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ABSTRACT 
 
With rapidly depleting fresh water resources, waste water is increasingly seen as a 
supplemental source of irrigation. Hyderabad, one of India’s largest cities, disposes 
large amounts of its waste water (approximately 850 million liters per day) treated and 
untreated into the Musi River. A field investigation was conducted in command areas 
of three anicuts out 23 constructed across  Musi river viz., Pillaipally, Bhemalingam 
and Palliwada anicuts in Nalgonda district, Telangana State, India during kharif7, 
2011,  to study quality of river  and groundwater at different locations and yield 
variations of rice grown with Musi water and groundwater along the Musi River. 
Samples of canal and ground water along the canal course and in command areas 
were collected, and also rice yield data was collected by crop cut experiments in 
selected farmers’ fields. The canal water samples were alkaline (98%; pH of 7.5 to 
8.83) and groundwater samples were neutral (7-10%) to alkaline (90-93%). Canal and 
groundwater samples belong to C3 and C4 classes. Sodium adsorption ratio in three 
canal and ground water samples was low (S1). Chloride content of three canal water 
samples (3.2 to 44.8 me l-1) and groundwater samples (2 to 40.4 me l-1) were 
moderate to unsafe. Both canal and groundwater samples were safe with regard to 
Fe, Mn, Zn, Cr, Co, Ni and Pb but unsafe in Cu and Cd. 
 
Rice yields (kharif) varied from 2625 to 7875 kg ha-1, 3500 to 7850 kg ha-1 and 1400 
to 7000 kg ha-1with the mean yield of 5869 kg ha-1, 5650 kg ha-1 and 4040 kg ha-1 in 
the command area of Pillaipally, Bheemalingam and Palliwada anicuts, respectively. 
Rice yield was negatively correlated with pH (r = 0.331) and EC (r = 0.386) of canal 
water and with EC (r = 0.50) and chlorides (r = 0.342) and Ca+Mg (r = 0.211) of 
ground water. There is a need to provided fresh water to farmers by means of 
government investment in water supply.  

 
Keywords: Waste water irrigation, waste water reuse, rice yield, water quality, Musi 

river, India. 

1.  INTRODUCTION 
 
Global Freshwater reserves are rapidly depleting due to ever increasing population, 
inefficient use of water across sectors and climate change leading to a water shortage 
in the future. Hence, use of waste water as a supplemental source of irrigation is 
becoming inevitable day by day. Sewage and industrial wastewater is commonly used 
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for irrigating agricultural fields in developing countries including India (Pandey et al., 
2008; Nagajyothi et al., 2009).  Hyderabad, one of India’s largest cities, disposes 
large amounts of its waste water treated and untreated into the Musi River. The Musi 
River, a tributary of Krishna R., flows east through the city of Hyderabad carrying a 
heavy load of pollutants. The city generates 850 million liters per day (MLD) of waste 
water. The Downstream of the city, there are a total of 23 weirs constructed across 
the Musi River irrigating an area of 10,000 ha. The effluent water is expected to 
contain abnormally high amounts of some micronutrients and heavy metals viz., Zn, 
Cu, Fe, Mn, Pb, Ni, Cd and Cr which may readily be absorbed by grasses grown on 
these soils (Chary, 2008). A clear improvement in river water quality, both in 
appearance and smell, was observed with increased distance from the city. The 
International Water Management Institute (IWMI) performed water quality 
assessments at seven testing stations located on the lower Musi River (flowing from 
Hyderabad) and found that, elements like aluminum, arsenic, lead, and nickel 
decrease in concentration levels as it flows away from the city. Use of waste water for 
irrigation also affects ground water quality. In an industrial area, possibility exists for 
percolation and migration of pollutants via soil in to drinking wells. Continuous use of 
wastewater leads to the enrichment of soil with essential macro and micro-nutrients 
(Kanan et al., 2005). However, information on quality of water at downstream, off 
Hyderabad, and up to Musi project is meager. Hence, the present study was 
conducted to study quality of river and ground water and to compare the yield of rice, 
a major crop, grown in command areas of Musi river anicuts having long term 
irrigation of wastewater from Musi anicuts and also ground water. 

