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Field experiments were conducted during 2010 and 2011 in a farmer’s field at Sivagangai
district, Tamil Nadu to evaluate the effect of inorganic S alone and in combination with organic
manures on hybrid maize. The results revealed a positive effect for the application of S alone
and in combination with organic manures. The highest grain yields of 5980 and 6025 kg ha 1
were registered with the application of vermicompost conjoint with 80 kg S ha*during the year
2010 and 2011, respectively. A marked improvement on uptake of N,P,K and S were observed
with the increase in the level of S. Among the organics, application of vermicompost was better
followed by press mud and FYM. Application of organics and inorganic S significantly improved
the available P, K and S status of the soil .The available N content of the soil was not increased

due to the application of organics and inorganic S.
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Maize is the world’s third most important cereal
crop after wheat and rice. Maize is globally cultivated
over an area of about 148.48 million hectares with
a production of about 699.32 million tonnes and
productivity of 4.71 t haof grain. In India, it occupies
third place among the cereals after rice and wheat.
By 2020, the requirement of maize for various sectors
will be around 100 mt, of which the poultry sector
demand alone will be 31 mt. Out of the total maize
produced in India, 50 per cent is used as cattle feed,
38 per cent as food grain for human consumption,

11 per cent in the manufacture of starch and one per
cent as seed. Modern intensive farming has resulted
in higher demand for fertilizers because of removal of
all the essential nutrients in higher proportions by the
crops. Most of our attention for fertilizer use has been
restricted to the use of N, P, and K, the three primary
nutrients required by the crops in large quantities.
The reports of the deficiency of secondary and micro
nutrients are increasingly appearing from intensively
cropped regions. Sulphur is one of the important
secondary nutrient elements and its essentiality for
plant growth has been recognised since the middle
of 19t"century. Crops in general require as much
sulphur as they need phosphorus.

It is indispensable for the synthesis of amino
acids like cystine, cystyne and methionine besides
being involved in various metabolic and enzymatic
processes of plants. Sulphur nutrition to crops
has not been fully realized during the past mainly,
because of the fact that sulphur deficiency was not
a serious problem. Recently, interest on sulphur as
a plant nutrient has been increased dramatically.
Sulphur being an anion gets adsorbed on the hydrous
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oxides of Fe, Al, and its availability get decreased.
(Borkotoki and Das, 2008). Adsorption of sulphur

is a major concern next to phosphorus in Alfisols.

Our aim is increasing the availability of native and
applied sulphur by the addition of organic substances.
Organic substances chelate with Fe, Al and reduces
the activities of Fe and Al and release the sulphur

to the labile pool (Parfitt,1978; Evans, 1986). The
cultivation of hybrid maize has become very popular
among the farmers. The hybrid maize respond well

to the application of nutrients. The recommendation
of N, P, K-and micronutrients are available, while the
response study of sulphur on hybrid maize is lacking.
Keeping these points in view, the present investigation
was taken up to evaluate the effect of sulphur alone
and in combination with organics on hybrid maize.

Materials and Methods

Field experiments were conducted with maize
hybrid (Syngenta NK 6240) during 2010 and 2011
in a farmer’s field at Sivagangai district, Tamil Nadu.
Taxonomically, the soils are grouped under Typic
Haplustalf with sandy loam in texture. The available
S status of the soils were 5.4 and 5.6 mg kg in the
experimental field selected during 2010 and 2011
respectively. The treatments consisted of 5 levels of
inorganic sulphur (M- Control, M- 20 kg S ha*, M-
40 kg S ha', M,- 60 kg S ha*, and M,- 80 kg S ha.)
and 4 sources of organics (N ;- Control, N — Press
mud5tha *, N,-~-FYM5tha -tandN ,~Vermi
compost 5 t ha'). The experiments were conducted
by following Factorial Randomised Block Design
with two replications. Sulphur was applied through
gypsum. Recommended dose of N, P ,O,and K,0
of 150, 75, 75 kg ha'were applied as urea, DAP and
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muriate of potash respectively. The soil samples were
drawn from each treatment on 30 DAS, 60 DAS and
after harvest of the crop and analysed for Alkaline
KMnO,— N Olsen P, NH ,OAc-K and available S by
following the standard procedures. The plant samples
were collected on 30 DAS, 60 DAS and at harvest
and dried in an oven at 65 °C for a constant weight.
The leaves were cut into small pieces and the grains
were also ground by using willey mill. The samples
were analysed for N, P, K and S contents and their
uptake were computed.

