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"~ Sulphur Research and. Development: in-
- Indian: Agriculture

This paper: summarises:the salient progress..made in the research
and developmental aspects of Sin indianmagricuiture. Deficienclies
of S occur in about 90 districts-affecting 23-30 m:. ha.. Yield.res-

nses -of .3t crops::lo S ‘have been-oblained.

r ses are significant and profitable. ‘

add about 0.4 mt S/year which Is 40 per:cent-of S takem:uR:.by

crops. There is very-little activity:in produect-development, promotion

and extension of S. Sulphur Is a master nutrient for oilseed<pro-

ductionand -deserves -greater-atiention' than- what it has received
' so far.- :

In general, such
Fertilisers used at present

H. L. S. TANDON-
Fertiliser: .Development. and .
Consultation. Organisation, -
C-110,. Greater: Kailash. |1, .
New .:Delhi-110048. . -

Sulphur as a plant nutrient is
becoming . increasingly important for
Indian. agriculture. During . the. last

two years, a .major compilation on .

sulphur, a regional seminar, a‘na-

tional seminar and now:: this special .

issue of Fertiliser News on Sulphur
are--all indicators ©of the - growing
interest in sulphur. In his foreword
to a recent study. on sulphur,
Goswami has written “crops;

doP -and it-can therefore be rightly
called the fourth- major -nutrient -in
Indian agricuiture” -~ (18).: Sulphur
defictencies - are- scattered - in'* 90 dis-
triets ‘and - about 23-:30°m ha of the
cropland in India ‘may be affected.
This- interest in sulphur is- timely
because S-deficiencies should not be

allowed to develop into constraints

in the progress of Indian agriculture.
If these are neglected (and not-cor-
rected), they can not ‘only lower crop
yields but also- reduce the efficiency
of other nutrients used.

This overview paper aims to briefly
discuss the salient features of sulphur
research and development in India.
Current. research- output on S is
around 15-20 papers/year but for the

- sake of brevity only a few references

are cited - here,

RESEARCH ASPECTS OF
SULPHUR - -

Systematic research on sulphur be-
gan about:27 years  ago. It has- ga-
thered momentum but remains large-

for -
example' require -as much-8 ‘as they.

ly scattered and uncoordinated. In-
formation on the sulphur. status of

soils is available from certain areas -

but Jacking: in: many: others. Yield

responses-of over-30-crops to sulphur:

have - been: reported.. About two-
thirds: of such-experiments have been

conducted in the field.and rest in the .

- greenhouses.. On-farm trials with sul-
phur. are lacking.. Oilseeds  account. .

for 50 per-cent.of the.research out-

put and foodgrains -for another 30.

per::cent with the balance: to :a num-~
ber of other crops. Information .on
sulphur in Indian agriculture has
been periodically -reviewed- (4,5, 7,
9, 12, 15, 16, 18). .

Causes of Sulphur Deficiency

* forty million ha under .pulses -and
oilseeds. which have high . requite-.
ment. of sulphur per unit yield pro-
duction, .

* leaching-losses of sulpbur.

Sulphur Requirement. of Crops

Craps.:in_genezal. require as much
sulphur as they .do phosphorus- but
for several Jegumes and crucifers; .S -
uptake, can -be: more; than P upiake:
(19),- As.an -overal}: assessment:for

. tropieal.iregiens;. S requirement pes -

" The main causes .of sulphur:defici-.

ency in India.are as follows:

* accelerated removal of sulphur by
increasing . levels of
production. (2.5-8 times. in 25-30
years). '

dominance. of “S-free” fertiliser in
the fertiliser-use pattern (N:S con-
. sumption ratio of 1.4 in 1963 wi-
dening to 11.9 in-1983).

* particularly stronger shifts towards
the use of “S-free” materials in the
light-textured, intensively-cropped
areas of high productivity (N:§
consumption ratio of 26 in Punjab
against 12 for all-India).

