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In recent years, the urban wastewater of marginal quality is increasingly being used to irrigate lands for growing
crops. However, water reuse in agriculture needs specific studies to evaluate its safe use depending upon the choice
of the crop and soil type. A pot experiment was therefore, conducted to investigate the effect of different fertilizer
combinations, that is, nitrogen, phosphorus and potassium (NPK) on chickpea (Cicer arietinum L.) irrigated with
sewage wastewater (WW), and ground water (GW). The objective of this experiment was to evaluate optimal
fertilizer requirement based on growth, physiological determinants, and the yield of chickpea under wastewater
irrigation. Results revealed the positive influence of wastewater and optimal growth and yield of the crop were
obtained with a relatively lower fertilizer combination of N, P K, when irrigated with wastewater. Physiological
parameters of plants being irrigated with wastewater were also enhanced when compared to ground water irrigated
plants and it was expressed by significant improvement in the yield parameters of the crop. The nutrients present in
wastewater therefore proved beneficial for the crop yield and also reduced the nutritional requirement of the crop to
be supplied in the form of fertilizers. It can therefore serve not only as an alternative disposal of wastewater but even
supplement the nutritional requirement of the crop. However, its long-term usage needs to be closely monitored for

any heavy metal buildup in soil as their presence in wastewater could be a cause of concern.

1. INTRODUCTION

Water is a vital natural resource but often limited in most of the
countries including India. Consumptive use of water in agriculture
is highest and greater water availability is associated with improved
agricultural performance and hence food security [1]. In recent years,
the demand of water has increased at a much faster rate due to increase
in the human population, industrialization, and agricultural its related
activities. Furthermore, the water resources are shrinking rapidly and
the continuous discharge of the wastewater in the water bodies is
polluting the aquatic ecosystem [2]. Thus, we not only need to save
but also utilize water optimally. Only then we will be able to solve the
environmental crisis which can arise out of acute water shortages. In
different parts of the world widespread shortage of water has forced us
to think of new alternatives for supplying water for the growing crops.
The significance of water in sustaining the livelihood is well known
and therefore to conserve and optimally utilize the water in agriculture
is of prime importance which is already facing shortage of quality
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water. Agriculture stands to be the single largest user of water and in
past few decades the water reuse is being suggested as one solution to
inadequate water supplies [3]. Reuse of treated sewage wastewater can
reduce effluent discharges into fresh waters and can not only solve the
problem of disposal but supplement the nutritional needs of the crops.
Its reuse therefore has a potential to offer a more reliable water supply
for agricultural practices. It therefore can reduce the burden from the
limited potable water resources. In recent years, several reports have
been published where wastewater has been described to contribute
in increasing yields along with numerous other benefits and offers
(i) environmental friendly method of wastewater disposal leading to
recycling of nutrients [4], (ii) reduction in the cost of fertilizers by
supplementing nutrients present in wastewater [5], and (iii) reduction
in the demand of fresh water in agriculture which can be made available
to the ever increasing population for fresh water needs [6].

However, there is a wide spread concern about its adverse effect and health
hazards to the consumers using the crops grown on wastewater [7,8]. It
is also widely accepted that proper handling and management are of
vital importance for safe use of wastewater in agriculture. Therefore, if it
is used systematically and monitored periodically, it may be considered
a sound and environmental reliable mode of wastewater disposal [9] and
also depends upon the type of soil [10].

© 2021 Tak. This is an open access article distributed under the terms of the Creative Commons Attribution License -NonCommercial-ShareAlike Unported
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Wastewater reuse is advantageous for many reasons. Wastewater
contains essential macro and micro nutrients and more notably a
significant amount of organic matter, thereby making it a rich source
of nutrients. As there are strict discharge requirements and shortages
in the nutrient supply [11], these nutrients can be utilized to increase
the growth and productivity of agricultural crops helping in social
sustainability [12,13]. However, improper management of water and
their continuous use to the crops can provide nutrients beyond their
specificrequirement. Overthe period of years these may getaccumulated
to an undesirable levels resulting in their accumulation [14] and even
soil salinization and reduction in permeability [15,16].