Results and Discussion

Effect of inorganic sulphur and organic manures on
grain yield of maize.

The grain yields were from 4474 and 4438 kg ha
in unmanured control and 5359 and 5250 kg ha *in
vermicompost treatment (N ) during the year 2010
and 2011, respectively (Table 1). The results showed
that among the manurial treatments significantly
higher and comparable yields were recorded in
vermicompost and press mud 5t ha L. The higher

grain yield in the treatment receiving organic manures
may be attributed to the overall positive influence of
the manures on the properties and fertility status of
the soil. The effect of vermicompost on maize grain
yield was prominent. The narrow C:N, C:P and C:S
ratio of vermicompost would have favoured for the
better uptake of nutrients and growth of maize crop
and augmented the grain yield. The positive influence
of vermicompost on seed yield of green gram was
reported by Rajkhowa et al. (2000). The levels of S
had a significant influence on the grain yield of maize.
The yield increased with the concomittant increase

in the level of S. Sulphur @ 80 kg ha ' recorded
significantly higher grain yield in both the years of
study. The data emphatically indicated that the higher
response was observed for S application. Sinha

et al. (1995) observed a positive response of S on
maize grain yield. The conjoint incorporation of
organics and inorganic S also had a prominent effect
on grain yield. Significantly higher grain yield of 5980
and 6025 kg ha - during the year 2010 and 2011
respectively were registered with the conjoint

Table 1. Effect of organic manures and inorganic S on maize grain yield (kg ha?)

Organics 2010 2011

Inorganic S NO N1 N2 N3 Mean NO N1 N2 N3 Mean

MO 3465 3860 3740 4370 3859 3425 3945 3680 4265 3829

M1 4200 4568 4368 5005 4535 4165 4465 4290 5265 4546

M2 4685 5268 4864 5465 5071 4560 5465 5120 5680 5206

M3 4868 5645 5265 5975 5438 4775 5560 5355 6015 5426

M4 5152 5865 5428 5980 5606 5265 5765 5525 6025 5645
Mean 4474 5041 4733 5359 4438 5040 4794 5250
SED M N MxN  NxM M N MxN  NxM

CD(P= 0.05) 43 39 85 73 42 36 82 68

87 79 171 145 83 71 164 134

incorporation of 80 kg S ha ! with vermicompost.
However, application of 60 kg S along with
vermicompost also recorded comparable yield with
80 kg S incombination with vermicompost. Application
of vermicompost with inorganic S would have created
a better nutritional environment and thus promoted
the growth and yield attributes which finally reflected
on the grain yield.

Effect of organics and inorganic sulphur on uptake of
nutrients

N uptake

A marked increase in N uptake of the maize was
observed with the advancement of growth stages.
Regarding the manurial treatments, the N uptake was
significantly differed and it varied from 11.0 to 15.4,
79.6 to 122.6 and 121.5 to 165.2 kg ha*at 30 DAS,
60 DAS and at harvest stages respectively (Table 2).
Application of any one of the organic manures such
as pressmud, FYM and vermicompost showed a
highest N uptake than unmanured control. Distinctly
higher N uptake of 15.4, 122.6 and 165.2 kg h&at 30

