International Journal of Seil Science 1 (3): 196-206, 2006
ISSN 1816-4978
© Academic Journals Inc., USA

Indices to Assess Quality, Productivity and Sustainable Health of Soils
Receiving Low Cost Biological and/or Conventional Inputs

'B. Hameeda, *0.P. Rupela, *S.P. Wani and 'Gopal Reddy
'Department of Microbiology, Osmania University, Hyderabad-500 007, AP, India
‘International Crops Research Institute for the Semi-Arid Tropics (ICRISAT),
Patancheru 502 324, AP, India

Abstract: Soil quality was assessed from four different treatment plots T1, T2, T3 and
T4 of a long-term field experiment at ICRISAT, Patancheru. The four different
crop-husbandry systems were: T1 = low-cost system 1, T2 = low-cost system 2,
T3 = conventional system and T4 = same as T3+biomass as in T2. The parameters used in
the study were nutrient, biological, microbial and crop yield. Treatment plots T1 and T2
showed substantially more nitrogen (15-29%) and phosphorus (17-23%), than that was
added to T3, largely as chemical fertilizers. Biomass C and N of treatment plots T1 and T2
was also 22-35% more than T3. The overall results on microbial populations suggested that
soil from plots T1 and T2 were more active than that of T3. Application of low-cost
biological inputs improved soil health and increased yields of T1 and T2, which was at par
or better than T3 and T4 plots, where chemicals were applied. A new approach was used
to calculate sustainability index based on the area of a polygon, where the four vertices are
represented by mutrient, biological, microbial and crop indices. The sustainability index of
treatment plot T2 that received low cost biological inputs was highest (2.29) followed by
T4 (2.10), T1 (2.07) and the least was with T3 (1.56).
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Introduction

Crop production systems that require chemical fertilizers, pesticides, machinery for tillage and
irrigation water are becoming expensive. Inappropriate use of these has contributed to loss of
biodiversity, eutrophication of surface water, contamination of ground water and loss of organic matter
(OECD, 1999). Crop residues are an important potential source of soil organic matter (which is very
low in tropics). Still large quantities of crop residues are burnt (worth US $ 15 million annually in
Punjab, India, alone (Sidhu ef af., 1998) resulting in loss of N and creating environmental
pollution. Biological approaches such as the use of biomass (crop residues), organic manures
(Pare ef af., 2000, Delate and Camardella, 2004; Biederbeck ef o/, 2005) and microbial inoculants as
biofertilizers and/or antagonists of phytopathogens (Vessey, 2003; Correa ef af., 2004) are being
considered among the diverse technological practices of low-input agricultural systems for
decomposition and mineralization of organic matter and release of nutrients for enhancing plant growth.
Application of low-cost biological inputs can be made more efficient by applying the scientific
knowledge to improve soil health and crop productivity. Soil health/quality is the focus of on-going
conservation and degradation processes, depending highly on nutrient, biological and microbiological
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components of soil and influences crop yield (Parr ef af., 1992, Halvorson ef al., 1996). These various
approaches can be combined into an integrated soil-plant-animal cropping system for attaining
sustainability.

Several indices have been proposed to assess soil quality using soil microbial population and
enzyme activities (Nannipieri ef @f., 1990) and microbial indices using fatty acid methyl ester and
terminal restriction fragment length polymorphism (Suzuki et af., 2005). Kang ef af. (2005) used a new
triangular approach when there were three factors (nutrient, microbial and erop index) to assess soil
quality and sustainability in wheat-based cropping systems. In calculating the index, each parameter
value was divided by the respective threshold value (arithmetic mean value of treatments for a
parameter) as given below:

lij = Ajj
Thj

where Iij is the index value for ith treatment corresponding to Jth parameter in an experiment, Aij is
the actual measured value for the ith treatment and jth parameter in an experiment and Thy is the
threshold value for jth parameter. In this method microbial indices included both the biological and
microbial parameters. But microbial populations possess the ability to function as excellent indicators
of change in soil health (Pankhurst e# al., 1995). Therefore, in the present study, a polygonal approach
was used to evaluate the sustainability of different cropping systems using biological, microbial,
mutrient and crop index. The emphasis was to separate the biological and microbial parameters.

