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Influence of Integrated Nutrient Management on Microbial Biomass and
Enzymes under Long term Rice-rice Cropping System in Alfisols
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ABSTRACT

Soil microbial biomass dynamics and the activity of soil enzymes were studied in different integrated
nutrient management treatments in rice-rice cropping system in Alfisols of southern Telangana zone of Andhra
Pradesh during 2005-06 and 06-07. The substitution of 25 or 50% N fertilizer with Glyricidia significantly enhanced
the CO, evolution indicating, higher respiration rate than the fertilized soil in the upper 0 to 15 cm depth. The effect
of different integrated nutrient management treatments did not increase the microbial biomass significantly over
the complete reliance on fertilizing the crop with optimum nutrient requirement. The biochemical assay indicated
higher enzymatic activity in the upper 0 to 15 than 15 to 30 cm depth of the soil. The influence of FYM, paddy
straws, as well as Glyricidia was superior on enzymatic activity when combined with fertilizers.
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Rice-rice is the most predominant cropping
system in southern Telangana zone of Andhra
Pradesh state. Impaired soil fertility due to
indiscriminate application of nutrients through the
fertilizers has become major threat for the
productivity. The soil micro organisms are the
primary driving forces for many chemical and bio-
chemical processes that influence the nutrient
cycling, soil fertility and global carbon change.
Measurement of microbial biomass, carbon, organic
matter, soil respiration and N mineralization or
available N gives a reliable profile of soil biological
quality. Saha et al., (1995) and Sharma and Gupta
(1998) reported the enrichment in microbial
population due to organic additions and integrated
supply of nutrients. Hence, an investigation was
made to understand soil microbial biomass dynamics
and the activity of soil enzymes viz., urease, acid
phosphatase, alkaline phosphatase, and
dehydrogenase in different integrated nutrient
management (INM) treatments.

MATERIAL AND METHODS

The investigation was conducted during
2005-06 and 2006-07 in Alfisols of southern
Telangana zone of Andhra Pradesh. The
experiment was conducted on a sandy clay loam
soil on which rice is grown continuously in both

kharif and rabi seasons since 1988 at Agricultural
College Farm, Rajendranagar, Hyderabad. The
experiments were laid out in a randomized block
design with 12 treatments (Table 1) in three
replications. Rice variety namely RNR 23064 was
planted adopting a spacing of 20 cm x 10 cm in
59.8 m? sized plot. The soil samples were collected
with soil auger at random from each treatment plot
at 0-15 and 15-30 cm depth before transplanting,
panicle initiation and harvesting stages of the crop
in each season. Soil microbial biomass was
estimated by fumigation extraction technique
(Sparling and West, 1988) while, soil respiration
(CO, evolution) was estimated by titration method
(Jaggi, 1976). Activities of different enzymes viz,
urease (u g NH, " released g ' soil hr') (Tabatabai
and Bremner, 1972), acid phosphatase and alkaline
phosphatase (ug of p-nitrophenol - released g soil h!)
(Tabatabai and Bremner (1969) and dehydrogenase
(mg of TPF produced g! soil d') (Casida et al.,
1964) were estimated following the standard
protocols.

RESULTS AND DISCUSSION
Microbial biomass

The microbial biomass was significantly
influenced by different nutrient management
strategies in rice-rice cropping system in the upper
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Sl. No Kharif Rabi

T, No fertilizers, No organic manures No fertilizers, No organic manures

T, 50 % Rec. NPK dose through fertilizers 50 % Rec. NPK dose through fertilizers

T, 50 % Rec. NPK dose through fertilizers 100 % Rec. NPK dose through OM

T, 75 % Rec. NPK dose through fertilizers 75 % Rec. NPK dose through fertilizers

T 100 % Rec. NPK dose through fertilizers 100 % Rec. NPK dose through
120:60:60 kg ha™! fertilizers120:60:60 kg ha™!

T, 50 % Rec. NPK dose through fertilizers + 100 % Rec. NPK dose through fertilizers
50 % N through FYM

T, 75 % Rec. NPK dose through fertilizers + 75 % Rec. NPK dose through fertilizers
25 % N through FYM

T, 50 % Rec. NPK dose through fertilizers + 100 % Rec. NPK dose through fertilizers
50 % N through paddy straw

T, 75 % Rec. NPK dose through fertilizers + 75 % Rec. NPK dose through fertilizers
25 % N through paddy straw

T, 50 % Rec. NPK dose through fertilizers + 100 % Rec. NPK dose through fertilizers
50 % N through glyricidia

T, 75 % Rec. NPK dose through fertilizers + 75 % Rec. NPK dose through fertilizers
25 % N through glyricidia

T, Conventional farmers practice 80:50:20 kg  Conventional (farmers) practice 80:50:20 kg ha!

ha! NPK

NPK

Table 2. Influence of integrated nutrient management treatments on microbial biomass
(ng! g' soil) in rice-rice cropping system at 0-15 cm.

