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Effect of Sulphur and Boron application on nutrient uptake and yield of urdbean (Vigna mungo) crop and its residual effect on succeeding toria (Brassica campestris L. var. toria) crop grown in mollisol 


ABSTRACT 

	
Aims: A field experiment was conducted to study the effect of different doses of sulphur and boron application on yield and nutrient uptake of urdbean crop and its residual effect on succeeding toria crop.
Study design:  Randomised Block Design 
Place and Duration of Study: Field Experiment was conducted at Norman E. Borlaug Crop Research Centre, during Kharif and Rabi Season of 2021-22 and Lab analysis was done at Department of Soil Science, G.B. Pant University of Agriculture and Technology, Pantnagar, Uttarakhand. 
Methodology: There were 6 treatments and 4 replications of each treatment. Treatments included control (with neither boron nor sulphur application), 2 levels of boron (1 and 2 kg B ha-1) and 3 levels of sulphur (20, 40 and 60 kg S ha-1). Basal doses of abovementioned boron and sulphur levels were applied only to Urdbean crop and its residual effect was seen in succeeding Toria crop.
Results: Result analysis at  p=0.05 revealed that Boron application at 1 kg ha-1 and 2 kg ha-1 causes significant, 11.58 % and 19.47 %, respective increase in urdbean grain yield and due to its residual effect toria oilseed grain yield also increases by 10.36 % and 10.90 % respectively in comparision to control. Similar, enhancements in grain yield (11.05 %, 20.00 % and 17.89%) and nutrient uptake were also noticed due to Sulphur application at 20, 40 and 60 kg ha-1 respectively to urdbean crop and residual effect of these sulphur levels also observed in yield and nutrient uptake of succeeding toria crop. On application of 2 kg B ha-1, B uptake increased by 44.71 % in grains of urdbean crop and by 36.97 % in grains succeeding toria crop and on increasing dose of S application to 60 kg ha-1, S uptake increased by 55.31 % in urdbean grains and by 52.63 % in grains of succeeding toria crop.
Conclusion: On increasing dose of B application to 2 kg per ha and S application to 60 kg ha-1 there is significant increase in yield and nutrient uptake of urdbean crop and positive residual effect of these doses can be seen in yield and nutrient uptake of succeeding toria crop. Since, there is no significant difference between 1 kg B ha-1 and 2 kg B ha-1 and also between 40 kg S ha-1 and 60 kg S ha-1, with respect to grain yield and nutrient uptake of Urd bean-Toria crops, application of B at 1 kg ha-1 and S at 40 kg ha-1 is advisable in this region.
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1. INTRODUCTION 
Pulses and oilseeds are very important components for diversification of cropping systems in India (Kumari et al., 2025). They are good source of protein and energy in our diet, especially in India where most of population is preferably vegetarian. Pulses are an important source of protein, macronutrients, micronutrients, carbohydrates as well as dietary fibers which gives many health benefits like controlling diabetes, lowering blood cholesterol level and heart diseases (Hall et al., 2017). Pulses contain minerals, vitamins A, B, E & C and antioxidants (Mudryj et al., 2014). India is leading producer of pulses in world (25.46 MT) but it is also leading in consumption and imports. Likewise, in India 30.24 Mha area is under oilseed cultivation and oilseed production is around 41.36 MT (DAC& FW, Annual Report 2023-24) but still, a large part  of edible oil in India is imported. Demand supply gap exists in case of both pulses and oilseeds in India (Agarwal et al., 2024). Since there is limited agricultural land available and there is competition for various crops and enterprises, productivity of both pulses and oilseeds has to be improved to meet out the yield gap. Pulses which contain 18 to 25% protein and oilseeds which contain approximately 9 kcal/g energy might be a potential solution to the problem of protein calorie malnutrition which India is facing today (Mazumdar et al., 2024). 
Among the pulses, urdbean is an important crop in India which serve as source of carbohydrate, protein, fat, minerals, calcium, iron and fibre (Soharu et al., 2024). Urdbean can be cultivated in all three seasons as sole crop as well as mixed crop. It fits well in various multiple and intercropping system due to its short duration nature. Toria is generally not cultivated as main rabi crop beacause its yield potential is less but is taken as relay crop because of its short duration. Rabi season could be utilized by growing toria crop to achieve double cropping which contribute greatly to farmers income (Mookherjee, 2019). In addition to primary nutrients i.e. nitrogen, phosphorus and potassium, secondary nutrient like sulphur and micronutrient like boron play important role in production technology of pulses and oilseed crop and the response of these crops to application of S and B has been recorded (Ladohia et al., 2025)  
Now-a-days deficiency of sulphur in Indian soil has become a very common problem related to crop production. More than 41% of Indian soils are sulphur deficient. Continuous use of high analysis fertilisers combined with intensive cropping system and less use of organic manure has caused deficiency of sulphur in soil reserves. Approximately 10-30 % yield of oilseed crop is hampered by deficiency of sulphur. The requirement of sulphur of oilseed crops is more for growth and development than any other crop. About 10-25 kg sulphur is removed by oilseed crops and about 5-10 kg sulphur is removed by leguminous crops per hectare per year depending on soils, crops and environmental conditions (Singh and Singh, 2016). Sulphur is required in highest amount by crucifers followed by sesame and sunflower which in turn is followed by legumes. Sulphur is very important for synthesis of coenzymes which in turn are very important for fatty acid synthesis and application of sulphur increases oil content significantly. 
Boron deficiency is increasing rapidly in soils of India and in crops deficiency of boron is more than the other essential micronutrient. Boron deficiency is generally not suspected in Indian soils but 33 % of Indian soils are boron deficient (Shukla and Behera, 2012) and adverse effect of boron deficiency is firstly seen on flowering and fruiting and therefore, on crop production and nutritional quality of crop. Next only to zinc, boron has become very important micronutrient in Indian agriculture (Arunkumar et al., 2018). Boron has an important role to play in plant nutrition and is recognised to be major yield limiting factor in pulse crops. Oilseed crops, also, are very sensitive to micronutrient deficiency, particularly, boron and hence, its deficiency adversely affects growth, yield and nutritional quality of oilseed crops. Both deficiency and overuse of boron fertilisers can have adverse effect on crops because there is very narrow range of deficiency and toxicity in case of both plants and soils. Henceforth, optimum supply of boron is must to obtain optimum growth and yield of crop. 
Nutrient content and nutrient uptake in agricultural produce is adversely affected by deficiency of nutrients in soil. The soils which are deficient in S and B, produce crops that has low concentration of S and B in their produce. Therefore, its nutritional quality is adversely affected and its consumption leads to malnutrition problems in human and animal health. However, S and B application to soil might help in enhancing growth, yield and improving nutritional quality of crops. Response of crops to S and B application depends on multiple factors like crop type (cereals, pulses, oilseeds), available nutrient status of soil of particular location, yield level of particular crop and rate of sulphur and boron application. Therefore, optimum dose of S and B need to be established which must be soil-crop-agroecological condition specific. Sulphur and Boron application to soil prior to sowing of main crop, leaves its residual effect on succeeding crop. For effective nutrient management, this residual effect must be taken into consideration for improving both productivity and profitability. Generally, studies on effect of sulphur and boron application are restricted to one crop without consideration of either residual effect of both these nutrients (S and B) on succeeding crop. Therefore, in this study, urdbean-toria crop sequence was studied and residual effect emerging from S and B application to urdbean crop was studied on following toria crop.

