
© 2021 JETIR May 2021, Volume 8, Issue 5                                                                             www.jetir.org (ISSN-2349-5162) 

JETIR2105120 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org a926 
 

Assessing paddy irrigation water productivity 

and opportunities for improvement in Punjab 

Apoorva Bamal*, Niyati Seth**, Sonia Grover*** 

*Project Associate, The Energy and Resources Institute (TERI), New Delhi  

**Research Associate, The Energy and Resources Institute (TERI), New Delhi  

***Fellow, The Energy and Resources Institute (TERI), New Delhi  

 

ABSTRACT 

Predominantly due to lesser rainfall in Punjab as compared to other eastern states in India, prolonged paddy 

cultivation has caused ground water depletion in the region. Therefore, to optimize irrigation water usage in 

paddy cultivation, it is essential to intervene with the current farming and irrigation practices.  

This study was undertaken to estimate an indicator of food and water security i.e. Irrigation Water 

Productivity (IWP) of paddy in the districts of Jalandhar and Hoshiarpur, Punjab. It also compares the results 

at inter-district level and with that of the best national and international irrigation water productivities. The 

paper also unveils that IWP in these regions can be enhanced through feasible interventions such as Alternate 

Wetting and Drying (AWD) system of irrigation and cultivation of short duration rice varieties. 

The results of the study indicate that the average IWP was in the range of 0.20-0.29 kg/m3 and 0.16-0.26 

kg/m3 in Jalandhar and Hoshiarpur, respectively with conventional farming practices in paddy cultivation. 

Upon adoption of AWD and cultivation of short duration rice varieties, the IWP can potentially increase to 

around 0.53-0.91 kg/m3 and 0.51-0.81 kg/m3 in Jalandhar and Hoshiarpur, respectively. 

Key words: Ground water depletion, paddy cultivation, irrigation water productivity (IWP), efficient 

interventions, Punjab. 

INTRODUTION 

Increasing water scarcity due to depletion of fresh water sources around the world has become a burning 

issue in the current environment scenario (Wada et al., 2011). Over the past decades, the per capita fresh 

water availability for all purposes has been decreasing and it is predicted that such a negative trend will 

remain in action for a number of upcoming years (Dinar et al., 2019). Majorly, research on increasing water 

scarcity is based on the long-term changes in hydro-climatic and socioeconomic conditions, of which, 

agriculture is one of the key drivers (Veldkamp et al., 2015). On an average, agriculture sector withdraws 

70% of the freshwater for irrigation purposes (ICID, 2018).  

India is amongst the top three water consumers of the world and exports approximately 4% of the world’s 

freshwater resources (125 Bm3/y) in the form of virtual water (Hoekstra & Mekonnen, 2012). India being 

the agriculture-nucleated country plays vital role in the global agriculture market (Brindha, 2017). With a 

total harvested area of 20.4*102 million hectares, India produces all kinds of crops for maintaining the 
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required food security for the expanding population (FAO, 2017). While some crops demand lesser water 

supplies, others are water intensive such as paddy, sugarcane, and potato etc. (Gupta, 2008). 

Paddy is grown in 119 countries and is cultivated on 11.8*102 million hectares of land around the world. 

With a total production of 11.7*102 million tonnes, total paddy produced is 9% of the overall crop production 

across globe (Devkota et al., 2020). It has been established that post green revolution in India (1960), the 

area under paddy cultivation increased in India. Due to 22% of total paddy production of the world, India is 

amongst the largest paddy producing countries and hence referred to as ‘rice basket of the world’ (Gupta & 

Mishra, 2018). With 43.99 million hectares of harvested area and annual production of approximately 112.91 

million tonnes, paddy is amongst top three crops produced in India (Agriculture Statistics at a Glance, 2018). 

In India, top three paddy-producing states are West Bengal, Uttar Pradesh and Punjab. Punjab, where the 

total area under paddy is less than the other two states, contributes 12 percent of paddy to the focal pool of 

the nation (Department of Agriculture cooperation and Farmers welfare, 2017). 