Treatments

2005-06

2006-07

Transplanting  Panicle initiation Harvesting Transplanting Panicle initiation Harvesting

Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi
T, 170.6 1583 1852 164.6 98.3 826 171.2 1592 1883 1642 99.6 83.5
T, 200.2 180.6 212.6 188.3 110.2 93.6 2044 181.1 2163 189.6 112.0 94.2
T, 198.6 181.8 210.5 187.6 1054 924 2003 1823 2158 187.8 110.1 94.2
T, 200.8 1783 2154 186.5 1082 932 205.8 181.5 220.6 188.5 111.5 94.5
T, 205.5 185.6 219.2 191.2 110.5 96.8 209.6 1864 224.6 1923 109.6 94.2
T, 200.4 186.3 2152 192.6 107.5 947 206.8 1822 2205 1923 1162 973
T, 210.3 181.5 2254 189.8 1152 926 2163 1834 231.6 190.1 1202 94.2
T, 2154 190.4 230.6 197.2 1182 982 219.6 191.2 2362 197.6 123.3 942
T, 220.2 186.2 2355 1914 1202 99.2 2263 187.6 2419 1923 121.6 99.0
T, 222.3 171.2 2403 198.8 120.6 103.1 227.6 1923 246.5 198.8 122.3 104.2
T, 222.6 189.4 2524 1934 1205 952 2268 190.7 257.8 194.0 126.0 100.2
T, 190.8 172.8 211.5 1752 1022 89.8 193.6 173.2 2152 176.0 103.6 90.0
SE + 8.9 74 99 108 8.05 7.7 128 9.0 10.5 89 6.1 7.8
CDat5% 18.6 154 20.6 225 16.7 148 265 186 21.8 184 10.7 7.8
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Table 3. Influence of integrated nutrient management treatments on microbial biomass (pg' g' soil) in
rice-rice cropping system at 15-30 cm.

Treatments 2005-06 2006-07

Transplanting  Panicle initiation Harvesting Transplanting Panicle initiation Harvesting

Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi

T, 112.6 101.6 1222 1072 650 563 113.5 101.8 122.6 107.6 650 57.2
T, 134.8 112.4 1448 117.8 758 62.8 1352 113.2 1452 1181 76.1 63.0
T, 135.2 120.8 1456 1252 762 64.6 1352 1193 1456 1262 76.1 649
T, 136.8 121.2 148.8 1264 783 64.6 137.0 1224 149.0 1262 782 6.0

T, 144.6 125.5 153.6 1288 80.8 684 150.0 126.0 153.8 1293 81.0 69.0
T, 142.3 1322 1502 1364 822 71.8 142.6 1328 150.6 137.6 826 72.0
T, 145.4 130.3 1555 1342 864 702 145.8 1314 156.0 137.6 87.0 70.0
T, 150.2 131.5 160.4 135.8 89.2 747 150.0 1314 160.8 137.6 89.8 22.1
T, 155.8 129.3 1652 134.6 90.8 70.2 1562 130.0 1658 1357 912 723
T, 158.2 132.7 170.6 1372 952 723 158.8 133.7 1712 1382 96.6 763
T, 160.2 131.6 1763 1355 90.6 71.0 160.6 130.0 1869 136.2 103.0 71.6
T, 135.4 1194 146.0 122.7 792 68.6 175.6 1202 1462 1229 80.0 69.0
SE + 10.0 113 88 115 6.2 71 119 115 138 90 7.6 4.7

CD at 5% 20.8 234 182 239 128 147 246 238 286 186 157 9.8

Table 4. Influence of integrated nutrient management treatments on respiration(pug CO, g'soil 24 h') in
rice-rice cropping system at 0-15 cm.

