
 
Author(s) agree that this article remains permanently open access under the terms of the 

Creative Commons Attribution License 4.0 International License 

 

 

 

 

Research Paper 

LOW COST ENERGY EFFICIENT WATER SAVING IRRIGATION 
TECHNIQUE  

Parag Dalal 

"Adamya" 
74, Kothi Road, Ujjain 

Ujjain, 456010, Madhya Prades,  
India. 

Abstract 
Drip irrigation is best choice available to scale back impact of 
commercial effluent contaminated on Chambal river water when its 
water is employed in irrigation. Drip irrigation reduces water 
consumption to about 30-50% which successively reduces harsh impacts 
of contaminated river water with none adequate treatment of water. 
Analysis during this work shows advantages of drip method irrigation 
(DMI) over conventional method surface irrigation or we will say it flood 
method irrigation(FMI) (i.e. lesser the fertilizer use, lesser the pesticide 
use, lesser the weed problem, lesser the labor cost, increases water 
saving, increases yield capacity of crops etc.) The study focused on the 
world nearby Chambal River in Madhya Pradesh Region from Ujjain 
downstream to Gandhi Sagar Dam upstream. Where it's greater got 
to promote drip irrigation technique because farmers during this region 
mainly use conventional surface irrigation and depends upon river water 
after rainfall irrigation crops. 
Key words: Irrigation, DMI, FMI, Chambal River, Pesticides, river water 
irrigation. 

Preamble 

Water scarcity is now the best threat to global food production (Postel, 1999). Crops 

cannot reach their maximum yield potential growth if they are doing not get sufficient 

water in time for growth. Worldwide, agriculture counts for quite 70 percent freshwater 

drawn from lakes, rivers and underground sources. Most of that water is employed for 

irrigation also mainly depends on amount of rainfall in area. 

The scarcity of rain water results in the overexploitation of groundwater for 

agriculture end in falling water levelin Malwa Region (Dalal, 2019). It’s a crucial issue to 

seek out new resources of water for irrigation and reuse of river water. Industries near 

river bank discharged their effluent into water with none adequate treatment (Bharti et 
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al., 2013). Reuse of this industrial waste water requires an alternate source of water 

containing nutrients in it which are beneficial to accelerate growth of crops 

and successively helps farmers economically by reducing chemical fertilizer use (Xi et 

al., 2014). 

 

Aim and Objectives 

This study therefore attempts to assess the impact of DMI on different parameters of 

crop cultivation using field-level data collected from farmers by tabular and graphical 

comparisons. the most objectives are: 

• To analyse the impact of drip irrigation technology on production and productivity of 

crop by comparing it with non-drip irrigated crop; 

• To analyse the pattern and efficiency of water use with drip and non-drip irrigated 

crop; 

• To estimate electricity saving thanks to DMI in crop cultivation; and 

• To analyse the economic viability of drip investment in crop cultivation by profit 

analysis. 

• To analyse fertilizer, pesticide and labour cost saving. 

Thus, we've to review water quality parameters of Chambal River like pH, Temperature, 

Turbidity, Total Alkalinity, Total Hardness, Electrical Conductivity (EC), Transparency, 

Total Dissolved Solids (TDS), Sodium, Potassium, Iron, Nitrate, Phosphate, Sulphate, 

Ammonia, Chloride, DO, BOD and COD and also soil quality parameters like pH, EC, 

Organic Carbon, N, P, K, Na+, Ca++, Mg++, K+ and Fe. 

 

Drip Irrigation 

The irrigation sector has largely been focused on large-scale canal or groundwater 

projects or high-quality pressurized sprinkler and drip systems that are too expensive 

for small-scale farmers (Postel et al, 2001).  

According to Postel et al. (2001), raising the productivity of small-scale farmers 

requires a completely new approach to the planning of irrigation systems. The ape-

man in global irrigation has been systems for smallholders who need access to irrigated 

water or how to stretch a scarce supply of water. Such systems would meet the 

subsequent criteria: 

• Affordability: The commercially promoted drip irrigation systems are too expensive 

for smallholders. there's a requirement for systems that place affordability before 

quality such farmers earning as little as Rs. 40,000 a yearalso can purchase them. 

