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ABSTRACT

=t of industrial effluent on the seed germination, seedling growth, stem length, leaf
meth. biomass, chlorophyll content and proximate analysis of kidney beans was investigated.
—meriment was carried out with 0% (control),25%, 50%, 75% and 100% concentrations of
& =Fluent concentration was mixed with 5kg of soil in a plastic pot and each treatment was
i out in three replicates. Germination of seeds begins 5% day after planting (DAP) in
sl and treated seeds. Germination growth increased in the 25% concentration and thrived
e i the 50% than the control whereas there was a decrease in the growth of the plant as the
s concentration increased to 75% and no germination in100% concentration which was
Scantly different (p<0.05) from that of the control, 25%, 50%, and 75% concentration. This

. demonstrated that the lower the concentrations of the industrial effluent caused a positive
et on seed germination, growth and chlorophyll content of phaseolus vulgaris L. However
gher concentrations of the effluent, toxic effects were observed. This suggested that the

= could be used safely for phaseolous vulgaris cultivation only after proper treatment.




CHAPTER ONE

1.0 INTRODUCTION AND LITERATURE REVIEW

Effluents are wastes produced from industries and they vary depending on the human
sctivities that produce them. Production of these wastes is an integral part of industrial activities
st unfortunately our inability to anticipate or predict the types and magnitude of undesired
sonsequences of unbridled release of effluents in our environment, coupled with the growth of
mcustrialization have resulted in massive and destructive operations in our ecosystems( Uaboi-
Sgbenni el al;2009). Effluents are discharged into rivers, estuaries, lagoons or sea without any
“rm of treatment. However, despite the treatment being employed by some industries, it is still

mpossible to remove all undesirable properties from effluents.

Environmental pollution is a major concern and has been accepted as a global problem
secause of its adverse effects on human health, plants, animals and exposed materials (Irshad ef
1997). Rapid industrialization, deforestation, oil spillage( Adeyinka and Urum, 2004),
suploitation of natural resources, unplanned construction of road and building, drains, services of
motor cars, production of metals from ore, sewage, solid wastes, use of chemicals, fertilizers and
maman population are the major key factors for environmental pollution in this universe(Sharma
« @/, 2004). The continuous increase in industries has become sources of pollution. These
mdustries include battery manufacturing, iron and steel, plastics, chemicals, fertilizers, textile,
“od and beverages, breweries, pharmaceuticals, soap, petroleum and petrochemical, automobile,

smmery, paper mill and cosmetics, tobacco and paint industries (Brown ef al, 1996).

Siochemical, biophysical and cellular processes; morphological and genetic adaptations enable

ing things to survive. Stevens et al., (1998) stated that a useful distinction exists between
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+< between wastes which pose 2 potentially high risk to human health and those with m uch
hazards. Many pollutants such as pesticides, oil, hydrocarbons, heavy metals as well as
2l and radioactive pollutants can get into aquatic environments through direct or indirect

iillal

.se from industries, agriculture and households (Faith et al., 2008).

The dairy industry is one of a major source of waste water (Britz ef al.. 2006). The milk

9 and 11.217 million m® of waste per year. Waste water 18

ustry generates between 373

in pasteurization, homogenization of fluid milk and the

rated in milk processing unit, mostly
_oduction of dairy products such as butter, cheese, milk powder etc. most of the milk processing
it use ‘clean in place’ (CIP) system which pumps cleaning solutions through all equipment in

sodium hydroxide) wash. water rinse, and sodiu

m hypo-

. order water rinse; caustic solution (
Slorite disinfectant. These chemicals eventually become a part of waste water (Thompson and
rge 1998). Large amount of water is used to clean dairy plants; hence. the resulting waste
w=r can contain detergent, galts and organic matter depending upon source (Belyea et al.,

1.1 Origin of Kidney Beans
seaseolus vulgaris, the common bean (Gentry, (1969) (also known as the string bean, field
pop bean, or snap bean). is a herbaceous plant

. flageolet bean, garden bean, haricot bean,
or unripe fruit that are both occasionally used as ‘beans’.

- worldwide for its edible dry seed

-f is also occasionally used as vegetable and the straw as fodder. Its botanical classification,
gomg with other Phaseolus species, is as a most of whose members of the legume family
Sebaceas, most of whose members acquire the nitrogen they require through an association with
a_ a species of nitrogen-fixing bacteria. The common bean is a highly variable species that




—cies have a climbing habit, Phillips, R., Rix, M. (1993). But many cultivars are classified as

~ush beans’, depending on their style of growth. These include kidney bean, the navy bean, the

im0 bean, and the wax bean. The other major types of commercially grown bean are the runner

swr ( Phaseoulus coccineus) and the broad bean (Vicia faba).

L medom: Plantae
pacr:  Fabales

Famity: Fabaceae

Suifzmily: Faboideae

"=k Phaeoleae
Susemibe: Phaseolinae
Sems- Phascolus

Boecies: P. vulagris

These large red beans are popular in chili, particularly in the American south. They are in
& same family of beans as black beans, pinto beans and navy beans. Like most other dry beans,

\ines beans are only eaten cooked. In fact, raw kidney beans (and their sprouts) arc actually

ssemous. It only a few minute of cooking at high heat t0 neutralize the toxins, which is much

s #han any standard cooking time for these beans. Kidney beans are excellent sources of




poszin. which makes them popular as a meat-substitute for vegetarians. They also have high

wwels of iron, calcium and magnesium.

©. 1.2 Growth and Development

It takes the kidney beans plant ten to fourteen days to germinate in a condition where the
L requirement is full, watering is regular and not heavy, the soil condition is loose and well-

Smmng and the container is suitable. It can also be harvested on the 100" to 140" day.
1.3 Method of Planting

Unfortunately, kidney beans don’t transplant well so it’s best to just plant the seeds in

waur garden when the time is right rather than try to start early with indoor seedlings. Choose a

2 = the garden that will get full sun, and where the soil is loose enough to allow for good
ssmmaee. If you find the water pools up when it rains, it won’t be a good spot for your kidney
Seam plants. Put your seeds out after your last frost date, and cover any sprouted seedlings if you
2 == an unexpected frost. Space your seeds by about 4 inches if you have a vining variety of

Wean and a bit farther to 8 inches if you are growing a more compact bush type. Bean seeds

Sl be about an inch to an inch and a half under the soil when you plant.