DAS, 60 DAS and harvest stage, respectively were
observed with the application of vermicompost (. It
was followed by pressmud (N) and FYM (N). Due to
narrow C:N ratio ( 24; 1), vermicompost would have
undergone minerlization relatively at a faster rate
and supplied N to the labile pool. The results showed
that the S fertilization registered significantly higher
N uptake than the treatment not receiving inorganic
S. A continuous increasing trend of N uptake was
registered at the successive stages. The N uptake
varied from 11.4 to 15.2, 85.6 to 116.8 and 117.2

to 171.2 kg ha -*at 30 DAS, 60 DAS and harvest
stages respectively among the S levels. Significantly
higher N uptake of 15.2, 116.8 and 171.2 kg haat 30
DAS, 60 DAS and harvest stages respectively were
recorded in the treatment receiving 80 kg S ha (M )
and was followed by 60 kg S ha 1(14.7, 113.7 and
162.6 kg ha ). The increase in N uptake due to the
application of S may be attributed to increase in N
concentration of plant. The synergistic effect between
S and N would have helped in greater N uptake.
Such a synergistic relationship between N and S was
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1) at different stages of crop

Organics Nitrogen uptake (kg ha™)
Inorganic 30 DAS 60 DAS At harvest
S NO NI N2 N3 Mean NO NI N2 N3 Mean NO NI N2 N3 Mean
MO 89 122 111 132 114 649 902 827 1044 856 987 1211 1136 1355 117.2
M1 101 135 119 147 126 702 1008 819 1147 91.9 1082 1312 1242 1445 127.0
M2 114 148 131 159 138 787 110.0 99.6 1246 1032 1182 149.2 1405 1612 142.3
M3 122 163 141 162 147 907 1210 1103 1329 1137 1334 1644 1606 1919 162.6
M4 126 169 145 169 152 93.6 1232 1139 1365 116.8 149.0 1744 1683 193.1 171.2
Mean 110 147 129 154 79.6 1094 97.7 1226 1215 1481 1414 165.2
M N  MXN NxM M N, MXN  NxM M N MXN  NxM
SEd 01 01 02 04 07 07 15 23 15 14 31 35
cD 02 02 04 08 16 14 33 47 33 29 66 70
(p=0.05)

reported by Stewart and Porter (1969) and Bharathi
and Poongothai (2008)

P uptake

The P uptake was significantly higher in the
treatments receiving any one of the manures than in
control (Table 3). The P uptake of 3.3, 24.2 kg ha

at 30 DAS and 60 DAS, respectively in the treatment
receiving vermicompost (N, was substantially higher
than other manurial treatments. While at harvest
stage significantly higher P uptake of 35.3 kg hawas
recorded in the treatment receiving pressmud (N )
followed by vermicompost (33.3 kg hd). The higher P
uptake in organic manure added treatments might be

Table 3. Effect of organics and sulphur levels on phosphorus uptake (kg ha?) at different stages of crop

growth (Mean of two years)

Organics Phosphorus uptake (kg ha %)
'”Orga”ic 30 DAS 60 DAS At harvest

NO N1 N2 N3 Mean NO N1 N2 N3 Mean NO N1 N2 N3  Mean
M, 15 23 19 23 20 102 169 134 184 147 155 23.0 186 229 20.0
M, 1.8 27 2.1 3.1 24 121 204 174 208 176 18.6 287 220 26.2 238
M, 22 31 2.4 3.3 27 144 232 204 249 207 240 344 265 315 291
M, 25 36 30 39 32 153 272 230 277 233 311 452 354 429 386
M, 26 39 3.2 4.1 34 180 280 251 296 251 36.6 456 395 432 412
Mean 21 31 25 33 14.0 2314 19.8 242 251 353 283 333

M N  MXN NxM M N MXN  NxM M N MXN  NxM
SEd 01 01 01 0.1 0.2 0.2 0.4 0.5 0.2 0.2 0.4 0.3
(p:C(:)I.DOS) 01 0.2 NS 0.2 0.4 0.4 0.9 1.1 04 04 0.9 0.7

due to the release of organic acids and organic anions
during the decomposition of organic manure, which
would have chelated the Fe and Al and released the
H,PO,-to the labile pool in turn favoured in the higher
uptake of P. The positive effect of organic manures
on release of P to the labile pool was reported by
several Researchers (Bahl and Avatar Singh (1992)
and Sharma et al.(1995). In the case of inorganic

