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ABSTRACT KEYWORDS
The use of industrial and sewage waste water for irrigation purpose has Textile;
emerged as an important way of utilization of the presence of considerable Tannery;
quantities of essential elements and minimizing its pollution load. In view Sewage,
of such perspectives, an experiment was conducted to examine the Effluent;
comparative effect of textile, tannery and sewage effluents on seed French bean.

germination, biomass, leaf area, chlorophyll content and root devel opment
in French bean (Phaseolus vulgarisL.) plants. Plants exhibited a marked
reduction in seed germination and other physiological parameters when
grown with higher concentrations (50 and 100 %) of all the three effluents.
However, the effect was promotive when plants were raised with lower
concentrations. The effect of tannery effluent was more deleterious on all
parameters as compared with textile and sewage effluents. The overall
impact of the three effluents was tannery > textile > sewage in descending
order of their toxicity. It was suggested that the effluent released from
industrial establishmentsi.e., textile and sewage in particular, may be used
for raising cropsafter appropriate dilution. Thismay facilitate the avail ability
of essential nutrients and irrigation water which are often in scarcity.
However, this recommendation needs further extensive studies with
different kinds of effluentsand plant species. Inaddition, this phytoremedial
approach may also contribute substantially towards eco-friendly disposal
of industrial effluents, a cumbersome problem for the management and
farmersaswell. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION trol measureshasresulted into an adverseimpact onthe

environment. Theseindustriesdischargether untreated

Rapidindudtridizationisarequisitefor developing  or trested wastesdirectly into the natura environments
countriesto meet thedemand of their everincreasing  (water, land, air) thereby polluting them[5914202426271 The
population. However, theindiscriminateestablishment of — useof wastewaters(indudtrid effluentsaswell asmunici-
theseindudtrieswithout proper atentiononpallutioncon-  pa Sewage) for irrigation hasemerged intherecent past
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asanimportant way of utilization of wastewater taking
theadvantage of the presence of considerablequantities
of nitrogen and phosphorusa ong with some other es-
sentid dements. Other advantage of wastewater irriga
tionincludesanimportant aspect of pollution remova.
Thepollutantsare partly taken up by theplantsand partly
trandformed inthesoil without causingany damage. Nev-
erthdess, theuseof wastewatersfor agricultureismarred
by severd congtraintsdueto variousproblemslike soil
inity, interaction of chemical condtituentsof thewastes
withthe uptakeof nutrientsand changesin soil property
andmicroflord”*?, Thisnecesstatesan extensvesci-
entific study before any specific waste can be used for
irrigationfor particular crop with particular soil and cli-
mate. Sincecrop plantsareincreasingly being exposed
totheeffluent dischargefromindustriesor sawage, itwas
thought worthwhileto study the comparative effects of
thesesthreemg or effluentsviz., textile, tannery and sew-
ageongerminaion and somephysologicd and biochemi-
cal characterigticsof French Bean (Phaseoluswvulgaris
L.). French bean (PhaseolusvulgarisL.) was selected
astest crop asitispopularly grownintheareaand con-
sumed asvegetableaswell asfodder for livestock.

MATERIALSAND METHOD

Petri dish cultureexperiment

The seedsof French Bean (PhaseoluswulgarislL.)
were procured fromlocal seed supplierinArbaMinch.
Thewastewater (effluent) werecollected fromtextile
factory, Hawassa(SNNPR) and ELICO tannery, Addis
Ababa. Sewagewater was collected from disposa site
at AMU campus. All effluents were stored at 4°C to
avoid any changein physico-chemicd characteridics. 15
Sterilized Petri disheswerecollected and lined with filter
papers moistened with 0, 10, 25, 50 and 100 % con-
centration of effluent. Seedsweredisinfected with 1%
sodium hypochloritesolutionfor 15 minutesand 10 seeds
werekept in each Petri dish. Datafor early growth and
germination wererecorded. Theemergence of radicle
wasconsdered ascriterionfor germination.

Pot cultureexperiment

For pot culture, plastic pots (size: 15cm x 14cm)
werefilled with equa amount (2 Kg) of sandy loam soil
(pH : 7.8, ECe: 2.8) of medium fertility and seeds of
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French bean (Phaseolus vulgaris L.) were sown in
each pot after proper stexilizationwith 1% NaOCl. The
potswereprovided with ' strength Hoagland solution
(Hewitt, 1966) aong with different concentrations of
effluents (0, 10, 25, 50 and 100%). Each pot was pro-
vided with 100ml effluent followed by 50 ml of nutrient
Solution. A control setirrigated withdistilled water (with-
out effluent but having nutrient sol ution) wasaso main-
tained for comparison. Each treatment and control had
threereplications.

