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ABSTRACT

The present study showed that rice mill effluent had an adverse effect on growth and devel opment of
tomato plant at higher concentration, but in lower concentration there is no toxic effect on general
welfare, rather it has some beneficial effect on the growth and development of the crops in certain
concentration of effluent. The continued importance of tomato (Lycopersicon esculentum Mill.) as a
vegetable and salad commodity is reflected by the large volume of research on virtually all aspects of
the crop. In the present paper, the physicochemical characteristics of rice mill wastewater were
measured prior to field experiment. The wastewater revealed an alkaline pH (7.51) with low
concentration of DO (1.2 mgl™), nitrate (0.76 mg I'), phosphate (18.1 mg I™") and sulphate (37.66 mg
Iy and moderate concentration of COD (513 mg I™%), chloride (121.5 mg I™") and TDS (562.63 mg |™%)
and high concentration of total suspended solids (536.66 mg 1) and BOD (313.7 mg ™). In our
present investigation, beneficial impact on general welfare of the tomato plant was gradually
increased with increasing the concentration of the effluent up to 100 ppm.
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INTRODUCTION
A significant impact of globalization on horticutts has been an increasing demand for quality
improvement and the wider adoption of quality stadd for fruit, vegetable and salad
commodities’. Tomato [ycopersicon esculentum Mill.) is one of the important vegetable crops grow
throughout the world and ranks next to potato iimte of the area cultivated but ranks first as a
processing crdp The total estimated annual global productionvisral20 million metric tons (FAO,
2007). It is one of the most widely used food crpsiorld vegetable econorhyTamato is particularly
rich in pigments and secondary metabolites likeopane (red pigment in tomato fruit) - a strong anti
carcinogen, and Vitamin. Parboiling is a premillipgpcess for paddy which originated in India. Alet
industries have a social responsibility to protbetenvironment for future generation. Rice mitlustry
is one of the largest industries of our countryisTiB an important agriculture based industry ididn
These industries are also an important sourcedi&tneconomy. With increasing global populatiorg th
gap between the supply and demand for water isniideand is reaching such alarming levels that in
some parts of the world it is posing a threat tman existence.
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Scientists around the globe are working on new vefysonserving water. Wastewater and its nutrient
content can be used extensively for irrigation atiger ecosystem services. Its reuse can delivetiymos
benefits to the farming community, society, and roipalities.

One of the ways to recycle water is to focus orseeof urban and industries wastewater, for irrayati
and other purposes. This could release clean viatense in other sectors that need fresh water and
provide water to sectors that can utilize wastewatg., for irrigation and other ecosystem servites
developed countries where environmental standards@plied, much of the wastewater is treated prior
to use for irrigation of fodder, fiber, and seedps and, to a limited extent, for the irrigationoohards,
vineyards, and other crops.

Objectives

The objective is to provide a review of the chagdstics of wastewater reuse for agriculture.
Determination of rice mill effluent on growth andwtlopment of tomato plants & to determine a siétab
concentration for best yield and fruit quality. @bserve the variation in Photosynthetic pigmenteats

of tomato seedling grown under various concentnatiof rice mill effluent. And also variation in
biochemical contents of tomato seedling grown undeious concentrations of rice mill effluent.

