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ABSTRACT

BR-3 variety of rice responded significantly to applications of sulphur either in the

form of gypsum or &s elemental S,

The response was more prominent in the soil where

the available S content was below the critical level (9.5 ppm). Gypsum appeared to have

a more bzneficial effect than elemental sulphur on 2ll the growth parameters. An increase
of Ca 8% in grain yield was obtained with an application of 30 kg S ha™ as gypsum.
Although sulphur contents in various parts of rice plant varied significantly with different

rates of S application, the N and P contents in them remained unaffected. The maximum
content of S was recorded in plants receiving S between 30 and 40 kg ha=l. Grain S

content was signiticantly atfected by S addition from both the sources.

The charges in

yield parameters as well as nutrient elements were significantly affected by S application.

The importance of sulphur application
as a plant nutrient has until recently been
underestimated. This was partly due to
the contributions of the elemant to soil

trom the atmosphare and through
phosphatic fertilizers, particularly the
superphosphates  (Sein et a/, 1969).

WWith increase in the application of high
analysis fertilizers containing little or no
sulphur, and with the use of insecticides
and fungicides containing lesser sulphur
contents, the incidental addition of
sulphur to soils has shown a gradual
cecrease (Ensminger and Freney, 1966).
At the same time, greater amounts of
sulphur are being removed through higher
crop vyields without being equally
replenished. Although a limited amount
of sulphur is being added each year with
rzinfall, the quantity is inadequate in
ron-industrialized areas to meet crop
ne=ds. Consequently, sulphur deficiencies

are being reported with increasing fre-
quency throughout the world (Elkins
and Ensminger, 1971).

Recent observations at the experi-
mental tield of Bangladesh Rice.Research
Institute as well as at farmers’ levels
indicated sulphur deficiency in Joydebpur
area of Bangladesh. Under certain
conditions the deficiency was found to
be the limiting factor for satisfactory rice
yields (Alam and Karim, 1972). The
widespread deficiency of sulphur in
different soils of the country is also

reported in the Chandpur lrrigation
Project Area. Considering the fact that
many soils are low in sulphur and

a planned programme for sulphur fertili-
zation is necessary, a pot experiment
was carried out to study the effect of
sulphur on growth, yield and chemical
composition of rice under flooded condi-
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tion with two soils varying widely in their
org'anic matter and S contents.

MATERIAL AND METHODS

Two soils representing the Naraibag
and Kalma series were collected to a
depth of 0-15cm from rice growing
areas. Some of the physical and chemical
properties of the soil samples are
presented in Table 1.

Greenhouse Experiment

4.5 kg (2 mm) of air-dried soils were
thoroughly mixed with 1.5 kg of washed
sand and were placed in earthen pots of
8 | sizes. A basal dose of N (urea),
P (TSP) and K (MP) &t the rates of 60,
30 and 30 kg ha™1, respectively, was
used. Two different sources of sulphur
viz., gypsum and elemental S, were used
to add equivalent amount of 10, 20, 30
or 40kg S ha™! in pots of respective
treatment. Control pots did not receive
any S. A separate treatment containing
only calcium oxide (70.5 kg ha=1) was
included to compare the additional
effect, if any, of calcium from gypsum.
Elemental S was allowed to oxidize for
two weeks before the soils were submer-
ged. Transplantation of two 5 weeks’
old healthy seedlings of BR-3 variety of
rice in each pot was done five days after
submergence of the soils in order to bring
the soils into equilibrium. There were
three replicates of each of the treatments.
The pots were arranged randomly in the
greenhouse. Water level in the pots was
maintained at 3 cm above soil surface

throughout the growing season
lasted for about three months.
were kept weed free.

that
The pots

Plant samples (one hill per pot) were
collected at flowering stage and at the
h?rvczsting stage. At maturity, the grain
yield was measured. Soi] samples from
each pot were collected to measure the
changes in available § contents in soil,

Analytical Methods

Soil texture, PH and organic matter
content were determined by standard

and conventional techniques. Nitric-
perchloric acid digestible sulphur of

plants and grains were determined by the
turbidity method of Chesnin and Yien
(1950) as modified by Sakaj (1978).
The same method was used to determine
the calcium di-hydrogen phosphate
(500 ppm) extractable suiphur from soil,
The acid digest was also used for
phosphorus and potassium determina-
tions. Nitrogen was estimateq from
Kjeldahl's digest by alkali distillation
(Jackson, 1958).

