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EFFECT OF ESTABLISHMENT METHODS AND NITROGEN LEVELS ON
UPTAKE OF MICRONUTRIENTS IN BASMATI RICE

Jagjot Singh Gill', Sohan Singh Walia® and Roopinder Singh Gill’
ABSTRACT

A field experiment was conducted during kharif season of 2010 and 2011 in strip plot design with 6
establishment methods in horizontal plots and 4 nitrogen levels in vertical plots on sandy loam soil with normal soil
reaction (pH 8.10 and 8.00), low in organic carbon (0.28 and 0.26 %) and available nitrogen (255.02 and 238.20 kg
ha™), medium in available phosphorus (19.10 and 17.20 kg ha™) and potassium (155.00 and 140.00 kg ha”) to evaluate
the effect of methods of establishment and nitrogen levels on micronutrients uptake in basmati rice. The results
showed that significantly higher grain yield was recorded with machine transplanted basmati rice after puddling
which was statistically similar to direct seeded basmati rice with brown manuring. The effect of different methods of
establishment and nitrogen levels on Zn, Mn and Fe content (%) in basmati rice grains and straw was non-significant.
However, Zn, Mn and Fe uptake in grain and Mn uptake in straw was significantly higher in direct seeded basmati
rice with brown manuring. Among nitrogen levels, 125% of recommended dose of nitrogen (51.14 kg N ha) resulted
in significantly higher grain yield. 125% of recommended dose of nitrogen recorded maximum Zn, Mn and Fe uptake
in grain and straw. The interaction effects between nitrogen levels and establishment methods were non-significant.

(Key words: Basmatirice, establishment methods, nitrogen levels, micronutrient content, uptake, yield)

INTRODUCTION

Conventional crop establishment practice in
rice involves manual transplanting of rice in puddled
soil. Puddling, a pre-requisite for rice transplanting,
result not only in high-energy consumption but also in
deterioration of soil structure, decreases the soil
aggregates and pore size, thereby restricting
germination and rooting of the succeeding crops
(Ramet al., 2006). Manual transplanting of rice, done
usually by hired labour, shortage of labour during the
peak period of transplanting, and escalating labour
wages are the new challenges facing rice farmers in
the state. Transplanting often gets delayed due to non
availability of labour. The late planted crop has low
productivity due to restricted vegetative growth
(Chaudhary et al., 2011). Direct seeding and machine
transplanting were examined as alternative methods
for rice establishment. Optimization of applied
nitrogen at critical growth stage,coinciding with the
period of efficient utilization is essential (Pandey et
al.,2002). The nitrogen requirement of direct seeded
basmati rice for realizing optimum yield is lacking.
Therefore, present study was conducted to evaluate
the effect of different establishment methods and
nitrogen levels on grain yield and micronutrient
uptake in grain and straw of basmati rice.

MATERIALS AND METHODS

The field experiment was conducted at
Student's Research Farm, Department of Agronomy,
Punjab Agricultural University, Ludhiana during
kharif season of 2010 and 2011. The composite soil
samples from 0-15 and 15-30 cm profile layers were
collected before sowing from randomly selected sites
and analyzed for chemical composition. The soil was
sandy loam with normal soil reaction (pH 8.10 and
8.00) and electrical conductivity (0.36 and 0.32 dSm
"), low in organic carbon (0.28 and 0.26 %) and
available N (255.02 and 238.20 kg ha'), medium in
available P (19.10 and 17.20 kg ha") and K (155.00
and 140.00 kg ha') at both the depths (Table 1).
Methods used for soil analysis are mentioned in table
1. The experiment was conducted in strip plot design
with 6 establishment methods viz., direct seeded
basmati rice, direct seeded basmati rice with brown
manuring, machine transplanting in zero-tillage (ZT)
with brown manuring, machine transplanting in
zero-tillage (ZT) without brown manuring, machine
transplanting after puddling and conventional
practice in horizontal plots and 4 nitrogen levels viz.,
control, 75% (30.68 kg N ha'), 100% (40.91 kg N
ha') and 125% (51.14 kg N ha') of recommended
dose of nitrogen (RDN) in vertical plots.
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Table 1. Chemical properties of soil of the experimental field at PAU

Soil depth(cm)
2010 2011 Method used
Soil characters
015 1530 045 1530
1:2 soil:water suspension (Jackson
pH 8.10 8.30 8.00 8.18
1967)
1:2 soil:water suspension with
EC (dSm™) 0.36 0.31 0.32 0.26  solubridge conductivity meter (Jackson

1967)

) Walkley and Black’s rapid titration

Organic carbon (%) 0.28 0.27 0.26 0.25

method (1934)

N (kg ha') 255.02 240.69 238.20
P (kg ha') 19.10 19.60 17.20
K (kg ha') 155.00 147.80 140.00
DTPA —extractable
10.10  9.63  8.60
Mn (ppm)
DTPA —extractable Fe
21.50 21.63 19.20
(ppm)
DTPA —extractable
3.50  2.01  3.10
Zn (ppm)

Modified alkaline potassium
224.21 permanganate method (Subbiah and
Asija, 1956)
0.5N sodium bicarbonate extractable P
17:68 by Olsen’s method (Olsen et al.,1954)
Ammonium acetate extractable K

133.00
(Merwin and Peech, 1950)

DTPA extraction and atomic

8.11
absorption spectrophotometer (AAS)
DTPA extraction and AAS

19.31

L6 DTPA extraction and AAS

The recommended dose of nitrogen was 90 kg urea ha
'(40.91 kg N ha"). Nitrogen fertilizer was applied in
two equal splits to transplanted basmati rice at about 3
weeks and 6 weeks after transplanting and two equal
splits of nitrogen fertilizer were applied to direct
seeded rice as half dose after two weeks and rest half
of nitrogen fertilizer was applied five weeks after
sowing. The recommended dose of phosphorus (30
kg P,0, ha') and potassium (30 kg K,O ha') was
applied at the time of field preparation through single
super phosphate (SSP) and muriate of potash (MOP),
respectively. Basmati rice variety Punjab Mehak 1
was used as test variety. For brown manuring, seeding
of Sesbania aculeata was done 30 days before the
sowing of direct seeded rice and machine transplanted

rice in zero tilled plots. 2, 4D @ 1 kg ha' was sprayed
on Sesbania three days before direct sowing of rice
and transplanting of rice with machine in zero tilled
plots. The sowing of direct seeded rice (DSR) was
done with rice drill in dry moist soil. Nursery for
machine transplanting was raised in plastic trays.
Seeds @ 30 kg ha' (for 500 trays) were used for
raising nursery in trays. Twenty five days old nursery
was used in mechanized transplantation. In case of
conventional transplanting, nursery was raised by
broadcasting seed with seed rate of @ 20 kg for
transplanting a hectare. Transplanting was done using
25 days old seedlings. Machine transplanting was
done by paddy transplanter. In zero tilled plots, it was
done in standing water. In conventional transplanting,



nursery was irrigated before uprooting, seedlings
were uprooted and then transplanted @ two seedlings
hill" about 2-3 cm deep in puddled field in lines at
20x 15 cm spacing manually. In direct seeded
rice and transplanted rice weeds were controlled by
applying Stomp 30 EC (pendimethalin) @ 2.5 litre
ha" within two days of sowing and transplanting of
basmati rice and Nominee Gold 10 SL (bispyribac) @
250 ml ha' at 30 days after sowing and 25 days
after transplanting of basmatirice, respectively. The
left over weeds were removed by two hand weedings
in direct seeded basmati rice 51 and 66 days after
sowing and one hand weeding in transplanted rice
after 56 days of transplanting during kharif 2010. In
kharif 2011 left over weeds were removed by two
hand weedings in direct seeded basmati rice (DSBR)
50 and 72 days after sowing and one hand weeding in
transplanted rice after 49 days of transplanting.
Irrigation was applied as per requirement to direct
seeded basmati rice. In transplanted rice, water was
kept standing continuously for first fifteen days after
transplanting. After that irrigations were applied two
days after the ponded water has infiltrated into soil.
No irrigation was applied during rainy days.
Irrigation application was withheld 15 days before
harvesting of crop. The crop was harvested manually
with the help of sickle when grains almost matured
and straw had turned yellow and data on grain yield
were recorded. For estimating the micronutrients (Zn,
Fe and Mn) content in grain and straw, the samples
were collected from each plot at physiological
maturity and dried in hot air oven at 60°C for 3 days.
Dried samples were digested in a diacid mixture of
nitric acid (HNO,) and perchloric acid (HCIO,) in the
ratio of4:1 for the analysis of total Fe, Zn and Mn. The
concentrations (ppm) of Fe, Zn and Mn were
determined using an Atomic Absorption
Spectrophotometry method given by Isaac and
Kerber (1971). Fe, Zn and Mn uptake in grain, straw
and total (Grains + Straw) was estimated by
multiplying concentrations (ppm) of Fe, Zn and Mn to
grain, straw and total (Grain + Straw) yield.

RESULTS AND DISCUSSION

Grainyield :

Machine transplanting of rice after puddling,
being statistically at par with direct seeded basmati
rice with brown manuring, yielded significantly more

as compared to other methods of establishment.
Machine transplanted basmati rice after puddling
produced 0.96, 2.76, 4.62, 5.07 and 7.31 per cent
more grain yield over direct seeded basmati rice with
brown manuring, direct seeded basmati rice without
brown manuring, conventional transplanted basmati
rice, machine transplanted basmati rice in zero tilled
plots with brown manuring and machine transplanted
basmati rice in zero tilled plots without brown
manuring, respectively during 2010 and the
corresponding values for the year 2011 were 1.34,
2.69, 4.58, 5.35 and 7.49 per cent, respectively.
Optimum utilization of resources and better yield
attributes led to higher yield of basmati rice under
machine transplanting of basmati rice after puddling
(Table 2). Dixit et al. (2010) also reported that grain
yield was the highest in transplanting with Japanese
manual transplanter (7.85 t ha') followed by direct
seeded drill with adjustment of 30 kg ha” seed rate
(7.80 tha"), direct seeded drill with adjustment of 15
kgha' seed rate (7.20 t ha') and drum seeded puddled
transplanted rice withseed rateof 50 kg ha' (6.10
tha').

The highest grain yield (40.64 and 37.07 kg
ha') was obtained with 125% of RDN (51.14 kg N
ha). Higher values of growth parameters and yield
attributing characters ultimately resulted in higher
grain yield with 125% of RDN (51.14 kg N ha").
Singh and Walia (2010) also observed that application
of 120 and 150 kg ha ' gave similar grain yield in direct
seeded and transplanted rice but significant superior
to90kgNha .

Plant analysis :

Zinc (Zn), manganese (Mn) and iron (Fe) content
of basmati grains and straw :

Statistically similar Zinc, manganese and
iron content of basmati rice grain and straw was
recorded with different crop establishment methods
and nitrogen levels (Table 3,4 and 5).

Zinc (Zn) uptake in grains and straw :

It is clearly seen from table 6 that direct
seeded basmati rice with brown manuring recorded
significantly more Zn uptake in grains [447.79 g ha’
(2010), 393.75 g ha' (2011) and 420.77 g ha'
(Pooled)] as compared to other methods of



establishment. Direct seeded basmati rice without
brown manuring and machine transplanted basmati
rice in zero tilled plots with brown manuring were
statistically at par with each other. Conventional
transplanting of basmati rice and machine
transplanting of basmati rice in zero tilled plots
without brown manuring gave significantly lower Zn
uptake and were statistically at par with each other.

Zn uptake by basmati rice straw in different
methods of establishment were statistically at par.
This might be attributed to statistically similar straw
yield and Zn content in different establishment
methods.

Total Zn uptake in grain and straw [1846.96 g
ha (2010), 1644.06 g ha' (2011) and 1745.51 g ha'
(Pooled)] was significantly higher with direct seeded
basmati rice with brown manuring. All methods of
establishment differed significantly among
themselves.

Nitrogen levels significantly influenced the
uptake of Zn in grains and straw of basmati rice (Table
6). The significantly higher uptake of Zn in grains
and straw was obtained with 125% of RDN (51.14 kg
N ha") which was statistically at par with Zn uptake in
grains with 100% of RDN during both the years of
study and was statistically at par with Zn uptake in
straw with 100% of RDN during 2010. Total Zn
uptake in grain and straw [2037.06 g ha' (2010),
1750.82 gha' (2011)and 1893.94 gha' (Pooled)] was
significantly higher with 125% of RDN (51.14 kg N
ha') than all other nitrogen levels. Hosseiny and
Maftoun, (2008) also reported that application of 400
mg N kg soil increased Zn uptake and concentration
compared to 50 and 100 mg N kg’ and control
treatments. The higher Zn uptake by basmati rice
grain and straw in 125% of RDN (51.14 kg N ha")
nitrogen level might be attributed to higher grain and
straw yield with this treatment.

Manganese (Mn) uptake in grains and straw :

Data from table 7 revealed that significantly
more uptake of Mn in grains of basmati rice was
observed with direct seeded basmati rice with brown
manuring [105.06 g ha' (2010), 99.09 g ha’ (2011)
and 102.08 g ha' (Pooled)]. This might be due to
higher Mn content in grains with this treatment.
Significantly lowest uptake of Mn in grains of

basmati rice was obtained with conventional
transplanted rice.

Mn uptake in basmati rice straw was
significantly more with direct seeded basmati rice
with brown manuring [1637.18 gha' (2010), 1515.37
gha' (2011)and 1576.28 gha" (Pooled)] as compared
to other establishment methods and was statistically
at par with machine transplanted basmati rice after
puddling, direct seeded basmati rice without brown
manuring and machine transplanted basmati rice in
zero tilled plots with brown manuring. Higher Mn
uptake by straw in these treatments might be due to
higher Mn content and straw yield.

Significantly higher total Mn uptake in grain
and straw [1742.24 g ha' (2010), 1614.46 g ha'
(2011) and 1678.36 g ha' (Pooled)] in basmati rice
was also obtained with direct seeded basmati rice with
brown manuring and was statistically at par with
machine transplanted basmati rice after puddling.

With respect to nitrogen levels (Table 7), Mn
uptake in basmati rice grains and straw was
significantly higher with 125% of RDN (51.14 kg N
ha") which was statistically at par with Mn uptake in
grains with 100% of RDN (40.91 kg N ha') during
both the years of study and Mn uptake in basmati rice
straw during 2010. 125% of RDN (51.14 kg N ha)
also gave significantly higher total Mn uptake in grain
and straw [2022.50 g ha' (2010), 1781.98 g ha'
(2011) and 1902.25 g ha' (Pooled)] in basmati rice.
This might be due to higher grain and straw yield of
basmati rice in this treatments as compared to other
treatments.

Iron (Fe) uptakein grains and straw :

Data in table 8 showed that Fe uptake of
basmati rice grains [269.88 gha ' (2010),257.11 gha’
(2011) and 263.50 g ha' (Pooled)] increased
significantly with direct seeded basmati rice with
brown manuring. Direct seeded basmati rice without
brown manuring and machine transplanted basmati
rice in zero tilled plots with brown manuring recorded
statistically similar Fe uptake in grains of basmati rice
during 2010. Similarly, during 2011 direct seeded
basmati rice without brown manuring and machine
transplanted basmati rice after puddling were
statistically at par with each other. Machine
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Table 2. Effect of different crop establishment methods and nitrogen levels on grain yield (q ha™)

of basmati rice

Grain yield (q ha™)
Treatments

2010 2011
Establishment methods
DSBR 33.70 30.90
DSBR with brown manuring Sesbania 34.30 31.31
Machine transplanting in ZT with brown manuring 32.96 30.12
Machine transplanting in ZT without brown manuring 32.27 29.52
Machine transplanting after puddling 34.63 31.73
Conventional practice 33.10 30.34
SE+ 0.14 0.18
CD (P=0.05) 0.47 0.52
Nitrogen levels (kg ha™)
Control 22.25 19.88
75% of RDN 32.49 30.17
100% of RDN 38.60 35.49
125% of RDN 40.64 37.07
SE+ 0.25 0.46

CD (P=0.05) 0.73 1.37
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Table 3. Effect of different crop establishment methods and nitrogen levels on Zn content (ppm)

of basmati rice grain and straw

Zn (ppm)

Treatments 2010 2011 Pooled

Grain Straw Total Grain Straw Total Grain Straw Total

Establishment methods
DSBR 126.69 158.19 284.88 118.83 153.83 272.66 122.76 156.01 278.77
DSBR with brown 130.50 159.94 290.44 125.91 156.58 282.49 128.21 158.26 286.47

manuring Sesbania

Machine 127.88 159.31 287.19 120.58 15592 276.50 124.23 157.62 281.85
transplanting in ZT
with brown

manuring

Machine 122.38 156.16 278.54 112.42 151.42 263.84 117.40 153.79 271.19
transplanting in ZT
without brown

manuring

Machine 126.55 157.50 284.05 115.92 15292 268.84 121.24 15521 276.45
transplanting after

puddling

Conventional 120.00 155.94 27594 110.08 150.08 260.16 115.04 153.01 268.05

practice

SE+ 0.02 001 003 002 003 005 0.02 0.03 0.05
CD (P=0.05) - - - - - - - - -
Nitrogen levels (kg ha™)

Control 132.63 162.61 29524 118.28 154.39 272.67 125.46 158.50 283.96
75% of RDN 131.59 156.11 287.70 118.22 148.44 266.66 12491 152.28 277.19
100% of RDN 125.97 152.23 27820 116.78 146.94 263.72 121.38 149.59 270.97
125% of RDN 121.47 150.40 271.87 115.89 146.06 261.95 118.68 148.23 266.91
SE+ 0.02 002 004 001 004 005 0.01 003 0.04
CD (P=0.05) - - - - - - - - -
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Table 4. Effect of different crop establishment methods and nitrogen levels on Mn content (ppm)

of basmati rice grain and straw

Mn (ppm)
Treatments 2010 2011 Pooled

Grain Straw Total Grain Straw Total Grain Straw Total
Establishment methods
DSBR 28.89 184.90 213.79 30.68 187.26 217.94 29.79 186.08 215.87
DSBR with brown  30.55 187.15 217.70 31.80 189.78 221.58 31.18 188.47 219.65
manuring Sesbania
Machine 30.53 186.11 216.64 31.76 189.06 220.82 31.15 187.59 218.74
transplanting in ZT
with brown
manuring
Machine 27.16 182.00 209.16 28.43 185.83 214.26 27.80 183.92 211.72
transplanting in ZT
without brown
manuring
Machine 27.69 18221 209.90 30.65 186.58 217.23 29.17 184.40 213.57
transplanting after
puddling
Conventional 25.24 181.49 206.73 26.63 183.30 209.93 2594 182.40 208.34
practice
SE+ 0.01  0.01 0.02 0.01 0.02 0.03 001 002 0.03
CD (P=0.05) - - - - - - - - -
Nitrogen levels (kg ha™)
Control 30.11 197.63 227.74 33.49 194.57 228.06 31.80 196.10 227.9
75% of RDN 2491 190.26 215.17 30.77 187.97 218.74 27.84 189.12 216.96
100% of RDN 24.88 189.64 214.52 2827 186.67 214.94 26.58 188.16 214.74
125% of RDN 2347 187.77 211.24 27.44 185.66 213.1 25.46 186.72 212.18
SE+ 0.01 002 003 0.03 002 005 002 002 0.04

CD (P=0.05) -
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Table 5. Effect of different crop establishment methods and nitrogen levels on Fe content (ppm)

of basmati rice grain and straw

Fe (ppm)
Treatments 2010 2011 Pooled

Grain Straw Total Grain Straw Total Grain Straw Total
Establishment methods
DSBR 76.75 248.01 324.76 80.33 253.76 334.09 78.54 250.89 329.43
DSBR with brown  78.63 249.88 328.51 82.27 254.99 337.26 80.45 252.44 332.89
manuring Sesbania
Machine 78.50 249.13 327.63 81.10 254.33 33543 79.80 251.73 331.53
transplanting in ZT
with brown
manuring
Machine 75.69 24481 320.5 77.48 251.93 329.41 76.59 24837 324.96
transplanting in ZT
without brown
manuring
Machine 76.69 246.50 323.19 78.48 252.83 331.31 77.59 249.67 327.26
transplanting after
puddling
Conventional 74.81 244.63 319.44 75.43 250.89 326.32 75.12 247.76 322.88
practice
SE+ 0.01  0.01 0.02 0.01 0.01 0.02 001 0.01 0.02
CD (P=0.05) - - - - - - - - -
Nitrogen levels (kg ha™)
Control 83.50 288.42 37192 89.57 287.04 376.61 86.54 287.73 374.27
75% of RDN 75.17 280.71 355.88 75.72 281.09 356.81 75.45 280.90 356.35
100% of RDN 74.50 278.88 353.38 75.79 280.58 356.37 75.15 279.73 354.88
125% of RDN 74.21 277.63 351.84 75.64 279.78 355.42 74.93 278.71 353.64
SE+ 0.01  0.01 0.02 0.01 0.03 0.04 001 002 0.03

CD (P=0.05)
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Table 6. Effect of different crop establishment methods and nitrogen levels on Zn uptake (g ha™)

by grains and straw of basmati rice

Zn (g ha™)
Treatments 2010 2011 Pooled

Grain Straw Total Grain Straw Total Grain Straw  Total
Establishment methods
DSBR 426.98 1359.52 1786.50 366.95 1211.90 1578.85 396.97 1285.71 1682.68
DSBR with 447.79 1399.17 1846.96 393.75 125031 1644.06 420.77 1324.74 1745.51
brown manuring
Sesbania
Machine 421.67 1340.93 1762.60 362.71 1197.32 1560.03 392.19 1269.13 1661.32
transplanting in
ZT with brown
manuring
Machine 394.95 1286.48 1681.43 331.63 1139.92 1471.55 363.29 1213.20 1576.49
transplanting in
ZT without
brown manuring
Machine 438.52 1389.79 1828.31 367.34 1237.47 1604.81 402.93 1313.63 1716.56
transplanting
after puddling
Conventional 397.33 1316.58 1713.91 333.39 1161.19 1494.58 365.36 1238.89 1604.25
practice
SE+ 230  0.21 2.51 1.90 0.29 2.19 2.10 0.25 2.35
CD (P=0.05) 6.85 - 6.85 5.66 - 5.66 6.26 - 6.26
Nitrogen levels (kg ha™)
Control 295.08 1032.59 1327.67 234.96 939.27 1174.23 265.02 98593 1250.95
75% of RDN 427.75 1196.17 1623.92 356.26 1108.43 1464.69 392.01 1152.30 1544.31
100% of RDN  486.10 1507.09 1993.19 414.40 1112.77 1527.17 450.25 1309.93 1760.18
125% of RDN  493.56 1543.50 2037.06 429.50 1321.32 1750.82 461.53 1432.41 1893.94
SE+ 324 3412 3736 5.16 2825 3341 420 31.19 3539
CD (P=0.05) 9.71 101.94 111.65 1544 8442 99.86 12.58 93.18 105.76
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Table 7. Effect of different crop establishment methods and nitrogen levels on Mn uptake (g ha™)
by grain straw of basmati rice

Mn (g ha™)

Treatments 2010 2011 Pooled

Grain Straw Total  Grain Straw Total  Grain Straw Total
Establishment methods
DSBR 97.39 1589.06 1686.45 94.57 1475.26 1569.83 95.98 1532.16 1628.14
DSBR with 105.06 1637.18 1742.24 99.09 151537 1614.46 102.08 1576.28 1678.36
brown
manuring
Sesbania
Machine 100.91 1566.38 1667.29 95.18 1451.78 1546.96 98.05 1509.08 1607.13
transplanting in
ZT with brown
manuring
Machine 87.67 1499.34 1587.01 83.70 1398.96 1482.66 85.69 1449.15 1534.84
transplanting in
ZT without
brown
manuring
Machine 96.16 1607.71 1703.87 96.78 1509.79 1606.57 96.47 1558.75 1655.22
transplanting
after puddling
Conventional ~ 83.66 1532.26 1615.92 80.20 1418.32 1498.52 81.93 1475.29 1557.22
practice
SE+ 0.70 31.86 3256 0.72 2996 30.68 0.71 3091 31.62

CD (P=0.05) 205 9549 9754 223 91,56 9379 2.14 9353  95.67
Nitrogen levels (kg ha™)
Control 67.12 1255.08 13222 66.25 1183.59 1249.84 66.69 1219.34 1286.03

75% of RDN  81.02 1457.67 1538.69 92.97 1403.59 1496.56 87.00 1430.63 1517.63
100% of RDN  96.18 1877.58 1973.76 99.61 1413.49 1513.1 97.90 1645.54 1743.44

125% of RDN  95.49 1927.01 2022.5 102.40 1679.58 1781.98 98.95 1803.30 1902.25
SE+ 1.50 36.10 37.6 1.76 42,18 4394 1.63 39.14 40.77
CD (P=0.05) 453 106.14 110.67 524 12595 131.19 489 116.05 120.94
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Table 8. Effect of different crop establishment methods and nitrogen levels on Fe uptake (g ha™)
by grain straw of basmati rice

Fe (g ha™)

Treatments 2010 2011 Pooled

Grain Straw  Total Grain Straw Total Grain Straw Total
Establishment methods
DSBR 258.68 2131.43 2390.11 247.99 1999.15 2247.14 253.34 2065.29 2318.63
DSBR with ~ 269.88 2185.88 2455.76 257.11 2036.02 2293.13 263.50 2110.95 2374.45
brown
manuring
Sesbania
Machine 258.91 2096.85 2355.76 243.80 1952.83 2196.63 251.36 2024.84 2276.20
transplanting
in ZT with
brown
manuring
Machine 244.28 2016.78 2261.06 228.49 1896.56 2125.05 236.39 1956.67 2193.06
transplanting
in ZT without
brown
manuring
Machine 265.77 2175.06 2440.83 248.54 2045.72 2294.26 257.16 2110.39 2367.55
transplanting
after puddling
Conventional 247.64 2065.18 2312.82 228.26 1941.26 2169.52 237.95 2003.22 2241.17
practice
SE+ 1.28 0.16 0.72 1.35 0.14 0.745  1.32 0.15 0.735
CD (P=0.05) 3.79 - 3.79 4.10 - 4.1 3.95 - 3.95

Nitrogen levels (kg ha™)
Control 185.91 1831.59 2017.50 178.26 1746.19 1924.45 182.09 1788.89 1970.98

75% of RDN  244.40 2150.70 2395.10 228.07 2098.71 2326.78 236.24 2124.71 2360.95
100% of RDN 287.71 2761.05 3048.76 268.54 2124.69 2393.23 278.13 2442.87 2721.00

125% of RDN 301.65 2849.10 3150.75 280.81 2531.00 2811.81 291.23 2690.05 2981.28
SE+ 1.80 4190 21.85 3.60 42.08 2284 270 4197 22.335

CD (P=0.05) 542 12698 66.2 10.80 124.71 67.755 8.11 125.85 66.98




transplanted rice in zero tilled plots without brown
manuring and conventional transplanted rice gave
significantly lower Fe uptake in grains which were
statistically at par with each other during both the
years of study.