MATERIALS AND METHODS
Test species:
Tomato (Lycopersicon esculentum)
The tomato seeds were procured from the local segplier. The effect of rice mill effluents wasdied
on tomato pahuja no. 1 variety of tomato.
Rice mill effluent:
The rice mill effluents used in the present stugyencollected in pre cleaned containers from theursk
unit IV rice mill located near Pandakital, sonefdisha), India.
Plant material & growth condition:-
Pot culture experiment:
Pots of same size were filled with equal amountsawidy loam soil of medium fertility and 20 seefls o
tomato were sown in each pot. The pots were iegatith selected concentrations of the rice mill
effluents. For each treatment, 100ml of each of¢heas applied to the respective pot at 5-day.vater
throughout the study period. A control set, irreghtwith distilled water was also maintained for
comparison.
Physico-chemical Characteristics of the Rice Mill Eluent:
The physicochemical characteristics of rice mifluefnt were discussed by following methods. In the
present study pH has been measured soon afteolieetion of samples by a pH meter by electrometric
method. Simultaneously the temperature is also uneddy the systronic pH meter .Conductivity of the
different samples has been measured using a cavitducheter by electrometric method. Winkler
iodometric method was used for the determinatiodis$olved oxygen in water samples.The analysis of
the sample was done on the basis of standard neetboggested by the American Public Health
Association.Total Solid content was determined by Gravimetrietmd. In the present study chloride
content was determined by Argentometric methodalTbardness of the samples was analyzed by
titration with EDTA using Erichome black-T as andicator.Total alkalinity and alkalinity due to
carbonates, bicarbonates were estimated by tigr#étiem sample with diluted 430, using phenolphthalein
as an indicator to pH 8.3 and methyl orange asdicator to pH 4.2 and 5.4.The titrate value gives
phenolphthalein alkalinity (PA) and the second gnees total alkalinity(TA).COD is determined by
using reflux condenser, ferroin indicator and titrg the sample with ferrous ammonium sulphate.
Nitrate and phosphate can be determined by spéxttometric method.
Morphological Studies:
Method for Germination percentage:
The number of seeds germinated in each treatmestosanted on 10th day after sowing and the
germination percentage was calculated by usindoltaving formula.
Germination % = No. of seeds germinated / Total d@eeds sown x 100
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Root and shoot length:

Five seedlings were taken from each treatment lagid $hoot and root lengths in cm were measured by
using a measuring ruler and the values were redorde

Seed vigour index:

SVI (Seed vigour index) = % of germination x Seeglliength (cm)

Biochemical study:

Chlorophyll was estimated by Arnon, 1949, Carotgsdy Kirk and Allen,1965. Estimation of total
protein done by Lowry et al., 1951. Estimatiortathl free amino acids carried out by Moore andnSte
1948 and Carbohydrate by Yemm and Wills, 1954.

