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ABSTRACT  

The upsurge in population and scarceness in resources is leading the world towards deprivation of natural 

resources. Among them, water in either form, is the critical resource for sustaining life on earth. The conditions are 

more challenging in countries like Pakistan, where rainfall is less and semi-arid conditions prevail throughout the year. 

Pakistan agriculture produce is dependant mostly on the irrigation water and requires a well-chosen and sustainable 

water management strategic plan. However, certain aspects like water salinity, water logging, water sodicity, metal 

toxicity and surface water recharge are among the most crucial issues threatening the agriculture sector. This review 

will focus on the basic irrigation system of Pakistan, how the water is distributed among farmers, policies and their 

implementations and specific emphasis is made on the advanced irrigation methods being applied in the country. A 

complete prognosis is the utmost need under the current scenario of irrigation water needs and for future strategies. 

Moreover, the recent literature relevant to the factors that impedes the sustainable use of water and how it can be 

managed more efficiently under the available resources. Future prospects are suggested as up scaling of modern 

technology, improved agriculture-education and trainings, better-quality inputs for improved irrigation, reclamation 

of saline/water logged soils, more focus on credit and support prices for water inputs as well as improved water 

conservation techniques. Recommendations include upgrading of extension services, liberation of varieties which 

tolerates heat and drought, improvement in irrigation water management as well as advancement in reclamation and 

drainage practices.   
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INTRODUCTION  

Irrigation plays a dynamic role in endurance of 

humankind specifically in arid and semi-arid regions 

worldwide (Latif et al., 2016). Pakistan is listed as third 

amongst the water starving countries in the world (Nabi 

et al., 2019), owing to water deprivation with the passing 

time. A drastic reduction has been observed in water 

availability in Pakistan during the last six decades i.e., it 

is reduced from 5,260 m3 in 1951 to 1040 m3 in 2010 

(Mustafa et al., 2013). In Pakistan, the per head water 

availability was 5650 cubic meter that has been fallen 

down to level of 908 cubic metres/ annum giving rise to 

an alarming situation (Business recorder, 2021) whereas 

the scarcity threshold level is 1000 cubic meters thus 

marking the country in the water famine zone. Irrigation 

agriculture provides livelihood and food security to 

almost about 220 million people of Pakistan. The two 

provinces of Punjab and Sindh are irrigated ones and 

without the adequate and timely availability of irrigation 

water the country can face an economic collapse 

(Faizan-ul- Hasan et al., 2021). Currently, various crop 

lands facing converted into degraded lands in terms of 

salinity and sodicty due to high temperature in these 

areas.  

Irrigation water issues in Pakistan 

Pakistan is at a risk of diminishing irrigation water 

resources required for sustaining the agriculture sector.  

The two crucial factors for affecting efficient use of 

current water resources are identified as the decrease in 

water resources and low agriculture water productivity 

(Watto and Mugera, 2015). Pakistan is among the 

countries with world largest integrated irrigation system 

but regardless of this, the agriculture is facing a downfall 

due to a number of social, economic and administrative 

factors like in-equitable distribution of resources, over 

exploitation of ground water, water logging and salinity 

(Anjum et al., 2010). Under such circumstances, the 

farmers are shifting from water intensive but 

economically important crops like rice, cotton, 

sugarcane and wheat towards less water demanding 

crops like vegetables, however, this shift has instigated 

market pressure and economic downfall in the country 

(Asif, 2013). It is projected that till 2025, there will 

be∼32%, shortfall in water requirement thus giving rise
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to shortage of food about 70 million tons (Qureshi, 

2011). Moreover, combined factors like siltation of main 

reservoirs and climate changes effects can result in 30 % 

reduction in water storage capacity by 2025. Likewise, 

the situation is exacerbated due to water thefts by 

influential farmers because of which a significant 

proportion of tail reach the farmers stipulating that the 

water theft occurs at head and middle areas, as a result, 

water turns are not received regularly (Hussain, 2005). 

Similarly, groundwater is withdrawn extensively on 

regular basis. A number of farmers are not aware of the 

water shortage issues in the country and sometimes 

apply surplus water/no. of irrigations to their fields 

under hot climates, which leads to groundwater 

depletion. The situation is aggravated as Pakistan being 

a semi-arid country, is not receiving enough rainfalls to 

maintain the ground water levels making ways for water 

famine (Khan et al., 2017). On the other hand, due to 

high pumping of ground water in many areas causing 

deterioration of ground water quality and causing 

reduction in crop yields (Riaz et al., 2018). In this 

regard, social issues like lack of education, less 

awareness of water conservation strategies and less 

awareness about importance of water prevails in the 

country.  Small land holders are uneducated and have 

limited access to the current situations of irrigation 

water and limited resources. In addition, community 

reluctant to adopt the advanced water saving techniques 

and irrigation methods especially non-progressive 

farmers.  

