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A BS'I'RACT 

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

Dl1aka 1207 during the period from December 2008 to April 2009 to study the role of 

potassium and sulphur on the growth, yield and oil content of soybean (Glvcine max 

var.I3ARI soybean-5). The experimental soil was clay loam in texture having pH of 6.3. 

The experiment included four levels of potassium viz.. 0. 20. 40 and 70kg K ha" and Ibur 

levels of sulphur viz., 0. 10. 20 and 40 kg S ha". The experiment was laid out in a 

Randomized Complete Block Design with three replications. Potassium showed significant 

effect oil yield and yield attributes of soybean. Application of porassiLim 	40 kg ha" 

produced the highest seed yield, plant height, number of primary branches plant". number 

of leaves plant". number of pods plant". number or seeds plant", 1000-seed weight and 

straw yield. In all the cases lower response Was found from the control treatment. Sulphur 

fertilizer also had significani effect oil yield and yield attributes of soybean. Application of 

sulphur d  20 kg ha" produced the highest seed yield. plant height, number of primary 

branches plant". number of leaves plant''. number of pods plant". number of seeds plant". 

1000-seed weight and straw yield but in all the cases the lower response was found from the 

control treatment. Potassium in combination with sulphur showed signi [kant eliëct oil yield 

and yield attributes of soybean. Potassium i; 40 kg ha'' and sulphur (üJ 20 kg ha" resulted 

the highest seed yield, number of primary branches plant", number of leaves plant''. 

number olpods plant", number olseeds plant". 1000-seed weight. protein and oil contents 

of soybean except plant height. the highest plant height was observed with the application 

of potassitin) 'â 70 kg ha" and sulphur @ 20 kg ha" .On the other hand. in all the cases the 

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

increased the yield but also protect the soil from total exhaustion of nutrients. 
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Chapter 1 

INTRODUCTION 

Soybean (GI,ycine wax L.) is an important and well -- recognized oil and protein 

containing crop of the world. Soybean grows well in different regions of the 

world, particularly in the tropical to the mid temperate i.ones. Soybean is 

originating from the hot areas of South-East Asia, but more than 50% of its 

production today conies from the United States and South America. Soybean (Give/ne 

wax) was first introduced into the United States in 1765 (Soybean Research Advisory 

Institute, 1934).About 73,444 thousand heetares of land in the world is tinder 

cultivation of soybean and annual production is approximately I, 91.993 million 

tons (FAO. 2008). As a grain legume crop it is gaining an important position in 

the agriculture of' tropical countries including India. Sn Lanka. Thailand and 

Bangladesh. 

Soybean contains higher amounts of oil and protein than any other legume crops. 

Soybean is a good source of protein, unsaturated fatty acids, minerals like Ca and P 

including vitamin A, B. C and D (Rahman. 1982). Furthermore soybean oil is 

cholesterol free. On an average, about 8-10% of the protein intake in Bangladesh 

diet originates from animal sources (Reguni. 1989) and the rest can he met from 

plant sources especially from the pulse crops like soybean. 

Acute shortage of edible oil has been prevailing in Bangladesh the dining last several 

decades. This shortage has inherited from the past. In 1972-73. its production was 

only 54.6 thousand tons that could meet only 30% of the requirement of the 75 

million people leaving a shortage of 70%. At that time, there was no high yielding 

variety (l-IYV) or improved technology of oilseeds. Oils and fats play an important 

role in human nutrition. As a high energy component of food, edible oil is important 

for meeting the caloric requirement. This is also important br improving the taste of 

it number of Ibod items. Oil/fat supplies energy and it provides double the quantity of 

energy than the same quantity of protein or carbohydrate. Fats and oils act as carrier 

for fat soluble vitamins (A. D. F and K) in the body and therefore. the presence of 

some fats/oils in the diet is essential for their absorption. Fats and oils are also the 



sources of essential fatty acids. flw main essential fatty acids of vegetable oils are 

linoleic and linolenic acids. Fats and oils are used to synthesize phospholipids which 

are important component of active tissues viz, brain, nerve and liver of human being 

and other animals. In Bangladesh, sources of edible oils are rapeseed/musiard, 

sesame. groundnut, soybean. niger. linseed, sunflower and safflower. Although 

linseed is not considered as edible oil. but its seed is mixed with mustard and sesame 

to extract oil and is being used for edible purposes. Nevertheless, linseed and castor 

oils are used as valuable industrial oils. Soybean is being cultivated in Bangladesh 

since long but the present production is not sufficient enough to exu'act oil profitably. 

in langladesh. soybean is not yet popular as a croj but soybean oil is very popular as 

cooking oil. Its seed contain 42-45% best quality protein and 20-22% edible oil 

(Wahhah ci at. 2001). ilowever, soybean is an important source of good quality 

protein and oil and can play an important role in solving the malnutrition problem of 

Bangladesh. 

Soybean. like many other legumes, is capable to fix and utilize atmospheric nitrogen 

through a symbiotic relationship with Rizizobium japonicum. Rizizobia are minor 

component of the soil micro liora. and while not restricted to rhiiosphere soil, reach 

their ntaxinluni numbers in association with plant roots (Reicosky ci at, 1985). 

Fertilizers have been used in most countries where agriculture is now well 

developed but their essential role in modern farming has become clear only in the 

last 60 years. Due to the cultivation of modern varieties of different crops with 

unbalanced and heavy use of fertilizers, soil toxicity/ pollution are arising and soils 

of Bangladesh are losing their fertility and productivity. 

Potassium is one of the three major essential nutrient elements required by plants. 

1.Jnhike nitrogen and phosphorus. potassium does not form bonds with carbon or 

oxygen. so  it never becomes a part of protein and other organic compounds (lloeI't ci 

at. 2000). Although K is not a constituent of any plant structures or compounds, it is 

involved in nearly all processes needed to sustain the plant life. Potassium in cell sap 

is involved in enzyme activation. photosynthcsis, transport of sugars. protein and 

starch synthesis. It is also known br its role to provide lodging resistance and 

insecudisease resistance w plant,.;. Potassium exists in mobile ionic form (K $ ) and 

n 



its function appears to be primarily catalytic in nature. Plants absorb K in larger 

amounts than any nutrient except N. K has beneficial ellect on symbiotic N-

fixation by teguminous plants. 1-ugh K supply has increased nodule mass. N-

fixation rate. nitrogenase activity mid growth of soybean. K deficiencies greatly 

reduce the quality and crop yields. Serious yield reduction may occur without the 

appearance of deficiency symptoms. This phenomenon is known as "hidden hunger" 

and this phenomenon occurs not only for K but also for other elements. 

Sulphur is being recognized as the 41h 
 major plant nutrient after N, P. K. Crop iii 

general require as much S as they need P. Soils which are deficient in S cannot 

support successful plant growth. S application is a must for proper growth, yield 

and oil content of soybean. Most soil sources of S are in the organic matter and are 

therelbre concentrated in the topsoil or plow layer. Plc-mental S and other forms as 

found in soil organic matter and some fertilizers. are not available to crops. They must 

be converted to the sulfate (SO?') fonn to become available to the crop. This 

conversion is performed by soil microbes and therefbre requires soil conditions that 

are warm, nioisL and well drained to proceed rapidly. •l'he sullhte form or S is an 

anion (negative charge). and therefore is leachable. As a rough rule-of-thumb, it can 

be considered to leach through the soil profile at about 50% as fast as nitrates (NO3'). 

In soils with a significant and restrictive clay layer in the sub-soil, it is common to 

find that sullitte which has leached through the soil over time and become "perched" 

on the clay layer. This S042 is available to crops when the roots reach this area of the 

soil. Sulfur is a necessary constituent in several amino acids and proteins. S is also 

needed for the synthesis of other metabolites. including coenzyme A. hiotin, thiamin 

or vitamin l3 and glutathionc. It occurs in volatile compounds responsible for the 

characteristic taste and smell of plants in the mustard and onion families. S stimulates 

seed lhrnuition and promotes nodule formation on the roots of' leguminous plants. 

Since these are building blocks in the plant. Sulfur becomes fixed into the plant's 

structure. 'l'herefore. the classic symptom of deficiency is a paleness of the younger 

foliage. However, many times all of the fbliage has a pale green color, and the 

diflCrence in "paleness" between the older and younger loliage is not easily noticed. 

This can lead to a niisdiagnosis of N deficiency for S deficiency (Nitrogen defIciency 

sytnptoni.v appear on the c/dc,' leaves fin!.). In some eases. the teat' veins niay be 

lighter in color than the surrounding tissue. 



Objectives: 

In Bangladesh, limited information is available oil the role of potassium and sulphur 

oil the growth, yield and oil content of soybean. With a view to generate iuformation a 

field experiment containing the treatments of each of potassium and sulphur was 

conducted with the following objectives: 

I. To compare the growth and yield performance of soybean by using different doses 

of potassium and sulphur. 

To observe the interaction effect of K and S on the growth, yield and oil content of 

soybean. 

To Find out the optimum doses of K and S for maximum growth. yield and oil 

content of soybean. 

Judicious application of K and S to minimize the excess uses of K and S and to check 

soil pollution and toxicity. 



Chapter 2 

Review of literature 

 



Chapter 2 

REVIEW OF LITERATURE 

It is now realized that agriculture does not only refer to crop production but also to 

various other lactors that are responsible for crop production. Sonic of the published 

reports relevant to research topic are reviewed under the Ibllowing headings: 

2.1 Effect and importance of Potassium application on soybean 

Potassium enters in plant as K and remains in plant in ionic form. A small fraction of 

it is found absorbed by protein in active leaves to eater to many enzymatic reactions 

and this form is not extractable by water. It is essential for reactions in using high-

energy phosphates (adenosine phosphates). in first reaction in photosynthesis in using 

the captured light energy to convert adenosine diphosphate (ADP) and phosphate into 

adenosine triphosphate (NIP) in the synthesis of amino-acids. Potassium in soil 

solution is in equilibrium with exchangeable potassium on clay minerals and humus. 

Potassium moves in soil by difiuision process and hence is not as easily available to 

plants as nitrogen. It does not get lost from the soil as nitrogen does. It moves from 

older leaves to younger leaves. Therefore, the older leaves are the lirst to show 

delicieney symptoms. 

Young seedlings of soybean do not use much potassium, but the rate of uptake climbs 

to a peak during the period of rapid vegetative growth. The potaLssium in vegetative 

parts is transferred to seed during pod till process. The mature soybean seed contains 

nearly 600/o or the total K in plant (Hoeft c/ at. 2000). It is to be noted that on weight 

basis, soybean seed contains more than twice as much potassium as corn grain. 

Deficiency symptoms. ii those are going to appear in soybean, will be seen during the 

period from late flowering to early seed fill. The potassium concentration in soybean 

plants decreases near maturity. Any deficit of K during the late vegetative and 

reproductive stages is going to reflect on yield of soybean. K-uptake in soybean has 

been estimated at about 101-120 kg/ha K (Nambiar and Ghosh. 1984 and Aulakh ci 

at. 1983). Similar removal of 101 kg/ha of K has been reported in case oF soybean in 

NIP. state by Swarup ci at (2001). Soils high in K may not pose any problem but 

those low in available K shall need building up of' K during the period when it is 
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needed most. In general. the soybean is grown in semi-arid regions, particularly 

vertisols and associated soils and these soils are rich in potassium. 

Based on the agronomic experimentation in diflèrent agro-climatic regions, the All 

India Coordinated Research Project on Soybean has recommended application of 

nitrogen. phosphorti., potassium and sulphur at the levels of 20 kg N/ha. 26.0-34.6 kg 

P/ha. 16.6 -33.2 kg K/ha and 20 kg S/ha, keeping in view the adustrnent based on soil 

test values. The reported crop uptake of these nutrients was 125-190 kg/ha of N. 19-

43 kg/ha of P. 101-120 kg/ha of K and 9-22 kg/ha of S (Nanibiar and Ghosh. 1984; 

Aulakh ci cii, 198)). A similar report for K removal in M.P. was made by Swarup ci 

at (2001). Vedprakash ci at (2001 ) found chat values of net depletion ol' K (sum total 

ol' available and non exchangeable K) horn soil proFile after 27 cropping cycles of 

soybean-wheat were quantitatively much higher than the expected K depletion values 

(based on K input-output balance sheet) suggesting considerable loss of K from soil 

proliles. Consistently higher rainfall during the rainy season CaLLEd he attributed to 

cause K loss through leaching. Recommendation of 20 kg N/ha as starter dose is well 

justified. It is capable of meeting the nitrogen requirement as the soybean crop has 

been reported to lix atmospheric nitrogen to the extent of 50 to 300 kg/ha (Keyser and 

Li. 1992). which is Ilirther supplemented by biomass recycling and non-symbiotic 

hxation. Recommendation of' phosphorus and sulphur also matches the respective 

nutrient uptake. 'Ihere appears to be a wide gap between the recommendations of 

potassium application vis-ã-vis its uptake. This litet was probably uncared for on 

account of richness of vertisols and associate soils in K. By and large, no potassium is 

applied by titmiers in the major soybean growing areas. 

Swarup ci a! (2001) have reported in overall negative balance of potassium in MA'. 

state. which was highest in tvlalwa plateau. the home of soybean. With the 

introduction of improved high yielding varieties and intensive agriculture, it is 

imperative to standardize and readjust the recommendation br potassium tbr 

sustainable soybean-based cropping systems. The revision of K levels are further 

needed in view of lower fertilizer use efficiency of K (20-40%) than that of N (above 

40%) for soybean and corn (Carpenter. 1975) and major movement of the element in 

soil to plant roots by diffusion and lesser contribution of root hairs in K uptake as 

compared to phosphorus (Mcngel and l3arber. 1974). 
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The results of experimentation on the effect of application of different combinations 

of NPK on the performance at' soybean in black cotton soils of Akola during 'khartf' 

season revealed improvement in yield attributing characters, yield and quality (oil and 

protein content) of soybean with increasing levels of NPK (Nagre c/ at. 991). It is 

difficult to work out the individual share of potassium in this study. but the 

contribution of potassitirn in the overall response can be well accepted. 

The long-tern) experimentation conducted on vertisols ol Jahalpur (M.P.) in soybean-

wheat-maize fodder revealed that not only the yield of soybean was increased by 6%. 

hut application of potassium at recommended levels also enhanced the uptake of 

major. secondary and some of the micronutrients. 

Soybean is not especially sensitive to magnesium deliciency. Research has not 

supported the claim that high potassium will reduce yield by inducing a shortage of 

magnesium (Hoell el at. 2000). 

Anuradha and Shanna (1995) found that the application of potassium increased the 

chlorophyll content, nitrate reduetase activity, seed protein and oil content in soybean. 

Deshmukh ci at (1994) obtained the highest soybean yield and oil content with an 

application ol' 60 kg K:O/ha at Aniravati and 90 kg KO/ha at Akola in Maharashtra 

State. More conclusive results on yield responses of soybean were obtained in 

experimentation organized by International Potash Institute for three years at Anilaha 

on vertisols by.  Magen (1997) where increased seed yield, oil and protein 

contents and nodulation was observed. The results have clearly brought out that the 

responses of K application on vertisols (having 112 ppm of available K) can be 

obtained up to 100 kg K10/ha. The split application at 35 days after sowing was still 

stiperior in obtaining response. The results offer reconsideration of recommended 

level of potassium application i.e. 20 kg K20/lla. in addition to above responses, 

resistance of plants against major insect-pests of soybean i.e. girdle beetle. scniilooper 

and aphid attack was also realized based on pooled data for three years (Magen. 

1997). 
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In case of intereropping. not much information is available. however. HegaLy and 

Cienaidy (1995) reported that the application of potassium sulphate improved the 

growth ol soybean when either mono or intereropped on clayev soil. The relative K 

fertilizer efficiencies were reduced in intereropping compared to monocropping 

(hereby increasing the economic optimum K fertilizer rates 

Although the major soybean area is on Vertisols and associated soils, the crop is 

cultivated and is further extending to other soil types as well. Significant responses of 

supplementation of K have been ohsen'cd in other soils also. Normally crop responds 

to the application of nutrients in soils, which are low to medium in K. The researches 

done at Iowa (USA) revealed that there have been frequent significant yield increases 

in soybean in the soils with medium soil test potassium values (68 to 100 ppm) on 

account of K applications (Mallarino et aL, 1991). Although. no response of K 

application tip to 75 kg K:'Oilm was obtained on Laterites of Maharashtra (Talathi. 

1983). response of K application in alluvial tract of Uttar Pradesh in the Crmers field 

(32 trials) was obtained up to 60 kg K20/ ha. Maximum response (56%) was obtained 

with N20P40K20 over N2OP.IOKO. which decreased by increasing the levels of all the three 

nutrient elements. 