* 4 Seil Requirement for Kidney Bean Production

Sidney bean plants do not have ‘wet feet’, so they do not need water too often unless the
memter has been really dry. Watering of the plant is only essential if the soil has dried out, rather
S water to keep it constantly moist. They have the ability to produce their own nitrogen in

B mots, they don’t really need any extra nutrients of fertilizer. While feeding the plant, it is
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sssemtial not to use any high-nitrogen mixtures around the beans because it will affect their
gmwth. They may seem to thrive with more leaves, but at harvest time they usually end up with
¢ of empty pods. Shallow roots make it difficult to hoe around a bean plant without harming

S plant. Weeds should be pulled by hand, or by using a good layer of mulch to keep out the

3 Pest and Diseases

Kidney beans have nice large leaves that often fall prey to any number of beetles and
gmes in the garden. Various species of bean beetle are the biggest threat, though slugs, cutworms
s =athoppers can all be found in your bean patch. If you check your plant daily and pick up
@ pests you find, you may not need to spray at all. You will also need to keep off the aphids,
Wt are a bit harder to see than the larger beetles. They usually don’t do much harm on their

s ot they can spread bean mosaic virus, which will kill any plants that are not resistant.

4side from the bugs, your bean plants can also get rust or mildew on the leaves. Bean
W = 2 fungus that shows up as rusty reddish-brown patches on the leaves and can be treated
Wl Sungicide, provided you start to treat plants before it spreads through the leaves. Powdery

mliew is less of a danger, but can kill your plants if you don’t keep in check. It just looks like a

Sae wihite powder on the leaves that doesn’t wipe off. Again, treat with fungicide and keep your

\ Sms fom being too moist. Humid air helps mildew thrive, so only water your plants at the soil

e mot over the leaves.




1 & Harvesting and Storage

' 5.1 Maturity Period

The crop requires between 85 and 120 days from planting to maturity depending on
wnety. The first half of this period is vegetative development and the latter half is reproductive.
» e types there is an overlap of the two periods because continued vegetative growth occurs
wher fowering begins. Flowering continues for 2 to 3 weeks so there can be new pods, half
ssloped pods and fully developed pods as well as newly opened flowers present on many
sumss in early August. Pods are initially green changing to light brown or tan as they mature.

Saet pod can contain 2 to 4 seeds depending upon variety.

5.2 Mode of Harvesting

They are usually harvested with puller-cutters, followed by drowning and combining.

Seans are generally ready for harvest approximately two weeks after bloom. The beans should

% sanvested just before the seeds are mature and before they form bumps on the pod. The pod
Wi be firm and snap when they are bent. Beans should be picked every 2-3 days to ensure the
s remain productive. They should be pinched rather than pulling to avoid damaging the
SRETT

L1 Storage

Mold development on beans in storage is influenced by the temperature of the beans and
% e relative humidity of the air in the spaces. For all grains, 75% relative humidity in theses

s will provide safe storage, if normal temperatures are maintained.




L2 Bgective of the Research

Thus research will be carried out to:

o determine the effect of industrial effluents of Fanmilk Plc on seed germination, and
seedling growth of kidney beans

.. To determine the protein content of the plant in each treatment

o determine the chlorophyll content of the leaf in each treatment

I o determine the fresh and dry weight of the beans plant in each treatment.

= Eavironment

Industrial wastewater is the effluent discharged by manufacturing units and food
Wewsssne plants. This is the waste produced by industrial activity which includes and material
S = mendered useless during a manufacturing process such as that of factories, mills, and
Wme operations. It has existed since the start of the industrial revolution (Maczulak, Anne
St 2010). Some examples of industrial waste are chemical solvents, paints, sandpaper,
W sroducts, industrial by-product, metals, and radioactive wastes. Toxic waste, chemical
s mdustrial solid waste and municipal solid waste are designations of industrial waste.
S wmmmental protection and rational use of natural resources and other industrial raw materials
B sesome an important sphere of mankind’s advancement in the 20 the century. Mankind’s
B for resources and raw materials has intensified the ecological and economic
Smemtctions in the industries (Sen and Chakraborty, 2009). This wide spread industrialization
% wen areas has drastically reduced land area for waste disposal. Disposal of untreated
W and domestic wastes into the environment affects both soil and ground water quality.

7




S sl streams have been used for multifarious purposes including waste disposal. Our careless

peme of wastes has affected these precious resources (Quazilbash e al., 2006). Environment
% & svsiem that includes all the living organisms interacting with the physical environment as a
Wi to maintain a balanced state. Abiotic and biotic factors are the two components, where the
W or nonliving portion comprises of the flow of energy, nutrients, water, and gases and the
Smesmirations of organic and inorganic substances. It is characterized by the continuous cycling
W mamer. The biotic, or living, portion include the three general categories of organisms based
W e method of acquiring energy: the primary producers which include the green plants; the
Smsumers, which include all the animals; the decomposers, which include the microorganisms
e ==k down the remains of plants and animals into simpler components for recycling in the

Sasmtere (Mc Naughton and Wolf, 1979).

L Water Pollution

Water pollution has become a serious issue in the present scenario. Various industries are
e their effluents to the rivers even without any treatment. There are also several other
S lmeess that contaminate the major water sources. Discharge of treated or untreated effluents
S samous industries is the chief contribution of pollution to the inland surface waters. Seth

S explained about the contaminations through industrial effluents, sewages, residues of
endes fertilizers and detergents that harmfully affect the environment. The disposal of waste
e oo land has assumed greater importance in recent days as the volume of waste water

Ieton is increasing day by day and the inland water sources are insufficient to accommodate

e waer expelled out (Bole and Bell, 1978; Sanai and Shayegam, 1979).




The output of industries, agriculture and urban communities generally exceeds the
Ssic capacities of aquatic systems, causing waters to become choked with an excess of
Wi substances. When the organic matter exceeds the capacity of those microorganisms in
W that break it down and recycle it, the excess of nutrients in such matter encourages the

Sesssive growth of algae leading to the depletion of dissolved oxygen and a series of events

s place and are called as eutrophication (Dhaliwal and Khel, 1995). Round (1979) stated that

"8 sumophication is mainly due to the increasing level of phosphorus in the aquatic system.

Most of the hazards coming to human and ecosystem are mostly due to ground
s poliution. The untreated sewage, industrial effluents and agriculture wastes are often
“WSareed into the water bodies. This contaminated water spread wide range of water borne

Weses. The agricultural fields around these water bodies are affected (Chandra and

Seshtha, 2004; Tung ef al., 2009).