Irrigation pattern in Pakistan 

Pakistan depends solely on Indus basin and its major 

tributaries of Jhelum, Beas, Chenab, Sutlej, Ravi and the 

surface water resources solely and is the basic source of 

surface water resource.  The Indus River covers a length 

3180km and basin area is 1.165 million km². The flow 

of the rivers is dependent on the ice melted from 

glaciers, snowfall and rain in the catchment area. Apart 

from the Indus River, there are ephemeral streams which 

only flow during the rainy season and do not fulfil the 

water requirement in Indus basin system as compared to 

the main tributaries (Qureshi, 2011). Irrigation network 

of Pakistan comprising barrages and link canals is 

depicted in figure 1. The Pakistan irrigation system 

comprises of three major storage reservoirs (Tarbela, 

Mangla and Chashman), nineteen barrages, eighty-two 

small dams and about forty-eight major command 

canals. The Tarbela dam is second largest dam in the 

world and largest in Pakistan having 240 square km area 

and generates electricity about 3500 megawatts (Arshad 

and Oad, 2017). The average annual inflows from the 

eastern and western rivers in kharif season is 134.4 while 

for rabi season it is 30.9 making total annual river inflow 

of 165.3 during 2001-2018 (Habib, 2021).  

Irrigation use Management 

In order to fulfil the criteria for achieving food security, 

a careful and well managed system is required to utilize 

the scarce water resources (Rosegrant and Cai, 2002). 

The advanced irrigation methods like drip and sprinkler 

irrigations can reduce the water quantity as water is 

maximum available at the root zone of the crop. 

However, in cases where farmers are poor, the 

government should provide subsides on installation of 

such systems. A considerable water use efficiency and 

proper management of irrigation water is a pre requisite. 

Management strategies opted by Government 

The government plays its part in framing the laws and 

regulations on the current irrigation water conditions. 

Recently, Pakistan government formulated a water 

policy which works on more crops per drop. The policy 

will work on developing the action plans and 

management practices in order to overcome the water 

scarcity (Ministry of Water Resources, 2018).  Many 

management practices are proposed in this policy which 

includes cultivation of drought resistant crops (Hu and 

Xiong, 2014), soil mulching for preserving soil moisture 

(Kader et al., 2019), technologies that reduce field 

irrigation losses (Evans and Sadler, 2008), replacement 

of water intensive crop with less water demanding crops 

(Davis et al., 2017), improved water productivity 

through deficit irrigation (Galindo et al., 2018), and 

conservation tillage practices to enhance the water use 

efficiency in the crops (Ali et al., 2017). The use of 

untreated wastewater on crops on long terms give rise to 

soil contamination and pollutes shallow aquifers 

(Khattak et al., 2012). These conditions pose threats to 

human health as heavy metals are transferred via food 

chain (Powell et al., 2003). 

An insight to challenges and issues for irrigation 

water 

Water pollution  

Pakistan’s agriculture is affected largely due to water 

pollution, that is resulted from excessive use of 

fertilizers and pesticides. As they dissolve in water and 

seep towards the underground water bodies. As a result, 

they water bodies get saline and the subsequent water 

causes waterlogging, soil salinity and decrease soil 

fertility.  Jabeen et al (2015) stated that water pollution 

costs Pakistan 0.9 per cent of the GDP. Agricultural 

drainage contributes to impurity of water resources but 

it is marginal to the pollution that results from domestic 
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Figure 1. Schematic diagram of Indus-Basin System of Pakistan

and industrial pollution. For instance, in Sindh, the 

pollution of water due to irrigation is only 3.21% of the 

total Pollution. Ground water pollution mostly occurs 

with the continuous and non-judious use of unfit water 

for irrigation purposes. Saline water and brackish water 

results in development of soil Sodicity, salinity and ion 

toxicity results in development of soil Sodicity, salinity 

and ion toxicity.  
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All of these factors are crucial for better understanding 

of unfit irrigation water and how it influence crop and 

soil health especially in arid and semi-arid regions.  

