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ABSTRACT 

A field experiment was conducted at the Sher-e-Bangla Agricultural University 

Farm, Dhaka during the period from November 2007 to March 2008 to study the 

effect of sulphur and boron alone and combined on the growth, yield, chemical 

composition and oil content of SAT) Sarisha -1 (Brassica campeslrtc L.). The 

experiment included four levels of sulphur viz.. 0, 15,25 and 35 kg S ha" and four 

levels of boron viz., 0, I. 2 and 4 kg B ha". The experiment was laid out in a 

Randomized Complete Block Design with three replications. Sulphur showed 

significant effect on yield and yield attributes of mustard except 1000-seed weight. 

Application of sulphur @ 25 kg ha 1  produced the highest seed yield, plant height, 

siliqua plant", siliqua length, seeds siliqua-'. 1000-seed weight, stover yield. In all the 

cases lower response was found from the control treatment. Boron fertilizer also had 

significant effect on yield and yield attributes of rapeseed except 1000-seed weight. 

Application of boron @ 2 kg ha' gave the highest seed yield, plant height, pods 

plant", seeds podS ', 1000-seed weight, stover yield but in all cases the lower response 

was found from the control treatment. Sulphur @ 25 kg ha' was found statistically 

superior to all other treatments. Sulphur in combination with boron showed significant 

effect on yield and yield attributes of mustard. Sulphur @ 25 kg and boron @ 2 kg 

hi' resulted the highest seed yield, plant height, stover yield, protein content, oil 

content and total uptake of S and B by mustard. On the other hand in all the cases 

lower response was found from the control treatment. The addition of S and B not 

only increased the yield but also protect the soil from total exhaustion of nutrients. 
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- 	 CHAPTER 1 

INTRODUCTION 

Mustard (Ijrassica spp.) is one of the most important oilseed crops throughout the 

world after soyabean and groundnut (FAO, 2004). It has a remarkable demand as 

edible oil in Bangladesh. It occupies first position of the list in respect of area and 

production among the oilseed crops grown in this countiy (BBS, 2004). In the year of 

2003-04 it covered 0.179 million hectares (ha) land and the production was 0.211 

million metric tons (Mt), whereas the total oilseed production was 0.407 million Mt 

and total area covered by oilseed crops was 0.389 million ha. In the year of 2004-05 it 

covered 0.395 million ha land and the production was 0.379 million Mt. (BBS, 2005). 

Mustard seeds contain 40-45% oil and 20-25% protein (Mondal and Wahhab. 2001). 

Using local ghani average 33% oil may be extracted. Oil cake is a nutritious food item 

for cattle and fish. Oil cake is also used as a good organic fertilizer. Dry mustard 

plants may be used as fuel. 

In Bangladesh. oilseed crops play a vital role in human nutrition. It is not only a rich 

source of energy (about 9 Kcal/g) but also rich in soluble vitamins A. D. E and K. The 

National Nutrition Council (NNC) of Bangladesh reported that recommended dietary 

allowance (R])A) per capita per day should be 6g of oil for a diet with 2,700 Keal. 

Though the production of edible oil is being decreased, but the demand is increasing 

day by day with the increasing population. The present domestic edible oilseed 

production is 267 thousand tons which meets only one third of national demand 

(Anon. 2006). 



From time immemorial, rapeseed oil plays an important role as a fat substitute in our 

daily diet. This is widely used as cooking ingredient. Moreover, mustard oil cake is 

not only used as a teed for cattle and fish but also used as good manure. Bangladesh 

has been in short of 65-70% of the demand of the edible oil. As a result, a huge 

amount of foreign currency is being drained out every year for importing oil and oil 

seeds from abroad. 

Mustard plant belongs to the genus Brassica under the family Cruciferac. The 

/3rassica has three species that produce edible oil, B. napus, B. campeslris and B. 

juncea. Of these, B. napus and B. campestris have the greatest importance in the 

world's oilseed trade. In this subcontinent, B. juncea is also an important oilseed crop. 

Mustard varieties such as Tori-7, Sampad (both are B. cwnpestris) and Doulat (B. 

juncea) are mainly grown in this country. Recently, MM-2-1 6-98. MM- 34-7, MM-

38-6-98, MM-49-3-98, BINA sarisha-4 high yielding mutants/Varieties have been 

developed by the scientists of Bangladesh Institute of Nuclear Agriculture (BINA). 

Recently. in 2006 Sher-e-Bangla Agricultural University has developed a high 

yielding and improved mustard variety (SAU sarisha-1). 

Mustard is a cold loving crop and grows during Rabi season (October-February) 

usually under rainfed and low input condition in this country. There is very little 

scope of expansion for mustard and other oilseed cultivation in the country due to 

competition from more profitable alternative crops. The cultivation of mustard has to 

compete with other food grain crops. With increasing growth rate of population, the 

demand of edible oil is increasing day by day. It is, therefore, highly expected that the 

production of edible oil should be increased considerably to fi.ilfill the demand of the 



country. But the production of mustard is hampered due to many reasons of which 

suitable varieties, imbalance use of fertilizers, negligible irrigation facilities and so on 

(Sheppard and Baten, 1980). Although mustard is the principal oil crop in Bangladesh 

its cultivation is much neglected. 

Moreover, the average yield of rapeseed in Bangladesh is very low (0.812 t hi') 

compared to that of other countries of the world. The average yield of rapeseed in 

Germany. France, UK, Poland, China and Japan is 3.70. 2.75, 2.85, 2.6, 1.8 and 1.6 

hi'. respectively (FAQ 2006). There is great possibility to increase its production by 

applying adequate fertilizers, selecting high yielding varieties and adopting proper 

management practices. One of the common constraints to higher yield is lack of 

balanced fertilization. 

However, it is possible to increase the yield by adopting improved cultural practices. 

The use of high yielding varieties coupled with application of balanced fertilizers 

might he a good means to enhance mustard yield. The practice of intensive cropping 

with modern varieties cause a marked depletion of inherent nutrient reserves in soils 

of Bangladesh. Consequently, in addition to N, P and K deficiencies other nutrients 

such as S, Zn and B are also observed deficient in some soils (Ham, 1988; Ali ci at, 

1988 and Jahiruddin et at. 1992). 

Sulphur is a macronutrient required for plant growth as in the sante order as that of 

phosphorus (Zhao dcii., 1997).The need for S fertilizer depends on the balance 

between inputs and losses by leaching and other pathways of removal from 

agricultural systems. Mustard and oilseed rape are highly susceptible to S shortage, 

3 



and respond well to S fertilization (McGrath and Zhao. 1996; Zhao ci al., 1997). 

Further, the S nutrition of oil crops often has a strong influence on the quality of the 

produce, because of its essential role in the synthesis of amino acids (cystine, eysteine 

and metheonine), coenzyrnes (biotin, coenzymc A. liopic acid) and some secondary 

metabolites. Sulfur is responsible for characteristic taste and smell of mustard (Tisdale 

cial.. 1984). This emphasizes the need for a judicious use of S fertilizer. 

Crops differ in their sensitivity to boron deficiency. ilravsica crops in general have a 

high boron requirement (Mengel and Kirkby, 1987). Seed set failure is a major reason 

for lower yield of rabi crops and this problem can he attributed to boron deficiency, as 

reported in mustard Rahman ci at, 1993; Islam ci at, 1997). Boron deficiency may 

cause sterility i.e. less pods and less seeds pod' attributing lower yield (islam and 

Anwar. 1994). Deficiency of B causes restriction of water absorption and 

carbohydrate metabolism which ultimately affects seed and pod formation and thus 

reduces yield. Mehrotra et at (1977) and Chatterjee ci at (1985) reported that seed 

yield of mustard increased by 15.5 - 68.5% due to boron application. In fertilizer 

schedule, an inclusion of B often decides the success and failure of the crops 

(Dwivcdi ci at. 1990). It is reported that the ranges between deficiency and toxicity 

of B are quite narrow and that an application of B can be extremely toxic to plants at 

concentrations only slightly above the optimum rate (Gupta ci al.. 1985). This 

emphasizes the need for ajudicious use of B fertilizer. 

19 



Objectives 

In Bangladesh, limited information is available on the effect of sulphur and boron on 

growth, yield, chemical composition and oil content of oil producing Brassica spp. 

With a view to gencrate information a field experiment containing the treatments of 

each of sulphur and boron was conducted with the following objectives: 

to compare the growth and yield performance of SAU sarisha -I by using 

different doses of sulphur and boron. 

to know the interaction effect of sulphur and boron on nutrient content and 

uptake by plant and seeds of mustard. 

to identify the suitable doses of sulphur and boron for better yield of mustard. 

to study the effect of S and B on the chemical composition and oil content of 

mustard. 

to observe the interaction effect of S and B on the chemical composition and 

oil content of mustard. 

5 
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CHAPTER-Il 

REVIEW OF LITERATURE 

Rapeseed (Brass/ca campesirix L.) is one of the most important oil seed crops in our 

country. It is necessary to improve the cultural practices of rapeseed to improve the 

yield of this crop under Bangladesh condition. Its growth and yield as well as quality 

are essentially influenced by proper fertilizer management especially by sulphur and 

boron. A very few workers conducted research using combined application of sulphur 

and boron. The available literature related to the present study is reviewed here. 

2.1 EFFECT OF SULPHUR ON MUSTARD 

Issa and Sharma (2006) conducted a field experiment during the winter season of 

2003/04 and 2004/05 in New Delhi, India to study the effect of 4 levels (0, 15, 30 and 

45 kg S ha") of sulfur on yield attributes, yield and quality of Indian mustard. Yield 

attributes, seed and straw yields, oil content and oil yield, and sulfur content and 

uptake in both seed and straw increased significantly with increasing level of sulfur 

up to 45 kg S ha". S at 15. 30 and 45 kg ha increased seed yield over the control by 

9, 16 and 23%; oil yield by 13. 22 and 33%; and sulfur uptake by 25, 48 and 65%, 

respectively. 

Mehdi ci al. (2006) observed that when indian mustard plants were supplied with 20, 

40. 60 and 80 kg sulfur ha" in a field experiment conducted in Uttar Pradesh, India 

during the rahi season of 2002-03 nitrogen and sulfur uptake increased with the 

growth of the crop but increased with increasing rates of sulfur during harvest. Seed 

oil content and yield, and protein yield increased with increasing rates of sulfur, 
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whereas sulfur and protein contents of the seeds increased with increasing rates of 

sulfur tip to 60 kg hi' and decreased thereafter. 

Naresh ci al. (2006) conducted a field experiment during winter seasons (rahi) of 

1999-2000 and 2000-01 in Agra, Uttar Pradesh, india to study the effect of graded 

levels of sulfur (0. 20, 40 and 60 kg hi') on Indian mustard Brassica jzincca cv. 

Rolzinij Indian mustard responded significantly to the application of S. The seed and 

stover yields increased linearly up to 40 kg S ha'. Application of 40 kg S ha' gave 

the highest seed yield (18.37 g had ), which was 28.1% more in comparison with that 

of the control. The uptake of S significantly increased up to 40 kg S ha* Oil content 

increased significantly with S addition. The added S were utilized maximum under 

application of the lowest levels of S. 

Dongarkar ciii!. (2005) conducted a field experiment at Nagpur, Maharashtra, India 

during the rabi season of 2003-2004 to study the effect of three levels of sulfur (0, 

20,40 kg ha') on growth, yield attributes and yield of mustard (lirassicajuncea). The 

application of sulfur significantly influenced the growth and yield of mustard. Plant 

height, number of branches, dry matter production, number of siliquae, test weight, 

seed yield and stover yield ha' were significantly superior with the application of 40 

kg S ha over 20 kg S ha' and control. 

Jahangir et al. (2005) conducted a study in Dhaka, Bangladesh during the winter 

season of 2002 to investigate the effects of S (0, 10, 20 and 30 kg ha') on the growth, 

yield and nutrient content and oil quality of mustard [Jirassica juncea] cv. Sonali. 

Seed yield and oil content increased with increasing rate of S. N, P and S contents of 

seed and straw varied with the treatments. The specific gravity, refractive index, 

moisture and acid value did not show variation with the treatments. 
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Rajbir (2005) conducted a field experiment in Punjab, India to study the perlbrmance 

of Indian mustard (Brassicajuncea) genotypes RH 8814, RH-30, Bio 902 and PBR-

91 in relation to sulfur levels (0, 20, 40 and 60 kg haS'). Application of sulfur in 

Indian mustard at 20 and 40 kg ha1  significantly increased seed yield and its 

attributes, siliquac per plant, seeds per siliqua and test weight. Oil content and its 

production were also increased significantly with the application of sulfur levels over 

the control. The highest net returns were obtained with RH 8814 genotype treated 

with 40 kg S haS' . 

Ramesh ci at (2005) conducted a field experiment in 1-laryana, India during the rahi 

seasons of 2002-03 and 2003-04 to study the effects of S application on the yield 

attributes, seed yield, S uptake, and seed oil content of Indian mustard (cv. R1I-30). 

Four levels of S (0.0, 32.5, 65.0 and 97.5 kg hi') were applied through gypsum. S 

application signilicantly increased the number of primary branches, number of 

siliquae per plant, length of siliqua, and 1000-seed weight. Optimum seed yield (14.9 

quintal ha1) was obtained with the application of 65.0 kg S ha* S application also 

increased the stover and total dry matter yields. The application of S up to 97.5 kg hi' 

increased the S uptake by seeds. The oil content of seeds increased up to 32.5 kg S lia-

I . The mean value of recovery on added S varied from 13.8 to 21.6%. S use efficiency 

was higher with the lower rate of S. [I quintal100 kg]. 

Birbal ci al. (2004) conducted two field experiments during the 1996/97 and 1997/98 

winter seasons in Jabalpur, Madhya Pradesh, India to determine the effects of S 

fertilizer rates (0.20,40 and 60 kg ha) on the yield and yield components of Indian 

mustard cv. Pusa Bold. S at 60 kg S hi' gave the maximum plant height. number of 

primary branches, leaf area index at 60 days after sowing, siliquae plant1, seeds 



siliqua'. 1000-seed weight, grain yield and stalk yield. The highest net monetary 

returns and benefit cost ratio were obtained with 40 kg S ha'. 

Brajendra and Shukla (2004) observed that when three levels of S (0, 30 and 60 

mg/kg) were supplied to mustard cv. Varuna, grown in 5-kg pots containing 4 kg 

surface soil samples (Alfisols and Ultisols) collected in bulk from 20 different sites 

from the plateau region of Jharkhand (India), comprising the districts of Dhanbad, 

Giridih, Hazaribagh and Ranchi. The dry matter yield. S content and its uptake 

increased with increasing levels of S application. 

Hidyatullah el al. (2004) conducted a field experiment during rabi 2000 in Uttar 

Pradesh, India to study the effect of 4 levels of sulfur (0, 7, 14 and 21 kg hi') on the 

growth, yield and biochemical parameters of Indian mustard ('lirassica junceg). 

Application of sulfur produced a significant and consistent increase in number of 

siliqua per plant, seed yield and oil content of mustard with increasing levels of sulfur 

up to 21 kg ha4, whereas 1000-seed weight and number of seeds per siliqua showed 

significant improvement with sulfur application only up to 14 kg ha". Plant height 

and seed protein content did not respond to the sulfur application 

Singh and Dhiman (2004) reported that leaf area index, number of primary branches 

per plant, dry weight, number of siliquae per plant, number of seed siliquac per plant, 

test weight, seed yield, stover yield, harvest index, protein and oil content, and oil 

yield of mustard increased with increasing rates of sulfur. 

Singh c/ at (2004) conducted an experiment in Bikaner, Rajasthan, India during 

winter season of 1999-2000 to study the response of Indian mustard cv. T-59 to sulfur 

rates. Treatments comprised: four sulfur levels (0, 20, 40 and 60 kg ha').Sulfur 



fertilizer application at 20 kg ha' increased oil content in mustard over the control. 

Oil yield and chlorophyll content were enhanced up to 40 kg S ha* 

Abdin ci al. (2003) reported that the yield and quality of rapeseed-mustard can he 

optimized with the split application of 40 kg S ha" during the appropriate 

phenological stages of crop growth and development. 

Amar and Meena (2003) conducted a field experiment during the 1996/97 and 

1997/98 winter seasons in Bharatpur, Rajasthan. India to determine the effect of S 

fertilizers on the oil and protein yield of Indian mustard cv. Varuna. The treatments 

comprised 0,20, 40, 60 and 80 kg S ha". Pooled analysis of data showed that 80 kg S 

ha" gave the highest oil content 39.48%. S at 80 kg S/ha gave the highest oil yield of 

721.5 kg ha* S at 80 and 60 kg/ha also gave the highest protein content (19.99%) and 

protein yield (369.0 kg/ha). respectively. The most profitable rates of S during 

1996/97 and 1997/98 were 79.83 and 68.65 kg ha", respectively. 

