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  Pref ace   

 Soil enzymes are key elements in the transformation of elements in the soil. Soil 
enzymes principally come from living and dead microbes, plant roots and residues, 
and soil animals. These enzymes are usually free from viable cells and stabilized in 
the soil matrix, where they accumulate or form complexes with organic matter 
(humus), clay, and humus–clay complexes. It is thought that two-thirds of enzyme 
activities can come from stabilized enzymes. Therefore, activity does not necessar-
ily correlate with microbial number in a particular soil sample. This clearly indi-
cates that enzyme activity is the cumulative effect of different biological systems 
present in the soil. However, although all members of the soil biota respond rela-
tively to soil pollution, microbial communities are considered to be the fi rst and 
swiftest responders to such environmental pollutants; because of their high sensitiv-
ity to respond to environmental changes, they play a fundamental role in the dynam-
ics of organic matter and in the fragmentation of soils at different scales of time and 
space. On the other hand, certain enzymes refl ect the activity of viable cells and 
occur in viable cells and not in stabilized soil complexes. Soil enzymes respond to 
soil management practices and act as good indicators of soil quality. They play an 
important role in organic matter decomposition and nutrient cycling. Some enzymes 
only break down organic matter, whereas others are involved in nutrient mineraliza-
tion. Organic amendment applications, crop rotation, and cover crops have been 
shown to enhance soil enzyme activity. Soil enzymes are measured indirectly by 
determining their activity in a laboratory using biochemical assays. 

 This current book gives an overview of the impact of sugar industry effl uents on 
selected soil enzyme activities. All the chapters were written by experts in the fi eld, 
and our goal is that this book serves those who are interested in knowing soil enzyme 
activities under the infl uence of sugar industry effl uents and how enzyme activities 
differ from soil enzyme activities affected by other effl uents. Within the book, we 
have tried to address all aspects involved in this fi eld: collection of soil, soil process-
ing, physicochemical and biological characteristics of soil, soil incubation studies, 
soil enzyme assays, and the infl uence of sugar industry effl uents on selected soil 
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enzyme activities. The fi rst four chapters focus on the general aspects of soil 
enzymes, and the last four chapters highlight the effl uent’s impact on soil enzymes. 
Altogether, the eight chapters describe the contents of this fi eld precisely and clearly. 
In our view, this book provides exceptional information on soil enzyme activities in 
sugar industry polluted soils.  

  Puyo, Ecuador     Naga Raju     Maddela    , PhD     
 Tirupati, AP, India     Narasimha     Golla, PhD     
 Anantapur, AP, India     Rangaswamy     Vengatampalli, PhD       
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    Chapter 1   
 Soil Collection                     

          Soils are discontinuous heterogeneous environments that contain large numbers of 
diverse microbial populations including bacteria, fungi, algae, protozoa, and viruses. 
These populations vary with depth and soil type. In general, surface soil horizons 
have more organisms than subsurface horizons. Thus populations are infl uenced by 
many factors such as soil depth, soil type, and natural microsite variations. Natural 
microsite variations can allow very different microorganisms to coexist side by side 
in the same region of soil. Because of the great variability in soil microorganisms, it 
is always necessary to consider more than one sample during a microbial analysis 
of a site. Otherwise, it is not possible to get the complete picture of a selected soil. 
Thus, the sampling strategy is infl uenced by the goal of the analyses, the resources 
available, the site characteristics, and the history of the soil. The most accurate 
approach is multiple and individual analysis (MIA), which means taking many sam-
ples within a given site and performing a separate analysis of each sample. Another 
approach is composite analysis. An advantages of this approach is reducing time 
and effort by combining the multiple samples taken to form a composite sample; 
this in turn limits the number of analyses that must be performed. Thus composite 
sampling is better than the MIA approach. Another approach often used is to sample 
a site sequentially over time from a small defi ned location to determine effects on 
microbes. Such effects change over time; thus the effects are temporal. 

 Soil samples are usually collected using different tools or equipment as needed. 
For instance, bulk soil samples are easily obtained with a shovel (Fig.  1.1 ) or, better 
yet, a soil auger (Fig.  1.2 ). Soil augers are more precise than simple shovels because 
they ensure that samples are taken from exactly the same depth on each occasion. 
This is important, as several soil factors can vary considerably with depth, such as 
oxygen, moisture, and organic carbon content and soil temperature. Thus, soil 
augers are useful in characterizing the soils on the basis of depth. A simple hand 
auger is useful for taking shallow (up to depths of 6 ft) soil samples from areas that 
are unsaturated.
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    However, when samples are collected for microbial analysis, there is a possibility 
of sample contamination as the auger is pushed into the soil. Once the auger is 
inserted into the soil, microbes usually stick to the sides of the auger. When the 
auger pushes downward, it may contaminate the bottom part of the core. This causes 
erroneous results in the microbial profi le of different soil depths. However, this 
problem can be overcome by using a sterile spatula to scrape away the outer layer 
of the core and using the inner part of the core for further analysis. Furthermore, the 
sample collected in this manner may not be truly representative of the site. This is 
due to the varied nature of soil and limited diameter of an auger. Thus, it is always 
better to collect several samples and prepare a composite sample. This greatly 
reduces the total number of samples and associated costs of the analyses that are 
performed. Proper procedures should be followed while preparing the composite 
samples. The foremost requisite for the preparation of a composite sample is the 
selection of a wide and uniform area. Then equal amounts of soil samples are col-
lected and placed in a sterile bucket or plastic bags. Later, these samples are mixed 
and become the composite sample. Another advantage of a composite soil sample is 
that if the sample seems big enough for storage, a portion of the composite sample 
can be removed, and leftover sample can be analyzed. In order to get the precise 
data of the soil, samples should be stored on ice until further processed and ana-
lyzed. In other incidences, the experimental aim is to test the effect of a soil amend-
ment (such as fertilizer, pesticide, or sewage sludge) on microbial populations over 
untreated control. In such a case, a sample of each treatment must be analyzed sepa-
rately and compared with the untreated control. There is also another method of soil 
collection, called randomized sampling. It involves choosing points randomly 
within the selected site. 

 Soil samples can also be collected in different directions of a selected site. For 
instance, samples are collected in a single direction called transect sampling. This 
type of sampling is very useful if a sampling site is situated on the bank of a river 
called a riparian area (Fig.  1.3 ). Transects could be chosen adjacent to a streambed 
and at right angles to the streambed. This type of sampling greatly helps in the 

  Fig. 1.1    Soil shovel       

  Fig. 1.2    Soil auger       
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evaluation of infl uence of a stream on microbial populations. There is another 
method called two-stage sampling, which is suitable when a site consists of a hillside 
slope and a level plain. During sampling by this method, the area is broken into 
regular subunits called primary units. Furthermore, subsamples can be taken ran-
domly or systematically within each primary unit. On the other hand, grid sampling 
is used when little is known about the variability within the soil of a mapping area. 
In this type of sampling, samples are taken systematically at regular intervals at a 
fi xed spacing.

   In the present investigation, soil samples (test) were collected from different 
sites, where effl uents are being discharged by Sri. Rayalaseema Sugars and Energy 
(Pvt.) Limited (Nandyal Sugar Factory), Ayyalurimetta village, and Nandyal, 
Kurnool district of Andhra Pradesh. A soil sample without sugar mill effl uents (con-
trol) was collected from a site adjacent to the sugar mill. These two soil samples 
were air dried and mixed thoroughly to increase homogeneity and shifted to <2 mm 
sieves for determination of soil texture.   

  Fig. 1.3    Riparian area       
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    Chapter 2   
 Soil Physicochemical Properties                     

             Introduction 

 Soil is a complex matter and comprises minerals, soil organic matter, water, and air. 
These fractions greatly infl uence soil texture, structure, and porosity. These properties 
subsequently affect air and water movement in the soil layers, and thus the soil’s 
ability to function. Therefore, soil physicochemical properties have a great infl u-
ence on the soil quality. Soil texture especially can have a profound effect on many 
other properties. Thus, soil texture is considered one of the most important physical 
properties of soil. In fact, soil texture is a complex fraction, consisting of three min-
eral particles, such as sand, silt, and clay. These particles vary by size and make up 
the fi ne mineral fraction. Generally, the coarse mineral fraction, which consists of 
particles over 2 mm in diameter, is not considered in texture. But in some cases they 
may affect soil physicochemical properties such as water retention. The textural 
category of a soil is decided by the relative amount of various particles sizes in a 
soil, that is, whether it is clay, loam, sandy loam, or another (Fig.  2.1 ).

   Usually the soil texture is a result of a "weathering" process, which is the physi-
cal and chemical breakdown of rocks and minerals, inasmuch as soil is a heteroge-
neous substance in terms of composition and structure. Therefore, these fractions 
weather at different rates. This in turn affects a soil’s texture. For instance, easily 
weathered rock forms clay-rich soils. On the other hand, granite is a slow- weathering 
rock that forms sandy and coarse soils. Once soil texture is formed, it is not altered 
easily by management practices; instead it is fairly constant because weathering is 
a relatively slow process and is not easily subject to changes. 

 Soil structure has a complex arrangement. Soil particles are bound together 
into larger clusters, called aggregates or "peds." This aggregation plays an 
important role in many soil parameters. It increases stability against erosion, 
maintains porosity and soil water movement, and improves soil fertility and car-
bon sequestration in the soil (Nichols et al.  2004 ). For instance, if spheroidal 
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peds are loosely packed and glued together by organic substances, it gives a 
granular structure to the soil. A granular structure frequently appears in A 
horizons where there is a large amount of soil organic matter and much biological 
activity. On the other hand, B horizons usually contain larger peds, which are 
arranged in the form of plates, blocks, or prisms. This type of formation involves 
shrink/swell processes and adhesive substances (Gardiner and Miller  2004 ). 
Generally, soil swells as it becomes wet or freezes, and shrinks when it dries and 
thaws. During soil swelling and shrinking processes, cracks form around soil 
masses, creating peds. These peds are held together with the help of many sub-
stances such as organic materials, iron oxides, clay, and carbonates. 
Transportation of water, air, solutes, and deep water drainage through the soil is 
usually mediated by cracks and channels. Mechanically, fi ner soils are much 
stronger with a more defi ned structure than coarser soils. This is because shrink/
swell processes predominate in clay-rich soils and there is more cohesive 
strength between particles. 