RESULTS AND DISCUSSION
Available Suiphur

Concentrations of available sulphur
collected at flowering and at maturity
stages varied significantly with rates of S
application (Tables 2 and 3), Amount
measured in Naraibag soil was consider-
ably higher than that in Kaima soil. This

was related to the native S contents of
the two soils.
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TABLE 2

Etfect of gypsum flnd elemental sulphur on the yield and chemical compaosition of
rice at different stages of growth in Naraibag soil

Treatments - Gypsum S Elemental S CaD LSD at
(kg/ha) 0 10 20 30 40 10 20 30 40 705 1% level
* ]

. 0 . 7. 7.4 7.7 8. 7

(g/hill)
S 013 017 0.16 0.17 017 0.17 0.17 0.18 0.18 0.14 0.011
Tissue N 1.00 1.06 1.08 1.22 1.11 1.09 1.02 110 121 1 03 NS
ContentP 026 0.28 0.37 0.33 0.31 027 0.33 0.28 0.28 0.25 NS
(%) K 148 165 164 1.69 1.65 1.62 166 1.70 1.68 1.50 005

Available
ppm S 283 430 491 527 644 393 46.7 5277 536 321 18.9

Atmatu- 4.39 633 501 5.60 561 475 479 586 5.26 444 NS
rity straw .

(g/hill)
Graif\ 320 327 332 326 331 328 326 19 320 317 NS
(g/hill)

S$ 011 012 0.12 013 0.13 012 013 0.13 013 011 0023
Tissue N 0.58 063 0.64 076 074 0.61 063 070 068 0.60 NS
Content P 0.15 0.156 0.17 020 0.16 0.16 019 0.15 015 0.15 pNs
(%) K 181 1.72 184 177 176 1.65 1.75 189 1.78 154 0.05
Grain S 0.09 012 012 013 013 012 012 0.12 012 009 0.02
(%)
Available
ppm S 211 486 333 359 384 273 394 38.4 41.8 223 47

NS = Non Significant
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TABLE 3

Effect of gypsum and elemental sulphur on the yield and chemical composition
of rice at different stages of growth in Kalma soil

Treatments Gypsum S Elemental S Ca0 LSD at
(kg/ha) O 10 20 30 40 10 20 30 40 705 1% level

At flower- 424 7.09 755 764 644 578 564 620 7.38 529 0.673
ing straw

(g/hill)
S 013 016 017 017 018 016 017 018 019 044 0.028
Tissue N 090 093 1.01 1.02 1.06 094 101 088 093 092 NS
Content P 020 027 028 031 030 025 027 028 025 021 NS
(%) K 139 151 154 152 150 153 157 158 156 1.40 0.030

Available

ppm S 124 158 189 200 323 158 174 189 21.8 140 3.36

At matu- 4.16 452 486 550 482 461 473 497 478 4.11 0.297
rity straw

(g/hill)

Grain 284 290 293 308 300 292 312 301 289 279 004
(g/hilly

S 009 012 0.13 013 014 012 012 013 0.14 009 0.111

Tissue N 050 0.60 0.61 0.63 059 0.54 0.62 055 061 052 NS

Content P 0.12 014 017 0.6 0.18 013 014 014 016 013 NS
(%) K 1.40 154 157 151 153 157 159 154 135 1.42 003
Grain S 0.075 0.1C4 0.109 0.121 0.121 0.092 0.109 0.112 0119 0.080 0.023
(%)

Available

ppm S 11.3 124 164 176 209 145 169 176 204 9.00 456
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Effect of Sulphur Application on
the Growth and Yield of Rice

Application of sulphur in any form
did not induce any significant change in
the height and number of tillers (data
not shown) in either of the soils; neither
did it show ahy significant effect on
straw and grain yield of rice in Naraibag
soil (Table 2). However, in Kalma sail,
straw yields at both the stages of growth
were significantly affected by sulphur
application (Table 3). Sulphur applica-
tion in this soil at the rate of 30 kg ha™!
as gypsum produced a maximum yield of
7.64 g and 5.50 g straw hill"* at the
flowering and maturity stages, respecti-
vely. The maximum grain yield was
obtained at the application rate of 20 kg
S ha™ as elemental suiphurand 30 kg S

ha—! as gypsum.

Aiyar (1945) reported that sulphur
added to rice in field plots tended to
double the weight of grain. Increase in
rice yields in Burma, India, Japan, Russia
and the United States with addition of
sulphur containing fertilizers has been
reported (Beaton, 1966). In Bangladesh,
sulphur application has been found to
increase yield from 0.3 to 2.2 t ha-! of
rice at farmers’ level (Hoque and Hobbs,
1978). These authors reported that rice
yields increased by 72 and 43 per cent
due to S application from ammonium
sulphate and magnesium sulphate,
respectively. Similar results have also
been reported by Ray et al. (1978) from
the experiment at the Bangladesh Rice
Research Institute Farm. The resuits
obtained by Islam (1978) indicated that

either ammonium sulphate or gypsum or
a combination of the two greatly impro-
ved the grain yield over urea. It has to
be remembered, however, that response
of rice to applied sulphur fertilizer s

regulated to a large extent by the rice
cultivars (Blair and Till, 1881).