 
2. METHODS 
 
2.1    Study area 
 
The study was carried out in command areas of three anicuts (Fig. 1) viz., Pillaipally, 
Bheemalingam and Palliwada of Musi River, which  originates from Anantagiri hills, 
about 90 km to the west of Hyderabad. The water from Musi is the source of irrigation 
to different villages of 20 mandals in Rangareddy and Nalgonda districts, irrigating an 
area of 12750 ha through different Anicuts, in addition to 13360 ha under Musi project 
near Suryapet, Nalgonda District. Three anicuts, Bheemalingam, Pillaipally and 
Palliwada in Nalgonda district of Telangana, India were selected for the study. 
Pillailpally anicut (17°23'49.6"N, 78°42'28.6"E, 420 m amsl); Bheemalingam anicut 
(17°22'50.9"N, 78°55'55.4"E, 348 m amsl) and Palliwada anicut (17°20'39.8"N, 
79°26'05.9"E, 265 m amsl) are shown in Figure 1. The Survey of India (SOI) topo 
sheets: 56 K/7, K/11 and O/3 on 1:50,000 scale covering Musi command area were 
used as reference maps for demarcating study area. The district comprises mostly 
red soils, with 47% sandy loam and 44% of red sandy loam soil. The local climate is 
semi-arid with distinct summer, winter and rainy seasons. More than 75% rainfall was 
received through south-west monsoon. The total rainfall during June to December, 
2011 was 703 mm. The minimum RH was 32% and the maximum was 95% during 
this period. The minimum and maximum temperatures were 11.6 and 38.1°C, 
respectively. The mean weekly bright sunshine hours varied from 1.5 to 9.2. The 
mean weekly wind velocity ranged from 1.7 to 18.6 km h-1 and pan evaporation 
ranged from 6.5 to 2.2 mm d-1.  
 
2.2    Equipment and software used 
 
Global Positioning System (GPS) of GARMIN GPS 72H receiver in stand-alone mode 
was used to collect the information regarding the geographical location of the ground 
truth sites. For rectification and mosaicing of toposheets, HP desktop having 4 GB 
RAM work station with ERDAS Imagine version 9.3 software was used.  GIS 
software, ARC GIS version 9.3 was used for mapping the processed image. The 
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study area was delineated with the help of geo referenced toposheet. The thematic 
maps (base maps) on spatial variability of water quality have been generated by 
ordinary krigging method available in the sub mode of Interpolation in the spatial 
analyst tools of ARC map 9.3 GIS software. Database on soil quality and water 
quality status of the study area was developed using Microsoft Excel package.  
 

 

Figure 1. Location of study areas 

 
2.3  Water samples 
 
In order to evaluate the quality of Musi anicut canal water and ground water and its 
impact on rice yield water samples were collected from Musi anicut canals and open 
or bore wells following standard procedure. While collecting the water samples GPS 
readings at each point was also collected to prepare the point maps and water quality 
maps after analysis. The water samples were analyzed for different parameters 
(Table 1 & 2) by adopting standard procedures and compared by following diagnostic 
criteria of Chapman (1975) and USDA Hand book on agriculture Number 60. 
 
2.4   Crop samples 
 
Crop samples were collected by conducting crop cut experiments (CCE) in selected 
anicuts in an area of 3 m × 3 m of selected points during harvesting season (October 
- November, 2011). The GPS reading of the site of CCE was also noted and the dry 
weight of the paddy grain at 16% moisture was calculated and yield was expressed 
as kg ha-1. 

 
3. RESULTS AND DISCUSSION 
 
3.1.  Quality of canal water 
 
Musi River’s Anicut-wise quality parameters of canal water are given in Table 1; yield 
and groundwater quality parameters in Table 2; micro-nutrients and heavy metals in 
both groundwater and canal water in Table 3. These may be summarized as follows: 
 

 pH: Mean pH in canal water was 8.3 and it did not vary much from canal 
head to tail (also vide: Abbasi and Vinithan, 1999; Deepa et al. 2007; 
Buechler and Gayathri Devi, 2005). 

 

 EC: Mean EC of the canal water of Pillaipally anicut 1.12 dSm-1 (Table.1), 
The canal water samples in anicuts were in C3 class., EC was high (2.37 
dSm-1) for Pallivada anicut and medium (1.28 dSm-1) for Bheemalingam 
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anicut For similar results also vide Priyanieamerasinghe et al. (2008). These 
were higher than those recommended by FAO (Ganesh 2009). 

 
 SAR: The mean SAR of canal water was 4.16, and it varied among the 

anicuts; all being low. Soils have not shown any reduced infiltration and 
crusting which normally will be observed if soils were irrigated with elevated 
SAR (>6).  