• Divisibility and Expandability: Systems must be adaptable to varying farm sizes. for 

instance , a spread of low-cost systems are now available that start at a size suitable for 

a 20 square metre garden. The farmers must beready to buy appropriate sized systems 

and be ready to scale-up should their needs increase. 

• Rapid payback: Most poor farmers are highly risk-averse and are reluctant to take a 

position in innovations unless the returns are two-to-threefold. 

• Water efficiency: A majority of farmers sleep in water scarce areas. Systems that help 

stretch scarce water supplies can enable the expansion of cultivated areas, increase 
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yields, and, thus, raise incomes. 

Affordable Drip Systems for little Farmers  

In recent years there are efforts to market irrigation technologies that have thus 

far been perceived as exclusively for commercial farmers, but which are now available 

in forms that meet the above mentioned criteria like increased affordability, divisibility, 

rapid payback and improved water efficiency. The drip irrigation technology frees the 

farmer from the restrictions of rain-fed farming, enabling him/her to cultivate crops all 

year round, grow a wider sort ofcrops, have higher cropping intensity and do priority 

farming. Good irrigation technologies and agricultural practicesincluding enhanced 

participation of the poor within the markets is that the key to income generation (IDE, 

2004).  

Some small cost irrigation techniques are –  

Bucket kits These contains a bucket attached to a pole of around 1.5 meters with drip 

lines connected where the water flows (see Fig. 2.2). These systems can irrigate 10-20 

m2 counting on the length of the drip tube and therefore the spacing of the plants. It can 

provide a family with the vegetables they have to feature critical vitamins to their diet. 

It reduces the labor burden of hand-watering each plant and save precious water and 

time. 

 

  
Figure 2.2 Bucket kit system. (Postel et al, 2001) 

 

Drum kits 

One intensify from the bucket kit, these systems contains a drum raised a minimum 

of one meter from the bottom (see Figures 2.3). the most advantage is that it can 

irrigate a neighborhood a minimum of five times larger than the bucket kit. 
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Figure 2.3 Drum kit systems 

Study Area 

The study focused on the world nearby Chambal river in Madhya Pradesh Region from 

Unhel (Ujjain) downstream to Gandhi Sagar Dam upstream. Where local industrial 

effluent waste water discharged directly into the Chambal River and irrigation during 

this area mainly depends on the reuse of Chambal river water in summer and winter 

season. it's greater got to promote drip irrigation technique during this region because 

farmers during thisregion mainly use conventional flood irrigation techniques. 

Drip method of irrigation (DMI) introduced to enhance the water use efficiency has 

been practiced in severalparts in India since early eighties. quite few studies have 

analyzed the impact of drip method of irrigation on water use efficiency, water saving, 

cost of cultivation, labour use, productivity of crops, etc. using both experimental and 

farm level survey data in India. However, studies have also analyzed the linkages 

between the adoption of DMI and electricity use in several crops using farm level survey 

data in Indian agriculture. DMI reduces the working hours of pump sets through water 

saving and thus , it reduces the consumption of electricity and also increases the 

efficiency of electricity use substantially. an effort is formed during this study to seek 

out out the linkages between the adoption of DMI and electricity use on 10 

 

Initializing Project 

Initiation of project starts by selecting 20 model farmers from Ujjain, Mandsaur and 

Neemuch district of Madhya Pradesh. 10 farmers using drip and 10 without drip for 

cultivation of 10 crops namely  

1. Sevanthi, 

2.  Marigold, 

3.  Onion,  

4. Garlic,  

5. Wheat,  

6. Mustard Seed,  

7. Tomato,  

8. Potato,  

9. Papaya,  

10. Coriander. 
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 Farm level survey data is collected from farmers by regular interval data collection 

is done during winter seasonal crops by questioning at different level of crop 

cultivation in 2019.  

