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ABSTRACT

Pot culture studies were conducted taking ten different soils collected from red and laterite soil region of

Mayurbhanj district of Odisha with groundnut, rice and potato as test crops to evaluate the critical limit

of S in soil and plants. The soils were acidic in reaction (pH 4.72-5.84), low to medium in organic carbon

content and texture varied from loamy sand to silt loamy. The CEC ranged from 3.7-6.0 ¢ mol (p+) kg™

About 50% soils were deficient in S. Rice, groundnut and potato received recommended dose of

NPK. Each crop received seven levels of S varying from 10 to 60 kg ha™'. The critical level of S in

soils and plants as determined by simple graphical method in red and laterite soils was 10 mg kg

The critical concentration of S in rice, groundnut and potato leaves was 0.21, 0.34 and 0.8 %,

respectively. Maximum biomass yield was recorded in groundnut at 30 kg S ha™' and rice and potato

at 40 kg S ha™! level indicating knowledge of critical concentration helps in maximizing the yield and

performance of crop.
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INTRODUCTION

Red and laterite soils occupy about 7.18
million hectare out of the total area of 15 m ha
in Odisha. These soils are lighter in texture and
poor in organic matter, N and P, but medium in K.
Deficiency of macronutrients like Ca, Mg, S and
micronutrients like Zn, B and Mo are very common
in red and laterite soils (Jena et al., 2008; Sarangi
et al., 2017). Intensive cropping with high yielding
crops accelerated depletion of micronutrients
from soil reserve and brought sharp reduction
in productivity, crop quality as well as animal
and human health. Despite increase in fertilizer
consumption and modern crop varieties, the crop
response ratio in the country has gone down from
16.5 of 1950 to 6.3 kg ha™! NPK in the year 2010.

This decline in the productivity factor might be due
to depletion of micronutrient reserve of soil.

Crops generally remove as much S as they
do P, although crops such as pulses, oilseeds, onion,
cabbage and forages remove more S than P. Sulphur
is a constituent of the amino acids and vitamins.
It is also closely associated with N in the process
of protein and enzyme synthesis. In India about
30 % of crop lands suffer from various degrees of
S deficiency (Arora, 2003). Considering 10 mg kg™’
as the critical limit of S, 18 % red and laterite soils
of Odisha are deficient in S (Jena et al., 2004).

Chemical estimation of  available
nutrient status of soils is an indicator, which is
correlated with crop and crop response. Fertilizer
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recommendations based on soil test values are
being adopted in many parts of the country with
slight variations. Based on several field and
green house experiments, Singh et al. (2006)
reported critical value of S as 10 mg kg™'. Soils with
available nutrient status below the critical limit are
likely to be deficient. Sensitive crops grown on
these soils would show deficiency symptoms and
respond to addition of that deficient nutrient. Most
of field studies revealed that the oilseeds, pulses and
vegetables like onion respond well to S application.
However, the critical limit of nutrient varies with
soil properties, type of crops and varieties (Singh et
al.,2001; Patraetal., 2015; Sarangi etal.,2016 a, b).
The responses of groundnut to S application were
documented. However, the widely followed critical
limit for S is of general one and no specific limit
is available in literature for red and laterite soils.
Rice is the main crop of Odisha in kAarif followed
by groundnut in rabi grown under residual moisture
condition, whereas potato is grown after kharif rice
in irrigated command areas. With this background,
the present study was undertaken to determine the
critical concentration of S in red and laterite soils

and rice, groundnut and potato crops for making
sulphur fertilization more rational and effective.

MATERIALS AND METHODS

Ten soil samples in bulk from plough layer
(0-15 cm) covering red and laterite soils were
collected from five blocks of Mayurbhanj district
of Odisha. The soil samples were air dried, passed
through 2 mm sieve and kept for analysis. Particle
size was measured by Bouyoucos hydrometer
method (1962), whereas soil pH was determined by
glass electrode with calomel as standard (Jackson,
1973) and organic carbon (OC) by wet digestion
method (Walkley and Black, 1934). The cation
exchange capacity was determined by method
(Schollenberger and Simon, 1945). Available S
content in soil was estimated by turbidometric
method (Massoumi and Cornfield, 1963).

Three pot culture experiments were
conducted in a completely randomized design
(CRD) with three replications on rice during kharif
2012 and on groundnut and potato during rabi
2012-13. The pot culture experiments were
conducted with ten soils (Table 1) in polyethylene
lined earthen pots.

