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Abstract 

A field experiment was conducted at Karguwanji Agricultural Research Farm, Institute of Agricultural 

Sciences, Bundelkhand University, Jhansi (UP) to find out the suitable doses of sulphur, FYM and 

vermicompost for garlic crop. The experiment was laid out in randomized block design with three 

replications having fifteen treatments viz., T1 - Control, T2 – FYM @ 10t ha-1, T3 - FYM @ 20 t ha-1, T4 – 

Vermicompost @ 2.5 t ha-1, T5 - Vermicompost @ 5 t ha-1, T6 – Sulphur @ 20 kg ha-1, T7 - FYM @ 10 t 

ha-1 + Sulphur @ 20 kg ha-1, T8 - FYM @ 20 t ha-1 + Sulphur @ 20 kg ha-1, T9 - Vermicompost @ 2.5 t 

ha-1 + Sulphur @ 20 kg ha-1, T10 - Vermicompost @ 5 t ha-1 + Sulphur @ 20 kg ha-1, T11 - Sulphur @ 40 

kg ha-1, T12 - FYM @ 10 t ha-1 + Sulphur @ 40 kg ha-1, T13 - FYM @ 20 t ha-1 + Sulphur @ 40 kg ha-1, 

T14 - Vermicompost @ 2.5 t ha-1 + Sulphur @ 40 kg ha-1 and T15 - Vermicompost @ 5 t ha-1 + Sulphur @ 

40 kg ha-1. Result revealed that the growth and yield parameters viz., plant height, number of leaves per 

plant, number of cloves per bulb, bulb diameter, clove weight, bulb weight and bulb yield increased 

significantly with increasing levels of sulphur, FYM and vemicompost. Application of vermicompost @ 

5 t ha-1 + sulphur @ 40 kg ha-1 (T15) was recorded maximum plant height (48.8 cm), number of leaves 

per plant (8.1), number of cloves per bulb (20.6), bulb diameter (17.8 cm), bulb weight (29.3 g) and bulb 

yield (69.2 q ha-1) while maximum number of cloves per bulb (21.0) was observed with T12. Application 

of sulphur along with different doses of FYM or vermicompost improved the soil health and increased 

availability of nutrients in the soil. 
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Introduction 

Among the bulb crops, garlic (AIlium sativum L.) is an important cash crop of India belongs 

from the family alliaceae and second most widely cultivated bulbous crop after onion. India 

ranks second in area and production of garlic in the world. In India, Madhya Pradesh first rank 

in the area and production. Uttar Pradesh has third rank in area and production. The main 

constraints of low productivity of garlic are imbalance use of fertilizers and decline soil 

productivity. Balanced application of nutrition is a prerequisite for harnessing higher yield. 

The continuous application of chemical fertilizers alone without use of organic manures has 

deteriorated soil health in terms of chemical, physical and biological characters resulting in 

decline in crop yield. On the other hand, organic manures such as farmyard manure and 

vermicompost are known to have beneficial effect on soil health but their limited nutrient 

content and their availability in large amount is a constraint for their wider usage. This 

indicates that sole application of inorganic fertilizers is in no way a suitable solution for 

maintaining soil health and enhancing crop productivity. So the solution lies in the integrated 

use of chemical fertilizers and organic manures for obtaining sustainable crop production, 

better nutrient availability and efficient nutrient. Like other bulbous crops, garlic also requires 

adequate sulphur which is an essential nutrient for growth and development of plants and if 

soil is deficient in sulphur declined the full potential of garlic by decline productivity of the 

crop. Keeping above facts in view, present experiment was carried out to evaluate the effect of 

soil application of sulphur, FYM and vermicompost on soil properties, growth and yield of 

garlic.  
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Materials and Methods 

The field experiment was conducted at Karguwanji 

Agricultural Research Farm, Institute of Agricultural 

Sciences, Bundelkhand University, Jhansi (U.P.). The 

experimental soil was red loam with slightly alkaline in 

nature. The experimental field was low to organic matter 

content, available nitrogen, phosphorus and potassium as well 

as medium to availability of sulphur. The experiment was laid 

out in Randomized Block Design with three replications. 

