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Introduction 

Knol-khol (Brassica oleracea var. gongylodes) is a winter season crop and is originated from the coastal countries of 

Mediterranean region [1]. It is commonly grown in Northern India and also in some parts of Rajasthan. The stem 

swells and stores edible food material specially starch and sugars. When consumed as raw it gives sweetish taste with 

slight aroma. The stem develops entirely above ground, which is edible and vary delicate in flavour and texture [2]. 

Knol-khol is characterized by formation of knob (tuber) which arises from thickening of the stem tissue above the 

cotyledon. The knob is harvested for human consumption either as raw or cooked. It is also utilized for making salad 

and pickles. Knol-khol contain protein 1.1 g, calcium 20 mg, iron 0.4 mg, vitamin A 36 IU and other minerals 0.7 mg 

per 100 g of edible portion. It also contains thiamin, riboflavin, nicotinic acid and ascorbic acid [3]. Sulphur appears 

to be essential for the formation of chlorophyll and protein in plants and effects the assimilation of carbohydrates [4]. 

Sulphur also has a number of important functions in plant nutrition. It is required for synthesis of certain amino acids, 

which are essential component of protein and also help in synthesis of biotin, thiamin, glutathione and co-enzyme-A 

and formation of chlorophyll and nitrogenase enzyme [5]. The spacing of crop may be varied according to climatic 

condition, soil fertility and cultivars adaptation to particular region. Under the wider spacing, the plant was more 

vigorous in terms of leaf size, which might be due to less competition for light, nutrients and moisture as compared' to 

closer spacing [6]. Among the various cultural practices, proper spacing & application of different dose of fertilizer at 

appropriate time are of great importance especially for semi-arid conditions of Rajasthan keeping adequate plant 

population per unit area. 
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Materials and Methods 

The experiment was laid out at Horticulture farm, S.K.N. College of Agriculture, Jobner, Distict Jaipur (Rajasthan) 

during Rabi season 2014-15. The climate of Jobner is typically semi-arid characterized by extremes of temperature 

both in summer and winter, low rainfall and moderate relative humidity. Maximum temperature in summer ranges 

between 30 to 48
0
C whereas, in winter, temperature falls down to as low as -1

0
C. The average rainfall varies between 

250 to 500 mm. The crop was transplanted on 18/10/2014 and harvested as last picking on 12/12/2014. The mean 

daily temperature maximum and minimum during the growing season of knol-khol fluctuated 35.0 and 2.0
0
C, relative 

humidity ranged from 52 to 70 per cent. The soil was loamy sand in texture, slightly alkaline in reaction, poor in 

organic carbon (0.15 %) with low available nitrogen (128 kg ha
-1

), phosphorus (16.63 kg ha
-1

) and sulphur (8.40 mg 

kg
-1

) and medium in potassium content (154.1 kg ha
-1

). The experiment was comprised of 16 treatment combination 

will be carried out in Randomized Block Design (RBD) with four levels of each Sulphur (0, 20, 40 and 60 kg ha
-1

) 

and spacing (30x20, 30x30, 45x30 and 45x45 cm). Two raised nursery beds of dimensions of 3 m x 1 m x 0.15 m 

(Length x Width x Height) were prepared by mixing well rotten FYM in soil @ 15 kg m
-2

. Seeds of knol-khol cv. 

Early White Vienna obtained from National Seed Corporation was treated with 0.02 percent thiram to save the 

seedlings from damping off disease. Five weeks old seedlings were transplanted on 18th October 2014, when average 

height of seedlings was about 5-7 cm. The distance between row to row and plant to plant was kept at four levels of 

spacing (30x20, 30x30, 45x30 and 45x45 cm). 

Treatment application  

Sulphur and spacing 

 Sulphur was applied as per treatment through agriculture grade elemental sulphur and was broadcasted uniformly 

before transplanting and incorporated in the soil. The agricultural grade of elemental sulphur (100 % S) was applied 

as per treatment before 20 days of transplanting. Sowing of the seedlings was carried out as per the scheduled levels 

of spacing viz. 30x20 cm, 30x30 cm, 45x30 cm and 45x45 cm. 

Nutrient content and quality parameters 

Nutrient content  Estimating method 

Sulphur content in knob (%) turbidometric method by Tabutabi and Bermner, 1970 [7]. 

Nitrogen content in knob (%) Nessler's reagent with colorimetric method by Snell and Snell, 1939 [8]. 