Under the arid climatic conditions there is no sufficient 

rainfall and as a result, the accumulated salts in the soils 

do not leach down properly and get accumulated in the 

crop root zone (Soomro et al., 2021). Sodicity occurs 

with the presence of excess sodium in the soil that 

deteriorates soil structure and reduces water infiltration 

into the soil. Concentration of some salts like sodium, 

boron, chloride along with some trace elements when 

becomes high enough to affect the plant growth 

negatively leads to toxicity (Zaman et al., 2018). 

Groundwater irrigation is crucial in maintaining the 

agricultural productivity and it is vital for maintaining 

the food security as drought and heat spans are 

becoming more frequent (Qureshi et al., 2010). In 

Punjab province, about 70% of the farmers are 

dependent on the groundwater for achieving a successful 

crop production (Qureshi et al., 2003).  However, 

unpolluted irrigation water is a pre requisite for 

maintaining soil health and health of crops and human 

beings.  

Brackishness of Water in Pakistan  

Indus basin comprise of varying quality of water that 

range from fresh to hazardous. In various areas the water 

creates sodicity when applied to crops because it 

contains high amounts of carbonates, bicarbonates and 

ph. The total groundwater abstraction from tube wells is 

6.05 Mham, the public and private tube wells contribute 

about 1.23 Mham and 4.81 MAF respectively 

(Naqushband et al., 2017). According to Qureshi (2020) 

Pakistan has 1.2 million private tube wells operating in 

the country and total groundwater extraction is about 60 

billion m3. Farmers are able to irrigate their fields, but 

non-renewal of groundwater has led to low quality water 

causing salinization problems. 

Strategies to comb back water scarcity  

Crop productivity is dependent on many factors among 

which plant soil atmosphere interaction is of core 

importance (Byrne et al., 1982). A well-managed 

irrigation system based on new technologies can reduce 

the negative impacts of water losses, ground water table 

and economic impacts (Khan et al., 2007). Irrigation 

scheduling is of prime importance and is known to 

significantly improve water use efficiency if applied at 

right time and water demanding crop growth stages 

(Fang et al., 2010). An efficient Irrigation scheduling 

that fulfils the required soil water contents gives rise to 

high grain yield along with water use efficiency, (Kang 

et al., 2002). irrigation application methods like furrow 

irrigated raised beds, sprinkler irrigation and furrow 

irrigated raised bed with plastic mulch were tested and 

significantly reduce the cost of cultivation, enhance crop 

yield and water use efficiency. Sprinkler irrigation is 

popular advanced water application methods that have 

higher application efficiency as compared to flood 

irrigation (Jay et al., 2005). About 80% of irrigation 

efficiency has been achieved in Indian subcontinent 

climatic conditions under sprinkler irrigation (Sharma, 

1884).  Haq (1990), revealed 30% water saving of 

sprinkler irrigation when compared to flatbed sowing. 

Apart from the irrigation water quality, the management 

practices for application of water plays a vital role, for 

instance two irrigation supplies i.e., canal irrigation and 

water course irrigation are differently managed in the 

country (Faizan-ul Hasan et al., 2021). Both differ in 

their efficiency, more efficiency has been observed in 

canal irrigation supply (76%) while the efficiency 

observed in watercourse system in Punjab is 52% and in 

Sindh it is 54% (Yu et al., 2013). Hence, a better 

infrastructure and management is required for 

improving water productivity (Davies et al., 2017).  In 

this regard, Provisional the government is playing its 

role by improving watercourses and capacity building of 

water users’ association along with better management 

practices in the provinces (GoS, 2017; GoP, 2018). 

Punjab irrigation department is also working on water 

issues under Punjab water act 2019. On farm water 

management and water user association ordinance 1981 

and Punjab soil reclamation act 1952.  Sindh province is 

mostly managing groundwater for supplementary 

irrigation (SID, 2020), and regulates canal water to farm 

gate.  Sindh irrigation act (revised 1996) governs the 

management practices like water distribution, revenue 

collection and dispute resolution. Punjab irrigation and 

drainage authority (GOP, 1997) deals with canal water 

system to make it more effective and economical. In 

Sindh, 14 canal commands are looked by 1200 farmer 

organisations (FOs) along with Sindh irrigation drainage 

and authority (SIDA established in 1998) and area of 

water boards (AWBs) (Azad, 2003). Problem arises due 

to water scheduling as water in canal and watercourses 

run particularly in kharif season when farmers does not 

require water in such quantities as in rabi season 

(Faizan-ul-Hasan et al., 2021).  
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Table 1. Different irrigation systems and their comparative efficacy in Pakistan 

