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ABSTRACT

A field experiment was conducted at the Sher-e-Bangla Agricultural Universily Farm,
Dhaka 1207 during the period from December 2008 to April 2009 to study the role of
potassium and sulphur on the growth, yicld and oil content of soybean (Glycine max
var.BARI 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 70 kg K ha™ and four
levels of sulphur viz., 0, 10, 20 and 40 kg § ha', The experiment was laid out in a
Randomized Complete Block Design with three replications. Potassium showed significant
effect on yield and yield attributes of soybean. Application of potassium @ 40 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. In all the cases lower response was found from the control treatment. Sulphur
fertilizer also had significant effect on yield and yicld attributes of soybean. Application of
sulphur @ 20 kg ha' produced the highest seed yield, plant height. number of primary
branches plant”, number of lcaves plant”, number of pods plant”, number of seeds plant™,
1000-seed weight and straw vield but in all the cases the lower response was found from the
control treatment. Potassium in combination with sulphur showed significant effect on yield
and yield attributes of soybean. Potassium @ 40 kg ha! and sulphur @ 20 kg ha™ resulted
the highest seed yield, number of primary branches plant™, number of leaves plant™,
number of pods plant”', number of seeds plant”, 1000-sced weight. protein and oil contents
of soybean except plant height. The highest plant height was observed with the application
of potassium @ 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 § not only

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

Soybean (Glycine max 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 zones. Soybean is
originating from the hot areas of South-East Asia, bul more than 50% of its
production today comes from the United States and South America. Soybean (Glyeine
max) was first introduced into the United States in 1765 (Sovbean Research Advisory
Institute, 1984).About 73,444 thousand hectares of land in the world is under
cultivation of sovbean and annual production is approximately 1, 91,993 million
tons (FAQ, 2008). As a grain legume crop it is gaining an important position in
the agriculture of tropical countries including India, Sri Lanka, Thailand and

Bangladesh.

Soybean contains higher amounts of oil and protein than any other legume crops.
Sovbean 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 (Begum, 1989) and the rest can be met from

plant sources especially from the pulse crops like sovbean.

Acute shortage of edible oil has been prevailing in Bangladesh the during last several
decades. This shortage has inherited from the past. In 1972-73, its production was
only 34.6 thousand tons that could meet only 30% of the requirement of the 73
million people leaving a shortage of 70%. At that time, there was no high yielding
variety (HY'V) 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 calorie requirement. This is also important for improving the taste of
a number of food items. Qil/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, E 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. The 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/mustard,
sesame. groundnut, soybean, niger, linseed, sunflower and salflower. Although
linseed is not considered as edible oil. but its seed is mixed with mustard and sesame
Lo extract o1l 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 extract oil profitably.
In Bangladesh, soybean is not yet popular as a crop but soybean oil is very popular as
cooking oil. Its seed contain 42-45% best quality protein and 20-22% edible oil
(Wahhab er al, 2001). However, soybean is an important source of pood quality
protein and oil and can play an impertant role in solving the malnutrition problem of

Bangladesh.

Soybean, like many other leguwmes, is capable to fix and utilize atmospheric nitrogen
through a symbiotic relationship with Rhizobium japonicum. Rhizebia are minor
component of the soil micro flora, and while not restricted to rhizosphere soil, reach

their maximum numbers in association with plant roots (Reicosky ef al, 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 vears. 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.
Unlike nitrogen and phosphorus, potassium does not form bonds with carbon or
oxygen, so it never becomes a part of protein and other organic compounds (Hoell et
al,, 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, photosynthesis, transport of sugars, protein and
starch synthesis. It is also known lor its role to provide lodging resistance and
insect/disease resistance to plants. Potassium exists in mobile ionic form (K "y and

2



its function appears to be primarily catalytic in nature. Plants absorb K in larger
amounts than any nutrient except N. K has beneficial effect on symbiotic N-
fixation by leguminous plants, High K supply has increased nodule mass. N-
fixation rate, nitrogenase activity and 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 4" major plant nutrient after N, P. K. Crop in
general require as much S as they need P. Soils which are deficient in § cannot
support successful plant growth. S application is a must for proper growth, yield
and oil content of sovbean, Most soil sources of S are in the organic matter and are
therelore concentrated in the topsoil or plow layer. Elemental 8 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,*) form to become available to the crop. This
conversion is performed by soil microbes and therefore requires soil conditions that
are warm, moist, and well drained to proceed rapidly, The sullate form of 8 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 (NOy).
In soils with a significant and restrictive elay laver in the sub-soil. it is common to
find that sulfate which has leached through the soil over time and become "perched”
on the clay layer. This S04 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, biotin, thiamin
or vitamin By and glutathione. It ocecurs in volatile compounds responsible for the
characteristic taste and smell of plants in the mustard and onion families. S stimulates
seed formation 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. Therefore, the classic symptom of deficiency is a paleness of the younger
foliage. However, many times all of the foliage has a pale green color, and the
difference in "paleness" between the older and younger foliage is not easily noticed.
This ean lead to a misdiagnosis of N deficiency for 8 deficiency (Nitrogen deficiency
symptoms appear on the older leaves first.). In some cases, the leal veins may be

lighter in color than the surrounding tissue.

3



Objectives:

In Bangladesh, limited information is available on the role of potassium and sulphur
on the growth, yield and oil content of soybean. With a view to generate information 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.

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

3. To find out the optimum doses of K and S for maximum growth, yield and oil
content of soybean.

4. Judicious application of K and 8 to minimize the excess uses of K and S and to check

soil pollution and toxieity.
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Chapter 2
REVIEW OF LITERATURE

It is now realized that agriculture does not only refer to crop production but also to
various other factors that are responsible for crop production. Some of the published

reports relevant to research topic are reviewed under the following 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 cater lo many enzymalic 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 (ATP) in the synthesis of amine-acids. Potassium in soil
solution is in equilibrium with exchangeable potassium on ¢lay minerals and humus.
Potassium moves in so1l by diffusion process and hence is nol 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 [irst o show

deficiency 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 potassium in vegetative
parls 1s transferred to seed during pod fill process. The mature soybean seed contains
nearly 60% of the total K in plant (Hoeft ef al., 2000). 1t is to be noted that on weight
basis, soybean seed contains more than twice as much potassium as cormn grain,
Deficiency symptoms, if 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 o reflect on vield of soybean. K-uptake in sovbean has
been estimated at about 101-120 kg/ha K (Nambiar and Ghosh, 1984 and Aulakh et
al., 1983). Similar removal of 101 kg/ha of K has been reported in case of soybean in
M.P. state by Swarup et al (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



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 different agro-climatic regions, the All
India Coordinated Research Project on Soybean has recommended application of
nitrogen, phosphorus, 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 adjustment 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 § (Nambiar and Ghosh, 1984;
Aulakh er al., 1985). A similar report for K removal in M.P. was made by Swarup e
al, (2001). Vedprakash et al, (2001) found that values of net depletion of K (sum total
of available and non exchangeable K) from soil profile after 27 cropping cyceles 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
profiles. Consistently higher rainfall during the rainy season could be 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 sovbean crop has
been reported to fix atmospheric nitrogen Lo the extent of 50 to 300 kg/ha (Keyser and
Li, 1992), which is further supplemented by biomass recycling and non-symbiotic
fixation. Recommendation ol phosphorus and sulphur also matches the respective
nutrient uptake. There appears to be a wide gap between the recommendations of
potassium application vis-d-vis its uptake. This [act was probably uncared for on
account of richness of vertisols and associate soils in K. By and large, no potassium is

applied by farmers in the major soybean growing areas.

Swarup ef al (2001) have reported an overall negative balance of potassium in M.P.
state, which was highest in Malwa plateau, the home of soybean. With the
introduction of improved high yvielding varieties @nd intensive agricullure, it is
imperative to standardize and readjust the recommendation for potassium for
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 comn (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 (Mengel and Barber, 1974).
&



The results of experimentation on the effect of application of different combinations
of NPK on the performance of soybean in black cotton soils of Akela during 'kharif
season revealed improvement in vield attributing characters, vield and quality (oil and
protein content) of soybean with increasing levels of NPK (Nagre er al., 1991). It is
difficult to work out the individual share of potassium in this study, but the

contribution of potassium in the overall response ean be well accepted.

The long-term experimentation conducted on vertisols of Jabalpur (M.P.) in soybean-
wheat-maize fodder revealed that not only the vield of sovbean was increased by 6%,
but application of potassium at recommended levels also enhanced the uptake of

major, secondary and some of the micronutrients.

Sovbean is not especially sensilive to magnesium deficiency. Research has not
supported the claim that high potassium will reduce yield by inducing a shortage of’

magnesium (Hoefl ef af., 2000).

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

chlorophyll content, nilrate reductase activity, seed protein and oil content in soybean.

Deshmukh er @l (1994) obtained the highest soybean yield and oil content with an
application of 60 kg K:O/ha at Amravati and 90 kg K:O/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 vears at Amlaha
(M.P.) on vertisols by Magen (1997) wherc increased seed yield, oil and protein
contents and nodulation was observed. The resulls 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 K:O/ha. The split application at 35 days afier sowing was still
superior in obtaining response. The results offer reconsideration of recommended
level of potassium application ie. 20 kg KoO/ha, In addition to above responses,
resistance of plants against major insect-pests of soybean i.e. girdle beetle, semilooper
and aphid attack was also realized based on pooled data for three years (Magen.

1997).



In case of intercropping, not much information is available. However, Hepazy and
Genaidy (1995) reported that the application of potassium sulphate improved the
growth ol soybean when ecither mono or intercropped on clayey soil. The relative K
fertilizer efficiencies were reduced in intercropping compared to monocropping

thereby 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 observed 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 lowa (USA) revealed that there have been [requent significant vield increases
in soybean in the soils with medium soil test potassium values (68 to 100 ppm) on
account of K applications (Mallarino e al, 1991). Although, no response of K
application up to 75 kg K:O/ha was obtained on Laterites of Maharashtra (Talathi,
1983). response of K application in alluvial tract of Uttar Pradesh in the farmers’ field
(32 trials) was obtained up to 60 kg K20/ ha. Maximum response (56%) was obtained
with Nz2oPaokzo over NaoPaoKo, 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 silty loam soils of Palampur (Himachal Pradesh).
Application of K also increased uptake of N, P and K. Unlike the results obtained at

Jabalpur | the application of K decreased Ca and Mg uptake in these acid soils.