RESULTS
Each experiment was repeated three times. Theadatexpressed as mean (n=3). The data were analysed
by ANOVA using MS Excel software.
The effect of rice mill effluent on the gemation of seeds of tomato plant after 10 days efttéginning
process of germination was observed & the datareesrded (Fig 1). The germination rate in Control
treated plant was found to be 90% whereas seedredth 50 mift, 100 miI* & 200 mil* of rice mill
effluent was found to be 92%, 88% & 82% (Fig 1).eTiomato seeds treated with 50 ‘m#hows
maximum germination.
The present study reveals that the seed vigourxirafetomato plant was maximum at 100 ppm
concentration i.e. 303.6 on 15th day. On 30th aBth day the SVI was maximum at 50 ppm
concentration i.e. 1054.32 and 1882.32 and theredses as the concentration of the effluent ineseas
The root length showed an increasing trend ovetrabop to 100 ppm concentration of effluent apgplie
soil and thereafter, it was decreased. The maximagnlength was found at 100 ppm concentration i.e.
3.93 cm and 6.16 cm on “15lay and 36 day respectively but on %5day the control shows the
maximum root length i.e. 8.6 cm. The minimum raatdth was found at 200 ppm i.e. 3 cm, 5.4 cm, 8.6
cm on 18, 30" and 4% day respectively.
The shoot length showed an increasing trend ovaraloup to 100 ppm concentration of effluent apgli
soil and thereafter, it was decreased. The maxistwot length was found at 100 ppm concentration i.e
3.5 cm, 11.56 cm and 20.7 cm on"180" and 4%' day respectively The minimum shoot length was
found at 200 ppm i.e. 2.86 cm, 10.83 cm, 19.16 aml ¥, 30th and 48day respectively (Table 3, Fig
3). When the data was subjected to ANOVA, It shaignificant differencewith concentration i.e.
10.29(Fc) > 4.75(Ft) as well as in increase in 5tB%1.83(Fc) > 5.14(Ft).
Biochemical analysis:
The biochemical contents increased up to 100 ppntadration and then decreased in the higher
concentrations.
Carbohydrate:
The highest carbohydrates content of root was fatrsD ppm concentration i.e. 2.796 mg/g fr. wt. on
15th day, at 100 ppm concentration i.e. 2.532 nfig/gt. and 3.405 mg/g fr. wt. on 3tand 4%' day
respectively. The lowest carbohydrate content of veas found at control i.e. 2.297 mg/g fr. wt. T5th
day at 200 ppm i.e. 2.032 mg/g fr. wt. and 2.504gnig wt. on 38" and 4%' day respectively (Table 4,
Fig 4). When the data was subjected to ANOVA hibves no significant difference with concentration
i.e. 1.84(Fc) < 4.75(Ft) but shows significant elifince within increase in day 6.92(Fc) > 5.14(Ft).
The highest carbohydrates contents of shoot wawdfati50 ppm concentration i.e. 2.904 mg/g fr.omt.
15th day, at 100 ppm concentration i.e. 3.21 mg/gvf. and 4.101 mg/g fr. wt. on 8Gand 4%' day
respectively. The lowest carbohydrate content @bshvas found at control i.e. 2.452 mg/g fr. wt. on
15th day at 200 ppm i.e. 2.908 mg/g fr. wt. and.3.tng/g fr. wt. on 30 and 4%' day respectively (Table
4, Fig 5). When the data was subjected to ANOVAhibws no significant difference with concentration
i.e. 0.85(Fc) < 4.75(Ft) and shows significantetiénce with increase in day 12.79(Fc) < 5.14(Ft).
Protein:
On 18" day the protein content of root is maximum at $nhpconcentration i.e. 0.691 mg/g fr. wt. and
minimum at 200 ppm i.e. 0.416 mg/g fr. wt. Orf"3thd 4% day the maximum protein content of root
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was found in control i.e. 1.669 mg/g fr. wt. an87IL mg/g fr. wt. respectively and minimum at 200npp
i.e. 0.521 mg/g fr. wt. and 0.595 mg/g fr. wt. ddf'&nd 4%' day respectively (Table 5, Fig 6). When the
data was subjected to ANOVA, It shows significaiffiedence with concentration i.e. 5.65(Fc) > 4.4%(F
but does not shows significant difference with @ase in day 4.94(Fc) > 5.14(Ft). The highest pmotei
content of shoot was recorded at 100 ppm concémrae. 1.199 mg/g fr. wt., 1.392 mg/g fr. wt. And
1.804 mg/g fr. wt. on 1% 30" and 4% day respectively. The lowest protein content obahwas
recorded at 200 ppm i.e. 1.064 mg/g fr. wt., 1.B8flg fr. wt. and 1.364 mg/g fr. wt. On",530" and
45" day respectively (Table 5, Fig 7). When the data wubjected to ANOVA, It shows no significant
difference with concentration i.e. 3.75(Fc) < 4Rty (ut shows significant difference within incredn
day 3.73(Fc) > 5.14(Ft).

Amino acid:

The highest amino acid content of root was foun8iGappm concentration i.e. 0.073 mg/g fr. wt. off 15
day, at 100 ppm concentration i.e. 0.112 mg/g fr. and 0.232 mg/g fr. wt. on B0and 4%' day
respectively. The lowest amino acid content of mwas found at 200 ppm i.e. 0.053 mg/g fr. wt., Q.09
mg/g fr. wt. and 0.203 mg/g fr. wt. as compareddatrol i.e. 0.062 mg/g fr. wt.,0.101 mg/g fr. \ahd
0.211 mg/g fr. wt. on 1% 30"and 4% day respectively (Table 6, Fig 8). When the da&a subjected to
ANOVA, It shows significant difference with conceation i.e. 15.97(Fc) > 4.75(Ft) as well as in
increase in dayl318(Fc) > 5.14(Ft). The highestnardcid content of shoot was found at 50 ppm
concentration i.e. 0.111 mg/g fr. wt. on 15th daty,100 ppm concentration i.e. 0.223 mg/g fr.wt. and
0.427 mg/g fr. wt. on 30and 44' day respectively. The lowest amino acid conterghafot was found at
200 ppm i.e. 0.091 mg/g fr. wt., 0.201 mg/g fr. wnhd 0.389 mg/g fr. wt. as compared to control i.e.
0.101 mg/g fr. wt. 0.211 mg/g fr. wt. and 0.408 g/ wt. on 18, 30" and 48" day respectively (Table
6, Fig 9). When the data was subjected to ANOVAhibws significant difference with concentratiaa i.
7.24(Fc) > 4.75(Ft) as well as in increase in dby4238(Fc) > 5.14(Ft).