 Colloid surfaces are good platforms for the most chemical interactions that occur 
in the soil. This is primarily because of their chemical make-up, and large surface 
area. Due to their charged surfaces, colloids are able to sorb, or attract ions with the 
soil solution. The attracted molecules can be adsorbed on the colloid surface or 
exchanged with other ions and released into the soil solution. The adsorption or 
exchange of molecules is mainly dependent on the ion’s charge, size, and concentra-
tion in the soil. The ability of a soil to sorb and exchange ions is called its "exchange 
capacity". In general, both positive and negative charges are present on colloid sur-
faces. If soils are dominated by negative charges, they will have an overall (net) 
negative charge and vice versa. Furthermore, negatively charged soils will have 
more attraction towards cations to exchange sites than anions. Such soils tend to 
have greater cation exchange capacities (CEC) than anion exchange capacities 
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(AEC). This is opposite in the case of positively charged soil. Generally, 
 fi ne- structured soils have a greater exchange capacity than coarse soils because of 
higher proportions of colloids. 

 In view of microbiological activity in the soil, another important soil physico-
chemical property is the soil’s pH. It refers to a soil’s acidity or alkalinity and is the 
measure of hydrogen ions (H + ) in the soil. A high amount of H +  corresponds to a low 
pH value and vice versa. The surface charge of colloids is greatly infl uenced by soil 
pH; this in turn affects the CEC and AEC. Whenever there is a higher concentration 
of H +  (lower pH), the negative charge on the colloids will be neutralized, thereby 
decreasing CEC and increasing AEC. The opposite occurs when pH increases. Such 
types of changes in the soil’s pH will have the greatest impact on soil microbial 
activities, because microbial growth is pH dependent. 

 Inorganic salts present in the soil play a vital role in affecting the soil properties. 
It is a well-known fact that the presence and concentration of salts in soil can have 
adverse effects on soil function and management. Salt-rich soils are most common in 
arid and semiarid regions because in these regions evaporation exceeds precipitation 
and dissolved salts are left behind to accumulate. Also, higher levels of salts are seen 
in soils where vegetation or irrigation changes have caused salts to leach and accumu-
late in low-lying places (saline seeps). Based on the concentration and type of salts, 
there are three main types of salt-affected soils: saline, sodic, and saline- sodic. Saline 
soils contain a high amount of soluble salts, primarily calcium (Ca 2+ ), magnesium 
(Mg 2+ ), and potassium (K + ), whereas sodic soils are dominated by sodium (Na + ). 
Saline-sodic soils have both high salt and Na +  content. Salts in soil can affect structure, 
porosity, and plant/water relations that can ultimately lead to decreased productivity. 

 Another considerable chemical complex in the soil is carbonates of calcium or 
magnesium. Such soils are referred to as "calcareous" soils. Weathering of carbonate- 
rich parent material, such as limestone or lime-enriched glacial till, results in the 
formation of calcareous soils. Generally it occurs in areas where precipitation is too 
low to leach the minerals from the soil. The location of carbonates varies in the 
calcareous soils. They can be found throughout a soil profi le or concentrated in the 
lower horizons due to downward leaching. The calcareous horizon layer is denoted 
as the "k" layer. The effervescence (fi zz) reaction that occurs when a drop of dilute 
acid (10% hydrochloric acid or strong vinegar) is applied is the test for distinguish-
ing calcareous soils (Brady and Weil  2002 ). 

 In fact, soil’s carbonates have the greatest impact on several soil physicochemi-
cal characteristics. For instance, carbonates can affect soil productivity by infl uenc-
ing soil pH, structure, WHC, and water fl ow. However, calcareous soils have a high 
"buffering capacity", or resistance to changes in pH. This is due to free carbonates 
being able to neutralize acids in the soil effectively. Thus, the pH of calcareous soils 
changes very little and alkaline conditions (near pH 8) are maintained. Carbonates 
can also alter soil structure by affecting texture and promoting aggregation. WHC 
can be affected by the size and concentration of carbonates. Very fi ne carbonate 
particles can coat clay and silt particles and reduce their surface tension with water, 
and when a large percentage of CaCO 3  is present in the clay fraction (30% or 
higher), the soil’s WHC can be reduced (Massoud  1972 ). Nevertheless, high con-
centrations of carbonates can be toxic to plants and soil organisms. 

Introduction
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 Another important soil chemical is gypsum (CaSO 4 •2H 2 O), however, it is 
predominantly found in semi-arid soils. Its accumulation process in the soil is very 
similar to that of carbonate accumulation. However, gypsum is more soluble than 
carbonates and sulfates and is not as abundant as carbonate. Gypsum deposits are 
less common and generally found in drier climates where very little leaching occurs 
(Lindsay  1979 ). Soils dominated by gypsum are buffered, but not to the extent of 
carbonate-dominated soils, and typically have a pH between 7 and 8. 

 Organic amendments, such as crop residues, animal manures, logging and wood 
manufacturing residues, various industrial organic wastes, sewage wastes, and food 
processing and fi ber harvesting wastes, are naturally occurring compounds that are 
used as additives to improve soil physical conditions and/or plant nutrition (Donahue 
et al.  1983 ). Industrial organic residues include waste from processes such as alco-
hol distillation, paper making, meat packing, fl our making, and petroleum refi ning. 
A wealth of information is available on industrial effl uents and their infl uence on 
soils. Discharge of effl uents from various industries such as a dying factory 
(Swaminathan and Ravi  1987 ), paper mills (Mishra and Sunandashaoo  1989 ; Singh 
et al.  2005 ), tannery and chromate industry (Nandakumar  1990 ), petrochemical 
industries (Andrade  2002 ), and cotton ginning mills (Narasimha et al.  1999 ) infl u-
enced the physicochemical properties of soil. 

 Discharge of soils by combined pulp and paper mill effl uents increased soil pH, 
organic carbon, nitrogen, potassium, and phosphorus (Kannan and Oblisami  1990a ). 
Application of sodium-based black liquor from fi ber pulping for paper making 
increased soil pH and electrical conductivity (Xiao et al.  2005 ). Soils treated with 
distillery effl uents showed very high electrical conductivity and potassium ions 
(Devarajan et al.  2002 ). Soils discharged with food waste compost showed increased 
pH, electrical conductivity, total nitrogen content, and organic matter (Kim et al. 
 2002 ). Coir dust of coir fi ber industries increased the water-holding capacity of soil 
(Devi et al.  2002 ). Disposal of sewage sludge on agricultural land can, however, 
promote changes of soil physical properties (Smith  1991 ). Continuous irrigation of 
soils with paper mill effl uents showed changes in pH, electrical conductivity, and 
organic carbon (Chinnaiah et al.  2002 ). 

 An increase in municipal organic compost in soil signifi cantly increased the 
organic matter percentage, nitrogen, available phosphorus, and exchangeable potas-
sium over the control treatment in all treated levels (Chuasavathi and Trelo-ges 
 2001 ). Similarly, there was an increase in the pH (Renukaprasanna et al.  2002 ; 
Adhikari et al.  1994 ), water-holding capacity, and electrical conductivity 
(Renukaprasanna et al.  2002 ) of sewage-irrigated soils. Long-term (20 years) 
municipal waste disposal on soil increased soil organic matter, pH, and total nitro-
gen (Anikew  2002 ). 

 In contrast, application of sewage effl uents decreased the soil pH and increased 
electrical conductivity (Bhogal et al.  2002 ). Andrade ( 2002 ) reported that the conti-
nuity of the porous space of the soil matrix is impeded by the presence of pollutants, 
which generate areas highly limiting to water fl ow. Urbanization has numerous 
impacts on soils. Gilbert ( 1991 ) and Craul ( 1992 ) summarized differences in physical 
properties of urban and nonurban soils, including reduced soil structure, compaction, 
surface crusting, restricted aeration and drainage, and modifi ed temperature regime.  

2 Soil Physicochemical Properties
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    Impact of Effl uents 

 The mineral matter of soil samples such as sand, silt, and clay content was analyzed 
using different sizes of sieves following the method of Alexander ( 1961 ). Hundred 
percent water-holding capacity of soil samples was measured by fi nding the amount 
of the water added to both soil samples to get the saturation point. The 60% water- 
holding capacity of soil samples was calculated by the method of Johnson and 
Ulrich ( 1960 ). Soil pH was measured at 1:1.25 soil-to-water ratio in the Elico digital 
pH meter with calomel glass electrode assembly. The organic carbon content in 
both soil samples was determined by the Walky and Blaky method (Jackson  1971 ); 
electrical conductivity of soil samples with/without effl uent was determined by the 
addition of 100 ml distilled to 1 g of soil sample in an Elico conductivity meter. 
Total nitrogen content in the both soil samples was determined by the method of 
Microkjeldhal (Jackson  1971 ). 

 The soil sample discharged with sugar industry effl uents underwent changes in 
all measured parameters of physical and chemical properties in comparison to the 
control sample (Table  2.1 ). The soil textures in terms of percentage of sand, silt, and 
clay were continuously 51, 19, 30 and 64, 22, and 14 in test and control, respec-
tively. The above results indicated that effl uent-discharged soil had relatively lower 
sand, silt, and higher clay contents than control soil. Similarly, long-term applica-
tion to soil of sewage effl uents (Abdelnainm et al. 1987) and cotton ginning mill 
effl uents (Narasimha et al.   1999 ) led to an increase in clay content and improved 
soil texture and structure. 

     Table 2.1    Physicochemical properties of soil as affected by sugar industry effl uents   

 Properties  Control a   Test b  

 Color  Gray  Thick black 
 Odor  Normal  Bad 
 pH  8.30  7.62 
 Texture: 
  Sand (%)  64  51 
  Silt (%)  22  29 
  Clay (%)  14  20 
 Electrical conductivity (μMhos/cm)  0.24  1.71 
 Water-holding capacity (ml/g)  0.28  0.34 
 Organic matter (%)  3.602  6.432 
 Total nitrogen (g/Kg)  0.14  0.22 
 Available potassium (K 2 O) in Kg/A  170  332 
 Available phosphorus (P 2 O 5 ) in Kg/A  1.5  12.0 
 Calcium  Low  High 

   a  Control: Soil without sugar industry effl uents. 
  b  Test: Soil polluted with sugar industry effl uents.  

