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ABSTRACT 

The effects of insecticide and herbicide pollution on soil nutrients, soil microbes as well as 

Pinto beans (Phaseolus vulgaris) and maize cultivated on the soil was studied. Insecticide 

herbicide were used to impact soil samples across concentration gradients. Pinto beans 

(Phaseolus vulgaris) and maize seeds were planted in separate experiments to monitor the 

effects of the agrochemicals on the cultivars. The microbial load, diversity and the 

physicochemical characteristics of the soil before and after pollution were determined using 

standard methods. Chlorophyll contents of the leaves were also determined after planting. 

Results shows that Bacterial isolates namely Enterococcus sp 54(44%), Staphylococcus sp 

8(7%), Bacillus sp 46(37%) and Micrococcus sp 15(12%) and fungal isolates such namely 

Penicillium sp 41(35%), Saccharomyces sp 67(56%), Yeast sp 4(3%), Geotrichum sp 6 (5%) 

and Aspergillus sp 1(1%) were recovered from treated and untreated soil with the percentages 

representing after planting. The findings from the study showed that the herbicide treated 

soils indicated that the total heterotrophic bacterial count (THBC) increased after cultivation, 

while the total heterotrophic fungal count (THFC) decreased after cultivation. On the other 

hand, insecticides treated soils recorded a general decrease in THFC and THBC after 

cultivation. The total nitrogen (TN), available phosphorus (AP) and exchangeable potassium 

(EP) had significant differences before and after planting. The cultivars generally had poor 

growth characteristics recorded as well as chlorophyll content. This study demonstrates the 

negative effects of the use of insecticides and herbicides against non-target species and call 

for the need for strict regulations against their use especially against permissive threshold 

concentrations. 

 

Key words: Heterotrophic fungal count (THFC), Total nitrogen (TN), Available phosphorus, 

Pinto beans (Phaseolus vulgaris), total Heterotrophic bacterial count (THBC). 
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CHAPTER ONE 

1.0                                                 INTRODUCTION 

Microorganisms are the primary soil decomposers, driving key ecosystem processes such as 

organic matter decomposition, nutrient cycling and thereby improves plant productivity (Paul 

et al., 2007). Therefore, agricultural practices affecting soil microorganisms are of particular 

interest. Modern agriculture worldwide uses a variety of pesticides which includes 

insecticides, nematicides, herbicides and fungicide to optimize crop production (Das and 

Mukherjee, 2008). However, continuous application of pesticides may result in soil pollution 

threatening processes driven by soil microorganisms and, thereby affecting soil fertility 

(Lopez et al., 2002).  

Pesticides are defined under the Federal Environmental Pesticide Control Act (FEPCA) as 

any substance or mixture of substances intended for preventing, destroying, repelling or 

mitigating any pest (insects, rodents, nematodes, fungus, weeds and other forms of terrestrial 

or aquatic plants or animals like bacteria or other microorganisms) or any substance or 

mixture of substances intended for use as a plant regulators or desiccant (Mishra et al., 2001). 

Pesticides are directly toxic to pest having indirect effects to soil invertebrates (Mishra et al., 

2001). They may be fungicides (toxic to fungus), insecticides (toxic to insects), nematicides 

(toxic to nematodes) and herbicides (toxic to herbs). According to Mishra et al (2001) it was 

observed that physicochemical properties of the soil, nature of substrates and environmental 

degradation determine the persistence of pesticides in nature. Excessive persistent and 

biological active residues endanger non-target organisms, prove hazardous and make the pest 

control operational uneconomical.  
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The consequences of agrochemical on soil biota may be direct and far reaching. Organisms 

which are of benefit to agriculture and which may be affected include, those responsible for: 

Organic matter decomposition and soil aggregation, breakdown of toxic compounds both 

metabolic by-products and agrochemicals inorganic transformation that make available 

nitrate, sulphate, and phosphates as well as essential elements like iron and manganese, and 

nitrogen fixation into forms usable by higher plants (Piao et al., 2001).  

An ideal pesticide should be toxic only to the target organisms, biodegradable and should not 

leach into the groundwater (Pesticide, 2006). Unfortunately, this is rarely the case and the 

widespread use of pesticides in modern agriculture is of concern (Bishnu et al., 2009). Owing 

to their xenobiotics characteristics, pesticides may adversely affect the proliferation of 

beneficial soil microorganisms and their associated biotransformation in the soil. Inactivation 

of nitrogen-fixing and phosphorus solubilizing microorganisms is observed in pesticide 

contaminated soil (Lopez et al., 2012).  

Recent studies show that some pesticides disturb molecular interactions between plants and 

N-fixing rhizobacteria and consequently inhibit the vital process of biological nitrogen 

fixation (Piao et. al., 2001). Similarly, many studies show that pesticide reduces activities of 

soil enzymes that are key indicators of soil health. Application of pesticides may also 

influence many biochemical reactions such as mineralization of organic matter, nitrification, 

dentrification, methanogenesis and so on. (Piao et. al., 2001). The most obvious effect is that 

of the direct toxicity of applied pesticide to the susceptible microbial species. Other 

microorganisms become resistant to the pesticide and can increase their biomass because of 

decreased competition (Rafatullah et al., 2010). 

Degradation of pesticides involves biotic and abiotic transformation processes. Biotic 

transformation is mediated by microorganisms, while abiotic transformation involves 
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processes such as chemical and photochemical reactions (Fenner et al., 2013). The specific 

degradation processes for a given pesticide are determined by its structure and by the 

environmental conditions it is exposed (Cazaja et al. 2020). Photochemical transformations 

require sunlight, available only in the topmost part of lakes or rivers, plant surfaces or 

submilimeter soil layers (Fenner et al., 2013).  

Pesticides are rapidly degraded by microorganisms when used as a carbon source (William et 

al. 2002). In the work carried out by (William et al. 2002), it was observed that out of 10 

microorganisms isolated and screened for degradative capabilities towards endosulfan 

degradation, the strains isolated were Fusarium ventricosum and Pandoraea sp. which 

degraded about 90% and 83% of 100ppm endosulfan respectively, in 15days using the 

pesticides as a carbon source. 

Some pesticides breakdown faster and more easily than others, having shorter “half-lives” but 

some may remain longer in soil (Gill et al., 2014). The more recalcitrant a pesticides is, the 

more damage it can cause to microorganisms, soil and the whole environment (U.S 

Environmental protection Agency, 1999). Pesticides like chlordane and paraqunt have high 

persistence half-life more than 100 days, while endosulfan, classified as organochlorine are 

persistent in the soil with an estimated half-life of 9months to 6yrs. It is one of the most 

commonly detected pesticide in U.S water (William et al., 2002). 

1.1 Statement of Problems  

The soil microorganisms such as bacteria, fungi, algae and nematodes play important role in 

soil nutrition through their role in decay of plants and other organic matters in soil as 

nutrifiers. Anything that disrupts their activities could be expected to affect the nutritional 

quality of soils and would therefore, have serious consequences on crop yield (Lilane et al., 

2020). Also, microorganisms that live in soil can be killed not only by chemicals applied 
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directly to the soil, but also by those that reach the soil in drift from ariel sprays or washed off 

foliage which in turn affect the breakdown of some kinds of dead leaf material into its 

organic constituents and in the incorporation of these materials into the soil structure (Mishra 

et al., 2001). 

However, pesticides serve useful purposes, concern has been expressed regarding their 

possible effects on environment. Pesticides may affect living organisms in the soil in the 

following ways: They may be directly toxic to microorganisms in soil. They may affect the 

soil organisms genetically to produce population resistant to the pesticides. They may have 

sub-lethal effects that result in alterations in behaviour or changes in metabolic or 

reproductive activity. They may be taken into bodies of soil flora or fauna and passes on to 

the other organisms. 

1.2 Aim of the Study 

The aim of the study is to determine the effect of different concentrations of agrochemicals 

(pesticides) on soil microbial diversity, density and crop growth.  

1.3 Objectives of the Study  

The objectives of the study are: 

a) To isolate and characterize the microorganisms in soil sample before and after treatments 

with pesticides.  

b) To determine the physico-chemical quantity (N1 P1 K) of soil before and after inoculation. 

c) To determine the effect of different concentration of some agrochemicals on plant growth 

(leaf length, stem height and girth).  

d) To determine nitrogen and chlorophyll contents of harvested crop cultivars.  
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CHAPTER TWO 

2.0          LITERATURE REVIEW 

2.1 Soil 

Soil is the mixture of minerals, organic matter, gases, liquids and countless organisms that 

together support plants life. Two general classes of soil are topsoil and subsoil (Voroney, 

2006). Soil is a natural body that exists as part of the pedosphere (the outer-most layer of the 

earth that is composed of soil and subject to soil formation processes) and which performs 

four important functions: It is a medium for plant growth. It is a means of water, storage, 

supply and purification. It is a modifier of the atmosphere of earth and it is a habitat for 

organisms all of which modify the soil. 

Soil is considered to be the “skin of the earth” with interfaces between the lithosphere, 

hydrosphere, atmosphere of earth and biosphere. Soil consists of a solid phase (minerals and 

organic matter) as well as a porous phase that holds gases and water. 

Soil itself is very complex. It would be wrong to think of soils as just a collection of fine 

mineral particles. Soil also contains air, water, dead organic matters, and various types of 

living organisms. The formation of soil is influenced by organisms, climate, topography, 

parent material, and time.  

2.1.1 Organic Activity  

A mass of mineral particles alone do not constitute a true soil. True soils are influenced, 

modified, and supplemented by living organisms. Plants and animals aid in the development 

of a soil through the addition of organic matter (Cheesebrough, 2000). Fungi and bacteria 

decompose this organic matter into semi-soluble chemical substance known as humus. Layer 
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soil organisms like earthworms, beetles, and termites, vertically redistribute this humus 

within the mineral matter found beneath the surface of the soil (Cheng, 1999).  

Organic activity is usually profuse in the near surface layers of a soil. For instance, one cubic 

centimeter of soil can be the home to more than 1,000,000 bacteria. A hectare of pasture land 

in a humid mid-latitude climate can contain more than a million earthworms and several 

millions insects. Earthworms and insects are extremely important because of their ability to 

mix and aerate soil. Higher porosity, because of mixing and aeration, increases the movement 

of air and water from the soil surface to deeper layers where roots reside. Increasing air and 

water availability to roots has significant positive effects on plant productivity. Earthworms 

and insects also produce most of the humus found in a soil through the incomplete digestion 

of organic matter (Cheng, 1999).  

2.1.2 Translocation  

When water moves downward into the soil, it causes both mechanical and chemical 

translocations of material. The complete chemical removal of substances from the soil profile 

is known as leaching. Leached substances often end up in the groundwater zone and then 

travel by groundwater flow into water bodies like rivers, lakes, and oceans. Eluviation refers 

to the movement of fine mineral particles (like clay) or dissolved substances out of an upper 

layer in a soil profile (Cheng, 1999). The deposition of fine mineral particles or dissolved 

substances in lower soil layer is called illuviation (Cheesebrough, 2000). 

2.1.3 Soil Texture 

The texture of a soil refers to the size distribution of the mineral particles found in a 

representative sample of soil. Also, the look and feel of a soil is referred as soil texture, it is 
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the arrangement of soil profiles into aggregates and is determined by size and type of 

particles that make up the soil. 

The size of the ex-rock pieces (now the inorganic soil particles) varies substantially from 

large bits of gravel to much smaller clay pieces. The soil particles are actually referred based 

on their size: Gravel particles are greater than 2mm in diameter. Sand particles between 

0.2mm and 0.02mm in diameter. Silt particles between 0.02m and 0.002mm in diameter. 

Clay particles less than 0.002mm in diameter. 

Sand particles are large with small surface area. Therefore, sand drains easily, has poor 

ability to retain moisture, little chemical activity, and little nutrient bonding. Silt particles 

have limited surface area, little chemical activity, little nutrient bonding, may compact under 

heavy traffic, poor air and water movement. Clay particles are small but have large surface 

area. Therefore, water adheres very well to clay. It has the high ability to retain moisture 

(however, this water can be hard even impossible for the plants to use). Very chemically 

active and good nutrient bonding. 

2.1.4 Soil pH  

Soil supports a number of inorganic and organic chemical reactions. Many of these reactions 

are dependent on some particular soil chemical properties. One of the most important 

chemical properties influencing reactions in a soil is pH. Soil pH is primarily controlled by 

the concentration of free hydrogen ions in the soil matrix (Nester et al., 1998). Soils with a 

relatively large concentration of hydrogen ions tend to be acidic. Alkaline soils have 

relatively low concentration of hydrogen ions (Sine, 1992). Hydrogen ions are made available 

to the soil matrix by the dissociation of water by the activity of plant roots, and by much 

chemical weathering reaction. 
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Soil fertility is directly influenced by pH through the solubility of many nutrients. At a pH 

lower than 5.5, many nutrients become very soluble and are readily leached from the soil 

profile. At high pH, nutrient become very soluble and plants cannot readily extract them. 

Maximum soil fertility occurs in the range 6.0 to 7.2 (Bradgett et al, 1999).  

2.1.5 Soil Profiles  

Most soil have a distinct profile or sequence of horizontal layers. Generally, these horizons 

result from the processes of chemical weathering, eluviation, illuviation, and organic 

decomposition. According to Pidwirny, layers found in a soil profile are up to five which can 

be represented in a typical soil: O, A, B, C, and R horizons  

O horizon  

This is the topmost layer of most soils. It is composed mainly of plant litter at various levels 

of decomposition and humus (Pidwirny, 2013). 

A horizon 

This is found below the O layer. This layer is composed primarily of mineral particles and 

has two characteristics: It is the layer in which humus and other organic materials are mixed 

with mineral particles, and it is a zone of translocation from which eluviation has removed 

finer particles and soluble substances, both of which may be deposited at a lower layer. Thus 

the A horizon is dark in color and usually light in texture and porous. The A horizon or 

organic accumulation, and a lower horizon shows loss of material by eluviation (Pidwirny, 

2013). 
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Bhorizon 

This horizon is a mineral soil layer which is strongly influenced by illuviation. Consequently, 

this layer receives material eluviated from the A horizon. The B horizon also has a higher 

bulk density than the A horizon due to its enrichment of clay particles. The B horizon may be 

colored by oxides of iron and aluminum or by calcium carbonate illuviated from the A 

horizon (Pidwirny, 2013). 

C horizon 

C horizon is composed of weathered parent material. The texture of this material can be quite 

variable with particles ranging in size from clay to boulders. The C horizon has also not been 

significantly influenced by the pedogenic processes, translocation, or organic modification 

(Pidwirny, 2013). 

R horizon  

This is the final layer in a typical soil profile. This soil layer simply consists of unweathered 

bedrock. 

2.1.6 Soil Structure 

Soil structure describes the arrangement of the solid parts of the soil and of the pore space 

located between them. It is determined by how individual soil granules clump or bind 

together and aggregate, and therefore the arrangement of soil pores between them. Soil 

structure has a major influence on water and air movement, biological activity, root growth 

and seedling emergence. 

The arrangement of soil aggregate into different forms gives a soil its structure. The nature 

processes that aid in forming aggregates are: wetting and drying, freezing and thawing, 



10 
 

microbial activity that aids in the decay of organic matter. Activity of roots and soil animals, 

and adsorbed cations (Pidwirny, 2013). 

The wetting /drying and freezing /thawing action as well as root or animal activity push 

particles back and forth to form aggregates. Decaying plant residues and microbial 

byproducts coat soil particles and bind particles into aggregates. Absorbent cations help form 

aggregates whenever a cation is bonded to two or more particles. 

Aggregates are described by their shape, size and stability. Aggregate types are used most 

frequently when discussing structure (Pidwirny, 2013). 
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Table 2.1: Structural Type and Description of Soil  

Type Description 

Granular  Rounded surface  

Crumb  Rounded surfaces but larger than granular  

Subangular blocky Cube-like with flattened surfaces and rounded 

corners 

Blocky  Cube-like with flattened surfaces and sharp 

corners  

Prismatic  Rectangular with a long vertical dimension and 

flattened trip. 

Columnar  Rectangular with a long vertical dimension and 

rounded top 

Single grain  No aggregate of course particles when dry  

Structureless  No aggregation of fine particles when dry. 