Bharati and Prasad (2003) observed that seed yield, 1000-seed weight and net returns 

did not significantly vary with the S rate. The application of 45 kg S ha" rcsulted in 

the highest oil content (41.84%) and oil yield (0.63 t ha"). The highest dry matter 

production and S uptake were recorded for IS and 30 kg S ha". 

Jat and Khangarot (2003) conducted a field experiment during rabi season of 1999-

2000 on a loamy sand soil of Jobner, Rajasthan, India to study the response of Indian 

mustard cultivars PCR-7, P11-8812, Bio-902 and CS-52 to 4 levels of S (0,30,60 and 

90 kg ha"). Application of 90 kg S ha" significantly enhanced all growth parameters, 

yield attributes and seed and stover yields (19.38 and 44.26 q ha", respectively) over 

their preceding levels. 
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Misra (2003) conducted field experiments on mustard crop (cv. Varuna) with four 

levels of sulfur (0, 20, 40 and 60 kg S hi') on Udic 1-Iaplustepts of Kanpur, Uttar 

Pradesh, India during rabi seasons of 1998-99 and 1999-2000. Results showed that 

mustard crop responded significantly to the application of S hi'. The seed and stover 

yields increased in the linear order up to 40 kg S. The highest seed yield (2,035 kg hi 

5 at 40 kg S hi1  was 27.59% higher in comparison to the yield at control. The uptake 

of N. K and S at maturity was significantly affected with treatments. The P uptake 

significantly increased up to 40 kg S ha1  and thereafter, decreased significantly. 

Percent utilization of added S was maximum when lowest levels of S were applied. 

Oil, protein and total S-amino acid contents increased significantly with the 

application of S. Sulfur addition also significantly influenced the fatty acids 

composition; oleic and linoleic acid contents increased and erucie acid decreased 

showing improved quality of mustard oil. 

Chauhan et at. (2002) reported that increasing S levels significantly improved the 

growth, yield attributes (plant height, primary branches per plant, siliqua length, 

siliquae per plant, seeds per siliqua and 1000-seed weight), seed yield and oil content 

of Indian mustard. The highest seed yield, oil content and net returns were obtained 

with 60 kg S ha1. 

Om and Singh (2002) conducted an experiment to know the effects of sulfur rate (0, 

20. 40, and 60 kg hi') on Indian mustard in Agra, Uttar pradesh, India during the 

winter seasons of 1996/97 and 1997/98. Sulfur as gypsum was incorporated into the 

soil. Seed yield, protein and oil contents, and oil yield increased with the increase in 

sulfur rate up to 40 kg ha4  only. 



Sandeep ci aL (2002) revealed that the application of 30 kg S/ha gave the highest 

number of siliquac per plant (360.35), weight of siliquae per plant (28.67 g), number 

of seeds per siliqua (13.72), seed yield per plant (337.17 g), 1000-grain weight (4.93 

g) and seed yield per ha (15.14 quinta]). The highest oil contents were obtained with S 

at 20 (37.89%) and 30 kg/ha (37.95%). 

Singh cial. (2002) conducted a field experiment during the winter seasons of 1996-98 

in Agra, Uttar Pradesh, India to study the performance of Indian mustard in relation 

to S application (0, 20, 40, and 60 kg ha5.  S application at 20 and 40 kg hi' 

improved the seed yield significantly, indicating 46.7 and 63.4% increase over the 

control. Oil content and its production was also increased significantly with the 

application of S over the control. The highest net returns (Rs 14, 725 hi5 were 

obtained with Nsa Bahar supplied with 40 kg S hi'. 

Sudhakar ci al. (2002) found that S significantly improved plant height, number of 

primary and secondary branches per plant, number of siliquae per plant, number of 

seeds per siliqua, test weight, seed yield and stover yield. The increase in these 

parameters was observed up to 60 kg S hi'. 

Suresh n al. (2002) reported that S at 60 kg hi' gave the highest seed (1.809 t hi') 

and oil (0.756 t hi') yields, siliqua number per plant (475.85), siliqua length (6.17 

cm), seed number per siliqua (13.42), 1000-seed weight (4.43 g), and uptake of N 

(108.58 kg hi'). p (16.77 kg hi'), K (85.06 kg haj, S (33.77 kg hi'), and Fe (1.87 

kg hi'). The highest benefit : cost ratio (2.034) was obtained with gypsum at 60 kg S 

A4 - P:•I 
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Varma el at (2002) found that sulfur significantly increased seed and stover yields, 

oil content, and yield attributing characters of Indian mustard such as siliqua planf1, 

seeds siliqua4, length of siliqua and test weight only up to 30kg ha'. 

Krauze and Bowszys (2001) showed that the effect of sulphur on spring oilseed rape 

showed that as for soil of low sulphur content (14.3 rng S-SO4'kg' of soil) 

fertilization with a dose of 12 kg S ha' increased the seed yield from 8.14 to 14.7% as 

compared with the yield from non-fertilized plants. 

Trzciñski (2001) reported that sulphur fertilization in the experiment increased the 

mean seed yield from 6.61 to 33.4% as compared with the control. The highest mean 

yield was obtained due to foliar fertilization of oilseed rape with elemental S at the 

dose of 60 kg hi1 . The sulphur form applied not only increased yield but also 

improved the phytosanitary status, inhibiting the development of flingal pathogens of 

Akernaria genus, especially Aliernaria brassicae and Alternaria brassicicola species. 

Haneklaus el at (1999) reported that the highest yield was recorded for oilseed rape 

fertilized with 40 kg S hi' cultivated on plots of low sulphur content, and the yield 

obtained was 65% higher than that from control objects (poor in sulphur). A weak 

reaction of oilseed rape to fertilization with sulphur which coincided with a good 

sulphur supply. 

Patel and Shelke (1999) revealed that vegetative growth characters of mustard 

increased significantly by increasing levels of phosphorous and sulphur up to 120 kg 

P205  and 60 kg S hi', respectively. 
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Tomar et at (1997) found in an experiment which consist of different levels of 

nitrogen (60, 80 and 120 kg ha'), phosphorous (0, 40 and 80 P205) and sulphur (0, 

40 and 80 kg S hi1 ) and observed that yield attributes (siliquac plani) increased 

significantly with the increasing levels of N, P and S up to 120. 80 and 80 kg ha4 , 

respectively. 

l3ilsborrow et at (1995) showed a varied effect of sulphur fertilization on oilseed rape 

yield depending on the sulphur content in soil and in the air. The highest yield was 

recorded for oilseed rape fertilized with 40 kg S hi' cultivated on plots of a low 

sulphur content, and the yield obtained was 65% higher than that from control objects 

(poor in sulphur). 

Schnug and Haneklaus (1995) showed that the sulphur uptake by oilseed rape took 

place especially in spring from the beginning of vegetation period to the end of 

flowering at the amount of 15-20 kg S hi' of seeds produced. According to these 

authors, fertilizing plants with this macro element enhances the yield, content of fat 

and sulphur amino acids. 

Mi ci at. (1994) observed that yield attributes, seed and stover yields, harvest index 

progressively increased with the increasing level of sulphur. 

Anfln ci al. (1994) observed the seed yield and stayer yield of Tori-7 and 'It 72 

increased significantly by the application of S up to 20 kg hi' while the seed yield of 

SS-75 increased up to 40 kg hi'. 

Singh and Kumar (1994) found that sulphur @ 40 kg ha4  significantly increased the 

siliqua length of Indian mustard compared with 0 and 20kg S ha". 
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Rajput et aL (1993) revealed that application of 10 to 30 kg sulphur ha' increased 

Brass/ca juncea seed yield compared with control. The highest yield was given by 20 

kg S ha4, with no significant difference between sources (gypsum, anmonitm1 

sulphate and single super phosphate). 

Sarkar et aL (1993) worked with four high yielding varieties of mustard viz. BAU-

M248 (Sanipad, M-257 and 55-75 ( Sonali sarisha). They applied five levels of 

sulphur viz. 0. 10, 20. 30 and 40 kg S ha' to the crops and found jat BAU- M248 

(Sampad) gave the maximum yiekld @ 40 kg S ha' and the variety sampad followed 

Sambol in respect of seed yield at the same level of 5, both the varieties M-257 and 

55-75 gave the maximum seed yield @40  kg S ha 1. 

Wielebski and Wójtowiez (1993) observed in winter oilseed rape that the seed yield 

of 3.5 t ha 1  requires 88kg of sulphur. 

Khanpara et al. (1992) observed that plant height, primary and secondary branches 

plani' increased up to 100 kg S ha' and subsequently and significantly increased seed 

yield. The modes of S application did not attain the level of significance for all the 

growth characters and seed yield of mustard. 

Sharma ez al. (1992) reported that the highest yield (2.19 t ha1) of lirassicajuncea 

obtained from 60 kg S ha' when they were given 0, 15, 30, 45. and 60 kg S ha4. The 

lowest yield (1.20 t ha") was obtained from control. 

Chaudhury ci al. (1991) conducted a field experiment with Varuna mustard during 

1988-89. The treatments consisted of 4 levels of S (0, 25 and 50 kg S h1). All the 

yield contributing characters except 1000-seed weight were influenced significantly 
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up to the highest level of N (80 kg N ha4). Sulphur increased seeds siliqua', seed 

weight plani' and ultimately seed yield hi'. Maximum seed yield was noted at the 

highest S level which was significantly superior toO and 25 kg S ha* 

Dubey and Khan (1991) reported that S UP to 30 kg ha" significantly increased the 

seed yield of mustard. 

Evans of al. (1991) observed that the highest yield was recorded for oilseed rape 

fertilized with 40 kg S ha1  cultivated on plots of low sulphur content, and the yield 

and seed weight obtained was 65% higher than that from control (poor in sulphur). A 

weak reaction of oilseed rape to fertilization with sulphur which coincided with a 

good sulphur supply. 

Mohan and Sharma (1991) observed that S ® 75 kg hi' significantly increased 

primary and secondary branches plani'. Sulphur @ 50 kg ha" increased the plant 

height significantly. 

Saran and Gin (1990) reported from a couple of experiments that application S 

influenced the plain growth and yield attributes. They found that height and primary 

branches/plant significantly increased with 60 kg ha4  of S. Number of pods plani', 

number of seeds pod 1  and 1000-seed weight were also increased significantly with 60 

kg ha' of S and seed weight/plant increased with 30kg hi' of sulphur. 

Koti ci al. (1989) conducted field trials at Dharwad in 1989. Mustard was given @ 22 

kg S hi' at sowing time. Average siliqua yield ranged from 1.83 t hi' (without 

sulphur) to 2.31 t hi' (with 18kg S hi'). Siliqua yield was significantly affected by 

the levels of sulphur. 
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Ali cial. (1988) conducted experiments at Non Calcareous Dark Grey Floodplain and 

Grey Floodplain Soils with mustard (BINA sarisha-i) and found that at 40 kg S hi' 

seed yield of mustard was 300% more than that was obtained in S control plots. 

increase in yield due to S rates of 20 kg and 60 kg hi' were 226% and 317%, 

respectively. 

Singh ci at (1987) observed that application of 30 kg S ha' to mustard gave yields of 

1.16 tha'1  compared with 1.00 t hi' without S. Yield was not further increased with 

60kg hi' Sulphur increased oil and protein contents, N and S uptake. 

BARI (1985) reported that the number of filled siliqua plani' of mustard and plant 

height increased significantly due to the application of S. 

Chatterjce ci al. (1985) observed that the number of seeds siliqua-1  and yield were 

increased due to the application of S at 20kg hi' through gypsum in conjunction with 

borax 10 kg hi'. This was due to the increase in the number of siliqua plani'. 

Singh (1984) studied the effect of S fertilization on different growth stages and 

reported that S fertilization increased the number of primary branches plan('. 

Singh and Singh (1984) reported that the application of 90 ppm S increased the 

number of mature seed siliqua* 

Shukla c/ at (1983) concluded that the application of S and Zn significantly increased 

the concentration of and uptake of these elements. Seed yield was significantly 

increased by the application either alone or in combination. Singh and Bairathi (1980) 

also reported that the S @ 75-80 kg ha1  increased the seed yield of Brassicajuncea. 
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BAR! (1982) reported that application of S was favorable for the production of more 

seeds siIiqua in comparison to plants fertilized without sulphur. 

Singh and J3airathi (1980) reported that the seed yields. N.!' and S uptake and oil 

content and protein contents in of Brassicajuncea were increased with 75-150 kg S 

andlor 40 kg N hi'. 

Rahrnan ci al. (1978) reported that the application of sulphur was favorable for the 

production of more seeds siliqui' and mature seed siliqui'. 

From the above information it may be inferred that the optimum level of sulphur has a 

positive effect on seed yield and growth parameters. 

2.2 EFFECT OF BORON ON MUSTARD 

Halder ci al. (2007a) conducted a field experiment in Jessore, Bangladesh during the 

2000/01 and 200 1/02 cropping seasons to evaluate the elleet of boron on the yield of 

mustard and to screen out the suitable eultivar(s) tested against different B levels for 

maximizing yield of mustard. The treatments comprised 4 mustard cultivars (BAR! 

Sharisha-6. 7, 8 and 9); and 4 B levels (0, 1.0. 3.5 and 2.0 kg hi') along with a 

blanket dose of N120 P35 K65 S20 Zn5  kg and 5 t cow dung hi'. Results revealed that 

BARI Sharisha-6 integrated with 1.5 kg B hi' was superior to all other treatment 

combinations. On the other hand, 1.5 kg B/ha individually increased the highest seed 

yield by 58.83%, over the control. However, from regression analysis, a positive but 

quadratic relationship was observed between seed yield and B levels. 

1-lalder ci at (2007b) conducted field studies in non-ealcareous dark grey floodplain 

soils (ABZ- I) in Rajbari, Dinajpur, Bangladesh during the 2000/01 and 2001/ 02 rabi 



seasons, to determine the optimum boron fertilizer application rate and evaluate a 

suitable cultivar for maximizing the yield of mustard. Four cultivars, i.e. BARI 

Sarisha-6, BARI Sarisha-7, BARI Sarisha-8 and BARI Sarisha 9, integrated with 4 13 

fertilizer levels (0, 1.0. 1.5 and 2.0 kg B/ha) along with a blanket rate of 120 kg N, 35 

kg P. 65 kg K. 20 kg S and 5 kg Zn hi' and cow dung at 5 t/ha. The interaction effect 

of cultivar and 13 had a significant response on the yield components of mustard. The 

highest seed yield (2.23 t hi') was recorded in BARI Sarisha-6 with 2 kg B/ha in the 

second year (2001/ 02), while in the first year (2000 / 01), the recorded yield was 1.51 

hi', which was statistically significant over the B control. However, the highest 

mean seed yield (1.87 t hi) was obtained from the same treatment combination by 

35.5% yield increase in both years of study. Though the individual effects of B and 

cultivar were more pronounced than their interaction, BARI Sharisha-6 and 2 kg B hi 

separately augmented highest seed yields of mustard (1.91 and 1.98 t hi') for both 

years of the study when a blanket dose of other fertilizers were ensured. In regression 

analysis, a linear relationship between seed yield and the B levels was observed in the 

mean seed yield of the 2 consecutive years of study, which meant that beyond the 

level, the seed yield might be declined due to the toxic effect of excess B rates. 

,Sen and Fund (2005) reported that application of boron A. 1.5 kg hi' produced 37% 

higher yield over control. 

Malewar et aL (2001) conducted a field experiment on a Typic Flaplustcrt in 

Maharashtra. India to investigate the effects of four levels of zinc sulfate (0. 10, 20 

and 30 kg hi') and three levels of borax (0, 5 and 10 kg/ha) on yield, nutrient uptake 

and seed quality of mustard (Brassicajuncea cv. Pusa Bold). Stover and seed yield 

significantly increased with each levels of either zinc or boron, which was attributed 
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to the positive interaction of the two. Highest total mustard uptake of Zn and B was at 

30 kg ZnSO4  and 10 kg borax/ha, respectively. Zn and B interaction was also 

reflected in terms of improved seed quality of mustard. Oil and protein content was 

significantly increased with 30 kg ZnSO4  x 10 kg borax hi' treatment. 