Pigment content analysis:

The chlorophyll a, chlorophyll b, total chlorophyhd carotenoid content of tomato seedlings grown i
different concentration of rice mill effluent arevgn in Table 7. The pigment contents showed awgriad
increase over control up to 100 ppm concentratiod decreased in the higher concentrations. The
highest chlorophyll ‘a’ content was found at 100rppe. 0.612 mg/g fr. wt. and 0.756 mg/g fr. wt. on
15th and 30th day where as on 45th day the highess found at 50 ppm i.e. 0.823 mg/g fr. wt. The
lowest chlorophyll ‘a’ content was found at 200 ppm 0.256 mg/g fr. wt., 0.507 mg/g fr. wt., 0.712
mg/g fr. wt. as compared to control i.e. 0.52 mig/gvt., 0.524 mg/g fr. wt. and 0.784 mg/g fr. wn
15th, 30th and 45th day respectively (Table 7,186 When the data was subjected to ANOVA, It shows
no significant difference with concentration i.e3@&c) < 4.75(Ft) but highly significant differenesas
found with increase in day i.e. 12.46(Fc) > 5.11(Fhe highest chlorophyll ‘b’ content was foundl@b
ppm i.e. 0.498 mg/g fr. wt. and 0.602 mg/g fr. . 15th and 30th day where as on 45th day the kighe
was found at 50 ppm i.e. 0.746 mg/g fr. wt. Thedstxchlorophyll ‘b’ content was found at 200 ppe i.
0.196 mg/g fr. wt. and 0.653 mg/g fr. wt. As comgmhato control i.e. 0.462 mg/g fr. wt. 0.71 mg/gvit.

on 15th and 45th day respectively whereas the lbwase was found in control on 30th day i.e. 0.327
mg/g fr. wt. (Table 7, Fig 11). When the data wabjected to ANOVA, It shows no significant
difference with concentration i.e. 1.58(Fc) < 4Ry put significant difference was found with inase in
day i.e. 8.94(Fc) > 5.14(Ft). The highest totabebtphyll content was found at 100 ppm i.e. 1.114gng
fr. wt. 1.247 mg/g fr. wt. on 15th and 30th day wdas on 45th day at 50 ppm the highest value was
found i.e. 1.569 mg/g fr. wt. The lowest total ablehyll content was found at 200 ppm i.e. 0.442gng/
fr. wt., 0.993 mg/g fr. wt., 0.365 mg/g fr. wt. @smpared to control i.e. 1.008 mg/g fr. wt., 0.853/g fr.

wt. and 1.494 mg/g fr. wt. on 15th, 30th and 45y cespectively (Table 7, Fig 12). When the data wa
subjected to ANOVA, It shows no significant diffape with concentration i.e. 2.32(Fc) < 4.75(Ft) but
highly significant difference was found with inceeain day i.e. 10.93(Fc) > 5.14(Ft). The highest
carotenoid content was found at 100 ppm i.e. Omgky fr. wt. 0.407 mg/g fr. wt. on 15th and 30ttyda
whereas on 45th day at 50 ppm the highest valudouaml i.e. 0.541 mg/g fr. wt. The lowest carotehoi
content was found at 200 ppm i.e. 0.127 mg/g fr.amd 0.45mg/g fr. wt. as compared to control i.e.
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0.383 mg/g fr. wt. and 0.493 mg/g fr. wt. on 15tid &5th day respectively whereas the lowest valag w
found in control on 30th day i.e. 0.276 mg/g fr. {fable 7, Fig 13). When the data was subjected to
ANOVA, It shows no significant difference with camdration i.e. 2.28(Fc) < 4.75(Ft) but highly
significant difference was found with increase aydle. 5.34(Fc) > 5.14(Ft).