Impact of Effl uents
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 Higher water-holding capacity and electrical conductivity were observed in con-
taminated soil than in control; values were continuously 0.34 ml/g, 1.71 mMhos/cm 
and 0.28 ml/g, 0.24 mMhos/cm, respectively (Table  2.1 ). Increased water-holding 
capacity and electrical conductivity in contaminated soil might be due to accumula-
tion of organic wastes and salts in the sugar industry effl uents. Similarly, soil dis-
charged with effl uents from cotton ginning mills (Narasimha et al.  1999 ) and paper 
mills (Medhi et al. 2005) increased the water-holding capacity and electrical con-
ductivity. In contrast, soils polluted by cement industries had low water-holding 
capacity and higher electrical conductivity (Shanthi  1993 ; Sivakumar and De Brito 
1995). The pH of polluted soil was reduced from 8.30 to 7.62 upon release of sugar 
industry effl uents (Table  2.1 ). Slightly lowered pH in polluted soil than the control 
soil can be explained in terms of release of effl uents that were acidic in nature, con-
taining agro-based chemicals from industry. Zende (1995) reported that discharge 
of sugarcane residues from industry reduced soil pH. Organic matter content of 
contaminated soil was 6.432 g/kg and control soil 3.602 g/kg. Higher organic matter 
content of polluted soil may be due to the discharge of effl uents in an organic nature. 
The contents of total nitrogen and phosphorous in effl uent soil were continuously 
0.22 g/kg, 8.21 mg/g against 0.14 g/kg and 4.25 mg/g of control. Similar reports 
were made by Narasimha et al. ( 1999 ): discharge of effl uents from the cotton gin-
ning industry increased the total nitrogen and phosphorous content compared to the 
control soil.       

2 Soil Physicochemical Properties
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    Chapter 3   
 Soil Microbiological Properties                     

             Introduction 

 Microorganisms are the smallest living systems, but their activities are numerous. 
They represent the largest and most diverse biotic group in soil. Fertile soil usually 
contains 10 6 –10 9  bacteria per gram of soil (Tugel and Lewandowski  1999 ). They 
play a vital role in soil texture by their organic secretions. Microorganisms are usu-
ally higher in the A horizon, and they contribute to the formation of the granular 
structure. Soil microorganisms consist of both prokaryotes and eukaryotes, includ-
ing bacteria, protozoa, algae, fungi, and actinomycetes. However, in terms of bio- 
geo- chemical cycles, soil bacteria are very important. They are crucial in soil 
organic matter (SOM) decomposition, nutrient transformations, and small clay 
aggregation. Certain bacteria carry out unique roles in the soil. For instance, 
Rhizobia are nitrogen-fi xing bacteria associated with legume roots, whereas proto-
zoans (e.g., amoebas, ciliates, fl agellates) are mobile microorganisms and live as 
heterotrophes by feeding on other soil microorganisms, and SOM. Algae are auto-
trophes like plants, photosynthesize, and are found near the soil surface. Another 
important soil microbial community is fungi, a diverse group of microorganisms. 
They are primarily responsible for the breakdown of SOM and have large aggregate 
stability. Structurally they have long hyphae or mycelia; these can spread yards to 
miles underneath the soil surface. These fi laments help bind soil particles. Another 
considerably important soil microbial community is actinomycetes. These microor-
ganisms have features of bacteria and fungi. They are prokaryotes like bacteria and 
have fi lamentous structures like fungi. They play a vital role in the degradation of 
SOM containing more resistant fractions. Also, actinomycetes are the principal 
agents in giving an earthy odor to soil. Nevertheless, bacteria dominate in agricul-
tural and grassland soils, whereas fungi are more prevalent in forest and acidic soils 
(Tugel and Lewandowski  1999 ). 

 Mycorrhizae, mutualistic associations existing between plants and fungi, are 
another important aspect of soil biology and are found in almost all soils and plants. 
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In this relationship, fungi infect a plant and live in, or on, its root. In this symbiotic 
association, the fungus depends on the plant for energy and, in turn, the fungus and 
its hyphae can take up nutrients for the plants. These associations have been shown 
to increase plant–water relations and reduce the severity of some plant diseases 
(Smith and Read  1997 ), as well as improve soil aggregate stability. This is due to the 
binking actions of hyphae and glomalin, a mychorrhizally secreted chemical 
(Nichols et al.  2004 ). But the benefi cial effects of mycorrhizae to a plant depend on 
the soil conditions and the plant’s requirements. Currently, there are many commer-
cial mycorrhizal inoculants available; additional research is necessary to understand 
the effectiveness of mycorrhizal inoculants towards plant growth (Smith and Read 
 1997 ). Nevertheless, there are some possibilities for encouraging the mycorrhizal 
symbioses in agriculture; these include improving and maintaining existing mycor-
rhizal populations by increasing SOM content, reducing tillage and other soil dis-
turbances, and eliminating long fallow periods.  

    Biological Activity 

 Soil biological activity is very complex and controlled by many different factors, for 
instance, residue and quantity and quality of SOM, in which nitrogen content is the 
principal limiting factor for soil organism activity. However, other factors cannot be 
ignored, for example, oxygen, pH, temperature, and moisture. In general, highest 
soil biological activities are being observed in soils with adequate levels of oxygen, 
near-neutral pH, 85–95°F temperature, and 50–60% moisture (Brady and Weil 
 2002 ). Nevertheless, combinations of the above factors are essential for the opti-
mum levels of soil biological activities. There are certain extremophiles that have 
been adapted to extreme environmental conditions, but generally speaking, overall 
activity diminishes when conditions fall outside these ideal ranges. For instance, 
oxygen diffusion is impeded if a soil becomes too wet. This causes overall soil bio-
logical activity to diminish because oxygen is required by most soil organisms. 

 On the other hand, soil management practices can greatly infl uence soil biological 
activities because such practices are responsible for the changes in aeration and struc-
ture, cropping systems, and different amendments of nutrients and xenobiotics. 
Nevertheless, the effects of soil management practices vary from type to type. For 
example, tillage typically accelerates the bacteria and protozoa activities in the soil for 
a short period because tillage increases the aeration and breaks up residue into smaller 
particles that are more exposed to microbial attack (Vigil and Sparks  2003 ). Fungal 
biomass has been shown to increase conservation tillage systems; this may be due to 
less tillage disrupting fungal hyphal networks and/or increases in SOM levels (Frey 
et al.  1999 ). Usually, soil management practices that do increase SOM levels and mini-
mize soil disturbances will help to increase the earthworm populations in the soil, and 
crop rotation systems usually support more microbial diversity and activity than mono-
culture systems. This may be due to increased and more diverse residues plus specifi c 
interactions occurring between certain plants and organisms (Olfert et al.  2002 ). 

3 Soil Microbiological Properties
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 Nutrient amendments (fertilization) can also infl uence the quantity and activity 
of soil organism populations. In general, fertilizer addition to the soils containing 
low levels of nutrients or SOM causes increased biological activity. Activities will 
be higher if fertilizers contain N, and populations will eventually stabilize as N is 
consumed. However, certain fertilizer applications may cause temporary harm to 
soil biological activity. For instance, injection of anhydroous ammonia can reduce 
the soil organisms temporarily at the injection site (Tugel and Lewandowski  1999 ). 
But later most organism populations will rebound with time. 

 Regarding the microbial analyses of soil samples, it is always preferable to per-
form the analyses as soon as possible after the collection of a soil. Therefore, effects 
of storage on microbial populations can be greatly reduced. Generally, once the 
sample is collected from the fi eld, changes in microbial populations will not depend 
on the method of storage. Microbial numbers and their activities were reduced even 
when soil samples were stored in a fi eld moist condition at 4 °C for only 3 months 
(Stotzky et al.  1962 ). However, although bacterial populations were changed, acti-
nomycete populations remained unchanged. The fi rst and foremost step in soil 
microbial analysis usually involves sieving through a 2-mm mesh. This process 
removes the large stones and other debris from the surface soil sample. However, 
most often the soil sample is air dried to facilitate easy sieving. It should be noted 
that the soil moisture content should not become low because low moisture content 
can reduce the microbial populations in the soil sample (Sparkling and Cheshire 
 1979 ). After the sieving, if samples needs to be stored, 4 °C is preferable. However, 
during short-term storage, two things should be remembered: one is drying and 
another is development of anaerobic conditions. Both of these can greatly alter 
microbial populations. Generally, storage up to 21 days appears to leave most soil 
microbial properties unchanged (Wollum  1994 ), however, time is very important 
with respect to microbial analysis. Most often, sampling of surface soils does not 
require sterile procedure. Inasmuch as these soils are continually exposed to the 
local atmosphere, it is believed that such exposure during sampling and processing 
will not affect the results signifi cantly. But more precautions are needed if subsur-
face soils are to be processed. Generally, subsurface samples have lower cultural 
counts. Therefore, outside microbial contaminants may signifi cantly affect the num-
ber that actually present. Also, subsurface sediments are not frequently exposed to 
the atmosphere. Therefore microbial contaminants present in the surface atmosphere 
may pollute the subsurface sediments if not properly handled or processed. 
Additionally, collection of subsurface samples is always more expensive than the 
collection of surface samples; often there is no second chance at collection for sub-
surface samples. More often subsurface samples are obtained by coring, and may be 
either immediately frozen and sent back to the analysis site as an intact core or pro-
cessed at the coring site itself. But in either case, the core surface normally should be 
scraped off by sterile spatula or a subcore can be collected by a small- diameter 
plastic syringe. Such sample is then placed in a sterile plastic bag and analyzed 
immediately or kept at low temperature (freezing conditions) for future analysis. 

 Traditional soil microbial analysis methods have usually involved either cultural 
or direct count assays. Culturing assays are done by dilution and plating methodology 

Biological Activity
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on selective and differential media. Direct counts give information about the total 
number of bacteria present but don’t tell us about the viable, nonviable, and diver-
sity of populations present. Plate counts enumerate the total culturable or selected 
cultural populations, therefore they provide information on the different popula-
tions present. However, it is well known that often less than 1% of soil bacteria is 
culturable (Amann et al.  1995 ). Therefore, cultural information offers only a small 
fraction of the actual count. Additionally, the medium selected for cultural counts 
will select the populations that grow best on the particular medium. Thus, selection 
of the medium is crucial in determining the microbial populations of the selected 
soil sample. 

 In the recent past, a powerful technique was developed to obtain and study total 
DNA extracted from soil bacteria. This technique allows us to know how many dif-
ferent kinds of bacteria are present in the selected soil sample as well as their genetic 
potential. However, this technique has its own limitations. Therefore researchers 
more often now use DNA extraction in conjunction with direct and cultural counts 
in order to obtain the data with accuracy. Generally, bacterial DNA from soil sam-
ples can be obtained in two ways: fractionation of bacteria from soil followed by 
cell lysis and DNA extraction, and in situ lysis of bacteria within the soil matrix and 
released DNA extracted subsequently.  