Difterent methods of establishment remained
statistically at par in respect of Fe uptake by basmati
rice straw. Similar results were obtained during both
the years of study. The reason for similar Fe uptake
might be attributed to statistically similar straw yield
and Fe content of straw among different methods of
establishment.

Direct seeded basmati rice with brown
manuring recorded significantly higher total Fe
uptake in grain and straw [2455.76 g ha’ (2010),
2293.13 gha' (2011) and 2374.45 g ha' (Pooled)] in
basmati rice than other establishment methods but
was statistically at par with machine transplanted
basmati rice after puddling during 2011.

Fe uptake of basmati rice grains and straw
increased significantly with nitrogen application
upto125% of RDN (51.14 kg N ha') as depicted in
table 8. Maximum Fe uptake 291.23 g ha' in grains
(Pooled) and 2690.05 g ha' in straw (Pooled) was
found in 125% of RDN (51.14 kg N ha") treatment.
All levels of nitrogen differed significantly from each
other in case of Fe uptake in grains of basmati rice but
125% of RDN (51.14 kg N ha ') was statistically at par
with 100% of RDN (40.91 kg N ha") during the study
year 2010. Nitrogen level 125% of RDN (51.14 kg N
ha) also gave significantly higher total Fe uptake in
grain and straw [3150.75 gha" (2010), 2811.81 gha’
(2011) and 2981.28 g ha' (Pooled)] in basmati rice
than other nitrogen levels. Higher Fe uptake in grains,
straw and total (Grain + Straw) with higher level of
nitrogen might be due to higher grain, straw and total
yield.
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EFFECT OF ALTERING HOST PLANT NUTRITION SOURCES AGAINST EARLY
BLIGHT (Alternaria solani ELL. and MART.) DISEASE
SEVERITY AND YIELD OF TOMATO
Poly Saha' and Srikanta Das’

ABSTRACT

A field experiment was conducted for the two consecutive years 2007-08 and 2008-09 with an aim to
explore the possibility of changing host nutrients through organic manures and inorganic fertilizers and their
amalgamation to study their effect on early blight disease severity as well as yield of tomato. Alteration in nutrition
sources showed difference in disease severity and their differences were statistically significant. All the treatment
combinations had reduced the disease severity significantly as compared to untreated control. Disease severity was
found to be minimum (AUDPC =17.65) in only fertilizer treated plotsi.e. N ,,,: P,: Ky, and maximum disease severity
(AUDPC=28.26) was noticed in the soil amended with N,,,: P, ,: K, , along with 3.2 ton FYM. Two years pooled results

suggested maximum fruit yield (424.10 q ha") from the plots treated with only N ,,.: P ,,;: K ,,, followed by the

treatment combination of N,,,: P, ,: K,,, along with 6.4 ton FYM and1.92 ton ha™ vermicompost with 423.40 q ha 'fruit
yield of tomato. The experiment suggested that the application of N,,,: P, ,: K,,, along with 6.4 ton FYM and 1.92 ton

vermicompost ha” increased the fruit yield and reduced the disease severity of early blight of tomato.

(Key words: Tomato, early blight, organic manures, inorganic fertilizers, disease severity, AUDPC)

INTRODUCTION

Tomato (Lycopersicon esculentum Mill.) is
one of the major vegetable crops grown throughout
the world. Vegetables constitute the potential cash
drops as region's climate and edaphic suitability
supports their cultivation almost round the year (Dass
et al., 2002). Tomato is the most popular vegetable
crop widely grown worldwide outdoor and indoor
conditions and stands second to potato (Bose et al.,
2002). The production and productivity of the crop is
declining every year due to different biotic and abiotic
stresses. Among the biotic stress (diseases) early
blight caused by the A/ternaria solani Ell. and Mart. is
the most destructive one and is the main fungus
causing the economical losses (Tomescu and Negru,
2003) as well as major yield loss (Waals et al., 2001).
Yield losses upto 79% from early blight damage have
been reported from India, Canada, United States and
Nigeria. Saha and Das (2012) reported that losses in
yield were 0.76 ton ha" for every 1% increase in
disease severity.

Higher and imbalanced doses of fertilizers
led to higher level of early blight incidence and
severity, whereas reduction in disease index was
observed with every increase in the level of P (Singh
et al., 2001). Huang—Shaomin et al. (1999) reported
that application of K fertilizer increases the resistance

oftomato plant to early blight pathogen and decreases
disease incidence. Sawant et al. (1999) reported that
comparatively higher tomato yield can be obtained at
a spacing of 45 cm X 60 cm with fertilizer @
125:100:75 N:P:K kg ha'.
circumstances, management of early blight needs a
new approach. In view of this, investigation was
carried out continuously for two years i.e. during
2007-68 and 2008-09 to assess the effect of deployed
host nutrient with the application of different doses of

Under the given

organic sources, inorganic fertilizers and their
combination against early blight disease severity and
yield of tomato as well as to develop a holistic
approach module for sustainable and ecofriendly
management of this disease.

MATERIALS AND METHODS

Studies were conducted at the University
Research Farm of Bidhan Chandra Krishi
Viswavidyalaya, Nadia, West Bengal. The farm is
situated at 22°93'N (latitude) and 88°33’E (longitude)
and altitude 9.75 m above the sea level. The soil of the
farm was sandy loam in texture with the pH 7.2. The

relative status of the soil during the experimental
period was as follows:

1. Jr. Scientist (P1. Patho.), AICRP on MULLaRP, RRTTS, Keonjhar, Orissa University of Agriculture and

Technology, Odisha—758002

2. Professor (P1.Patho.) Deptt. of Plant Pathology,Bidhan Chandra KrishiViswavdyalaya, Nadia, W.B-741252



Particulars Status Amount
a) Mechanical composition
i) Sand Medium 52.74%
i) Silt Low 19.60%
iii) Clay Low 25.66%
b) Chemical composition
i) pH Towards alkalinity 7.2
ii) Organic carbon Medium 0.52(%)
iii) Nitrogen Low 206.43kgha’
iv) Phosphorus Low 07.77kgha’
V) Potassium Medium 185.46kgha'

21 days old seedlings of tomato variety
'Patharkuchi' were planted in the main field at a
spacing of 60 cm x 30 cm on the 28" October in each
year to evaluate the efficiency of organic manures and
inorganic fertilizers along with varying levels of N, P
and K on tomato cultivation. The one third N ,P and K
in the form of urea, single super phosphate and
muriate of potash were applied as basal during land
preparation and the rest amount were top dressed in
equal proportion at 30 days and 60 days after sowing.
Similarly, FYM and vermicompost were applied in
the field at21 days before planting of seedlings.

The experiment was laid out in randomized
block design and replicated three times and plot size
was 5%5 sq.m.

Treatment details:
Number oftreatments: 12

T, NP K, (kg ha') [810: 938: 251 (g plot ")
in the form of Urea, SSP and MOP among
them basal dose were 270: 313: 84 and the
rest amount were top dressed in equal
proportion at 30 days and 60 days after
sowing.]
Nigo: Poo: Ky (kg ha') [972: 1406: 376 (g
plot') in the form of Urea, SSP and MOP
among them basal dose were 324: 469: 125
and the rest amount were top dressed in equal
proportion at 30 days and 60 days after
sowing. |
N,,.: P,y K, (kg ha') [1188: 1719: 459 (g
plot’) in the form of Urea, SSP and MOP
among them basal dose were 396: 573: 153
and the rest amount were top dressed in equal
proportion at 30 days and 60 days after
sowing.]
12 tonha ' Farm Yard Manure

,=  6tonha ' FYM+2tonha' Vermicompost (VC)
T= N5:Py:Ky Chemical fertilizers along with

3.2tonha' FYM.
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T= Nigo:Pop: Ky, Chemical fertilizers along with
3.2tonha' FYM.

T= N,,0:P:K,,, Chemical fertilizers along with
3.2tonha’ FYM.

T= N,5:Py:Ky Chemical fertilizers along with
6.4tonFYM+1.92tonVCha".

T,=  Nj:Py:Ky, Chemical fertilizers along with
6.4tonFYM+1.92tonVCha'.

T,= N,.:P, K, Chemical fertilizers along with
6.4tonFYM+1.92tonVCha'.

T,= Neither fertilizers nor any organics were

applied (Control).

Here normal agronomic practices were
adopted and natural epiphytotic development
permitted. Five plants from each plot were selected
randomly and observed for the presence of the
disease. The disease severity was recorded using 0-9
scale (Mayee and Datar, 1986) and observations were
recorded at 10 days interval after the initiation of the
disease upto 15 days before last harvest.

The disease severity was averaged over the
three replications and disease progress curves were
plotted. For each replication the area under disease
progress curve (AUDPC) was calculated as per
Wilcoxon et al.(1975). The formula used as follows:

N

AUDPC=3} [(Y., +y)/2(X.,—X)]
i=1

Here, AUDPC Area Under Disease
Progress Curve Y, = severity at 1" observation, X, =

Time (days) at first observation, N = Total number of
observations.

The onset time was monitored as appearance
of first spot and disease severity was recorded at every
10 days interval. Yield data were collected after each
harvest of the crop and added up. Finally averaged
and converted into yieldingha .

RESULTS AND DISCUSSION

In the year 2007-08, the minimum disease
severity was recorded inthe plots treated with N .
Py K, (17.12 AUDPC) followed by N ,,: P, Ki), N
s P ot Koo (18.13 AUDPC) and N,,:P,,:K,, along
with 6.4 ton FYM + 1.92 ton VC ha" (19.13 AUDPC)



respectively and their differences were not statistically
significant.

Maximum disease severity was observed in
the soil amended with N,,,:P, ,:K,,, along with 3.2 ton
ha” FYM (27.15 AUDPC) followed by the application
of 6 ton ha'FYM + 2 ton ha' VC (25.15 AUDPC) and
N,oo:PoK,,, along with 6.4 ton FYM + 1.92 ton VC
ha' (24.15 AUDPC) and there differences were
statistically at par except N,,,:P, ,:K,,, with 3.2 ton ha"
FYM which differ significantly.

In the plots treated with N P, :K,, along with
3.2 ton ha' FYM , N,:P,;:K,, chemical fertilizers
along with 3.2 ton ha' FYM and N ,:P:K,, along
with 6.4 ton FYM + 1.92 ton VC ha' showed same
AUDPC i.e.22.14 which means the treatments did not
differ significantly among themselves in reducing the
disease severity.

It was also observed that the disease severity
was lower where only chemical fertilizers were
applied in comparison to organic manures. Three
doses of chemical fertilizer application showed no
significant difference in reducing the disease severity.
So also, two doses of organic manures application also
showed no significant difference in disease severity.
The three different doses of fertilizers and two doses of
organic manures in combination showed difference in
disease severity excluding N,:P,:K,, chemical
fertilizers along with 3.2 ton ha' FYM N :P,:K,,
chemical fertilizers along with 3.2 ton ha' FYM and
Niso:Po:K, chemical fertilizers along with 6.4 ton
FYM+1.92tonVCha'.

Among the plots where both chemical
fertilizers and organics were applied in combination
there minimum disease severity was observed in N
P,: K,, along with 6.4 ton FYM + 1.92 ton VC ha’
(19.13 AUDPC) treated plot which differ significantly
with the other treatments N :P,:K, along with 3.2 ton
ha' FYM (22.14 AUDPC), N,,: P,: K, along with 6.4
ton FYM + 1.92 ton VC ha” (22.14 AUDPC) and N,,,;:
P, K,, along with 6.4 ton FYM + 1.92 ton VC ha'
(24.15 AUDPC) applications (Tablel).The above
findings support the report by Reddy and Reddy
(2008) that though the organic manures had positive
effects, but 100% organic manures could not meet the
nutrient requirement of the plant because of the slow
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release or nutrients. So, combination of chemical
fertilizers with any one of the organics is always
beneficial.

In the year 200809, minimum disease
severity was noticed in the soil ammended with N,,, :
P,,: K, along with 6.4 ton FYM + 1.92 ton VC ha'
(17.09 AUDPC) followed by the application of N :
P, : K, (17.17 AUDPC) and N ,: P,,: K, with 3.2 ton
ha’ FYM (18.19 AUDPC) and differences between
them were not statistically significant.

Like the previous year, maximum disease
severity was observed in the soil amended with N,,, :

P,,:K,,along with 3.2 tonha' FYM (29.37 AUDPC)
followed by the application of 6 ton ha 'FYM + 2 ton
ha’ VC (26.35 AUDPC) and N, ,:P:K,, along with 3.2
ton FYM (24.31 AUDPC) and they were statistically
at par except N,,, : P, : K,,, along with 3.2 ton ha"
FYM which differ significantly.

Among the three fertilizer doses without
organic manures N,:P,: K, (19.20 AUDPC), N,
P, K, (17.17 AUDPC),N,,, : P, : K, (23.30
AUDPC) and untreated control (32.31 AUDPC) also
showed no significant difference among themselves in
disease severity except the later two.Similarly,
application of only organic manures at the rate 12 ton
ha” FYM (21.27 AUDPC) and 6 ton ha'FYM + 2 ton
ha' Vermicompost (26.35 AUDPC) showed
significant difference in between them in disease
severity (Table 1).

The two years pooled mean showed that three
doses of fertilizers, two doses of organic manures and
their different combinations reduced the early blight
severity significantly as compared to untreated
control. Amongst all the treatments N ;: P,,: K, (17.65
AUDPC) showed minimum disease severity followed
by NPy K(18.16 AUDPC) and N :P,:K,,
chemical fertilizers along with 3.2 ton ha' FYM
(20.17 AUDPC) and there differences were not
significantly different between the first two treatments
but differ significantly with N ;,:P,:K,, along with 6.4
ton FYM + 1.92 ton VC ha' Bharadwaj et al. (2010)
reported that application of vermicompost in the root
zone resulted increase in availability and uptake of
nutrients by the plant thus provide better growth to the
plants.



The three fertilizers doses N,,, : P,,, : K},
(20.72 AUDPC) significantly differ in disease severity
with NP, K (18.16 AUDPC) and N, Py,
K,(17.65 AUDPC) which was statistically at par.
Among the two doses of organic manures maximum
disease severity was observed in 6 tonha' FYM +2 ton
ha" vermicompost (25.75 AUDPC) and minimum in
the plot12 ton ha' FYM (22.21 AUDPC) and their
difference was also statistically significant.

Different combinations of three doses of
fertilizers and two doses of organic manures
application in the field showed maximum disease
severity in N,,,:P, :K,,, along with 3.2 ton ha' FYM
(28.26 AUDPC) followed by 6 tonha'FYM +2 ton ha’
' VC (25.75 AUDPC),N,,,:P,,;K,, with 3.2 ton ha’
FYM (23.23 AUDPC) and N, :P,:K, chemical
fertilizers along with 6.4 ton FYM + 1.92 ton VC ha’
(22.21 AUDPC) and their differences were
statistically significant with the treatment N,,:P, K,
with3.2tonha' FYM.

In case of fruit yield it was observed that
reduction in disease severity had significant effect on
the increase in the fruit yield of tomato. Here, two
years data showed difference in fruit yield and their
differences were statistically significant. In the year
2007-08, two doses of organic manures i.e. 12 ton ha"
FYM and 6 tonha' FYM+2ton ha'VC and untreated
control showed no significant difference in producing
the fruit yield of tomato. Three doses of fertilizers had
showed no significant difference among themselves in
the production of fruit yield. Similar results were
found in the application of different combinations of
three doses of fertilizers and two doses of organic
manures which showed no significant difference
among themselves in increase in the fruit yield.
Maximum fruit yield was harvested in N,,:P,,:K,,,
along with 6.4 ton FYM + 1.92 ton VC ha (468.13 q
ha') and minimum in 12 ton ha' FYM (297.47 q ha")
(Table 1).

In the year 200809, plot treated with 12 ton
ha’ FYM (217.73 q ha") and without fertilizer applied
control plots (200.67 q ha") produced minimum fruit
yield and their difference was not statistically
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significant. Among the other treatments maximum
fruit yield was produced in N,,,:P,,,:K,,, applied plots
(381.27 g ha") followed by N.,,:P,,,:K ,, along with 6.4
ton FYM + 1.92 ton VC ha'(378.67 q ha") but there
differences were statistically at par.

Minimum fruit yield was observed in the plot
treated with 12 ton ha’ FYM (217.73q ha") followed
by 6 ton ha' FYM + 2 ton ha'VC (241.33 q ha") and
their difference was not statistically significant.
Combinations with two doses of organic manures and
three doses of fertilizers also increased the fruit yield
of tomato and maximum was observed inN,,,:P,,,:K,,,
along with 6.4 ton FYM + 1.92 ton VC ha" (378.67 q
ha') and minimum in N ,:P:K,, along with 3.2 ton
ha’ FYM (341.06 q ha') and their difference was
statistically significant. Combination of sole fertilizer
and organic manures showed no significant difference
in increasing the fruit yield of tomato (Table 1). Fruit
quality can be improved with the application of 50%
NPK+50% FYM-+biofertilizers reported by
Chumyani et al. (2012).

The two years pooled mean also showed that
two doses of sole organic manures and without
fertilizer applied plots produced minimum fruit yield
in the plot applied with 12 ton ha” FYM (257.60 q
ha’) and 6 ton ha' FYM + 2 tonha’ VC (278.93 g ha")
but their differences were not statistically significant.
Maximum fruit yield was observed where only
fertilizer N,,,:P,,,;K,,, (424.10 q ha') was applied
followed by N,,,:P,,:K,,, along with 6.4 ton FYM +
1.92ton VC ha' (423.40 q ha") statistically at par with
N 0. Poy:K,, along with 6.4 ton FYM + 1.92 ton VC ha''
(406.90 q ha') and N,:P,:K,, along with 3.2 ton ha"
FYM. (391.47 q ha'). Combination of higher dose of
fertilizer along with the organic manures showed no
significant difference in between them in the
production of fruit yield of tomato (Table 1).

These results are in conformity with the result
of Singh et al. (2001) who reported that the lowest
disease was recorded in the experiment where N was
applied at more than 120 kg ha ' along with FYM 3.0
tonha.
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Table 1. Organic source, inorganic fertilizers and their combination on early blight disease

severity and yield of tomato

Treatments Disease severity (AUDPC) Fruit yield (q ha™)
200708 2008-09 Pooled Mean 200708 2008-09 Pooled Mean

T 17.12 19.20 18.16 412.67 331.73 372.20
T, 18.13 17.17 17.65 436.40 348.33 392.37
T; 18.13 23.30 20.72 466.93 381.27 424.10
Ty 23.14 21.27 22.21 297.47 217.73 257.60
Ts 25.15 26.35 25.75 316.53 241.33 278.93
T 22.14 2431 23.23 423.20 341.06 382.13
T, 22.14 18.19 20.17 421.73 361.20 391.47
Ts 27.15 29.37 28.26 396.13 370.93 383.53
Ty 22.14 22.27 22.21 412.00 351.67 381.83
T1o 19.13 21.26 20.20 452.53 361.27 406.90
Ty 24.15 17.09 20.62 468.13 378.67 423.40
Tz 30.23 32.31 31.27 259.87 200.67 230.27
SEm(%) 1.34 1.18 1.04 35.93 11.75 29.76
CD

(P=0.05) 2.78 2.46 2.16 105.39 34.48 87.29

AUDPC= Area Under Disease Progress Curve,T,= N ,,:P,: K,, (kgha"), T,= N,,: P,,: K, (kgha'), T,=N,,,:
P,:K,, (kgha'), T,= 12 ton ha' Farm Yard Manure,T, = 6 ton ha'FYM + 2 ton ha' Vermicompost, T, =
N,5:P,,:K,, along with 3.2 ton ha” FYM, T,=N,,,:P,,:K,, along with 3.2 ton ha' FYM, T,=N,,,:P,,:K,,, along
with3.2tonha' FYM, T,=N,,:P,:K,, along with 6.4 ton FYM + 1.92ton VC ha", T ;= N,,,:P,,:K,, along with
6.4tonFYM+1.92tonVCha', T,,=N,,,:P, ;K ,along with 6.4ton FYM + 1.92ton VC ha", T ,= Control.
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ABSTRACT

Rice is an important cereals crop of the world which is known to be attacked by large number of insects
pest during its different development stages. Out of these, yellow stem borer (Scirpophaga incertulas) is an important
insect pest of rice. Scirpophaga incertulas Walker (Pyrelidae:Lapidoptera) is a serious pest of rice crop rendering
damage to growing stems to pre harvest condition. The bioefficacy of newer insecticides with present one and new
formulations of older molecules was thrust point of investigation. The present investigation was carried out at
Department of Entomology, IGKYV, Raipur during 2006-07. Incidence of yellow stem borer (Scirpophaga incertulas)
was found in best reducing form due to the impact of treatment application. On the basis of overall impact of
insecticidal application, Chloropyriphos 10 G @ 1250 g a.i. ha™' was effective in reducing dead hearts. The application
of Monocrotophos 36% @ 500 g a.i ha™' and Neonicotinoid + Lamda cyhalothrin @ 33g a.i. ha™ as sprays were found
effective in reducing white ears and producing higher number of panicle bearing tillers, respectively.

(Key words=Scirpophagaincertulas, rice, newer insecticides, efficacy)

INTRODUCTION

Rice is the staple food of more than half of
human population in the world and for more than 65 to
70 % of Indian population. It is grown over 44 million
hectares in India under diverse ecologies, like upland,
lowland, Irrigated, deep water etc. Indian population
is increasing @1.5% and it would need over 100
million tons of rice by 2015 and 120 million tons by
2020 (Anonymous, 2007a). This additional
production has to come from declining and degrading
resources like land and water. Chhattisgarh popularly
known as “rice bowl of India” occupies an area
around 3.60 m ha with the production of 6.16 mt of
paddy and was awarded Krishi Karman Award during
2010-11 (Anonymous, 2011). An average
productivity of 1323 kg ha ', is very low as compared
to the national average of 2236 kg ha ' (Anonymous,
2007b). About 96% of total area under rice in the state
is concentrated in low and very low productivity
groups of the state (Sastri et al.,2006). Rice crop is
infested with a large number of insect pests from
sowing to harvesting stage of the crop (Gupta and
Verma, 2001).

About 300 insect species have been reported to
attack rice crop in India. About twenty species of
insects have been found to be serious and causing
more than 50% yield loss (Arora and Dhaliwal, 1996).
Among the major insect pests attacking rice crop,
yellow stem borer, Scirpophaga incertulas (Walker)
is the number one pest, which attacks the crop both at
vegetative and reproductive stage (Pasalu er al.,

2002). This pest may cause 25-30% damage to the
rice crop (Lal, 1996). To cope with ever challenging
insects pest problems in Rice, the farmers needs to
have the latest technological knowledge in pest
management. Bioefficacy of new insecticides, along
with present one and new formulations of older
molecules is an important exercise of rice
entomologists. The present investigation "Bioefficacy
of different newer insecticides against the yellow
stem borer (Scirpophaga incertulas) of paddy crop
was carried out at Department of Entomology IGKV
research farm, Raipur during kharif 2006-07, with an
objective to find out most effective insecticides for
the control of this pest.

MATERIALS AND METHODS

The present investigation entitled
“Bioefficacy of newer insecticides against the yellow
stem borer (Scirpophaga incertulas) of paddy crop”
was carried out at IGKV research farm, Raipur under
field condition during kharif 2006-07.

Site and Climate :

Raipur is an important rice growing tract of
Chhattisgarh and comes under tropical region of
India. It is situated at 21.16°N latitude and 81.36°E
longitude and at an altitude of 299 metres above from
mean sea level (MSL). The general climate condition
of Raipur is sub-humid to semi-arid with annual
rainfall of more than 1350 mm, of which 85%
occurring during the month of June to September.
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Details of experiment conducted in field condition.