In India, Punjab emerges highest in context of water utilization for crop cultivation with 99.7% of paddy 

cultivating area under irrigation coverage (Agriculture Statistics at a Glance, 2017). This is primarily because 

Punjab lies in agro-climatic zone-VI, which is known as “Trans-Gangetic Plains Region”. With rivers Sutlej, 

Beas, Ravi and Ghaggar flowing through the state and a vast network of canal system, fertile lands in the 

state support cultivation of paddy and high yielding varieties of crops (Dhillon et al., 2018). However, with 

annual availability of 3.13 Million ha-m (Mha-m) (from surface and ground water) and annual demand of 

4.4 Mha-m, there is an undersupply of 1.27 Mha-m of water (Bhullar & Sidhu, 2006; Kaur et al., 2015). 

Moreover, categorization of 105 administrative blocks in over-exploitation of ground water category in 

Punjab is evident of more water consumption than that of potential supply and increasing groundwater 

depletion (Mohiddin, 2018).  

As one of the largest water guzzler crops, paddy requires an aggregate of about 34-43 % of the total irrigation 

water requirement around the world (Sharma et al., 2018). Primarily, paddy is not a wetland crop; however, 

its cultivation in water immersed conditions (5–10 cm standing water) has been practiced as a conventional 

method (Manzelli & Vecchio, 2009). On an average, total water requirement for paddy cultivation is about 

1300-1500 mm (Yadav et al., 2011). In the current scenario of Punjab, despite the efficient irrigation practices 

being experimented and recommended, paddy cultivation largely happens through flood irrigation. Due to 

such traditional practices, the irrigation water used is 30-35% more in paddy than other crops (Qureshi, 

2019). Experimental studies conducted by Sudhir Yadav, et al. (2011) and Balwinder Singh, et al. (2015) 

show IWP enhancing interventions in Punjab. Amongst others, the most feasible interventions in these 

experimental studies are inclusive of Alternate Wetting and Drying (AWD) and cultivation of short duration 

paddy varieties. AWD, also known as intermittent irrigation involves an application of approximately 5 cm 

of water at an interval of 2-8 days after the ponded water has disappeared from soil. This method is easily 

adoptable by the farmers and puts no extra production cost. As compared to the conventional irrigation 

methods, irrigation water productivity with AWD is 0.9 kg/m3 (Yadav et al., 2011). On the other hand, short 

duration paddy varieties are harvested in a shorter span of time (90-120 days) as compared to 140-150 days 

(required in traditional varieties) leading to saving of 5-7 irrigation cycles and providing more time to farmers 

for land preparation for the subsequent crops. IWP with cultivation of short duration paddy varieties is in the 

range of 0.7-1.2 kg/m3 (Singh et al., 2015). Despite these water saving practices, flood irrigation is majorly 

practiced in Punjab due to farmers’ presumptions regarding higher irrigation requirement of paddy and low 

awareness about water saving techniques and practices (Awan et al., 2011).  

Irrigation water productivity is one of the most important evaluation indicators in the irrigation system 

(Brauman et al., 2013; Kazem et al., 2020). Scientifically, irrigation water productivity (kg/m3) is estimated 
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as ratio of crop produced to the amount of irrigation water used (Sharma et al., 2018). A higher crop water 

productivity results either in a similar yield from less water, or a higher yield from similar water consumption, 

hence becoming more sustainable and directly advantageous for other water consuming sectors (Zwart & 

Wim, 2004). Irrigation water productivity is exceptionally low for paddy in central and eastern Punjab, as 

the hydro-climatic conditions of the region do not support such large-scale production of paddy (Jalota et al., 

2009). In central Punjab, water requirement for paddy is mainly fulfilled by irrigation water due to less 

rainfall in accordance with total water required for paddy cultivation. Similarly, in eastern Punjab, light 

density soil types such as sandy soils, lead to more water requirement in paddy cultivation as compared to 

the heavy density soil types such as loamy soils (Karam et al., 2019). Hence, to meet the irrigation water 

requirement, ground water has to be extracted. 

