
INTRODUCTION

In most parts of the developing world, freshwater
supply is becoming increasingly limited due to over
consumption by the fast growing population of these
countries. More than 60% of the valuable water used
each year is diverted for irrigating crops. For Asia,
which has two third of the world’s irrigated land,
the figure is still higher (85%) due to unscientific irri-
gation. The colossal wastage of our scarce freshwa-
ter resources can be reduced by various ways, impor-
tant being the reuse of wastewater in agriculture
which is gaining importance nowadays because of
its value as a potential irrigation source and a nutri-
ent supplier. In addition to the manorial ingredients,
it effectively augments the supply of water, the most
important requirement of cultivated crops. This ad-
ditional availability in the vicinity of large centres of
populations, where the demand for farm products is
the greatest, renders such utilization all the more
important. The present study was, therefore under-
taken to study the feasibility of its agricultural use.
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ABSTRACT

A simple randomized pot experiment was conducted during the Rabi season on mustard (Brassica
juncea L.) cv. Alankar to study the comparative effect of wastewater and groundwater with combined
effect of three doses each of nitrogen and phosphorus. The fertilizer doses were N0P0, N40P30, N80P30,
N40P60 and N80P60. Each dose was given with both wastewater and groundwater. A uniform basal dose
of potassium @ 30kg/ha was also applied at the time of sowing. WWN80P60 proved best for most of the
parameters. Chemical characteristics of wastewater were in the permissible limits of BIS for crop
irrigation.
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MATERIALS AND METHODS

A simple randomized pot experiment was conducted
in the net house of Environment Plant Physiology
Laboratory, Aligarh Muslim University, Aligarh (In-
dia), situated at 27º52’N latitude, 78º51’E longitude
and 187.45m altitude.

The comparative effect of thermal power plant
wastewater (WW) and ground water (GW) on mus-
tard was studied, supplemented with three levels,
each of nitrogen and phosphorus (N0, N40, N80 and
P0, P30 and P60) along with a uniform basal dose of
potassium at the rate of 30kg ha-1. Nitrogen as urea,
phosphorus as super phosphate and potassium as
muriate of potash were calculated on the basis that
one hectare land contains 2×106 kg soil and applied
one day before the sowing to avoid seed injury. WW
was collected from leachate reservoir of Harduaganj
Thermal Power Plant located 14km away from
Aligarh city. Tap water without any treatment was
used as a source of GW. Six earthen pots of 12" diam-
eter with two plants in each pot were maintained
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after thinning for each treatment. Each pot was wa-
tered with 250mL on alternate days.

Growth parameters were studied at 50, 70 and
100 DAS (days after sowing) whereas yield and qual-
ity was studied at harvest. Leaf area was taken by
Watson (1958) and leaf nitrogen was determined in
dried plant material at each stage by the Lindner
(1944). Total biological yield of three randomly se-
lected plants from each treatment was recorded from
sun dried samples before threshing. Oil content was
estimated by Soxhlet extraction. Acid, iodine and
saponification values of oil were estimated (Anony-
mous, 1970). Irrigation water was also analyzed for
various chemical characteristics according to meth-
ods outlined in APHA (1989). Similarly, soil was
analyzed before sowing according to Gosh et al.
(1983). All the data were analyzed statistically
(Gomez and Gomez, 1984).

RESULTS AND DISCUSSION

The characteristics of WW, GW and soil used in the
experiment are given in Table 1. The Bureau of In-
dian Standard (BIS) has recommended various stan-
dards for the disposal of wastewater. The tolerance
limits of some of the parameters prescribed for the
discharge on land are pH: 5.9-9.0, total solids: 2100
mgL-1, BOD: 500 mgL-1, COD: 250 mgL-1 Na: 70 mgL-1,
Cl: 600 mgL-1. The pH of the effluent was nearly neu-
tral while higher concentration of several inorganic

sources viz. NO3-N, NH4-N, phosphate, potassium,
calcium, magnesium and sulphate which are con-
sidered essential for plant growth, was found in WW
than in GW.

