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Because of using sulphur free fertilizer, rice crop facing tremendous sulphur (S)
deficiency throughout the world as well as in Bangladesh. However, farmers of
Bangladesh often overlook the importance of sulphur fertilization on rice yield.
Therefore, the present study was conducted to investigate the influence of different levels
of sulphur on growth, yield attributes and uptake of N, P, K and S by grain and straw of
BRRI dhan41 rice variety. The experiment was laid out in randomized complete block
design with three replication and eight treatments including control. The result of the
study revealed that the highest plant height, panicle length, filled grain was found in T1
(50% RFD of S) treatment, while the utmost number of effective tiller and straw yield
was recorded in T5 (150% RFD of S) treatment. Interestingly, maximum grain yield as
well as uptake of N, P, K and S by grain and straw was significantly higher in T6 (175%
RFD of S) treatment. The highest grain yield of T6 treatment might be due to maximum
nutrient use efficiency. However, in all cases control treatment (TO) gave the worst result.
The present study clearly indicates that higher rates (175% of the recommended dose) of
S along with other fertilizers may be recommended for better growth and yield of BRRI
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dhan41 in Bangladesh soil.

Introduction

Rice is the most important crop within the sector
contributes for about 92% of the total food grains
produced in the country. In respect of area and production
of rice, Bangladesh ranks fourth following China, India
and Indonesia (FAO, 2013). Currently, rice occupies
11.42 million hectares of land and overall production of
rice is about 34.23 million tons (BBS, 2013).
Nevertheless, the population of Bangladesh is growing by
two million every year and may increase by another 30
million over the next 20 years. Thus, Bangladesh will
require about 27.26 million tons of rice for the year 2020
(BRRI, 2011). During this time, total area under rice will
also shrink to 10.28 million hectares. Under this
circumstance, horizontal expansion of rice area is not
possible (Abdullah et al., 2015). Hence, only one avenue
left is to increase production of rice by vertical means
through introduction of high yielding varieties and
appropriate management practices (Islam et al., 2015;
Sohel et al., 2016). Among the management practices,
judicious use of sulphur fertilizer is the most important
one.

Sulphur is an essential macronutrient nutrient for
plants ranked 4" after nitrogen, phosphorus and
potassium because of its indispensable role in proteins
synthesis, vitamins, enzyme and flavoured compounds in
plant (Bera and Ghosh, 2015; Islam et al., 2016). About
90% of plant sulphur present in amino acid (methionine
and cysteine) and a variety of metabolites (thiamine,
thiamine, pyrophosphate, glucosinolates, glutathione and
phytochelatins), which play a pivotal role in building
blocks of protein, formation of chlorophyll, activation of
enzymes etc. (Tewari et al, 2010; Hoefgen and
Nikiforova, 2008). Furthermore, deficient supply of S in
soil causing lower uptake of nitrate hence retards the
activity of nitrate reductase as well as N metabolism in
plants (Prosser et al., 2001; Abdallah et al., 2010). In
Bangladesh, sulphur deficit soils ranked third among
problem soils, which is prominent in light-textured soils.
About 3.95 million hectares of land are sulphur deficient,
which represents approximately 16 % of the total problem
soils in Bangladesh (Huqg and Shoaib, 2013). This area
gradually increasing due to intensive agriculture practices,
following multiple cropping systems in association with
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using of sulphur free fertilizer and no use of organic
manures. Unfortunately, most of the farmers of our
country often overlook to maintain an optimum S level in
their field; even sometimes, they are confused with S
deficiency symptoms with P or N deficiencies or Al
toxicity. It is worthy to mention that the critical level of
sulphur for Bangladesh soil has been determined as 10 ug
g? soil. To obtain higher yield, farmers currently use
excess amount of gypsum, ammonium sulphate, zinc
sulphate, etc. as sulphur fertilizers to the soils to replenish
sulphur deficiency but it is not a good practice for the
soils as well as environments in the long run. However,
farmers of Bangladesh transplant rice seedlings without
maintaining the optimum level of S. Therefore, the
present study was undertaken to study the effect of
different levels of S on nutrient uptake by BRRI dhan 41
and to find out the optimum level of sulphur for profitable
rice production.

