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ABSTRACT 

 
Dryland agriculture is an imperative component of our national economy, 

presently contributes around Rs. 15 billion to gross domestic product (GDP) 

annually. About 12% of the total wheat produced in Pakistan is harvested from 

rainfed areas but low and unevenly distributed rainfall and prolonged dry spells 

limits wheat production in these areas. To narrow the yield gap between 

potential and actual wheat yield and to boost up the overall wheat productivity in 

rainfed areas, serious efforts are needed. Supplemental irrigation is one of the 

best approaches to unravel the yield potential of crops in rainfed areas and to 

increase water use efficiency by assuring the water availability during drought 

conditions. In this review, we have focused the potential of supplemental 

irrigation, its sources, management and its integration with different farming 

techniques especially in rainfed areas. The objective of this analysis is to trace 

the pathways to enhance the crop, water and farm productivity through 

supplemental irrigation to sustain the food security for a growing population in 

Pakistan. 

 

KEYWORDS:  Rainfall; rainfed areas; modern farming techniques; crop 

productivity; cropping intensity, Pakistan.  

 
INTRODUCTION 

 
Agriculture is considered as the backbone of Pakistan’s economy. 
Unfortunately, the contribution of agricultural sector to country’s GDP is 
declining gradually which was 50 percent in 1949-50 and now it is 21.4 
percent with a growth rate of 3.4 percent (17). It is estimated that agriculture 
must sustain a growth rate of ˃ 5 percent to ensure food security for growing 
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population, and to attain economic stability, to develop employment 
opportunities, to secure developments in distributive justice and to reduce 
poverty in Pakistan (28). Out of 79.6m ha of total area of Pakistan about 22m 
ha is cultivated and 75.5 percent of this area is under irrigation and one-
quarter (25%) is rainfed (2). Over 30 million people in Pakistan live in dryland 
areas. Rainfed agriculture almost practiced all over Pakistan i.e. Punjab 
(15%), Sindh (54%), KPK (5%), Baluchistan (55%), FATA (50%), Azad 
Kashmir and some parts of Northern areas (94%) are under rainfed 
agriculture. Approximately Pakistan obtain about 12% wheat, 27%  maize, 
56% sorghum and millet, 52% barley, 90% guar seed, 77%  gram, 84% 
pulses, 24% rape and mustard seeds, 83% groundnut and 100% of castor 
seed from rainfed areas. In addition to crop production, about 65% of the 
livestock population in Punjab and 80% in Baluchistan is sustained by the 
rainfed lands. Likewise, the considerable number of livestock population in 
KPK and Sindh are also supported by the barani areas of these provinces 
(18). Area wise land utilization for different purposes in Pakistan has been 
shown in (Table 1.  
 

Table 1.  Area of Pakistan under different land usage (56). 

 
Description of Land Usage Area (000 ha) Area (%) 

Total geographical area of Pakistan 79.61 100.00 

1. Area under forest 4.19 3.33 

2. Area not available for cultivation 22.70 18.07 

3. Culturable waste 8.33 6.63 

4. Total cultivated area 22.00 17.51 

a) Current fellow 6.49 5.17 

b) Net area sown 15.51 12.34 

Total reported area (Subtotal 1+2+3+4) 57.22 45.55 

5. Area sown more than once  7.88 6.27 

Total cropped area (a+5) 23.39 18.62 

The major farming systems in South Asian regions including Pakistan are 
shown in (Fig. 1).  
 
However, water is one of the most limiting constraints for dryland agriculture 
in Pakistan.  Naturally, about 75% of geographical area of Pakistan receives 
250 mm while 24% receives 250-500 mm rainfall annually. 
 
Pakistan has a versatile climatic range in dryland areas from the utmost arid 
regions of the Kharan and Makran deserts to some of the hottest in the world 
like Jacobabad and Sibbi. Moreover, precipitation in rainfed areas is 
characterized by low rainfall with high variability during crop growing season. 
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Fig. 1. Farming systems of the South Asia including rainfed areas of Pakistan (colour 

figure available online). 