At global level, irrigation water productivity for paddy is highly variable and is subject to different region 

specific cultivation practices (Monaco & Sali, 2018). Paddy irrigation water productivity ranges from 0.11-

0.29 kg/m3 in Iraq (Hameed et al., 2011) to 1.01 to 2.70 kg/m3 in USA (Massey et al., 2014). Such difference 

in the water productivities is due to distinct agro-climatic conditions: such as the amount and frequency of 

precipitation, moisture retention capacities of different soil types as well as agriculture practices followed in 

paddy cultivation (Olesen et al., 2011).      

The main objective of this research is to quantify irrigation water productivity in paddy cultivation in 

Jalandhar and Hoshiarpur districts of Punjab so as to draw a comparative picture of irrigation water 

productivities at inter-district level and along with that of the global benchmarks. In addition, the study also 

suggests feasible interventions to enhance irrigation water productivity in paddy in the region. 

STUDY AREA 

The study was conducted in Jalandhar (31.21° N, 75.57° E) and Hoshiarpur district (31.53°N 75.92°E) 

(Districts of Punjab – Government of Punjab, India) in the state of Punjab (Fig 1). The study area has been 

identified based on the extent of ground water exploitation and depletion and land holding by the farmers.  
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Figure 1: Study area 

Jalandhar 
Out of the six agro climatic zones of Punjab, entire Jalandhar district lies in the central plain region situated 

between Sutlej and Beas rivers. The alluvial deposits of the Indus-Ganga secure the land of the district. It has 

sub-tropical monsoon type climate with typical precipitation of 600mm per annum (Mohiddin, 2018). The 

Jalandhar district in Punjab possesses 5.3 % of the total geographical region of the state, of which, 91% area 

is under paddy cultivation (Dhillon et al., 2019). According to the primary data collected, the farmers in the 

district have an average land holding of 7 acres and paddy and wheat are the major Kharif and Rabi season 

crop in the region. 

With ground water being major source of irrigation, it irrigates almost 89% of total irrigated area (Mohiddin, 

2018). Due to an overall availability of 41 canals in the district, only 11% of the net irrigated area is being 

irrigated by canal system. Therefore, almost all blocks in the district fall under exploited category as the 

ground water development, which is estimated to be 229% for Jalandhar, has exceeded the current recharge 

rate (CGWB, 2016). This has led to an average decline of 1m/year in the ground water level leading to 

increase in the ground water depth which currently is 60-65 m (WRIS, 2020). 

Hoshiarpur 
Hoshiarpur lies in the eastern part of Punjab and has Sutlej and Beas rivers flowing in the region. Unlike 

Jalandhar, Hoshiarpur majorly consists of sand textured soil and comparatively higher rainfall of 700mm per 

annum. Accounting for 6.7% of the entire Punjab state, Hoshiarpur has 87% of the area under paddy 

cultivation (Agriculture Statistics at a Glance, 2017). As per the primary data collected, farmers in Hoshiarpur 

have an average land holding of 5 acres. While paddy and maize are the main Kharif crops, wheat is the 

major Rabi crop. Apart from these, sugarcane is a round the year crop in the district.  
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Ground water is used for irrigating approximately 91.36% of the total irrigated area, thus indicating that 

ground water is the major source of irrigation. The stage of ground water development in the district is 104%, 

as two blocks viz. Hoshiarpur-1 and Tanda fall in the over-exploited category while rest of the blocks are in 

semi-critical to exploited range (CGWB, 2016). This has led to an average decline of 0.68m/year in the 

ground water level. Currently, the groundwater depth is 20-30 m (WRIS, 2020). 