Treatments 2005-06 2006-07

Transplanting Panicle initiation Harvesting Transplanting Panicle initiation Harvesting

Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi

T, 0.082 0.070 0.090 0.090 0.050 0.040 0.088 0.080 0.095 0.085 0.050 0.042
T, 0.105 0.090 0.115 0.105 0.055 0.045 0.119 0.100 0.128 0.110 0.055 0.050
T, 0.117 0.095 0.125 0.105 0.058 0.050 0.123 0.105 0.130 0.115 0.060 0.055
T, 0.110 0.090 0.125 0.105 0.055 0.045 0.117 0.103 0.125 0.115 0.060 0.050
T, 0.115 0.095 0.125 0.105 0.058 0.050 0.125 0.105 0.128 0.115 0.060 0.058
T, 0.120 0.100 0.130 0.110 0.060 0.050 0.125 0.110 0.135 0.120 0.065 0.060
T, 0.125 0.105 0.130 0.115 0.065 0.055 0.120 0.115 0.130 0.115 0.065 0.055
T, 0.127 0.105 0.140 0.120 0.065 0.055 0.132 0.115 0.142 0.128 0.068 0.060
T, 0.120 0.105 0.130 0.130 0.060 0.056 0.130 0.110 0.140 0.132 0.068 0.060
T, 0.182 0.130 0.195 0.145 0.075 0.070 0.185 0.140 0.200 0.158 0.080 0.075
T, 0.164 0.110 0.190 0.103 0.070 0.060 0.168 0.130 0.180 0.140 0.075 0.065
T, 0.115 0.090 0.120 0.105 0.056 0.045 0.120 0.100 0.125 0.110 0.058 0.050
SE + 0.010 0.009 0.011 0.007 0.005 0.004 0.008 0.009 0.010 0.004 0.005 0.005

CD at 5% 0.022 0.018 0.024 0.015 0.010 0.008 0.016 0.019 0.021 0.009 0.012 0.010
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Table 5. Influence of integrated nutrient management treatments on respiration (ug CO, g soil 24 h') in
rice-rice cropping system at 15-30 cm.

Treatments 2005-06 2006-07

Transplanting  Panicle initiation Harvesting Transplanting Panicle initiation Harvesting

Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi

T, 0.075 0.072 0.076 0.074 0.050 0.059 0.076 0.082 0.082 0.082 0.060 0.060
T, 0.102 0.107 0.110 0.107 0.056 0.054 0.112 0.110 0.120 0.095 0.065 0.055
T, 0.110  0.107 0.115 0.110 0.056 0.054 0.125 0.117 0.120 0.125 0.062 0.057
T, 0.110  0.107 0.115 0.113 0.058 0.054 0.125 0.119 0.120 0.125 0.062 0.057
T 0.115 0.114 0.120 0.118 0.058 0.054 0.125 0.124 0.120 0.125 0.065 0.057
T, 0.115 0.112 0.110 0.108 0.060 0.58 0.125 0.124 0.120 0.127 0.065 0.059
T, 0.120 0.122 0.115 0.118 0.063 0.060 0.130 0.135 0.120 0.125 0.065 0.058
T, 0.125 0.118 0.120 0.120 0.066 0.066 0.135 0.130 0.125 0.140 0.065 0.058
T, 0.125 0.124 0.125 0.128 0.063 0.062 0.135 0.135 0.125 0.145 0.060 0.062
T, 0.180 0.125 0.130 0.130 0.065 0.066 0.160 0.140 0.130 0.148 0.065 0.064
T, 0.170  0.120 0.125 0.128 0.063 0.062 0.150 0.135 0.130 0.140 0.065 0.062
T, 0.105 0.106 0.110 0.112 0.052 0.055 0.110 0.116 0.115 0.125 0.065 0.056
SE + 0.012 0.013 0.015 0.013 0.008 0.004 0.010 0.009 0.013 0.006 0.005 0.007

CDat5% 0.026 0028 0031 0027 NS NS 0021 0018 0.028 0012 NS NS

Table 6. Influence of integrated nutrient management treatments on urease activity (ug NH,g" soil h™')
in rice-rice cropping system at 0-15 cm.