Crop : Rice

Season : Kharif

Situation : Protective irrigation

Design :R.B.D.

Plot Size :5x4m

Number of treatments 114

Number of replications 104

Total number of plots 156

Spacing :20x15 cm (RxP)

No. of hills plot : 650 hills plot

Variety : Kranti

Date of nursery sowing : 22-7-2006

Date of transplanting 1 17-068-2006

Date of treatment application : 15/09/2006
06/10/2006

Volume of spray solution used: @500 lit ha'

Type of spray applicator used : Manually-operated Knapsack
sprayer for spraying.

Granular application : Broadcast in standing water.

Treatment details :

Treatments Common name Trade name % a.i.in the ga.i g or ml of
Formulation ha™'  formulation ha
dose

T, Chlorpyriphos Dursban 10G 10% 1000 10.0 Ke
T, Chlorpyriphos Dursban 10G 10% 1250 12.5Ke
T; Carbofuran (check) Furadan 3G 3.0% 1000 33.0Ke
T, Ethiprole 40% + Confidor N

Imidacloprid 40% 80% 100 125¢
Ts Neonicotinoid + ) ALIKA 247ZC 2% 3 150 ml

Lamda cyhalothrin
Ts Neonicotinoid + ) ALIKA 247ZC 229 4 200 ml

Lamda cyhalothrin

) .

T, Deltamethrin Decis 10%EC 10% 1s 150 ml
Ty Oxadiazir.l +Lamda o oas _ _ 400 ml

cyhalothrin)
Ty Indoxacarb Is(éngdoxa 15 145% 30 200 ml
Tio Spinosyn A 50% +  Spinosad

Spinosyn D 50%  43%SC 4% 4 100 ¢
Tn Spinosyn A 50% +  Spinosad

Spinosyn D 50%  43%SC 4% 4 120¢
Ty, Monocrotophos Monocrown

(check) 36 WSC 36% 500 1390 ml
Tis Phorate Ulﬁ(;a(nie (UPL) 10% 1250 125Ke
Ty Untreated control

Fertilizer application N: P: K 80:60:40 kg ha '

The paddy crop grown for experimental
purpose was given nutrition through the chemical
fertilizer @ 80:60:40 NPK kg ha '.Full dose of P and
K were applied at the time of planting and “N”” was
applied in three split doses. First dose was given at the
time of planting and remaining two doses were
applied at the tillering and panicle initiation stage of
the crop.

Method of insecticidal treatment application :

The required quantity of insecticide for each
plot was calculated on the basis of active ingredient
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and standard doses. The insecticidal treatments were
applied to the crop homogeneously. Granules were
broadcasted in standing water and foliar application
was done with knapsack sprayer at the dose and time
of application of insecticides as per treatments, on 30
and 50 DAT.

Time and method of recording observations:

Observations on stem borer incidence as
dead hearts were recorded from ten randomly selected
plants of each treatment plot replication . Stem borer
incidence was recorded one day prior and 10 days
after insecticidal treatment. The dead hearts at
tillering, white earheads at panicle stage and panicle
bearing tillers at maturity were recorded from 10
plants from each plot and per cent dead hearts, and
white earheads were calculated.

RESULTS AND DISCUSSION

Bio—efficacy under field condition :
Firstinsecticidal treatment application (30 DAT)
Pre treatment observations :

In pre treatment observation on one day
before treatment application (30 DAT), the dead
hearts were not found in the field at the time of
insecticidal application.

Post treatment observations :

The minimum dead hearts (1.5 %) was
recorded with the treatment Chlorpyriphos 10 G @
1250 g a.i. ha ' followed by Carbofuran 3 G @ 1000 g
a.i. ha' (4.0%). The highest dead hearts (20%) were
recorded under untreated control.

Second insecticidal treatment application (50
DAT)
Pre-treatment observations :

Pre-treatment observations of stem borer
incidence were recorded in the form of dead hearts
varied from 4.25-5.25% in different plots. There were
non significant differences between different
treatment plots at one day before second treatment
application (50 DAT). It may be stated that the stem
borer incidence was  homogenous during pre—
treatment observation even at 49 DAT (19 days after
first application of insecticides).
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Tabel 1. Intensity of paddy stem borer infestation observed under different insecticidal treatments during

kharif 2006

Mean percentage of dead heart

White Panicle
Treatments Formulation 1* application 2" application ear bearing
ga.iha'! heads tiller10™
Pretreatment Posttreatment Pre-treatment Posttreatment hill
one day 20 DAT One day 40 DAT
before before
T1 : Chlorpyriphos 1000 0.00 11.50 5.75 6.00 46.50 196.50
(2.91) (2.49) (2.55)
T2 : Chlorpyriphos 1250 0.00 1.50 5.00 5.00 43.50 195.50
(1.40) (2.33) (2.34)
T3 : Carbofuran (check) 1000 0.00 4.00 5.25 5.50 38.00 185.50
(2.12) (2.39) (2.44)
T4 : Ethiprole 40% + 100 0.00 7.00 5.00 5.25 40.00 191.00
Imidacloprid 40% (2.73) (2.33) (2.39)
T5 : Neonicotinoid + Lamda 33 0.00 4.25 5.00 5.00 40.50 201.50
cyhalothrin (2.18) (2.30) (2.34)
T6 : Neonicotinoid + Lamda 44 0.00 5.00 4.25 5.50 34.00 193.00
cyhalothrin (2.34) (2.17) (2.44)
T7 : Deltamethrin 15 0.00 7.35 5.00 7.00 36.50 196.50
(2.77) (2.33) (2.73)
T8 : Oxadiazint+ Lamda 400 0.00 7.75 4.50 6.50 41.00 198.50
cyhalothrin (2.87) (2.22) (2.64)
T9 : Indoxacarb 30 0.00 4.50 5.00 5.25 36.50 197.50
(2.23) (2.34) (2.39)
T10 : Spinosyn A 50% 45 0.00 6.00 5.25 5.50 38.00 187.00
Spinosyn D 50% (2.53) (2.39) (2.44)
T11 : Spinosyn A 50% 54 0.00 7.00 5.50 5.75 36.50 192.00
Spinosyn D 50% (2.73) (2.44) (2.49)
T12:Monocrotophos 500 0.00 5.50 5.00 5.50 33.50 194.00
(check) (2.44) (2.34) (2.45)
T13 : Phorate 10 G 1000 0.00 7.00 5.25 5.50 40.25 192.50
(2.73) (2.39) (2.45)
T14 : Untreated control - 0.00 20.00 5.25 15.00  48.00 139.50
(4.52) (2.38) (3.93)
SE (m) + 0.11 0.13 0.10 2.58 3.62
CD(5%) 0.31 NS 0.29 7.38 10.35

Figures in parenthesis are square root transformed values
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Post treatment observations :

Post treatment observations of stem borer
incidence were recorded at ten days after second
application of insecticides in the form of dead heart
per cent. Significant impact of treatment application
was observed in this study. The minimum dead hearts
of 5.0% was recorded with the treatment
Chlorpyriphos 10 G @ 1250 g a.i. ha' which was
statistically at par with Neonicotinoid + Lamda
cyhalothrin, 22% @ 22 g a.i. ha', ethiprole +
imidacloprid @ 100 g a.i. ha', Carbofuran 3 G @
1000 ga.i. ha 'i.e.5.0,5.25,2.50 per cent respectively
and followed by Oxadiazin + Lamda cyhalothrin @
400 ga.i.ha ' (6.50%). The highest dead heart per cent
(15.0) was recorded under the untreated control.

The observations on white earheads
produced on crop were recorded at panicle stage to
access the impact of treatment application. Minimum
white earheads of 33.5% was recorded for
Monocrotophos 36% @, 500 g a.i. ha ' and followed
by, Deltamethrin 10%@ 15 g ai. ha' (36.5%)
followed by Oxadiazin + Lamda cyhalothrin @ 400 g
a.i. ha ' and Cholorpyriphos 10% @ 1250 g a.i. ha''
i.e.41.00 and 43.5 per cent, respectively. The highest
white earheads per cent of 48.00 was recorded under
untreated control of this trial.

The maximum number of panicle bearing
tillers (201.5) were recorded from Neonicotinoid +
Lamda cyhalothrin 22% @ 33 g a.i. ha ' treated plot
which was statistically at par with Oxadiazin + Lamda
cyhalothrin @ 400 ga.i. ha ' (6.50%) and Indoxacarb—
14.5% @ 45 g ai. ha'. The minimum number of
panicle bearing tillers (139.5) were recorded from the
untreated control plots of this study.

On the basis of overall impact of insecticidal
application, Chlorpyriphos 10% @ 1250 g a.i. ha
was effective in reducing dead head per cent. The
application of Monocrotophos 35% @ 500 g a.i. ha'
and Neonicotinoid + Lamda cyhalothrin 22% @ 33g
a.i. ha ' were found effective in reducing white ears
and producing higher number of panicle bearing
tillers, respectively.

Sharma and Kaushik (2010) reported
application of Carbofuran, Quinalphos, Carbaryl,
Fenvalerate, Monocrotophos and Fipronil as effective
for controlling paddy stem borer.
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ABSTRACT

The study was carried out in the wet season 0of 2008 at IGKY, Raipur (CG). Besides the typical symptoms of
sheath rot disease of rice, variation in symptoms of sheath rot was observed in field. Some spikelets turn into leafy
structure. The leafy structures were greenish in colour. The brown spot was observed at the junction of sheath and
stem (panicle). Infected panicles had discoloured (dark brown) and chaffy grains. Koch's postulates proved that the
causal organism, a fungus associated with the various symptoms was identified as Sarocladium oryzae and confirmed

by physico—cultural characteristics.

(Key words : Rice, Sheath rot, Sarocladium oryzae, Symptoms)

INTRODUCTION

Rice is a golden crop of paramount
importance to Indian economy. The crop is used
mainly as food, but could also be used as feed for
livestock. Industrially, rice is processed into products
like bread, cheese, wine, brewed beer and yoghurt.
Sometimes husk of the grain are used to produce
ceiling or strawboards.

Rice crop is known to suffer from many
biotic and abiotic stresses. Rice in general and
irrigated rice in particular, is the target of attack by
over 100 species of insects and pathogenic organisms
that are known to destabilize the yields (Ou, 1985).
Total crop failure due to pests and diseases is regularly
encountered in many parts of the country, though it
may be in limited areas. Cultivation of semi dwarf,
high nitrogen responsive varieties along with
imbalanced use of inputs like fertilizers and
pesticides, dense planting and crop canopy
accelerated the pest-disease problem during the past
high yielding varietal era.

Chhattisgarh state is most congenial for rice
cultivation as well as for diseases also. Several
diseases were reported on rice and among them blast,
bacterial blight, sheath rot and sheath blight are most
important for this state causing considerable
economic yield losses (Salam, 2008).

Sheath rot, caused by Sarocladium oryzae
(Sawada) Games and Hawksworth, has gained the
status of a major disease in rice (Reddy and Gosh,
1985) and yield loss varies from 9.6 to 85%,
depending on the weather conditions during the crop

growth-period (Phookan and Hazarika, 1992). This
disease was first reported in rice from Taiwan
(Sawada, 1922) and was subsequently reported from
different rice-growing ecosystems of the world
(Shahajahan et al., 1977). Agnihothrudu (1973)
recorded this disease in India for the first time and
later several workers reported this disease from
different parts of the country (Ghuffran et al., 1980).

Different types of sheath rot symptoms were
oftenly seen in the rice fields at booting stage. The
present study was, therefore, undertaken for
characterization of the various sheath rot disease
symptoms and to know the actual cause associated
with them.

MATERIALS AND METHODS

The study was conducted during wet season
of 2008 at IGKYV, Raipur. The uppermost leaf sheath
(flag leaf) of rice plants which encloses the emerging
panicle, with the typical and other suspected sheath
rot symptoms were collected. The paddy seeds from
the infected panicles were also collected for the
isolation of the pathogen. The isolated fungi were
identified on the basis of the colony characters,
myecelial characters and spore features of the fungus
by confirming with the standard text (Ou, 1972;
Games and Hawksworth, 1975; Mew and Mishra,
1994 and Manibhushan Rao, 1996).

The various types of symptoms observed
were properly tagged, keenly observed for further
development right from suspection, causal agent
isolated and its pathogenicity was confirmed by
following Koch's postulates.
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RESULTS AND DISCUSSION

A. Characterization of disease symptoms, causal
organism and its pathogenicity test:

During the course of present investigation in
the field condition, various types of sheath rot
symptoms were observed, varied from the typical
Symptoms.

The typical symptoms of sheath rot were
showed in plate II. Symptoms were most severe on the
uppermost leaf sheaths (flag leaf) that enclose the
emerging young panicle during the boot stage.
Lesions were oblong or irregular oval spots (0.5 to 1.5
cm x 0.3 to 0.5 cm) with an undulated dark brown
margin and gray or light brown centers or sometimes
dark reddish brown, diffuse margin or lesions may
form an irregular pattern. Grains from damaged
panicles were discoloured, reddish brown to dark
brown and may not be filled (chaffy grains).

Apart from the above symptoms, some
variations in symptoms of sheath rot were also
observed during investigation. Nearly nine different
types of symptoms were recorded and described.

L Big brown spots were present on sheath. The
middle portion of spots look like sunken, grayish and
spots were mostly in row. Water soaking was seen in
infected area. The damaged panicles were unable to
produced healthy grains, having mostly discoloured
and chaffy grains (Plate [11).

II. Some of the spikelets turn into leafy
structure. The brown spots were observed at the
junction of sheath and stem (panicle) and on sheath as
well. Panicle had unfilled, discoloured and dark
brown grains. The leafy structures were greenish in
colour (Plate II-2 a, b, ¢).

III. The sheath surface showed severe spreading
water soaked and brown spots. The spikelets had dark
brown grains and some healthy grains as well (Plate
11-3).

Iv. Panicle does not emerge, encircled sheath
severely damaged. Large water soaked area with
browning and rotting of sheath was observed. All the
grains inside were chaffy (Plate [1-4 a, b).

V. Large dark brown area spread on sheath
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surface upward starting from junction with the stem
node. All the grains observed were chaffy (Plate I1-5).

VL The brown coloured spreading lower portion
of sheath with water soaked area were observed. Later
infected sheath fell off. All the grains became chaffy
(Plate I1-6).

Some of the symptoms mentioned above
were also described by researchers from different
parts of the world.

Tasugi and Ikeda (1956) described the
symptoms which were found most severe on the
uppermost leaf sheaths that enclose the emerging
young panicle during the boot stage. Lesions are
oblong or irregular oval spots (0.5 to 1.5 cm long and
0.3 to 0.5 cm wide) with an undulated dark brown
margin and gray or light-brown centers, sometimes a
dark reddish-brown diffuse margin, or the lesions
may form an irregular target pattern. The lesion is
usually expressed as a reddish-brown discolouration
of'the flag-1eafsheath.

Ou (1985) described an irregular spots with
brown margins and an abundant whitish powdery
growth inside the affected sheaths and rotting of the
young panicles. Under severe infection, the panicles
showed large number of chaffy and/or discoloured
grains (Amin et al., 1974 and Thrimurty et al., 1980).

Zhuge et al. (1985) described that the
symptoms included typical sheath rot lesions and
purple sheath or purple sheath with yellow leaves.

Brady (1998) described that whitish
mycelium may be seen in the centre of the lesions and
occasionally inside the rotted sheaths. Severely
affected panicles do not emerge, the effect being
known as choking. The symptoms are evidently
indistinguishable from those associated with
Sarocladium attenuatum.

Lesions occur on the upper leaf sheaths,
especially on the flag leaf sheath enlarge and coalesce
as the disease progresses and may cover most of the
leaf sheath, panicle formation may fail to complete.
Brown or partially brown, unfilled or partially filled
grain has also associated with infection of the panicle
and a whitish powdery growth of fungus may be
found inside affected sheaths (Naeimi et al., 2003).



PLATE 1. Typical symptoms of sheath rot

T3
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Variation in symptom expression due to amount of
toxin production by Sarocladium oryzae was
attributed by Nandakumar ez al. (2007).

B. Causal organism:

The causal organism, a fungus, thus
isolated during the research work was identified
on the basis of typical character of the mycelium,
spore structure and other cultural characters
described for Sarocladium oryzae. The
characters are white, septate mycelium with
sparsely branched conidiophores, slightly thicker
than vegetative hyphae with terminal branches,
phialides arising from conidiophores or directly
from undifferentiated vegetative hyphae, 3040
pm long and 1.5-2.0 pm wide at the base when
formed at the apex of slender conidiophores, 6-20
um long and 1.0-1.5 um wide when arising in
dense broom like fascicles, tips tapering to 0.6—
1.0 um in width, lacking any distinct collaret and
conidia borne on tip. Conidia formed in slimy
masses, cylindrical with rounded ends,
sometimes becoming slightly curved, hyaline,
thin walled, smooth, one celled with a 3.5-7.0 x
0.8-1.5 pm. Chlaymydospore absent, branches of
conidiophores arises in whorls. All these
characters were in accordance with the standard
publications on Sarocladium oryzae by Games
and Hawksworth (1975); Ou (1985); Mew and
Mishra (1994) and Manibhushan Rao (1996).
Thus, the causal organism responsible for
causing sheath rot disease of rice.
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EFFECT OF INTEGRATED USE OF ORGANIC AND INORGANIC SOURCES OF

PHOSPHORUS ON SOIL PHYSICO-CHEMICAL AND CHEMICAL
PROPERTIES OF CHICKPEA (Cicer arietinum L.)
K. Chandrashaker', V. Sailaja’ and P. Chandrasekhar Rao’

ABSTRACT

A field experiment was conducted during 200910 on sandy loam Alfisol at College Farm, College of
Agriculture, Rajendranagar, Hyderabad, A.P, India to study the response of phosphorus levels in combination with
FYM @ 10 tha" and phosphate solubilising bacteria (PSB) @ 2 kg ha” on various phisico-chemical properties of soil
at flowering and at harvest of chickpea. The FYM application or PSB application to soil slightly reduced the soil pH
towards neutral range due to rhizosphere acidification. Organic carbon and available N contents of soil at flowering
significantly increased at P, level over P, level but such increase was not observed at harvest. FYM application either
alone or with PSB showed a significant increase in organic carbon content of soil at flowering. With the increase in the
inorganic Plevels and FYM application there was appreciable buildup in available P status. The treatments receiving
FYM and FYM + PSB were at a par in increasing available P. Application of either graded levels of phosphorus or any
component of P did not show any significant influence on available K status of soil at flowering. Increase in the level of
P application was also not significant in increasing available K status of the soil at harvest. The available K status was
significantly superior with FYM, with PSB and their combination when compared to inorganic P.Interaction effect
was not significant both at flowering and at harvest.Available sulphur status of soil at flowering was significantly
increased only at 75 kg P,O, ha™ and at harvest significantly increased upto P, level and was on par with P, treatment.
Supplementing the crop with inorganic P along with FYM, PSB or FYM + PSB did not show significant variation in
available S both at flowering and at harvest.The mean seed yield increased significantly by 44.0 per cent due to
application of FYM along with PSB with graded levels of P. PSB inoculation at graded levels of P increased the seed
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yield by 28.9 per cent.

(Key words: organic and inorganic P sources, soil pH, EC, organic carbon, available nutrients, chickpea)

INTRODUCTION

Phosphorus is an important nutrient
especially for pulses as a high phosphorus supply is
needed for nodulation. It also influences N
availability through N fixation. Phosphorus plays a
pivotal role for the structure and regulatory functions
in photosynthesis, root development, energy
conservation and transformation, carbon metabolism,
redox reactions, enzyme activation and inactivation,
signaling and nucleic acid synthesis (Vance et al.,
2003). But it is one of the highly immobile,
inaccessible and unavailable nutrients present in the
soil. Native available P in soil and applied P through
fertilizer source become unavailable within a short
period due to fixation in the soil (Meena et al., 2003).
The high phosphatic fertilizer prices demand the need
for recycling, mobilization and exploitation of fixed P
to improve crop production. It could be made
possible by developing strategies like integration of
PSB, organic acids, arbuscularmycorrhizal fungi and
rhizosphere manipulation through efficient P
mobilizing genotypes along with inorganic P.

Application of farmyard manure is known
not only to meet the nutrient requirement of crop, but
also to improve the physical properties of soil
(Venkateshwarlu, 2000).  Activity of microbes gets
enhanced in the presence of organic matter since
organic matter (FYM) is the food for microbes. Soil
inoculation with efficient strains of biofertilizer in
association with mineral and organic manures have
been known to enhance the efficiency of both these
sources resulting in improved productivity of crop
coupled with maintenance of soil fertility. With this
view in mind a study was undertaken to ascertain the
effect of organic and inorganic sources of P on soil
physico—chemical properties under chickpea
cultivation.

MATERIALS AND METHODS

Field experiment was conducted during post
rainyseason of 20090 on Alfisol at College Farm of
College of Agriculture, Rajendranagar, Acharya N.G.
Ranga Agricultural University, Hyderabad. The soil
was sandy loam with slightly alkaline pH of 8.12 and
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normal in EC (0.12 dSm"), low in organic carbon
content (0.35 %)and available nitrogen (188 kg ha™),
medium in available phosphorus (17.2 kg ha"), high
in available potassium (368 kg ha') and sufficient in
available sulphur (33.6 kg ha"). The experiment was
laid out in Randomised Block Design in factorial
concept with three replications. Four levels of
inorganic P (0, 25, 50 and 75 kg P,O, ha viz,, P,, P,,,
P, and P,,), two levels of organic manure (0 and 10 t
ha' of FYM) and two levels of PSB (without
inoculation and with inoculation @ 2 kg ha') were
adopted, thus a total of 16 treatment combinations
were imposed. Chickpea cv KAK —2 was used for the
study. All the cultural practices were followed as per
the standard recommended practices. Composite soil
sample was collected at flowering and at harvest from
each experimental plot from 0 to 15 cm depth. The
soil was mixed thoroughly and samples of about 0.5
kg were obtained by quartering technique and stored
in neatly labelled polythene bags for soil
analysis.Collected soils were sieved in a 2 mm mesh
removing root hair as much as possible and assayed
for pH, EC (Jackson, 1973), Organic Carbon
(Walkley and Black, 1934), available nitrogen
(Subbiah and Asija, 1956), phosphorus (Olsen ef al.,
1954), potassium (Jackson, 1973) and sulphur
(Chesnin and Yien, 1963).The harvested crop from
each net plot was bundled separately and sun dried for
4 days and threshed. The threshed grains were cleaned
and sun dried to a constant weight before recording
final grainyield (kgha ).

RESULTS AND DISCUSSION
SoilpH :

Neither the levels of P application nor the
components of phosphorus management had
significant effect on pH of the soil. Their interaction
was also not significant at flowering stage of the crop
(Table 1). Though not significant, the organic
manuring or inoculation of soil with biofertilizers
slightly reduced the soil pH towards neutral range.
The pH of the soil at harvest was also not influenced
by either P levels or components or both. The pH
showed a slight decrease at harvest than at flowering.
This might be due to the rhizosphere acidification as a
result of organic acids released by FYM and PSB.

Soil EC:
The electrical conductivity of the soil both at
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flowering and harvest was not significantly
influenced by either inorganic P application or by the
components of phosphorus management (Table 2).

Organic carbon :

Organic carbon content of the soil at
flowering increased significantly to 0.54 per cent
(medium) due to application of inorganic P at 75 kg
P,0, ha" as against the low organic carbon content of
0.45 per cent in P,. The organic carbon content was
also low when either inorganic P alone or in
combination with PSB was applied. When along with
inorganic P, FYM or FYM + PSB were applied the
organic carbon content increased significantly to 0.53
per cent. Interaction was not significant. This could be
due to the reason that the effect of FYM excelled that
of inorganic P at later stage. The inorganic P levels
were not significant in increasing the organic carbon
content of the soil at harvest. Among the components
of phosphorus, FYM alone or with PSB were found to
increase organic carbon significantly from 0.43 per
cent with inorganic P to 0.58 and 0.60 per cent
respectively. Interaction effects between inorganic P
and FYM, inorganic P, FYM and PSB were
significant. However, the highest organic carbon
content of 0.73 per cent was recorded in the treatment
receiving FYM and PSB without inorganic P (Table
3). This could be due to the release of organic acids
and compounds into the soil as a result of FYM
application.

Available nitrogen :

Available nitrogen content of soil at
flowering was not influenced significantly by the
application of inorganic P (Table 4). Application of
FYM @ 10 t ha' either alone or in combination with
PSB also increased significantly, the available N
content of the soil to 191.7 and 193.1 kg ha'
respectively when compared to 168.5 kg ha” observed
with inorganic P alone. Inoculation with PSB alone
did not show any influence on available N content of
the soil. Significantly higher available N content of
214.1 kg ha' was obtained with the integrated
application of inorganic P at 50 kg P,O, ha ' along with
FYM and PSB over 156.8 kg ha in the control. This
might be due to increased availability of phosphorus
(upto the level P,,), which through its effect on root
nodulation fixes the atmospheric N by symbiosis, and



the fixed N might be added to the soil through root
exudates. Application of graded levels of P from 0 to
75 kg P,O, ha ' increased the available N status of the
soil from 148.6 to 183.8 kg ha'. However, significant
increase was observed upto 25 kg P,O, ha” which was
at par with the other two higher levels of P. Among the
components of phosphorus management, FYM was
significantly superior with 182.8 kg ha" of available
N which was at par with the treatment in where, FYM
was conjunctively applied with PSB with an available
N content of 176.1 kg ha'. The highest value was
obtained when inorganic P at 75 kg P,O, ha' was
combinely applied with FYM at 10 t ha'; the lowest
was with control. This might be due to the additional
amount of nitrogen supplemented through FYM.
Tolanur and Badanur (2003) reported that the
application of FYM along with recommended dose of
fertilizer (25 kg N and P ha™) resulted in significant
increase in the available nitrogen, phosphorus and
potassium compared to application of recommended
dose of fertilizer without FYM.