2. material and methods

2.1 Site of the experiment

Field experiment was conducted at E1 block (Latitude-29⁰01.453 N, Longitude-079⁰28.721 E and 215 m above mean sea level) of Norman E. Borlaug Crop Research Centre of the G.B. Pant University of Agriculture and Technology, Pantnagar, Uttarakhand, during Kharif and Rabi Season of 2021-22. 

Table 1 Initial  phyco-chemical characteristics of experimental soil (0-15 cm)
	Parameters
	Values
	References

	Mechanical Analysis
Sand (%)
Silt (%)
Clay (%)
	
70.4
20.0
09.6
	Hydrometer method
(Bouyoucos, 1936)

	Textural class
	Sandy loam
	USDA, HANDBOOK 60

	pH (1:2 Soil:water)
	6.85
	Jackson (1967)

	EC (dSm-1) (1:2 Soil:water)
	0.22
	Bower and Wilcox (1965)

	Organic Carbon (%)
	0.51
	Walkley and Black (1934)

	Mineralisable N (kg ha-1)
	184.98
	Subbiah and Asija (1956)

	Available P (kg ha-1)
	10.96
	Olsen et al. (1954)

	Available K (kg ha-1)
	190.40
	Neutral ammonium acetate method (Schollenberger and Simon, 1945)

	Available S (ppm)
	11.40
	Turbidity method (Williams and Steinberg, 1969) and (Chesnin and Yien, 1951)

	Hot CaCl2 extractable B (ppm)
	0.385
	Hot Calcium Chloride extractable Boron method
(Berger and Troug,1939)



