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Abstract

Sulphur is an essential nutrient for the production of oilseeds. It is the 13th most abundant element in the earth’s crust
with an average concentration of 0.06 percent. It is necessary for the synthesis of proteins, oils, and vitamins. Agricultural
soils have a low concentration of inorganic sulfur compared to the organic form.  A sulfur deficiency also leads to a 40
percent reduction in the quality and quantity of rapeseed or oilseeds. Sulfur deficiency is becoming very common in
many states of India. In previous years, various studies on sulfur have been carried out, viz. factors that affect the
availability of Sulphur to plants, its function in the plant, the response of Sulphur in various crops, etc. The objective of
this review is to provide an update on recent discoveries related to these topics, which may contribute to a better
understanding of S fertilization and the role of S in oilseeds.
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Introduction

Sulfur is an essential nutrient for the production of
oilseeds. It is the 13th most abundant element in the earth’s
crust with an average concentration of 0.06 percent. Sulfur
(S) is increasingly recognized as the fourth major plant
nutrient after nitrogen, phosphorus, and potassium (Jamal
et al., 2010). Oilseeds of one hectare remove sulfur about
10 to 25 kg and that of legumes 5 to 10 kg per year,
depending on the crop, soil and environmental factors
(Singh and Singh, 2016). In India, more than 41 percent of
the soils are deficient in Sulphur (Singh, 2001). Since
rapeseed has a high demand for sulfur, it is particularly
sensitive to sulfur deficiency compared to other crops
such as cereals or legumes (Zhao et al., 1997). The visual
symptoms of sulfur deficiency in cruciferous crops are
very specific and can be treated in the field throughout
the growing season (Pierre et al., 1999). During flowering,
the characteristic changes in sulfur deficiency in the color
and shape of the petals (Haneklaus et al., 1999). A
deficiency of sulfur leads to an accumulation of amino
acids, which is supposed to regulate the absorption and
assimilation of nitrogen, while the processes which
increase the renewal of organic sulfur, the compounds of
defense against stress and answers are shields. Severe
deficiency, sulfur can ultimately lead to reduced growth,
which is particularly associated with a reduced epidemic
rate (Hawkesford and De Kok, 2006). Sulfur deficiency
also leads to a 40 percent reduction in the quality and

quantity of rapeseed or oilseeds (De Pascale et al., 2008).

Sulphur deficient oilseeds growing soils of India

In coarse-textured soils, where the oilseeds cultivation is
mainly done, total sulphur content is low than the fine-
textured soils. Low content of organic matter in coarse-
textured soils result in sulphur deficiency (Takkar, 1988).
Major oilseed growing states in India are Gujarat, Andhra
Pradesh, MP, Maharashtra, Tamil Nadu, Karnataka U.P.,
Rajasthan, Orissa, and Punjab, etc (Table1). 40.7 per cent
S-deficient soil samples from various part of the country
(Singh, 1991) were reported by ICAR based on their project
on micronutrient in which S was included. Out of total S,
only 10 percent proportion is in available form but it varies
from soil to soil. Organic S is the major source of available
S for crop uptake. 10 ppm available is the critical limits,
below which the soils are stated to be deficient in S
(Venkatesh  and Satyanarayana,  1999)

N:S and S:P ratio

N:S Ratio of about 20:1 is required for the optimum growth
of plants (Cram, 1990). Accumulation of non-protein
compounds such as amides occurs, when sulphur is
deficient leading to a greater N:S ratio. Apart from it, when
S supply is greater than that required for protein synthesis,
sulphate accumulates in plant tissues, leading to a smaller
N:S ratio. S concentration of 0.2 percent and an N:S of 18
in the flag leaf is sufficient for obtaining higher yields in
wheat (Reneau et al., 1986). Availability or deficiency of
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S in protein is determined by the N:S ratio. N and S ratio
is generally preferred as a diagnostic criterion for S
deficiency (Spencer and Freney, 1980). However, Schnug
and Hanklaus (2000) reported that the use of the N:S ratio
as a diagnostic criterion is not optimum as the same ratio
of N:S can be obtained at totally different concentration
levels in the tissue. Similarly, optimum S:P ratio is also of
great consideration regarding crop growth which falls
between 0.9-1.4 (Abdin et al., 2003).

Deficiency symptoms of sulphur in oilseeds

Sulphur deficiency results in the production of pale green,
yellowish-green or solid yellow. Symptoms of Sulphur
deficiency look like Nitrogen (N) but appear first in
younger leaves due to less mobility in the plant than N,
while in the case of nitrogen, they appear first in the older
leaves. The S stored in older leaves in the form of sulfate
is easily mobilized and transferred to the growing organ
to some extent. However, this type of sulfur is not enough
to maintain normal growth, therefore the young leaves
remain small and pale green due to a lack of protein and
chlorophyll. Disruption of protein metabolism in the

synthesis of chloroplasts and chlorophyll leads to acute
deficiency. Cell division is also reduced due to an S
deficiency which causes the plant to atrophy (Schnug
and Haneklaus, 2005).