Available phosphorus :

Available phosphorus in the soil at flowering
was influenced significantly due to the graded levels
of P application and also by combinations of the three
components (Table 5). The mean value increased
significantly from 23.95 kg P ha™ at control to 33.50
kg P ha' with the application of 50 kg P,O, ha, while
P,, and P ., were at a par with regard to available P
status of soil at harvest. When compared to inorganic
P alone, the combinations of components were
significant. The mean available P with inorganic P
was 22.55 kg ha" which showed significant increase
to 34.12, 28.35 and 37.17 kg ha respectively due to
the combination with FYM, PSB and both. The
highest value of 41.22 kg P ha" was recorded due to
application of P at 75 kg P,0O, ha' along with FYM
and PSB. With the increase in the inorganic P levels,
there was an increase in the available P. Appreciable
buildup in available P status could be because of
addition of phosphorus directly to the soil solution
pool in the soil. Akbari ez al. (2002) reported that the
application of phosphorus @ 20 kg P,0, ha'
significantly increased the available phosphorus over
control.Abdulla and Sharma (2003), who found the
highest available P,0, (48.47 kg ha") with 40 kg DAP
ha'over20kg DAPha " (37.7 kg P,0O,ha") and control
(26.93kgP,0ha’").
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The lowest available P status of 15.23 kg ha”
was recorded in control. The interaction between the
level of P application and combination of components
was not significant. Available soil phosphorus status
at harvest of chickpea increased significantly from a
mean value of 21.99 to 34.69 kg P ha' due to
application at 75 kg P,O. ha'. Phosphorus when
supplied only through inorganic source resulted in an
available P status of 20.85 kg ha', which showed a
significant increase to 26.41, 31.72 and 34.52 kg ha'
when integrated with PSB, FYM and PSB+ FYM.
The highest available P of 38.52 kg ha" in the soil was
recorded at harvest when 75 kg P,O, ha”of inorganic P
was supplied along with FYM and PSB. The lowest
value was observed in the control. Above this, the
organic anions compete with phosphates for chelation
of metals like iron, Al and also Ca which form
insoluble P compounds with applied P, causing
effective solubilization of phosphates. This findings
is in corroboration with the findings of Tanwar and
Shaktawat (2004) who reported that application of 90
kgP,0.ha" along with PSBand FYM @ 10 tonnes ha"
resulted in a higher soil N and P after the harvest of
soybean crop compared to application of 0, 30 and 60
kgP,0,ha" along with PSBand FYM.

Available P content of the soil increased
significantly due to PSB application over control,
which might be due to production of organic and
inorganic acids which convert the insoluble
phosphates to available forms. The results obtained
are in close agreement with those reported by Abdulla
and Sharma (2003) who reported that available P
increased significantly with PSB inoculation over no
inoculation in chickpea. Gupta and Yadav
(2009),reported that the soil available N and P with
PSB inoculation (135.0 and 23.9 kg ha') increased
over control (132.7 and 19.0 kg ha') in chickpea.
However, the interaction effect was not significant.

Available potassium :

Application of either graded levels of
phosphorus or any component of P did not show any
significant influence on the available K status of soil
at flowering stage of chickpea. The interaction of
inorganic P and the components of phosphorus
management were not significant.



Increase in the level of P application was not
significant in increasing available K status of the soil.
Among the four components of P, inorganic P was
found inferior to other, available K status was
significantly superior with FYM, PSB and their
combination when compared to inorganic P (Table 6).
Similar beneficial effects of integrated use of
inorganic fertiliser and FYM on available K status of
soil after harvest were earlier reported by Kumptawat,
(2004).

Available sulphur :

Available sulphur status at flowering was
significantly increased only due to the higher level of
phosphorus application at 75 kg P,O, ha' which
resulted in increase of mean available sulphur status
to27.46 kg ha 'as against 23.63 kg ha ' in the treatment
receiving 0 kg P,O, ha'. Significant difference was
not observed among the different components and
their interaction with level of phosphorus
application.Available sulphur at harvest significantly
increased from 21.23 kgha ' at P level to 23.58 kg ha
with the application of 50 kg P,O, ha' which was at
par with the treatment receiving 75 kg P,O, ha'.
Supplementing the crop with inorganic phosphorus
alone resulted in available sulphur status of 20.64 kg
ha" which increased significantly to 24.59 kg ha" and
25.15 kg ha' respectively when inorganic phosphorus
was integrated with FYM or FYM+PSB. Interaction
effect was not significant (Table 7).These results are
in conformity with the findings of Akbari et al. (2002)
who reported that application of FYM @ 10 t ha'
significantly improved sulphur status of soil after
harvesting of groundnut to the tune of 20.82 per cent
as compared to the respective control.

Seed yield :

Application of inorganic P at 50 kg P,O, ha"
significantly increased the mean seed yield of
chickpea to 10.57 q ha” over 8.20 q ha" in P, (Table.
8).The increased seed yield with P application might
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be due to increased availability of phosphorus
through its effect on Rhizobium and proliferation of
root system. The results corroborate the findings of
Gupta et al.(2009) who reported that the grain yield of
chickpea increased significantly over control and 20
kg P,O, ha" with the application of 40 kg P,O; ha"
through DAP. Singh ef al. (2008) reported that the
seed yield of chickpea increased significantly due to
the application of 40 kg P,O; ha' over control and
Chesti and Tahir (2008) also observed that application
of 60 kg P,O, ha recorded maximum grain yield over
0and 30 kg P,0O,ha " in chickpea.

Integrated application of inorganic P, FYM
and PSB resulted in significantly higher yield of 11.18
q ha’ which was at par with combined application of
inorganic P and PSB (10.47 q ha') against 8.61 q ha'
when inorganic P alone was applied. The seed yield
was the highest when FYM and PSB were
combinedly applied with inorganic P at 75 kg P,O;
ha',the value being 14.45 q ha' which was
significantly higher than the yield of 9.92 q ha'
obtained at the same level of P application without
FYM and PSB. The seed yield obtained with 25 kg
P,O, ha' in integration with FYM and PSB was
slightly higher but at par with the yield obtained with
75 kg P,O, ha" alone. At P, level, application of FYM
along with PSB increased the seed yield significantly
to 9.09 q ha' against the seed yield of 6.28 q.ha" in
control (Table 8).This might be due to increased
phosphorus availability by organic manure and PSB.
These results are in conformity with Manjunath et al.
(2006), who found that the green pod yield of
frenchbean was significantly superior with the
integrated application of rock phosphate, FYM and
PSB producing a yield of 82.53 q ha' over the control
yield of 68.16 q ha'. Tanwar et al. (2010) reported
maximum seed yield with treatment of conjunctive
use of 25.8 kg Pha', FYM and PSB (2.96 t ha") over
the treatment of 12.9 kg Pha'+ FYM +PSB (2.80t
ha').
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Table 1. Soil pH as influenced by integrated phosphorus management in chickpea

Components
of P At flowering At harvest
Phosphorus levels Phosphorus levels
Po P25 P50 P75 Mean Po P25 P50 P75 Mean
. 8.13 8.14 8.12 8.07 8.11 6.47 7.90 7.86 6.44 7.16
Inorganic
FYM 8.12 8.09 7.95 8.07 8.05 6.58 6.52 6.43 7.77 6.83
PSB 7.61 8.07 8.08 8.14 7.97 7.88 6.57 7.78 6.51 7.18
FYM + PSB 8.04 8.10 8.02 8.01 8.03 6.50 7.87 6.52 6.47 6.83
Mean 8.00 8.10 8.04 8.06 6.86 7.21 7.15 6.80
S Em CD@5% S Em CD@5%
P levels (F) 0.02 0.07 Plevels (F)) 0.30 0.9
P components (F,) 0.02 0.07 P components (F,) 0.30 0.9
Fix F, 0.05 0.14 Fix F, 0.61 1.8

Table 2. Soil EC (d S m”) as influenced by integrated phosphorus management in chickpea

At flowering

At harvest
Components
of P Phosphorus levels Phosphorus levels
P() P25 P50 P75 Mean P() P25 P50 P75 Mean
. 0.16 0.12 0.17 0.14 0.15 0.27 0.20 0.21 0.25 0.23
Inorganic
FYM 0.09 0.15 0.18 0.15 0.14 0.16 0.21 0.16 0.25 0.19
PSB 0.13 0.10 0.14 0.11 0.12 0.21 0.19 0.21 0.30 0.23
FYM + PSB 0.14 0.12 0.09 0.15 0.12 0.31 0.18 0.14 0.24 0.22
0.13 0.12 0.14 0.14 0.24 0.19 0.18 0.26
Mean
S Em CD@5% S Em CD@5%
P levels (F)) 0.01 NS P levels (F)) 0.01 NS
P components (F») 0.01 NS P components (F,) 0.01 NS

Fix F, 0.01 NS FixF, 0.02 NS




30

Table 3. Organic carbon (%) content of the soil as influenced by integrated phosphorus management
in chickpea

At flowering At harvest
Components
of P
Phosphorus levels Phosphorus levels
Po P25 P50 P75 Mean Po P25 P50 P75 Mean
. 0.38 0.48 0.51 0.56 0.48 0.49 0.39 0.38 0.44 0.43
Inorganic
FYM 0.50 0.52 0.55 0.56 0.53 0.67 0.60 0.53 0.52 0.58
PSB 0.43 0.50 0.54 0.50 0.49 0.42 0.47 0.42 0.56 0.47
FYM + PSB 0.51 0.53 0.52 0.56 0.53 0.73 0.62 0.54 0.53 0.60
0.45 0.51 0.53 0.54 0.58 0.52 0.47 0.52
Mean
S Em CD@5% S Em CD @5 %
P levels (Fy) 0.02 0.05 Plevels (Fy) 0.02 0.07
P components (F,) 0.02 0.05 P components (F5) 0.02 0.07
Fix F, 0.03 0.10 Fix F, 0.05 0.15

Table 4.Available nitrogen (kg ha”) as influenced by integrated phosphorus management in chickpea

Components At flowering At harvest
of P
Phosphorus levels Phosphorus levels
Po P25 PSO P75 Mean Po P25 P50 P75 Mean
. 156.8 169.2 170.9 177.2 168.5 125.6  163.0 144.3 169.3 150.7
Inorganic
FYM 200.7 185.0 201.8 179.2 191.7 175.6  154.1 194.4 207.0 182.8
PSB 169.3 181.9 135.7 143.7 157.6 130.2  198.3 158.1 163.1 162.4
FYM + PSB 181.77  175.0 214.1 201.2 193.1 163.1 163.1 182.4 195.7 176.1
177.1 177.8 180.6 175.3 148.6  169.6 169.8 183.8
Mean
S Em CD@5% S Em CD@5%
P levels (F)) 7.52 22.6 P levels (F)) 5.96 18.1
P components (F,) 7.52 22.6 P components (F,) 5.96 18.1
Fix F, 15.04 452 Fix F, 12.05 36.2
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Table 5. Available phosphorus (kg ha”) as influenced by integrated phosphorus management in chickpea

At flowering

At harvest

Comé) folﬂ‘ ents Phosphorus levels Phosphorus levels
P() P25 P5() P75 Mean P() P25 P5() P75 Mean
. 15.23 19.65 24.16 31.18 22.55 13.36 17.85 21.47 30.45 20.85
Inorganic
FYM 27.00 30.14 38.28 41.06 34.12 2512 28.62 3522 37.91 31.72
PSB 22.15 26.13 32.04 33.08 28.35 20.29  23.28 30.18 31.89 26.41
FYM + PSB 31.42 36.52 39.54 41.22 37.17 29.18 3347 36.92 38.52 34.52
23.95 28.11 33.50 36.63 21.99  25.80 31.01 34.69
Mean
S Em CD @5 % S Em CD @5 %
P levels (F)) 1.05 3.17 P levels (F)) 1.13 3.41
P components (F,) 1.05 3.17 P components (F,) 1.13 341
FixF, 2.10 NS Fix F, 2.27 NS

Table 6.Available potassium (kg ha”) as influenced by integrated phosphorus management in chickpea

At flowering

At harvest

Components
of P Phosphorus levels Phosphorus levels
P() P25 P5() P75 Mean Po P25 P5() P75 Mean
Inorganic 3424 345.0 342.9 347.5 344.4 3824 3545 3347 386.2 364.5
FYM 337.6 338.6 357.0 366.1 349.8 3734 3832 428.6 4333 404.6
PSB 344.8 3342 342.6 344.6 341.6 391.6  405.6 4139 357.1 392.0
FYM + PSB 362.6 355.8 3522 365.4 359.0 4363 3703 419.2 393.4 404.8
Mean 346.9 3434 348.1 355.9 3959 3784 399.2 392.5
S Em CD@5% S Em CD@5%
P levels (F)) 6.38 19.3 P levels (F)) 8.03 24.5
P components (F») 6.38 19.3 P components (F,) 8.03 24.5
Fix F, 12.85 38.6 FixF, 16.10 48.1
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Table 7. Available sulphur (kg ha™) as influenced by integrated phosphorus management in chickpea

At flowering

At harvest

Components Phosphorus levels Phosphorus levels
of P
PO p25 P50 P75 Mean Po P25 PSO P75 Mean
. 21.62 22.41 23.06 24.15 22.81 19.18  20.12 20.98 22.28 20.64
Inorganic
FYM 25.41 26.20 27.28 29.17 27.01 22.67  23.57 25.10 27.02 24.59
PSB 21.89 24.10 25.16 26.24 24.35 19.87  22.66 22.51 24.11 22.29
FYM + PSB 25.62 26.79 28.04 30.30 27.69 2322 24.12 25.72 27.56 25.15
23.63 24.87 25.88 27.46 21.23  22.62 23.58 25.24
Mean
S Em CD@5 % S Em CD@5%
P levels (Fy) 1.04 3.17 P levels (F;) 0.73 2.21
P components (F,) 1.04 NS P components (F,) 0.73 2.21
Fix F, 2.09 NS Fix F, 0.89 2.68

Table 8: Seed yield (q ha®) as influenced by integrated phosphorus management in chickpea

Phosphorus levels

Components
of P P() P25 P50 P75 Mean
Inorganic 6.28 8.42 9.82 9.92 8.61
FYM 8.44 9.41 10.38 11.08 9.83
PSB 8.97 9.82 11.29 11.78 10.47
FYM + PSB 9.09 10.38 10.80 14.45 11.18
Mean 8.20 9.51 10.57 11.81
S Em CD @5 %
P levels (F)) 0.44 1.34
P components (F,) 0.44 1.34
Fix F, 0.89 2.68
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STATUS OF AVAILABLE MICRONUTRIENTS OF THE SAMPLED SOIL OF

INCEPTISOL FROM JANJGIR DISTRICT OF CHHATTISGARH
Kunal Chandrakar', L.K. Srivastava’, Umesh Kumar Chandrakar’and Khema Das Mahant'

ABSTRACT

A detailed study of Inceptisol of Akaltara block, Janjgir district of Chhattisgarh was undertaken to assess
the fertility status in the year 2010. After systematic survey, 1000 surface (0-15cm) soil samples were collected from 79
villages in Akaltara block covering 1000 sites (10000 ha) using the GPS such that one sample represents each grid of 10
ha based soil area represented. The soil available Fe, Mn and Cu were found in more than sufficient level, whereas
45% soil samples under Inceptisol of Akaltara block were delineated as deficient in available Zn content. The DTPA—
extractable iron content ranged from 7.58 to 80.1 mg kg with an average of 39.45 mg kg'. Manganese content ranged
from 4.58 to 63.66 mg kg ' with an average of 28.33 mg kg, Copper content ranged from 0.34 to 7.68 mg kg with an
average of 2.95 mg kg” and zinc content ranged from 0.16 to 5.90 mg kg with an average of 0.91 mg kg". The samples
of the study area were determined for pH and observed in the range of 4.8-6.70 with the mean value of 5.83, thus
representing strongly acidic to neutral in reaction. The electrical conductivity of the soil water suspension ranged
from 0.06 to 0.36 dS m™ at 25°C, with an average of 0.12 dS m" and was in safe limits. In the soil samples of Inceptisol
collected from different villages of Akaltara block the organic carbon in all samples exhibited range of 0.23 to 0.66%
with an average of 0.48%. Thus, the Inceptisol of Akaltara block are low to medium in organic carbon content. The
significant and negative correlation was observed between soil pH and available Fe, Mn, Cu and Zn. Electrical
conductivity of the soils exercised significant and negative relationship with available Mn and Cu. The available Fe,
Mn, Cu and Zn showed significant and positive correlation with organic carbon.

(Key words : Micronutrient status, Inceptisol, GPS based soil sampling)

ISSN 09712836

INTRODUCTION

Inceptisol is locally called Matasi. This soil
is immature with weakly developed profile features.
The soil is light textured with shallow to moderate
depth. The soil is marginally suited for upland crops
due to lack of structural stability, tendency to surface
sealing and hard setting on drying, high susceptibility
to erosion and limited water holding capacity. Under
this order, the dominating sub-groups are Typic
Haplustepts and Vertic Haplustepts which have
clayey texture with clay content varying from 48.0 to
55.0 per cent. Typic Haplustepts is sandy clay loam to
clay in texture with clay content ranging from 33.2 to
50.4 per cent. Clay content in the soil generally
increased with depth indicating movement of clay
from surface to sub surface layers. Very high profile
water storage capacity was observed in Vertic
Haplustepts and high profile water storage capacity
was observed in Typic Haplustepts. The district
Janjgir is situated in the centre of the Indian state of
Chhattisgarh and so it is considered as the Heart of
Chhattisgarh and is a major contributor of food grains
in the state of Chhattisgarh. The Hasdeobango
irrigation project has been considered as life
supporting in the command area which accounts for
330524 haarea and irrigates 75% of the area of Janjgir

district. At present time, micronutrient study is very
important because most of the research done only on
macronutrient like— N, P, K. So there is need of
location specific research attention on delineation of
micronutrient status of soils and their deficiency and
toxicities affecting the crop growth. Such study is felt
necessary now more than ever before. Hence,
estimation of micronutrient status of Inceptisol of
Akaltara tehsil of Janjgir district (C.G.) was
undertaken. This system maintains soil fertility and
plant nutrient supply from various sources through an
integrated approach also. Such study on micro—
nutrient status has not been done in Akaltara tehsil of
Janjgir district which is also potential area for rice
cultivation with facility of protective irrigation in
majority area. Keeping this gap in mind, study was
undertaken to determine the micro-nutrients status of
inceptisol soils of Akaltara tehsil of Janjgir district
(C.G)).

MATERIALS AND METHODS

The investigation to evaluate the soil fertility
status of Inceptisol in different villages of Akaltara
block of Janjgir district of C.G.was undertaken during
the year 2010. Although four types of soils namely
Entisol,Inceptisol,Alfisol and Vertisol are present,
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Inceptisol soils are more predominant and therefore
this soil type was chosen in the study. Total 79 villages
were included under the study. The villages were
Chandaniya, Changori , Katnai, Ameri, Barbaspur,
Latiya, Saraipali, Devarikhod, Suwarmal, Taga,
Sonsari, Karumahu, Parsada (Leelagartir), Gadola,
Akaltari, Sonadula, Pharada, Khisora, Jhiriya,
Madhuva, Khaparidih, Amartal, Tarod, Lilawadih,
Sondih, Darri, Mahuadih, Sajapali, ParsahiBana,
Bana, Barpili, Karhidih, Buchihardi, Bhaistara—
Damami, Padriya, Sankar, Murlidih, Dhanva, Kirari,
Khod, Jhilmila, Amora, Kotgarh, Mahamadpur,
Nariyara, Khatola, Arjuni, Rogda, Bamhani,
Pondilalha, Pakriya, Pauna, Arasmeta, Banabhil,
PachriKhod, ParsahiPodi, Katghari, Raseda,
Mudpar, Pakriya, Amalipali, Barganwa, Kalyanpur,
Birkoni, Piparda, Sondih, Parsada, Bhaistara—
Malgujari, Tilai, Kotmi, Piparsatti, Kapan, Dalha—
Damami, Nawapara, Akaltara and Hardi. The area to
be mapped was divided into small systematic grids of
whole agricultural land of each village. The village
maps prepared by land revenue records were obtained
from the concerned department. Once these maps
were obtained in digital format, suitable soil sampling
spots were precisely identified by overlaying
systematic grids. The approach roads were overlaid
on the map and the exact position of sampling spots
(latitude, longitude) were obtained. Once the spots
were fixed, they were navigated and the correct spot
with the help of global positioning system (GPS) was
finalised. The method of using these techniques for
devising suitable soil sampling plan has been
described by Polive and Aubert (1998). The
application of soil sampling for spatial fertilizer
recommendation is described recently by
Grandzinski et al. (1998).

Table work :

Land System maps published by
Chhattisgarh Infot tech and Biotech Promotion
Society (CIBPS) and Indian Space Research
Organisation (ISRO) in 2004-05 at the scale of 1:4000
have been used as the cadastral maps for conducting
the field survey works. Prior to the actual fieldwork,
tentative sampling sites were fixed on the cadastral
maps. These sampling sites were set and distributed in
such a way that all the agriculturally important land
system units are proportionately represented.

Systematic sampling of soils :
Sampling points were pre-determined across

a field for a soil type under study at fixed interval
systematically across a grid from each of 10 ha area.
Considering this unit of 10 ha as the ultimate unit,
such 1000 sites were selected from 79 villages of
Akaltara tehsil of Janjgir distrist. Within each of such
sample unit, five samples were randomly taken for
further analysis, to represent the 10 hectares area
selected under the Inceptisol soil. Rice is main crop of
the study area and it is being shallow rooted crop, soil
samples upto the depth of 15 c¢cm (0-15cm) were
drawn from five spots, per sampling unit using soil
auger. Then, these five samples of 200 g each were
thoroughly mixed together and finally 1000 g soil
samples per unit was collected and properly labelled
and further used for analytical purpose. Thus, in all
1000 soil samples were analysed.

Laboratory work :

Soil samples collected from the study area
were dried and crushed with the help of wooden rod
and passed through 2 mm sieve and then used for the
determination of soil pH, organic matter,
macronutrients and micronutrients content by
adopting standard laboratory methods as detailed
below —

The micronutrients Zn, Cu, Fe and Mn were
extracted by using 0.005M diethylene triamine penta
acetic acid (DTPA), 0.01M calcium chloride
dehydrate and 0.1M triethanol amine buffered at pH
7.3 (Lindsay and Norvell, 1978) and concentrations
were analyzed by atomic absorption
spectrophotometer 4129. Soil pH was determined by
glass electrode pH meter in 1:2.5 soil water
suspensions after stirring for 30 minutes as described
by Piper (1967). The soil samples used for pH
determination were allowed to settle down for 24
hours, and then the supernatant liquid was used to
determine the electrical conductivity by Solu-bridge
as described by Black (1965). Organic carbon was
estimated by Walkley and Black's (1934) rapid
titration method as described by Jackson (1967).

Statistical analysis :

A complete enumeration of all the sample
points under the Inceptisol stratum was made for
different soils variables stated above, and standard
statistical procedure including correlation studies was
adapted to analyze the data.
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RESULTS AND DISCUSSION

Status of available micronutrients of soils :
Iron:

The data of available iron content of different
soil samples of Inceptisol collected from different
villages of Akaltara block are given in tablel. The
results showed that the available iron content ranged
from 7.58 to 80.10 mg kg ' with a mean value of 39.45
mg kg'. Considering the soil test rating for DTPA—
extractable Fe (<4.5 mg kg as deficient, 4.5-9.0 mg
kg' as sufficient and >9.0 mg kg as higher level),
majority of the sampled area (99.10 %) fall under high
(>9.0 mg kg") and only 0.90% soil samples were
categorized under sufficient (<4.5 mg kg') status.
Kumar et al. (2009) observed that an available Fe
content of Dumka and Lachimpur series of
Jharkhand, varied from 2.50 to 15.80 mg kg with a
mean of 7.66 mg kg ' and 6.40 to 96.50 mg kg ' with a
mean of 19.41 mg kg in soils of Santhal Paraganas
region of Jharkhand. Dutta and Ram (1993) claimed
that available iron varied from 4.3 to 61.8 mg kg ' in
soil series of Tripura. Verma (2012) reported that
available Fe content ranged from 3.2 t0 60.1 mgkg ' in
soils of Malkharauda block of JanjgirChampa
district of Chhattisgarh.