The results of green house study showed that the soybean vielded highest with 27.75
ppm K in all types of soil (Singh ef al., 1993). On loamy sand soil. split application of
potassium was lound beneficial than applying full dose at the time of planting.
Soybean responded significantly up to 50 kg K:0/ha when applied 50% at planting
and 50% 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 elliciency, per cent
physiological efficiency and per cent apparent K recovery reduced as the rate of

applied K was inereased from 50 to 75 kg K2O/ha.



Grewal er 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 K:0/ha in the

absence of N in loamy sand soils of Punjab.

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

kg K:0 increased the sovbean seed yield and il content.

Rajagopal and Velu (1995) observed that the soybean responded to application of
only up to 40 kg K:O/ha and the magnitude of response was higher in ‘fharif” than

‘rahi ' season.

Application of 80 kg K2O/ha with either 20 or 40 kg N/ha significantly increased the
yield and yield atiributes in sole and intercropping systems in sandy loam soils

(Mandal and Pramanik, 1996).

Application of 30 kg KaO/ha or N x K interaction significantly increased the nodule
number and yield attributes (Singh er al, 1999). The application of N, P and K

individually also increased the seed vield of sovbean.

A long-term experiment was conducted in shallow sandy loam soil of Hawalbagh
Farm, Almora (Uttranchal) with an application of 33.2 kg K/ha in combination with
N, P and farm-yard manure in soybean-wheat cropping sequence (Ghosh et al., 1998;
Kundu er af., 1990). It indicated the beneficial role of K in enhancing vield stability of
soybean under rainfed condition. A gradual increase in K response was obtained with
the increase in advancing vears of cultivation from 1973 to 1997, The average
response ol sovbean 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, Bahnamir, Tran, to study the effects of K and Zn fertilizers on the yield and
vield components of soyabean ev. BP692, The treatments comprised: 0, 75, 150 and
225 kg K/ha: 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



mleraction between Zn and K rates were nol significant on yield and vyield

components,

Habibzadeh et al. (2004) revealed that the highest yield (2062.5 kg/ha) and 1000-seed
weight (90.6 g) were obtained with 225 kg K/ha, however, there was no significant
difference between 75. 150 and 225 kg K/ha on yield. There was no significant
difference between 150 and 225 kg K/ha for 1000-seed weight. K at 75, 150 and 225
kg K/ha significantly increased the number of pods per plant, but there was no

significant difference among the application rate.

Field experiments were conducted to investigate the effects of doses and split
applications of potassium on two soybean cultivars (Garimpo and Fit-Cristalina)
planted on Eutric Red Latosol. sandy-textured cerrado soil of Minas Gerais. Brazil in
199972000 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 K:O/a. In another experiment, 60 kg K:O/ha was
applied at different times ol crop developing: 00P-60C-001; 20P-40C-00F; 30P-30C-
00F: 40P-20C-00F; 00P-00C-601; 20P-00C-40F; 30P-00C-30F; 40P-00C-201 and
60P-00C-00F (control). A significant quadratic increase up to 90 kg K,Q/ha resulted
to a higher yield. plant height, height of insertion of the first seedpod and K in the
soil. The application of 60 kg K;O/ha at budding stage resulted to an increase in the
number of seed, pods per plant, number of plants per plot unit and minor number of

seeds (Hungria et al., 2000).

Soybean response to K fertilizer was studied over a 5-vear period on a dystrophic
Oxisol with very low exchangeable K in Brazil. K was applied annually at 0-200 kg
K:O/ha. There was a response to K when exchangeable soil K was below 40 mg Kk
soil. Borkert er afl. (2000) reported that application rates over 80 kg K:O/ha was
required for high wields and to correct the soil K level after 5 wyears of
experimentation. Seed K concentration increased with higher K rate, and over 80

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

In field experiments conducted at Rajendranagar, Hyderabad during the post-rainy

season of 1991/92 and 1992/93, soyvbeans were given 0, 25, 50 or 75 kg K/ha and
10



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 er al. (1995) conducted a field experiment on a sandy-loam soil during the rainy
seasons ol 1989-90 at Kanpur, Uttar Pradesh, soybeans cv. Gauray were given 0, 40,
80 or 120 kg K20, 0 or 20 kg zine 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 KO in 1989. In field
experiments at Alma, Arkansas with soybeans ev. Pioneer 9391 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 under 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, {resh weight of nodules per plant
and average nodule weight) and total nitrogen uptake increased with inereasing 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. However,
nitrogenase activity, which was determined non-destructively, was not affected by K

supply.

Mondal er al. (2001) conucted a field experiment during kharif 1999-2000 in
Parbhani, Maharashtra. India. to investigate the response of sovbean grown on
Vertisol to different rates ol nitrogen, phosphorus and potassium (0, 30, 60 and 90 kg,
N, P20 and K;O/ha, respectively). Results showed that N and P:0: at 90 kg/ha
showed the highest vield for pods per plant, 100 seed weight, crude protein, seed and
straw yields. Potassium application did net affect any of the yield components. The
interaction effect of the different treatment combinations were non-significant except
crude protein which was significantly increased up to 40.52% with N and P2Os at 90

kg/ha.
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2.2 Effect and importance of Sulphur fertilizers on Soybean

In soybean, seed number and yield is largely determined by the environmental
conditions between initial bloom and the beginning of seed filling. Four ficld
experiments were conducted in Argentina to determine the effects of two sources of
sulfur (S) on crop growth during the eritical period of seed number determination and
yield. Ammonium sulfate and gypsum were applied at a rate of 15 kg S ha™'. Seed
yield was closely related to the number of seeds per m* (R*=0.93), but seed number
was not related to crop growth between bloom and the beginning of seed filling.
There was no effect of fertilizer application on aboveground 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 be a consequence of the

known high sulfate mobility in soils and low S remobilization in plants,

The effects of S rate (0, 10, 20 or 30 kg/ha) and source (50% through ammonium
sulfate + 50% through elemental 8 or compound fertilizer 13-33-0-158) on the
performance of soybean (cv. JS 335) grown on Typic Haplusterts 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
fertilizer was applied. Thus, 30 kg S/ha supplied through 13-33-0-15 S resulted in the
highest number of nodules per plant (113.6), nodule fresh weight (1.082 ¢ per plant),
nodule dry weight (0.341 g) number of 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 (39.3%). 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
registered the highest soil P20s (19.4 kg/ha), K0 (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 pH, EC |electrical conductivity], organic C, and available N aller

harvesting.
Singh et al. (2001) conducted a field experiment in New Delhi, India to assess the
growth characteristics, seed and oil yield of two cultivars of soybean (G. max), i.e.

PR-416 (V) and PK-1024 (V3), in relation to sulfur and nitrogen nutrition. Six
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combinations (T}-Tg) of two levels of sulfur (0 and 40 ke ha') and two levels of
nitrogen (23.5 and 43.5 kg ha™) were applied to the two soybean cultivars as
nutrients. Results indicated significant effect of sulfur and nitrogen, when applied
together, on the growth characteristics. vield components, and seed and oil yield.
Maximum response was observed with treatment Ty (having 40 kg S and 43.5 kg N
ha'y. Seed and oil yields were increased by 90 and 102% in V. and 104 and 123% in
V3, respectively, compared to the control i.e. T| (having 0 kg S and 23.5 kg N ha™).
Positive responses of § and N interaction on leafl area index, leal area duration. crop
growth rate and biomass production were also observed. The results obtained in these
experiments clearly suggest that balanced and judicious application of nitrogen and
sulfur can improve both seed and oil yield of soybean cultivars by enhancing their

growth,

A pot culture experiment was carried out with soybean in 2001 in a glasshouse on a
clay loam soil deficient in available S. The treatments consisted of four levels of § (0,
7.5, 15. 30 kg ha) supplied through gypsum in the presence and absence of
Bradyrhizobium inoculation. Vijayapriya ef al. (2005) reported that nutrient uptake
and availability of nutrients were significantly influenced by the addition of S and
Rhizobium compared to the control. The nutrient uptake and availability were
significantly higher in plants inoculated with Rhizobium 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 culture experiment was conducted on a clay loam soil in Annamalainagar.
Tamil Nadu, India, during 2001 to investigate the effect of S (at 0, 7.5, 15 and 30
kg/ha), with and without Bradyrhizobium inoculation on the growth and yield of
soybean. Soybean responded significantly in the presence of Bradvrhizobium and S
compared to the control. Sriramchandrasekharan ef al. (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 St/ha in the presence of Bradyrhizobium
inoculation compared to S or inoculation alone and the control. The percentage
increase in seed vield was 44 over the control. Bradvrhizobium-inoculated soil

recorded higher rhizospheric microbial population compared (o the uninoculated soil.

13



5 application significantly increased the bacterial population. while fungal population

was higher in the control.

Sangale ef al. (2004) conducted a field experiment during kharif 2003/04 1o
investigate the effects of § 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. IS 335 grown on deep black soil in the Marathwada region of
Maharashtra, India. Gypsum and single super phosphate were piven 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 et al. (2004) conducted a field experiment during Kkharif 2003-2004 at
Raipur, Chhattisgarh, India to evaluate the effects of different levels of S (0. 10, 20
and 30 kg/ha) and B (0 and 0.002% at pre-flowering or pre-podding) on soybean cv.
I5-335. Data were recorded for 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, B and its interaction with 8§ had no significant
effect. Net realization per investment was highest with S at 20 kg/ha, followed by S at

30 ke/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 treatments consisted of four levels of 5 (0. 7.5, 15 and 30 kg/ha)
in the presence and absence of Bradyrhizobium. Arunageeta e al. (2006) revealed
that the highest soyabean nodule number per plant (40.7), nitrogenase activity (579.8
nanomoles C;Hy nodules/h), number of pods per plant (51.7). seed yield (2295 g/pot),
uptake of N (13 g/plant) and § (0.46 g/plant) were recorded with 30 kg S/ha.
Similarly, Rhizobiwm inoculated plant recorded higher BNF, seed vield and uptake

than uninoculated plants.

Gokhale er al. (2005) conducted a field experiment to study the effect ol different
sulfur (8) levels (0. 10, 20, 30, 40 and 50 kg/ha) on soybean (cv. MACS 124) in
Maharashtra. India during kharif 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 g/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 marginally low in S content (9.6 mg/kg)
which showed responses to lower § levels, The highest increase in monetary returns
over lhe control (without S) was Rs. 4290/ha under the 30 kg 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. § application increased N and S availability in soil. Proteins and oil contents
in soybean increased with increasing 8 levels up to 30 kg/ha. Thereafier, 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 sovbean.