Interaction of Sulphur with other nutrients

Positive interaction of nitrogen (N) and sulphur was
reported in the case of mustard (Sachdev and Dev, 1990).
Similarly, P and S interaction is reported to be positive in
sunflower (Gangwar and Parmeswaran, 1976) and mustard
(Raut and Ali, 1985) on a low level of phosphorus (P).
However, at a high level of P, negative interaction was
reported in the case of groundnut and lentil crop (Tiwari,
1990). Potassium (K) and S interaction was also positive
for groundnut (Singh and Chaudhari 1996).

Uptake of Molybdenum (Mo) was reduced with sulphur
application (Chaphale et al., 1991). The antagonistic effect
was recorded for molybdenum with increasing levels of
sulphur (Guyette et al., 1989). Mo, when added with S,
improved growth parameters due to their effectiveness
as well as their effect on an increase in nitrogen and

Table 1: Percentage of deficient sulphur samples in different districts of states collected by ICAR (TSI 2020)

Punjab
Over 40% Amritsar, Hoshiarpur, Ludhiana and Ropar
20% - 40% Sangrur and Kapurthala
Less than 20% Ferozepur, Faridkot, Bathinda and Patiala
Bihar and Jharkhand
Over 40% Laxmipur, Navada, Ranchi and Singhbhum
20% - 40% Samastipur, Gopalganj, Gaya, Patna, Darbhanga, Nalanda, Aurangabad, W.

Champaran, Bhojpur, Palamau, Dumka and Rohtas
Less than 20% Muzaffarpur, Bhagalpur, Jehanabad and Munger
Madhya Pradesh and Chhatisgarh
Over 40% Dewas, Ujjain, Mandsaur, Dhar, Morena, Vidisha, Rajnandgaon, Gwalior, Sehore,

Indore, Sidhi, Chhindwara, Balaghat, Seoni and Khandwa
20% - 40% Bhopal, Jabalpur, Bhind, Guna, Satna, Sagar, Ratlam and Raipur
Less than 20% Narsinghpur, Bilaspur, Durg, Mandla and Betul
Rajasthan
Over 40% Banswara, Dholpur, Chittorgarh
20% - 40% Bharatpur, Sriganganagar, Bikaner, Udaipur, Jhunjhunu and Kota
Less than 20% Jaipur, Jodhpur and Nagaur
Uttar Pardesh and Uttaranchal
Over 40% Lucknow, Banda, Ballia, Hardoi, Varanasi, Pratapagarh, Faizabad, Kanpur,

Gazipur, Mirzapur
20% - 40% Allahabad, Sitapur, Hamirpur, Jhansi, Lalitpur, Bulandshahr, Agra, Fatehabad,

Firozabad, Mainpuri, Aligarh, Moradabad
Less than 20% Jalaun, Farukhabad, Nainital, Almora, Gaziabad, Meerut
Haryana
Over 40% Ambala, Faridabad and Hisar
20% - 40% Gurgaon, Jind, Panipat, Sonepat, Mohindergarh, Bhiwani and Kaithal
Less than 20% Rohtak, Reawari, Sirsa and Kurukshetra
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sulphur uptake (Sairam et al., 1995). However, in wheat
crops, Magnesium (Mg) uptake was increased in wheat
when Mo was applied either alone or with sulphur
(Purakayastha and Nad, 1998).

 In the case of Iron (Fe) and S, the combined application
of both nutrients showed an increase in plant growth
(Malewar and Ismail, 1997). Sulphur antagonism with
Selenium is well known. S uptake in the plants decreases
with an increase in selenium use (Pezzarossa et al., 1999).
Synergistic as well as antagonistic relationship was found
between boron and sulphur in various studies (Singh,
2000). Similar results were also recorded in the case of
zinc in which antagonistic and synergistic effects of Zn
and S interaction have been reported. Higher S dose
lowered Zn concentration in groundnut was described
by Shukla and Prasad, (1979) and in rice by Shah and De
Datta, (1991) also reported that Zn concentration in rice
plants was slightly decreased with an application of 100
kg S ha-1. On the other hand, Cui and Wang (2005) in
spring wheat and Baudh and Prasad, (2012) in mustard
reported a positive interaction between zinc and sulphur.

Inorganic and Organic Sulphur

Agricultural soils have inorganic sulphur in low
concentration as compared to organic form (Kumar et al.,
2018). In the case of inorganic S, sulphate can be
categorized into SO

4
2  in soil solution, adsorbed SO

4
2 and

mineral sulphur (Barber, 1995). Sulphur may form a
precipitate with calcium, magnesium or sodium sulphate.
SO

4
2 also occurs as a co-crystallized or co-precipitated

impurity with CaCO
3
 which forms an important fraction

of it in calcareous soils (Tisdale et al., 1993). However,
soil organic sulphur constitutes up to 98% of the total
soil sulphur (Bloem, 1998) and it is associated with soil
organic matter and soil microorganisms (Freney, 1986).