         (Paul et al., 2007) 
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Soil structure is one of the defining characteristics of a soil horizon. A soil exhibits only one 

structure per soil horizon, but different horizons within a soil may exhibit different structure. 

All of the soil forming factors, especially climate, influences the type of structure that 

develops at each depth. Granular and crumb structure are usually located at the soil surface in 

the A horizon. The subsoil, predominantly, the B horizon, has subangular blocky, blocky, 

columnar is prismatic structure. (Paul et al., 2007).  

2.2 Soil Fertility 

In Southern Africa the most limiting factor to agricultural productivity is soil fertility 

(Ramaru et al., 2000). Soil fertility is defined as the condition of soil that enables it to provide 

nutrients in adequate amounts and in proper balance for the growth of specified plants when 

other growth factors such as light, water, temperature, and physical condition of soil are 

favourable (Vander Watt and Van Rooyen, 1995). 

Soil fertility can also be defined as the ability of the soil to supply essential plant nutrients 

and soil water in adequate amounts and proportions for plant growth and reproduction in the 

absence of toxic substances which may inhibit plant growth (Tan et al., 2003).  

Soil fertility depends on such factors affecting soil formation as climate, parent material and 

topography. The way in which soil is used is particularly important. The principal means of 

regulating supply especially in mobile forms available to plants is the addition of mineral and 

organic fertilizers (Tabatabai, 1994). The introduction of legumes into crop rotations and 

improvement of conditions promoting the activity of nitric bacteria and other organisms that 

take up nitrogen from the atmosphere are also important. Excessive acidity is corrected by 

liming, and excessive alkalinity by the application of gypsum (Stenberg et al., 1998). 
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Soil fertility is markedly decreased by the presence of such toxic chemical compounds as 

ferrous oxide and mobile aluminum compounds, which usually accumulate in waterlogged 

soils. The moisture supply can be controlled by farming practices and hydraulic engineering 

measures (Snow retention, early spring harrowing, irrigation, drainage). Soil with good 

aeration and adequate moisture are the most fertile. Low fertility is often due to pathogenic 

organisms. Their removal by chemical agents (Sterilization, application of fungicides or 

nematocides) and by farming procedures (crop rotation, cultivation) increases soil fertility 

sharply. Correct use of soils not only prevents a decrease in their fertility but yields a steady 

increase (Tabatabai, 1994). 

2.2.1 Factors Affecting Soil Fertility  

a. Parent material: Soil parent material is the material that soil develops from, and may be 

rock that has decomposed in place, or material that has been deposited by wind, water, or 

ice. The character and chemical composition of the parent material plays an important 

role in determining soil properties, especially during the early stages of development 

(Braimoh et al., 2005).  

Parent material composition has a direct impact on soil chemistry and fertility. Parent 

materials rich in soluble ions-calcium, magnesium, potassium, and sodium, are easily 

dissolved in water and available to plants. Limestone and basaltic lava both have a high 

content of soluble bases and produce fertile soil in humid climate (Bardgett et al., 1999). 

If parent materials are low in soluble ions, water moving through the soil removes the 

bases and substitutes them with hydrogen ions making the soil acidic and unsuitable for 

agriculture. Soil developed over sandstone are low in soluble bases and coarse in texture 

which facilitates leaching (Bardgett et al., 1999). Parent material influence on soil 

properties tends to decrease with time as it is altered and climate becomes more 

important. 
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b. Climate: Soils tend to show a strong geographical correlation with climate, especially at 

the global scale. Energy and precipitation strongly influence physical and chemical 

reactions on parent material. Climate also determines vegetation cover which in turn 

influences soil development (Debosz et al., 1999). Precipitation also affects horizon 

development factors like the translocation of dissolved ions through the soil. As time 

passes, climate tends to be a prime influence on soil properties while the influence of 

parent material is less (Voroney, 2006). 

Climate affects both vegetative production and the activity of organisms. Hot, dry desert 

regions have sparse vegetation and hence limited organic materials available for the soil 

(Bardgett et al., 1999). The lack of precipitation inhibits chemical weathering leading to 

coarse textured soil in arid regions. Bacterial activity is limited by the cold temperatures 

in the tundra causing organic matter to build up. In the warm and wet tropics, bacterial 

activity proceeds at a rapid rate, thoroughly decomposing leaf litter. Under the lush 

tropical forest vegetation, available nutrients are rapidly taken back up by the trees. The 

high annual precipitation also flushes some organic material from the soil. These factors 

combine to create soils lacking much organic matter in their upper horizons (Voroney, 

2006). 

c. Topography: This has a significant impact on soil formation as it determines runoff of 

water, and its orientation affects microclimate which in turn affects vegetation (Winding 

et al., 2005). For soil to form, the parent material needs to be relatively undisturbed so 

soil horizon processes can proceed. Water moving across the surface strips parent 

material away, impeding soil development. Water erosion is more effective on steeper, 

unvegetated slopes (Alef and Nannipieri, 1995).  
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2.2.2 Ecological Significance of Soil Microbes  

Microorganisms play an essential role in maintaining soil fertility; cycling nutrients, 

influencing their availability, improving soil structure, supporting healthy plant growth, 

degrading organic pollutants. Some soil bacteria and fungi cause plant diseases, others are 

antagonistic to plant pathogens and invertebrate pests (Winding et al., 2005). The rhizosphere 

provides a region of increased microbial activity in which certain groups of bacteria and fungi 

are more likely to proliferate than in the bulk soil (Debosz et al., 1999). 

Microorganisms such as some rhizosphere originate from the seed but majority are derived 

from the soil in which a plant is growing and they will be returned to the soil, therefore bulk 

soil and rhizosphere reciprocate impact on microbial communities. This is especially 

important in the case of plant pathogenic microorganisms and microbial antagonists to pests 

and pathogens (Alef, 1995).  

Any one group of microbes is unlikely to perform with maximum efficiency under all 

circumstances, so genetically diverse populations are needed to provide continuation of 

important soil processes. 

Certain soil microorganisms such as mycorrhizal fungi can also increase the availability of 

mineral nutrients (e.g. phosphorus) to plants. Other soil microorganisms can increase the 

amount of nutrients present in the soil. For instance, nitrogen fixing bacteria can transform 

nitrogen gas present in the soil into soluble nitrogenous compounds that plant roots can 

utilize for growth (Piao et al., 2001). These microorganisms, which improve the fertility 

status of the soil and contribute to plant growth have been termed “biofertilizers” and are 

receiving increased attention for use as microbial inoculants in agriculture (Anderson 1998). 

Similarly, other soil microorganisms have been found to produce compounds (such as 
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vitamins and plant hormones) that can improve plant health and contribute to higher crop 

yield. These microorganisms are called phytostimulators. 

Other soil microorganisms produce compounds that stimulate the natural defense 

mechanisms of the plant and improve its resistance to pathogens. Collectively, these soil 

microorganisms have been termed “biopesticides” and represent an emerging and important 

alternative (i.e. biological control) to the use of chemical pesticides for the protection of crops 

against certain pathogens and pests (Piao et al., 2001). 

2.2.3 Soil as a Habitat for Microorganisms  

Soil is one of the more complex and highly variable habitats on earth. Any organisms that 

make their home in soil have had to diverse multiple mechanisms to cope with variability in 

moisture, temperature, and chemical change so, as to survive, function and replicate. Within a 

distance of less than one millimeter (<1mm), conditions can vary from acid to base, from wet 

to dry, from aerobic to anaerobic, from reduced to oxidized, and from nutrient-rich to nutrient 

poor (Atlas and Bartha, 1998). Along with spatial variability there is variability over time, so 

organisms living in soil must be able to adapt rapidly to different and changing conditions. 

Variations in the physical and chemical properties of the soil are therefore important 

determinants of the presence and persistence of soil biota. 

The physical and chemical characteristics of a soil are different in different parts of the soil 

profile. Generally, the upper layers of a soil and root have more organic matter than the lower 

layers. The origin of the soil determines the way the soil is packed, creating spaces and 

surfaces that are either accessible or inaccessible to soil organisms (Wardle, 2004) 

Roots can alter the soil environment for living organisms and play an important role in 

supplying nutrients for organisms that live around them. Roots are dynamic structures, 
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especially when young, releasing carbon compound that can be readily used as an energy and 

carbon source by many soil organisms. However, over time roots change and older roots have 

different surface properties and releases different compounds to younger roots. As roots age, 

the outer layers of the roots die, providing a source of organic material as well as a habitat for 

soil organism (Martius et al., 2001). 

Soil is considered as a continually changing and complex environment for organisms. Part of 

this complexity arises because the organisms themselves contribute to some of the changes 

that occur within the soil (Wardle, 2002). 

The habitat available to a soil organism depends on its size: the soil environment of bacteria 

will be quite different to that of an earthworm for a bacterium, important aspects of the soil 

environment include: 

Microhabitat (structure) 

Surface of soil particles, pore space, roots, dead organic matter (plant, animals or microbial), 

water films.  

Physical and chemical characteristics 

The change of soil particles (positive or negative), degree of aeration, pH, salinity, 

temperature, nutrients. 

Biological aspects 

Other living organisms (including roots) 

Bacteria are usually attached to the surfaces within soil pore or fragments of organic matter. 

They may attach themselves using flagella or fine hair-like fribrillae, although not all bacteria 

have these structures. Another method of attachment occurs through the production of 
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polysaccharide gums that are released through the cell wall of some bacteria. Certain fungi 

also produce gums that actually help bacteria attach to soil particles (Savonen, 1997). 

Fungi experience a similar soil environment to that of bacteria, but the scale is greater. Fungi 

spread much further through the soil than bacteria do and will encounter a greater variety of 

soil environments protozoa and mites both feed on bacteria but only the protozoa are small 

enough to enter some soil pores (Williams et al., 2002). 

While the soil environment obviously has a great effect on soil organisms they in turn may 

affect their physical environment. The breakdown of organic matter by soil organisms 

changes the structure of the soil, which leads to changes in the habitats available for soil 

organisms (Wardle, 2004). 

Soil habitat differ greatly depending on land use. For a similar soil type within the same 

climatic zone, a forest soil will generally have a greater diversity of habitats for soil 

organisms than a cultivated agricultural soil. These differences are primarily associated with 

a greater diversity of plant species and heterogeneity of the soil itself (Bonkowski, 2004).  

The number of soil organisms varies greatly between the surface and very deep layers in the 

soil profile. The main reason for this is because the supply of plant organic matter that is 

essential for many soil organisms is almost absent lower in the soil profile (Piao et al., 2001). 

2.3 Pesticides 

The term pesticide covers a wide range of compounds including insecticides, fungicides, 

herbicides, rodenticides, molluscicides, nematicides, plant growth regulators and others. 

Pesticide is a chemical used to prevent, destroy, or repel pests (Gill et al., 2014). It is also 

defined as a chemical that is used to kill animals or insects that damage plants or crops. 
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Pesticide can also be said to be a chemical or biological substance designed to kill or retard 

the growth of pests that damage or interfere with the growth of crops, shrubs, trees, timber 

and other vegetation, desired by humans. Practically all chemical pesticides, however are 

poisons and pose long time danger to the environment and humans through their persistence 

in nature and body tissue. Most of the pesticides are non-specific, and may kill life forms that 

are harmless or useful. 

2.3.1 History of Pesticides 

One of the first pesticides was sulfur, used by the Chinese in around 1000BC to control 

bacteria and mold (fungus). Sulfur is still widely used today. For example, it is used in 

fungides to control diseases on both agricultural and ornamental plants and in wine industry, 

sulfur is used to control unwanted bacterial growth in empty wine barrels and is commonly 

added to wine to kill unwanted yeast (Bezbaruah and Saikia, 1990). The Chinese also 

pioneered the use of arsenic containing compounds to control insects. 

Arsenic has a long history of use both as an insecticide and herbicide, and also as a medicine. 

Arsenic trioxide was used as a weed killer (herbicide) in the late 1800s, and lead arsenate, 

containing both lead and arsenic was used as an insecticide, particularly in orchards prior to 

the development of synthetic pesticides following world war II (Kamrin, 1997) 

Plant – based Pesticides  

Plants have provided several other important nonsynthetic pesticides. In the late 1600s 

nicotine, an extract from tobacco leaves, was recognized as a patent insecticide and is now a 

limited use as a pesticide. Another group of nonsynthetic insecticides is pyrethrums, which 

are harvested and refined from chrysanthemums. The strychnine tree, Nux vonica, contain 

strychnine used to kill rodents. Plant extracts are useful for controlling pests, but they are 
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often difficult to purify and produce in large quantities. Consequently, the modern use of 

plant-based pesticides did not significantly increase until advances were made in synthetic 

chemistry and pest biology.  

Synthetic – Pesticides 

Synthetic chemistry advanced rapidly in the 1930s and by the early 40s, a range of new 

pesticides had been developed, including organochlorine insecticides like 

Dichlorodiphenyltrichloroethane (DDT). In 1937 the first organophosphate compounds were 

synthesized by a German Chemist Paul Muller. These very potent compounds were kept 

secret during World War II and were originally developed as potential chemical warfare 

agents. After the war, these organophosphate compounds were re-purposed as insecticides, 

and many of the organophosphate insecticides continue to be used today. 

Herbicides were developed during World War II in order to increase food production and 

create possible warfare agents. In 1946, the first commercial available chlorine-based 

herbicides were marketed to kill broadleaf plants. This class of compounds includes 2, 4 – D 

(2, 4 – Dichlo-ophenoxyacetic acid) and 2, 4, 5 –T (2, 4, 6 – Trichlorophenoxyacetic acid). 

2.3.2 Classification of Pesticides  

There are two types of pesticides classifications: chemical pesticides and biopesticides. 

Chemical pesticides 

They are further divided into four types based on their origin. 

Organophosphate pesticides: These are the chemical substances which are produced due to 

reaction between phosphoric acid and alcohols. Although a few organophosphate (OP) 

formulation remain available for vector, their use has dramatically decreased because of 
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resistance to Ops, the potential for non-target effects and the development of alternative 

products. Members of this group contain phosphorus in their molecules. Products currently 

labeled for vector control include naled, malathion, and some formulations of dursban 

(CICAD, 1999).  

Organophosphate are considered by most to pose a greater human risk for pesticide 

applicators than other families of pesticides. This affects the nervous system by inhibiting the 

action of enzyme acetyl cholinesterase (AChE). It causes irreversible blockage leading to 

accumulation of the enzyme which results in over stimulation of muscles. These mainly 

include insecticides, herbicides etc. (CICAD, 2004). 

Organochlorines (chlorinated hydrocarbons): this represent one of the first groups of 

pesticides synthesized, and include the well-known insecticide DDT. Most of other 

organochlorines used for arthropod control includes chlordane, dieldrin, and lindane. 

These are endocrine disrupting agents which affect the hormonal systems of the body, acts as 

duplicates of the normal hormones and thus causing adverse health problems. They remain in 

environment for a long time by breaking down slowly and accumulating in the fat tissues of 

animal example DDT (Dicloro diphenyl trichloroethane) (CICAD, 2004). 

Carbamates: These are chemically similar in structure to organophosphates(Ops), but 

whereas OPs are derivatives of phosphoric acid, carbamates are derivatives of carbamic acid. 

The bond formed for inhibition in carbonates is less durable and therefore is reversible 

(JMPR, 2004).  

Pesticides in this group used for vector control include carbaryl (sevin) for dusting rodent 

burrows to control fleas, propoxur (Baygon) for use against insect pests and certain brands of 

bee and wasp control sprays. 
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Carbamates also pose a relatively high risk for human poisoning. Some carbamates are 

herbicides (Morals et al., 2012). 

Pyrethroids are synthetically produced molecules that are chemically similar to pyrethrins, a 

natural insecticides. Pyrethroids are not persistent. They break down quickly in sunlight, and 

are rarely present after few days. Most pyrethroids are synergized with Piperonyl butoxide 

(PBO) which acts as a synergist. Synergists are materials that are not necessarily pesticidal by 

themselves, but have the effect of increasing the toxicity of insecticides with which they are 

mixed. Without PBO, insects treated with the dose of most pyrethroids would be knocked 

down, but would eventually survive. Several generations of pyrethroids have been produced 

with the latest formulations being effective at extremely small doses (JMPR, 1995a). 