Dixit and Sharma (1993) reported that soybean seed yield increased following 

application of up to 12.5 kg K in silt>' loam soils of Palampur (I liniachal Pradesh). 

Application of K also increased uptake of N. P and K. Unlike the results obtained at 

Jahalpur . the application ol' K decreased Ca and Mg uptake in these acid soils. 

The results of green house study showed that the soybean yielded highest with 27.75 

ppm K in all types of soil (Singh ci al., 1993). On loamy sand soil, split application of 

potassium was lound beneficial than applying full close at the time of planting. 

Soybean responded significantly up to 50 kg 1(20/ha when applied 50% at planting 

and SO% at flower initiation (two splits) or 1/3 at planting. 1/3 at flower initiation and 

1/3 at pod development (three splits). The per cent agronomic efficiency, per cent 

physiological efficiency and per cent apparent K recovery reduced as the rate of 

applied K was increased from 50 to 75 kg K20/ha. 



(irewal ci al. (1994) observed that the soybean seed yield increased following 

application of up to 50 kg K?O/ha when N was applied and up to 25 kg K20/ha in the 

absence ol'N in loamy sand soils uiPurab. 

On sandy clay loam soil. Annadurai e/ at (1994)  observed that the application of 40 

kg K!C) increased the soybean seed yield and oil content. 

Rajagopal and Velu (1995) observed that the soybean responded to application of 

only up to 40 kg K20/ha and the magnitude of response was higher it) kliarif' than 

Tabi'scason. 

Application of 80 kg K?O!ha with either 20or 40 kg N/ha signiflcantly increased the 

yield and yield attributes in sole and intercropping systems in sandy loam soils 

(Mandal and Pramanik. 1996). 

Application of 30 kg KO!ha or N x K interaction significantly increased the nodule 

number and yield attributes (Singh ci at, 1999). The application of N, P and K 

individually also increased the seed yield of soybean. 

A long-term experiment was conducted in shallow sandy loam soil of Ilawalbagh 

Farm. Almora (Utiranchal) with an application of 33.2 kg K/ha in combination with 

N. P and farm-yard manure in soybean-wheat cropping sequence (Cihosh ci at. 1998: 

Kundu ei,  at. 1990). It indicated the beneficial role of K in enhancing yield stability of 

soybean tinder rainfed condition. A gradual increase in K response was obtained with 

the increase in advancing years of cultivation from 1973 to 1997. The average 

response of soybean was 18.76 kg grain/kg K. The net depletion of K over years was 

high. 

A field experiment was conducted during the 2001 summer season in Mazandaran. 

Babolsar. Ralmamir. Iran, to study the effects of K and Zn fertilizers on the yield and 

yield components of soyabean cv. 8P692. The treatments comprised: 0. 75. 150 and 

225 kg KIha; and 0. 10, 20 and 30 kg Zn/ha. K fertilizer rates had significant effects 

on yield, number of pods per plant and 1000-seed weight. Zn fertilizer and the 
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interaction between Zn and K rates were noi significant on yield and yield 

Coniponen ts. 

Jlabibzadeh ci cit. (2004) reveaLed that the highest yield (2062.5 kg/ha) and 1000-seed 

weiuht (90.6 g) were obtained with 225 kg K/ha, however, there was no significant 

dilierence between 75. 150 and 225 kg K/ha on yield. There was no significant 

dilThrenee between 150 and 225 kg K/ha 11w 1000-seed weight. K at 75. ISO and 225 

kg K/ha significantly increased the number ci pods per plant. but there was no 

significant diftrenee among the application i'ate. 

Field experiments were conducted to investigate the effects of doses and split 

applications of potassium on Lwo soybean cultivars (Garimpo and Ft-Cristalina) 

planted on Eutrie Red L.atosol. sandy-textured cerrado soil of Minas Cierais. Brazil in 

1999/2000 agricultural year. Potassium was applied during planting (P). covering (C) 

and budding (F) period of soybean. The following rates of' K were applied at the 

planting time: 0. 30. 60 and 90 kg 1C20/ha. In another experiment. 60 kg K20/ha was 

applied at different times oicrop developing: 0011-60C-001,'; 201)40C-OOF; 30P-30C-

OOF; 40P-20C-OOF; 00P-00C-60F 20P-00C-401:; 30P-00C-3017; 4011-00C-20F and 

60P-00C-OOF (control). A significant quadratic increase up to 90 kg K20/ha resulted 

to a higher yield, plant height. height of insertion of the first scedpod and K in the 

soil. The application of 60 kg K20/ha at budding stage resulted to in increase in the 

number of seed, pods per plant. number of plants per plot unit and minor number of 

seeds (Flungria e/ al.. 2000). 

Soybean response to K fertilizer was studied over a 5-year period on a dystrophic 

Oxisol with very low exchangeable K in Brazil. K was applied annually at 0-200 kg 

K20/11a. There was a response to K when exchangeable soil K was below 40 mg 1(1kg 

soil. IJorkert ci cii. (2000) reported that application rates over 80 kg K20/ha was 

required lbr high yields and to correct the soil K level after 5 years of 

expennientation. Seed K concentration increased with higher K rate, and over 80 

kg/ha was required to give the desired seed concentration of at least 12 g KJkg seed. 

In field experiments conducted at Rajendranagar. 1-lyderabad during the post-rainy 

season of 1991192 and 1992/93, soybeans were given 0. 25. 50 or 75 kg K/ha and 
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were water stressed before or during flowering or during pod filling, or were not 

stressed. Moisture stress decreased plant height, leaf area, dry matter production, 

nodule number and seed yield, with stress at pod filling having most effect on yield. 

Yield increased significantly with up to 50 kg K. 

Singh etal. (1995) conducted a field experiment on a sandy-loam soil during the rainy 

seasons of 1989-90 at Kanpur. Uttar Pradesh, soybeans cv. (Iaurav were given 0. 40. 

80 or 120 kg K20. 0 or 20 kg zinc oxide and 0 or 30 kg S/ha. K and S applications 

increased seed yields in both years while Zn application increased yield in 1989 only. 

Seed yield and net return were the highest with 120 kg K20 in 1989. In field 

experiments at Alma. Arkansas with soybeans cv. Pioneer 9591 in 1990. Williams 82 

in 1991 and Pioneer 9391 in 1992, row spacing and K application did not significantly 

affect seed yields. 

Soybeans cv, Maple Arrow were grown tinder controlled conditions in hydroponic or 

sand cuLture and given a nutrient medium containing 1.0. 5.0, 10.0 or 20.0 mM K. The 

dry matter yield, nodule parameters (nodule number, fresh weight ol' nodules per plant 

and average nodule weight) and total nitrogen uptake increased with increasing K 

supply. The lowest potassium level was deficient for normal growth. nodulation and 

N uptake. whereas 5.0 mM K was the optimal level for these parameters. Flowever. 

nitrogenase activity, which was determined non-destructively, was not affected by K 

supply. 

Mondal ci al. (2001) conucted a field experiment during k/wrj/ 1999-2000 in 

Parhhani. Maliarashtra. India. to investigate the response of soybean grown on 

Vertisol to dilfCrent rates olnitrogen. phosphorus and potassium (0.30.60 and 90 kg, 

N. 13205  and K20/ha. respectively). Results showed that N and P205 at 90 kg/ha 

showed the highest yield for pods per plant, 100 seed weight, crude protein, seed and 

straw yields. Potassium application did not affect any of the yield components. The 

interaction effect of the difi'erent treatment combinations were non-signiticant except 

crude protein which was significantly increased up to 40.52% with N and P20 at 90 

kg/ha. 



2.2 Effect and importance of Sulphur fertilizers on Soybean 

In soybean, seed nunther and yield is largely determined by the environmental 

conditions between initial bloom and the beginning of seed filling. Four field 

experiments were conducted in Argentina to determine the effects of two sources of 

sulfur (S) on crop growth during the critical period of seed number determination and 

yield. Amnionium sulfate and gypsum were applied at a rate of 15 kg S ha'', Seed 

yield was closely related to the number of seeds per nf (R2 M.93). hut seed number 

was not related to crop growth between bloom and the beginning of seed filling. 

There was no effect of fertilizer application on ahoveground biomass accumulation 

until the seed filling period began. The results from this study suggest that a moderate 

S deficiency reduced seed yield by affecting crop growth during the seed filling 

period. This late effect of a moderate S deficiency could he a consequence of the 

known high sulflite mobil it)' UI soils and low S remobilization in plants. 

The effects of S rate (0. 10. 20 or 30 kg/ha) and source (50% through ammoniuni 

sulfate + 50% through elemental S or compound fertilizer 13-33-0-155) on the 

perlormance of soybean (cv. JS 335) grown on Typic l-laplustcrts and on soil 

properties were studied in Indore. Madhya Pradesh. India. during 2002-03. The values 

of the evaluated parameters increased as the S rate increased and when the compound 

I'ertilizer was applied. Thus. 30 kg S/ha supplied through 13-33-0-I5 S resulted in the 

highest number of nodules per plant (113.6). nodule flesh weight (1.082 g per plant), 

nodule dry weight (0.341 g) number ol pods per plant (50.0). number of seeds per pod 

(2.08). 100-grain weight (11.94 g). grain yield (1747 kg/ha), straw yield (2214 kg/ha), 

protein content (39.1%). oil content (20. 19%), and N (109.7 kg/ha). P (4.06 kg/ha), K 

(41.0 kg/ha). S (12.40 kg/ha) and Zn (0.28 kg/ha) uptake. This treatment also 

reuistered the highest soil P205  (19.4 kg/ha). K20 (522.0 kg/ha). S (8.80 kg/ha) and 

Zn (2.79 kg/ha) contents. The rates and sources of S did not significantly vary for 

their effects on soil p1-I. EC I. eleetrical conduclivity}. organic C. and available N aller 

harvesting. 

Singh ci ill. (2001) conducted a field experiment in New Delhi. India to assess the 

growth characteristics, seed and oil yield of two eultivars of soybean (G. max). i.e. 

PK-4 16 (V1  ) and PK- 1024 (V2). in relation to sulfur and nitrogen nutrition. Six 
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combinations (F1 -T6) of two levels of sulfur (0 and 40 kg ha') and two levels of 

nitrogen (23.5 and 43.5 kg ha") were applied to the two soybean eultivars as 

nutrients. Results indicated significant effect of sulilir and nitrogen, when applied 

together. on the growth characteristics, yield components. and seed and oil yield. 

Maximum response was observed with treatment l'', (having 40 kg S and 43.5 kg N 

ha''). Seed and oil yields were increased by 90 and 1020%. in V1. and 104 and 123% in 

'2' respectively, compared to the control i.e. T (having 0 kg S and 23.5 kg N ha1). 

Positive responses of S and N interaction on leaf area index.leaI' area duration, crop 

groih rate and hiomass production were also observed. The results obtained in these 

experiments clearly suggest that balanced and judicious application ol' nitrogen and 

sulfur can improve hnth seed and oil yield of soybean cultivars by enhancing their 

growth. 

A pot culture experiment was carried out with soybean in 2001 in a glasshousc on a 

clay loam soil deficient in available S. The treatments consisted of four levels of S (0. 

7.5. 15. 30 kg had)  supplied through gypsum in the presence and absence of 

I3,"adt','Inwbiu,n inoculation. Vijayapriva ci al. (2005) reported that nutrient uptake 

and availability of nutrients were significantly influenced by the addition of S and 

Rh,nth,um compared to the control. The nutrient uptake and availability were 

significantly higher in plant,; inoculated with Rhizobiwn compared to uninoculated 

plants. The uptake of N. P. K and S by soybean and their availability in soil increased 

with S levels and the highest values were recorded at 30 kg S ha". 

A pot ctilture experiment was conducted on a clay loam soil in Annamalainagar. 

i'arnil Nadu. India. during 2001 to investigate the effect of S (at 0. 7.5, IS and 30 

kQIha). with and without liradyrhiwbium inoculation on the growth and yield of 

soybean. Soybean responded significantly in the presence of Jirathrhizobium and S 

compared to the control. Sriramehandrasekharan ci oil. (2004) reported that plant 

height. root length. shoot and dry weights, number of pods per plant. 100-seed weight 

and seed yield were highest with 30 kg S/ha in the presence of Bradyrhi:obiu,n 

inoculation compared to S or inoculation alone and the control. The percentage 

increase in seed yield was 44 over the control. Bradyr/ihobiwn-inoculated soil 

recorded higher rhizospheric microbial population compared to the uninoeulatcd soil. 
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S application signilicantiv increased the bacterial population, while lungal population 

was higher in the control. 

Sangale Ci' al. (2004) conducted a field experiment during k/nw/f 2003/04 to 

investigate the effects of S fertilizer sources (single super phosphate. elemental S and 

gypsum) and levels (0.10 and 20 kg/ha) on the seed yield, quality and S uptake of 

soybean cv. JS 335 grown on deep black soil in the Marathwada region of 

\4aharashtra. India. Gypsum and single super phosphate were given at the time of 

sowing whereas elemental S was applied 15 days before sowing. Application of S at 

20 kg/ha gave highest yield. 

Mohanti ci al. (2004) conducted a field experiment during k/iarif 2003-2004 at 

Raipur. Chhattisgarli. India to evaluate the effects of different levels of S (0. 10, 20 

and 30 kg/ha) and B (0 and 0.002% at pro-flowering or pre-podding) on soybean cv. 

JS-335. Data were recorded fbi plant height, number of branches per plant, dry matter 

accumulation, test weight, harvest index and seed yield. S at 30 kg/ha recorded the 

highest values for these parameters. 13 and its interaction with S had no significant 

effect. Net  realization per investment was highest with S at 20 kg/ha. Ibllowed by S at 

3(1 kg/ha. 

A pot culture experiment was conducted at a glasshouse in the Department of 

Agricultural Microbiology, Tamil Nadu. India, on a clay loam soil different in 

available sulfur. The treatmenis consisted of four levels of S (0. 7.5. 15 and 30 kg/ha) 

in the presence and absence of Ilradt•ihi:ohimn. Aninageeta ci al. (2006) revealed 

that the highest soyabean nodule number per plant (40.7), nitrogenase activity (579.8 

nanomoles C711,1  nodules/h), number of pods per plant (51.7). seed yield (2295 g/pot), 

uptake of N (13 g/plant) and S (0.46 g/plant) were recorded with 30 kg Slim. 

Similarly. Rluzobiun, inoculated plant recorded higher I3NF, seed yield and uptake 

than uninoculated plants. 

Gokhale ci at (2005) conducted a field experiment to study the eliCct of dii lcrcnt 

sulfur (5) levels (0. 10. 20. 30. 40 and 50 kg/ha) on soybean (cv. MACS 124) in 

Maharashtra. India during klnirif 2002004. Application of increasing S levels up to 30 

kg'ha increased the seed yields over the control. Thus, the highest soybean yield of 
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25.1 q/ha was observed at 30 kg S/ha. Treatments with 40 and 50 kg S/ha slightly 

reduced the yields as the soil under study was niaruinally low in S content (9.6 mg/ku) 

which showed responses to lower S levels. The highest increase in monetary returns 

over the control (without 5) was Rs. 4290/ha tinder the 30 ku S/ha treatment. Each 

level of S application up to 30 kg/ha significantly increased the uptake over the lower 

levels. The highest N and S uptake by seeds were observed at 30 kg S/ha (181.0 and 

41.3 kg/ha, respectively) and higher levels of 40 and 50 kg S/ha slightly reduced the 

uptake. S application increased Nnd S availability in soil. Proteins and oil contents 

in soybean increased with increasing S levels up to 30 kg/ha. Thereafter. 40 and 50 kg 

S/ha showed a declining trend Available N and S contents in the soil also increased 

(although only to a small extent) with increasing S levels applied to soybean. 

The yield response of soybeans to sulfur application was evaluated at 2 sites 

(l3andera. Santiago dcl [istero. and Oral. Pico, L.a Pampa) in Argentina during 2000-

01. Both sites were selected as deficient environments and initial soil levels of sulfur 

were 11.6 and 6.7 ppm., respectively. Five doses of sulfur between 0 and 80 kg 

SO4Jha were applied at Bandera and between 0 and 40 kg SO.1 /ha at Dorila. The 

varieties used were A-6001 PR at Randera and Nidera A-4100 at Dorila. Sulfur 

fertilization had no signiflcant effect on soybean yield. 