Table 1. Physico-chemical properties of soils used in pot culture study

SL . Organic Sand Silt Clay Textural CEC Available (mg kg™)
No, locations — pH o bon (%) %) (%) (%) class  LCcmol
(pHkg'l Zn B S

1 Balidhia 4.87 0.50 72 19 9 LS 38 0.45 035 5.0
2 Paikabasa 476 0.53 66 24 10 L 4.2 0.90 0.72 8.0
3 Patisari 487 0.66 63 25 12 LIl 4.5 0.58 0.80 10.0
4 Jadunathpur 4.86 0.35 72 20 8 LS 3.7 1.50 042 75
5 Kaliana 472 044 67 24 9 LS 4.0 1.60 0.85 6.0
6  Marangtandi 4.95 0.48 63 26 11  SiL 5.8 0.75 055 15.0
7 Betna 480 043 70 21 9 LS 3.8 035 034 3.0
8  Rajabasa 494 0.68 58 28 14 SiL 5.7 052 081 16.0
9 Santhilo 497 0.68 55 31 14 SiL 5.6 0.38 0.53 125
10  Agria 5.84 0.48 67 23 10 LS 6.0 .65 0.57 14.0
Range 4.72- 0.35- 55- 19- 9- 3.7- 0.35- 0.34- 5.0-

5.84  0.68 72 31 14 6.0 1.60 0.85 16.0
Mean 495 0.52 653 241 10.6 4.71 0.76 0.59 9.7
SD 0.32 0.11 0.94 0.44 0.19 4.50
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The polyethylene lining was rinsed in 0.1 N HCI
followed by deionised water. Seven kg of soil was
transferred into each pot. The treatment consists
of seven levels of S (0, 10, 20, 30, 40, 50 and 60
kg ha'). All these treatments were imposed on
rice, groundnut and potato. In rice experiment,
three rice seedlings (cv. Pratiksha) of twenty five
days old were transplanted with recommended
dose of fertilizer (N, P, K @80-40-40 kg ha'). In
groundnut and potato experiments, four no of seeds
of groundnut (cv. AK 12-24) and potato (cv. Kurfi
jyoti ) seeds were sown with recommended dose of
fertilizer @ 20-40-40 and 120-60-90 kg NPK ha™!,
respectively. The crops received reagent grade of
fertilizer through urea, KH,PO, and KCI. Required
quantity of gypsum was thoroughly mixed with
soil before transplanting/sowing. Watering with
deionized water and plant protection measures
were taken, as and when necessary. The rice plants
were harvested at pre-flowering stage, whereas
groundnut and potato plants were harvested
at maturity. The plant, pod and tuber samples
were washed with acidified solution, rinsed with
deionised water, dried at 65 °C in a hot air oven
and dry matter yield were recorded. The third leaf
samples, collected at 30 days of growth, were
processed and kept for analysis. The dry powered
plant samples were digested in a mixture of 10:4:1
of HNO3; HCIO o HZSO ,ona hot plate and filtered
through Whatman 42 filter paper for estimation of
S. The critical limit for S of soil and plants were
determined by plotting the Bray’s percent yield
against available S in soil or its concentration in
plants (Cate and Nelson, 1965).

Bray’s per cent yield = (yield in control/
yield at optimum nutrient treatment) x 100
Simple correlation was carried out to establish the
relationships between nutrient and soil properties.

RESULTS AND DISCUSSION
Physical and chemical properties of soils

The organic carbon, silt and clay
content, CEC and pH of soil are considered
to be important factors for determining the
availability of S in soils and plants. The results

revealed that the soils are acidic in reaction
with pH ranging from 4.72 to 5.84 (Table 1).
ExceptAgria, the pH of othernine sites were below 5.0.
Soil texture was varied from loamy sand to silt
loam. Higher clay content (14 %) was recorded
in two soils (Rajabasa and Sathlo) and in other
sites it varied between 8-12 %. Similar trend was
observed in silt content (19-31 %). A reverse
trend was recorded with respect to sand content
(55-72 %), the highest being in Balidhia and lowest in
Sathilo. Organic carbon status of soils were between
0.35 to 0.68 % with mean value of 0.52 %. Out of
ten sites, five sites have low OC status and others
have medium OC status. The range of CEC was
3.7 to 6.0 with mean value of 4.71 ¢ mol (p+) kg™!.
The results further revealed that about 50 % of
soils were deficient in S. The available S content in
soils ranged from 5.0-16.0, with mean value of 9.7
mg kg!. Organic carbon content of soils is closely
correlated with clay content with high correlation
co-efficient (R=0.87). Higher concentration of
available S was found in fine textured soils than
in coarse texture soils (Gupta, 1968; Singh, 2001).
Similar trend was observed in present study.