* siization of Industrial Effluents

Secycling of industrial effluents is the most effective and economical practice for dealing
% pollution problems. The role of biological organisms in the effective utilization of
¢ effluents was identified by several workers (Rani et al, 1990; Marwha er al., 1998;
& ef al, 2001; Raina and Aggarwal, 2003; Chandra and Srivastava, 2004). Thabaraj ef
W= suegested that the utilization of industrial waste for agricultural purpose was a solution
Wasie disposal problem. According to Larsen et al. (1975) industrial organic wastes if used
* W effectively in proper concentrations can increase the fertility of soil. Though industrial

9




Eeenes are used for irrigation, these may contain certain toxic substances besides the nutrients
S Smamote the growth of the crop plants (Dolarer al., 1972: Saxena, 2003). Certain industrial
BEnss such as those of distilleries, fertilizer factories. tanneries etc. have the potential of
Ssssston and may be harnessed for human welfare. The effluents produced from the
SRenes are a rich source of organic matter as well as essential micro and macro nutrients
Smets. 1980; Kulkarni, 1982- Rani er al, 1990: Om er ai 1994: Nemede and Shrivastava.

B Chatterjee and Chatterjee 2003; Sivaraman and Thamizhiniyan, 2005).

8 E5¥ect of Industrial Effluents on Plants

the effluent is an inevitable consequence of industrial process. In arid and semi-arid
Saes of the country, where shortage of water becomes limiting factor, the effluent is being
PR e armigational purposes by the farmers in agriculture and agro-forestry practices. Since the
gcmon of wastewater is a continuous process, it can cater for substantial irrigation
Ssss=ments. This alternative use of wastewater will not only prevent the waste from becoming
gssonment hazard but also will serve as a potential source of fertilizer if used rationally and

ppropriate concentration

senerally speaking, wastewater (treated and untreated) is extensively used in agriculture
e it is a rich source of nutrients and provides all the moisture necessary for crop growth.
s crops give higher than potential yields with wastewater irrigation; reduce the need for
=2l fertilizers, resulting in net cost savings to farmers. If the total nitrogen delivered to the
%8 wastewater irrigation exceeds the recommended nitrogen dose for optimal yields, it may

vegetative growth, but delay ripening and maturity, and in extreme circumstances,

10




e vicld losses. Crop scientists have attempted to quantify the effects of treated and untreated
ssewater on a number of quality and yield parameters under various agronomic scenarios. An
eew of these studies suggests that treated wastewater can be used for producing better
Wity crops with higher yields than what would otherwise be possible. The use of untreated
Smmcimel wastewater, as is the practice in many countries, pose a whole set of different
emiems. Nevertheless, the high concentration of plant food nutrients becomes an incentive for
e Swmers to use untreated wastewater as it reduces fertilizer costs, even when the higher

e concentrations may not necessarily improve crop yields. Most crops, including those

s @ peri-urban agriculture, need specific amounts of NPK for maximum yield. Once the
mmended level of NPK is exceeded, crop growth and yield may negatively be affected. For
“swsmeie. urea plant effluents are a rich source of liquid fertilizer but in concentrated forms they
e sdverse effects on rice and com yields (Singh and Mishra, 1987). The composition of
“scisal wastewater also has to be taken into account. Predominance of industrial waste brings
% semical pollutants, which may be toxic to plants at higher concentrations. Some elements
" emeer the food chain, but most studies indicate that such pollutants are found in
ations permitted for human consumption. On the other hand, predominance of domestic
water may result in high salinity levels that may affect the yield of salt sensitive crops. This
" hat the economic impacts of wastewater on crops may differ widely depending upon the
"\ of treatment and nature of the crops. From an economic viewpoint, wastewater irrigation
" =wes under proper agronomic and water management practices may provide the following
Weseiis (1) higher yields, (2) additional water for irrigation, and (3) value of fertilizer saved.
Wemesvely, if plant food nutrients delivered through wastewater irrigation result in nutrient

swply. vields may negatively be affected.

11




impact from wastewater on agricultural soil, is mainly due to the presence of high nutrient
ss (Nitrogen and Phosphorus), high total dissolved solids and other constituents such as
% metals, which are added to the soil over time. Wastewater can also contain salts that may
suiate in the root zone with possible harmful impacts on soil health and crop yields. The
Sme of these salts below the root zone may cause soil and groundwater pollution
£ 999). Prolonged use of saline and sodium rich wastewater is a potential hazard for soil as
smode the soil structure and effect productivity. This may result in the land use becoming
sustzinable in the long run. The problem of soil salinity and sodality can be resolved by the
bestonm of natural or artificial soil amendments.. However, soil reclamation measures are
B adding to economic constraints resulting in losses to crop productivity. Moreover, it may
%= possible to restore the soil to the original productivity level, by using these soil
siments. Hence, wastewater irrigation may have long-term economic impacts on the soil,
% = mm may affect market prices and land values of saline and waterlogged soils.
=1 induced salinity may reduce crop productivity due to general growth suppression, at
s+ seedling stage, due to nutritional imbalance, and growth suppression due to toxic ions
o @, 1998). The net effect on growth may be a reduction in crop yields and potential loss
me to farmers. Wastewater irrigation may lead to transport of heavy metals to soils and
ssuse crop contamination affecting soil flora and fauna. Some of these heavy metals may
ulate in the soil while others, e.g., Cd and Cu, may be redistributed by soil fauna such
pworms (Kruse and Barrett 1985). Studies conducted in Mexico (Assadin et al., 1998),
wastewater mixed with river water has been used for crop irrigation for decades, indicate
Seimed water irrigation may account for up to 31percent of soil surface metal accumulation

s %o heavy metal uptake by alfalfa. However, heavy metal concentrations in alfalfa pose

12




W =5k to animal or human health. The impact of wastewater irrigation on soil may depend on a
sumber of factors such as soil properties, plant characteristics and sources of wastewater. The
“mpact of wastewater from industrial, commercial, domestic, and dairy farm sources are likely to
s widely. The use of dairy factory effluents for 22 years in New Zealand shows that nearly
W spplied P is stored in the soil while nitrogen storage is minimal, implying nitrogen leaching

W consequent nitrate pollution of the groundwater (Degens ef al., 2000).

