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ABSTRACT

The present study is an investigation into the effect of fertilizer industry
effluent on plant growth and biochemical congtituents of Catharanthus
roseus (Madagaskar periwinkle), studied in a pot culture experiment. The
degree of damage caused by the effluents on physiological and biochemi-
cal properties of plants was investigated. In the pot culture experiment,
plantswere grown up to 25 days, in the soil irrigated with different concen-
trationsof fertilizer industry effluent (viz, 0, 30%, 60%, and 90% v/v). Each
pot contained 3kg of air dried soil. All pots were irrigated (500 ml) with
respective concentration of effluents daily. The higher fertilizer industrial
effluent concentrations (above 30%) were found to affect plant growth
negatively, decreased chlorophyll and protein contents, and increased
polyphenol contentsinthe plants, but diluted effluent (up to 30%) favoured
the plant growth and biochemical contents. This suggests that effluent
threatens their normal metabolisms after some optimum concentration.
Otherwise low concentration of the effluents can be effectively used for
irrigation of this plant. © 2012 Trade Sciencelnc. - INDIA
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INTRODUCTION

Fertiliser industry hasanimmenseimportanceina
country likelndia, toincrease agricultura productivity
and boost production for feeding the huge popul ation
of the country. Growth of fertiliser industry, however,
has caused seriousenvironmental problems. The pro-
cessinvolvedinthe production of fertilisersgenerates
effluentsand emiss onswhich contributeto environmenta
degradationincluding green house effect, stratospheric

ozonedepletion, acid rain and acidification, eutrophi-
cation, soil degradation, technological hazards and
chemicad migsetc. Generdly effluentsfrom phosphate
fertilizer industriesare acidicin naturewith pH ranging
between 1 and 3.5, whileeffluentsfrom nitratefertiliser
industries have a kalaine pH ranging between 9 and
10.5 which at most of thetimesaredischarged into
nearby water-bodieswithout appropriatetreatment. In
arid and semi arid regionsof our country wherethereis
shortage of water for irrigation, effluentsoffer an option
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to be used with water for irrigation of crops. Thiscre-
atestherisk of theeffluent contamination for thecrops,
thereforeit isnecessary to assessthesuitability of these
effluentsfor cropirrigation.

There hasbeen along controversial debate on uti-
lization of effluentsemanating fromindustriesfor irriga-
tion of crops. Unfortunately alot of sudieshinted at the
negativity of the concept and indicated that industrial
effluents have asuppressing effect onthegrowth and
productivity of crops. A number of studieson the appli-
cation of fertilizer effluent on plant growth and associ-
ated biochemical changes have been undertaken by
variousresearcherg?4, Inlower concentration enhanced
growth and decreased dry matter production and pho-
tosynthetic pigmentsof corn and ricewas observed™.
Sarma and co workers® observed weeds to be sus-
ceptible while C. bonplandianum to be tolerant to
someextent whenirrigated with fertilizer industry efflu-
ent. Thepresent study was attempted to investigatethe
effect of Fertiliser industry effluent on an ornamental
plant Catharanthusroseus. Also known as Madagas-
car periwinkle, and belonging to Apocynceaeisaten-
der, perennia herb or asubshrub, sprawling along the
ground or standing erect up toametrein height. It con-
tansmilky latex used for medica purposesextensvely.
Effectsweremonitoredinthegrowth, chlorophyll con-
tent, polyphenol content and protein content in plants
subjected to effluent irrigation for astipul ated period of
25 days. The objectiveisto assess the suitability of
fertilizer industry effluent for cropirrigetion.

MATERIALSAND METHODS

Physicochemical characterisation of effluent

Fertilizer industrid effluent sampleswerecollected
from the point of discharge during February to March
2011. Theeffluent sampleswere collectedin plastic
container and stored in freeze box for transport to the
|aboratory. Later theeffluentswereanaysedfor itsvari-
ousphysico-chemica parameterslikecolour, odor, sus-
pended solid, pH, DO, BOD, COD, TDS, TS, chlo-
ride, dkalinity, hardness, sulphate, phosphate and ni-
trate according to APHA®™ methods.

Experimental design
Theimpact of effluent onthegrowth and biochemi-
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cal characteristicsof the sel ected plant, Catharanthus
roseuswasfirg investigated usng soil pots(15cmheight
15 cmwidth). About 3kg of air dried soil wastaken
into separate pots. Threedifferent concentrations (viz.,
30%, 60% and 90%) of fertilizer industry effluent were
prepared and poured into each pot. The control was
a so maintained and irrigated with tap water. Theinner
surfaces of potswerelined with apolythene sheet. All
potswereirrigated with 500ml of respective concen-
tration of test solutionsdaily. Eachtrestment including
the control wasreplicated fivetimes. Young plantl etsof
approximately equal length, size, and morphol ogy of
both the speciesweretaken. All the plantletsweregrown
into same soil and same conditions. At every 5 days of
intervd 1 plant from each dilutionwereanaysed for its
growth and biochemical parameters. Inthisway the
study was carried out for 25 days.