Protein content in knob (%) multiplying nitrogen per cent in knob by the factor 6.25 by A.O.A.C., 1980 [9] 

Ascorbic acid content in knob 

(mg/100g) 

determined by diluting the known volume of juice with 3% metaphosphoric 

acid and titrating it with 2,6-dicholorophenol-indophenol solution by 

A.O.A.C.,1960 [10] 

Results and Discussion 
Effect of sulphur and spacings on quality attributes  

Data presented in Table 1 indicated that increasing levels of sulphur significantly increased the sulphur, protein and 

ascorbic acid content in knob upto 40 kg sulphur per ha. The maximum sulphur content (0.736 per cent), protein 

content (4.39 %) and ascorbic acid content (53.40 mg/100g) was recorded in application of 60 kg sulphur per ha 

whereas minimum was recorded in control being at par with 40 kg sulphur.. Application of 60 kg sulphur being at par 

with 40 kg sulphur indicated an increase of 17.76 and 7.60 per cent in case of sulphur content, 66.13 and 17.71 per 

cent in case of protein content and 15.26 and 6.67 per cent in case of ascorbic acid content over control and 20 kg 

sulphur per ha, respectively. A perusal of data in the same table explains that different levels of sulphur and spacing 

did not preciptible variation in the TSS content of knob. The results of present investigation revealed that increasing 

levels of sulphur significantly increased the sulphur content in knob (Table 1). Increased accumulation of nutrients 

especially N, P and S in vegetative plant parts concomitant with improved metabolism led to greater translocation of 

these nutrients to reproductive structure of crops. The results are in conformity with the findings of [11], [12], [13] 

and [14]. From the experiment, protein and ascorbic acid content in knol-khol increased significantly with the 

increasing levels of sulphur (Table 1). The results may be due to the fact that nitrogen and sulphur are the main 

ingredients of protein and increase in their availability increase the utilization of nitrogen for the synthesis of protein. 

Sulphur synthesized some sulphur containing amino acids like cysteine and methionine and resulted in increased 

protein content, which is in accordance with the findings of [15], [16] and [17]. 
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Table 1 Effect of sulphur and spacing on quality attributes and economics of knol-khol 

Treatments Sulphur content 

in knob (%) 

T.S.S. 

content (%) 

Protein 

content (%) 

Ascorbic acid 

content 

Net returns 

(Rs/ha) 

B:C 

ratio 

Sulphur level       

S
0 
(0 kg/ha) 0.625 7.01 2.48 46.33 196634 2.30 

S
1 
(20 kg/ha) 0.684 7.51 3.50 50.06 258281 3.01 

S
2 
(40 kg/ha) 0.723 7.92 4.12 52.51 303293 3.50 

S
3 
(60 kg/ha) 0.736 8.21 4.39 53.40 315103 3.60 

SEm+ 0.012 0.19 0.10 0.73 6206 0.07 

CD at 0.05% 0.035 0.56 0.30 2.12 17922 0.22 

Spacing       

D
0 
(30x20 cm) 0.639 7.12 2.71 47.36 263111 3.03 

D
1 
(30x30 cm) 0.682 7.48 3.49 49.77 308026 3.55 

D
2 
(45x30 cm) 0.718 7.87 4.01 52.17 290822 3.36 

D
3 
(45x45 cm) 0.729 8.18 4.28 52.99 211352 2.46 

SEm+ 0.012 0.19 0.10 0.73 6206 0.07 

CD at 0.05% 0.035 0.56 0.30 2.12 17922 0.22 

A perusal of data (Table 1) explains that levels of spacing significantly increased the sulphur, protein and ascorbic 

acid content in knol-khol knob. The Spacing 45x45 cm recorded significantly maximum sulphur content (0.729 per 

cent), protein content (4.28%) and ascorbic acid content (52.99 mg/100g) in knob which was found to be at par with 

45x30 cm spacing. Spacing 45x45 cm remained at par with 45x30 cm spacing indicated an increase of 14.08 and 6.89 

per cent in case of sulphur content and 11.89 and 6.46 per cent more ascorbic acid content but spacing 45x30 cm 

registered an increase of 47.97 and 14.90 per cent more protein content over 30x20 cm and 30x30 cm spacing, 

respectively. Data given in same Table further exhibited that different levels of sulphur and spacing did not 

preciptible variation in the TSS content of knob. Sulphur content in knob was maximum in wider spacing and 

minimum in closer spacing. It plays an important part in protein synthesis and the functioning of several enzyme 

systems. The synthesis of chlorophyll and the activity of nitrate reductase are dependent on sulphur. It enhances oil 

formation in crops. Increased accumulation of nutrients especially N, P and S in vegetative plant parts concominant 

with improved metabolism led to greater translocation of these nutrients to reproductive structure of crops. The results 

are in conformity with the findings of [18], [19] and [20]. 