 
Weather prediction studies show that in future the frequency of these 
conditions is likely to expand under the effects of climate change (15). A 
study conducted by Akmal et al. (4) in some rainfed areas of Pakistan which 
includes districts Haripur, Swabi, Chakwal, Attok to pretend the changing 
rainfall patterns and seasonal duration of dry spells over the last 20 years 
and concluded that overall dry spells reduced about 3-4 weeks in summer 
due to onset of monsoon and more rainfalls but increased autumn and early 
winter due to less rainfall. Further, seasonal duration of dry spells in present 
and past scenario is presented in figure 2. 
 
In such grim circumstances of water scarcity and increased population, 
especial attention must be paid to enhance the potential of rainfed agriculture 
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producing ‘more crop per drop’. In Pakistan, the months of April to June and 
October to November are predominant with a dry spell. During these months, 
the availability of an adequate amount of water for crops has been a serious 
issue. Dryland agriculture is an essential module of our domestic economy 
which presently contributing around 15 billion rupees per annum. About 12% 
of the total wheat produced in Pakistan is ingathered from rainfed areas, 
which can be augmented substantially by improving crop management 
techniques (29). 

 
 

 

 
Fig 2.  Comparison of present and past seasonal duration of dry spells in rainfed area 

of Pakistan. 

 
Reports showed that from last 30 years, drought incidence rate have 
increased in developing as well as in developed countries, which affect the 
crop yield negatively (27). The crop productivity and livelihood of the farming 
communities in dry areas of Pakistan is mainly under risks and uncertainties 
making these areas most vulnerable to uncertain rainfalls, especially at the 
time of cropping season causes great variability in cropped area from year to 
year and also affect the crop productivity (21). Further, the farm size of the 
farmers are comparatively small than irrigated areas. The majority of the 
farmers have farm area not more than 5 hectares (Fig. 3). 
 

Researchers and farmers in dry areas need to introduce and adopt 
strategies, which attempt to enhance the efficiency of natural pricing 
resources based on sustainability and reduced risks of crop failure. 
Supplemental irrigation could be one of those strategies to enhance the crop 
productivity in dryland areas of Pakistan.  
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Fig. 3. Farm size of rainfed areas of Punjab, Pakistan (figure available online) 

 

Supplemental irrigation 
 

Supplemental irrigation is an approach (to apply additional irrigations and to 
maintain soil moisture level) to potentiate the yield and water productivity in 
rainfed areas when rainfall too low to fulfill the crop water requirements (35). 
Supplemental irrigation has been shown to alleviating the adverse effects of 
soil moisture stress on the yield of rainfed crops during dry spells. This 
method of water application enhances the efficiency of rainwater and assures 
that crops receive sufficient water for its survival. Since rainfall is the prime 
source of water for rainfed crops, so, supplemental irrigation should be 
applied when rainfall is not enough to meet the water needs of the crop. 
However, benefits of supplemental irrigations are more prominent is areas 
where annual rainfall ranges between 300–600 mm. Crops are supposed to 
be irrigated at critical growth stages to get optimum crop produce rather 
provide the water throughout the crop growth period to get maximum yield. 
Plants are avoided from the dangers of a permanent wilting point, but it does 
not mean to maintain drought- free conditions all over the crop growing 
season (38). The critical role of supplemental irrigation is its capacity to 
bridge dry spells reducing the risks in rainfed agriculture serving as life-
saving irrigation. Benefits that we can achieve by providing supplemental 
irrigation to the rainfed crops are as under:   

 

Crop Productivity Stabilization 
 

Crop productivity in most of the rainfed areas of the word including Pakistan 
is risky, unstable and low in yield because mostly water shortage conditions 
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prevail during the most sensitive phases of crop growth (sowing, flowering 
and grain filling) in the dry rainfed areas. For example, in rainfed swathe of 
Pakistan, 1.43 m ha is under wheat with an annual production of 1.99 m 
tones producing 1.39 t ha

-1
 yield on an average (17) which is one half of 

average yield in irrigated areas of Pakistan. In this regard, supplemental 
irrigation at critical stages of crop development not only improves crop yield 
noticeably but also stabilize it on the sustainable basis (38, 24, 44). 
 
