 (AZS @ 50 g + V.C.@ 15 kg/plant) 64.80 57.40 2.90 11.50 64.83 32.17 148.17 

T12 (AZS @ 50 g + V.C. @ 20 kg/plant) 64.81 57.37 2.90 11.17 64.00 32.17 147.67 

T13 (AZS @ 75g + V.C. @10 kg/plant) 64.71 57.60 2.91 11.33 64.67 32.00 148.17 

T14 (AZS @ 75 g + V.C. @ 15 kg/plant) 67.34 59.08 2.94 12.83 68.17 34.33 150.67 

T15 (AZS @ 75 g + V.C. @ 20 kg/plant) 64.70 57.41 2.90 11.33 65.50 32.00 148.17 

SEm (±) 1.02 0.42 0.01 0.78 1.38 1.22 1.35 

CD. (5%) 3.17 4.01 0.06 2.59 5.53 3.96 4.89 

 

 
 

Fig 1: Effect of Azospirillum brasilense and vermicompost on rootstock girth, scion girth, no. of nodes/shoot, no. of nodes/ranch, no. of shoots/branch 

and no. of shoots/plant attributes of custard apple cv. Raydurg pooled representing analysis for two consecutive seasons during (2018 and 2019) 

 

Soil parameters 

The T14 treatment was found at par with T10 treatment. 

Statistically T10 treatment gave highest consequences at lower 

doses of Azospirillum brasilense and Vermicompost; 

therefore it was regarded as best treatment in improvement of 

overall soil health equilibrium. The data presented in table 2 

and Fig.2 reflects declining trend with respect to bulk density, 

soil pH and electrical conductivity of soils with regard to 

increase in doses of Azospirillum brasilense and 

Vermicompost and reached optimal levels at T10 treatment 

and onwards remain stable up to T14 treatment and 

performance of soil characteristics exhibited at par 

performance between T10, T11, T12, T13, T14 and T15 treatments. 

In T10 treatment, the corresponding optimal values of bulk 

density (1.28 g/cm3), soil pH (7.38) and electrical 

conductivity (0.46 dSm-1) recorded were found significantly 
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reduced under T10 treatment as compared with other treatments. 

The data presented in table 2, Fig. 2 and Fig. 3 reveals 

augmented mineral nutrient status of macro nutrients under 

different treatment combinations of Azospirillum brasilense 

and Vermicompost application in T10 treatment. The soil 

physico-chemical properties like change in porosity (50.22%), 

organic carbon (0.55%), available nitrogen content (344.30 

Kg/ha), available phosphorous content (42.44 Kg ha-1) and 

available potassium content (317.00 Kg ha-1) have shown 

better response in improvement of soil parameters under T10 

treatment (AZS @ 50g + V.C. @ 10 kg /plant) and were 

exhibited at par performance with T14 treatment. The T10 

treatment was found at par with T14 treatment, therefore T10 

treatment (AZS @ 50g + V.C. @ 10 kg/plant) was considered 

equivalent to T14 treatment, since better plant growth response 

were recorded at lower doses of Azospirillum brasilense and 

Vermicompost application under T10 treatment. 

The data elucidated under table 2 enumerates that all soil 

parameters of custard apple cv. Raydurg exhibited better 

enhancement in treatment T10 (AZS @ 50g + V.C. @ 10 

kg/plant). The overall development with respect to sequential 

effect on bulk density, change in porosity, organic carbon (%) 

and available N, P, K content might be attributed to increased 

organic matter status of soil, better fixation of atmosphere 

nitrogen through symbiotic association with roots and better 

nutrient use efficiency through the combined application of 

Azospirillum and Vermicompost of (AZS @ 50g + V.C. @ 

10kg/plant) under T10 treatment. It could also be allocated to 

the fact that Azospirillum and Vermicompost combination 

under T10 treatment might manifested helpful mutualistic 

interaction in tandem there by soil improved health through 

favourable membrane activities by tolerating abiotic stresses 

predominantly high precipitation during active growth season 

from July to October under present studies. 

The reduction in soil pH and EC under T14 treatment might be 

due to incorporation of organic matter in canopy soil of 

custard apple cv. Raydurg plants. This may be clarified in the 

light of the fact that incorporation of organic source through 

Vermicompost and bioinnoculant through Azospirillum 

brasilense has simulative result in improvement through 

augmented mobilization of available nutrients by multiple 

mechanisms in canopy rhizosphere of custard apple cv. 