Manganese :
The data of available manganese content of

different soil samples of Inceptisol collected from
different villages of Akaltara block are given in
tablel. The results showed that it ranged from 4.58 to
63.66 mg kg' with an average of 28.33 mg kg
Considering the soil test rating for DTPA-extractable
Mn (<3.5 mg kg as deficient, 3.5 to 7.0 mg kg as
sufficient and >7.0 mg kg as higher level), majority
of the sampled area (99.30 %) fall under higher level
status (>7.0 mg kg ') and only 0.70% soil samples
were categorized under sufficient (3.5 to 7.0 mg kg )
status in DTPA-extractable Mn content. Meena ef al.
(2006) found that the available manganese content
varied from 6.85 t0 45.25 mg kg ' with amean value of
21.56 mg kg in soils of Tonk district of Rajasthan.
Sharma and Chaudhary (2007) reported that available
Mn in the studied profiles varied from 2.7 to 56.7 mg
kg, respectively in lower Shiwaliks of Solan district
in North—West Himalayas.

Copper:
The data of available copper in different soil
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samples of Inceptisol collected from different villages
of Akaltara block are given in table 1. The results
showed that it ranged from 0.34 to 7.68 mg kg ' with
an average of 2.95 mg kg . Considering the soil test
rating for DTPA-extractable Cu (<0.2 mg kg' as
deficient, 0.2-0.4 mg kg as sufficient and > 0.4 mg
kg' as higher level), majority of the sampled area
(99.50 %) fall under higher status (>0.4 mg kg ") and
only 0.50% soil samples were categorized under
sufficient (0.2-0.4 mg kg') DTPA-extractable Cu
status. Singh et al. (2006) reported that the DTPA
extractable Cu varied from 0.79 to 6.44 mg kg in
soils of Nainital and Almora district of Kumaon hills
of Uttaranchal.

Zinc:

A study of available zinc content of different
soil samples of Inceptisol collected from different
villages of Akaltara block are given in table 1. The
results showed that it ranged from 0.16 to 5.90 mg kg’
with an average of 0.91 mg kg'. Considering the soil
test rating for DTPA-extractable Zn (<0.6 mg kg as
deficient, 0.6-1.2 mg kg ' as sufficient and >1.2 mg
kg' as higher level), majority of the sampled area
(45.10 %) fall under deficient (<0.6 mg kg') and
required Zn application for optimum production and
to get full benefit from NPK fertilizers. Only 35.10%
soil samples had sufficient (0.6-1.2 mg kg') and
19.80% soil samples exhibited higher status (>1.2 mg
kg ") of DTPA-extractable Zn content. Minakshi et al.
(2005) reported that DTPA-Zn content varied from
0.14to 4.9 mg kg soil with a mean value of 1.45 mg
kg' soil in Patiala district of Punjab. Dwivedi et al.
(2005) found the DTPA extractable Zn in the range
from 0.06 to 16.3 mg kg in soils of Leh district and
0.14 to 5.17 mg kg in soils of Kargil district of
Ladakh region of Jammu and Kashmir. Thus,
deficiency of Zn appears to be prevalent in other areas
also.

Soil reaction (pH) :

The samples of the study area were determined
for pH (Table 2) and were observed in the range of
4.8-6.70 with the mean value of 5.83. The pH
estimated from total 1000 soil samples of Akaltara
block covering about 79 villages showed that nearly



42.90 % samples fall under moderately acidic (pH
5.5-6.0), 29.80 % under slightly acidic (pH 6.0-6.5),
26.30 % under (pH <5.5) strongly acidic (Table 2)
and only 1.00 % samples (pH 6.57.5) were
categorized under neutral soil reaction. The relative
low pH of the soils is due to low base saturation and
light textured soil. Kumar ef al. (2009) characterized
the soils of Santhal Paraganas region of Jharkhand,
and they reported that Dumaka soil series were found
in low pH range (from 3.80 to 6.40) and Lachimpur
series showed wide variation in pH (4.60 to 7.70).

Electrical conductivity (E.C.):

Data regarding electrical conductivity of
different soil samples of Inceptisol collected from
different villages of Akaltara block are given in table
2. The results showed that the EC of the soil water
suspension ranged from 0.06 to 0.36 dS m" at 25°C,
with an average of 0.12 dS m". The results showed
that the soluble salt content is under (<1.0 dS m")
normal range (Table 2) and there is no deleterious
effect on crop. The normal soil EC may be ascribed to
leaching of salts to lower horizons and its light
textured nature. Sharma and Chaudhary (2007)
reported that available EC status in the soil profiles of
different soil series ranged from 0.09 to 0.40 dSm in
lower Shiwaliks of Solan district in North—West
Himalayas.

Organic carbon :

The organic carbon in all samples exhibited
range of 0.23 to 0.66% with an average of 0.48%.
(Table 2). Thus, the Inceptisol of Akaltara block are
low in organic carbon content. Distribution of soil
samples with respect to organic carbon content also
indicates (Table 2) that about 61% samples have low
(<0.50 %) and 39 % medium (0.50-0.75%) organic
carbon. Use of almost nil to very low amount of
organics like farm yard manure and chemical
fertilizers in imbalanced manner are the main reasons
for poor organic carbon and low productivity of the
region.

Correlation studies of micronutrients :
Iron:

The available Fe was negative and
significantly correlated (r = -0.079%*) with pH (Table
4). This confirms the basic chemistry of Fe
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availability in various pH levels of the soil. Shukla
(2011) reported that the available iron was negative
and significantiy correlated with pH (r =-0.095**) in
inceptisols of Pamgarh block at Janjgir district of
Chhattisgarh. Minakshi et al. (2005) reported that the
DTPA Fe was negatively but significantly correlated
with pH in soils of Patiala district of Punjab. Negative
significant correlation was observed between
available Fe and electrical conductivity (r =-0.067%)
in Inceptisol of Akaltara block (Table 3). Sharma et al.
(2006) reported that the electrical conductivity was
negatively correlated with iron in soils of Leh district
of cold arid region of Ladakh. A significant positive
correlation (r = 0.094**) was found between organic
carbon and available Fe content (Table 3). Yadav and
Meena (2009) reported that available Fe was
positively correlated (r = 0.872**) with organic
carbon content in Degana soil series of Rajasthan.
Thus, the results of present studies conform the
previous revelations.

Manganese :

Soil pH was negatively correlated with
available Mn (r = -0.122*%*) content (Table 3) with
significance. The possible reason behind this may be
the formation of insoluble higher valent oxides of Mn
at high pH. Kumar et al. (2009) showed the negative
significant correlation of available Mn (r = -0.374*%*)
with pH in Lachimpur series, whereas no such
relationship was found in Dumka series in soils of
Santhal Paraganas region of Jharkhand. No
significant but negative correlation was found
between available Mn (r = -0.052) content and
electrical conductivity (Table 3). Sharma et al. (2006)
reported the non significant negative correlation
between available manganese and electrical
conductivity in soils of Leh district of cold arid region
of Ladakh. Available Mn was positive and
significantly correlated (r = 0.071*) with organic
carbon (Table 3). Since organic carbon shows the
level of organic matter present in a soil, this
micronutrient is present in appreciable amount and
hence there is positive relation of organic carbon with
the micronutrient. Sharma et al. (2006) reported that
the available Manganese was positively correlated
(r=0.029) with organic carbon in soils of Leh district
of cold arid region of Ladakh.
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Table 3. Correlation coefficient (r) for physico-chemial properties and DTPA-extractable
Fe, Mn, Cu and Zn of inceptisol of Akaltara block.

Soil properties Fe Mn Cu Zn
pH - 0.079* — 0.122%%* — 0.174%* —0.063*
EC — 0.067* —0.052 — 0.093** —0.54
ocC 0.094** 0.071* 0.116%* 0.1%*

*Significant at 5% level (0.062) **Significant at 1% level (0.081)

Copper:

A significant negative correlation (r=-0.174
**) was found between soil pH and available copper
(Table 3). The availability of Cu content showed
higher values at low pH due to their solubility effects.
Meena et al. (2006) reported that a significant
negative correlation (r = -0.195**) was observed
between soil pH and available copper in soils of Tonk
district of Rajasthan. Negative significant correlation
was also observed between available copper and
electrical conductivity (r = -0.093**) in Inceptisol of
Akaltara block (Table 3). Sharma et al (2006)
reported that the electrical conductivity was
negatively correlated with Copper in soils of Leh
district of cold arid region of Ladakh. A significant
positive relationship (r = 0.116**) was observed
between organic carbon and available copper (Table
3). The availability of metal ion (Cu) increases with
increase in organic matter which may supply
chelating agents. Minakshi et al. (2005) reported that
the DTPA-extractable Cu was significantly and
positively correlated (r = 0.566) with soil organic
carbon content in soils of Patiala district of Punjab.

Thus, present results are in general agreement with
these results.

Zinc:

A significant and negative relationship of Zn
(r=-0.063*) was observed with pH (Table 3), thereby
indicating that availability of Zn decreases with
increase in soil pH. This negative relationship might
be attributed to the increased availability of Zn under
low pH condition which increased solubility of oxides
and hydroxides of this micronutrient. Thakur and
Bhandari (1986) reported a negative correlation
between available zinc and soil pH in Saproon valley
of Himanchal Pradesh (r = —0.2). Non significant
negative correlation was found between available Zn
(r=-0.54) content and electrical conductivity (Table
3). Available Zn was positive and significantly
correlated (r = 0.1**) with organic carbon (Table 3),
since organic carbon shows the level of organic matter
present in a soil. Minakshi et al. (2005) reported that
the DTPA-Zn content of soils exhibited a positive and
significant correlation with organic carbon (r =
0.284), in soils of Patiala district of Punjab.
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PRODUCTIVITY AND ECONONICS OF LENTIL (Lens culinaris, MEDIKUS) AS

AFFECTED BY DIFFERENT WEED MANAGEMENT PRACTICES
Umesh Kumar Chandrakar', G.K. Das’ and Kunal Chandrakar’

ABSTRACT

The present investigation deals with the productivity and econonics of lentil (Lens culinaris Medikus) as
affected by different weed management practices.The study was carried out during rabi (winter) season of 201011 at
the Research Farm, Indira Gandhi Krishi Vishwavidyala, Raipur. The experiment was laid out in randomized block
design with three replications and 12 treatments of weed management which included quizalofop—p-ethyl,
imazethapyr, pendimethalin,chlorimuron ethyl alone or in combination. In addition to these weedicidal treatments,
stale seed bed, lentil+linseed and lentil+mustard were also included in the treatments.In experimental field,
Chenopodium album, Euphorbia hirta, Melilotus alba, Anagallis arvensis, Xanthium strumarium and Cyperus rotundus
were the dominant weeds and were found throughout the crop growth period.

Results revealed that maximum seed yield and stover yield were obtained under hand weeding twice at 20
and 40 DAS, followed by pendimethalin applied as PE @ 1.0 kg a.i. ha” + imazethapyr as PoE @ 37.5 g a.i. ha .
Intercropping of lentil + linseed (1:1 additive series) and lentil + mustard (1:1 additive series) had produced at par
lentil equivalent yield. The minimum values of above character were observed under control plot. The highest gross
income (Rs. 49574.66) was obtained under hand weeding twice at 20 and 40 DAS, whereas highest net income (Rs.
34502.19) and B:C ratio (2.33) were recorded under intercropping of lentil + mustard followed by pendimethalin
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applied as PE @1.0 kg a.i. ha' +imazethapyr as POE @37.5ga.i.ha’.
(Key words: Weed management practices, productivity and economics of lentil)

INTRODUCTION

The lentil (Lens culinaris Medikus) is a lens—
shaped grain legume well known as a nutritious food.
It grows as an annual bushy leguminous plant
typically 2045 cm tall, which produces many small
purse—shaped pods containing one to two seeds each.
Lentil is an integral part of diet of Indian and middle
Eastern people. But it also features in many French
and Italian regional dishes, where they are often
cooked with salted fish or meat — a legacy of peasant
food. Lentil is an important food legume, among more
than a dozen pulse crops grown in India. It is not only
arich source of improved nutrition for people but also
provides nutritious straw for cattle. Lentil contains
about 11 per cent water, 25 per cent protein and 60 per
cent carbohydrate. It is also rich in calcium, iron and
niacin and high lysine and tryptophane content. The
important lentil growing countries of the world are
India, Turkey, Syria, Pakistan, Spain and Bangladesh.
India ranks first in the world in respect of production
as well as area followed by Turkey. India's position in
average productivity of lentil is 23" in world. The total
areaunder lentil crop in our country is 1.38 million ha.
The production of this crop is 0.95 million tonnes with
the productivity of 693 kg ha' (Anonymous, 2009).
Lentil (Lens culinaris Medikus) is an important
winter season pulse crop in India. Its productivity is

adversely affected by the presence of weeds. The
prominent weed species infesting lentil crop are
Cynodon dactylon, Chenopodium album, Euphorbia
hirta, Melilotus alba, Anagallis arvensis and
Xanthium strumarium.etc. The concept that high
input provided for higher yield, also pose high risk, if
weeds are not controlled. A weed free crop
environment is, therefore, important both for
increasing yield and income for the security of crop.
During recent past, it has been progressively realized
that for a more permanent agriculture, one must
develop concept of “Weed management” in variance
with the more popularly known weed control. Lentil
is generally cultivated in Chhattisgarh as
monoculture crop in paddy / soybean —lentil cropping
system. There are two types of sowing systems i.e.
after harvest of paddy / soybean as cultivated crop and
in standing paddy crop as utera crop. In lowland areas
with excessive moisture, lentil is a more assured crop
than chickpea. It occupies an area of 23.24 thousand
ha with production and productivity of 9.61 thousand
tonnes and 441 kg ha', respectively (Anonymous,
2010).There are number of reasons for low
production and productivity of lentil out, of which
weeds, being serious negative factors in crop
production are responsible for reduction in the yield
of lentil to a tune of 84 per cent (Mohamed et al.,
1997). To control weeds generally hand weeding is in
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practice but it is now costly as well as difficult
because of non-availability of labour in peak period.
With the advancement of agro techniques, chemical
weed control has become an effective and affordable
alternative to control weeds. With this view, the study
was undertaken to evaluate the influence of various
weed management practices including chemical
weedicides on productivity and economics of lentil
crop.

MATERIALS AND METHODS

The field experiment was conducted in the
Research cum Instructional Farm, Indira Gandhi
Krishi Vishwavidyalaya, Raipur, Chhattisgarh during
rabi (winter) season of 2010 — 11. Raipur is situated
in central part of Chhattisgarh and lies at 21° 16' N
latitude and 81°36' E, longitude with an altitude of 298
meter above mean sea level. The climatic condition of
Raipur is sub-humid to semi-arid. The average annual
rainfall is 1326 mm, out of which 85% rainfall is
received during rainy season (June to September) and
the rest during winter and summer season (October to
May). May is the hottest and December is the coolest
month of the year. The pattern of rainfall particularly
during June to September months has great variation
from year to year. The maximum temperature is as
high as 46°C during summer. The relative humidity is
high from June to October and wind velocity is high
from May to August with its peak in JuneJuly
months.

Experimental details:

The experiment was laid out in Randomized
Block Design with 12 treatments replicated thrice.
The treatments were allotted to different plots by
using random method. The details of the treatments
are presented below:

Treatment details Other Details

T, Quizalofop -p-ethyl @ 50.0 g a.i.ha* (PoE) Variety (I3

T,. Imazethapyr @ 37.5 g a.i. ha' (PoE) Design :Randomised Block Design

T, Chlorimuron ethyl @ 4.0 g a.i. ha' (PPI)  Treatments :12 (Twelve)

T4 Pendimethalin @ 1.0 kg a.i. ha' (PE) Replication : 03 (Three)

Ts. Pendimethalin @ 1.0 kg a.i. ha’ (PE) + Gross plot size :5.00 X 4.00 m = 20.00 m’
Quizalofop -ethyl @ 50.0 g a.i. ha' (PoE)  Net plot size :4.00 X 3.00 m = 12.00 m’

T . Pendimethalin @ 1.0 kg a.i. ha’ (PE) +
Imazethapyr @ 37.5 g a.iha’ (PoE)

T;. Hand weeding twice ( 20 & 40 DAS)

Ts . Weedy check

Ty, Chlorimuron ethyl @ 4.0 g a.i. ha’ (PoE)

Tio. Stale seed bed

Ty. Lentil+ Linseed [1:1 additive series]

T),. Lentil + Mustard [1:1 additive series]

Total Experimental : 909.50 m®

area Spacing 125X 5em

Date of sowing ~ : 05" December, 2010
Date of harvesting ~: 08" March, 2011
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'JL-3' cultivar's of lentil was taken as test
crop. It is a medium duration bold seeded variety and
matures in 100110 days. Its potential yield is 1215 q
ha”. This variety is resistant to wilt disease.

A recommended seed rate of 30 kg ha' was
used. The seeds were treated with Bavistin and
rhizobium @ 2.5 g and 5 g kg ' of seed, respectively.
Seed was drilled in row, maintaining the row to row
and plant to plant spacing of 25 and 5 cm,
respectively. The gap filling was done 7 days after
sowing and plant population within row was maintain
at5 cm. by thinning at 20 DAS.

Basal dose of N: P: K: S @ 20: 17:16:20 kg
ha" was applied uniformly to each plot. Nitrogen was
applied through urea (0.56 kg plot '), phosphorus and
nitrogen through diammonium phosphate (0.73 kg
plot"), potash through muriate of potash (0.56 kg
plot") and sulphur through gypsum (0.21 kg plot").
The required amount of different fertilizers was
weighed for individual plots and drilled at the time of
sowing. For protection against insect pests,
monocrotophos @ 2 ml litre' of water was sprayed
two times at 35 and 65 DAS.

Application of herbicides:

The dose of different herbicides was
determined as per treatments according to their active
ingredient present in the commercial products. The
measured dose of herbicides and water (500 1 ha") for
each plot was mixed thoroughly before spraying.
Hand compression sprayer with flat fan nozzle was
used. Fresh solution for individual plot was prepared
each time separately. After completing the spray of
one herbicidal treatment in all the replications, the
sprayer was washed thoroughly with detergent
powder and finally rinsed with fresh water before
using other herbicidal treatment. The herbicides were
applied as PPI (1 day before sowing), pre-emergence
(PE, 2 DAS) and post-emergence (PoE, 20 and 35
DAS), as per treatments.

Yield of seed and stover (kgha™) :

Seed yield and stover yield were recorded on
net plot basis after harvesting and threshing of the
crop. Then net plot’ values of these yields were
convertedintoha' basis.



Economics :

The cost of cultivation of lentil crop was
calculated on the basis of prevailing prices for
different fixed inputs. The cost of application of weed
management practices was added to this fixed input
cost and thus total cost of cultivation treatment’ was
determined the production of lentil crop (both seed
and stover) was converted into gross returns (Rs. ha ')
on the basis of prevailing prices of market. Net returns
were worked out by subtracting treatment-wise total
cost of cultivation from the gross returns. This value
gave the actual profit obtained by the farmer under
different treatments. Further, economics of lentil crop
production pertaining to each of the treatments was
worked out in terms of Benefit:cost ratio by dividing
net return with cost of cultivation for each treatment.

RESULTS AND DISCUSSION
Seed yield (kgha™):

The data pertaining to seed yield (kg ha ') are
presented in table 1. It is evident from the table that
significantly maximum seed yield was produced
under hand weeding twice at 20 and 40 DAS which
was at par with yield obtained from the plot treated
with pendimethalin as PE @ 1.0 kg a.i. ha' +
imazethapyr as PoE @ 37.5 g a.i. ha’, and lentil
equivalent yield of intercropping with mustard. The
yield recorded under the best treatment was 986.17 kg
ha',983.87 kg ha' and 983.03 kg ha higher, than the
later treatments respectively. Minimum seed yield
was recorded under weedy check plot. These results
are in agreement with the findings of Singh and
Choudhary (1970) who reported that one and two
hand weeding produced significantly higher yield of
lentil (2361 kg ha' and 2807 kg ha' ) over control.
Dawood (1994) also reported performance of one,
two or three hand weedings in lentil which increased
seed yield by 142.42 per cent, 208.79 and 182.79 per
cent, respectively as compared to the weedy check.

Stoveryield (kgha™):

Data on stover yield (kg ha") are presented in
table 1. It is quite clear from the table that among all
weed management practices, hand weeding twice at
20 and 40 DAS produced maximum stover yield
which was significantly superior to rest of the

45

treatments except pendimethalin applied as PE @ 1.0
kga.i. ha' +imazethapyr as PoE @ 37.5 g a.i. ha 'and
intercropping of lentil + linseed and lentil + mustard.
The lowest yield was recorded under weedy check.
Singh and Choudhary (1987) reported that Hand
weeding twice gave comparatively higher grain and
straw yield of lentil (2.54 t ha' and 3.87 t ha’,
respectively) than chemical treatments. It might be
due to effective control of weeds by hand weeding
twice at 20 and 40 DAS , pendimethalin as PE @ 1.0
kga.i. ha' +imazethapyr as PoE @ 37.5 ga.i.ha' and
intercropping of lentil + linseed which provided
opportunity to grow crop plant in better way.

Economics :

Data regarding fixed cost of cultivation
excluding cost incurred in weed management
treatments are presented in table 2 and data regarding
total cost of cultivation for each weed management
treatment, including cost of each treatment applied,
gross returns, net returns and benefit:cost ratio are
presented in table 3. It was observed that the
maximum total cost of cultivation (Rs.16489.00 ha)
was computed under hand weeding twice at 20 and 40
DAS and minimum (RS.12739.00 ha') was under
weedy check. The highest gross returns (Rs 49574.66
ha") was noted under hand weeding twice at 20 and 40
DAS which was found comparable to gross returns
received from application of pendimethalin as PE @
1.0kga.i. ha" + imazethapyr as PoE @ 37.5 ga.i. ha’
treated plot and intercropping of lentil + mustard .
Whereas the highest net returns (Rs 34502.19) was
obtained from intercropping of lentil + mustard
followed by application of pendimethalin as PE @ 1.0
kga.i.ha' +imazethapyras PoE @ 37.5ga.i.ha'. The
highest benefit: cost ratio (2.33) was noted under
intercropping of lentil + mustard (T,,) which was at
par with plot treated with pendimethalin as PE @ 1.0
kg a.i. ha' +imazethapyr @ 37.5 g a.i. ha'. Although
more gross returns were obtained under hand weeding
treatment, the total cost of cultivation was also the
highest and therefor it gave lower benefit cost ratio.
Vaishya et al. (2004) reported that integration of
pendimethalin as PE @ 1.0 kg a.i. ha' and hand
weeding at 30 DAS had registered the highest gross
return, net profit and cost benefit ratio (1:4.33)
followed by hand weeding twice at 20 and 40 DAS
(1:4.20).
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Table 1. Seed yield, stover yield, harvest index and weed index of lentil as affected by different weed
management practices

Seed yield Stover
Weed management practices ¥ 4 yield (kg
(kg ha™) 4
ha’)
T, : Quizalofopp-ethyl @ 50.0 g a.i.ha™ (PoE) 682.53 1474.33
T, : Imazethapyr @ 37.5 g a.i ha' (PoE) 701.00 1531.00
T; : Chlorimuron-ethyl @ 4.0 g a.i ha' (PPI) 661.27 1430.67
T, : Pendimethalin @ 1.0 kg a.i ha' (PE) 695.43 1520.33
Ts : Pendimethalin @ 1.0 kg a.i. ha' (PE) + 831.00 1580.00
Quizalofop-ethyl @ 50.0 g a.i. ha' (PoE)
Te : Pendimethalin @ 1.0 kg a.iha' (PE) + 983.87 1813.00
Imazethapyr @ 37.5 g a.i ha' (PoE)
T; : Hand weeding twice (20 & 40 DAS) 986.17 1814.67
Tg : Weedy check 582.63 1425.33
To : Chlorimuron-ethyl @ 4.0 g a.iha’ ( PoE) 612.17 1428.00
T, : Stale seed bed 681.83 1441.67
Ty : Lentil + Linseed (1:1 additive series) 965.09 1810.33
T, : Lentil + Mustard (1:1 additive series) 983.03 1812.67
SEm + 2.99 35.69

CD (P=10.05) 8.78 104.7
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Table 2. Calculation of fixed cost of cultivation (Rs ha™) of lentil

S. No. Particulars Lentil Total cost
Input Price (Rs) (Rs ha™)
1. Land preparation
i Deep ploughing 1 tractor (2 hrs) ha' 350 Rs hr 700.00
il Harrowing 1 tractor (2 hrs) ha' 350 Rs hr' 700.00
iii  Planking 1 tractor (1 hr) ha 350 Rs hr'! 350.00
2. Sowing
i Cost of seed 30 kgha' 49.35 Rs kg 1480.5
il Bavistin 2 gkg ! seed 550 Rs kg 33.00
ili  Rhizobium culture 1 Packet 45 Rs Packet” 45.00
iv  Seed sowing 15 man days 125 Rs man day 1875.00
3. Fertilizer
i N 20 kg ha™ 11.9Rs kg 238.00
i POs 17 kg ha 20.62 Rs kg 350.54
iii  K,0 16 kg ha 8.00 Rs kg™ 128.00
iv S 20 kg ha™ 24.00 Rs kg 480.00
v Fertilizer application 5 man days 125 Rs man day’ 625.00
cost
4. Irrigation One irrigation Rs 450 450.00
Application cost One man days 125 Rs man day4 125.00
5. Thinning 2 man day 125 Rs man day 250.00
6. Plant protection 1.5 lit ha™ 250 Rs lit” 375
1
7. Harvesting 15 man days 125 Rs man day 1875
8. Threshing and winnowing 12 man days 125 Rs man day" 1500
A Common cost 11580.04
B  Miscellaneous 10 % of common cost 1158.004
Grand Total (A+B) 12738.044

Rs = Rupees, ha' = hectare, hrs '= per hour, g = gram, kg ' per kilogram, % = per cent, N = Nitrogen, P = Phosphorus,
K = Potash, S = Sulphur
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Singh et al. (1994) stated that lentil cv. L 12
was intercropped with Indian mustard. Lentil yield
was highest in the monocrop, followed by
intercropping with Indian mustard. However, net
returns and benefit: cost ratio were the highest with
intercropping with Indian mustard. Ram-pyare et al.
(2008) also studied the suitability of pure crop, inter
and mixed cropping systems of lentil and mustard.
Results indicated that intercropping of mustard with
lentil was found the best in respect of total
productivity, lentil equivalent yield, land equivalent
ratio and economics. This system could bring all the
above parameters higher than the growing sole crops
and mixed cropping systems. On an average, the
highest grain yield of lentil (17.25 q ha ') and mustard
(26.27 q ha") was obtained in pure cropping but the
highest gross return of Rs. 52640/ net profit of Rs.
38744/~ lentil equivalent yield of 31.89 q ha' and
land equivalent ratio of 1.44 were recorded in
intercropping of mustard with lentil.
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NUTRIENT INDEXING OF MAJOR SOYBEAN GROWING SOILS OF

LATUR DISTRICT
A.S. Gajare', A.S. Dhawan’, S.K. Ghodke’, Y.M. Waghmare® and P.L. Choudhari’

ABSTRACT

Nutrient indexing of the important plant nutrients of major soybean growing soils of seven tehsils (Latur,
Renapur, Nilanga, Ausa, Udgir, Chakur and Ahmedpur) of Latur district were carried out in the year 2009-10. For
this purpose, 140 representative soil samples (015 cm depth) were collected from seven tehsils (20 villages from each
tehsil) of Latur district and analyzed for available P, S and some micronutrients (Fe, Mn, Zn and Cu) following
standard procedures. The available phosphorus in these soils varied from 0.20 to 21.15 kg ha™ with an average value
of 7.42 kg ha”, out of 140 soil samples 66.43 per cent were low (< 10 kg ha") and 33.57 per cent samples were found
medium (10 To 25 kg ha™) in available P content. Available sulphur ranged from 3.62 to 53.52 mg kg with a mean
value of21.47mg kg', about 12.14 per cent samples were low (<5mg kg "), 32.14 per cent medium (5 to 10 mg kg ') and
55.72 per cent high (> 10 mg kg ) in sulphur content. In case of micronutrients, available Zn ranged from 0.12 to 2.96
mg kg, the available Fe varied from 0.48 to 17.1 mg kg, available Mn content were 0.16 to 21.12 mg kg, Cu was very
high varying from 0.25 to 12.19 mg kg . Renapur and Chakur tehsils found highly deficit in available P, all tehsils were
depleted in case of Zn, available Fe, Mn, Cu and S were adequate in all tehsils. Soil Nutrient Index values of the
soybean growing soils of Latur district were high in S, Fe, Mn and Cu, whereas low in available P and Zn. All the seven
tehsils were found under high category for available Mn and Cu, while all the tehsils were low in category for available
Zn. In case of available Fe, Renapur tehsil was found under medium category while remaining six tehsils were in high
category. The soybean growing soils of Latur district were found depleted with respect to available phosphorus,
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whereas they were adequate for available sulphur.