Materials and Methods

Design of Field Experiment

The experiment was initiated in 1999 at International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT), Patancheru, Andhra Pradesh, India to determine the potential of harvesting high
vields from crops that receive low-cost biological inputs for plant growth and pest management.
Experiment was conducted at field BW3, where the soil type is deep Vertisol, pH 8-8.2 and electrical
conductivity, 0.16 to 0.22 dSm™. The area is fully rainfed, with annual mean rainfall at
Patancheru of 783 mm, which allows two crops to be grown in a year either as intercrops or sequential
crops. The experiment had larger plots of 0.2 ha for each treatment, with a total area of 1.02 ha
including non-cropped areas. Details of each treatment comprising of year of start, treatments and
cropping sequence are presented in Table 1.

Soil Sampling

Field experiment had four treatment plots T1, T2, T3 and T4. After a five-year experimental
cycle, close to the period of harvesting stage, soil sampling was done during fifth and sixth year from
the four treatment plots T1, T2, T3 and T4. Sampling was done from 0-10 and 10-20 c¢m depth with
a 40 mm diameter soil core. Soils from each depth were collected, pooled, mixed well and used for
analysis. Samples were pooled to five replications from each treatment. The samples were air dried
and passed through 2 mm sieve to prepare these for chemical and biological properties. However, for
microbiological properties the soil samples were preserved in cold room (4°C) till they were processed.
Soil quality was assessed based on the below given parameters and analysis were done using soils from
all the four treatment plots at the end of fifth and sixth years (2004 and 2005).

Biological Indicators

Biological indicators were studied as per standard methods, which included soil respiration by
CO,-C evolution method (Anderson and Domsch, 1978), Microbial biomass C and N, chloroform-
fumigation and incubation (Jenkinson, 1988), phosphatase (Eivazi and Tabatabai, 1977),
dehydrogenase activity (Casida ef af., 1964).
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Table 1: Four different crop husbandry systems in continuing long-term experiment (Rupela et ad., 2005) of BW3
(Vertisol) field! at ICRISAT, Patancheru

Treatment plots
Act/Tnputs T1 T2 T3 T4
Tillage Zero-till Zero-till Conventional Conventional
(bullock plough) (bullock plough)
Sowing Sd drill Sd drill Sd drill Sd drill
Microbial moculants* + + - -
Biomass 10 10 None 10
(tha™! yr~! first 3 years Rice straw as Farm-waste, stubble Farm waste, stubble
only) surface mulch and hedgerow foliage and hedgerow
as surface mulch foliage incorporated
Compost (t ha™!) 1.5-1.7 annual 1.5-1.7 annual 1.8 (1 in 2 year) 1.8 (1 in 2 year)
Fertilizer () 0 0 80 80
Urea (kg N ha™)
Fertilizer (P) 20 (RP) 20 (RP) 20 (SSP) 20 (SSP)
kg Pha™! (1 in 2 year)
Pest management Biopesticides* Biopesticides Chemical Chemical
pesticides pesticides
Weeding Manual, weeds Manual, weeds Manual, weeds Manual, weeds
retained retained discarded discarded

!Same crops were grown in all treatments each year: Year 1 pigeonpea-chickpea sequential (June 1999-May 2000); Year
2 sorghum/pigeonpea intercrop (June 2000-May 2001 Year 3 cowpea/cotton intercrop (June 2001-May 2002); Year 4
maize/pigeonpea intercrop (June 2002-May 2003); Year 5 cowpea/cotton intercrop (June 2003-May 2004); Year 6
maize/pigeonpea intercrop (June 2004-May 2005), T1 = Low-cost system 1, No tillage, Rice straw as surface
mulch+Biological inputs for plant growth and pest management. T2 = Low-cost system 2, No tillage, farm waste as
sirtace mulch+Riological inputs for plant growth and pest management. T3 = Conventional system, tillage, integrated
nutrient management and chemicals for plant growth and pest management. T4 = Same as T3+Farm waste as biomass
as in T2, *Microbial inoculants applied were Bacillus circulans EB 35, Serratia marcescens EB 67 and Pseudomonas
sp. CDB 35 (Hameeda et af., 2006) along with other inoculants like Rhizobium and Azotobacter. *Biopesticide
formulation {microorganisms, herbal extracts and vermiwash) developed at ICRISAT