DISCUSSION
Rice industry is one of the largest industrieshia world. It is one of the most important agro base
industries in India and it is highly responsible @weating a significant impact on rural economytha
country as a whole. The rice mill industry genettate large volume of waste water during the
manufacture of par boiled rice. Most of the ricdl mdustries and their ancillary units are respblesfor
polluting the water and the water bodies arounchthe
Physico-chemical properties of rice mill effluent:
The physico-chemical analyses of rice mill efflushbwed that the effluent was alkaline in natute. |
contained high amount of suspended solids and ldesaolids resulting in high Biological Oxygen
Demand and Chemical Oxygen Demand. It also cordaimere quantities of chloride, sulphate, etc. The
similar finding was also reported in rice mill ei@nt®.
Biochemical Analysis:
Carbohydrates:
Similar trends were recorded in groundnut and padeted with sugar mill effluefft and ragi treated
with sugar mill effluent The increase in the amount of soluble and redusirgars might be either due
to inhibition in starch synthesis from hexose amstation of starch hydrolysis
Total protein:
Protein is one of the reserve food materials, wiaidh utilized for the seedling growth. The quantify
protein in different organs of the plants showedateons. Shoot contained more protein than thabof.
The protein content in root and shoot of plantsdased up to 100 ppm concentration of the efflaeiit
decreased in the further higher concentrationsshwak and Sundaramoorthyeported the same trend
while working in ragi treatment with sugar mill kefnt in andLycopersicum esculentum treated with
tannery effluerf .
Amino Acids:
Amino acid is the monomer of protein, which of tt@mmon reserve food material manufactured by
plants. Shoot contained more amino acid contemt that of the root. The amino acid content showed a
increasing trend over control up to 100 ppm corregioin of the effluent and decreased in the preseiic
further higher concentration. The similar obsenativas also recorded in paddy and groundnut, tleate
with sugar mill effluen’f. Sundararf reported that the amino acid content was increarsélde tissues
when more nitrogen was supplied to the plants. Isie r@ported that the presence of increased anafunt
asparagines, which is responsible for the reduabbtoxicity, was due to the accumulation of more
ammonium ions.
Chlorophyll Pigments Contents:
Chlorophylls are the most important group of phgtdisetic pigments responsible for light absorption
and are found in the thylakoids of the chloroplateey contain a porphyrin ring with a magnesium io
in the centre of the molecule and a long hydrophedii that anchors them in the membrane. It haes al
been shown that the level of chlorophyll is inceshdn young expanding leaves and decreased
substantially during senesceficEhlorophyll estimation is one of the importanam parameters which
are used as an index of production capacity opthet. The chlorophyll content is an ecologicaleras
well as growth parametérsThe chlorophyll content is positively correlateith net photosynthetic rate,
and hence it plays a major role in controlling grgiowth and grain filling process. Pandey and Rel
There is also reduction in chlorophyll content a®sult of pollution. The pigment contents showed a
increasing trend over control up to 100 ppm cone¢ion of the effluent and decreased gradually in
further higher concentrations. The same trend visemved in Groundnut and paddin response to the
treatment of sugar mill effluent andgna mungo in relation to distillery effluent treatméehtand rice in
relation to chlor alkali factory solid waste treatmi®.
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Carotenoid:

The carotenoids act as accessory pigment in phatossis. The carotenoid content increased gradually
up to 45 days. The plants treated with 100 pprueffl concentration showed maximum carotenoid
content and then decreased gradually with incréasine concentration of effluent from 100 ppm
onwards. The same trend was observed in‘ragid in relation groundnut and padtjo sugar mill
effluent and tannery effluent treatments. The iaseein carotenoid content at low concentrationthef
effluent treatment may be due to the beneficiabaffof nitrogen and other inorganic elements on
carotenoid synthesi§. The decrease in carotenoid content may be eftbeause of its degradation or
inhibition of its biosynthesis by the toxic substaa present in the higher