Treatments 2005-06 2006-07

Transplanting Panicle initiation Harvesting Transplanting Panicle initiation Harvesting

Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi

T, 3.15 300 351 243 1.55 1.57 320 3.13 275 252 1.65 1.62
T, 3.75 356 480 462 1.64 168 3.66 356 461 469 171 1.62
T, 3.87 375 480 462 1.64 268 394 376 495 473 1.66 2.68
T, 4.06 400 522 500 1.80 272 410 428 527 522 182 176
T, 4.25 417 580 555 298 287 434 428 591 564 284 282
T, 4.44 417 576 560 277 280 557 415 586 564 275 287
T, 4.24 400 6.60 515 277 280 6.06 415 633 564 282 262
T, 4.24 425 575 560 277 290 485 452 578 573 284 287
T, 4.35 400 520 545 285 290 491 415 522 583 284 2%
T, 435 430 586 577 293 295 539 445 596 564 293 2098
T, 4.28 420 648 560 295 295 628 425 620 575 295 298
T, 3.90 386 513 479 1.62 163 457 397 507 481 163 1.65
SE + 0.21 0.18 056 078 0.15 0.12 020 0.18 0.87 0.81 0.03 0.02

CDat5% 043 038 120 1.63 031 024 041 037 180 1.68 0.06 0.04
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layer of 0-15 cm soil depth (Table 2). The unfertilized
soil had a low biota than the fertilized and integrated
supply of nutrients through the inorganic and organic
sources. The application of 50 % recommended
dose of nutrients through the fertilizers significantly
increased the microbial biomass consistently during
transplanting and panicle initiation during the two
year rice-rice rotation. The microbial biomass was
high due to the substitution of 25 or 50 % N fertilizer
with FYM, paddy straw or glyricidia in the kharif
season as compared to the unfertilized soil. The
lower depth of the soil at 15-30 cm hosted far less
microbial biomass per gram in different treatments
as compared to the upper layer (Table 3). The
microbial biomass of the soil increased rapidly by
the application of different levels of fertilizers. This
improvement was similar due to the application of
optimum dose of fertilizers and the substitution of
N fertilizer with FYM, paddy straw or Glyricidia
and application of recommended dose of fertilizers.
Since the microbial biomass mg C g! soil
accumulation in the soil is a dynamic property, it
could be possible that the readily available nutrients
from the chemical fertilizer were utilized by the
micro organisms which in turn also depended on
the incorporated organic matter for its decomposition
thereby improving the organic content of the soil.
Selvi et al., (2004) also observed an increase in
the microbial biomass with increase in the level of
fertilizers.

Soil respiration

The respiration of soil was measured in
terms of carbon dioxide (CO,) released per gram
after 24 hours under the influence of different
integrated nutrient management treatments at 0-15
cm depth (Table 4). The soil had a poor respiration
without the external input of manures and fertilizers.
The application of 50 % recommended dose of
fertilizers both in kharif and rabi significantly
increased the CO, evolution at transplanting and
panicle initiation stages of the crop during both the
years. The incorporation of green leaf manures
through glyricidia by substituting 25 or 50 % N
fertilizer in the kharif season was more effective
than the application of fertilizer alone during kharif
and rabi season. Though the soil respiration was
relatively less in the lower layer of 15-30 than the
upper 0-15 cm depth similar trend was followed

Influence of INM on microbial biomass and rice cropping system in alfisols
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(Table 5). Increase in the microbial biomass with
increase in the level of fertilizers significantly
increased the soil respiration as indicated by the
large quantity of CO, released as compared to the
unfertilized soil. This trend was existed at different
stages of crop growth during the two years. The
combined application of FYM or paddy straw by
partly substituting the N fertilizer to the extent of
25 or 50 % had a similar effect as with the
application of recommended dose of fertilizers. The
increase in bacterial number in response to chemical
fertilizers may be attributed to better nutrient status
of the soil. This effect was greater in the green
manure treatment. Kang et al., (2005) also
reported increase in microbial content and CO,
evolution in response to fertilization. The effect of
green manure in improving the microbial biomass,
potentially mineralizable N and phosphatase activity
was more pronounced than FYM and wheat straw
treatments, probably because green manure
degrades faster than these materials. The relative
variation in CO, evolution due to the three organic
sources partly substituted for N fertilizer in the
present investigation could probably be due to their
variation in C / N ratio which altered the rate of
decomposition (Sharma and Bordoloi, 1994). Since
Glyricidia twigs are tender and succulent with
narrow C / N ratio of 12:1, they decompose rapidly
while the paddy straw with a wider C / N ratio of
79 perhaps decomposed very slow. Although farm
yard manure also has a relatively narrow C / N
ratio than paddy straw, it had already undergone
substantial decomposition before its incorporation
into the soil. Higher CO, evolution is an indication
of higher C content of green manured soil.