The use of marginal quality wastewater has a potential to address the
problem of water shortage in agriculture; however, fewer studies are
available on its long-term effects. Sufficient scope, therefore, exists
for conservative and sustainable use of water in agriculture and
improvement in its equitable distribution among users by adopting
a variety of measures such as (i) selection of varieties and crops for
higher water use efficiency, (ii) adopting soil water management, (iii)
need based irrigation, and (iv) use of treated wastewater or sewage
water.

This study mainly focusses on the last point. Compared with other
types of water reuse, applying wastewater to agriculture presents
an additional benefit of nutrient recycling in crop irrigation. There
have been numerous studies showing successful usage of recycled
agricultural wastewater over the past few decades on horticultural
crops [17-19] and grasslands [20]. However, very few studies have
been conducted on its effect on nitrogen fixing crops. This study was
therefore undertaken to study the application of wastewater along with
different levels of NPK on growth, physiology, and yield of Cicer
arietinum L. (Chickpea). The choice of the crop was made in view of
its low water requirement and nitrogen fixing ability. This experiment
is the final part of the earlier three experiments conducted separately
for optimal doses of nitrogen, phosphorus, and potassium published
elsewhere [4,9,21].

2. MATERIALS AND METHODS

2.1. Design of Experiment

The wastewater was collected in big containers from the site
nearly 10 km from the town and about 15 km away from the site of
experiment. The waste water is being used by local farmers to irrigate
their fields to grow various crops; however, the present experiment
was conducted in the net house of the department of Botany Aligarh
Muslim University, Aligarh. Each treatment was set simultaneously
in triplicate using a completely randomized block design, with eight
combinations of nitrogen (N), phosphorus (P), and potassium (K), that
is, NPK treatments NP K N P, K N P K N P K N P K

0707 70% " 157 4077207 " U157 400 T40% T U150 607 207 U150 607 407

N, P, K., NP K, . NP K . and N, P K, [Table 1]. The outline
of the experiment representing the NPK treatments and wastewater
is shown in Table 1. Each set of plants was irrigated by ground water
(GW) and urban wastewater (WW) collected from drain from time
to time. The seeds of Cicer arietinum L. were surface sterilized with
0.5% (v/v) of sodium hypochlorite solution. The sterilized seeds were
then washed repeatedly with double distilled water (DDW) and then
inoculated with Rhizobium spp. The seeds after inoculation were sown

in earthen pots (10 inch diameter).

2.2. Water and Wastewater

The physico-chemical properties of ground water (GW) and urban
wastewater (WW) were recorded at the start and toward the end of

the experiment and the mean values were recorded [Table 2]. The
frequency of watering the plants was maintained as per the requirement
of the crops and it was distributed equally among the plants. The fresh
water samples were collected and analyzed for physico-chemical
characteristics immediately after collection [Table 2], adopting the
procedures as outlined in the standard method [22]. Heavy metals
such as cadmium, chromium, lead, and nickel in both the waters were
also analyzed using the atomic absorption spectrophotometer. The
microbiological analysis was carried out from three freshly collected
water samples and mean values were recorded [Table 2].

Table 1: Experimental design.

NPK (kg/ha) Irrigation water Remarks
GW WwW

NOPK? + + No fertilizer

NISpK20 ++ ++ 15, 40, and 20 kg NPK/ha
NISPHK#0 ++ ++ 15, 40, and 40 kg NPK/ha
NISpeK 20 ++ ++ 15, 60, and 20 kg NPK/ha
NISPOOK 0 ++ ++ 15, 60, and 40 kg NPK/ha
N3OpK20 ++ ++ 30, 40, and 20 kg NPK/ha
N3P ++ ++ 30, 40, and 20 kg NPK/ha
N30POOK20 ++ ++ 30, 60, and 20 kg NPK/ha
N3P0 ++ ++ 30, 60, and 40 kg NPK/ha

The NPK doses for pots were calculated on the basis of their composition and that one
hectare of land contains 2x10° kg effective soil

Table 2: Physico-chemical and microbiological parameters of water and
wastewater given in mg/L or as specified.

