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Abstract
In recent years water shortages and environmeantartds of wastewater have promoted the
farmers to use of wastewater for irrigation esggcfar the cultivation of vegetable crops in
urban areas. This study was therefore conductedbgerve the promotion of biomass,
photosynthetic rate, yield and quality of Chiligpsicum annuum L.) by interactive effect of
nitrogenous fertilizer and wastewater. Four différdoses of nitrogen at the rate of 0, 30, 60
and 90 kg N/ha along with a constant dose of phagghat the rate of 60 kg P/ha and
potassium at the rate of 50 kg K/ha were applieel day prior to sowing. Seedlings were
irrigated with three levels of waters (GW, 50%WWH&t00%WW). The data were recorded
at 60 (DAS) while yield and quality characteristie®re determined at harvest. Results
revealed that wastewater irrigation resulted sigaift increase in shoot and root length, fresh
and dry weight of shoot, leaf number and area, | tatdorophyll content and net
photosynthetic rateP{). Fruit length, number and fresh yield were reedrdt harvest while
ascorbic acid was tested in green chillies. Amoitggen treatments, f proved best for
most of the characteristics while among interactidhe lower nitrogen dose ;]Nwith
100%WW proved optimum by giving at par result witbhmbination of higher nitrogen
treatment B, with GW indicating that fertilizer rates could bewered with the use of
wastewater which can serve not only as the soureeater but of nutrients also. However,
regular monitoring of wastewater and soil for anyidup of heavy metals is necessary. The
physical and chemical parameters of wastewater abse tested and most of them were
found to be well within the permissible limits &t by the Food and Agriculture Organization
(FAO).
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INTRODUCTION

Food is the most basic of all human needs, so @grie in broadest sense will remain the most
important human activity. It may be significantriote that land use for agriculture stands at about
11% of the total land area and about 26% for peem@pasture [41]. The productivity of a crop
depends upon several factors in which water anut platrients, among other inputs, are the two most
important factors for normal growth of any crop.wéyer, it must be admitted that excessive use of
inorganic fertilizers is an important source oflsaid water pollution as nutrients through runoff
water goes to nearby water bodies or leached thrdbg soil beyond the root zone eventually
reaching the groundwater and sometimes their largn tpresence in soil also may lead to
acidification thus exploitative food production ef§ great dangers if carried out with only an
immediate profit or production objective. The bigattenge faced by global community is how to
reconcile global food production with growing derdarand shrinking resources within the limits of
acceptable degradation of natural resources. Ofata¢ water found on the earth only about 0.4%
fresh water available for plants, animals and huilmeings [8]. In recent years water is becoming an
increasingly scarce resource and this has forcedtssts to consider alternate source of water kwhic
might be used economically and effectively. Thupleiion of freshwater reserves at a faster rate,
coupled with the problem of water pollution prontbtthe development of wastewater reuse in
irrigation especially for the cultivation of vegbta crops in urban areas. Use of wastewater as a
source of irrigation not only solves its disposadlgem but also serve as a source of plant nugrient
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and organic matter. However, wastewater may corgame undesirable constituents that may pose
negative environmental effects and health risksusTkthere is urgent need for the wastewater
management in a scientific manner and sufficienpec Nutrient supply in general considered to be
most important limiting factor for growth and prativity [24]. Most of the plants require seventeen
essential elements including Ni which was addedenrecently [18] for their normal growth and
development. Of these N, P and K are the three mmageronutrient effective in promoting the crop
yields and required in large quantity, thus thentaiance of an adequate supply of nutrients to crop
is one of the most basic and vital requirementssimtained crop growth and productivity. Agro
ecosystems exports large quantities of nutrientsrap biomass and therefore, require large inputs
regardless of internal cycling [17]. Nitrogenoustifizers are comparatively more misused inputs in
agriculture and both under use and over use are gpdead. This indiscriminate use often leads to
wastage and runoff causing pollution. Thus effitiese of fertilizers is essential for maintainimg t
soil quality, fertility and productivity. Use of @anganic and organic fertilizers has amused a great
significance in recent years in vegetables productior two reasons. Firstly, the need for contthue
increase production and per hectare yield of véjesarequires the increase amount of nutrients.
Secondly, the results of a large number of experimen inorganic and organic fertilizers conducted
in several countries reveal that inorganic ferilialone cannot sustain the productivity of soiider
highly intensive cropping systems [34]. Among renis nitrogen increases the yield of chilli [20Han
potassium is reefed as quality element and knowimfove colour and glossiness of chilli fruits.
Thus the main objective was to minimize the useofganic fertilizers and optimize the utilization
of nutrients present in the wastewater and alsegsaird the pollution of water and soil by usinmit
crop cultivation.