(Key words: Soybean growing soils, nutrient indexing, available P, S and micronutrients)

INTRODUCTION

Soil nutrient indexing is an efficient tool in
predicting the soil potential and actual suitability for
growing various crops. Soybean is one of leading
oilseed crop of Latur district of Maharashtra which is
famous among the farmers, because of its ability to
survive in the aberrant weather conditions or drought.
In order to improve and sustain the performance of
soybean (Glycine max L.) crop, adequate supply of
phosphorus, sulphur and micronutrients are to be
insured. Maharashtra is one of the leading soybean
growing state occupying about 26.52 lakh ha with an
annual production of 32.37 lakh million metric tons.
During the year 2010-2011 area under soybean crop
in Latur District was 1.945 lakh ha with an annual
production of 4318 MT and productivity of 2220 kg
ha' (Anonymous, 2012).

Soybean being oilseed legume, phosphorus
plays a very important role in its nutrition. In order to
improve and sustain performance of the soybean crop
adequate supply of phosphorus and sulphur is to be
insured. Phosphorus is the structural component of
plant cell and required for early root development and
growth. It helps in flowering and fruiting. An
adequate supply of P,O; in the early stages helps in

initiating its reproductive parts. Further, excess of
phosphorus may cause in some cases trace element
deficiency, particularly zinc and iron (Pattanayak et
al., 2009). Besides phosphorus, sulphur is an essential
secondary plant nutrient which plays a vital role in
biosynthesis of primary metabolism for improving
yield and quality of oilseed crop. Sulphur deficiency
has been recorded in India with the expansion of area
under oilseed (Khamaria ef al., 2009), increased use
of sulphur free fertilizers and inadequate use of
organic manures in intensive cropped area and this
problem is likely to aggravate in the near future.

Besides phosphorus and sulphur some of the
micronutrients like Fe, Mn, Zn and Cu are required to
improve and sustain performance of the soybean crop
(Mali and Ismail, 2002). Zinc promotes growth
hormones, starch formation, seed maturation and
production, whereas, iron helps in the absorption of
other nutrients. It also plays an important role in
chlorophyll formation along with Mn. Copper has
some indirect effect on nodule formation. However,
there is a large decline in yield levels of the crop in
recent years and farmers are shifting to another
cropping pattern. Low soil fertility and inadequate
manuring may be the major causes for the low yield of
the soybean crop (Malewar, 1995). In addition to this
intensive cultivation of oilseed crops remove
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substantial amount of micronutrient from the soil,
especially zinc, causing yield reductions (Takkar,
1996 and Mali and Raut, 2001).

However, a very little or no information is
available on the nutrient indexing in soybean growing
soils of latur district. Accordingly, the present study
was undertaken with a view to assessing the
phosphorus, sulphur and micronutrient status in
soybean growing soils of Latur district.

MATERIALS AND METHODS

In order to analyze the nutrient index of Latur
district with respect to phosphorus, sulphur and
micronutrients (Fe, Mn, Zn and Cu), one hundred and
forty soil samples were collected from seven tehsils
(Latur, Renapur, Nilanga, Ausa, Udgir, Chakur and
Ahmedpur) of Latur district. Randomly twenty
villages representing all the characteristics of the soil
were selected from each tehsil keeping in view the
physiographic characteristics in different cross
sections of the area where soybean crop is being
grown since last 34 years as a component of
dominant cropping system in the district. Twenty soil
samples (015 cm depth) one each from each from
each village were collected from each tehsil.

The available phosphorus was determined by
extracting the soil with 0.5 M sodium bicarbonate as
an extracting reagent and determined using double
beam UV-VIS spectrophotometer with Olsen's
method as described by Olsen et al. (1954) and
available sulphur was determined by turbidity
method using spectrophotometer (Williams and
Steinberg, 1959). Micronutrient cations viz., Fe, Mn,
Zn and Cu in soil were determined as per the
procedure described by Lindsay and Norvell (1978).
Nutrient index was calculated as per the formula
suggested by Ramamoorthy and Bajaj (1969) and the
values for low, medium and high were taken as <1.67,
1.67-2.33,>2.33, respectively.

No. of samples “Low” x 1 +No. of samples

“Medium” x 2 + No. of samples “High”x 3
NIV=

Total number of samples

The data so collected from twenty villages
per tehsil were compiled tehsilwise and are presented
in the following tables.
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RESULTS AND DISCUSSION

Status of available phosphorus and sulphur :
The data presented in table 1 showed that the

available phosphorus content ranged from 0.2 to
21.15 kg ha' with an average value of 7.42 kg ha .
Among seven tahsils of Latur district, the lower range
of available P content was 0.2 to 12.35 kg ha" with an
average value of 4.05 kg ha' in Chakur tehsil.
Whereas, the higher range of available P was 6.59 to
18.3 kg ha' with an average value of 12.77 kg ha" in
Ausa tehsil followed by Nilanga tehsil (4.21 to 21.15
kg ha” with an mean value of 10.65 kg ha). Out of
140 soil samples 66.43 per cent were low (<10 kg
ha') and 33.57 per cent samples were medium (10 To
25 kg ha") in available P content. More et al. (2005)
studied the oilseed dominated area of Parbhani and
reported that available P ranged from 0.5 to 14.28 kg
ha". Low available phosphorus content of these soils
could be attributed to their high P fixing capacity,
which prevents readily available form in the soil
solution (Hundal et al., 2006). Beside this the
continuous growing of high P requiring crop like
soybean with inadequate P fertilizers might have
depleted the available P balance.

The available sulphur ranged from 3.62 to
53.52 mg kg ' with an average value of 21.47 mgkg .
Among seven tehsils the lower range of sulphur
content was 3.62 to 41.72 mg kg with an average
value of 15.11mg kg in Chakur tehsil. While, higher
range of 4.5 to 49.47 mg kg with an average value of
28.50 mg kg ' was observed in Nilanga tehsil. It was
followed by Ausa tehsil (4.32 to 52.3 mg kg with
mean value of 25.99 mg kg'). Out of 140 samples
12.14, 32.14 and 55.72 per cent samples were
categorized as low (< 5 mgkg "), medium (5 to 10 mg
kg") and high (> 10 mg kg ) respectively, in sulphur
content. From the above results, it was inferred that
soils of Latur district were sufficient in sulphur
content. The high amount of sulphur content in soils
could be attributed to high amount of clay content
which can absorb varying amounts of sulphur (Mali
and Raut, 2001). Singh et al. (2006) reported that the
available sulphur content in valley hill soils of
Manipur ranged from 10.0 to 7.00 mg kg' with an
average value of 26.6 mg kg'. Chauhan et al. (2012)
reported that the available sulphur ranged from 0.9 to
50.2 mg kg with an average value of 13.9 mg kg .



Status of available micronutrients :

The data presented in table 2 revealed that the
available Zn content ranged from 0.12 t0 2.96 mg kg’
with an average value of 0.59 mg kg' in soybean
growing soils of Latur district. Among all samples
67.14 % samples were low and 25.71 % samples were
medium in available Zn content. This might be due to
the fact that in well drained, aerated, calcareous soils,
Zinc exits in oxidized state and their availability
becomes very low (Malewar, 1995). It was also
observed that Vertisol and Alfisol in Maharashtra
region and some arid soils of Rajasthan also showed
the available content of Zn in the similar range
(Pharande et al., 1996 and Mahesh Kumar ef al.,
2011). The available Fe content in data under study
ranged from 0.48 to 17.1 mg kg' with an average
value of 6.10 mg kg in Latur district. This high Fe
content (65.72 %) in soil was due to the presence of
minerals like feldspar, magnetite, hematite and
limonite which together constitute bulk of trap rock in
these soils. The available Fe in Vertisol of
Mabharashtra was in the range from 3.52 to 19.44 mg
kg' (Verma et al., 2008) and Chauhan et al. (2012)
showed that available Fe ranged from 4.5 to 22.5 mg
kg'. The present results are more or less in accordance
with the above findings.

The available Mn content in these soils varied
from 0.16 to 21.12 mg kg’ with an average value of
5.32mgkg’. Among 140 samples 40 % samples were
medium and 49.29 % samples were high in available
Zn content. This status of Mn might be due to the fact
that lower oxidation (reduced) states of Mn was more
soluble than higher oxidation state at normal pH range
of soils and oxidation of divalent Mn" to trivalent
Mn™" by certain fungi and bacteria. Certain organic
compounds synthesized by microorganisms or
released by the plants as root exudates. Dwivedi et al.
(2005) reported that the available Mn ranged from
2.23t049.1 mgkg " and Chauhan et al. (2012) showed
that available Mn ranged from 1.70 to 25.70 mg kg .
The soybean growing soils of Latur district were high
in Cu content (0.25 to 12.19 mg kg ) with an average
value of 3.03 mg kg . Out of 140 samples 99.29 per
cent of soil samples were high in available Cu content.
Most of soil samples from Latur district were high in
available Cu. This Cu content could be attributed to
the difference in geology, physiography and degree of
weathering in these soils. Ghosh et al. (2010) showed
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the content of available Cu ranged from 0.5 to 4.0 mg
kg ' and Chauhan et al. (2012) showed the content of
available Curanged from 0.24 to 5.90 mgkg .

Nutrient Index Value :

Tehsilwise soil nutrient index for phosphorus,
sulphur and micronutrients :

The data regarding soil nutrient indices for
phosphorus and sulphur are presented in table 4.
Among seven tehsils Renapur, Latur, Nilanga,
Chakur, Ahmedpur and Udgir were found under
category low for phosphorus except Ausa which came
under category medium for phosphorus. The values
worked out for Renapur, Latur, Nilanga, Chakur,
Ahmedpur, Udgir and Ausa were 1.1, 1.15, 1.55, 1.1,
1.15, 1.5 and 1.8 respectively. While all the tehsils
categorized as high in sulphur content except Chakur
which was found in medium category. The values
worked out for tehsils Ausa, Renapur, Latur, Nilanga,
Ahmedpur, Udgir and Chakur were 2.4, 2.35, 2.55,
2.65,2.35,2.5and 2.25, respectively.

The Nutrient Index Value (NIV) for
micronutrients (Zn, Fe, Mn and Cu) content in soils
are given in table 3. The NIV for available Zinc was
found under category Low in all the seven tehsils. The
values worked out for Nutrient Index of Zinc were
1.45 (Ausa), 1.35 (Renapur), 1.55 (Latur), 1.5
(Nilanga), 1.25 (Chakur), 1.45 (Ahmedpur) and 1.25
(Udgir). Ausa, Latur, Nilanga, Chakur, Ahmedpur
and Udgir were found under category high for
available Iron (Fe) and Renapur was categorized as
Medium in Fe content. The values worked out for
Nutrient Index of Fe were 2.55 (Ausa), 2.5 (Latur),
2.9 (Nilanga), 2.65 (Chakur), 2.65 (Ahmedpur), 2.6
(Udgir) and 2.15 (Renapur). All the seven tehsils were
found high for both Manganese and Copper and the
values worked out for Nutrient Index of Manganese
were 2.6, 1.9, 2.45,2.9, 2.9, 2.75 and 2.6 for Ausa,
Renapur, Latur, Nilanga, Chakur, Ahmedpur and
Udgir, respectively. For copper, nutrient index values
were 3 for Ausa, Renapur, Latur, Nilanga, Ahmedpur,
Udgir and 2.9 for Chakur.

Soil nutrient Index of Latur district :

The nutrient index values for phosphorus,
sulphur, Zn, Fe, Mn, and Cu content in soybean
growing soils of Latur district are given in table 4.
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Table 1. Characterization of available phosphorus and sulphur in soybean growing soils of Latur district

Phosphorus (kg ha™) Sulphur (mg kg‘l)
Tehsil Range <10 10t025  >25 Range <5 5010 >10
(Mean) Low Medium High (Mean) Low Medium High
6.59-18.3 432523
Ausa (12.77) 4 16 (25.99) 4 4 12
1.02-15.93 3.68-32.08
Renapur (5.86) 18 2 (16.98) 3 7 10
0.23-12.48 6.95-53.28
Latur (4.06) 17 3 (20.43) 9 11
. 421-21.15 B 4.549.47
Nilanga (10.65) 9 11 (28.50) 2 3 15
Chakur 0.2-12.35 18 b _ 3.6241.72 4 7 9
(4.05) (15.11)
0.513.12 3.92-53.52
Ahmedpur (4.63) 17 3 (21.53) 4 5 11
. 2.4247.18 B 5.85-51.03 _
Udgir (9.90) 10 10 @1.77) 10 10
Total 93 47 - 17 45 78
Percentage 66.43 33.57 - 12.14 32.14 55.72

Figures in parenthesis indicates mean of twenty samples

Fig 1. Nutrient index value of soybean growing soils of Latur distirct
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Table 3. Nutrient index value for phosphorus and sulphur content in soybean growing soils of Latur district

Phosphorus Sulphur
Sr. No. Tehsil
NIV Category NIV Category

1 Ausa 1.8 Medium 2.4 High
2 Renapur 1.1 Low 35 High
3 Latur 1.15 Low 2.55 High
4 Nilanga 1.55 Low 2.65 High
5 Chakur 1.1 Low 2.25 Medium
6 Ahmedpur 1.15 Low 2.35 High
7 Udgir 1.5 Low 2.5 High

Latur district 1.34 Low 2.44 High

Table 4. Nutrient index value for Zn, Fe, Mn and Cu content in soybean growing soils of Latur district

S Zn Fe Mn Cu
Nl(;' Tehasil
NIV  Category NIV  Category NIV  Category NIV  Category
1 Ausa 1.45 Low 2.55 High 2.60 High 3 High
2 Renapur 1.35 Low 2.15 Medium 1.95 High 3 High
3 Latur 1.55 Low 2.50 High 245 High 3 High
4 Nilanga 1.50 Low 2.90 High 2.90 High 3 High

5 Chakur 1.25 Low 2.65 High 2.90 High 2.9 High

6 Ahmedpur  1.45 Low 2.65 High 2.75 High 3 High
7 Udgir 1.25 Low 2.60 High 2.60 High 3 High
Latur

district 1.40 Low 2.57 High 2.39 High 2.99 High




Considering Soil Nutrient Index of Latur district, it
was found under category high for sulphur, Fe, Mn
and Cu while low for phosphorus and Zn. The value
worked out for sulphur, Fe, Mn, Cu, phosphorus and
Zn were 244, 2.57, 2.39, 2,99, 1.34 and 1.4,
respectively.

From the analysis of nutrient index of Latur
district with respect to phosphorus, sulphur and
micronutrients like Zn, Fe, Mn and Cu, it is observed
that the soybean growing soils of the district were
depleted with respect to available phosphorus and
zinc, whereas adequate with respect to available
sulphur and other micronutrients.

In view of relatively higher sulphur
requirement of soybean crop, though available
sulphur status in soil of Latur district was adequate,
application of single super phosphate should be
preferred over sulphur free DAP or other complex
fertilizers as a source of phosphorus to prevent
sulphur depletion. Among the micronutrients,
available Zn became a limiting factor and therefore,
application of ZnSO, (25 kg ZnSO, ha") could help to
sustain soybean yield.
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EFFECT OF DIFFERENT LEVELS OF SULPHUR AND ZINC ON FERTILITY
STATUS AND MICROBIAL ECOLOGY UNDER SOYBEAN
GROWN ON VERTISOLS
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ABSTRACT

The experiment was conducted during 200809 to study the effect of different levels of sulphur and zinc on
fertility status and microbial population in soil under soybean grown on Vertisols at Dr. P. D. K. V., Akola. The
experiment was laid in FRBD with 16 treatment combinations comprising four levels of sulphur (0, 15, 30 and 45 kg
ha) and four levels of zinc (0, 1, 2 and 3 kg ha™). The nutrient status of soil after harvest of soybean was significantly
influenced with increasing levels of sulphur and zinc. However, significantly highest available N (226.74 kg ha™), K
(335.88 kg ha™) and S (12.18 kg ha™) were recorded with the application of 45 kg S ha”. The available phosphorus and
zinc due to different levels of sulphur was found to be non significant. The application of Zn @ 3 kg ha” significantly
increased the status of available N (214.64 kg ha™). The application of sulphur @ 15 kg ha" significantly increased
bacterial population viz., 8.05 x 10" and 9.07 x 10’ c¢fu g soil respectively on 30 and 45 DAS. Similarly, the fungi and
actinomycetes were significantly influenced with the application of 15 kg S ha™. The fungi and actinomycetes were
recorded to the extent of 6.70 x 10* and 5.97 x 10° g" soil respectively, at 45 DAS. The grain yield was increased
significantly with the application of sulphur @ 30 kg ha". The interaction effect (S x Zn) was found non —significant.

(Key words: Nutrient status, microbial population, cfu, Vertisols)

INTRODUCTION

Soybean is a triple beneficial crop. It fixes
atmospheric nitrogen in soil at the rate of 65100 kg
ha' (Quayam et al., 1985). Inadequate use of fertilizer
is one of the most important reasons for low
productivity. Soybean contains 40% protein, 20 % oil
and 20-30 % carbohydrates, vitamins and essential
amino acids. Oilseed crops in general have high
sulphur requirement because of oil strength organs
are quite rich in proteins (Kanwar, 1984). Now a days,
based on latest research results, soil in over 250
districts of India are reported to suffer from varying
degrees of sulphur deficiency (Tandon and Messick,
2007). Use of higher dose of synthetic fertilizers for
higher yields creates physiological nutrient
imbalance due to lower availability of micronutrients,
which leads to harmful effect on crop growth. The full
benefit of application of NPK fertilizers and
secondary nutrients is obtained only in presence of
adequate quantities of available micronutrients in
soil. Along with major plant nutrients, the
micronutrients are also removed proportionately
from the soil. However, while adding major plant
nutrients to soil, no attention has been paid in
applying micronutrients to soil. With the adoption of
intensive multiple cropping, continuous use of
sulphur free fertilizers, high yielding crop varieties

and high sulphur requiring crops, leading to more
widespread and more intense S deficiencies in Indian
soil (Jat and Yadav,2006). Taking into consideration
the importance of sulphur and zinc nutrition in
soybean cultivation, the present investigation was
undertaken with the objective to study the effect of
different levels of sulphur and zinc on nutrient status
and microbial ecology under soybean grown on
vertisols.

MATERIALS AND METHODS

The field experiment was conducted during
kharif 2008 at Dr. P.D.K.V., Akola. The experiment
was laid in FRBD with 16 treatment combinations
comprising four levels of sulphur (0, 15, 30 and 45 kg
ha") and four levels of zinc (0, 1, 2 and 3 kg ha")
replicated thrice. The soil of experimental site is clay
in texture, moderately alkaline in reaction (pH —7.9),
low in organic carbon (3.34 g kg') and available
nitrogen (187 kg ha'), medium in available
phosphorus (17.6kg ha"), high in available potassium
(385 kgha') and marginal in available sulphur (11.24
ppm) and zinc (0.58 ppm). The soybean variety
TAMS-38 was sown at 45 x 5 cm spacing with seed
rate of 75 kg ha'. The recommended dose of fertilizer
(30:75:00 kg N, P,O,and K,O kgha')and FYM @ 5 t
ha” were applied to all treatments. The seed treatment
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of Rhizobium japonicum and PSB was done for all
treatments. The S and Zn were applied through zinc
oxide and gypsum respectively as basal dose at the
time of sowing.

Soil samples (020 cm depth) were collected
initially and after harvest of soybean. Available
nitrogen was determined by alkaline permanganate
method using microprocessor based automatic
distillation system (Subbiah and Asija, 1956),
available phosphorus by Olsen's method using 0.5 M
sodium bi-carbonate as an extractant using UV based
double beam spectrophotometer (Watanabe and
Olsen, 1965), available potassium was determined by
neutral normal ammonium acetate method using
flame photometer (Knudsen and Peterson, 1982),
available sulphur by turbidimetric method (Chesnin
and Yien,1951) and DTPA—Zn by extracting soil with
DTPA using atomic absorption spectrophotometer
(Lindsay and Norvell, 1978). Soil microbial count
was determined by serial dilution plate technique
(Dhingra and Sinclair, 1993). In this technique one
gram of soil sample was taken under aseptic condition
in 10 ml sterile test tube and 9 ml distilled water was
added and shaked thoroughly. Then, 1 ml suspension
was transferred in a test tube and 9 ml distilled water
was added to it. The test tube was well shaken and
diluted 10 times by distilled water to get desired level
0f107,10%,10°, 10°, 10" dilution. After dilution 1 ml
of suspension was transferred in petridish in
particular media for specific growth of
microorganism.Nutrient Agar, Potato Dextrose Agar
(PDA) and Kenknight Agar media were used for
growth of bacteria, fungi and actinomycetes
respectively.

RESULTS AND DISCUSSION

Available nutrients:
Effect of sulphur on available N, P, K, S and Zn:

The application of 45 kg S ha' significantly
increased available nitrogen (226.74 kg ha') after
harvest of soybean. However, the status of available
nitrogen with the application of sulphur @ 45 kg ha’
was found at par with 30 kg Sha” (218.96 kg N ha).
Application of sulphur did not influence significantly
the available phosphorus in the soil but it tended to
increase with increasing level of sulphur. Chandra
Deo and Khandelwal (2009) reported that different
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sulphur levels influenced significantly the status of
available S. The application of sulphur significantly
increased the availability of potassium after harvest of
soybean (335.88 kg ha') with the application of 45 kg
S ha followed by 30 kg S ha’ which was 334.76 kg
K,0 ha'. The available sulphur increased
significantly (12.18 mg kg ') with the application of
45 kg S ha'. The application of different levels of
sulphur significantly increased the available S
content in soil and the increase was 19 per cent with
the application of sulphur @ 30 kg ha ' over control.