Analysisand deter minations

Physico-chemical characteristicsof effluents

Thesamplesof wastewater collected from differ-
ent sourcesi.e., textile, tannery and seswagewereana
lyzed for various physico-chemicd characteristics™.
Germination

Germination percentage of seed from each treat-
ment was cal culated on the basi s of radicleemergence
from seeds.

Biomass

Plant samplesweretaken from each treatment and
dividedinto root and shoot parts. Plantsweredriedin
ahot air oven at 60 °C for 48 hours and dry weights
were estimated.

Root development

Pantswereuprooted from each treatment carefully
separated into root and shoot, dightly rinsed for same
timeineach caseand bl otted dry. Thenumber and lengths
of root were studied with theaid of Ax10 magnifying
glass, of these primary, secondary, tertiary brancheswere
counted. Theroot lengthwasmeasured by ruler and vari-
ous parametersof root development were ca culated.

M ean extension rate (M ER) and Relative multi-
plication rate(RMR)

Thelength of root/plant, number of root branches/
plant wasmeasured at two timeintervasand MER and
RMR were cd culated according to aformul ae devised
by Hunt.

MER = (-1 ))/(n,-n,) x (Iogenz'logenl),t 1

RMR = (Iogenz_logenl),t st

Where, | _root length per plant at first period; |, _ root
length per plant at second period; n = number of root
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branchesper plant at first period ; n,_ number of root
branchesper plant at second period; t =Ageof plant at
first period; t,=Ageof plant at first period

Relativegrowth rate (RGR)

Relative growthrate of thewhol e plant was cal cu-
lated by aformulausing dry wel ghtsat two growth stages
asfollows.

RGR=(logw_-log W) /A,
Chlorophyll contents

Thechlorophyll content inleavesof plantsfrom dif-
ferent treatments was estimated by extracting fresh
leavesin acetone according to Arnon.

Leaf area

Leaf Areaof plantsfrom each trestment was mea-
sured by scaleand cal culated using aconstant.

Satistical analysis

Datawere analyzed according to Duncan multiple
RangeTest (DMRT) for thesignificanceat 5%. P,

RESULTSAND DISCUSSION

Germination and biomassproduction

Themean of percentage germination asaffected by
different concentrationsof textile, tannery and sewage
effluentsispresented in TABLE 1. It isobviousfrom
datathat at lower concentration (0-25%) of dl threeef-
fluents, germination % was stimul ated followed by an
enhancementintota biomassaso. However, thisincrease
over control was not significant. For example, at 10%
effluent concentration, French bean plantsexhibited about
130.0, 115.0 and 140.0 mg root dry weight (DW) un-
der textile, tannery and sewage effluent imposition re-
spectively ascompared with 110.0 mg root DW under
control conditions (0% effluent). On theother hand, ger-
mination and biomassproduction weregrestly decreased
under higher concentrations (50 and 100%) of effluent.
For ingtance, ascompared with 180.0 mg Shoot DW in
control condition, plantsshowed 110.0, 100.0and 150.0
mg shoot dry weight (DW) duetoimposition of textile,
tannery and sawageeffluentsrespectively. Interestingly,
this decreasing response of crop to higher concentra-
tionswasobservedin root DW dso duetoimpostion of
all effluentsunder study. However, theextent of reduc-
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tionwasvariable(TABLE 2).Theoverdl performance
of crop wasvariableand it performed better under sew-
ageeffluentimpogtion than other two effluents

TABLE 1 : Physico-chemical characteristics of textile,
tannery and sewage effluents(Treated)

Parameters Textile Tannery  Sewage
effluent effluent  effluent
Color Bluishgrey Dark brown  grey
pH 89 85 7.8
EC 59 45 2.8
Suspended solids (mg/l) 350 1150 305
Total Solids (mg/l) 1640 12880 1130
Dissolve Oxygen 18 2.2 1.20
BOD (mgl/l) 210 1746 107
COD (mg/l) 720 6240 242
Total N (mg/l) 256 327 1.55
Chromium (mg/l) 85 133 0.10
Nickel (mg/l) 0.40 14 ND
Cadmium 21 2.4 ND
Na (mg/l) 110 145 80
K (mg/l) 197 382 239
Ca(mg/l) 180 70 310
Mg (mg.l) 12 68 211
ClI (mg/l) 230 350 210
SO, (mg/l) 150 260 220
PO4 (mg/l) 25 21 34
F (mg/l) 31 5.0 4.4.