The wield response of soybeans to sulfur application was evaluated at 2 sites
(Bandera, Santiago del Estero, and Gral. Pico, La 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
SOy/ha were applied at Bandera and between (0 and 40 kg SOy/ha at Dorila. The
varieties used were A-6001 PR at Bandera and Nidera A-4100 at Dorila. Sulfur

fertilization had no significant effect on soybean yield.

A pot culture experiment was conducted by Praharaj e al. (2003) using a clay loam
soil to investigate the effect of 5 application and Bradyrhizebivm japonicum
inoculation on nodulation, nitrogenase activity and yield of soyabean cv. CO1. Sulfur
was applied at 0, 7.5, 15.0 and 30.0 kg/ha through gypsum with or without B
Jfaponicum inoculation. With increasing levels of S, there was gradual increase in
nodulation, nitrogenase activity and seed yield B. japonicum inoculation, irrespective
of § levels, enhanced biological nitrogen fixation over uninoculated control, thereby

increasing the seed vield of soybean significantly by 22%.

A field experiment was conducted at College of Agriculture, Indore, Madhya Pradesh,
India, during the kharif scasons of 1998 and 1999, on medium black clay soil to study
the ellect 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

n
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an absolute control. Tomar er al. (2000) reported that the highest sced 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 effective followed by agricultural pyrites and elemental

sulfur,

A field experiment was conducted during 1995-97 o study the response ol soybeans
cv. J8 71-05 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

superphosphate.

In a field experiment during the winter seasons of 1990-92 in Tamil Nadu, soybeans
ev. CO 1 were given a basal dressing of NPK plus 0-40 kg S/ha as gypsum or pyrites.
The application of 40 kg S as gypsum gave the highest mean seed yield of 1.53 vha

and the highest net return.

Laboratory and lield experiments were carried out for 2 years (1990 and 1991} in
Islamnagar-3 and -4 soil series (Vertic Ustochrepts) in Madhyva Pradesh, India, to
evaluate the response of soybean to sulphur and to establish the crtical limit of
sulphur in soybean plants. In 9 field experiments, the optimum response to sulphur
was at 40 kg S/ha. Application of 8 also significantly increased the S uptake, oil
content of grain and oil yield. Using data obtained from 30 field experiments over 2

years, the plant critical 5 limit was 0.34%:.

Mohan and Sharma (1991) observed that S @ 75 kg ha! significantly increased
primary and secondary branches plant™. Sulphur @ 350 kg ha” increased the plant

height significantly,

Saran and Giri (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 found that height and primary branches plant™, number of

seeds plant”, number of leaves plant”and 1000 seed weight were also increased
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significantly with 60 kg ha” of § 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) of Assam, India.
to study the effects of K and S on nutrient availability, nutrient uptake and yield of
soybean (cv. JS-2). The addition of 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 influence on the availability of N, P and K in the soil
(Das er af.. 2001). The application of K and S tended to increase nutrient uptake as
rellected in the yield and vield attributes, The interaction effects of K x S were
significant only for the number of pods per plant, 100-seed weight, grain and stover

yields, and N-upiake by the grain,

Soybeans cv. PKV-1 grown at Nagpur, Maharashtra in 1994/95 were given 0, 25, 50
or 75 kg K;0 and 0, 20 or 400 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 K;0 and 40 kg 8 (Singh et al,,
1995},

Soybeans grown at Wagpur, Maharashtra in the 1994/95 ktharif [monsoon] season
were given 0, 25, 50 or 75 kg K20 and 0, 20 or 40 kg S/ha, Growth and yield per plant
increased significantly with up to 25 kg K-O and 40 kg S (Potkile er al., 1996).

In a field experiment on a sandy-loam soil during the ramy seasons of 1989-90 al
Kanpur, Uttar Pradesh, soybeans cv. Gaurav were given 0, 40, 80 or 120 kg K;0, 0 or
20 kg zine oxide and 0 or 30 kg S/ha. K and S applications increased seed yields in
both vears while Zn application increased yield in 1989 only. Seed yield and net
return were the highest with 120 kg K-0 in 1989, In field experiments at Alma.
Arkansas with soybean cv. Pioneer 9591 in 1990, Williams 82 in 1991 and Pioneer

9391 in 1992, row spacing and K application did not signilicantly affect seed yields.
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Studies to evaluate the effect of § and K fertilizer application on Zn, Mn, Fe, and Cu
in soybean in Vertisols of Madhya Pradesh, India revealed that the successive
application of S significantly increased the contents of micro nutrients at all stages of
growth up 1o 30 mg/'kg compared with the control (Kadamdhad ef al.. 1996). On the
other hand, a deleterious effect with successive K application was found 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 of Fe and Mn was restricted.
The content of micronutrients was higher in early stage but decreased with
advancement of age. The maximum contents accumulated in the seed with a
concomitant decrease in the straw at senescence. S and K application exhibited a

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

A field experiment was conducted during kharif 1998 at Akola, Maharashtra, India to
investigate the effeets to different levels ol sullur (8) and potassium (K) on the quality
and nutrient uptake of soybean. Wasmatkar ef al. (2001) reported that S at 15 kg ha”
and K at 40 kg ha”' gave ihe highest grain yields of 1962 and 1955 kg ha™,
respectively. S at 30 kg ha™ and K at 40 kg ha' recorded the highest straw vields of
1940 and 2060 ke ha', respectively. S and K had significant effeets on the uptake of
N, P, K, S and Zn at harvest. The highest uptake of N (124.02 and 128.25 kp ha™) 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 ha™), S (12.03 and 10.75 kg ha™)
and Zn (108.23 and 101,43 kg ha']} 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, sovbean 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, vield and oil content of sovbean.

3.1 Experimental site

The research work relating to the study of the role of K and S on the growth, yield and
il content of soybean was conducted at the Sher-e-Bangla Agricultural University
Farm, Dhaka 1207 during the Rabi 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 90”3 E longitudes with an elevation of 1.0 meter from sea

level.

3.2 Climate

The annual precipitation of the site is 2152mm and potential evapotranspiration is
1297mm. The average maximum temperature is 30.34 "C and average minimum
temperature is 21.21°C, The average mean temperature is 25.17 "C. The experiment
was done during the rabi season. Temperature during the cropping period was
ranged between 12.20 °C 10 29.2 °C. 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 lemperature, humidity, bright sunshine, solar radiation, precipitation and
potential evapotranspiration pattern of the site during the experimental work are

presented in appendix -1,

3.3 Desceription of soil

The soil of the experimental field belongs to the Tejgaon senes under the Agro
ceological Zone, Madhupur Tract (AEZ- 28) and the General soil type is Deep Red
Brown Terrace Soils. A composite sample was made by collecting soil from several

spots of the field at a depth of (-15 ¢m 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.
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Fig.1. Map showing the experimental site under study J



Table 3.1 Morphological characteristics of experimental field

Morphological features Characteristics
Location Sher-e-Bangla Agricultural Uniﬁarsity Farm, Dhaka
AFEZ No. and name AEZ-28, Madhupur Tract
General soil type Deep Red Brown Terrace Soil
Soil series Tejgaon
Topography Fairly leveled
Depth of inundation Above flood level B
Drainage condition Well drained
Land type High land B




Table 3.2 Initial characteristics of the soil of the experimental field

112 Parlicl_c-size Sand (%) 30.55
analysis of
soil Silt (%) 3729
Clay (%) 32.16
2: Textural Class Clay loam
3, P 6.3
4. Total N (%0) 0.075
—S_. Organic matter (%) 0.80
E Available phosphorous (mg kg"} 16
J 7. Available potassium (cmol/ kg) (.38
8. Available sulphur (mg kg™) 10
9. Available zinc (mg kg™) 1.30
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Plot size: 2.5m x 2.0m
Plot to plot distance: 0.5m
Block to bloek distance: 1m
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Fig.2. Layout of the experimental ficld
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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
(BARI). Joydebpur, Gazipur in 2002. Life cycle of this variety ranges from 95 tol15

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 15™ December 2008, afterwards the land was ploughed and cross-ploughed
several times 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 seil for sowing of sceds. 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).

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, cach measuring 2.5m x 2.0m (5Sm”).
The treatment combination of the experiment was assigned at random into 16 plots of
each at 3 replications. The adjacent block and neighboring plots were separated by 1.0

m and 0.5 m, tespectively. The 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 ha” designated
as Kp, K. Ko and K;, respectively) and 4 levels of S (0. 10. 20 and 40 kg S ha™
designated as Sy, Sy, Sz and 83, respectively). There were 16 treatment combinations.
The rates of K and S and their treatment combinations are shown below:
A. Rates of Potassium (4):

. Ko=0kgKha'

2, Ki=20kgKha'

3. Ka=40kg K ha'

4, K3=70kg K ha'

e
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B. Rates of sulphur (4):
1. 8=0kg$S ha'

I

F

Si1=10ke 8§ ha™
Sa=20kg S ha”

5:=40 kg 5 ha

Treatment combinations

16.

KaSy =Control (without K and §)
KoSi-(0kg K ha'! + 10kg Sha)
KiSs=(0kg K ha' +20kg S ha'')
KoS:=(0kg K ha' +40 kg S ha'')
KiS;=(20kg K ha' +0 kg S 113"}
KiS;=(20kg K ha' +10kg S ha™)
KiSa=(20kg K ha' +20 kg S ha™)
KiS3=(20kg K ha' + 40 kg Sha™)
K:So=(40kg K ha' +0kgSha')

K28 =(40kg K ha + 10 kg S ha™)
KsS;=(40kg K ha” +20 kg S ha™)
K28y = (40 kg K ha™' + 40 kg S ha')
KsSo=(70kg K ha' + 0kg S ha')

K8, = (70 kg K ha! + 10 kg S ha™)
CKaS:=(70kg K ha' + 20 kg Sha™)

K383 =(70 kg K ha'! +40 kg Sha™)

3.8 Application of fertilizers

Recommended doses of N. P, Znand B (30 kg N from urca, 30 kg P from TSP, 2 kg
7n from ZnO and 1 kg B ha™' from Boric acid, respectively) were applied.

The whole amounts of TSP, Zn0O, Boric acid and half of the urea fertilizer were
applied as basal dose during final land preparation. The remaining half of urea was
top dressed after 22 days of germination. The required amounts o K (from MP) and 5
(from gypsum) were applied at a time 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 sceds were sown on the 27" December 2008 in lines following the

recommended line to line distance of 30 em and plant to plant distance of 5 em.

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 15, 2009. Care

was taken to maintain constant plant population per plot.