 

 RSC: The mean RSC of canal water was 5.21 mel-1. It declined from 
Pillaipally to Bheemalingam and slightly increased in Palliwada anicut area 

 

 Chloride: The mean Chloride content of canal water was 9.15 mel-1 and most 
of the water samples were found unsafe.  

 

 Micro nutrients: Iron content ranged from negligible to 0.51 and was under 
safe limits; Copper varied from negligible to 15.48 mg l-1 (very high for 
Pillaipally, exceeding the permissible limits); Manganese was negligible in 
both Pillaipally and Bheemalingam anicuts; Zinc content in canal water of 
Pillaipally anicut ranged from 0.03 to 0.52 mg l-1 whereas in Bheemalingam 
anicut, it ranged from 0.01 to 0.11 mg l-1 with a mean value of 0.05 mg l-1. 

         

 Heavy metals:  Content of chromium and cobalt, respectively, ranged from 
0.01 to 0.037 and 0.04 to 0.045 mg l-1 with a mean of 0.022 and 0.02 mg l-1 
(Table 3). Nickel and lead, respectively, ranged from 0.03 to 0.08 and 2.761 
to 2.932 mgl-1 with a mean of 0.05 and 2.81mg l-1.. The cadmium content 
unsafe (higher) limits and ranged from 0.246 to 0.255 mg l-1, with a mean of 
0.25 mg l-1 (Table 3).         

 
3.2.  Quality of groundwater  
 
In the groundwater samples from the command areas of Pillaipally anicuts: 
 

 pH: The pH varied from 7.08 to 8.92 with overall mean value of 7.98 (Table 
.2). Spatial distribution of pH of samples were depicted in Figure 2.  

 

 EC: The EC varied from 0.63 to 4.66 dS m-1 with overall mean of 1.66 dS m-1 

(Table 2: for relative dominance of cations vide Rajesh et al., 2012).  

 

 SAR: The SAR varied from 0.38 to 14.32 with overall mean of 2.37 (Table 2). 
Among all the samples, 98 per cent were safe. SAR values of all the water 
samples were low. 

 

 RSC: The RSC were in the range of 0 to -26.40 me l-1 with a mean of -
5.51me l-1 (Table 2). Out of total ground water samples, 82 per cent were 
safe, 6 per cent were moderate and 14 per cent were unsafe.  

 

 Chlorides: Chloride (Cl-) content were in the range of 2 to 40.4 me l-1 with a 
mean value of 14.01 me l-1 (Table 2). 

 

 Micro nutrients: The available Fe and Mn were negligible; Zn ranged from 
0.014 to 0.24 mg l-1 with a mean value of 0.040 mg l-1; Cu was also negligible 
to15.24 mgl-1 (Table 3). {For results on Cu, vide Ashok Kumar et al. (1998) 
and on Fe, vide Madhavi and Prasad Rao (2003)}. 
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 Heavy metals: Cr ranged from 0.014 to 0.025 mg l-1 with a mean of 0.031 mg 
l-1 and was in safe, vis-à-vis the permissible value of 0.10 mg l-1 (Table 3). 
Geochemical processes and temporal variation of ground water in this area 
(Nalgonda) are influenced by evaporation processes, ion exchange and 
dissolution of minerals (Rajesh et al, 2012). Dixit et al. (2008) reported that Cr 
present in relatively higher concentrations as compared to their permissible 
limits. Co ranged from 0.005 to 0.029 mg l-1 with a mean of 0.022 mg l-1 .and 
was safe (permissible limit of 0.05 mg l-1); Ni ranged from 0.006 to 0.037 mg l-
1 with a mean of 0.034 mg l-1 and was safe; Cd ranged from 0.238 to 0.251 
mg l-1 with a mean of 0.247 mg l-1 and in Bheemalingam command area it 
ranged from 0.004 to 0.254 mg l-1. The Cd level in groundwater was unsafe 
(>0.01 mg l-1); Pb ranged from 2.68 to 2.93 mg l-1 with a mean of 2.81 mg l-1 

and was safe. Both Rattan et al. (2005) and Dixit et al. (2008) had reported 
higher amount of certain heavy metals in the sewage effluent. 