Parameter Ground Wastewater FAO irrigation
water (GW) (WW) water quality®
pH 7.3 7.7 6.5-8.4
EC (n mhos cm™) 645 1495 0.25-3
TS 1020 1990 -
TDS 630 1424 <2000
TSS 390 576 -
NO,-N 0.83 3.65 <10
NH,-N 0.18 4.84 <5
PO,? 0.42 1.59 <2
K* 3.42 18.44 <2
Ca? 22.45 62.12 <400
Mg** 32.41 142.44 <61
Cr 48.75 127.62 <350
Cco,? 54.28 114.85 -
HCO," 99.85 84.29 <610
SO, 34.58 92.56 -
Na' 22.45 62.48 <460
Cd ND 0.008 -
Cr ND 0.006 -
Ni ND 0.498 -
Pb ND 0.039 -
Coliforms (MPN) ND 2.3x10° -
CFU 100/ml
Fecal coliforms ND 9.9x10? -
(MPN) CFU 100/ml

*Ayers and Wescot 1994. (-) means no standard mentioned
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2.3. Soil Analysis

The soil was collected from the fields and thoroughly mixed with
farmyard manure. The soil samples were collected before starting
the experiment and mean values were recorded. These soil samples
were also analyzed for standard physico-chemical properties
[Table 3] [23,24].

2.4. Plant Analysis

The plants were analyzed at various stages of growth and the first
sampling was done at 60 days after sowing (DAS) which is being
reported in the current experiment. After the plants were gently
uprooted, they were first washed to clean the adhering soil and then
wrapped in the tissue paper to absorb excess water. The length of plant
and its fresh mass was recorded. The samples were then dried in an
oven, run at 80°C for 48 h and then these dried samples were weighed
on a digital balance.

Furthermore, from the additional set of plants from each treatment,
the root nodules were also separated. After recording the fresh mass,
the dry mass was recorded after dehydrating them in the oven for
48 h. The fresh nodules collected from the additional sets were then
mixed with 3 ml of 0.1M sodium phosphate buffer and macerated in
a mixture. It was soon filtered through two layers of cheese cloth. It
was the centrifuged at 10,000 rpm for 10-30 min. Three milliliters of
this extract were mixed with 3 ml of pyridine reagent and thoroughly
mixed. The solution due to formation of hemochrome turns greenish-
yellow. The hemochrome was then divided equally in two test tubes.
To one test tube, a few crystals of hexacyanoferrate were added to
oxidize the hemochrome. It was read at 539 nm on spectrophotometer.
To the other test tube, a few crystals of sodium dithionite were added
to reduce the hemochrome. This mixture was read at 556 nm after
an interval of 2-5 min, against a reagent blank and leghemoglobin
content was calculated [25].

The NR activity was also estimated by the intact tissue method [26],
while carbonic anhydrase (CA) activity was determined in fresh leaves
of plants by the method of Dwivedi and Randhawa [27]. Leaf area was
measured using a portable leaf area meter (LA-21, Systronics, India).

Table 3: Physical and chemical parameters of soil. All determinations in
mg/L in 1:5 (soil-water) extract or as specified.

Determinations Value
Soil texture Sandy Loam
CEC (meq 100/g soil) 2.08
pH 7.92
Organic carbon (%) 0.639
EC (n mhos/cm) 306.00
NO;-N (g/kg soil) 0.330
Phosphorus (g/kg soil) 0.104
Potassium 8.2
Calcium 33.42
Magnesium 16.85
Chloride 3111
Carbonate 32.73
Bicarbonate 115.32
Sodium 14.73
Sulfate 17.27

The photosynthetic parameters including the net photosynthetic rate
(P,) and stomatal conductance (g ) at sampling were measured in fully
expanded leaves from the upper portion of the plant on clear sunny
days between 1100 and 1230 h, using portable photosynthetic system
(LICOR 6400, Lincoln, NE, USA). Leaf nitrogen was estimated by the
method of Lindner [28], while the method of Mackinney [29] was used
to calculate the total chlorophyll content. At harvest, yield attributes
including seeds per pod, pods per plant, 100 seed weight, seed yield
per plant were noted and protein content in the seeds was measured by
the method of Lowry [30].