3.11 Irrigation

Irrigation was given at three times. The first 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)
before 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 infested with cutworm at the seedling stage and application of Durshan-
25EC @ 2.5ml/liter was done twice on January 12 and 20, 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™ April 2009, The harvested crop of each
individual plot was bundled separately. Grain and straw yields were recorded plot

. . ] =
wise and the vields were expressed intha™

3.14 Collection of samples

3.14.1 Soeil Sample

The initial soil sample was collected randomly from different spots of the field
selected for the experiment at 0-15 cm depth before 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 em depth on 17" April 2009. The samples were air -
dried, ground and sieved through a 2 mm (10 mesh) sieve and kept lor 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 [irst with tape water
and then with distilled water several times .The plant samples were dried in the
clectric oven at 70 C for 48 hours. Afier that the samples were ground in an electric
erinding machine and stored for chemical analysis. The plant samples were collected

by avoiding the border area of the plots.

3.15 Collection of data
Ten (10) plants from each plot were selected at random and were tagged for the data
collection, Data collections were done on the following parameters:
1) Plant height (cm)
2) Number of leaves /plant
3) Number ol primary branches /plant
4y Number ol pods /plant
5) Number of seeds /plant
6) Thousand seed weight (g)
7} Grain yield (t ha™)
8) Straw vield (1 ha"}
9) Protein content in seed
10) Oil content in seed
LIYN, P, K. S and Zn contents in plant sample

I2)N, P, K. 8 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 measured randomly from each plot and averaged. It was done at the ripcning

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 vegetlalive 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 from each plot

and averaged.

3.15.5 Number of seeds / plant
It was done after harvesting. At first, number of seeds / pod were counted and
averaged, Then it was multiplied with number of pods /plant. 10 plants were selected

and averaged.

3.15.6 Thousand sced weight
Thousand seed of soybean were counted randomly and then weighed plot wise.
3.15.7 Grain yield

Grains obtained from 1 m’ arca from the center of each unit plot was dried, weighed

carefully and then converted into tha']_

3.15.8 Straw yield

Straw remained after collection of grain (1 m® of each individual plot) was dried,
weighed carefully and the yield was expressed in 1 ha

3.16 Chemical analysis of the plant, soil and seed samples

3.16.1 Plant sample analysis

The plant samples collected at different growth stages of the crop were digested with
cone. HNO; and HCIO; mixture for the determination of P. K and 8 and Zn.



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).

2.16.1. b) Potassium

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

3.16.1. ¢) Sulphur

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

[Hunt (1980) using a Spectrophotometer (I.LKB Novaspec, 4049).

3.16.1. d) Nitrogen

Plant samples were digested with 30% H0,, cone. HaS804 and a catalyst mixture
(K280s : CuS04.5H,0 : Selenium powder in the ratio 100 : 10 : 1, respectively) for
the determination of total nitrogen by Micro-Kjeldal method. Nitrogen in the digest
was determined by distillation with 40% NaOH followed by titration of the distillate
absorbed in H:BO; with 0.01N HaS0y (Jackson, 1973).

3.16.1. ¢) Zine

7Zn content in the digest of the plant samples were determined by Atomic Absorbance
Spectrophotometer.

3.16.2 Soil sample analysis
3.16.2. a) Organic carbon

Soil organic carbon was determined by Walkley and Black’s wet oxidation method as
outlined by Jackson (1973) from the samples collected before sowing and also after

harvesting the crop.
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3.16.2. b) Organic matter

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

with Van Bemmelen factor 1.73 (Piper, 1950)-

3.16.2. ¢) Total nitrogen

Total nitrogen of soil samples were estimated by Micro-Kjeldahl method where soils
were digested with 30% H30; cone. H,S04 and catalyst mixture (K2504: CuSOs,
51,0 : Selenium powder in the ratio 100 :10 :1, respectively). Nitrogen in the digest
was determined by distillation with 40% NaOH followed by titration of the distullate

absorbed in H:BO; with 0.01N H,80; (Jackson, 1973).

3.16.2. d) Available Phosphorous

Available phosphorous was extracted from the soil by Bray-1 method (Bray and
Kurtz, 1945), Phosphorous in the extract was determined by ascorbic acid blue color
method (Murphy and Riley, 1962) with the help of a Spectrophotometer (LKB
Novaspec, 1949),

3.16.2. e) Available Potassium

Available potassium in the soil sample was extracted with 1N neutral ammonium

acetate and the potassium content was determined by flame photometer.

3.16.2. f) Available Sulphur
Available sulphur was extracted from the soil with Ca(H;PO4)2.H:0 (Fox ef al.,
1964). Sulphur in the extract was determined by the turbidimetric method as

deseribed by Hunt (1980) using a Spectrophotometer (LKB Novaspee, 4049).
3.16.2. g) Available Zinc

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

described by Lindsay et al. (1978) using an Atomic Absorbing Spectrophotometer.
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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.
Total 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 varniance was performed by the "F’ (variance
ratio) test. The significance of the differences among pairs of treatment means was
estimated by the least significant difference (LSD) test at 5% and 1% level of

probability and DMRT was calculated (Gomez and Gomez, 1984),
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Chapter 4
RESULTS AND DISCUSSION

The results on different yield attributes, vield. oil content and nutrient concentrations
in the plants and availability of different 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 elfects 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 different doses of potassium. Among the different doses of potassium,
K (40 kg K ha) showed the highest plant height (68.13 cm) and it was closely
followed by (67.56 cm) K; treatment. On the other hand, the lowest plant height
(58.52 cm) was observed in the K treatment where no potassium was applied. Plant
height increased with increasing levels of potassium up to certain level, The increased
plant height may be due to favorable effects of potassium on the vegetative growth of
soybean plant. Hungria et al. (2000) also found similar results with the application of

90 kg K:O/ha.

Table 4.1 Effect of K on the growth parameters of soybean

[Treatments | Plant Number of | Numberof [ Numberof | Number of
height | primary | leavesplant" | pods plant’ | sceds plant”
(cm) branches |
""" plant’ ==
Ky 5852¢ | 3.08¢ 16.93 d 33.174d 99,50 d
K, 6265b |3.59b 1835 ¢ 41.60 ¢ 124.8¢
K, ~ |e8.13a [43la 21.53 a 48.51 a 145.5a
K; 67.56a |4.14a 20.97 b | 46.67 b 140.5 b
LSDggs 0.953 0273 0310 10467 1.105
V(%) 7.78 6.22 | 691 432 8.04

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




4.1.2 Effect of sulphur on the plant height of soybean

Soybean plants showed significant variation in respect of plant height when sulphur
fertilizer in different doses was applied (Table 4.2). Among the different fertilizer
doses. S5 (20 kg S ha™') showed the highest plant height (69.72 em). On the contrary.
the lowest plant height (59.07 ¢m) was observed in the treatment where no sulphur
fertilizer was applied. Plant height increased with increasing levels of sulphur up to
certain level, The increased plant height may be due to favourable effects of sulphur
on the vegetative growth of soybean plant. Sriramchandrasekharan er al. (2004)
reported that the highest plant height was obtained with the application of 30 kg S/ha
in the presence of Bradyrhizobium inoculation. Mohanti er al. (2004) observed that
the highest plant height was obtained with the application of 30 kg Srha. Saran and
Giri (1990) found that the highest plant height was obtained with the application of 60
kg Sha.

Table 4.2 Effect of S on the growth parameters of soybean

Treatments | Plant Number of | Numberof | Numberof | Number of
height primary | leaves plant’ | pods plant” | seeds plant’
(cm) ‘branches eSSl <

plant’ |
Sa 59.07d  |333¢ 17.06 d 35.39d 106.20 d
'S, 61.99¢ [373b 18.97 c 42.08 ¢ 12620 ¢

S, 69.72a |4.16a 21.85a 4739a | 142.70a

S, 66.09b | 3.89ab 19.92 b 45.08 b 13530 b

LSDyo5 0.951 0.270 0.306 0.465 1.107

CV (%) 7.78 622 6.91 1432 8.04

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

letter(s) differ significantly as per DMRT

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.3).The 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

14




K;S: (70 kg Kha' +20 kg S ha') which was statistically similar with the K8, (40 kg

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

effects of potassium and sulphur on the vegetative growth and accumulation ol

materials.

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

Treatments | Plant Number of | Numberof | Numberof | Number of
height | primary | leaves plant’ _pnﬂs plant” | seeds plant”’
{em) branches =
plant’ ==

KoSo 51.72 290 f 1582 ¢ 28.151 84.45k
Fosy 55.78 i 301 ef 1731 {g 3021 h 90.63 ]
KoS: 6534de | 3.17ef 1843 ef 38.46 1 1154 ¢

W5 6125g¢ |3.13¢f 16.18 g 35.84 ¢ 107.5h

K1S 57.70h | 295f 1589 ¢ 31.86 h 05,581

K18 5855h | 3.65de 16.65 fe 42.80 de 128.4 f

K;S: 68.15bc | 3.95¢d 21.32 bd 47.24 ¢ 141.7d

K:iSs 66.20cd | 3.80d | 19.55 de [ 44.51d 133.6 ¢
KaSu 164.12¢f |3.77d 1817 ¢f 4238 ¢ 1272 f

KaS, 67.31 b-d | 4.15b-d 2137 b-d 47.89 ¢ | 143.7 cd

K282 72.01 a 485a 2449a 52.82a 158.5a
[ K:S: 69.10b | 4.45a<c 22.10 be 50,93 ab 15285 |

KaSo 62.74 g | 3.68 de 18.34 ef 39.17 f 1175¢

kS, 6630cd | 4.00cd 30,53 od 7Ale 14234

KiS; 7339a | 4.67ab 23.15 ab 51.04 ab 155.1 ab

K3Ss 67.80bc |4.20b-d 21.85 be 49.06 be 1472 ¢
IShops |1805  [03455 |1A@ |11l |3.636

CV (%) 7.78 622 691 432 B

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

letter{s) differ significantly as per DMRT

Led
I




{wia) yay jueld

|
Rt |

'SF

| |

‘ST

mmnM

'S¥

o

R |

|

'Sty
ogty

E ch.uw

Treatments

Fig.3. Combined effect of K and S on the plant height of soybean

o
s




ab

./.