    Impact of Effl uents 

 The microbial population in soil is an indication of soil fertility. Microbial activity in 
soil is strongly infl uenced by minerals, colloids, and humates that bind organic chem-
icals, inorganic ions, and water fi lms to surfaces (Bollag et al.  2002 ). Microbial 
enzymes are involved in complex relationships with other components of the soil 
system. The effi ciency of intracellular enzymes depends on the conditions that micro-
organisms face. As a result of the activity of extracellular enzymes in microorgan-
isms, they are able to begin functioning on suitable substrates in effl uents discharged 
into the soils. Populations of fungi and bacteria in the rhizosphere of food waste 
compost in the soil signifi cantly increased soil carbon, enzyme activities, and micro-
bial populations (Kim et al.  2002 ). Treatment of soils with sodium-based black liquor 
from fi ber pulping for paper making (Xiao et al.  2005 ), effl uents of pulp and paper 
mill (Kannan and Oblisami  1990a ), alcohol industry (Monanmani et al.  1990 ), and 
cotton ginning mills (Narasimha et al.  1999 ) increased the soil microbial biomass. 
In contrast, urban soils have less numbers and diversity of organisms compared with 
natural or seminatural soils (Gilbert  1991 ; Harris  1991 ). 

 Microfl ora of soil such as bacterial population in the soils contaminated with/
without effl uents of the sugar industry were enumerated by taking 1 g of soil and 
serially diluting it up to 10 −6 –10 −9 . Suspension of 0.1 ml was platted on the nutrient 
agar medium and spread with a sterilized spreader. Plates were incubated at 37 °C 
for 24 h. After 24 h, the bacterial colonies appearing on the surface of the medium 
were counted by colony counter. 

3 Soil Microbiological Properties
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 Quantity of bacteria was expressed in terms of colony-forming units/g soil by 
using the formula:

( ) ( )
=

é ù´ë û

Colony forming units / g soil Number of colonies /

Sample volume in mL Dilution factor

The fungal population in soil samples with/without effl uents of the sugar mill was 
isolated and enumerated on Martin’s rose bengal medium by the serial dilution tech-
nique of 1 g of soil in sterilized distilled water. The soil suspension was spread on 
the medium and incubated for 7 days at 28 °C. After the incubation, fungal colonies 
appeared on the medium, calculated based on the color and morphology. The total 
number of fungi was enumerated according to the method described previously for 
bacteria, and the quantity was expressed in terms of cfu/g of soil. 

 The microfl ora of both soil samples were enumerated and are listed in Table  3.1 . 
Threefold higher bacterial and twofold higher fungal populations were observed in 
the test sample over control. The higher microbial population in sugar industry 
effl uent-discharged soil could probably be due to the presence of high organic mat-
ter and low pH in the soil due to release of acidic effl uents rich in organic matter 
content. Similar to these results, soils polluted with effl uents of alcohol (Monanmani 
et al.  1990 ) and cotton ginning mills (Narasimha et al.  1999 ) also showed increased 
microbial populations.        

   Table 3.1    Biological properties a  of soil as affected by sugar industry effl uents   

 Microorganism  Control b   Test c  

 Bacteria  64 × 10 4   192 × 10 4  
 Fungi  7 × 10 4   15 × 10 4  

   a  Microbial population in terms of colony forming units g −1  of soil 
  b  Soil without sugar industry effl uents 
  c  Soil polluted with sugar industry effl uents  

Impact of Effl uents
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    Chapter 4   
 Soil Incubation Studies                     

          Soil quality cannot be measured directly because it is a broad, integrative, context- 
dependent concept. Instead, we analyze a variety of proxy measurements that 
together provide clues about how a soil is functioning as viewed from one or more 
soil-use perspectives. These measurements are called soil quality indicators. A set 
of low-cost, readily measured indicators that accurately predict soil functions of 
interest is called an effi cient indicator set. Indicators of soil quality may include 
characteristics of soil solids, soil solutions, soil atmospheres, vegetation, and other 
soil biota, and possibly even economic analyses of land-use or ecosystem services. 

 Although the quantity and quality of data may differ, the process of soil quality 
evaluation follows the same basic steps regardless of the method used: identifi cation 
of soil use issues followed by indicator selection and interpretation. More specifi -
cally, to select appropriate indicators, one must fi rst determine the land-use objec-
tives, and then indicators must be proposed, measured, and assessed across a 
representative set of land and management practices. An effi cient indicator set 
should be used to inform land management decisions at specifi c sites and then be 
used to monitor trends in soil function after changing practices and over time. 

 For the determination of soil enzyme activities such as protease, cellulase, amy-
lase, and invertase, 5 g of soil sample was placed in each test tube (25 × 200 mm) 
and 60 % water-holding capacity was maintained with the addition of the required 
amount of distilled water into soil and tubes were kept in an incubator at 28 ± 4 °C 
by replacing water during incubation. Triplicate soil samples with/without effl uent 
discharges were drawn after 0, 10, 20, 30, and 40 days of incubation to determine 
soil enzyme activities.   
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    Chapter 5   
 Soil Protease                     

             Introduction 

 Proteases are widely distributed among soils and show a wide range of activities 
(Ladd and Butler  1972 ; Hayano  1986 ). Protease enzymes are involved in the initial 
hydrolysis of protein components of organic nitrogen to simple amino acids. 
Hydrolytic degradation of proteins is an important step in the nitrogen cycle. 
Proteases in soils hydrolyze not only added proteins but also native soil added pro-
teins (Dedeken and Voets  1965 ). Protease enzymes, detected in microorganisms, 
plants, and animals, catalyze the hydrolysis of proteins to polypeptides and oligo-
peptides to amino acids (Handa et al.  2000 ) involved in the nitrogen cycle (Moreno 
et al.  2003 ). Treatment of soils with metal-contaminated sewage sludge (Achberger 
and Ohlinger  1988 ), effl uents from cotton ginning mills (Narasimha  1997 ), and pig 
slurry (Plaza et al.  2002 ) increased protease activity. In contrast to this, decreased 
protease activity was observed in soils treated with herbicides (Pahwa and Bajaj 
 1999 ), insecticides (Omar and Abd-Alla  2000 ), organic matter (Ladd and Butler 
 1969 ), crude oils (Walker et al.  1975 ), and chlorothalonil (Singh et al.  2002 ).  

    Enzyme Assay 

 Triplicate samples of soils with/without effl uent discharges were incubated in the 
manner specifi ed in Chap.   4    ; soil samples were withdrawn at desired intervals (0, 10, 
20, 30, and 40 days) to determine protease activity by the method described by Speir 
and Ross ( 1975 ). Five grams of soil samples were shifted to test tubes (25 × 200 mm); 
to this, 10 ml of 2 % casein in 0.1 M tris buffer at pH 7.5 were added and incubated 
for 24 h. Another set of soil samples treated in the same manner with modifi cation 
of casein was replaced by this buffer without substrate. All the tubes were incubated 
for the desired incubation periods. After incubation 4 ml of 17.5 % trichloroacetic 
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acid was added to these samples and the suspension was fi ltered by Whatman No. 1 
fi lter paper. The amount of protein in the fi ltrate was determined by the Folin–
Lowery method (Lowry et al. 1951) using a Elico digital spectrophotometer. Finally, 
the protease activity was expressed in terms of milligrams of tyrosine equivalents 
per gram of soil. Similarly, another three sets of control soil samples were treated 
with 10, 50, and 100 % effl uents, respectively, and protease activities were assessed.  

    Impact of Effl uents 

 Soil enzyme protease is excreted by soil microorganisms, plants, and animals by 
means of their metabolic activities. Protease is an extracellular enzyme secreted by 
soil microorganisms and is distributed among soils exhibiting a wide range of activ-
ities (Ladd and Butler  1972 ). 

 At room temperature, the protease activity of soil samples discharged with/with-
out sugar industrial effl uents was measured with the supplementation 2 % caseinate, 
with 60 % water-holding capacity and activity was measured in terms of tyrosine 
equivalents formed in trichloroacetic acid soluble fraction during 24 h, and the 
results are listed in Table  5.1 . By increasing the soil incubation days, the protease 
activity was also increased up to a 30-days interval, then activity declined in both 
polluted and nonpolluted soil. Maximum activity was recorded in soil samples dis-
charged with effl uents rather than control with improvement from two- to threefold 
in test soil. For instance, at 0 day interval, soil samples with effl uent discharges 
exhibited 0.284 mg of tyrosine equivalent g −1  (mg TE g −1 ) against 0.069 mg TE g −1  
of control soil. This trend followed at all incubation intervals ranging from two- to 
threefold (Table  5.1 ). Increased proteolytic activity in soils with effl uent discharges 
may be due to high availability of substrates (casein) and increased proteolytic 
microorganisms in effl uent soil. A similar report was made by others, such as soils 
treated with the effl uents of a cotton ginning mill (Narasimha  1997 ), tomato pro-
cessing waste (Sarade and Richard  1994 ), and pig slurry (Plaza et al.  2002 ) improved 
soil protease activity more than control soil. In contrast, soils polluted with cement 
dust from cement industries (Shanthi  1993 ) and wastewater treatment plant dis-
charge (Montuelle and Volat  1998 ) ceased the protease activity. Similarly, in soils 
treated with fungicides (Sreenivasulu  2005 ), protease activity was increased by 
increasing the incubation, maximum at 20 days.

   Protease activity in soils without amendment of substrate (casein) was studied 
and results are listed in Table  5.2 . By increasing the incubation period in both soil 
samples the protease activity accelerated up to 30 days interval and then declined in 
both soil samples. For instance, at 0 day, the test sample showed 0.042 mg TE g −1 ; 
this increased by 5166 % at 30 days, and later it decreased by 14 % at 40 days inter-
val. Compared to the two soil samples, protease activity was maximum in effl uent 
discharged soil than in control soil (Table  5.2 ) at all incubations. Positive protease 
activity in soils without supplementation of substrates such as casein may be due to 

5 Soil Protease
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    Table 5.1    Protease activity a  in soil (with substrate) after 24 h b  incubation as infl uenced by sugar 
industrial effl uents   

 Incubation (in days)  Control c   Test d  

 0  0.069 (100)  0.284 (411) 
 10  0.093 (100)  0.669 (719) 
 20  0.845 (100)  2.569 (307) 
 30  1.622 (100)  4.156 (256) 
 40  1.300 (100)  3.970 (305) 
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  Figures in parentheses indicate relative production percentages 
  a Milligrams of tyrosine g −1  of soil 
  b Incubation, in hours, of soil with casein (2 % w/w) 
  c Soil without sugar industrial effl uents 
  d Soil polluted with sugar industrial effl uents  

the presence of protein and related compounds in the soil. Microorganisms 
 inhabiting soil are proteolytic and can show protease activity even without 
 supplementation of substrate (casein) in the soil. In a similar observation made by 
Narasimha ( 1997 ), soils discharged with/without effl uents of a cotton ginning mill 
without supplementation of substrate improved protease activity in polluted soil 
more than in control soil.