2.5. Data Analysis

The experimental data were statistically analyzed using two-way analysis
(ANNOVA) in the SPSS software package. The means were compared
using the least significant difference [31]. Correlation coefficient (r)
values of N content and protein content; leaf area; and net photosynthetic
rates were also worked out and graphs were plotted using excel.

3. RESULTS AND DISCUSSION

The characteristics of water presented in Table 1 showed that pH of both
the ground water and wastewater ranged from 7.3 to 7.7, respectively.
Only potassium (K) and magnesium (Mg) in wastewater were reported
above the limit, while the important parameters including the electrical
conductivity (EC), TDS, Na*, CI', and other observed parameters were
recorded within the permissible limits as prescribed by FAO guidelines
for irrigation waters [32]. Among the heavy metals, only cadmium
(Cd), chromium (Cr), nickel (Ni), and lead (Pb) were analyzed and
were found to be well within the permissible limits. The microbes such
as coliforms (2.3 x 10° CFU 100") and fecal coliforms (9.9 x 10> CFU
100 ml ") were present in wastewater and were not detected in ground
water. This may be a cause of concern particularly if this water is used
for vegetable crops and if the crop is eaten raw.

3.1. Growth Parameters

The data presented in Table 4 showed significant variations in the
shoot length, root length, plant fresh mass, and plant dry mass among
the plants irrigated with ground water and wastewater. Improved
morphological characteristics were observed in the wastewater
irrigated plants. Moreover, the dry matter in plants which were
irrigated using wastewater recorded an increase of 15.92% over the
ground water irrigated plants. Among the treatments also significant
differences in the growth characteristics were observed. Mostly among
the growth parameters, the treatment N, P, K = proved better and an
increase of 48.50% in shoot length, 46.83 in root length, 31.91%
in plant fresh mass, and 32.8% in plant dry matter over the control
was noted. However, among the interactions the lower fertilizer
dose of N P, K, along with wastewater proved better and recorded
an increase of 59.67% over the control. It is well documented that
the wastewater alone cannot meet the nutritional requirement of the
crop [33] and the positive of role of wastewater to lower the chemical
fertilizers requirement has been reported earlier by Singh et al. [34],
Mojid et al. [35].

3.2. Nodulation

The nodule number, nodule fresh mass, dry mass, and leghemoglobin
content were significantly affected under the influence wastewater and
also under different fertilizations [Table 5]. The higher nodule number,
fresh mass, and dry mass may be due to better fertilization, which in
turn enhanced the nitrogen fixing ability of the plant which can be
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Table 4: Effect of GW and WW on plant (a) shoot length, (b) root length, (c) plant fresh mass, and (d) dry mass of chickpea (Cicer arietinum L.) grown under
different combinations of NPK at 60 DAS.

NP K, 30.53 3297 31.75° 10.10 10.40 10.25¢
N,P.Ky 35.10 43.83 39.47¢ 11.53 13.03 12.28¢
N,P.K, 41.87 48.90 45.38" 12.17 14.20 13.18¢
N,P.K,y 39.13 41.77 43.45¢ 12.43 15.30 13.87
N,P.K, 41.07 50.70 45.88" 12.83 13.37 13.10¢
N,P,K, 43.03 46.70 44.87 13.57 14.97 14.27%
N,P,K, 45.03 49.27 47.15% 15.57 14.53 15.05*
N 46.87 48.27 47.57 14.23 14.33 14.28
N, P.K,, 5120 48.23 49.72¢ 14.40 12.10 13.25¢
Mean 41.54 46.29 12.98° 13.58¢