-
T I B - 5
-

wepd fsaysueaq Asewiad jo sagquinp

|

gy
gy
| ogty
gty
gy

'S

o5ty
gy
gy

sty
oty

50

g0y

|

| ogoy

Treatments

Fig.4. Combined effect of K and S on the number of primary branches/plant of

soybean

37



33

ueaqLos jo yuepd/saAea] Jo JAQUINU 37) U0 § PUB ¥ JO 123]J2 pauIquo)) "S314

SIBLeal]

KiSs |

Ki5

KiS;
KiSs |
KaSo |
KiSt |

K18,

K:5,

K38y

K5,

K45:

K54

Number of leaves/plant




Number of pads/plant

KQSD

g A4 @G oA u d oaoda g
VIS SR Y Y

Treatments

Fig.6. Combined effect of K and S on the number of pods/plant of soybean

39



160

120 -
0o +
80

60 4

Treatments

=
= ~d
— i
wepd fspaas jo Jaguiny
¥
[ a—

Fig.7. Combined effect of K and S on the number of seeds/plant of soybean

40



4.2 Number of primary branches plant’”

4.2.1 Effect of potassium on the number of primary branches plant” of soybean

Significant variation was observed in the number of primary branches plant’ of
soybean when different doses of potassium were applied (Table 4.1). The highest
number of primary branches plﬂnt" (4.31) was recorded in Ka (40 kg K ha™) which
was statistically similar with the K: (70 kg K ha') treatment, The lowest number of
primary branches plant” (3.08) was recorded in the Kq treatment where no potassium
was applied. The increased number of primary branches/plant 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 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). Ameng the different doses of sulphur,
S:(20kg S ha') showed the highest number of primary branches p]:-ml" (4.16) which
was statistically similar with the S; (40 kg S ha') treatment. On the contrary, the
lowest number of primary branches plant” (3.33) was recorded in the Sy treatment
where no sulphur fertilizer was applied, The increased number of primary
branches/plant may be due to positive effects of sulphur on the vegelative growth and
accumulation of materials that helped proper growth and development of the soybean

plant. Mohanti et al, (2004) found 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 effect of different doses of K and S fertilizer on the number of primary
branches plant” of soybean was significant (Table 4.3 and Fig.4). The highest number
of primary branches plant” (4.85) was recorded with the treatment combination of
K-S» (40 kp K ha' + 20 kg S ha') which was statistically similar with K35, (70 kg K
ha! + 20 kg S ha™) treatment. On the other hand, the lowest number of primary
branches planl" (2.90) was recorded in the KySp treatment (control treatment). The
highest number of primary branches plam'] 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 ol leaves plant” of soybean when
different doses of potassium were applied (Table 4.1), The highest number of leaves
]:uicmt'l (21.53) was recorded in K; (40 kg K ha') treatment. The lowest number of
leaves plam" (16.93) was recorded in the Ky treatment where no potassium was
applied. The increased number of leaves/plant may be due to favorable effects of
potassium on the vegetative growth and accumulation of maiterials that helped proper

growth and development of the soybean plant.

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

Different doses of sulphur fertilizer showed significant variations in respect of
number of leaves plant”’ (Tabl: 4.2). Among the dilferent doses of fertilizers, S; (20
ke S ha'') showed the highest number of leaves plant” (21.85). On the contrary, the
lowest number of leaves p]anl" (17.06) was recorded in the §; treatment where no
sulphur fertilizer was applied. The increased number of leaves/plant may be due to
favorable effects of sulphur on the vegetative growth and accumulation of materials
that helped proper gsrowth and development of the soybean plant. Saran and Gini

(1990 also found similar results with the application of 60 kg S ha

4.3.3 Interaction effeet of potassium and sulphur on the number of leaves plant”
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 Fig.5). The highest number of leaves
plant”! (24.49) was recorded with the treatment combination of K38 (40 kg K ha™ +
20ke S ha™') which was statistically similar with K38; (70 kg K ha” + 20 ke S ha™')
treatment. On the other hand, the lowest number of leaves plant” (15.82) was
recorded in the KySp treatment (control treatment). The highest number of leaves
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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4.4 Number of pods plant’

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

Significant variation was observed in the number of pods plant” of soybean when
different doses of potassium were applied (Table 4.1). The highest number of pods
piELnl'[ (48.51) was recorded in K; (40 kg K ha™) treatment. The lowest number of
pods plant” (33.17) was recorded in the K, treatment where no potassium was
applied. The increased number of pods/plant 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 K;O/ha at
budding stage resulted to an increase in the number of pods per plant (Hungria et al..

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 of fertilizers, S (20 kg
S ha'') showed the highest number of pods plant™ (47.39). On the contrary. the lowest
number of pods plunt" (35.39) was recorded in the S; treatment where no sulphur
fertilizer was applied. The 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. Sriramchandrasekharan ef al.
(2004} found similar results with the application of 30 kg S/ha in the presence of
Bradvrhizobium inoculation. Arunageeta ef al. (2006) observed that the highest

number of pads plant™ was obtained with the application of 30 kg S/ha.
pads p p

4.4.3 Interaction effect of potassium and sulphur on the of number of pods/ plant
of soybean
The combined effect of different doses of K and S fertilizers on the number of pods
plant” of soybean was significant (Table 4.3 and Fig.6). The highest number of pods
plant”! (52,82) was recorded with the treatment combination of K;S; (40 kg K ha +
20 kg S ha') which was statistically similar with K38, (70 kg K ha! + 20 ke S ha)
and Ks5; (40 kg K ha” + 40 kg S ha'l) treatment. On the other hand. the lowest
number of pods pl.ant'l (28.15) was recorded in the KgSp treatment (control

treatment). The highest number of pods plant”' may be due to the fact that, the
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combined effect of both potassium and sulphur had positive effect on the vegetative
growth and accumulation of materials that helped proper growth and development of

the sovbean pod.
4.5 Number of seeds piant"

4.5.1 Effeet of potassium on the number of seeds plant” of soybean

Significant variation was observed in the number of seeds plant™” of soybean when
different doses of potassium were applied (Table 4.1). The highest number of seeds
plant” (145.5) was recorded in K (40 kg K ha') treatment. The lowest number of
seeds plant” (99.50) was recorded in the K; treatment where no potassium was
applied. The number of seeds plant”! increased with increasing levels of potassium up
to certain level, The increased number of seeds plant” may be due to the favorable
effects of potassium on the vegetative growth and accumulation of materials that
helped in obtaining the highest number of seeds plant” of soybean, Hungria et al.

(2000) also found similar results with the application of 60 kg K;O/ha.

4.5.2 Effect of sulphur on the number of seeds plant™ of soybean

Different doses of sulphur fertilizer showed significant variations in respect of
number of seeds plant” (Table 4.2). Among the different doses of fertilizers, 5; (20 kg
S ha') showed the highest number of seeds |::isml'E (142.70). On the contrary, the
lowest number of seeds plant" (106.20) was recorded in the Sy treatment where no
sulphur fertilizer was applied. The increased number of seeds plant” may be due to
the favorable effects of sulphur on the vegetative growth and accumulation of
materials thal helped in obtaining the highest number of seeds plant” of soybean.

Saran and Giri (1990) also found similar results with the application of 60 kg 5 ha™!

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 8 fertilizers on the number of seeds

plant” of soybean was significant (Table 4.3 and Fig.7). The highest number of seeds

plant" (158.5) was recorded with the treatment combination of K5z (40 kg K ha! +

20 kg S ha™") which was statistically similar with K3Sz (70 kg K ha™ +20 kg S ha')

treatment. On the other hand, the lowest number of seeds plant”™ (84.45) was recorded
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in the ¥K,S, treatment (control treatment). Optimum fertilizer doses increasce the
vegetative growth and development of soybean that lead to the formation of the

highest number of 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 K (40 kg K ha') treatment. The lowest weight of
1000 seed (79.05 g) was recorded in the Ky treatment where no potassium was
applied, The increased grain weight may be due to the favourable effects of potassium
on the vegetative growth and accumulation of materials that helped proper growth and
development of the soybean grain. Habibzadeh ef al. (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 1000 seed of soybean

Different doses of sulphur fertilizer showed significant variations in respect of the
weight of 1000 seed (Table 4.5). Among the different doses of § fertilizer, S (20 kg 5
ha'y showed the highest weight of 1000 sced (82.86 g). On the contrary, the lowest
weight of 1000 seed (79.40 g) was recorded in the Sp treatment where no sulphur
fertilizer was applied, The increased grain weight may be due to the positive elfects of
sulphur on the vegetative growth and accumulation of materials that helped proper
growth and development of the soybean grain. Saran and Giri (1990) also found

similar results with the application ol 60 kg 5 ha™.
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Tahle 4.4 Effect of K on the yield parameters of soybean

Treatments. 1000 seed weight (g) | Grain vield (tha™), | Straw yield (t ha™) I
Ko 79.05 ¢ 1.57d 1.47 ¢ I
K 81.79 b 1.84 ¢ 1.80 b

K, 83.78 a 2.09a 1.90 a

K 81.60 b 1.98 b 1.92a

LSDags 0.3596 0,102 0.087

CV (%) 851 [38 S5

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

letter(s) differ significantly 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 doses of K and S fertilizers 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 K;5z (40 kg K ha' + 20 kg S ha™).
On the other hand. the lowest weight of 1000 seed (75.20 g) was recorded in the KqSq
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 atiributes. Singh er al. (1995) also found similar result with the

application of 50 kg K20 and 40 kg S ha™.
4.7 Grain yield of soybean (t ha™)

4.7.1 Effect of potassium on the grain yield of soybean

Significant variation was observed on the grain yield of soybean when dilferent doses
of potassium were applicd (Table 4.4). The highest grain yield of soybean (2.09 tha™)
was recorded in Ko (40 kg K ha™) treatment. The lowest grain yield (1.57 t ha) was
recorded in the K, treatment where no potassium was applied. The increased grain
yield may be 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, Grewal ef al. (1994) observed that the soybean grain vield increased with the
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application of 30 kg K:O/ha. Annadurai ef al. (1994) observed that the application of

40 kg K2O/ha increased the soybean seed yield.