Availability of indigenous sulphur sources

Gypsum: Gypsum is widely used for many years as a soil
conditioner, it also contains a considerable amount of Ca
and S. Gypsum is a cost-effective and efficient source of
sulphur. It is extracted from mines and sulphur reserves
in-country accounts for 1,004 million tones out of it, 90
percent of the total reserves are located mainly in Jodhpur,
Nagaur and Bikaner districts of Rajsthan (Rohtagi et al.,
1977). Rajasthan State Mines and Mineral Ltd. (RSMM)
and the Fertilizer Corporation of India (FCI) are major
producers of mineral gypsum in India. Bio-products of
gypsum which nowadays in use are phospho-gypsum
can be manufactured through the wet process by treating
rock phosphate with sulphuric acid.

Pyrites: The main constituent of pyrites (FeS
2
) minerals

are iron and sulphur. In some places of Bihar, Rajasthan,
and Karnataka, deposits of them occur. Generally, pyrites
categorized into low and high-grade ones. Sulphur acid
is produced through the use of high-grade pyrites, in
which low-grade pyrites are not of much industrial
importance. However, low-grade ones can be used for
increasing soil fertility as a source of sulphur (Awasthi
and Shaha, 1998).

Immobilization and mineralization of sulphur

Sulphur cycle involves two major processes i.e.,
mineralization and immobilization. Both S immobilization
and mineralization are mediated primarily by microbial
activity in soil (Knights et al., 2001). Importantly, the rate
at which added sulphate is immobilized depends critically
on soil conditions (Ghani et al., 1993). As stated earlier,
organic matter is the main source of S in soil (Lucheta
and Lambais, 2012). Oxidation of it to SO

4
-2 is done by

microorganisms and the process is called mineralization.
Mineralization can be influenced by various factors like
aeration, moisture, soil pH and temperature. The
availability of oxygen is a major factor affecting the
oxidation process. Oxidation process leads to the
formation of SO

4
-2 and H+ ions which also leads to low pH

in soil (Kumar et al., 2018). However, under low sulphur
supply and excess carbonaceous material, the available
sulphur gets used by microorganisms and leads to
immobilization of sulphur. On the other hand,
immobilization is a temporary process and sulphur again
mineralized on the death of microbes (Kumar et al., 2018).
Sulphur is largely related to carbon present in the soil,
therefore proper C:S is required rather than the availability
of soil organic carbon. Optimum temperature conditions
for the transformation process falls between 35-40 ÚC.
While moisture at 60 percent of the field capacity ensures
proper oxidation (Lucheta and Lambais 2012). Mobility
and fate of sulphate in soils helps to evaluate the degree
of mineralization and immobilization. Several studies
showed that a highly mobilized pool of sulphur is that
which is recently get immobilized. Immobilized sulphur is
converted by microbial action into C-bonded S
(Castellano and Dick, 1991). Both these reports represent
field studies, whereas in a laboratory study it was reported
that for recently immobilized S both sulphate ester and C-
bonded S were rapidly mineralized (Ghani et al.,1993).
Soils with different plant species also influenced sulphur
transformation, this is mainly due to the rhizosphere effect
rather than purely plant type. Some microbes play an
important role in sulphur transformation as compare to
other microbes but the study of such microorganisms is
still under investigation (Rappe and Giovannoni, 2003).
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Reduction-oxidation reactions of sulphur

Reduction-oxidation reactions of sulphur are generally
controlled by autotrophic bacteria Thiobacillus.
Beijerinck (1904) isolated the Thiobacillus denitrificans
(S-oxidizing bacteria) and Thiobacillus thioparus.
Similarly, Lipman et al. (1916) also reported the oxidation
capacity of soil samples (sterilized and non sterilized)
treated with sulphur. In 2000, Genus Thiobacillus was
reclassified into 17 species which was dependent on the
sequence of the 16S r RNA gene and DNA-DNA hybridization
(Kelly and Wood, 2000). New genera (Acidithiobacillus,
Halothiobacillus, and Thermithiobacillus) is proposed in
the new classification (Robertson and Kuenen, 2006).

 The presence of T. thiooxidans varies in soils of different
nations. In majority, soils in Australia and New Zealand
have a sufficient population of T. thiooxidans (Vitolins
and Swaby, 1969; Lee et al., 1987) whereas in Canada, its
population was not detected (Lawrence and Germida,
1991). Under conditions when the availability of air is
low, SO

4
-2 is reduced and used by Desulphovibrio and

change into sulfites and sulfides (Kumar et al., 2018). In
the case of excess aeration, oxidation is solely a chemical
process, while oxidation dominantly occurs through
biochemical way.