Sinha ci al. (2000) stated that mustard (Brass/ca campesiris) cv. T9 was grown in 

refined sand at three levels of boron : deficient (0.0033 ppm), normal (0.33 ppm), and 

excess (3.3 ppm), each at three levels of zinc low (0.00065 ppm), adequate (0.065 

ppm), and high (6.5 ppm). The B deficiency effects were accentuated by low zinc, 

viz, the decreased hiomass, B and Zn concentrations in leaves and seeds and the 

activity of carbonic anhydrase [carbonate dehydratase] and accumulation of reducing 

sugars and stimulated activities of peroxidase, ribonucicase, and acid phosphatase in 

B deficient leaves were aggravated further. Synergism was also observed between the 

two nutrients when both B and Zn were in excess together, as excess B accelerated the 

effects of high Zn by lowering further the reduced biomass, economic yield, and 

carbonic anhydrase activity and raised further the increased concentration of B and Zn 

in leaves and seeds, reducing sugars and activity of peroxidase obtained in excess Zn. 

High Zn levels lowered the high content of non-reducing sugars given by 13 

deficiency. 

Gupta cial. (1996) reported that mustard [Brassicajuncea] cv. GSL-1, Pusa Bold and 

RS- 1359 grown in the rain [winter] seasons of 1992/93 and 1993/94 were given 

recommended NPK fertilizers plus 10 or 20 kg Zn ha", foliar application of 0.5% Zn, 

25 or 50 kg S/ha, or 10 or 20 kg B hi'. Seed yield was highest in cv. GSL-1, and was 

increased more by S and B than by Zn, 
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Islam and Sarker (1993) reported that the application of boron increased significantly 

the number of siliquae plant, no. of seeds siliqua' and seed yield of mustard (cv. ss-

75) at Rangpur Agricultural Research Station. From another study it was reported that 

application of boron on mustard (cv. ss-75) significantly increased the seed yield in 

farmer's field at Janialpur. 

Pradhan and Sarkar (1993) conducted a field trials on a sandy loam soil in West 

Bengal in raM [winter] of 1989/90 and found that application of 20 kg S and 1 kg B 

ha to rape-seed mustard [J3rassicajuncea] significantly increased plant height, leaf 

area index at flowering and crop growth rate, oil content and seed yield. 

Sakal c/aL (1991) conducted a field trials in 1987-88 with 6 cultivars each of sesame 

and mustard fflrassiccsjunceaj grown with applied NPK + Zn on a B-deficient soil 

and (bund that av. sesame seed yields increased from 502 to 569 kg hi' and mustard 

seed yields increased from 1.14 to 1.35 t ha7l  when 1.5 kg B ha 1  was applied; yields 

were decreased to 518 kg and 1.30 t, respectively, with 2.5 kg B hi'. Sesame cv. 

OMT- 11-6-3 and RT-54 and mustard cv. Pusa Bold were more tolerant of B 

deliciency than other cultivars, as they removed more B from the soil given no B. 

They also showed a lower yield response to applied B than more susceptible cultivars. 

There was a positive correlation between seed B content and uptake. Yield was 

positively correlated with seed B uptake. 

Sitha a al. (1991) reported that application of boron significantly increased the yield 

of mustard and 1.5 kg B hi' appeared to he the optimum B level for mustard.The 

straw yield of mustard crop increased significantly by boron application. 
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<%nuels etal. (1990) reported that the application of P. S. Zn, and B raised seed yield 

of mustard significantly. 

Marschner (1990)   reported that the deficiency symptoms of some boron sensitive 

crops like legumes, Brassica, beets, celery, grapes and fruit trees showed chlorosis 

and browning of young leaves, killed growing points, distorted blossom development, 

lesions in pith and roots, and plants, burning of the tips of the leaves and restricted 

root growth are the boron toxicity symptoms in most crops. 

Sharma and Ramchandra (1990) reported that boron deficiency in mustard (B. 

campestris) decreased dry matter yield. Boron deficient plant had low water potential, 

stomatal pore opening and transpiration, decreased chlorophyll concentration, hill 

reaction activity, inter-cellular concentration and photosynthesis but there was an 

increase in accumulation of soluble nitrogen, protein, sugar and starch. 

Yang ci al. (1989) reported that combined application of N. K and B increased seed 

yield in rapesced. Application of B along with N and K promoted CO2 assimilation, 

nitrate reductase activity in leaves and dry matter accumulation. Seed glueosinolate 

and erucic acid content varies among cultivars and generally decreases with 

increasing K and B. while seed oil content increases. 

Chatteijee etal. (1985) reported that the application of sulphur at the rate of 20 kg hi 

'through gypsum in conjugation with borax (10 kg had) caused 42% increase in yield 

of mustard (B. juncea). 

Thomas (1985) reported that the highest yields were achieved on medium to heavy 

soil with 40 kg N and P, 80 kg K. 1 kg B and 30 kg S hi' applied before sowing, plus 
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180 kg to 220 kg N ha1  applied as top dressing in two installments in late February to 

early March. 

Saini ci at (1985) observed that seed yield of B. juncea were increased by increasing 
'V 

N rates from 0 to 120 kg and 1 kg B ha1. the response to S. Zn and B increased with 

increase in N rates. Oil content decreased slightly with increasing N rates and 

increased slightly with S. Zn and B. 

,Zixit and Shukla (1984) reported that application of boron significantly increased the 

yield of mustard and 1.5 kg B hi' appeared to be the optimum B level fbr mustard 

A)utta ci at (1984) stated that application of B (1 kg /lia) increased leaf area ratio 

(LAR), leaf area index (LAI), crop growth rate (COR), no. of brunches plani', no. of 

siliquac plant1, weight of seed siliqui' and a decrease in chlorophyll content and net 

assimilation rate (NAR), but the relative growth rate (ROR), total dry matter and seed 

yield and some of other growth attributes were unaffected. 

7Dugger (1983) and Lewis, (1980) reported that the function of boron is primarily 

extra cellular and related to lignifications and xylem differentiation, membrane 

stabilization and altered enzyme reactions. Plants absorb B principally in the form of 

1131303 and to a smaller extent as B4072 , 1-I2BO3' and 1-1B032 . The element plays a 

vital role in the physiological processes of plants such as cell nutrition, cell elongation 

and cell division, carbohydrate, protein and nucleic acid metabolism, cytokinins 

synthesis, auxins and phenol metabolism. 

,lDutta and Uddin (1983) stated that application of B (1 kg haS') increased leaf area 

ratio (LAR), leaf area index (LAI), crop growth rate (CGR), no. of brunches plani', 
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no. of siliquac plani', weight of seed siliqua1  and a decrease in chlorophyll content 

and net assimilation rate NAR). but the relative growth rate (ROR), total dry matter 

and seed yield and some of other growth attributes were unaffected. 

)Idav and Manchanda (1982) observed that increasing rate of B application from 0 to 

6 ppm had no effect on dry matter and seed yield of mustard but tissue B content 

increased. 

,zAgarwala et aL (1981) found that direct effects of boron are reflected by the close 

relationship between boron supply and pollen producing capacity of the anthcrs as 

well as the viability of the pollen grains. 

.Jucl (1980) reported from 17 trials that the application of boron at the rate of 2 kg hi' 

resulted in increased seed yield of mustard and oil content of seed. 

Jupta (1979) stated that some plant species have a low B requirement and may also 

be sensitive to elevated B level even only slightly above those needed for normal 

growth. Thercfore. toxic effects of B are likely to arise due to excessive use of B 

fertilizers. 

,Chakravarty et al. (1979) stated that boron concentration in all crops increased 

significantly with increasing level of applied boron. 

7Erikson (1979) reported that boron has both direct and indirect effects on fertilization. 

Indirect effects are related to the increase in amount and change in sugar composition 

of the nectare, whereby the flowers of species that rely on pollinating insects become 

more attractive to insects. 
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Gupta (1979) reported that boron is a micronutrient requiring for plant growth 

relatively to a smaller amount. The total B content of soils lies between 20 and 200 

ppm with the available (hot water soluble) B fraction ranging from 0.4 to 0.5 ppm. 

Gerath etal. (1975) reported an increase in yield of winter rape through application of 

boron fertilizer and recommended an application of I to 2 kg B ha4  for increased 

yield. 

Jakson and Chapman (1975) observed that boron stimulates germination, particularly 

C - 
pollen tube growth. Boron is also essential for sugar translocation, titus affecting 

C 	carbon and nitrogen metabolism of plants. 

Ci 

From the above information it may be concluded that the optimum level of boron has 

a positive elThct on seed yield but the growth and yield is depressed due to deficient or 

toxic level of boron. 
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3.3 INTERACTION EFFECT OF SULPHUR AND BORON ON MUSTARD 

Pradhan and Sarker (1993) reported that application of 20 kg S and 1 kg B hit  to 

rape-seed mustard [Brassica juncea] significantly increased plant height, leaf area 

index at flowering and crop growth rate, oil content and sced yield. 

Thomas (1985) reported that the highest yields were achieved on medium to heavy 

soil with 1 kg B and 30 kg S ha' applied before sowing, plus F, K and N applied as 

basal dose and top dressing in two instalments in late February to early March. 
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CHAPTER - In 

MATERIALS AND METHODS 

This chapter includes a brief description of the experimental soil, mustard variety, 

land preparation, experimental design, treatments, cultural operations, collection of 

soil and plant samples etc. and analytical methods followed in the experiment. The 

experiment was conducted at Sher-e-l3angla Agricultural University Farm, Slier-c-

Bangla Nagar. Dhaka during November 2007 to February 2008 to find out the effect 

of sulphur and boron on the growth, yield, chemical composition and oil content of 

mustard (variety SAU sarisha -1) 

3.1 Experimental site and soil 

The experimental site was located at 23°77 N latitude and 9003' E longitude with an 

elevation of 1.0 meter from sea level (Fig. I). The soil of the experimental site 

belongs to Tejgaon series under the Agro-ecological zone, Madhupur Tract (AEZ - 

28), which falls into Deep Red Brown Terrace Soils. Soil samples were collected 

from the experimental plots to a depth of 0-15 cm before initiation of the experiment 

and analyzed in the laboratory. The morphological characteristics of the experimental 

field and initial physical and chemical properties of soil are shown in Table 3.1 and 

3.2. 
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Table 3. 1 Morphological characteristics of experimental field 

Morphological features Characteristics 

Location Sher-e-Bangla Agricultural University Farm, Dhaka 

AEZ No. and name AEZ-28, Modhupur Tract 

General soil type Deep Red Brown Terrace Soil 

Soil Series Tejgaon 

Topography Fairly leveled 

Depth of Inundation Above flood level 

Drainage condition Well drained 

Land type High land 

Table 3. 2 Initial physical and chemical properties of the experimental soil 

Soil properties Value 

A. Physical properties 

Particle size analysis of soil. 

% Sand 29.04 

% Silt 41.80 

%Clay 29.16 

Soil texture Clay loam 

B. Chemical properties 

Soil pH 6.16 

Organic carbon (%) 0.68 

Organic niatter(%) 1.17 

Total N (%) 0.08 

5.C:Nratio 9.75:1 

Available P (ppm) 13.42 

Available K (ppm) 45 

Available S (ppm) 23.74 

Available B (ppm) 0.38 
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3.2 Climate 

The experimental area has sub tropical climate characterized by heavy rainfall during 

May to September and scantly rainfall during rest of the year. The annual 

precipitation of the site is 2152 mm and potential evapotranspiration is 1297 mm. The 

experiment was carried out during rabi season of 2007-08. Air temperature during the 

cropping period ranged from 13.320C to 34.120  C. The relative humidity varicd from 

62.55% to 96.70% and monthly rainfall varied from 0.64 mm tol2.12 mm from the 

beginning of the experiment to harvesting. The monthly maximum and minimum 

temperature, humidity and rainfall of the site during the experimental period are given 

in appendix Table I. 

3.3 Seeds and variety 

SAU sarisha-1, a high yielding and short duration variety of mustard (Brassica 

campenris) developed by Sher-e-Bangla Agricultural University (SAU), Dhaka was 

used in the experiment. The seeds were collected from Genetics and Plant Breeding 

Depatrment of Sher-e-Bangla Agricultural University, Dhaka. 

3.4 Design and layout of the experiment 

The experiment was laid out in a Randomized Complete Block Design (RCBD) with 

three replications of each lertilizer treatment combinations. Fertilizer treatments 

consisted of 4 levels of S (0, 15,25 and 35 kg S ha' designated as S, SI, S2 and S3, 

respectively) and 4 levels of B (0, 1. 2 and 4 kg B hi' designated as B0, B1, B2  and B3. 

respectively). There were 16 treatment combinations. The treatment combinations 

were as ..ollows: 
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Four rates each of S and B were used. The rates of S and B and their treatment 

combinations are shown below: 

A. Rates of sulphur (4): 

S0 =Nosulfur 

S1 15kgShi' 

S2 25kgSha' 

S3 =35kgShi' 

B. Rates of boron (4): 

I. B0 =Noboron 

B,=IkgBha1  

B2 2kgBhi' 

B3 =4kgBh&' 
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Treatment Combinations 

1. S0B0 = Control (without S and B) 

2.S,B0 = 15kgSha1±0kgBhi' 

3.S2130 =25kgShi' +OkgB ha4  

4. S3B0= 35 kg S hi' + 0 kg B ha1  

5.S0B1 0kgShi'+ 1 kgBha1  

6. S,B,= 15 kgSha1  + I kgBhi' 

7.S231 '25kgShi1 ± 1 kgB hi' 

8.S3Br:35kgSha4 + I kgBhi' 

S0B2 =0kgSha1  ±2kgBha4  

SIB2= 15 kg S ha4  + 2kg B hi' 

S2B2  = 25 kg S hi' + 2 kg B hi' 

12.S3B2 =35kgShi' +2kgBhi' 

S083 =0kgShi' +4kgBhi' 

S, B, = 15 kgS hit +4kgB ha1  

15.5283=25 kgS hi' ±4kg B ha4  

16. S3B3  = 35 kgShi' +4kg 13 hi' 

Fertilizer treatments were randomly distributed in each block. Each block consisted of 

16 plots and individual plot was 2m x 2m i.e., 4 sq. m in size. The row to row distance 

was 30 cm. Seeds were sown in continous tine. The adjacent block and neighboring 

plots were separated by 1.0 m and 0.5 m, respectively. The layout of the experiment is 

shown in Fig. 2. 
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3.5 Collection and processing of composite soil sample 

Soil samples from the experimental field were collected before land preparation to a 

depth of 0-15 cm from the surface on the basis of composite sampling method. The 

collected soil was air-dried, ground and passed through a 2-mm sieve and stored in a 

clean, dried plastic container for physical and chemical analysis. 

3.6 Land preparation 

The land was first ptoughcd with a tractor drawn disc plough on 3 November. 2007. 

Ploughed soil was brought into desirable tiltli condition by four operations of' 

ploughing and harrowing with country plough and ladder. The stubbles of the 

previous crops and weeds were removed. The land preparation was completed on 10 

November, 2007. The individual plots were made by making ridges (20 cm high) 

around each plot to restrict lateral runoff of irrigation water. 

3.7 Application of fertilizers 

Recommended doses of N, P. K and Zn (110kg N from urea, 35 kg P from TSP, 40 

kg K from MP and 4 kg Zn ha 1  from ZnO, respectively) were applied. 

The whole amounts of TSP, MP. Zinc oxide and half of the urea fertilizer were 

applied as basal dose dwing final land preparation. The remaining half of urea was 

top dressed alter 20 - 22 days of germination (before flowering). The required 

amounts of S (from gypsum) and B (from boric acid) were applied at a time as per 

treatment combination after field lay out of the experimenL and were mixed properly 

through hand spading. 
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3.8 Seed sowing 

Seeds were sown continuously on 11 November 2007 by hand as uniform as possible 

in the 30cm apart lines. A strip of the same crop was established around the 

experimental field as border crop. After sowing the seeds were covered with soil and 

slightly pressed by laddering. 

3.9 Weeding and thinning 

Weeds of different types were controlled manually and removed from the field. The 

weeding and thinning were done alter 25 days of sowing. on December 05, 2007. 

Plant population was kept approximately 220 plant plof'. Care was taken to maintain 

constant plant population per plot. 

3.10 Irrigation 

Irrigation was done at three times. The first irrigation was given in the field on December 01, 

2007 at 20 days after sowing (DAS) through irrigation channel before flowering. The second 

irrigation was given at the stage of pod formation (40 DAS), on December 22, 2007. The final 

irrigation was given at the stage of seed formation (60 DAS). on January 13, 2008. 

