
See	discussions,	stats,	and	author	profiles	for	this	publication	at:	https://www.researchgate.net/publication/317328675

Urban	wastewater	–	A	potential	irrigation
source	for	summer	paddy	(Oryza	sativa	L.)	in
India

Article	·	June	2017

CITATIONS

0

READS

59

5	authors,	including:

Some	of	the	authors	of	this	publication	are	also	working	on	these	related	projects:

Deficit	drip	irrigation	View	project

Rice-fish	integrated	farming	system	View	project

Mausumi	Raychaudhuri

ICAR-Indian	Institute	of	Water	Management

49	PUBLICATIONS			132	CITATIONS			

SEE	PROFILE

Sachin	Kanta	Rautaray

Indian	Institute	of	Water	Management

84	PUBLICATIONS			197	CITATIONS			

SEE	PROFILE

Ashwani	Kumar

Indian	institute	of	water	management,	bhub…

214	PUBLICATIONS			1,090	CITATIONS			

SEE	PROFILE

All	content	following	this	page	was	uploaded	by	Mausumi	Raychaudhuri	on	03	June	2017.

The	user	has	requested	enhancement	of	the	downloaded	file.

https://www.researchgate.net/publication/317328675_Urban_wastewater_-_A_potential_irrigation_source_for_summer_paddy_Oryza_sativa_L_in_India?enrichId=rgreq-7b76d6cdaa1ac01d67f160a81cfff238-XXX&enrichSource=Y292ZXJQYWdlOzMxNzMyODY3NTtBUzo1MDEwNzQxNjc1OTUwMDhAMTQ5NjQ3Njc5OTQzMg%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/317328675_Urban_wastewater_-_A_potential_irrigation_source_for_summer_paddy_Oryza_sativa_L_in_India?enrichId=rgreq-7b76d6cdaa1ac01d67f160a81cfff238-XXX&enrichSource=Y292ZXJQYWdlOzMxNzMyODY3NTtBUzo1MDEwNzQxNjc1OTUwMDhAMTQ5NjQ3Njc5OTQzMg%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Deficit-drip-irrigation?enrichId=rgreq-7b76d6cdaa1ac01d67f160a81cfff238-XXX&enrichSource=Y292ZXJQYWdlOzMxNzMyODY3NTtBUzo1MDEwNzQxNjc1OTUwMDhAMTQ5NjQ3Njc5OTQzMg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Rice-fish-integrated-farming-system?enrichId=rgreq-7b76d6cdaa1ac01d67f160a81cfff238-XXX&enrichSource=Y292ZXJQYWdlOzMxNzMyODY3NTtBUzo1MDEwNzQxNjc1OTUwMDhAMTQ5NjQ3Njc5OTQzMg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-7b76d6cdaa1ac01d67f160a81cfff238-XXX&enrichSource=Y292ZXJQYWdlOzMxNzMyODY3NTtBUzo1MDEwNzQxNjc1OTUwMDhAMTQ5NjQ3Njc5OTQzMg%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mausumi_Raychaudhuri?enrichId=rgreq-7b76d6cdaa1ac01d67f160a81cfff238-XXX&enrichSource=Y292ZXJQYWdlOzMxNzMyODY3NTtBUzo1MDEwNzQxNjc1OTUwMDhAMTQ5NjQ3Njc5OTQzMg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mausumi_Raychaudhuri?enrichId=rgreq-7b76d6cdaa1ac01d67f160a81cfff238-XXX&enrichSource=Y292ZXJQYWdlOzMxNzMyODY3NTtBUzo1MDEwNzQxNjc1OTUwMDhAMTQ5NjQ3Njc5OTQzMg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mausumi_Raychaudhuri?enrichId=rgreq-7b76d6cdaa1ac01d67f160a81cfff238-XXX&enrichSource=Y292ZXJQYWdlOzMxNzMyODY3NTtBUzo1MDEwNzQxNjc1OTUwMDhAMTQ5NjQ3Njc5OTQzMg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sachin_Rautaray?enrichId=rgreq-7b76d6cdaa1ac01d67f160a81cfff238-XXX&enrichSource=Y292ZXJQYWdlOzMxNzMyODY3NTtBUzo1MDEwNzQxNjc1OTUwMDhAMTQ5NjQ3Njc5OTQzMg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sachin_Rautaray?enrichId=rgreq-7b76d6cdaa1ac01d67f160a81cfff238-XXX&enrichSource=Y292ZXJQYWdlOzMxNzMyODY3NTtBUzo1MDEwNzQxNjc1OTUwMDhAMTQ5NjQ3Njc5OTQzMg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sachin_Rautaray?enrichId=rgreq-7b76d6cdaa1ac01d67f160a81cfff238-XXX&enrichSource=Y292ZXJQYWdlOzMxNzMyODY3NTtBUzo1MDEwNzQxNjc1OTUwMDhAMTQ5NjQ3Njc5OTQzMg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ashwani_Kumar69?enrichId=rgreq-7b76d6cdaa1ac01d67f160a81cfff238-XXX&enrichSource=Y292ZXJQYWdlOzMxNzMyODY3NTtBUzo1MDEwNzQxNjc1OTUwMDhAMTQ5NjQ3Njc5OTQzMg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ashwani_Kumar69?enrichId=rgreq-7b76d6cdaa1ac01d67f160a81cfff238-XXX&enrichSource=Y292ZXJQYWdlOzMxNzMyODY3NTtBUzo1MDEwNzQxNjc1OTUwMDhAMTQ5NjQ3Njc5OTQzMg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ashwani_Kumar69?enrichId=rgreq-7b76d6cdaa1ac01d67f160a81cfff238-XXX&enrichSource=Y292ZXJQYWdlOzMxNzMyODY3NTtBUzo1MDEwNzQxNjc1OTUwMDhAMTQ5NjQ3Njc5OTQzMg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mausumi_Raychaudhuri?enrichId=rgreq-7b76d6cdaa1ac01d67f160a81cfff238-XXX&enrichSource=Y292ZXJQYWdlOzMxNzMyODY3NTtBUzo1MDEwNzQxNjc1OTUwMDhAMTQ5NjQ3Njc5OTQzMg%3D%3D&el=1_x_10&_esc=publicationCoverPdf