Table 1. Physicochemical characteristics of rice itheffluent with their maximum permissible limits as
recommended by ISI

Physico-chemical parameters of rice mill effluent
ISI limit for discharge of industrial effluents
Parameters Mean value On land for irrigation Into inland surface waters

(ISl, 1977) (IS1 1974)
Colour Pale yellow - -
Odour Unpleasant - -
TemperaturéC) 34.46 - -
pH 7.51 55-9.0 55-9
Conductivity (ms/s) 1.705 - -
TSS (mg L-1) 536.66 100 100
TDS (mg L-1) 562.63 2100 2100
TS (mg L-1) 1099 - -
Nitrate (mg L-1) 0.76 - -
Phosphate (mg L-1) 18.1 - -
Sulphate (mg L-1) 37.66 1000 1000
DO (mg L-1) 1.2 - -
BOD (mg L-1) 313.7 100 30
COD (mg L-1) 513.1 - -
Total Hardnss (mg L-1) 101.4 - -
Total Alkalinity(mg L-
1) 164.56 - -
Chloride (mg L-1) 121.5 600 1000

Table 2. Effect of rice mill effluent on seed vigouindex (SVI) of Lycopersicon esculentum Mill. in pot culture

Days
Concentratio
15th day 30th day 45th day
Control 275.4 1004.4 1775.7
50 ppm 303.6 1054.32 1882.32
100 ppm 308 1017.28 1821.6
200 ppm 234.52 888.06 1571.12
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Fig 1. Effect of rice mill effluent on lateral rootlength (cm) ofLycopersicon

Esculentum
Rootlenght in cm
10
o
A W 15thd
E6 - cl
g4 | m 30th day
=
= M 45th day
® 2
o 4
Control 0 ppm 00 ppm 200 ppm
(s‘,nﬁgentraﬁunjhtpﬂeu hE
Fig 2. Effect of rice mill effluent on seedling legth (cm) of Lycopersicon
esculentum
Shoot lenght in cm
25 4
g 20 4
=
% 15 B 15th day
2 W 30thd
310 - "
2 w 45th day
5 5.
U -4
Control S0 ppm 100 ppm 200 ppm
Concentration in ppm

Fig 3. The carbohydrate content (mg/g fr.wt.) in e root of Lycopersicon
esculentum treated with different concentration of rice mil effluent
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Fig 4. The carbohydrate content (mg/g fr.wt.) inhe shoot of Lycopersicon
esculentum treated with different concentration of rice mill effluent
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Fig 5. The protein content (mg/g fr.wt.) in the oot of Lycopersicon
esculentum treated with different concentration of rice mill effluent
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Fig 6. The protein content (mg/gm fr.wt.) in the Boot of Lycopersicon esculentum
treated with different concentration of rice mill effluent
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Fig 7. The amino acid content (mg/g fr.wt.) in theroot of Lycopersico
esculentum treated with different concentration of rice mill effluent
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Fig 8. The amino acid content (mg/g fr.wt.) in theshoot of Lycopersicon
esculentum treated with different concentration of rice mill effluent
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Fig 10. Effect of rice mill effluent on chlorophyll ‘b’ content (mg/g) o
Lycopersicon esculentum
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Fig 11. Effect of rice mill effluent on total chloophyll content (mg/g) of
Lycopersicon esculentum
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CONCLUSION
The present study concluded that the higher coretont of effluent exert more stress on the gertiona
potential of tomato plant where as the lower cotretion effluent enhance the plant germination.rate
The rice mill effluent content high amount of nati such as sodium & Potassium at desired
concentration which enhance the plant growth pa@tergo, the lower concentration of rice mill et
can be amended with the soil not only to gain begteld of crops but also to reduce the disposal
problems relating to rice mill effluent.
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