Pyrethrins and pyrethroids are now among the most common public health pesticides in 

California, especially for the control of adult mosquitoes. Their use now far outstrips that of 

conventional synthetic pesticides such as organochlorines and organophosphates because of 

their ability to easily pass through the exoskeleton of insects. Few examples are deltamathrin, 

cypermethrin etc. (CICAD, 1999). 

Pyrethroid are derivatives of ketoalcoholic esters of chrysanthemic and pyrethrioc acids, and 

are potent nuero poisons, endocrine disruptors and causes paralysis (CICAD, 2004). 

Biopesticides 

They are group of pesticides that are considered relatively non-toxic to humans and are also 

environmentally safe. The Environmental protection Agency (EPA) defines biopesticides as 

types of pesticides derived from natural materials like animals, plants, bacteria, and certain 

minerals. For example, canola oil and baking soda have pesticidal application and are 

considered biopesticides. Biopesticides fall into three (3) major classes: 
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Microbials pesticides: these consists of a microorganisms (e.g bacterium, fungus, virus, 

nematode, or protozoan) as active ingredient. Microbial pesticides contain many different 

kinds of pests, although each separate active ingredient is relatively specific for its target 

pest(s). For example, there are fungi that control certain weeds, and other fungi that kill 

specific insect: (JMPR 2009b). The most widely used microbial pesticides are subspecies and 

strains of Bacillus  thuringiensis (Bt). Each strain of this bacterium produces a different mix 

of proteins, and specifically kills one or a few related species of insect larvae. While some 

Bt’s control much larvae found on plants, other Bt’s are specific for larvae of flies and 

mosquitoes. The target insect species are determined by whether, the particular Bt produces a 

protein that can bind to larval gut receptor, thereby causing the insect larvae to starve (JMPR, 

2009b). 

Biochemical pesticides: They are naturally occurring substances that control pests by non-

toxic mechanisms. Biochemical pesticides include substances such as insect sex pheromones 

that interfere with mating, as well as various scented plant extracts that attract insect pest to 

traps (Moral et al., 2012).  

The action of biochemical pesticides is based on the interruption of natural growth processes 

of arthropods. They are not particularly selective among arthropod species, but generally 

have extremely low toxicity for vertebrates, including people. Insect growth regulations 

(IGRs) chitin inhibitors, plant growth regulators, enzymes bio repellents or attractants and, 

hormones, are chromosterilants are also included in this group (JMPR, 2009a). 

Plant incorporated protectants (PIPS): These substances are produced by plants naturally, 

but the gene necessary for production of pesticides is introduced into the plant through 

genetic engineering. For example, scientists can take the gene for the Bt pesticidal protein, 

and introduce the gene into the plants own genetic material. Then the plant, instead of the Bt 
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bacterium, manufactures the substance that destroys the pest. The protein and its genetic 

material, but not the plant itself, are regulated by Environmental Health Criteria. 

 

Table 2.2: Classification Based on the Pests they Control. 

PESTICIDE TARGET 

Insecticides They act especially on insecticide 

Algaecides Control or kill growth of algae 

Herbicides Control or kill weeds 

Bactericides Acts against bacteria 

Fungicides Acts against fungi 

Rodenticides Kills or prevents rodents e.g. rats 

Larvicides Inhibits growth of larvae 

Repellents They tend to repel pest by its tastes or small 

Desiccants They act on plants by drying their tissues 

Ovicides They inhibit the growth of eggs of insects and mites 

Virucides Acts against viruses 

Molluscidies They inhibit or kill molluses i.e snails that are disturbing the 

growth of plants or crops  

Acaricides They kill arachinds like mites 

Nematicides They tend to kill nematodes that acts as parasite on plants 

Avicides These are used to kill birds 

Moth balls These are used to stop any damage to cloths by moth larvae 

or molds 

Lampricides These are designed to target larvae of lampreys which are 

jawless fish like vertebrates in the river 

Piscicides They are substances that act against fishes 

         JMPR (2009a) 
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Though pesticides are designed to kill or inhibit organisms that cause damage to the crops or 

animals, they have harmful effects on other organisms that must not be effected and tend to 

pollute the environment. If used in high quantities they can be lethal sometimes. 

Biopesticides are used instead of chemical pesticides as the negative effects are low 

compared to chemical pesticides (Armstrong and Stile, 1994). 

2.4 Fate of Pesticides in the Soil  

Pesticides are important to the success of agriculture as well as being important in helping 

maintain good published. During the past two decades, however this increase has caused 

great concern over the presence of pesticides in the environment and the threat they may pose 

to wildlife and humans. 

Although pesticides are indispensable in modern agriculture, their use and misuses can lead 

to serious water quality problems. Fish kills, reproductive failure of birds, and acute illnesses 

in people have all been attributed to the ingestion of pesticides or exposure to pesticides. 

Usually this is the result of misapplication, careless storage or careless disposal of pesticides 

and containers (Alef, 1995).  

Once a pesticide is applied, several things may happen. It may be taken up by plants or 

ingested by animals, insects, worms or microorganisms in the soil, it may move downward in 

the soil and adhere to soil particles, or it may dissolve, it may volatilize, it may be broken 

down into less toxic compounds, it may be leached or moved out of the plant’s root zone by 

rain or irrigation water, or it may be carried away by runoff water or erosion (Bishnuet al., 

2009).  
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2.4.1 Factors Affecting Fate of Pesticides  

There are four factors which affect the fate of pesticides. They are as follows: properties of 

the pesticide, properties of the soil, conditions of the site, management practices. 

2.4.2 Pesticide Properties  

Pesticide properties which affect movement to groundwater include solubility, adsorption, 

volatility, and degradation. 

Solubility: Chemicals which dissolve reality in water are said to be highly soluble. As water 

seeps downward through the soil, it carries with it water-soluble chemicals. This process is 

called leaching. Highly soluble pesticides, therefore have a tendency to be leached from the 

soil to groundwater.  

Adsorption: Many pesticide do not leach because they are adsorbed or tightly held by soil 

particles. Adsorption depends not only on the chemical, but also on the soil type and amount 

of soil organic matter present (Amalin, 2009).  

Volatility: Highly volatile chemicals are easily lost to the atmosphere, similar to the 

evaporation of water. If a pesticide is highly volatile and not very water soluble, it is likely to 

be lost to the atmosphere and less will be available for leaching to groundwater. Highly 

volatile compounds may become groundwater contaminants, however if they are highly 

soluble in water.  

Degradation: Another chemical property affecting leaching potential is the pesticide’s rate 

degradation in the soil. Pesticides are degraded or broken down into the chemical forms by 

sunlight, microorganisms in the soil, and a variety of chemical and physical properties. The 

longer the compound lasts before it is broken down, the longer it is subject to the forces of 
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leaching. Many chlorinated hydrocarbons are highly persistent in soil, but they have not been 

found in groundwater because of their low solubility and strong adsorption to soil particles.  

2.4.3 Soil Properties  

Soil properties affecting the movement of pesticides include soil texture, soil permeability, 

and organic matter content (Cooper, 1996).  

Soil texture: This is determined by the relative proportions of sand, silt and clay. Texture 

affects movement of water through soil and therefore affects the movement of dissolved 

chemicals, such as pesticides. The coarser the soil, the faster the movement of the percolating 

water, and the less opportunity for dissolved chemicals. 

Soil permeability: Soil permeability is a measure of how fast water can move downward 

through a particles soil. Water moves quickly through soils with high permeability. They also 

lose dissolved chemicals with the percolating water. In highly permeable soils, the timing and 

methods of pesticide application need to be carefully designed to minimize leaching losses. 

Organic matter content: Soil organic matter influences how much water a soil can hold and 

how well it will be able to absorb pesticides. Increasing the soils organic content, through 

practices such as application of manure or plowing under cover crops, increases the soil’s 

ability to hold both water and dissolved pesticides in the roots zone where they will be 

available to plants and to eventual degradation (Das and Mukherjee, 2008). 

2.4.4 Site Conditions  

The conditions of the site where a pesticide is applied can also affect the movement of the 

pesticide. Such conditions include the depth to groundwater, geologic conditions, and 

climate. 
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Depth to groundwater: The shallower the depth to groundwater, the less soil there will be to 

act as a filter. Also there will be fewer opportunities for degradation or adsorption of 

pesticides. Therefore, extra precautions need to be taken to protect groundwater in area that is 

to closer to the ground surface. In humid regions, groundwater may be only a few feet below 

the surface of the soil. If rainfall is high and soils are permeable, water carrying dissolved 

pesticides may take only a few days to percolate downward to ground water. In arid region, 

groundwater may be several hundred feet below the soil surface, and leaching of pesticides to 

groundwater may be a much slower process. 

Geologic condition: In addition to depth to groundwater, it is important to look at the 

permeability of the geologic layers between the soil and groundwater. Highly permeable 

materials, such as gravel deposits, allow water and dissolved pesticides to freely percolate 

downward to groundwater layers of clay, on the other hand, are much less permeable and, 

therefore inhibit the movement of water. Groundwater quality is most vulnerable in areas 

where permeability of geologic layers is rapid. 

Climate: Areas with high rates of rainfall or irrigation may have layer amounts of water 

percolating through the soil and therefore, are highly susceptible to leaching of pesticides, 

especially if the soils are highly permeable (Downing et al., 2004). 

2.4.5 Management Practice 

Management practices include the method used to apply the pesticide and the rates and 

timing of application. 

Application Methods: Another factor determining leaching potential is the way in which a 

pesticide is applied. Injection or incorporation into the soil, as in the case of nematicides, 

mates the pesticides most readily available for leaching. Most of the pesticides which have 
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been detected in groundwater are ones which are incorporated into the soil rather than being 

sprayed into growing crops (Rafatullah et al., 2021). 

Pesticide rates and timing: The rate and timing of a pesticides application also are critical in 

determining whether it will leach to groundwater. The larger the amount used and the closer 

the time of application to a time of heavily rainfall or irrigation, the more likely that some 

pesticide will leach to groundwater. Particular care should be taken when practicing 

chemigation (the application of pesticides and fertilizers to agricultural crops with irrigation 

water) because of the risks of back-siphoning and leaching (Rafatullah et al., 2021). 

2.4.6 Good Management Practices  

Good management practices can help prevent unwanted pesticide movement. There are 

several good management practices to consider when working with pesticides. They are as 

follows: following pesticide label directions, mix pesticide and calibrate equipment 

accurately, avoid spills and back-siphoning, dispose of pesticide wastes and containers 

properly, eliminate unnecessary pesticide applications and use other pest control methods if 

possible, consider such factors as the weather, soil type, location, timing and application 

methods before applying pesticides, irrigate properly by controlling the quantity and timing 

of irrigation, and always maintain records of pesticide use (Hildebrandt et al., 2001) 

2.5 Effect of Pesticides on the Physicochemical Properties of Soil and 

Microorganisms  

Due to continuous use of pesticides in agriculture, appreciable quantities of pesticides and 

their degraded products may accumulate in the ecosystem leading to serious problem to man 

and the environment (Eddleston, 2000). 
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Pesticides which enter the soil environment are subject to a variety of degradative processes. 

The overall degradation of a pesticide from soil results from a combination of mechanisms 

such as microbial degradation, chemical hydrolysis, photolysis, volatility, leaching and 

surface runoff (Barcelo and Hennion, 1997). The degree to which each mechanism will 

contribute to the overall degradation of the pesticide is in turn dependent on the 

physicochemical properties of the pesticide (for example, water solubility, sorptive affinity), 

characteristics of the soil (. pH, organic matter content, microbial biomass, redox status), 

environment condition (for example, temperature, moisture) and management practices (for 

example, application rate, formulation type). Within each of these variables there are 

complex interactions and interdependencies which are difficult to quantify in situ (Barcelo 

and Hennion, 1997).  

Soil properties potential influence the behaviour of pesticides in soils. Microorganisms are 

vital for soil fertility and for the degradation of organic matter and pollutants. 

Microbial biomass is an important indicator of microbial activities and provides direct 

assessment of the linkage between microbial activities and the nutrient transformation and 

other ecological processes (Locke et al., 1995). Generally, a decrease in soil respiration 

reflects the reduction in microbial biomass or increase in respiration implies the enhanced 

growth of bacterial population (Mathur, 1999). 

Some microbial groups are capable of using applied pesticide as a source of energy and 

nutrient to multiply, whereas the pesticide may be toxic to other organisms (Lioney et al., 

1988). Likewise sometimes, application of pesticides reduces microbial diversity but increase 

functional diversity of microbial communities even demonstrate the tendency of reversible 

stimulatory/inhibitory effects on soil microorganisms (Muir, 2004). 
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Pesticides application may also inhibit or kill certain group of microorganism and outnumber 

other groups by releasing them from the competition. For instance, Liong et al., (2001) 

reported that fungicides applications killed or inhibited the activity of certain fungi which led 

to a rapid flush of bacterial activity. Sometimes, initially microbial population is affected by 

pesticide application but with time after a period of acclimation, the population merely 

returns to normal or even increases (Pier et al., 1998). This is an indication if changes in 

microbial catabolic capabilities that may be either due to induced pesticide degradation 

capabilities or due to a change within the microbial community. 

2.5.1 Benefits of Pesticides 

Improving productivity: Tremendous benefits have been derived from the use of pesticides 

in forestry, public health and the domestic sphere and of causes, in agriculture. This result has 

been achieved by the use of high-yield varieties of seeds, advanced irrigation technologies 

and agricultural chemicals (Waren, 1998). Pesticides have been on integral part of the process 

by reducing losses from the weeds diseases and insect pests that can markedly reduce the 

amount of harvestable produce. Environews Forum, stated that considerable economic losses 

would be suffered in yield and economic margin that result from pesticides use. Moreover, in 

the environment most pesticides undergo photochemical transformation to produce 

metabolites which are relatively non-toxic to both human beings and the environment (Kole 

and Bagchi, 1995). 

Quality of food: It has been observed that a diet containing fresh fruits and vegetables far 

outweigh potential risks from eating very low residue of pesticides in crops (Brown, 2004). 

Increasing evidence shows that eating fruit and vegetable regularly reduces the risk of many 

cancers, high blood, heart diseases, diabetes, stroke and other chronic diseases. 
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Lewis et al. (2011) discussed the nutritional properties of apples and blueberries in the US 

diet and concluded that their high concentrations of antioxidants act as protectants against 

cancer and heart disease. Lewis attributed doubling in wild blueberry production and 

subsequent increase in consumption chiefly to herbicide use that improved weed control. 

Decrease the cost of food: Because the use of pesticide improves crop yields, crop 

protection technologies also impact the cost of food. Without crop protection chemicals, food 

production would decline, many fruits and vegetables would be in short supply and prices 

would rise. Helping to keep food prices in check for the consumer is another large benefit of 

pesticides. 

Consumer benefits: Pesticides allow consumers to consume high quality produce that is free 

of insect blemishes and insect contamination. Pesticides that reduce or eliminate insect 

damage allow the consumer to purchase high-quality produce free of insect fragments (Ross, 

2005).  

Vector disease control: They are most effectively tackled by killing the vectors. Insecticides 

are often the only practical way to control the insects that spread deadly diseases like malaria. 

Disease control strategies are crucially important also for livestock (Bhatia, 2004). 

2.5.2 Other Benefits of Pesticides  

Household pest control: Pesticides products are used to control termites roaches, ants, rats 

and other pests.  

Industry and Infrastructure:  Herbicides are used to control vegetation that clogs navigable 

and other waterway or threatens to obstruct highway, utility and railroad rights of way.  

Recreation areas: Pesticides are used to protect and enhance lawns, gardens, public parks, 

playing field, lakes and ponds for public enjoyment. 
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Human health: Many agricultural commodities are vulnerable to attack by aflatoxins and 

insect control is necessary to prevent its passage from insect to plant. Aflatoxin, a carcinogen 

can cause liver and other cancers in humans, lower the body’s normal immune response, and 

can impair growth in children. Crop rotation chemicals are used to control insect damage that 

leads to aflatoxin contamination. 