*

depletion - of soil sulphur due to
gap between S additions and S re-
movals,

agricultural.

tonge -yieldproduction: can be : taken.-
as 3-4.kgfar; cereals, 8 kg for legumes
and..12 kg for oilseeds (Tableu1). In~
tensive:-cropping. systems -can:annu~-
ally-.remewe upto, 7075 kg -S/ha.. A
soybean-wheatunaize : cropping :system -

abserbed::49 kg S/ha-(11) while a

system: consisting.of legumes and cru-
cifers (mustard==greengram-cowpea)
producing. 15 t/ha drymatter could -
remove upto-72 kg S/ha (10). In
non-mechanised-harvesting, where the
total drymatter. is removed from the -
field,..crop:-uptake - can:.-be - equated
with crop removal. In contrast, a

Tahie {—+~Mean.aulphun uphl.te per

tonne.of. yleld production -
Crop Kg S/tyield | Source..
Cereals- 3-4 (8)
Millets - 5-8 8)
Pulses 8 (8)
Qilseeds 12 - (8)
Forages 3 ‘(19)»,';




significant proportion of the § ab-
sorbed by perennial crops can be

tied up in perennial growth and also

recycled (Table 2).

Sulphur In Solils

Total sulphur in soils may vary
from 19 ppm to about 4000 ppm (5,
15, 18). Sulphur in soils is present
both in mineral and in organic forms.
Many of the pathways of S transfor-
mation are similar to those of N and
the mineralisation of organic forms
into plant-available sulphate forms is
a microbiological process. A recent
discussion on the S-cycle in soils and
its dynamics is available (14).

Total soil S is apparently of little
value in describing the short-term S-
fertility of a soil. For the estimation
of available S, almost all known me-
thods and extractants have been used
in India. Although 10 ppm available
S is the most commonly used critical
limit below which soils are stated to
be deficient in S, this limit obviously
varies widely (8-30 ppm) depending
upon the soil, the crop, the method
of analysis and even the crop variety.

For a given situation, more than
one method can be suitable if ‘it is
adequately correlated with crop res-
ponse. - Much of this critical level re-
search has been carried out in the
greenhouses without any field verifi-

cation. - Since very few soil testing-

laheratories in India analyse for S,
it would be worthwhile .to explore
the  possibility of using the Olsen bi-
carbonate method (already used for
P) for sulphur as well, as it has been
found to be promising (20). - If found
suitable, it could make it easier - for
the soi] testing laboratories to include
S in their testing programmes. Of
course, it would be ideal if the ad-
vice for 'S application can be based
on .an integrated approach consisting
of soil analysis, plant analysis ‘and S
requirements in relation to expected
yield levels.

Table 3—Districts where widespread S-deficiency s reported T

Kurnool, West Godavari

Andhra Pradesh

Bihar Ranchi

Delhi- H Dethi : .

‘Gujarat :  Amreli, Banaskantha, Junagadh, Kheda, Rajkot, Sabar-
kantha, Surendranagar -

Haryana Bhiwani, Gurgaon, Hisar, Mohindergarh, Sirsa

Himachal Pradesh Hamirpur, Kangra, Una :

Karnataka Bangalore, Belgaum, Chickmaglur, Coorg, Dharwad,
Hassan, Kolar, Mandya, N. Canara, S. Canara, Tumkur

Kerala Al districts

‘Madhya Pradesh Balaghat, Bhind, Dewas, Dhar, East Nimar, Gwalior, indore,
Jabalpur, Mandsaur,. Morena, Ratlam, Sagar, Sehore,
Ujjain. . : . ’

Maharashtra Aurangabad, Bhandra, Chandrapur, Kolhapur, Nanded,

: O-manabad, Parbhani, Pune, Raigad ‘

Orissa H Ganjam . ‘

Punjab '+ Faridkot, Ferozepur, Kapurthala, Ludhiana, Patiala, Ropar

Rajesthan : dJaipur, Jodhpur, Udaipur

Tamil Nadu : Coimbatore

Uttar Pradesh Allahabad, Bulandshahr, Farukhabad, Hardoi, Jhansi,
Kanpur, Lalitpur, Mirzapur, Nainital, Sitapur, Varanasi