   Protease activity in soil samples with effl uents in different concentrations includ-
ing 10, 50, and 100 % were observed with the amendments of substrate (casein) and 
results are reported in Table  5.3 . By increasing the soil incubation days, protease 
activity was also increased up to 30 days then declined in all concentrations of effl u-
ents (Table  5.3 ). For instance, the protease activity at 0 day interval in control was 
0.069 mg TE g −1  and this activity was increased 2250 % at 30 days interval then 
declined 20 % at 40 days interval. The same trend was followed at 10, 50, and 100 % 
effl uents (Table   5.3  ). Comparison of protease activity between control and different 
concentrations of effl uent-treated soils, by increasing the effl uent concentrations, 

Impact of Effl uents
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    Table 5.2    Protease activity a  in soil (without substrate) after 24 h b  incubation as infl uenced by 
sugar industrial effl uents   

 Incubation (in days)  Control c   Test d  

 0  0.034 (100)  0.042 (123) 
 10  0.044 (100)  0.240 (545) 
 20  0.248 (100)  1.192 (481) 
 30  0.724 (100)  2.212 (305) 
 40  0.348 (100)  1.892 (544) 
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  Figures in parentheses indicate relative production percentages 
  a Milligrams of tyrosine g −1  of soil 
  b Incubation, in hours, of soil without casein (2 % w/w) 
  c Soil without sugar industrial effl uents 
  d Soil polluted with sugar industrial effl uents  

showed the protease activity was also increased, with maximum at 100 %, at all 
incubations. For instance, at 0 day interval, control soil showed 0.069 mg TE g −1 , 
whereas 10, 50, and 100 % samples, showed 0.204, 0.358, and 0.38 mg TE g −1 , 
respectively. The same results were observed at the rest of the incubations. Similar 
results were reported by Plaza et al. ( 2002 ): treatment of soil with pig slurry resulted 
in higher protease activity observed at higher concentrations of this residue. In con-
trast, Sreenivasulu ( 2005 ) reported that, at higher concentrations of fungicide in 
soil, protease activity was decreased.

   The protease activity in soil samples treated with different concentrations of 
effl uents, without addition of substrate was studied and the results are depicted in 
Table  5.4 . Here also, similar results were obtained; by increasing the effl uent con-
centration, the activity of protease was also increased, to a maximum of 100 %, at 
all incubations. For example, at 0 day, the 100 % sample showed maximum activity, 
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that is, 0.016 mg TE g −1 , whereas control, 10, and 50 % samples showed 0.034, 0.01, 
and 0.018 mg TE g −1  activities, respectively. In each sample, with increasing the 
incubation period from 0 to 30 days, the activity increased, but further it dropped at 
40 days. For instance, the control sample exhibited 0.034 mg TE g −1  activity at 
0 day; it increased to 0.724 mg TE g −1 , and later it decreased to 0.348 mg TE g −1  at 
40 days. A similar trend was followed in the remaining three samples of different 
concentrations of effl uents.        

     Table 5.3    Protease activity a  in soil (with substrate) after 24 h b  incubation as infl uenced by different 
concentrations of sugar industrial effl uents   

 Incubation (in days) 

 Different concentrations of effl uents (%) 

 0  10  50  100 

 0  0.069 (100)  0.204 (296)  0.358 (519)  0.380 (362) 
 10  0.093 (100)  0.393 (422)  0.573 (616)  0.69 (742) 
 20  0.845 (100)  1.134 (134)  1.422 (168)  1.664 (197) 
 30  1.622 (100)  2.208 (136)  2.311 (142)  2.578 (159) 
 40  1.300 (100)  2.022 (155)  2.20 (169)  2.494 (192) 
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  Figures in parentheses indicate relative production percentages 
  a Milligrams of tyrosine g −1  of soil 
  b Incubation, in hours, of soil with casein (2 % w/w)  
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   Table 5.4    Protease activity a  in soil (without substrate) after 24 h b  incubation as infl uenced by 
different concentrations of sugar industrial effl uents   

 Incubation (in days) 

 Different concentrations of effl uents (%) 

 0  10  50  100 

 0  0.034 (100)  0.010 (29)  0.018 (53)  0.016 (47) 
 10  0.044 (100)  0.034 (78)  0.068 (154)  0.844 (1918) 
 20  0.248 (100)  0.688 (277)  0.852 (343)  1.240 (500) 
 30  0.724 (100)  0.96 (132)  1.436 (198)  1.484 (205) 
 40  0.348 (100)  0.732 (210)  1.248 (359)  1.316 (378) 
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  Figures in parentheses indicate relative production percentages 
  a Milligrams of tyrosine g −1  of soil 
  b Incubation, in hours, of soil without casein (2 % w/w)  
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    Chapter 6   
 Soil Cellulase                     

             Introduction 

 Cellulase is a core enzyme; it consists of exo-, endo-, and β-glucosidases. This 
enzyme synergistically acts on cellulose polymer substrates, which are abundantly 
available on the earth's surface in the form of wood, chips, rocks, and municipal 
waste. Cellulose is the most abundant polysaccharide in plant cell walls and repre-
sents a signifi cant input to soils (Richards  1987 ). Cellulose hydrolysis into glucose 
is mainly achieved by the complex enzyme cellulase produced by fungi (Maile and 
Linkins  1978 ). These enzymes are extensively studied in plant litter (Wood and Bat 
 1988 ; Sinsabaugh and Linkins  1987 ; Linkins et al.  1990 ). Liberation of extracellu-
lar enzymes of cellulase by microbes during litter decomposition may be infl uenced 
by many factors including temperature, moisture, pH, and substrate concentration 
(Linkins et al.  1984 ). 

 Cellulase activity is indicated by degradation of substrates such as the cellulose 
polymer of cellophane (Markus  1955 ; Kiss and Peterfi   1959 ), cellulose powder 
(Rawald et al.  1968 ), and carboxy methyl cellulose (Kong and Dommergues  1972 ), 
and its activity was measured by Pancholy and Rice ( 1973 ) through the appearance 
of reducing sugars measured spectrophotometrically. Cellulase activity was poten-
tially correlated with fungal and bacterial population in soil (Joshi et al.  1993 ). 

 Little information is available on the effect of sugar industrial effl uents on soil 
cellulase activity. Cellulase activity was enhanced in soils irrigated with effl uents 
of the textile and sugar industries (Kannan and Oblisami  1990b ), cotton ginning 
mills (Narasimha  1997 ), solid urban waste (Ramakrishna Parama et al.  2002 ), 
sodium-based black liquor from fi ber pulping for paper making (Xiao et al.  2005 ), 
and paper mill effl uents and amendment additions (Chinnaiah et al.  2002 ). Urban 
expansion into wild lands signifi cantly increases cellulase activity (Douglas and 
Oleksyszyn  2002 ). By contrast, soil contaminated with cement dust from cement 
industries (Shanthi  1993 ) and crude oils (Walker et al.  1975 ) ceased cellulase 
activity in soils.  
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    Enzyme Assay 

 Triplicate samples of soils with/without effl uent discharges were incubated in the 
manner specifi ed in Chap.   4    ; soil samples were withdrawn at desired intervals (0, 
10, 20, 30, and 40 days) to determine cellulase activity by the method described by 
Pancholy and Rice ( 1973 ). Five grams of soil samples were placed in 50-ml 
Erlenmayer fl asks and 0.5 ml of toluene was added. All the contents in the fl asks 
were mixed thoroughly and after 15 min, 10 ml of acetate buffer at pH 5.9 were 
added, followed by 1 % carboxy methyl cellulose (CMC). Another set of soil sam-
ples was treated in the same manner by replacing CMC with buffer without sub-
strate. Then fl asks were incubated for 30 min and approximately 50 ml of distilled 
water were added. The suspension was fi ltered by Whatman No. 1 fi lter paper and 
the volume of the fi ltrate was made up to 100 ml with distilled water. The amount of 
the reducing sugar content in the fi ltrate was determined by the Nelson–Somagyi 
method ( 1944 ) in an Elico digital spectrophotometer. Similarly, another three sets of 
control soil samples were treated with 10, 50, and 100 % effl uents, respectively, and 
cellulase activities were assessed.  

    Impact of Effl uents 

 Cellulase plays an important role as a group of enzymes in global recycling of the 
most abundant polymer, cellulose in nature. The impact of sugar industrial effl uents 
on cellulase activity has been studied in polluted and nonpolluted soil samples sup-
plemented with substrate (1 % carboxy methyl cellulose), described previously and 
the results are listed in Table  6.1 . The results showed that the cellulase activity in the 
test sample was higher than the control sample at all incubations. The increase of 
cellulase activity of the test sample range was between 22 and 57 % over control. By 
increasing the incubation interval, the activity of cellulase was also increased in 
both test and control samples, at a maximum interval of 30 days. For instance, in the 
test sample, at 0 day, the cellulase activity was 36.66 μg glucose equivalents g −1  
against 23.33 μg GE g −1  of control; it was increased by 117 % at 30 days interval, 
then declined by 30 % at 40 days interval in the test sample. Increased cellulase 
activity in soils with effl uent discharges may be due to high availability of substrates 
(CMC) and increased cellulolytic microorganisms in effl uent soils. Similar results 
were reported by others: discharge of effl uents from paper mill and pressmud addi-
tion (Chinnaiah et al.  2002 ), cotton ginning mill (Narasimha  1997 ), potassium-
based black liquor from straw pulping (Xiao et al.  2005 ), urban waste (Ramakrishna 
Parama et al.  2002 ), and tomato processing waste (Sarade and Richard  1994 ) 
increased the cellulase activity in soil compared to control. Similarly, by increasing 
the incubation period, cellulase activity in with/without fungicide- treated soils 
increased at a maximum interval of 20 days; later the activities decreased 
(Sreenivasulu  2005 ). According to Joshi et al. ( 1993 ), cellulase activity was greatly 
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   Table 6.1    Cellulase activity a  in soil (with substrate) after 30 min b  incubation as infl uenced by 
sugar industrial effl uents   

 Incubation (in days)  Control c   Test d  

 0  23.33 (100)  36.66 (157) 
 10  43.33 (100)  63.33 (146) 
 20  63.33 (100)  80.00 (126) 
 30  90.0 (100)  110.0 (122) 
 40  55.0 (100)  76.66 (139) 
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  Figures in parentheses indicate relative production percentages 
  a Micrograms of glucose g −1  of soil 
  b Incubation, in minutes, of soil with carboxy methyl cellulose (1 % w/w) 
  c Soil without sugar industrial effl uents 
  d Soil polluted with sugar industrial effl uents  

increased in soils treated with cellulose and increased cellulase activity was posi-
tively correlated with fungal and bacterial number and moisture content of litter. A 
high signifi cant correlation between cellulase activity and soil respiration was 
observed (Splading  1979 ) as well as microbial biomass (Kanazawa and Miyashita 
 1987  and Donnelly et al.  1990 ).