2.6 Hazards of Pesticides 

Impact on humans: Pesticides are hazardous to a person’s health. Pesticides are stored in the 

colon where they slowly but surely poison the body (Behera and Singh, 1999). This might not 

be realized, but anyone eating organic apple for instance, is eating over 30 different pesticides 

that have been sprayed on the apple. Even if a piece of fruit such as apple is washed, there are 

still many pesticides lingering on it and they could seeped into the fruit or vegetable (Warren, 

1998). 

In some studies, pesticides have been linked to cancer, Alzhaimer’s disease, and even birth 

defects. Pesticides also have the potential to harm the nervous system, the reproductive 

system, the reproductive system and the endocrine system. Pesticides can even be very 

harmful to fetuses because the chemicals can pass from the mother during pregnancy or if a 

woman nurses her child (Liroff, 2000). Although one piece of fruit would not kill, but if they 

build up in one’s body, they can be potentially detrimental to the health and should be 

avoided as much as possible. 

The high risk group exposed to pesticides include production workers, formulators, sprays, 

mixers, loaders and agricultural farm workers. During manufacture and formulation, the 

possibility of hazards may be higher because the processes included are not risk free. In 

industrial settings, workers are at increased risk since they handle various toxic chemical 

including pesticides raw materials, toxic solvent and inert carrier (Hurley et al., 1998) 
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Chronic effects of pesticide exposure may include adverse effects on neurological function, 

cancer, reproductive harm, reduced growth and development, and birth defects. Much of the 

evidence of chronic effects is based on studies of adult workers who are exposed to a mixture 

of chemicals every day, making it difficult to pinpoint specific pesticides. The effects of 

individual pesticides during specific periods of fetal like, infancy, and early development 

have been studied in laboratory animals. Little research on the chronic effects of pesticides 

has been done directly on children, and even less on farm children (Murray and Lopez, 1996). 

Neurological effects 

In adults, exposure to pesticides and herbicides has been reported to confer an increased risk 

of early-onset. 

Parkinson’s disease is one of the long-term neurological problems which particularly 

shortened attention span and reduced coordination, have been reported in adults overexposed 

to organophophate pesticides (U.S. EPA, 1996). Studies have revealed that some pesticides 

appear to target the developing brain during the critical period of cell division, thereby 

leading to lasting behavioral aberrations. Not only do organophosphate pesticide interfere 

with a critical nerve impulse transmitter, but they also can permanently change the number of 

receptors in the brain for this neurotransmitter (U.S. EPA., 2001). 

Subtle neurological effects may also occur in human children. A recent study compared 

preschool children in two farming communities in Mexico, one with heavy pesticide use and 

one with little or no pesticide use. The children living in the area with heavy pesticide use had 

strikingly impaired hand-eye coordination, decreased physical stamina, short-term memory 

impairment and difficulty drawing, compared with the less exposed children. Also it was 

noticed that exposed children had aggressive and anti-social behaviour compared to their less 

exposed counterparts (USGS, 1999). 
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Studies have shown that lead, a known neurotoxicant has lasting effects on attention span, 

intelligence, and behaviour. Infants and children are more susceptible to the toxic effects of 

lead than are adults, because their brains are still developing. Similarly, infants and children 

are also more susceptible to other neurotoxicants, including pesticides (Waskon, 1994). 

Cancer 

Examples of pesticides which are known carcinogens in animals and are still used around 

human today include pentachlorophenol, 1, 3-dichloropropene, and dichlorvos (WHO, 2001). 

Studies of farm populations indicate that adults exposed to pesticides may be at increased risk 

for cancers of the lymphatics and blood, stomach, prostrate, tests, brain, and soft tissues 

(Liong et al., 2001). 

U.S. EPA (1996) observed in their study that children with leukemia were three to nine times 

more likely to have a parent who used pesticides in the home or garden during pregnancy or 

lactation. 

Reproductive and Developmental Toxicity  

Numerous pesticides are known or suspected reproductive toxicants. Examples include the 

fungicides benomyl and vinclozolin, as well as the fumigants methyl bromide and metam 

sodium (Tanabe et al., 2001). 

People who live in agricultural regions or undergo occupational exposure to pesticides are at 

increased risk of a variety of adverse reproductive outcomes. An investigation done in 

California reported that maternal occupational exposure to pesticides was associated with 

more than a doubling of the risk of still-birth. Numerous types of birth defects, particularly 

limb-reduction defects have been associated with pesticide exposures in human studies. 
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Endocrine Disruption 

Many currently used pesticides are now known to interfere with normal hormonal function in 

animals. For example, vinclozolin and iprodione, popular fungicides both break down into 

metabolite that interferes with testosterone and other androgens (Martens and Bremner, 

2002). 

Several organochlororine pesticide including DDT, methoxychlor, endosulfan and dicofol 

acts as an anti-estrogen, and are also toxic to the nervous system. Atrazine a popular 

herbicide can disrupt ovarian function, cause mammary (breast) tumors in animals, interfere 

with the binding of steroid homones and the breakdown pathway of estrogen (CICAD, 1999). 

Because the endocrine system in animals is almost identical with the human, meaning that the 

effect observed may be relevant to human health. Disruption of hormone function can 

permanently alter normal development of the fetus and child.  

2.6.1 Impact on Environment 

Pesticides can contaminate soil, water, turf and other vegetation. Apart from killing insects or 

weeds, pesticides can be toxic to a host of other organisms including birds, fish, beneficial 

insects, and non-target plants. Insecticides are generally the most acutely toxic class of 

pesticides, but herbicides can also pose risk to non-target organisms. 

Surface water contamination  

Pesticides can reach surface water through runoff from treated plants and soil. Contamination 

of water by pesticides is widespread. The US Geological Survey (USGS1998) found that 

concentrations of insecticides in urban streams commonly exceeded guidelines for protection 

of aquatic life. According to USGS 1999, more pesticides are detected in urban streams than 

in agricultural streams. 
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The herbicides 2, 4-D, diuron and prometion, and the insecticides chlorpyifos and diazinon, 

all commonly used by urban homeowners and school districts, were among the 21 pesticides 

detected most often in surface and ground water across U.S.A (U.S Geological Survey, 

1998). Trifluralin and 2, 4-D were found in water samples collected in 19 out of 20river 

basins studied (Bevans et al., 1998). 

Groundwater contamination  

Groundwater pollution due to pesticides is a worldwide problem. According to USGS at least 

143 different pesticides have been found in groundwater. Before the mid-1970s, it was 

through that soil acted as a protective filter that stopped pesticides from reaching 

groundwater. Studies have now shown that this is not the case (Waskon. 1994).  

During one survey in India, 58% of dividing water sample drawn from various hand pumps 

and wells around Bhopal were contaminated with organochlorine pesticides above the EPA 

standards (Kole and Bagchi, 1995). Once groundwater is polluted with toxic chemicals, it 

may take many years for the contamination to dissipate or be cleaned up. Cleanup may also 

be very costly and complex, if not impossible (O’ Neil and Raucher, 1998). 

Soil contamination  

Pesticides like carbonates, fungicides and some organophosphous insecticides can be moved 

from soil by runoff and leaching, thereby constituting a problem for the supply of drinking 

water to the population. The pesticides are retained by soils to different degrees depending on 

the interactions between soil and pesticides properties. The most influential soil characteristic 

is the organic matter content. The larger the organic matter content, the greater the adsorption 

of pesticides (Muir, 2004). 
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Heavy treatment of soil with pesticides can cause population of beneficial soil 

microorganisms to decline. Overuse of chemical fertilizers and pesticides have effects on the 

soil organisms that are similar to human overuse of antibiotics. Indiscriminate use of 

chemicals might work for a few years but after a while, there aren’t enough beneficial soil 

organisms to hold onto the nutrients (Savonen, 1997). For instance, plant depends on a 

variety of soil micro-organisms to transform atmosphere nitrogen into nitrates which plants 

can use.  

Herbicides like triclopyr inhibits soil bacteria that transform ammonia into nitrite (Pell et al., 

1998), glyphosphate reduces the growth and activity of free-living nitrogen-fixing bacteria in 

soil (Santos and Flores, 1995). Mycorrhizal fungi grow with the roots of many plants and aids 

in nutrient uptake. These fungi can also be damaged by herbicides in the soil. 

Contamination of air and non-target vegetation 

Pesticide sprays can directly hit non-target vegetation, or can drift or volatilize from the 

treated area and contaminate air, and non-target plants. Some pesticides drift occurs during 

every application, even from ground equipment (Glotfelty and Schomburg, 1989). As much 

as 80% of an applied pesticide can be volatilized within a few days of application (Majewski 

and Capel, 1995). 

According to the USGS, pesticides have been detected in the atmosphere in all sampled areas 

of USA (Savonen, 1997). Nearly every pesticide investigated have been detected in the rain, 

air, fog, or snow across USA at different time of the year (U.S. Geological Survey, 1999).  

Herbicides are designed to kill plants, so it is not surprising that they can injure or kill 

desirable species if they are applied directly to such plants, or if they drift or volatilize onto 

them. In addition to killing non-target plants outright, pesticide exposure can cause sublethal 
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effects on plants. Phenoxy herbicides and 2, 4-D, can injure nearby trees and shrubs if they 

drift or volatilize onto leaves (Dreistadt et al., 1994). Exposure to herbicide glyphosate can 

severely reduce seed quality (Locke et al., 1995). It can also increase the susceptibility of 

certain plants to disease (Brammall and Higgins, 1998). 

Non-target organisms 

Pesticides are found as common contaminants in soil, air, water and on non-target organisms 

in the urban landscapes. Once in the environment, they can harm plants and animals ranging 

from beneficial soil microorganisms, insects, non-target plants, fish, birds, and other wildlife. 

Chloropyrifos a common contaminant or urban streams, is highly toxic to fish. 

In addition to fish, other marine or freshwater animals are endangered by pesticide 

contamination. Exposure to great concentrations of persistent and toxic contaminants such as 

DDT (1, 1, 1-trichloro – 2, 2 – bisethane) and PCBs has adverse effects on reproductive and 

immunological functions in captive or wild aquatic mammals (Colborn and Smolen, 1996). 

Herbicides on water have devastating effects on aquatic plants. Algae is a staple organism in 

the food chain of aquatic ecosystem. Impacts of the herbicides atrazine and alachlor on algae 

and diatoms in streams showed that even at fairly law levels, the chemical damaged cells, 

blocked photosynthesis, and stunted growth in varying ways. 

The herbicide oxadiazon is also toxic to bees, which are pollinators. Non-target birds may 

also be killed if they ingest poisoned grains set out as bait for pigeons and rodents (U.S EPA, 

1998). Exposure of eggs to 2, 4-D reduced successful hatching of chicken eggs and caused 

sterility in pheasant chicks (Colborn and Smolen, 1996). 
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CHAPTER THREE 

3.0    MATERIALS AND METHODS 

3.1 Sample Location and Collection 

The soil used in this study was collected from a farmland at Nekede, Owerri West, Imo State 

Nigeria with no history of herbicide application to avoid enhanced degradation of the 

agrochemicals. The soil sample was collected from about 15-20cm below the soil surface 

using soil auger into a sterile polyethene bag and taken to the laboratory for analysis. Debris 

and other plant materials were removed manually before sieving the soil through a 2mm 

stainless steel sieve (Fulekar, 2014). 

3.1.1 Agrochemicals Used: Agrochemicals used were bought from commercial suppliers 

in Owerri Main Market (Ekeonuwa) in Owerri town Imo State, Nigeria. Two different types 

of agrochemicals were used, which included herbicide (Atrazine and S- metolachor) and 

pesticide (Deltamethrin). 

3.1.2 Sample Description of Agrochemicals 

a) Primextra: This is a pre-emergence, broad spectrum herbicide for annual weed 

control maize and sorghum. It contains 290g/litre S-metolachor and 370g/litre Atrazine. The 

herbicide is a white to beige fluid paste (liquid), with purity of 94% and manufactured by 

Syngenta Australia PTY LTD. 

Mode of action  

Metachlor is mainly taken up through the roots of germinating seeds and seedlings. Weeds 

are therefore killed before emergence, at emergence or shortly after emergence. Root uptake 

is less pronounced than seed uptake. Atrazine can be taken up by roots and leaves of plants.  
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b) Deltamethrin: This is an insecticide belonging to the pyrethroid family. Pyrethroids 

are the man-made versions of pyrethrins, natural insecticide from chrysanthemum flowers, 

amber colour, manufactured by Shreeji Pharma International Vadodara India, and with the 

purity of 98%. 

Mode of action  

Deltamethrin can kill insects by direct contact or if they eat it. It disrupts their normal 

nervous system function giving a quick knockdown effect. 

3.2 Experimental Method 

3.2.1 Preparation of Soil Sample: Forty kilograms (40kg) of soil sample was weighed into 

a nursery bag. The quantity was repeated into thirty six (36) bags extra and labelled 

appropriately.   

3.2.2 Preparation of Agrochemicals: Nine hundred milliliters (900ml) of water was used 

to dilute 100ml of herbicide giving a total volume of 1000ml (10%v/v) herbicide. The same 

thing was done for insecticide. 

3.2.3  Spiking of Soil with Agro-Chemicals: The nursery bags containing the soil were 

labeled according to the agrochemicals impacted in each of them and the seeds to be planted 

in each.  

Six (6) bags for each chemical and a particular type of seed as shown in the experimental 

design Table 3.1 
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Table 3.1: Experimental Design of Agrochemicals 

Chemical + Seed Code Number of bags 

Herbicide + Beans HB 6 

Herbicide + Maize HC 6 

Pesticide  +  Beans PB 6 

Pesticide + Maize PC 6 

Pesticide + Herbicide +Beans PHB 6 

Pesticide + Herbicide +Maize PHC 6 

Soil + Seed (Control) SO 1 

 

The spiking was done using the same concentration of agro-chemicals but different volumes 

in this order: 10ml, 20ml, 30ml, 40ml, and 50ml. 
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3.3 Analysis of Soil  

3.3.1 Physiochemical Analysis 

Determination of total nitrogen: Ten grams (10 g) of soil sample was accurately weighed 

(air-dried and ground to pass 0.5 mm sieve) into a dry 500 ml Macro-kjeldahl flask and 200 

ml of distilled water was added. The flask was swirled for 5 minutes and allowed to stand for 

30minutes. 

One tablet of mercury catalyst and 10 g of K2S04 were added. Thirty milliliters of 

concentrated H2S04 was also added through an automatic pipette. The flask was cautiously 

heated at low temperature on the digestion stand. When the water has been removed, the heat 

was increased until the digest cleared. The mixture was boiled for 5hours. The heating was 

regulated during the boiling so the H2S04 condenses about middle of the way up neck of the 

flask. The flask was allowed to cool and about 100 ml of water was slowly added to the flask. 

The digest was carefully transferred into a clean macro kjeldahl flask (750ml capacity). All 

the sand particles were retained in the original digest because sand can cause severe bumping 

during kjeldahl distillation. The sand residues were washed with 50 ml of distilled water four 

times and an aliquot was transferred into the same flask. Fifty milliliters of H3B03 indicator 

solution was put into a 500 ml Erlenmeyer’s flask which was then placed under condenser of 

the distillation apparatus. Seven hundred milliliters Kjeldahl flask was attached to the 

distillation flask by opening the funnel stopcock. Distillation commenced immediately. The 

condenser was kept cool (below 30 0C) by allowing sufficient cold water to flow through and 

by regulating heat to minimize frothing and prevent suck back. About 150 ml distillate was 

collected and distillation was then stopped (Michalowski et al., 2013).  
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Determination of exchangeable Potassium (K) 

Fifty three point five grams (53.5 g) 0f ammonium chloride was dissolved in distilled water 

and the mixture was made up to 1 litre which gave us 1 M NH4CL. Twelve point five grams 

(12.5 g) of soil was accurately weighed into a 250 ml beaker. Hundred milliliters (100 ml) of 

1 M NH4CL solution was added to it. The mixture was left overnight. The soil was filtered 

and leached to a total volume of 250 ml with the 1 M NH4CL. Potassium in the extract was 

determined using a flame photometer (Wang and Scott 2001). 