A field study conducted at Dorabi (Chakwal) by ICARDA (International Center 
for Agricultural Research in the Dry Area) showed that efficient irrigation 
techniques with supplemental irrigation improved wheat yield and water use 
efficiency. The highest wheat yield of 5102 kg per hectare was obtained in a 
small plot, which was 28% higher than farmers’ traditional farming practices. 
Water productivity was 23% higher than for the farmers’ practice. The highest 
net income of Rs. 97,701 ha

-1
 was 35% higher than the farmer’s practice. 

Therefore, with only 13% extra cost of water used as supplemental irrigation 
with improved practices, there was 47% higher wheat yield and 55% higher 
net income compared to farmers’ practices. Similarly, with about 12% 
additional cost of supplemental irrigation at critical growth stages of 
groundnut, its yield and net income was increased by 4-7 times (19).    
 

 
 

Rainfed +Supplemental Irrigation plot Rainfed plot 
 

Fig. 4. Wheat crop stabilization demonstration with SI by ICARDA at Dorabi District 

Chakwal   

 
Similarly, in the highlands of Turkey, 60 percent more wheat yield had been 
thrashed by applying 50 mm water as supplemental irrigation that added ˃ 2 
t/ha to the average rain-fed yield. Further, values for water productivity 
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grasped to 4.4 kg m
-3
 of consumed water than 1 to 2 kg m

-3
 under traditional 

practices (21). Hence, supplemental irrigation has great potential to stabilize 
and enhance the crop productivity of rainfed areas of Pakistan assuring the 
availability of water at critical stages of crop growth and reducing the risk of 
crop failure during dry spell. 

 

Early sowing of crops with Supplemental Irrigation 

 
Date of sowing under rainfed farming systems depends upon the onset of 
rainfall (8). Farmers of rainfed areas usually sow their crops only when 
sufficient amount of rain occur. However, there always exists a risk of having 
poor rainfall, false start to the rainy season or a late start, which delay the 
crop sowing but supplemental irrigation ensures uniform emergence and 
seedling growth and results in better stand establishment before the onset of 
rainfall. In addition, crops can be prevented from environmental stresses like 
cold, drought and heat stress in cold and hot areas, respectively (42). In 
lowland rainfed areas of Pakistan where continuous cropping pattern 
dominates as cereal or cereal-legume rotations, mid-November is a suitable 
time for wheat sowing, otherwise it causes 40 to 50 kg per hectare yield 
penalty  per  day. However,  supplemental irrigation system thus can be used 
 
Table 2.  Variability in the agricultural productivity during the last decade due to 

changing rainfall patterns. 

 
Year Overall Variability (%) 

Major crops Minor crops Agriculture 

2008-09 7.70 3.60 4.70 

2007-08 6.40 10.90 1.10 

2006-07 7.70 1.00 4.10 

2005-06 3.90 0.40 6.30 

2004-05 17.70 1.50 6.50 

2003-04 1.70 3.90 2.40 

2002-03 5.80 0.41 4.15 

2001-02 1.83 1.82 0.07 

2000-01 9.79 0.11 2.64 

Major Crops: Wheat, rice, maize, cotton, sugarcane. Minor crops: rapeseed, canola, 
sunflower, millets, safflower, potato, mungbean and mashbean. Source: Ministry of Food, 
Agriculture and Livestock, Federal Bureau of Statistics (58). 
 

for early sowing of wheat if the seasonal rain is delayed.  With this, it is 
possible to hope and decide the sowing date of the basically rain-fed crops 
without needing to wait for the onset of the seasonal rain. This results in a 
longer growing season, better yield, and an earlier maturity that helps crops 
to escape terminal drought (8).  Better availability of irrigation water had a 
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positively relation with over all agricultural productivity while dry spells or 
occurrence of drought periods affects negatively to fields crops especially in 
rainfed areas where crop production systems totally rely on rainfall and 
distribution patterns. Variability in the agricultural productivity during the last 
decade due to changing rainfall patterns is presented in Table 2.   
 
The long term extensive experimental work of  ICARDA at Tel-Hadya, Syria 
indicated that if the wheat crop is sown earlier with supplemental irrigation 
higher crop yield and total seasonal crop consumptive can be achieved 
(37,43). 
 