ND- Not Detected
Chlorophyll contents

Itisobviousfrom datapresentedin TABLE 3that
theeffect of different concentrationsof thethree efflu-
entsviz., textile, tannery and sewage, on variouschlo-
rophyll formswasdifferentia in French bean (Phasolus
vulgarisL.) during theinvestigation. It was observed
that the greening of plantsincreased when plantswere
treated with low concentration of effluents (10 and
25%). On theother hand, it was a so noticed that higher
concentrationswereinhibitory to synthesisof dl chlo-
rophyll moleculesparticulary of Chl a. (TABLE 3). For
example, at 100% effluent concentration, ¢ plants
showed about 0.85, 0.70 and 1.00 mg/gm FW Chl a
as compared with 1.80 mg/gm FW Chl ain control
plantsreceiving no effluent.

Leaf area
Datapresentedin TABLE 4 show theaveragevdue
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of leaf areain plantswhile subjected to the different
concentrations of textiletannery and sewage effluents.
Likeother parameters, |eaf areawasa so affected dif-
ferentially by the concentration of three effluentsie.
higher levelsof effluent (50-100%) were proved del-
eteriousto leaf areawhereas|ower concentration in-
duced | eaf areain considerablemanner (TABLE 4).

TABLE 2: Effect of textile, tannery and sewageeffluentson
germination and biomassin PhaseolusvulgarisL

Effluent Germination Root DW Shoot DW Total DW
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5). Lower concentrationsof effluent wereproved pro-

TABLE 4: Effect of textile, tannery and sewageeffluentson
mean extension rate(M ER), relativemultiplication rateand

relativegrowth rate sewagein Phaseolusvulgaris

Effluents
Conc.(%) % (mg/plant) (mg/plant) (mg/plant)
0 100a 110.0a 180.0a 290.0a
10 100a 130.0a 195.0a 325.0a
Textile 25 100a 134.0a 190.0a 324.0a
50 90b 80.0b 110.0b 190.0b
100 80c 70.0c 90.0c 160.0c
0 100a 110.0a 180.0a 290.0a
10 100a 115.0a 190.0a 305.0a
Tannery 25 100a 120.0a 188.0a 308.0a
50 80b 60.0b 100.0b 160.0b
100 70c 50.0b 80.0c 130.0c
0 100a 110.0a 180.0a 290.0a
10 100a 140.0a 210.0a 480.0a
Sewage 25 100a 146.0a 220.0a 466.0a
50 90b 105.0b 150.0a 255.0b
100 90c 89.0b 90.0c 179.0c

Values followed by same letters in a column are not signifi-

Effluent Mear_l _R(_elati_ve Relative
Effluents Extension  Multiplication Rate Growth Rate

Conc.(%) Rate(cm//day) (no.root/day) (cm/day)

0 0.078a 0.008a 0.155a

10 0.085a 0.008a 0.160a

Textile 25 0.087a 0.007a 0.165a
50 0.055b 0.006b 0.130b

100 0.045¢c 0.004c 0.070d

0 0.078a 0.008a 0.155a

10 0.080a 0.008a 0.105a

Tannery 25 0.084a 0.008a 0.115a
50 0.045b 0.004b 0.085b

100 0.035¢c 0.003c 0.060c

0 0.078a 0.008a 0.155a

10 0.090a 0.008a 0.165a

Sewage 25 0.095a 0.007a 0.160a
50 0.065b 0.005b 0.090b

100 0.050c 0.005¢c 0.080c

Values followed by same letters in a column are not signifi-
cantly different (P < 0.05)

TABLE 5: Effect of textile, tannery and sewageeffluents on
Leaf area, primary, secondary and tertiary branchesin
Phaseolus vulgaris

cantly different (P < 0.05)

TABLE 3: Effect of textile, tannery and sewage on chloro-
phyll contents (mg/gFW) in Phaseolusvulgaris

Effluent Textile Tannery Sewage

Conc. Chl Chl Total Chl Chl Total Chl Chl Total
(%) a b chl a b chl a b chl

0 1.80 0.65a 2.70a 1.80a 0.65a 2.70a 1.80a 0.75a 2.70a
10 1.90a 0.70a 2.80a 1.45a 0.95a 2.60a 1.95a 0.78a 2.90a
25 1.98a 0.82b 2.86a 1.50a 0.95a 2.69a 1.90a 0.90b 2.98a
50 1.10b 0.70c 1.90b 1.10b 0.50b 1.70b 1.05b 0.78c 2.30b
100 0.85c 0.40d 1.60c 0.70c 0.45c 1.45c 1.00b 0.50d 2.00c