Activity of enzymes
Urease (EC 3.5.1.5)

An over view of the pattern indicated that
the urease enzyme activity increased from
transplanting to panicle initiation stage of rice in
the kharif as well in rabi season during both the
years at 0-15 cmdepth (Table 6). This was followed
by a steep fall at harvest stage of the crop. The
application of 50 % recommended dose of fertilizers
increased the activity of ammoniaat transplanting,
panicle initiation and harvesting in kAarif 2005-06.
The amount of ammonia per gram soil per hour
showed that the activity of urease was relatively
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Table 7. Influence of integrated nutrient management treatments on urease activity (ug g' soil h') in
rice-rice cropping system at 15-30 cm.

Treatments

2005-06

2006-07

Transplanting Panicle initiation Harvesting Transplanting Panicle initiation Harvesting

Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi
T, 3.02 2778 385 282 054 052 315 280 3.06 286 055 055
T, 3.28 317 465 460 1.65 1.66 330 355 473 462 1.65 1.65
T, 3.58 373 465 460 1.65 264 365 375 473 462 1.65 265
T, 3.89 460 504 512 080 070 393 398 512 515 1.82 1.70
T, 3.89 415 525 545 195 282 393 416 533 548 295 280
T, 4.15 415 625 546 280 284 420 419 6.17 548 282 2.86
T, 4.30 408 592 505 275 280 435 410 6.17 510 276 2.82
T, 4.30 415 565 555 275 280 435 419 578 548 276 281
T, 4.55 406 504 546 265 282 420 465 533 548 270 2.82
T, 4.30 429 525 546 280 288 435 425 533 50 282 287
T, 4.30 406 565 512 275 284 435 410 578 520 276 2.85
T, 3.50 373 493 458 158 1.60 3.65 375 498 4.60 1.60 0.162
SE + 0.10 023 047 0.78 033 023 0.13 041 042 0.64 032 034
CDat5% 0.22 048 098 1.62 0.69 048 026 0.85 0.88 132 0.66 0.71

Table 8. Influence of integrated nutrient management treatments on acid phosphates activity
(p — nitrophenol g 'soil h'') at 0—15cm depth.

Treatments

2005-06

2006-07

Transplanting

Panicle initiation Harvesting Transplanting Panicle initiation Harvesting

Kharif Rabi

Kharif Rabi

Kharif Rabi

Kharif Rabi

Kharif Rabi

Kharif Rabi

55.20
93.42
91.23
95.54
96.36
125.40
126.50
113.52
114.00
114.46
115.75
95.48
+ 10.1
CDat5% 209
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S}

w2
™
+

54.41
92.24
93.20
96.38
96.38
122.82
123.51
112.28
113.52
113.52
114.00
95.48
8.7
18.0

30.00
46.85
46.85
47.21
48.88
68.28
66.85
48.88
50.05
54.26
55.61
47.12
5.8
12.0

29.51
44.58
44.58
45.27
44.58
66.30
66.30
47.21
48.88
53.25
52.40
46.85
4.7

9.7

44.58
81.20
80.32
84.55
86.63
110.26
114.00
91.26
93.42
96.63
95.40
84.55
52
10.7

41.36
80.21
79.56
79.56
84.54
109.40
113.52
90.61
90.61
95.35
94.72
82.22
9.8
20.3

56.17
94.80
92.58
94.80
95.72
126.35
127.38
114.00
115.46
115.46
116.28
95.55
12.1
25.0

55.98
93.38
92.58
93.20
94.51
125.40
126.50
114.00
114.00
114.00
115.41
94.25
10.7
22.2

30.51
47.46
47.75
48.84
48.33
69.25
67.40
49.36
51.28
54.90
55.44
48.12
6.4
13.2

28.72
44.58
44.58
45.27
44.58
65.55
65.55
46.85
47.21
52.75
51.28
45.27
72
14.9

44.55
80.32
81.20
84.55
85.34

54.44
81.20
84.55
85.34
84.55

110.26 109.40
113.52 112.16

92.58
93.42
96.63
95.54
85.34
6.3
13.0

91.64
92.58
95.72
94.80
84.55
5.1
10.6
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Table 9. Influence of integrated nutrient management treatments on acid phosphatase activity
(p—nitrophenol g ! soil h') at 15-30 cm depth.