3.11 Pest management 

The crop was infested with cutworm at the seedling stage and application of Dursban 

25 EC@ 2.5 ml U' was done twice on December 05 and 11, 2007. The crop was also 

infested with aphids (Lipaphis elysimi) at the time of siliqua filling. The insects were 

controlled sueeessthlly by spraying Syphanon 57 EC @ 2m1 U' water. The insecticide 

was sprayed thrice, the first January 06, 2007; the second on January 15, 2008 and the 

last on January 21, 2008. The crop was kept under constant observations from sowing 

to harvesting. 

35 



3.12 Harvesting and threshing 

The crop was harvested plot wise when 90% siliquae were matured. After collecting 

sample plants, harvesting was done on 15 February 2008. The harvested plants were 

tied into bundles and carried to the threshing floor. The plants were sun dried by 

spreading the bundles on the threshing floor. The seeds were separated from the 

stover by beating the bundles with bamboo sticks. Per plot yields of seed and straw 

were recorded after drying the plants in the sun followed by threshing and cleaning. 

At harvest, seed yield was recorded plot wise and expressed on hectare basis. Oven 

dried seeds were put in desiceators for chemical analysis. 

3.13 Collection of experimental data 

Ten (10) plants from each plot were selected at random and were tagged for the data 

collection. Data were collected at harvesting stage. The sample plants were cut down 

to ground level prior to harvest and dried properly in the sun. The seed yield and 

stover yield per plot were recorded after cleaning and drying those properly in the 

sun. Data were collected on the following parameters: 

Plant height (em) 

Number of primary branch plant4  

Number of siliquae plani' 

Siliqua length (cm) 

Number of seeds siliqui' 

Weight of 1000 seeds (g) 

Seed yield (thi') 

Stover yield (t ha4) 

N, P, K, S and B contents in seed (%) 
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10. N, P, K, S and B contents in stover (%) 

Ii. Oil content in seed (%) 

Protein content in seed (%) 

S and B uptake by (stover + seeds) (kg ha4 ) 

N, P. K, S and B contents in post harvest soil. 

3.13.1 Plant height 

The plant height was measured from the ground level to the top of the panicle. Ileight 

of 10 plants from each plot were measured and averaged. It was done at the ripening 

stage of the crop. 

3.13.2 No. of branches plani' 

Branches were counted at the ripening stage. Branches of 10 plants from each plot 

were counted and averaged. 

3.13.3 No. of pods plant' 

- 

	

	Pods were counted at the ripening stage. Pods of 10 plants from each plot were 

counted and averaged. 

3.13.4 No. of seeds poe' 

It was done after harvesting. At first, number of seeds podS'  were counted. Seeds of 10 

pods from each plot were counted randomly and averaged. 

3.13.5 Pod length 

Length of 10 pods from each plot were counted randomly and averaged after 

harvesting. 
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3.13.6 Thousand seed weight 

Thousand seed of mustard were counted randomly and then weighed plot wise. 

3.13.7 Grain yield 

Grains obtained from 1 m2  area from the center of each unit plot was dried, weighed 

carefully and then converted into I haf', 

3.13.8 Stover yield 

Straw obtained from each individual plot was dried, weighed carefully and the yield 

expressed in t hi' 

3.14 Chemical analysis of the plant and soil samples 

3.14.1 Plant sample analysis 

The plant samples collected from different treatment combinations were digested with 

conc. 1-11403 and 1-1C104  mixture for the determination of total P. K and S. 

3.14.1. a) Phosphorous 

Phosphorous in the digests were determined by ascorbic acid blue color method 

(Murphy and Riley, 1962) with the help of a Spectrophotometer (LKB Novaspcc, 

4049). 

3.14.1. b) Potassium 

Potassium content in plant samples were determined by flame photometer. 
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3.14.1. c) Sulphur 

Sulphur content in the digests were determined by turbidimetrie method as described 

by Hunt (1980) using a Speetrophotometcr (LKB Novaspac. 4049). 

3.14.1. d) Nitrogen 

Plant samples were digested with 30% 11202, cone. 112504 and a catalyst mixture 

(K2SO4 CuSO4.51120 Selenium powder in the ratio 100 10 : 1, respectively) for 

the determination of total nitrogen by Micro-Kjeldal method. Total nitrogen in the 

digests were determined by distillation with 40% NaOII followed by titration of the 

distillate absorbed in 1-131303 with 0.0IN H2SO4 (Jackson, 1973). 

3.14.2 Soil sample analysis 

The soil samples collected from different treatment combinations were chemically 

analyzed for the determination of N. P, K, S and B. 

3.14.2. a) Particle size analysis of soil 

Particle size analysis of the soil was done by hydrometer method (Bouyoucos. 1927). 

The textural class was determined using Marshell's Triangular co-ordinate as 

designated by tJSDA (1951). 

3.14.2. b) Organic carbon (%) 

Soil organic carbon was determined by Walkley and Black's wet oxidation method as 

outlined by Jackson (1973) from the samples collected before sowing and also after 

harvesting the crop. 
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3.14.2. c) Organic matter (%) 

The organic matter content was calculated by multiplying the percent organic carbon 

with Van Bemmelen factor 1.724 (Piper. 1942) 

% organic matter = % organic carbon x  1.724 

3.14.2. d) Total nitrogen 

Total nitrogen of soil samples were estimated by Micro-Kjeldahl method where soils 

were digested with 30% 1-1202 cone. H2SO4 and catalyst mixture (K2S0;: CuSO4. 

51120 Selenium powder in the ratio 100 :10 :1, respectively). Nitrogen in the digests 

were determined by distillation with 40% NaOH followed by titration of the distillate 

absorbed in 1131303 with 0.01N H2SO4 (Jackson, 1973). 

3.14.2. e) Available phosphorous (ppm) 

Available phosphorous was extracted from the soil by Bray-i method (Bray and 

Kurtz, 1945). Phosphorous in the extract was determined by ascorbic acid blue color 

method (Murphy and Riley, 1962) with the help of a Spectrophotometer (LKB 

- 	Novaspec, 4049). 

3.14.2. 0 Available potassium (ppm) 

Available potassium in the soil sample was extracted with IN neutral ammonium 

acetate and the potassium content was determined by flame photometer. 

3.14.2. g) Available sulphur (ppm) 

Available sulphur was extracted from die soil with Ca (F12PO4)2. 1120 (Fox, ci al., 

1964). Sulphur in the extract was determined by the turbidinietric method as 

described by Hunt (1980) using a Spectrophotometcr (LKB Novaspec, 4049). The 

intensity of turbid was measured by spectrophotometer at 420 nm wavelength. 



3.14.2. h) Available boron (ppm) 

Available boron (B) content in the soil samples were determined by the method 

described by Hunter (1984). The extracting agent used was monocalcium phosphate 

LCaH4(P042. !l201 solution and colour was developed by curcumin solution. The 

absorbance was read on speetrophotorneter at 555 nm wavelength. 

3.14.2. 1) Soil p"  

The pH  of the soil was determined with the help of a glass electrode 
pEt  meter using 

soil: water ratio of 1: 2.5 (Jackson, 1973). 

3.15 Methods for seed analysis 

For determination of total N, P. K. S and B contents in seed the samples were first 

digested with acid and determination of the elements in the digest were performed 

either by titration (for N) or by colorimetric methods (for B). For N, digestion was 

done with cone. H2SO4  and digest was distilled following the procedure outlined 

under soil analysis section (3.14.1.4). While for B, digestion was performed by diacid 

mixture (HNO3  and 11004  in the ratio of 2:1). The amount of the element in the 

digest was estimated following the procedure described under soil analysis section 

(3.14.2.11). 

3.15.1 Protein content in seed (%) 

Protein content in seed was estimated by multiplying N (%) in seed with 6.25. 

Total protein (%) = Total N (%) x 6.25. 

3.15.2 Oil content (%) 

Oil content of mustard was estimated by solvent extraction method with soxhlet 

apparaws. (As described by South Combe, 1926) 
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3.16 Total uptake of nutrient by seed + stover (kg ba) 

Total uptake of S and B was determined by adding uptake by seed and uptake by 

stover. 

3.17 Statistical Analysis 

The collected data were statistically analyzed by using the ANOVA technique. The 

test of significance of all parameters was done. The Duncan's Multiple Range Test 

(DMRT) with Least Significant Difference value was determined with appropriate 

levels of significance and the means were tabulated. The mean comparison was 

carried out by DMRT technique (Ciomez and Gomez, 1984). The statistical package 

MSTATC was used for this purpose. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

The results on different yield attributes. yield. oil content and nutrient concentrations 

in the plants and grains and availability of different nutrients in the soil after harvest 

of mustard are presented in this chapter. 

4.1 Plant height 

4.1.1 Effect of sulphur on the plant height of mustard 

The effects of sulphur on the plant height of mustard are presented in Table 4 1. 

Significant variation was observed on the plant height of mustard when the field was 

fertilized with different doses of sulphur. Among the different doses of sulphur, S1 (35 

kg S hi) showed the highest plant height (98.11 cm) and it was closely followed by 

(95.63 cm) S2  (25 kg S had) treatment. On the other hand, the lowest plant height 

(82.53 cm) was observed in the Sn treatment where no sulphur was applied. It was 

observed that plant height increased gradually with the increment of sulphur doses. 

This might be due to higher availability of N P S K and their uptake that progressively 

enhanced the vegetative growth of the plant. This result is similar with the findings of 

some other researchers. e.g. Birbal ci al. (2004) and Singh and Dhiman (2004). 

Sudhakar ci al. (2002) found significant increase in plant height of mustard due to the 

application of 60 kg S hi'. 

I 
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Table 4.1 Effect of sulphur on the growth parameters of mustard 

Treatments 
Plant height 

(cm) 

No. of 
branches 
plant-' 

No. of pods 
p  lanf' 

No. of 
seeds 
po& 

S0 8253 b 472 c 97.13 c 16.43 c 

53  91.85 a 5.51 b 107.60 be 20.34 b 

S2 95.63 a 5.97 a 132.30 a 22.09 a 

08.11 a 5.95 a 126.40 ab 22.15 a 

LSD 6.05 0.398 19.25 1.86 

Significance level 5% 	-- 5% 5% 5% 

In a column figures having similar letter(s) do not differ significantly whereas figures with 

dissimilar letter(s) differ significantly as per DMRT 

4.1.2 Effect of boron on the plant height of mustard 

Mustard plants showed significant variation in respect of plant height when boron 

fertilizers in different doses were applied (Table 4.2). Among the different fertilizer 

doses. B2 (2 kg B ha") showed the highest plant height (95.56 cm), which was 

statistically identical with the fertilizer dose B1  (1 kg B ha4) and B1  (4 kg B ha" ). 

On the contrary, the lowest plant height (86.17 cm) was observed in the treatment 

where no boron fertilizer was applied. 
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Table 4.2 Effect of boron on the growth parameters of mustard 

Treatments 
Plant height 

(cm) 

No. of 

branches 

plant 

No. of pods 

plant" 
No. of 

seeds pod" 

B0 86.17 b 4.85 c 93.35 e 16.87 c 

B1  93.48a 5.70th 11I.9bc 20.1Ib 

B2  95.56 a 6.02 a 137.3 a 22.18 a 

B1 9291 a 5.54 b 120.9 ab 22.68 a 

LSD 6.05 0.398 19.25 1.86 

Pignificance level 5% 5% 5% 5% 

In a column figures having similar letter(s) do not differ significantly whereas figures with 

dissimilar letter(s) differ siRnificantly as per DMRT 

4.1.3 Interaction effect of sulphur and boron on the plant height of mustard 

Combined application of different doses of sulphur and boron fertilizers had 

significant effect on the plant height of mustard (Table 43). The lowest plant height 

(74.43 cm) was observed in the treatment combination of S0 B, (No sulphur and No 

boron). On the other hand, the highest plant height 002 cm) was recorded with S2B' 

(25 kg S had + 4 kg B ha") which was statistically similar with the S1 83  (IS kg S ha'1  

+ 4 kg B ha") treatment. Pradhan and Sarker (1993) also found similar result by 

using 20kg Sand 1 kg B ha'1. 
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I 
-1 	 Table 4.3 Interaction effect of sulphur and boron on the growth parameters or 

mustard 

Treatments 
Plant height 

f No. o
branches 

No. of pods 
' No. of seeds 

(cm) plant' 
plant pod' 

S0B0  74.43 e 4.11 f 86.00 ef 13.57 g 

S,B0  80. LOde 4.46 ef 84.53 f 14.57 fg 

S2B0 89.87 abed 5.20 bede 115.00 abcdef 15.67 efg 

S3130 85.70cde SWede 103.00cdef 21.93bcd 

S0B 94.20 abc 5.00 de 87.20 ef 15.57 etE 

S1 B, 94.37abc 5.97abc I10.9obcdef 19.57cde 

S2B1  91.13 abed 5.77 abed 132.90abcd 22.53 abed 

S3B1  87.70 bcde 5.30 bede 99.30 def 23.70 abc 

S0B2 86.73 ede 5.13 bede 86.30ef 18.60 def 

S1132 97.83 abc 6.03ab 13 1. 10 abcde 
22.97 abc 

S2B2  99.20 abc 6.57 a 154.40 ab 26.30 a 

S382  98.77 abc 5.90 abed 157.30 a 23.80 abc 

S0B3 89.30abcd 5.17bcde 113.90 abcdef 19.73cd 

23.33abc 
S1 B3  101.60ab 6.33a 121.00abcdef 

S2133 102.00 a 6.53 a 146.80 abc 24.23 ab 

21 30 bed . 
S3B3 99,47 abc 5.87 abed 124.00 abcdef 

LSD 12.11 0.79 38.51 	- - 3.72 

Significance 5% 5% 5% 
level  

In a column figures having similar letter(s) do not differ significantly whereas figures with 

dissimilar letter(s) diffcr significantly as per DMRT. 
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4.2 No. of branches plant' 

4.2.1 Effect of sulphur on the No. of branches plant' of mustard 

Significant variation was observed in the number of branches 	of mustard when 

different doses of sulphur were applied (Table 4.1). The highest number of branches 

plant' (5.97) was recorded in S2  (35 kg S ha") which was statistically similar with the 

S2  (25 kg S ha") treatment. The lowest number of branches plant" (4.72) was 

recorded in the S0  treatment where no sulphur was applied. Singh and Dhiman (2004) 

also found similar results with increasing rate of S. 

4.2.2 Effect of boron on No. of branches plant' of mustard 

Different doses of boron fertilizer showed significant variations in respect of number 

of branches plant' (Table 4.2). Amongthe different doses of boron, B2 (2 kg B hi') 

showed the highest number of branches plant' (6.02) which was statistically similar 

with B, treatment. On the contrar . the lowest number of branches plant' (4.85) was 

observed with l3. where no boron fertilizer was applied. Dutta cIal. (1984) also found 

similar results with the application of I kg B ha", 

4.2.3 Jnteraction effect of sulphur and boron on the No. of branches plant' of 

mustard 

The combined effect of different doses of S and B fertilizer on the no. of branches 

plant" of mustard was significant (Table 4.3). The highest number of branches plant" 

(6.57) was recorded with the treatment combination of S2B2  (25 kg S hi' + 2 kg B ha' 

')which was statistically similar with the treatment 5,83 (IS kg S hi' +4kg B hi) 

and 5287 (25 kg S ha" + 4 kg B ha4). On the other hand, the lowest number of 

branches 	(4.11) was found in SoB0 treatment (control treatment). 
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I 
4.3 Number of pods plant' 

1 	4.3.1 Effect of sulphur on the number of pods plant' of mustard 

Significant variation was observed in number of pods plani' of mustard when 

different doses of sulphur were applied (Table 4. I). The highest number of pods plani 

'(132.3) was recorded in 52 (25 kg S hi') which was statistically similar with the S3  

(35 kg S hi') treatment. The lowest number of pods planf' (97.13) was recorded in 

the S11 treatment where no sulphur was applied. Chauhan et al. (2002) also found 

similar results with 20kg S hi'. 

4.3.2 Effect of boron fertilizers on the number of pods plant' of mustard 

Different doses of boron fertilizers showed significant variations in respect of number 

of pods plant' (Table 4.2) Among the different doses of fertilizers, B, (2 kg B hi) 

showed the highest number of pods plant' (137.3) which was statistically similar with 

the B3 (4 kg B hi') treatment. On the contrary, the lowest number of pods plant' 

(93.35) was observed with Bo where no boron fertilizer was applied. Dutta es ci. 