There was fifteen treatments viz., T1 - Control, T2 – FYM @ 

10t ha-1, T3 - FYM @ 20 t ha-1, T4 – Vermicompost @ 2.5 t ha-

1, T5 - Vermicompost @ 5 t ha-1, T6 – Sulphur @ 20 kg ha-1, 

T7 - FYM @ 10 t ha-1 + Sulphur @ 20 kg ha-1, T8 - FYM @ 

20 t ha-1 + Sulphur @ 20 kg ha-1, T9 - Vermicompost @ 2.5 t 

ha-1 + Sulphur @ 20 kg ha-1, T10 - Vermicompost @ 5 t ha-1 + 

Sulphur @ 20 kg ha-1, T11 - Sulphur @ 40 kg ha-1, T12 - FYM 

@ 10 t ha-1 + Sulphur @ 40 kg ha-1, T13 - FYM @ 20 t ha-1 + 

Sulphur @ 40 kg ha-1, T14 - Vermicompost @ 2.5 t ha-1 + 

Sulphur @ 40 kg ha-1 and T15 - Vermicompost @ 5 t ha-1 + 

Sulphur @ 40 kg ha-1 comprised to evaluate their effect on 

soil properties, growth and yield of garlic. The recommended 

doses of fertilizers (60:90:60 kg NPK ha-1) were applied in the 

form of Urea, DAP and MOP. The sulphur was applied in the 

form of elemental sulphur. The half quantity of nitrogen, 

whole quantity of phosphorus, potassium and sulphur was 

applied as basal dose and rest half quantity of nitrogen is 

applied as top dressing. Garlic variety “Yamuna safed” was 

used for experiment and planted with spacing of 15×10 cm. 

The observations on plant height (cm), number of leaves per 

plant, number of cloves per bulb, bulb diameter (cm), clove 

weight (g), bulb weight (g) and bulb yield (q ha-1). Pre and 

post experimental physic-chemical properties of soil was also 

determined.  

 

Result and Discussion 

Soil application of sulphur, Farm Yard Manure and 

vermicompost showed significant effect on growth and yield 

attributes of garlic (Table 2). The plant height varied 

significantly among the treatments and maximum plant height 

(48.8 cm) was recorded under T15 followed by T14 (45.4 cm), 

T13 (45.4 cm), T12 (45.3 cm) and T10 (44.7 cm) however, all 

the follower treatments were at par with each other. The 

maximum number of leaves per plant (8.12) was recorded 

under T15 which was found statistically at par with T13 (7.91) 

and T13 was found statistically at par with T14, T12 and T10. 

Organic sources of nutrients provide all essential nutrients to 

plants resulted in rapid cell division, multiplication and cell 

elongation in meristematic region of the plant which 

promoted vegetative growth of the plant (Patil et al., 2007) 
[10]. The maximum number of cloves per bulb (21.03) was 

recorded with T12 followed by T15, T13, T14, T9 and T10 

however these were statistically at par with each other. 

Significantly higher bulb diameter (17.81 cm) was recorded 

under T15 followed by T13, T8 and T14 while there was no 

significant difference was found between all the follower 

treatments. The maximum clove weight (1.69 g) which was 

found statistically at par with T15, T13, T10, T12, T9, T6, T5 and 

T4. The significantly higher bulb weight (29.25 g) and yield 

(69.23 q ha-1) was recorded under T15 over all the treatments 

except T14 which was found statistically at par with T15 for 

bulb weight (28.82 g) and yield (68.21 q ha-1). It was further 

observed that there was no significant difference found 

between T14 and T13 for bulb weight and between T14, T13, 

T12, T11, T10 and T5 for bulb yield. These results are in line 

with the findings of Gowdual et al. (2007) [4], Suthar (2008) 

[16] and Patidar et al. (2017) [9]. Chatterjee (2010) [1] revealed 

that higher amount of organic manures (10 and 20 t ha-1 FYM 

and 2.5 and 5 t ha-1 vermicompost) and inorganic fertilizers 

significantly influenced growth and yield attributes as 

compared to sole application of recommended inorganic 

fertilizers and vermicompost emerged as better organic 

nutrient source over farm yard manure. Soil application of 

sulphur along with farm yard manure or vermicompost may 

improve the physical, chemical, and biological properties of 

soil increase the root and plant growth and development in 

yield characters which was result in high garlic yield Suthar, 

2009 [16]; Rodriguez et al., 2012 [11] and Verma et al., 2013 
[19]. 

 

Soil Properties  

Addition of sulphur, FYM and vermicompost in different 

doses had a positive effect on soil pH, electrical conductivity, 

organic carbon, available nitrogen, phosphorus, potassium 

and sulphur (Table 3). The pH value was decreased with 

increase level of sulphur, FYM and vermicompost however, 

there was no significant difference observed between different 

treatments. The EC value was also decreased with increase 

level of sulphur, FYM and vermicompost. Significantly lower 

value of EC (0.31 dsm-1) was recorded with T15 followed by 

T13 and T10 however these were at par with each other while 

higher value observed with control. The value of organic 

carbon (0.27%) was highest under treatment T13 followed by 

T15 and T12 whereas lowest (0.17%) under T1 (control). 