Critical limit of S in soils and crops

The relationship between soil test level and
relative yield vary considerably, and the shape of
the relationship is relatively consistent. At low
level of available nutrient, the yield is limited by
lack of the nutrient. As the soil test level increases,
the yield increases upto a point, where the nutrient
is no longer limiting the yield and thus the curve
levels out. Above this level the yield may stay the
same or decline. The point where the curve levels
off is called critical level. The critical level of S
for soil and crops in this study was determined by
graphical method (Cate and Nelson, 1965). In this
method, the data is separated into four quadrants
with an objective to minimize the data points in
the upper left and lower right quadrants, which
represents the deviations from expected behavior.
Points lying in the upper left quadrant represent the
soil test values, which are below the critical level
and thus a response is expected, but no response
was observed. Points lying in the lower right
quadrant represent situations where the soil value
is above the critical value and thus no response
would be expected.
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The available S content in soils ranged from
5-16mgkg™ withmean value of9.7mgkg ™! (Table2).
The per cent dry matter yield of rice, groundnut
and potato in S treated soils ranged from 65.0-
87.7, 37.9-54.4 and 72.0-86.0, respectively with
respective mean value of 75.67, 45.40 and 79.33.
The plot of Brays per cent yield against available
S revealed 10, 10 and 10 mg kg™ as the critical
concentration of S in soils for rice, groundnut
and potato crops, respectively (Fig. 1, 2, 3).
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Fig. 1. Scattered diagram of percent dry matter
yield of groundnut and available S in soil
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Fig. 3. Scattered diagram of percent dry matter
yield of potato and available S in soil
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Fig. 5. Scattered diagram of percent dry matter
yield and S content in 3™ leaf of rice

The S concentration in third leaf of rice, groundnut
and potato plant ranged between 0.14-0.25,
0.21-0.34 and 0.60-0.98 %, respectively. The plot
of Brays per cent yield against S concentration in
leaf revealed that critical concentration of S in rice,
groundnut and potato was 0.21, 0.34 and 0.80 %.
Based on 30 field experiments in Vertic Ustocrepts
over 2 years, critical limit of available S was found
to be 0.34 % for soybean (Ganeshamurthy, 1996)
and 0.35 % for mustard (Atiiokpam et al., 2005).
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Fig. 2. Scattered diagram of percent dry matter
yield of rice and available S in soil
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Fig. 4. Scattered diagram of percent dry matter
yield and S content in 3™ leaf of groundnut
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Crop response to sulphur

Based on the critical limit of 10 mg kg™,

about 60 % soils used in this study were deficient in
S and 40 % lie in medium category (Table 2).

Table 2. Effect of different S levels on biomass yield (g per pot) and S concentration in groundnut leaf

Biomass yield (g per pot)

S content in

Soil 30,5 1 Levels of sulphur (kg ha™) B.ray’s " 3" leafin S

(mgkg™) yield (%) control (%)
0 10 20 30 40 50 60

1 5.0 50 61 84 132 106 93 92 37.9 0.22

2 8.0 58 61 83 132 106 94 93 43.9 0.24

3 10.0 53 62 83 131 104 93 92 40.5 0.28

4 7.5 55 61 85 134 106 93 90 41.0 0.26

5 6.0 54 62 88 128 110 96 95 42.8 0.24

6 15.0 65 73 95 125 115 110 105 52.0 0.34

7 3.0 58 64 87 135 107 90 88 43.0 0.21

8 16.0 62 85 98 128 120 108 102 48.4 0.32

9 12.5 68 80 96 125 118 105 99 54.4 0.31

10 14.0 61 83 99 127 115 102 100 48.0 0.30

Range 5.0-16.0 50-68 61-85 83-99 125-135 104-120 90-110 88-105 37.9-544 0.21-0.34

