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S U M M A R Y

Native sulphur is supplemented by variable additions from rain
water, irrigation water, fertilizers and insecticides. Sulphur d e fi
ciency, however, s till exists in many parts of the w o ild  and could 
be overcome for high yields by mixing together elemental and rock 
phosphate, applying sulphur containing fertilizers, growing clover 
and grass in sulphur-deficient soils, by presence of soluble salts in 
fertilizers, applying ammonium sulphate under limed condition and 
ammonium sulphate w ith  trip le  superphosphate.

IN T R O D U C T IO N

In the surface soil, sulphur is predominantly in the organic faction 
and this element varies from less than ,100 ppm to several tenths 
percent. This native sulphur is supplemented by variable addition 
from rainwater (5-to  45-kg S/ha per year), irrigation water (3-1, 
849 kg/ha floon water), fe rtilizer (0.02-% sulphur in ammonium 
nitrate, 7.8-13.3%  inord inary superphosphate and 0.05-2.6% in 
concentrated superphosphate) and insecticides (56-67 kg/ha).

SU L P H U R  D EF IC IEN C Y

But, in spite of amendments, sulphur-deficient areas are widespread 
in non-irrigated soils in many parts of the world.

In humid regions sulphur deficiency may arise due mainly to 
leaching, erosion and crop removal. Amount removed by crops 
varied w ith  kinds. Crops those require large amount of sulphur 
are cabbage, cauliflower, turnip, onions an asparagus. They require



approximately 45 kg S/ha. Crops requiring intermediate amount 
are legumes, cotton and tobacco, w h ile  those requiring small 
amounts are small grains, grasses and corn,

S T E P S  TO  O V E R C O M E  D E F IC IE N C Y

Sulphur carriers are added to the soil to overcome this sulphur 
deficiency. Its presence in the fe rtilize r, besides increasing sulphur 
availability to plants, may influence phosphorus availability. This 
influence may be related to its e ffect on the so lu tion  of phosphorus 
compounds, and the nature of the reaction products formed in the 
soil or to the stim ulation o f p lant growth due to its presence (16).

Rock phosphate

Consideroble work has been done in the past in which elemental 
sulphur and rock phosphate have been mixed and applied to the 
soil. The idea is that sulphur upon oxidation in the soil w il l react 
w ith  the phosphate rock thereby increasing availability of phos
phorus in the rock phosphate. A ttoe  and his coworkers in Wisconsis 
have developed a material by stiring  finely divided rock phosphate 
into molten sulphur, cooling the m ixture and then grinding it  to 
some suitable particle size from a series of experiments on the 
use of sulphur for increasing availability of phosphorus in rock 
phosphate (20). Kittams (12) stated that application of rock phos
phate and sulphur in the ratio of 2:1 to unlimed s ilt loam of pH 6.6 
increased phosphate uptake up to 121 percent as compared to 54 
percent for rock phosphate; in limed s ilt  the increases were 29 
percent for the m ixture, and 7 percent fo r rock phosphate. Yield 
of lucerne was also increased.

Ahmed et al. (1) reported from their experiments that the use 
of sulphur on the uptake of phosphate by the rice plant grown on a 
clay loam soil w ith  pH 6.7 increased gradually w ith  increasing 
rate of sulphur (phosphate sulphur ra tio  from 20:1 to 2.5:1). The 
yio ld also increased s im ila rly .

Su lphur conta in ing fertilizers

Khun and Mangel (13) working w ith  sulphur deficient calcareous 
soils and acid sands concluded that sulphur containing fertilizers
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increases phosphorus uptai<e as w ell as yields of red clover, mus
tard, sunflower and bean.

C lover and grass
Nelier and B artle tt (15) observed that g row th  and phosphste 
percentage of clover and grass grown on sulphur de fic ien t soil 
increased, where sulphur had been added annually at 144 kg/ha to 
treatments that received rock phosphate at 336 kg/ha as compared 
to rock phosphate only at 678 kg P2 O5 /ha. Yields also s ignificantly 
increased. In greenhouse studies where sulphur was used a t higher 
rates, availability of the rock phosphate was increased. Soil samples 
taken at the end of the experiment contained significantly more 
soluble phosphate in the surface 7.5 cm than in the 7.5-15.0 cm. 
From grass and clover test on a v irg in  leon fine sand near 
Gainesville, Florida, Bledsoe and Blaser (1947) stated of s ign ifi
cantly higher yields when sulphur was added to fertilizers (basic 
slag, rock phosphate and phosphoric acid) as phosphate sources.

Su lub le  sa lts
The presence o f soluble salts in the fe rtilize r along w ith  the 
phosphate material exert some influence on phosphate availability. 
This increase may be accounted for an increased stim ula tion of 
the plant due to their presence or by the influence of these salts 
have on the ava ilab ility  o f phosphate materials. Starostka and 
Hill (19) postulated that since the phosphate in  mixed fertilizers 
was often more available to plants than di-calcium phosphate alone, 
the presence of other fe rtilize r salts may influence the availability 
of dicalcium phosphate. They found ammonium sulphate increa
sing the solubi lily  considerably and salts of ammonium sulphate 
nutriate increasing the so lub ility  slightly. Robertson, et al. (18) 
found an increasing uptake of fertilizerphosphate when ammonium 
sulphate was added as the starter fertilizer.