Materials and Methods

Experimental Site, Design and Management Practices

The experiment was conducted at the Soil Science
Field Laboratory of Bangladesh Agricultural University,
Mymensingh, during July to December 2007. Thirty days
old seedlings of BRRI dhan41, a high yielding variety of
rice, was transplanted in experimental field with the
spacing of 20 cm x 20 cm. The seedlings were collected
from a rice seedbed. The experiments were comprised of
eight treatments including control (Table 1). The
experiment was laid out in a randomized complete block
design (RCBD) with three replications. Each replication
was sub-divided into eight unit plots. The treatments were
randomly distributed to the unit plots therefore the total
numbers of plots were 24. The unit plot size was 4m x
2.5m. The distance between plot-to-plot and replication to
replication were 0.25 and 0.50 m, respectively. Gap filling
was done with the even aged seedling within two weeks
after transplanting. The full doses of TSP, MOP, gypsum
and zinc oxide were applied according to treatments as a
source of P, K, S and Zn as kg ha™ before transplanting
(Table 1). Urea was applied as a source of N (kg ha™) in
three equal splits as per treatments. The first split of urea
was applied after 12 days of transplanting, the second
split was applied as top dressing after 30 days of
transplanting and third split was applied after 58 days of
transplanting. Irrigation, weeding and other cultural
management practices were done whenever necessary.

Data Collection

Soil properties: Initial soil sample was collected
before land preparation from the plough depth layer (0-
15cm). The samples were taken by means of an auger
from different locations covering the whole experimental
plot and mixed thoroughly to make a composite sample.
The composite samples were then air dried, pulverized,
sieved and used for chemical analysis to determine the
soil health in terms of different physical (percentage of
sand, silt, clay, and textural class) and chemical properties
(soil pH, soil organic carbon, total nitrogen, available

phosphorous, exchangeable potassium, CEC and available
sulfur) (Table 2). The soil analysis for the above
parameters was done by using the following methods:

Physical properties: Among physical properties,
percentage of sand, silt, clay, and textural class was
determined by Hydrometer method as described by
Bouyoucos, 1962.

Chemical properties: Soil pH was measured by Glass
Electrode pH meter method with soil- water ratio being
maintained at 1: 2.5 (McLean, 1982).

Organic matter: At first organic carbon (%) in soil
sample was determined by wet oxidation method of
Walkley and Black (1934) and then it was converted into
organic matter (%) multiplying by 1.72 (Edwards et al.,
1999) conversion factor.

Total nitrogen: Total nitrogen content of soil was
determined by Kjeldahl Method following concentrated
sulphuric acid digestion and steam distillation with 40%
NaOH. The ammonia evolved was collected in a beaker
containing 4% boric acid with an indicator composed of
95% alcohol, methyl red and bromocresol green and was
titrated against 0.02 N H,SO, as described by Jackson
(1973).

Exchangeable potassium: Exchangeable potassium
was extracted with neutral 1IN NH4OAc (pH 7) as
described by Jackson (1973) and was measured by
Atomic Absorption Spectrophotometer (Model No. 170-
30, HITACHI, Japan) and readings were calibrated with a
standard K curve (Page et al., 1982).

Available phosphorous: Extraction for available
phosphorous in the soil samples was made with 0.5 M
NaHCO; solution at a nearly constant pH of 8.5 following
the method described by Olsen et al. (1954).
Spectrophotometer (660 nm wave length) was used to
measure the intensity of the colour developed by ascorbic
acid method as outlined by John (1970) and readings were
calibrated with a standard P curve (Page et al., 1982).

Available sulfur (ppm): Awvailable sulfur was
determined turbidimetrically according to Bardsley and
Lancaster (1965).

Plant Samples

Plant samples for instance grain and straw were
collected from the field and dried in an oven at about
65°C for 48 hours. Then the samples grinded properly and
the grinded materials were stored in small paper bags and
placed in desiccators. The grain and straw samples were
the analyzed for the determination of N, P, K and S by
using following methods:

Total nitrogen (%): Total nitrogen contents were
determined by modified Kjeldajl digestion (colorimetric)
method (Cataldo et. al., 1974).

Total Phosphorus (P), potassium (K), Sulphur (S)
content in plant (%): Oven-dried plant materials were
digested with concentrated HNO3; and HCLO,4 mixture as
described by Piper (1966) for determination of P, K, S
content both in grain and straw samples.

After chemical analysis of straw and grain samples,
the nutrient uptake was calculated from the nutrient
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content and yield of rice crop by using the following
formula as described by Sharma et al. (2012).

U NC x Yield(kg ha™1)
B 100

Where;
NU = Nutrient uptake,
NC = Nutrient content (%)

Growth and Yield Contributing Characters

Ten plants were randomly selected from each unit plot
for collection of data on the following parameters viz.
plant height (cm), panicle length (cm), filled grains per
panicle, grain yield (t ha™), straw yield (kg ha™) and
biological yield (t ha™).

Statistical Analysis

Finally, the data was analyzed by using statistical
package program (MSTAT-C). The analysis of variance
for crop characters and for the nutrient content and
nutrient uptake by the grain and straw were done
following by the Duncan’s Multiples Range Test (DMRT)
(Gomez and Gomez, 1984).