Wastewater is a rich source of plant food nutrients. The impact of wastewater irrigation
s weld varies from crop to crop. If the crops are undersupplied with essential plant food

ments, wastewater irrigation will act as a supplemental source of fertilizer thus increasing crop

Seis. Alternatively, if plant food nutrients delivered through wastewater irrigation result in over
s of nutrients, yields may negatively be affected. In the absence of any chemical fertilizer

sation, wastewater nutrients will act as a sole source of fertilizer, delivering savings in

Seed Germination

Germination is defined as ‘those consecutive events which cause a dry quiescent seed in
e 10 water uptake to show a rise in its general metabolic activities and to initiate the
peton of seedlings from the embryo’ (Mayer and Poljakoff Mayber, 1989). Bewley (1997)
pmed germination as ‘those events that begin with water uptake by the seed and end with the
pson of the embryonic axis and penetration by the radicle of the structures surrounding the
= Yung (1938) reported that the rice seed germination under favorable conditions starts

e pushing of coleorhiza through the pericarp leaving a cavity in front of the root cap. The

% mot elongates and fills the cavity and subsequently the coleorhiza is penetrated. Root

13




2 s growth towards the epicotyl for a short distance before it responds towards gravity. At
Same the coleoptile also emerges and grows rapidly. Bewley and Black (1985) emphasized
S of embryonic axis on enzyme mediated reserve food mobilization which controls the

smsstion and subsequent seedling growth.

Garz and Kaushile, (2008) evaluated the suitability of textile mill wastewater (treated and
| M) at different concentrations (0, 6.25, 12.5, 25, 50, 75, and 100%) for irrigation
seses Effect of textile mill wastewater on germination, delay index, physiological growth

Sewmeners and plant pigments of two cultivars of sorghum was studied. The textile effluent did

@wew any inhibitory effect on seed germination at lower concentration (6.25%). The other
e plant parameters also followed the similar trend. Seeds germinated in 100% effluents
% e survive for longer period. It was been concluded that the effect of the textile effluent was
twar specific and due care should be taken before using the textile mill wastewater for
peon purposes. Rehmaner al. (2009) reported that the textile effluent affected . seed
pemesion and early growth of some winter vegetable crops. The textile effluent reduced seed
smmssion and early growth of all vegetables. Turnip was observed most susceptible while
W& was tolerant to textile effluent treatments. Sasikala and Poongodi,(2013) studied the

of dye efﬂuent at various concentrations (4%, 8%, 10%, 12% &16%) on seed
smmasion of black gram for a period of fifteen days. She reported gradual decrease in the

» == root length of the seedlings with the increase in the dye effluent concentrations.

Medhier al. (2008) studied the effect of pulp and paper mill effluents on seed germination
§ we=dling growth of mustard, pea and rice seeds and observed that the lower concentration of
e with 40%, 50% and 30% were suitable for germination and seedling growth of mustard,

st mice respectively. The study had also revealed that the germination of seeds and seedling

14




& and seedling growth gradually declined with the increasing concentration of the effluent.
er. rate of inhibition was reported different for different seeds. The study suggested that

wuent could be used safely for agricultural purpose, if used with proper dilution.

Germination levels have significant influence on vigor, field performance and yield in

= crops. The decrease in germination levels lead to a suboptimal population of plants per
¢ w=2 and reduction in vigor may result in poor performance by the surviving plants.
samtial loss of yield was reported in beans, peas and barley when low rate of germination
mecorded in the seeds (Roberts, 1972). In wheat, a reduction in yield was recorded when
gemmmetion was lowered to about 50% (Agarwal and Dadlani, 1984). Decline in germination
s sesulting in reduction in vigour, yield components and yield has been reported in maize
wm ef al, 1988), rice (Raghavendr Rao et al,, 1990), and sorghum (Rao er al., 1992).
wus ef al, (1994) studied the germination in Phaseolus vulgaris and correlated with
szation efficiency and respiration of germinated seeds. Tao-Hanzhi ef al., (1995) correlated
mereased vigour index with the increased water uptake and increased sugar and protein
st in the cotyledons whereas Basu er al, (1998) correlated the vigour index with the

sreme integrity and the physiological condition of the seed.

The scientific aspect of seed treatment with chemicals were well studied by Kidd and
1918, 1919) and according to them, the factors that influence the plant during early stages
=lopment may also influence immensely on its subsequent growth. Kirkbly (1968)

|
| e that the reduction in germination percentage may be due to the reduction in the
\

oy rate.

15




“%e application of sewage and industrial effluents to improve the seed germination and
gowih were studied by several researchers (Rajaram ef al., 1988; Shinde et al., 1988;

w et al, 1999; Arindam 2000; Pandey and Pandey, 2002; Verma et al., 2004).

“Re effect of distillery and fertilizer factory effluents on seed germination, speed of
we. germination index, seedling growth of Phaseolus radiatus and Oryza sativa were
™ Sahai et al,, (1979, 1983, 1985). They noticed a decrease in the seed germination and
W g=rmination with increasing concentration and a complete arrest in germination in pure
Treatment with mixed effluent showed a marked variation in germination percentage
se=iine growth in jowar, rice and bajra (Somashekar ef al., 1984). The diluted effluent
&= increase in germination whereas the effect was reverse in pure effluent. Sisoida and
85 studied the impact of chemical industrial effluent on germination and growth of

s explained the action of diluted effluent treatment for the promotion in germination.

16




CHAPTER TWO
WATERIALS AND METHOD

Swarce of Industrial Effluent

“8¢ industrial effluents used in this study were obtained from fanmilk Plc. Ibadan,
wiere milk base products such as fan vanilla, super yogo and a lot more and the effluent

iected from the main drain which is the main collection point.
of Plant Materials

WSy beans seeds were obtained from the International Institute for Tropical Agriculture

. Sadan, Oyo State, Nigeria.
mmation Experiment

iz of the soil samples were weighed and put inside plastic buckets. The soil in each
was treated with 25%, 50%,75% and 100% concentrations of industrial effluent. Another
Sucket containing soil did not receive any treatment with industrial effluent. This served
Wi Each treatment was then replicated three times. 5 seeds of kidney beans were sown
W soil in the plastic buckets. The soil in the plastic buckets were regularly watered to

St the soil was moist enough for plant germination.

ination of Biomass

s dry weight of each seedling was determined. This was carried out by measuring the

o the fresh leaf in each treatment using a weighing balance. The dry weight of the air-

- LiF
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4 leaves were also determined. This was done by oven-drying the leaves at 80 + 5°C for 48

ML

2 5 Determination of chlorophyll Content

Newly formed, fully opened leaves from treated soil and control plants were collected for