   Cellulase activity has been studied in polluted and nonpolluted soil samples sup-
plemented without substrate (1 % CMC); it has been described in the previous sec-
tion and results given in Table  6.2 . The results showed that the cellulase activity in 
the test sample was higher than the control sample at all incubations. The increase 
of cellulase activity of the test sample range was between 25 and 67 % over control. 
By increasing the incubation period, the activity of cellulase was increased in both 
test and control samples, at a maximum interval of 30 days. For instance, in the test 
sample, at 0 day, the cellulase activity was 16.66 μg GE g −1  against 13.33 μg GE g −1  
of control; it was increased by 296 % at 30 days interval, then declined by 80 % at 
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40 days interval in the test. A similar report made by Narasimha ( 1997 ): without 
amendment of substrate, discharges of effl uents from a cotton ginning mill improved 
soil cellulase activity more than control soil.

   Cellulase activity with supplementation of substrate in soil samples treated with 
various concentrations of effl uents such as 10, 50, and 100 % were assessed, as 
described earlier, and results are reported in Table  6.3 . According to the results, the 
sample with 50 % effl uent showed higher activity at all incubations over control, 10, 
and 100 % samples. For instance, at 0 day, the 50 % sample showed 33.33 μg GE g −1  
cellulase activity, whereas control, 10, and 100 % samples showed 23.33, 16.66, and 
26.66 μg GE g −1  cellulase activities, respectively. At the same time, the 10 % sam-
ple has shown less activity and the 100 % sample has shown more activity over 
control at all incubations. In each sample, with increasing the incubation period, 
the cellulase activity increased at a maximum interval of 30 days. For instance, in 

   Table 6.2    Cellulase activity a  in soil (without substrate) after 30 min b  incubation as infl uenced by 
sugar industrial effl uents   

 Incubation (in days)  Control c   Test d  

  0  13.33 (100)  16.66 (125) 
 10  23.33 (100)  36.66 (157) 
 20  33.33 (100)  53.33 (160) 
 30  40.00 (100)  66.66 (167) 
 40   6.66 (100)  13.33 (200) 
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  Figures in parentheses indicate relative production percentages 
  a Micrograms of glucose g −1  of soil 
  b Incubation, in minutes, of soil without carboxy methyl cellulose (1 % w/w) 
  c Soil without sugar industrial effl uents 
  d Soil polluted with sugar industrial effl uents  
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   Table 6.3    Cellulase activity a  in soil (with substrate) after 30 min b  incubation as infl uenced by 
different concentrations of sugar industrial effl uents   

 Incubation (in days) 

 Different concentrations of effl uents (%) 

 0  10  50  100 

  0  23.33 (100)  16.66 (71)   33.33 (143)  26.66 (114) 
 10  43.33 (100)  40.00 (92)   70.00 (161)  46.66 (108) 
 20  63.33 (100)  43.33 (68)  106.66 (168)  76.66 (121) 
 30  90.0 (100)  83.33 (92)  126.66 (141)  96.66 (107) 
 40  55.0 (100)  76.66 (139)  123.33 (224)  74.0 (134) 
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  Figures in parentheses indicate relative production percentages 
  a Micrograms of glucose g −1  of soil 
  b Incubation, in minutes, of soil with carboxy methyl cellulose (1 % w/w)  

the 10 % sample, at 0 days, the activity was 16.66 μg GE g −1 ; it increased by 400 % 
at 30 days, and later it decreased by 8 % at 40 days. The same trend was followed in 
the remaining samples. Similar results were reported by Ramakrishna Parama et al. 
( 2002 ): soil treated with urban waste along with additives such as cow dung, rock 
phosphate, green leaves, and coir dust increased the cellulase activity in the initial 
incubation and later it was stabilized. Decreased activity of cellulase at higher con-
centrations of effl uent may be due to the exposure of cell free enzyme to highly 
concentrated effl uent. This is correlated with the reports of Gaianfreda and Bollag 
( 1994 ,  1996 ): soil organic matter may have an inhibitory effect on enzymatic activ-
ity in the terrestrial system. Inhibition of enzymatic activity at higher concentrations 
of effl uents may also be due to high acidity (Ruggiero et al.  1996 ); this is also cor-
related with the pH of the polluted sample. Many enzymes are short lived in soil 
environments (Ahn et al.  2002 ). Similar observations were made by Sreenivasulu 
( 2005 ): a high concentration of fungicide in soil inhibited soil cellulase activity.
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   Cellulase activity without supplementation of substrate in soil samples treated 
with various concentrations of effl uents including 10, 50, and 100 % were assessed, 
and results reported in Table  6.4 . According to the results, soil with 50 % effl uent 
has shown higher cellulase activity at all incubations over the rest of the samples. 
For instance, at 0 day, the 50 % sample showed 33.33 μg GE g −1  cellulase activity, 
whereas control, 10, and 100 % samples showed 13.33, 6.66, and 13.33 μg GE g −1  
cellulase activities, respectively. Similar results were observed in the rest of the 
incubations. In each sample, by increasing the incubation period, the cellulase 
activity was also increased at a maximum interval of 30 days. For instance, at 0 day, 
in the 10 % sample, the activity was 6.66 μg GE g −1 ; it was increased by 1150 % at 
30 days, and later decreased by 8 % at 40 days. The same trend was followed in the 
remaining three samples.        

   Table 6.4    Cellulase activity a  in soil (without substrate) after 30 min b  incubation as infl uenced by 
different concentrations of sugar industrial effl uents   

 Incubation (in days) 

 Different concentrations of effl uents (%) 

 0  10  50  100 

  0  13.33 (100)   6.66 (50)  33.33 (250)  13.33 (100) 
 10  23.33 (100)  16.66 (71)  43.33 (186)  23.33 (100) 
 20  33.33 (100)  33.33 (100)  53.33 (160)  43.33 (130) 
 30  40.00 (100)  83.33 (208)  63.33 (158)  53.33 (133) 
 40   6.66 (100)  76.66 (1151)  26.66 (400)  19.66 (295) 
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  Figures in parentheses indicate relative production percentages 
  a Micrograms of glucose g −1  of soil 
  b Incubation, in minutes, of soil without carboxy methyl cellulose (1 % w/w)  
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    Chapter 7   
 Soil Amylase                     

             Introduction 

 Amylases are widely distributed in soils and have a wide range of activities (Ladd 
and Butler  1972 ) and properties (Ladd and Butler  1969 ). Starch is a major carbon 
compound within most plant tissues and increases during active photosynthesis 
and decreases as it is enzymatically converted into sugars. Amylase catalyzes the 
hydrolytic depolymerization of polysaccharides in soil (Tu and Miles  1976 ). 
Starch- hydrolyzing enzymes are usually extracellular and inducible, but their 
activity depends on the type of substrate (Alexander  1977 ). Soil amylase is respon-
sible for the major breakdown of complex polysaccharides including starch to a 
readily available form of glucose (Singaram and Kamalakumari  2000 ). Production 
of these extracellular enzymes from microbes during litter degradation may be 
infl uenced by temperature, moisture, pH, and substrate involvement (Linkins et al. 
 1984 ; Sinsabaugh and Linkins  1987 ). Amylase activity was signifi cantly corre-
lated with fungal and bacterial populations and moisture content of litter (Joshi 
et al.  1993 ). Changes in amylase activity during litter decomposition were attrib-
uted to changes in microbial populations (Ross and Roberts  1973 ). Increased amy-
lase activity was observed when soil was treated with insecticides and pesticides 
(Tu  1982 ), effl uents released from pulp and paper mills (Kannan and Oblisami 
 1990b ), cotton ginning mills (Narasimha  1997 ), and pressmud plus paper mill 
effl uents (Chinnaiah et al.  2002 ). By contrast, amylase activity was reduced when 
soil was treated with imidacloprid (Tu  1995 ), dimethoate (Mandic et al.  1997 ), and 
chlorothalonil (Singh et al.  2002 ).  
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    Enzyme Assay 

 Triplicate samples of soils with/without effl uent discharges were incubated in the 
manner specifi ed in Chap.   4    : soil samples were withdrawn at desired intervals at 0, 
10, 20, 30, and 40 days to determine amylase activity using the method developed by 
Cole ( 1977 ) and followed by Tu ( 1981a ,  b ). Five grams of soil samples were placed 
in the test tubes (25 × 200 mm); to this 1 ml of toluene was added. All the contents 
in the tubes were mixed thoroughly; after 15 min, 6 ml of 2 % starch in 0.2 M acetate 
buffer (pH 5.5) was added. Another set of soil samples was treated in the same man-
ner by replacing starch with acetate buffer without substrate. Tubes were incubated 
for 48 h. The suspension was fi ltered by Whatman No. 1 fi lter paper, and the amount 
of reducing sugar content in the fi ltrate was determined by the Nelson–Somagyi 
method ( 1944 ) using an Elico digital spectrophotometer. Similarly, another three 
sets of control soil samples were treated with 10, 50, and 100 % effl uents, respec-
tively, and amylase activity was assessed. With another set of soil samples, the amy-
lase activities were assessed after a 72-h incubation period as mentioned above.  

    Impact of Effl uents 

 The amylase enzyme plays a crucial role in catalyzing the hydrolysis and solubiliza-
tion of starch. Starch-hydrolyzing enzymes are usually extracellular and inducible. 
The amylase activity in test and control soil samples was measured by incubating 
the samples for 48 h in the presence of substrate (2 % starch), as described previ-
ously; results are listed in Table  7.1 . The test sample showed higher activity over 
control at all incubations; the increasing percentage of the test sample was between 
25 and 133 over control. Both samples showed higher activity at 30 days interval 
and then activities declined. For instance, the test sample exhibited 620 μg GE g −1  
amylase activity against 550 μg GE g −1  of control at 0 day interval; later it increased 
by 179 % at 30 days and declined by 35 % at 40 days interval in test. The increased 
amylase activity in polluted soil over control may be due to the availability of sub-
strate and/or amylolytic microfl ora in polluted soil. Similar results were reported by 
others: the addition of pressmud and paper mill effl uent irrigation (Chinnaiah et al. 
 2002 ), effl uents from pulp and paper mill (Kannan and Oblisami  1990b ), cotton 
ginning mill (Narasimha  1997 ), and fungicides (Sreenivasulu  2005 ) improved soil 
amylase activity. In contrast, soil polluted with cement dust from the cement indus-
try ceased soil amylase activity (Shanthi  1993 ).