Treatments

2005-06

2006-07

Transplanting Panicle initiation Harvesting Transplanting Panicle initiation Harvesting

Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi
T, 50.57 5132 2832 29.51 51.32 51.32 50.51 51.32 26.26 27.16 36.70 38.12
T, 84.55 85.34 4045 4570 7426 75.57 80.32 83.57 37.61 3851 60.15 61.72
T, 85.34 86.63 39.60 40.45 7426 75.57 80.32 81.57 37.61 3851 60.15 60.45
T, 86.63 87.72 4170 42.50 74.26 75.57 80.32 81.57 39.78 39.82 60.15 60.45
T, 86.63 87.72 4250 42.50 75.57 76.82 84.55 8455 39.78 40.26 65.11 66.25
T, 110.26 11146 60.26 61.62 91.26 94.58 93.42 94.80 51.32 52.71 7125 72.61
T, 112.16  113.52 61.62 62.30 94.80 95.54 90.129 92.58 50.57 52.71 72.61 73.19
T, 98.80 100.62 5835 59.15 90.12 92.58 86.29 88.45 49.66 51.72 7438 7438
T, 97.26 100.62 55.75 56.63 86.29 87.56 84.55 86.54 48.44 50.57 73.19 7438
T, 98.80 100.62 56.63 56.63 88.58 89.37 82.60 84.55 47.62 49.66 72.61 73.19
T, 96.63 98.80 5525 56.63 87.56 88.58 83.45 8532 47.62 48.44 7125 72.61
T, 85.34 84.55 40.45 41.20 7426 75.57 80.32 81.20 39.75 40.25 68.25 69.12
SE + 10.2 104 45 39 48 59 36 45 31 29 34 32
CDat 5% 21.1 216 93 8.09 9.9 122 75 93 64 60 70 6.6

Table 10. Influence of integrated nutrient management treatments on alkaline phosphatase activity

nitrophenol g! soil h'!') in rice-rice cropping system at 0-15 cm.
p g ppmg sy

Treatments

2005-06

2006-07

Transplanting Panicle initiation Harvesting Transplanting Panicle initiation

Kharif Rabi

Kharif Rabi

Kharif Rabi

Kharif Rabi

Harvesting

Kharif

Rabi

Kharif

Rabi

91.12

135.14
130.25
138.68
140.57
190.05
200.10
161.28
166.75
165.95
170.00
140.50
+ 14.56

CD at 5 % 30.21

o R T - N U S O VU R S R

- o

e e e e T e

S}

w2
esl
+

90.80

134.25
134.25
138.00
138.00
189.38
198.25
160.25
165.25
166.99
170.00
140.00
13.80

28.62

59.05
64.58
64.58
65.22
66.98
102.45
114.90
68.28
79.49
80.50
80.16
66.15
11.62
24.10

58.75
64.72
64.72
64.72
66.30
101.50
113.45
67.50
78.50
84.12
84.55
65.45
9.40
18.80

97.05

125.00
125.00
126.35
130.00
182.62
190.00
10.75

135.97
112.80
135.80
120.30
11.40

23.60

93.40

124.50
124.50
124.50
128.50
180.64
189.29
106.28
135.28
111.50
134.25
119.25
14.27

29.60

95.42

136.26
131.45
139.67
141.51
191.45
200.98
161.37
167.84
165.25
171.25
141.48
15.15

30.30

92.45

134.25
130.00
135.00
138.00
192.6

198.15
160.00
161.75
164.25
168.25
140.00
13.30

27.60

60.70
65.00
65.00
65.00
67.50
105.75
115.75
68.75
80.30
85.25
85.25
67.50
5.10
10.58

59.00
64.00
64.00
64.00
66.25

98.25

125.60
125.60
140.35
131.44

162.75 183.19
114.54 191.36

68.00
79.25
84.50
84.50
66.00
6.83

14.17

111.35
136.85
133.82
133.25
121.34
12.92

26.80

94.00

124.50
124.00
138.46
130.25
180.25
190.15
110.20
134.58
130.28
130.28
120.45
11.65

24.18
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Table 11. Influence of integrated nutrient management treatments on alkaline phosphatase activity
(p nitrophenol g' soil h') in rice-rice cropping system at 15-30 cm

Treatments 2005-06 2006-07

Transplanting Panicle initiation Harvesting Transplanting Panicle initiation Harvesting

Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi

8534 8743 56.17 5723 9235 90.54 86.43 8721 53.71 53.90 4253 73.15
130.49 131.14 61.25 63.58 120.32 122.32 128.41 129.43 58.58 59.24 117.33 118.35
125.52 130.25 61.25 63.58 120.32 122.32 130.25 130.32 60.46 61.62 119.23 119.90
135.86 136.68 63.62 64.26 124.43 125.35 133.68 134.25 61.25 62.51 121.32 121.80
136.86 139.57 63.62 64.26 131.70 132.72 135.57 135.75 62.25 62.51 128.85 128.80
180.50 181.05 92.54 93.45 171.26 172.60 156.36 157.63 80.46 80.58 138.85 139.25
182.65 184.66 94.31 95.00 174.32 172.60 152.45 154.51 85.96 86.00 134.23 134.86
152.83 184.66 93.40 92.45 105.67 172.60 141.39 142.36 76.28 77.00 102.11 103.38
155.57 155.83 72.14 62.28 155.69 122.26 141.75 144.05 70.48 60.58 95.88 96.12
160.59 165.85 73.62 74.24 131.70 130.97 141.79 141.65 72.25 72.35 102.81 103.38
162.61 166.15 85.61 81.16 131.70 131.89 138.48 138.82 72.25 73.05 100.00 100.12
132.45 133.54 62.52 63.25 11432 115.23 125.54 126.00 63.28 64.61 100.00 100.12
+ 13.79 1698 6.11 4.63 11.86 13.76 1526 14.24 324 378 19.57 19.05
CDat5%28.60 3520 12.68 9.60 24.60 2855 31.65 29.54 6.72 7.85 40.60 39.52
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Table 12. Influence of integrated nutrient management treatments on dehydrogenase activity
(ug TPF g' soil 24 h') in rice-rice cropping system at 0-15 cm

Treatments 2005-06 2006-07

Transplanting Panicle initiation Harvesting Transplanting Panicle initiation Harvesting
Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi

T, 13.65 13.45 12.68 1250 9.52 943 13.83 13.54 1275 12.61 9.69 9.55

T, 14.05 13.85 13.13 13.40 10.12 10.00 14.16 13.96 13.78 13.53 10.22 10.73
T, 14.10 13.92 13.42 13.40 1133 11.12 1421 14.04 13.62 13.66 1144 11.25
T, 14.95 1426 13.76 13.65 11.50 11.36 15.85 14.99 13.81 13.77 11.67 11.35
T, 17.82 17.63 16.82 16.75 11.75 1145 17.15 17.74 1690 16.78 11.82 11.56
T, 20.66  20.04 20.76 20.66 1550 152 20.76 20.25 20.15 20.64 15.68 15.29
T, 21.64  21.00 21.85 21.54 16.26 16.12 21.75 21.10 22.00 20.69 16.38 16.10
T, 19.80 19.56 20.04 19.97 1495 1475 1990 19.62 20.16 21.65 15.04 14.20
T, 20.25 19.87 20.45 20.25 14.51 14.62 2038 20.00 20.64 19.92 14.68 14.35
T, 22.05 21.63 2250 20.25 17.25 17.00 22.15 21.78 22.73 2035 1745 17.65
T, 2276  22.00 23.12 2224 18.14 18.00 22.85 22.16 23.08 23.00 18.34 18.12
T, 16.44 16.05 16.37 16.0 11.50 11.26 16.62 16.10 16.05 16.15 1141 11.28
SE + 1.67 221 258 239 157 166 137 155 234 168 1.08 1.01

CD at 5 % 3.46 458 536 485 326 344 284 321 485 349 225 210
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low at the lower depth of 15-30 than the top 0-15
cm depth of the soil in all the treatments (Table 7).
The application of different proportions of
recommended dose of fertilizers and that adopted
by the farmers enhanced the urease enzyme activity
consistently at the transplanting and panicle initiation
stage of the crop in kharif as well as rabi seasons
during the two years. The influence of integrated
nutrient management supply by substituting 25 or
50 % N recommended fertilizer was not consistently
superior to the effect of fertilizers at every stage
of crop growth during the two years.

Phosphomonoesterases
Acid phosphatase (EC 3.1.3.2)

The activity of p nitrophenol per g soil h'!
was very low in the unfertilized soil (Table 8). The
application of different proportions of recommended
fertilizer dose or that adopted by the farmers
significantly increased the activity of this enzyme
at every stage of observation in kharif and rabi
during 2005-06 and 2006-07. The integrated nutrient
management by the substitution of 50 % N fertilizer
through FYM and application of 50 %
recommended fertilizers in kharif followed by the
application of recommended dose of fertilizers in
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rabi season further increased the enzyme activity
significantly more than the fertilizers. The release
of p nitro phenol g soil h'! was much less in the 15
— 30 cm soil depth (Table 9) than in the upper
surface layer irrespective of treatments, season or
year of the study. The substitution of 50 or 25 % N
fertilizers with FYM in kharif season was the most
outstanding treatment.