2.2 Experimental details

Field experiments were conducted  with urdbean ( Vigna mungo) crop followed by a crop of toria (Brassica campestris var. toria). Pant Urd 31 variety of blackgram and Uttara variety of toria crop was used for conducting the field experiment. There were 6 treatment combinations, which were replicated 4 times and the experiment was laid out in randomized block design. These treatment combinations were decided based on review of results of other researchers. 
[bookmark: _GoBack]  Chart 1: Treatment details 
	Treatments
	Urdbean crop
	Toria crop

	T1
	RDF* + 0 kg B ha-1 + 0 kg S ha-1
	RDF*

	T2
	RDF* + 1 kg B ha-1 + 0 kg S ha-1
	RDF* + Residual effect of 1 kg B ha-1

	T3
	RDF* + 2 kg B ha-1 + 0 kg S ha-1
	RDF* + Residual effect of 2 kg B ha-1

	T4
	RDF* + 0 kg B ha-1 + 20 kg S ha-1
	RDF*+ Residual effect of 20 kg S ha-1

	T5
	RDF* + 0 kg B ha-1 + 40 kg S ha-1
	RDF* + Residual effect of 40 kg S ha-1

	T6
	RDF* + 0 kg B ha-1 + 60 kg S ha-1
	RDF* + Residual effect of 60 kg S ha-1


 * Recommended dose of fertilizer (RDF) for urd bean crop was 20 kg N ha-1, 40 kg P ha-1 and 40 kg K ha-1 while for toria crop, it was 90 kg N ha-1, 40 kg P ha-1 and 20 kg K ha-1
T1 was treated as control in which RDF for respective crops was applied. Different doses of boron and sulphur in all other treatments (except control) was applied as basal dose in urdbean crop and residual effect of these boron and sulphur doses were studied in succeeding toria crop. 
After field preparation, treatments were applied according to layout and seeds of urdbean crop was sown on 8th August, 2021. Crop was raised following recommended agronomic practices and it was harvested at physiological maturity stage of crop on 26 October, 2021. Yield attributes like number of pods per plant, number and test weight were recorded along with seed and stover yield of urd bean crop. After harvesting urdbean crop, field preparation and basal dose application of NPK at 90-40-20 kg ha-1 was done before sowing toria crop, to know the residual effect of sulphur and boron applied to preceeding urdbean crop, on succeeding toria crop. Sowing of toria crop was done on 2nd November, 2021 and it was harvested at physiological maturity stage on 9th February, 2022. Yield attributes like number of siliqua per plant and test weight were recorded along with seed yield and stover yield of toria  crop. 

  Nutrient analysis in plant material
After collecting plant samples, it was air dried for 3-4 days and then oven dried for 48 hrs at 600 C, followed by grinding. Wet digestion of plant material was done for S and dry ashing was done for B analysis. 2 mL of filterate collected after digesting the sample was taken in a 25 ml volumetric flask and S content was determined by turbidity method given by Williams and Steinberg, 1969 and Chesnin and Yien, 1951. 2 mL of filterate collected after dry ashing the sample was taken in plastic beaker and B content was determined by hot water extractable boron method by Berger and Troug, 1939. 
Extractable S (ppm) = (S-B) x Dilution factor
Where,
  S- concentration of plant sample in ppm
  B- concentration of blank sample in ppm
  Extractable S (g kg-1) = Extractable S (ppm) x 0.001
  S uptake in grain (kg ha-1) = grain yield (kg ha-1) x S content in grain (g kg-1)/1000
  S uptake in stover (kg ha-1) = stover yield (kg ha-1) x S content in stover (g kg-1)/1000

Extractable Boron (ppm) = (S-B) x Dilution factor
Where,
S- concentration of plant sample in ppm
B- concentration of blank sample in ppm
Boron uptake in grain (g ha-1) = grain yield (kg ha-1) x Boron content in grain (mg kg-1)/1000
Boron uptake in stover (g ha-1) = stover yield (kg ha-1) x Boron content in stover (mg kg-1)/1000


2.4 Oil content
      Oil content (%) analysis of toria seeds was done by using NIRFlex N500 instrument.
2.5 Statistical Analysis

Data was statistically analyzed by ANOVA technique. F test of significance at 5 percent probability was applied to compare the difference among treatments. Significant difference between means was recorded on basis of critical difference (C.D) as percent level of probability. OPSTAT software package was used for statistical analysis.