 

Farmer’s Profile 

Profiles of selected farmers accordingly understand by their crop cultivation using drip 

method irrigation and surface methods irrigation. As in Table 1 and 2 

Table 1: Profile of Farmers using Drip Method of Irrigation(DMI) 

Farme

r 

Crop Cultivation Period 

(month) 

Source of 

Water 

Power 

Pump 

(hp) 

Depth of 

Well (ft) 

F1 Sevanthi 5 Bore Well 9 700 

F2 Marigold 4 Bore Well 4 120 

F3 Onion 5 Well 4 90 

F4 Garlic 5 Bore Well 13 420 

F5 Wheat 4 Bore Well 11 50 

F6 Mustard Seed 3 River 4 30 

F7 Tomato 5 Well 4 90 

F8 Potato 5 Dam 6 175 

F9 Papaya 6 Well 4 80 

F10 Coriander 3 Well 6 50 

 

Table 2: Profile of Farmers using Flood Method of Irrigation(FMI) 

Farmer Crop Cultivation 

Period 

(month) 

Source of 

Water 

Power of 

Pump (hp) 

Depth of 

Well (ft) 

F11 Sevanthi 5 Bore 

Well 9 300 

F12 Marigold 4 Bore 

Well 6 210 

F13 Onion 5 Well 4 90 

F14 Garlic 5 Bore 

Well 9 420 

F15 Wheat 4 Bore 

Well 11 175 

F16 Mustard 

Seed 

3 River 

6 170 

F17 Tomato 5 Well 4 90 

F18 Potato 5 Dam 6 150 

F19 Papaya 6 Bore 

Well 11 200 
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F20 Coriander 3 Well 4 120 

 

 

Crop 

Grain Yield 

(kg/ha) 

Water 

Consumption 

(l/ha) 

Electricit

y 

consumpt

ion 

(kWh/ha) 

Cost Of 

Cultivation 

(Rs/ha) 

Percentage Cost 

Saving 

DMI FMI DMI FMI DM

I 

FMI DMI FMI Ferti

liser 

Pes

tici

de 

La

bo

ur 

Sevanthi 221

05 

180

97 

212072

8 6059225 

175

9 

211

1 

25052

7 

36391

2 74 74 22 

Marigold 235

79 

206

32 

238581

9 3711273 317 923 94611 

16505

3 87 59 52 

Onion 235

79 

218

11 

198818

2 5301821 198 528 40158 57267 24 38 44 

Garlic 145

40 

117

90 

159054

6 3534549 792 

175

9 

12673

7 

15188

8 7 59 7 

Wheat 707

4 

648

4 848291 1470371 42 305 15710 19531 24 39 22 

Mustard 

Seed 

221

6 

200

4 

127243

7 1656819 32 330 12497 13181 11 0 3 

Tomato 471

58 

442

11 

530182

1 8284095 528 825 

11376

9 

12600

0 -3 10 7 

Potato 288

84 

259

37 

424145

7 7574030 879 

131

9 61305 68379 28 59 0 

Papaya 648

42 

577

69 

238582

0 9425459 237 

211

1 49870 89600 5 12 47 

Coriander 286

3 

271

2 

176727

3 5239446 103 739 13361 24758 -29 20 39 

 

RESULTS AND DISCUSSION 

Detailed primary data was collected through personal inter-views during winter season 

2017 employing a customized, structured questionnaire administered supported a 

random sample of 10 farmers using DMI and 10 using FMI for respective crops. This 

chapter affect the info interpretation and comparison of knowledge collected from 

sample farmers using drip and flood methods of irrigation. 

It is clear from the above that the adoption of DMI in crop cultivation not only increases 

water saving and productivity but also reduces the value of cultivation and weed 

problems. Significantly, it also helps to extend the germination of seed (cane) and 

therefore the recovery rate of crop. Though DMI has been proved to be an efficient 
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technology for crop, the results of research station-based studies might not completely 

reflect the farm-level problems related to this method of irrigation. 

Productivity gain  

Productivity gain is simply Grain Yield (kg/ha) difference of DMI over FMI. 

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝐺𝑎𝑖𝑛=𝐺𝑟𝑎𝑖𝑛 𝑌𝑒𝑖𝑙𝑑 (𝐷𝑀𝐼)−𝐺𝑟𝑎𝑖𝑛 𝑌𝑒𝑖𝑙𝑑 (𝐹𝑀𝐼) 

 

As our sample farmer reported their production, the average productivity gain 

percentage is calculated is 12.3411% on per hectare basis (see, Table 6.1). The farmer 

attributes the higher yield of crop under DMI to the following three reasons. First, the 

growth of crop was very good under DMI mainly due to less moisture stress. Second, the 

weed growth is less because of supplying of water only at the root zone of the crop. 