 

Copyright © 2017 IJAIR, All right reserved 
986 

International Journal of Agriculture Innovations and Research 

Volume 5, Issue 6, ISSN (Online) 2319-1473 

Urban wastewater – A potential irrigation source for 
summer paddy (Oryza sativa L.) in India 

 

S. Raychaudhuri*, Mausumi Raychaudhuri, S.K. Rautaray, Sunita Parida and Ashwani Kumar 
Indian Institute of Water Management, Chandrasekharpur, Bhubaneswar, India – 751023 

* Corresponding author: *sachidulalraychaudhuri@yahoo.in 

 
Abstract – An attempt has been made to study the impact 

of urban wastewater irrigation on summer paddy 
productivity, varietal response and soil properties. Paddy 
and soil samples were collected from selected peri-urban 
villages of Bhubaneswar, India, from fields receiving contrast 
irrigation sources (urban wastewater and river water) under 
similar agro-climatic and socioeconomic conditions. Major 
plant nutrients content were higher in wastewater irrigated 
soils, whereas pH was lower. Wastewater irrigation increased 
grain and straw yield. Concentrations of Zn, Fe, Cr, Mn and 
Cu were higher in soil, grains and straw of paddy when 
irrigated with wastewater.  Response to wastewater irrigation 
varied with paddy variety. The ANOVA with the inclusion of 
pH as covariate revealed that the efficient management of 
soil pH would increase grain yield of rice by 318 kg ha-1. 
Wastewater irrigation saved about $ 50 ha-1 towards the cost 
of fertilizer for growing paddy. 

 
Keywords – Wastewater Characteristics, Summer Paddy, 

Heavy Metal, Metal Enrichment, Varietal Response 
 

I. INTRODUCTION 

 
Urban wastewater (untreated or partially treated) with 

its rich plant nutrient contents and perpetual availability, is 
a resource used by many peri-urban farmers and has a 
significant impact on their livelihoods worldwide. In fact, 
20 million hectares are irrigated with wastewater in the 
world and 10% of total food production comes from 
wastewater irrigated areas [1]. India is also no exception, 
which produce more than 62000 mld (million litre daily) 
wastewater from cities and towns having treatment 
capacity of about 27 percent leaving more than 70% of 
wastewater untreated [2]. The use of wastewater for 
irrigation is increasing among peri-urban farmers due to 
rise in water scarcity [1, 3]. The reported area of 
wastewater irrigation in India is 73000 ha [4]. While 
Buechler and Mekala [5] estimated that even just along the 
Musi River that runs through Hyderabad city in Andhra 
Pradesh approximately 40,000 ha of land were irrigated 
with urban and industrial wastewater diluted with fresh 
river water. Although no official estimates are available 
but actual figures seems to be much higher than 73000 ha. 
Both the positive and negative impact of wastewater 
irrigation in India is reported. It has benefits associated 
with some hazards e.g groundwater contamination, heavy 
metal accumulation in soils and food [6] and possible 
infections from range of pathogens [7]. Reports are also 
available of heavy metals accumulation of both the 
exceeding safe limit and within safe limit [8]. The Risk of 
bio-transfer of heavy metals has been reported by many in 
India [9]. Due to the proximity to urban centres, 
vegetables are important crops in peri-urban areas and 

have important contribution to the urban food basket [10, 
11]. Thereby, scientific studies investigating the use of 
untreated wastewater use were more focused on vegetable 
production systems [12, 13, 14]. While, the cereal that 
provides household food security and wastewater-
dependent livelihood activities in many countries [15, 16] 
is inadequately studied. The present study reports the 
impact of wastewater irrigation on soil properties in terms 
of key nutrients and heavy metals in paddy soils, crop and 
varietal response.  The objectives of the study were to 
study, i) Effect of wastewater irrigation on soils and 
summer paddy crop (Oryza sativa L.) and ii) Response of 
paddy(Oryza sativa L.) varieties to wastewater irrigation. 

  

II. MATERIALS AND METHODS 

 

2.1 Study area 
Odisha state is one of the largest producers of rice in 

India and contributes almost one tenth of the total rice 
production of the country. Rice cultivation covers 77.7% 
of total cultivated area of the state. Bhubaneswar city 
(latitude 20°5’ and longitude 85°82’) is an expanding state 
capital of Odisha in India, accommodating 0.75 million 
population in an area of 135 sq. km. The city continue to 
grow and has achieved the highest growth rates 
experienced by any other capital city in the country. In 
absence of sewerage system, people in Bhubaneswar are 
using septic tanks and soak pits. In most places of the city, 
wastewater is discharged in to open drains without any 
treatment, which joins to a natural drain, Gangua nala. 
This drain receives about 107.25 mld (million litre daily) 
of wastewater within the city of which 47.6 mld is from 
domestic sources, 29.3 mld from industrial area and 30.35 
mld from mixed sources. More than 3000 ha area between 
Daya west branch canal and Gangua nala is irrigated with 
Gangua water (wastewater) in non rainy seasons between 
October and April (Fig 1). Three villages Joypurpatna, 
Bikipur and Itipur were selected for the study due to their 
similar socio-economical proximity, agro-climatic 
situation and use of contrasting irrigation sources viz. 
wastewater (from Gangua nala) and river water (Daya 
river) for more than twenty years in crop fields. 