4.7.2 Effect of sulphur on the grain yield of soybean

Different doses of sulphur fertilizer showed significant variations in respect of grain
yvield of soybean (Table 4.5). Among the dilferent doses of S fertilizer, S, (20 kg S ha'
'y showed the highest grain vield of soybean (2.08 t ha™) which was statistically
similar with S; (40 kg § ha™") treatment. On the contrary, the lowest weight grain yield
of soybean (1.61 t ha™y was recorded in the Sy treatment where no sulphur fertilizer
was applied. The increased grain yield may be due to the favourable effects of sulphur
on the vegetative growth and accumulation of materials that helped proper growth and
development of the soybean grain. Sriramchandrasekharan et al. (2004) found similar
results with the application of 30 kg S/ha in the presence of Bradyrhizobium
inoculation. Sangale ¢f al. (2004) observed that application of S at 20 kg/ha gave
highest seed vield. Mohanti er al. (2004) found similar results with the application of
30 kg S/ha. Tomar ef al. (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 vield parameters of soybean

 Treatments 1000 seed weight (g) Gl‘&lnjﬂﬂldff?ﬂ'l} ‘Straw yiold (tha™).
S, 7940d  |16lc 152 d
B 81.67 ¢ 181 b 1.75¢

S; 82.86 a . 1 2.08a 1.95a

S 82.30 b 199 a 187 b

LSDggs 0.363 {0099 - |oos3

CV (%) Bs1 S e e LR TR

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

letter(s) differ significantly as per DMRT

47



4.7.3 Interaction effect of potassium and sulphur fertilizers on the grain yicld of
soybean
The combined effect of different doses of K and 8 fertilizers on the grain yield of
soybean was significant (Table 4.6 and Iig.8). The highest grain yield ol soybean
(2.35 t ha™') was recorded with the treatment combination of K,S; (40 kg K ha + 20
kg S8 ha'), On the other hand, the lowest grain yield of soybean (1.33 t ha™) was
recorded in the KgSy 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 er al. (1995) also found similar result with

the application of 50 kg K;0 and 40 kg S ha'.
4.8 Straw vield of soybean (t ha™)

4.8.1 Effect of potassium on the straw yield of soybean

Significant variation was observed on the straw yicld of soybean when different doses
of potassium were applied (Table 4.4). The highest straw yield of soybean (1.92 t ha
"y was recorded in Ks (70 ke K ha™), which was statistically similar with K; (40 kg K
ha'y treatment. The lowest siraw vield (1.47 t ha'') was recorded in the Ky treatment

where no potassium was applied.

4.8.2 Effect of sulphur on the straw yield of soybean

Different doses of sulphur fertilizer showed significant variations in respect ol straw
vield of sovbean (Table 4,5). Among the different doses of S fertilizer, 8;(20 kg S ha’
"} showed the highest straw yield of soybean (1.95 t ha'). On the contrary, the lowest
straw yield of soybean (1.52 t ha!) was recorded in the Sy 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

KoSo | 75220 1338 |094h
oS 79611 T45¢ T43g
K5 81,25 gh 178 of 1.87bd
KeSs 80.13 1 172f 1.62¢f
KiSo 7853} 145¢ 15308
K5, 8231 d-F 1.95 cd 181d
KiS: 8350 be 2.00¢ 1.85¢cd
K:53 §2.81 c-c 196 cd 2.00 ab
KaS, 83.00 cd 1.87 c 185 od
iGS; 83.12¢ 198 ¢ 1.77d
K53 8490 a 7354 2.00 ab
K355 8410 b 215b 197 ac
KaSs 80.86 h 1.77 ef 1.74 de
S §1.62 fa 185 df P
K:5: 81.79 fa 218D 2084
K355 §2.15 of 2130 1.87b-d

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

letter(s) differ significantly as per DMRT
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4.8.3 Interaction effect of potassium and sulphur fertilizers on the straw yield of
sovbean
The combined effect of different 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 ha™)
was recorded with the treatment combination of K;5; (70 kg K ha! + 20 ke S ha™)
which was statistically identical with the treatment combination of K;S; (40 kg K ha
+20 ke S ha), K, S5 (20 kg K ha™" + 40 kg S ha™"), K5S5(40 kg K ha'+ 40 kg S ha™)
and KiS; (70 kg K ha™ +10 kg 5 ha™}, On the other hand, the lowest straw yield of

sovbean (0.94 tha’J) was recarded in the Kg5p treatment (control treatment).
4.9 Total nitrogen content in soybean plant

4.9.1 Effect of K 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 concentration in soybean plant
(1.34%) was recorded in Kz (70 kg K ha"}l treatment. On the other hand. the lowest
nitrogen concentration in soybean plant (0.96%) was recorded in the Ky 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 diflerence on
the nitrogen concentration in soybean plant (Table 4.8). The highest nitrogen
concentration among the treatments of sulphur (1.30%) was observed in Sz (20 kg 8
ha') which was statistically similar with S (40 kg S ha') treatment. On the other
hand, the lowest nitrogen concentration in soybean plant (1.07%) was observed in the

Sy (control condition) treatment.

4.9.3 Interaction effect of K and S on nitrogen content in soybean plant

Significant 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). The highest
concentration (1.49%) of nitrogen in the soybean plant was recorded with K282 (40 kg
K ha'! +20 ke S ha™') which was statistically similar with K;S; (70 ke K ha™ + 40 kg
S ha'), KsSs (70 kg K ha! + 20 kg S ha') and K;Ss (40 kg K ha”' + 40 kg S ha™)
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treatment combinations. On the other hand, the lowest nitrogen concentration in

soybean plant (0.84%) was observed in the KySy treatment.

Table 4.7 Effect of K on the N, P, K, S and Zn contents in soybean plant

Treatments | Total N (%) | Total P | Total K (%) [ Total S (%) | Total Zn
| T el ) g e e (S

Ko 0.96 d 0.170 | 0535¢c  |0345¢
K, l.1d¢c 0.258 0.643 b 0.413 b

Kg 1.22b 0.273 0.695 a 0.470 a
Ks 1.34a 0.270 0.719a 0.483 a
LSDyes | 0037  [NS  [00457 100527
V) [369 7% E B U T

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

letter(s) dilfer significantly as per DMRT
4.10 Total phosphorus content in soybean plant

4.10.1 Effeet 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). However, the highest
phosphorus concentration (0.273%) among the different doses ol potassium was
recorded in Ka (40 kg K ha™). On the other hand, the lowest phosphorus concentration

in soybean plant (0.170%) was recorded in the Ky treatment where no K was applied.

4.10.2 Effect of S on phosphorus content in soybean plant

A statistically insignificant variation was observed on phosphorus concentration in
soybean plant with different doses of sulphur (Table 4.8). However, the highest
phosphorus concentration (0.273%) among the different doses of sulphur was
recorded in 8> (20 kg S ha™'). On the other hand, the lowest phosphorus concentration

in soybean plant (0.218%) was recorded in the Sy treatment where no S was applied.
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4.10.3 Interaction effect of K and 5 on phosphorus content in soybean plant

Insignificant effect of combined application of different doses of K and S fertilizers
on the phosphorus concentration was observed in the soybean plant (Table 4.9).
However, the highest concentration of phosphorus in the soybean plant (0.32%) was
recorded with the K:S: (40 kg K ha +20 ko 5 ha™') treatment. On the other hand. the

lowest phosphorus concentration in soybean plant (0.13%) was observed in K¢Sy

treatment.

Table 4.8 Effect of S on the N, P, K, § and Zn contents in soybean plant

Treatments | Total N (%) | Total P(%) | Total K (%) | Total S (%) ‘Total Zn
Sq 1.07b 0218 0.610 0.373 b 51.12¢

S 0.99 ¢ 0.230 0.635 0.395 b 50.96 ¢

S, 130a 0273 0.664 0.460 a 56.58 a

S; .29 a 0.250 0.683 0.483 a 53.86 b
LSDggs | 0.046 NS NS 0.0646 0.8705
CV (%) | 369 425 318 |5.17 [ 496

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

letter(s) differ significantly as per DMRT
4.11 Total potassium 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 ha™') treatment which was statistically similar
with K5 (40 kg K ha') treatment. On the other hand, the lowest potassium
concentration in soybean plant (0.335%) was recorded in the K; treatment where no K
was applied, The highest potassium concentration was observed due to the positive

effect of potassium on potassium content in soybean plant up to certain limit.

L
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4.11.2 Effect of S on potassium content in soybean plant

A statistically insignificant varialion 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
inS; (40 kg S ha™'). On the other hand, the lowest potassium concentration in soybean
plant (0.610%) was recorded in the Sy treatment where no § 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 S on potassium content in soybean plant

Significant effect of combined application of different doses of K and § 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 K355 (70 kg K ha' + 40 kg S ha"] which was statistically similar with K;5; (40 kg
K ha' + 20 kg S ha') treatment. On the other hand, the lowest potassium
concentration (0.40%) in soybean plant was observed in KgSp treatment. This might
be 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 ha™') treatment which was statistically similar with K; (40 kg
K ha™') treatment. On the other hand, the lowest sulphur concentration in soybean
plant (0.345%) was recorded in the Ky 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 Effeet of S on sulphur content in soybean plant

The effect of different doses of sulphur showed statisucally significant difference 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 8§
ha"} which was statisticallv similar with 5; (20 kg 5 ha™) treatment. On the other
hand, the lowest sulphur concentration in soybean plant (0.345%) was observed in the
Sy (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 S on 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 (Table 4.9). The highest
concentration of sulphur in the soybean plant (0.54%) was recorded with the K35: (70
ke Kha' + 40 kg S ha") and K582 (40 kg K ha™ + 20 kg S ha'') treatment which were
statistically similar with K;5; (40 kg K ha™ + 40 kg S ha™) treatment combination. On
the other hand, the lowest sulphur concentration (0.27%) in soybean plant was
observed in K¢Sy treatment. This might be due to the fact that, the combined effect of
both potassium and sulphur played positive effect on sulphur content in soybean plant

up to certain lmit.



Table 4.9 Interaction effects of K and S on the N, P, K, S and Zn contents in

sovbean plant

10271 42.53
KoS, 0.93 d 0.18 0.48 g 031 hi 47.60 1
KoS: 0974d 0.22 061 of 039 1 5385 cc
KoSs T10c 0.15 065df | 04ldf | 5086 Mg
K:So I15¢ 021 066ce | 035gh 55.85 b
K:S; 099d 0.28 065d%  |040cg | 5430be
K8 128 0725 0.60T 043cf | 5835a
K.S; i12¢ 0.29 066ce  |047bd | 55.87b
KaSo 008 d 0.26 068 cd 0424+ | 5501 bd
K8, 0.05d 021 0.41 of 4926 gh
K5 1492 032 054a 5985 a
K:Ss 1462 030 0.51 ab 5333 de
K:So 1320 0.27 04scf | 51107
KiS, 1.08 ¢ 0.25 (.46 b-e 52.67ef
K:S: 472 0.30 0.48 be 5478 bc
0.54a 5538 be

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

letter(s) differ significantly as per DMRT



4.13 Total zine 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 K; (20 kg K ha') treatment. On the other hand. the lowest zinc
concentration in soybean plant (48.71 ppm) was recorded in the Kq treatment where

no K was applied.