Compared to GW, WW proved more beneficial.
This is evident from higher values for plant height,
leaf number, leaf area and plant dry weight at 50, 70
and 100 DAS (Fig.1) confirming the earlier findings
of Aziz et al. (1999) and Hayat et al. (2000). The ben-
eficial effect of WW on growth of crop plants may
possibly due to the presence of some essential and
beneficial nutrients in it (Table 1) which ensured bet-
ter growth and development in the treated plants,
noted in terms of enhanced growth parameters. The
role of these essential nutrients is well documented,
for example, nitrogen is involved in cell division and
expansion (Gardner et al. 1985) and potassium in
photosynthesis by directly increasing growth and leaf
area and as a co-factor for many enzymes (Mengel
and Kirkby, 1996). Yield is the final manifestation of
physiological, morphological and biochemical traits
of a crop. These traits are themselves dependent on
various environmental factors, including water and
nutrients. WW, in general, also proved effective in
enhancing seed yield and oil yield (Table 2) corrobo-
rating the findings of Aziz et al. (1999) while work-
ing on mustard and refinery wastewater. In the
present study, higher values for seed and oil yields
were likely due to the cumulative effect of increase in
biomass, pod number, seed number and 1000 seed

Table 1. Physico-chemical characteristics of ground water (GW). Wastewater (WW) and soil. All determinations in mg
l 1 or as specified.

Parameters GW WW Parameters Soil

pH 7.4 8.4 Texture Sandy loam
EC (ds/m) 0.68 0.96 CEC (meq/100g soil) 3.100
TDS 534 682 pH 8.300
TSS 379 585 Organic carbon 0.800
TS 913 1277 EC (μ mhos/cm) 381.00
BOD 3.70 17.49 NO3–N (g kg 1 soil) 0.330
COD 38 70 Available phosphorus 0.131

(g kg 1 soil)
Mg 15.92 41.68 Potassium 12.00
Ca 26.47 45.54 Calcium 29.79
K 7 14 Magnesium 21.64
Na 20 39 Sodium 11.59
H 58 83 Carbonate 18.00
 22 45 Bicarbonate 86.00
Cl- 66.22 103.92 Sulphate 17.00
PO4 0.12 0.93 Chloride 26.79
NO3–N 0.79 1.86
NH3–N 3.62 7.40
SO4 61 85
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weight. This enhanced effect was noted to be associ-
ated with the presence of essential nutritents in the
wastewater. In addition, Mg, which is found in the
porphyrin moiety of the chlorophyll molecule and is
also involved in the activation of numerous critical
enzymes. Also, the supply of additional S, which is
particularly important in the structure of some pro-
teins (Patnaik, 1980) from wastewater could also
platy a positive role. Similarly, the presence of Ca

which is important to dividing cells and is required
for the physical integrity of membranes and of (i)
which is required for cell division in leaves and
shoots, and plants deprived of it tend to exhibit re-
duced growth (Hopkins, 1995). This finding was fur-
ther confirmed by linear regression analysis of seed
yield with growth and yield attributing characteris-
tics (Fig. 2).

Among fertilizer treatments, WWN80P60 proved

Table 2. Effect of Ground water (GW) and Wastewater (WW) on biological yield (g plant 1), seed yield (g plant 1), oil
yield (g plant 1), number of pods, number of seeds and 1000 seed weight (g) of mustard (Brassica juncea L.) grown with
three levels each of nitrogen and phosphorus.