Physiology of sulphur nutrition in oilseeds

The importance of sulphur as a plant nutrient has been
recognized since the middle of the last century. Plants
meet their S requirements for soil, air, irrigation water and
the application of pesticides containing S. Proper supply
of S to plants can increase crop yield and quality of oils.
Sulfur represents 0.1 to 0.5 percent by dry weight in
oilseeds where it is present in both organic and inorganic
compounds. Sulfate absorption is slightly lower than
phosphate. S is absorbed mainly by plants from sulfate-
shaped roots (SO

4
), but it can also be absorbed by leaves

in the form of SO
2
 gas from the atmosphere. However,

this S gas must be transformed into sulfate. After
absorption, the sulfate is transported to the endoderm
where it is secreted in the xylem and transported to the
leaf by the flow of perspiration. In chloroplast, sulfate is
reduced first to sulfide and then incorporated into
cysteine. Much of the cysteine S is transferred to
methionine and most of these two are incorporated into
proteins, where cysteine   is responsible for the secondary
structure. Sulfide that is not incorporated into proteins is
converted into sulfate and stored in the leaves and, to a
lesser extent, in the seeds and can be mobilized when
necessary. S is necessary for the synthesis of proteins,
oils, and vitamins. About 90 per cent of the reduced S is
required for the protein because it is constitutive of

methionine (21 per cent S), cysteine   (26 per cent S),
cystine (27 percent S). About 50 percent of the total sulfur
content of proteins is found in methionine. S is also a
component of the S-glycosides in mustard oil, coenzyme
A, the biotin and thiamine vitamins and the ferredoxins in
which cysteine   S is incorporated. Cystine is formed by
the oxidation of two cysteine   molecules. The iron and
sulfur protein centers serve as electron carriers. S
compounds and volatile volatile sulfides are the source
of spice onions (Mengel and Kirkby, 1987).

Role of sulphur in Oilseeds
a) Yield improvement

Sulfur plays a predominant role in improving the quality
of sunflower seeds as well as in the efficient use of
nitrogen and phosphorus. Sulfur helps in the synthesis
of cysteine, methionine, chlorophyll, vitamins (B, biotin
and thiamine), carbohydrate metabolism, oil content,
protein content and also associated with growth and
metabolism, in particular for its effect on enzymes
protolytics (Najar et al., 2011). Kumar and Trivedi (2012)
have also reported an increase in mustard seed yield with
the application of S levels. With an increasing supply of
sulfur, the process of tissue differentiation from somatic
meristematic to reproductive and developmental activity
primordial flower could have grown, resulting in more
flowers and siliqua, a longer siliqua and a higher seed
yield. Rapeseed (Brassica rapa L.), an important oil crop,
has a high demand for S (Fismes et al., 2000). Due to its
high S requirements, the use of 30 and 60 kg ha-1 of S
fertilizer has been recommended for maximum yield.
Varenyiova et al. (2017) reported that the highest yield of
3.96 t ha-1 was achieved with the application of 40 kg of
sulfur ha-1. An average oil content of 45.1, 45.5 and 44.0
percent were based on treatments in which doses of sulfur
fertilizers of 15, 40 and 65 kg ha -1 were applied. The higher
yield and oil content with a greater application of sulfur
have also attributed the synthesis of proteins and
enzymes, as it is a component of sulfur-containing amino
acids, namely methionine, cysteine , and cystine (Kumar
et al., 2011). Sulfur plays an imperative role in the
formation of sesame seeds and is also responsible for the
proper functioning of the plant system and a general
increase in the parameters of sesame growth and yield
(Mab et al., 2012). Minz et al. (2017) conducted a pot
experiment to analyze the effect of sulfur nutrition on
growth, yield, nutrient absorption, and oil content of flax
crops at Kanpur. The results revealed that the height of
the plant (66.13 cm), no. branches per plant (6.35), test
weight (8.60 g), seed yield (14.33 g per pot) and stem
yield (20.75 g per pot) were higher with 40 ppm sulfur
application. The oil content (40.85 percent) was higher
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for an application of 60 ppm of sulfur, 4.53percent more
compared to the control (39.08%). Khatkar et al. (2009)
launched a field study during the 2004-2005 winter season
at the Allahabad agricultural research farm to assess the
effect of nitrogen, phosphorous, and sulfur fertilization
on the growth and yield of mustard (Brassica juncea ).
Plant attributes such as plant height, pods per plant, seeds
per pod, pod length, and seed yield were improved with
each successive dose of sulfur application.

b) Quality improvement

 In oilseeds crops like groundnut, rapeseed-mustard, etc.,
applications of sulphur along with other nutrients
significantly increased the oil content (15-30 percent)
(Ahmad et al., 1999). Application of sulphur speed up
the process of protein synthesis in the plant (Ahmad and
Abdin, 2000). The composition of oil, acetyl-CoA and
acetyl-CoA carboxylase in oilseeds also get effected
through sulphur nutrition. The proportion of different
fatty acids in some oilseeds determines its use such as
high linolenic acid in linseed oil is beneficial for the quality
manufacturing of paints etc. In addition to it, sulphur
application accelerates linolenic acid synthesis and result
in a lower quantity of stearic, oleic and linoleic (Ahmad et
al., 2000). Sulphur plays an important role in specialized
peptides, such as glutathione and thioredoxins, in redox
reactions.