METHODOLOGY 

The study was based on primary data collected from the farmers of these districts. For the selection of 

farmers, purposive sampling in which, the representative sample was assumed to be the representative of the 

population, was adopted along with the willingness of farmers to provide the required information. 

Data collected from farmers for the assessment of irrigation water productivity included total paddy yield 

per acre, irrigation cycle (number of irrigations, time taken per irrigation per acre) and farmers’ land holding 

for paddy crop. In addition to this, pump discharge for different pump capacities and bore well depth were 

calculated using the tank and stop watch method. In this method, the tank measurements were taken and time 

for filling up the tank was estimated to calculate the pump discharge (Salazar et al., 1994).  

Assessment of irrigation water productivity is based on the formula (Brar et al., 2012): 

Water Productivity (kg/m3) = {Crop Produced (kg/acre)} / {Water consumed (m3/acre)} 

Wherein water consumption is estimated by the formula: 

 Irrigation water consumed (m3/acre) = No. of irrigations × Time taken per irrigation per acre (sec) × 

pump discharge (m3/sec) 

Post sensitization of farmers regarding excessive water consumption in paddy, 33 farmers in each of the two 

districts agreed to provide information on the above mentioned variables for estimating irrigation water 

productivity of paddy. The pump discharge varied with the height of the suction pipe, which in Jalandhar 

was in the range of 100- 180 feet and in Hoshiarpur was in the range of 25-50 feet. The height of the suction 

pipe approximately indicated the depth of ground water in the study area. 

The calculated irrigation water productivity of the districts was compared at the inter-district level. In 

addition to this, the estimated paddy irrigation water productivity was compared with the best national and 

global paddy water productivity to ascertain areas of interventions. 

RESULTS & DISCUSSION 

Jalandhar 
Varying with the variety of paddy cultivated, the yield in Jalandhar ranged from 1800 to 3200 kg per acre 

(Fig 2) and the applied irrigation water ranged from 3456 to 6000 litres per kilogram of paddy produced. 

Taking in account the above mentioned variables, average irrigation water productivity was 0.23 kg/m3 with 

most of the farmers having irrigation water productivity in the range of 0.20-0.29 kg/m3 (Fig 3). 
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Figure 2: Paddy Yield in Jalandhar          Figure 3: Irrigation water productivity in Jalandhar 

As compared to the general paddy irrigation water requirement of 4500-5700 m3/acre (Kaur et al., 2010), 

such huge application of irrigation water i.e. 6918-16080 m3/acre leads to stressed water conditions of the 

study area and high dependency on ground water. From the calculated irrigation water requirement and IWP, 

it can also be inferred that there is less crop production relative to the huge water application for irrigating 

the crop. Such low irrigation water productivities in Jalandhar district are due to insufficient rainfall (around 

600 mm) that is unable to meet the irrigation water requirement for paddy.  

Hoshiarpur 

Depending upon different varieties of paddy cultivated in the fields, yield in Hoshiarpur ranged between 

2000-3000 kg per acre (Fig 4) and the irrigation water applied ranged from 3879-6142 litres per kilogram of 

paddy produced. Here, the average irrigation water productivity was 0.19 kg/m3 with most of the farmers 

have irrigation water productivity in the range of 0.16-0.26 kg/m3 (Fig 5),  

   

Figure 4: Paddy Yield in Hoshiarpur                        Figure 5: Irrigation water productivity in Hoshiarpur 

In this district also, irrigation water application of 9873-18426 m3/acre is much higher than that of the general 

water requirement. From the calculated irrigation water productivity, it can be perceived that with more 

amount of irrigation water there is less production of paddy in the region. In Hoshiarpur, such less irrigation 

water productivity is due to the light density soils such as sandy loam (mentioned in earlier sections), which 

leads to more water percolation in the soil and hence there is more water requirement in the region to grow 

paddy. 