Third, since fertilisers are supplied through water (fertigation), the efficiency of 

fertilisers was very high as losses occurring through evaporation and leaching with 

water are less under DMI. Because of higher productivity of crop under DMI, the 

efficiency of water use along with the efficiency of cost as well as electricity is also found 

to be significantly higher under drip irrigated crop when compared to the same 

cultivated under FMI. 

 

Water saving and water use efficiency 

Water saving per hectare is difference of water consumption in DMI and FMI. Analysis 

parameters are formulated below; 

𝑊𝑎𝑡𝑒𝑟 𝑠𝑎𝑣𝑖𝑛𝑔 (𝑙/ℎ𝑎)=𝑊𝑎𝑡𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝐹𝑀𝐼)−𝑤𝑎𝑡𝑒𝑟 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝐷𝑀𝐼) 

 

Though the number of irrigation used for drip irrigated crop is substantially higher than 

flood method of irrigation, but the hours required to irrigate one hectare of crop under 

DMI is less than flood method of irrigation. This employs water used for drip irrigated 

crop is less. That is, adopting drip method of irrigation from each hectare of crop can 

save over 50.48% of water (Table 6.2). There are two reasons for water saving under 

DMI. First, since it supplies water only at the root zone of the crop, the time required for 

each turn of irrigation is less. Second, since water is supplied through a network of 

pipes, evaporation and distribution losses are completely controlled under DMI as 

mentioned earlier. 

 

Electricity Saving 

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑠𝑎𝑣𝑖𝑛𝑔 (𝑘𝑤ℎ/ℎ𝑎)

=𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝐹𝑀𝐼)−𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝐷𝑀𝐼) 

 

Electricity saving is one of the important advantages of drip method of irrigation. DMI 

substantially reduces the working hours of pump set by reducing the water 

consumption. As a result, Similar to water saving, electricity saving is also very high 

under DMI when compared to flood method of irrigation. Electricity required for 

irrigating one hectare of land also reduces significantly. Our estimate reported in Table 



Journal of Global Biosciences             Vol. 9(7), 2020 pp. 7695-7708 

ISSN 2320-1355  

www.mutagens.co.in                                                                                                                    7702 

6.3 clearly shows that an average 62.06292% can be saved from each hectare of crop 

cultivation by adopting drip method. 

 

Cost of cultivation 

Reduction In Cost Of Cultivation=Cost Of Cultivation (FMI)−

Cost Of Cultivation (DMI)  

 

This is not surprising because drip irrigation both reduces the cost of the cultivation of 

crop and increases its yield. As from Table 6.4(a) & (b) farmer can an average reduces 

their cost of cultivation up to 25.55%, fertilizer cost 19.12%, pesticide cost 31.37%, 

labor cost 20.79% by adopting DMI. 

 

Income 

The gross income (in rupees) is calculated by multiplying the total yield by the price 

received by market. 

𝐼𝑛𝑐𝑜𝑚𝑒 (𝑅𝑠ℎ𝑎⁄ )=
𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑘𝑔)×𝑃𝑟𝑖𝑐𝑒(𝑅𝑠ℎ𝑎⁄ )

𝐴𝑟𝑒𝑎 (ℎ𝑎)
 

 

Table 6.5(a): Income of farmer using DMI 

Crop Area 

(ha) 

Production 

(kg) 

Rate 

(Rs/kg) 

Income 

(Rs) 

Income 

(Rs/ha) 

Sevanthi 0.24 4500 48 180000 900000 

Marigold 0.48 9600 18 144000 360000 

Onion 0.96 19200 9.6 153600 192000 

Garlic 1.44 17760 72 1065600 888000 

Wheat 6 36000 19.8 594000 118800 

Mustard 

Seed 1.2 2256 69.6 130848 130848 

Tomato 0.24 9600 14.4 115200 576000 

Potato 0.48 11760 12 117600 294000 

Papaya 1.2 66000 12 660000 660000 

Coriander 0.72 1748.4 72 104904 174840 

 

 

 

Table 6.5(b): Income of farmer using DMI 

Crop Area 

(ha) 

Production 

(kg) 

Rate 

(Rs/kg) 

Income 

(Rs) 

Income 

(Rs/ha) 

Sevanthi 0.24 3684 48 147360 736800 

Marigold 0.24 4200 18 63000 315000 

Onion 0.48 8880 9.6 71040 177600 

Garlic 0.72 7200 72 432000 720000 
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Wheat 3.6 19800 19.8 326700 108900 