The most important factor in the quality of rapeseed is its
oil content, which is directly proportional to its protein
content (Brennan et al., 2000). The protein content
correlates negatively with the oil content, so the effect of
sulfur on the oil content of winter rapeseed is ambiguous
(Krauze and Bowszys, 2000). The quality parameters
studied, namely. Crude protein content and oil content
and yield increased with increasing levels of S. (Raja et
al., 2007). S application increased the cysteine, methionine
and cysteine contents of soybean by 52,117 and 58
percent, respectively (Kumar et al., 1981). Similarly, 68
and 23 percent increase of cystine and methionine,
respectively in sunflower was recorded by Badiger et al.,
(1982). In rapeseed and mustard the S caused an increase
of 16, 9 and 20 percent increase of Cystine, methionine,
and cysteine, respectively (Somani et al., 1988). The
proteins accumulated in oilseed seeds that contain a high
level of S amino acids are of great importance in feeds
used to feed livestock. Such a type of protein with a high
level of amino acids containing S could also be used by
humans as a vegetable protein (Von Der Haar et al., 2014).
In addition, antioxidant, antidiabetic, anorectic, anticancer
and antiviral activities have been reported for rapeseed
protein peptides (Wanasundara, 2011; Aachary and
Thiyam, 2012). Malhi et al. (2007) conducted a field

experiment during 2003, 2004 and 2005 on a S-deficient
Gray Luvisol (Boralf) soil near Star City, in northeastern
Saskatchewan to study effect of sulphur application on
different Brassica oilseed species/cultivars. They
concluded that there was a significant increase in protein
content in seed as compared to straw. Ahmad et al. (2007)
performed an experiment at Cereal Crops Research
Institute, Pirsabak, Nowshera, Pakistan to find out the
influence of nitrogen and sulfur on canola (Brassica
napus L. cv. Bulbul-98). They observed that glucosinolate
content escalate from 13.6 to 24.6 µmol/g with hike in S
application from 0 to 30 kg/ha. Similarly, protein content
also improved from 22.4 to 23.2 percent as S rate was
increased from 0 to 20 kg/ha.

Sulphur application alone or in combination with boron
also resulted in improved protein as well as oil content in
soybean as illustrated by Longkumer et al., (2017). They
found that fertilization of Sulphur @40 kg/ha and B@1.5
kg/ha resulted 28 percent increase in protein and 33
percent increase in oil content as compared to control.
Similarly, sulphur and boron nutrition effect on soybean
was studied in a three year experiment. In a nutshell,
results revealed that the optimum levels of sulphur and
boron (30kg sulphur per hectare and 1.5 kg boron per
hectare) were found to be best for obtaining maximum
yield attributes, yield, oil and protein content, total uptake
of sulphur and boron (Devi et al., 2012).

A pot experiment which is comprised of four different
sources of sulphur (Cosawet sulphur, Gypsum, Bentonite
sulphur and Elemental sulphur) and five levels of sulphur
(0, 5, 10, 15, and 20 ppm) combinations was carried out by
Sisodiya et al. (2016) and they stated that protein content
was increased with increase in sulphur doses but
interaction between levels and sources of sulphur was
non-significant.

Conclusion

In India, the productivity of oilseeds remains low due to
the low consumption of S fertilizers and a large
propagation deficit. The sulfur requirements of oilseeds
can be met by a number of S-containing materials, such
as gypsum, phosphogypsum, S elements, pyrite and iron
sulfate. It can also be added with fertilizers containing
primary nutrients such as ammonium sulfate, SSP,
potassium sulfate, etc.

References
Aachary AA and Thiyam U. 2012. A pursuit of the

functional, nutritional and bioactive properties of
canola proteins and peptides.Crit Rev Food Sci Nutr
52:  965-79.



100 Journal of Oilseed Brassica, 11 (2) July, 2020

Abdin MZ, Ahmad A, Khan N, Khan I, Jamal A and Iqbal
M. 2003. Sulphur interaction with other nutrients.
Yash P Abrol and Altaf Ahmad (eds.), Sulphur in
Plants pp. 359-374.

Ahmad A and Abdin MZ. 2000. Effect of sulphur
application on lipid, RNA, protein content and fatty
acid composition in developing seeds of rapeseed
(B. campestris). Plant Sci 150: 71-75.

Ahmad A, Abraham G and Abdin MZ. 1999. Physiological
investigation on the impact of nitrogen and sulphur
application on seed and oil yield of rapeseed (B.
campestris L.) and mustard (B. juncea) genotypes. J
Agro Crop Sci 183: 10- 25.

Ahmad A, Khan I and Abdin MZ. 2006. Effect of sulphur
fertilization on lipid accumulation, acetyl-CoA and
acetyl-CoA carboxylase in the developing seeds of
rapeseed (B. campestris L). Australian J Agri Res
51: 1023- 1029.

Awasthi US and Shaha SK .1998. Supply and availability
of sulphur fertilizers in India. Proc. TSI. FAI, Symp.
Sulphur in Indian Agriculture, New Delhi   IV/3/2-11.

Badiger MK, Subba reddy NP, Michael R and  Shivaraj B
. 1982. Influence of fertilizer K, S and Ca on yield and
quality   attributes of groundnut. J Indian Soc Soil
Sci 30: 166-169.