The soils in Joypurpatna, Bikipur and Itipur villages are 
Typic Endoaquepts. The main crops in non-rainy or dry 
season (Rabi, December to April) in this area are summer 
paddy in low lands and vegetables namely okra, bitter 
gourd, pumpkin, ridge gourd in medium lands. Paddy is 
grown both for domestic consumption and sale. The 
socioeconomic survey shows that the number of cattle per 
household was 1.3, and the paddy straw is sold for 
livestock in other areas (U.S. $ 182 per ton) as well. The 
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dominant varieties of paddy grown between December and 
April in the villages are Naveen, Parijat, Lalat and 

Khandagiri. In the study villages, water is lifted from 
Daya river on one side and Gangua nala on other side for 
irrigation. Farmers used 1000 + 20 mm of irrigation water 
through 8 number of irrigations for paddy cultivation 
during January to April in 2010. Annual precipitation in 
2010 was 1,687 mm, while the amount received during 
January to April was only 22.8 mm while the pan 
evaporation during the period was 484 mm. The annual 
mean minimum and maximum temperatures were 250C 
and 400C during the year. Fertilizer application in the form 
of 75 kg of urea (34 kg N), DAP 60 kg (12 kg N and 28 kg 
P2O5 equivalent) and 80 kg of MOP (48 kg K2O) was used 
for paddy cultivation in RI soils by the farmers. While no 
fertilizer was used in WW soils. Expenditure on fertilizer 
was about $ 50 per hectare.  The other costs were similar 
for both the irrigation sources. 

2.2 Water characterization 
Quality of water from both the sources were analyzed in 

the study villages with reference to international 
guidelines [17] at 30 days interval between January and 
April 2010. The samples from the river and wastewater 
(Gangua nala) were collected at lifting points for analysis. 
pH and EC were measured at the sampling points by Orion 
Multiparameter (Eutech Instruments). The samples were 
collected in clean plastic bottles with two subsets 
according to the standard method of sampling [18]. Total 
N (TN) from unfiltered digested samples using semi-
automatic Kjeldahl N Analyser (Kelplus – Classic DX) 
followed by titration, P by Stannous Chloride Method, Na 
and K by flame photometer  were determined according to 
the standard methods. Calcium and Mg were determined 
by Versenate titration method [18]. SAR was calculated 
using the equation 1 

SAR = Na+/[Ca + Mg]1/2 ………(1) 
Iron, Mn, Zn, Cd, Cr and Pb were determined using 

Atomic Absorption Spectrophotometer (Varian, Spectra 
AA) as per the standard methods [18].  

The pH of both the water sources was within acceptable 
range of 6.5 to 8.5 for irrigation. The electrical 
conductivity, SAR and nitrogen values indicate slight to 
moderate restriction for use of both the water sources. The 
heavy metal concentrations viz. Fe, Mn, Zn, Cr, and Cd 
were higher in wastewater than those in river water. 
Concentrations of Mn and Cd in wastewater exceeded the 
permissible limit (Table 1).   

2.3 Soil and plant analyses 
Plant samples were collected at physiological maturity of 
rice varieties in April 2010 from river irrigated (RI)_and 
adjacent wastewater irrigated (WW) fields. Five plots of 
each variety with 3 subplots (each 5m2) were sampled. A 
total of 60 subplots each from - RI and - WW plots were 
used for recording yield. Yield attributes were recorded in 
the field, viz plant height and number of panicles per m2. 
The above ground biomass was harvested from 5 m2 plots 
at 0.1 m above the ground as per farmers practice. The 
grains per panicle were recorded  by taking average of 10 
panicles. Separation of straw and grain was done manually 
and fresh weight was recorded by portable balance. The 

samples were collected in pre labeled muslin cloth bags. In 
laboratory, the straw samples were air dried (maximum 
and minimum relative humidity 75% and 67% and mean 
maximum and minimum temperature 37.20C and 250C). 
Yields were reported at 10% and 14% moisture content for 
grain and straw, respectively. The replications of each plot 
were mixed and about 200 g of composite straw and grain 
samples were oven dried separately at 800C and then 
powdered using stainless steel grinder to pass through 
2mm sieve and stored for analysis. The ground paddy 
grain and straw samples (0.2g) were analyzed for total N 
by Kjeldahl method after digestion with concentrated 
sulfuric acid (H2SO4) and then measuring the quantity of 
NH4 produced[19]. The 0.2g plant samples were digested 
with tri-acid mixtures (HNO3:H2SO4:HClO4 5:1:2) in open 
tube method and analyzed for P by spectrophotometer[20], 
K by flame photometry [21], Zn, Fe, Cu, Mn, Cd, Cr and 
Pb by Atomic Absorption Spectrophotometer (Model 
Spectra AA, Varian) using ‘metal standards’ (AAS 
Standards, Sisco Research Laboratories, India) [22]. 