(1984) also found similar results with the application of! kg B hi'. 
'1 

4.3.3 Interaction effect of sulphur and boron on the number of pods 	of 

mustard 

The combined effect of different doses of S and B fertilizer on number of pods plant' 

of mustard was significant (Table 4.3). The highest number of pods plant' (157.3) 

was recorded with the treatment combination of S7132  (35 kg S hi' + 2 kg B hi') 

which was statistically similar with S2132  (25 kg S hi' + 2 kg B hi) treatment On the 

other hand, the lowest number of pods plant' (84.53) was found in S,B0  treatment (15 

kg S hi' and No B). 
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4.4 Number of seeds pod' 

4.4.1 Effect of sulphur on the number of seeds pod" of mustard 

Significant variation was observed in number of seeds pod" of mustard when 

different doses of sulphur were applied (Table 4.1). The highest number of seeds pod 

'(22 15) was recorded in Si (35 kg S hi) which was statistically similar with S2  (25 

kg S hi'). The lowest number of seeds podS ' (16.43) was recorded in the So treatment 

where no sulphur was applied. Sandeep clot (2002) also found similar results with 20 

and 30kg S hi'. 

4.4.2 Effect of boron on the number of seeds pod" of mustard 

Different doses of boron fertilizers showed significant variations in respect of number 

of seeds pod" (Table 4.2). Among the different doses of fertilizer. 133  showed the 

highest number of seeds pod" (22.68) 'which was statistically similar with the B. (2 kg 

B ha") treatment. On the contrary, the lowest number of seeds pod' (16.87) was 

observed with B0. where no boron fertilizer was applied. 

4.4.3 Interaction effect of sulphur and boron on the number of seeds pod" of 

mustard 

The combined effect of different doses of S and B fertilizer on number of seeds pod" 

of mustard was significant (Table 4.3). The highest number of seeds pod" (26.30) was 

recorded with the treatment combination of S21B2  (25 kg S ha4  + 2 kg B hi'). On the 

other hand, the lowest number of seeds pod" (13,57) was found in Sr,Bo treatment 

(control). 
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4.5 Pod length (cm) 

4.5.1 Effect of sulphur on pod length of mustard 

The pod length as affected by different doses of sulphur showed a statistically 

significant variation (Table 4.4). Among the different doses of S the highest pod 

length (5.05cm) was observed in S2 (25 kg S hi') which was statistically identical 

(5.02cm) with S3  (35 kg S hi'). The lowest pod length (3.86 cm) was recorded in the 

Sr)  treatment where no S was applied. Probably S supplied the necessary requirements 

for the proper vegetative growth that helped in obtaining the highest pod length of 

mustard. Chauhan el ci. (2002) also found similar results with 20kg S ha* 

4.5.2 Effect of boron on pod length of mustard 

Application of B fertilizers at different doses showed non significant variation on the 

pod length of mustard (Table 4.5). Among the different B fertilizer doses, B2  and 81 

(2 kg and 4 kg B hi) showed the highest pod length (4.58 cm). 

4.5.3 Interaction effect of sulphur and boron on pod length of mustard 

Combined effects of different doses of S and B fertilizers on pod length showed a 

statistically significant variation (Table 4.6). The highest pod length (5.86 cm) was 

recorded in the treatment combination of S,B3  (IS kg S ha4  + 4 kg B ha4) which was 

statistically identical with the treatment combination of S2132 ((25 kg S hi' + 2 kg B 

haS'). On the other hand, the lowest pod length (3.60 cm) was found in S,l3. 
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Table 4.4 Effect of sulphur on yield and yield contributing characters of mustard 

Pod Stover yield 
1000-seed wt. Grain yield 

Treatments length (t ha') 
(g) (t hi) 

 (cm) 

S0 3.86 b 2.95 1.67 b 3.00 b 

Si 4.00 b 2.98 1.98 a 3.33 b 

S2 5.05 a 3.03 2.03 a 3.73 a 

5.02 a 1 	3.00 1 	2,14 a 3.77 a 

LSD 0.563 - 0.252 0.342 

Significance 
5% NS 5% 5% 

level 

In a column figures having similar loner(s) do not differ significantly whereas figures with 

dissimilar letter(s) differ signifieantI as per DMRT 

4.6 Weight of 1000 seed (g) 

4.6.1 Effect of sulphur on weight of 1000-seed of mustard 

insignificant variation was observed on the weight of 1000 seed of mustard when 

different doses of S were applied (Table 4.4). The highest weight of 1000 seed (3.03 

g) was recorded in 52  (25 kg S hi'). The lowest weight of 1000 seed (2.95 g) was 

recorded in the So treatment where no S was applied. 

4.6.2 Effect of boron on weight of 1000 seed of mustard 

Different doses of B fertilizers showed insignificant variations in respect of the weight 

of 1000 seed (Table 4.5). Among the different doses of B feililizers. B2 (2kg B hi') 

showed the highest weight of 1000 seed (2.99g).On the contrai, the lowest weight of 

1000 seed (2.96 g) was observed with Bo where no B fertilizer was applied. 
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4.6.3 Interaction effect of sulphur and boron on weight of 1000 seed of mustard 

The combined effect of different doses of S and B fertilizer on the weight of 1000 

seed of mustard was statistically non significant (Table 4.6). The highest weight of 

1000 seed (3.03g) was recorded with the treatment combination of S2B2 and S1 B3. On 

the other hand, the lowest weight of 1000 seed (2.88 g) was found in S0B0  treatment 

(control). 

Table 4.5 Effect of boron on yield and yield contributing characters of mustard 

Treatments 
Pod length 

(cm) 

1000-seed 

wt. (g) 

Grain yield 

(t ha') 

Stover yield (t 

ha 1) 

B0  4.44 2.96 1.75b 3.13b 

B)  4.57 2.97 2.00 ab 3.27 b 

B2 4.58 2.99 2.05 a 3.69 a 

133 4.58 2.97 T 	1.92 ab 3.71 a 

LSD  0.252 0.342 

Significance 

level 
NS NS 5% 5% 

In a column figures having similar letter(s) do not differ significantly whereas figures with 

dissimilar letter(s) differ significantly as per DMRT. 

4.7 Grain yield of mustard (I/hi) 

4.7.1 Effect of Son the grain yield of mustard 

Significant variation was observed on the grain yield of mustard when different doses 

of S were applied (Table 4,4). The highest grain yield of mustard (2.14 t had) was 

recorded in S3 (35 kg S hi1 ) which was statistically similar with S1  (15 kg S ha') and 

S2 (25 kg S hi'). The lowest grain yield of mustard (1.67 t ha') was recorded in the 

Sn treatment where no S was applied. These findings are similar with the findings of 

a 
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some other researchers such as Birbal et al. (2004) and Singh and Ohiman (2004). 

Verrna et ci. (2002) also found similar results with 20kg S hi1 . 

4.7.2 Effect of B on the grain yield of mustard. 

Different doses of B fertilizers showed significant variations in respect of grain yield 

of mustard (Table 4.5). Among the different doses of B fertilizers, B2  (2 kg B ha") 

showed the highest grain yield of mustard (2.05 t ha") which was statistically 

identical with the B fertilizer dose of B, and Bt On the contrary, the lowest grain 

yield of mustard (1.758 t hi') was observed with Bo where no B fertilizer was 

applied. Sen and Farid (2005) also reported that application of 1.5 kg B ha" produced 

37% higher yield over control. 

4.7.3 Interaction effect of S and B fertilizers on grain yield of mustard 

The combined effect of different doses of S and B fertilizer on the grain yield of 

mustard was significant (Table 4.6). The highest grain yield of mustard (2.23 t ha") 

was recorded with the treatment combination of S1B, and S2B2  which was statistically 

identical with the fertilizer dose of S3B3 and S,B,. On the other hand, the lowest grain 

yield of mustard (1.23 t ha") was found in S0B0  treatment (No S and No B). Pradhan 

and Sarker (1993) also found same result by using 20kg Sand 1 kg B ha". 
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Table 4.6 Interaction effects of sulphur and boron on yield and yield 

contributing characters of mustard 

Treatments (cm) 
1000 seed wt. 

(g) 

Pod length  
Grain yield (t 

ha') 

Stover yield 

(t hi) 	F 

SoBu 380 el 288 1.23 d 	2.53 d 

S180  3.60f 2.89 1.73 abcd 2.86ed 

S2B9  4.23 bcdf 2.89 1.60 bed 3.50bc 

S3B0  3.83ef 2.91 2.13abc 3.13bcd 

S0B1  3.96cdef 2.96 1.56cd 3,Jobed 

S1B1  3.77 ef 2.96 2.16 ab 3.43 be 

S2B1  3.90def 2.93 1.90 abc 3.13 bed 

S381  4.37 bedef 2.97 2.23 a 3.66 abc 

S082  4.76 abcdef 2.95 2.06 abc 3.40 be 

S1B2 5.03 abode 3.02 1.90 abc 3.33 be 

S2B2  5.47 ab 3.03 2.23 a 3.83 ab 

S382  4.93 abode 2.99 2.03 abc 4.36 a 

S0B3 5.23 abc 3.00 2.06 abe 3.50 be 

S1B3 5.86a 3.03 2.13abc 3.46be 

S2B3 4.73 abcdef 3.00 2.06 abc 4.30 a 

S1B 5.20 abed 2.96 2.20 a 3.83 ab 

LSD 1.12  0.50 0.68 

Significance 
5% 

level  
NS 5% 5% 

In a column figures having similar letter(s) do not differ significantly whereas figures with 

dissimilar letter(s) differ significantly as per DMRT. 



4.8 Stover yield of mustard (t ha-) 

4.8.1 Effect of Son the stover yield of mustard 

Significant variation was observed on the stover yield of mustard when different 

doses of S were applied (Table 4.4'). The highest stover yield of mustard (3.77 t ha") 

was recorded in Si (35 kg S hi'), which was statistically similar with S2  (25 kg S hi 

I)  The lowest stover yield (300 t ha") was recorded in the S0  treatment where no S 

was applied. Verma eta! (2002) also found similar results with 20 kg  S ha". 

4.8.2 Effect of B on the stover yield of mustard 

Different doses of B fertilizers showed significant variations in respect of stover yield 

of mustard (Table 4.5). Among the different doses of B fertilizers. B (4 kg B ha") 

showed the highest stover yield (3.71 t ha"). which was statistically identical (3.69 1 

ha-) with the B fertilizer dose of B2  (2 kg B ha"). On the contrary. the lowest stover 

yield (3.13 t ha-') was observed with 13o, where no B fertilizer was applied. 

4.8.3 Interaction effect of S and B on stover yield of mustard 

The combined effect of different doses of S and B fertilizers on the stover yield was 

significant (Table 4.6). The highest stover yield (4.36 1 ha-) was recorded with the 

treatment combination of 5382 ( 35 kg S ha" -I-  2 kg B ha") which was statistically 

identical (4.30 t ha") with the fertilizer dose of 5283 (25kg S ha" + 4 kg B ha"). On 

the other hand, the lowest stover yield (2.53 t ha") was found in SoBo treatment (No S 

and No B). 
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4.9 Total nitrogen concentrations in mustard stover 

4.9.1 Effect of S on nitrogen content in mustard stover 

Application of S showed significant variation on the nitrogen concentration in 

mustard stover (Table 4.7). The highest nitrogen concentration in stover (I. 153%) was 

recorded in S (35 kg S haS') which was statistically similar with 52 (25 kg S hi') and 

5, (15 kg S hi5. On the other hand. the lowest nitrogen concentration in stover 

(I .099%) was recorded in the So treatment where no S was applied. 

4.9.2 Effect of B on nitrogen content in mustard stover 

The effect of different doses of boron showed statistically significant difference on 

nitrogen concentration in mustard stover (Table 4.8). The highest nitrogen 

concentration among the treatments of boron (1.147%) was observed in B2  (2 kg B hi 

5 and B3  (4 kg B hi') treatment which was statistically similar with Hi (I kg B hi') 

treatment. The lowest nitrogen concentration 1.095% was observed in Ba (control 

condition) treatment. 

4.9.3 Interaction effect of S and B on nitrogen concentrations in mustard stover 

Significant effect of combined application of different doses of S and B fertilizers on 

the nitrogen concentration was observed in the stover of mustard (Table 4.9). All the 

treatment combinations showed statistically similar results of N concentration except 

Sr,Bo and S0B, treatments. 

4.10 Total phosphorus concentrations in mustard stover 

4.10. 1 Effect of S on phosphorus content in mustard stover 

Application of S showed significant variation in the phosphorus concentration in 

mustard stover (Table 4.7). The highest phosphorus concentration in stover (0.06 1%) 
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was recorded in S2  (25 kg S ha") which was statistically similar with Si(15 kg S ha") 

and S (35 kg S ha"). On the other hand, the lowest phosphorus concentration in 

stover (0.046%) was recorded in the S0  treatment where no S was applied. 

4.10.2 Effect of B on phosphorus content in mustard stover 

The effect of different doses of boron showed statistically significant difference on 

phosphorus concentration in mustard stover (Table 4.8). The highest phosphorus 

concentration among the treatments of boron (0.063%) was observed in B1  0 kg B 

ha") which was similar with B2  (2 kg B ha-') and B3 (4 kg B ha"). The lowest 

phosphorus concentration 0.049% was observed in B(I  treatment. 

4.10.3 Interaction effect of S and B on phosphorus concentrations in mustard 

stover 

Insignificant effect of combined application of different doses of S and B fertilizers 

on the phosphorus concentration was observed in the stover of mustard (Table 4.9). 

However the highest concentration of phosphorus in the stover (0.065%) was 

recorded with the S1132 (IS kg S ha" + 2 kg B ha") treatment. On the other hand, the 

lowest phosphorus concentration (0.040%) in stover was found in S0B0 treatment. 
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Table 4.7 Effect of sulphur on total N P K Sand B concentrations in mustard 

stover 

Treatments Total N % Total P (%) 
TotalK 

(Ye) 

TotalS 

(%) 
Total B (%) 

So 1.099b 0.046b 0.69 0.195 d 0.0031 

S1  1.119ab 0.055ab 0.74 0.242c 0.0039 

S2 1.150 a 0.061 a 0.79 0.259b 0.0056 

1.153 a 0.056ab 0.80 0.294 a 0.0041 

LSD 0.035 0.011 - 0.011 - 
Significance 

level 
1% 1% NS 1% NS 

In a column figures having similar letter(s) do not differ significantly whereas figures with 

dissimilar letter(s) differ significantly as per DMRT. 

4.11 Total potassium concentrations in mustard stover 

4.11.1 Effect of S on potassium content in stover 

A statistically insignificant variation was observed on potassium concentration in 

stover of mustard with different doses of sulphur (Table 4 7). However, the highest 

potassium concentration (0.80%) among the different doses of sulphur was recorded 

in S1 (35 kg  S ha").On the other hand, the lowest potassium concentration (0.69 %) 

was recorded in the So treatment where no S was applied. 
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4.11.2 Effect of B on potassium content in mustard stover 

The effect of different doses of B fertilizers showed a statistically insignificant 

variation on the potassium concentration in mustard stover (Table 4.8). The highest 

potassium concentration (0.82%) among the different doses of B fertilizers was 

recorded with B2 treatment. The lowest potassium concentration (0.74 %) was 

observed in the 13o treatment. 

4.11.3 Interaction effect of S and Ban total potassium content in mustard stover 

Insignificant effect of combined application of different doses of S and B fertilizers 

on the potassium concentration was observed in stover of mustard (Table 4.9). The 

highest concentration (0.86%) of potassium in the stover was recorded with S2131 (25 

kg S ha + 4 kg B hi') and S:1133 (35 kg S hi' + 4 kg B hi'). On the other hand, the 

lowest potassium concentration (0.62 %) was found in S0B0  treatment. 

4.12 Total sulphur concentrations in mustard stover 

4.12.1 Effect of S on sulphur content in mustard stover 

A statistically significant variation was observed on sulphur concentration in the 

stover of mustard with different doses of S (Table 4.7). Among the different doses of 

S the highest sulphur concentration in plant (0.294 %) was recorded in S3  (35 kg S hi 

5 treatment. On the other hand, the lowest sulphur concentration (0.495 %) was 

recorded in the So treatment where no S was applied. 

4.12.2 Effect of B on sulphur content in mustard stover 

The effect of different doses of B fertilizers showed a statistically significant variation 

in the sulphur concentration in stover of mustard (Table 4.8). The highest sulphur 

concentration (0.275%) in plant among different doses of B fertilizers was recorded 



with B2. which was statistically similar with B1  (0.265 %). The lowest sulphur 

concentration (0.222 %) was observed in the treatment l) where no B fertilizer was 

applied. 