NP K, 11.26 13.18 12.22¢ 2.43 2.56 2.50¢
N,P.Ky 13.44 16.33 14.89¢ 1.57 2.52 2.04¢
N,P.K, 15.02 17.32 16.17* 224 3.31 2.77
N,PKsy 15.07 16.56 15.81° 2.46 3.19 2.83
N,P.K, 15.41 16.11 15.76" 3.08 3.88 3.48¢
N 16.43 15.81 16.12¢ 2.74 3.11 2,93
N 16.70 16.22 16.46* 3.14 3.51 3.320
N 15.89 16.19 16.04* 3.23 3.04 3130
N, PK, 17.01 16.12 16.57* 3.29 3.14 3.020
Mean 15.14° 15.98¢ 2.70° 3.140

Water 1.219 0.462 0.297 0.252
NPK 2.586 0.980 0.630 0.119
Interactions 3.657 1.385 0.892 0.357

Table 5: Effect of GW and WW on plant (a) nodule number, (b) nodule fresh mass, (c¢) nodule dry mass and (d) leghaemoglobin content of chickpea (Cicer
arietinum L.) grown under different combinations of NPK at 60 DAS.

NP K, 28.67 35.33 32.00° 302.03 328.53 31528
N,PoKo 32.67 48.33 40.50° 342.60 371.43 357.02¢
N 35.33 47.67 41.50% 362.40 397.60 380.00¢
NP Ky 32.33 51.67 42.00° 348.43 395.43 371.93¢
N 42.33 48.33 45.33 384.40 402.63 393520
N, P.Ksy 40.67 42.33 41.50% 390.37 399.47 394.920
N, PoKs 47.33 39.67 43.50° 402.10 41253 407.32¢
N, P K,y 42.33 45.33 43.83* 386.47 407.60 397.03%
N, PoKy 49.67 41.33 45.50* 409.10 399.60 404.35°
Mean 39.04° 4444 369.77" 390.54*

(Contd...)
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NPK/Water Nodule dry mass (mg/plant) Leghemoglobin content [mmol (g/FM)]
GW WwWwW Mean GW WW Mean
NP K, 82.11 85.91 84.01¢ 44.66 49.29 46.98¢
NP, K, 89.44 94.34 91.89¢ 52.44 56.48 54.46¢
NP, K, 91.42 115.85 103.64¢ 58.50 66.98 62.74%
NP K, 95.14 112.12 103.63¢ 57.26 67.60 62.43¢
NP K, 101.89 112.05 106.97¢ 60.60 65.66 63.13°
N, P, K, 104.16 113.95 109.06 63.28 63.86 63.57°
N,P,.K, 109.93 114.42 112180 65.90 61.51 63.71°
N, P, K, 107.89 110.66 109.27¢ 64.97 62.53 63.75°
N, P K, 117.49 112.06 114.77° 67.96 63.65 65.81*
Mean 99.94° 107.93# 59.51° 61.95°
LSD at 5%
1 11 I v
Water 2.25 5.64 1.05 0.56
NPK 4.77 11.97 2.22 1.19
Interaction 6.75 16.93 3.14 1.69

ascribed to the fact that plants receiving wastewater as the irrigation
water reported improved leghemoglobin content. Significant role of
wastewater in improving the nitrogen fixation has also been reported
in Vicia faba [36]. However, certain groups of microbes, particularly
the asymbiotic and heterotrophic bacteria have been reported to be
sensitive to long-term contamination by wastewater [37].