Microbial Indicators

Microbiological indicators included the characterization of bacteria, fungi, actinomycetes, plant
growth promoting and antagonistic bacteria. Ten gram of soil sample from the four different treatment
plots T1, T2, T3 and T4 was added to 90 mL water. Appropriate dilutions were plated on different
media. LB agar for bacteria, PDA+streptomyein (500 mg L) for fungi, actinomycetes isolation agar
for actinomycetes, Pseudomonas Isolation Agar (PIA) for fluorescent pseudomonads, P solubilizers
on RP buffered medium (Gyaneshwar et ef.. 1998), Chromeazurol 8 (CAS) agar for siderophore
producers (Schwynn and Neilands, 1987), organic P mineralizers (phytase positive) using phytic acid
as sole P source (Richardson and Hadobas, 1997). Antagonistic microorganisms against Macrophomina
phaseolina were enumerated on PDA by the two-layer method (Rupela ef af., 2003). All the plates
were incubated at 30+1°C. Plates were observed everyday up to four days and the number of colonies
were expressed as log colony forming units (CFU) g=' dry weight of soil.

Chemical Indicators

Soil nutrient status was studied by estimating total N (modified Kjeldahl digestion method,
Dalal ef al., 1984), total P, available P and K by following standard methods (Okalebo ef al., 1993),
organic carbon (OC)% (TOC analyzer, Primacs).

Crop (Productivity) Indicators

Crop productivity was determined based on the grain vield and stover of cotton and cowpea at
fifth year (2003-04) and maize and pigeonpea, at sixth year (2004-05).
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Derivation of Sustainability Indices

The choice of measurable parameters that were studied to define the sustainability indices of soil
were biological, microbiological, nutrient and crop indicators as mentioned above. Means of two-year
data of 0-20 em depth of the four different treatment plots (T1, T2, T3 and T4) of BW3 ficld were
used to derive the sustainability index.

Biological index (BI;) was calculated as an average of index values (1) of the six soil properties
(acid phosphatase, alkaline phosphatase, dehvdrogenase, soil respiration, microbial biomass C and N)
studied in the four treatments plots (T1, T2, T3 and T4) of ficld experiment

6
BL=1Y1,
6,=1

Microbial index (ML) was calculated as an average of index values (1) of the eight microbial
(bacteria, fungi, actinomycetes, pscudomonads, phosphate solubilizing bacteria (PSB), phytase and
siderophore producers and antagonistic) populations studied in the four treatment plots (T1, T2, T3
and T 4) of field experiment

8
MIi=1Y1,
8=1

Nutrient index {BI;) was calculated as an average of index values (1) of the five parameters {total
N and P, available P and K, OC) studied in the four treatment plots (T1, T2, T3 and T4) of field
experimeant.

Crop Index (CIi) was calculated as an average of index values (1) of crop yield and stover dry
weight at fifth {cotton/cowpea) and sixth vear (maize/pigeonpea) in the four treatment plots (T1, T2,
T3 and T4) of field experiment.

4
CL=1 }: IIJ
4J =1
Biological index
A
B . a o d D
Microbi b c indk
. Crop index
[
Nutrient index

Fig. 1. Measurement of sustainability of cropping system from the polygon area
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Sustainability index of the soil was measured as the area of polygon with biological index,
microbial index, nutrient index and crop index of soil at four vertices; they were represented in radar
graph as a, b, ¢ and d, respectively, which are the four lines of different lengths originating from a
commeon point “O’°. By joining the tail ends of these four lines, polygon is formed as shown in Fig. 1.
The sustainability index of the system is given as:

Sustainability of system = Area of polygon ABCD
= Area (A AOB+A BOC+A COD+A DOA)
= 1/2 ab sin 90+1/2 be sin 90+1/2 c¢d sin 90+1/2 da sin 90
=1/2 5in 90 (ab+bctcd+da)
=1/2*1 (ab+tbetedtda) .................. (i)

In order to have a sustainable system, the absolute value of each parameter should be equal or
greater than the threshold value and the sustainability index should be always positive and greater than
2.00; the higher the value, the more sustainable the system. The least value of sustainability index
(2.00) 15 calculated from Eq. (1), by putting the corresponding indices of biological activity (a) microbial
activity (b), nutrient status (c) and crop index (d) equal to 1.