A pot culture experiment was conducted by Praharaj c/ at (2003) using a clay loam 

soil to investigate the effect of S application and F?radyr/iizobimn japonicuin 

inoculation on nodulation, nitrogcnase activity and yield of soyahean cv. COl . Sulfur 

was applied at 0, 7.5. 15.0 and 30.0 kg/ha through gypsum with or without B. 

japoniewn inoculation. With increasing levels of S., there was gradual increase in 

nodulation, nilrogenase activity and seed yield II. iapomcum inoculation, irrespective 

of S levels, enhanced biological nitrogen fixation over uninoculated control, thereby 

increasing the seed yield of soybean significantly by 22%. 

A field experiment was conducted at College of Agriculture. Indore. Madhya Pradesh, 

India, during the k/wriT seasons of 1998 and 1999, on medium black clay soil to study 

the elièct of various levels and sources of sulfur on yield and biochemical 

composition of soybean cv. iS 335. The treatments comprised 5 S levels (10. 20. 30. 

40 and 50 kg/ha) and 3 sources. i.e. gypsum, pyrite and elemental sulfur. along with 
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an absolute control. lomar e/ at (2000) reported that the highest seed yield, protein 

and oil content of 2257 kg/ha. 41.29% and 20.51%, respectively, were recorded with 

the application of 50 kg S/ha regardless of sources. Amongst different sources, 

gypsum proved the most cifeciive Ibliowed by agricultural pyrites and elemental 

sul 11w. 

A field experiment was conducted during 1995-97 to study the response of' soybeans 

cv. JS 7 1-05 to different levels and sources of sulphur. Seed yield was increased by 25 

kg S/ha, with no Further significant increase as the rate was increased up to 75 kg S. 

There was no significant difference between S applied as gypsum, pyrites or 

stiperphosphatc. 

In a field experiment during the winter seasons of 1990-92 in Tamil Nadu. soybeans 

cv. CO I were given a basal dressing of NPK pIus 0-40 kg S/ha as gypsum or pyrites. 

The application of 40 kg S as gypsum gave the highest mean seed yield oil .53 Lila 

and the highest net return. 

Laboratory and field experiments were carried out for 2 years (1990 and 1991)   in 

Islamnagar-3 and -4 soil series (Vertic Ustochrepts) in Madhya Pradesh. India, to 

evaluate the response of soybean to sulphur and to establish the critical limit of 

sulphur in soybean plants. In 9 field experiments, the optimum response to sulphur 

was at 40 kg S/ha. Application of S also significantly increased the S uptake, oil 

content of grain and oil yield. Using data obtained from 30 field experiments over 2 

\ears, the plant critical S limit was 0.34%. 

Mohan and Sharma (1991) observed that S Q' 75 kg ha' signilieanth increased 

primary and secondary branches plant". Sulphur (h 50 kg ha" increased the plant 

height signilicantk 

Saran and Gin (1990) reported from a couple of experiments that branches plant' 

significantly increased with 60 kg ha' of S. Number of pods influenced the plant 

growth and attributes. They Ibund that height and primary branches plant''. number of 

seed- plant". number of leaves plant"and 1000 seed weight were also increased 
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signilicantly with 60 kg lta' of S and seed weight/plant increased with 30 kg/ ha of 

sulphur. 

2.3 Interaction Effect of Potassium and Sulphur on Soybean 

A pot culture experiment was conducted in sandy loam soil (pH 5.3) ofAssani, India. 

to study the effects of K and S on nutrient availability, nutrient uptake and yield of'  

soybean (cv. JS-2). 'the addition ol graded levels of K fertilizer increased the 

availability of N. P. K and Ca in the soil at all the stages of crop growth, whereas S 

application significantly decreased the exchangeable Ca at 30 and 60 days after 

sowing and had no significant iniluence on the availability of N. P and K in LIle soil 

(Das ci at. 2001). •Fhe application of K and S tended to increase nutrient uptake as 

reflected in the yield and yield attributes. the interaction effects of K x S were 

significant only for the number of pods per plant. 100-seed weight, grain and Mover 

yields, and N-uptake by the grain. 

Soybeans cv. PKV-1 grown at Nagpur. Maharashira in 1994/95 were given 0. 25. 50 

or 75 kg K20 and 0. 20 or 40 kg S/ha. Seed number/pod. 1000-seed weight, seed 

yield, harvest index and oil and protein concentrations are tabulated. The best 

combination of yield and quality was given by 50 kg K20 and 40 kg S (Singh et al.. 

1995). 

Soybeans grown at Nagpur. Maharashtra in the 1994/95 khczi'if [monsoon] season 

were given 0. 25.50 or 75 kg K20 and 0. 20 or 40 kg S/ha. Cirov.lh and yield per plant 

increased significantly with up to 25 kg K20 and 40 kg S (Potkile cial., 1996). 

In a field experiment on a sandy-loam soil dunng the rain)' seasons of 1989-90 at 

Kanpur. Uttar Pradesh, soybeans cv. Ciaurav were given 0, 40, ROor 120 kg K20. 0 or 

20 kg zinc oxide and 0 or 30 kg S/ha. K and S applications increased seed yields in 

both years while Zn application increased yield in 1989 only. Seed yield and net 

return were the highest with 120 kg K20 in 1989. In field experiments at Alma. 

Arkansas with soybean cv. Pioneer 9591 in 1990. Williams 82 in 3991 and Pioneer 

9391 in 1992, row spacing and K application did not significantly affect seed yields. 
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Studies to evahiate the effect of S and K fertilizer application on Zn, Mn. Fe. and Cu 

in soybean in Vertisols of Madhva Pradesh. India revealed that the successive 

application of S significantly increased the contents of micro nutnents at all stages of 

growth up to 50 mg/kg compared with the control (Kadamdhad et ci.. 1996). On the 

other hand, a deleterious efkct with successive K application was Ibund on Zn. Fe, 

and Cu concentration in plant parts. The study also showed that Zn and Cu were 

readily mobile in the plant parts. whereas the movement ol' Fe and Mn was restricted. 

The content of micronutrients was higher in early stage but decreased with 

advancement of age. Ihe maximum contents accumulated in the seed with a 

concomitain decrease in the straw at senescence. S and K application exhibited a 

synergistic relationship for soybean especially that grown on 5- and K-deficient soil. 

A fleld experiment was conducted during k/icr/f 1998 at Akola. Maharashtra. India to 

investigate the effects to different levels olsuliur (5) and pot2Lssiunl (K) on the quality 

and nutrient uptake of soybean. Wasniatkar ci ol. (2001) reported that S at 15 kg ha' 

and K at 40 kg ha" gave the highest grain yields of 1962 and 1955 kg ha* 

respectively. S at 30 kg haS ' and K at 40 kg ha' recorded the highest straw yields of 

1940 and 2060 kg ha4 , respectively. S and K had significant effects on the uptake of 

N. P. K. S and Zn at harvest. The highest uptake of N (124.02 and 128.25 kg hi') was 

recorded with S at 15 kg ha' and K at 40 kg ha". respectively. The highest uptake of 

P (14.71 and 14.31 kg ha"). K (59.15 and 58.35 kg hi'). S (12.03 and 10.75 kg ha') 

and Zn (108.23 and 101.43 kg ha4 ) was recorded with S at 30 kg ha' and K at 40 kg 

ha'. respectively. The same treatments recorded the highest contents of oil (21.03 and 

20.62 %) and protein (37.47 and 37.37%) in soybean. 
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Chapter 3 

MATERIALS AND METHODS 

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

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

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

the role of K and S on the growth. yield and oil content of soybean. 

3.1 Experimental site 

The research work relating to the study of the role of K and S on the growth. yield and 

oil content of' soybean was conducted at the Sher-e-l3angla Agricultural University 

Farm. Dhaka 1207 during the Rubi season of 2008-2009. The following map shows 

the specific location of experimental site (Figure 1 ).The experimental site was located 

at 23°77 N latitude and 9Q03  F longitudes with an elevation of 1.0 meter from sea 

level. 

3.2 (:limatc 

The annual precipitation of the site is 2152mm and potential evapotranspiration is 

I 297mm. The average maximum temperature is 30.34 °C and average minimum 

temperature is 21.210C. The average mean temperature is 25.17 °C The experiment 

was done during the rub? season. 'lemperature during the cropping period was 

ranged between 12.20 °C to 29.2 	The humidity varies from 73.52 % to 81.2 5% 

(Appendix 1). The day length was reduced to 10.5 - 11.0 hours only and there was a 

very little rainfall from the beginning of the experiment to harvesting. The monthly 

average temperature, humidity. bright sunshine, solar radiation, precipitation and 

potential evapotranspiration pattern of the site during the experimental work are 

presented in appendix -1. 

3.3 Description of soil 

The soil of the experimental field belongs to the Tejgaon series under the Agro 

ecological Zone. Niadhupur Tract (AEZ- 28) and the General soil type is Deep Red 

Brown lerrace Soils. A composite sample was made by collecting soil from several 

spots of'  the field at a depth of 0-15 cm before the initiation of the experiment, the 
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collected soil was air-dried, ground and passed through 2 mm sieve and analyzed for 

some important physical and chemical parameters. The morphological characteristics 

of the experimental field and initial physical and chemical characteristics of the soil 

are presented in Table 3.1 and Table 3.2. 

A (Lihr3rYV: 
/ 
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Fig.1. Map showing the experimental site under study • 
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Table 3.1 Morphological characteristics of experimental field 

Morphological features Characteristics 

Location Shcr-e-l3angla Agricultural University Farm, Dhaka 

AF.ZNo. and name AEZ-28, Madhupur Tract 

General soil type Deep Red Brown Terrace Soil 

Soil series T'cjgaon 

Topography Fairly leveled 

Depth of inundation Above flood level 

Drainage condition Well drained 

Land type High land 

22 



Table 3.2 Initial characteristics of the soit of the experimental field 

I. Particle-size 	Sand(%) 
analysis of 	I 
soil 	 Silt (%) 

Clay (%) 

30.55 

37.29 

32.16 

Textural Class Clay loam 

P" 6.3 

Total N (%) 0.075 

Organic matter (%) 0.80 

Available phosphorous (mg kg) 16 

Available potassium (cmol/ kg) 0.38 

Available sulphur (mg kgj 10 

Available zinc (mg kg') 1.30 
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Plot size: 2.5rn x 2.Orn 
Plot to plot distance: 0.5m 
Block to block distance: lot 

w 
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Fig.2. Layout of the experimental field 
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3.4 Description of the soybean variety 

BARI Soyhean-5. a high yielding variety of soybean was used as the test crop in this 

experiment. This variety was released by Bangladesh Agricultural Research Institute 

(BAIt!). ioydehpur. Ciazipur in 2002. Life cycle of this variety ranges from 95 tot 15 

days. The variety is resistant to yellow mosaic virus. 

3.5 Preparation of the field 

The plot selected for the experiment was opened by power tiller driven rotovator on 

the 1 5h  December 2008. afterwards the land was ploughed and cross-ploughed 

several limes followed by laddering to obtain a good tilth. Weeds and stubbles were 

removed. and the large clods were broken into smaller pieces to obtain a desirable 

& 	tilth of soil for sowinu of seeds. Finally, the land was leveled and the experimental 

plot was partitioned into the unit plots in accordance with the experimental design 

mentioned in the following section (3.6). 

...5 	3.6 Layout of the experiment 

The experiment was laid out in a Randomized Complete Block Design with three 

replications. The total numbers of plots were 48, each measuring 2.5m x 2.0ni (5m2). 

The treatment combination of the experiment was assigned at random into 16 plots or 

'O 	each at 3 replications. The adjacent block and neighboring plots were separated by 1.0 

t 

 

in and 0.5 in. respectively. [he layout of the experiment is presented in Figure 2. 

3.7 Treatments 

Fertilizer treatments consisted of 4 levels of K (0.20.40 and 70 kg K hi' designated 

as K0. K1 . K2 and K.;. respectively) and 4 levels of S (0. 10. 20 and 40 kg S hi' 

designated as Si.,, Si. S2 and 5;, respectively).There were 16 treatment combinations. 

[he rates of 1< and S and their treatment combinations are shown below: 

A. Rates of Potassium (4): 

Ku = 0kg K ha4  

K1 =2O kg,  Khi' 

K2 =40kgKha' 

K3 '- 70kgKha1  
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B. Rates of sulphur (4): 

So r0kgSha' 

S,t0kgSha1  

3• 52 = 20kg S ha1  

4. 53 = 40 kg S ha1  

Treatment combinations 

K0S0  =Control (without K and 5) 

K0S, - ( 0kg K haS ' 10kg S ha") 

KS2  =( 0kg K ha1  + 20kg S ha1  

K0S3 =(OkgKha"+4OkgSha") 

K I  Sil l —(20 kg K ha1  0kg S ha") 

K,S, = ( 20kg K ha1  +10kg S ha") 

K,S2  (20 kg K ha1  + 20kg S h15 

K,S3 — (20 kg K ha1  + 40 kg S ha") 

K250  = (40 kg K ha1  + 0kg S ha1  ) 

K2S, (40 kg K ha1  + 10kg S ha1) 

II. K2S2 — (40 kg K ha" + 20kg S ha1) 

K2S3 (40 kg K ha1  + 40 kg S hi') 

K3S6 (70 kg K ha" 0kg S ha") 

K.-,S, = (70 kg K ha1  10kg S ha1) 

K3S2 = (70 kg K ha" 20kg S ha1) 

K.S3  = (70 kg K ha" + 40 kg 5 hi') 

3.8 Application of fertilizers 

Recommended doses of N. P. Zn and B (30 kg N from urea. 30 kg P from isp 2 kg 

Zn from ZnO and I kg B ha" From Boric acid, respectively) were applied. 

The whole amounts of TSP. ZnO. Boric acid and half ol' the urea fertilizer were 

applied as basal dose during final land preparation. 'lie remaining half of urea was 

top dressed after 22 days of genilination. The required amounts ol'K (from MP) and S 

(from gypsum) were applied at a lime as per treatment combination after field lay out 

of the experiment and were mixed properly through hand spading 
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3.9 Seed sowing 

Soybean seeds were sown on the 27hi December 2008 in lines following the 

recommended line to line distance of3O cm and plant to plant distance of 5 cm. 

3.10 Weeding and thinning 

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

weeding and thinning were done after 20 days of sowing, on January iS. 2009. Care 

was taken to maintain constant plant population per plot. 

3.11 Irrigation 

Irrigation was given at three times. The Iirst irrigation was given in the field on 

January 06. 2009 at ten days after sowing (DAS) through irrigation channel. Second 

irrigation was given in the field on February 04. 2009 at 40 days after sowing (DAS) 

heibre flowering. The third irrigation was given at the stage of' pod formation (70 

DAS) on March 06, 2009. 

3.12 Pest Management 

The crop was inibsted with cutworm at the seedling stage and application of Durshan-

25Lc: (a 2.5niI/liter was done twice on January 12 and 201  2009. Special care was 

taken to protect the crop from birds especially after sowing and germination stages. 

3.13 harvesting 

The crop was harvested at maturity on 16 h1  April 2009. The harvested crop of each 

individual plot was bundled separately. Grain and straw yields were recorded plot 

wise and the yields were expressed in t 1131 

3.14 Collection of samples 

3.14.1 Soil Sample 

The initial soil sample was collected randomly from different spots ol the field 

selected for the experiment at 0-15 cm depth beibre the land preparation and mixed 

thoroughly to make a composite sample for analysis. Post harvest soil samples were 

collected from each plot at 0-15 cm depth on 17111  April 2009. The samples were air S  

dried, ground and sieved through a 2mm (10 mesh) sieve and kept For analysis. 
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3.14.2 Plant sample 

Plant samples were collected from every individual plot for laboratory analysis at the 

harvesting stage of the crop. Ten plants were randomly collected from each plot by 

cutting above the ground level. The plant samples were washed first with tape water 

and then with distilled water several times The plant samples were dried in the 

electric oven at 700  C lbr 48 hours. After that the samples were ground in an electric 

grinding machine and stored br chemical analysis. The plant samples were collected 

by avoiding the border area of the plots. 

3.15 Collection of data 

Ten (I 0) plants from each plot were selected at random and were tagged for the data 

collection. Data collections were done on the following parameters: 

I) Plant height (cm) 

Number of leaves /plant 

Number oi primary branches /plant 

Number of pods /plant 

Number of seeds /plant 

litousand seed weight (g) 

Grain yield (t hi') 

3) Straw yield (I haf 5 
Protein content in seed 

Oil content in seed 

II) N. P. K. S and Zn contents in plant sample 

12) N. P. K. S and Zn contents in post harvest soil. 