Results and Discussion

The Growth and Yield Contributing Characters

The plant height of BRRI dhan4l was not
significantly affected by the application of different levels
of sulphur. The effect of different levels of S on plant
height was inconsistent (Table 3). The highest value
(120.5 cm) was recorded in the treatment T, (50% RFD of
S), the second highest value (118.8 cm) was recorded in
the treatment T3 (100% RFD of S), while the lowest plant
height (113.8 cm) was found in the control treatment (T o).
All treatments produced statistically similar plant height.
The results also indicated that addition of S applied
insignificant effect on plant height. There was a
significant effect due to the application of different levels
of S on the production of effective tillers per hill of BRRI
dhan4l (Table 3). The number of effective tillers per hill
due to different treatments varied from 7.87 to 9.33. The

Table 1 Treatments and fertilizer doses used in the study

highest number of effective tillers per hill (9.33) was
found in the treatment Ts (150% RFD of S) which was
statistically similar to those recorded in the treatments T
(200% RFD of S) and T3 (100% RFD of S) with the
values of 9.20 and 9.07. The treatment T, (control)
produced the lowest number of effective tillers per hill
(7.87). It indicated that S application at higher rates over
the recommended dose has significant effect on the
number of effective tillers per hill. An increase in the
number of tillers per hill due to application of S was also
reported by several workers (Patra et al., 1998 and
Chandel et al., 2002). Panicle length of BRRI dhan41 was
not significantly influenced by different treatments (Table
3). The length of panicle varied from 22.83 cm to 24.20
cm. The highest panicle length (24.20 cm) was observed
in T, (50% RFD of S) treatment. The lowest panicle
length of 22.83 cm was recorded in the treatment Tq
(control). All treatments produced statistically similar
panicle length. Apostol (1989) observed that organic and
in organic fertilizers increased the panicle length of rice.
Similar results were also found by Ahmed and Rahaman
(1991). Results presented in the Table 3 showed a
significant effect of different S levels on the number of
filled grains per panicle of BRRI dhan41. The number of
filled grains per panicle due to different treatments ranged
from 98.00 to 135.6. The highest number of filled grains
per panicle (135.6) was obtained from the treatment T,
(50% RFD of S). The lowest number (98.00) of filled
grains per panicle was obtained from the treatment T,
(control). The significant effects of S application on the
number of grains per panicle were also reported by Hque
and Chowdhury (2004). The positive responses of sulphur
application on the number of grains per panicle were also
reported by Uddin et al. (1997). There was significant
effect on 1000 grain weight of BRRI dhan4l by the
application of different levels of sulphur fertilizer. The
1000 grain weight varied from 27.16 to 29.30 gm (Table
3). The maximum 1000 grain weight (29.30 g) was found
in treatment T3 (100% RFD of S) and minimum (27.16 g)
value was obtained in the treatment T, (control).
Choudhury and Bodiuzzaman (1992) reported that
sulphur fertilizer increased the 1000 grain weight.

L Fertilizer dose (kg/ha)

Treatments Treatment combination N P K S 7n
T, So controy T RFD of NPKZn 90 15 40 0 2
T S (50% ReD of s ¥ RFD 0of NPKZn 90 15 40 5 2
T, S (5% ReD of s+ RFD of NPKZn 90 15 40 7.5 2
T; S (100% rReD of s+ RFD of NPKZn 90 15 40 10 2
T, S (125% rep of 5y 7 RFD of NPKZn 90 15 40 12.5 2
Ts S (150% reD of 5y 7 RFD of NPKZn 90 15 40 15 2
Ts S (175% ReD of 5 ¥ RFD of NPKZn 90 15 40 175 2
T, S(200% RD of s T RFD 0f NPKZn 90 15 40 20 2

Source: BARC, 2005. RFD= Recommended Fertilizer Dose
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Table 2 Physical and chemical characteristics of the initial soil

Physical Characteristics Value

Particle size analysis
% of sand 20.4
% of silt 68.0
% of clay 11.6
Textural class Silt loam

Chemical Characteristics
pH (Soil: water =1: 2.5) 6.15
Organic matter (%) 2.29
CEC (me 100g™ soil) 13.78
Total N (%) 0.1863
Available P (ppm) 7.89
Exchangeable K (me100 g™soil) 0.13
Available S (ppm) 10.73
Critical level of S (ppm) in soil 10

Table 3 Effect of different levels of S on the growth and yield contributing characters of BRRI dhan41