S, the P uptake ranged from 2.0 to 3.4, 14.7 to 25.0
and 20.0to 41.2 kg ha at 30 DAS, 60 DAS and
harvest stages, respectively. A progressive increase
in the P uptake with the increase in S level was
observed. Due to the addition of S, the SO 42would
have replaced the H ,PO, - from the sesquioxide

through anion exchange mechanism and released

to the labile pool which would have favoured for the
higher P uptake by the crop. Such a mechanism of
desorption of P to the labile pool due to the addition of
S was reported by Palaskar et al. (1981) and Pandey
et al.( 2000). Conjoint application of organic manures
with inorganic S also had a prominent effect on the
uptake of P. Distinctly higher P uptake of 4.1 and 29.6
kg ha'at 30 DAS and 60 DAS were registered in the
combined application of vermicompost with 80 kg S
ha, while at harvest stage, significantly higher P
uptake of 35.3 kg ha*was recorded in the treatment
receiving 80 kg S hawith press mud.
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K uptake

The K uptake by the maize crop ranged from 3.7
to 5.8, 27.0 to 46.6 and 54.4 to 76.9 kg ha *at 30
DAS, 60 DAS and harvest stages, respectively among
the manurial treatments (Table 4). Application of
vermicompost and press mud registered comparable

K uptake at all the three stages. This may be due to
the higher drymatter production. Higher K uptake due
to the application of organic manures were reported
earlier by Maskina et al .(1984). Among the inorganic
S treatments, the K uptake extended from 4.1 t0 5.7,
30.3 to 46.5 and 45.8 to 83.8 kg ha'at 30 DAS, 60

Table 4. Effect of organics and sulphur levels on potassium uptake (kg ha ) at different stages of crop

growth (Mean of two years)

Organics Potassium uptake (kg ha?)
Inorganic 30 DAS 60 DAS At harvest
S NO N1 N2 N3 Mean NO N1 N2 N3 Mean NO N1 N2 N3  Mean
MO 29 49 39 49 41 20.1 36.0 284 368 30.3 346 48.0 465 541 458
M1 34 55 42 56 46 252 420 327 423 353 466 615 59.1 60.8 57.0
M2 40 59 47 6.0 51 27.8 47.8 36.0 484 400 596 757 553 775 67.0
M3 41 63 52 6.2 54 30.2 50.3 41.0 511 431 665 931 758 945 824
M4 43 68 52 6.6 57 319 532 463 548 465 647 939 789 979 838
Mean 37 58 46 5.8 27.0 458 36.8 46.6 544 744 631 769
M N  MXN NxM M N MXN  NxM M N MXN  NxM
SEd 0.1 0.1 0.06 0.07 05 04 0.1 0.2 1.7 15 34 3.7
(p=COI.305) 01 01. 01 02 1.1 10 23 1.0 36 32 72 75

Table 5. Effect of organics and sulphur levels on sulphur uptake (kg ha

growth (Mean of two years)

1) at different stages of crop

Organics Sulphur uptake (kg ha?)
Inorganic 30 DAS 60 DAS At harvest
S NO N1 N2 N3 Mean NO N1 N2 N3 Mean NO N1 N2 N3  Mean
MO 0.88 1.40 1.17 148 123 567 959 827 982 833 866 1346 1210 1459 12.20
M1 120 165 149 158 148 842 11.40 983 1239 1051 13.06 16.40 14.01 16.43 1497
M2 1.42 204 174 208 182 9.60 1550 13.20 1593 1355 16.03 2295 19.93 2181 20.18
M3 1.62 252 200 230 211 11.47 1840 1540 1825 1588 20.00 33.25 27.83 3294 28.50
M4 1.66 275 203 261 226 11.70 21.00 15.90 20.77 17.34 24.44 3488 3156 3490 31.44
Mean 1.35 2.07 168 201 9.37 15.17 1252 15.42 16.43 24.18 21.08 24.13
M N  MXN NxM M N MXN NxM M N MXN  NxM
SEd 0.03 0.02 0.06 0.08 0.37 033 0.75 0.84 069 0.62 1.39 142
(p=c(:)l.305) 0.06 0.05 0.13 0.16 049 071 158 1.72 145 130 291 286