Effect of zinc on available N, P, K, S and Zn:

Among different levels of zinc, Zn @ 3 kg
ha" recorded significantly highest available nitrogen
(214.62kgha") followed by Zn @ 2 kgha" (200.92 kg
N ha'). The role of zinc in nodulation and fixing
atmospheric nitrogen might be reason for higher
availability of nitrogen in soil. This indicates the role
of zinc in nodulation and nitrogen fixation. Abadi et
al. (1995) reported that number of root nodules and
nodules dry weight per plant increased with the
application of zinc. The available P, K and S were
found non-significant due to different levels of Zn.
The application of zinc significantly increased
available zinc after harvest. The highest available zinc
(0.69 mg kg") was recorded with the application of 3
kg Zn ha'. Jha and Chandel (1987) reported that
availability of zinc increased significantly with the
increasing levels of zinc.

Interaction effect on available N, P, K, S and Zn:

The interaction effect on available N, P, K, S
and Zn was found non-significant.

Organic Carbon:
Effect of sulphur on organic carbon:

Application of sulphur @ 45 kg ha significantly
increased the organic carbon (4.02 gkg ) followed by
sulphur @ 30 kg ha’, where the organic carbon
content was recorded to the extent of 3.61 gkg .

Effect of zinc on organic carbon:

Similarly, the application of Zn @ 3 kg ha’
was found beneficial in maintaining significantly
highest organic carbon (4.0 g kg'). The increase in
organic carbon content due to increased levels of



sulphur and zinc can be attributed to the higher yield
resulted due to greater root biomass, crop residues
and stubbles. The increase in organic carbon under
soybean grown on Vertisols was due to increased
contribution from the biomass. Contribution from
root stubble could also be expected to improve
organic carbon status of soil (Thakurezal.,2011).

Interaction effect on organic carbon:

The interaction effect of sulphur and zinc was
found non-significant.

Effect of sulphur on microbial population
(bacteria, fungi and actinomycetes):

The bacterial population increased with the
crop growth period as well as with increased levels of
sulphur and zinc. Application of sulphur increased
significantly the bacterial population at 30 and 45
DAS. However, the bacterial population at 30 DAS
(6.92x 10" cfug'soil)and 45 DAS (8.12x 10 cfu g’
soil) was the highest with the application of sulphur @
30 kg ha'. As the crop growth period increased, the
population become more proliferate. It might be due
to more amount of leaf biomass, which provided more
amount of organic forms of carbon for food and
energy of microorganism. Further increase in sulphur
level resulted decrease in the bacterial population. It
indicates that, sulphur @ 15 kg ha" was the optimum
level for the growth of bacteria.

The population of fungi increased as the crop
growth period increased. However, decreased with
the increase in level of sulphur. The fungal population
was higher at 30 DAS (6.42 x 10° cfu g soil) and 45
DAS (7.13 x 10°cfu g" soil) where sulphur was not
applied.

The decreasing tendency of fungal
population of rhizosphere soil with increasing levels
of sulphur are also reported by Patil and Varade,
(1998). Their findings revealed that the decrease in
fungal population through sulphur application might
be due to fungicidal nature of sulphur.

The actinomycetes populations were also
reported in decreasing trend with increase in the
levels of sulphur. As the crop growth period
advanced, the actinomycetes population increased.
The diminishing trend of actinomycetes population
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due to sulphur application has also been reported by
Patil and Varade, (1998). It can be opined that
probably actinomycetes are not compatible with
sulphur oxidizing microorganisms, which build up in
soil due to increase in sulphur content.

Effect of zinc on microbial population (bacteria,
fungi and actinomycetes):

The effect of different levels of Zn on
bacterial and fungal population was found non —
significant. However, actinomycetes population was
increased with the levels of applied Zn. Significantly
higher actinomycetes population were recorded with
the application of Zn @ 3 kgha™ (5.13 cfux 10" g 'soil)
and (6.14 cfu x 10" g soil) respectively at 30 and 45
days of crop growth period.

Interaction effect on microbial population

(bacteria, fungi and actinomycetes):
The interaction effect on microbial

population was found non—significant.

Yield:
Effect of sulphur on grain yield of soybean:

The highest grain yield (19.64 q ha') was
recorded with the application of 30 kg S ha',which
was at par with S @ 45 kg ha' (18.20 q ha").The
results are in close agreement with the Pasricha and
Randhawa et al. (1973). They reported that soybean is
quite responsive to sulphur application and it has a
high sulphur requirement due to higher quantities of
proteins and sulphur containing amino acids, which
helped in higher grain yield in soybean.

Effect of zinc on grain yield of soybean:

Application of 3 kg Zn ha' recorded
significantly highest grain yield of soybean (20.38 q
ha"). This response in grain yield of soybean due to
increasing levels of zinc attributed to the role of zinc
in regulating growth hormones such as auxin which
promote starch formation and seed maturation. The
results are in conformity with the finding of
Bolusamy et al. (1996). They reported increase in the
yield with the application of Zn @ 10 kg ha’
alongwith FYM @ 10tha".

Interaction effect on grain yield of soybean:
Interaction effect on grain yield of soybean
was found non —significant.
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Table 1. Effect of sulphur and zinc on available nutrient status after harvest of soybean

Treatments Available Nutrient Status of Soil

N (kgha') P (kgha’) K (kgha') S (mgkg') Zn (mgkg’)
Sulphur Levels
Sy—0 kg ha™ 167 17.8 309 8.85 0.58
S,— 15kgha' 184 16.6 320 9.54 0.61
S,—30 kg ha 219 18.9 335 10.94 0.65
S;—45 kg ha 227 18.1 336 12.18 0.67
SE (m) + 3.55 0.56 3.38 0.22 0.33
CD at 5% 10.25 - 9.75 0.66 -
Zinc Levels
Zno—0 kg ha™ 188 16.8 320 9.99 0.62
Zn,—1 kg ha 194 17.7 326 10.22 0.63
Zn,—2 kg ha” 201 18.4 331 10.53 0.63
Zn;—3 kg ha™ 215 18.5 326 10.78 0.69
SE (m) + 3.55 0.56 3.38 0.22 0.33
CD at 5% 10.25 — — — 0.49
Interaction (S x Zn)
SE (m) + 7.11 1.12 6.76 0.45 0.66
CD at 5% - - - - -

Table 2. Effect of sulphur and zinc application on organic carbon at harvest of soybean

Sulphur

levels Organic carbon (g kg") Zinc levels Organic carbon (g kg")
So—0 kg S ha' 3.32 Zn,—0 kg Zn ha' 3.30

S~ 15kg S ha' 3.49 Zn;—1.0 kg Zn ha' 3.41

S,—30 kg S ha' 3.61 Zn,-2.0 kg Zn ha' 3.56
S;—45kg S ha' 4.02 7Zn;—3.0 kg Zn ha' 4.00

SE (m) + 0.03 SE (m) + 0.03

CD at 5% 0.10 CD at 5% 0.10

Interaction (S x Zn)
SE (m) + 0.12 0.24 0.29
CD at 5% - - -

0\ 2.85 4.02 4.08
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Table 3. Effect of sulphur and zinc on microbial population of rhizosphere

Sulphur Microbial Population

Levels Bacteria x10*cfu g’ Fungi x10°cfu g soil Actinomycetes x 10" cfu g soil
30 DAS 501145 DAS 30 DAS 45 DAS 30 DAS 45 DAS

Sulphur Levels

Sy—0 kg ha™ 7.48 8.42 6.42 7.13 5.49 6.53

Si— 15kgha' 8.05 9.07 6.03 6.70 4.92 5.97

S,-30 kg ha' 6.92 8.12 5.36 5.96 4.44 5.49

S;—45 kg ha 6.87 7.74 5.35 5.94 3.79 4.83

SE (m) + 0.24 0.23 0.21 0.18 0.23 0.34

CD at 5% 0.72 0.69 0.61 0.54 0.69 1.02

Zinc Levels

Zny—0 kg ha 6.86 8.27 5.30 5.90 3.79 4.83
Zn,—1kgha 7.30 8.06 5.93 6.60 4.83 5.88
Zn,—2 kg ha 7.56 8.42 591 6.57 4.90 5.94
Zn;—3 kgha™ 7.70 8.61 6.01 6.68 5.13 6.17
SE (m) + 0.24 0.23 0.21 0.18 0.23 0.34
CD at 5% - - - - - -

Interaction (S x Zn)
SE (m) £+ 0.5 0.45 0.32 0.36 0.46 0.69
CD at 5% - - - - - -

Table 4. Effect of different levels of sulphur and zinc on grain yield of soybean

Sulphur Levels Grain Yield (g ha™)  Zinc Levels Grain Yield (q ha™)

S¢—0 kg ha” 15.97 Zny—0kgha' 1582
Si—15kg ha_] 17.67 Zn—1 kg ha_1 17.73
S,—30 kg ha 19.64 Zn,—2kgha' 1897
S;—45 kg ha 18.20 Zn;—3kgha'  20.38
SE (m) + 0.48 SE (m) + 0.48
CD at 5% 1.40 CD at 5% 1.40
Interaction

SE (m) + 0.96

CD at 5% —
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GROWING CITRUS Sp. AT TELANGKHEDI GARDEN, NAGPUR (M. S.)

Rupali S. Rahate', S. P. Badole®’, W. P. Badole’, Ommala D. Kuchanwar'and D. M. Panchabhai’
ABSTRACT

Based on variation in physiography, five pedons of Telangkhedi garden, Centre of Excellence for Citrus
under Indo-Israel work plan, College of Agriculture, Nagpur were dugged and characterized for their physical and
chemical properties of soil during the year 2011. The soil of study area is shallow to medium deep with colour ranging
from very dark grey brown (10YR 3/2) to very pale brown (10YR 7/3). The dominant structure is moderate, medium
and subangular blocky type, but angular blocky structure is a common feature in slickensides zone of Vertisols. Soils
of this area are clay loam to clayey with more than 40 per cent clay, which increased gradually with depth. The silt and
sand content ranges from10.8 to 33.6 per cent and 10.4 to 25.7 per cent respectively. Bulk density of these soils varied
from 1.42 to 1.56 mg m". Relatively higher content of smectite clay resulted in higher moisture content at 33 and 1500
kPa suctions (i.e. at 33 kPa ranging from 20.7 to 44.9 per cent and 1500 kPa from 15.2 to 26.8 per cent). Soil was
slightly alkaline to moderately alkaline in reaction and non —saline as indicated by electrical conductivity. The CEC of
soil varied from 43.7 to 51.9 cmol (p+) kg . Majority surface and subsurface soil had relatively higher organic carbon
content (3.8 to13.3 g kg"). The calcium carbonate content found to be decreased with fineness of the soil aggregates of
this soil which ranged from 1.5 to 6.13 per cent. The exchangeable cations were in order of Ca > Mg > Na > K. The
available N, P, K and S varied from 188.16 to 238.33 kg ha™, 15.38 to 34.35 kg ha”, 168.0 to 616.0 kg ha” and 9.2 to 17.8
mg kg, respectively. The micronutrients DTPA-Zn, Fe, Cu and Mn in the soil varied from 0.32 to 1.66, 10.2 to 24.90,
0.33 to0 3.95 and 4.80 to 16.3 mg kg, respectively. The soil is deficient in available Zn. These soil are classified as fine
smectite (calcareous) Typic Haplustepts (P,, P, and P,) and fine smectite (calcareous) Vertic Haplusterts (P,and P,).

(Key words: Soil taxonomy, soil fertility, citrus suitability)

INTRODUCTION

Citrus consists of a group of fruits belonging
to the family Rutaceae. In India, citrus is grown in an
area of 8.46 lakh ha with the production of 74.64 lakh
tones and productivity is 8.8 MT ha"' (Anonymous,
2011). Among the state Maharashtra ranked first in
production followed by Andhra Pradesh and Madhya
Pradesh in national pool, accounting about 48 per cent
of total orange production in country (Anonymous,
2011). As citrus is an important crop of Maharashtra,
itis essential to study the distribution of the crop in the
states and to find out the areas of suitability for citrus
cultivation. Environmental suitability is an important
aspect which has a direct impact on the productivity
of the crop. Climatic variability is the principal
drivers of geographic distribution. Soil is the major
factor for determining the success or failure of citrus
plantation. The cultivation of citrus depends on
several factors like presence of free lime, excessive
salt, defective drainage, and presence of hard pan in
the sub-surface, soil texture, mineralogy of soil,
cation exchange capacity and soil fertility etc
(Srivastava, 2009). Different parent material gives
rise to different soils and their properties in a similar
pedo—climate; provide an opportunity to relate parent

material. The highest global citrus production comes
from the soils represented by the order Alfisol,
Uitisol, Entisol and Insceptisol (Srivastava and
Singh, 2002). The present investigation site was
Centre of Excellence for Citrus under Indo-Israel
work plan, College of Agriculture, Nagpur, where the
plantation of citrus species have to be undertaken and
this site have not yet been characterized and classified
for suitability of citrus species. It is therefore, the
present study was under taken to characterize,
classify and evaluate the fertility status of soils for
sustainable management and development of agro—
technology for its effective transfer to other areas
having comparable soil characteristics.

MATERIALS AND MEHODS

The present investigation site was Centre of
Excellence for Citrus under Indo-Israel work plan,
Telangkhedi garden, College of Agriculture, Nagpur.
It was the place where the plantation of citrus species
was undertaken. Nagpur is characterized by hot and
dry summer and fairly cold winter. The total area of
study was 7.08 ha, the five representative soil profiles
were selected by free survey and differences were
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seen by visual observations likely topography,
variation in colour, texture etc. The different horizons
were observed on the basis of change in
morphological characteristics in the layer of pedon as
per the procedures laid out in the Soil Survey Manual
(Anonymous, 1998). About 1.5 kg representative soil
sample from each horizons of various depth were
collected in cloth bag for laboratory characterization
(Table 1). The bulk soil samples were allowed to air
dry in shade and then weighed soil aggregates were
passed through 5 mm, 2 mm, and 0.5 mm sieve and
used for laboratory analysis. Particle size distribution
was determined as per the international pipette
method after oxidizing organic matter by using 2 mm
sample. The bulk density of soil was determined by
dry clod coating method (Black et al., 1965). Soil pH
and electrical conductivity was determined in soil
suspension (1: 2.5 soil: water) by a glass electrode pH
meter and conductivity bridge (Jackson, 1967).
Organic carbon was determined by the Walkley and
Black rapid titration procedure by using 0.5 mm
sample (Jackson, 1967). The calcium carbonate was
estimated by rapid titration method from different
size aggregate (Piper, 1966). Ammonium acetate
method was used to determine cation exchange
capacity of soil (Jackson, 1967). Exchangeable
calcium and magnesium were determined by using 1
N KClI triethanolamine buffer solution (pH 8.2) and
titrating the leachate with standard EDTA solution
using mureoxide and EBT as an indicator (Richard,
1954). Exchangeable sodium and potassium were
determined by leaching the soil with 1 N ammonium
acetate (pH 7) solution. Na+and K+ from the leachate
was estimated using flame photometer (Jackson,
1967). The available N was determined by alkaline
permanganate method as described by Subbiah and
Asija (1956). The soil was extracted with Olsen's
reagent 0.5 M NaHCO, of pH 8.5 and in the extract,
available P was estimated colorimetrically (Olsen, et
al.,1954). The available potassium was determined
by flame photometer method using neutral
ammonium acetate as extractant (Jackson, 1967). The
sulphur was estimated by extracting soil with
Morgan's solution and the resultant turbidity was
measured colorimetrically using blue filter (Chesnin
and Yien, 1950). The DTPA (Diethylene triamine
penta-acetic acid) (0.005 M) extractable (1:2, Soil:
DTPA) Fe, Mn, Zn and Cu were determined as per the
procedure outlined by Lindsay and Norvell, (1978)
using Atomic Absorption Spectrophotometer.
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RESULTS AND DISCUSSION

Morphological properties of soil :

The data regarding landscape characteristics
of the pedons are given in table 1. The surface
horizons of the soil had dark grey colour (Pedon 1),
greyish brown colour (Pedon 2) and brown colour
(Pedon 3, 4 and 5). The soil of subsurface horizons of
pedon 1, 2, 3 and 4 had pale brown to very dark
greyish brown colour and had very pale brown in
pedon 5 which may be attributed to their development
on basalt in situ (Pedon 2 and 3) and basaltic alluvium
(Pedon 1 and 5) associated with clay texture, smectite
mineralogy, organic carbon and drainage condition.
However, the subsurface horizon of pedon 4 and 5
soils had very pale brown to light grey colour
(rubbed) due to presence of powdery lime resulting in
variegated colour. The structure of the soil was
dominated by sub angular blocky with the exception
in pedon 2 and 3 in Ck horizon. The soil of pedon 2
and 3 showed most of the characteristics of Vertisols
such as slickensides and cracks below 60 cm. These
soils had well developed slickenside in Bssk and Ck
horizon in the subsoil and classified as Vertisols in
order of taxonomy. The dominant structure is
moderate, medium and subangular blocky type, but
angular blocky structure is a common feature in
slickensides zone of vertisols in Ahmednagar district
of Maharashtra (Ashokkumar and Prasad, 2010). The
soil structure of Vertisols is generally sub angular
blocky or blocky.

Physical characteristics of soil :

The particle size distribution showed
inflection in sand, silt and clay content in depth
distribution (Table 2). The sand content ranged from
10.4 to 25.7 per cent. The pedon 1 and 5 showed
considerable amount of sand. The higher values of
sand were observed in Bk horizon of pedon 5 (25.7
per cent) and lower value was observed in Ap horizon
of pedon 3 (10.4 per cent). The silt content was higher
in Bk horizon of pedon 5 (33.6 per cent) and lower
content of silt was 10.8 per cent in Ck horizon of
pedon 3. In trend silt content showed irregular trend in
all the pedons. All the soils irrespective of depth and
other properties had clay ranging from 40.7 per cent
(Pedon 5) to 70.8 per cent (Pedon 3). More than 35 per
cent clay in pedon 1 and 5 qualified for the particle



size at family level as clayey, while pedon 2 and 3 was
fine. Kadu et al. (2009) reported that clay content
increases with the increase in depth in black soil. Bulk
density values ranged from 1.42 to 1.56 Mgm " (Table
2). The highest value of bulk density 1.56 Mg m” was
observed in Ap horizon of pedon 5 and lowest value
1.42 Mg m” in Bk horizon of pedon 1. The bulk
density of soil increased with the depth of soil. Singh
and Agrawal (2005) also recorded increase in bulk
density with the depth which was attributed to lower
organic matter, more compaction and less
aggregation in soils of Eastern region of Varanasi. The
soil of pedon 2 and 3 showed higher water retention as
it contained more amount of clay. Soil of pedon 4 and
Srevealed low content of water at field capacity due to
considerable amount of sand content in it.

Chemical properties of soil :

As shown in table 3, the pH of studied soils
(1:2.5 soil: water suspension) ranged between 7.70 to
8.40 which indicates that the soil of study area was
slightly to moderately alkaline in soil reaction. The
electrical conductivity of soil ranged from 0.159 to
0.548 dSm". The surface layers had relatively higher
organic carbon than underlying horizons. The
calcium carbonate in general increased with the depth
and it ranged from 1.85 to 24.6 per cent in different
size soil aggregates. The cation exchange capacity
(CEC) of soils varied from 41.2 to 50.3 cmol (p+) kg .
The maximum and minimum values of CEC were
recorded in pedon 4 and 1 respectively. The cation
exchange capacity (CEC) of soils varied from 41.2 to
50.3 cmol (p+) kg . Likhar and Prasad, (2011) studied
the variation in soil and productivity of orange in
Nagpur district of Maharashtra and recorded the CEC
varied from 18.3t059.3 cmol (p ) kg .

The N, P, K and S ranged from 188.16 to
238.33, 15.38 t0 34.35, 168.0 to 616.0 kg ha' and 9.2
to 17.8 respectively. The DTPAZn, Cu, Fe and Mn in
the soil varied from 0.32 to 1.66, 0.33 t0 3.95,12.5 to
24.90 and 4.80 to 16.3 mg kg ' respectively. The soil is
deficientin available Zn.

Taxonomy :

Geologically the area consisted of Deccan
trap and alluvial soils. Pedon 1, 4 and 5 have
development of pressure faces in subsoil horizon and
slight increase in clay content, therefore classified in
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Inceptisols order. This area belongs to subtropical
climate so these soils have Ustic moisture regime
therefore grouped in Ustepts suborder. These soils did
not classify other great group so grouped in a
Haplustepts. These soils have depth more than 50 cm
therefore classified in a Typic subgroup. This soil
showed high calcium carbonate in subsurface horizon
and therefore grouped as calcic soil and having fine
texture. The black soil is form due to dominance of
smectite minerals. The pedon have more than 30 % of
clay in the earth fraction and hence these pedons are
classified under fine particle size class with smectite
mineralogy.

Pedon 2 and 3 were deep and are clayey in
texture showing the development of slickensides in
subsurface soil therefore grouped as Vertisols order
and due to Ustic soil moisture regime grouped as
Usterts. This soil also had Ustic soil moisture regime.
These soils do not qualify the other great group,
therefore classified as Haplusterts. These pedons
have more than 30 % of clay in the earth fraction and
hence these pedons are classified under fine particle
size class with smectite mineralogy. The study area
soil pedon 2 and 3 at site is taxonomically Fine
smectite (calcareous) Vertic Haplusterts.

Suitability assessment to citrus species :

As per Anonymous, 1994 the ideal soils for
citrus are deep (above 150 cm), well drained and well
structured silty clay to clayey with lots of organic
matter. The physicochemical characteristics of soil
influenced the yield and quality parameters of citrus,
which are pH, EC, texture, structure, bulk density,
content of organic matter and water retention
capacity. Citrus grows and fruits well in pH range of
6.5-7.5, however lower limit is 4 and upper limit is
8.5. The electrical conductivity of soil should be
below 1dSm" and calcium carbonate content below
10 per cent.