“wement estimation. Chlorophyll a, b and total chlorophyll were determined by extracting one

s of fresh fully expanded leaves in 80% acetone and measuring the colour intensity of the

wract at 645 and 663 nm wavelengths using a UV/VIS spectrophotometer. Chlorophyll contents

were computed using the formula described by Arnon (1949) as shown below:
Chlorophyll a (mg/mL) = 12.7 A (663) — 2.69 Agess)

5 f'.:OI'Oph}’ﬂ b (mg/mL) =229A (645) - 468 A (663)

% ... = absorbance at a wavelength of 645nm

% ... = absorbance at a wavelength of 663nm

"zl chlorophyll (mg/ml) = chlorophyll a + chlorophyll b.
24 Proximate Analysis

41 Determination of Moisture Content

The sample (10 g) was weighed W into a known weight of an empty petri dish. The
wezht of the petri dish and the sample was taken and recorded as W, The Petri- dish was placed

e 2 preset oven at 105 °C for 3 hours in order to reduce the moisture. After 3 hours, the petri

18




Ssh was taken out and placed inside a desiccator for 30 minutes to cool. The sample was there

weished W; (AOAC, 2005a),

Percentage Moisture Content (%) = %X% ............................. 4)

252 Determination of Fat Content

The crude fat content will be determined as reported in AOAC (1990b). Using soxhlet
swparatus. A considerable amount of the sample will be put in a pre-weighed thimble, weighed.
Wt dried in an oven. The thimble containing the sample will be place in the receiver of the
ssmnlet apparatus. Normal hexane BP 60-68°C will be used as solvent for the extraction; a 500
¢ sound bottom flask will be filled to % with the solvent. The flask will be fitted to the soxhlet
wmeratus with a reflux condenser and place in an electro mantle heater. The solvent will be
semned and refluxed several times and continued for 4hrs until the condenser will detached. The
Sumale containing the defatted sample was remove and dried to a constant weight in an oven at

W C. The difference in weight before and after extraction will record and express as

sementage crude fat extracted.

Weight of extracted fat 100 (5)

Sercentage Crude Fat Content (%) = X e

weight of sample

~5.c Determination of Total Ash Content

An amount of 1.0 g of the sample will be weighed in a clean pre-weighed W, crucible
e the weight will be record as Wj. The crucible with the sample will be place in a muffle
Sumace and the temperature will be increase to 500 °C for 3hrs in order to allow the sample to

S The ashing will continue until the sample become grey in appearance. After ashing, the
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1= with the ash will cool in desiccator and then weigh as (W3) as reported in AOAC

ST DL

I

% Total Ash Content = (weight af- cruciblet+ ash) —(weight o-f cmrrib!a}X 100 o}
Weight of sample before ashing 1
& Ww3-wi1
B Total Ash CONLENnt = ————— . ..ooiieienniestirsasaasnstanae e (6.1)
w2-w1

Wiecre:

% s the weight of empty crucible

% . is the sample and crucible before ashing
% - is the crucible and the ash sample.

2 4.4 Determination of Crude Fibre

Crude fibre is the portion of the plant material which is not ashed or dissolved in boiling

“iution of 1.25% H>S04 or 1.25% NaOH. The crude fibre will be determined using the standard

—cedure described by Pearson, et al., (1981). Each defatted sample will be weighed and

wsmsferred into a 500 ml conical flask and 200 ml of 1.25% H,S04 will be added and the sample

w11 be boiled for 30mins using cooling fingers to maintain constant temperature. After boiling,
% mixture will be pour into filter cloth under gentle suction using a buchner funnel, rinsed well
w5 hot distilled water. The material will be transferred into a conical flask containing 200ml of
239, NaOH and boiled for another 30mins while shaking gently to avoid spillage. The sample
wiution will be filtered, washed with hot distilled water and with 1% HCI respectively. The
0 remove any

washing will be repeated twice with ethanol and trice with petroleum ether t

wmaining fat. The residue will be transferred into a clean, dried crucible, oven dried, cooled in
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% desiccator and weighed as (W5). The crucible will be place in the muftle furnace at 450°C for

2 & cooled in a desiccator and reweighed as (W3).

Weight of crudse fibre 100

W Crude Fibre = [ e ST S B (7)

Waeight of sample used 1

- : _ W2-W3
%% Crude Flber——w1 ............................................................. (7.1)

W here: W is the weight of the sample

% . s the weight of sample + crucible after oven drying.

% . is the weight of the sample + crucible after ashing.

2 4.5 Determination of Crude Protein

Thus analysis was carried out in 3 stages;

24.5.1 Digestion Stage

This stage involves digestion of the sample. A known quantity (0.5 g) of the sample will
% Sigested with 10 ml HSOy4 with 0.5 g selenium as catalyst in a microkjeldahl digestion flask
o the mixture will be heated on an electro thermal heater until a clear solution is obtained. The
Sk will be allowed to cool after which the digest is diluted with distilled water into a 100 ml

wendard flask. The sample is transferred into the Kjeldahl distillation unit.

24552 Distillation Stage

It involves the steam distillation of the digest to which 10ml of 40% NaOH solution is
wii=d to release the ammonia. 3 drops of mixed indicator bromo cresol green and methyl red is

Sen added to the receiving flask containing 10 ml of 2% boric acid solution to give a pink colour
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seismion. The sample will be distilled until about 50 ml of the distillate is collected in the

wosiving flask. A colour change from red wine to green observe will indicating the presence of

Emmonia.

Saeation: Sample + conc. H,SO4 — (NH3),S04

WEL S04 . 2NaOH — 2NH; + NapS0O4+2H,0

~ e collected ammonia forms a complex with the boric acid as
. - H,BO; —» 2NH;" + BOs-

=453 Titration Stage

It involves the titration of the resulting solution in the conical flask against 0.1 M HCI
ssution until a colour change from green to red wine is obtained indicating the end point.

Ssmstion: NH," + HCI + H;0" — NH,CI + 2H,0

e Tiere valus xMolarity of acid used xX0.014 xDilution factor 100
% Nitrogen = 2 f £ R o kB
Weight of sample 1

S Crude Protein = % gN X6.25.....cccovivviviviiiiiiniiireeecssesenenens (821)

=44 Carbohydrate Determination
This is the summation of protein, fat, moisture content, ash, crude fibre minus 100.