4.13.2 Effect of S on zine content in soybean plant

The effect of different doses of sulphur showed statistically significant difference on
the zinc concentration in soybean plant (Table 4.8). The highest zinc concentration
among the treatments of sulphur (56.58 ppm) was observed in S; (20 kg S ha™)
treatment. On the other hand, the lowest zinc concentration in soybean plant (51.52

ppm) was observed in the 8 (control) treatment.

4.13.3 Interaction effect of K and S on zinc content in soybean plant

Significant effect of combined application of different doses of K and § fertilizers on
the zine concentration was observed in the sovbean plant (Table 4.9). The highest
concentration of zine in the soybean plant (59.85 ppm) was recorded with the K;5;
(40 kg K ha'! +20 kg S ha) treatment which was statistically similar with K;S; (20
kg K ha! + 20 ke S ha™') treatment combination. On the other hand, the lowest zinc

concentration (42.53 ppm) in soybean plant was observed in KqSp 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 doses of potassium (Table 4.10). Among the different doses of
potassium the highest protein content in seed (42.23%) was recorded in K3 (70 kg K
ha'!) treatment which was statistically similar with Kz (40 kg K ha'') treatment. On the
other hand, the lowest protein content in seed (38.70%) was recorded in the Ko
treatment where no K was applied. Magen et al. (1997) obtained the highest protein

contents and nodulation with an application of 100 kg K:O/ha.
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Table 4.10 Effect of K on protein and oil content of soyhean

Treatments Proteincontent (%)~ | Ol content (%)
Ky 8T0¢c | 119.46

K, 40,54 b 19.99

K N 4222a 1 20.44

| K 4223 a :I 20.36

LSDys 1393 el

CV (%) IEX T = = "“; 2_‘93

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

letter{s) differ significantly as per DMRT

4.14.2 Effect of S on protein content in soybean seed

The effect of different doses of sulphur showed statistically significant variation on
the protein content in seed of soybean (Table 4.11). The highest protein content in
seed (42.08%) among different doses of § fertilizers was recorded with S; (40 kg S
ha'') treatment which was statistically similar with S (20 kg S ha™) treatment. On the
other hand, the lowest protein content (39.08%) was observed in the Sy (control
condition) treatment. Gokhale ef al. (2005) reported that application of 30 kg S ha’
increased protein content in soybean seed over control. Tomar er af. (2000) reported
that the highest protein content (41.29%) was recorded with the application of 50 kg

S/ha regardless of sources.
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Table 4.11 Effect of S on protein and oil content of soybean

e Protein content (%) [ Oil content (%)
Sa 39.08 ¢ 19.41

Bl 40.77b 19.86 ==
85 41.67 ab 20.53 =
83 42.18a 20.45
LSDos EESE= NS o=
CV (%) TR s e

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

letter(s) differ significantly as per DMRT

4.14.3 Interaction effect of K and S on protein content in soybean sced

Significant effect of combined application ol different doses of K and 8 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 K3S; (40 kg K ha!
+ 20 kg S ha') treatment which was statistically similar with K,8; K8 treatments.
On the other hand, the lowest protein content (38.41%) in seed was observed m KgyS;
treatment. Singh et al. (1995) also found similar result with the application of 50 kg

KgD and 40 kg 5 h'rl'l. .,--'—"_I_-'--

e
f
"

4.15 Oil content in soybean seed [ A

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 different doses of potassium (Table 4.10). Among the different doses of
potassium the highest oil content in seed (20.44%) was recorded in Kz (40 kg K ha™)
treatment. On the other hand, the lowest oil content in seed (19.46%) was recorded in
the Ky treatment where no K was applied. Deshmukh ef al. (1994) obtained the
highest oil content with an application of 60 kg K=O/ha at Amravati and 90 kg K:O/ha

at Alola in Maharashtra State.
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Table 4.12 Interaction effect of K and S on protein and oil content of soybean

Treatments “Profein content (%) | Ol content (%)

KoSh 3841d | 18.54 i |

KoS, 3851d 19.48 h

KoS: 39.06 cd 19.90 e-g

KoS; 38844 19.92 e-g

KiSo 38.90 d 19.42 h

KS; 40.11 cd 19.94 e-g

KiS: | 41.56be 2007 e

K:S: 41.59¢ 2055 |
KaSo 39.46 cd 1988 1 |
KaS 40.69 cd 19.98 ef

K-S, 44,55 a 2148a

KsS; 44.18 a 20424 o
K3So 39.44 cd 19.78 ¢

KsS | 43.86 ab 20.04 f

KsS; 41.49 be 20.68 ¢

K3Ss | 4411 a 20.94 b

o T e 3 P e 7

In & column figures having similar letter(s) do not differ signilicantly whereas lgures with dissimilar

letter(s) differ significantly as per DMRT

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 (Table 4.11). The highest oil content in seed
(200.53%) among different doses of S fertilizers was recorded with S; (20 kg S ha™)
treatment. On the other hand, the lowest o1l content (19.41%) was observed in the 5y
(control condition) treatment. Tomar et af. (2000) reported that the highest oil content
(20.51%) was recorded with the application of 50 kg S/ha regardless of sources.
Gokhale et al. (2003) reported that application of 30 kg S ha” increased oil content in

soybean seed over control.
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4.15.3 Interaction effeet of K and S on oil content in soybean seed

Significant effect 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 K5S; (40 kg K ha’ + 20 kg §
ha']} treatment. On the other hand, the lowest oil content (18.54%) in seed was
observed in KgSy treatment. Singh et al. (1995) also found similar result with the

application of 50 kg K20 and 40 kg S ha™.

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

sovbean lield 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 K; (40 kg K

Im"} which was statistically similar with K, and K3 treatments. On the other hand, the

lowest nitrogen concentration in soil (0.106%) was recorded in the K; 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 insignificant variation was observed in phosphorus concentration in soil

of soybean feld 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

K, (40 kg K ha™). On the other hand, the lowest phosphorus concentration in soil

(0.00440%) was recorded in the Ky 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 polassium 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 (0.03712%) was recorded in K
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(40 ke K ha'). On the other hand, the lowest potassium concentration in soil

(0.02877%) was recorded in the K treatment where no 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 (0.00410%) was recorded in K3 (70

kg K ha™). On the other hand, the lowest sulphur concentration in soil (0.00320%)

was recorded in the Ky treatment where no potassium was applied.

4.16.5 Effect of potassium on available zine 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 K (70 kg K

ha™') which was statistically similar with K; treatment. On the other hand, the lowest

#inc concentration in soil (1.785 ppm) was recorded in the Ky treatment where no

potassium was applied.

Table 4.13 Effect of K 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 | Available S | Available
= (%) G %) Zn (ppm)
Kq 0.106 b 0.00440 0.02877 0.00320 1.785b
K, 0.110 ab 0.00500 0.03042 0.00326 1.795b
Ka 0.116a ' 0.00607 0.03712 | 0.00378 1.855a
K 0.113 ab 0.00560 0.03708 0.00410 1.870 a
CV(%) [315 3.02 2.16 1356 219

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

letter(s) differ significantly as per DMRT

64



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 different doses of sulphur fertilizers showed a statistically significant

variation in the nitrogen concentration in post harvest soil (Table 4.14). Among the

different treatments, S; (40 kg S ha™') showed the highest nitrogen concentration

(0.129%) in soil. The lowest nitrogen concentration (0.090%) in soil was observed in

the treatment Sp 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

different treatments, S» (20 ke S ha™') showed the highest nitrogen concentration

(0.00588%) in soil. The lowest nitrogen concentration (0.00495%) in soil was

observed in the treatment Sy 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 effect of different doses of sulphur fertilizers showed a statistically insignificant

variation in the potassium concentration in post harvest soil (Table 4.14). Among the

different treatments, S; (20 kg S ha™') showed the highest potassium concentration

(0.03508%) in seil. The lowest nitrogen concentration (0.03077%) in soil was

observed in the treatment Sy 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

Fi‘rentmntse Total N (%) | Available P | Available K | Available S | Available Zn
; Ay == ) (%) (ppm)

S 0.090 ¢ 0.00495 0.03077 0.00233 1,768 ¢

S, To110b | 0.00488 0.03312 0.00323 1.640d

S, 0.117b 0.00588 0.03508 0.00420 1.977 a

T 0.129a 0.00537 0.03443 0.00458 1.920 b
LSDq i 0.0118 NS NS NS 0.0412

CV (%) 3.15 ZH (e L (577 i e (6o Y e -5 [ HTS

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

letter(s) differ significantly as per DMRT

4.17.4 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 treatments, S; (40 kg 3 ha"} showed the highest sulphur concentration

(0.00458%) in soil. The lowest sulphur concentration (0.00233%) in soil was

observed in the treatment Sy where no S fertilizer was applied.

4.17.5 Effcet of sulphur on available zinc content in the post harvest soil of
soybean field

The effect of different doses of sulphur fertilizers showed a statistically significant

variation in the zinc concentration in post harvest soil (Table 4.14). Among the

different treatments, 5; (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

the 5, treatment.

66



Table 4.15 Interaction effect of K and S on the total N, available P, available K,

available S and available Zn contents of the post harvest soil

[ KoSi 0.115a-c | 0.0043 0.0294 0.0033 | 1.54h
KoS: 0.095de | 0.0045 0.0288 0.0040 | 2.08ab
KoS: 0.130ab | 0.0050 00288 0.0045 | 2.04 be
K1So 0.005de | 0.0056 0.0291 0.0020 |1.76¢
K.S, 0.097 c-e | 0.0039 0.0300 0.0025 |1.62¢
K.S: 0.122ab | 0.0061 0.0315 0.0036 | 2.06 a-c
K:S: 0.127ab | 0.0044 0.0311 0.0049 | 1.74¢
K2So 0.091 ¢ 0.0053 0.0358 0.0028 | 1.82d
K28, 0.112b-d | 0.0063 0.0361 00035 |1.68f
K-S, 0.132a 0.0067 0.0398 00042 [2.10a
KsS3 0.130ab | 0.0060 0.0368 0.0046 | 1.82d
K3So 0.090 e 0.0051 0.0301 0.0035 |2.0lc
K38 0.115a-c | 0.0050 0.0370 0.0036 | 1.72¢f
Kas 0.118ab | 0.0062 0.0402 0.0050 | 1.67F
K5S; 0.130ab | 0.0061 0.0410 0.0043 | 2.08ab

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

letter(s) differ significantly as per DMRT
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4.18 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 5 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
recarded with the K;5; (40 ke K ha™! + 20 kg 5 ha'lj treatment which was statistically
similar with KgSs, K;Ss, K85, K28;, K35; and K:S: treatment combinations. On the
other hand, the lowest nitrogen concentration (0.084%) in the post harvest soil was

observed in K¢S 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 ficld

(Table 4.15). The highest concentration of phosphorus (0.0067%) in the post harvest

soil was recorded with the K;S; (40 kg K ha' +20 kg S ha"} treatment. On the other

hand, the lowest phosphorus concentration (0.0038%) in the post harvest soil was

observed in KgSg 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 [ertilizers

on the potassium concentration was observed in post harvest soil of soybean ficld

(Table 4.15). The highest concentration of potassium (0.0410%) in the post harvest

soil was recorded with the KaS: (70 kg K ha! +40 ke 5 ha™') treatment. On the other

hand, the lowest potassium concentration (0.0281%) in the post harvest soil was

observed in KySq (reatment.