Alkaline phosphatase (EC 3.1.3.1)

The activity of alkaline phosphatase
reduced abrupt at panicle initiation than at
transplanting and harvesting stage of rice both in
kharif and rabi seasons in two years (Table 10).
Activity of alkaline phosphatase was significantly
low in unfertilized soil at transplanting, panicle
initiation and harvesting stage of rice in kharif 2005
in contrast to the high activity in the soil fertilized
with 50 % recommended dose of nutrients. Among
the three organic sources of nutrients, FYM was
very effective. The substitution of 50 % N fertilizer
with this organic manure significantly increased the
activity of alkaline phosphatase enzyme. The
enzyme alkaline phosphatase was less active in the
15-30 than 0-15 cm soil depth with no regard to the
stage of crop growth, season or year (Table 11).

Table 13. Influence of integrated nutrient management treatments on dehydrogenase activity
(ng g'soil 24 h') in rice-rice cropping system at 15-30 cm.

Treatments 2005-06 2006-07

Transplanting Panicle initiation Harvesting Transplanting Panicle initiation Harvesting

Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi
T, 12.00 11.80 12.05 12.00 9.05 8.15 12.56 11.90 12.75 12.15 9.80 8.20
T, 13.50 13.06 13.75 328 9.58 9.08 14.10 13.12 14.25 13.35 10.58 9.12
T, 13.58 13.08 13.80 13.28 1065 10.00 14.18 13.22 1438 13.60 11.38 10.12
T, 13.90 1.25 14.15 13.22 10.74 10.00 14.30 13.22 14.58 13.60 11.38 10.12
T, 16.15 15.88 17.27 16.09 10.56 10.15 16.70 1591 17.12 16.00 11.38 10.18
T, 18.26 17.88 19.20 18.15 14.30 12.50 18.81 17.83 19.25 18.25 15.00 13.55
T, 19.14 18.00 20.30 18.26 14.45 1396 19.75 58.11 20.15 18.28 15.00 13.55
T, 18.63 18.15 19.35 1831 13.85 1298 19.15 18.15 19.80 18.25 14.28 13.55
T, 18.75 20.00 19.45 18.46 13.35 15.83 19.35 1826 20.15 1825 14.28 15.80
T, 20.80  20.50 21.30 20.35 16.50 15.97 21.35 20.10 22.14 20.48 17.05 16.15
T, 21.25  20.50 22.18 20.78 16.25 15.97 22.00 20.50 22.50 20.45 17.05 16.15
T, 15.25 1450 16.12 14.68 10.61 10.12 16.00 14.50 26.50 14.25 11.38 10.00
SE + 0.60 052 046 042 081 075 064 089 0.80 0.65 089 1.02
CDat5% 1.24 1.08 096 087 168 156 132 1.8 1.66 135 185 2.12
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The treatment effects were significant and followed
similar trend to that of upper layer.

Dehydrogenase (EC 1.1.1.1)

The increase in the activity of
dehydrogenase enzyme detected in the fertilized
than the unfertilized soil was not significant at
transplanting, panicle initiation and harvesting of rice
— rice cropping system during 2005-06 (Table 12).
However, the substitution of N fertilizer with FYM,
paddy straw or Glyricidia and the application of
recommended dose of fertilizers significantly
increased the activity of dehydrogenase as
compared to the unfertilized soil continuously during
the two cycles of rice-rice cropping system. The
best organic source to improve the dehydrogenase
activity both in the top and lower layer of the soil
was Glyricidia. It was relatively low in the 15-30
cm depth than in the top with no regard to the
treatment, season or year of the experiment (Table
13) and followed the trend as of top layer. The
dehydrogenase activity was not promoted by the
application of different levels of fertilizers in the
top layer. The decrease in dehydrogenase activity
by chemical fertilization may be due to poor physical
conditions and lack of organic substrates in soils.

Conclusion

In general, the effect of different integrated
nutrient management treatments did not increase
the microbial biomass significantly over the complete
reliance on fertilizing the crop with optimum nutrient
requirement. The influence of FYM, paddy straws
as well as glyricidia was superior on enzymatic
activity when combined with fertilizers.
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