3.15.1 Plant height 

The plant height was measured from the ground level to the top of the plant. 10 plants 

were meastLred randomly from each plot and averaged. It was done at the ripening 

stage of the crop. 

3.15.2 Number of leaves /plant 

Numbers of leaves were counted at the maximum vegetative stage. 10 plants were 

selected randomly from each plot and averaged. 
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3.15.3 Number of primary branches/plant 

Numbers of primary branches were counted at the maximum vegetative stage. 10 

plants were selected randomly from each plot and averaged. 

3.15.4 Number of pods/plant 

Pods were counted at the ripening stage and 10 plants were selected Iroin each plot 

and averaged. 

3.15,5 Number of seeds / plant 

It was done after harvesling. At first. number of seeds / pod were counted and 

averaged. Ihen it was multiplied with number of pods fplant. 10 plants were selected 

and averaged. 

3.15.6 Thousand seed weight 

ihousand seed of soybean were counted randomly and then weighed plot wise. 

3.15.7 Grain yield 

Grains obtained from I in area from the center of each unit plot was dried, weighed 

carefully and then converted into t hi' 

3.15.8 Straw yield 

Straw rcrnained after collection of grain (I rn2  of* each individual plot) was dried, 

weighed carefully and the yield was expressed in t lii' 

3.16 Chemical analysis of the plant, soil and seed samples 

3.16.1 Plant sample analysis 

ilic plant samples collected at different growth stages of the crop were digested with 

cone. 1-IN03  and 14C104  mixture for the determination of P. K and Sand Zn. 
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3.16.1. a) Phosphorous 

Phosphorous in the digest was determined by ascorbic acid blue color method 

(Murphy and Riley. 1962) with the help of a Spectrophotometer (LKB Novaspec. 

4049). 

3.16.1. b) Potassium 

Potassium content in the digested plan( sample was determined by flame photometer. 

3.16.1. c) Sulphur 

Sulphur content in the digest was determined by turhidimetric method as described by 

I in (1980) using a Spectrophotometer (1.K13 Novaspec, 4049). 

3.16.1. d) Nitrogen 

Plain samples were digested with 30% !1202. cone. 1-12804 and a catalyst mixture 

(K 2504 CuSO4.51-120 Selenium powder in the ratio 100 	10 : I, respectively) 11w 

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

was determined by distillation with 40°A NaO}l followed by titration of the distillate 

absorbed in H;B06 with 0.01N H2SO4  (Jackson. 1973). 

3.16.1. e) Zinc 

Zn content in the digest of the plant samples were determined by Atomic Absorbance 
Speetrophotometer. 

3.16.2 Soil sample analysis 

3.16.2. a) Organic carbon 

Soil organic carbon was determined by Walkley and l3lack's wet oxidation method as 

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

harvesting the crop. 



3.16.2. tO Organic matter 

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

with Van Benimelen factor 1.73 (Piper. I 950)• 

3.16.2. c) Total nitrogen 

Fetal nitrogen of soil samples were estimated by Micro-Kjcldahl method where soils 

were digested with 30% 11202 cone. H:SO.j and catalyst mixture (K7SO.1: CuSO4 . 

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

was determined by distillation with 40% NaOl I followed by titration of the distillate 

absorbed in F13B0;  with 0.OIN lhSOj (Jackson. 1973). 

3.16.2. (1) Available Phosphorous 

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

Kurt>'.. 1945). Phosphorous in the extract was detenrtincd by ascorbic acid blue color 

method (Murphy and Riley. 1962) with the help of a Speetrophotometer (LKB 

Novaspec. 1949). 

3.16.2. c) Available Potassium 

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

acetate and the potassium content was detennined by flame photometer. 

3.16.2.1) Available Sulphur 

Available sulphur was extracted from the soil with Ca(T12PO4),.l-120 (Pox (i cii.. 

1964). Sulphtir in the extract was determined by the turbidimetric method as 

described by Uunt (1980) using a Spectrophou meter (LKI3 Novaspec, 4049). 

3.16.2. g) Available Zinc 

Zinc in the extract was determined by the DTPA extracting solution method as 

described by l.indsay ci at (1978) using an Atomic Absorbing Spectrophotonieter. 
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3.17 Methods for seed analysis 

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

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

3.17.2 Oil content in seed (%): Oil content of soybean seed was estimated by 

Swedish Soxhlet method. (As described by South Combe, 1926). 

3.18 Statistical analysis 

The data obtained from the experiment were analyzed statistically to Find out the 

significance of the diFference among the treatments. The mean values of all the 

characters were evaluated and analysis of variance was perlbrmed by the F' (variance 

ratio) test. The significance of the diflèrenees among pairs of treatment mearns was 

estimated by the least significant difference (I.SD) test at 5% and 1% level of 

probability and DIvIRT was calculated (Gomez and Gomez, 1984). 
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Chapter 4 

RESULTS AND DISCUSSION 

1 he results on difkrent yield attributes. yield, oil content and nutrient concentrations 

in the plants and availability of ditThreni nutrients in the soil after harvest of soybean 

are presented in this chapter. 

4.1 Plant height 

4.1.1 Effect of potassium on the plant height of soybean 

The ciThets of potassium on the plant height of soybean are presented in Table 4.1. 

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

fertilized with dilThrent doses of potassium. Among the different doses ol' potassium. 

K2 (40 kg K hafl ) showed the highest plant height (68.13 em) and it was closely 

lollowed by (67.56 em) K1 treatment. On the other hand, the lowest plant height 

(58.52 cm) was observed in the Kn treatment where no potassium was applied. Plant 

height increased with increasing levels of potassium tip to certain level. The increased 

plant height may be due to favorable effects of potassium on the vegetative growth of 

soybean plant. I lungna ci al. (2000) also found similar results with the application of 

90 kg K20Iha. 

Table 4.1 Effect of K on the growth parameters of soybean 

Treatments 	I Plant 	Number of 	Number of 	Number of - 
height 	primary 	leaves plant-' 	pods plant-   

Number of 
seeds plant']  

kern) 	branches 
plant"  

99.50 d 1(0 	 58.52 c 	3.08 c 	16.93 d 	33.17 d 

K, 62.65 h 	3.59h 18.35c 4 L60c 124..8c ____ 

68.13 a 	43I it 21.53 a 48.51 a 145.5 a 
140.5 h 67.56 it 	4.14 a 	20.97 h 	46.67 b 

[SD005  0.953 	0.273 10.310 0.467 1.105 

I CV 1 7.78 	1 6.22 16.91 4.32 8.04 	- 

In a column figures having similar letter(s) do not differ significantly whereas ligures with dissiniiliir 
letter(s) Jilter significantly as per DMRI 
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4.1.2 Effect of sulphur on the plant height of soybean 

Soybean plains showed signiflcaiit variation in respect of plant height when sulphur 

fertilizer in dilThrent doses was applied (Table 4.2). Among the diliërent fertilizer 

doses. S2  (20 kg S had ) showed the highest plant height (69.72 ciii). On the contrary. 

the lowest plant height (59.07 cm) as obsenred in the treatment where no sulphur 

lèrtilizer was applied. Plant height increased with increasing Levels ol sulphur up to 

certain level. The increased plant height may be due to favourable effects of sulphur 

on the vegetative growth of soybean plant. Sriramehandrasekharan c/ al. (2004) 

reported that the highest plant height was obtained with the application of 30 kg S/ira 

in the presence of Bradvrhiznbiuni inoculation. Mohariti c/ al. (2004) observed that 

the highest plant height was obtained with the application of 30 kg S/ha. Saran and 

Girl (1990) Ibund that the highest plant height was obtained with the application ofó() 

kg S haS '. 

Table 4.2 Effect of S on the growth parameters of soybean 

'Lreatments 	Plant 	Number of Number of 	Number of Number of 

height 	primary 	leaves plant' 	pods plant-  ' seeds plani' 

(cm) 	branches 

50 	 59.07 d 	3.33 c 	17.06 d 	3 5.3 9 d 	106.20 d 

S1 	 (i1.99c 	3.73b 	18.97c 	42.08e 	126.20c 

S2 	 69.72 a4.16a 	21.85a 	47.39 a 	142.70 a -- 

St 	 66.09 h 	3.89ah 	19.92 b 	45.0Kb 	135.30b 

L5D0 05 	0.951 	I 0.270 	0.306 	0.465 	1.107 

CV(%) 	I 7.78 	1 6.22 	L.L______ 432 	)_8.04 

In a column figures having similar teLler(s) do not ditkr signiticanity whereas fl;ires with dissimilar 

letter(s) difir signilicantly as per DMIU 

4.1.3 Interaction effect of potassium and sulphur on the plant height of soybean 

Combined application of different doses of potassium and sulphur fertilizers had 

significant effect on the plant height of soybean (Table 4.3 and Fig..).'lle lowest 

plant height (51.72 cm) was observed in the controL treatment (No potassium and No 

sulphur). On the other hand, the highest plant height (73.39 cm) was recorded with 
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KS2  (70 kg K ha"  + 20 kg S ha") which was statistically similar with the K2S2  (40 kg 

K ha" + 20 kg S ha") treatment. The highest plant height may be clue to the positive 

effects of potassium and sulphur on the vegctattve growth and accumulation of 

maten al s. 

Table 4.3 Interaction effect of K and S on the growth parameters of soybean 

uIll

- 	u 	ber olreatments 	Plant 	b 	Number of 	 Numf 
eaes platpods pint 	seeds pinta 	 a" aIjL  height 	rm 

(cm) 	ry 

 

51.72j 	1.901, 	- 	15.82 g 	28.15 i 	84.45k 

K0S, 	55.78 i 	3.11 ef 	17.31 fg 	30.21 It 	90.63j 

K052 	65.34 de 	3.17 ef 	18.43cC 	38.46 1 	115.4 g 

KnS3 	61.25 g 	3.13 ef 	16.18 g 	35.84 g 	107.5 h 

57.70 it 	2.95 f 	15.890 	31.86 h 	95.581 

58.55 h 	3.65 de 	16.65 fg 	42.80 (Ic 	128.4 1 

K71 S2 	68.lShc 3.95cd 21.32b-d 47.24c 141.7d 

K,S 	66.20 ed 	3.80 d 	19.55 de 	44.51 (I 	133.6 e 

64.12 ef 	3.77 d 	18.I7cf 	142.38 e 	127.2 f 

K2S1 	67.31 b-d 4.15 b-d 	21.37 b-d 	47.89 c 	143.7cd 

K1S 	 85 72.01 a 	4. a 	24.49 a 	52.82 a 	158.5 a 

K2S 	69.10 h 	4.45 a-c 	22.10 be 	50.93 ab 	152.8 h 

K3S0 	 62.74 Ig - 3.68 de 	18.34 of 	39:17 f 	117.5 g 

K3S, 	66.30 ed 	4.00 cd 	20.53 cd 	47.41 c 	142.3 d 

KS2 	73.39 a 	4.67 ab 	23.15 ab 	51.04 ab155.1 ab 

K;Sz 	67.80 be 	4.20h-d 	21.85 be 	- 49.06 be 	147.2 c - 

LSDoas 	1.905 	0.5455 	11.779 - 
	1.911 	3.636 

CV (%) 	7.78 	6.22 	6.91  

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

letter(s) differ significantly as per DMR'l 
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4.2 Number of primary branches plant' 

4.2.1 Effect of potassium on the number of prrniaty branches plant-' of soybean 

Significant variation was observed in the number of primary branches 	of 

soybean when different doses of potassium were applied (Table 4.1). ftc highest 

number of primary branches plant*' (4.31) was recorded in K2  (40 kg K lui1) which 

was statistically similar with the K (70 kg K ha1) treatment. The lowest number of 

primary branches plant" (3.08) was recorded in the K0  treatment where no potassium 

was applied. The increased number of primary branches/plant may he due to 

favorable effects of potassium on the vegetative growth and accumulation of materials 

that helped proper growth and development of the soybean plant. 

4.2.2 Effect of sulphur on the number of primary branches plant" of soybean 

Different doses of sulphur fertilizer showed significant variations in respect of 

number of primary branches plant' (Table 4.2). Among the different doses of sulphur. 

S2 (20 kg S haS ') showed the highest number of primary branches plant" (4.16) which 

was statistically similar with the 5; (40 kg S haP ' ) treatment. On the conirary. the 

lowest number of primary branches pjf (3.33) was recorded in the S0  treatment 

where no sulphur fertilizer was applied. The increased number of primary 

branch&plant may he due to positive effects of sulphur on the vegetative growth and 

accumulation ol' materials that helped proper growth and development of the soybean 

plant. Mohanti c/uI. (2004) Ibund similar results with the application of 30 kg S/ha. 

4.2.3 Interaction effect of potassium and sulphur on the number of primary 

branches plant' of soybean 

The combined elket of ditIrent doses of K and S fertilizer on the number of primary 

branches plant'' of soybean was significant ('fable 4.3 and Fig.4). The highest number 

of primary branches plant-' (4.85) was recorded with the treatment combination of 

KS, (40 kg K ha'' + 20 kg S ha") which was statistically similar with K 3S2  (70 kg K 

ha" + 20 kg S ha") treatment. On the other hand. the lowest number of primary 

branches plant'' (2.90) was recorded in the K0S0 treatment (control treatment). The 

highest number of primary branches plant'' may be due to the fact that. the combined 

effect of both potassium and sulphur played positive effect on the growth and 

development of soybean plant. 
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4.3 Number of leaves plant-' 

4.3.1 Effect of potassium on the number of leaves plant'' of soybean 

Significant variation was observed in the number of leaves plant-' of soybean when 

dilièrent doses of potassium were applied (Table 4.1). The highest number of leaves 

plant-' (21.53) was recorded in K2 (40 kg K ha') treatment. The lowest number of 

leaves plant' (16.93) was recorded in the K0  treatment where no potassium was 

applied. The increased number of leaves/plant may be due to lävorable effects of 

potassium on the vegetative growth and accumulation of materials that helped proper 

erowth and development of the soybean plant. 

4.3.2 Effect of sulphur on the number of leaves plant' of soybean 

Different doses of sulphur lértilizer showed significant variations in respect of 

number of leaves plant' (Tahi 4.2). Among the different doses of fertilizers. S2  (20 

kg S ha') showed the highest number of leaves plant- ' (21.85). On the contrary, the 

lowest number of leaves plant' (17.06) was recorded in the S1, treatment where no 

sulphur lèrtilizer was applied. The increased number of leaves/plant may be due to 

hvorahle effects of sulphur on the vegetative growth and accumulation of materials 

that helped proper growth and development of the soybean plant. Saran and (Jiri 

(1990) also found similar results with the application ofoO kg S ha' 

4.3.3 Interaction effect of potassium and sulphur on the number of leaves plant1  

of soybean 

The combined effect of different doses of K and S fertilizers on the number of leaves 

plant' of soybean was significant (Table 4.3 and lig.5). The highest number of leaves 

plant' (24.49) was recorded with the treatment combination of K2S2  (40 kg K ha' + 

20 kg S ha') which was statistically similar with K3S2  (70 kg K ha' 20 kg S ha1) 

treatment. On the other hand. the lowest number of leaves plani' (15.82) was 

recorded in the KflSI) treatment (control treatment). The highest number of leaves 

plant' may be due to the Ilict that. the combined effect of both potassium and sulphur 

played positive effect on the growth and development of soybean plant. 
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4.4 Number of pods plant" 

4.4.1 Effect of potassium on the number of pods plant" of soybean 

Oh 

	

	 Siuni licant variation was observed in the number of pods plant' of soybean when 

dilièrcnt closes of potassium were applied (Table 4.1). The highest number of pods 

plant' (48.51) was recorded in K2 (40 kg K hi') treatment. The lowest number of 

pods plant' (33.17) was recorded in the K1)  treatment where no potassium was 

applied. The increased number of podsplant may be due to favorable effects of 

potassium on the vegetative growth and accumulation of materials that helped proper 

growth and development of the soybean pod. The application of 60 kg K70/ha at 

budding stage resulted to an increase in the number of pods per plant (Hungria cial.. 

2000). 

4.4.2 Effect of sulphur on the number of pods plant' of soybean 

Different doses of sulphur fertilizer showed significant variations in respect of 

number of pods plant" (Table 4.2). Among the different doses ot' tèrtilizers. S 2  (20 kg 

S ha") showed the highest number of pods plant" (47.39). On the contrary, the lowest 

number of pods plant'' (35.39) was recorded in the 80 treatment where no sulphur 

krtilizer was applied. l'he increased number of pods/plant may be due to favorable 

effects of sulphur on the vegetative growth and accumulation of materials that helped 

proper growth and development of the soybean pod. Sriramehandrasekharan c/ al. 