W Carbohydrate = 100 — (Moisture content + Fat + Crude fibre + Ash + Protein)
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=" Seatistical Analysis

2]

%= study, two major variables were analysed using the statistical package for the social
=mees (SPSS) version 21:. the significant difference and ii. Means, The significant difference
W calculated at 1% confidence limit using Analysis of Variance (ANOVA), a statistical

SRS for testing the Duncan Multiple Range Technique (DMRT),
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CHAPTER THREE

g

] RESULTS

This chapter presents and discusses the results of the analyses done in this study. In Table
sermination of seeds begins 10days after planting in control and treated seeds except in 100%

weated seeds. The percentage of seeds germination varies according to the concentration of

% mdustrial effluent. On the 1% week of planting, germination were recorded in control (0%),

= 30%, 75% and 100% concentration respectively. Germination then increased till the 4
W=k in pot treated with 0%, 25%, 50%, and 75% except in 100% concentration. These values
weme recorded till the 6™ week of planting. From these values, it was observed that the rate of
gemmination was higher even than the control in 50% treated experiment while as the
scentration of effluent increased further above this range, the percentage germination reduced

WS Shere was no germination at all at 100% treated experiment.
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Table 1: Effect of industrial effluent on seed germination of kidney beans seed (cm).

gtment Weekl1 Week 2 Week 3 Week 4 Week 5 Week 6
rol 8.90+0.01  10.90+0.01° 13.00+0.01°  14.90+0.07° 18.10+0.01° 21.00+0.07°
7.50+0.01°  9.00£0.01°  12.00+0.00°  12.80+0.00° 14.00+0.01° 14.70+0.00"
9.00+0.01°  11.00+0.00° 13.00+0.00°  15.10+0.00° 18.14+0.07° 21.50+0.01°
5.50+0.01°  6.70+0.01°  8.40+0.00°  10.00+0.00° 11.00+0.01°  12.50+0.00°
a 0.00£0.00*  0.00£0.00°  0.00+0.00°  0.00+0.00°  0.00+0.01*  0.00+0.00"

Results are mean of 3 determinations + SE. Letter a, b, ¢, d and e within the same Colum

senifies that means with different letters differ significantly at P< 0.05, while means with the

same superscript letter does not differ significantly at P< 0.05. A statistical analysis was carried

s on the results obtained using statistical package for social science SPSS version 20.0 2010 to

“=termine the mean and Standard error

25




3.2 Fresh and dry weight

Table 2, shows the effect of the industrial effluent on the fresh weight and dry weight of
the seedlings sown in different concentrations of the pollutants and control. The 50% treated
experiment has the greater value of fresh and dry weight of 18.50+0.01 and 4.80+0.93
respectively even than the control experiment and the values reduced as the concentration of the

=ffluent increased above 50% concentration.

26




Table 2: Effect of industrial effluent on fresh and dry weight of kidney beans seed (mg)

Treatment Fresh weight Dry weight
Control 13.25+0.01° 3.50+0.39°
25% 16.33.+ 0.88° 3.55+0.40°
50% 18.50+0.01° 4.80+0.93°
75% 9.00+0.58° 3.141.33°

100% 0.00+0.00° 0.00+0.00°*

Results are mean of 3 determinations = SE. Letter a, b, ¢, d and e within the same Colum
signifies that means with different letters differ significantly at P< 0.05, while means with the
same superscript letter does not differ significantly at P< 0.05. A statistical analysis was carried
sut on the results obtained using statistical package for social science SPSS version 20.0 2010 to

Zetermine the mean and Standard error
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313 GROWTH PARAMETER
3.3.1 Leaf length characteristics

The result of the leaf length (sz) are shown in table 3. This shows the effect of different
—oncentrations of the effluent on the leaf length of experimental seedlings of kidney beans. Leaf
length increased with time (in weeks) in each treatment concentration. The 50% concentration of
e treated experiment has the largest leaf length even than the control experiment and the leaf
length reduced as the concentration increased beyond this value. The largest leaf length was
shserved at the sixth week in the 50% treated experiment with a leaf length of 7.60+0.01cm’
sompared with no leaf in the 100% treated experiment which was significantly different (p<0.05)

#om the control and other concentrations.
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fable 3: Effect of industrial effluent on leaf length of kidney beans (cm)

I;:— ent Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
' 6.10£0.01°  620+0.01 640+0.01° 6.90x0.00° 700 +0.01°  7.40 + 0.00°
| 4.00+0.01° 4.20£0.01°  535+0.01° 5.50+0.01° 57010.01°  5.90+0.01°
t 0.00+000° 640+0.00° 6.90+0.01° 7.00+0.01° 740 +0.00  7.60 +0.00°
i 3.10£0.01°  3.50+0.01° 5.00 +0.01° 5.40+0.01° 5.00 +0.00°  5.70+0.00°
. 0.00+000? 0.00+£0.00*  0.00+0.00°  0.00+0.00? 0.00+0.00° 0.00+0.00°

Results are mean of 3 determinations + SE. Letter a, b, ¢, d and e within the same Colum
signifies that means with different letters differ significantly at P< 0.05, while means with the
same superscript letter does not differ significantly at P< 0.05. A statistical analysis was carried

*ut on the results obtained using statistical package for social science SPSS version 20.0 2010 to

“etermine the mean and Standard error
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3.3.2 Number of leaves of kidney bean

Table 4, shows the result of number of leaves of kidney bean in each treatment. The
sumber of leaves in each treatment increased with time (in weeks). The number of leaves
screased progressively in 25%n and 50% concentration of the treated experiment even than the
sontrol experiment in all weeks, while the number of leaves reduced even to the minimum value
2 75% and 100% concentration of the treated experiment. At the sixth week of the experiment,
%2 number of leaves in 25% and 50% concentration of the treated experiment were 30.00+0.01
snd 32.00+0.09 respectively, which were greater than the control experiment (25.00£0.01) and
%= number of leaves of leaves in 100% concentration was zero. In all weeks of the experiment,
%= maximum number of leaves were observed in 50% concentration of the treated experiment

shich was significantly different (p<0.05) from that of control, 75% and 100% concentration of

e treated experiment.
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Table 4: Effect of industrial effluent on no of leaves of kidney beans