Approximately 1kg of soil sample was collected from 
each subplot at 0-15 cm depth into a bucket, mixed 
thoroughly, and finally, 500g of composite sample was 
collected through Quartile procedure. Samples were air 
dried followed by oven drying at 1050C, ground by mortar 
and pestle to pass through 2mm sieve to retain for 
analysis. The soils were analyzed for pH (1:2.5 soil : 
water) by pH meter (Model pH Tester 30, Eutech 
Instruments), electrical conductivity (1:5 soil : water) by 
digital EC meter (Model ‘EC Testr’, Eutech Instruments, 
Malaysia), organic carbon (OC) by Walkley and Black 
method of wet oxidation [23], available N by alkaline 
permanganate method as described by Subbiah and Asija 
1956 [24] using Semi-automatic N Analyser (Kelplus – 
Classic DX), available P by Bray’s extractant method [25], 
Exchangeable K and Na by flame photometer after 
extraction with 1N ammonium acetate [24]. For total 
heavy metals viz Fe, Cu, Zn, Mn, Cd, Pb and Cr, soils 
were digested with tri-acid (HNO3:H2SO4:HClO4 5:1:2) in 
open tube, filtered through What man 42 followed by 
Atomic Absorption Spectrophotometric detection, (Varian, 
Model Spectra  AA) using ‘metal standards’ as mentioned 
earlier. 

Enrichment factors were calculated to determine the 
degree of soil pollution rather heavy metal accumulation 
in contaminated soils (WW) with respect to 
uncontaminated soils (RI). Enrichment Factor = 
Concentrations of metal in WW soils/ Concentration of 
metal in RI soils [26]. 

Statistical analyses were performed with the software 
SPSS 13.0 for Windows. The statistical significance of 
differences in the variables between treatments was 
assessed. Those differences with P < 0.05 were deemed 
statistically significant. 

 

III. RESULTS AND DISCUSSION 
 

3.1 Irrigation and varietal differences with irrigation 

sources 
The grain yield, straw yield and number of panicles per 
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square meter in WW plots were significantly higher by 7, 
9.3 and 5.3 percent, respectively, than RI plots (Table 2). 
Significant differences among varieties were also observed 
regarding grain and straw yield, number of panicle under 
the WW and RI plots. Lalat showed maximum grain and 
straw yields with both the irrigation sources followed by 
Naveen, Parijat and Khandagiri. Among the varieties, 
Naveen showed 12 % and 15% increase in grain and straw 
yield in WW over RI plots, followed by Khandagiri (10 
and 15% respectively for grain and straw) while Lalat 
showed minimum. This suggests that Naveen and 
Khandagiri were more responsive probably, to the 
elevated level of macronutrients in wastewater irrigated 
soils while Lalat variety could not exploit it. Grains per 
panicle and 1000 grain weight did not vary with irrigation 
sources while differences with varieties were observed. No 
significant differences were observed in nitrogen contents 
in both the grain and straw due to irrigation sources and 
varieties. However, grain phosphorus concentrations 
significantly varied with irrigation sources while 
potassium in grain was significantly higher in wastewater 
irrigated soils and showed varietal differences also. The 
wastewater irrigated soils had significantly lower mean 
grain-straw ratio (0.93), indicative of comparatively higher 
vegetative growth in wastewater irrigated soils. Probably 
higher level of major nutrients in WW soils encouraged 
vegetative growth in comparison to RI soil. Therefore 
irrigation with wastewater has a positive impact on the 
productivity of paddy grain. Higher straw (biomass) in 
wastewater irrigated soils can add to farmers sale proceeds 
to the tune of 130 USD ha-1. Among the varieties the grain 
straw ratio varied significantly.  
3.2 Impact of irrigation sources on soil 

characteristics 
The basic assumption of the study in the farmers’ fields 

was that all fields under the study had similar type of soils, 
agricultural practices and climatic condition where impact 
of two different irrigation sources was compared. No 
significant difference in the soil properties (Table 3) with 
the rice varieties was observed under the same irrigation 
type conform the assumption. The soil pH, EC, organic 
carbon, nitrogen level, exchangeable potassium and 
available phosphorus varied significantly with irrigation 
sources. Decreased pH and increased EC were observed 
with WW soils. Rapid salinization of wastewater irrigated 
soils and loss in productivity is well reported [27]. But the 
soil EC (1:5) in WW soils in the present study  were below 
the threshold value of 3 dS m-1 (ECe) for paddy cultivation 
[28], though, the mean EC value in WW plots were three 
times than that in RI plots. The mean ECe (Electrical 
Conductivity of saturation extract of soil) was calculated 
in line with the ECe values [ECe = EC (1:5 soil : Water) x 
6.5] as determined by Murtaza et al.[29] and were 0.83 
and 0.25 dS m-1 for WW and RI soils under the present 
investigation. In spite of long period of wastewater  
irrigation, the EC values did not reach critical limits. 
Probably, the soils under the study receive more than 1600 
mm rainfall per annum preventing accumulation of salts 
through leaching. The accumulation of salts and increased 
EC is more pronounced in arid areas[30]. The Gangua 

water had higher level of nutrient elements than Daya river 
water (Table 3). Organic carbon, available N, Bray’s 
extractible P, exchangeable K were significantly higher by 
32, 44, 61 and 44 percent respectively in WW soils than 
RI soils.   

Significant correlation between organic carbon and 
nitrogen indicates the possibility of nitrogen enrichment 
from organic matter added through wastewater irrigation. 
Significant negative correlation between pH and organic 
carbon and available N may be attributed to the 
decomposition of organic matter producing intermediate 
organic acids lowering the soil pH and releasing 
organically bound N. Soil P and pH showed significant 
relation in the observed pH range (Table 4).  