(2004) found similar results with the application of 30 kg S/ha in the presence of 

/Jradvrhj:o/wm inoculation. Arunageeta el of (2006) observed that the highest 

number of pods plant" was obtained with the application of 30 kg S/ha. 

4.4.3 Interaction effect of potassium and sulphur on the of number of pods/ plant 

of soybean 

The combined et'fect of diflërent doses of K and S fertilizers 01) the number of pods 

plant'' ol' soybean was signilkant (Table 4.3 and Fig.6). The highest number of pods 

plant' (52.82) was recorded with the treatment combination of 1(282 (40 kg. K ha'' - 

20 kg S ha") which was statistically similar with KS2 (70 kg K ha" 1 20 kg S ha") 

and K 2S 3  (40 kg K ha" ' 40 kg S ha' I) treatment. On the other hand. the lowest 

number of pods plant" (28.15) was recorded in the K0S0 treatment (control 

treatnient).the highest number of pods plant' may be due to the fact that. the 
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combined ciThet of both potassium and sulphur had positive effect on the vegetative 

growth and accumulation of materials that helped proper growth and development of 

Lite soybean pod. 

4.5 Number of seeds planf' 

4.5.1 Effect of potassium on the number of seeds plant of soybean 

Significant variation was observed in the number of seeds plani' of soybean when 

different doses of potassium were applied (Fable 4.1). The highest number of seeds 

planf 1  (145.5) was recorded in K2 (40 kg K hi') treatment. The lowest number of 

seeds plant' (99.50) was recorded in the K fj  treatment where no potassium was 

applied. The number of seeds plani' increased with increasing levels of potassium up 

to certain level. ftc increased number of seeds pIant may he due to the favorable 

effects of potassium on the vegetative growth and accumulation of materials that 

helped in obtaining the highest number of seeds plani' of soybean. Hungria et al. 

(2000) also found similar results with the application o160 kg K20/ha. 

4.5.2 Effect of sulphur on the number of seeds planf1  of soybean 

Dhulèrcnt doses of sulphur fertilizer showed significant variations in respect of 

number of seeds planf' ('lable 4.2). Among the different doses of fertilizers, S2 (20 kg 

S hi') showed the highest number of seeds plani' (142.70). On the contrary. the 

lowest number of seeds planf' (106.20) was recorded in the So treatment where no 

sulphur fcrtili7er was applied. The increased number of seeds platn' may he due to 

the Ihvorable effects of sulphur on the vegetative growth and accumulation of 

materials that helped in obtaining the highest number of seeds plant of soybean. 

Saran and Gin (1990) also found similar results with the application olóO kg S hi' 

4.5.3 Interaction effect of potassium and sulphur on the of number of seeds/ 

plant of soybean 

The combined effect of different doses of K and S fertilizers on the number of seeds 

of soybean was signiIieant (Table 4.3 and Fig.7). The highest number of seeds 

(158.5) was recorded with the treatment combination of K2S2  (40 kg K ha1  + 

20 kg S hi') which was statistically similar with KS2 (70 kg K ha 	20 kg S ha4 ) 

treatment. On the other hand, the lowest number of seeds plan(' (84.45) was recorded 

t 
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in the KcSç, treatment (control treatment). Optimum fertilizer doses increase the 

vegetative growth and development of soybean that lead to the formation of the 

highest number ol' seeds plant" 

4.6 Weight of 1000 seed (g) 

4.6.1 Effect of potassium on the weight of 1000 seed of soybean 

Significant variation was observed on the weight of 1000 seed of soybean when 

different doses of potassium were applied (Table 4.4). The highest weight of 1000 

seed (83.78 g) was recorded in K2  (40 kg K haj treatment. lite lowest weight of 

1000 seed (79.05 g) was recorded in the K0  treatment where no potassium was 

applied. The increased grain weight may he due to the favourable elThcts of potassium 

on the vegetative growth and accumulation of materials that helped proper growth and 

development of the soybean grain. I !ahihzadeh ci at (2004) revealed that the highest 

1000-seed weight (90.6 g) was obtained with 225 kg K/ha. 

4.6.2 Effect of sulphur on the weight of lOGO seed of soybean 

Different doses of sulphur fertilizer showed significant variations in respect of the 

weight of 1000 seed (TabLe 4.5). Among the di IThrent doses of S fertilizer. S2 (20 kg S 

lia') showed the highest weight of 1000 seed (82.86 g). On the contrary, the lowest 

weight of 1000 seed (79.40 g) was recorded in the So treatment where no sulphur 

fertilizer was applied. The increased grain weight may be due to the positive effects of 

sulphur on the vegetative growth and accumulation of materials that helped proper 

growth and development of the soybean grain. Saran and Gin (1990) also found 

similar results with the application of 60 kg S haS '. 
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Table 4.4 Effect of K on the yield parameters of soybean 

1. 
	 Treatments 	11000 seed weight (g) I Grain yield (t 

	
Straw yield (t 

j 79.05 c 	 1.57 
	

1.47 c 

Ki 81.79h 1.84c 

1(2 83.78 a 

81.60 h 

2M9a 

1.98 b 

- 1.90 a 

- 	 1.92 a - 

LSD0 0s 0.3596 0.102 0.087 

CV(%) 8.51 3.86 5.15 

In a coltiinn Figures having similar letter(s) do not difThr siu,titicantly whereas ligures with dissimilar 

Iciter(s) differ signilicantly as per DMRT 

4.6.3 Interaction effect of potassium and sulphur on the weight of 1000 seed of 

soybean 

The combined effect of different (loses of K and S lërtilizcrs on the weight of 1000 

seed of soybean was significant (Table 4.6). The highest weight of 1000 seed (84.90 

g) was recorded with the treatment combination of 1<2S2  (40 kg K hi' i 20 kg S ha'). 

On the other hand. the lowest weight of 1000 seed (75.20 g) was recorded in the K0S0  

treatment (control treatment). The weight of 1000 seed increased with increasing level 

of potassium and sulphur up to certain level due to the favourable effects of fertilizer 

on the yield attributes. Singh d al. (1905) also found similar result with the 

application o150 kg K20 and 40 kg S hi'. 

4.7 (;-n yield of soybean (t hi') 

4.7.1 Effect of potassium on the grain yield of soybean 

Significant variation was observed on the grain yield of soybean when difiCrent (loses 

olpotassium were applied (Table 4.4). The highest grain yield of soybean (2.09 1 hi') 

was recorded in K2  (40 kg K had ) treatment. The lowest grain yield (1.57 t hi') was 

recorded in the K0  treatment where no potassium was applied. The increased grain 

yield may he due to the positive effects of potassium on the vegetative growth and 

accumulation of materials that helped proper growth and development of the soybean 

grain. Grcwal et al. (1994) observed that the soybean grain yield increased with the 
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application of 50 kg K:O/ha. Aimadurai c/ at (1994) observed that the application of 

40 kg K?O/ha increased the soybean seed yield. 

4.7.2 Effect of sulphur on the grain yield of soybean 

Different doses of sulphur fertilizer showed signilicant variations in respect of grain 

yield of soybean (Table 4.5). Among the dillerent doses of S fertilizer. S2 (20 kg S hzi 

1)  showed the highest grain yield of soybean (2.08 t ha") which was statistically 

similar with 8; (40 kg S ha") treatment. On the contrary, the lowest weight grain yield 

of soybean (1.61 t ha") was recorded in the So treatment where no sulphur fertilizer 

was applied. The increased grain yield may be due to the favotirahlc cfkcts of sulphur 

on the vegetative growth and accumulation of materials that helped proper growth and 

development of the soybean grain. Sriramchandrasekharan el al. (2004) found similar 

results with the application of 30 kg S/ha in the presence of /Irad;rhi:obium 

inoculation. Sangale e, ci. (2004) observed that application of S at 20 kg/ha gave 

highest seed yield. \lohanti ci ci. (2004) Ibund similar results with the application of 

30 kg S/ha. lomar ci at (2000) reported that the highest seed yield (2257 kg/ha) was 

recorded with the application of 50 kg S/ha regardless of sources. 

Table 4.5 Effect of S on the yield pararnctcn of soybean 

Treatments 	11000 seed weight (g) Grain yield (t ha" 	 (t) 	Straw yield ha") 

SI) 	 79.40d 	-- 	1.61 	- 	
1.52 d 

81.67c 	- 	- 1.Slb 	 1.75c 

5, 	 - $2.86a 	- 	2.08a 	 1.95a 

82.30 b 	- 

 

	

1.99a 	 1.871, 

CV (%) 	8.51 	
L386 

	
15 

In a column Iigurcs tiaing similar teLier(s) do not differ signiIicaily whereas ligurcs with dissimilar 

Icuer(s) differ siniiicanIly as per DMRT 
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4.7.3 Interaction effect of potassium and sulphur fertilizers on the grain yield of 

sos bean 

The combined effect of different closes of K and S lertilizers on the grain yield of 

soybean was signilicani (Table 4.6 and 1:ig.8).  The highest grain yield ol soybean 

(2.35 t lia') was recorded with the treatment combination of K2S2  (40 kg K ha" I  20 

kg S ha"). On the other hand, the lowest grain yield of soybean (1.33 1 hi') was 

recorded in the K0S11  treatment (control treatment). Grain yield increased with 

increasing level of potassium and sulphur up to certain level due to the positive effect 

of fertilizers on the yield attributes. Singh ci al. (1995) also ibund similar result with 

the application ot70 kg K10 and 40 kg S ha* 

4.8 Straw yield of soybean (I had) 

4.8.1 Effect of potassium on the straw yield of soybean 

Significant variation was observed on the straw yield of soybean when ditièrent doses 

ol potassium were applied (Table 4.4). The highest straw yield of soybean (1.92 t hi 

was recorded in K3  (70 kg K ha"). which was statistically similar with K2  (40 kg K 

ha'') treatment. The lowest straw yield (1.47 t ha ) was recorded in the K0  treatment 

where 110 potassium was applied. 

4.8.2 Effect of sulphur on the straw yield of soybean 

DilThrent doses of sulphur fertilizer showed signiticant variations in respect of straw 

yield of soybean (Table 4.5). Among the different doses of S fertilizer. S2 (20 kg S ha' 

'1 showed the highest straw yield of soybean (1.95 t ha''). On the contrary. the lowest 

straw yield ol soybean (1.52 t hi') was recorded in the So treatment where no sulphur 

fertilizer was applied. 
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Table 4.6 Interaction effect of K and S on the yield parameters of soybean 

Treatments 1000 seed weight (g) Grain yield (t hi') Straw yield (t hi') 

K0S0  

K0S1 	-- 	- 

75.20k 1.33 g 0.94 h 

79.61 i lAS g 1.43 g 

K0S2  81.25 glt 1.78 of 1.87 b-d 

KoS3  80.131 1.721 1.62c1 

K,S0  78.533 1.45 g 1.53 fg 

82.31 d-f 1.95 cd 1.81 d 

K,S2  83.50bc 2.00c 1.85cd 

82.81 c-c 1.96 cd 2.00 ab 

KS0 83.00 cd 1.87 c-c 1.85 cd 

K2S1  83.12c 1.98e 1.77d 

84.90 a 2.35 a 2.00 ab 

K83 84.10 h 2.15 h 1.97 a-c 

K3S0 80.86 h 1.77 ef 1.74 do 

81.62 fg [1.85 d-f 1.97 a-c 

K3S2 

KS3 	- 	- 

81.79t'g 2.18h 2.08a 

$2.15e1 	 2.13b 	 1.87h-d 

LSD005 

 

0.719 
f 

0.118 	 0:129 

CV (%) 8.51 3.86 	 - 5.15 

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

letter(s) differ signilicantly as per DMRF 
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4.8.3 Interaction effect of potassium and sulphur fertilizers on the straw yield of 

soybean 

The combined effect of dilièrent doses of K and S fertilizers on the straw yield of 

soybean was significant (Table 4.6). The  highest straw yield of soybean (2.08 t haS') 

was recorded with the treatment combination of K3S2  (70 kg K haS ' 20 kg S ha4 ) 

which was statistically identical with the treatment combination of K2S2  (40 kg K haS ' 

± 20 K-- S ha4 ). K,S5  (20 kg K hi' + 40 kg S hi'). K2S(40 kg K hi'+ 40 kg S ha4 ) 

and K3S, (70 kg K hi' +10 kg S hi'). On the other hand, the lowest straw yield of 

soybean (0.94 t hi') was recorded in the K0Sç, treatment (control treatment). 

4.9 Total nitrogen content in soybean plant 

4.9.1 Effect of 1< on nitrogen content in soybean plant 

Application of K showed significant variation on the nitrogen concentration in 

soybean plant (Table 4.7). The highest nitrogen concentralion in soybean plant 

(I .34%) was recorded in K3  (70 kg K 	treatment. On the other hand, the lowest 

nitrouen concentration in soybean plant (0.96%) was recorded in the K,, treatment 

where no K was applied. 

4.9.2 Effect of S on nitrogen content in soybean plant 

The effect of different doses of sulphur showed statistically signiFicant difiërcnce on 

the nitrogen concentration in soybean plant (Table 4.8). Ihe highest nitrogen 

concentration among the treatments of sulphur (1.30%) was observed in S2  (20 kg S 

which was statistically similar with S (40 kg S ha') treatment. On the other 

hand, Lhe lowest nitrogen concentration in soybean plant (1,07%,) was observed in the 

50 (control condition) treatment. 

4,9.3 Interaction effect of K and S on nitrogen content in soybean plant 

Signilicant effect of combined application of different doses of K and S fertilizers on 

the nitrogen concentration was observed in the soybean plant (Table 4.9). lhe highest 

concentration (I .49%) of nitrogen in the soybean plant was recorded with K2S2 (40 kg 

K ha" 20 kg S ha) which was statistically similar with K3S1 (70 kg K ha' 1 40 kg 

S ha"). K3S2 (70 kg K hi' -20 kg S ha") and K2S3 (40 kg K ha' 40 kg S ha4 ) 

51 



treatment combinations. On the other hand, the lowest nitrogen concentration in 

soybean plant (0.84%) was observed in the K0S0  treatment. 

Table 4.7 Effect of 1< on the N, P, IC, S and Zn contents in soybean plant 

Treatments Total N (%) - Total P 	lotal K (%) Total S (%)! Total Zn 

(%) 	 (ppm) 

IC0 	0.96 d 	0.170 	0.535 c 	0.345 c 	48.71 (1 

K 1 	1.14 c 	0.258 

	

0.64.11,  	0.413 b 	56.09 a 

K2 	1.22 h 	0.273 	0.695 a 	0.470 a 	54.36 h 

	

1,34 a 	0.270 	O.719a 	0.483 a 	I 5336c 

LSD005 	0.037 	NS 	0M457 	0.0527 	0.869 

CV (%) 	3.69 	4.25 	3.18 	5.17 	4.96 

In a column figures having similar letter(s) do not dilTer siniticantly \%IIereas figures with dissimilar 

letter(s) dil'Ibr significantly as per DMRT 

4.10 Total phosphorus content in soybean plant 

4.10.1 Effect of K on phosphorus content in soybean plant 

A. statistically insignificant variation was observed on phosphorus concentration in 

soybean plant with different doses of potassium (Table 4.7). I lowever. the highest 

phosphorus concentration (0.273%) among the dilièrcnt doses of potassium was 

recorded in K2  (40 kg K lia). On the other hand. the lowest phosphorus concentration 

in soybean plant (0.170%) was recorded in the K0  treatment where no K was applied. 

4.19.2 Effect of S on phosphorus content in soybean plant 

A statistically insignificant variation was observed on phosphorus concentration in 

soybean plant with different (loses of sulphur (Table 4.8). l-lowever. the highest 

phosphorus concentration (0.273%) among the different doses of sulphur was 

recorded in S2  (20 kg S hi'). On the other hand. the lowest phosphorus concentration 

in soybean plant (0.218%) was recorded in the S0  treatment where no S was applied. 

in 
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4.10.3 Interaction effect of K and Son phosphorus content in soybean plant 

Insignificant elleet of combined application of di ilèrent doses of K and S krtilizers 

on the phosphorus concentration was observed in the soybean plant (Fable 4.9). 