Statistical Analysis

The data were subjected to analysis of variance (ANOVA) using Genstat 6.1 statistical package
(Lawes Agricultural Trust, Rothamsted, UK). Mean values in each treatment were compared using
least significant differences at 5% probability {p = 0.03).

Results

Characterization of Biclogical Indicators of Soil-quality

Of the different parameters measured to assess the biological activity in soil samples from four
different crop husbandry systems, more activity was noted in plots T2, T4 and T1 compared to T3.
Soil respiration was more by 23-47% than in T3 {which had a rate of 100 mg C kg™ soil per 10 days);
microbial biomass C and N was 22-35% higher when compared to T3. In soil enzyme activities,
increase in phosphatase activity was 8-27% (over 289 units for acid and 860 units for alkaline
phosphatase in T3) (Table 2).

Characterization of Microbial Indicators of Soil-quality

The overall results on microbial populations strongly suggested that soil from plots T1 and T2
were more active than that of T3. Population (log,, g! soil) of bacteria was 5.4-5.7, fungi 3.1-3.4in
the four treatment plots (Table 3). Actinomycetes population was 9 times higher in T1 {log,, 4.7}
when comparad to T3 (log,, 3.8). Similarly, population of plant growth promoting bacteria such as
Pseudomonas, siderophore producers, P solubilizers and phytase producers were 8-17 times more in
T2 when compared to T3. However, the population of antagomistic bacteria was 5-6 times morein T,
T2 and T4 when compared to T3 (Table 3).

Characterization of Nutrient Indicators of Soil-quality

In the different crop husbandry systems, there was an increase in 15-29% total N and 17-23%
total P, 25-33% available K and 6-23% available P in T1 and T2, relatively more than in T3. However
the organic carbon (OC) content did not vary significantly among the four treatment plots (Table 4).

Characterization of Crop Yield as Productive Indicators of Soil-quality

It was important to note that both T1 and T2, produced similar yields of crops that were grown
during the fifth and sixth year when compared to T3 that received chemical fertilizers. Stover vield of
both the crops was marginally higher in T4 when compared to the other three plots T1, T2 and T3
(Table 5).

200



Intl. J. Soil Sci., 1(3): 196-206, 2006

Table 2: Biological indicators of soil from four crop husbandry systems of a long-term field experiment (2003-05)

Treatment plots
Properties Tl T2 T3 T4 LSD(p=0.05  CV (%)
Soil respiration
(mg Cke™, 10 day™) 123 (=11.5)  137(*10.5) 100 (5.5) 147 (+3.5) 17.3 4.3
Microbial biomass C
(mg Cke™, 10day™)) 529 (@5.0)  S24(:15) 404 (22.0) 492 (+14.0) 38.5 2.5
Mineral N
mg Nkeg™ 11 (£1.0) 11 (+0.0) 9 (+0.0) 14 1.0) 2.6 7
Net N mineralization
mg Nkg! 1.8 (+0.1) 030@03) L7(1.01)  1.02(*0.8) 1.9 80
Microbial biomass N
(mg Cke™, 10 day™) 34 (=1.0) 36 (+1.5) 26 (+0.5) 32 (+1.0) 4.9 5
Acid phosphatase
(ug p-NP gt b1y 300 @1.0)  362(£30.1) 289 (#5.5) 333 @24.1) 100.9 10
Alkaline phosphatase
(g p-NP ¢! b1y 947 (£10.0) 1031 (£22.6) 860 (£30.6) 1024 (£13.0) 105.5 3.4
Dehydrogenase
(ueTPFg ! 24 b1 139 (25.5) 137 (+0.0) 125 (+5.0) 138 (=4.0) 21.5 5

* p-NP- para nitro phenol; °TPF- Triphenylformazan, T1 = Low-cost system 1, No tillage, rice straw as surface
mulcht+Biological inputs for plant growth and pest management. T2 = Low-cost system 2, No tillage, farm waste as
sirtace mulch+Riological inputs for plant growth and pest management. T3 = Conventional system, tillage, integrated
nutrient management and chemicals for plant growth and pest management. T4 = Same as T3+Farm waste as biomass
as in T2