3. results and discussion

3.1 Effect of S and B on yield of urdbean

3.1.1 Grain yield and Stover yield


As it is evident from table 2, grain yield increases by 11.58 % and 19.47 % in treatments T2 and T3, respectively, as compared to T1. This enhancement in grain yield on application of boron has been significant, when compared to T1  but T2 and T3 were found to be statistically at par with each other i.e. no significant difference with respect to grain yield has been noted when boron supply is increased from 1 kg ha-1 to 2 kg ha-1. Such enhancement in grain yield can be mainly attributed to boron’s functional role in development of flower, germination of pollen grain, growth of pollen tube, viability of pollen grain for proper pollination, development of seed, accumulation of dry matter and efficient translocation of assimilates to reproductive organs causing increase in number of pods and henceforth, grain yield. Also, application of boron makes quick availability of boron during entire growth period.


As it is also evident from table 2 that stover yield, significantly, increases  by 10.51 % and 20.62 % in treatments T2 and T3 respectively, as compared to T1. This increase in stover yield  might be because of involvement of boron in stabilizing cell wall membrane, cell membrane structure, increased cell division, sugar transport, tissue differentiation, maintainance of xylem and phloem, metabolism of carbohydrate, protein, nucleic acid, auxin and phenol.
These results are supported by Naznin et al. (2020). They reported that increasing application of B upto 1 kg ha-1 increased seed yield and stover yield of black gram. These results are also in line with experiment conducted by Mishra et al. (2018) who reported that increasing dose of B upto 2 kg ha-1 increased grain yield of black gram. Ladohia et al. (2025) also reported that black gram yield was positively correlated with optimum boron and sulphur doses in blackgram.


As it is evident from table 2, that grain yield increases by 11.05 %, 20.00 % and 17.89% in treatments T4, T5 and T6  respectively, as compared to T1.This enhancement in grain yield on increasing dose of sulphur application from 20 kg ha-1 to 60 kg ha-1 has been found to be significant when compared to T1. It has been found that though there is significant increase from T4 to T5 but T5 and T6  are statistically at par with each other with respect to grain yield. 
As it is also evident from table 2, stover yield increases by 9.14 %, 19.07 % and 16.73 % in treatments T4, T5 and T6 respectively, as compared to T1. This enhancement in stover yield on increasing dose of sulphur application from 20 kg ha-1 to 60 kg ha-1 has been found to be significant when compared to T1. It has been found that though there is significant increase from T4 to T5 but T5 and T6  are, statistically, at par with each other with respect to stover yield.


These results are in conformity with Patel et al. (2018) who reported that application of 40 kg S ha-1 gave maximum seed yield and stover yield of black gram in vindhyan soil. Kumar et al. (2025) reported application of 45 kg S ha-1 increased yield of urdbean crop. Bhat et al. (2025) reported similar significant increase in yield of soyabean on increasing dose of S application to 60 kg ha-1. 

Application of sulphur caused its greater availability to crop during its crop growth period. This increase in seed and stover yield due to S application might be because of involvement of S in photosynthesis and physiological processes like synthesis of S containing amino acids, cystine and methionine, as well as synthesis of chlorophyll. It also play vital role in metabolism of carbohydrate, protein and fat and also synthesis of coenzyme-A and vitamins like thiamine and biotine. Sulphur also helps in nodulation of legumes and biological nitrogen fixation.


Table 2 Effect of S and B on yield and yield attributes of urdbean
	Treatments
	Urd bean yield (Kg ha-1)
	No. of pods per plant
	Test weight (g)

	
	Grain    
	Stover
	
	

	T1: RDF + 0 kg B ha-1 + 0 kg S ha-1
	1187.50
	3212.50
	32.75
	35.29

	T2: RDF + 1 kg B ha-1 +  0 kg S ha-1
	1325.00
	3550.00
	36.50
	38.91

	T3: RDF + 2 kg B ha-1+ 0 kg S ha-1
	1418.75
	3875.00
	41.50
	40.71

	T4: RDF + 0 kg B ha-1+ 20 kg S ha-1
	1318.75
	3506.25
	36.75
	38.77

	T5: RDF + 0 kg B ha-1+ 40 kg S ha-1
	1425.00
	3825.00
	40.50
	40.01

	T6: RDF + 0 kg B ha-1+ 60 kg S ha-1
	1400.00
	3750.00
	38.50
	40.92

		SEm+
	34.64
	91.40
	1.12
	1.12

	C.D. (P=0.05)
	105.36
	278.02
	3.39
	3.31



3.1.2 Number of pods per plant


As it is evident from table 3, number of pods per plant, significantly, increases by 11.45 % and 26.72 % in treatments T2 and T3 respectively, as compared to T1. This increase in number of pods per plant on application of boron might have resulted due to supplementation of boron requirement for reproductive development.


It was reported by Naznin et al. (2020) that on increasing application of boron up to 1 kg ha-1 number of pods per plant of blackgram increase. Ladohia et al. (2025) reported an increase in number of pods per plant on increasing application of boron.