DAS and harvest stages respectively. A liner
relationship of K uptake was observed with the
advancement of stage of growth. Significantly higher
K uptake was registered with the application of 80 kg
S ha . This could be attributed to the adsorption of
SO, *by the Fe and Al oxides and reduced the activity
of the Fe and Al which inturn would have favoured
for the exchange of K *between soil solution and
colloidal complexes. Significant increase in the K
uptake due to S application was reported by Biswas
et al. (1995). The interaction effect was that the
application of any one of the organic manures with
inorganic S recorded higher K uptake than control. It
ranged from 2.9 to 6.8, 20.1 to 54.8 and 34.6 to 97.9
kg hatat 30 DAS, 60 DAS and at harvest stages,
respectively. At 30 DAS, application of press mud with

80 kg S ha*(M,N,) recorded significantly higher K
uptake, while at 60 DAS and harvest stages, the
distinctly higher K uptake of 54.8 and 97.9 kg ha -,
respectively were registered with the conjoint
incorporation of vermicompost with 80 kg Sha
(M,N,).

S uptake

The sources of organics had a significant effect
on S uptake. Considering the stages, the S uptake
ranged from 1.35 to 2.01, 9.37 to 15.42 and 16.43
to 24.13 kg ha *at 30 DAS, 60 DAS and harvest
stages, respectively (Table 5). Application of organic
manures resulted in higher S uptake than control.
The organic acids released during the decomposition
of organic manures would have chelated the Fe



and Al and released the SO ,*to the labile pool
which inturn would have favoured for the higher
uptake of S in the manured treatments. An inverse
relationship between the S adsorption and organic
matter of soil was reported by Mc Donald and Hart
(1990). Johnson and Todd (1983) and Courchesne
et al. (1995) also demonstrated that the addition of
organic manures decreased the S adsorption and
increased the concentration of SO ,* -S into the
labile pool. At 30 DAS, significantly higher S uptake
of 2.0 kg ha 'was registered with the incorporation

of press mud followed by vermicompost, while at 60
DAS and harvest stage, application of press mud and
vermicompost registered comparable S uptake. As
observed in organic manures, application of inorganic
S also significantly influenced the S uptake at all

the three stages. Among the fertilizer S treatments,
substantially higher S uptake was recorded in the

Table 6. Effect of organics and sulphur on soil available N status (kg ha

growth (Mean of two Years)
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treatment receiving 80 kg S ha ! The increase in

S uptake with increase in S levels might be due to
increased surface area exposed to sulphur oxidizing
microorganisms which in turn might have released S
to the plant. These results are in conformity with the
findings of Tripathy and Tripathi (1993). Significant
increase in S uptake with the increase in S levels
was already reported by Pandey et al .(2000), who
attributed that higher S uptake by the crop may be
due to the increased availability of S¢¥-S in solution.
The combined effect of manures and fertilizer S also
significantly influenced the S uptake at all the three
stages. It varied from 0.88 to 2.75, 5.67 to 21.00 and
8.66 to 34.90 kg ha'at 30 DAS, 60 DAS and harvest
stages, respectively. Significantly higher S uptake

of 2.75 and 21.00 kg ha *at 30 DAS and 60 DAS,
respectively were recorded in the treatment receiving
conjoint incorporation of press mud and 80 kg S ha

1) at different stages of crop

Organics Available N (kg ha)
Inorganic 30 DAS 60 DAS Post Harvest Stage
S NO N1 N2 N3 Mean NO N1 N2 N3 Mean NO N1 N2 N3  Mean
MO 250 268 280 295 273 235 275 285 305 275 210 275 280 285 263
M1 235 250 268 280 258 228 268 272 290 265 200 268 270 280 255
M2 225 230 250 265 243 215 255 265 278 253 190 255 250 265 240
M3 210 220 230 252 228 200 240 250 268 240 185 240 235 260 230
M4 198 210 216 241 216 195 220 230 255 225 180 232 230 252 224
Mean 224 236 249 267 215 252 260 279 193 254 253 268
M N MXN  NxM M MXN  NxM M N MXN  NxM
SEd 5. 4. 10. 11. 6. 13. 12. 8. 7. 16. 14.
cb 11. 10. 22. 24. 13.  12. NS 23. 17. 15. NS 29.0
(p=0.05)