Protein content is directly related to nitrogen content present in the edible parts of knol-khol. Since protein 

content of grain is essentially a manifestation of N content. Increased N content due to wider spacing resulted in 

higher protein content because of their beneficial role in enhancing N content in knob. Protein content at closer 

spacing decreased due decrease in nitrogen content because timely space, fertilization and sunlight are not or less 

available at proper time to crop but in case of wider spacing crop generally used space and sunlight so physiological 

and morphological activities of crop including activity of tissues of leaves or other plant part occurs more rapidly. 

Finding of [21], [22] and [23] also provide support to the results of present investigation. 

The TSS content in knob of knol-khol was found non-significant at the levels of spacing (Table 1). T.S.S. 

increased due to nitrogen fertilization. Application of nitrogen helps in vigorous vegetative growth and imparted deep 

green colour to the foliage, which favoured photosynthetic activity of the plants, resulting in greater accumulation of 

food material i.e. carbohydrates due to more synthesis of ascorbic acid, T.S.S. and moisture contents. These results 

are in close conformity with the findings of [24], [25], [26] who reported that TSS content in knob of knol-khol were 

non-significant at spacing levels. 

Effect of sulphur and spacings on economics of the treatment 

Data represented in Table 1 revealed that different sulphur levels significantly increased the net returns (Rs ha
-1

) 

and B:C ratio over control and 20 kg sulphur per ha. The maximum net returns (3,15,103) and B:C ratio of 3.60 was 

obtained under 60 kg sulphur per ha while minimum was recorded in control. Application of 60 kg sulphur remained 

statistically at par with 40 kg sulphur representing a significant increase of Rs 118469 and Rs 56822 ha
-1

 in case of net 
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returns and 56.52 and 19.60 per cent in case of B:C ratio, respectively over control and 20 kg sulphur per ha. Data 

represented in same Table exhibited that net returns of knol-khol was significantly influenced by different spacing 

levels over 45x45 cm spacing. The spacing 30x30 cm was recorded significantly higher net returns (3,08,026) and 

fetched maximum B: C ratio (3.55) over 45x45 cm and 30x20 cm spacing which was found statistically at par with 

45x30 cm spacing. The mean increase in net returns due to 30x30 cm spacing over 45x45 cm and 30x20 cm spacing 

were Rs 96674 and Rs 44915 ha
-1

 and 44.31 and 17.16 per cent increase in case of B:C ratio, respectively. 

Interactive effect of sulphur and spacing on sulphur content (%) in knob of knol-khol 

Data in Table 2 showed that the combined effect of different levels of sulphur and spacing on sulphur content in knob 

were found to be significant. The application of 40 kg sulphur along with 45x30cm spacing recorded the sulphur 

content of knob (0.800 %) but found statistically at par with 60 kg sulphur per ha with 45x45 cm spacing, 60 kg 

sulphur per ha with 45x30 cm spacing and 40 kg sulphur per ha with 45x45 cm spacing. The treatment combination 

of 60 kg sulphur with 45x30 cm spacing proved as good as 60 kg sulphur along with 45x45 cm spacing and 40 kg 

sulphur with 45x45 cm spacing found significantly superior to rest of the treatment combinations. Application of 40 

kg sulphur with 45x30 cm spacing registered an increase of 50.09 per cent in sulphur content of knob over control 

with 30x20 cm spacing. 

Table 2 Interactive effect of sulphur and spacing on sulphur content, net returns and B:C ratio of knol-khol 
Spacings Sulphur levels 

Sulphur content (%) Net return (Rs ha
-1

) B:C ratio 

0 kg/ 

ha 

20 kg/ 

ha 

40 kg/ 

ha 

60 kg/ 

ha 

0 kg/ ha 20 kg/ 

ha 

40 kg/ 

ha 

60 kg/ 

ha 

0 kg/ 

ha 

20 kg/ 

ha 

40 kg/ 

ha 

60 kg/ 

ha 

30x20 cm 0.533 0.652 0.652 0.719 190388 253417 311375 297265 2.22 2.93 3.59 3.39 

30x30 cm 0.641 0.694 0.692 0.702 226694 297625 342569 365215 2.65 3.44 3.95 4.17 

45x30 cm 0.659 0.682 0.800 0.730 220124 278671 321473 343021 2.57 3.22 3.71 3.92 

45x45 cm 0.666 0.708 0.749 0.791 149330 203413 237755 254911 1.74 2.44 2.74 2.91 

S.Em.+ 0.014    12412.31     0.15     

C.D. (P = 

0.05) 