I lowever. the highest concentration of phosphorus in the soybean plant (0.32%) was 

recorded with the 1(252 (40 ku K ha' + 20 kg S haS ') treatment. On the other hand. the 

lowest phosphorus concentration in soybean plant (0.13%) was observed in K0S 

treatment. 

lahle 4.8 Effect of S on the N, P. K, Sand Zn contents in soybean plant 

Treatments Total N (%) Total P (%) Total K (%) Total S (%) 	Total Zn 

(ppm) 

1.07 h 0.218 0.610 0.373 h 	51.12 c 

Sl  0.99 c 0.230 0.635 0.395 b 	50.96 C 

1.30 a 0.273 0.664 0.460 a 	56.58 a 

1.29 it 0.250 0.683 0.483 a 	- 	53.86 h 

Lslkos 0.046 NS NS 0.0646 	0.8705 

('V() 3.69 4.25 j318 5.17 4.96 

in a column ligures having similar letter(s) do not dili'er significantly whereas figures with dissimilar 

letter(s) differ siwificantly as per DMRT 

4.11 Total potassium content in soybean plant 

4.11.1 Effect of K on potassium content in soybean plant 

Application of K showed significant variation on the potassium concentration in 

soybean plant (Table 4.7). The highest potassium concentration in soybean plant 

(0.719%) was recorded in K3 (70 kg K hi') treatment which was statistically similar 

with K2 (40 kg K hal') treatment. On the other hand, the lowest potassium 

concentration in soybean plant (0.535%) was recorded in the K,, treatment where no K 

was applied. The highest potassium concentration was observed due to the positive 

elièct of potassium on potassium content in soybean plant up to certain limit. 
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4.11.2 Effect of Son potassium content in soybean plant 

A statistically insignificant variation was observed on potassium concentration in 

soybean plant with different doses of sulphur (Table 4.8). HoWeVer, the highest 

- 	 potassium concentration (0.683%) among, the different doses of sulphur was recorded 

in S.; (40 kg S hi'). On the other hand, the lowest potassium concentration in soybean 

plant (0.610%) was recorded in the S0  treatment where no S was applied. The highest 

potassium concentration was observed due to the positive effect of sulphur on 

potassium content in soybean plant up to certain limit. 

4.11.3 Interaction effect of K and Son potassium content in soybean plant 

Signi licant elket of combined application of different doses of K and S fertilizers on 

the potassium concentration was observed in the soybean plant (Table 4.9). The 

highest concentration of potassium in the soybean plant (0.75%) was recorded with 

the K3S3 (70 kg K ha - 40 kg S hi') which was statistically similar with K2S2  (40 kg 

K hi' 	20 kg S hi') treatment. On the other hand. the lowest potassium 

concentration (0.40°%) in soybean plant was observed in KOSO  treatment. This might 

he due to the fact that, the combined effect of both potassium and sulphur played 

positive effect on potassium content in soybean plant up to certain limit. 

4.12 Total sulphur content in soybean plant 

4.12.1 Effect of K on sulphur content in soybean plant 

Application of K showed significant variation on the sulphur concentration in soybean 

plant (Table 4.7). The highest sulphur concentration in soybean plant (0.483%) was 

recorded in K3  (70 kg K hi') treatment which was statistically similar with K2  (40 kg 

K lii') treatment. On the other hand. the lowest sulphur concentration in soybean 

plant (0.345%) was recorded in the K0 treatment where no K was applied. The highest 

sulphur concentration was observed due to the positive effect of potassium on sulphur 

content in soybean plant up to certain limit. 
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4.12.2 Effect of Son sulphur content in soybean plant 

The effect of different doses ol' sulphur showed statistically signilicant di1flrcncc on 

the sulphur concentration in soybean plant (Table 4.8). The highest sulphur 

concentration among the treatments of sulphur (0.483%) was observed in S (40 kg S 

ha') which was statistically similar with S2  (20 kg S ha") treatment. On the other 

hand, the lowest sulphur concentration in soybean plant (0.345%) was observed in the 

S0 (control condition) treatment. The highest sulphur concentration was observed due 

to the positive effect of sulphur on sulphur content in soybean plant up to certain 

limit. 

4.12.3 Interaction effect of K and Son sulphur content in soybean plant 

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

the sulphur concentration was observed in the soybean plant (Fable 4.9). The highest 

concentration of sulphur in the soybean plant (0.54%) was recorded with the K3S3  (70 

kg K ha" 40 kg S ha") and K2S2(40 kg K ha" 1 20kg S ha") treatment which were 

statistically similar with K7S (40 kg K hi' + 40 kg S ha") treatment combination. On 

the other hand. the lowest sulphur concentration (0.27%) in soybean plant was 

observed in K0S0  treatment. This might he due to the fact that, the combined effect of 

both potassium and sulphur played positive effect on sulphur content in soybean plant 

til) to certain limit. 



Table 4.9 Interaction effects of K and S on the N, P, K, S and Zn contents in 

soybean plant 

Treatments Total N (%) Total P (%) Total K (%) Total S (%) Total Zn 

(ppm) 

0.84 C 	0.13 0.40 Ii 0.27 i 

0.31 hi 

42.53 

47.6011 K0S1 0.93 d 0.18 0.48 g 

K0S2  0.97 d 0.22 0.61 of 0.39 liz 53.85 c-c 

K0S3 1.I0c 0.15 	0.65d-f 0.41 d-f 50.86% 

K1 S0 1.15 c 0.21 	0.66 c-c 0.35 gh 55.85 h 

K1 S1  0.99 d 0.28 0.65 d-f 0.40 c-g 54.30 b-c 

K1 S2  1.28 b 0.25 	- 0.60 1 0.43 c-f 58.35 a 

K1S3 1.12 c 	0.29 0.66 c-c 0.47 h-d 	55.87 b 

KS0 0.98 d 	0.26 0.68 cd 0A2d-1-  55.01 b-cl 

KS1  igs d 	0.21 0.69 b-d 0.41 of 49.26gb 

KS2 1.49 a - 0.32 0.74 ab 0.54 a 59.85 a 

K2S7 1.46 a 0.30 	0.67 cd 0.51 ab 53.33 de 

K3S0 1.32 b 0.27 	0.70a-d 0.45 c-f 51.101 

1C3S1  1.08 c 0.25 0.72 a-c 0.46 h-c 52.67 of 

K192  1.47 a 0.30 0.71 a-d 0.48 be 

0.54 a 

1 54.2$ b-c 

55.38 be K383 1.48 a 	0.26 0.75 a 

LSD005 0.075 NS 0.053 0.05273 1.739 

CV() 3.69 4.25 3.18 5.17 4.96 

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

letter(s) differ significantly as per DMR1 
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4.13 Total zinc content in soybean plant 

4.13.1 Effect of K on zinc content in soybean plant 

Application of K showed significant variation on the zinc concentration in soybean 

plant (Table 4.7). The highest zinc concentration in soybean plant (56.09 ppm) was 

recorded in Ki (20 kg K ha') treatment. On the other hand. the lowest zinc 

concentration in soybean plant (48.71 ppm) was recorded in the K0  treatment where 

no K was app! icd 

4.13.2 Effect of Son zinc content in soybean plant 

The effect of dilièreni doses of sulphur showed statistically significant difference oil 

the zinc concentration in soybean plant (Table 4.8). The highest zinc concentration 

anlone the treatments of sulphur (56.58 ppm) was observed in S2 (20 kg S ha') 

treatment. On the other hand. the lowest zinc concentration in soybean plant (51.52 

ppm) was observed in the S0  (control) treatment. 

4.13.3 Interaction effect of K and S on zinc content in soybean plant 

Significant effect or combined application of different doses of K and S lertilizers on 

the zinc concentration was observed in the soybean plant (Table 4.9). The highest 

concentration of zinc in the soybean plant (59.85 ppm) was recorded with the K 2S2  

(40 kg K haS' + 20 kg S ha") treatment which was statistically similar with K 1 S2  (20 

kg K haS ' + 20 kg S ha") treatment combination. On the other hand. the lowest zinc 

concentration (42.53 ppm) in soybean plain was observed in K0S0 treatment. 

4.14 Protein content in soybean seed 

4.14.1 Effect of K on protein content in soybean seed 

A statistically significant variation was observed in protein content in seed of soybean 

with different closes of potassium (Table 4.10). Among the different doses of 

potassium the highest protein content in seed (42.230/0) was recorded in K 3  (70 kg K 

ha") treatment which was statistically similar with K 2  (40 kg K ha'') treatment. On the 

other hand, the lowest protein content in seed (38.70%) was recorded in the K 

treatment where no K was applied. Magen el al. (1997) obtained the highest protein 

contents and nodulation with an application of 100 kg K?O/ha. 
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1'able 4.10 Effect of K on protein and oil content of soybean 

Treatments Protein content (%) Oil content (¼) 

3&70 c 	 19.46 

K1  40.54 b 	 19.99 

K2 42.22 a 	 20.44 

K 4  42.23 a 	 20.36 

LSD1u0  1.393 NS 

CV(%) 4.08 2.93 	 - - 

In it column figures having similar letter(s) do not JilTer significantly whereas figures with dissimilar 

tener(s) differ signiticantly as per DMRT 

4.14.2 Effect of Son protein content in soybean seed 

The effect of different doses of sulphur showed statistically significant variation on 

the protein content in seed of soybean ('fable 4.11). The highest protein content in 

seed (42.08%) among different doses of S fertilizers was recorded with S3  (40 kg S 

ha') treatment which was statistically similar with S, (20 kg S ha1) treatment. On the 

other hand, the lowest protein content (39.08%) was observed in the S (controL 

condition) treatment. ()okhale ci al. (2005) reported that application of 30 kg S ha1  

increased protein content in soybean seed over control. fomar ci at (2000) reported 

that the highest protein content (41.29%) was recorded with the application 0150 kg 

S/ha regardless olsources. 
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Table 4.11 Effect of S on protein and oil content of soybean 

Treatments Protein content (%) Oil content (%) 

S. 39.08 c 19.41 

S1 	- 40.77h 19.86 

51 41.67ah 

42.18 a 

f115 

20.53 

5; 

IISDO05 

20.45 

NS 

CV(%) [4.08 2.93 

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

letter(s) diftèr signilicantly as per DMRT 

4.14.3 Interaction effect of K and S on protein content in soybean seed 

Significant effect of combined application of dilibrent doses of K and S fertilizers on 

the protein content was observed in seed of soybean (Table 4.12 and Fig.9). The 

highest protein content in the seed (44.55%) was recorded with the K 2S7  (40 kg K ha1  

1- 20 kg S hc(') treatment which was statistically similar with K2S3  K3S3  treatments. 

On the other hand, the lowest protein content (38.41%) in seed was observed in KnS0  

treatment. Siugh et cii. (1995) also found similar result with the application of 50 kg 

1(20 and 40 kg S ha1. 

c>* 
4.15 Oil content in soybean seed 	 ' 

4.15.1 Effect of K on oil content in soybean seed 	 - 

A statistically insignificant variation was observed in oil content in seed of soybean 

with diIièrcnt doses of potassium (Table 4.10). Among the different doses of 

potassium the highest oil content in seed (20.44%) was recorded in 1(7  (40 kg K ha4 ) 

treatment. Oil the other hand. the lowest oil content in seed (19.46%) was recorded in 

the K treatment where no K was applied. Deshmukh ci at (1994) obtained the 

highest oil content with an application oióO kg K20/ha at Arnravati and 90 kg 1(20/ha 

at Akola in Maharashtra Slate. 
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Table 4.12 Interaction effect of K and S on protein and oil content of soybean 

Treatments Protein content (%) 

K0S0 	 38.41 d 

Oil content (%) 

18.54 I 

K0S1 	 38.51 d 19.48 h 

K0S2 39.06cd 19.90c-g 

K0S3 38.84 d 19.92 e-g 

K1 S0 38.90 d 19.42 h 

K1 S1  40.1Ied 19.94e-g 

K 1 S2 41256 be 20.07 e 

20.53cd 

19.88 ig 

K1 S3 41.59c 

K2S0 39.46 cd 

KS1  40.69 Cd 198 ci - 

K7S2  44.55 a 21.48 a 

K2S3 	- 44.18 a 20.42d 

K3S0  

KtS1  

39.44 ed 19.78 g 

43.86 ab 

41.49 he 

44.11 a 

20.04 of 

K3S2 20.68 c 

- 20.94 h 

2.231 	-- 0.1582 

CV (%) 4.08 2.93 

Iii a COILIIIIII liures having similar letter(s) do not ditThr signilicuntly whereas figures with dissimilar 

letter(s) differ signiticantly as per 0MW] 

4.15.2 Effect of S on oil content in soybean seed 

The effect of different doses of sulphur showed statistically insignificant variation on 

the oil content in seed of soybean (i'ahle 4.11). The highest oil content in seed 

(20.53%) among different doses of S fertilizers was recorded with S2  (20 kg S haS ') 

treatment. On the other hand. the lowest oil content (19.41%) was observed in the S 

(control condition) treatment. Tomar c/ at (2000) reported that the highest oil content 

(20.5 1%) was recorded with the application of 50 kg S/ha regardless of sources. 

Gokhale ciat (2005) reported that application of 30 kg S ha increased oil content in 

soybean seed over control. 
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4.15.3 Interaction effect of K and Son oil content in soybean seed 

Significant efThct of combined application of different doses of K and S fertilizers on 

the oil content was observed in seed of soybean (Table 4.12 and Fig. 10). The highest 

oil content in the seed (21.48%) was recorded with the K2S2  (40 kg K ha ± 20kg S 

haS') treatment. On the other hand. the lowest oil content (18.54%) in seed was 

observed in K0S0  treatment. Singh n al. (1995) also found similar result with the 

application of 50 kg 1(20 and 40kg 5 haS '. 

4.16 Effect of potassium on nutrient status of the post harvest soil of soybean 

field 

4.16.1 Effect of potassium on total nitrogen content in the post harvest soil of 

soybean field 

A statistically significant variation was observed in nitrogen concentration in soil of 

soybean field with different doses of K (Table 4.13). Considering the different doses 

of K the highest nitrogen concentration in soil (0.116%) was recorded in K2 (40 kg K 

haS ') which was statistically similar with K 1  and 1(3  treatments. On the other hand, the 

lowest nitrogen concentration in soil (0.106%) was recorded in the K 0  treatment 

where no potassium was applied. 

4.16.2 Effect of potassium on available phosphorus content in the post harvest 

soil of soybean field 

A statistically insigniticant variation was observed in phosphorus concentration in soil 

of soybean field with different doses of K (Table 4.13). Considering the different 

doses of K the highest phosphorus concentration in soil (0.00607%) was recorded in 

K2  (40 kg K haS '). On the other hand. the lowest phosphorus concentration in soil 

(0.00440%) was recorded in the K0  treatment where no potassium was applied. 

4.16.3 Effect of potassium on available potassium content in the post harvest soil 

of soybean field 

A statistically insignificant variation was observed in potassium concentration in soil 

of soybean field with dillerent doses of K (Table 4.13). Considering the different 

doses of K the highest potassium concentration in soil (0.03712%) was recorded in K2 
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(40 kg K ha5.  On the other hand, the lowest potassium concentration in soil 

(0.02877%) was recorded in the K0 treatment where 110 potassium was applied. 

4.16.4 Effect of potassium on available sulphur content in the post harvest soil of 

soybean field 

A statistically insignificant variation was observed in sulphur concentration in soil of 

soybean field with different doses of K (Table 4.13). Considering the different doses 

of K the highest potassium concentration in soil (0.004100%.) was recorded in K (70 

kg K had). On the other hand. the lowest sulphur concentration in soil (0.00320%) 

was recorded in the K0  treatment where no potassium was applied. 

4.16.5 Effect of potassium on available zinc content in the post harvest soil of 

soybean field 

A statistically significant variation was observed in zinc concentration in soil of 

soybean field with different doses of K (Table 4.13). Considering the different doses 

of K the highest zinc concentration in soil (1.870 ppm) was recorded in 1(3 (70 kg K 

hi') which was statistically similar with K 2  treatment. On the other hand, the lowest 

zinc concentration in soil (1.785 ppm) was recorded in the Ku  treatment where no 

potassium was applied. 

Table 4.13 Effect of K on the total N, available P, available IC, available S and 

available Zn contents of the post harvest soil 

Treatments TotaiN (%) - Available P Available k Available S Available 

- 	 (4)__________(%) 	(%) 	Zn (PPIll)— 
K o 	0.106 h 	0.00440 	0.02877 	0.00320 	1.785 h 

K, 	- 0.11 Gab 	0.00500 	0.03042 	j 0.00326 	1,795 b 

K2 	0.1 lóa 	0.00607 	0.03712 	0.00378 	1.855 a 

K3 	 0.113 ab 	0.00560 	0,03708 	0.00410 	1.870 a 

ND 01 	0.0083 	NS 	j NS 	 NS 	- - 0.0368 

CV (%) 	3.15 	 3.02 	12.16 	356 	- 	2.19 

In a column ligures having similar kiter(s) do not differ signilicantly whereas figures with dissimilar 

kiter(s) differ signilicantly as per DMRT 
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4.17 Effect of sulphur on nutrient status of the post harvest soil of soybean field 

4.17.1 Effect of sulphur on total nitrogen content in the post harvest soil of 

soybean field 

The effect of dilkrcnt doses of sulphur fertilizers showed a statistically signilicant 

variation in the nitrogen concentration in post harvest soil (Table 4.14). Among the 

different treatments. Sj (40 kg S hi') showed the highest nitrogen concentration 

(0.129%) in soil. The lowest nitrogen concentration (0.090%) in soil was observed in 

the treatment S0 where no S fertilizer was applied. 