Raydurg soil fertility. 

Similar type of observations was also described by Singh et 

al. (2010) [14, 15] who reported that increase in porosity was 

observed with the incorporation of organic source in apricot. 

Likewise, enhancement in soil quality in terms of physical 

properties was also reported by Singh (2007) [14, 15] who 

reported enhanced soil health through application of 

integrated nutrient management practice. 

 
Table 2: Effect of Azospirillum brasilense and vermicompost on bulk density, soil pH, electrical conductivity, change porosity, soil organic carbon 

percentage content, available N2, P2O5 and K2O of canopy soils of custard apple cv. Raydurg through pooled analysis for two consecutive seasons during 

(2018 and 2019) 
 

Treatment combinations B.D. (g/cm3) Soil pH 
EC 

(dSm-1) 

Change in 

porosity (%) 

O.C. 

(%) 

N2 

(kg ha-1) 

P2O5 

(kg ha-1) 

K2O 

(kg ha-1) 

T0 (Control) 1.40 7.82 0.65 43.75 0.42 326.32 34.83 306.10 

T1 (AZS @ 25 g/plant) 1.30 7.57 0.61 46.60 0.43 332.76 36.55 308.83 

T2 (AZS @ 50 g/plant) 1.37 7.55 0.59 46.42 0.44 335.43 36.44 309.23 

T3 (AZS @75 g/plant) 1.36 7.54 0.59 46.85 0.44 334.65 36.77 310.74 

T4 (V.C.@ 10 kg/plant) 1.35 7.52 0.57 47.46 0.48 335.99 37.83 311.73 

T5 (V.C. @ 15 kg/plant) 1.33 7.50 0.56 47.48 0.47 336.61 38.04 312.07 

T6 (V.C. @ 20 kg/plant) 1.32 7.47 0.54 47.48 0.48 337.45 38.37 312.77 

T7 (AZS @ 25 g +V.C. @ 10 kg/plant) 1.32 7.46 0.51 47.58 0.48 339.24 38.96 313.34 

T8 (AZS @ 25 g + V.C. @ 15 kg/plant) 1.31 7.43 0.49 47.70 0.50 341.99 39.22 313.87 

T9 (AZS @ 25g + V.C. @ 20 kg/plant) 1.30 7.41 0.47 47.85 0.50 342.18 39.51 314.12 

T10 (AZS @ 50 g + V.C. @ 10 kg/plant) 1.28 7.38 0.46 50.22 0.53 344.30 42.44 317.00 

T11 (AZS @ 50 g + V.C.@ 15 kg/plant) 1.28 7.37 0.44 50.07 0.54 344.39 42.46 317.03 

T12 (AZS @ 50 g + V.C. @ 20 kg/plant) 1.27 7.37 0.45 50.17 0.53 345.02 42.94 316.88 

T13 (AZS @ 75g + V.C. @10 kg/plant) 1.27 7.36 0.44 50.13 0.54 345.07 42.54 317.19 

T14 (AZS @ 75 g + V.C. @ 15 kg/plant) 1.26 7.34 0.43 51.58 0.57 346.92 44.34 319.72 

T15 (AZS @ 75 g + V.C. @ 20 kg/plant) 1.28 7.36 0.44 50.08 0.54 345.32 42.73 317.75 

SEm (±) 0.01 0.01 0.01 0.61 0.01 0.92 0.67 1.07 

CD. (5%) 0.03 0.03 0.02 2.06 0.05 3.46 2.64 4.03 

 

 
 

Fig 2: Effect of Azospirillum brasilense and vermicompost on bulk density, soil pH, electrical conductivity and soil organic carbon percentage content of 

canopy soils of custard apple cv. Raydurg representing pooled analysis for two consecutive seasons during (2018 and 2019) 
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Fig 3: Effect of Azospirillum brasilense and vermicompost on change in porosity, available N2, P2O5 and K2O content of canopy soils of custard apple 

cv. Raydurg through pooled analysis for two consecutive seasons during (2018 and 2019) 