As it is also evident from table 3, number of pods per plant increases by 12.21 %, 23.66 % and 17.56 % in treatments T4, T5 and T6 respectively as compared to T1. This enhancement in number of pods per plant on increasing dose of sulphur application from 20 kg ha-1 to 60 kg ha-1 has been found to be significant when compared to T1. It has been found that though there is significant increase from T4 to T5 but T5 and T6  are statistically, at par with each other with respect to number of pods per plant.

These results were in agreement with Patel et al. (2018) who reported similar results in blackgram. They reported that application of S at 40 kg ha-1 gave highest number of pods per plant. Jaiswal et al. (2019) also reported that on increasing S application to 30 kg ha-1 number of pods per plant increases. This increase in number of pods per plant with increasing S application might have resulted due to better photosynthestic activity, in addition to better metabolite partitioning and nutrient translocation to developing structure. Bhat et al. (2025) reported similar significant increase in number of pods per plant on increasing dose of S application to 60 kg ha-1. 


3.1.3 Test weight

As it is evident from table 2, test weight increases by 10.26 % and 15.36 % in treatments T2 and T3 respectively as compared to T1. This enhancement in test weight on application of boron has been significant, when compared to T1 but T2 and T3 were found to be statistically at par with each other i.e. no significant difference with respect to test weight has been noted when boron supply is increased from 1 kg ha-1 to 2 kg ha-1.


Increase in test weight on application of boron has also been reported by Naznin et al. (2020) in blackgram. Tania et al. (2019) also reported that application of 1 kg B ha-1 brought significant increase in test weight compared to control. Since, boron is essentially required seed formation, sugar translocation and assimilate translocation to developing grain, its enhanced availability during crop growth through its soil application might have resulted in increased test weight on boron application. Giani et al., (2025) reported that increasing dose of B application to 3 kg B ha-1 recorded maximum test weight in greengram.   


As it is also evident from table.1, test weight increases by 9.86 %, 13.37 % and 15.95 % in treatments T4, T5 and T6 respectively as compared to T1. However, T4, T5 and T6 do not significantly differ from each other with respect to test weight. This increase in test  weight in on increasing S application has also been reported by Jawahar et al.  (2013) in blackgram. Sulphur application has helped greater dry matter accumulation and nitrogen accumulation  in plants, which in turn is used by plants to produce more bold seeds. Kumar et al., 2024 reported increasing dose of sulphur application to 30 kg ha-1 enhanced test weight of black gram.



3.2 Effect of S and B on nutrient uptake by urd bean

3.2.1 S uptake in grain and stover

As it is evident from table 3 S uptake in grain significantly increases by 25.14 % and 39.66 % and S uptake in stover significantly increases by 19.81 % and 45.20 % in treatments T2  and T3 respectively, as compared to T1. This result is in conformity with Kala et al. (2017) who reported an increase in S uptake in chickpea on increasing dose of boron application. This result was also supported by Laxmi et al. (2020) who reported an increase in S uptake by mungbean on boron application. Choudhary et al., (2025) reported an increase in nutrient uptake on increasing dose of B application. 


As it is also evident from table 3 that S uptake in grain increases by 31.84 %, 55.87 % and 55.31 % and S uptake in stover increases by 37.15 %, 58.2 % and 60.37 %  in treatments T4, T5 and T6 respectively as compared to T1. This enhancement in S uptake in grain and stover on increasing dose of sulphur application from 20 kg ha-1 to 60 kg ha-1 has been found to be significant when compared to T1. It has been found that though there is significant increase from T4  to T5 but T5 and T6 are statistically at par with each other with respect to S uptake in grain and stover. 


 Kumar et al. (2025) reported application of 45 kg S ha-1 increased nutrient uptake of urdbean crop. Bhat et al. (2025) reported similar significant increase in S uptake of soyabean on increasing dose of S application to 60 kg ha-1. 




3.2.2 B uptake in grain and stover

As it is evident from table 3 boron uptake in grain significantly increases by 27.84 % and 44.71 % and boron uptake in stover significantly increases by 21.1 % and 42.61 % in treatments T2 and T3 respectively as compared to T1. It has also been found that boron uptake in grain and stover of urd bean significantly increases in treatment T3 in comparision to T2 also. This result was supported by Sayed et al., (2024) who reported an increase in B content and yield of grass pea on increasing dose of boron application.