Table 4.8 Effect of boron on total N P KS and B concentrations in mustard 

stover 

Treatments Total N % Total P (%) 
Total K Total S 

Total B (%) 

1.095 b 0.049 b - 0.71 0.222 b 0.0020 

B, 1.131a 0.063a 0.71 0.265a 0.0033 

82 1.147 a 0.055 ab 0.82 0.275 a 0.0054 

1.147 a 0.051 ab 0.79 0.227 b 0.0059 

LW  
J 	

0.035 0.011 - 0.011  

Significance 

level 
1% NS 1% NS 

In a column figures having similar letter(s) do not differ significantly whereas figures with 

dissimilar Icttcr(s) differ siniflcantly as per DMRT. 

4.12.3 Interaction effect of S and B on sulphur content in mustard stover 

Significant effect of combined application of different doses of S and B fertilizers on 

the sulphur concentration was observed in stover of mustard (Table 4 9). The highest 

concentration of sulphur in the stover (0.313 Q/0)  was recorded with the highest dose of 

S and B fertilizers S3B3 (35 kg S hi' + 4 kg B hi) which may be due to the higher 

supply and subsequent assimilation of this element in the plant. On the other hand, 

the lowest sulphur concentration (0 194 %) was found in S0110  treatment. 
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4.13 Total boron concentrations in mustard stover 

4.13.1 Effect of S on boron content in mustard stover 

A statistically insignificant variation was observed on boron concentration in stover of 

mustard with different doses of S (Table 4.7). Among the different doses of S the 

highest boron concentration in plant (00055 o/) was recorded in S2  (25 kg S hi') 

treatment. On the other hand, the lowest boron concentration (0.0031 %) was 

recorded in the S0 treatment where no S was applied. 

4.13.2 Effect of B on boron content in mustard stover 

The effect of different doses of B fertilizers showed a statistically insignificant 

variation on the boron concentration in stover of mustard (Table 4.8). However the 

highest boron concentration in stover (0.0059%) among different doses of B fertilizers 

was recorded with B1 treatment The lowest boron concentration (0,0020 %) was 

observed in the B0  treatment where no B fertilizer was applied. 

4.13.3 Intcraction effect of S and B on boron content in mustard stover 

Insignificant effect of combined application of different doses of S and B fertilizers 

on the boron concentration was observed in stover of mustard (Table 4.9) The highest 

concentration of boron in the stover (0.0083 %) was recorded with the S1132  (35 kg S 

hi' + 2 kg B hi') treatment. On the other hand, the lowest boron concentration 

(0.0009%) was found in S0B0  treatment. 
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Table 4.9 Interaction effect of sulphur and boron on N P K S and B 

concentrations in mustard stover 

Treatments 

Total 

nitrogen (% 

Total 

phosphorus 

Total 

potassium 

Total 

sulphur 

Total 
boron 

1.064 b 0.040 0.62 0.184 e 0.0009 

SiBo 1.082ab 0.060. 0.66 0.196e 0.0030 

52B0  1.122ab 0.046 0.76 0.202e 0.0038 

S3B0 1.128 ab 0.040 0.73 0.101 e 0.0048 

S0B1 1.072 b 0.055 0.72 0.204 c 0.0019 

SBi 1.125 ab 0.063 0.69 0.275 be 0.0033 

S2131  1.143 ab 0.056 0.80 0.298 ab 0.0052 

S3B1  1.136ab 0.047 0.78 0.194e 0.0050 

S0B2  1.122ab 0.058 0.74 0.240d 0.0025 

S1132 1.157a 0.065 0,78 0.294ab 0.0040 

S2132  1.161 a 0.064 0.85 0.300 a 0.0075 

5382 1.161 a 0.058 0.82 0.203 e 0.0083 

S0B3 1.122 ab 0.046 0.73 0.263 c 0.0028 

SI133 1.162 a 0.054 0.75 0.0029 

S2B3 1.164 a 0.061 086 .. 

0,298 ab 

0.30 2 a 0005 .0 

. 
SB 11623  086 013 3 	a - 00057 

LSD 0.071 - ____ 0.022  

Significance 

level 

1% NS NS 1% NS 

In a column figures having similar letter(s) do not differ significantly whereas figures with 

dissimilar letter(s) differ significantly as per DMRT. 
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4.14 Total nitrogen concentrations in mustard seed 

4.14.1 Effect of S on nitrogen content in mustard seed 

Application of S showed significant variation on the nitrogen concentration in 

mustard seed (Table 4.10). The highest nitrogen concentration in seed (3.61%) was 

recorded inS3 (35 kg S haj, which was statistically similar with S2 (25 kg S haS '). On 

the other hand, the lowest nitrogen concentration in seed (2.89%) was recorded in the 

S0 treatment where no S was applied. 

4.14.2 Effect of B on nitrogen content in mustard seed 

The effect of different doses of boron showed statistically significant difference on 

nitrogen concentration in mustard seed (Table 4.11). The highest nitrogen concentration 

among the treatments of boron (3.75%) was observed in B2  (2 kg B ha'). The lowest 

nitrogen concentration (2.99%) was observed in }3o treatment. 

4.14.3 Interaction effect of S and B on nitrogen concentrations in mustard seed 

Signilicant effect of combined application of different doses of S and B fertilizers on 

the nitrogen concentration was observed in the seed of mustard (Table 4.12). The 

highest concentration of nitrogen in the seed (3.92%) was recorded with the treatment 

S2132 (25 kg S ha' + 2 kg B hi'). On the other hand, the lowest nitrogen concentration 

(2.96%) in seed was found in S1 B0  treatment. 

4 
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Table 4.10 Effect of sulphur on total N P KS and B concentrations in mustard 

seed 

Treatments Total N % Total P (%) 
Total K Total S 

Total B (%) 

S0  2.89 c 0.523 b 0.420 0.696 c 0042 

3.32 b 0.544 ab 0S1 	 .355 

0  .lGOab 

 

0.746 be 0.0058 

S2  .58 a  0 .40 0.0076 

53 3.61 a 0.558 ab 0.422 0.807 a 0.0071 

LSD 0.037 0.035  0.050 

Significance 
5% 

level  
1% NS 1% NS 

In a column figures having similar letter(s) do not differ significantly whereas figures with 

dissimilar letter(s) differ significantly as per DMRT. 

4.15 Total phosphorus concentrations in mustard seed 

4.15. 1 Effect of S on phosphorus content in mustard seed 

Application of S showed significant vanation on the phosphorus concentration in 

mustard plant (Table 4 10). The highest phosphorus concentration in seed (0.573%) 

was recorded in S (25 kg S hi'), which was statistically similar with S (15 kg S 

hi') and S3  (35 kg S hi'). On the other hand, the lowest phosphorus concentration in 

seed (0.523%) was recorded in the So treatment where no S was applied. 
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4.15.2 Effect orB on phosphorus content in mustard seed 

The effect of different doses of boron showed statistically significant difference in 

phosphorus concentration in mustard seed (Table 4.11). The highest phosphorus 

concentration (0594%) among the treatments of boron was observed in 132  ( 2 kg B 

hi'). The lowest phosphorus concentration 0.533% was observed in B1  (1kg B hi') 

treatment which was statistically similar with Bn treatment. 

4.15.3 Interaction effect of S and B on phosphorus concentrations in mustard 

seed 

Significant effect of combined application of different doses of S and 13 fertilizers on 

the phosphorus concentration was observed in the seed of mustard (Table 4. 12), The 

highest concentration of phosphorus in the seed (0.656%) was recorded with the 

treatment S2132 ( 25 kg S hi' 4  2 kg B hi'). On the other hand, the lowest phosphorus 

concentration (0.517%) in seed was found in S9130  treatment. 

4.16 Total potassium concentrations in mustard seed 

4.16.1 Effect of S on potassium content in seed 

A statistically insignificant variation was observed on potassium concentration in seed 

of mustard with different doses of S (Table 4.10). The highest potassium 

concentration (0.422%) among the different doses of S was recorded in S3  (35 kg S 

hi'). On the other hand, the lowest potassium concentration in mustard seed (0.420 

O/) was recorded in the S0 treatment where no S was applied. 

4- 
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4.16.2 Effect of B on potassium content in mustard seed 

The effect of different doses of B fertilizers showed a statistically significant variation 

on the potassium concentration in mustard seed (Table 4.1 1). The highest potassium 

concentration (0440%) among the different doses of B fertilizers was recorded with 

83  treatment in seed, which was similar with B? (0.43(r). The lowest potassium 

concentration (0.337%) in seed was observed in the Bo  treatment. 

4.16.3 Interaction effect of S and B on potassium content in mustard seed 

Significant effect of combined application of different doses of S and B fertilizers on 

the potassium concentration was observed in seed of mustard (Table 4.12). The 

highest concentration of potassium in the seed (0.483%) was recorded with the 

treatment of 52B2 ( 25 kg $ ha'1  + 2 kg B ha") which was statistically similar with all 

the treatment combinations except S0B1 . 

4.17 Total sulphur concentrations in mustard seed 

4.17.1 Effect of S on sulphur content in mustard seed 

4- 	
A statistically significant variation was observed on sulphur concentration in seed of 

mustard with different doses of S (Table 4.10). Among the different doses of S the 

highest sulphur concentration in seed (0.807%) was recorded in S ( 35 kg S ha") 

treatment. which was statistically similar with $2 (25 kg S ha"). On the other hand. 

the lowest sulphur concentration in seed (0.696 %) was recorded in the S0 treatment 

where no S was applied. 



Table 4.11 Effect of boron on total N P K Sand B concentrations in mustard 

seed 

Treatments Total N % Total P (%) 
Total K Total S 

Total B (%) 

Bij 2.99 d 0.536 b 0.337 702 b 

+bO.. 

0.0032 

B1 3.27 c 0.533 b a401 47 ab 0.0049 

B2  3.75 a 0.594 a 0.439 a 0.769 a 0,0079 

B1 3.56b 0.537b 0.440 a 1 	0.791 a 0.0087 

LSD 0.037 0.036 0.071 0.050  

Significance 

level 
5% 1% 1% 1% NS 

In a column figures having similar letter(s) do not differ significantly whereas figures with 

dissimilar letter(s) differ significantly as per DMRT. 

4.17.2 Effect of B on sulphur content in mustard seed 

The effect of different doses of B fertilizers showed a statistically significant variation 

on the sulphur concentration in seed of mustard (Table 411), The highest sulphur 

concentration in seed (0.791%) among different doses of 13 fertilizers was recorded 

with B (4 kg B ha) which was statistically similar with B2  (2 kg B hi1). The lowest 

sulphur concentration (0.702 %) in seed was observed in the treatment B0 where no 

boron fertilizer was applied. 

4.17.3 Interaction effect of S and B on sulphur content in mustard seed 

Significant eiTect of combined application of different doses of S and B fertilizers on 

the sulphur concentration was observed in seed of mustard (Table 4.12) The highest 

concentration of sulphur in the seed (0.865%) was recorded with the highest doses of 

S and B fertilizers which may he due to the higher supply and subsequent 
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assimilation of this element in the seed and which was similar with S1B2  (0.861 %). 

On the other hand, the lowest sulphur concentration (0687 %) in seed was found in 

S0130 treatment. 

4.18 Total boron concentrations in mustard seed 

4.18.1 Effect of Son boron content in mustard seed 

A statistically insignificant variation was observed on boron concentration in seed of 

mustard with different doses of S (Table 4.10). Among the different doses of S the 

highest boron concentration in seed (0.0076 %) was recorded in S2  (25 kg  S had) 

treatment. On the other hand, the lowest boron concentration in seed (0.0042 %) was 

recorded in the S0 treatment where no S was applied. 

4.18.2 Effect of B on boron content in mustard seed 

The effect of different doses of B fertilizers showed a statistically insignificant 

variation in the boron concentration in seed of mustard (Table 4.11). However the 

highest boron concentration in seed (0.0087%) among different doses of B fertilizers 

was recorded with B (4 kg B ha"). The lowest boron concentration (0.0032 %) in 

seed was observed in the treatment Bn  where no B fertilizer was applied. 

4.18.3 Interaction effect of S and B on boron content in mustard seed 

Insignificant effect of combined application of different doses of S and B fertilizers 

on the boron concentration was observed in seed of mustard (Table 4.12). The highest 

concentration of boron in the seed (0.0112 %) was recorded with the S382  (35 kg S 

ha" 2 kg B ha"). On the other hand, the lowest boron concentration (0.0028 %) in 

seed was found in S0B0 treatment. 



Table 4.12 Interaction effect of sulphur and boron on N P K S and B 

concentration in mustard seed 

Treatments 

Total 

nitrogen (%) 

Total 

phosphorus 

Total 

potassium 

Total 

sulphur 

Total 
boron 

S0B0  2.96 h 0.517 c 0.406 ab 0.687 d 0.0028 

S1130 2.97 h 0.520 c 0.380 ab 0.690 d 0.0050 

S280  3.11£ 0.527 c 0.466 a 0.703 ed 0.0046 

S3130  3.11 f 0.528 c 0.426 ab 0.706 cd 0.0048 

S0B1 2.94 h 0.534 c 0.301 b 0.680 d 0.0028 

S1B1  3.21e 0.533c 0.363ab 0.760abcd 0.0045 

S2B1 3.31 d 0.570 be 0.333 ab 0.761 abed 0.0077 

S3B1  3.81 b 0.542 c 0.423 ab 0.785 abed 0.0084 

S0B2  3.05 f'g 0.556 be 0.326 ab 0.713 cd 0.0035 

S1B2 .Ti3 	c 0.544 c 0.433 ab 0.750 bed 0.0047 

S2132  3.92 a 0.656 a 0.483 a 0.766 abcd 0.0110 

S3B2  3.88ab 0.537c 0.440ab 0.861 ab 0.0112 

S0B3 3.01gh 0.534c 0.316ab 0,731cd 0.0037 

S1133  3.45c 0.539c 0.426ab 0.772abcd 0.0057 

S2B3 3,89 ab 0.625 ab 0.473 a 0.815 abc 0.0083 

S3B3  3.86 ab 0.536 c 0.473 a 0 865 a 0.0105 

LSD 0.074 0.071 0.142 0.1004  

Significance 

level 

5% 1% 

I 

1% 

______________ 

1% 

______________ 

NS 

In a column figures having similar letter(s) do not differ significantly whereas figures with 

dissimilar letter(s) differ significantly as per DMRT 



4.19 Protein content in mustard seed 

4.19.1 Effect of Son protein content in mustard seed 

A statistically significant variation was observed in protein content in seed of mustard 

with different doses of S (Table 4.13). Among the different doses of S the highest 

protein content in seed (22.55 %) was recorded in S (35 kg S hi') treatment. which 

was statistically similar with S2 (25 kg S hi') treatment. On the other hand. the lowest 

protein content in seed (18.08 %) was recorded in the So treatment where no S was 

applied. Singh and Dhiman (2004) also found increased oil content with increasing 

rate of S 

4.19.2 Effect of B on protein content in mustard seed 

The effect of different doses of B fertilizers showed a statistically significant variation 

on the protein content in seed of mustard (Table 4.14). The highest protein content in 

seed (23 .48%) among different doses of B fertilizers was recorded with B2 (2 kg B 

ha'). The lowest protein content (18.70%) in seed was observed in the treatment B 

where no B lertilizer was applied. 

4.19.3 Interaction effect of S and B on protein content in mustard seed 

Significant effect of combined application of different doses of S and B fertilizers on 

the protein content was observed in seed of mustard (Table 4.15). The highest protein 

content in the seed (24.55 %) was recorded with the S2B2  ( 25 kg S hi' + 2 kg B hi') 

treatment which was statistically similar S3B1. S3132, S2B3 and S3B3  treatments . On 

the other hand. the lowest protein content (18.5 1%) in seed was found in S0B0  

treatment. 

a-. 
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Table 4.13 Effect of sulphur on protein content, oil content and total uptake of S 
and B by mustard 

Treatments 
Protein 

content (%) 
Oil content 

(%) 

Total uptake of S and B (kghi') 

sulphur 	[ boron 

S0 1808 c 4044 c 16.84 c 	[ 0.1994 c 

S1 20.77 b 40.97 b 23.38b 0.2647 b 

S2 22.33a 41.49a 26.38ab 0.3744a 

53 22.55a 41.23 ab 28.70 a 0.3178ab 

0.325 0.2676 2.633 0.065 FSig~LSD 

nificance 1% 
level  

1% 5% 5% 

In a column figures having similar letter(s) do not differ significantly whereas figures with 

dissimilar letter(s) differ significantly as per DMRT 

4.20 Oil content in mustard seed 

4.20.1 Effect of Son oil content in mustard seed 

A statistically significant variation was observed on oil content in seed of mustard 

with different doses of S (Table 4.33), Among the different doses of S the highest oil 

content in seed (4149 %) was recorded in 52 (25 kg S ha") treatment which was 

statistically similar with Si(35 kg S hi') treatment On the other hand, the lowest oil 

content in seed (40.44 %) was recorded in the S0 treatment where no S was applied. 