3.3 Factors affecting yield of paddy 
Significant differences in yield and yield attributes were 

observed between WW and RI plots and among varieties 
as well. To understand the soil factors contributing to the 
increased paddy yield, factorial ANOVA without and with 
the inclusion of factors viz. pH, EC, organic carbon, soil 
available N, Bray’s P and exchangeable K as covariate 
was done as they were significantly different RI and 
WWfields. Increased salinity with wastewater irrigation as 
observed in the present study has been reported by many 
workers due to accumulation of salts [31]. In the present 
study, factorial ANOVA with covariate suggests that EC 
had no significant negative effect on grain and straw yield 
of paddy (Fig 2, Table 5). However, soil available N has 
significant positive effect on the grain and straw yield 
across the varieties with irrigation. The present study 
suggests that due to varietal responses to elevated N level 
in WW plots higher grain and straw yield of paddy was 
observed. The varietal responses varied significantly with 
all the considered factors. The pH covariate as appeared in 
the model was evaluated at 5.63. Lower pH in WW soils 
(mean 5.51) had decreased the grain and straw yield of 
paddy and the varietal difference had significant effect on 
yield while pH was included as covariate (Fig 2a, Table 
5). That signifies, had the pH in WW soils  been raised to 
5.63 there would have been increase of 318 kg ha-1 of 
mean grain yield of rice. This suggests that increase of soil 
pH alone with liming materials can increase paddy yield in 
WW soils in such condition. 

3.4 Effect of irrigation source on soil and paddy 

grain and straw 
The tri-acid digested Zn, Fe, Mn and Cr concentrations 

were significantly higher in WW soils whereas Pb and Cu 
concentrations were at par between irrigation sources. This 
is conspicuous by their higher concentrations in 
wastewater sources (Table 1) even though metal 
concentrations were below the permissible limits. Similar 
observations were reported by many [26, 32] Maximum 
permissible limits for heavy metals in soils are 300 mg kg- 

1 for Zn, 3 mg kg-1 for Cd, 300 mg kg-1 for Pb, 140 mg kg-

1 for Cu and 150 mg kg-1 for Cr [33]. No significant 
difference was also observed in metal concentrations of 
soils under different varieties (Table 6). The heavy metal 
concentrations in soils were in the order 
Fe>Mn>Zn>Pb>Cr>Cd>Cu in both the types of irrigated 
soils. Enrichment factors [26] were calculated to 
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determine the degree of soil pollution rather heavy metal 
accumulation in WW soils  with respect to RI soils. 
Higher enrichment values (>1) indicate higher 

accumulation of metals, leading to higher concentration in 
WW soils, thereby, increased heavy metal concentrations in  
cultivated crops in WW soils. The enrichment factors were 
in the order Mn (2.24) >Zn (1.48) >Fe (1.34) > Cu (1.27) > 
Cr (1.17) > Cd (0.098) > Pb (0.41). However, higher Cd 
concentration in RI soils (with lower Cd in water) than GI 
soils (non-significant) points towards other factor(s) of 
geogenic and/or anthropogenic origin. The main difference 
between farmers’ practices between RI and GI soils is 
application of fertilizers in RI soils. Farmers use about 60 
kg DAP along with other fertilisers in summer paddy apart 
from phosphatic doses in kharif seasons (June – 
November). Phosphatic fertilisers are known sources of Cd 
and could have contributed in RI soil Cd [34].   

The heavy metal concentrations in grain and straw are 
shown in Table 7 and 8. The Fe concentrations in grain and 
Zn, Fe and Cr in straw varied significantly with irrigation 
type and were higher in WW soils than RI soils. The metal 
concentrations in grain were below the maximum 
permissible limits of 60 mg kg-1 Zn, 20.0 mg kg-1 Cr, 5.0 
mg kg-1 Pb [35]. The metal concentrations were higher in 
straw than grain under both the irrigation type. However, 
Cd concentrations were found beyond the maximum 
permissible limit (0.2 mg/kg) with both the type of 
irrigation. Probably lower soil pH contributed to higher Cd 
mobility in soil and their bioavailability rendering higher 
Cd uptake by plants A review of the solid-liquid 
partitioning of Cd in soil showed that the mobility of Cd in 
soil consistently increases with decreasing soil pH [36].  
Cadmium is a potentially toxic component for consumption 
and it’s higher concentrations in plants is a concern and 
may be attributed to it’s high mobility [37]. The transfer of 
Cd from soil to plants can be reduced with appropriate soil 
management like application of liming materials which may 
reduce it’s bioavailability [38]. 

The Cd concentration was higher than the maximum 
permissible limit <1.0 mg kg-1

 (for animal feed) in straw 
with both the types of irrigation whereas Pb was within the 
maximum permissible limit of 10 mg kg-1 (Directive 
86/278/EC). No significant variation in Cd, Pb, Cr and Mn 
concentrations in paddy straw with irrigation type and 
variety was observed. However, higher Cd concentration is 
a concern for using paddy straw even for animal feed. 

  

IV. CONCLUSION 
 

Wastewater irrigation has increased the level of plant 
nutrients in soil, while salinity did not reach the critical 
level. Increased productivity of both the paddy grains and 
straw in wastewater irrigated soils is beneficial to the 
livelihood for farmers. The magnitude of the increase in 
paddy yield with wastewater irrigation is dependent on 
suitable paddy variety. Therefore, selection of variety 
should be based on both the genetic potential and 
responsiveness to wastewater irrigation. In the present 
investigation, Naveen was most responsive variety for 
wastewater irrigation. Moreover, fertilizer cost of summer 

paddy cultivation is saved up to USD 50 ha-1 with 
wastewater irrigation. Amelioration of soil pH may give 
further increase in paddy yield and economic gain in 
wastewater irrigated soils.  