   The soil amylase activity in test and control soil samples was measured by incu-
bating for 48 h without supplementation of substrate, described in Chapter   4     and 
results are depicted in Table  7.2 . The test sample exhibited higher activity over 
control at all incubations ranging from 33 to 60 %. Both samples have shown higher 
activities at 30 days interval; later activities were lower. For instance, the test sample 
exhibited 80 μg GE g −1  activity at 0 day against 60 μg GE g −1  of control. It increased 
by 170 % at 30 days and declined by 65 % at 40 days in test. Comparatively at all 
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   Table 7.1    Amylase activity a  in soil (with substrate) after 48 h b  incubation as infl uenced by sugar 
industrial effl uents   

 Incubation (in days)  Control c   Test d  

 0  550 (100)   620 (125) 
 10  610 (100)  1420 (233) 
 20  850 (100)  1500 (176) 
 30  900 (100)  1930 (214) 
 40  360 (100)  1250 (347) 
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  Figures in parentheses indicate relative production percentages 
  a Micrograms of glucose g −1  of soil 
  b Incubation, in hours, of soil with starch (2 % w/w) 
  c Soil without sugar industrial effl uents 
  d Soil polluted with sugar industrial effl uents  

   Table 7.2    Amylase activity a  in soil (without substrate) after 48 h b  incubation as infl uenced by 
sugar industrial effl uents   

 Incubation (in days)  Control c   Test d  

 0  60 (100)  80 (133) 
 10  85 (100)  120 (141) 
 20  110 (100)  150 (136) 
 30  135 (100)  216 (160) 
 40  80 (100)   76 (95) 
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  Figures in parentheses indicate relative production percentages 
  a Micrograms of glucose g −1  of soil 
  b Incubation, in hours, of soil without starch (2 % w/w) 
  c Soil without sugar industrial effl uents 
  d Soil polluted with sugar industrial effl uents  



34

incubations, the amylase activity without substrate in test and control was lower 
with substrate.

   Amylase activity in soils treated with different concentrations of effl uents such 
as 10, 50, and 100 % was measured by incubating the samples for 48 h with the 
addition of substrate (2 % starch) as explained previously and the results are reported 
in Table  7.3 . By increasing the concentration of effl uents, the amylase activity 
increased up to 10 % effl uent; thereafter it decreased at all incubations. For instance, 
at 0 day, 10 % effl uent-treated soil exhibited 760 μg GE g −1 , whereas control, 50, 
and 100 % samples showed 550, 200, and 100 μg GE g −1 , respectively. The same 
trend was followed at all incubations. Moreover, 50 and 100 % samples showed less 
activity than control at all incubations. Similarly, in soils treated with fungicides 
(Sreenivasulu  2005 ) of different concentrations, amylase activity (24 h) was 
increased by increasing the concentrations of fungicide. By increasing the incuba-
tion period, amylase activity was also increased in all samples, with the maximum 
at 30 days; later it declined. For instance, the 10 % sample showed 760 μg GE g −1  
activity at 0 day, it was increased by 48 % at 30 days, and then reduced by 80 % at 

   Table 7.3    Amylase activity a  in soil (with substrate) after 48 h b  incubation as infl uenced by 
different concentrations of sugar industrial effl uents   

 Incubation (in days) 

 Different concentrations of effl uents (%) 

 0  10  50  100 

 0  550 (100)   760 (138)  200 (36)  100 (18) 
 10  610 (100)   780 (128)  300 (49)  200 (33) 
 20  850 (100)   940 (110)  420 (49)  310 (36) 
 30  900 (100)  1130 (125)  750 (83)  550 (61) 
 40  360 (100)   230 (64)  245 (68)  150 (41) 
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  Figures in parentheses indicate relative production percentages 
  a Micrograms of glucose g −1  of soil 
  b Incubation, in minutes, of soil with starch (2 % w/w)  
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   Table 7.4    Amylase activity a  in soil (without substrate) after 48 h b  incubation as infl uenced by 
different concentrations of sugar industrial effl uents   

 Incubation (in days) 

 Different concentrations of effl uents (%) 

 0  10  50  100 

 0   60 (100)   90 (150)   68 (113)   50 (83) 
 10   85 (100)  110 (129)   88 (103)   70 (82) 
 20  110 (100)  150 (136)  135 (123)  120 (109) 
 30  135 (100)  165 (122)  158 (117)  138 (102) 
 40   80 (100)   90 (112)   70 (87)   55 (69) 
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  Figures in parentheses indicate relative production percentages 
  a Micrograms of glucose g −1  of soil 
  b Incubation, in minutes, of soil without starch (2 % w/w)  

40 days interval. The same results were observed in the other three samples at all 
incubations.

   Amylase activity in soils treated with various concentrations of effl uents was 
measured by incubating the samples for 48 h without amendment of substrate, and 
results are reported in Table  7.4 . Here also similar results were obtained. By 
increasing the concentration of effl uent, the amylase activity increased up to 10 % 
effl uent concentration; later it decreased at all incubations. For instance, at 0 day 
interval, the 10 % effl uent-treated sample showed 90 μg GE g −1  activity, but con-
trol, 50, and 100 % samples exhibited 60, 68, and 50 μg GE g −1  activity, respec-
tively. At the same time, by increasing the incubation period, the amylase activity 
increased, with maximum at 30 days; later it decreased in all concentrations. For 
instance, the 10 % sample showed 90 μg GE g 1  at 0 day, it increased by 83 % at 
30 days, and then declined by 45 % at 40 days interval. The overall amylase activ-
ity without substrate was comparatively less at all incubations and concentrations 
with substrate.

Impact of Effl uents
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   The activity of amylase in test and control soil samples was measured by incu-
bating for 72 h in the presence of substrate (2 % starch), and the results are listed in 
Table  7.5 . The test sample showed higher activity over control at all incubations; the 
increasing percentage of the test sample was between 8 and 111 over control. Both 
samples showed higher activities at 30 days interval and then activities declined. 
For instance, the test sample exhibited 380 μg GE g −1  amylase activity against 
180 μg GE g −1  of control at 0 day interval; later it increased by 358 % at 30 days and 
declined by 45 % at 40 days interval in test. The increased amylase activity in pol-
luted soil over control may be due to availability of substrate and more amylolytic 
microfl ora in the polluted soil. Comparatively, polluted soils showed less amylase 
activity at 72 h than 24 h.

   The soil amylase activity in test and control soil samples were measured by incu-
bating for 72 h without supplementation of substrate, and the results are depicted in 
Table  7.6 . The test sample exhibited higher activity over control at all incubations, 
and the increased percentage of the test sample ranged from 9 to 100. Both samples 

   Table 7.5    Amylase activity a  in soil (with substrate) after 72 h b  incubation as infl uenced by sugar 
industrial effl uents   

 Incubation (in days)  Control c   Test d  

 0  180 (100)  380 (211) 
 10  780 (100)  840 (108) 
 20  1000 (100)  1180 (118) 
 30  1300 (100)  1740 (134) 
 40  820 (100)  950 (116) 
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  Figures in parentheses indicate relative production percentages 
  a Micrograms of glucose g −1  of soil 
  b Incubation, in hours, of soil with starch (2 % w/w) 
  c Soil without sugar industrial effl uents 
  d Soil polluted with sugar industrial effl uents  
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   Table 7.6    Amylase activity a  in soil (without substrate) after 72 h b  incubation as infl uenced by 
sugar industrial effl uents   

 Incubation (in days)  Control c   Test d  

 0  20 (100)  40 (200) 
 10  70 (100)  90 (128) 
 20  92 (100)  100 (109) 
 30  110 (100)  121 (110) 
 40  25 (100)  40 (160) 
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  Figures in parentheses indicate relative production percentages 
  a Micrograms of glucose g −1  of soil 
  b Incubation, in hours, of soil without starch (2 % w/w) 
  c Soil without sugar industrial effl uents 
  d Soil polluted with sugar industrial effl uents  

showed higher activities at 30 days interval; later activities were lower. For instance, 
the test sample exhibited 40 μg GE g −1  activity at 0 day against 20 μg GE g −1  of 
control. It was increased by 202 % at 30 days and declined by 67 % at 40 days in test. 
Comparatively at all incubations, the amylase activity without substrate in test and 
control were less than with substrate.

   Amylase activities in soils treated with different concentrations of effl uents such 
as 10, 50, and 100 % were measured by incubating the samples for 72 h with addi-
tion of substrate (2 % starch), and results are reported in Table  7.7 . The soil sample 
with 50 % effl uent showed slightly higher activities of amylase over control, whereas 
the 10 and 100 % samples showed less activity than control at all incubations. For 
example, at 0 day, the 50 % sample showed 800 μg GE g −1  activity, whereas control, 
10, and 100 % samples showed 180, 500, and 600 μg GE g −1  activity, respectively. 
Similar results were reported by Sreenivasulu ( 2005 ) when soils treated with differ-
ent concentrations of fungicides by increasing the concentration of fungicide, the 
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activity of amylase (72 h) increased; later at higher concentration, it declined. 
Similarly, by increasing the incubation period, amylase activity also increased at all 
concentrations, at maximum interval of 30 days; later it declined. For instance, the 
10 % sample showed 500 μg GE g −1  activity at 0 day; it increased by 98 % at 30 days 
and then reduced by 19 % at 40 days interval. The same results were observed in the 
other three samples.

   Amylase activity in soils treated with various concentrations of effl uents was 
measured by incubating the samples for 72 h without amendment of substrate, and 
the results are shown in Table  7.8 . By increasing the concentration of effl uents, 
amylase activity was increased in soils up to 50 % effl uent concentration; then it 
declined. For instance, at 0 day, 50 % effl uent-treated soil exhibited 72 μg GE g −1 , 
whereas control, 10, and 100 % samples showed 20, 50, and 40 μg GE g −1  activity, 
respectively. The same trend was followed at all incubations. Another observation 

   Table 7.7    Amylase activity a  in soil (with substrate) after 72 h b  incubation as infl uenced by 
different concentrations of sugar industrial effl uents   

 Incubation (in days) 

 Different concentrations of effl uents (%) 

 0  10  50  100 

 0  180 (100)  500 (278)  800 (444)  600 (333) 
 10  780 (100)  720 (92)  920 (118)  620 (79) 
 20  1000 (100)  900 (90)  980 (98)  810 (81) 
 30  1300 (100)  990 (76)  1110 (85)  908 (70) 
 40  820 (100)  700 (85)  900 (110)  800 (97) 
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  Figures in parentheses indicate relative production percentages 
  a Micrograms of glucose g −1  of soil 
  b Incubation, in minutes, of soil with starch (2 % w/w)  
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   Table 7.8    Amylase activity a  in soil (without substrate) after 72 h b  incubation as infl uenced by 
different concentrations of sugar industrial effl uents   

 Incubation (in days) 

 Different concentrations of effl uents (%) 

 0  10  50  100 

 0  20 (100)  50 (250)  72 (360)  40 (200) 
 10  70 (100)  150 (214)  200 (286)  102 (146) 
 20  92 (100)  200 (217)  300 (336)  150 (163) 
 30  110 (100)  250 (227)  325 (295)  220 (200) 
 40  25 (100)  140 (560)  150 (600)  120 (480) 
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  Figures in parentheses indicate relative production percentages 
  a Micrograms of glucose g −1  of soil 
  b Incubation, in minutes, of soil without starch (2 % w/w)  

from the results was that all three samples with different concentrations of effl uents 
showed higher amylase activities over control at all incubations. At the same time, 
by increasing the incubation period, amylase activity increased, at a maximum 
interval of 30 days, and later decreased at all concentrations. For instance, the 10 % 
sample showed 50 μg GE g −1  at 0 day, it increased by 400 % at 30 days, and then 
declined by 44 % at 40 days interval. The overall amylase activity without substrate 
was comparatively less at all incubations and concentrations with substrate.        
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    Chapter 8   
 Soil Invertase                     

             Introduction 

 Invertase catalyzes the hydrolysis of sucrose to glucose and fructose due to 
β-fructofuranosides, predominantly available in microorganisms, animals, and 
plants (Kiss and Peterfi   1959 ; Skujins  1976 ; Alef and Nannipieri  1995 ). Invertase 
brings out all hydrolysis of sucrose under either acidic or alkaline conditions 
(Splading  1979 ). 