As it is also evident from table 3 boron uptake in grain increases by 23.34 %, 37.22 % and 32.85 % and boron uptake in stover increases by 14.62 %, 27.74 % and 23.29 % in treatments T4, T5 and T6 respectively, as compared to T1. It was also noted that though boron uptake significantly increased from T4 to T5 but T5 and T6 did not significantly differ from each other with respect to boron uptake in grain and stover.


This result was supported by Ganie et al. (2014) who reported an increase in boron uptake in seed and stover of french bean on increasing dose of sulphur application up to 45 kg ha-1. This result was also supported by Kala et al. (2017) who reported an increase in boron uptake in seed and stover of chickpea on increasing level of sulphur application up to 40 kg ha-1. This result was also supported by Choudhary et al., (2025) who reported an increase in nutrient uptake on increasing sulphur application dose.

Table 3 Effect of S and B on nutrient uptake by urdbean


	Treatments
	S uptake (kg ha-1)
	B uptake (g ha-1)

	
	grain
	stover
	grain
	stover

	T1: RDF + 0 kg B ha-1 + 0 kg S ha-1
	1.79
	3.23
	23.35
	37.27

	T2: RDF + 1 kg B ha-1 +  0 kg S ha-1
	2.24
	3.87
	29.85
	45.13

	T3: RDF + 2 kg B ha-1+ 0 kg S ha-1
	2.50
	4.69
	33.79
	53.15

	T4: RDF + 0 kg B ha-1+ 20 kg S ha-1
	2.36
	4.43
	28.80
	42.72

	T5: RDF + 0 kg B ha-1+ 40 kg S ha-1
	2.79
	5.11
	32.04
	47.61

	T6: RDF + 0 kg B ha-1+ 60 kg S ha-1
	2.78
	5.18
	31.02
	45.95

	SEm+
	0.07
	0.12
	0.80
	1.23

	C.D. (p=0.05)
	0.20
	0.38
	2.43
	3.74



3.3  Residual Effect of S and B on yield and oil content of toria

3.3.1	Grain yield and Stover yield


As it is evident from table 4, grain yield increases by 10.36 % and 10.90 % and stover yield increases 13.42 % and 16.24 %, as compared to control, due to residual effects of 1 kg B ha-1 and 2 kg B ha-1, respectively. It has also been observed that though grain yield significantly increases due to residual effect of both 1 kg B ha-1 and 2 kg B ha-1 compared to control but there was no significant difference between residual effect of 1 kg B ha-1 and 2 kg B ha-1 with respect to grain yield and stover yield of toria.


This result shows that boron applied at 1 kg ha-1 and 2 kg ha-1 to urd bean crop was sufficient to meet the boron requirement of succeeding toria crop. This shows that one boron application to urd bean crop is sufficient to to improve the yield of successive toria crop in following season and boron application can be avoided in following season. 


  This result was supported by Prashantha et al. (2019), who observed residual effect of zinc and boron on yield of groundnut in finger millet-groundnut cropping system and reported an increase in yield of groundnut with repect to control due to residual effect of boron. Residual effect of micronutrient on yield and nutrient uptake of succeeding crop was also confirmed by Pravalika et al., (2025). Rahman et al., 2026 confirmed the residual effect of boron feriliser on yield of succeeding field crop


As it is also evident from table 4, grain yield increases by 10.37 %, 23.25 % and 23.81 % and stover yield increases by 18.56 %, 30.50 and 30.76 %, as compared to control, due to residual effects of 20 kg S ha-1, 40 kg S ha-1 and 60 kg S ha-1, respectively. It has also been observed that residual effects at 20 kg S ha-1, 40 kg S ha-1, 60 kg S ha-1 were statistically different with respect to control but only residual effects of 20 kg S ha-1 and 40 kg S ha-1 statistically differed from each other and residual effects of 40 kg S ha-1 and 60 kg S ha-1 were statiscally at par with each other with respect to grain yield and stover yield.


.Residual effect of sulphur on yield of succeeding crop was also confirmed by Rathore et al., 2024.Tarafdar et al. (2019) also observed an increase in seed and stover yield of mustard due to residual effect of different levels of sulphur in rice-mustard-green gram cropping system. This result is in line with Shekhawat and Shivay (2012) who reported an increase in grain and stover yield of green gram due to residual effect of different level of sulphur and boron in sunflower-green gram cropping system.


3.3.2	Number of siliqua per plant


As it is evident from table 4, number of siliqua per plant increases by 8.16 % and 10.74 %, as compared to control, due to residual effects of 1 kg B ha-1 and 2 kg B ha-1, respectively. It has also been observed that though number of siliqua per plant increases due to residual effect of both 1 kg B ha-1 and 2 kg B ha-1 compared to control but there was significant difference  with respect to number of siliqua per plant of toria only due to residual effect of 2 kg B ha-1.
 