Table 3: Microbiological indicators (population log 1, gm™' dry soil) of soil from four crop husbandry systems of a long-
termn field experiment (2003-05)

Treatment plots

Functional groups® T1 T2 T3 T4 18D (p =0.05) CV (%)
Bacteria 5.6 (£0.05) 5.7(x0.02) 5.4 (£0.05) 5.7 (0.0 0.21 1.2
Fungi 3.2 (£0.05) 3.4 (x0.10) 3.1 (£0.10) 3.1+0.10) 0.33 33
Actinomycetes 4.7 (£0.05) 4.4 (+0.0) 3.8 (0.30) 4.2 (+0.15) 0.59 4
Pseudomoncas 4.1 (+£0.15) 4.1 (£0.50) 3.3 (£0.10) 3.3 (£0.05) 1.04 9
Siderophore 3.6 (£0.10) 4.2(£0.35) 2.9 (£0.50) 3.7 (£0.60) 0.98 9
PSB 1.4 (£0.05) 2.3 (£0.55) 0.6 (£0.6) 1.2 (£0.75) 2.66 62
Phytase producers 3.8 (+0.55) 4.3 (x0.10) 3.2 (=0.40) 39010 1.01 8
Antagonistic bacteria 4.0 (£0.00) 3.9(x0.10) 3.4 (£0.40) 4.0 (£0.25) 1.25 10

*plant growth promoting and antagonistic bacteria, PSB = phosphate solubilizing bacteria, T1 = Low-cost system 1, No
tillage, rice straw as surface mulch+Biological inputs for plant growth and pest management. T2 = Low-cost system 2,
No tillage, farm waste as surface mulch+Biological inputs for plant growth and pest management. T3 = Conventional
systemn, tillage, integrated nutrient management and chemicals for plant growth and pest management. T4 = Same as
T3+Farm waste as biomass as in T2

Table4: Chemical (nutrient) indicators of soil from four crop husbandry systems of a long-term field experiment

(2003-05)
Treatment plots
Chemical properties T1 T2 T3 T4 LSD (p=0.05) CV (o
Total N (ppm) 754 (£16.5) 842(443.6) 653 (L682) 605 (437.1) 202 9
Total P (ppm) 344 @11.5) 363 53.7) 207 (£50.1) 286 (+54.2) 9.6 9
Available K (ppm) 220 (43.5) 234 (49.5) 175 (£5.0) 192 (43.0) 233 4
Available P (ppm) 2.1 (+0.55) 1.8 (+0.59)  1.4@*0.18) 1.9 (=0.10) 1.66 29
0C (kg C ha™) 12 (1.0) 12.5(£2.5) 10 (£2.0) 12 (21.0) 34 9

T1 = Low-cost system 1, no tillage, rice straw as surface mulcht+Biological inputs for plant growth and pest
management. T2 = Low-cost system 2, no tillage, farm waste as swface mulch+Biological inputs for plant
growth and pest management. T3 = Conventional system, tillage, Integrated nutrient management and
chemicals for plant growth and pest management. T4 = Same as T3+Farm waste as biomass as in T2
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Table 5:  Productive indicators (crop yield and stover dry weight) in the four different crop husbandry systems of a long-
term field experiment (2004-2005)

Treatment plots
Stoverfyield (t ha™") Tl T2 T3 T4 LSD (p=0.05) CV (%)
Cotton and maize yield 3.2(£1.91) 3.1 (=1.83) 3.3(+1.93%) 3.8 (+2.22) 0.77 7
Cotton and maize stover 7.5(£3.73) 7.3 (£3.30) TT(+35.4) 87 (+1.3) 2.16 9
Legume yield 0.7 (£0.24) 0.7 (£0.21) 0.6 (£0.27) 0.6 (£0.25) 0.13 6
Legume stover 2.0(x0.37) 2.2 (£0.56) 2.0 (£0.08) 2.5 (£0.49) 0.94 13