0.041    35844.57     0.43     

Interactive effect of sulphur levels and spacing on net returns (Rs ha
-1

) and B:C ratio 

Data in Table 2 showed that the combined effect of sulphur levels with spacings on net returns and B:C ratio of knol-

khol was found to be significant. Application of 60 kg sulphur with 30x30 cm spacings gave highest net return 

(365215 Rs /ha) and B:C ratio (4.17) being at par with 60 kg sulphur with 45x30 cm spacings and 40 kg sulphur with 

30x30 cm spacings. The combination of 40 kg sulphur with 30x30 cm spacings proved as good as 60 kg sulphur with 

45x30 cm spacings and significantly superior to rest of the treatment combinations. Application of 40 kg sulphur with 

30x30 cm spacings registered an increase of 193239 (Rs ha
-1

) net returns and 2.21 B:C ratio over control with 45x45 

cm spacing. Combined application of 40 kg sulphur ha
-1

 with 45x30 cm spacing found most efficacious in enhancing 

the sulphur content in knob and combined application of 40 kg sulphur ha
-1

 with 30x30 cm spacing found most 

efficacious in enhancing the knob yield ha
-1

, net return and B: C ratio. The significant increase in yield under the 

application of sulphur levels as basal dose and spacing levels was largely a function of improved growth and 

subsequent increase in diameter of knob (cm) and other yield attributes as described above. The interactive 

advantages of combining sulphur levels and spacing generally proved superior to the use of each component 

separately. 

Conclusion  

The combined application of 40 kg sulphur ha
-1

 and 30 x 30 cm spacing was found suitable in terms of yield, net 

return 1,93,239 (Rs ha
-1

) and B:C ratio (2.21) over control with 45 x 45 cm spacing, respectively and resulted in 

saving of 20 kg sulphur ha
-1

. Thus, application of sulphur 40 kg ha
-1

 along with 45 x 30 cm spacing recommended for 

knol-khol crop. 

 



Chemical Science Review and Letters  ISSN 2278-6783  

Chem Sci Rev Lett 2017, 6(22), 933-938                                                            Article CS062048041                        937 

References  

[1] Choudhary, B. 1967. Vegetable, National Book Trust of India. New Delhi. 72-73. 

[2] Singh, S.P. 1989. Production technology of vegetable crops. Agricultural Research Communication Centre, 

Karnal (Haryana). 

[3] Choudhary, B. 1967. Vegetable, National Book Trust of India. New Delhi. 72-73. 

[4] Hasenbuiller, R.L. 1963. Principles of soil science. Orient Loryman Ltd. Calcutta. 286-287. 

[5] Mclachan, K.D. 1953. Phosphorus,Sulphur and Molybdenum deficiencies on some soils of the Northern 

territory. Australian Journal of Intensive Agricultural Science, 19: 197-199. 

[6] Rai, N. Patel, R.K. and Dongra, R. 2003. Effect of various spacings and fertilizer combinations on growth and 

yield of Knol-Khol cv. White Vienna. Agricultural Sciences Digest, 23 (1): 41 – 43. 

[7] Tabutabi, M.A. and Bermner, J.M. 1970. A terbitometric method of determining sulphur in plant materials. 

Agronomy Journal, 62: 806-808. 

[8] Snell, P.D. and Snell, G.T. 1939. “Colorimetric methods of analysis”. 3rd Edn. Vol. II, D Van. Nastrand Inc., 

New York. 

[9] A.O.A.C. 1980. Official Method of Analysis of A.0.A.C. International. 16th Ed. Vol. II, Washington, D.C. 

[10] A.O.A.C. 1960. Official Method of Analysis. International. 18th Edn. Association of Official Agricultural 

Chemists, Washington, D.C. 

[11] Hara, J., Sugimoto, K. and Sonoda, Y. 1981. Nutritional relationship between nitrogen and sulphur in cabbage 

(Brassica oleracea var. capitata). Journal of Japanese Society of Horticulture Science, 50 (1): 60-65. 

[12] Narang, R.S., Mahal, S.S. and Gill, M.S. 1993. Effect of phosphorus and sulphur on growth and yield of toria 

(Brassica compestris L.). Indian Journal of Agronomy, 38 (4): 593-597. 

[13] Chhipa, B.G. 2005. Effect of different levels of sulphur and zinc on growth and yield of cauliflower (Brassica 

oleracea var. botrytis L.). Thesis M.Sc. (Ag.) submitted to RAU, Bikaner campus, Jobner.  