Determination of phosphorous  

Thirty seven grams (37 g) of NH4F was dissolved in distilled water and diluted to 1liter to get 

ammonium fluoride (NH4F) and stored in polyethylene bottle. Also 20-22 ml of concentrated 

HCL was diluted to 500 ml with distilled water under fume hood. To get the extract of the 

solution, 15 ml of 1.0 ml NH4F and 25 ml of 0.5M HCL were added to 460 ml of distilled 

water. Three grams (3.0 g) of air dried soil (passed through 2mm sieve) was weighed into a 

50 ml centrifuge tube and 20 ml of extraction solution was added. The mixture was shaken 

for 1minute on a mechanical shaker and the suspension was centrifuged at 2000 rpm for 15 

minutes. It was then filtered through Whatman N0.42 filter paper and organic particles were 

washed into an acid-washed container. Phosphorous in the extract was determined. 

All these soil analysis were carried out on the soil sample before planting and after planting 

(Wang and Scott 2001). 

3.3.2 Microbiological Analysis:  

3.3.2.1 Media Preparation  

The media used were prepared according to the manufacturer’s specification. The media used 

includes nutrient agar and sabourauds dextrose agar (SDA). The nutrient agar was used to 
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determine the total heterotrophic bacterial count, while sabourauds dextrose agar was used to 

determine total heterotrophic fungal count. 

Preparation of Nutrient Agar  

Twenty eight grams (28 g) of the nutrient agar powder was weighed and dispensed in 1000 

ml of distilled water. The mixture was allowed to soak for ten minutes (10mins) and swirled 

thereafter. The mixture was sterilized at 121oC for 15minutes. It was cooled to 47 oC, 

thoroughly swirled and then poured into plates.  

Preparation of Sabourauds Dextrose Agar (SDA) 

Sixty two grams (62 g) of the sabourauds dextrose agar powder was weighed and dispensed 

into 1000 ml of distilled water and was allowed to soak for 10minutes. The mixture was 

swirled and sterilized with an autoclaving at 121oC for 15minutes and allowed to cool at 

47oC. The cooled media was thoroughly swirled and poured into plates. 

3.4 Isolation of Organisms 

One grams (1 g) of soil sample was weighed out and suspended in nine milliliters (9 ml) of 

water. The suspension was stirred and allowed to settle. Thus form the microbial community 

and ten-fold serial dilution was carried out on it by transferring 1ml of the suspension into9ml 

of sterile water in Bijou bottle. The bottle was properly shaken and from this, subsequent 

dilutions were performed unto 10-5. 

An aliquot portion (0.1m) of 10-5 dilution were inoculated onto freshly prepared surface-dried 

nutrient agar for bacterial count. Same aliquot portion of 10-5 were also inoculated into 

freshly prepared surface-dried sabourauds dextrose agar (SDA) for fungal count. 
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The inocula were spread plated with a sterile glass rod (dipped into alcohol and allowed to 

burn-off on contact with blue Bunsen burner flame) and incubated at 40oC for 24hrs for 

heterotrophic bacterial count and 28oC (room temperature) for 78hours for total heterotrophic 

fungal count (Cheesebrough, 2000). This analysis was carried out on the soil before and after 

planting. 

Colonies formed on the plates after incubation and total heterotrophic bacterial and fungal 

counts were counted by dividing the Petri-dish into four quadrants at the reverse surface. 

Total colony forming unit per-gram was expressed as (Cfu/g) and the percentage occurrences 

of bacterial and fungal isolates were calculated before and after planting. 

 

Percentage occurrence (%) = The number of a specie                   X       100 

           The total number of organisms isolated                    1 

 

To identify the fungi, a drop of lactophenol cotton blue was dropped on a slide, a few strands 

of fungal hyphae were then taken with a sterile needle from the fungi growth and placed on 

the slide. It was gently covered with a cover slip, and viewed under the microscope with a 

high power objective (x100). 

3.5 Preparation of Seeds (Sterilization) and Seeds Plant 

Thirty milliliters (30 ml) of hypo bleach was diluted in 70 ml of water, the solution was used 

to sterilize the seeds (Phaseolus vulgaris and maize grains) by soaking them in the solution 

for 30mins. The soil samples were watered, and then the seeds were sieved out and planted. 

3.6 Monitoring of Parameters  

After one (1) week, the cultivars that grew were monitored by measuring the leaf length, stem 

length and stem girth with a measuring tape every week for six (6) weeks.  
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3.7 Harvesting of Plants (Determination of Wet and Dry Weight) 

After six (6) weeks, the plants were uprooted. Plants from each soil sample were tied together 

and the sands on the roots were removed. The plants were then weighed using the weighing 

balance to determine wet weight. The plants were later spread on a board and air dried for 

one (1) week. The dried plants were also weighed to determine the dry weight. 

3.8 Determination of Chlorophyl Content 

Fifty milliliters (50 ml) ethanol was pipetted into beaker and fresh leaves of the plants were 

cut and soaked into the ethanol and left overnight. The supernatant was withdrawn and 

absorbance was measured at six hundred and sixty four nanometer (664 nm) and six hundred 

and forty eight nanometer (648 nm) in spectrophotometer.  
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CHAPTER FOUR 

4.0           RESULTS 

The findings in table 4.1 and 4.2 had it that Bacillus and Enterococcus species dominated the 

bacterial isolates while Saccharomyces and Penicillium species were the dominant in fungal 

isolates.  Fusarium, Mucor and Streptomyces species were not detected upon analysis after 

planting. 

 

 

 

 

 

 

 

 

 

 

 

 

 



49 
 

Table 4.1:  Distribution of bacterial and fungal isolates before planting  

Sample 

code  

Bacteria distribution  Fungal distribution 

PC20 Bacillus species  Fusarium sp, Steptomyces  sp, 

Penicillium sp, Saccharomyces sp 

PC10 Bacillus species  Aspergillus sp, Penicillius sp, 

Saccharomyces sp, Mucor sp 

PB50 Enterococcus sp, Micrococcus species Penicillium sp, Streptomyces sp, 

Saccharomyces sp 

PB40 Staphylococcus sp, Bacillus sp, 

Enterococcus sp 

Aspergillus sp, Penicillium sp, 

Saccharomyces sp 

HC30 Micrococcus sp, Enterococcus sp, Bacillus 

sp 

Aspergillus sp, Fusarium sp, 

Saccharomyces sp, Mucor sp 

PHB10 Staphylococcus sp, Bacillus sp, Penicillum sp, Mucor sp, Saccharomyces 

sp 

PHC20 Bacillus sp Penicillum sp, Fusarium sp, Mucor sp, 

Saccharomyces sp 

PHB20 Staphylococcus sp, Bacillus sp, 

Enterococcus sp 

Penicillum sp., Saccharomyces sp, 

Aspergillus sp, Fusarium sp, Mucor sp, 

HC40 Bacillus sp, Staphylococcus sp Saccharomyces sp, Penicillum sp, Mucor 

sp 

PHC30 Micrococcus sp, Bacillus sp Aspergillus sp, Saccharomyces sp, 

Fusarium sp, Mucor sp 

PC50 Bacillus sp, Staphylococcus sp 

Saccharomyces sp 

Penicillum sp, Mucor sp, Saccharomyces 

sp, Streptomyces sp, Aspergillus sp, 

Fusarium sp 

PHB30 Staphylococcus sp, Bacillus sp 

Enterococcus sp 

Fusarium sp, Penicillum sp, 

Saccharomyces sp, Mucor sp 

PB30 Bacillus sp, Micrococcus sp Enterococcus 

sp 

Aspergillus sp, Penicillium sp, 

Saccharomyces sp, Mucor sp 

HC20 Micrococcus sp, Enterococcus sp, Bacillus 

sp 

Penicillum sp, Aspergillus sp, Mucor sp, 

Saccharomyces sp 
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SOC Micrococcus sp, Staphylococcus sp, 

Bacillus sp 

Aspergillus sp, Penicillium sp, Mucor, 

Saccharomyces sp 

PHC10 Enterococcus sp, Bacillus sp Saccharomyces sp, Penicillum sp, 

Geotrichum candidium  

HB50 Staphylococcus sp, Bacillus sp Fusarium sp, Penicillum sp, Geotrichum 

candidium  

HC50 Micrococcus species Aspergillus sp, Penicillum sp, 

Saccharomyces sp 

HC10 Staphylocuccus sp, Bacillus sp, 

Micrococcus sp, Enterococcus sp 

Geotrichum candidium, Saccharomyces 

sp 

PC40 Bacillus species  Geotrichum sp, Saccharomyces sp, 

Fusarium sp 

PHB40 Enterococcus sp, Bacillus sp Penicillum sp, Saccharomyces sp, Mucor 

sp 

HB10 

 

Micrococcus sp Penicillium sp, Saccharomyces sp, 

Geotrichum candidium, Mucor sp 

HB40 Bacillus sp, Staphylococcus sp, 

Micrococcus sp 

Penicillum sp, Saccharomyces sp 

PHB50 Micrococcus sp, Bacillus sp, 

Staphylococcus sp, Enterococcus sp 

Saccharomyces sp, Penicillum sp 

PC30 Bacillus sp, Micrococcus sp, 

Staphylococcus sp, Enterococcus sp, 

Aspergillus sp, Fusarium sp, Mucor sp 

PH20 Bacillus sp, Micrococcus sp Saccharomyces sp, Mucor sp, Fusarium 

sp 

PHC50 Micrococuccus sp, Enterococcus sp Penicillum sp, Saccharomyces sp 

HB20 Bacillus sp Saccharomyces sp  

HB30 Staphylococcus species Geotrichum candidium, Saccharomyces 

sp 
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Table 4.2:  Distribution of bacterial and fungal isolates after planting  

Sample code  Bacterial distribution  Fungal distribution  

PHC40 Staphylococcus sp, Enterococcus 

sp 

Penicllium species  

H20 Staphylococcus sp Penicillum sp, Saccharomyces sp, 

Yeast  

PC50 Enterococcus sp, Bacillus species  Penicillum sp, Saccharomyces sp 

PHC50 Enterococcus sp, Bacillus sp Penicillum species 

HC20 Staphylococcus sp, Bacillus sp, 

Enterococcus sp 

Saccharomyces sp, Penicillum sp 

PB10 Enterococcus sp, 

Staphylococcussp 

Penicillum sp, Saccharomyces sp 

PHB40 Enterococcus sp, 

Staphylococcussp, Bacillus sp 

Penicillium species 

HB50 Enterococcus species  Saccharomyces sp, Penicillium sp. 

HC50 Micrococcus sp, Staphylococcus 

sp 

Saccharomyces sp, Penicillum sp. 

PC40 Micrococcus sp, Enterococcus sp Saccharomyces sp Aspergillus sp, 

Penicillium sp, Saccharomyces sp 

HP30 Staphylococcus sp, Micrococcus 

sp, 

Saccharomyces sp 

HC30 Bacillus sp, Enterococus sp Saccharomyces species, 

Penicillium sp 

PHB30 Enterococcus sp, Bacillus sp Saccharomyces sp, Geotrichum sp 

PC20 Enterococcus species Penicillum sp, Saccharomyces sp, 

Geotrichum sp 

HB10 Micrococcus sp, Bacillus sp, 

Enterococcus sp 

Penicillium species 

PC30 Bacillus species Saccharomyces sp, Penicillium sp. 

PHB50 Enterococcus species Penicillium sp, Geotrichum sp 

PHB20 Bacillus sp, Enterococcus sp  Saccharomyces sp,  

PC10 Staphylococcus sp, Bacillus sp, Saccharomyces species 
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Enterococcus sp 

HC40 Bacillus sp, Enterococcus sp Saccharomyces species 

HC10 Bacillus sp, Enterococcus sp Saccharomyces sp, Yeast, 

HB40 Enterococcus sp, Staphylococcus 

sp 

Saccharomyces species  

PHC30 Bacillus sp, Enterococcus sp Saccharomyces sp, Yeast 

SOC Enterococcus sp, Bacillus sp Saccharomyces species 

PB30 Bacillus sp, Enterococcus sp,  Saccharomyces species 

PHC20 Bacillus sp, Enterococcus sp, Saccharomyces species 

PB40 Staphylococcus sp, Bacillus sp, 

Enterococcus sp 

Yeast,Saccharomyces sp 

PB50 Micrococcus sp, Bacillus sp, 

Enterococcus sp 

Penicillium species 

PHC40 Staphylococcus species  Penicillium species 

PHB30 Micrococcus species Saccharomyces species 

PC30 Bacillus species Penicillium species 
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4.1.  Microbial community assessment before and after planting 

Table 4.3 shows the percentage(%) occurrence of bacterial and fungal isolates before and 

after planting the cultivars. The bacterial population present in the soil include 

Staphylococcus sp 13(14 %), Micrococcus sp 16(19%), Enterococcus sp 16(19 %), and 

Bacillus sp 36(44%). On the other hand, fugal isolates obtained include, Steptomyces sp 

3(2%), Geotrichum sp. 7(6 %), Fusarium sp 11(10 %), Aspergillus sp. 11(10%), Mucor sp 

18(16 %), Penicillium sp 26(24%),and Saccharomyces sp 31(23%). After planting, the 

microbial community assessed revealed Staphylococcus sp 8(13%), Micrococcus sp 15(11 

%),Bacillus sp 46(34%) and Enterococcus sp 54(40 %), while the fungal isolates include 

Yeast4(3%), Geotrichum sp 6(5%), Aspergillus sp 1(0.8%), Penicillium sp 41(34 %) and 

Saccharomyces sp 67(56 %). 

Therefore specie of bacteria belonging to Bacillus, Staphylococcus, Micrococcus and 

Enterococcus were isolated ,whilespecies of fungi belonging to the genus Fusarium, 

Saccharomyces, Aspergillus, Penicillium, Mucor, Streptomyces and Geotrichum were 

isolated from both the treated and untreated soils before and after planting.  
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Table 4.3:  Percentage (%) occurrence of bacterial and fungal isolates before  

and after planting Isolates 

 

Key: Numbers in parenthesis are percentage (%) of occurrence 

        Others are the total number each isolate occurred. 

 

4.2 Effect of combination of insecticide and herbicide application on the total 

nitrogen (TN), available phosphorus (AP), and exchangeable potassium (EP) of 

soils cultivated with Pinto beans (Phaseolus vulgaris)and maize cultivar. 

Table 4.4 shows the total nitrogen (TN), available phosphorus (AP), and exchangeable 

potassium (EP) before and after planting. The pesticide impacted soil samples with Phaseolus 

vulgaris decreased in the TN content after planting at 10-20% (v/v) concentration of the 

pesticide. However, an increase was recorded at higher concentration. Similarly, soil 

Organism Before After 

Bacteria 

 

 

 

 

Fungi 

Staphylococcus sp. 13(14) 

Micrococcus sp. 16(19) 

Enterococcus sp. 16(19) 

Bacillus sp. 36(44) 

 

Streptomyces sp. 3(2) 

Geotrichum sp. 7(6) 

Aspergillus sp. 11(10) 

Fusarium sp. 11(10) 

Mucor sp. 18(16) 

Penicillum sp. 26(24) 

Saccharomyces sp. 31(23) 

Micrococcus sp. 15(11) 

Staphylococcus sp. 18(13) 

Bacillus sp. 46(34) 

Enterococcus sp. 54(40) 

 

Aspergillus sp. 1(0.8) 

Yeast 4(3) 

Geotrichum sp. 6(5) 

Penicillum sp. 41(34) 

Saccharomyces sp. 67(56) 
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cultivated with maize cultivar had increase in TN at 30-40%(v/v), while a decrease was 

recorded at 10 and 20% (v/v). 

The Phaseolus vulgaris cultivated herbicide impacted soil recorded decrease in TN after 

cultivation at 10-30% concentration, while an increase was recorded at 40-50% (v/v) 

concentration. In the study with maize cultivated soil sample, it was observed that there was a 

general increase in TN after cultivation except at a concentration of 30% of the herbicide. 

Mixtures of the pesticide and herbicide impacted in Phaseolus vulgaris cultivated soil 

recorded a general increase in TN for all the concentrations after cultivation. Similar findings 

were obtained for the maize cultivated soil except at concentration of 10-20%(v/v).  

The AP of the impacted soil samples cultivated with Phaseolus vulgaris recorded a decrease 

in AP for the pesticides except at 30%; herbicides increased before planting except 10% and 

20% (v/v), herbicides after except at 50% and mixtures of pesticide and herbicide except at 

10%. On the other hand, the soil cultivated with maize recorded a general increase with the 

mixture of herbicide and pesticide impacted soil; herbicide impacted soil except at 20%; and 

the pesticides at a concentration of 40%.  