West Bengal Birbhum, Burdwan, Midnapur, 24-Parganas

Sulphur-Deficient Areas

Although sulphur deficiency is re-
ported to be widespread, systematic
delineation of such areas is yet to
take place. So far, these have been
reported from 90 out of about 400
districts. ‘These do not include dis-

“tricts from Bihar where S-deficiency

was reported to be widespread but
sampled areas were not clearly indi-
cated. The 90 districts are listed in
Table 8. ‘

A S-deficiency map showing these
districts has been prepared on the
basis of soil analyses and res-
ponses to S application (18).
tion is lacking for a large number of
areas and the map is not complete by
any means. It is a starting point.
FEven within an area there can be
wide variations. For example, the
extent of S-deficiency in different dis-
tricts of Punjab can vary from 5 per
cent to 40 per cent of the cropped
area. Apart from soil properties, the
management levels, proximity to in-

Table 2—~Sulphur uptake and removal by tea in south India

Product Fate Dry matter kg S content kg
Made tea Removed 100 0.25
Foliage Recycled 120 0.40
Wood Removed 280 0.36
Total 500 1.01
Source: (2). |

cro*p
Informa-.

dustria] activity and climatic contri-
butions can have a marked influence
on the S-fertility of a soil.

Additions of Sulphur

Major sources of sulphur addition
to soils are. the fertilisers, manures,
precipitation, irrigation waters and
crop residues. Quantitative data on
the S input are available only for the
fertilisers. Various N, P, K, NP ferti-
lisers which also contain S are esti-
mated to add about 0.4 million ton-
nes S annually (Figure 1). If one
looks at the nutrient consumption
picture as one ~consisting of NPKS,

‘then in 1984-85, consumption in mil-

lion tonnes was 5.5 for N, 1.9 for-
P,O;, 0.8 for KO and 0.4 for S. Much
of this sulphur is however not applied
in a pre-planned manner on S-defici-
ent soils but rather § accompanies
NPK to the farmers’ fields.

Sulphur input through precipita-
tion etc. may range from 2 to 8 kg
8/ha per year in areas having 200-
800 mm of mean annual rainfall.
Certain irrigation waters can bring up-
to 30 kg S/ha/yr and organic manu-
res may add 1.5 kg S/t manure
on gross basis. Information on most
of these sources for S is very inade-
quate.

Removals of Sulbhur,

Type of crop, level of productivity
and leaching are the major determi-
nants of S removal from svils.
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Figure 1—Trends in the additon of NPKS in Indian agriculture
(Data. gource: Fertiliser Statistics, FAI).

Under . comparable conditions, : a
cercal-dominated system may remove
2 'kg'S|t dry niatter while an oilseed-
legume dominated. system may re-
move 4-5 kg S/t dry matter produced.
Total annyal’ removal of :S by har-
vested ctéf;"sfk‘zit{; present is estimated
at one million tonne, S (17, 18). This
comes to 5.7 kg S/ha of gross erop-
ped area. The figure will vary from
one Tregion to another depending

upon the cropping pattern, yields
and the S status of the harvested
materials, i % DTS00

removal -through Jeaching (8) but it is
- suspected to be an important route
of S-exit in coarse-taxtared, alkaline

" There are very few estimates of §

soils under high rainfall-or thood irri--

gation. That is why the S input via
irrigation water cannot be taken as-a
net addition available for crop use.
Crops are known to respond to S
application even when the irrigation
water carries more S than is absorb-

ed by the crop (3. It would be a

worthwhile area of research to esti-
mate the fate of S brought in by irri-
gation waters, possibly using tagge

irrigation water.