MATERIALS AND METHODS
Wastewater includes wastewater from the housetwidssewage together with the wastewater from
local industries of lock and electroplating as vaill was collected from the outside of Aligarh city
nearly 5 km from the town where it was being usgdbbal formers to irrigate crops. The experiment
was carried out in the naturally illuminated netube of the department of Botany, Aligarh Muslim
University, Aligarh, and each treatment was setufimmeously in triplicate using a complete
randomized block design with four different nitrogeeeatments at the rate of 0, 30, 60 and 90 kg/ha
being watered by tap water (GW) and wastewater {@%and 100%WW). A uniform basal dose of
phosphorus at the rate of 60 kg'hand potassium 50kg havere also applied along with different
doses of K. The dilution of 50% wastewater was ioleth by mixing the GW and WW in a 1:1 ratio.
Many physio-chemical characteristics were analybgdadopting the procedures outlined in the
standered methods [3] (Table 1) The soil for ptih§ was collected from University Agriculture
Farm and analysed for various physico-chemical gntigs [14] (Table 2). The plants were sampled at
60 DAS to make various observations. The plantewerooted gently and washed under running tap
water to remove adhering soil. The plant length faesh mass of the whole plant were assessed. The
samples were then dried in an oven at 80°C for 48k. dehydrated samples were then weighed to
recorded dry mass. Leaf area was measured usirgtable leaf area meter (LA-21, Systronics,
India). The method of [23] was used to calculataltohlorophyll content while net photosynthetic
rate Py) was measured in uppermost fully expanded leaweslear sunny days between 1100 and
1230 h, using a portable photosynthetic system Q@R3400, Lincoln, NE, USA). Ascorbic acid was
calculated by adopting the method of [31]. At hatyegield attributes including fruit length, fruit
number and fruit fresh yield were measured.
Data analysis

The data recorded from the experiment were sulijetietwo-way analysis of variance
(ANOVA) using the SPSS softwere package, and thannweere compared following the method
given by [15]. An F test was applied to assesssiprificance of the data at 5% level of probability
(P=0.05).

RESULT AND DISCUSSION

Wastewater obtained from urban source has a gmgahimal for the reuse as a source of irrigation
water and nutrient as well as a soil conditioniggrd [7]. It contains considerable amount of natse
essential for maintaining soil fertility and enhemc plant growth and yield. The analysis of
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wastewater has revealed that it had an averageGofelE TS, TDS, and TSS, carbonate and
bicarbonates which were within the permissible tindf FAO guidelines for irrigation water quality
(Tablel). The major effect of EC and TDS on cropdoictivity is the inability of the plants to
compete with ions present in the soil for waterlevtine chloride content was comparatively low and
may not cause toxicity problems. Thté (7.5-8.2) of the wastewater was within the rangpdrtant