For the application of pesticide in soil sample cultivated with Phaseolus vulgaris, there was a 

relative increase in the exchangeable potassium (EP) at all concentrations after planting 

except at a concentration of 30%. On the other hand, similar polluted soil cultivated with 

maize experienced a relative decrease in EP at most of the concentrations except at 10% and 

30%. On herbicide impacted soil, there was a general decrease in the EP of the soil samples. 

Similar soil cultivated with maize had it that the EP generally increased at all concentrations 

except at 50%.  The combination of the toxicants on Phaseolus vulgaris impacted soil, there 

was an increase in EP as concentration decrease till a concentration of 30% after which the 

concentration increased with increase in concentration after cultivation. Similar soil 



56 
 

cultivated with maize recorded an increase at concentration 10% and 40% and decrease in EP 

at other concentrations.  

Table 4.4: Physicochemical properties of soil samples before and after planting 

 Concentration (%) 

 Before After  

Plant/parameter  10 20 30 40 50 10 20 30 40 50 

Pesticide + Beans (PB)           

Total nitrogen (g/kg) 0.10 0.12 0.06 0.09 0.11 0.10 0.02 0.12 0.14 0.12 

Exchange 

potassium(mg/kg) 

0.23 0.26 0.17 0.25 0.14 0.21 0.22 0.27 0.10 0.07 

Available phosphorous 

(mg/kg) 

0.50 0.48 4.09 12.06 0.32 16.12 15.95 19.64 7.71 0.4 

Pesticide + Maize (PC)           

Total nitrogen (g/kg) 0.10 0.13 0.07 0.13 0.09 0.09 0.10 0.09 0.14 0.07 

Exchange 

potassium(mg/kg) 

0.06 0.10 0.14 0.21 0.10 0.12 0.07 0.24 0.14 0.06 

Available phosphorous 

(mg/kg) 

2.31 6.36 2.56 9.24 1.67 7.12 6.13 10.15 6.92 7.80 

Herbicide + Bean (HB)           

Total nitrogen (g/kg) 0.12 0.14 0.08 0.10 0.07 0.07 0.08 0.03 0.12 0.11 

Exchange 

potassium(mg/kg) 

0.27 0.23 0.20 0.23 0.08 0.09 0.06 0.04 0.17 0.06 

Available phosphorous 

(mg/kg) 

0.33 0.93 3.36 4.12 10.13 5.10 7.80 16.82 17.56 1.10 

Herbicide + Maize 

(HC) 

          

Total nitrogen (g/kg) 0.06 0.06 0.10 0.11 0.10 0.11 0.07 0.07 0.25 0.11 

Exchange 

potassium(mg/kg) 

0.15 0.17 0.13 0.12 0.24 0.29 0.20 0.19 0.14 0.15 

Available phosphorous 

(mg/kg) 

5.16 12.82 0.69 1.84 2.24 18.11 6.00 15.70 16.35 14.93 

Pesticide + Herbicide + 

Beans (PHB) 

          

Total nitrogen (g/kg) 0.10 0.12 0.12 0.13 0.07 0.09 0.13 0.13 0.16 0.11 

Exchange 

potassium(mg/kg) 

0.29 0.24 0.25 0.20 0.19 0.18 0.12 0.26 0.25 0.23 

Available phosphorous 

(mg/kg) 

16.24 0.21 9.61 12.11 15.23 7.65 2.51 15.75 16.70 15.40 

Pesticide + Herbicide + 

Maize (PHC) 
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Total nitrogen (g/kg) 0.09 0.09 0.10 0.12 0.10 0.08 0.09 0.13 0.17 0.15 

Exchange 

potassium(mg/kg) 

0.09 0.18 0.25 0.22 0.21 0.24 0.13 0.12 0.26 0.09 

Available phosphorous 

(mg/kg) 

1.76 6.76 9.63 7.37 2.55 17.79 8.67 18.24 14.36 14.06 

Control (SO)           

Total nitrogen (g/kg) 0.10     0.09     

Exchange 

potassium(mg/kg) 

0.12     0.16     

Available phosphorous 

(mg/kg) 

0.16     19.10     

 

Key: PB – Pesticide + Beans (Phaseolus vulgaris) 

        PC – Pesticide + Maize 

         HB  -  Herbicide + Beans 

         HC -  Herbicide + Maize 

PHB – Pesticide + Herbicide + Beans 

        PHC -  Pesticide + Herbicide +  Maize 

SO - Control 
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4.3 Effect of combination of insecticide and herbicide application on the microbial 

population of soils cultivated with Phaseolus vulgaris (beans) 

The effect of combination of insecticide and herbicide application on the microbial 

population of soils cultivated with beans was also determined before and after planting. Apart 

from the control sample, there was a marked decrease in population of bacteria after 

cultivation. The THFC also followed similar trend except that there was an increase in fungal 

load at concentration 40-50% of the agrochemicals combined.  
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 CTL – Control 

 

Fig 4.1: Effect of combination of Pesticide and herbicide on bacterial and fungal population 

of soil cultivated with Phaseolus vulgaris (beans). 

 

 

 

 

0

1

2

3

4

5

6

7

8

CTL 10 20 30 40 50

Lo
g 

TH
B

C
 (

C
Fu

/g
)

Concentration %(v/v)

Bacteria

Before After

0

1

2

3

4

5

6

7

CTL 10 20 30 40 50

Lo
g 

TH
FC

 (
C

fu
/g

)

Concentration %(v/v)

Fungi

Before After



60 
 

4.4 Effect of combination of insecticide and herbicide application on the microbial 

population of soils cultivated with maize cultivar. 

Figure 4.8 shows the effect of combination of insecticide and herbicide application on the 

microbial population of soils cultivated with maize. Findings indicated that the mixture of 

insecticide and herbicide resulted to a relative increase in THBC except at 20% and 50%. On 

the other hand, a relative decrease was observed in THFC.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



61 
 

 CTL – Control 

 

 

Fig 4.2 Effect of combination of pesticide and herbicide application on the microbial 

population of soils cultivated with maize cultivar. 
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4.5 Effect of the pesticide application on the plant growth parameters 

Table 4.7 shows the effects of pesticide application on the growth parameters of maize 

cultivar over 6 weeks. It was observed that at week 1, there was an increased in seed 

dormancy caused by higher concentration of the pesticide at 40-50%. Despite the fact that the 

dormancy was overcome, the plants had an etiolated growth that was characterized by an 

increase in leave length with slender stems. The control plant had a normal growth with a 

great stem size and broad and short leaves. The growth pattern was seriously affected by 

increased concentration of the pesticide.  

Table 4.8 shows the wet and dry weights of whole maize cultivars after harvest. The findings 

had it that the pesticide treated soils had negative effects on the weights and water contents of 

the whole plants as observed in the differences that occurred between the control and test 

experiments.  

The effect of the pesticide on the chlorophyll content of the plant is shown in table 4.9. The 

chlorophyll content of the plant was also used as a yardstick to access the health of the plant. 

It was observed that higher chlorophyll content was observed in the control plant than all test 

plants at different concentrations. In addition, the chlorophyll content decreased with increase 

in concentration of the pesticide.  
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Table 4.5:  Effect of pesticide on the growth of maize cultivar 

 

Weeks 

 

Parameter (cm) 

Pesticide [PC (%)] 

0 10 30 40 50 

1 Leaf length - - - - - 

Stem length 4 6 6 - - 

Stem girth 0.4 0.6 0.4 - - 

2 Leaf length 6 11 13 - - 

Stem length 5 7 7 4 4 

Stem girth 0.4 0.6 0.3 0.5 0.6 

3 Leaf length 9 15 13 4 - 

Stem length 8 8 8 6 6 

Stem girth 1.0 1.0 1.8 0.7 0.5 

4 Leaf length 10 20 20 13 4 

Stem length 8 5 10 8 8 

Stem girth 1.1 1.2 1.3 0.8 0.7 

5 Leaf length 13 21 20 15 14 

Stem length 10 9 13 13 9 

Stem girth 1.6 1.6 1.6 1.6 1.1 

6 Leaf length 19 26 28 28 17 

Stem length 10 10 14 13 19 

Stem girth 1.6 1.3 1.2 1.1 1.3 

 

Key:  0 – Control (SO) 
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Table 4.6:  Wet and dry weight of whole plants in pesticide impacted soil of maize (PC) 

sample 

PC Dry weight (gm) Wet weight (gm) Water content 

(gm) 

0 11.46 20.54 9.08 

10 5.35 13.79 7.94 

30 1.19 9.63 7.94 

40 3.96 10.30 6.42 

50 4.44 10.77 6.33 

 

KEYS:  Control – (0) ,    PC – Pesticide maize 
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Table 4.7: Chlorophyl content of the leafs of maize plants in pesticide impacted soil 

sample (PC) 

Sample  Absorbance(nm) 

PC 664  648 

0 2.032 2.187 

10 1.834 2.038 

30 1.064 1.025 

40 0.717 1.026 

50 0.477 0.371 

 

Key: 0 -Control 

PC – Pesticide in maize cultivar 
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CHAPTER FIVE 

5.0     DISCUSSION AND CONCLUSION 

5.1 DISCUSSION 

The term pesticide covers a wide range of compounds including insecticides, fungicides, 

herbicides, rodenticides, molluscicides, nematicides, plant growth regulators and others 

(Aktar et al., 2009). The results obtained from this work involves the use of insecticides and 

herbicides.  

In agriculture and in control of diseases, man used a greater number of different chemicals. 

Among others, insecticides and herbicides are commonly encountered. Agrochemicals are the 

major soil, water and air pollutant and as a result, there is growing concern throughout the 

world at the way man is damaging his environment by injudicious use of pesticide to 

overcome problem of controlling insects, diseases, weeds and so on (Zhao et al., 2013). The 

microbes play an important role in the soil ecosystem, and their functions are very crucial in 

nutrient cycling and decomposition (Lorenzo et al., 2001).The increased use of pesticides in 

agricultural soils causes the contamination of the soil with toxic chemicals (Muñoz-Leoz et 

al., 2013). On the other hand, herbicides have the tendency to affect non-target plants at 

particular thresholds. 

Despite this, some organisms have the capacity to resist concentrations of pesticides to 

particular thresholds. Moulds, yeasts and certain bacteria are dominant with this trait (Liliane 

and Charles, 2020). In this work, after planting, the microbial community assessed revealed 

Enterococcus sp 54(40%), Staphylococcus sp 8(13%), Bacillus sp 46(34%) and Micrococcus 

sp 15(11%) while the fungal isolates include Penicillium sp 41(34%), Saccharomyces sp 

67(56%), Yeast 4(3%), Geotrichum sp 6(5%) and Aspergillus sp 1(0.8%). Fusarium, Mucor 
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and Streptomyces species were not detected upon analysis after planting which indicated their 

inability to resist concentrations of the insecticides and herbicides used. 

The ability to resist concentration of agrochemicals is usually an adaptive characteristics and 

gives these group of microorganisms the ability to degrade the pesticides (Arisoy and Bull, 

1998).  

This research demonstrated that agrochemicals has significant effects on the microbial 

population, soil nutrients, as well as the survival of plants in the polluted soil. The soil quality 

was also affected as indicated in the physicochemical parameters. Ubuoh et al.(2012) 

reported that the addition of volumes of pesticides to soil samples reduced the microbial 

diversity drastically and proposes that this would invariably reduce the action of bacteria in 

the soil that might lead to decline in soil fertility in the farmland. In addition, previous 

researchers reported that the persistence of agrochemicals in soil loads to chemical 

degradation of the soil (Kamrin, 1997; Gupta, 2001). 

In addition, agricultural runoff often contains developed levels of heavy metals from 

fertilizers and other agricultural chemicals applied to the fields (Gill and Garg). These 

chemicals are carried with rainfall runoff into rivers and streams, reservoirs, polluting water 

bodies and modifying aquatic habitats. 

The direct effects of pesticides can be short; obvious in the first season after application of 

the pesticides or long term; if repeated additions have taken place. Indirect effects are usually 

long-term; takes more than one season to develop, and are due to changes in pH or changes in 

productivity, residue inputs and soil organic matter levels (Bune-mann and McNeill, 2004). 

These effects become important in agriculture when nutrient availability to plants and crop 

productivity are changed due to the effect. 
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A considerable amount of the applied pesticides frequently ends up in the soil, where it can 

undergo biological and physicochemical transformations. Once in the soil, microbial 

degradation is the main route of pesticide removal (Bending et al., 2006).Depending on 

several factors (for example, pesticide composition, soil type, soil physicochemical and 

biological properties), most pesticides frequently have slow rates of degradation in the soil 

environment (Fenner et al, 2013). Consequently, repeated application of pesticides can 

ultimately lead to their accumulation at concentrations detrimental to soil microorganisms 

(Munier-Lamy and Borde, 2000; Rice et al., 2002). 

The fate of pesticides in the soil and the transport processes depend on the cumulative effects 

of the pesticide’s characteristics (for example, absorptivity, solubility, volatility and 

degradation rate), the soil’s characteristics (for example, texture and organic matter), the 

application methods used namely aerial or ground and the site conditions (e.g., topography, 

weather and irrigation) (Bhandari, 2014). 

5.2  CONCLUSION AND RECOMMENDATION 

It is then concluded that in spite of the importance of pesticide, used in agriculture, excessive 

use of pesticide can lead to soil degradation. Although in tropical soil, continuity of pesticide 

in soil and their effect on density and non-target soil organisms is minimum at a normal 

agricultural dose, their effect is obvious at population metabolism, with change in 

physiological and biochemical responses (Behera and Mishra, 2001). This implies that at 

doses higher than prescribed dose, the balance of the soil sub-system is altered. In other 

words, mineralization and humification processes would be very low leading to low 

nutritional values, hence poor crop yield that may lead to hunger and starvation. 
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Based on the conclusion, to minimize damage due to pesticide application to soil ecosystems, 

the following precautionary measures farmers should be properly guided on the use of 

agrochemicals in agriculture. 