T1 =Low-cost system 1, Notillage, rice straw as surface mulch+Biological inputs for plant growth and pest management.
T2 = Low-cost system 2, No tillage, farm waste as surface mulch+Biological inputs for plant growth and pest
management. T3 = Conventional system, tillage, integrated nutrient management and chemicals for plant growth and pest
management. T4 = S8ame as T3+Farm waste as biomass as in T2

Table 6: Sustainability indicators of soil quality from four different crop husbandry systems (T1 to T4)

Treatrnent Biological Microbiological Nutrient Crop Sustainability

plots index index index index index System

T1 1.01 1.02 1.07 0.98 2.07 Sustainable
T2 1.07 1.09 1.11 1.00 229 Sustainable
T3 0.85 0.85 0.86 0.97 1.56 Unsustainable
T4 1.08 0.98 0.95 1.09 2.10 Sustainable

T1 =Low-cost system 1, Notillage, rice straw as surface mulch+Biological inputs for plant growth and pest management.
T2 = Low-cost system 2, No tillage, farm waste as surface mulch+Biological inputs for plant growth and pest
management. T3 = Conventional system, tillage, integrated nutrient management and chemicals for plant growth and pest
management. T4 = S8ame as T3+Farm waste as biomass as in T2

Biolegical index Biological index
—1.10
1.05 4 1.10
1.0 \ :
Nutrient index| L1 Crop index Nutrient index st Crop index
Microbial index Microbial index
(8 ¢ T1=2.07 (by——T2=229
Biological index Biological index
LU,
o2 1-
- 005
0.8 ool
0,80 o - .
Nutrient index Cropindex  Nutrient index / Crop index
Microbial index Microbial index

(©)——T3 = 156 () ——T4=2.10

Fig. 2: Sustainability indices of soil quality from four treatments plots (a) T1, (b) T2, (¢) T3 and {d)
T4 of a long-term field experiment, (a)T1 = Low-cost system 1, no tillage, rice straw as surface
mulcht+Biological inputs for plant growth and pest management, (b)T2 = Low-cost system 2,
no tillage, farm waste as surface mulch+Biological inputs for plant growth and pest
management, {¢) T3 = Conventional system, tillage, integrated nutrient management and
chemicals for plant growth and pest management, (d) T4 = Same as T3+Farm waste as biomass
asinT2
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Characterization of Sustainable Indicators to Assess Soil-quality

In the four different crop husbandry systems, treatment plot T2, that received farm waste
and microbial inoculants was the most sustainable (sustainable index of 2.29, Table 6 and Fig. 2). The
lack of sustainability of the treatment plot T3 was due to low mucrobiological {0.85), biological {0.85)
and nutrient (0.86) indices that gave a sustainable index of 1.56 (Fig. 2). In treatment plots T1 (index
2.07) and T4 (index 2.10), the biological, microbiological and nutrient indices were >1.00, thus making
the two crop husbandry systems sustainable (Table 6 and Fig. 2).

Discussion

Characterization of Indicators of Soif Quality

Soils with more biomass, a source and sink for nutrients will be able to release nutrients more
rapidly. When microbial biomass is increased the availability of N and P is also increased that is
reflected with improved soil quality and productivity. Increased biomass C and N which resulted in
improved production and carbon secquestration was reported by Wani er ¢f. (2003) in legume
based cropping of an improved system that received integrated nuirient management application
(El-Swaify et al., 1985). In present studies, biomass C and N of plots T2 and T4 was significantly
higher than T3 (Table 2). With an increase in biomass C (23-32%), there was an increase in mineral N
(22-55%), microbial biomass N (22-35%) and total N (15-29%) in the treatment plots T1 and T2 when
compared to T3. Net nmitrogen mineralized in T2 was found to be negative (-0.30), indicating
immobilization of N and the availability of organic matter for microbial growth. Biomass C, as a
proportion of total soil C, serves as a proxy for soil quality (Jenkinson and Ladd, 1981). Acid
phosphatase and alkaline phosphatase of treatment plots T1, T2 and T4 were higher than T3
(Table 2). The physio-chemical properties of soil can influence the respiration rate and enzyme
activities (Martinez and Tabatabai, 2001). Application of organic manures significantly increased
phosphatase activity and mineral fertilizers reduced phosphatase activity as observed by
Sarapatka (2003). Inpresent observation, dehydrogenase activity of treatment plots was marginally
similar (Table 2). Farmyard manure application enhances dehydrogenase activity but fertilizer or
chemical treatment doesn’t inhibit the same (Lee ef af., 2000).