Organic carbon in soil increased significantly with the 

increase level of FYM and Vermicompost. Choudhary et al. 

(2005) [2] reported that the incorporation of FYM and 

vermicompost with inorganic fertilizers significantly 

improved the organic carbon content of the soil in tomato. 

The available N in different treatments ranged from 98.70 kg 

ha-1 to 118.52 kg ha-1 which falls in lower range from the 

availability point of view. Maximum available N (118.52 kg 

ha-1) was recorded with T15 which was statistically at par with 

T13 and T10. The increased available N due to incorporation of 

organic material is attributed to the enhanced mineralization. 

Swain et al. (2013) [17] also noted maximum available nitrogen 

in the plots supplied with 100% chemical fertilizers along 

with inorganic fertilizers, mineralization process was faster 

and thereby has shown immediate release of N and its 

availability in the soil. The highest available P (18.21 kg ha-1) 

was recorded under treatment T13 which was statistically at 

par with T15 and lowest under T1. Addition of organic manure 

like FYM and vermicompost along with inorganic fertilizer 

had a beneficial effect in increasing the phosphate 

availability, which was also observed by Upadhyay et al. 

(2012) [18]. Data revealed that the effect of different treatments 

was significant and highest potassium (218.76 kg ha-1) was 

recorded under T13 however it was statistically at par with T15 

and lowest was noted in T1. The beneficial effect of 

vermicompost and FYM on available K may be ascribed to 

the direct potassium addition to the Potassium pool of the soil 

besides the reduction in potassium fixation and its release due 

to interaction of organic matter with clay particles. The 

beneficial effects of integration of organic manures + 

chemical fertilizers in promoting inherent fertility status of 

soil was earlier reported by Parmar et al. (2006) [8] in 

cauliflower. Significantly higher sulphur (15.11 ppm) was 

recorded for T15 and it was statistically at with T13, T14, T12, 

T10 and T8 whereas lower was with T1. The application of 

FYM and vermicompost along with inorganic sulphur 

generally resulted in buildup of available S status of the soil. 
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Singh et al. (2012) [14] in an incubation study observed an 

increase in the soil microorganism population apparently 

utilize organically bound S and convert it into cystine and 

methionine, which are further converted in to inorganic 

sulphate by microorganisms. The buildup of available S in 

soil with the addition of FYM and vermicompost after the 

harvest of the crop has also been reported by Nambiar and 

Ghosh (1984) [6]. 

 
Table 1: Physico-chemical properties of experimental soil 

 

Parameter Pre experiment Method adopted 

pH 8.50 1. Blackman’s Glass Electrode pH meter (Muhur et al. 1965) [5] 

EC (dsm-1) 0.70 2. Solubridge method (Richard, 1954) [12] 

Organic carbon (%) 0.19 Walkley and Black’s Rapid Titration method (1934) [20] 

Available N (kg/ha) 98.00 3. Alkaline potassium permanganate method (Subbiah and Asiza, 1956) [15] 

Available P (kg/ha) 14.50 4. Olsen’s method (Olsen et al., 1954) [7] 

Available K (kg/ha) 208.00 5. Flame Photometer (Muhur et al., 1965) [5] 

Available S (ppm) 11.31 0.15% CaCl2 extractant and turbidimetric determination (Chesnin and Yien, 1950) [3] 

 
Table 2: Effect of soil application of sulphur, FYM and vermicompost on growth and yield of garlic 

 

Treatments 
Plant height 

(cm) 

Number of 

leaves plant-1 

Number of 

cloves bulb-1 

Bulb Diameter 

(cm) 

Clove 

weight (g) 

Bulb 

weight (g) 

Bulb yield 

(q ha-1) 

T1 - Control 39.41 6.32 14.00 14.30 1.45 25.31 65.13 

T2 – FYM @ 10t ha-1 40.72 6.71 14.61 15.20 1.44 26.42 65.41 

T3 - FYM @ 20 t ha-1 42.83 6.90 15.63 16.14 1.55 27.64 66.20 

T4 – Vermicompost @ 2.5 t ha-1 42.02 7.13 15.64 15.41 1.57 26.73 66.31 

T5 - Vermicompost @ 5 t ha-1 42.81 7.40 17.35 15.83 1.57 27.75 67.32 

T6 – Sulphur @ 20 kg ha-1 40.30 6.81 16.30 14.72 1.58 27.71 66.21 

T7 - FYM @ 10 t ha-1 + Sulphur @ 20 kg ha-1 43.21 6.90 16.61 16.30 1.42 27.62 66.33 