for nutrient availability because it is the indimatof acidity and basicity of water. It also has
considerably higher BOD and COD then groundwalett dletermines the pollution power or strength
of wastewater in terms of oxygen that would reqlitey micro-organism for their complete
stabilization. Beneficial effects of wastewatertbe physical, chemical and biological properties of
soils were reported by several workers [31, 1,V8astewater was used not only as a substitute of
chemical fertilizer but also as the soil conditiortbat would increase soil fertility and crop
productivity [19, 10]. Wastewater also increases ttensity of soil microorganisms including
bacteria, fungi and actinomycetes that helps imientt availability of plants [25]. Concentrations o
some essential inorganic ions were higher in wasiewthan in groundwater. These could have
played a beneficial role as these are essentighlémts [16]. Among nutrients, nitrogen is the most
important element, which is invariably requiredarnge quantities and in wastewater it was present i
both ionic forms (Table 1) and thus deserves spedasideration. In addition mineral nutrients
wastewater also contains some heavy metals, whish within permissible limit of FAO guideline.
100% WW produced 11.91% and 18.08% higher shogitteand root length respectively over GW,
while 7.96% increase was recorded by 100%WW in sfresh weight over GW. Leaf number and
leaf area gave an increase of 14.08% and 14.95%r ut@D%WW over GW respectively. This
enhanced vegetative growth under wastewater imigatas due to the presence of both ionic forms
of nitrogen in wastewater. Nitrogen control vegeggrowth of plants through their involvement in
protein metabolism. Wastewater contains considerafgh amount of ammonium (NH or nitrate
(NOy3), which are the sole source of nitrogen supply modt important for better growth and yield of
crop plants [21] because it involves in cell digisiand elongation and it is also an important
structural constituent of many important metabs|it@mino acid and protein. Generally the highest
growth and yield are obtained by the combined suppboth ions, but it may be noted that the form
of N plays a key role in the cations-anion relasioip in plants as about 70% of cations and anions
taken up are represented by either,Nbr NO; [38]. Since N is the main constituent of all amino
acids in proteins and lipids that act as structaoshpound of chloroplasts [4] thus presence of N in
both wastewaters well as in the form of inorgargctiizers might have increased number of
meristematic cells and growth leading to the fofarabf branches in addition to leaf expansion and
number. This was evident from the 14.08 and 14.9%ease in leaf number and leaf area of the
plants irrigated with 100% WW over GW. Thus theetved nutritional superiority of wastewater for
growth of chilli was not exceptional and possiblypkins better performance of crop under
wastewater irrigation (Fig. 1) but earlier manyesthesearchers observe its nutritional superidoity
the cultivation of other vegetable and crop pld8i{s, 36]. A substantial increase of 7.87% in ghoo
dry weight was also observed (Fig 1) because ofinbeeased leaf area and expansion, that might
stimulated the photosynthetic raf\) by influencing the light absorption within plafithe increase

in leaf area brought by the N supply causing exipansf individual leaves has also been reported by
[37, 13] because N stimulated the cell division @etl expansion [22]. Likewise wastewater also
recorded higher values for the physiological patanse It recorded an increase of 13.66% and
13.93% in photosynthetic rate and chlorophyll cahtever GW. Increase in total chlorophyll content
may be due to higher availability of ¥fgin wastewater as M{is the central atom of chlorophyll
molecule which is required for the structural imtggof chloroplasts [27] and quantitative estinoati

of chlorophyll may be considered as an index afnary productivity. Therefore, a regular supply of
the enriched wastewater up to harvest ensured viddahility and thus improved the growth,
development and photosynthetic capacity (Fig 1, 2e growth and physiological parameters
wastewater application recorded an increase of, B2 and 4.77% in fruit length at Il, Il and IV
fruit pickings respectively over GW while wastewatecorded an increase of 13.10 and 10.20%
increase in fruit number at | and Il pickings redpely. Fruit yield recorded an increase of 16.16,
11.87, 17.52 and 11.81% under WW at 1, Il, Il dWdpickings respectively (Table 3). This increase
in yield under WW application may be explained ba basis of increase in leaf area by wastewater
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application. Increased leaf area might have allopkedits to trap more radiant energy required for
enhanced photosynthetic activity which in turn ntigave increased the yield.
After N, P is another essential nutrient that isoastituent of macromolecular structure, was also
present in wastewater in form of phosphate. Itrhagy roles in cell division, stimulation of eartyot
growth, hastening plant maturity and fruiting anditfyield. The beneficial effect of phosphorus on
the leaf area has been reported by [29] in cow|3&4,in groungnut and [36] in chickpea. During the
present study better growth of plants was obsereediving wastewater having 1.130 mg/l (Table 1)
in addition to other nutrients, and it was also pamatively richer than GW. It is important to note
here that in short season crops like some vegastatptlewth responses to applied P may persist up to
harvest because P applied to the soil is very hagidanged its less soluble form and therefore
become less and less available with time [35]. ésthird most important macronutrient required in
largest amount by the plants. It plays a significate in stomatal opening and closing [11]. lalso
well known that N is fully utilized for crop prodtion only in presence of adequaté R6] and the
presence of Kin WW is much higher than the GW (Table 1). Thustibst crop was benefitted by not
only its own physiological role [40] but also byetenhancing effect of N.