Treatment | PH ET PL FG GW GY IC SY IC BY IC
To 113.8 7.87° 22.83 98.00° 27.16° 3.72° - 4.69° - 8.41 -

T, 1205 8.45% 2420  1356%° 28.44® 476" 2185 6.10° 1869 10.86 2256
T, 118.2 8.87® 23.97 128.4% 27.24° 443 1640 6.33° 2591 1076 21.84
T, 118.8 9.07° 2330 129.0° 29.30° 455° 1824 6.30° 2556  10.85  22.49
T, 115.6 8.40% 23.00 112.7% 2925 448° 1696 6.67° 2969 11.15 2457
Ts 115.2 9.33° 23.03  1151% 27.72® 452® 1770  6.60° 28.94 1112 2437
Te 118.6 8.67® 2407 132.3% 27.62° 522° 2874 653° 2818 1175 2843
T, 118.6 9.20°% 2377 121.6® 2879 508" 2677 6.63° 2926 1171  28.18
CV (%) 3.41 6.77 3.80 13.42 1.68 3.01 - 1.91 - - -

SE () NS 0.3416 NS 9.419  0.2739 0.07958 - 0.2072 - - -

PH: Plant height (cm); ET: Effective tillers/ hill (no.); PL: Panicle length (cm); FG: Filled grains/ panicle (no.); GW: 1000 grain weight (g); GY:
Grain Yield (t/ha); IC: % Increase over control; SY: Straw Yield (t’/ha); BY: Biological Yield (t/ha); Different letters within the column indicate
statistically significant differences between treatments according to Duncan’s Multiples Range Test (DMRT) (P<0.05). Letters were not shown in
columns, which were statistically non-significant. Values are means + SE of three independent replications (n = 3).

Grain and Straw Yield

Data on grain and straw yields of BRRI dhan4l as
affected by different S application are presented in Table
3. Results in Table 3 showed that grain yield of BRRI
dhan4l was significantly influenced due to different
treatments. The grain yield due to various treatments
ranged from 3.72 to 5.22 t/ha. The highest grain yield
(5.22 t/ha) was obtained in the treatment T¢ (175% RFD
of S). The lowest grain yield (3.72 t/ha) was obtained in
the treatment T, (control) which was statistically different
from all other treatments. The increase in grain yield over
control ranged from 16.40 to 28.74% (Table 3). The
highest percentage (28.74%) of increased grain yield over
control was recorded in the treatment T¢ (175% RFD of
S). The lowest percentage (16.40%) of increased grain
yield over control was recorded in the treatment T, (75%
RFD of S). Deng et al. (1992) observed 23.9% vyield
increase of rice due to application of S as gypsum.
Bhuiya and Portch (1992) also reported the superiority of
gypsum over SSP as S source. Gupta and Soi (1992)
reported that gypsum increased grain yield of rice by 28%
over control. The present findings are in agreement with
the results of the previous study. Tandon (1995), Gupta et
al. (1996), Oliveira et al. (2003) who reported increased
yield of rice due to sulphur application irrespective of S
source and rates. Similar results were also reported by
Islam et al. (1996) and Raju and Reddy (2001). Results

presented in the Table 3 show that straw yield of BRRI
dhan4l was significantly influenced by different
treatments under study. The straw yield obtained from
different treatments ranged between 4.69 to 6.67 t/ha. All
the treatments gave higher straw yield over control. It was
observed that the treatment T, (125% RFD of S) gave the
highest straw yield (6.67 t/ha) which was statistically
similar to those recorded in the treatment T; (200% RFD
of S) and Ts (150% RFD of S) with value of 6.63 and
6.60. The lowest straw yield (4.69 t/ha) was recorded in
the treatment T, (control). The percent increase of straw
yield over control ranged from 18.69 to 29.69% and the
highest and lowest value was recorded in the treatment T,
(125% RFD of S) and T, (50% RFD of S) respectively.
The straw yield due to different treatments ranked in the
order of T,> T;,> Ts> Tg> T,> T3> T>T,. The results
revealed that the application of higher dose of sulphur
exerted pronounced effect in producing higher straw
yields of rice. It also indicates that application of S
fertilizer at rates higher than the recommended dose
significantly increased the straw yield of BRRI dhan4l.
Hoque and Khan (1981), Idris and Jahiruddin (1983),
Tapatkar and Sonar (1995) reported that S application
significantly increased the straw yield of rice. Table 3
shows that biological yield of BRRI dhan4l responded
significantly. The biological yield varied widely among
the treatments, ranging from 8.41 to0ll.75 t/ha. The
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highest biological yield (11.75 t/ha) was obtained in the
treatment Tg (175% RFD of S). The lowest biological
yield (8.41 t/ha) was obtained in the treatment T,
(control). The increase in biological yield over control
ranged from 22.56 to 28.43% (Table 3). The highest
percentage (28.43%) of increased biological yield over
control was recorded in the treatment Tg (175% RFD of
S) and the lowest percentage (22.56%) of increased
biological yield over control was recorded in the
treatment T; (50% RFD of S). The biological yield
obtained from different treatments ranked in order of
Te> T> T4> Ts> T1> T3> T,>T,. The results revealed that
the application of higher dose of S on the biological yield
of rice was more pronounced than that of other treatment
under study. Azim et al. (1999) reported a significant
increase in biological yield of rice due to application of
fertilizer.