Barber SA .1995. Soil Nutrient Bioavailability. John Wiley
Sons, New York.

Baudh AK and Prasad G. 2012. Interaction effects of
different doses of sulfur and zinc on growth and
productivity of mustard (B. campestris). Indian J
Sci Res 3: 141-144.

Beijerinck M. 1904.  Phenomenes de reduction produits
par les microbes. Archs Neerrl Science Series 29:
131-157.

Bloem EM .1998. Schwefel-Bilanz von Agraro¨kosystemen
unter besonderer Beru¨cksichtigung hydrologischer
und bodenphysikalischer Standorteigenschaften,
vol. 192, pp.156 .

Brenan RF, Mason MG and Walton GH. 2000. Effect of
nitrogen fertilizer on the concentration of oil and
protein in Canola (B. napus) seed. J Plant Nutri 23:
339- 348.

Castellano SD and Dick RP. 1991. Cropping and sulphur
fertilization inûuence on sulphur transformations in
soil. Soil Sci Soci America J 55: 114- 121.

Chap hale PC, Nap hade PS and Kene DR. 1991. Effect of
molybdenum and sulfur application on performance
of mung (Phaseolus aureus L.) grown in black
calcareous soil. PKR Res J 15: 176-178.

Cram WJ. 1990. Uptake and transport of sulphate.  In:
Renennberg H, Brunold C, De Kok LJ and Stulen I
(eds). Sulphur nutrition and sulphur Assimilation in
Higher Plants, pp 3-11. SPB Academic Publishers,
The Hague.

Cui Y and Wang Q. 2005. Interaction effect of zinc and
elemental sulphur on their uptake by spring wheat.
J Plant Nutr 28: 39- 649.

De pascale S, Maggio A, Orsini F, Bottino A and Barbieri
G. 2008. Sulphur fertilisation affects yield and quality
in friarielli (B. rapa) grown on a floating system. J
Horti Sci Biotech 83: 743-748.

Der Haar D, Müller K, Bader-Mittermaier S, and Eisner P
.2014. Rapeseed proteins - Production methods and
possible application ranges. Oilseeds Crops Lipids
21: 1- 8.

Devi KN, Singh LNK, Singh MS, Singh SB and Singh KK
. 2012. Influence of sulphur and boron fertilization
on yield, quality, nutrient uptake and economics of
soybean (Glycine max) under upland conditions.
Legume Res 38: 411- 414.

Fismes J, Vong PC, Guckert A and Frossard E.
2000. Influence of sulphur on apparent
N-use efficiency, yield and quality of oilseed rape
(B. napus) grown on a calcareous soil. European J
Agro 12: 127- 141.

Freney JR. 1986. Forms and reactions of organic S
compounds in soils. In: Tabatabai MA (ed.), Sulfur
in agriculture. Agron Monogr vol. 27. ASA, CSSA,
and SSSA, Madison.

Ghani A, McLaren RG and Swift RS. 1993b. Mobilization
of recentlyformed soil organic sulphur. Soil Bio
Biochem 25: 1739- 1744.

Ghani A, McLaren RG, Swift RS. 1993a. The incorporation
and transformations of sulphur-35 in soil: effects of
soil conditioning and glucose or sulphate additions.
Soil Bio Biochem 25: 327- 33.

Guyette RP, Cutter BE and Henderson GS. 1989. Long
term relationships between molybdenum and sulphur
concentrations in red cedar tree rings. J Envir
Quality 18: 385-389.

Haneklaus S, Paulsen HM and Gupta AK.1999. Influence
of sulphur fertilization on yield and quality of oilseed
rape and mustard. In: New Horizons for an old Crop.
Proc of 10th International Rapeseed Congress.
Australia Capital Territory, Australia.

Hawkesford MJ and De Kok LJ. 2006. Managing sulphur
metabolism in plants. Plant, Cell Envir
29: 82- 395.



101Journal of Oilseed Brassica, 11 (2) July, 2020

Jamal A, Yong SM and Abdin MZ. 2010. Sulphur-a general
overview and interaction with nitrogen. Australian
J  Crop Sci 4: 523-52.

Kelly DP and Wood AP. 2000. Reclassification of some
species of Thiobacillus to the newly designated
genera Acidithiobacillus gen. nov., Halothiobacillus
gen. nov. and Thermithiobacillus gen. nov.
International Journal of Systematic and
Evolutionary Microbiology 50: 511-516.

Khatkar Y, Dawson J, Kishanrao ZK, Dixit PM and Khatkar
R. 2009. Effect of nitrogen, phosphorus and sulphur
fertilization on growth and yield of mustard (B.
juncea). Intl J Agri Sci 5: 396-398.

Knights JS, Zhao FJ, McGrath SP, Magan N. 2001. Long-
term effects of land use and fertilisers treatments on
sulphur transformations in soils from the Broadbalk
experiment. Soil Biol Biochem 33: 1797-1804.