This result was in line with Prashantha et al. (2019), who reported an increase in number of pods per plant in groundnut due to residual effect of boron in finger millet-groundnut cropping system. Similar results on yield attributes of mustard was obtained by Pant et al. (2022) due to residual effect of sulphur and boron.
As it is also evident from table 5, number of siliqua per plant increases by 15.08 %, 24.94 % and  30.85 %, as compared to control, due to residual effects of 20 kg S ha-1, 40 kg S ha-1 and 60 kg S ha-1, respectively. It has also been observed that residual effects at 20 kg S ha-1, 40 kg S ha-1, 60 kg S ha-1 were statistically different with respect to control but only residual effects of 20 kg S ha-1 and 40 kg S ha-1 statistically differed from each other and residual effects of 40 kg S ha-1 and 60 kg S ha-1 were statistically at par with each other with respect to plant height of toria. This result is in line with Tarafdar et al. (2019) who reported significant increase in number of siliqua per plant due to residual effect of sulphur at 45 kg ha-1 in rice-mustard-green gram cropping system. 

3.3.3	Test weight

As it is evident from table 4, test weight, significantly, increases by 13.78 % and 15.65 %, as compared to control, due to residual effects of 1 kg B ha-1 and 2 kg B ha-1, respectively. This result was in line with Prashantha et al. (2019), who reported an increase in 100 kernel weight of groundnut, with respect to control,  due to residual effect of boron application.

As it is also evident from table 4, test weight of toria, significantly, increases by 19.17 %, 23.64 % and 27.16 %, as compared to control, due to residual effects of 20 kg S ha-1, 40 kg S ha-1 and 60 kg S ha-1, respectively. This result is in line with Lakshman et al. (2017) who reported significant increase in test weight of mustard due to residual effect of sulphur at 45 kg ha-1 in soyabean-mustard cropping sequence. 


3.3.4	Oil content (%)	

As it is evident from table 4, oil content, significantly, increases by 6.62 % and 10.05 %, as compared to control, due to residual effects of 1 kg B ha-1 and 2 kg B ha-1, respectively. Increase in oil content of mustard on increasing dose of boron application was also reported by Jaiswal et al. (2015). This might be due to Boron’s role in bio-synthesis of fatty acid and oil (Mallick and Raj, 2015).


As it is also evident from table 4, oil content of toria, significantly, increases by 13.29 %, 18.23 % and 19.71 %, as compared to control, due to residual effects of 20 kg S ha-1, 40 kg S ha-1 and 60 kg S ha-1, respectively. This result is in line with Lakshman et al. (2017) who reported significant increase in oil content of mustard due to residual effect of different dose of sulphur applied to preceeding soyabean crop in soyabean-mustard cropping system. Mustard oil synthesis requires glucosinolate, which in turn in constituted by sulphur. Also, lipoic acid and CoA synthesis is favoured by sulphur application , which is responsible for increasing oil content (George and Mathew, 2013).


Sulphur application at different doses to crop leaves residual effect in proportionate amount for succeeding crop as reported by Singh and Pandey (2018) and Singh et al. (2018) and increasing dose of sulphur enhances growth and yield of oilseeds as reported by Rajput et al. (2018) and Sahoo et al. (2017). Henceforth, increasing dose of sulphur application to urdbean crop might have increased growth and yield of succeeding toria crop in proportionate amount. 


Boron application at different doses to crop leaves residual effect in proportionate amount for succeeding crop as reported by Ahmed et al. (2018), and Chanchal et al. (2020) and increasing dose of boron enhances growth and yield of oilseeds as reported by Padasalagi et al. (2019), Masum et al. (2019) and Jyothi et al. (2018)  . Henceforth, increasing dose of boron application to urdbean crop might have increased growth and yield of succeeding toria crop in proportionate amount. 

Table 4 Residual effect of S and B on yield and oil content of toria
	Treatments
	Toria yield (kg ha-1)
	No. of siliqua per plant
	Test weight (g)
	Oil content (%)

	
	grain
	stover
	
	
	