Treatments Biological Seed Oil Number of Number of 1000 seed
yield yield yield ponds seeds weight

N0P0+GW 7.36 3.94 1.54 62 10.7 6.19
N40P30+GW 9.85 5.58 2.37 74 12.2 6.34
N40P60+GW 11.10 6.44 2.85 81 13.2 6.45
N80P30+GW 14.02 8.66 3.46 98 14.7 6.99
N80P60+GW 14.82 9.25 3.80 104 15.5 7.19
N0P0+WW 9.24 5.12 2.05 66 11.5 6.42
N40P30+WW 11.83 6.94 3.06 81 13.2 6.62
N40P60+WW 13.63 8.25 3.83 94 14.5 6.75
N80P30+WW 16.73 10.83 4.54 110 16.7 7.17
N80P60+WW 17.64 11.93 5.18 118 17.7 7.43
C.D. at 5% 0.51 0.49 0.206 3.04 0.66 0.51

Fig. 1 Effect of ground water (GW) and wastewater (WW) on growth characteristics of mustard (Brassica juncea L.)
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Fig. 2 Lenear regression curves showing correlation of plant dry weight, pod number, leaf area and seed number with
seed yield.

superior for growth and yield characteristics. The
superiority of the treatment WWN80P60 manifested
itself early at vegetative stage (50 DAS). The enhanced
growth and yield as a result of this treatment may be
due to the cumulative effect of nutrients present in
wastewater as well as added doses of inorganic fer-
tilizers. A high rate of growth only occurs when suf-
ficient nitrogen together with other essential nutri-
ents is available (Mengel and Kirkby, 1996) as was
the case in present study.

Similarly, leaf nitrogen content was more in plants
grown with WW as compared to GVV, treatment
WWN80P60 proving superior (Fig. 1). A similar obser-
vation has been made by Jonathan and Wagner
(1999). Effect of wastewater in enhancing the leaf ni-
trogen concentration may be due to the development
of large canopies expressed as leaf area, which puts
an extensive demand on roots to extract more avail-
able nutrients. The enhancing effect of WWN80P60 in
maximizing the leaf nitrogen content may be due to
synergistic effect of nitrogen and phosphorus present

in wastewater as well as added dose of both of these
nutrients as both are known to accelerate root prolif-
eration (Grimes and Krantz, 1958), thus, facilitating
the uptake of nutrients.

Like growth and yield characteristics, oil content
was more in seeds of WW grown plants. However, it
was maximally enhanced by the treatment
WWN40P60 (Fig. 3). Improvement in oil content as a
result of wastewater irrigation could be attributed to
the increased availability of nutrient present in the
wastewater as well as improved partitioning of pho-
tosynthates at the site of oil synthesis in treated
plants. The apparent explanation for the adverse ef-
fect of higher nitrogen levels on oil content may be
the preferential utilization of carbon skeletons at the
time of seed filling, towards protein synthesis rather
than oil formation (Chourasia et al. 1992).

However, the positive effect of applied nitrogen
on seed yield was so spectacular that it outbalanced
the lower oil content value of seeds in providing con-
siderably enhanced oil yield per plant an obvious
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Fig. 1 Effect of ground water (GW) and wastewater (WW) on quality characteristics of mustard (Brassica juncea L.)
grown with three levels of nitrogen and phosphorus

commercial advantage. However, wastewater, in gen-
eral, recorded lower iodine, acid and saponification
value, which is usually considered good as far as
acid and iodine value in mustard oil are concerned
(Fig. 3). The treatment GWN40P60 recorded the high-
est value for these parameters.

The lower values for these parameters recorded
in wastewater grown plants and also in high nitro-
gen treatments may be due to nitrogen crossing its

critical limit (Mohammad et al. 1985). This detrimen-
tal effect of higher nitrogen levels was compensated
by increasing the phosphorus level from P30 to P60.

The authors in present observation lead to the ten-
tative conclusion that thermal power plant waste-
water can be profitably used for cultivation of mus-
tard, as it proved more efficient in enhancing growth
and yield attributes and finally seed and oil yield.
Thus, its application fro crop use may solve its dis-
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posal problem and may lower pressure on fertilizer
industry as well as meager freshwater resources of
our country.
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