 
Soil microbial populations 
The data presented in table 3 and Fig. 4 reveals augmented 
mineral nutrient status of macro nutrients under different 
treatment combinations of Azospirillum brasilense and 
Vermicompost application in T10 treatment. The T14 treatment 
was found at par withT10 treatment. In T10 treatment, the 
corresponding values of bacterial population (27.33 cfug-1), 
fungi population (14.67 cfug-1) and actinomycetes population 
(10.50 cfug-1) have shown better response in enhancement of 
soil parameters under T10 treatment (AZS @ 50g + V.C. @ 10 
kg /plant) and was found at par with T14 treatment. The better 

efficiency on augmentation of microbial population viz. 
bacteria, fungi and actinomycetes proliferation under T10 

treatment could be contributed to improved activity and 
buildup of overall soil micro- organisms which might utilized 
organic matter through production of extracellular enzymes in 
soil rhizosphere. The present results are in conformity with 
the findings as reported by Tejada and Gonzalez (2008) [18], 
Arancon et al. (2006) [2] who reported enhancement in 
enzymatic activities after incorporation of various type of 
Vermicompost in soil. 

 
Table 3: Effect of Azospirillum brasilense and vermicompost on bacterial population, fungi population and actinomycetes population of canopy soils of 

custard apple cv. Raydurg representing pooled analysis for two consecutive seasons during (2018 and 2019) 
 

Treatment combinations  Bacteria populations (cfug-1) Fungi population (cfug-1) Actinomycetes population (cfug-1) 

T0 (Control) 20.50 9.33 7.50 

T1 (AZS @ 25 g/plant) 23.67 10.33 8.50 

T2 (AZS @ 50 g/plant) 24.00 11.00 9.50 

T3 (AZS @75 g/plant) 24.00 10.67 8.50 

T4 (V.C.@ 10 kg/plant) 24.33 11.33 8.83 

T5 (V.C. @ 15 kg/plant) 24.00 12.00 8.50 

T6 (V.C. @ 20 kg/plant) 22.67 12.33 8.83 

T7 (AZS @ 25 g +V.C.@ 10 kg/plant) 24.00 11.50 8.83 

T8 (AZS @ 25 g + V.C.@ 15 kg/plant) 23.67 12.33 9.17 

T9 (AZS @ 25g + V.C.@ 20 kg/plant) 24.00 12.50 9.00 

T10 (AZS @ 50 g + V.C. @ 10 kg/plant) 27.33 14.67 10.50 

T11 (AZS @ 50 g + V.C.@ 15 kg/plant) 27.67 14.67 10.83 

T12 (AZS @ 50 g + V.C.@ 20 kg/plant) 28.33 15.00 10.83 

T13 (AZS @ 75g + V.C.@10 kg/plant) 28.00 15.00 11.83 

T14 (AZS @ 75 g + V.C.@ 15 kg/plant) 31.17 15.83 12.83 

T15 (AZS @ 75 g + V.C.@ 20 kg/plant) 28.67 14.33 11.17 

SEm (±) 1.14 0.65 0.95 

CD. (5%) 6.01 2.28 3.32 

*c.f.u.g-1(colony forming units per gram of soil) 

 

 
 

Fig 4: Effect of Azospirillum brasilense and vermicompost on bacterial population, fungi population and actinomycetes population of canopy soils of 

custard apple cv. Raydurg reflecting pooled analysis for two consecutive seasons during (2018 and 2019) 
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Conclusion 

It may be concluded that application of Azospirillum and 

Vermicompost through T10 treatment (AZS @ 50g + V.C. @ 

10 kg/plant) was found relatively better considering at par 

performance with T14 treatment at lower doses of 

Azospirillum brasilense for enhancement of plant growth 

characteristics as well as soil physicochemical properties and 

microbial populations under soil canopy soil of custard apple 

cv. Raydurg plants for two successive seasons (2018 and 

2019) sub humid agro ecology of under Jhalawar conditions. 

Among the various treatments, T10 treatment (AZS @ 50g + 

V.C. @ 10 kg/plant) was found moderately better over all 

other treatments with respect to most of the plant growth 

characteristics including soil physico-chemical properties and 

buildup of microbial population in soil canopy rhizosphere of 

custard apple cv. Raydurg plants. The consequences 

demonstrated helpful mutualistic interaction of Azospirillum 

brasilense and Vermicompost for harnessing the nutrients 

availability to get better growth parameters in custard apple 

cv. Raydurg plants coupled with increase of soil microbial 

population. 
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