Nutrient Content and Uptake by Grain and Straw

The grain and straw samples of BRRI dhan4l were
analyzed for the determination of N, P, K and S contents
and the nutrient uptake was calculated from the yield and
nutrient concentration of grain and straw. Data presented
in Table 4 indicate that the various treatments had
significant influence on N content in grain and straw of
BRRI dhan4l. Nitrogen nutrition and metabolism in
plants is intimately associated with the sulphur status and
their metabolic process (Abdallah et al., 2010). However,
the N content in grain ranged from 1.16% to 1.25%. The
highest N content (1.25%) in grain was found in treatment
T, (200% RFD of S). The lowest N content (1.16%) in
grain was observed in treatment T, (control). In the case
of straw, the N content ranged from 0.90% to 1.03%
(Table 4). The highest N content (1.03%) was recorded in
treatment Ts (150% RFD of S) which was statistically
identical with the treatments T; (200% RFD of S), Ts
(175% RFD of S), T4(125% RFD of S), T, (75% RFD of
S) and T, (50% RFD of S) with values of 0.98%, 0.95%,
0.93%, 0.93% and 0.95% respectively. As expected the
lowest N concentration (0.90%) in straw was observed in
the treatment T, (control). The higher amount of N in
grain in compare to straw might be attributable to
translocation of the N occur from vegetative part to the
reproductive organ or senescence of leaves. Corroborate
findings also found by Sachdev et al. (1983) on rice.
Results in Table 4 show a wide variation in N uptake by
grain and straw due to different treatments. The nitrogen
uptake by rice grain ranged from 43.22 to 63.32 kg/ha.
The highest amount of N uptake (63.32 kg/ha) by grain
was observed in the treatment T; (200% RFD of S) which
was statistically different from other treatments. The
lowest amount of N uptake (43.22 kg/ ha) by grain was
observed in treatment T, (control). In case of straw, the
nitrogen uptake ranged from 41.34 kg/ha to 68.41 kg/ha.
The highest nitrogen uptake by rice straw was recorded in
T (200% RFD of S) which was statistically similar with
the treatment Ts (150% RFD of S) with the value of 68.10
kg/ha. The lowest amount of N uptake (41.34 kg/ha) by
straw was observed in treatment T, (control). The total
nitrogen uptake by grain and straw of BRRI dhan4l

ranged from 84.56 kg/ha to 131.7 kg/ha. The highest
amount of total N uptake (131.7 kg/ha) was observed in
treatment T; (200% RFD of S) which was statistically
identical with the treatments Tg (175% RFD of S), with
the value of 126.7 kg/ha. The lowest amount of total N
uptake (84.56 kg/ha) was recorded in treatment Tg
(control). The total nitrogen uptake by BRRI dhan41 due
to different treatments ranked in order of T;> T¢> Ts> T,>
T.> T,> T3> To. The higher N uptake might be associated
with exploration of greater soil volume by root
exacerbated by sulphur application (Mandal et al., 2003).
More precisely we can say that root represent a portion of
aerial biomass, which greatly heighten in response to S
fertilization. The concomitant increase of root biomass
allowing capturing of more N from the soil, and thus
increasing N uptake by the plant (Salvagiotti et al., 2009).
Furthermore, synergism between N and S also ameliorate
N uptake (Shamima and Imamul Hug, 2002; Salvagiotti et
al., 2009). The result is in consistent with the result of
Singh and Singh (2002), Sharma and Gangwar (1997)
who noted that N uptake in rice plant increased with
increasing rates of S application.