Mustard 

Seed 1.2 2040 69.6 118320 118320 

Tomato 0.48 18000 14.4 216000 540000 

Potato 0.48 10560 12 105600 264000 

Papaya 0.24 11760 12 117600 588000 

Coriander 0.12 276 72 16560 165600 

 

Profit 

To complete the analysis, we calculated the relative profit levels of crop for the adopters 

and non-adopters of DMI. The profit of a crop is not only determined by its quantity of 

output but also by its quality. Market conditions play a crucial role in determining the 

price of agricultural commodities; a good quality product can fetch a better price in the 

market. It has emerged from earlier studies that DMI not only helps to increase the yield 

of crops but also improves the quality of the product which fetches a higher price in the 

market (INCID, 1994; Narayanamoorthy, 1997a, b; Sivanappan, 1994). 

𝑃𝑟𝑜𝑓𝑖𝑡 (𝑅𝑠ℎ𝑎⁄ )=𝐼𝑛𝑐𝑜𝑚𝑒 (𝑅𝑠ℎ𝑎⁄ )−𝐶𝑜𝑠𝑡 𝑜𝑓 𝑐𝑢𝑙𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛 (𝑅𝑠ℎ𝑎⁄ ) 

 

The impact of drip irrigation on crop is measured in terms of profit per ha. While 

calculating profit here; the total cost was calculated by considering only the variable 

costs but not the fixed cost components such as interest rates and depreciation. To 

calculate per ha profit, we subtract the total cost of cultivation from the total income for 

adopters and non-adopters.  

Table : Profit of farmer  

Crop 

Farmer

s using 

DMI 

Income 

(Rs/Ha

) using 

DMI 

Cost Of 

Cultivatio

n (Rs/ha) 

Profit 

using 

DMI 

Farmer

s using 

FMI 

Income 

(Rs/Ha

) using 

FMI 

Cost Of 

Cultivatio

n (Rs/ha) 

Profit 

using 

FMI 

Sevanthi F1 900000 212500 
68750

0 
F11 736800 308675 428125 

Marigold F2 360000 80250 
27975

0 
F12 315000 140000 175000 

Onion F3 192000 34063 
15793

8 
F13 177600 48575 129025 

Garlic F4 888000 107500 
78050

0 
F14 720000 128833 591167 

Wheat F5 118800 13325 
10547

5 
F15 108900 16566.7 

92333.

3 

Mustard 

Seed 
F6 130848 10600 

12024

8 
F17 118320 11180 107140 

Tomato F7 576000 96500 
47950

0 
F17 540000 106875 433125 

Potato F8 294000 52000 
24200

0 
F18 264000 58000 206000 
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Papaya F9 660000 42300 
61770

0 
F19 588000 76000 512000 

Coriande

r 
F10 174840 11333 

16350

7 
F20 165600 21000 144600 

 

Table    Profit comparison 

 
Crop 

Profit in ` Increase In  
Profit in DMI in ` 

Percent Increase 
 In Profit w.r.t. FMI DMI FMI 

Sevanthi 687500 428125 259375 61 
Marigold 279750 175000 104750 60 
Onion 157938 129025 28913 22 
Garlic 780500 591167 189333 32 
Wheat 105475 92333.3 13141.7 14 These are less 

noticeable 
profit 
increase 
comparatively  

Mustard Seed 120248 107140 13108 12 
Tomato 479500 433125 46375 11 
Potato 242000 206000 36000 17 
Papaya 617700 512000 105700 21 
Coriander 163507 144600 18907 13 
 

Above study shows that industrial effluents degrades the soil quality and water quality 

of fresh Chambal River water. The irrigation with this water affects the crop and there 

are some possible solutions of this problem related to industrial effluent. Drip irrigation 

is best choice available to scale back impact of commercial effluent contaminated 

Chambal river water utilized in irrigation, also for every drop more crop initiative. 

Following conclusions help us in understanding our objectives. 

• It are often seen that profit of the adopters is significantly above that of the non-

adopters in both methods into account . The profit of the adopters is about 2 to 

three times above that of the non-adopters. In percentage terms, the profit of the 

adopters is above to 80% for water intensive crops, 11-34% for fewer water consuming 

crops and a mean estimate of 31.28%.  