EEment

Week1

Week 2

Week 3

Week 4

Week 5

Week 6

il

2.00+0.01°
2.00+0.01°
3.00+0.01°
2.00+0.01°

0.00+0.01*

6.00+0.01°
4.00+0.01°
5.00+0.01¢
3.0040.01°

0.00+0.00*

16.00+0.01°
20.00+0.01°
13.00+0.01°
10.00+0.01°

0.00+0.00°

20.67+0.34°
25.00+0.01¢
18.00+0.01°
12.00+0.01°

0.00+0.00°

22.00+0.01°
28.00+0.01°
23.00+0.01°
13.00+0.01°

0.00+0.00°

25.00+0.01°
30.00+0.01°
32.00+ 0.09°
15.00+0.01°

0.00+0.00°

Results are mean of 3 determinations + SE. Letier a, b, ¢, d and e within the same Colum

signifies that means with different letters differ significantly at P< 0.05, while means with the

same superscript letter does not differ significantly at P< 0.05. A statistical analysis was carried

out on the results obtained using statistical package for social science SPSS version 20.0 2010 to

determine the mean and Standard error
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Table 5: Effect of industrial effluent on of seeds per pod of kidney beans seed

Treatment Week 3 Week 4 Week 5 Week 6
Control 1.67+ 0.33" 2.67+0.67°° 3.67 + 0.33° 1.67 + 0.33°
25% 0.00+ 0.00% 1.00 +0.1048 1.67 +0.33" 1.67 +0.33"
50% 2.00+ 0.00® 3.67+ 0.33¢ 3.31 +3.33¢ 3.33+0.33
75% 0.00+ 0.00* 0.00 +0.00* 1.00 + 0.3748 1.33 + 0.33"
100% 0.00+ 0.00* 0.00 +0.00% 0.00 +0.00* 0.00 +0.00"

Results are mean of 3 determinations = SE. Letter a, b, ¢, d and e within the same Colum
signifies that means with different letters differ significantly at P< 0.05, while means with the
same superscript letter does not differ significantly at P< 0.05. A statistical analysis was carried
out on the results obtained using statistical package for social science SPSS version 20.0 2010 to

determine the mean and Standard error
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3.4 Biochemical Experiment

3.4.1 Chlorophyll content of kidney Beans Leaves

Table 6, shows the effect of the different concentration of the effluent on the chlorophyll
content of the freshly harvested leaves. The chlorophyll a, chlorophyll b and total chlorophyll of
the leaves in 50% concentration of the treated experiment was found to be significantly different
(p<0.05) from that of the control and other concentration of the effluent. The leaves with 50%
concentration has higher total chlorophyll content even more than the control, while the
chlorophyll content reduced as the concentration of the effluent increased beyond 50%

concentration.
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Table 6: Effect of industrial effluent on Chlorophyll content of kidney beans leaves

Treatment Chlorophyll A Chlorophyll B Total

Control 18.04+0.01° 79.55+0.01° 97.55+0.01°
25% 131.55+0.01¢ 81.87+0.01° 213.63+0.07°
50% 318.02+0.01° 210.80+0.01° 526.75+0.01°
75% 126.62+0.01° 157.14+0.67° 182.99+0.01°
100% 0..00+0.00° 0.00+0.00° 0.00+0.00°

Results are mean of 3 determinations = SE. Letter a, b, ¢, d and e within the same Colum
signifies that means with different letters differ significantly at P< 0.05, while means with the
same superscript letter does not differ significantly at P< 0.05. A statistical analysis was carried
out on the results obtained using statistical package for social science SPSS version 20.0 2010 to

determine the mean and Standard error.
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3.4.2 Proximate composition of the bean seeds

The effect of different concentrations of the effluent on the proximate composition of the
bean leaves is shown in table 7. The 50% concentration of the treated experiment showed higher
composition of proximate with 83.82+0.01 of moisture,11.29+0.01 of Ash, 19.27+0.01 of fat.
12.50+0.01 of protein, 25.30+0.01 of CHO and 7.80+0.01 of crude fiber which is significantly

different from the control and other concentrations.
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Table 7: Effect of industrial effluent on proximate composition of the beans seed

Treatment Moisture Ash Fat Protein CHO Crude Fibre
Control _ 73.6820.01° 5.13£0.01° 11.10£0.01° 12.430.01° 8.60£0.01° 6.25+0.01°
25% 74.40:0.01 4.76+0.01*  14.27+0.74° 4.50£0.01° 17.80£0.01° 4.12+0.01°
50% 83.8240.01¢ 11.29+0.01¢ 19.27+0.74°  12.50+0.01° 25.30+0.01° 7.80+0.01°
75% 82.144£0.01° 5.00£0.01° 9.50+0.01*  8.85+0.02° 22.72+0.01° 3.84=0.01°
100% 00.00£0.00* 00.00£0.00° 00.00+0.00*  00.00+0.00* 00.00£0.00* 00.00+0.00°

Results are mean of 3 determinations + SE. Letter a, b, ¢, d and e within the same Colum

signifies that means with different letters differ significantly at P< 0.05, while means with the

same superscript letter does not differ significantly at P<0.05. A statistical analysis was carried

out on the results obtained using statistical package for social science SPSS version 20.0 2010 to

determine the mean and Standard error
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CHAPTER FOUR

4.0 DISCUSSION

-+

Effect of industrial effluent was evaluated on germination pattern, leaf length, dry and
fresh weight of the kidney beans leaves. The effect on chlorophyll content and the proximate
composition of the kidney beans were also investigated. Germination was low in 75%
concentration and there was no germination in 100% concentration éf the low rate germination
was probably due to toxicity resulting from pollutant contamination around the seeds.

The rate of seed germination of kidney beans increases progressively with increasing
concentration of 50% and thereafter it decreases as the concentration increases beyond this level
(Table 1). The effect of industrial effluent on seed germination of kidney bean seed was at higher
concentration did not support the growth of the plant; this is in accordance with the finding of
Khan ef al. (2011) who showed that the germination of seea is affected at higher concentration of
textile effluents. Nagdaet al. (2006) found that, at higher concentration of industrial effluent, the
seed germination efficiency decreases. Osmotic pressure of the effluent increases at higher
concentrations of total salts making inhibition more difficult and retard germination efficiencies.
The ability of seeds to germinate under high osmotic pressure differs with variety as well as
species (Unger, 1987). From the experiment, at 50% concentration of the treated experiment, the
percentage of seed germination was higher even than the control experiment. This is in

accordance with the findings of Agbogidier al., (2007) who showed that the effect of crude oil
pollution on plants is dependent on the level of pollution and that small amount of mineral oils
may actually be beneficial to plants. The reduction in seed germination may be due to higher
soluble salt in the polluted water. Khan and Sheikh (1976) have reported significant reduction

and delay in the germination of Capsicum annum seeds with the treatment of sewage. They
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revealed that, this is due to decrease iﬁ water uptake at higher level of salinity in view of toxicity
of high osmotic pressure due to high soluble salts.