A m m o n ium  su lpha te  under lim ed co n d itio n  
Lutz and Rich (14) observed that under limed conditions ammo
nium sulphate enhanced phosphate uptake by zero percentage. 
They found that inm ost cases the presence of sulphur carriers 
increased the ava ilab ility  of applied phosphate plants. Bouldin



et al. (5) studied the influence of associated salts w ith  monocal
cium phosphate on the nature of the reactions that occur between 
these mixtures and the soil. The range in percentage of phophate 
that remained at the granular site was from 92 percent when mono
calcium phosphate was mixed w ith  CaC02 to 2 percent when 
monocalcium phosphate was mixed w ith  ammonium sulphate. 
Bouldin and Sample (4) also demonstrated the influence of 
associated salts on the availability  of concentrated superphosphate 
in a greenhouse and laboratory experiment. The order o f effec
tiveness of salts was generally (N H 4)2S04 NH/iNOs NH4 CI.

In nearly every instance good agreement was found between 
the effectivess of sa lt on phosphate ava ilab ility  and the phosphate 
availability and the phosphate uptake by plants. Bouldin and 
Sample (4) concluded tha t the influence of associated salts on 
phosphate availability from concentrated superhosphate was the 
result of the chemical e ffect of the reaction products in the soil 
and not due to any effect tha t associated salt had on physiological 
uptake of phosphate by plants.

M ixed  am m onium  sulphate and triple superphosphate

Islam and Rahman (8) working w ith  rice plants at waterlogged 
condition observed th a t the application of ammonium sulphate 
along w ith  trip le superphosphate increased the phosphate availa
b ility  significantly. The increase was also gradual w ith  rates of 
applications of ammonium sulphate. The increased availability 
was also reflected by higher assimilation of phosphate by rice 
plants. Sim ilar results were also obtained in upland conditions 
where w heat plants were grown (8).

C O N C L U S IO N

The current trend towards the use of high analysis fertilizers tha t 
contain lit t le  carrier sulphate has undoubtedly contributed to the 
development and discovery of new areas of deficiency. Also, there 
can be lit t le  question tha t many instances of mild sulphur defi
ciency now go unrecognised. Exploratory tissue analysis, parti
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cularly of plants w ith  high sulphur deficiency is suspected (6). 
The next step lies in the choice of the form of sulphur. Extensive 
use has been made o f both elemental sulphur and gypsum as 
sources o f sulphur. Between the two. price w ill remain as one of 
the deciding considerations. If elemental sulphur is indicated as 
most economical, its fu ll availability w ill no t be realized in less 
than four months after i t  is incorporated into the soil. Elemental 
sulphur w ill,  w ith  its oxidation, increase the ab ility  of the soil. 
Under circumstances, this increase may be desirable, but calcium 
sulphate should be preferred because it  contains both sulphur and 
calcium.

R EFER EN C ES

1. Ahmed, I. U., S. Rahman, and M. Rahman. 1969. Pakistan J.
Soil S c i„ V(1) : 1-10.

2. Berger, K. C. and P. F. Pratt. 1963. Fertilizer technology and
usage. 287-340.

3. Blaser, R. E., G. M. Volk and F. B. Smith. 1942, Soil Sci.,
Soc. Am. Proc., 6 : 298-302.

4. Bouldin, D. R. and E. C. Sample. 1958. Soil Sci. Soc, Am.
Proc., 22 : 124-129.

5. Bouldin, D. R., J. R. Lehr., and E. C. Sample, 1960. Soil Sci.
Soc. Am. Proc., 24 : 464-468.

6. Eaton, F. M, 1973. Diagnostic criteria for plants and soils,
444-475.

7. Islam, A. and S. Rahman. 1966. Pakistan J. Biol, and Agri.
Sci. 9(2) : 11-16.

8. Islam, A. and S. Rahman. 1967. Dacca University studies,
X V B :31 -38 .

9. Jensen, M. C. and G. 0. Backer. 1951. Idaho Agri. Expt. Sta,
Res. Bull. 19.

10. Jordon, J. V. and C, S. Bardsley. 1950. Soil Sci. Am. Proc.,
22 : 254-256.

11. Jordon, J. V., and H. M. Reisenauer. 1957. Year book of
agriculture. USDA. 107-111.

80 Workshop on sulphur nutrition in rice 1976



(

12. Kittams, H. A. 1963. Diss. Abslr. 24 : 1223.
13. Kuhn. H. and Mangel, K. 1963. Land W l Forsch. 16 : 267-278,
14. Lutz, J. A. and C ,. I. Rich. 1961. Verginia Agri. Expt. Sta.

Res. Rept. 59 : Dec.
15. Neller, J. P. and F. D. Bartle lL 1959. Soil Sci. 88 : 331-225.
16. Phillips, A. B. and J. R. Webb. 1971. Fertilizer technology

and usage. 271-301.
17. Roger, W. B. and Blaser, R. E. 1947. J. Am. Soc. Agri., 39 ;

146-152.
18. Robertson, W.K., P.M. Smith, A. J. Ohrlogge. and D.M.Kinch.

1954. soil Sci. 77 : 219-226.
19. Starostka, R. W. and W. L. H ill. 1955. Soil. Sci. Soc. Am.

Proc., 19 : 192-198.
20. Tisdale, S. L. and H. G. Cunninghufn, 1963. Fertilizer techno

logy and usage, 269-486.
21. Thorne, D. W. and H. B. Peterson. 1954. Irrigated soils. The

Blackiston Co. N. Y. 119-

Effect of sulphur upon plant response 81