(M ,N,), while at harvest stage, distinctly higher

S uptake of 34.90 kg ha -*was registered with the
application of vermicompost with 80 kg S ha (M,N,),
which was statistically on par with the application

of press mud with 80 kg Sha  *(M,N,). Similarly,
application of 60 kg S h& separately with press mud
and vermicompost produced comparable S uptake.

Effect of S levels and organic manures on nutrient
status of soil

Available N

Both inorganic S and organic manures had
a significant influence on the available N status
at 30 DAS, 60 DAS and post harvest stages. In
the case of organic sources, the mean available
N status ranged from 224 to 267, 215 to 279 and
193 to 268 kg ha ! at 30 DAS, 60 DAS and post
harvest stages, respectively (Table 6). Significantly
higher N status was observed with the treatment
receiving vermicompost (N ) at all the three stages
(267; 279; 268 kg ha!) followed by FYM and press
mud. This may be due to narrow C:N ratio (24:1) of
vermicompost, which would have released the N
easily. Beneficial effect of vermicompost on available

N status on greengram cropping system was reported
by Rajkhowa et al. (2000). Blair et al. (1996) also
reported that an increase in available N status and
retentive capacity of nutrients due to the application
of vermicompost. Application of inorganic S also
significantly influenced the available N status. It
ranged from 216 to 273, 225 to 275 and 224 to 263
kg ha'at 30 DAS, 60 DAS and post harvest stages,
respectively. A declining trend of available N status
was observed with the increase in the level of S at
all the growth stages of crop. This may be due to

the synergistic effect of S on N, which would have
favoured for the increased uptake of N and depleted
the available N status of the soil. Considering the
three stages, those treatments which have received
any one of the organics, a slight improvement in
available N status was observed from 30 DAS to

60 DAS beyond which, it got declined. Tiwari et

al. (2002) reported that a reduction in available N
status at harvest stages of the crop growth. Due to
the mineralization process, the organic N might have
been released slowly into the labile pool. In addition,
the decomposition of organic manures also releases
some of the organic acids and thus forming chelating
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agents there by loss of N would have been reduced.
The available N status in the treatment receiving FYM
is lower than vermicompost and press mud. This
might be due to low N content of FYM as compared
to vermicompost and press mud.

Available P

Both organic and inorganic S significantly
influenced the available P status at all the three stages
and it varied from 13.2 to 17.7,13.3 to 18.2 and 13.1
to 18.5 kg ha'at 30 DAS, 60 DAS and post harvest
stages, respectively (Table 7). The higher status of
available P was registered in the manured treatments
than in the unmanured control. As the experimental
soil contained 12.8 per cent sesquioxide, which would
have retained the P in the non labile pool. During the
decomposition of organic manures, many organic
acids would have been released for chelating the Fe
and Al and released the H,PO, “into the labile pool.
Damodar Reddy et al. (1999) stated that due to ligand
exchange mechanism, the organic anions make
chelation with Fe and Al and release the H ,PO, “to
the labile pool. With regard to the organic manures,
the press mud performed better in registering the
higher available P status followed by vermicompost.
This may be due to higher P content of press mud.
More (1994) reported that application of press mud
recorded the highest available P status among
the various organic residues. A linear relationship
between S levels and available P status of the
soil was observed. Significantly higher available P
status of 16.1, 16.5 and 16.8 kg ha *at 30 DAS, 60

Table 7. Effect of organics and sulphur on soil available P status (kg ha

growth (Mean of two years)

DAS and post harvest stages, respectively were
recorded with the treatment receiving 80 kg S ha .
This may be attributed to the release of HPO, ~from
the adsorption sites due to the adsorption of SO , #.
The results envisaged that a progressive build up of
available P in the treatments receiving either organic
manures or S fertilizer was observed. The reason
might be due to slow releasing nature of organics.
Tandon (1993) reported that humic acid has the
capacity to form phospho humic complex with anion
replacement of the phosphate by humate anion,
and the coating of sesquioxides by humus to form

a protective cover and thus reducing the phosphate
fixing capacity of the sail.