It is also recommended that a socio-ecological studies should be carried out in communities 

where there has been regular use of these chemicals. In addition, a molecular study should be 

carried out to discover how some microorganisms resist thresholds of pesticides that are toxic 

to other isolates. These will help to strengthen knowledge about the spectrum of activities of 

pesticide application in soils. 
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APPENDICES 

APPENDIX I 

Table 1: Nutrient Agar  

Composition  Mass(g) 

Beef extract  3.0 

Sodium chloride  6.0 

Peptone  5.0 

Agar  12.0 

Distilled water  1000ml 

pH  7.3 

 

Table 2: Sabourauds Dextrose Agar 

Composition  Mass(g) 

Dextrose  40.0 

Balanced peptone  10.0 

Agar  12.0  

Distilled water  1000ml 

pH 5.6 
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APPENDIX II 

Table 3: Biochemical Characteristics of Bacteria Isolated from Soil Sample before Planting 

Sample 

code 

Colony 

code  

CA

T 

OXI COAG IN MR VP CIT UR

E 

NO

3 

G LU SUC LAT MAL MA

M 

XY

L 

IDENTITY OF 

ISOLATES 

PC20 PC20 (1) + - - - - + + - + + - - - - - Bacillus sp 

 PC20 (2) + - - - - + + - + + - - - - - Bacillus sp 

 PC20 (3) + - - - - + + - + + - - - - - Bacillus sp 

 PC20 (4) + - - - - + + - + + - - - - - Bacillus sp 

 PC10 (1) + - - - - + + - + + - - - - - Bacillus sp 

PC10 PC10 (2) + - - - - + + - + + - - - - - Bacillus sp 

 PC10 (3) + - - - - + + - + + - - - - - Bacillus sp 

 PC10 (4) + - - - - + + - + + - - - - - Bacillus sp 

PB50 PB50 (1) - - - - + - + - + + + + + - - Enterococcus sp 

 PB50 (2) + - - - + - + + - - - - - - -  Micrococcus sp 

PB40 PB40 (1) + - + - - + - + + + + + + + - Staphylococcus sp 
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 PB40 (2) + - - - - + + - + + - - - - - Bacillus sp 

 PB40 (3) - - - - + - + - + + + + + - - Enterococcus sp 

1HC30 HC30 (1) + - - - + - + + - - - - - - - Micrococcus sp 

 HC30 (2) - - - - + - + - + + + + + - - Enterococcus sp 

 HC30 (3) + - - - - + + - + + - - - - - Bacillus sp 

PHB10 PHB10(1) + - + - - + - + + + + + + + - Staphylococcus sp 

 PHB10(2) + - - - - + + - + + - - - - - Bacillus sp 

 PHB10(3) + - - - - + + - + + - - - - - Bacillus sp 

PHC20 PHC20(1) + - - - - + + - + + - - - - - Bacillus sp 

 PHC20(2) + - - - - + + - + + - - - - - Bacillus sp 

 PHC20(3) + - - - - + + - + + - - - - - Bacillus sp 

 PHC20(4) + - - - - + + - + + - - - - - Bacillus sp 

PHB20 PHB20(1) + - + - - + - + + + + + + + - Staphylococcus sp 

 PHB20(2) + - - - - + + - + + - - - - - Bacillus sp 

 PHB20(3) - - - - + - + - + + + + + - - Enterococcus sp 

 PHB20(4) + - - - - + + - + + - - - - - Bacillus sp 



85 
 

 PHB20(5) + - - - - + + - + + - - - - - Bacillus sp 

 HC40(2) + - - - - + + - + + - - - - -    Bacillus sp 

 HC40(3) + - + - - + - + + + + + + + - Staphylococcus sp 

 PHC30(1) + - - - - + + - + + - - - - - Bacillus sp 

 PHC30(2) + - - - + - + + - - - - - - - Micrococcus sp 

 PB30(1) + - - - + - + + - - - - - - - Micrococcus sp 

 PB30(2) + - - - - + + - + + - - - - - Bacillus sp 

 PB30(3) - - - - + - + - + + + + + - - Enterococcus sp 

HC20 HC20(1) + - - - + - + + - - - - - - - Micrococcus sp 

 HC20(2) - - - - + - + - + + + + + - - Enterococcus sp 

 HC20(3) + - - - - + + - + + - - - - - Bacillus sp 

 HC20(4) + - - - - + + - + + - - - - - Bacillus sp 
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SOc SOc (1) + - - - + - + + - - - - - - - Micrococcus sp 

 SOc (2) + - - - - + + - + + - - - - - Bacillus sp 

 SOc (3) + - - - - + + - + + - - - - - Bacillus sp 

 SO6 (4) + - + - - + - + + + + + + + - Staphylococcus sp 

PHC10 PHC10(1) - - - - + - + - + + + + + - - Enterococcus  sp 

 PHC10(2) + - - - - + + - + + - - - - - Bacillus sp 

 PHC10(3) + - - - - + + - + + - - - - - Bacillus sp 

HB50 HB50(1) + - + - - + - + + + + + + + - Staphylococcus sp 

 HB50(2) + - - - - + + - + + - - - - - Bacillus sp 

HC50 HC50(1) + - - - - + + - + + - - - - - Bacillus sp 

 HC50(2) + - - - + - + + - - - - - - - Micrococcus sp 

 HC50(3) + - - - + - + + - - - - - - - Micrococcus sp 
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HC10 HC10(1) + - - - + - + + - - - - - - - Micrococcus sp 

 HC10(2) + - + - - + - + + + + + + + - Staphylococcus sp 

PC40 PC40(1) + - - - - + + - + + - - - - - Bacillus sp 

 PC40(2) + - - - - + + - + + - - - - - Bacillus sp 

 PC40(3) + - - - - + + - + + - - - - - Bacillus sp 

 PHB40(2) + - - - + - + + - - - - - - - Micrococcus sp 

HB10 HB10(1) + - - - + - + + - - - - - - - Micrococcus sp 

 HB10(2) + - - - + - + + - - - - - - - Micrococcus sp 

 HB10(3) + - - - - + + - + + - - - - - Bacillus sp 

 HB10(4) + - - - + - + + - - - - - - - Micrococcus sp 

HB40 HB40(1) + - - - - + + - + + - - - - - Bacillus sp 
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PHB50 PHB50(1) + - - - - + + - + + - - - - - Bacillus sp 

 PHB50(2) - - - - + - + - + + + + + - - Enterococcus sp 

 PHB50(3) + - - - + - + + - - - - - - - Micrococcus sp 

PC30 PC30(1) + - + - - + - + + + + + + + - Staphylococcus sp 

 PC30(2) + - - - - + + - + + - - - - - Bacillus sp 

 PC30(3) + - - - + - + + - - - - - - - Micrococcus sp 

PB20 PB20(1) + - - - - + + - + + - - - - - Bacillus sp 

 PB20(2) + - - - + - + + - - - - - - - Micrococcus sp 

 PB20(3) + - - - - + + - + + - - - - - Bacillus sp 

PHC30 PHC30(1) + - - - - + + - + + - - - - - Bacillus sp 

 PHC30(2) + - - - + - + + - - - - - - - Micrococcus sp 



89 
 

 

 Keys:  CAT    - Catalase    M  - Maltose  

  COAG  - Coaglase    S   - Sucrose  

  OXI     - Oxidase    L   - Lactose  

  IN    -  Indole     G   - Glucose  

MR   - Methyl red   MN - Mannitol 

VP    -  Vogues Proskauer 

CIT   - Citrate 

 

 

 

HB30 HB30(1) + - - - - + + - + + - - - - - Bacillus sp 
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Table 4: Biochemical Characteristics of Bacteria Isolated from Soil Sample after Planting 

Sample 

code 

Colony 

code 

CAT OXI COAG IN MR VP CIT URE NO3 G 

LU 

SUC LAT MAL MAM XYL IDENTITY OF 

ISOLATES 

 PHC40(2) - - - - + - + - + + + + + - - Enterococcussp 

HB20 HB20 (1) + - + - - + - + + + + + + + - Staphylococcus sp 

 HB20 (2) + - + - - + - + + + + + + + - Staphylococcus sp 

 HB20(3) + - + - - + - + + + + + + + - Staphylococcus sp 

 HB20(4) + - + - - + - + + + + + + + - Staphylococcus sp 

 HB20(5) + - + - - + - + + + + + + + - Staphylococcus sp 

PC50 PC50(1) + - - - - + + - + + - - - - - Bacillus sp 

 PC50(2) + - - - - + + - + + - - - - - Bacillus sp 
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 PC50(3) + - + - - + - + + + + + + + - Staphylococcus sp 

 PC50(4) + - + - - + - + + + + + + + - Staphylococcus sp 

 PC50(5) + - - - - + + - + + - - - - - Bacillus sp 

PHC50 PHC50(1) - - - - + - + - + + + + + - - Enterococcus sp 

 PHC50(2) + - - - - + + - + + - - - - - Bacillussp 

HC20 HC20(1) + - + - - + - + + + + + + + - Staphylococcus sp 

 HC20(2) + - - - - + + - + + - - - - - Bacillus sp 

 HC20(3) - - - - + - + - + + + + + - - Enterococcus sp 

PB30 PB30(1) - - - - + - + - + + + + + - - Enterococcus sp 

 PB30(2) + - + - - + - + + + + + + + - Staphylococcus sp 

 PB30(3) + - + - - + - + + + + + + + - Staphylococcus sp 

 PB30(4) - - - - + - + - + + + + + - - Enterococcus sp 
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PB10 PB10(1) - - - - + - + - + + + + + - - Enterococcus sp 

 PB10(2) - - - - + - + - + + + + + - - Enterococcus sp 

PHB40 PHB40(1) - - - - + - + - + + + + + - - Enterococcus sp 

 PHB40(2) + - - - - + + - + + - - - - - Bacillussp 

HB50 HB50(1) - - - - + - + - + + + + + - - Enterococcus sp 

 HB50(2) - - - - + - + - + + + + + - - Enterococcus sp 

 HB50(3) - - - - + - + - + + + + + - - Enterococcus sp 

HC50 HC50(1) + - - - + - + + - - - - - - - Micrococcus sp 

 HC50(2) + - + - - + - + + + + + + + - Staphylococcus sp 

 HC50(3) + - - - + - + + - - - - - - - Micrococcus sp 

 PC40(2) - - - - + - + - + + + + + - - Enterococcus sp 

 PC40(3) - - - - + - + - + + + + + - - Enterococcus sp 
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 PC40(4) - - - - + - + - + + + + + - - Enterococcus sp 

HB30 HB30(1) + - + - - + - + + + + + + + - Staphylococcus sp 

 HB30(2) + - - - + - + + - - - - - - - Micrococcus sp 

HC30 HC30(1) + - - - - + + - + + - - - - - Bacillus sp 

 HC30(2) - - - - + - + - + + + + + - - Enterococcus sp 

PHB10 PHB10(1) - - - - + - + - + + + + + - - Enterococcus sp 

 PHB10(2) + - - - - + + - + + - - - - - Bacillus sp 

 PHB10(3) - - - - + - + - + + + + + - - Enterococcus sp 

 PHB10(4) - - - - + - + - + + + + + - - Enterococcus sp 

 PHB10(5) + - - - - + + - + + - - - - - Bacillus sp 

PC20 PC20(1) - - - - + - + - + + + + + - - Enterococcus sp 

 PC20(2) - - - - + - + - + + + + + - - Enterococcus sp 
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HB10 HB10(1) + - - - + - + + - - - - - - - Micrococcus sp 

 HB10(2) + - - - - + + - + + - - - - - Bacillus sp 

 PC30(1) - - - - + - + - + + + + + - - Enterococcus sp 

PC30 PC30(2) + - - - - + + - + + - - - - - Bacillus sp 

 PC30(3) + - - - - + + - + + - - - - - Bacillus sp 

PHB50 PHB50(1) - - - - + - + - + + + + + - - Enterococcus sp 

 PHB50(2) - - - - + - + - + + + + + - - Enterococcus sp 

PHB20 PHB20(1) + - - - - + + - + + - - - - - Bacillus sp 

 PHB20(2) - - - - + - + - + + + + + - - Enterococcus sp 

PC10 PC10(1) + - + - - + - + + + + + + + - Staphylococcus sp 

 PC10(2) + - - - - + + - + + - - - - - Bacillus sp 

 PC10(1) - - - - + - + - + + + + + - - Enterococcus sp 
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HC10 HC10(1) + - - - - + + - + + - - - - - Bacillus sp 

 HC10(2) - - - - + - + - + + + + + - - Enterococcus sp 

 HC10(3) - - - - + - + - + + + + + - - Enterococcus sp 

 HC10(4) + - - - - + + - + + - - - - - Bacillus sp 

HB40 HB40(1) + - + - - + - + + + + + + + - Staphylococcus sp 

PHC30 PHC30(1) - - - - + - + - + + + + + - - Enterococcus sp 

 PHC30(2) + - - - - + + - + + - - - - - Bacillus sp 

 PHC30(3) + - - - - + + - + + - - - - - Bacillus sp 

S0c S0c(1) - - - - + - + - + + + + + - - Enterococcus sp 

 S0C(2) + - - - - + + - + + - - - - - Bacillus sp 

PB20 PB20(1) + - - - - + + - + + - - - - - Bacillus sp 

 PB20(2) - - - - + - + - + + + + + - - Enterococcus sp 
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PHC20 PHC20(1) - - - - + - + - + + + + + - - Enterococcus sp 

 PHC20(2) + - - - - + + - + + - - - - - Bacillus sp 

PB40 PB40(1) + - + - - + - + + + + + + + - Staphylococcus sp 

 PB40(2) - - - - + - + - + + + + + - - Enterococcussp 

PB50 PB50(1) + - - - + - + + - - - - - - - Micrococcus sp 

PHC40 PHC40(1) + - + - - + - + + + + + + + - Staphylococcus sp 

PHB30 PHB30(1) + - - - + - + + - - - - - - - Micrococcus sp 

PC30 PC30(1) + - - - - + + - + + - - - - - Bacillus sp 

 

Keys:  CAT    - Catalase ; M  - Maltose; COAG  - Coaglase ; S   - Sucrose; OXI     - Oxidase; L   - Lactose; IN    -  Indole   

 G   - Glucose ; MR   - Methyl red; MN – Mannitol; VP    -  Vogues Proskauer; CIT   - Citrate 
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Table 5: Colonial and Microscopic Characteristics of Fungal Isolated Before Planting  

SAMPLE 

CODE 

COLONY 

CODE 

COLONIAL 

CHARACTERISTICS  

MICROSCOPIC 

CHARACTERISTIC  

IDENTITY OF 

ISOLATES  

PC 20 PC20(1)  White hyphae on red background  Septate conidia with 

sickle cell shape 

Fusarium sp 

 PC20(2) Brown in colour with clear zone 

of inhibition  

Fluffy thread like hyphae Streptomyces sp 

 PC20(3) Lemon green on short white 

hyphae 

Septate hyphae, conidia 

mop like 

Penicillium sp 

 PC20(4) Moist and shiny with irregular 

shape and cream in colour 

Fluffy thread like hyphae Streptomyces sp 

 

PC10 

PC10(1) Hyphae is septate conidia 

attached to sterigma  

Hyphae septate, conidia 

globosed 

Aspergillus sp 

 PC10(2) Lemon green on short white 

hyphae  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 PC10(3) Dull and dry with irregular shape, 

and clear zone of inhibition  

Fluffy thread like hyphae Streptomyces sp 

 PC10(4) White fluffy hyphae  Non septate hyphae, 

spores enclosed in a 

sporangium 

Mucor sp 

PB50 PB50(1) Lemon green on short white 

hyphae  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 PB50(2) White in colour with clear zone of 

inhibition 

Fluffy thread like hyphae Streptomyces sp 

 PB50(3) Dull and dry cream irregular 

colony 

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

PB40 PB40(1) Hyphae in septate  Hyphae septate, conidia 

globosed 

Aspergillus sp 

 PB40(2) Greenish spores on white shout Septate hyphae, conidia Penicillium sp 
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hyphae  mop like 

 PB40(3) Dull and dry cream irregular 

colony  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

HC30 HC30(1) Black space on short white 

hyphae  

Hyphae septate, conidia 

globosed 

Aspergillus sp 

 HC30(2) Red background with white 

hyphae  

Septate conidia with 

sickle cell shape 

Fusarium sp 

 HC30(3) Cream moist and shiny irregular 

colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 

 

HC30(4) White fluffy hyphae  Non septate hyphae, 

spores enclosed in a 

sporangium 

Mucor sp 

PHB10 PHB10(1) White shout hyphae on light 

yellow background  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 PHB10(2) Fluffy white hyphae  Non septate hyphae, 

spores enclosed in a 

sporangium 

Mucor sp 

 PHB10(3) Moist and shiny yellow with 

irregular shape and clear zone of 

inhibition 

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

PHC20 PHC20(1) Light yellow background with 

white short hyphae  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 PHC20(2) White fluffy hyphae  Non septate hyphae, 

spores enclosed in a 

sporangium 

Mucor sp 

 PHC20(3) Moist and shiny with yellow 

colour  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PHC20(4) White hyphae on red background  Septate conidia with 

sickle cell shape 

Fusarium sp  

PHB20 PHB20(1) White short hyphae on light Septate hyphae, conidia  
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yellow background  mop like Penicillium sp 