3.3. Physiological Parameters

The elementary physiological parameters including leaf area,
chlorophyll content was more in plants receiving wastewater as
irrigation water and thereby positively affected the net photosynthetic
rate. All these photosynthetic parameters were significantly affected
by the application of different waters and also under different fertilizer
combinations. The plants receiving wastewater reported an increase
of 7.80% in leaf area, 4.61%, in chlorophyll content, and 6.14%
in photosynthetic rate [Table 6]. Among the fertilizer treatments
N, P, K, was reported as the optimum combination and an increase of
29.04%, 37.81%, 23.78%, and 15.00% in leaf area, nitrate reductase,
chlorophyll content, and carbonic anhydrase was recorded over the
control N P K , respectively. Nitrate reductase activity also improved
considerable in wastewater irrigated plants and an increase of 7.29%
was reported over plants irrigated with ground water. The nitrate
reductase enzyme in plants uses nitrates and reduces it to nitrites which
are then transformed to ammonia for subsequent incorporation into
various compounds.

The enzyme carbonic anhydrase (CA) responsible for the reversible
hydration of CO, and is necessary for optimal photosynthetic
activity [38]. Its activity has been reported to decline within few
days if nitrogen is deficient [39] as may be observed under lower
nitrogen dose [Table 6]. This is further strengthened by an increase
in CA activity by 16.78% over control in plants treated with N, P, K,/
[Table 6].

The net photosynthetic rate gives an indication of photosynthetic
activity in plants and is functionally dependent upon the chlorophyll
content. Similarly, the photosynthetic parameters including net
photosynthetic rate and stomatal conductance and water use
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Figure 1: Relationship between net photosynthetic rate - leaf area and N
content - protein content of Cicer arietinum L. under waste water and ground
water irrigation along with different NPK levels.

efficiency was also significantly improved in plants irrigated with

wastewater. Among the treatments N, P, K, ~compared to control
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(N,PK,) recorded an increase of 44.92%, 29.31%, and 40.95% in
net photosynthetic rate (P,), stomatal conductance (2), and water use
efficiency (WUE), respectively [Table 7]. Among the interactions,
wastewater along with N, P, K proved to be optimum combination
and all the photosynthetic parameters were proved better. The R?
values suggested a strong correlation between leaf area and the net
photosynthetic rate and also between the protein content and N content
[Figure 1]. This further strengthened that the leaf area and N content
[Tables 6 and 8] which was increased by the wastewater irrigation and
also along with the combination of fertilizers led to increase in the
yield and also the protein content[Table 9] [40].

3.4. Yield Characteristics

The data related to yield and its related parameters, namely, pods per
plant, 100-seed weight, seed yield, and protein content are presented
in Table 9. Waste water irrigation improved these parameters by
9.28%, 3.17%, 9.62%, and 1.41% over ground water, respectively.
However, no significant differences were observed in seeds per pod.
Among the treatments wastewater in general proved more effective
and since the wastewater was rich in several micronutrients and the
growth under wastewater irrigation increased plant morphological
growth and improved physiological parameters which ultimately led
to the increase in the yield of the crop. Among the NPK treatments

Table 6: Effect of GW and WW on plant (a) leaf area, (b) nitrate reductase (NR) activity, (c) chlorophyll content, and (d) carbonic anhydrase of chickpea (Cicer
arietinum L.) grown under different combinations of NPK at 60 DAS.

NP K, 499.23 519.73 509.48¢ 35133 367.00 359.17¢
N 550.47 643.47 596.97° 39633 437.67 417.00¢
N,PoK, 579.67 678.77 629.22¢ 412.67 507.00 459.83¢
NP Ko 563.57 681.50 622.53¢ 430.67 499.67 465.17°
N, PoKy 606.40 671.10 638.75 441.67 48233 462.00°
N, PLoKy 637.50 68227 659.88° 471.00 48833 479.67°
N, PoKy 650.53 664.37 657.45° 486.00 504.00 495.00°
N, P oKy 644.80 651.27 648.03% 492.00 501.00 496.50*
N, P K, 67533 637.30 65632 507.33 493.00 500.17¢
Mean 600.83" 647.75* 443.22° 475.56*