T8 - FYM @ 20 t ha-1 + Sulphur @ 20 kg ha-1 43.62 7.21 17.62 16.61 1.48 27.82 66.62 

T9 - Vermicompost @ 2.5 t ha-1 + Sulphur @ 

20 kg ha-1 
43.90 7.32 19.30 15.80 1.58 27.71 66.91 

T10 - Vermicompost @ 5 t ha-1 + Sulphur @ 20 

kg ha-1 
44.73 7.71 19.08 16.03 1.60 28.05 67.40 

T11 - Sulphur @ 40 kg ha-1 42.20 7.61 18.02 15.10 1.54 28.01 67.41 

T12 - FYM @ 10 t ha-1 + Sulphur @ 40 kg ha-1 45.32 7.79 21.03 16.42 1.59 27.92 67.50 

T13 - FYM @ 20 t ha-1 + Sulphur @ 40 kg ha-1 45.44 7.91 20.05 16.81 1.68 28.63 67.70 

T14 - Vermicompost @ 2.5 t ha-1 + Sulphur @ 

40 kg ha-1 
45.45 7.80 19.32 16.60 1.69 28.82 68.21 

T15 - Vermicompost @ 5 t ha-1 + Sulphur @ 40 

kg ha-1 
48.81 8.12 20.61 17.81 1.68 29.25 69.23 

SEM± 0.35 0.09 0.83 0.22 0.05 0.16 0.38 

CD5% 1.00 0.27 2.42 0.27 0.14 0.46 1.11 

  
Table 3: Effect of soil application of sulphur, FYM and vermicompost on soil properties after harvest of garlic 

 

Treatments pH 
EC 

(dsm-1) 

Organic 

carbon (%) 

Available N 

(kg ha-1) 

Available P 

(kg ha-1) 

Available 

K (kg ha-1) 

Available S 

(ppm) 

T1 - Control 8.49 0.54 0.17 98.70 11.70 207.11 9.81 

T2 – FYM @ 10t ha-1 8.41 0.46 0.21 107.12 12.82 211.33 10.24 

T3 - FYM @ 20 t ha-1 8.35 0.40 0.25 114.11 13.51 216.07 11.52 

T4 – Vermicompost @ 2.5 t ha-1 8.38 0.44 0.19 108.61 12.22 212.11 10.54 

T5 - Vermicompost @ 5 t ha-1 8.35 0.39 0.22 115.32 13.86 215.55 11.67 

T6 – Sulphur @ 20 kg ha-1 8.43 0.50 0.18 100.20 14.11 208.31 11.94 

T7 - FYM @ 10 t ha-1 + Sulphur @ 20 kg ha-1 8.31 0.43 0.22 108.61 14.87 212.53 13.27 

T8 - FYM @ 20 t ha-1 + Sulphur @ 20 kg ha-1 8.27 0.32 0.26 115.82 16.11 217.42 13.98 

T9 - Vermicompost @ 2.5 t ha-1 + Sulphur @ 20 kg ha-1 8.28 0.42 0.19 110.33 14.90 212.77 13.37 

T10 - Vermicompost @ 5 t ha-1 + Sulphur @ 20 kg ha-1 8.23 0.32 0.23 117.42 16.05 216.00 14.03 

T11 - Sulphur @ 40 kg ha-1 8.39 0.49 0.19 101.31 15.97 208.97 13.52 

T12 - FYM @ 10 t ha-1 + Sulphur @ 40 kg ha-1 8.30 0.42 0.24 109.33 16.15 214.87 14.22 

T13 - FYM @ 20 t ha-1 + Sulphur @ 40 kg ha-1 8.17 0.32 0.27 117.44 18.21 218.76 14.84 

T14 - Vermicompost @ 2.5 t ha-1 + Sulphur @ 40 kg ha-1 8.28 0.39 0.20 112.00 16.45 213.97 14.43 

T15 - Vermicompost @ 5 t ha-1 + Sulphur @ 40 kg ha-1 8.15 0.31 0.24 118.52 17.82 218.08 15.11 

SEM± 0.10 0.01 0.01 0.78 0.46 0.96 0.40 

CD5% NS 0.03 0.02 2.27 1.35 2.81 1.18 
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Conclusion 

On the basis of the present study, it may be concluded that 

application of vermicompost @ 5 t ha-1 + sulphur @ 40 kg ha-

1 (T15) registered maximum values of growth and yield 

attributes as well as improve the soil properties also. Hence 

application of vemicompost @ 5 t ha-1 + sulphur @ 40 kg ha-1 

along with 100% RDF can be suggested as an effective 

nutrient management module for getting higher yield in garlic 

cultivation on sustainable basis. 
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