In addition to these three major macronutrientsgmee of some other essential nutrients like
S, C&', Mg**, CI and N4 also play a vital role in plant growth and devefemt. S involve in plant
metabolism and its deficiency is common [28]. Apation of N in form of urea is ineffective unless
S is applied simultaneously. S deficiency redudes leaf area [39], which in turn decreased the
chlorophyll content [9] and ultimately yield. Simily presence of Gaand Md" ions in wastewater
could further benefitted the test crop ad'@ming an essential component of the cell walhisived
in cell division [33] while Mg" is the central atom of the chlorophylle, on whitte rate of
photosynthesis is directly dependent. The ratehofgsynthesis is lower in Mdeficient plants [12].
It was earlier mentioned that the chlorophyll comtand photosynthetic rate was higher in plants
irrigated with wastewater (Fig. 2). G$ also one of the essential nutrient presentastewater could
played an important role in stomatal regulationle/iNa is not essential and has been placed in the
beneficial elements for plants, its presence magtineulated the growth that is mainly caused by its
effect on cell expansion and also on the waternoalaf plants. In the present experiment enhanced
growth (Fig. 1), physiological (Fig. 2) and yieldharacteristics (Table. 3) undersoNwere also
observed, while wastewater with a comparativelydowitrogen dose 3 proved beneficial. Better
performance of chilli crop under higher nitrogensélovas explained on the basis of vital role of
nitrogen in cell division, cell expansion and stlation of various enzymes, which lead higher leaf
area and number provide much surface area for phattoesis and produce much more photosynthate
that finally gave higher yield. Wastewater with kEwnitrogen dose proved beneficial because
wastewater contains additional both form ionic ferofi nitrogen.

CONCLUSION

The results obtained from the pot experiment airteevaluating the use of wastewater for the
cultivation of chilli especially near urban aredsene it is easily and cheaply available. Four lewél
nitrogen supplement were also applied for the coispa with the unfertilized treatments. The
wastewater proved an effective source of essamtialents and even it could not be supplemented the
whole nutrient requirement of the crop but it caduced the quantity of fertilizers because
wastewater also a source of nutrients. Finally westewater irrigation in combination with lower
nitrogen dose proved optimum and gave result staily similar with GW along with higher
nitrogen dose. Thus wastewater reuse as a souiicegation water and nutrient can effectively fill
the increasing gap between water demand and wazddalaility up to some extent.
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Table 1 Physico-chemical characteristics of groundater (GW), 50% wastewter (50% WW) and 100%
wastewater (100%WW). All determinations in mg I* or as specified.

Determinants GW 50%WW 100%WW
Colour Colourless Lightly black Dark black
Odour Odourless Slightly unpleasant Unpleasant
p" 7.3 7.5 7.9
Electrical conductivity (dS i) 0.75 0.92 1.42
Total solids 915 1220 1627
Total dissolved solids 549 786 1088
Total suspended solids 385 435 549
Biological oxygen demand 17.40 51.29 122.52
Chemical oxygen demand 55.22 92.65 152.44
Nitrate — nitrogen 0.73 2.12 3.17
Ammonium-nitrogen 0.10 0.58 0.99
Phosphate 0.24 0.92 1.13
Potassium 4.21 11.24 19.23
Calcium 22.52 42.33 59.48
Magnesium 22.12 75.16 138.56
Carbonates 49.48 103.9 138.44
Bicarbonate 59.56 78.23 89.24
Sulphate 35.28 40.57 82.18
chloride 57.45 95.45 120.45
Sodium 16.37 34.28 49.26