Singh e al. (2002) reported that application of 20 kg S ha' increased oil content in 

mustard over control. 

4.20.2 Effect of Ban oil content in mustard seed 

The effect of different doses of B fertilizers showed a statistically significant variation 

on the oil content in seed of mustard (Table 4.14) The highest oil content in seed 

among different doses of B fertilizers (41.82 o/) was recorded with B2 (2 kg B hi') 

which was statistically similar with B, (I kg B ha") and B3 (4 kg B hi') treatments. 
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The lowest oil content (4039%) in seed was observed in the treatment B where no B 

fertilizer was applied. Juel (1980) also reported that application of 2 kg B ha"  

significantly increased oil content of mustard. 

4.20.3 Interaction effect of S and B on oil content in mustard seed 

Significant effect of combined application of different doses of S and B fertilizers on 

the oil content was observed in seed of mustard (Table 4. IS). The highest oil content 

in the seed (42.48 0/s) was recorded with the S2132 (25 kg S ha"  + 2 kg B hi') 

treatment which was statistically similar with S3132, S1B3 and S2133 treatments. On the 

othcr hand, the lowest oil content (39.54%) in seed was found in S0B0 trealment. 

Table 4.14 Effect of boron on the protein content, oil content and total uptake of 

S and B by mustard 

Treatments 
Protein 

content (%) 

Oil content 

_____________ 

Total uptake of S and II (kg ha4) 

sulphur boron 

B0 l8.70d 40.39b 18.64c 0.1561c 

B, 20.54c 41.56a 23.57b 0.2060c 

B2 23.48 a 41.82 a 25.61 ab 0.3627b 

B3 22.22h 41.57a 26.69a 0.4316a 

I 	LSD 0.325 0.2676 2.633 0.065 

Significance 

[_ 	level  
1% 

j 	
5% 5% 5% 

In a column figures having similar letter(s) do not differ significantly whereas figures with 

dissimilar letter(s) differ significantly as per DMRT 

72 



4.21 Total uptake of S by mustard (seed + stover) 

4.21.1 Effect of Son total uptake of S by mustard (seed + stover) 

A statistically significant variation was observed in total uptake of S by mustard with 

different doses of S (Table 4.13). Among the different doses of S the highest uptake 

(28.70 kg ha4) was recorded in Si (35 kg S ha) treatment which was statistically 

similar with S2 (25 kg S hi') treatment On the other hand, the lowest uptake (16.84 

kg hi) was recorded in the So  treatment where no S was applied. Naresh ci at. (2006) 

also reported that uptake of S increased significantly up to 40 kg S hi'. 

4.21.2 Effect of Son total uptake of Shy mustard (seed + stover) 

The effect of different doses of B fertilizers showed a statistically significant variation 

on the total uptake of S by mustard (Table 4.14). The highest uptake among different 

doses of B fertilizers was recorded with B3  (4 kg B ha1) which was statistically 

similar with B2  treatment. The lowest uptake (18.64 kg ha1) was observed in the 

treatment B0  where no B fertilizer was applied. 

4.2 1.3 Interaction effect of S and B on total uptake of S by mustard (seed + 

stover) 

Significant effect of combined application of different doses of S and 13 fertilizers on 

the total uptake of S was observed by mustard (Table 4.15). The highest uptake (33.00 

kg hi') was recorded with the highest combined dose of S and B fertilizers which 

was statistically similar with S2132  treatment. On the other hand, the lowest uptake 

(10.37 kg hi) was found in S0B0 treatment. 

I 
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4.22 Total uptake of B by mustard (seed + stover) 

4.22.1 Effect of Son total uptake of B by mustard (seed + stover) 

A statistically significant difference was observed on total uptake of B by mustard 

with different doses of S (Table 4.13). Among the different doses of S the highest 

uptake (0.374 kg hi') was recorded in S2 (25 kg S hi') treatment. On the other hand. 

the lowest uptake (0.199 kg hi') was recorded in the So treatment where no S was 

applied. 

4.22.2 Effect of B on total uptake of B by mustard (seed + stover) 

The effect of different doses of B fertilizers showed a statistically significant variation 

in the total uptake of B by mustard (Table 4.14). The highest uptake among different 

doses of B fertilizers (0.431 kg hi') was recorded with Bi (4 kg B hi') treatment. 

The lowest uptake (0.156 kg hi') was observed in the treatment B0 where no B 

fertilizer was applied. Chakravarty e/ at (979) also reported that B uptake 

significantly increased with increasing level of boron. 

4.22.3 Interaction effect of S and B on total uptake of B by mustard (seed + 

stover) 

Significant effect of combined application of different doses of S and B fertilizers on 

the total uptake of B was observed by mustard (Table 4.15). The highest uptake 

(0.605 kg hi') was recorded with the S3B2  (35 kg S hi' + 2 kg B hi') treatment 

which was statistically similar with S2132 (25 kg $ hi' + 2 kg B hi'). On the other 

hand, the lowest uptake (0.1620 kg hi') was found in S1B0 treatment. 

4.- 
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Table 4.15 Interaction effects of sulphur and boron on protein content, oil 

content and total uptake of S and B by mustard 

Treatments Protein 

content (%) 

Oil content 

(%) 

Total uptake of S and B (kg hi') 

sulphur 	boron 

SuBo 18.51 £ 39.54 c 10.37 g 	 0.17531' 

S1 B0 18.90 ef 40.42 de 17.52 ef 0.1620 £ 

S2B0  19.46 e 40.88 bed 17.93 ef 0.2043 ef 

S3130  19.44 de 40.78 bed 21.56 def 02560 def 

S0B1  18.41 1' 40.48 ale 16.26£ 0.1067 1' 

St l3i 20.11 ed 40.94 abed 26.38 bcd 0.2193 ef 

S2B1  20.69 c 40.98 abed 24.57 bed 0.3473 ede 

S3131  23.86a 41.04abcd 26.31bcd 0.3853bcd 

S0B2 19.06 ef 40.90 bed 22.97 cde 0.1633 1' 

S1 B2 21.56b 41.07abc 24.09ed 0.2213ef 

S2132  24.55 a 42.48 a 30.58 ab 	I 0.5073 ab 

S3B2  24,16a 41.68ab 26.28bcd 	10.6057a 

S0B; 18.84 ef 40.92 abed 24.95 bcd 	0.17901' 

S1 B3 21,59b 41.53 ab 26.29 bed 	0.2213 ef 

S2133  2418 a 41.42 ab 28.25 abe 	0.3917 bed 

S3B3 24.11 a 40.94 abed 33.00 a 	 0.4793 abe 

LSO 0.651 0.535 5.265 0.129 

Significance 
1% 5% 5% 5% 

In a column figures having similar tenet(s) do not differ significantly whereas figures with 

dissimilar letter(s) differ significantly as per DMRT 

4.23 Effect of sulphur on organic carbon, nutrient status and p11  of the post 

harvest soil of mustard field 

4.23.1 Effect of sulphur on organic carbon content in the post harvest soil of 

mustard field 

Statistically insignificant variation was observed on organic carbon content of the post 

harvest soil of mustard field with different doses of S (Table 4.16). Organic carbon 

contents in all the doses of sulphur were more or less same. 
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4.23.2 Effect of sulphur on total nitrogen content in the post harvest soil of 

mustard field 

A statistically insignificant variation was observed on nitrogen concentration in post 

harvest soil of mustard with different doses of S (Table 4.16). Considering the 

different doses of S the highest nitrogen concentration in soil (0.094 %) was recorded 

in 52  (25 kg S ha"). On the other hand, the lowest nitrogen concentration in soil 

(0084%) was recorded in the S0  treatment where no S was applied. 

4.23.3 Effect of sulphur on available phosphorus content in the post harvest soil 

of mustard field 

A statistically significant variation was observed in phosphorus concentration in soil 

of mustard field with different doses of S (Table 4.16). Considering the different 

doses of S the highest phosphorus concentration in soil (20.34 ppm) was recorded in 

S2  (25 kg S ha4). On the other hand, the lowest phosphorus concentration in soil 

(17.69 ppm) was recorded in the Si treatment which was statistically similar with 5o 

where no S was applied. 

4.23.4 Effect of sulphur on available potassium content in the post harvest soil of 

mustard field 

A statistically significant variation was observed on potassium concentration in soil of 

mustard with different doses of S (Table 4.16) Considering the different doses of S 

the highest potassium concentration in soil (53.83 ppm) was recorded in S2  (25 kg S 

ha') On the other hand, the lowest potassium concentration in soil (47.33ppm) was 

recorded in the S treatment which was statistically similar with S0 where no S was 

applied 
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Table 4.16 Effect of S on organic carbon, total N, available P, available K, 

available S. available B content and p" of the post harvest soil 

Org. 
Total N 

Avail. Avail. 
Avail. s Available 

Treatments carbon P K B (ppm) Soil P" 
(%) (ppm) 

(%) (ppm) (ppm)  

S0  0.73 0.0848 17.84 c 48.17 c 17.57 d 0.650 c 6.15 a 

0.75 0.0921 17.69 c 47.33 e 19.53 c 052 b 6.11 ab 

S2  0.75 0.0941 20.34 a 53.83 a 25.45 b 1.121 a 6,10 ab 

074 00929 19.85!, 52.00b 30.40 a 1 	j 	158a I 	6.03b 

LSD  - 0.460 1.764 0.740 0.614 0.112 

Significance 
NS NS I 	1% 1% 1% I°,'o 1% 

level 
 

In a column figures having similar letter(s) do not differ significantly whereas figures with 

dissimilar letter(s) differ significantly as per DMRT. 

4.23.5 Effect of sulphur on available sulphur content in the post harvest soil of 

mustard field 

A statistically significant variation was observed on sulphur concentration in the post 

a 	 harvest soil of mustard with different doses of S (Table 4.16). Considering the 

different doses of S the highest sulphur concentration in soil (30 40 ppm) was 

recorded in 53 (35 kg S ha4) treatment. On the other hand, the lowest sulphur 

concentration in soil (17.57ppm) was recorded in the So  treatment where no S was 

applied. 

4.23.6 Effect of sulphur on available boron content in the post harvest soil of 

mustard field 

A statistically significant variation was observed on boron concentration in the post 

harvest soil of mustard with different doses of S (Table 4.16). Considering the 
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different doses of S the highest boron concentration in soil (1.158 ppm) was recorded 

in S3 (35 kg S hi') treatment which was statistically similar to S2  (25 kg S hi'). On 

the other hand, the lowest boron concentration in soil (0650 ppm) was recorded in the 

So treatment where no S was applied. 

4.23.7 Effect of sulphur on pH in the post harvest soil of mustard field 

A statistically significant variation was observed in the soil pH of the post harvest soil 

of mustard field with different doses of S (Table 416). Considering the different 

doses of S the highest pH (615) in the post harvest soil was recorded in So treatment 

which was statistically similar with Si and S2  treatments. On the other hand, the 

lowest pH in post harvest soil (6.03) was recorded in the S3 treatment where 35 kg S 

ha" was applied which indicated a slight increase in the acidity of the soil with the 

highest dose of S applied. 

4.24 Effect of boron on the organic carbon, nutrient status and p
H  of the post 

harvest soil of mustard field 

4.24.1 Effect of boron on organic carbon content in the post harvest soil of 

mustard field 

The effect of different doses of boron fertilizers showed a statistically insignificant 

variation on the organic carbon content in the post harvest soil of mustard field (Table 

4.17). No observable variation was observed in the organic carbon content of the post 

harvest soil due to the application of various doses of boron 
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4.24.2 Effect of boron on total nitrogen content in the post harvest soil of 

mustard field 

The effect of difierent doses of boron fertilizers showed a statistically insignificant 

variation in the nitrogen concentration in post harvest soil (Table 4 17). Among the 

treatments, B2  ( 2 kg B had) showed the highest nitrogen concentration (0094 %) in 

soil. The lowest nitrogen concentration (0.084 o/) in soil was observed in the 

treatment Rn where no B fertilizer was applied. 

4.24.3 Effect of boron on available phosphorus content in the post harvest soil of 

mustard field 

The effect of different doses of boron fertilizers showed a statistically significant 

variation on the phosphorus concentration in the soil of mustard field after harvest 

(Table 417). Among the different treatments B2  (2 kg B hi) showed the highest 

phosphorus concentration (20,87 ppm) which was statistically similar with B3  (4 kg B 

hi) treatment. The lowest phosphorus concentration (16.63 ppm) in post harvest soil 

was observed in the treatment B0  where no B fertilizer was applied. 

4.24.4 Effect of boron on available potassium content in the post harvest soil of 

mustard field 

The effect of different doses of boron fertilizers showed a statistically significant 

difference on the potassium concentration in soil of mustard field (Table 4.17). 

Among the different treatment of fertilizer doses. B, (2 kg B hi') showed the highest 

potassium concentration (53.08 ppm) in post harvest soil. The lowest potassium 

concentration (48.50 ppm) in post harvest soil was observed in the B0  treatment. 
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4.24.5 Effect of boron on available sulphur content in the post harvest soil of 

mustard field 

The effect of different doses of boron fertilizers showed a statistically significant 

difference in the sulphur concentration in soil of mustard field (Table 417). Among 

the different fertilizer doses. B 0 kg B hi') showed the highest sulphur 

concentration (25 33 ppm) in soil which was statistically similar with B2 and B3 

treatments. The lowest sulphur concentration (17.65 ppm) in soil was observed in the 

treatment B0 where no B fertilizer was applied. 

Table 4.17 Effect of boron on organic carbon, total N. available P, available K, 

available S. available B content and p" of the post harvest soil 

Org. Avail. 
Total N Avail. P Avail. K Available Soil 

Treatments carbon 
% (ppm) (ppm) 

S 
B (ppm) p1' 

(%) (ppm) 

Bo 0.73 0.0848 16.63 c 48.50 c 17.65 b 0.342 d 6.14 a 

B1  0.76 0.0911 17.46 b 53.08 a 25.33 a 0.583 c 6.12 a 

B2 0.76 0.0947 20.87 a 48.75 c 24.88 a l.147 b 

0.75 0.0929 20.76a I 	51.00h 25.09 a 	1.710 a 6.09b 

LSD - } 	
- 0.460 1.76 0.740 0.0614 0.112 

Significance 
NS NS 1% 1% t% 1% 1% 

level  

In a column figures having similar letter(s) do not differ significantly whereas figures with 

dissimilar letter(s) differ significantly as per DMRT. 
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4.24.6 Effect of boron on available boron content in the post harvest soil of 

mustard field 

The effect of different doses of boron fertilizers showed a statistically significant 

variation on the boron concentration in the post harvest soil of mustard field (Table 

4.17). Among the different fertilizer doses. B3 (4 kg B ha4) showed the highest boron 

concentration (1.710 ppm) in soil, which was statistically different from other 

treatments. The lowest boron concentration (0.342 ppm) in soil was observed in the 

treatment B0  where no B fertilizer was applied. 

4.24.7 Effect of boron fertilizers on pH in the post harvest soil of mustard field 

The effect of different doses of boron fertilizers showed a statistically significant 

variation in the pH of the post harvest soil of mustard field (Table 4.17) Among the 

different doses of B fertilizer, Bo showed the highest value of soil pH (6.14). The 

lowest pH in the soil sample (6.08) was observed in the treatment B3 where 4 kg B 

ha" was applied 

4.25 Interaction effect of sulphur and boron on organic carbon, nutrient status 

and p" of the post harvest soil of mustard field 

4.25.1 Interaction effect of sulphur and boron on the organic carbon of the post 

harvest soil of mustard field 

Insignificant effect of combined application of different doses of S and B fertilizer 

was observed on the organic carbon content in the post harvest soil of mustard field 

(Table 4.18). No appreciable change on the organic carbon content of the post harvest 

soil was observed with the combined application of S and B at various treatments. 
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4.25.2 Interaction effect of sulphur and boron on total nitrogen content of the 

post harvest soil of mustard field 

Insignificant effect of combined application of different doses of S and B fertilizer on 

the nitrogen concentration was observed in post harvest soil of mustard field (Table 

4.18). No observable variation was observed on the N content with different S and B 

treatment combinations in the post harvest soil of the mustard field. 