Balance Sheet of Sulphur

Due to inadequate data on the S
additions and removals through vari-
ous routes, . a_ quantitative. balance
sheet of S cannot yet be constructed.
A preliminary balance sheet is pre-

sented in Table 4. It indicates a net -

negative balance of S which means
the continying = depletjon of soil S.
Unless corrective steps are taken to
bridge this gap, there are chances of
S-deficiencies becoming more acute

~and- more extensive.

. Tt would be desirable to generate

~-data -on the various sources through
- which .S .is added -and -removed-

$o
that any balgnce sheets -t -be_made
are not based on too many._assump-
tions. It would be particularly useful
to have such balance sheéts separate-
ly for irrigated and rainfed farming
systems. * L

Crop Responses to Suiphur

Yield responses of over 30 crops to
S application have been reported in
India. These include cereals, millets,
pulses, oilseeds, forages, tubers and
many others. The mean increase in

o yield dueztO'SSapph'catior; is 27 per

cent (wheat), 38 per cent (chickpea),
15 per cent (groundnut), 31 per cent

~ _(mustard), 26 per cent (raya), 27 per

cent (sunflower), 30 per cent
(potato) and 19 per cent (onion),
all under field conditions.

‘At Barrackpore, S application in-
creased paddy yields by 1.2 t/ha (11).
Sulphur research on rice has received
less attention but may need to be
strengthened. Sulphur deficiency is
reported to be a major problem’ in
the neighbouring Bangladesh where
rice occupies 80 per cent of the crop-
ped area.

Sulphur responses have been docu-
mented in detail (this issue of Ferti-
liser News, (18) hence these will not
be dealt with in any greater length
here. Mention must be made of two
aspects: (i) When. S-deficiency is
corrected, not only the yield but
the efficiency of other nutrients also
improves. - When S application -in-
creased wheat yield by 40 per cent,

¢ this was accompanied by the increas-

ed uptake of N by 58 per cent, P by
41 per cent, K by 27 per cent and of
S by 83 per cent and (ii) substantial
yield increases have been reported
by the application of elemental S as
a soil treatment in the calcareous,
heavy-textured soils of Rajasthan (7,
18). Prevention of iron chlorosis is
one of the major benefits attributed
to S in such cases.

Production Yardsticks for Sulphur

On sulphur-deficient soils, response
yardsticks of S are generally on par
with those for NPK. Some values of
sulphur response yardsticks are given
in Figure. 2. On an average, each
unit of sulphur applied increased the
yield of wheat by 12 units, chickpea
8 units, groundnut 7 units, mustard
9 units and potato by 78 units. It
must be mentiored that unlike for
NPK, these production yardsticks for
S are based on the results of “on-
station” research, primarily due to
lack of op-farm trials,

Economics of Sulphur Application

There are actually no established
norms about the price of fertiliser
sulphur because its presence in ferti-
lisers is either ienored or taken to be
of incidental nature tied up with the
manufacturing process. For sulphur
to be brought into the maizstream of
balanced fertiliser use, it is essential

3
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Table 4—A Balance sheet of sulphurin indlan agriculture and in the presence of optimum levell
of other nutrients.