• Average productivity gain percentage is calculated 12.3411% on per hectare basis 

means farmers income increases by 12.3411%. 

• Adopting drip method of irrigation from each hectare of crop can save over 50.48% of 

water 

• Electricity required for irrigating one hectare of land also reduces significantly. Our 

estimate reported a mean 62.06292% are often saved from each hectare of crop 

cultivation by adopting drip method. 

• This isn't surprising because drip irrigation both reduces the value of the cultivation of 
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crop and increases its yield. As farmers can a mean reduces their cost of cultivation up 

to 25.55%, fertiliser cost 19.12%, pesticide cost 31.37% and labor cost 20.79% by 

adopting DMI. 

Cost reduction is usually realized more in labour intensive operations like ploughing, 

weeding, irrigation, etc. Since water is supplied at the basis zone of the crops, the lands 

that are used for drip method of irrigation don't require many ploughing as within 

the case of surface method of irrigation. Similarly, since water is supplied only at the 

basis of the crops, weed problem is a smaller amount and thus the value required for 

weeding operation reduces significantly. Cost of irrigation (both labour cost and other 

costs) is substantially less under drip method of irrigation due to the subsequent two 

reasons: First, the need of labour is a smaller amount for managing irrigation under drip 

method of irrigation. Second, since water saving is extremely high under drip method, it 

substantially reduces the working hours of pump set which extensively reduces the 

value on electricity/diesel. 

The farmer attributes the upper yield of crop under DMI to the subsequent three 

reasons. First, the expansionof crop was excellent under DMI mainly thanks to less 

moisture stress. Second, the weed growth is a smaller amount due to supplying of water 

only at the basis zone of the crop. Third, since fertilisers are supplied through water 

(fertigation), the efficiency of fertilisers was very high as losses occurring through 

evaporation and leaching with water are less under DMI. due to higher productivity of 

crop under DMI, the efficiency of water use along side the efficiency of cost also as 

electricity is additionally found to be significantly higher under drip irrigated crop in 

comparison to an equivalent cultivated under FMI. 

 

REFERENCES –  

1. Ambika P.K., Ambika S.R. and Govindaiah, Crop growth and Soil properties 

affected by Sewage Water Irrigation - A Review, Agricultural Research 

Communication Centre, (2010), Vol. 31 (3), 203-209.  

2. Baghel B.S. and Reddy P.B., Impact of Industrial Wastewaters on the 

Physicochemical Characteristics of Chambal River at Nagda, M. P., India, Nature 

Environment and Pollution Technology, 2010, Vol. 9, No. 3, 519-526.  



Journal of Global Biosciences             Vol. 9(7), 2020 pp. 7695-7708 

ISSN 2320-1355  

www.mutagens.co.in                                                                                                                    7706 

3. Bharti P. K., Kumar P. and Singh V., Impact of Industrial Effluent on Ground 

Water and Soil Quality in The Vicinity of Industrial Area of Panipat City, India, 

Journal of Applied and Natural Sciences, 2013, 5(1), 132-136.  

4. Central pollution and control board (CPCB) report 2013 by Ministry of 

Environment, Forest and Climate Change.  

5. It was established in 1974 under the Water Act, 1974, Government of India.  

6. Chhonkar P. K., Datta S. P., Joshi H. C. and Pathak H., Impact of Industrial Effluent 

on Soil Health And Agriculture – Indian Experience: Part I Distillery and Paper 

Mill Effluents, Journal of Scientific and Industrial Research, 2000, Volume 59, 

350-361  

7. Dalal P. Hydro Distillation Method Extraction of Eucalyptus Oil & Lemongrass Oil 

Socialsci Journal 2019  Volume 4, 36-44 

8. Dash A. K., Impact of Domestic Waste Water on Seed Germination and 

Physiological Parameters of Rice and Wheat, 2012 IJRRAS, Volume 2, Issue 2, 

280-286.  

9. Disciglio G., Tarantino E., Gatta G., Libutti A., Frabboni L., Gagliardi A. and 

Tarantino A., Agro-industrial Treated Waste water Reuse for Crop Irrigation: 

Implication in Soil Fertility, Chemical Engineering Transactions, (2017), vol. 

58,679-684.  