4.25.3 Interaction effect of sulphur and boron on available phosphorus content of 

the post harvest soil of mustard field 

Significant effect of combined application of different doses of S and B fertilizers on 

the phosphorus concentration was observed in the post harvest soil of mustard field 

(Table 4.18). The highest phosphorus concentration (22.68 ppm) was recorded in the 

treatment combination of S2B2  (25 kg S hi' t  2 kg B hi') in the post harvest soil 

which was statistically similar with S3132 (35 kg S hi' + 2 kg B hi'). On the other 

hand, the lowest phosphorus concentration (15.45 ppm) in soil was found in 5, B0  (15 

kg S hi' + No B) treatment. 

4.25.4 Interaction effect of sulphur and boron on available potassium content of 

the post harvest soil of mustard field 

Significant effect of combined application of different doses of S and B fertilizers on 

the potassium concentration was observed in post harvest soil of mustard field (Table 

4.18). The highest potassium concentration (60.Oppm) was recorded in the treatment 

combination of 5382 (35 kg S ha" + 2 kg B ha") which was statistically similar with 

S,Bi (IS kg S ha" 4kg B hi) treatment. On the other hand, the lowest potassium 

concentration (45.0 ppm) in the post harvest soil was found in S0B0  treatment. 
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Table 4.18 Interaction effects of sulphur and boron on organic carbon, total N, 

available P. available K. available S. available B contents and p"  of 

the post harvest soil 

Treat- 

ments 

Organ 

Ic 

carbo 

Total 

nitroge 

n (% 

Available 

phosphor 

us (ppm) 

n(%)  

Available 

potassium 

(ppm) 

Available 

sulphur 

(ppm) 

Availab 
le boron 
(ppm) 

11 p 

S0B0  0.72 0.084 16.20 fg 45.00 e 16.27k 0333J 617 a 

S1 B0  0.71 0.075 15.45 g 49.67 cd I6.68jk 0.460 ef 6.14 ab - 
S2B0  0.74 0.089 20.16 de 52.00 be 17.16 ijk 0.600 d 6.12 ab 

S380  EO.71 0.088 19.57e 46.00de 20.16g 1.177c 6.16ab 

S081  0,73 0.085 15.44g 46.00de 16.78i]k 0.366fg 6.17ab 

S1B1  0.79 	1 0.096 15.62 g 51.00 c 18.33 hi 0.580 de 6.09 ab 

S2B1  0.78 0.095 19.92de 46.00de 23.76f 1.137c 6.03ab 

S3B1  0.75 0.091 19.79 de 46.33 de 19.27gb 1.360 b 6.12 ab 

S0B2  0.74 0.086 19.33 e 55.00 b 18.14 hi] 0.306 g_ 6.14 ab 

S1 B2 0.77 0.097 16.79f 52.00 be 27.83 de 0.656d 6.14 ab 

S2B2  0.77 1 	0.097 22.68 a 48.33 cde 29.19 ccl 1.367 b 6.11 ab 

S3132  0.78 0.053 22.54 a 60.00 a 33.88 a 2.153 a 6.05 ab 

S0B3  0.76 0.082 15.56 g 48.00 cde 18.98gb 0.363 fg 6.03 ab 

S1 B3 0.75 0.095 21.99 ab 59.67 a 26.62 c 0.636 d 
1.483 b 

6.07 ab 
6.02 ab S2B3  0.76 0.097 20.71 cd 48.67 cde 29.40 c 

sa1 074 0.096 21 Nbc 51.67hc 34.33h 1 2.150a 5.95b 

LSD  0.920 3.52 1.481 0.123 0.224 

Signifi 

cance 

level 

NS NS 1% 1% 1% 

_____________  

1% 1% 

Initial 0.68 0.0820 13.42 

soil  

4S.0O 23.74 10.3800 6.16 

In a column, figures having similar letter(s) do not differ significantly whereas figures with 

dissimilar letter(s) differ significantly as per DMRT. 



4.25.5 Interaction effect of sulphur and boron on available sulphur content of the 

post harvest soil of mustard field 

Significant effect of combined application of different doses of S and B fertilizers on 

the sulphur concentration was observed in post harvest soil of mustard field (Table 

418) The highest sulphur concentration (33.88 ppm) was recorded in the treatment 

combination of S;B2 (35 kg S hi' + 2 kg B hi1). On the other hand. the lowest 

sulphur concentration (16.27 ppm) in soil sample was found in S0B0  treatment where 

no sulphur and boron fertilizer was applied. 

4.25.6 Interaction effect of sulphur and boron on available boron content of the 

post harvest soil of mustard field 

Significant effect of combined application of different (loses of S and B fertilizers on 

the boron concentration was observed in soil of mustard field (Table 4.18). The 

highest boron concentration (2.15 ppm) was recorded in the treatment combinations 

of SR2  (35 kg S ha" 2 kg B ha") S3Bi ((35 kg S ha + 4 kg B had) in the post 

harvest soil. On the other hand, the lowest boron concentration (0.333 ppm) in the 

post harvest soil was found in 50B0 treatment. 

4.25.7 Interaction effect of sulphur and boron on p"  of the post harvest soil of 

mustard field 

Significant effect of combined applications of different doses of S and B fertilizers on 

the p1-I of post harvest soil was observed in the field of mustard (Table 4.18). The 

highest value of soil pH (6.27) was recorded in the treatment combination of S0R0 

which was statistically similar with all other treatment combinations of sulphur and 

boron except S3B3 (lowest). Combined application of S and B fertilizers at high doses 

showed decrease pH value of the post harvest soil. 
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CHAPTER 5 

SUMMARY AND CONCLUSION 

An experiment was conducted at the Sher-e-Bangla A'icultural University Farm 

Dhaka 1207 (Tejgaon series under AEZ No.28) during the rabi season of 2007 to 

study the "Interaction effect of sulphur and boron on the growth, yield, chemical 

composition and oil content of mustard". The soil was silty clay loam in texture 

having pH 6.16 and organic carbon content of 0.68%. Two factor randomized 

complete block design was followed with 16 treatments having unit plot size of 2m x 

2m (4m2) and replicated thrice. Two factors were sulphur and boron. The treatments 

were Sol3o control (No sulphur + No boron), S1 80 ( 15 kg S ha4  ± No boron), S2l30 ( 

25 kg S ha"' + No boron), S3B0 (35 kg S ha" + No boron), S0B, (No sulphur + 1 kg 

B ha"), S,B1  (15 kg S ha" + 1 kg B ha"), S2B, (25 kg S ha-' + 1 kg B ha"). S3B, ( 

35kg S ha" + 1 kg B ha"), Sl3 (No sulphur ± 2kg B ha"'), S,B2,(15 kg S ha" + 2 

kg B ha"'), S2B2 (25 kg S ha"' + 2kg B ha"'), S3132 (35 kg S ha'
]  + 2 kg B ha"), S0133  

(No sulphur + 4kg B ha"), S1 B3 (15kg S ha" + 4kg B ha"'), S2B3  (35 kg S ha" + 4 

kg B ha")and S3B3 (35kg S ha" +4kg B ha"). 

Recommended blanket doses of N. F, K and Zn (110 kg N from urea, 35 kg P from 

TSP. 40 kg K from MP and 4 kg Zn ha" from ZnO, respectively) were applied. 

The whole amounts of TSP. MP, Zinc oxide and half of the urea fertilizer were 

applied as basal dose during final land preparation. The remaining half of urea was 

top dressed after 20 - 22 days of geniination (before flowering). The required 

amounts of S (from gypsum) and B (from boric acid) were applied at a time as per 

r 
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treatment combination after field lay out of the experiment and were mixed properly 

through hand spading. 

Mustard seeds were sown on 
11th  November 2007 and the crop was harvested on 

February 2008. The data were collected plot wise for plant height (cm), number of 

primary branches plant', number of pods plant-], number of seeds pod', pod length 

(cm), weight of 1000-seed (g), grain yield (I hi') and stover yield (t hi'). 

The post harvest soil samples from 0-15 cm depth plot vise were collected and 

analyzed for p!-1, organic carbon. N, P. K, S and B contents. Seed and stover samples 

were also chemically analyzed for total N. P, K. S and B contents. Protein content, oil 

content and total uptake of S and B were also determined. All the data were 

statistically analyzed following F-test and the mean comparison was made by DMRT. 

The results of the experiment are stated below. 

Plant height was significantly affected by different levels of S and B. Plant height 

increased with increasing levels of S and B individually. The individual application of 

S @ 35 kg ha 1 (S3) produced the tallest plant (98.11 cm), whereas application of B @ 

2 kg ha" produced the tallest plant of 95.56 cm height. The tallest plant (102.0 cm) 

was found in S2B3  treatment, which was higher over control treatment (74.43cm). 

The individual application of S and B showed positive effect on the number of 

branches per plant, number of siliquae per plant, number of seeds per siliqua, weight 

of 1000 seed, grain yield and stover yield. All the plant characters increased with 

increasing levels of S and B up to higher level except 1000 seed weight. 

a- 
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Like all other plant characters, grain yield of mustard was influenced significantly due 

to application of S and B. Grain yield increased with increasing levels of S and B up 

to certain level. The highest grain yield (2.14 t hi') was found in plants receiving S 

@ 35 kg ha4  and the lowest was recorded in S0  treatment. The individual application 

of B @ 2 kg hi' produced the highest amount of grain yield (2.05 t ha'). The 

combined application of S and B had positive effect on grain yield of mustard. The 

highest grain yield of mustard was recorded in S3B, treatment followed by S2132 

which was statistically identical with each other. The lowest yield was recorded in 

S0B0 treatment. Combined application of S @25 kg hi' and B @ 2kg hi' produced 

higher grain yield as compared to control treatment significantly. 

Protein content in seeds of mustard was significantly increased due to application of S 

and B. The trend of variation in protein content was similar to that of N content 

because protein content was calculated directly from the values of N content in seeds. 

The range of protein content in seeds varied from 18.5 1% in SoB0 to 24.55% in S2132 

treatment. Application of S @ 25 kg hi' and B Qj 2 kg ha' produced higher protein 

content in seeds as compared to control treatment (S0B0). 

Oil content in seeds of mustard was significantly increased due to application of S and 

B. The range of oil content in seeds varied from 39.54% in 50B0 to 42.48% in S2B2  

treatment. Application of S @ 25 kg hi' and B @ 2 kg hi' produced higher oil 

content in seeds as compared to control treatment (S0B0). 

Nutrient contents (N, F, K, S and B) in stover were positively afleetcd due to S and B 

fertilization. The interaction effect of S and B was also found remarkable. The N, P. 
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K, S and B content in stover varied from 1.06% in S0B0 treatment to 1.164% in S7B3  

treatment. 0.040% in Sol3o treatment to 0.065% in S1B2 treatment. 0.620% in S0B0  

treatment to 0.860% in S3B3 treatment, 0.184% in S0B0 treatment to 0.3 13% in S3B3 

and 0.0009% in S0B0  to 0.0083 % in S3132 treatment, respectively. Nitrogen (N), K, B 

and S contents in stover increased with increasing levels of S and 13 up to certain 

level. 

Nutrient contents (N, P. K, S and B) in seeds were positively affected due to S and B 

fertilization. The interaction effect of S and B was also found remarkable. The N, F, 

K. S and B content in seeds varied from 2.96% in SoBo treatment to 3.92% in S2B' 

treatment, 0.5 17% in S0B0  treatment to 0.656% in S2B2 treatment, 0.301% in S0B, 

treatment to 0.483% in S2B2  treatment, 0.687% in S0B9 treatment to 0.865% in 53133 

and 0.0028% in S0B0 to 0.0112% in S3132 treatment, respectively. Nitrogen (N), K, B 

and S contents in seeds also increased with increasing level of S and B up to certain 

level. 

Total nutrient uptake by seed + stover was also affected by S and B fertilization. Total 

uptake of S and B increased with increasing levels of Sup to 35kg hi'. Total uptake 

of S and B also increased with increasing level of B up to 4 kg hi'. Sulphur uptake 

increased with increasing levels of S up to higher level. The highest sulphur uptake 

(28.70 kg hi') was recorded with the application of S @ 35 kg hi', which was higher 

as compared to control. On the other hand, boron uptake also increased with 

increasing levels of B up to higher level. The highest boron uptake (0.43 1kg hi') was 

recorded with the application of B ® 4 kg hi', which was higher as compared to 

.61 

control. The combined effect of S and B on nutrient uptake was significant. The 



maximum uptake of B (0.605 kg ha4) and S (33.0 kg haj was found in 53132 and 

S3133 treatment, respectively. The minimum uptake was recorded in S0B0 treatment. 

From the findings it was observed that application of S and B accumulated higher 

amount of nutrients as compared to single application of S or B. 

Nutrient content in post harvest soil was also influenced by different levels of S and B 

application. The total N, available P, available K, available S and available B of post 

harvest soil varied from 0.075 to 0.097%, 15.45 to 22.68 ppm, 45.0 to 60.0 ppm, 

16.27 to 33.88 ppm and 0.333 to 2.15 ppm, respectively due to combined application 

olS and Bat different levels. The addition of S and B not only increased the yield but 

also protect the soil from total exhaustion of nutrients. 

Considering all the parameters studied the following conclusion may be drawn:- 

Significantly higher growth and yield performance, protein content and oil 

content of mustard was observed by the S2B2 treatment i.e., by the combined 

application of sulphur and boron fertilizers @25 kg S haS' and 2kg B hi'. 

Based on the results of the present study, the following recommendation may be 

drawn:- 

+ The combined application of sulphur and boron fertilizers @ 25 kg S ha1  and 

2 kg B hi' may be done in Tejgaon series under AEZ No.28 to get higher 

yield, protein and oil content of mustard and also to maintain soil fertility and 

productivity than their individual applications. 

However, to reach a specific conclusion and recommendation, more research work oil 

mustard should be done in different Agro-ecologieal zones of Bangladesh. 
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APPENDICES 

Appendix Table I. Records of meteorological information (monthly) during the 
period from October, 2007 to February, 2008 

Month 
Airtemperature (°c) Relative humidity Rainfall 

(mm) 
6pm (%)  Maximum Minimum 

Morning 
6am (%) 

I 	Evening 

October, 2007 31.57 24.33 93.83 77.67 12.12 

November, 2007 29.52 18.99 95.26 74.76 2.30 

December, 2007 25.91 13.55 93.38 72.38 - 

January, 2008 24.38 13.32 94.70 72.90 2.54 

February, 2008 24.63 13.79 88.16 62.55 3.06 

Source: Bangladesh Meteorological Department (Climate division), Agargaon, 
Dhaka-1212. 
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Summary of analysis of va dance of growth character of mustard 

Appendix Table 2. Summary of analysis of variance of yield and yield attributes 
of mustard as influenced by different level of sulphur and 
boron 

Mean square (Mb') 
Degrees 

Sources of of No. of Primary No. of Length 
variation 

freedom 
Plant 

siliqua branch Seeds of 
height(em) 

plantS ' plant' siliqua' siligua 

Replication 2 18.08 13.716 0.036 7.72 0.193 

6.08 
Sulphur 3 561.23* 3198.7* 3•95*  100.47* * 

Boron 3 198.84 4025.47* 2.86* 3379* 0.056* 

Sulphur X 
9 

59.97 528.22* 0.216 * 13.79 0.424 

Boron * * * 

Error 30 52.77 533.33 0.228 4.98 0.456 

AV 

* Significant at 5% level of probability 
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Appendix Table 3. Summary of analysis of variance of yield and yield attributes 
—s 

of mustard as influenced by different level of sulphur and 

boron 

Mean square (MS) 
Sources of 

Degrees ______________ __________ 

variation 
of 1000 	Seed 	 Oil 	Protein 

Stover freedom seed 	Yickl (t 
') 	

content 	content 
Yield (t ha

___________  weight(g) 	Iia') 

Replication 2 0.016 0.076 0.979 0.189 0.062 

Sulphur 3 0.236N5 0.841* 576 1. 
* 1.062* 27.58

** 

Boron 3 0.049NS 0.318* 1.115* 0.724* 42.06** 

Sulphur x 
9 0.022NS 

0.147 
* - 0 . ')45* 0.094 04.29** 

Boron 

Error 30 0.029 0.092 0.169 0.103 0.084 

* Significant at 5% level of probability 

** Significant at 1% level of probability 

91- 	 NS= Non significant. 
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Appendix Figure 1. Field view of experimental plot at 20 DAS. 

Appendix Figure 2. Field view of experimental plot at SODAS. 

Appendix Figure 3. Field view of experimental plot at 80 DAS. 
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