[14] Abd El-All, H.M. 2014. Improving growth, yield, quality and sulphoraphan content as anticancer of broccoli 

(Brassica oleracea L. var. italica) plants by some fertilization treatments. Middle East Journal of Agriculture 

Research, 3 (1) : 13-19. 

[15] Hunashikatti, M.H., Channal, H.T., Sarangamath, P.A., Manjunathaiah, H.M. and Hebsur, N.S. 2000a. Effect 

of sulphur and molybdenum on the dry matter yield and uptake of S and Mo by cabbage. Karnataka Journal of 

Agricultural Science, 13 (4): 840-845. 

[16] Gautam, P. 2012. Response of knol-khol (Brassica oleracea var. caulorapa) to organic manures and inorganic 

fertilizers. Thesis submitted to SKRAU, Bikaner. 

[17] Verma, H. and Nawange, D.D. 2015. Effect of different levels of nitrogen and Sulphur on the growth, Yield 

and quality of cabbage [Brassica oleracea var. capitata L.]. Agricultural Science Digest, 35 (2): 152-154. 

[18] Pornsuriya, P., Pornsuxiya, P. and Teeraskulchon, S. 1997. Studies on broccoli production in Chonburi 

Province, Thailand. Kasetsart Journal of Natural Sciences, 32 (4): 81-85. 

[19] Sharma, A. and Chandra, A. 2002. Economic evaluation and different treatment combinations of plant spacing 

and nitrogen in cabbage and cauliflower. Current Agriculture. 26 (1/2): 103-105. 

[20] Mehta, D.K., Singh, T. and Kanwar, R. 2015. Effect of head decapitation and planting density on quality seed 

production of sprouting broccoli (Brassica oleracea var. italica L.). Journal of Applied and Natural Science, 7 

(1) : 471 – 476. 

[21] Sahoo, R. K., Khalak A.,  Sujith, G. M. and Sheriff, R. A. 2002. Influence of spacing regimes and nitrogen 

levels on yield and quality of mustard cultivars. Research on Crops. 1 : 50-54 

[22] Singh, S.K., Singh, T., Singh, B.N. and Verma, R.B. 2004. Response of fertility levels and plant density on 

growth, yield and quality of hybrid cabbage. Vegetable Sciences, 31 (1): 69-72. 

[23] Thirupal, D., Madhumathi, C. and Syam Sundar Reddy, P. 2014. Effect of planting dates and plant spacings on 

growth, yield and quality of broccoli under Rayalaseema zone of Andhra Pradesh, India. Plant Archives, 14 (2): 

1095-1098. 

[24] Znidarcic, D., Kacjan-Marsic, N., Osvald, J., Pozrl, T. and Trdan, S. 2007. Yield and quality of early cabbage 

(Brassica oleracea L. var. capitata) in response to within-row plant spacing. Acta agriculturae Slovenica, 89 - 1, 

str. 15 - 23. 

[25] Grabowska, A., Kunicki, E. and Libik, A. 2009. The effects of different methods of cultivation and plant 

spacing on the chemical composition of broccoli heads. Folia Horticulturae; 21 (2):25-34. 

http://www.cabdirect.org/search.html?q=au%3A%22Abdul+Khalak%22
http://www.cabdirect.org/search.html?q=au%3A%22Sujith%2C+G.+M.%22
http://www.cabdirect.org/search.html?q=au%3A%22Sheriff%2C+R.+A.%22
http://www.cabdirect.org/search.html?q=do%3A%22Research+on+Crops%22


Chemical Science Review and Letters  ISSN 2278-6783  

Chem Sci Rev Lett 2017, 6(22), 933-938                                                            Article CS062048041                        938 

[26] Scuderi, D., Giuffrida, F. and Leonardi, C. 2013. Effects of harvest time and plant density on yield and quality 

of chinese cabbage for fresh-cut production. ISHS Acta Horticulturae 1005-61: VI International Symposium on 

Brassicas and XVIII Crucifer Genetics Workshop. 
 

Publication History 

Received  06
th
 Apr 2017 

Revised 15
th
 Apr 2017 

Accepted 17
th
 Apr 2017 

Online 30
th
 Apr 2017 

 

 

 

© 2017, by the Authors. The articles published from this journal are distributed to 

the public under “Creative Commons Attribution License” (http://creative 

commons.org/licenses/by/3.0/). Therefore, upon proper citation of the original 

work, all the articles can be used without any restriction or can be distributed in 

any medium in any form. 

 