Table 2 Physico-chemical characteristics of soil collectebefore sowing. All determinations in mgt in 1:5
(soil-water extract) or as specified

Determinants Soll

Texture Sandy loam
Cation exchange capacity (CEC) (meq 10Gsgil) 2.54
p" 7.40
Organic carbon (%) 0.429
Electrical conductivity (1 mhos ¢t 245.00
NO'3-N(g kg* soil) 0.347
Phosphorus (g kbsoil) 0.115
Potassium 9.4

Calcium 24.36
Magnesium 16.59
Carbonate 20.33
Bicarbonate 105.46
Sodium 14.21
Sulphate 17.32
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Table 3 Yield parameters ofCapsicum annum L. under the treatment of GW, 50%WW and100%WW
along with different levels of N at four picking stges (P) of harvest.

TREATMENTS  Fruit length plant * Fruit number plant * Fruit yield plant *
PL P2 P3 P4 PL P2 P3 P4 PL P2 P3 P4

Gw 5.570 6.74 6.90 7.47 7.44 8.17 8.33 9.00 24.01 330.84.81 40.94
50%WW 5.912 6.75 7.08 7.63 8.17 8.75 8.75 9.33 26.57 &3.38.26 44.38
100%WwW 5.938 6.96 7.15 7.83 8.42 9.00 8.00 9.50 27.90 &4.20.91 45.77
No 4.632 5.76 6.00 6.42 6.70 7.11 7.56 8.22 22.00 725.81.67 35.44
Nzo 6.320 7.30 7.49 8.04 8.44 9.11 9.22 9.89 29.17 235.30.74 47.34
Neo 6.642 7.87 7.83 8.61 9.33 9.78 9.89 1044 35.83 890.49.14 55.61
Ngo 5.63 6.31 6.83 7.51 7.55 8.56 8.22 856 17.65 28.3®.42 36.40
GWNq 4.09 5.53 5.82 6.12 5.10 6.00 6.67 7.33 16.00 21.a».00 28.31
GWN3o 595 6.88 7.07 762 767 867 867 933 2415 323949 4163
GWNgo 6.40 7.81 7.72 8.52 9.00 9.33 9.67 10.33 33.84 33B8.A7.27 53.22
GWNygo 5.84 6.72 6.97 7.63 8.00 8.66 8.33 9.00 22.08 30.B8.47 40.59
50%WWN 4.80 5.75 6.00 6.42 7.00 7.33 7.67 8.33 23.00 26.32.00 36.00

50%WWN 3 651 715 7.62 7.89 833 9.00 9.00 10.00 29.66 75.31.13 48.40
S0%WWN 6o 673 7.85 7.82 867 9.33 10.00 10.00 10.33 36.39.5441 49.40 56.21
50%WWN g 572 623 686 753 800 866 833 867 17.20 29.8050 36.92
100%WWN, 500 6.00 6.20 671 800 800 833 9.00 27.00 30.3®.00 42.00
100%WWN 650 7.86 7.80 860 933 9.67 10.00 10.33 33.69 008B8.46.59 52.00
100%WWNo 6.80 7.96 7.94 863 967 10.00 10.00 10.67 37.00.3%2 50.75 57.41
100%WWNgo 535 6.00 6.65 7.37 667 833 800 800 13.66 26.67.28 31.68

LSD at 5%
Nitrogen (A) 0.4648 0.0858 0.1676 0.0735 0.6658 0.5721 0.52999690. 1.0653 0.7959 1.5830 1.6823
Water (B) 24232 0.0743 0.1451 0.0637 0.5766 0.4954 0.61198570. 0.9226 0.6893 1.3709 1.4569
AxB 0.8051 0.1486 0.2903 0.1273 1.1531 0.9909 1.05981031. 1.8452 1.3786 2.7418 2.9139
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