Krauze A and Bowszys T. 2000. Effect of nitrogen
fertilisation on the chemical composition of FIDE
cultivars of spring oilseed rape. Rostliny Oleiste-
Oilseed Crops 22: 285- 290.

Kumar  R  and  Trivedi  SK .2011.  Effect  of levels  and
sources  of  sulphur  on  yield, quality  and  nutrient
uptake  by  mustard (B.  juncea ). Prog Agri 11: 58- 61.

Kumar S, Tewari SK and Singh SS.  2011. Effect of sources
and levels of sulphur on growth yield and quality of
sunflower. Indian  J Agron 56: 242- 246.

Kumar U, Panneerselvam P, Gupta VVSR, Manjunath M,
Priyadarshinee P, Sahoo A, Dash SR, Kaviraj M and
Annapurna K. 2018. Diversity of sulphur oxidizing
and sulphur reducing microbes in diverse
ecosystems. T. K. Adhya et al. (eds.), Advances in Soil
Microbiology: Recent Trends and Future Prospects,
Microorganisms for Sustainability pp 65-89.

Kumar V, Singh M, and Singh N. 1981.  Effect of S, P, and
Mo on quality of soybean grain. Plant and Soil  59: 3- 8.

Lawrence JR and Germida JJ. 1991. Enumeration of
sulfuroxidizing populations in Saskatchewan
agricultural soils. Candian J of Soil Sci  71: 127-136.

Lee A, Watkinson JH, Orbell G, Bagaraj J and Lauren DR.
1987. Factors influencing dissolution of phosphate
rock and oxidation of elemental sulfur in some
New Zealand soils. New Zealand J Agric  Res 30:
373- 385.

Lipman JG, Mclean HC and Lint HC. 1916. Sulfur oxidation
in soils and its effect on the availability of mineral
phosphates. Soil Science 2: 499- 538.

Longkumer LT,   Singh AK,  Jamir Z and Manoj Kumar .
2017. Effect of Sulfur and Boron Nutrition on Yield
and Quality of Soybean (Glycine´max L.) Grown in

an Acid Soil, Commin Soil Sci and Plant Analy
48: 405- 411.

Lucheta AR and Lambais MR. 2012. Sulfur in agriculture.
Rev Bras Ci Solo 36: 1369-1379.

Malewar GU and S Ismail.1997. Sulphur in balanced
fertilization in western India. Proceedings of the TSI/
FAI/IFA Symposium on Sulphur in Balanced
fertilization, New Delhi, pp.l4- 20.

Mengel K and Kirkby EA. 1987. Principal of plant
nutrition, Fourth edn. International Potash Institute,
Berne, Switzerland.

Minz A, Kumar K and Kumar SB. 2017. Effect of sulphur
on growth, yield, nutrient uptake and oil content in
Linseed. Bull  Environ, Pharma Life Sci 6: 274-277.

Mondal   M,   Badruddin   M,   Malek   M, Hossain  M,
Puteh  A. 2012.  Optimization  of sulphur requirement
to sesame (Sesamum Indicum L.)    genotypes    using
tracer techniques. Bangladesh J Botany. 41: 7-13.

Najar GR, Singh SR, Akthar F and Hakeem SA. 2011.
Influence of sulphur levels on yield, uptake and
quality of soybean (Glycine max) under temperate
conditions of Kashmir valley. Indian J Agric Sci 81:
340- 343.

Pezzarossa, B, Piccotino D, Shennan C and Malorgio F.
1999. Uptake and distribution of selenium in tomato
plants as affected by genotype and sulphate supply.
J Plant Nutri  22: 1613-1635.

Pierre J, Mesquida J, Marilleau R, Pham-del Delegue MH
and Renard M. 1999. Nectar secretion in winter
oilseed rape, Brassica napus–quantitative and
qualitative variability among 71 genotypes. Journal
Plant Breed  118:  471- 476.

Purakayastha TJ and Nad BK.1998. Effect of sulphur,
magnesium and molybdenum on mustard (Brassica
juncea L.) and wheat (Triticum aestivum L.) yield
and uptake ofmacronutrients. Indian J Plant Physio
3: 112-115.

Raja A , Hattab KO ,  Gurusamy L, Vembu G and  Suganya
S. 2007. Sulphur Application on Growth and Yield
and Quality of Sesame Varieties. Intl J Agric Res 2:
599- 606.

Rao KT,  Rao AU and  Sekhar D. 2013. Effect of sources
and levels of sulphur on Groundnut. J Academia
Indust Res 2: 268- 270.

Rappe MS and Giovannoni SJ. 2003. The uncultured
microbial majority. Ann Revi Micro 57: 369- 394.

Raut MS and  Ali M. 1985. Studies on P and S nutrition on
mustard under rainfed conditions. Proc. TNAU-
FACT seminar on Sulphur, Coimbatore, pp. 143-148.



102 Journal of Oilseed Brassica, 11 (2) July, 2020

Reneau RBJ, Bran DE and Donohue SJ. 1986. Effect of
sulphur on winter wheat grown in the coastal plain
of Virginia. Comm Soil Sci Plant Analy 17: 149-158.