Available K

The available K status of the soil was significantly
influenced by the inorganic S and organic manures.
With regard to the organic manures, a build
up of available K status was observed with the
advancement of growth stages. The available K status
ranged from 271 to 300, 277 to 304 and 262 to 307
kg ha' at 30 DAS, 60 DAS and post harvest stages,
respectively (Table 8). Significantly higher available
K status in all the three stages was registered in the
treatment receiving press mud (N ) (300,304, and
304 kg hat) followed by vermicompost (N).This may
be due to the higher K content of press mud. More
(1994) recorded higher available K status due to the
application of press mud among the various organic
residues. The unmanured control recorded the
negative balance of available K at all the three stages.

1) at different stages of crop

Organics Available P (kg ha)
) 30 DAS 60 DAS Post harvest stage
Inorganic
S NO N1 N2 N3 Mean NO N1 N2 N3 Mean NO N1 N2 N3 Mean
MO 114 158 126 140 135 9.0 16.4 140 146 135 8.0 17.0 140 148 135
M1 13.0 174 134 148 147 13.8 178 142 156 154 138 184 144 160 157
M2 13.8 18.0 140 150 15.2 144 188 148 158 16.0 142 186 148 16.0 159
M3 13.8 18.6 148 154 15.7 146 19.0 156 16.0 16.3 146 19.0 156 16.6 16.5
M4 14.2 18.6 154 16.0 16.1 148 19.2 156 164 165 148 194 160 168 16.8
Mean 13.2 177 16.0 15.0 13.3 18.2 148 157 131 185 150 16.0
M N MXN  NxM M N MXN  NxM M N MXN  NxM
SEd 0.5 0.5 1.1 1.2 0.9 0.8 1.9 1.4 05 04 1.0 0.9
cb 1.2 1.0 NS 2.5 1.9 1.7 NS 3.6 1.1 1.0 NS 1.9
(p=0.05)

By increasing the S levels, the available K status was
also increased at all the three stages. Distinctly higher
available K status of 297, 303, and 295 kg ha*at 30
DAS, 60 DAS and post harvest stages respectively
were registered with the application of 80 kg S ha !
(M,) followed by 60 kg S ha XM ,). However, they
were statistically on par with each other. The conjoint
application of inorganic S and organic manures did
not significantly influence the available K status at

all the three stages. However, significantly higher
available K status was registered with the combined

application of press mud with 80 kg S haat all the
three stages.

Available S

The available S status was significantly higher
in the treatments that received manures than in the
control. In the case of sources of organic manures,
the press mud recorded higher available S status
than vermicompost followed by FYM. Besides an
increase in the available S status was observed with
the advancement of stages of growth. The mean



available S status varied from 8.4 to 11.9, 8.9 to 12.6
and 7.9 to 12.9 mg kg'at 30 DAS, 60 DAS and post
harvest stages, respectively (Table 9) . Applicaton of
press mud recorded higher available S status than
the vermicompost followed by FYM. This might be
due to higher S and carbon content of press mud.
The positive relationship between organic carbon and
available S was reported by Kher and Singh (1993)
and Saravana Pandian (2003). The inorganic S had

Table 8. Effect of organics and sulphur on soil available K status (kg ha

growth (Mean of two years)
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a significant effect on the available S status. A linear
relationship between available S and S levels were
observed. The mean available S status ranged from
7.7t011.7,7.8t0 12.1 and 6.9 to 12.1 mg kg*at 30
DAS, 60 DAS and post harvest stages, respectively.
The available S was found to be higher in the
treatments receiving S than without S fertilizer. Dikshit
et al. (1995) reported that application of S fertilizer
increased the SO ,*-S in soybean-wheat cropping