Irrigation System Crop Results Reference 

Sprinkler vs. surface 

irrigation  

Rice and 

wheat 

Sprinkler was better (Rice produced 18% more 

yield)  

Kahlown et al., 

(2007) 

 Rain gun sprinkler vs.  

surface irrigation  
Corn fodder 

 Rain gun was better  

(34.52% of water saving) 
Iqbal (1994) 

Furrow vs.  sprinkler vs. drip 

irrigation 
Cotton 

Cotton yields, Drip (4380 kg/ha) furrow (3630 

kg/ha) sprinkler (3380 kg/ha)  

Drip irrigation produced 21% more seed-

cotton than the furrow method and 30% more 

than the sprinkler method. 

Cetin (2002) 

Furrow (conventional) vs.  

Drip.  
Corn 

Water used for irrigation  

Furrow irrigation (547- 629 mm/ year) 

Drip irrigation (371- 428 mm/ year) 

Nazirbay et al., 

(2005) 

Drip and furrow irrigation.  Tomato 

Water savings  

 Drip irrigation (56.4%) 

22% more yield than furrow irrigation  

Tagar et al., 

(2012) 

Drip irrigation vs.  furrow 

irrigation  
Cotton 

Increased seed cotton yield, yield components, 

water saving (53.3%) and water use efficiency 

(7.9 kg ha-1 mm-1) was obtained under drip 

irrigation system as compared to furrow 

irrigation system. 

Muhammad et 

al., (2010) 

 

Under plastic tunnel drip and 

furrow systems.  

Tomato, 

cucumber and 

bell pepper 

The average water use efficiency in drip 

irrigation was 

Tomato (250%) 

Cucumber (274%)  

Bell pepper (245%)  

Musa et al., 

(2014) 

Line planting under basin 

irrigation, Ridge planting and 

planting under furrow 

irrigation.  

Maize 

Ridge planting was superior to furrow 

irrigation and basin irrigation with regard to 

average water use efficiency.  

Kori et al., 

(2017) 

Comparison between Trickle 

irrigation, Rain gun sprinkler, 

Border irrigation and Furrow 

irrigation were made.  

Cotton 

Water saved under furrow. Rain gun sprinkler 

(14.26%) and trickle irrigation (34%) 

compared with border irrigation method. 

Waheed-uz-

Zaman et al., 

(2000) 

 Basin, furrow and rain gun 

sprinkler systems.  
Sunflower 

Using rain gun sprinkler irrigation system, 

30.8% and 28.3% higher water use efficiency 

and 21.1% and 9.0% more water application 

efficiency was achieved as compared to basin 

and furrow irrigation system, respectively 

Rana et al., 

(2006) 

• Precision land levelling  

• Bed planting 

• Drip irrigation   

Wheat, rice 

and cotton 

Crop sown on precisely levelled land resulted 

in saving of 2768.1 million m3 and 3699.3 

million m3 of irrigation water  

Drip irrigation enhanced the yields by 30-

40%.  

Rizwan et al., 

(2018) 

Furrow irrigation system vs.  

flood irrigation system.  

Kinnow 

mandarin 

 

Furrow irrigation average water saving 

(46.14%) and water use efficiency (4.58 kg m-

3) flood irrigation WUE (2.34 kg m-3) 

Raza et al., 

(2021) 
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CONCLUSION 

Irrigation system of a country is of due importance as 

without proper management system and polices the 

adequate water supply is un-attainable. Irrigation water 

issues in Pakistan are hyping regardless of the available 

resources, due to over exploitation and non-judious 

irrigation water usage. The advanced irrigation methods 

like drip irrigation, sprinkler irrigation and furrow 

irrigations are now widely adopted and increase in crop 

production is observed. In order to diminish the threats 

of water famine in Pakistan, a fast implementation of 

rules and regulations are required which focus on the 

appropriate use of water, planting of crops with less 

water requirement, identification of crop stages that are 

critical for irrigation and selection and growing of those 

crops which can be adapted to semi-arid conditions of 

country. In this regard, researchers of Pakistan have 

devoted their time in breeding crop varieties that are heat 

and drought tolerant. Plantation of trees/crops that 

reduces the water logging/salinity and sodicity issues. 

Owing to the current water situation in Pakistan more 

education programmes must be introduced for farmers 

in which detailed water consumption and current water 

situation is described to the farmers along with 

installation and operating of advanced irrigation 

systems.  Apart from these, seasonal and Annual River 

flows and their monitoring is continuously required for 

obtaining maximum output.   
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