4.17.2 Effect of sulphur on available phosphorus content in the post harvest soil 

of soybean field 

The effect of different doses of sulphur fertilizers showed a statistically insignificant 

variation in the phosphorus concentration in post harvest soil (Table 4.14).Among the 

diuièrcnt treatments. 52 (20 kg S hzC1 ) showed the highest nitrogen concentration 

(0.00588%) in soil. The lowest nitrogen concentration (0.004950/(,) in soil was 

observed in the treatment SI , where no S fertilizer was applied. 

4.17.3 Effect of sulphur on available potassium content in the post harvest soil of'  

soybean field 

The ellèct of different doses of sulphur Fertilizers showed a statistically insigniticant 

variation in the potassium concentration in post harvest soil (Table 4.14). Among the 

different treatments. 52 (20 kg S hi') showed the highest potassium concentration 

(0.0350%) in soil. The lowest nitrogen concentration (0.03077%) in soil was 

observed in the treatment 8o where no S fertilizer was applied. 
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Table 4.14 Effect of S on the total N, available P, available K, available S and 

available Zn contents of the post harvest soil 

Treatments Total N(°~) Available P 	Available K j Available S 	Available Zn 
In,' 	 Iflfl 

	

0.090 c 	0.00495 	0.03077 	0.00233 	1.768 c 

	

0.110b 	0.00488 	0.03312 	0.00323 	1M0d 

S2 	 0.117 h 	0.00588 	0.03508 	0.00420 	1.977 a 

	

0.129 it 	0.00537 	0.03443 	0.00458 	1.9201) 

Isb01 -- 0.0118 	NS 	NS 	NS 	0.0412 

	

3.15 	J 3.02 	2.16 	356 	 2.19 

In a eoitimn liures having similar kticr(s) Jo not differ signilicantly whereas figures with dissimilar 

letter(s) dilkr significantly as per DMRF 

4.17.4 Effect of sulphur on available sulphur content in the post harvest soil of 

soybean field 

The effect of different doses of sulphur fertilizer showed a statistically insignilicant 

variation in the sulphur concentration in post harvest soil (Table 4.14). Among the 

different treatriicnts. S3 (40 kg S haS') showed the highest sulphur concentration 

(0.00458%) in soil. The lowest sulphur concentration (0.00233%) in soil was 

observed in the treatment S1 where no S fertiliier was applied. 

4.17.5 Effect of sulphur on available zinc content in the post harvest soil of 

soybean field 

The eliëct of different doses of sulphur Ièrtilizers showed a statistically significant 

variation in the zinc concentration in post harvest soil (Table 4.14). Among the 

different treatments. S2 (20 kg S ha') showed the highest zinc concentration (1.977 

ppm) in soil. The lowest sulphur concentration (1.640 ppm) in soil was observed in 

I lie Si treat men 1. 
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Table 4.15 Interaction effect of K and S on the total N, available P, available K, 

available Sand available Zn contents of the post harvest soil 

Treaunents Total N (%) Available P (%) Available K (%) Available 
S (%) 

Available Zn 

-(lipm)-- 
KIISII 0.084 e 

0.115 a-c 

0.0038 

0.0043 

0.0281 

0.0294 

0.0288 	- 

	

0.0010 	1.48 

	

0.0033 	1.54 h 

1K 0S2  0.095 de 0.0045 0.0040 2.08 ab 

0.130 ab 0.0050 0.0288 0.0045 2.04 be 

K1S0  0.095 dc 0.0056 0.0291 0.0020 1.76 c 

K1S1 	0.097 c-c 	0.0039 0.0300 0.0025 1.62 g 

K1S2  0.122 ab 0.0061 0.03 15 0.0036 2.06 a-c 

K 1S3 0.127ab 0.0044 0.0311 	1 0.0049 1.74e 

K2S0 	-- 0.091 c 0.0053 0.0358 0.0028 	1 1.82 d 

KS1 	- 0.112 b-d 0.0063 0.0361 0.0035 	1.68 1 

K2S, 0.132 a - 0.0067 0.0398 0.0042 2.10 a 

K2S3 	-. 0.130 ab 0.0060 - 0.0368 	- 0.0046 1.82 d 

K3S0 1  0.090e 	0.0051 0.0301 0.0035 2.01 c 

K3S1  0.115 a-c 0.0050 0.0370 0.0036 
T 

1.72 ef 

K3S2  

K3S; 

0.118 ab 

0.130 ab 

0.0062 0.0402 

	

0.0050 	1.67 f 

	

0.0043 	2.08 ab 0.0061 0.0410 

LSDo; 0.0167 NS NS NS 0.05003 

CV (%) 	- 3.15 3.02 2.16 356 119 

In a column figures having similar letter(s) do not difier significantly whereas ligures with dissimilar 

letter(s) dillèr significantly as per DMRT 
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4.18 Interaction effect of potassium and sulphur on nutrient status of the post 

harvest soil of soybean field 

4.18.1 Interaction effect of potassium and sulphur on total nitrogen content of 

the post harvest soil of soybean field 

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

the nitrogen concentration was observed in post harvest soil of soybean field (Table 

4.15). The highest concentration of nitrogen (0.132%) in the post harvest soil was 

recorded with the K2S2  (40 kg K haS ' + 20 kg S ha1) treatment which was statistically 

similar with K0S3. K1 S2. K1 S5. K2S3. K;S2  and KS; treatment combinations. On the 

other hand, the lowest nitrogen concentration (0.084%) in the post harvest soil was 

observed in K0S0  treatment. 

4.18.2 Interaction effect of potassium and sulphur on available phosphorus 

content of the post harvest soil of soybean field 

Insignificant effect of combined application of different doses of K and S fertilizers 

on the phosphorus concentration was observed in post harvest soil of soybean field 

(Table 4.15). The highest concentration of phosphorus (0.0067%) in the post harvest 

soil was recorded with the K2S2  (40 kg K ha1  + 20 kg S haS') treatment. On the other 

hand. the lowest phosphorus concentration (0.0038%) in the post harvest soil was 

observed in K0S0 treatment. 

4.18.3 Interaction effect of potassium and sulphur on available potassium content 

of the post harvest soil of soybean field 

Insignificant effect of combined application of different doses of K and S Rrtilizers 

on the potassium concentration was observed in post harvest soil of soybean field 

(Table 4.15). The highest concentration of potassium (0.04 10%) in the post harvest 

soil was recorded with the K3S3 (70 kg K ha' + 40 kg S hi') treatment. On the other 

hand, the lowest potassium concentration (0.0281 %) in the post harvest soil was 

observed in K0S0 treatment. 
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4.18.4 Interaction effect of potassium and sulphur on available sulphur content 

of the post harvest soil of soybean field 

Insignificant elicet of combined application of different doses of K and S fertilizers 

on the sulphur concentration was observed in post harvest soil of soybean field (Table 

4.15). The highest concentration of sulphur (0.0050%) in the post harvest soil was 

recorded with the K3S2  (70 kg K haS ' -I- 20 kg S hi') treatment. On the other hand, the 

lowest sulphur concentration (0.0010%) in the post harvest soil was observed in K0S0 

treatment. 

4.18.5 Interaction effect of potassium and sulphur on available zinc content of 

the post harvest soil of soybean field 

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

the zinc concentration was observed in post harvest soil ot soybean field ('Fable 4.15). 

The highest concentration of zinc (2.10 ppm) in the post harvest soil was recorded 

with the K1S2 (40 kg K hi' + 20kg S hi') which was statistically signilicant with 

K0S2  and K.;S.i treatment. On the other hand, the lowest zinc concentration (1.48 ppm) 

in the post harvest soil was observed in K0S0 treatment. 
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Chapter 5 

SUMMARY AND CONCLUSION 

An experiment was conducted at the Sher-c-flangla Agricultural University Farm 

Dhaka-l207(Teigaon series under AFZ No.28) during the rethi season of 2008 to 

study the "Role of Potassium and Sulphur on the growth. yield and oil content of 

Soybean". The soil was clay loam in texture having p1-1 6.30 and organic matter 

content of 0.809/o. TWO factors Randomized Complete Block Design was followed 

with 16 treatment combinations having unit plot size of 2.5 in x 2.0 in (5.0 in2) and 

replicated thrice. Two factors were potassium and sulphur. The treatnients were 

Control (without K and 5). K11S1  ( 0kg K hi' '10kg,  S ha"). K0S2 ( 0kg K ha" '-20 

kg S ha" ). K0S3  (0kg K hi' + 40 kg S ha1). K,S0  (20 kg K ha" - 0kg S ha"). K,S, 

20 kg K ha1  '10 kg S ha"). K,S2 (20 kg K ha1  ± 20 kg S ha"). K,S3  (20 kg K ha" 

+ 40 kg S hi'). 1<2S,, (40 kg K ha" 0kg S ha" ). K25, (40 kg K ha1  + 10kg S ha1), 

K2S2  (40 kg K ha1  + 20 kg S ha1). K2S3 (40 kg K ha1  + 40 kg S ha1). K3S0 (70 kg 

Kha1  F 0 kgS ha"). K3S, (70 kg K hi1  10kg S ha1), KS2 (70 kg Kha1  ± 20 kg 

S ha") and K3S3 (70 kg K ha1  'I- 40 kg, S ha"). 

Recommended doses of N. P. Zn and B (30 kg N from urea. 30 kg P from TSP, 2 kg 

Zn from 'LnO and I kg B 	Boric acid, respectively) were applied. 

ilie whole amount of TSP. ZnO, Boric acid and half of the urea fertilizer were 

applied as basal close during final land preparation. The remaining halt' of urea was 

top dressed alter 22 days of genmnauon. '[he required amounts of K (from NIP) and S 

(from gypsum) were applied at a time as per treatment combination after held lay out 

ol'the experi nent and were mixed properly through hand spading. 

Soybean seeds were sown on the 27Lh December 2008 in lines following the 

recommended line to line distance of 30 cm and plant to plant distance of' 5 cm and 

the crop was harvested on 6 April 2009. The data were collected plot wise for plant 

height (cm), number of leaves /plant, number of primary branches /plant. number of 

pods /plant. number of seeds !plant, thousand seed weight (g). grain yield (t ha") and 

straw yield 	1w''). 
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The post harvest soil samples from 0-15 cm depth plot vise were collected and 

analyzed for total N. available P. available K, available S and available Zn contents. 

Plant samples were also chemically analyzed for total N. P. K, S and Zn contents. 
I 	 Prolein content and oil content of soybean seed 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 aflëcted by different levels of K and S. Plant height 

increased with increasing levels of K and S up to certain level. The individual 

application of K O1 40 kg ha t  (K2 ) produced the tallest plant (68.13 cm). whereas 

application of S20 kg ha" (S2) produced the tallest plant of 69.72 cm height. The 

tallest plant (73.39 cm) was found in K352  treatment, which was higher over control 

treatment (51.72 cm). 

The individual application of K and S showed positive ellèct on the number of leaves 

per plant. number of prinialy branches per plant, number of pods per plant. number of 

seeds per plant, thousand seed weight (g), grain yield (1 ha") and straw yield (t ha'5. 

All the plant characters increased with increasing levels of K and S up to certain level. 

Like all other plant characters, grain yield of soybean was influenced significantly due 

to application of K and S. Grain yield was increased with increasing levels of K and S 

up to certain level. Ihe highest grain yield (2.09 t ha'') was found in plants receiving 

K 41  40 kg ha" and the lowest was recorded in K0  treatment. The individual 

application olS 	20 kg ha" produced the highest amount of grain yield (2.0$ t ha"). 

The combined application of K and S had positive effect on grain yield of soybean. 

The highest grain yield of soybean (2.35 t ha") was recorded in K2S2 treatment. The 

lowest yield (1.33 t ha") was recorded in K0S0  treatment. Combined application of K 

èIj 40 kg ha" and S @ 20 kg ha" produced higher grain yield compared to control 

treatment significantly. 

Protein content in seeds of soybean was significantly increased due to application of 

K and S. The range of protein content in seeds varied from 38.41% in K0S0 to 44.55% 
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in K7S2  treatment. Application of K (Ü), 40kg ha and S @20 kg ha produced higher 

protein content in seed compared to control treatment significantly. 

Oil content in seeds of soybean was significantly increased due to application of K 

and S. The range of oil content in seeds varied from 18.54% in K0S, to 21.48% in 

K 2S2  treatment. Application of K 	40 kg hi' and S i21; 20 kg hi' produced higher 

oil content in seed compared to control treatment significantly. 

Nutrient contents (N, P. K, S and Zn) in plant samples were positively aflècted due to 

K and S fertilizmion. The interaction effect of K and S was also Ibund remarkable. 

The N. P. K. S and Zn contents in plant samples varied from 0.84% in K$0 treatment 

to 1.49% in K2S2  treatment. 0.13% in EQS0 treatment to 0.32% in K,Si  treatment, 

0.40% in EQSo treatment to 0.75% in K5S treatment. 0.27% in KS, treatment to 

0.54% in KS2 treatment and 42.35 ppm in EQSo  treatment to 59.85 ppm in K2S 

treatment. respectively. Nitrogen, Phosphorus. Potassium. Sulphur and Zinc contents 

in plant samples increased with increasing levels of K and S up to certain level. 

Nutrient content in post harvest soil was also influenced by different levels of K and S 

application. The total N. available P. available K. available Stid available Zn of post 

harvest soil varied from 0.084% to 0.132%, 0.0038% to 0.0067%. and 0.0281% to 

0.0430%. 0.0010% to 0.00430/4 and 1.48 ppm to 2.10 ppm, respectively due to 

combined application of K and S at different levels. The addition of K and S not only 

increased the yield but also protect the soil from total exhaustion olnutrients. 

Considering all the parameters studied the following conclusion may be drawn:- 

Sigiüticantly higher growth and yield perlormance, protein content and oil content of 

soybean was observed by the K2S2 treatment i.e.. by the combined application of 

potassium and sulphur fertilizers iij 40kg K hi' and 20kg S hi'. 
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Based on the results of the present study, the following recommendation may be 

drawn:- 

The combined application of potassium and sulphur fertilizers @ 40 kg K hi' and 20 

kg S hi' may be done in Tejgaon series under AEZ No.28 to get higher yield, protein 

and oil content of soybean and also to maintain soil fertility and productivity than 

their individual applications. 

However, to reach a specific conclusion and recommendation, more research work on 

soybean should be done in dillèrent Agro- ecological zones of Bangladesh. 

73 



Chapter 6 
References 



Chapter 6 

REFERENCES 

Annadurai. K.. .Seshadri. P. and Pataniappan. S. 1994. Influence of potassium levels 

on yield and oil content in sunflower-soybean sequence. Journal o/Potctvs,um 

Research 10(2): 124-129. 

Anuradha. K. and Sarma. P. S. 1995. Effect ol moisture sires. .s and applied potassium 

on yield and biochemical parameters of soybean in vertisols. Journal of 

Qilseecic Research 12(2): 275-278. 

Arunageetha. S. and Senchilkumar, P. S. (2006). Uptake of sulphur and its influence 

on the uptake of major nutrients in soybean. Journal of Ecobiologv. 18(3): 

257-261 

Aulakli, M. S. Sidhu B.S. Arora B.R and Bhajan-Singh 1983. Contents and uptake of 

nutrients by pulses and oil seed crops. inc/ian Jounwi of Ecology 12: 238-242. 

BAR! (Bangladesh Agricultural Research Institute). (1982).Annual report for 1981-

82. Bangladesh AgrI. Res. Inst., Joydebpur. (lazipur. p.32. 

BARI (Bangladesh Agricultural Research Institute). (I 985).Annual report for 1984-

85. Bangladesh Agri. Res. Inst.. .loydebptir. (iazipur, p.32. 

Begum, N.S.R. 1989. Response of soybean to Rhizohium inoculation and Urea-N 

tPPI ication under rainfed and irrigated condition. 

Borkert. C. M. and Yamada. T. (2000). Soybean responses to potassium fertilization 

in a low Ièrtility oxisol. Better-Crops-Iniernational. 14(2): 16-17. 