1) at different stages of crop

Organics Available K (kg ha?)
Inorganic
S 30 DAS 60 DAS Post harvest stage
NO N1 N2 N3  Mean NO N1 N2 N3  Mean NO N1 N2 N3  Mean
MO 260 288 280 280 277 268 295 286 290 285 250 298 280 290 280
M1 270 295 285 290 285 276 295 290 295 289 260 305 280 296 285
M2 273 302 288 295 290 280 308 296 305 297 265 305 285 300 289
M3 275 305 292 298 293 280 310 300 305 299 270 310 283 305 293
M4 275 312 296 304 297 283 314 305 308 303 265 315 290 308 295
Mean 271 300 288 293 277 304 295 300 262 307 285 300
M N MxN  NxM M N MxN NxM M N MxN Nx™M
SEd 497 4.45 9.95 10.05 478 4.2 957 9.84 478 428 9.57 9.68
CD 104 931 NS 201 10.02 89 NS 19.60 10.02 896 NS 19.21
(p=0.05)

system. The interaction effect of organic manures and
inorganic S exhibited a marked effect on available
S. It varied from 5.6 to 14.0, 4.8 to 14.8 and 4.0 to

14.8 mg kg*at 30 DAS, 60 DAS and post harvest
stages, respectively. Significantly higher available S
content was registered with the conjoint incorporation

Table 9. Effect of organics and sulphur on soil available S status (kg ha ) at different stages of crop

growth (Mean of two years)

Organics Available S (kg hat)

Inorganic 30 DAS 60 DAS Post harvest stage
s NO N1 N2 N3 Mean NO N1 N2 N3 Mean NO N1 N2 N3  Mean
MO 56 94 7.3 8.4 7.7 48 9.8 7.6 8.8 7.8 40 98 6.0 8.0 6.9
M1 74 108 9.2 9.8 9.3 70 118 9.6 100 9.6 6.0 124 86 104 9.4
M2 86 120 94 10.8 10.2 9.1 124 96 11.2 10.6 85 138 90 114 107
M3 98 134 96 116 11.1 10.2 140 100 124 11.7 10.2 142 9.2 122 115
M4 104 140 98 124 11.7 108 14.8 10.0 128 12.1 11.0 148 94 132 121

Mean 84 119 91 106 89 126 94 110 79 129 84 110

M N MXN NXM M N MXN  NxM M N MXN NxM

SEd 0.10 0.09 0.21 0.24 0.21 0.19 043 0.48 0.31 0.28 0.63 0.72

(p=%l.305) 0.22 0.20 0.45 0.47 045 041 091 0.95 0.66 059 1.32 141

of 80 kg S ha-'with press mud. An increasing trend
of available S was observed, while applying all the
organic manures upto 60 DAS. However, at post
harvest stage, the available S status got declined in
the treatment receiving FYM. This might be due to
the low S content of FYM . On the other hand, in the
case of press mud and vermicompost, an increasing
trend of available S status was recorded. This might
be due to replacement of SQ? by the organic anions
from the adsorption sites of soil colloidal complexes.

Fuller et al. (1985) reported that the incorporation of
organic manures considerably increased S@&- S and
decreased the adsorbed SO % . The lower available
S in unmanured control might be due to the specific
adsorption of SO,> by the hydrous oxides of Fe and
Al (Bolon and Barrow, 1984; Courchesne, 1992).
Singh (1984) reported that the removal of organic
matter had a little effect on SO42'adsorption, but the
removal of Fe and Al oxides had a marked reduction
of SO, Zadsorption.
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Conclusion

The results have shown that maize crop responds
positively for the application of sulphur. Application of
S fertilizer with or without the organic manures have
become imperative to maintain the reserve S status
of the soil. Due to the continuous mining without the
application of either organic manures or S fertilizer,
the soil have become deficient in available S (less
than 10 mg kg?), which may lead to occurrence of S
deficiency in maize crop.
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