NP K, 1.637 1.743 1.690° 2.76 2.83 2.80¢
N,P.Ky 1764 2.025 1.895¢ 2.92 3.02 2.974
N,PoK, 1.820 2216 2018 3.09 3.28 3.19°
N 1915 1.996 1.955% 2.98 3.23 311
NP oK, 1.957 2.047 2.002¢ 3.12 3.18 3.15%
N 2.085 2.154 2,119 3.17 322 3.19°
N, PoKo 2.136 2.047 2.092¢ 3.29 3.15 3200
N, P Ky 2.190 2.160 2.175% 3.24 3.29 327
N, PoK, 2233 2.167 2.200° 331 3.23 327
Mean 1.971° 2.062¢ 3.10° 3.16"

Water 5.48 4.47 0.032 0.035
NPK 11.62 9.49 0.068 0.073
Interaction 16.43 13.42 0.097 0.104

Table 7: Effect of GW and WW on plant (a) photosynthetic rate, (P,) (b) stomatal conductance, (c) water use efficiency, and (d) internal CO, of chickpea (Cicer
arietinum L.) grown under different combinations of NPK at 60 DAS.

NPK, 11.50 11.96 11.73¢ 0.281 0.299 0.290°
N,PoKo 12.84 14.83 13.841 0.303 0.321 0312
N,PoK, 14.93 17.22 16.08¢ 0.319 0.373 0.346%
NP Ky 14.52 15.19 14.86¢ 0.324 0.354 0.339¢
N 14.41 16.91 15.66° 0.349 0.363 0.356"
N, PKy 16.09 16.22 16.15° 0.371 0.333 0352
N, PoKo 16.94 17.05 17.00* 0373 0.376 0375

(Contd...)
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Table 7: (Continued).

N, P K, 16.44 16.75 16.60° 0.367 0.350 0.359
N, PoKy 17.12 17.01 17.07* 0.380 0.363 0372
Mean 14.98° 15.90¢ 0.341° 0.348°

NPK, 0.306 0.323 0.315¢ 282.78 29835 290.56¢
N 0.342 0.396 0.369° 31113 332.16 321.65°
N,PK, 0.369 0.440 0.405¢ 31933 367.56 343.45¢
NP Ky 0.346 0.411 0.379¢ 313.78 350.65 33221°
N,P.K, 0.384 0.451 0.418° 326.82 351.61 339.22¢
N 0.408 0.441 0.424¢ 340.22 363.56 351,89
N, P.oK, 0.436 0.453 0.444° 359.16 362.65 360.91°
N, P oKy 0.425 0.444 0.435° 349.85 34231 346,08
N, PoK, 0.448 0.434 0.441% 361.60 355.08 358.34%
Mean 0.385 0.421° 329.41° 347.10°

Water 0.056 0.004 0.004 3.50
NPK 0.119 0.008 0.008 7.43
Interaction 0.168 0.012 0.011 10.51

Table 8: Effect of GW and WW on plant (a) N content, (b) P content, and (c) K content of chickpea (Cicer arietinum L.) grown under different combinations of
NPK at 60 DAS.

NPK, 1.91 2.17 2,040 0.201 0.220 0.211°
N,PoKy 2.44 2.62 2.53¢ 0.245 0.275 0.260¢
N,P.K, 2.56 3.12 2.84¢ 0.259 0.305 0.282¢
NP oKy 2.66 2.85 2.76° 0278 0.288 0.283¢
N,P.K, 2.73 3.04 2.89% 0.282 0.301 0.291¢
N 2.86 3.07 2,96 0.288 0.310 0.299"
N, PoK, 2.95 3.03 2,99 0.294 0.309 0.302¢
N, P Koy 3.05 3.08 3.06" 0.301 0.290 0.296"
N, PoK, 3.18 3.07 3.12¢ 0312 0.303 0.308°
Mean 2.70° 2.89° 0273 0.289*

NPK, 252 2.68 2.60¢
N,PoKy 2.85 2.76 2.81° Water 0.037 0.003 0.027
N,PoK, 2.99 3.26 3.13% NPK 0.079 0.006 0.057
N, PoKy 3.04 321 3.12¢ Interaction 0.111 0.009 0.080
NP K, 3.15 3.27 3.21%

N, PoKo 3.08 3.18 3.13

N, P.K, 3.20 3.31 326"

N 3.16 3.21 3,19«

NP, K 3.28 3.33 331

300 607 40

Mean 3.03° 3.13¢
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Table 9: Effect of GW and WW on yield parameters (a) seeds per pod, (b) pods per plant, (c) 100-seed weight, (d) seed yield, and (e) protein content grown
under different combinations of NPK at 60 DAS.