Values followed by same letters in a column are not signifi-
cantly different (P < 0.05)

Root development

Root development i.e., number of branching and
other atributeslikeMER, RMR and RGR werediffer-
entialy affected by effluent gpplication depending upon
thetypeand concentrationsof theeffluent (TABLE 4&

Effluent Leaf . .
Crops  conc  area braErclhn;;/I;J)I/ant briﬁi?g/?)rlént bra-lr-gmtef/::){ant
(%) (cm?)
0 6.10a la 55a 48a
10 6.30b la 63b 52a
Textile 25 6.28b la 68b 55b
50 5.60c la 38c 35¢
100 4.00d la 30d 28d
0 6.10a la 55a 48a
10 6.00a la 60a 46a
Tannery 25 5.90b la 58b 48a
50 4.90c la 33c 28b
100 3.10d la 25d 20c
0 6.10a la 55a 48a
10 6.50b la 69b 54b
Sewage 25  6.45c la 70c 56b
50 5.90d la 44d 36¢
100 5.10e la 38e 30d

Values followed by same letters in a column are not signifi-
cantly different (P < 0.05)
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motiveto the number of root branches/plant and other
parameters. For example, French bean plantsproduced
about 63 secondary branches at |lower concentration
(10%) of textileeffluent ascompared with 55 branches/
plant in control. Thiswasasmilar casewith other two
effluentsalso (60 and 69 branches dueto tannery and
sewage effluent respectively). On contrary, higher con-
centrations (50-100%) proved detrimental to all pa-
rameters of root development (TABLE 5). For each
effluent, primary root remained unaffected at all treat-
ments. Similarly, MER and RMR wered so affected at
higher concentrations and werefound stimul ated by
lower concentration of the three effluents applied. For
example, MER in plants was recorded about 0.095
cm/cm/day at 25% concentration of sewageeffluent as
compared with 0.055cm/cm/day in plantsrai sed with-
out effluent (control). Moreover, Mean Extenson Rate
(MER) of rootsin French bean plantswasa so affected
by other two effluentsi.e., textileand tannery inasimi-
lar manner (TABLE 4). Such performance of crop to
different effluents showsthe probability of using efflu-
entslikesewageandtextilefor irrigation purposes.
Itisevident from our resultsthat plantsexhibited a
gtimulationin seed germination %, biomass, chlorophyll
contents, leaf areaand variousattributes of root devel-
opment at lower concentrations of three effluents. In
contrary, asubstantial decreasewas observed inthese
parametersat higher concentrationsof effluents. Our
resultsarein agreement with someearlier reportswhich
haved so demongtrated asameresponseof plantswhen
irrigated with effluent!?®1121, |t has been established by
variousandysi sthat effluents contain heavy metasand
aso nutrients?? which affect plantsand soilsinavari-
ety of ways. Several workerg?2627.30] reported that
different typesof effluentsinfluenced thegrowth of vari-
ouscrops Itisargued that impaosition of effluent in plant
nutrient medium may cause disturbancesin theiso-os-
moticrelation of plantsmaking water availability toroots
moredifficult. Moreover, the presence of heavy metd's
ineffluent may dso competefor essentia nutrientslead-
ingtotheir deficiency in nutrient medium. Our results
indicatethat at |lower concentrations, the effect of efflu-
ent waseither negligibleor promotivewhichisindica
tive of promotiveaction of heavy metalsinlower con-
centration. Thismay be attributed to the presence of
severa essentia plant nutrient likeN, B K, Caand Mg
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in the textile or sewage waste water1617281, |t may
aso beargued that heavy metalslikeiron, manganese
may contributeto the synthesis of chl athat resulted
into stimulation of Chlorophyll under lower concentra:
tions

Onthebasisof overall performance asexhibited
by French bean, it can be suggested that effluentsre-
leased elther fromindustria establishmentsi.e,, textile,
tannery or sawage can be used for irrigation purposes
after appropriate dilution. However, the extent of
remediation depends upon the plant species, plant
growth stage and dilution of the effluent applied. Itis
therefore obviousthat somekind of trestment isneces-
sary tominimizethe pollution effectsbeforethetextile
effluent isdischarged ontheland.. After dilution, the
effluent’s characteristics come within the prescribed dis-
posal limitsand pollutionload per unit effluent volume
Isdecreased. Infact, such recommendation needssome
morein-depth studiesinvolving different effluentsand
crop speciesto minimizetherisk.
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