Bray, R. 11. and Kurtz. L. M. (1945). Determination of total organic and available 

lhrms of phosphorus in soils. Soil Sd. 59:39-45. 

Carperner. I.L. 1975. Potash crises in Saskatehauwan. Ferülizer Progress 6(2): 8. 

74 



Das, .1., Talukdar. M. C. and Roy. S. (2001). Ehlèct of potassium and sulphur on 

yield and nutrient uptake in soybcan. Journal-of-tlu'-Agricultwal-Science-

.Svcwty-o/-:\vnh-12.cmi-hztha. 14(2): 165-170. 

Deshmukh, V. N.. Rangacharya. R. P.. Rcwatkar, S. S. and Solanke, B. U. 1994. 

Response of soybean to phosphorus and potassium application in 

\'ertisol J(flifl?al v/Potassium Research 10(4): 332-337. 

Dlxii. S. P. and Sharrna, P. K. 1993. Effect of lime and potassium on yield and uptake 

of nutrients in wheat (Trilicu,n aestivu,n)-soyhean (Glycine max)-linseed 

(Linuni usitattvsinzuin) cropping sequence in an acid alfisol. ludianiournal q/ 

Agricultural Science 63(6): 333-339. 

FAO (Food and Agricultural Organization). 2008. FAO yearbook production. Food 

and Agricultural Organization of the United Nations, Rome .54:115. 

Fox. R.L.. Olsen. R.A. and Rhoades, I I.F. 1964. Evaluating the sulphur status of soils 

by plant and soil tests. Soil Sd. Soc. Amer. Proc. 28:243-246. 

(ihosh. U.N.. Prakash, \tcd  and Singh. R.D. 1998. Yield response and nutrient use 

elf icicncy on soybean-wheat system in a long-term manorial experiment, in 

Proc. Long term soil fertility: management through integrated plant nutrient 

supply. Ed. Swarup ci aL pp. 277-2 82. 

Gokhale, D. N., Kanade. A. C.. Karanjikar, P. N. and Patil.V. D.(2005). Effect of 

sources and levels of sulphur on seed yield, quality and sulphur uptake by 

soy1ean, (Gijine mar (1.) Merrill. ,Iaurna!-q/Oiisceds-Ik'searc/i. 22(1): 192-

193. 

(iomcz. A.K. and Gomez. A.A. 1984 . Statistical Procedure for Agricultural Research. 

Intl. Rice Res. Inst., John Villy and Sons. New York, Chickester, Brisbane, 

Toronto, Singapore.P.680. 

75 



Cirewal. II. S.. Kolar, J. S.. Dalip Singh and Singh. D. 1994. Effect ol potassium and 

nitrogen on growth and yield of soybean (Gl),cine max L.) Merr. Joniral i' 

/'otassnnn Research 10(2): 173-177. 

t-labihzadeh. F.. Amini. I. and Mirnia. S. K. (2004). Effects of different potassium 

and zinc applications on yield and yield components of' soybean (Gl),cine max 

L.) in Mazandaran province. P/ouhesh-t'a-Sa:andegi-Jn-Agronwny-and-

Horticulture. 61(4): 18-24. 

Hegazy. NI. 1-I. and Genaidy. S. A. 1995. Potassium lërtilization for sonic 

intereropping patterns in Egyptian Northern delta soils. kvptian .10W7U1l of 

Agricultural Research 73(1): 25-35. 

Hoelt. R.Ci.. Nafziuer. li.D ..Johnson. R.R. and Aldrich. R. 2000. Modern Corn and 

Soybean Production, MCSP Publications. USA. pp  353. 

I lungria. M. and Francliini J.C. 2000. Effect of split application of potassium on 

urowth. yield and potassium accumulation by soybean. Canadian Journal of 

Plant Science 39(3 ):27-34. 

Hunt. J. (1980). Determination of total sulphur in small amount of plant material 

Analyst. 105: 83-85. 

Jackson, M.1. 1973. Soil Chemical Analysis . Prentice Flail Inc. Jingle-wood, Clifts. 

N.Y. 

Kadamdliad, G. It.. Rahhulkar. V. P. and J3ahhulkar. P. S. (1996). Response to 

soybean (Glycine max (L.)) to sulphur and zinc in vertisol. Annals-qiPlant-

PInswlogv. I (1(2): 153-156. 

Keyser. 11.14. and Fudi 1.i.1992. Potential [or increasing hh logical nitrogen (ixation in 

soybean. P/au! and Soil 141: 119-135. 

Kundu. S.. IThatnagar, Y.K.. Prakash. \'cd. Joshi. H.C. and Koranne. K.D. 1990. 

Yield response of soybean-wheat rotations to K application in a long-term 

field experiment. Journal of Potassium Research 6(2):70-78. 

76 



Lindsay. W.L. and Norwell. W. A. (1978). Development ol'a IYLPA soil teat for Zn. 

Fe. Mn and Cu.Soils ScL Amer. .1. 42: 421-428. 

'V 	 Magen. Ii. (1997) IPI Activity in India - Summary report (or 1993-1997: Results 

from field experimentation and description of promotional activity. October 

1997. International Potash Institute. pp 33. 

Mallarino. A. P.: Webb, J. R. and Blackmer. A. M. 1991. Corn and soybean yield 

during II years of phosphorus and potassium fertilization on a high-testing 

soil. Journal of Producuon Agriculture 4(3): 312-317. 

Mandal. S. S. and Pranianik. C. K. 1996. Integrated fertilizer management with 

potassium in soybean and sesame under di ifCrent cropping systems. Journal of 

I'otasszum Research 12(3): 298-304. 

Mengel. D.B. and Barber, S. A. 1974. Rate of nutrient uptake per unit of corn root 

under tielcI condition. Agronomy Journal 66: 399-402. 

Mohan. K. and Sharma. II. C. (1991). Effect of nitrogen and sulphur on growth, yield 

attributes, seed and oil yield of soybean. indian J. Agron. 37(4):748-754. 

Mohanti. A. K., Sunil. K.. Jha, S. K.. Smijeev. M. and Chandrakar. B. 1,(2004). 

Fiket of difiCrcnt level of sulphur and boron on morpho-physiological growth 

and economies of soybean (Glvcine max). Plant-Archives. 4(2): 375-377. 

Mondal. S. S.. Pramanik, C. K. and Das, J. (2001). Effect olnitrogen and potassium 

on oil yield, nutrient uptake and soil fertility in soybean (Gljtvine ma.v) - 

sesame (Sesamuin ,nd;cwn) intercropping system. Jndian-.Journal-qf-

Agncultural-Sciences. 71(1): 44-46. 

Murphy. J. And Riley in J. P. 1962. A modified single solution method Ibr the 

determination of phosphate in natural waters. Anal. Chirn. Acta. 27: 31-36. 

77 



Nagre. K.T.. Desbmukh, S.[3.. F3halerao. P. D. and morve. P.V. 1991. Effect of 

sowing (fates and fertilizers on growth. yield and quality of soybean varieties. 

P/Cl' Research Journal 15: 82. 

Nambiar K. K. M. and (ihosh. A. B. 1984. Highlights of research of a Long - term 

Fertilizer Experiment in India (1971-1982). Tech. Bull. I. Long-term Fertilizer 

Experiment Prolects. IARI. pp.  100. 

Piper. C.B. (1950). Soil and Plant Analysis Adellide Univ.Press. Australia. 

Potkile. S. N. and l3obde. G. N. (1996). Effectivity of potassium and sulphur 

application on the yield and quality of soybean. Annatc-oJ7'lam-P/z_vsiologv. 

10(2): 191-194. 

Praharaj, C. S. and Dhingra. K. K. (2003). Productivity and profitability of soybean 

(Gl)-cine ,nax. (L.) Merrill) as influenced by l3radyrhizobiurn inoculation, 

nitrogen arid potassium levels.Journal-of Research, -Birscs-Agricultural-

University. 15(l): 89-93. 

Rahman. L. 1982. Cultivation of soyahean and its uses. City press. Dhaka. pp.5-7. 

Raiagopal. A and Velu. G. 1995. Elket of irrigation and agronomic management 

practice for water use efficiency in soybean. 2t'Iadras Agricullural Journal 

82(4): 274-278. 

Reicoskv. D.C.. Warnes. D.D. and Evans. S.D. (1985). Soybean evapotranspiration. 

leaf waterpolential and foliage temperature as affected by row spacing and 

irrigation. Field crops Res. 10(l): 37-48. 

Sangale, R. V. and Sonar. K. R. (2004). Yield and quality of soybean as influenced 

by sulphur application. Jounzal-o/-Mctharashfra-.4grwulnral-Liniversiws. 

29(1): 117-1 18. 

Saran. G. and GirL G. (1 990),Influenee of nitrogen, phosphorous and sulphur on 

soybean under semi and rainfed condition of North West. Indian J. Agron. 

35(1-2):131-126. 

78 



Singh. D. and Singh. V. (1995). Effect of potassium. zinc and sulphur on growth 

characters, yield attributes and yield of soybean (C/clue ma9.Indkin-

Jounui1-ot--lgrwunny. 40(2): 223-227. 

Singh, J., Sharma. 11. 1... Singh. C. NI. and Singh, J. 1993. Response of soybean to 

potassium nutntion in different agro-clintatic zones 01' H.P. .J,ie,•,itI qJ 

Potassium Research 9(1): 38-43. 

Singh. S. P.. BansaLK. N. and Ncpalia. V. (2001). Effect of nitrogen, its application 

tinie and sulphur on yield and quality of soybean (G/vciiw max). Indian-

.Journaf-oI-;lgronomv. 46(1): 14 -144. 

Singh. S., Gangwar. M. S., Singh, H. P. and Singh. S. 1999. Nodulation and biomass 

- 

	

	 production in soybean as influenced by the application of' nutnents. .Iournal U 
/'ota.cs.um Research 15(1 -4): 127-130. 

South Combe. J. E. 1926. Chemistry of oil industries (Ta  edit). Constable and 

Company Ltd., London. Pp.144. 

Sriramaehandrasekharan. MV. and Muthukkaruppan. S. M.(2004). Effect of sulphur 

and Rhizohium on biological nitrogen fixation, nutrient uptake and seed yield 

of soybean. Jounia/-qf-Ecohw/o. 16(3): 235-236 

Swarup, A., Reddv. K.S. and Tripathi. A.K. 2001. Nutrient mining in agroclimatic 

zones of Madhya Pradesh. Pcdilin'r Mnts 46(4): 33-38 and 4 1-45. 

Talathi, P.G. 1983. Effect of nitrogen, phosphorus and potassium fertilization on 

growth. yield and quality of soybean (Clycine max (L.) Merril), variety 

Monetta. M.Sc. (Agri.) Thesis, Kokan Krishi Vidyapeeth. Dapoli. 

l'oniar, U. S.. l3adaya, A. K.. Tomar. I. S.. Vani, D. K. and Anihavatia. G. R. (2000). 

Influence of different levels and sources of sulphur on growth and productivity 

of soybean. Crop-Research-llisar. 19(1): 142-143. 

79 



Vedprakash, Kundu. S.. (ihosh. tiN.. Singh. R.D. and Gupta. H.S. 2001. YieLd 

response patterns of soybean and wheat to K application and changes in K 

status in soil profile after 27 years of cropping in mid-hills of northwestern 

Himalayas. In Proceedings of International Symposium on Importance of 

Potassium in Nutrient Management For Sustainable Crop Production in India 

\'ol.l Potash Researchlnstitute of India, Gurgaon pp.362-363. 

Vijayapriya. M. and Muthukicaruppan, S. M.(2005). 	Effect of sulphur and 

Rhizobiurn inoculation on nutrient uptake by soybean and soil fertility. 

Ath'c,nces-in-Pkuu-$ciences. 18( 1): 19-21. 

Wahhah, TiM.. Mondal, M.R.L. Akbar. A.M.. Alan, S.M.. Ahrned, IJ.M and Began. 

F. (2001). Status of Oilcrop Production in Bangladesh. Oil research centre 

Bangladesh agricultural research institute Joydebpur. Gazipur-1 701. pp.  1-5. 

Wasmaikar, R. P.. Ingole, G. L. and Raut, P. 0. (2001). Effect of different levels of 

sulphur and potassium on quality and uptake of nutrient of soybean.. .Iournal-

of-Maharwhtra-.4grwuliural-Umversitws. 72 (3): 244-246. 

BIJ 



Appendices 

U 



Number 	Number of Number of 
seeds plauf 

flfl(H 	(1154 	1  2.716 

56.70 56 5.58 - 	5143.51 * 	-- 

47.76 I 325.29k 2989.04* 

2.889* 8.121* - I 71.767* 

QJ28_ 0.314 	- ! 	1.755 

APPEN DICES 

Appendix Fable I. Monthly records of meteorological observation at the period ofexperimeifi 

November. 2008 to Februan. 2009) 

Month 	Temperatum (C) 	Humidity 	Precipit;rtion 	Potential 	Solar 

(Maximum) (Minimum) (%) 	(mm) 	Evapotranspiration radiatior 

( mmiday) 	(Mj1m7/d 

	

November 	50.20 	1 	20.13 	83.30 	31 	 2.966 	 15.364 

	

December 	26.60 	13.5 	$1.00 	9 	 2.43 	 14.089 

January 	25.40 	12.93 	78.00 	7 	 2,387 	 14.766 

	

February 	25.30 	14.2 	73.68 	7 	 2.37 	 14.866 

Source: Weather Yard. Bangladesh Metrotogical department. Dliaka. 

Appendix Table II. Summary of analysis of variance of growth parameters of soybean as 
influenced by different level of potassirini and sulphur 

Source of 	Degrees Mean square  

variation 	of 	Plant 	T Number of 
freedom height 	primary 

(em) 	branches 

Replication 2 -  0 
Factor A 	3 	2 
Factor B 	3

1AB  1 	9 - 	7 

Error 	30 

16 0.001 
554* 3.736 
1.09* l.469 
57* _0.102** 

05 I_0.107 

Appendix Table Ill. Summary of analysis of variance of yield attributes of soybean as 
influenced by ditThrenl level of potassirim and sulphur 

Source of 	! Degrees of Mean 
variation 	freedom 	1000 

Repi real ion 	4.205 

Factor A 	3 	 [ 45.19 

Factor B 	3 	1 27.68 

AR - 	19 
Error 	I 30  

square 
seed weight 	Grain yield (t ha1) Straw

2 

 yield (t iP5 

0.603* 	 0.55* 

osr 	
0.429* _______ 

- 
1* 	 O.024** 	 _0.083** 

p 	 0.015 	 0.011 
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Appendix Table IV. Summary of analysis of variance of nutrient concentration of soybean 
plant as influenced by different level of potassi rn and sulphur 

Source of 	Degrees of Mean square  
variation 	freedom 	1'otal N 	Total P 	Total K 	Total S 	Total Zn 

%) 	(ppm) 

Replication 	2 	- 0.001 	0.001 - 	0.001 	0.003 -- 	0.984 

ET 
rA 	3 	 0.303* NS 	0.08 	QQ47** 	I I9.53 

rB 	

_

30.298* 	_NS 	NS 	0.033 	84.81 

 _9 	W048 	_NS 	0.012** 	0.002** 20.73* 

30 	_0.002 	0.005 	_0.003 	0.004 	1.087 

Appendix Fable V. Summary of analysis of variance olnuirient content of post harvest soil as 
influenced by d iftërent level of potass i till,  and sulph ur 

Source of 	Degrees 	square 	__________ ___________ -__________ 

varia;ion 	of 	tal N 	Available P Available 	Available S Available 
freedom  t7le) 	 K%) 	 Zn (ppm) 

phcation 2 	0.001 	0.001 	0.001 	0.003 I 0.002  

FactorA 3 T0.001** NS J5s 	NS 	I 0.022 

Faeiort33 	[O** NS 	_____ NS- 	0.221* 

AB 	9 	I 0.002 	NS 	I NS 	NS 	0.102** 

Error 	30 	1 0.002 	0.004 	1 0.00210.004 	_0.002 

Appendix J'able VI. Sumniamy at analysis of variance of protein content and oil content of 
soybean as influenced by cliflèrent level olpotassiuni and sulphur 

[irce cf 	gre bees of 	Meansquare 
variation 	freedom 	Proteincomitent1%) 	I_Oil content (%) 

Replication 	2 	3.543  
l:aetor .A 	3 	 33.783* 	 NS  

FactorB 	3 	 _22.248w 	 NS 

	

13 9 5595* 	 I 0.326 

Error 	- 30 j2.790 j_0.345 
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