In conventionally managed plot T3, there was not much difference in the microbial counts such
as bacteria and fungi (Table 3). However, there appeared significant difference in the population of
microorganmisms that have role in plant growth promotion such as siderophore producers,
pseudomonads and antagonistic bacteria. Tt might be due to the inoculation of such bacteria to the fields
at the time of sowing (Table 1) or the nutrients from the application of composts and crop-residues
might have provided an environment for enhancement of beneficial groups of bacteria. Unfortunately,
limited information exists as to the extent and activity of microorganisms on surface exposed residues
themselves. However, it would be expected that significant transformations of nutrients might take
place, including mobilization and immobilization as well as gaseous evolution due to application of
crop residues (Schoenau and Campbell, 1996). Changes in microbial community in soils take time to
develop, since they are a result of complex process and interactions in soil and three to six years are
often needed to effect significant, visible changes. Three successive years of organic matter addition
were needed to achieve significant disease suppression (Davis ef al., 1996). Fortunately, just as it takes
time to change the soil structure and community, the benefits are also long-lived, potentially lasting
for years. It may be noted that much less than 20% of the microbial population that may live in the
soil can be cultured in laboratory media (Ward ez af., 1990).

The nutrient status of T1 and T2 was more when compared to T3 (Table 4). However this does
not mean, that crops in these two plots have access to more N and P. Nutrients when added as biomass
are not in available form for crops unless mineralized by microbial activity and only a small portion
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of it is recovered by crop (Thonnissen ef af., 2000). There was not much variation in OC content
across the four treatments. Tncrease in soil OC content can be due to application of organic manires
or higher crop residue fall to soil. Sharma ef af. (1984) observed an increase in soil OC content with
application of inorganic fertilizers and farmyard manure.

Characterization of Sustainability Indices of Soil Quality

The application of inorganic and organic nutrients improved soil health and thereby increased the
vield of T1 and T2 similar to T3 (where chemicals were applied) and T4 (where chemicals and farm
waste was applied). T1 and T2 that received plant biomass, compost and microorganisms as source
of nutrients showed substantially more N (15-29%) and P (17-23%), than that was added to T3,
(Table 4)largely as chemical fertilizers (Rupela ef af., 2005). In all four treatments, nutrient, biological,
microbial and crop indices were calculated. The biological, microbiological, nutrient and crop indices
were 1.07, 1.09, 1.11 and 1.00 (Table 6), respectively for treatment T2, with a sustainability index
0f 2.29 (Fig. 2). In T3, the sustainability index was 1.56 and all four indices were lower than the least
sustainability index (Fig. 2). Recent report by Kang er af. (2005) showed sustainability index of 2.2,
where farmyard manure and green manure was used in rice-wheat system, where indices were
calculated using three parameters biological (that included biological and microbial), nufrient and crop
index unlike our studies, where biological and microbial indices were used separately for calculating the
sustainability index. Abiotic characteristics such as pH, cation exchange capacity, moisture content,
temperatures ete. allow a better understanding of the physical and biochemical data obtained and
support the final evaluation of scil quality (Filip, 1998). Though in this study we characterized few
physical parameters they were not used to derive the sustainability values. As soils vary widely in
biological and microbiological activity, the parameters studied here can be used as components of a
universal composed index for determining soil quality in relation to plant growth.

Agricultural practices such as incorporation of crop residues have a direct impact on soil health
and crop productivity. These practices influence nutrient availability, release of biologically active
substances from both crop residues and soil microorgamims and suppress root diseases and pests
(Van Bruggen, 1995, Bailey and Lazarovits, 2003). Although the development of altemative agricultural
systems is generally considered important, it is not clear which practices will improve sustainability
and maintain adequate productivity. Field studies of the four different crop husbandry systems
showed the great potential of application of microbial inoculants (technology) in low input agricultural
practice and environmental pollution abatement for non-use of chemical fertilizers and pesticides. From
the present study, it was apparent that plant biomass was the engine of crop-productivity mediated
by biological processes that enhanced soil fertility and productive (crop yield) potential of soil.
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