 
3.3  Rice Yields  
         
The rice yields varied from 4375 to 7850 kg ha-1 (Mean: 6584 kg ha-1) in the study 
area of Pillaipally anicut with canal water irrigation whereas 2625 -7000 kg ha-1 
(Mean: 5027 kg ha-1) with groundwater (Table 1 & 2 and Figure 2) .The rice yields  
irrigated with canal water in Bheemalingam anicut area varied from 4375 to 7850 kg 
ha-1 (Mean: 6351 kg ha-1) while in the area irrigated with groundwater, it varied from 
3500 to 7000 kg ha-1 (Mean: 5318 kg ha-1). Similarly, the rice yield ranged from 3150-
7000 kg ha-1 with canal water irrigation in Palliwada anicut command (Mean: 5464 kg 
ha-1) and it was 1400 – 7000 kg ha-1 in soils irrigated with groundwater (Mean: 4358 
kg ha-1). The yields were higher in case of canal irrigation (6274 kg ha-1) compared to 
ground water (4936 kg ha-1) under anicuts due to sufficient / more water availability 
and also enrichment of nutrients by Musi water (also vide Priyanieamerasinghe et al. 
2008).  Markandya and Murthy (2000), in their study of the Kanpur-Varanasi region in 
India, found that the positive effect on agricultural yield of nutrients present in partially 
treated waste water when compared with crops grown using ground water. Cao van 
Phung et al. (2009) also conducted that, the effect of the waste water irrigation was to 
reduce fertilizer inputs without affecting yield. 
 
3.4  Interaction of water quality parameters of canal water and crop yield 
 
The relationship between different canal water quality parameters was worked out at 

1 and 5 per cent α8 level for 48 water samples (r = 0.372) and (r = 0.288), 

respectively (Table 4). pH was positively and significantly correlated with chlorides (r 

= 0.494) and bicarbonates (r = 0.397) at 1 per cent α level and EC (r = 0.322) and 

RSC (r = 0.296) at 5 per cent α level. EC was positively and significantly correlated 

with Ca+Mg (r = 0.601) and bicarbonates (r = 0.442) at 1 per cent α level. RSC was 

positively and significantly correlated with bicarbonates (r = 0.851) at 1 per cent α 

level. SAR was positively and significantly correlated with Na (r = 0.865) at 1 per cent 

α level and negatively correlated with chlorides (r = 0.349) at 5 per cent α level.   

        

Yield was negatively and significantly correlated with pH (r = 0.331) at 5 per cent α 

level and EC (r = 0.386) at 1 per cent α level. It was negatively and non-significantly 

correlated with chlorides (r = 0.218), Ca+Mg (r = 0.153), bicarbonates (r = 0.054), 
RSC (r = 0.024) and Na (r = 0.046). 
 
3.5  Interaction of ground water quality parameters and crop yield 
 

                                                             
8  α is the size of Type I Error. 
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The relationship between different ground water quality parameters at 1per cent and 
5 per cent  level of significance for 88 water samples (r = 0.267) and (r = 0.205), were 
obtained through correlation analysis of the data (Table  5 ).  The pH was positively 
and significantly correlated with bicarbonates (r = 0.496) and RSC (r = 0.432) at 1 per 
cent level of significance and negatively correlated with Ca+Mg (r = 0.224) at 5 per 
cent level of significance. EC is positively and significantly correlated with chlorides (r 
= 0.689) and Ca+Mg (r = 0.431) negatively correlated with RSC (r = 0.396) at 1 per 

cent α level. Chlorides were positively and significantly correlated with Ca+Mg (r = 

0.531) and negatively correlated with RSC (r = 0.528) at 1 per cent α level. 

         
RSC had significant negative correlation with EC (r = 0.396), chlorides (r = 0.528) and 
Ca+Mg (r = 0.821) and positive significant correlation with bicarbonates (r = 0.652) 

and pH (r = 0.432) at 1 per cent αlevel. SAR was positively and significantly 

correlated with Na (r = 0.821) and RSC (r = 0.287) and negatively correlated with 

Ca+Mg (r = 0.324) at 1 per cent αlevel. 

         
Yield was negatively and significantly correlated with EC (r = 0.50) and chlorides (r = 
0.342) at 1 per cent level of significance and Ca+Mg (r = 0.211) at 5 per cent level of 

significance and positively correlated with RSC (r = 0.217) at 5 per cent α level. 
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Table 1.  Water quality parameters of canal water of Musi river anicuts 
 