NP K, 133 1.66 1.49 18.33 20.67 19.50¢
N 2.00 2.00 2.00 2133 25.00 23.17¢
N,P.K, 2.00 2.00 2.00 2233 30.00 26.17¢
NP oKy 1.66 1.66 1.66 26.33 31.33 28.83"
N, P.K, 133 2.00 1.66 28.00 28.67 28.33
N 2.00 2.00 2.00 26.67 30.00 28.33
N, P.K, 1.66 2.00 1.83 27.67 29.33 28.50°
N, P Ko 133 1.66 1.49 30.33 29.67 30.00%
N, PoK, 1.66 133 1.49 32.67 30.67 31.67°
Mean 1.66 1.81 25.96" 28.37¢

NPK, 18.03 19.16 18.59°

NP K, 20,61 2077 20.69° Water NS 0.912 0.250
N.PK, 20.96 2238 21,67 NPK NS 1.935 0.530
NP K, 20.56 2233 21.45¢ Interaction NS 2.736 0.750
N PK,, 21.60 217 21.89%

NP K, 2151 21.64 21.58¢

NP K, 2195 2248 2221

NP K., 22.06 2240 223

NP K, 2.5 2247 22.50°

Mean 21.09° 21.76*

NPK, 5.42 5.93 5.68 18.24 19.23 18.73¢
N,P,K, 6.11 6.81 6.46¢ 20.47 2238 21.43¢
N,PK, 6.45 8.09 7.27¢ 2145 23.11 2228
NP oKy 6.87 7.94 7.41¢ 22.44 23.13 22.79*
NP K, 7.10 7.86 7.48% 22.67 22.62 22,65
N 7.27 7.72 7.49¢ 22.86 2242 22,64
N, P, K, 7.51 7.96 7.73% 23.13 2245 22.79°
N 7.77 8.09 7.93" 22.74 22.14 22.44%
N, P K, 8.17 8.26 8.22¢ 23.07 242 2274
Mean 6.96" 7.63 21.90° 2221

Water 0.131 0.159
NPK 0.277 0.337
Interaction 0.392 0.476

the N, P K, was reported as the best combination for all the yield 4. CONCLUSION

parameters; however, protein content the combinations N P K, . N dv based N . N
The study based upon the present set of experiments suggests that

N15P60K40’ N30P40K20’ N30P40K40’ N30P60K20’ and N30P60K4_10 prOduced at y up p Xp .. ugg

par results. The results therefore suggest that the seed yield decreased ~ the wastewater can be not only act as a source of irrigation water

was affected significantly with different fertilizer combinations; but has the potential to supplement the nutritional requirement of

however, the protein content was not affected in the similar pattern. the crops. The better growth and yield were with lower fertilizer
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combinations together with wastewater, while the higher doses proved
to be luxurious. This may potentially be the result of nutritional
benefits of the micronutrients present in wastewater which not only
supplied the micronutrients but also the macronutrients Nitrogen
and phosphorus. However, for long-term effect of this water on the
changes in the physico-chemical properties of soil and any buildup of
heavy metals needs to be monitored. The importance of the present
study is embedded in the fact that huge amount of waste is generated
in Aligarh city and this water is used for growing crops in huge
agricultural lands in the outskirts. Even though this study suggests the
nutritional superiority of the wastewater; however, regular monitoring
is suggested for the long-term application as it may result in buildup
of certain metals, particularly the Nickel which was found to be in the
highest concentration among the four metals studied.
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