Comparative analysis of Irrigation water productivity  

Irrigation water productivity is dependent upon two factors i.e. crop yield and irrigation water consumed for 

the respective crop. Since, paddy yield is comparable in both the districts; difference in irrigation water 

productivity is ascribed to irrigation water consumed for paddy cultivation. 
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                                    Figure 6: Comparison of irrigation water productivity in Jalandhar and Hoshiarpur                    

Despite receiving more precipitation than that of Jalandhar, 21% lower irrigation water productivity was 

recorded in Hoshiarpur (Fig 6). This is primarily attributed to the sandy textured soil (light density) present 

in the majority of the district as compared to the loamy silt textured soil (medium to heavy density) present 

in Jalandhar. Due to sandy soil, there is higher rate of infiltration and lesser water retention capacity that 

leads to higher water consumption in the region. In addition to this, shallow water depth in Hoshiarpur than 

that of Jalandhar also enables easy access of ground water in the region (CGWB, 2014). Therefore, it is likely 

for farmers in Hoshiarpur to utilize more irrigation water for paddy. 

 

Table 1: Comparison of Local and best national and international IWP 

Crop 

Punjab 

(Jalandhar) 

(kg/m3) 

Punjab 

(Hoshiarpur) 

(kg/m3) 

India 

(Jharkhand) 

(kg/m3) 

International 

(China) 

(kg/m3) 

Paddy 0.23* 0.19* 0.75** 1.03-3.31*** 

Source: *Author 

** Bharat R. Sharma, U. A. (2018). Water Productivity Mapping of Major Indian Crops. Delhi: NABARD and ICRIER 

*** Monaco, F. and Sali, G. (2018) ‘How water amounts and management options drive Irrigation Water Productivity of paddy. A multivariate analysis based on 
field experiment data’, Agricultural Water Management. Elsevier B.V., 195, pp. 

On the other hand, Jharkhand records 0.75 kg/m3 as the highest irrigation water productivity in India. This 

high irrigation water productivity in Jharkhand can be attributed to the fact that the state receives an annual 

rainfall of 1430 mm that fulfills a great portion of water demand for paddy crop in the state (IMD, 2020). 

Hence, given the agro-climatic conditions in the state of Jharkhand, the cultivation of paddy requires 

comparatively less provision of irrigation water. This rain water availability for crop cultivation makes paddy 

crop development reasonable in the eastern belt of India (Sharma et al., 2018). Therefore, the yield output 

per unit of irrigation water is generally higher in the eastern states such as Jharkhand, Chhattisgarh, Bihar, 

Assam, etc. Hence, along with crop shift from paddy to less water intensive crops in Punjab, eastern states 

such as Jharkhand must be encouraged for paddy production due to agro-climatic suitability.  

On the mention of global irrigation water productivity, with a range of 1.03–3.31 kg/m3 China secures a 

higher rank (Monaco & Sali, 2018). Primarily, this irrigation water productivity can be attributed to the high 

yielding paddy varieties and the associated agricultural practices. Paddy varieties in China produce 4000-

5000 kg/acre paddy annually. China practices less water consuming farming techniques, especially AWD at 

3-8 days intervals and direct seeded paddy (a technique that eliminates the transplantation process of paddy, 

thus the water required during transplantation is saved) in the fields (Jin at al., 2016). In addition to the water 

efficient agricultural practices, China mostly consists of loamy and clayey soil types which has high water 
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retention capacities leading to less artificial irrigation water requirement for paddy cultivation. Therefore, 

despite the precipitation range of 800-1000 mm in China (Fang et al., 2005), the aforementioned factors 

provide the reasons for high irrigation water productivity as compared to the best one in India (Jharkhand) 

due to light density soil in Jharkhand (Chandra et al., 2015) as compared to that of China . 