| Country basis l Hectare basis Sulphur and Water-use Em lency

ltem - - n Assumptions/Remarks* Crop responses to S have been
_ ey o % 2 obtained both for irrigated and for
2_§ fa_§ oo 3 rainfed crops. Over 90 per cent of
o= | == | 0= grain legumes and oilseeds are raised
under dryland conditions where it
INPUT o is very important to achieve high
Fertilisers 394 99 23 0.6  Actualfor 1984-85. water-use efficiency. The effect of S
on the yield and water-use efficiency
Rainfall [YVREE AL 2.5 0.6 3kg S/hafor148m ha of taramira shows that S application
o s increased seed yield by 85 per cent
Irrigation 788 187 4.5 1.1 30 cn; water having 5 ppm and water-use efficiency by 60 per
to 30% of cropland _ cent (Figure 3).
2 1.5 0.2  1t/ha FYM having 1.5 kg S/t ,
FYm 263 ¢ fha ving 98/ Consequences of Cropping
Recycling’ . 100 10 0.6 0.1 10% of crop uptake Without Sulphur
' There are data to showlﬂthat con-
tinuous cropping without sulphur ap-
4 11.4 2.6 . A
Total INPUT . 1989 443 » plication can lead to depletion of Soil
S and can reduce an initially well-
" OUTPUT supplied soil to a S-deficient one (3,
Crop removal 1000 900 5.7 51  5kg S/t foodgrain production 8, 7, 16). Soil S can get depleted in -
of 150 m t plus one-third for the absence of sulphur application
. other crops even where significant amounts of S
are added by irrigation water, possi-
Leaching ? ? ? ? bly due to leaching of S with drain-
Erosion' ? ? ? ? age Watel' (3).
immobilisation ? ? ? ? DEVELOPMENTAIL ASPECTS OF
. SULPHUR
Programmes for the development,
BALANCE SHEET 989  —457 57 -25 ‘ ~ promotion and extension of sulphur

have been almost non-existent. Fer-
tiliser recommendations do not al-
ways include S where proven results

*Under input, net figures are based on 25% efficiency for the inorganic suiphate

forms and 10% for organics : : of research are available. Areas
Under output, net figures assume that 10% of S uptake is recycled. This could ,Wh’Ch were reported to be dgﬁaent
be negligible for many crops but upto 40% of tea. Tn sulphur. 20 years ago continue to

‘ be S-deficient. Yet some signs of
Computations for irrigation and rainfall etc. are based on very limited data. change are visible. For the first time,

that S received a monetary value tag
and given due recognition as a yield- RESPONSE YARDSTICK KG/KG S
producing input, not as an extra like fo) 5 10 5 . 80
carbon, or hydrogen or oxygen ap- r — T 1 A
plied through fertilisers.

As an illustration, fertiliser S may WHEAT 12
either be priced at Rs. 1.75/kg S (cost , ,
of S in gypsum) or at Rs. 2.18/kg S CHICKPEA ' 8|
being the price at which § is supplied
to the fertiliser industry as a raw GROUNDNUT 7
material. Taking the price of S at -

Rs. 1.75/kg, on an average each rupee MUSTARD 9
invested in S generated extra yield i
worth Rs 11 of wheat, Rs 16 of
%;ourfldnut, Rs 21h of rrll]ustard and Rs v ,

of potato. These high levels of - , . ) - AR,

proﬁtall;ﬁity have been %btained on Figure 2—Average yield gains per unit sulphur applied in india under ficld
fields which were deficient in sulphur conditions (Source: 18).

POTATO . 78} .

4
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Figure 3—Effect of sulphur op the yiel and water use efficiency of taramira
(Data source: Singh, B. P., Indian J.Agric. Sci. 53, 676-680, 1983).

S content of fertilisers was included
in the 1984-85 editions of Fertiliser
Statistics. Special issues such as this
one can help to bridge the informa-
tion gap. Some developmental as-
pects are briefly discussed below.

Sulphur Requirements

Sulphur requirement of Indian
agriculture will  depend upon the
amounts removed by crops, propor-
tion of removal to be replenished
(depletion to be tolerated) and the
efficiency of applied sulphur. Exer-
cises in this direction were initiated
for the tropical areas by Kanwar and
Mudahar (g). Some estimates of sul-
phur requirement at different degrees
of replenishment and over a range of
possigle efficiencies are presented in
Figure 4. To illustrate, at the pre-
sent S. removal of 1 million tonnes,
1 million tonnes S needs to be add-
ed if 50 per cent of the removal is to
be replenished and the efficiency of
added S is also 50 per cent, This is
when the total requirements are to
be met from fertilisers. A more
broadbased picture will emerge if the

contributions from manures, residues,
precipitation -and irrigation are also
taken into account along with their
efficiency factors.