Heavy metals in wastewater-irrigated soil were within 
the maximum permissible limits. Their concentration in 
paddy grain and straw were also within permissible limits 
[33].  However, the concentration of Cd in both the grain 
and straw was beyond the permissible limits in the 
wastewater as well as river water irrigated soils. Thus, 
wastewater is not the source of increased Cd in plant. 

Therefore, wastewater irrigation had a positive impact 
on nutritional status of soil, paddy grain and straw yield 
and income of farmers. The benefit can be further 
extended with the right paddy variety. 
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Table 1. Water qualities of wastewater (Gangua drain) and Daya river water 
Parameter                 Gangua nala (drain)                    Daya river             guidelines FAO (1985) 

pH1               6.70a (+ 0.21)          8.44b (+ 0.42)             6.5 – 8.5 (NormalRange) 
EC (dS/m)2  0.48a (+ 0.14)                  0.24b (+ 0.11)                SM 
SAR 3               4.3a (+ 1.6)                 2.9b (+ 0.34)                SM 
Elemental composition (mg/kg)              Maximum permissible limit 
TN                    26a (+ 4.6)         14b (+ 3.2)                35 
P                                   2.8a (+ 0.72)                    0.52b(+ 0.29)                - 
K   10.3a  ( + 4.1)        2.7b(+ 1.3)             - 
Fe   1.24a (+ 0.421)               0.546b(+ 0.123)  5.0 
Mn   0.32a (+ 0.061)    0.044b(+ 0.022)  0.2 
Zn   0.11a (+ 0.032)    0.062 (+ 0.041)  2.0 
Cr   0.086a (+ 0.042)    0.063b(+ .034)  0.1 
Cd  0.014a (+ 0.008)    0.010b( + 0.006)  0.01 
Pb  1.13a (+ 0.16)              1.02a (+ 0.19)  5.0 

Values followed by a different letter are significantly different for the same parameter STDEV values in 
parenthesis. Slight to moderate restriction (SM). Sources: Ayers and Westcott (1985). 
 

Table 2  Yield and yield attributes of paddy under the influence of water sources and variety 

Water 

source 
Paddy 

Variety 
Grain yield 

(kg ha-1) 

Straw 
Yield 

(kg ha-1) 

Grains/ 
Panicle (g) 

Panicle 
m-2 

1000 grain 
wt (g) 

Grain N% Straw N% Grain P% Grain K% 
Grain-straw 

ratio 

RI 

Naveen 
4360bc + 100 4500c + 171 78.2b + 4.97 249c +7.8 24.1ab + 0.33 1.491a + 0.39 0.902a + 0.21 0.22a + 0.02 0.532bc + 0.04 0.970 + 0.019 

Parijat 
4300c + 117 4485c + 97 66.8c + 3.96 319a + 7.8 21.1d + 0.44 1.365a + 0.11 0.809a + 0.07 0.210abc + 0.01 0.492c + 0.05 0.959 + 0.019 

Lalat 
4830a + 225 5090a + 306 83a + 3.16 259bc + 7.9 23.5c + 0.27 1.428a + 0.22 0.753a + 0.16 0.224a + 0.02 0.578ab + 0.03 0.950 + 0.021 

Khandagiri 
3590e + 227 3850d + 303 67.5c + 3.16 228d + 9.6 23.6c + 0.37 1.365a + 0.11 0.566a + 0.09 0.208abc + 0.01 0.512c + 0.03 0.934 + 0.019 

Mean 
4270 + 228 4481 + 219 73.9 + 3.81 264 + 8.3 23.1 + 0.36 1.412 + 0.06 0.757 + 0.14 0.216 + 0.01 0.529 + 0.04 0.953+ 0.020 

  
          

WW 

Naveen 
4860a + 167 5170a + 193 81.4ab + 3.43 270b +13.1 24.2a + 0.33 1.547a + 0.31 0.903a + 0.17 0.200bcd +0.02 0.570ab + 0.05 0.940 + 0.016 

Parijat 
4500 bc + 177 4830b + 239 68.5c + 3.04 331a+ 7.0 21.3d + 0.33 1.449a + 0.37 0.910a + 0.33 0.217ab + 0.01 0.572ab + 0.08 0.932 + 0.017 

Lalat 
4990b + 185 5210a + 249 85.2a + 3.76 261b + 9.6 23.6c + 0.30 1.582a + 0.53 1.007a + 0.23 0.196cd + 0.02 0.610a + 0.05 0.958 + 0.013 

Khandagiri 
3930d + 264 4390c + 397 69.3c + 3.53 249c + 7.9 23.7bc + 0.29 1.477a + 0.33 0.868a + 0.49 0.183d + 0.01 0.604a + 0.04 0.897 + 0.027 

Mean 4570 + 199 4900 + 219 76.1 + 3.44 278 + 9.4 23.2 + 0.30 1.514 + 0.06 0.922 + 0.06 0.199 + 0.01 0.589 + 0.02 0.932 + 0.018 

           
 

Analysis 
of 

variance 

Water(w) * * ns * ns ns ns * ** 
* 

Variety(v) ** ** * * ** ns ns ns * 
** 

w*v ** 
 

ns 
 

ns 
 

* 
 

ns 
 

ns 
 

ns 
 

ns 
 

ns 
 

ns 

Values followed by a different letter are significantly different. ** and * indicate significance at 1 and 5 % 
respectively. 
 