Effect of Sulphur on the
Chemical Composition of Rice

The contents of sulphur, nitrogen,
phosphorus and potassium in rice tissue
are presented in Tables 2 and 3. Sulphur
In rice at both thre stages of growth
varied significantly with rates of sulphur
application. The maximum content of
tissue sulphur at flowering and at maty-
rity stage in Narsibag soil was observed
when the plants received S at the rate of
30 kg ha"'. However, in Kalma soil this
value was obseived at 40 kg ha™?
application. S application did not have
any significant effect on the nitrogen and
phosphorus concentration of plant tissue
(Tables 2 and 3). However, application
of sulphur appeared to have influenced
the K contents of plants. Elemental
sulphur when applied at the rate of
30 kg ha™! induced the highest tissye

K content except in Kalma soil at
maturity stage where the same was
obtained at 20 kg S ha! application.

Such a situation could arise due to
increased metabolic activity involving K
related enzymes,

Sulphur application, irrespective of
the sources, caused a significant increase
in grain sulphur content (Tables 2 and 3).
The maximum S content in grains on
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Naraibag soil was 0.139, obtained at
30 kg S ha~! application rate. The same
in the Kalma soil was 0.12% obtained
at the same application rate, The values
for grain S at no sulphur application were
0.09 and 0.096, respectively, for
Naraibag and Kalma soils. Sen (1938)
reported that 0.096 to 0.105 per cent
sulphur in rice grain showed deficiency
symptoms Aiyar (1945) found that
0.081 to 0094 percent S in rice grain
showed deficiency symptoms. Based on
these values, it is apparent that both
Naraibag.and Kalma series soils fall in
the deficient zones. Application of 10 kg
S ha™! from any of the sources could
remove this deficiency in the Naraibag
soil. Butin the Kalma soil the application
1ale has to be just the double this
amount to remove any deficiency of S.

Relationships between Soil and
Plant Sulphur Contents and
Yialds of Straw, Grain and Plant
Nutrients

Correlation coefficients between straw
yield and available sulphate as well as
plant sulphur were found to be significant
within 5%, confidence limits for both the
soils (Table 4) indicating that both the
soils responded to 'S applications.
However, grain yield and available sul-
fate as well as plant sulphur was
correlated significantly only in the Kalma
soil—the soil deficient in available
sulphur (9.5 ppm). In the Naraibag soil
that contained appreciable amount of
available S, no significant correlations
were obtained among these parameters.
The findings suggested that scils having

TABLE 4
Correlation coefficients between sulphur and yields (straw and grain)
and nutrients

Correlation between

Simiple correlation coefficients (r)

Naraibag soil  Kalma soil
Straw yield and available S +0.562° +0.726%
Straw vield and plant S +0.716° -+-0.8392
Grain yield and available S L 401ns 4+ 0.686"
Grain yield and plant S 40 362ns +0.766%
Grain S and plant S 4-0.9281 +0.9152
Plants S and available S +0.6874 +0.832¢
Plant N and plant S 4-0.880* +0.7453
Piant P and plant S - 0 244ns 4-0.513ns
Plant K and plant S +0.6915 4 0.804°

1,2 % %, and ® represent level of significance at 0.1, 1,2, 5 and 10°;, respectively.

ns=Naon significant.
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less than 13.0 ppm available sulfate
would respond to application of sulphur
and this value could be considered the
critical level under submerged conditions.
Wang (1976) reported the critical level
of sulfate sulphur to be about 10 ppm in
calcium dihydrogen phosphate extracts.
The present observations suggest that
rice plants will respond better to applied
sulphur in soils low in native available
sulphur.  This is further substantiated by
the fact that in Kalma soil, sulphur
content of straw and grain correlated
with available sulphur content better than
it was found in the Naraibag soil
(Table 4). Values for single correlation
coefficient revealed that application of
S improved the nitrogen and phosphorus
status slightly and potassium status
appreciably. Increased concentration of
S in the rice tissue was perhaps instru-
mental in stimulating certain metabolic
activities with the result of increased N,
P and K uptake. Similar views have been
expressed by authors like Walker and

Adams (1958) and Mengel and Kirkby
(1978) while dealing with S nutrition in
plants,

Introduction of Ca0 together with
sulphur treatment showed no significant
effect on any of the parameters studied
indicating that the soils under study did
not have any Ca deficiency. The use of
elemental S in lowland rice cultivation js
possible if sufficient time is allowed to
oxidize the added S before the soils are
submerged. Use of elemental Sin low-
land rice has been reported by Ismunadji
and  Zulkarnaini (1978) who reported
that elemental S was as etfective in
correcting S deficiency in rice soils as
potassium sulfate, ammonium sulfate or
calcium sulfate. In the light of the
present study, it would be suggestive to
use gypsum preferentially over elemental
S considering its easy availability, resdy-
biiity to use and non-contributory effect
of additional Ca on rice vield.
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