The result showed that increase in effluent percentage encouraged the decrease in the
length of the leaf. We may relate the decrease in leaf length with t]ie elevated amounts of total
dissolved solids at higher concentrations. This could also be related to the fact that some of the
nutrients present in the effluents are essentials but above a particular concentration, they might
become hazardous. Panaskar&Pawar (2011a & b) in his research reported that textile effluents
were not inhibitory at low concentrations but with the increase in concentration growth of
seedling leaves was affected. Hussainer al. (2010) found that tannery effluents caused a
reduction in germination, leaves length and growth of sunflower parameters along with other
parameters like chlorophyll content, protein and carbohydrate content etc. The results of this
study indicated that the effects on leaves length were proportional to the concentrations of the
effluents and higher concentration showed stronger effect on the leaves thereby decreasing the
leaf length.

Due to toxic effect of the pollutant, there was reduction in fresh and dry weight with
increase in concentration of the effluent, except in seedlings treated with 25% and 50%
concentration which have increase in dry weight significantly increased with increasing in
industrial effluent concentration as compared to that of control plant. The increase in fresh
weight varied from 25% waste water to 100 % waste water. Industrial effluent had positive
effects on biomass (fresh weight and dry matter). The interactions between kidney beans and
industrial effluents treatments on biomass were significant. Dry matter accumulation is an
important parameter which tells about the accumulation/deposition of heavy metal and other ions

inside the body, which may help in combating the stress.Plant biomass is an indicator of crop
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productivity in terms of dry matter yield. Increased photosynth

etic process is considered & base

for the building up of organic matter, which accounts for 80-90% of the total dry mass of plant

(Bishnoiet al,, 1993a,b).

Number of leaves is an indicator of plant growth and there is a reduction in the number of
leaves at higher concentrations of the effluent which significantly reduces the yield of the plant.
Similarly, reduction in the number of Jeaves was recorded by Tripathier af (1999) in

Albizialebbek Seecllings at higher doses (200 ppm) of Cr (VD). These results are In agreement

with the findings of (Shah et al., 2009) where a low dose of Hudiara drain influe

nces the growth
while growth reduction was observed at higher doses in Eucalyptus camaldulensis.

The results regarding the effect of industrial effluent on the proximate composition of the

kidney bean shows that higher concentration of the effluent greatly reduced the proximate
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ntration, produced higher percentage of protein, CHO, ash, fiber, fat and moisture. The
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prot Present results regarding the protein content corroborated the
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SL(£002) who reported protein content of different bean varieties.
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observed to vary from 3.52 £ 0.01 % in 75 %

concentration to 7.80 % in 50 % concentration. Thes

e findings are in accordance to Costa ¢f gl

(2006) who observed crude fibre content of 4.26-8 989 in péa, chickpea and common beans.

The ash content of bean seeds varied from 2.44+0.01 % to 1 1.29:t0.01 % which falls within the

range of 4-7% as reported for different varieties of beans (Ruier al, 201 | ).

A level of significant reduction in chlorophyll a, b and total chlorophyll as the

concentration of the effluent Increased was observed except for 50% concentration which was
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=ven higher than the control experiment. Chlorophyll contents serve as a key index of metabolic

m—

e2lic

ciency of plants for the utilization of absorbed nutrients (Ramanaer al,, 2002). Results

shlorophyll b, total chlorophyll compared to contro] treatment plants. This might have resulted in

==lay in greening and reduction in number of seedlings developing green pigmentation at high

=Hluent concentrations. Reduction in chlorophyll a and chlorophyll b total chlorophyll was

®=ported earlier in six-day-old mung bean when exposed to tannery effluent containing

sromium (Beraer al. 1999). Inactivation of enzymes involved in chlorophyll biosynthetic

pathway may contribute to general reduction in chlorophyll content in most of the plants under

sSromium stress (Shanker, 2005). Decline in the leaf pigment, Chl-b was greater compared to

“hl-a as the data revealed an increase in Chl-a/Chl-b ratio in all the treatments over control.

Seduction in chlorophyl] a, chlorophyll b, total chlorophyll was reported earlier in six-day-old

mung bean when exposed to tannery effluent containing chromium (Bera and kanta, 1999),

mactivation of enzymes involved in chlorophyll biosynthetic pathway may contribute to general

s=duction in chlorophyll content in most of the plants under chromium stress (Shankerer al.,

2005).The chlorophyll pigments reduced considerably and the reduction was more prominent

Zue to the nickel toxicity. Behera and Misra (1982) noticed a direct correlation between the

sfiluent concentration and photosynthetic activity. While working with industrial effluent on

=hlorophyll pigment contents, they observed a reduction in pigment contents in plants treated

with high concentrations of effluent, whereas the pigment content increased in the seedlings

=eated with diluted effluents. Sahaiet al. (1983, 1985) and Sahai and Srivastava (1987) studied

o
Sl

effect of industrial effluents on chlorophyll content in the seedlings of Orvza sativa,

“ajanuscajanand Phaseolusradiantsrespectively. They observed an increase in the chlorophyll
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content in the diluted effluent and in the concentrated effluent the pigment content reduced
significantly. Singh et al (2006) observed an increase in pigment content in the lower
concentrations of fertilizer factory effluent in gram. However, the results of this study showed
that higher concentrations of effluents showed a toxic effect on the chlorophyll of kidney
beans.This decline in chlorophyll contents beyond 50 % concentration of treated experiment. may
be due to the inhibition of enzymes responsible for chlorophyll biosynthesis under the influence

of higher concentrations of toxins present in the industrial effluents.

4.1 Conclusion and Recommendation

This study reveals that irrespective of the nature, the industrial effluents could be well
utilized for agricultural crops on proper dilution, so as to reduce the lethality of the pollutants.
Higher concentration ofindustrial effluents creates serious hazards to plants and eventually to
auman health. In water scarce countries, reuse of effluents for irri gation of various crops is very
effective method to meet the demand of proper water and food supply. It may be further
concluded that the higher concentration of released industrial effluent causes many types of
mhibitory effects on the germination speed, germination value, plant growth, crop yield
accumulation of heavy metals in plants and poor human health. The proper treatment and

dilution of the effluent is therefore needed before the disposal and usage of industrial effluent for

irrigation purposes.
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