Table 3. Soil parameters under the influence of different water sources and paddy variety 
Water 
source 

Variety pH 
EC 

(dS m-1) 
Org C 
(g kg-1) 

N  

(kg ha-1) 
Exch. K2O 
(kg ha-1) 

P2O5 

(kg ha-1) 

RI 

Naveen 5.74a +  0.06 0.043b+ 0.01 0.40b + 0.06 129b +  14.5 260b + 67 31a + 8.15 

Parijat 5.77a + 0.04 0.052b + 0.01 0.37b+  0.1 122b + 13.7 432b + 118 26ab + 5.40 

Lalat 5.73a + 0.05 0.047b + 0.01 0.40b + 0.08 136b + 23.5 251b + 78 25bc + 2.20 

khandagiri 5.74a + 0.03 0.038b + 0.01 0.40b + 0.08 125b + 10.9 245b + 77 30ab + 4.60 

Mean 5.74 + 0.05 0.045 + 0.01 0.39 + 0.01 128 + 18.5 297+  85 28 + 5.90 

        

WW 

Naveen 5.49c + 0.12 0.135a + 0.01 0.52a + 0.04 186a + 15.3 461a + 49 50cd + 8.30 

Parijat 5.62b + 0.09 0.121a + 0.03 0.50a + 0.05 182a + 24.8 410a + 116 44e + 11.6 

Lalat 5.57bc + 0.13 0.120a + 0.01 0.54a + 0.05 190a + 18.8 420a + 78 36de + 6.30 

khandagiri 5.37d + 0.1 0.132a + 0.02 0.52a + 0.06 179a+ 22.6 415a + 131 44cde + 6.26 

Mean 5.51+ 0.12 0.127b + 0.01 0.52 + 0.02 184 + 20.4 427 + 93.5 45 + 8.30 

        

Analysis of 
variance 

Water(w) * ** ** ** * ** 

Variety(v) ns ns ns ns ns * 

w*v ns ns ns ns * ns 

Values followed by a different letter are significantly different. ** and * indicate significance at 1 and 5 % respectively. 
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Table 4: Pearson’s correlations among soil parameters 

Parameters pH OC Av N Soil P 
OC -.51**    

Av N -.63** .64**   

Soil P 0.49** -.41** -.62**  

Soil K 0-.29 .27 .39* -.49** 

Values followed by a different letter are significantly different. ** and * indicate significance at 1 and 5 % respectively 
 

Table 5. Results of factorial ANOVA (SPSS Ver 13) with covariates 
Dependent variable Covariate Covariate Factors 

variety Irrigation Variety *irrign 

Grain yield   ** ** ** 

 pH ns * * ns 

 EC ns ns ns ns 

 OC ns * * ** 

 Av N * ** ** ns 

 Av P ns ** ns ** 

 Exch K ns ** * ** 

Straw yield   ** ** ** 

 pH ns * * ns 

 EC ns ** ns ns 

 OC ns ns ** * 

 Av N ns * ** ns 

 Av P * ns ns * 

 Exch K ** ** ** * 

Grain N   ns ns ns 

 pH ns ns ns ns 

 EC ns ns ns ns 

 OC ns ns ns ns 

 Av N ns ns * ns 

 Av P ns ns ns ns 

 Exch K *** ns *** ns 

 Values followed by a different letter are significantly different. ** and * indicate significance at 1 and 5 % respectively 
 

Table 6. Total heavy metal content (mg/kg) in soils under the influence of water sources and paddy variety 

Water source Variety Zn Fe Mn Cd Cr Pb Cu 

RI 
 
 
 
 

Naveen 125d + 19 310b + 41.2 170b +  32 2.1a + 0.28 7.30c + 2.08 74.7a + 6.90 0.68a + 0.4 

Parijat 161cd + 17 295b + 43.7 166b + 30 2.0a + 0.33 7.66c + 1.81 75.3a + 14.7 0.88a + 0.44 

Lalat 160cd + 24 289b + 102 178b + 21.3 2.0a + 0.21 7.94bc + 1.93 66.0a + 2.30 0.88a + 0.24 

Khandagiri 168bc + 23 309b + 60 177b + 31.7 1.96a + 0.37 7.46c + 1.55 73.2a + 12.8 0.93a + 0.27 

Mean 154 + 3.2 301 + 28 172 + 4.96 2.0 + 0.07 7.59 + 0.23 72.3+  10.30 0.84 + 0.10 

         

WW 
 
 
 
 

Naveen 196bc + 15 409a + 39 391a + 46.1 2.31a+  0.71 9.06ab + 1.12 73.0b + 20.8 1.01a + 0.52 

Parijat 202b + 52 425a + 23 386a + 33.4 1.86a + 0.54 8.65abc + 1.32 76.6b + 18.1 1.10a + 0.72 

Lalat 254a + 45 387a + 21 385a+  24.4 1.82a + 0.53 8.39abc + 0.79 79.4b + 19.30 1.01a + 0.29 

Khandagiri 266a + 26 386a + 22 380a + 42.8 1.83a + 0.27 9.55a+  1.32 74.6b + 15.50 1.13a + 0.70 

Mean 229 + 16.8 402 + 8.5 385 + 9.8 1.96 + 0.18 8.91 + 0.25 75.9 + 15.71 1.06 + 0.20 

Analysis of 
variance 

water(w) ** * ** ns * ns ns 

variety(v) ** ns ns ns ns ns ns 

w*v ns ns ns ns ns ns ns 

Values followed by a different letter are significantly different. ** and * indicate significance at 1 and 5 % respectively. 
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Table 7. Heavy metal content in paddy grain (mg/kg) under the influence of water sources and paddy variety 
Water 
source 