68



4.18.4 Interaction effect of potassium and sulphur on available sulphur content
of the post harvest soil of soybean field

Insignificant effect of combined application of different doses of K and 5 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 K8 (70 ke K ha™' + 20 kg S ha''y treatment. On the other hand, the

lowest sulphur concentration (0.0010%) in the post harvest soil was observed in KqSp

lreatment.

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 of K and § fertilizers on

the zine concentration was observed in post harvest soil of soybean field (Table 4.15).

The highest concentration of zine (2.10 ppm) in the post harvest soil was recorded

with the Ka5; (40 kg K ha! + 20 kg S ha™') which was statistically significant with

KS; and K38, treatment, On the other hand, the lowest zinc concentration (1.48 ppm)

in the post harvest soil was observed in K¢Sy treatment.
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Chapter 5

SUMMARY AND CONCLUSION

An experiment was conducted at the Sher-e-Bangla Agricultural University Farm
Dhaka-1207(Tejgaon series under AEZ No.28) during the rabi season ol 2008 to
study the “Role of Potassium and Sulphur on the growth, yicld and oil content of
Soybean™. The soil was clay loam in texture having pH 6.30 and organic matter
content of 0.80%. Two factors Randomized Complete Block Design was followed
with 16 treatment combinations having unit plot size of 2.5 m x 2.0 m (5.0 m?) and
replicated thrice. Two factors were potassium and sulphur. The treatments were KqSy
Control (without K and S), KyS; ( 0 kg K ha’ + 10 kg S ha''), KoSa (0 kg K ha™ +20
ko Sha'), KoSs (Okg Kha'+40kgSha™), KiSy (20 kg K ha' + 0 kg S ha™), Ky,
(20kp K ha' +10 kg S ha™'), KiS2 (20 kg K ha' +20 kg S ha™), K;S; (20 kg K ha™
+40 kg S ha'), K>Sy (40 kg K ha + 0 kg S ha ), K28y (40 kg K ha! +10 kg S ha'),
K:S; (40 kg K ha' + 20 kg S ha''), KaSs (40 kg K ha +40 kg S ha™), K38 (70 kg
Kha' +0kg$Sha'). KaS; (70 kg K ha + 10 kg S ha™), K582 (70 kg K ha'' +20 kg
S ha') and K383 (70 kg K ha' +40 kg S ha™),

Recommended doses of N, P, Zn and B (30 ke N from urea, 30 kg P from TSP, 2 kg

7n from ZnO and 1 kg B ha™'from Boric acid, respectively) were applied,

The whole amount of TSP, ZnO, Boric acid and half of the urea fertilizer were
applied as basal dose during final land preparation. The remaining hall of urea was
top dressed after 22 days of germination. The required amounts of K (from MP) and 5
(from gypsum) were applied at a time as per treatment combination after field lay out

of the experiment and were mixed properly through hand spading.

Soybean seeds were sown on the 27" December 2008 in lines following the
recommended line to line distance of 30 ¢m and plant to plant distance of 5 em and
the crop was harvested on 16" 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 vield (t ha™).
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The post harvest soil samples from 0-15 cm depth plot wise were collected and
analyzed for total N, available P, available K, available 5 and available Zn contents.
Plant samples were also chemically analyzed for total N, P, K, S and Zn contents.
Protein content and o1l 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 affected by different levels of K and S. Plant height
increased with increasing levels of K and § up to certain level. The individual
application of K @@ 40 kg ha'' (Ka) produced the tallest plant (68.13 cm), whercas
application of § @ 20 kg ha™ (S;) produced the tallest plant of 69.72 cm height. The
tallest plant (73.39 cm) was found in K38; treatment, which was higher over control

treatment (51.72 em).

The individual application of K and S showed positive effect on the number of leaves
per plant, number of primary branches per plant, number of pods per plant, number of
seeds per plant, thousand seed weight (g), grain yield (t ha') and straw vield (t ha™),

All the plant characters increased with increasing levels of K and 8 up to certain level.

Like all other plant characters, grain vield 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. The highest grain yield (2.09 t ha) was found in plants receiving
K @ 40 kg ha' and the lowest was recorded in Ky treatment. The individual
application of 8 @ 20 kg ha™! produced the highest amount of grain yield (2.08 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 ha™') was recorded in K58 treatment. The
lowest yield (1.33 t ha) was recorded in K;Sg treatment. Combined application of K
@ 40 kg ha' and S @ 20 kg ha" produced higher grain yield compared to control

treatment significantly.

Protein content in sceds of soybean was significantly increased due to application of

K and S. The range of protein content in sceds varied from 38.41% in KpSp to 44.55%
1



in K.Ss treatment. Application of K @ 40 kg ha” and S @ 20 kg ha produced higher

protein content in seed compared to control treatment significantly.

0il content in seeds of sovbean was significantly increased due to application of K
and S. The range of oil content in seeds varied from 18.54% in KSy to 21.48% in
KS» treatment. Application of K @ 40 kg ha' and S @ 20 kg ha” produced higher

oil content in seed compared to control treatment significantly.

Nutrient contents (N, P, K, § and Zn) in plant samples were positively afTected due to
K and S fertilization. The interaction effect of K and S was also found remarkable.
The N. P. K. S and Zn contents in plant samples varied from 0.84% in K8y treatment
to 1.49% in K>S treatment, 0.13% in KySp treatment to 0.32% in KiS, treatment,
(0,40% in KoSo treatment to 0.75% in K;S; treatment, 0.27% in K5, treatment to
(.54% in K»S; treatment and 42.35 ppm in KgSy treatment to 39.85 ppm in ka5
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 5
application, The total N, available P, available K, available S and available Zn of post
harvest soil varied from 0.084% to 0.132%, 0.0038% to 0.0067%. and 0.0281% to
0.0410%. 0.0010% to 0.0043% 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 of nutrients.
Considering all the parameters studied the following conclusion may be drawn:-
Significantly higher growth and yield performance, protein content and oil content of

soybean was observed by the K,8; treatment i.e., by the combined application of

potassium and sulphur fertilizers @ 40 kg K ha and 20 kg S ha™



Based on the resulis of the present study, the following recommendation may be

drawn:-

The combined application of potassium and sulphur fertilizers (@ 40 kg K ha™ and 20
kg S ha”' 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 different Agro- ecological zones of Bangladesh.
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Appendix Table 1. Monthly records of meteorological observation at the period of experiment

November, 2008 o February, 2009)

Manth Temperature ('C) Humidity | Precipitation Potential Solar
{(Maximum) | (Minimum}) (%) (mm) Evapotranspiration | radiatior
( mm/day) (Mj/m*/d
November 30.20 2013 83.30 3l 2.966 15,364
December 26,60 13.5 81.00 9 243 14.089
January 2540 12.93 78.00 7 2387 14.766
TFebruary 25.30 14.2 73.68 7 237 14.866

Source: Weather Yard, Bangladesh Metrological department, Dhaka.

Appendix Table [I. Summary of analysis of variance of growth parameters of sovbean as
influenced by different level of potassium and sulphur

Source of | Degrees | Mean square

variation of Plant ‘Numberof | Number | Numberof | Number of
freedom | height | primary of leaves | pods plant” | sceds plant”

(em) ‘branches plant” A

i ' plant”

Replication | 2 0.316 0.00] 0.004 0.354 2716

Factor A |3 245.54% | 3.736* 56.70* | 565.58* | 5143.51%

Factor B |3 261.09* | 1.469* 47.76  [325.29% | 2989.04*

[ AB 9 7.457¢ [ 0.102** 2.889* 8.121% 71.767*

[ Error 30 | 1.305 0.107 0.138 0.314 | 1.755

Appendix Table 111 Summary of analysis of variance of yield attributes of soybean as
influenced by different level of potassium and sulphur

Source of Degrees of | Mean square
variation freedom | 1000 sced weight | Grain yield (tha™) | Straw yield (tha™)
(g)
Replication 2 4,205 L0035 {1.001
Factor A 3 45.195* 0.603* 0.525* |
| Tactor B |3 27.685* 0.528* 0.429*
| AB 9 3.866* | 0.024%* 0.083**
| Error 30 0.186 0.015 0.011
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Appendix Table [V. Summary of analysis of variance of nutrient concentration of soybean
plant as influenced by different level of potassium and sulphur

Source of | Degrees of | Mean square
variation freedom Total N | Total P Total K Total S Total Zn
(%) (%) (%) ) {(ppm)

Replication | 2 0.001 | 0.004 0.001 0.003 0.984
Factor A 3 [ 0.303* NS .08+ 0.047%* 119.53*
| Factor B 3 0.298* NS NS [0.033** | 84.81*

AB 9 0.048%* NS D.012%=* D.002** 20,73

Errar an 0.002 0005 0.003 0.004 1.087

Appendix Table V. Summary of analysis of variance of nutrient content of post harvest soil as
influenced by different level of potassium and sulphur

Source of | Degrees | Mean square
variation of ‘Total N [ Available P | Available | Available S | Available
freedom | (%) (%) K@) | (%) Zn (ppm)
Replication | 2 0.001 0.001 0.001 (0.003 0.002
Factor A 3 0.001%* | NS NS NS 0.022+¢*
Factlor B 3 D.010%* NS NS NS 0.221%
AB 9 0.002%* | NS NS NS 0.102%*
Error 3 0.002 0.004 | (.002 0.004 0.002

Appendix Table VI. Summary of analysis of variance of protein content and oil content of
soybean as influenced by different level of potassium and sulphur
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Source of ‘Degreesof | Mean square

variation freedom Protein content (%) Qil content (%)

Replication 2 3.543 1.025

Factor A 3 33.783% NS

Factor B 13 22.248% NS

AB 9 | 5.595* _D.E?.ﬁ“ |
| Error 30 | 2.790 0.345
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Field view of the experiment

Appendix Figure 11. Field view of experimental plot at 80 DAS
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