Potential water saving in Punjab due to Recommended Practices 
As estimated in the earlier sections, the water usage ranged from 3456 to 6000 m3 and 3879-6142 litres per 

kilogram of paddy produced in the two selected districts of Punjab i.e. Jalandhar and Hoshiarpur, 

respectively. However, upon practicing AWD and cultivation of short duration paddy varieties, individually 

as well as in combination, there exists an opportunity for significant reduction in water usage and 

enhancement in IWP as mentioned in Table 2.  

Table 2: Potential water use and IWP due to Recommended Practices 

District 

Estimated 

Water use 

(L/kg) 

Estimated 

IWP 

(kg/m3) 

AWD 
Short Duration Paddy 

Varieties 

AWD + Short 

Duration Paddy 

Varieties 

Potential 

water use  

(L /kg) 

Potential 

IWP 

(kg/m3) 

Potential 

water use  

(L /kg) 

Potential 

IWP 

(kg/m3) 

Potential 

water use  

(L/kg) 

Potential 

IWP 

(kg/m3) 

Jalandhar 
3456-  

6000 
0.20-0.29 

3110- 

5400 

0.44- 

0.76 

2938- 

5100 

0.46- 

0.81 

2592-

4500 

0.53-0.91 

Hoshiarpur 
3879- 

6142 
0.16-0.26 

3491-

5528 

0.45- 

0.71 

3297- 

5221 

0.48- 

0.76 

2909- 

4607 

0.51-0.81 

There is a potential decrease of 10 and 15% water use in paddy cultivation due to AWD and cultivation of 

short duration paddy variety, respectively. Due to AWD, the IWP can potentially increase to a range of 0.44- 

0.76 kg/m3 and 0.45- 0.71 kg/m3 in Jalandhar and Hoshiarpur, respectively. Similarly, upon cultivation of 

short duration paddy varieties, the IWP can potentially increase to a range of 0.46- 0.81 kg/m3 and 0.48-0.76 

kg/m3 in Jalandhar and Hoshiarpur, respectively. Moreover, adoption of both these interventions can 

potentially increase the IWP to a significant range of 0.53-0.91 kg/m3 and 0.51-0.81 kg/m3 in Jalandhar and 

Hoshiarpur, respectively. 

Therefore, Punjab, despite having higher land productivity and about 100 percent irrigation cover under 

paddy has low irrigation water productivity demonstrating the requirement of better and water sustainable 

farming practices which will cause no or least yield penalty to the farmers. 

CONCLUSION 

The results of the study presented that the irrigation water productivity of paddy in Jalandhar is in the range 

of 0.20-0.29 kg/m3 and that in Hoshiarpur is 0.16-0.26 kg/m3. On comparing the regional irrigation water 

productivity with the best national and international irrigation water productivity it was deciphered that low 

IWP in Jalandhar and Hoshiarpur is primarily attributed to lesser rainfall conditions, low density soil types 

and the existing agricultural practices in these districts. It was ascertained that one way to enhance the 

irrigation water productivity is to shift paddy cultivation from states like Punjab to those receiving more 

rainfall in the paddy season such as eastern states like Jharkhand.  

Upon adoption of AWD and short duration paddy variety, the IWP can potentially increase to around 0.53-

0.91 kg/m3 and 0.51-0.81 kg/m3 in Jalandhar and Hoshiarpur, respectively.  However, adoption of these 

interventions is primarily subject to adoption by the farmers and for this, appropriate knowledge is to be 

disseminated to them. Therefore, an integrated approach is required for carrying out agriculture in a 
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sustainable manner with respect to water. One of the possible ways to this approach is demonstration farms 

that provide handholding to farmers in terms of exposure to efficient interventions and economic benefits 

while adopting them.  

Further, similar to schemes prevalent in the region such as micro irrigation (inclusive of providing drip 

irrigation system installation at farm lands), provision of subsidy under other interventions will also pave 

way to better irrigation water productivity. Hence, attaining significant yield with lesser water usage will 

lead to satisfactory water management in the region and achievement of the acclaimed motto of ‘more crop 

per drop' under Prime Minister’s national  mission. 
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