Growth and biochemical changes monitoringin
plants

The plant sampleswere collected at every 5 days
interval after sowing and analysed for growth param-
eterssuch aslength of root and shoot.

Biochemical parameterswereestimated according
to standard protocols. The method of Lowry!% was
used for protein determination. Chlorophyll was esti-
mated spectrophotometrically according to themethod
of Arnon™. Theestimation of total phenolic compounds
was done according to the method of Malik and
Singh™2,

Satistical analysis

Datapointsinthe TABLES and Figuresrepresent
themeans, with al deviation barsshown (+ standard
deviations of mean). Both the mean and standard de-
viation were performed where appropriate using the
statistica package on Microsoft _ Excel Version 2003.

RESULTSAND DISCUSSION

The physicochemical characteristicsfromthefina
dischargepoint of Fertiliser industry effluent wasasfol-
lows: Theeffluentwaslight brownin colour and dightly
turbidin appearance, pH ranging from 7.58t0 8.4 with
absence of any odour. TDSwasconsiderably highwith
vauesranging from 856 to 2868 mg/L. Dissolved solid
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Figurel: Effect of fertilizer effluent on growth of shoot and root of Catharanthusroseus, Me1+5b)

was found to be varying between 335 to 405 mg/L.
Suspended solid ranged between 78 to 136 mg/L. Phos-
phate ranged between 26 to 68 mg/L, nitrate (4.8t012.8
mg/L), chloride (18.18 to 36.5 mg/L and sulphate 55 to
72 mg/L. Dissolved oxygen variation was between 1.8
to 4.4 mg/L. BOD and COD values were found to be
32.58t0 38.44 mg/L and 268 to 322 mg/L.

Growth

Root and shoot |ength of the plantsdiffered with
different concentrationsof fertilizer manufacturing ef-
fluentsinthesoil (Figure1). At lower effluent concen-
tration (30%) it was observed that the shoot and root
length washigher than the plantskept as control, which
suggeststhat |ower concentration of the effluent was
containing growth stimulating nutrientsand isfavourable
for growth of the plants, whilefor higher concentrations
(60% and 90%), stunted growth of theplantsin terms
of both root and shoot wasevident indicating develop-
ment of sometoxic effectson theplant physiology and
biochemistry. Thistrendissimilar to previousreport of
Kaushik!*3, who reported aclear toxicity of sugar fac-
tory effluent onthegrowth, photosynthetic pigmentsand
nutrient uptake in wheat seedlingsin agueous versus
soil medium. After 25 daystheroot length in control
potswer found to be 14.03 +0.31 cm, while in 30%
effluent dosed pot it was 15.33+ 0.61 cm indicating a
9.26% increased growth, but in 60% and 90% effluent
therewas areduced growth of 23.02% and 33.71%.
Thisindicatesclear toxicity, which corroborateswith
earlier gudieslikethereportsof effect of dairy effluent
on paddy plants*¥ and effect of sugar mill effluent on
Raphanus sativus. L™,

Similarly for shoot length dso similar trend wasob-

served. At 25" day, the shoot length of the periwinkle
plants were average 41.37 + 0.40 cm, while at 30%
effluent trestment thelength of the plantsincreased to
47.67+0.47 cmindicating a 15.22% enhanced growth.
But at thesametimehigher effluent concentrations (60%
and 90%) lead to a decreased growth of 21.60 and
41.74% respectively.

The probable causesfor thisstunted growth dueto
high effluent concentration isthe congtituentsof thefer-
tilizer industry effluent cons sting of excessamount of
chloride, sulphate, nitrate and phosphate.

All chlorophyllsserveasthe primary meanswhich
plantsusetointercept light in order tofuel photosynthe-
ssandindicatethe state of growth and development. In
our study it wasobserved that a 30% effluent irrigation
thechlorophyll content increased steadily and wasabove
dl theother treetments. Chlorphyll valuein control plant
increased from 0.88 mg/ginfivedaystreatment to 1.30
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Figure2: Effect of fertilizer effluent on chlorophyll content
of Catharanthus roseus, Mean+sb)
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+0.03 mg/g in 25 days, whereas in 30% effluent irri-
gated plant, itincreased from 1.24+ 0.05 mg/g in five
daysto 1.82+ 0.10 mg/g in 25 days (a 40 percent in-
crease). Evenin 60% trestment the chlorophyll content
wasnearly smilar but in 90% effluent treatment, it de-
creased to 0.55+ 0.06 mg/g (a 57.69 percentage de-
creass). Thissuggeststhat thechlorophyll pigment of the
plantsincreaseswith low effluent irrigation, but at very
high concentration, it decreasesresponsively (Figure2).