Robertson LA and Kuenen JG, Oberston LA and Kuenen
JG. 2006. The genus Thiobacillus. In: Dworkin M,
Falkow S, Rosenberg E, Schleifer KH and Stackebrant
E (eds). The prokaryotes: A handbook on the biology
of bacteria.  New York, Springer. pp. 812-827.

Rohtagi BB, Saxsena SK and Singh R.1977.  Availability
of quality gypsum from indigenous source as a soil
amendment. Proc. FCI-FAI (NR) Seminar on use of
gypsum in reclamation of alkali soils, Lucknow, pp.
37-55.

Sachdev MS and  Dev DL.1990. Nitrogen and S uptake
and   efficiency in mustard-moong-maize cropping
system. Fertil News  35: 49-55.

Sairam RK, Till AR and Blair GJ. 1995. Effect of sulfur and
molybldenum levels on growth, nitrateassimilation,
and nutrient conctent of Phalaris. J Plant Nutri 18:
2093- 2103

Schnug and Haneklaus S. 2005. Sulphur deficiency
symptoms in oilseed rape (B. napus L.) - The
aesthetics of starvation. Phyton (Austria) 45: 79- 95

Schnug E and Hankelaus S. 2000. Significance of
interactions between sulfur and nitrogen supply for
growth and quality of crop plants.In: Brunold C,
Rennenberg H, De Kok LJ, Stulen I and Davidian JC
(eds), Sulfur nutrition and sulfur assimilation in higher
plants: molecular, biochemical and physiological
aspects, Paul Haupt, Bern. pp. 345-347.

Shah AL and De Datta SK. 1991. Sulfur and zinc
interactions in lowland rice. Philippine J Crop Sci
26: 15-18.

Shukla  UC and Prasad KG. 1979. Sulphur-zinc interaction
in groundnut. J  Indian Soc of Soil Sci 27: 60- 64.

Singh  AL and Chaudhari V. 1996. Interaction of sulphur
with  phosphorus and potassium in groundnut
nutrition in calcareous soil. Indian J Plant Physio
New Series 1: 21- 27.

Singh MV. 1991. Proc. 18th workshop meeting and results
of practical  utility. All India coordinated scheme of
micro and secondary nutrients and pollutents
elements in soils and crops. Indian Institute Soil
Science Bhopal.

Singh MV. 2000. Sulphur management for oilseed and
pulse crops. Indian Institute of Soil Science Bulletin
3: 1- 54.

Singh MV. 2001. Importance of sulphur in balanced
fertilizer use in India. Ferti News 46: 55- 58.

Singh S and Singh SK. 2016. Use of indigenous sources
of sulphur in soils of eastern India for higher crops
yield and quality. Agric Reviews 37: 117-124.

Somani LL. 1988. Effect of elemental S application to
Brassica juncea crop. Ann Edafol Agrobiology 47:
939-945.

Spencer K and Freney JR. 1980. Assessing of sulfur status
of field grown wheat by plant analysis. Agron J  72:
469- 472.

Takkar PN. 1988. Sulphur status of Indian soils. Proc.
TSI-FAI Symp. Sulphur in Indian Agriculture, New
Delhi S/I/2/1-31.

Tisdale SL, Nelson W L, Beaton J D, Havlin U. 1993. Soil
fertility and fertilizers. Prentice Hall, New Jersey.

Tiwari KN. 1990. Sulphur research and agricultural
production in Uttar Pradesh, India. Sulphur in
Agriculture 14: 29- 34.

TSI. 2020. Status of  Indian Soils, The Sulphur Institute.
https://www.sulphurinstitute.org/about-sulphur/
india/status-of-indian-soils/

Varenyiova M, Ducsay L and Ryant P. 2017. Sulphur
nutrition and its effect on yield and oil content of
oilseed rape (B. napus L.). Acta Universitatis
Agriculturae et Silviculturae Mendelianae
Brunensis, 65:  555- 562.

Venkatesh MS and Satyanarayana T. 1999. Sulphur
fractions and C: N: S relationships in oilseed growing
vertisols of  North Karnataka. J  Indian Soc Soil Sci
47:  241- 248.

Vitolins MI and Swaby RJ. 1969.  Activity of sulphur-
oxidizing microorganisms in some Australian soils.
Australian  J Soil Res 7: 171-183.

Von Der Haar D, Müller K, Bader-Mittermaier S, Eisner P.
2014. Rapeseed proteins–Production methods and
possible application ranges. Oilseeds Crops Lipids
21:1- 8. DOI: 10.1051/ocl/2013038

Wanasundara JPD. 2011. Proteins of Brassicaceae
oilseeds and their potential as a plant protein source.
DOI: 10.1080/  10408391003749942

Zhao FJ, Bilsborrow PE, Evans EJ and Mcgrath SP. 1997.
Nitrogen to sulphur ratio in rapeseed and in rapeseed
protein and its use in diagnosing sulphur deficiency.
J Plant Nutri 20:  549- 558.