Sulphur Input through Fertilisers

In the early years of fertiliser use,
when AS and SSP dominated the fer-
tiliser scene, more S was added to
soils than either N or P. That was a
sulphur-plus  situation. With the
growth in fertiliser use, and advances
in technology leading to large scale
shifts towards S-free fertilisers, the
share of S-containing fertilisers de-
clined. In absolute terms, S added
through fertilisers during the past 5
years has increased from 271 to 394
thousand tonnes (Figure 1). This has
largely been due to a significant
renewal of interest in single super-
phosphate production and expansion
in the production of ammonium pho-
sphate sulphate (Figure 5).

Distribution of Sulphur—
Containing Fertilisers

Out of the total annual fertiliser
tonnage of 20 million tonnes

material, fertilisers containing § ac-
count for about 2.7 million tonnes or
14 per cent. This is made up of 1.7
m.t. of SSP, half a million tonn¢
each of AS and APS and a very small
amount of SOP. The S component
of these fertilisers is probably not
yet taken into account while formu-
lating fertiliser distribution plans. It
is also.not clear whether the locally-
available gypsum is readily available
in S-deficient areas or how many of
the 150 thousand fertiliser sale points
are available for its distribution. This
would be a suitable subject for study
in fertiliser distribution and logistics
in relation to soil deficiencies. ‘

Sulphur in Fertiliser Legislation

The existing fertiliser legislation
[Fertiliser (Control) Order] lists sul-
phur as an essential plant nutrient,
as in textbooks, but not in the list of
materials which can be used to cor-
rect sulphur deficiency. To remove
this discrepancy between research and
development, it would be appropriate
that S-fertilisers find a_place in the
Fertiliser (Countrol) Order. Gypsum,
for instance is widely recommended
in India for providing S, particularly
to oilseed crops. It would also be
educative for fertiliser dealers and
farmers if the S content of fertilisers
is printed on the fertiliser bags.

Sulphur Recommendations

Some examples of sulphur recom-
mendations approximating near-opti-
mum rates are provided in Table 5.
These are generally in the range of
20-50 kg S/ha. In calcareous, heavy-
textured soils, where elemental S can
be used in its dual role of a fertiliser-
cum-amendment, the application rates
are in the range of 250-500 kg S/ha.
In tea plantations in south India,
annual application of 37-49 kg S/ha
is suggested to replace crop uptake,
leaching etc. (2). In Punjab, 250 k;
gypsum/ha is advocated for wheat i
“S-free” fertilisers are used.

Generally, the application of mate-
rials containing sulphate-S is recom-
mended as a basal, pre-plant appli-
cation. For groundnut, a -delayed or
even a split application can be made
to ensure adequate S and Ca (SSP;
gypsum) at the pod formation stage.
Sulphur-deficiency in standing crops
can be handled by using a solub?e
fertiliser such as ammonium sulphate.
Materials such as elemental S or iron

5
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pyrites are more effective when ap-
plied 3-4 weeks ahead of planting to
allow for the S to oxidise and convert
itself into sulphate form.

Potential Gains from Sulphur
Apgplication

Grain yield increases of 250-500
kg/ha from sulphur application on
S-deficient soils are common. Assum-
ing that 23-30 million ha of cropland
may be suffering from some degree
of S-deficiency, each 100 kg increase
in yield from S can add 2.3-3.0 mil-
lion tonnes to foodgrain production.
It is therefore desirable to develop
area-wise blue prints and action plans
* for the assessment and correction of
sulphur deficiencies. »

Sulphur and Oillseed Production

Sulphur comes out as a master
nutrient for increasing oilseed yields.