Variety Zn Fe Mn Cd Cr Pb 

RI 
 
 
 

Naveen 29.65a + 3.5 157ab + 27.3 148a + 24 1.98a+ 0.7 1.20a + 0.8 1.003a + 0.3 

Parijat 29.96a + 4.6 151b + 9.4 137ab + 35 1.90a + 0.3 1.33a + 1.0 0.944a + 0.2 

Lalat 32.8a + 4.4 160ab + 19.6 142a + 19 2.06a + 2.1 1.25a + 0.8 0.997a + 0.1 

khandagiri 30.4a + 8.3 164ab + 18.8 143a + 18 1.98a + 0.7 1.37a + 0.3 1.0 13a +0.2 

Mean 30.69 + 1.42 158+ 5.32 143 + 4.7 1.98 + 0.07 1.29 + 0.08 0.990 + 0.03 

        

WW 
 
 
 

Naveen 37.53a + 11.2 169ab + 11.9 112bc + 6.4 1.73a + 1.2 1.26a + 0.8 0.953a + 0.3 

Parijat 31.29a + 11.3 170ab + 7.2 110c + 23 1.61a + 0.7 1.47a + 0.9 0.956a + 0.1 

Lalat 34.1a + 3.8 176a + 8.9 110.c + 6.2 1.85a + 0.5 1.33a + 0.5 0.983a + 0.3 

khandagiri 39.95a + 10.4 171ab + 13.7 110c + 6.1 1.73a + 1.2 1.41a + 0.5 1.024a + 0.3 

Mean 35.72 + 3.80 172 + 3.13 110 + 1.23 1.73 + 0.10 1.37 + 0.09 0.980 + 0.03 

        

Analyses of 
variance 

 

water(w) ns * ns ns ns ns 

variety(v) ns ns ns ns ns ns 

w*v 
 

ns 
 

ns 
 

ns 
 

ns 
 

ns 
 

ns 
 

Values followed by a different letter are significantly different. ** and * indicate significance at 1 and 5 % respectively 
 

Table 8. Heavy metal content in paddy straw (mg/kg) under the influence of water sources and paddy variety 

Water 
source 

Variety Zn Fe Mn Cd Cr Pb 

 
 
 

Naveen 61.3ab + 5.7 407bcd + 67 1231a + 65 2.09a + 0.7 1.26a + 0.8 1.45a + 0.5 

Parijat 55.5abcd + 7.5 381d + 47 1196a + 79 2.01a + 0.5 1.47a + 0.9 1.47a + 0.4 

Lalat 58.9abc + 3.1 384d + 39 1227a + 53 2.24a + 0.6 1.33a + 0.5 1.37a + 0.5 

Khandagiri 63.7a + 12.6 394cd + 44 1160a + 107 1.98a + 0.5 1.41a + 0.5 1.46a + 0.3 

Mean 59.9 + 3.5 392 + 11 1203 + 33 2.08 + 0.12 1.37 + 0.09 1.44 + 0.05 

        

WW 
 
 
 

Naveen 50.4cd + 15.5 444ab + 42 1227a + 86 2.16a + 0.9 2.01a + 0.6 1.56a + 0.4 

Parijat 53.2bcd + 4 441ab + 31 1177a + 98 1.83a + 1.4 1.99a + 1.1 1.65a + 0.5 

Lalat 54.5abcd + 8.8 438abc + 44 1110a + 176 2.20a + 1.2 2.02a + 1.5 1.53a + 0.5 

Khandagiri 47.2d + 7.7 471a + 36 1189a + 95 1.61a + 1.1 1.99a + 1.1 1.56a + 0.3 

Mean 51.3 + 3.24 448 + 15 1176 + 49 1.95 + 0.55 2.01 + 0.01 1.58 + 0.05 

        

Analysis 
 of  

variance 

water(w) ** * ns ns * ns 

variety(v) ns ns ns ns ns ns 

w*v ns ns ns ns ns ns 

 Values followed by a different letter are significantly different. ** and * indicate significance at 1 and 5 % respectively 
 

FIGURE CAPTION PAGE 
 

Fig 1. Sample Collection Site 
Fig 2a Differences in Grain Yield (kg ha-1) under WW and RI Soils following Factorial ANOVA with and without pH  as 
Covariate 
Fig 2b Differences in Grain Yield (kg ha-1) under WW and RI Soils following Factorial ANOVA with and without 
Organic C as Covariate 
Fig 2c Differences in Grain Yield (kg ha-1) under WW and RI Soils following Factorial ANOVA with and without Soil 
Available N as Covariate  
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Fig 2d Differences in Grain Yield (kg ha-1) under WW and RI Soils following Factorial ANOVA with and without EC as 
Covariate 

 
Fig 1. Sample collection site 
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Fig. 2a Differences in grain yield (kg ha-1) under WW and 

RI soils following Factorial ANOVA with and without pH 

as covariate 

Fig. 2b Differences in grain yield (kg ha-1) under WW 

and RI soils following Factorial ANOVA with and 

without organic C as covariate 

  
Fig. 2c Differences in grain yield (kg ha-1) under WW and 

RI soils following Factorial ANOVA with and without 

Soil available N as covariate 

Fig. 2d Differences in grain yield (kg ha-1) under WW 
and RI soils following Factorial ANOVA with and 

without EC as covariate 

  

(At 95% confidence level) 
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