	T1: RDF (Control)
	596.88
	1266.25
	75.58
	3.13
	37.03

	T2: RDF + Residual effect of 1 kg B ha-1
	658.75
	1437.50
	81.75
	3.46
	39.48

	T3: RDF + Residual effect of 2 kg B ha-1
	661.98
	1471.88
	83.70
	3.62
	40.75

	T4: RDF + Residual effect of 20 kg S ha-1
	667.00
	1501.25
	86.98
	3.73
	41.95

	T5: RDF + Residual effect of 40 kg S ha-1
	735.63
	1652.48
	94.43
	3.87
	43.78

	T6: RDF + Residual effect of 60 kg S ha-1
	739.00
	1655.75
	98.90
	3.98
	44.33

	                SEm+
	19.17
	38.97
	2.27
	0.10
	0.49

	C.D. (p=0.05)
	58.32
	118.54
	6.90
	0.32
	1.48









3.4  Residual effect of S and B on nutrient uptake by toria

3.4.1 S uptake in grain and stover

As depicted in table 5, S uptake in grain, significantly, increases by 16.45 % and 22.37 % and S uptake in stover, significantly, increases by 20.2 % and 25.12 % with respect to control due to residual effect of 1 kg B ha-1 and 2 kg B ha-1 respectively. Also, S uptake in grain, significantly, increases by 28.95 %, 52.63 %, and 57.89 % and S uptake in stover, significantly, increases by 34.48 %, 55.17 % and 59.11 % due to residual effect of 20 kg S ha-1, 40 kg S ha-1 and 60 kg S ha-1, respectively.  However, S uptake in grain and stover of toria due to residual effect of 40 kg S ha-1 and 60 kg S ha-1 were, statistically, at par with each other.

 This result is in conformity with Shekhawat and Shivay (2012), who reported an increase in sulphur uptake in grain and stover of green gram due to residual boron and sulphur effect in sunflower-greengram cropping system. Residual effect of sulphur fertilization on yield and nutrient content of succeeding crop was also supported by Mandi et al., (2024).


3.4.2 B uptake in grain and stover

As depicted in table 5, B uptake in grain, significantly, increases by 29.82 % and 36.97 % and B uptake in stover, significantly, increases by 37.83 % and 64.56 % with respect to control due to residual effect of 1 kg B ha-1 and 2 kg B ha-1 respectively.  However, B uptake in grain due to residual effects of 1 kg B ha-1 and 2 kg B ha-1 were, statistically, at par with each other. Also, B uptake in grain, significantly, increases by 13.94 %, 44.04 %, and 45.6 % and B uptake in stover, significantly, increases by 27.96 %, 53.35 % and 57.98 % due to residual effect of 20 kg S ha-1, 40 kg S ha-1  and 60 kg S ha-1 respectively.  However, B uptake in grain and stover due to residual effect of 40 kg S ha-1 and 60 kg S ha-1 were statistically, at par, with each other.


This result is in conformity with Shekhawat and Shivay (2012), who reported an increase in boron uptake in grain and stover of green gram due to residual boron and sulphur effect in sunflower-greengram cropping system. Pant et al. (2022) also report an increase in boron uptake of succeeding  mustard crop on increasing dose of boron and sulphur application to preceding crop.

Table 5 Residual effect of S and B on nutrient uptake by toria
	Treatments
	S uptake (kg ha-1)
	B uptake (g ha-1)

	
	grain
	stover
	grain
	stover

	T1: RDF (Control)
	1.52
	2.03
	10.90
	12.16

	T2: RDF + Residual effect of 1 kg B ha-1
	1.77
	2.44
	14.15
	16.76

	T3: RDF + Residual effect of 2 kg B ha-1
	1.86
	2.54
	14.93
	20.01

	T4: RDF + Residual effect of 20 kg S ha-1
	1.96
	2.73
	12.42
	15.56

	T5: RDF + Residual effect of 40 kg S ha-1
	2.32
	3.15
	15.70
	18.66

	T6: RDF + Residual effect of 60 kg S ha-1
	2.40
	3.23
	15.87
	19.21

	SEm+
	0.06
	0.08
	0.47
	0.46

	C.D. (p=0.05)
	0.18
	0.23
	1.42
	1.40




4. Conclusion

Boron application at 1 kg ha-1 and 2 kg ha-1 causes significant increase in grain yield and nutrient (S, B) uptake by urd bean crop. It also shows significant residual effect, with respect to grain yield and nutrient (S, B) uptake by succeeding toria crop. Since, there is no significant difference with respect to grain yield, at 1 kg ha-1 and 2 kg ha-1, in urd bean-toria crop, it is advisable to apply boron at 1 kg ha-1. Sulphur application at 20 kg ha-1, 40 kg ha-1 and 60 kg ha-1 causes significant increase in grain yield and nutrient (S, B ) uptake by urd bean crop. It also shows significant residual effect, with respect to grain yield and nutrient (S, B ) uptake by succeeding toria crop. Since, there is no significant difference with respect to grain yield, at 40 kg ha-1 and 60 kg ha-1, in urd bean-toria crop, it is advisable to apply sulphur at 40 kg ha-1. 
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