10. Gupta N., Nafees S.M., Jain M.K and Kalpana S., Physio-chemical assessment of 

water quality of Chambal River in Kota city area of Rajasthan state (India), 

Rasayan Journal chem. (2011). Vol.4, No.2 (2011), 686-692 ISSN: 0974-1496.  

11. Hussain I., Raschid L., Hanjra M. A., Marikar F. and Hock W., Waste Water Use in 

Agriculture : Review of Impacts and Methodological Issues in Valuing Impacts, 

IWWI  

12. Indian Standard Drinking Water Specification (IS 10500:2012).  

13. Jain S., Assessment of water quality at the three Stations of Chambal River, 

International Journal of Environmental Sciences, 2012, Volume 3, No 2, 881-884.  

14. Jimenez-Ballesta R.,Trujillo-González J.M., Mahecha-Pulido J.D., Torres-MoraM.A., 

Brevik E.C., Keesstra S.D., Impact of Potentially Contaminated River Water on 

Agricultural Irrigated Soils in an Equatorial Climate, Agriculture 2017, vol. 7, 52.  



Journal of Global Biosciences             Vol. 9(7), 2020 pp. 7695-7708 

ISSN 2320-1355  

www.mutagens.co.in                                                                                                                    7707 

15. Kalavrouziotis I.K., Arambatzis C., Kalfountzos D. and VarnavasS.P., Wastewater 

Reuse Planning in Agriculture: The Case of Aitoloakarnania, Western Greece, 

Water, (2011), 3, 988-1004.  

16. Khurana M. P. S. and Singh P., Waste Water Use in Crop Production: A Review, 

Resources and Environment, (2012), 2(4): 116-131.  

17. Pandey R. and Singh J., Effect of Textile Factory Effluent Irrigation on 

Productivity of Wheat Crop, International Journal of Science, Environment and 

Technology, 2015, Vol. 4, No 3, 727 – 736.  

18. Pipraiya A., Vishwakarma R.K. and Tiwari S., Effect of nearby cities on Water 

Quality of Chambal River. International Journal of Advance Engineering and 

Research Development, Volume 4, Issue 6, June -2017.  

 

19. Reddy P.B., Productivity of Chambal River in Relation to Water Quality, World 

Journal Of Pharmacy And Pharmaceutical Sciences, (2017), Volume 6, Issue 7, 

1466-1475.  

20. Reddy P. B. and Baghel B. S., Impact of Industrial Waste Water on The Chambal 

River and Biomarker Responses in Fish due to Pollution at Nagda, M.P., India, 

DAV International Journal of Science, 2012, Volume-1, Issue-1, 86-91.  

21. Roy S., Banna L. N., Mamun S. A. and Farnkh M. A., Effects of Industrial Waste 

Water Reuse for Crop Production: A Case Study in Tejgaon Metropolitan Area of 

Dhaka, Bangladesh, J. Bangladesh Agriculture University, 2013, 11(2), 183-188.  

22. Sahare D., Rajput S. K. and Dwivedi P. R., Impact of Irrigation of Industrial 

Effluents on Soil-Plant Health, IJRITCC, 2014, Volume 2, Issue 12, 3916-3925.  

23. Sakshena D.N., Garg R.K and Rao R.J., Water quality and pollution status of 

Chambal River in National Chambal sanctuary, Madhya Pradesh. Journal of 

environmental biology, September 2008, 29 (5), 701-710.  

24. Sharma G. and Kaur V., Effect of Industrial Effluent on Soil Characteristics: A 

Review, IJAEST, 2014, Volume 3 Number 3, 201-207.  

25. Xi B., Liang Q., Gao R., Zhang Y. and Zhang H., Long-Term Effect of Irrigation using 

Water from The River Receiving Treated Industrial Waste Water on Soil Organic 

Carbon Fractions and Enzyme Activities, Agricultural Water Management, 2014, 

135, 100-108.  



Journal of Global Biosciences             Vol. 9(7), 2020 pp. 7695-7708 

ISSN 2320-1355  

www.mutagens.co.in                                                                                                                    7708 

26. Zinabu E., Yazew E. and Haile M., Assessment of the Impact of Industrial Effluents 

on the Quality of Irrigation Water and changes on Soil Characteristics (A Case of 

Kombolcha Town), Fourteenth International Water Technology Conference, 

IWTC 14, (2010), Cairo, Egypt, 711-727.  

 