Anicut Pillaipally Bheemalingam Palliwada All anicuts 

Range Mean SD Range Mean SD Range Mean SD Mean SD 

pH 6.3-8.68 8.16 0.51 7.63-8.83 8.42 0.36 7.96 – 8.66 7.96 0.50 8.3 0.45 

EC (dSm-1) 0.62-3.1 1.56 0.43 0.1-1.83 1.28 0.4 0.80 – 4.82 2.37 1.10 1.42 0.43 

Chlorides 
me l-1 

5.2-13.6 8.18 2.02 3.2-15.8 9.96 2.68 4.0 - 44.8 16.1 11.6 9.15 2.56 

Ca+Mg 

me l-1 
5.4-20.8 9.68 3.57 3.6-10.8 8.23 1.49 6.6 – 30.0 11.58 7.14 8.89 2.75 

CO3+HCO3 

me-l-1 
3-22.4 11.51 6.89 3-22.4 9.04 5.15 2.4 – 6.0 4.65 1.01 10.17 6.13 

Na 

me l-1 
5.5-13.8 8.32 5.95 1.9-10.5 6.15 2.42 0.1 -1.5 0.2 0.4 7.14 2.61 

RSC 

me l-1 
0-11.6 1.24 5.95 0-11.6 0.81 4.49 -0.1-26.4 - 6.93 7.41 1.01 5.21 

SAR 
3.93-
7.14 

5.40 2.33 0.99-7.45 3.11 1.42 0.01- 0.43 0.09 0.4 4.16 1.69 

Yield 

(kgha-1) 

4375-
7875 

6584 -- 
4375-
7850 

6351 864 3150-7000 5464 1241 6274 997 

 
Table 2. Corelations between groundwater quality parameters with rice yield in Musi river anicuts 

 

Parameters pH 
EC  

(dS m-1) 

Chlorides  

(me l-1)  

Ca+Mg 

(me l-1) 

HCO3  

(me l-1) 

RSC  

(me l-1) 

Na   

(me l-1) 
SAR 

EC -0.146 1       

Chlorides  -0.184 0.689 1      

Ca+Mg -0.224 0.431 0.531 1     

HCO3  0.496 -0.130 -0.252 -0.104 1    

RSC  0.432 -0.396 -0.528 -0.807 0.652 1   

Na  0.046 -0.090 -0.017 0.092 0.063 -0.036 1  

SAR 0.019 -0.206 -0.179 -0.324 0.073 0.287 0.821 1 

yield 0.031 -0.500 -0.342 -0.211 0.138 0.217 -0.103 -0.082 

d.f 88  1% 0.267 5% 0.205   
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Table 3. Corelations between canal water quality parameters with rice yield in anicuts of Musi river 
 

Parameters pH 
EC  

 (dS m-1) 

Chlorides 
(me l-1) 

Ca+Mg 
(me l-1) 

HCO3  
(me l-1) 

RSC  (me 
l-1) 

Na   

(me l-1) 
SAR 

EC 0.322 1       

Chlorides 0.494 0.272 1      

Ca+Mg 0.281 0.601 0.316 1     

HCO3 0.397 0.442 0.159 0.458 1    

RSC 0.296 0.165 0.000 -0.017 0.851 1   

Na 0.023 0.190 -0.074 0.414 0.421 0.227 1  

SAR -0.199 0.021 -0.349 0.103 0.267 0.205 0.865 1 

yield -0.331 -0.386 -0.218 -0.153 -0.054 -0.024 -0.046 0.162 

d.f 46  1% 0.372 5% 0.288   

 
Table 4. Yield and Water quality parameters of ground water in command area of  Musi river anicuts 

 

  pH 
EC 

(dS m-1) 
Chlorides (me l-

1) 
Ca+Mg 
 (me l-1) 

CO3+HCO3 
(me l-1)   

Na 
(me l-1) 

RSC 
 (me l-1) 

SAR Yield (kgha-1) 

Pillaipally anicut  

Range 7.08-8.42 0.6-3.3 2-40.4 3.6-23.2 1.2-16.4 10.4-18.6 0-18.6 0.61-10.54 2625-7000 

Mean 7.83 1.66 13.70 12.80 6.00 6.13 -6.51 3.85 5027 

S.D 0.30 0.93 7.06 5.43 3.63 2.86 8.23 2.30 992 

Bheemalingam  anicut  

Range 7.4-8.9 0.35-3.37 3.2-40.4 1.6-24.2 2.2-18 1.3-49.8 0-6.8 0.38-14.32 3500-7000 

Mean 8.11 1.92 14.23 12.42 7.72 8.41 -4.70 3.56 5318 

S.D 0.39 0.83 8.38 5.40 3.99 7.26 6.36 2.43 922 

Palliwada anicut  

Range 6.82 -8.92 0.70-4.66 2.8-40.0 7.4-28.0 1.6-6.40 0.01-0.92 0-26.40 0.01-0.30 1400-7000 