Mean 9.7 58.4 69.2 89.8 129.7 110.7 98.4 95.6 454

SD 5.64 10.01  6.47 3.59 5.79 7.19 5.60 0.04

The biomass yield of groundnut in S
control was 584 g per pot and increased
to 129.7 g per pot at 30 kg ha'! dose and
there after declined when the dose
increased to 60 kg ha'. Application of
40 kg S ha! recorded the highest dry matter
production, yield attributes and pod yield of
groundnut in red soil (Kamalakannan et al., 2009).
On the contrary, both rice and potato
responded to higher dose of S application
and the highest biomass yield was recorded
at 40-50 kg ha' level (Table 3 and 4).

was

Biomass yield of rice in S control was 98.33 g
per pot, which was increased by 33 % at 50 kg
S ha’l. Similarly, application of 40-60 kg S ha!
increased the rice yield by more than 20 kg
per hectare (Singh et al., 2006). Similar results
were also observed by various workers (Arora,
2003; Rahman et al., 2007). The highest
biomass yield of potato was recorded at
40 kg S ha™!, which was 26 % higher over control
and slightly declined at 50-60 kg S ha'' level.
Similar findings were also noted by some of the
earlier workers (Arora, 2003; Kumar et al., 2008).
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Table 3. Effect of different S levels on biomass yield (g per pot) and S concentration in rice leaf

S0,-S Biomass yield (g per pot) Bray’s S content in

Soil (mg Levels of sulphur (kg ha™) Pyield 3"leafin$S
kgh) o 10 20 30 40 50 60 (% control (%)

1 5.0 94.3 108.5 122.3 131.0 133.7 134 97 70.4 0.15

2 8.0 93 109 121 131 134 135 97 68.9 0.18

3 10.0 93 110 120 136 133 138 96 67.4 0.20

4 7.5 91 93 109 121 131 133 95 68.4 0.16

5 6.0 94 112 114 120 128 130.5 105 72.0 0.17

6 15.0 105 109 111 116 120 122 100 86.0 0.23

7 3.0 88 110 116 122 131 1354 110 65.0 0.14

8 16.0 110 115 118 123 124 128 99 85.9 0.24

9 12.5 107 109 115 118 121 122 103 87.7 0.22

10 14.0 108 113 115 120 123 127 98 85.0 0.25
5.0- 88- 109- 116- 65.0-

Range 93-115 120-134  122-138 95-110 0.14-0.25
16.0 110 122.3 131.0 87.7

Mean 9.7 98.33  108.85 116.13 123.8  127.87 13049 100.0 75.67
SD 8.17 5.95 4.27 6.56 5.42 5.59 4.69 0.03

Table 4. Effect of different S levels on biomass yield (g per pot) and S concentration in potato leaf

Biomass yield (g per pot)

Soil SO,-S : Levels of sulphur (kg ha ) B.ray’s P S content in 3" leaf

(mg kg™) yield (%) in S control (%)
10 20 30 40 50 60

1 5.0 367 417 435 442 460 456 350 79.8 0.62

2 8.0 369 427 442 450 492 459 355 75.0 0.71

3 10.0 374 428 440 449 495 460 357 75.6 0.78

4 7.5 370 424 439 447 474 461 354 78.0 0.74

5 6.0 355 420 445 465 493 450 360 72.0 0.70

6 15.0 382 390 415 422 444 408 353 86.0 0.98

7 3.0 350 395 425 444 472 440 360 74.1 0.60

8 16.0 384 398 430 448 458 390 350 83.8 0.85

9 12.5 378 399 428 439 450 402 352 84.0 0.88

10 14.0 384 405 425 440 452 412 357 85.0 0.82

Range 5.0- 350-  390-  415-  422- 444- 390- 350- 2.0-86.0 0.60-
16.0 384 428 445 465 495 461 360 0.98

Mean 9.7 371.3 4103 4324 444.6 469.0 433.8 354.8  79.33 0.77

SD 11.7 1442 940 10.81 19.12 27.74 3.67 0.11
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CONCLUSION

The critical limit of available S in red and
laterite soils was estimated to be 10 mgkg™!, whereas
the critical concentration of S in rice, groundnut and
potato crop was 0.21, 0.34 and 0.8 %, respectively.
Groundnut responded to S application at a level of
30 kg ha!'. Maximum biomass yield of rice and
potato was recorded when S was applied at 50 and
40 kg S ha’!, respectively. Based on the critical
limit of S, the fertility rating and recommendations
need to be modified for the crops grown in red and
laterite soils.
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