As per above criteria pedon 1 and 5 of these
site were not suitable owing to very severe limitation
of calcium carbonate, while pedon 2, 3 and 4 were
marginally suitable for plantation of citrus. As per
climatic charcterstics, the study area was moderatly
suitable under total rainfall condition, highly suitable
in length of growing period i.e 240265 days and
marginally suitable under mean temperature in
growing season for citrus. As per soil site
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Table 2. Physical characteristics of soil

Water Water

Size class and particle diameter retention  retention  AWC

Bulk  at 33 at 1500 (%)
Depth Horizon Density kPa kPa
Sand Silt Clay (Mgm™)
(2.0 —0.05) (0.05-10.002) (<0.002) (%) (%)

% of less than 2 mm

Pedon1:Clayey, Fine , Smectite (calcareous), Typic Haplustept

020 Ap 23.8 17.8 58.4 1.45 40.0 22.1 17.9

20-35 Bk 15.6 222 62.2 1.42 41.3 243 17.0

3590 Bwk 16.8 21.2 62.0 1.43 43.5 259 17.6
Pedon 2:Clayey, Fine , Smectite (calcareous), Vertic Haplustert

022 Ap 14.8 24.9 60.3 1.43 383 26.0 12.3

2245 B 15.7 21.7 62.6 1.44 42.4 25.8 16.6

45-60 Bwk 16.2 22.4 61.4 1.43 44.9 25.4 19.5

60-80 Bssk 17.2 222 60.6 1.48 42.3 25.0 17.3

80-90 Ck 20.9 224 56.7 1.49 44.5 26.8 17.7
Pedon 3:Clayey, Fine , Smectite (calcareous), Vertic Haplustert

025 Ap 10.4 26.2 63.4 1.46 38.9 22.8 16.1

2545 Bw 14.8 16.8 68.4 1.50 36.0 22.4 17.8

45-70 Bssk 15.2 235 61.3 1.49 32.8 20.0 13.6
70100 Ck 18.4 10.8 70.8 1.49 40.4 20.1 20.3
Pedon 4:Clayey, Fine , Smectite (calcareous), Typic Haplustept

0-25 Ap 14.6 15.6 69.8 1.49 30.1 17.2 12.9

25-50 Bwk 18.6 26.6 54.8 1.49 29.8 17.0 10.8
50400  Bwxk 22.8 28.3 48.9 — 24.7 15.8 8.9
Pedon 5:Clayey, Fine , Smectite (calcareous), Typic Haplustept

040 Ap 23.6 28.6 47.8 1.56 20.7 15.2 5.5

40-80 Bk 25.7 33.6 40.7 — 253 15.9 9.4




Table 3. Chemical characteristics of soil

Depth (cm) Horizon pH (1:2.5 H,0) EC (dS m™) Organic Carbon (g kg")
Pedon1:Clayey, Fine , Smectite (calcareous), Typic Haplustept
0-20 Ap 8.08 0.241 9.6
20-35 Bk 8.12 0.167 5.6
3590 Bwk 8.13 0.184 3.8
Pedon 2:Clayey, Fine , Smectite (calcareous), Vertic Haplustert
022 Ap 7.76 0.548 8.7
2245 B 7.86 0.499 7.3
45-60 Bwk 7.97 0.498 7.0
60-80 Bssk 8.12 0.234 5.9
80-90 Ck 8.15 0.318 5.3
Pedon 3:Clayey, Fine , Smectite (calcareous), Vertic Haplustert
025 Ap 7.70 0.350 10.1
2545 Bw 8.37 0.304 9.9
45-70 Bssk 7.99 0.257 9.0
70100 Ck 8.04 0.334 7.9
Pedon 4:Clayey, Fine , Smectite (calcareous), Typic Haplustept
0-25 Ap 7.74 0.172 133
25-50 Bwk 8.07 0.193 6.7
50100 Bw,k 7.99 0.159 4.4
Pedon 5:Clayey, Fine , Smectite (calcareous), Typic Haplustept
040 Ap 8.40 0.244 9.7
40-80 Bk 8.33 0.531 9.3

Table 4. Distribution of CaCO, according to soil aggregates size (%)

Depth Horizon >5mm Smm—2mm 2mm-.5mm <0.5mm
Pedonl:Clayey, Fine , Smectite (calcareous), Typic Haplustept
0-20 Ap 23.08 23.92 23.75 12.74
20-35 Bk 23.75 23.92 23.92 13.59
3590 Bwk 24.09 24.26 24.26 14.09
Pedon 2:Clayey, Fine , Smectite (calcareous), Vertic Haplustert
0-22 Ap 7.58 10.78 8.59 9.09
2245 B 9.60 10.44 6.90 6.40
45-60 Bwk 10.11 14.99 11.12 10.11
60-80 Bssk 14.65 19.71 17.52 11.79
80-90 Ck 24.26 24.43 23.75 12.41
Pedon 3:Clayey, Fine , Smectite (calcareous), Vertic Haplustert
0-25 Ap 1.85 421 3.37 2.52
2545 Bw 3.37 8.25 438 6.23
45-70 Bssk 5.56 8.25 6.40 7.07
70-100 Ck 8.42 11.45 14.40 11.79
Pedon 4:Clayey, Fine , Smectite (calcareous), Typic Haplustept
0-25 Ap 15.16 17.18 14.49 8.00
25-50 Bwk 16.34 17.52 16.68 8.42
50-100 Bwyk 24.93 24.60 24.26 12.46
Pedon 5:Clayey, Fine , Smectite (calcareous), Typic Haplustept
0-40 Ap 23.08 22.57 23.25 18.25
40-80 Bk 24.60 24.43 24.76 19.26
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Table 5. Exchangeable characteristics of soil

Exchangeable Cations BS
Depth (cm)  Horizon Ca™ Mg~ Na' K" Sum C.E.C
<——emol (p*) kg > (%)
Pedonl1:Clayey, Fine , Smectite (calcareous), Typic Haplustept
020 Ap 32.5 6.6 0.55 0.48 40.13 43.7 91.8
20-35 Bk 33.1 8.7 0.44 0.46 42.70 473 90.2
3590 Bwk 33.2 5.0 0.43 0.35 38.98 44.9 86.6
Pedon 2:Clayey, Fine , Smectite (calcareous), Vertic Haplustert
022 Ap 38.5 6.4 0.48 0.50 45.88 50.1 91.6
2245 B 38.7 7.3 0.46 0.44 46.94 51.0 92.0
45-60 Bwk 38.5 7.1 0.39 0.33 46.47 49.8 93.3
60-80 Bssk 37.9 7.0 0.39 0.30 45.73 47.5 96.2
80-90 Ck 34.1 6.0 0.58 0.40 41.08 43.7 94.0
Pedon 3:Clayey, Fine , Smectite (calcareous), Vertic Haplustert
025 Ap 36.4 7.6 0.50 0.45 45.01 49.8 90.3
2545 Bw 36.8 7.9 0.50 0.48 45.68 51.9 88.0
45-70 Bssk 35.1 7.7 0.48 0.46 43.74 46.7 93.6
70-100 Ck 354 7.2 0.31 0.46 43.37 50.3 86.2
Pedon 4:Clayey, Fine , Smectite (calcareous), Typic Haplustept
025 Ap 32.3 7.3 0.58 0.45 46.63 49.5 94.2
25-50 Bwk 33.0 7.5 0.54 0.45 40.49 45.1 90.6
5000 Bwk 34.5 6.4 0.52 0.45 41.93 47.2 88.8
Pedon 5:Clayey, Fine , Smectite (calcareous), Typic Haplustept
040 Ap 38.8 6.0 0.56 0.49 42.85 46.2 92.6
40-80 Bk 344 6.9 0.35 0.34 42.11 44.2 95.2
Table 6. Fertility status of soil
Depth Avail. N Avail. P,Os Avail. K,O Avail. S
(cm) (kg ha™) (kg ha™) (kg ha™) (mg kg)
Pedonl:Clayey, Fine , Smectite (calcareous), Typic Haplustept
020 231.24 31.29 545.0 11.5
2135 200.70 31.28 434.0 12.5
3590 188.16 22.05 3214 9.2
Pedon 2:Clayey, Fine , Smectite (calcareous), Vertic Haplustert
022 225.79 33.85 434.0 16.5
2345 213.24 31.80 350.0 13.1
45-60 213.24 25.64 252.0 12.6
60-80 200.70 24.10 181.2 12.6
80-90 188.16 20.51 195.0 10.5
Pedon 3:Clayey, Fine , Smectite (calcareous), Vertic Haplustert
025 238.33 25.64 616.0 14.5
2645 213.24 21.03 588.0 134
45-70 225.79 19.49 476.0 12.5
70100 200.70 15.38 420.0 9.5
Pedon 4:Clayey, Fine , Smectite (calcareous), Typic Haplustept
025 225.79 34.35 364.2 17.8
2650 213.24 28.72 280.0 14.5
50400 200.70 20.51 168.0 11.5
Pedon 5:Clayey, Fine , Smectite (calcareous), Typic Haplustept
040 200.70 32.82 392.0 12.7
40-80 188.16 25.64 307.0 11.5




Table 7. Micronutrient status of soil
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Depth Zn Cu Fe Mn
(cm) mg kg mg kg mg kg mg kg
Pedonl:Clayey, Fine , Smectite (calcareous), Typic Haplustept
0-20 0.39 0.59 15.3 8.55
2135 0.37 0.40 15.5 8.90
3590 0.33 0.34 12.2 7.50
Pedon 2:Clayey, Fine , Smectite (calcareous), Vertic Haplustert
0-22 0.99 2.01 24.9 16.3
2345 0.55 1.53 21.0 16.2
45-60 0.43 1.26 19.2 15.2
60-80 0.30 1.55 18.7 12.3
80-90 0.32 1.52 17.3 10.4
Pedon 3:Clayey, Fine , Smectite (calcareous), Vertic Haplustert
0-25 1.66 3.95 24 .4 15.2
2645 0.91 2.55 22.1 12.3
45-70 0.82 2.19 15.1 10.4
70-100 0.77 2.29 12.5 10.2
Pedon 4:Clayey, Fine , Smectite (calcareous), Typic Haplustept
0-25 0.33 2.67 18.0 8.78
2650 0.38 1.73 20.4 5.44
50100 0.32 1.66 19.0 4.80
Pedon 5:Clayey, Fine , Smectite (calcareous), Typic Haplustept
040 0.37 0.49 12.5 8.21
40-80 0.29 0.33 10.2 7.33

Table 8. Degree and limitation of soil suitablity for Citrus species

Total Length of tMeal! Soil Suitabilit
rai(;?all growing g?:vgn:z Slope Drainage Texture de;lth CaCO; pH EC mci:lslsl '
period (%) (%) (%) (H,0) (dSm?)
(mm) (days) seaoson (cm)
(@9
Sy
Sz Sl S3 Sl Sz S] S3 S4 Sz Sz Not
suitable
S3
Pedon2 o s, Ss s, S, S S S S S, Marginally
suitable
S;
Pedon3 o S, S, s, S, S S, S S S,  Marginally
suitable
Pedon 4 S.3
Sz Sl S3 Sl Sz S 1 S3 S3 Sz Sz Marglnally
suitable
Pedon 5 S
Sz S1 S3 S1 S2 S] S3 S4 Sz S2 Not

suitable




characterstics, the slope of the study area was ideal for
citrus cultivationi.e. 1 to 3 %, while drainage of study
area was moderatly well and shows moderate
limitation. As per the soil texture, all pedons were
suitable for plantation of citrus. According to soil
depth, all pedons were in severe limitation for citrus
plantation and these pedons were marginally suitable
for citrus plantation. Inspite of severe limitation and
nonsuitablity of pedon 1 and 5 and marginally
suitable pedon 2, 3 and 4 for citrus cultivation due to
maximum content of calcium carbonate which
directly or indirectly affect the availablity of nitrogen,
phosphorus, pottasium, magnesium, iron, managnese
and zinc. Such areas can bring under use for
development of nursury, poly house etc. Also this area
can bring under cultivation of citrus by following
certain land configurartion practicess like planting
trees on broad based ridges, application of water and
fertilizers through drip irrigation, addition of organic
manure and development of drainage facilities.
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SIMPLIFIED TRIPLE TEST CROSS ANALYSIS FOR YIELD, YIELD
CONTRIBUTING AND FIBRE TRAITS IN COTTON

(Gossypium hirsutum L.)
V. S. Jayade', Shanti R. Patil’, P. D. Peshattiwar’ and Vandana B. Kalamkar'

ABSTRACT

An experiment to study the additive, dominance and epistasis components of genetic variation was
conducted during kharif 2007-08 at Botany Farm, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola. Two
genotypes with extreme phenotypic selections viz., AKH-84635 (L,) and AKH-023B (L,) were used as female parents
(testers) and were crossed to each of ten genotypes viz., AKH-081, AKH-053B, AKH-9312, AKH-976, AKH-9913,
BBP-9,AKH-1174, LRK-516, 8660B, AKH-8828 used as male lines and obtained 20 F,'s. Observations were recorded
on days to 50 % flowering, plant height (cm), chlorophyll content (mg g"), number of bolls plant, seed cotton yield
plant’, lint yield plant” (g), ginning out turn (%), 2.5% span length (mm), Micronaire value (mg inch"), Fibre strength
(g tex”), uniformity ratio (%), maturity co-efficient and oil content (%). The test of epistasis indicated its presence for
all characters. The maximum epistatic variation was contributed by the parents viz., AKH-053B, AKH-1174, 8660B,
AKH-9913, AKH-976 and LRK-516. The mean squares due to sums and differences were significant for all the
characters studied. Both additive and dominance component were observed for all the characters, any how the
additive component were predominant for all the characters under study. Maximum dominance genetic variation
were contributed by the parents BBP-9, AKH-9312, LRK-516, AKH-1174, 8660B, AKH-081 and AKH-8828 for
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different economically important characters.

(Key words: Simplified triple test cross, epistasis, Gossypium hirsutumL.)

INTRODUCTION

Progress in the genetic improvement of yield
in any crop depends upon the genetic information
available on inheritance of quantitative traits i.e. yield
and yield component characters. Therefore,
knowledge of magnitude and type of genetic variance
has a great importance for cotton breeders dealing
with simultaneous improvement of fibre quality and
lint yield. Various biometrical methods have been
used in the past for estimating various types of gene
actions. In most of the mating designs, it is assumed
that non-allelic interactions are absent where as the
fact is often contrary to this assumption. The triple test
cross analysis and the simplified triple test cross are
considered as significant methods to estimate non
allelic intraction from the plant breeders view point.
The appropriate analysis of triple test cross and
simplified triple test cross yields information on
epistasis as well as additive and dominance
components. Hence, an attempt was made in this
study to adopt simplified triple test analysis method to
estimate the epistasis, additive and dominance type of
genetic component.

MATERIALS AND METHODS

Two genotypes with extreme phenotypic
selections viz., AKH-84635 (Rajat) (L,) and AKH—
023B (L,) were used as female parents and as testers

which were crossed to each of ten genotypes viz.,
AKH-081,AKH-053B, AKH-9312, AKH-976, AKH—
9913,BBP-9,AKH-1174,LRK-516,8660B and AKH—
8828 used as male lines and obtained 20 F,'s. The
crosses along with their respective parents were sown
in randomized complete block design replicated
thrice at the Farm of Department of Agricultural
Botany, PGI, Dr.P.D.K.V., Akola during kharif, 2006
and 2007. Data were recorded on days to 50 %
flowering, plant height (cm), chlorophyll content
(mg g"), number of bolls plant’, seed cotton yield
plant’, lintyield plant " (g), ginning out turn (%), 2.5%
span length (mm), micronaire value (mg inch ), fibre
strength (g tex '), uniformity ratio (%), maturity co—
efficient and oil content (%). Oil content in seeds was
estimated by Soxhlet method as suggested by
Sankaran (1966), and the total chlorophyll content of
leaves was estimated by DMSO method as suggested
by Arnon (1949).

The statistical analysis were performed for
simplified triple test cross as per the methodology
suggested by Jinks ez al. (1969).

RESULTS AND DISCUSSION

The data regarding test of epistasis for
different characters are presented in table 1 indicating
the presence of epistasis for all characters. Epistasis

1 & 2. Asstt. Professors, Botany Section, College of Agriculture, Nagpur
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(L + L,i — Pi) is an important component in the
inheritance of quantitative traits in cotton for all traits
under study. Epistasis for yield and its components
were also reported in cotton by Mehetre et al. (2003)
and Singh et al. (2009).

Estimates of individual line contribution to
the epistasis comparison (L,i + L,i — Pi) are given in
table 2. The parent AKH-9312 contributed maximum
epistatic variation for days to 50% flowering and oil
content. The parent AKH-053B showed maximum
epistatic variation for plant height and chlorophyll
content. AKH-1174 recorded maximum epistatic
variation for number of bolls plant ', ginning out turn,
seed cotton yield and lint yield. For micronaire value
8660B showed maximum epistatic variation. AKH—
9913 exhibited maximum epistatic variation for 2.5%
span length and uniformity ratio. The parent AKH—
976 recorded maximum epistatic variation for fibre
strength and uniformity ratio. LRK-516 showed
maximum epistatic interaction for maturity co—
efficient. Cockerham (1961) stated that the relative
merits of the current method of selection with regards
to epistatic gene actions are not known. However, the
presence of epistasis for economic traits could have
important implications in plant breeding programme.
It is difficult to determine the most efficient breeding
procedures when epistasis is operative. Standard
hybridization and selection procedures should take
the advantage of epistasis if it is of the additive and
additive x additive types of epistasis. Other types of
epistasis (additive x dominance, dominance X
dominance etc.) are not fixable by selection under self
fertilization and therefore, would not be favourable
for developing pure line cultivators. However, they
must be useful in the development of hybrid varieties.

The data regarding analysis of variance for
sum (L;i + L,i) and differences (L,i — L,i ) are
presented in table 3 and 4 respectively. The mean
squares due to sums (L,i + L,i) and due to difference
(L,i—L,1) were significant for all the character studied.
The additive (D) and dominance (H) components
were estimated for different characters under epistatic
model and data of the same are presented in table 5.
The additive (D) components were predominant for
all the thirteen characters studied. The predominance
of additive component for different economic
characters were also reported by Basal and Turgut
(2005) and Singh et a/. (2009).
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The data regarding estimates of individual
line contribution to the additive and dominance
components are presented in table 6 and 7
respectively. The maximum additive genetic variance
was contributed by the parent BBP-9 for days to 50%
flowering, seed cotton yield and lint yield and
dominance genetic variance for 2.5% span length,
fibre strength and oil content. AKH-9312 showed
additive genetic variation for plant height, 2.5% span
length, maturity co-efficient and oil content and
showed dominance genetic variation for uniformity
ratio. LRK-516 exhibited additive genetic variation
for number of bolls plant’ and maturity co-efficient,
which also exhibited dominance genetic variation for
seed cotton yield and lint yield. The parent AKH-1174
showed maximum additive genetic variation for
ginning out turn and dominance genetic variation for
days to 50% flowering, ginning out turn and
chlorophyll content. The parent 8660B recorded
maximum additive genetic variation for micronaire
value and maturity co-efficient and the same parent
also recorded dominance genetic component for plant
height. The parent AKH-9913 exhibited maximum
additive genetic variation for fibre strength and
uniformity ratio and AKH-053B for chlorophyll
content. Similarly AKH-081 showed maximum
dominance genetic component for maturity co—
efficient and AKH-8828 for micronaire value. The
parents with high additive genetic variation may be
utilized in cotton breeding programme on the basis of
general combining ability effects, and the parents
with dominance genetic variation may be utilized in
cotton hybrid breeding programme on the basis of
specific combining ability and heterosis.

Chahal and Singh (1974) reported that
simplified triple test cross yields comparatively
unbiased estimates of degree of dominance in the
presence of epistasis. The magnitude of additive and
dominance components is affected by the presence of
epistasis for all characters under extreme phenotypic
selection. IfL, and L, testers do not differ at all loci it
may be wrongly concluded that epistasis is present
when it is not and may underestimate or overestimate
the additive component and underestimate the
dominance component (Virk and Jinks, 1977). In the
present study, it was not possible to test the adequacy
of the testers. The choice of appropriate tester for
simplified triple test cross is therefore crucial.
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The limitation, however, lies in the difficulty of
finding a pair which fulfills the condition of
simplified triple test cross for all characters. The
testers, which are suitable for one character might fail
to detect interaction between genes for other
characters.

In the present study, both additive (D) and
dominance (H) component of genetic variation
played an important role in the inheritance of
characters under study. Therefore, it is suggested that
both additive and dominance genetic variation can be
exploited. For capitalizing the additive genetic
variation, selective intermitting in F, generation
should be followed and further segregating material
should be carried by single seed descent method to
obtain superior recombinant lines. The parents with
maximum additive genetic variation will be useful for
improvement of economic traits and may be utilized
in hybridization programme. Similarly, the maximum
dominance genetic variation were contributed by the
parents BBP-9, AKH-9312, LRK-516, AKH-1174,
8660B, AKH-081 and AKH-8828 will be exploited
for heterosis breeding programme.
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INFLUENCE OF SULPHUR OXIDIZING FUNGI ON GROWTH AND YIELD OF

SOYBEAN
Kadali Satyakala', K. D. Thakur’ and Anusha Alladi’

ABSTRACT

Efficacy of two sulphur oxidizing fungal cultures viz., Trichoderma harzianum and Aspergillus niger
individually and in combination with sulphur was evaluated in soybean crop in field trial at research farm of Plant
Pathology Section, College of Agriculture, Nagpur during kharif, 2012. The yield parameters viz., number of pods
plant’, grain yield and 1000 grains weight increased significantly due to inoculation of cultures under study with or
without sulphur fertilizer. The treatment of 7. harzianum and recommended dose of fertilizer (30:75:30 NPK kg ha™)
with sulphur (15 kg ha™) had given maximum response in respect of number of pods plant”, grain yield and 1000
grains weight. The number of pods plant’, grain yield and 1000 grains weight were increased from 47.30 to 68.34,
823.00 to 1590.00 kg ha™ and 111.21 to 127.43 g by this treatment respectively over uninoculated control. The
inoculation of 7. harzianum + Sulphur (15 kg ha") + RDF could increase available sulphur content in soil from 13.36 kg
ha™ in control to a maximum of 19.60 kg ha" and sulphur uptake ranging from 250.00 to 322.33 mg 100 g" plant dry

weight when compared with control.

(Key words: Sulphur oxidizing fungi, yield, sulphur uptake, soybean)

INTRODUCTION

Soybean [Glycine max (L.) Merrill] is well
known oilseed as well as pulse crop which is grown in
various countries. Pulses and oilseeds are important
constituents of Indian diet and supply a major part of
the protein requirement. Soybean supplies 20 per cent
oil and 40 per cent protein.

Sulphur is one of the seventeen essential
nutrients and it is a structural component of amino
acids, proteins, vitamins and enzymes and is essential
to produce chlorophyll. Sulfur ranked equal to
nitrogen for optimizing crop yield and quality. It
enhances the efficiency of nitrogen for protein
manufacture (Tucker, 1999). The major reservoir of
sulphur in soil is an unavailable elemental and
reduced form of sulphur. Plants generally utilize the
oxidised state of sulphate (SO,”) and therefore, it
must first be oxidized before it can be used by crops.
Most agricultural soils contain some micro organisms
that are able to oxidize sulphur. The micro organisms
are mainly responsible to make available sulphate
from elemental or reduced forms of sulphur through
its oxidation process with the intermediate formation
of thiosulphate (S,0,”) and tetrathionate (S,0,”) in
soils (Anandham and Sridar, 2004). Sulphur
oxidizing fungi appear particularly useful for
oxidation purpose since their spores or mycelia can be
produced economically in large quantities and have
good survival characteristics, both in the inoculants
and in soil. Reports showed that combined

inoculation of Thiobacillus thioxidans and
Aspergillus niger, Trichoderma harzianum,
Myrothecium cinctum, Aspergillus terreus with
sulphur improved soybean grain yield and protein
content (Shinde et al.,2004). Therefore, the study was
undertaken to determine performance of sulphur
oxidizing fungi on yield parameters of soybean,
available sulphur in soil and on sulphur uptake.

MATERIALS AND METHODS

The sulphur oxidizing fungi were isolated
from soil samples collected from selected spots of
different oilseed crops i.e. sesame, mustard, linseed
and soybean fields of Agronomy Section, College of
Agriculture, Nagpur. These isolates were further
purified and screened for sulphur oxidizing ability in
potato dextrose agar medium and czapek dox medium
respectively. From these, two isolates i.e. Aspergillus
niger and Trichoderma harzianum were selected for
further experiment. A field experiment was conducted
in randomized block design with three replications
during kharif, 2012. There were nine treatments
comprising of two fungal cultures and two sulphur
levels (Table 1). The recommended dose of NPK
(30:75:30 kg ha") was applied in the form of DAP and
MOP, sulphur in the form of elemental sulphur
powder. The cultures were multiplied in modified
sulphur medium (Wainwright, 1978) and when they
attained 10" cfu ml" strength, each one was mixed in
1:2 (v/w) carrier. Then each of the cultures @ 250 g 10
kg' of JS335 seed of soybean were treated. The yield
parameters of soybean viz., number of pods plant’,
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grain yield and 1000 grains weight were studied. Five
plants from each net plot were uprooted at harvest and
all the developed pods were plucked and counted to
estimate number of pods plant . The available sulphur
content in soil and sulphur uptake by plant was
analyzed by turbidimetric method (Chopra and
Kanwar, 1980).

RESULTS AND DISCUSSION

The influence of sulphur oxiding fungal
cultures with and without sulphur on the growth and
yield of soybean plant was found to be significant.
Particularly, inoculation of Trichoderma harzianum
culture along with sulphur (15 kg ha') showed
significantly superior performance over all other
treatments under study.

It is revealed from the data that number of
pods plant” were increased due to the cultures under
study with and without sulphur over control. The
maximum number of pods (68.34 plant’) were
recorded in the treatment Trichoderma harzianum
culture and recommended dose of fertilizer along
with sulphur (15 kg ha') and it was significantly
superior over rest of the treatments and control. Next
to this treatment application of Aspergillus niger
culture and recommended dose of fertilizer along
with sulphur (15 kg ha") significantly better than the
remaining treatments except Trichoderma harzianum
+ recommended dose of fertilizer + Sulphur (10 kg
ha"). The remaining less effective treatments were
viz., Aspergillus niger + recommended dose of
fertilizer + Sulphur (10 kg ha™), Sulphur (20 kg ha) +
recommended dose of fertilizer, Trichoderma
harzianum + recommended dose of fertilizer,
Aspergillus niger + recommended dose of fertilizer,
recommended dose of fertilizer in a descending
manner. The minimum number of pods (47.30 plant ')
was recorded in uninoculated control. Similar trend of
results was noticed in respect of grain yield. The
maximum grain yield (1590 kg ha") was obtained in
Trichoderma harzianum culture and recommended
dose of fertilizer along with sulphur (15 kg ha')
treatment and minimum Weight of 1000 grains per
treatment was also noticed to be the maximum
(127.43 g) with the treatment of Trichoderma
harzianum culture and recommended dose of
fertilizer along with sulphur (15 kgha"). Shinde et al.
(2004) in soybean reported that the number of pods,
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grain yield and 1000 grains weight were significantly
increased due to combined inoculation of
Thiobacillus thioxidans and Aspergillus niger,
Trichoderma harzianum, Myrothecium cinctum,
Aspergillus terreus with sulphur. These results were
conformed during the present studies so far as T.
harzianum and A. niger are concerned. Shinde et al.
(2010) in cotton reported that the number of picked
bolls and seed yield were significantly increased due
to combined inoculation of Scolecobasidium
constrictum, Myrothecium cinctum, Aspergillus
terreus, Thiobacillus thioparus and T thiooxidans.

The available sulphur content in soil
increased due to inoculation of sulphur oxidizing
fungi in conjunction with sulphur application. The
maximum available sulphur (19.60 kg ha') was
observed in the treatment of Trichoderma harzianum
culture and recommended dose of fertilizer along
with sulphur (15 kg ha') and it was at par with
Aspergillus niger culture and recommended dose of
fertilizer along with sulphur (15 kg ha') treatment.
Next to these treatment applicaton of Trichoderma
harzianum + recommended dose of fertilizer +
Sulphur (10 kg ha') and Aspergillus niger +
recommended dose of fertilizer + Sulphur (10kgha).
The sulphur treatment alone also helped in increasing
available sulphur level in soil from 13.36 kg ha' to
17.40 kg ha''. The less effective treatments were viz.,
Trichoderma harzianum + recommended dose of
fertilizer and Aspergillus niger + recommended dose
of fertilizer. The minimum available sulphur (13.36
kgha') was recorded in uninoculated control. Kadam
etal.(2004) and Shinde ez al. (2010) in soybean found
increased available sulphur content in soil due to
combined inoculation of Thiobacillus thioxidans and
Aspergillus niger, T