Increased chlorophyll content at |ower concentra-
tion may be dueto thefavorable e ementspresent in
the effluent on the pigment system.. [ron, magnesium,
potassium, zinc and copper are essential for the syn-
thesisof chlorophyll™*”, In addition to thisnitrate and
phosphate, present in adequate amount inthe effluent
asoleadsto synthesisof enhanced chlorophyl I8, How-
ever a higher concentration, thesefavourable congtitu-
entscrossther optimum limitsand becometoxic. Here
chlorophyllaseenzymeplaysavital rolein chlorophyll
metabolismaswell ashomeostassfor theplant a higher
concentration(t5161920 A part from thistheinhibition of
chlorophyll synthesismay a so be dueto Cu-induced
inhibition of ALAdehydratase®!. |zawd?? suggested
that theinhibition of chlorophyll may bedueto thein-
ducedinhibition of Electron Transport Systemin PSH.

Protein content seemed to be enhanced upto 60%
effluent treatment of the C. roseus plantsintheinitial
phase up to 15 days, but after that protein contentin
30% effluent continued toincreasethemaximum, while
it decreased inthe higher concentrations (Figure 3).
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Figure3: Effect of fertilizer effluent on protein content of
Catharanthus roseus. Mean+Sb)
In 90% the protein content wasfound to be highest
after 5 dayshbut then it decreased continuoudy till 25"
day. In 30% effluent irrigated plantsthetotal protein
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content was 65.63% higher than the control plants.
However it wasfound to be 35.94% and 66.01% lower
in 60% and 90% respectively after 25 days. Theen-
hancement of protein content of the plantsmight bedue
toincreased rate of amino acid synthes swhich may be
attributed to thethe higher rates of both RNA-aseand
transaminaseactivity®. Thesignificantincreaseinthe
protein content of plant can be attributed to the opti-
mum quantity of potassium and nitratein thelower con-
centration of the effluent asreported by Kadioglu and
Algur® in peaplants.

Phenolsareoxidised by peroxidase (POD) and pri-
marily by polyphenol oxidase (PPO) inplantsinre-
sponseto different types of stress, both biotic and abi-
otic, thislatter enzyme cata ysing the oxidation of theo-
diphenolsto o-diquinones, aswell ashydroxylation of
monophenol 1. In our study phenol content in the
plantsgot enhanced irrigated with effluent. Therange
of phenol incontrol pant was0.09+0.01 mg/gto 0.13+
0.01 mg/g, whileit increased from 0.13+ 0.02 mg/g
withinfivedaysgrowthto 0.43+ 0.04 mg/g and 0.77+
0.04 mg/gin 60% effluent (Figure4). Interestingly in
90% effluent treatment the phenol content shoot upto
0.91+ 0.05 mg/g within 10 days but then it had a gradual
decreaseto 0.43+ 0.07 mg/g after 25 days.
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Figure4: Effect of fertilizer effluent on polyphenol content
of Catharanthus roseus. ean=SD)

Overal phenolics content in the plants were en-
hancedindl theeffluent trestments. phenolic compounds
are accumul ated perhaps asresults of an acclimation
mechanismto overcomestressin Catharanthusroseus
duetofertilizer effluentirrigation.

CONCLUSION

Theoverall observation suggeststhat thefertilizer
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industry effluent contained rel atively high concentrations
of akalinity, nitrate, phosphate, BOD, COD and sul-
phate values. These concentrations seemed to detri-
mentally affect thegrowth and biochemical parameters
of the plant Catharanthusroseus. Both root and shoot
length was significantly affected by the effluent treat-
ment. 30% effluent trestment enhanved hegrowth con-
siderably, while higher concentrations suppressed
growth. Chlorophyll and protein concentrations de-
creased after 25 daysobservationin higher concentra-
tion effluent irrigated plants. Phenolics showed atrend
toincreaseindl theeffluent irrigated plants compared
to thecontrol, though in 90% concentration phenolics
content intheinitia phaseincreased markedly, but later
decreased. Sofinally it can beconcluded that fertilizer
effluentinlow concentrationisbeneficid for growthand
proximate composition of plants, though at high con-
centration it becomestoxic. Thisconcept will widen
theapplication of fertilizer effluent for irrigation com-
mercidly if judiciousapplicationisdone.
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