 PHB20(2) Septate hyphae  Hyphae septate, conidia 

globosed 

Aspergillus sp 

 PHB20(3) Moist shiny yellow coloured 

colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PHB20(4) Red background with white 

hyphae  

Septate conidia with 

sickle cell shape 

Fusarium sp 

 PHB20(5) Mold with irregular non-septate 

hyphae  

Non septate hyphae, 

spores enclosed in a 

sporangium 

Mucor sp 

HC40 HC40(1) Yellow coloured colonies that are 

moist and shiny  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 HC40(2) Light yellow background with 

white short hyphae  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 HC40(3) Fluffy white hyphae  Non septate hyphae, 

spores enclosed in a 

sporangium 

Mucor sp 

PHC30 PHC30(1) Septate hyphae  Hyphae septate, conidia 

globosed 

Aspergillus sp 

 PHC30(2) Moist shiny yellow coloured 

colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PHC30(3) White hyphae with red 

background  

Septate conidia with 

sickle cell shape 

Fusarium sp 

 PHC30(4) White fluffy hyphae  Non septate hyphae, 

spores enclosed in a 

sporangium 

Mucor sp 

PC50 PC50(1) Light yellow background with 

white short hyphae  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 PC50(2) Mold with irregular non-septate 

hyphae  

Non septate hyphae, 

spores enclosed in a 

Mucor sp 
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sporangium 

 PC50(3) Clear zone of inhibition, moist 

and shiny yellow colonies with 

irregular shape 

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PC50(4) Brown colour with regular shape 

and high shape concave with zone 

of inhibition 

Fluffy thread like hyphae Streptomyces sp 

 PC50(5) Septate hyphae  Hyphae septate, conidia 

globosed 

Aspergillus sp 

 PC50(6) Shout white hyphae on red 

background  

Septate conidia with 

sickle cell shape 

Fusarium sp 

PHB30 PHB30(1) Red background with short white 

hyphae  

Septate conidia with 

sickle cell shape 

Fusarium sp 

 PHB30(2) White short hyphae on light 

yellow background  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 PHB30(3) Moist shiny yellow coloured 

colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PHB30(4) White fluffy hyphae  Non septate hyphae, 

spores enclosed in a 

sporangium 

Mucor sp 

PH30 PH30(1) Black spore on short hyphae  Hyphae septate, conidia 

globosed 

Aspergillus sp 

 PH30(2) Green spore on short white 

hyphae  

Septate conidia with 

sickle cell shape 

Fusarium sp 

 PH30(3) Dull and dry with irregular shape 

colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PH30(4) Fluffy white hyphae  Non septate hyphae, 

spores enclosed in a 

sporangium 

Mucor sp 

HC20 HC20(1) Green spores on short white 

hyphae  

Septate hyphae, conidia 

mop like 

Penicillium sp 
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 HC20(2) Black spores on short hyphae  Hyphae septate, conidia 

globosed 

Aspergillus sp 

 HC20(3) White fluffy hyphae  Non septate hyphae, 

spores enclosed in a 

sporangium 

Mucor sp 

 HC20(4) Moist shiny yellow coloured 

colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

SOC SOC(1) Septate hyphae  Hyphae septate, conidia 

globosed 

Aspergillus sp 

 SOC(2) White short hyphae on light 

yellow background  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 SOC(3) Fluffy white hyphae  Non septate hyphae, 

spores enclosed in a 

sporangium 

Mucor sp 

 SOC(4)  Moist and shiny with irregular 

shape colonies that are cream on 

colour  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

PHC10 PHC10(1) Moist shiny yellow coloured 

colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PHC10(2) Green spore on short white 

hyphae  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 PHC10(3) White hyphae on red background Conidia septate and 

rectangular fork shape 

Geotrichum 

candidium 

HB50 HB50(1) White hyphae on red background  Septate conidia with 

sickle cell shape 

Fusarium sp 

 HB50(2) Green spore on short white 

hyphae  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 HB50(3) White cotton wool-like hyphae 

with pinkish background  

Conidia septate and 

rectangular fork shape 

Geotrichum 

candidium  

HC50 HC50(1) Black spores on short white 

hyphae  

Hyphae septate, conidia 

globosed 

Aspergillus sp 
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 HC50(2) Green spores on white hyphae  Septate hyphae, conidia 

mop like 

Penicillium sp 

 HC50(3) Dull and dry irregular shape 

colonies cream colour  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

HC10 HC10(1) White cotton wool-like hyphae  Conidia septate and 

rectangular fork shape 

Geotrichum 

candidium  

 HC10(2) Moist and shiny circular cream 

colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

PC40 PC40(1) White cotton wool-like hyphae  Conidia septate and 

rectangular fork shape 

Geotrichum 

candidium  

 PC40(2) Yellow spores on white cotton 

wool-like hyphae  

Conidia septate and 

rectangular fork shape 

Geotrichum sp 

 PC40(3) Moist and shiny circular cream 

colonies with irregular shape  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PC40(4) Green spores on short white 

hyphae  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 

PHB40 

 

PHB40(1) 

 

Green spores on short white 

hyphae  

 

Septate hyphae, conidia 

mop like 

 

Penicillium sp 

 PHB40(2) Dull and dry cream irregular 

colony  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 

PB10 

 

PB10(1) 

 

Green spores on white short 

hyphae  

 

Septate hyphae, conidia 

mop like 

 

Penicillium sp 

 PB10(2) White short hyphae  Non septate hyphae, 

spores enclosed in a 

sporangium 

Mucor sp 

HB10 HB10(1) Lemon green spores on white 

shout hyphae 

Septate hyphae, conidia 

mop like 

Penicillium sp 

 HB10(2) Moist and shiny cream colony  Large gram positive Saccharomyces sp 
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spherical and oval 

budding cells 

 HB10(3) White cotton wool like hyphae Conidia septate and 

rectangular fork shape 

Geotrichum 

candidium  

 HB10(4) White fluffy hyphae Non septate hyphae, 

spores enclosed in a 

sporangium 

Mucor sp 

 

HB40 

 

HB40(1) 

 

Green spore on white short 

hyphae 

 

Septate hyphae, conidia 

mop like 

 

Penicillium sp 

 HB40(2) Moist and shiny circular cream 

colony 

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 

 

 

PHB50 

 

 

 

PHB50(1) 

 

 

 

Dull and dry cream colonies  

Large gram positive 

spherical and oval 

budding cells 

 

 

 

Saccharomyces sp 

 PHB50(2) Greenish spores on short white 

hyphae  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 PHB50(3) Moist and shiny circular cream 

colony 

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 

PC30 

 

PC30(1) 

 

Black spore on short hyphae  

 

Hyphae septate, conidia 

globosed 

 

Aspergillus sp 

 PC30(2) Green on white short hyphae  Septate hyphae, conidia 

mop like 

Penicillium sp 

 PC30(3) White fluffy hyphae  Non septate hyphae, 

spores enclosed in a 

sporangium 

Mucor sp 

PB20 PB20(1) Dry with irregular shape and clear 

zone of inhibition with low 

convex  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 
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 PB20(2) White fluffy hyphae Non septate hyphae, 

spores enclosed in a 

sporangium 

Mucor sp 

 PB20(3) Green spore on short white 

hyphae with light yellow 

background  

Septate conidia with 

sickle cell shape 

Fusarium sp 

 

PHC50 

 

PHC50(1) 

 

Lemon green spore on short white 

hyphae 

 

Septate hyphae, conidia 

mop like 

 

Penicillium sp 

 PHC50(2) Moist and shiny cream regular 

colonies with low convex  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

HB20 HB20(1) Moist, shiny, circular cream 

colonies 

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 

HB30 

 

HB30(1) 

 

White cotton wool like hyphae  

 

Conidia septate and 

rectangular fork shape 

 

Geotrichum 

candidium 

 HB30(2) Moist and shiny cream colony  Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp  
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Table 6: Colonial and Microscopic Characteristics of Fungal Isolated After Planting  

SAMPLE 

CODE  

COLONY 

CODE 

COLONIAL 

CHARACTERISTICS 

MICROSCOPIC 

CHARACTERISTICS 

IDENTITY OF 

ISOLATES 

PHC40 PHC40(1) Greenish spores on white 

short hyphae 

Septate hyphae, conidia 

mop like 

Penicillium sp 

 PHC40(2) Lemon cream spores on 

white hyphae 

Septate hyphae, conidia 

mop like 

Penicillium sp 

 

HB20 

 

HB20(1) 

 

Lemon green spores on short 

white hyphae  

 

Septate hyphae, conidia 

mop like 

 

Penicillium sp 

 HB20(2) Greenish spores on white 

short hyphae 

Septate hyphae, conidia 

mop like 

Penicillium sp 

 HB20(3) Dull and dry cream irregular 

colony  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 HB20(4) Moist and shiny cream 

regular colony  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 HB20(5) Moist and shiny cream 

finger like colony  

Filamentous hypae with 

a pointed end 

Yeast  

 

PC50 

 

PC50(1) 

 

Greenish spores on short 

white hyphae  

 

Septate hyphae, conidia 

mop like 

 

Penicillium notatum  

 PC50(2) Moist and shiny cream 

irregular colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PC50(3) Dull and dry irregular cream 

colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PC50(4) Lemon green spores on 

white hyphae  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 PC50(5) Moist and shiny pink Large gram positive Saccharomyces sp 
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irregular colony  spherical and oval 

budding cells 

 

PHC50 

 

PHC50(1) 

 

Lemon green spores on 

white short hyphae  

 

Septate hyphae, conidia 

mop like 

 

Penicillium sp 

 PHC50(2) Greenish spores on short 

white hyphae 

Septate hyphae, conidia 

mop like 

Pencillium sp 

 

HC20 

 

HC20(1) 

 

Moist and shiny irregular 

golden yellow colonies  

 

Large gram positive 

spherical and oval 

budding cells 

 

Saccharomyces sp 

 HC20(2) Greenish spores on white 

short hyphae  

Septate hyphae, conidia 

mop like 

Penicillium notation  

 HC20(2) Moist and shiny cream 

irregular colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

PB30 PB30(1) Lemon green spores on 

white short hyphae  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 PB30(2) Dull and dry irregular cream 

colony  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PB30(3) Moist and shiny cream 

regular colony  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PB30(4) Greenish spores on white 

short hyphae  

Septate hyphae, conidia 

mop like 

Penicillium sp 

PB10 PB10(1) Moist and shiny golden 

yellow irregular colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PB10(2) Moist and shiny cream 

irregular colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 
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PHB40 PHB40(1) Greenish spores on short 

white hyphae  

Septate hyphae, conidia 

mop like 

Penicillium notatum 

 PHB40(2) Lemon green spores on short 

white hyphae  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 

HB50 

 

HB50(1) 

 

Dull and dry cream irregular 

colonies  

 

Large gram positive 

spherical and oval 

budding cells 

 

Saccharomyces sp 

 HB50(2) Moist and shiny circular 

yellow colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 HB50(3) Greenish spores on white 

short hyphae  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 HB50(4) Moist and shiny irregular 

cream colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

HC50 HC50(1) Dull and dry cream irregular 

colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 HC50(2) Moist and shiny golden 

yellow colonies  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 HC50(3) Lemon green spores on short 

white hyphae  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 

PC40 

 

PC40(1) 

 

Moist and shiny circular 

golden yellow colonies  

 

Large gram positive 

spherical and oval 

budding cells 

 

Saccharomyces sp 

 PC40(2) Moist and shiny cream 

irregular colony  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PC40(3) Black spores on white short 

hyphae  

Hyphae, conidia 

globosed 

Aspergillus sp 
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 PC40(4) Greenish spores on short 

white  hyphae  

Septate hyphae, conidia 

mop like 

Penicillium notatum  

 

HB30 

 

HB30(1) 

 

Lemon green spores on 

white short hyphae  

 

Septate hyphae, conidia 

mop like 

 

Penicillium sp 

 HB30(2) Moist and shiny cream 

irregular colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 

HC30 

 

HC30(1) 

 

Moist and shiny  cream 

irregular colonies  

 

Large gram positive 

spherical and oval 

budding cells 

 

Saccharomyces sp 

 HC30(2) Moist and shiny golden 

yellow colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

PHB10 PHB10(1) Greenish spores on short 

white  hyphae with lemon 

background  

Septate hyphae, conidia 

mop like 

Penicillium notatum  

 PHB10(2) Lemon green spores on short 

white hyphae  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 PHB10(3) White short hyphae with 

orange background  

Conidia septate and 

rectangular fork shape 

Geotrichum candidum  

 PHB10(4) Moist and shiny cream 

irregular colony  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PHB10(5) Moist and shiny small 

circular golden yellow 

colour 

Large gram positive 

spherical and oval 

budding cells 

 

Saccharomyces sp 

PC20 PC20(1) Lemon green spores on short 

white hyphae  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 PC20(2) Greenish spores on short 

white hyphae  

Septate hyphae, conidia 

mop like 

Penicillium notatum  
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 PC20(3) Moist and shiny cream 

circular colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PC20(4) Moist and shiny golden 

yellow colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PC20(5) Moist and shiny colour pink 

colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PC20(6) White short hyphae with 

orange background  

Conidia septate and 

rectangular fork shape 

Goetrichum candidum  

HB10 HB10(1) Greenish spore on short 

white hyphae 

Septate hyphae, conidia 

mop like 

Penicillium notatum  

 HB10(2) Lemon green spores on short 

white hyphae 

Septate hyphae, conidia 

mop like 

Penicillium sp 

PC30 PC30(1) Moist and shiny irregular 

cream colonies 

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PC30(2) Greenish spores on short 

white hyphae  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 PC30(3) Dull and dry irregular cream 

colony  

Septate hyphae, conidia 

mop like 

Penicillium sp 

 

PHB50 

 

PHB50(1) 

 

Dull and dry irregular cream 

colonies  

 

Septate hyphae, conidia 

mop like 

 

Penicillium sp 

 PHB50(2) Yellow spores on white 

cotton wool like hyphae  

Conidia septate and 

rectangular fork shape 

Geotrichum 

candidium 

PHB20 PHB20(1) Moist and shiny on irregular 

colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PHB20(2) Dull and dry green irregular 

colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 
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PC10 

 

PC10(1) 

 

Moist and shiny irregular 

circular colonies  

 

Large gram positive 

spherical and oval 

budding cells 

 

Saccharomyces sp 

 PC10(2) Moist and shiny circular 

golden yellow colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PC10(3) Dull and dry cream irregular 

colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

HC40 HC40(1) Moist and dull cream 

irregular colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 HC40(2) Moist and shiny cream 

irregular colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 HC40(3) Dull and dry cream irregular 

colonies with rough pink 

center  

Filamentous hypae with 

a pointed end 

Yeast  

 HC40(4) Dull and dry cream irregular 

colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 

HB40 

 

HB40(1) 

 

Dull and dry cream irregular 

colonies  

 

Large gram positive 

spherical and oval 

budding cells 

 

Saccharomyces sp 

PHC30 PHC30(1) Moist and shiny small 

circular golden yellow 

colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PHC30(2) Dull and dry cream irregular 

colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PHC30(3) Pink rough colonies with Filamentous hypae with Yeast  
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cream background a pointed end 

 

SOC 

 

SOC(1) 

 

Moist and shiny small 

irregular golden yellow 

colonies  

 

Large gram positive 

spherical and oval 

budding cells 

 

Saccharomyces sp 

 SOC(2) Moist and shiny small 

circular cream colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

PB20 PB20(1) Moist and shiny cream 

irregular colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 PB20(2) Dull and dry cream irregular 

colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 

PHC20 

 

PHC20(1) 

 

Dull and dry cream irregular 

colonies  

 

Large gram positive 

spherical and oval 

budding cells 

 

Saccharomyces sp 

 PHC20(2) Moist and shiny cream 

irregular colony  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 

PB40 

 

PB40(1) 

 

Dull and dry cream  

irregular colonies with rough 

centers 

 

Filamentous hypae with 

a pointed end 

 

Yeast  

 PB40(1) Dull and moist cream 

irregular colonies  

Large gram positive 

spherical and oval 

budding cells 

Saccharomyces sp 

 

PH50 

 

PB50(1) 

 

Greenish spores on short 

white hyphae  

 

Septate hyphae, conidia 

mop like 

 

Penicillium sp 

 

PHC40 

 

PHC40(1) 

 

Greenish spores on short 

 

Septate hyphae, conidia 

 

Penicillium sp 
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white hyphae  mop like 

 

PHB30 

 

PHB30(1) 

 

Dull and dry cream irregular 

colonies  

 

Large gram positive 

spherical and oval 

budding cells 

 

Saccharomyces sp 

 

PC30 

 

PC30(1) 

 

Greenish spores on short 

white hyphae 

 

Septate hyphae, conidia 

mop like 

 

Penicillium sp 
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APPENDIX III 

Table 7: Parameter for Soil Sample Physico-Chemical Properties 

  

Low  

 

Medium  

 

High 

T/N (g/kg) < 0.1 0.1-0.2 > 0.2 

Available (mg/kg) < 10 10-20 >20 

Exchangeable K (cmol/kg) 0.15 0.15-0.3 >0.3 

FAO (2004)  

 

 

 

 

 