6

Among the field crops, oilseeds have
the highest requirement of S per unit
yield.  Availability of oilseeds in
{ndia is far below the requirements
with the result that over 1000 crore
rupees in foreign exchange are being
spent annually for importing oilseeds.
The top priority being attached to
increasing oilseed production is indi-

~

cated by the setting up of an oil-
seed technology mission by the Gov-
When field- plans
are developed for increasing oilseed
production in the 180 districts identi-
fied, it is hoped that balanced nutri-
ent application, including S where
necessary will receive due attention,
Available research shows that on
soils which are low in sulphur, each
unit of S applied can augment the
supply of edible oils by 3-3.5 units.
Sulphur can improve the production
of edible oils both by increasing
seed yields (Figure 2) and by increas-
ing the seed’s oil content (Figure 6).

Accounting for Sulphur

Sulphur is neither an extra nor a
cost-free appendix attached to ferti-
lisers whether taken out of gypsum
mines or offloaded from ships. One
consequence of the neglect of S is
that fertilisers which contain S are
presented as dilute, low-analysis,
costly materials because their unit
nutrient value is calculated on the
basis of N, P or K in them. If the
economic value of § is also taken in-
to account, then this picture changes.
As an illustration, if the 24 per cent
S present in ammonium sulphate is
accounted for and this value taken
out of the retail price, then cost of
N in AS comes out to be Rs 5.4-5.9!
kg N as compared to Rs 7.9 when
the retail price of AS is attributed
only to. the 21 per cent N in it.-The
same thing applies to other fertilisers
as well (Table 6). :

New S-Containing Fertilisers

There is very little activity towards
the development of NP/NPK mate-
rials containing S to cater to the
needs of specific areas. With S-defi-
ciency being a practical problem in
the alluvial soils of the wheat belt,

Table 5—~Some indicativo optimum rates of sulphur application

Crops

Kg S/ha Remarks
Cereals 24—-40 Wheat, maize, rice
Pulses 20--40 Chickpea, lentil, greengram, blackgram
Oilseeds 10—150* Groundnut, mustard, rai, sunflower
Tubers 25 - 60 Potato, tassava
Tea R 1 ey I Under south Indian conditions
EETRUNRSTLEITIEE 1,7 10

Fodders

- Sorghum for fodder.

*Most rates are in the range of 20-50 kg S/ha.
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the existing product pattern could be
strengthened by the production of
fertilisers containing S (APS, others).
For special crops where produce

quality- is a major factor, production
of NPK fertilisers containing K
through potassium sulphate could be
explored. In general efforts to meet

MUSTARD +8.5%
TARAMIRA +7.6%
RAI +743%
GROUNDNUT +5.1%

SUNFLOWER +3., 6%

SOYBEAN

+6.8%

Figure 6—Impact of sulphur on the oil content of oilseeds. Averaged data
from several Indian reports.

the S needs of S-deficient areas need

" to be strengthened. v

CONCLUSION

Even if sulphur has traditionally
been categorised as a secondary nu-
trient, it is of primary practical im-
portance for Indian agriculture. Sul-
phur has much in common with
NPK. Its dynamics in soil and re-
actions "in plant are simiar to N, it
is required by plants in amounts
similar to P, and in terms of mone-
tary value, it can be compared with
K. A number of areas for research

.and promotion of $ are listed else-

where (18) and need not be repeated.

What is now reguired is to (i} de-
lineate S-deficient areas as clearly as
possible (ii) develop field based, well-
tested S recommendations, (iii) pass
on proven results of research to ex-
tension networks, T&V system and
incorporate-them in the package of
practices, (iv) take steps to ensure
that S-deficiencies are corrected and
not neglected, (v) take S-content of
fertilisers into account while formu-
lating fertiliser allocation plans, (vi)
develop area-wise programme for
monitoring S additions and ‘removals
through various chatnels, (vii) streng-
then soil and plant analysis program-
mes for giving sound advice on S
management, (viii) development and
field testing of new materials contain-
ing S and (ix) develop and dissemi-
nate educational and training mate-
rials on S for field workers.
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