Data in Table 4 showed that the P content in grain and
straw of rice (var. BRRI dhan41l) varied significantly due
to the application of different doses of sulphur fertilizer.
Phosphorus content in grain varied from 0.22% to 0.30%.
The highest amount of P concentration (0.30%) was
found in the treatments T¢ (175% RFD of S) and T, (50%
RFD of S), which was statistically identical with the
treatments Ts (150% RFD of S), T4 (125% RFD of S), T;
(100% RFD of S), T, (75% RFD of S) and T, (control),
with the values of 0.28%, 0.28%, 0.28%,0.25% and
0.24%, respectively. The lowest amount of P
concentration (0.22%) in grain was found in the treatment
T; (200% RFD of S). In case of straw, there was a
significant effect of various treatments on P content in
straw (Table 4). The P content in straw ranged from 0.08
to 0.14%. The highest amount of P concentration (0.14%)
in straw was observed in the treatment T, (50% RFD of
S) which was statistically different from other treatments.
The lowest amount of P concentration (0.08%) was
recorded in the treatment T, (75% RFD of S). The result
indicated that P content in grain increased by the
application of S. It also indicated that the concentration of
phosphorus in grain is always higher than that of straw.
Padihar et al. (1985) reported that phosphorus content in
grain was increased with increasing level of S application.
Phosphorus uptake by grain and straw was significantly
influenced due to application of different levels of sulphur
(Table 4). Phosphorus uptake by the grain of BRRI
dhan4l by grain ranged from 9.20 to 15.48 kg/ha. The
highest amount of P uptake (15.48 kg/ha) by grain was
recorded in the treatment T¢ (175% RFD of S). The
lowest amount of P uptake (9.20 kg/ha) by grain was
observed in the treatment T, (control). The P uptake by
straw of BRRI dhan4l ranged from 5.02 to 8.33 kg/ha
(Table 4). The highest amount of P uptake (8.33 kg/ha) by
straw was found in the treatment T, (50% RFD of S)
which was statistically identical with the treatment Ts
(150% RFD of S) with the value of 7.70. The lowest
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amount of P uptake (5.02 kg/ha) by straw was observed in
the treatment T, (control). The total phosphorus uptake by
grain and straw varied from 14.22 to 22.47 kg/ha due to
different treatments. The highest amount of total P uptake
(22.47 kg/ha) was found in treatment T, (50% RFD of S)
which was statistically similar with the treatment Tg
(175% RFD of S) with the value of 22.45. The lowest
amount of total P uptake (14.22 kg/ha) was obtained in T,
(control). The total P uptake due to different treatments
ranked in the order of T;> Tg> Ts> T,> T3 >T,> T,> T,
Potassium content in grain and straw of rice was
significantly influenced due to different levels of S
application (Choudhury and Badiuzzaman, 1992). The
potassium content in grain varied from 0.206 to 0.240%
(Table 5). The highest amount of K concentration
(0.240%) in grain was observed in T, (50% RFD of S)
which was statistically different from all other treatments.
The lowest amount of K concentration (0.206%) in grain
was found in the T, (75% RFD of S). On the other hand,
K concentration in straw ranged from 2.10 to 2.83%. The
highest amount of K concentration (2.83%) in straw was
observed in T, (200% RFD of S) which was statistically
identical with the treatments Tq (175% RFD of S), T,
(125% RFD of S), T3 (100% RFD of S), T, (75% RFD of
S) and T; (50% RFD of S) with the values of 2.68%,
2.63%, 2.63%, 2.73%, and 2.73%, respectively. The

lowest amount of K concentration (2.10%) in straw was
found in Ts (150% RFD of S). The results indicated that
the K uptake by grain and straw of rice (var. BRRI
dhan41l) was also significantly influenced by the different
treatments (Table 5). Dobermann and Fairhust (2000) also
found the same results with the increasing of S level K
content and K concentration was increased in rice grain
and straw. The K uptake by rice grain varied from 7.82 to
11.48 kg/ha. The highest amount of K uptake (11.48
kg/ha) by grain was recorded in the treatment Tg (175%
RFD of S) which was statistically similar with the
treatment T; (50% RFD of S) with the value of 11.42
kg/ha. The lowest amount of K uptake (7.82 kg/ha) by
grain was observed in Tq (control). Potassium uptake by
straw ranged from 108.1 to 187.7 kg/ha. The highest
amount of K uptake (187.7 kg/ha) by straw was observed
in treatment T; (200% RFD of S) which was statistically
similar with the treatments Tg¢ (175% RFD of S), T,
(125% RFD of S), T5(100% RFD of S), T, (75% RFD of
S) and T; (50% RFD of S) with the values of 174.8,
175.3, 165.2, 172.7 and 166.6 respectively. On the other
hand the lowest amount of K uptake (108.1 kg/ha) by
straw was obtained in the treatment T, (control). The
results also revealed that K uptake by straw was higher
than that by grain.