Averge 7.77 2.47 18.62 13.64 4.13 0.92 -9.51 0.11 4358 

S.D 0-43 0-95 8.12 2.72 1.31 0.21 6.16 0.08 1182 

Overall mean    

Mean 7.98 1.66 14.01 12.59 6.94 7.38 -5.53 3.69 4930 

S.D 0.38 0.88 7.81 5.42 3.92 5.81 7.33 2.37 1098 
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Table 5: Status of micronutrients and heavy metals of ground and canal water in command areas of Musi river anicuts 
 Cu 

(mg l-1) 
Zn 

(mg l-1) 
Fe 

(mg l-1) 
Mn 

(mg l-1) 
Cr 

(mg l-1) 
Co 

(mg l-1) 
Ni 

(mg l-1) 
Cd 

(mg l-1) 
Pb 

(mg l-1) 

Pillaipally anicut -ground water 

Range 
Traces-0.857 

0.014-0.24 Traces Traces 0.014-0.24 0.005-0.028 0.006-0.037 0.238-0.251 2.68-2.93 

Mean 0.303 0.040 Traces Traces 0.040 0.017 0.024 0.246 2.82 

SD+/- 0.347 0.033 - - 0.033 0.005 0.006 0.003 0.004 

Bheemalingam anicut - ground water 

Range 
Traces -15.24 0.02  -0.057 

Traces-0.02 Traces 
0.01-0.025 0.016-0.029 0.039-0.070 0.237-0.254 2.49-2.84 

Mean 
2.203 0.038 

Traces Traces 
0.022 0.024 0.055 0.251 2.79 

SD+/- 
3.558 0.012 

- - 
0.004 0.003 0.006 0.004 0.081 

Pillaipally anicut - canal water 

Range 
1.26-10.54 

0.03-0.52 Traces-0.51 Traces 
0.01-0.032 0.03-0.045 003-0.08 0.246-0.253 2.761-2.932 

Mean 
4.590 0.071 

0.25 Traces 
0.02 0.03 0.05 0.25 2.81 

SD+/- 
2.557 0.097 

- - 
0.01 0.01 0.01 0.00 0.03 

Bheemalingam anicut – canal water  

Range 
Traces -15.48 0.01  -0.11 

Traces-0.14 Traces 
0.01-0.037 0.012-0.039 0.02-0.08 0.249-0.255 2.782-2.845 

Mean 
1.691 0.048 

Traces Traces 
0.022 0.024 0.05 0.25 2.82 

SD+/- 
3.558 0.021 

- - 
0.007 0.007 0.019 0.002 0.019 

*Recommended  0.2 2.0 5.0 0.2 0.10 0.05 0.20 0.01 5.0 

* Recommended maximum concentration for irrigation water adopted from National Academy of Sciences and National Academy of Engineering. 1972 Water quality criteria. United States 

Environmental Protection Agency, Washington DC.Report No. EPA-R373-033. 592 p. 
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Figure 2.  Spatial distribution of rice yields  in selected command areas 

 

CONCLUSION 
 
Based on the study it can be concluded that  
 

1. Canal water samples are alkaline (pH of 7.5 to 8.83) and groundwater samples 
were neutral to alkaline. 

2. Canal and groundwater samples belong to C3 and C4 classes. SAR in three 
canal and groundwater samples was low (S1).  

3. Chloride content of three canal water samples (3.2 to 44.8 me l-1) and 
groundwater samples (2 to 40.4 me l-1) were moderate to unsafe.  

4. Both canal and groundwater samples were safe with regard to Fe, Mn, Zn, Cr, 
Co, Ni and Pb and found to contain unsafe levels of Cu and Cd. 

5. The rice yields varied from 3150 to 7875 kg ha-1 with the mean of 6274 kg ha-1 
in the study area with canal water irrigation, whereas the range was 1400 - 7000 
kg ha-1 with a mean value of 4930 kg ha-1 with groundwater  

6. The mean yield of rice recorded with canal water irrigation in Pillaipally anicut 
command area was higher than those recorded in the command area of 
Bheemalingam and Palliwada anicuts  

7. Yield was negatively and significantly correlated with EC (r = 0.50) and chlorides 
(r = 0.342) and Ca+Mg (r = 0.211) under groundwater irrigation and pH (r = 
0.331) and EC (r = 0.386) of canal water irrigation. 

8. It is recommended based study on accumulation of heavy metals in soil, that 
government’s attention is needed to improve the quality of water. 
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