 Very little information is available on invertase activity in soil polluted by agro- 
based industries. Ross and Speir ( 1984 ) reported that soil temperature infl uenced 
soil invertase activity. Invertase activity was greater in desert remnant than in xeri-
scape sites (Douglas and Oleksyszyn  2002 ). Increased invertase activity was 
reported in urban expansions into wild lands (Douglas and Oleksyszyn  2002 ), soil 
treated with effl uents of pulp and paper mills (Kannan and Oblisami  1990b ; 
Chinnaiah et al.  2002 ), cotton ginning (Narasimha  1997 ), and hexachlorocyclo- 
hexane and its isomers (Srimathi and Karanth  1989 ). By contrast, invertase activity 
was reduced when soils were stored and air dried (Hoffman and Hoffman  1955 ), 
with the addition of toluene (Kiss and Peterfi   1959 ), insecticides (El Hamady and 
Sheloa  1999 ; Palaniappan and Balasubramanian  1985 ), cement dust from the 
cement industry (Shanthi  1993 ), and soil organic matter (Malcolm and Vaughan 
 1979 ). Bezuglova et al. ( 1999 ) reported that the higher the content of carbonates in 
parent rocks, the lower the activity of invertase in the buried mass, and vice versa.  

    Enzyme Assay 

 Triplicate samples of soils with/without effl uent discharges were incubated in the 
manner mentioned in Chap.   4    ; soil samples were withdrawn at desired intervals at 
0, 10, 20, 30, and 40 days to determine invertase activity by the method described 
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by Tu ( 1982 ). Five grams of soil samples were transferred to test tubes (25 × 
200 mm); to this 1 ml of toluene was added. All the contents in the tubes were mixed 
thoroughly, and after 15 min, 6 ml of 18 mmol/l sucrose in 0.2 M acetate buffer 
(pH 5.5) was added. In another set, soil samples were treated in the same manner by 
replacing starch with acetate buffer without substrate. All the tubes were incubated 
for 6 h. The suspension was fi ltered by Whatman No. 1 fi lter paper, and the amount 
of reducing sugar content in the fi ltrate was determined by the Nelson–Somagyi 
method ( 1944 ) using an Elico digital spectrophotometer. Similarly, another three 
sets of control soil samples were treated with 10, 50, and 100 % effl uents, respec-
tively, and invertase activities were assessed.  

    Impact of Effl uents 

 Invertase enzyme activity was expressed as the amount of glucose formed from the 
substrate (18 mM sucrose). The activity of invertase in test and control soil samples 
was measured by incubating the samples in the presence of substrate (18 mM 
sucrose), and the results are listed in Table  8.1 . The test sample showed higher activ-
ity over control at all incubations; the increasing percentage of the test sample was 
between 120 and 300 over control. Both samples showed higher activity at 30 days 
interval and then activities declined. For instance, the test sample exhibited 0.48 mg 
GE g −1  invertase activity against 0.12 mg GE g −1  of control at 0 day interval; later it 
was increased by 766 % at 30 days and declined by 202 % at 40 days interval in test. 
The increased invertase activity in polluted soil over control may be due to the avail-
ability of substrate and/or sucrose degrading microfl ora in polluted soil. Similar 
results were reported by others: the addition of pressmud and paper mill effl uent 
irrigation (Chinnaiah et al.  2002 ), pulp and paper mill effl uents (Kannan and 
Oblisami  1990b ), cotton ginning mill effl uents (Narasimha  1997 ), straw under 
fl ooded conditions (Chandrayan et al.  1980 ), and fungicides (Sreenivasulu  2005 ) 
improved soil invertase activity.

   The soil invertase activity in test and control soil samples were measured by 
incubating without supplementation of substrate, and the results are depicted in 
Table  8.2 . The test sample exhibited higher activity over control at all incubations 
ranging from 11 to 100. Both samples showed higher activity at 30 days interval; 
later activities were lower. For instance, the test sample exhibited 0.06 mg GE g −1  
activity at 0 day against 0.03 mg GE g −1  of control. It increased by 416 % at 30 days 
and declined by 68 % at 40 days in test. Comparatively at all incubations, the inver-
tase activity without substrate in test and control was less with substrate.

   Invertase activity in soils treated with different concentrations of effl uents such 
as 10, 50, and 100 % was measured by incubating with the addition of substrate 
(18 mM sucrose), were described, and the results reported in Table  8.3 . By increas-
ing the concentrations of the effl uents, invertase activity was increased up to 10 %; 

8 Soil Invertase



43

   Table 8.1    Invertase activity a  in soil (with substrate) after 6 h b  incubation as infl uenced by sugar 
industrial effl uents   

 Incubation (in days)  Control c   Test d  

 0  0.12 (100)  0.48 (400) 
 10  0.48 (100)  1.82 (379) 
 20  1.33 (100)  3.10 (233) 
 30  1.89 (100)  4.16 (220) 
 40  1.57 (100)  2.40 (136) 
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  Figures in parentheses indicate relative production percentages 
  a Milligrams of glucose g −1  of soil 
  b Incubation, in hours, of soil with sucrose (18 mM) 
  c Soil without sugar industrial effl uents 
  d Soil polluted with sugar industrial effl uents  

later it decreased in soils. At lower concentrations of effl uents (10 %), samples 
showed higher activity and vice versa. For instance, at 0 day, 10 % effl uent-treated 
soil exhibited 0.4 mg GE g −1 , whereas control, 50, and 100 % samples showed 0.12, 
0.26, and 0.16 mg GE g −1  invertase activity, respectively. The same trend was fol-
lowed at all incubations. Similarly, by increasing the incubation period, invertase 
activity also increased at all concentrations, at maximum interval of 30 days; later it 
declined. For instance, the 10 % sample showed 0.4 mg GE g −1  activity at 0 day, it 
increased by 507 % at 30 days, and then reduced by 43 % at 40 days interval. The 
same results were observed in the remaining three samples.

   Invertase activity in soils treated with various concentrations of effl uents was 
measured without amendment of substrate, described in the section "Enzyme 
Assay," and the results are reported in Table  8.4 . Here also similar results were 
obtained. By increasing the concentration of effl uent, the invertase activity 
increased up to 10 % effl uent concentration and later it decreased. For instance, at 
0 day interval, the 10 % effl uent-treated sample showed 0.05 mg GE g −1  activity, 
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whereas the control, 50, and 100 % samples exhibited 0.03, 0.03, and 0.01 mg GE 
g −1  activities, respectively. At the same time, by increasing the incubation period, 
the invertase activity also increased, at a maximum interval of 30 days interval, and 
later decreased in all samples. For instance, the 10 % sample showed 0.05 mg GE 
g −1  at 0 day, it increased by 380 % at 30 days, and then declined by 26 % at 40 days 
interval. The overall invertase activity without substrate was comparatively less at 
all incubations and concentrations with substrate.        

   Table 8.2    Invertase activity a  in soil (without substrate) after 6 h b  incubation as infl uenced by 
sugar industrial effl uents   

 Incubation (in days)  Control c   Test d  

 0  0.03 (100)  0.06 (200) 
 10  0.06 (100)  0.12 (200) 
 20  0.18 (100)  0.22 (122) 
 30  0.28 (100)  0.31 (111) 
 40  0.25 (100)  0.10 (40) 
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  Figures in parentheses indicate relative production percentages 
  a Milligrams of glucose g −1  of soil 
  b Incubation, in hours, of soil without sucrose (18 mM) 
  c Soil without sugar industrial effl uents 
  d Soil polluted with sugar industrial effl uents  
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   Table 8.3    Invertase activity a  in soil (with substrate) after 6 h b  incubation as infl uenced by different 
concentrations of sugar industrial effl uents   

 Incubation (in days) 

 Different concentrations of effl uents (%) 

 0  10  50  100 

 0  0.12 (100)  0.40 (333)  0.26 (217)  0.16 (133) 
 10  0.48 (100)  0.82 (171)  0.50 (104)  0.41 (85) 
 20  1.33 (100)  1.5 (113)  1.2 (90)  0.9 (68) 
 30  1.89 (100)  2.43 (128)  2.20 (116)  1.70 (90) 
 40  1.57 (100)  1.40 (89)  1.3 (83)  0.52 (33) 
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  Figures in parentheses indicate relative production percentages 
  a Milligrams of glucose g −1  of soil 
  b Incubation, in hours, of soil with sucrose (18 mM)  
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   Table 8.4    Invertase activity a  in soil (without substrate) after 6 h b  incubation as infl uenced by 
different concentrations of sugar industrial effl uents   

 Incubation (in days) 

 Different concentrations of effl uents (%) 

 0  10  50  100 

 0  0.03 (100)  0.05 (167)  0.03 (100)  0.01 (33) 
 10  0.06 (100)  0.08 (133)  0.04 (67)  0.02 (33) 
 20  0.18 (100)  0.10 (55)  0.06 (33)  0.06 (33) 
 30  0.28 (100)  0.19 (68)  0.08 (28)  0.07 (25) 
 40  0.25 (100)  0.14 (96)  0.05 (20)  0.026 (100) 
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  Figures in parentheses indicate relative production percentages 
  a Milligrams of glucose g −1  of soil 
  b Incubation, in hours, of soil without sucrose (18 mM)  
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