Table 4 Effect of different levels of S on the Nitrogen and Phosphorus of BRRI dhan41

Treatment NCG NCS NUG NUS  TNU PCG PCS PUG PUS TPU
To 1.16° 0.90° 43229  41.34° 84.56° 0.24% 0.10° 9.20° 5.02°  14.22°
T 1.19° 0.95°  56.30° 57.96" 114.3° 0.30° 0.14° 14.13° 833"  2247°
T, 1.20° 0.93® 53.18° 58.70° 111.9° 0.25% 0.08" 11.10  5.06° 16.17%
T, 1.17 0.88° 53.27° 55.46° 108.7°  0.28% 0.10° 12.60° 6.08° 18.68"
T, 1.19° 0.93% 53.19° 61.85® 115.0° 0.28* 0.10° 12.37™  6.46“ 18.83™
Ts 1.22° 1.03*  55.02*° 68.10° 123.1° 0.28* 0.12° 12.48™  7.70®° 20.18*
Te 1.24° 0.95® 64.56° 62.11° 126.7* 0.30° 0.11° 15.48*  6.97°  22.45°
T, 1.25° 0.98%® 63.32* 68.41*° 131.7° 0.22° 0.09° 11.17%  574®  16.92°
CV (%) 0.70 6.44 2.89 6.25 3.73 11.79 8.41 11.86 7.98 6.98

SE (&) 0.0001826 0.03651 0.9227 2.138  2.468 0.01826 0.0001826 0.8434 0.2955 0.7556

NCG: N content% in grain; NCS: N content% in straw; NUG: N uptake (kg/ha) in grain; NUS: N uptake (kg/ha) in straw; TNU: Total N uptake
(kg/ha); PCG: P content% in grain; PCS: P content% in straw; PUG: P uptake (kg/ha) in grain; PUS: P uptake (kg/ha) in straw; TPU: Total P uptake
(kg/ha); Different letters within the column indicate statistically significant differences between treatments according to Duncan’s Multiples Range
Test (DMRT) (P<0.05). Letters were not shown in columns, which were statistically non-significant. Values are means + SE of three independent
replications (n = 3).

Table 5 Effect of different levels of S on the Potassium and Sulphur of BRRI dhan41

Treatment |KCG KCS KUG KUS TKU SCG SCS SUG SUS TSU

T, 0.210d 230bc 7.82e 108.1c¢ 1159c 0.144c 0.158 ¢ 5.36 ¢ 742¢€ 12.78 ¢
T, 0.240 a 273ab 1142a 166.6a 1780a 0.175a 0.142 f 8.34a 8.67de 17.02ab
T, 0.206 € 273ab 9.16d 172.7a 181.8a 0.134e 0.124 ¢ 592bc 7.85de 13.78¢c
T 0.210d 263ab 956cd 165.2a 174.7ab 0.132g 0.143 ¢ 6.0lbc 8.99cd 15.00hbc
T4 0.210d 2.63ab 9.42d 1753a 1848a 0.122h 0122 h 5.44c 8.12de 1355¢c
Ts 0.230b  2.10c 10.39bc 1384b 1488b 0.167b  0.156d 756ab 10.29bc 17.85a
Te 0.220 ¢ 268ab 1148a 1748a 186.2a 0.140d 0.162 b 7.34ab 10.60ab 17.94a
T, 0.210d 2.83a 10.67ab 187.7a 1984a 0.133f 0.178 a 6.76abc 11.81a 1857a
CV (%) 4.10 9.07 4.82 9.49 9.07 12.86 8.85 13.90 8.56 8.43

SE (+) 0.0001826 0.1354 0.2781  8.823 8.962 0.0001826 0.0001826 0.5288 0.4557  0.7690

KCG: K content% in grain; KCS: K content% in straw; KUG: K uptake (kg/ha) in grain; KUS: K uptake (kg/ha) in straw; TKU: Total K uptake
(kg/ha); SCG: S content% in grain; SCS: S content% in straw; SUG: S uptake (kg/ha) in grain; SUS: S uptake (kg/ha) in straw; TSU: Total S uptake
(kg/ha); Different letters within the column indicate statistically significant differences between treatments according to Duncan’s Multiples Range
Test (DMRT) (P<0.05). Letters were not shown in columns, which were statistically non-significant. Values are means + SE of three independent
replications (n = 3).
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In general, potassium uptake by leaf and petiole
increased up to reproductive stage and decreased at
maturity level, which implies that translocation of
potassium to developed grain (Shamima and Imamul Hug,
2002). Uptake of potassium by stem, on the other hand is
associated with increased of stem dry matter. It is worthy
to mention that the stem served as a largest reservoir for
potassium throughout the growth cycle. Nevertheless, we
found contrasting result as higher potassium in straw and
lower in grain. This result what we found might be due to
the uptake potassium by the above ground part is mostly
translocate to root instead of grain for their profuse
growth to facilitate higher N uptake. This is phenomenon
is termed as luxury consumption or overconsumption
(Saleque et al., 1998). Kabir et al. (2011) support the
findings of our study. Total potassium uptake by grain
and straw varied from 115.9 kg/ha to 198.4 kg/ha. The
highest amount of total K uptake (198.4 kg/ha) was found
in treatment T (200% RFD of S) which was statistically
similar with the treatments Tg (175% RFD of S), T,
(125% RFD of S), T, (75% RFD of S) and T, (50% RFD
of S) with the values of 186.2, 184.8, 181.8 and 178.0
respectively. The lowest amount of total K uptake (115.9
kg/ha) was observed in Ty (control).The total K uptake
due to different treatments can be ranked in the order of
T>Te>T>T>T>T>Ts> T,

Sulphur content in grain and straw of rice was
significantly influenced due to different levels of S
application. The S concentration in grain ranged from
0.122 to 0.175% (Table 5). The critical level of S in rice
straw and grain is 0.5% (Mukit, 2009). The highest
amount of S concentration (0.175%) in grain was
obtained in the treatment T, (50% RFD of S) which was
statistically different from all other treatments. The lowest
amount of S concentration (0.122%) in grain was found in
the T, (125% RFD of S). On the other hand, S content in
straw varied from 0.122 to 0.178% (Table 4.6). The
highest S concentration (0.178%) was observed in
treatment T; (200% RFD of S) which was statistically
different from all other treatments. The lowest amount of
S concentration in straw (0.122%) was found in T, (125%
RFD of S). The results indicated that S content in grain
and straw increased by the application of higher rates of
S. It also indicated that S content in grain is greater than
that of straw. Chandel et al. (2002) observed
concentration of S in rice plant increased with increasing
rates of S application. Result in Table 5 indicated that the
S uptake by grain and straw of rice was significantly
influenced by the different treatments. Sulphur uptake by
grain varied from 5.36 to 8.34 kg/ha. The highest amount
of S uptake (8.34 kg/ha) by grain was observed in the
treatment T; (50% RFD of S) which was statistically
identical with the treatments T (175% RFD of S) and Ts
(150% RFD of S) with the values of 7.34 and 7.56
respectively. The lowest S uptake (5.35 kg/ha) by grain
was observed in T, (control) treatment. Sulphur uptake by
straw varied from 7.42 to 11.81 kg/ha. The highest
amount of S uptake (11.81 kg/ha) by straw was recorded
in treatment T, (200% RFD of S) which was statistically
identical with the treatment T¢ (175% RFD of S) with the

value 10.60. The lowest amount of S uptake (7.42 kg/ha)
by straw was obtained in T, (control).The total S uptake
by grain and straw ranged from 12.78 to 18.57 kg/ha. The
highest amount of total S uptake (18.57 kg/ha) was
observed in treatment T; (200% RFD of S) which was
statistically similar with the treatments Tg (175% RFD of
S) and Ts (150% RFD of S) with the value of 17.94 and
17.85, respectively. The lowest total S uptake (12.78
kg/ha) was observed in T, (control). The total S uptake
due to different treatments ranked the in order of T;> T¢>
Ts> T1> T3> T,> T4> Ty Sakal (1995) and Poongothi et
al. (1999) reported that application of S increased S
uptake by rice plant.

Conclusions

Deficiency of sulphur has become a great concern
over the past decades in most of the agricultural areas of
Bangladesh. Therefore, to replenish the nutrient
deficiency, farmers use gypsum as a source of sulphur
without knowing their perilous consequences to the soil.
Optimum doses of sulphur along with its interaction effect
with other nutrients is crucially needed for successful crop
production. The results obtained from the present study
demonstrated that different levels of sulphur fertilizer
significantly influenced the growth and yield attributes of
BRRI dhan4l rice variety. Among the growth
characteristics, plant height and panicle length were not
significantly influenced by S fertilization likewise number
of effective tillers. On the other hand, yield attributes viz.
number of filled grains per panicle, 1000-grain weight,
biological yield and grain yield were considerably varied
by different gradient of S fertilizers. Regarding nutrient
analysis, in all cases, the highest amount of nutrients
found in grain instead of straw except for potassium.
Furthermore, nutrient uptake by grain and straw differed
in different treatment. However, based on the above fact,
in spite of different interaction effect with other nutrients,
Te (175% RFD of S) treatments gave the highest yield
might be due to the highest nutrient use efficiency.
Therefore, further study with given priority to
improvement of nutrient use efficiency with nutrient
uptake should be conducted to boost yield of the new
variety.
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