Similarly in the highland areas of Pakistan like northern mountain ranges 
(outer and central Himalayas), north-western mountain ranges (Loralai, 
Waziristan and Zobe) and the mountain ranges of  Baluchistan (Central 
Makran, Sara waft, Quetta, and Jalawan) and Azad Kashmir, winter is 
tremendously cold in these areas, where field crops remain dormant due to 
extreme cold weather between December to March. Usually, the first rainfall, 
(enough for seed germination) may come late (November) that result in a 
poor crop stand due to the occurrence of frost in December. Nonetheless, a 
good crop stands before frost can be ensured by early sowing and applying 
50 to 70 mm of water through supplemental irrigation. Supplemental 
irrigation, given at early sowing, may enhance wheat yield in highlands of 
Pakistan. Similarly, when  Ilbeyi et al. (20) resulted from an experiment at the 
highlands of Central Anatolia, Turkey and Tavakkoli and Oweis (53) in the 
highlands of Iran recorded 65% increase in wheat yield (adding about 2.0 t 
ha

-1
 to the average rainfed yield of 3.2 t ha

-1
 in Central Anatolia Turkey) and 1 

t/ha
 
to 3.5 t/ha

 
by applying 1/3

rd
, 2/3

rd
 and full supplemental irrigation (in Iran), 

respectively when early rain was insufficient for better seed germination. 
 

Supplemental irrigation as tool of minimizing the fallowing practice 

 
There is substantial year to year and season to season variability in rainfall 
pattern and is generally inconsistent in nature. Nearly, 70% rains occur in 
summer with more intensity and about 50% of the annual rainfall is lost due 
to low water intake rate and lack of suitable soil management practices (1). 
Due to shortage of soil moisture, summer fallowing is dominant practice in 
the present cropping systems of most of the rainfed regions of Pakistan due 
to which cropping intensity and per hectare yield is low. Summer fallowing is 
a common and traditional practice, about 80% of the rainfed areas growing 
wheat are practicing fallow-wheat system (34, 46). Most often, especially in 
rainfed areas, farmers conserve rain water of monsoon season to cultivate 



Supplemental irrigation to unravel the rainfed agriculture potential        

J. Agric. Res., 2016, 54(4) 

665 

wheat but excessive tillage operation in fallow lands jut to conserve the 
rainfall water is not a cost effective practice. Due to mono-crop 
culture particularly during a drought period, the probabilities of wheat crop 
failure are high and the growers cannot get even the input costs. In that case, 
supplemental irrigation may reduce the effect of uncertainty on farmers’ 
production and investment decision and facilitates multiple and inter-
cropping. Fallow land can be brought under cultivation, with the availability of 
water that provides the condition necessary for the effective use of high 
yielding seed varieties and chemical fertilizers. Supplemental irrigation is a 
source of water to enhance the cropping intensity minimizing thereby the 
fallowing and mono-cropping pattern and may also mitigate the heavy 
ploughing during monsoon to conserve the soil moisture.  

 

Allow for the use of higher technology and valuable inputs 

 
The rainfed farmers of Pakistan hesitate to use the costly, valuable inputs 
and modern mechanized agriculture due to uncertainty and uneven 
distribution of rainfall which may lead to the risks of crop failure. Without an 
adequate water supply, inputs such as fertilizers, high yielding varieties, and 
insecticides cannot be effectively utilized.  For example the use of N-P 
fertilizers at 30-8, 20-2, 20-0 kg per hectare

 
for rainfed wheat crop in Punjab, 

KPK and Baluchistan respectively is far below the recommended application 
rates at 100-75, 75-60 and 60-30 kg per hectare for the rainfed wheat crop in 
these provinces respectively (14). Fertilizers responded well at appropriate 
soil moisture conditions while during drought, they were proved insignificant 
regarding crop yield improvement (46). Hence, supplemental irrigation 
encourages the rainfed farmers to adopt modern and mechanized crop 
production technologies as high-yielding cultivars, water management, 
nutrient usage and valuable inputs such as organic and inorganic fertilizers, 
herbicides etc.  

 

Sources of supplemental irrigation in Pakistan 

 
The water for supplemental irrigation in Pakistan is obtained from a various 
sources like groundwater, surface water, dug wells, Persian wells, karazes, 
natural springs, ponds, industrial waste water, and stored harvested rain 
water. Supplemental irrigation by wells in rainfed areas of Pakistan has been 
practiced for long particularly in those places where the water table is not 
very deep. The depth of these wells varies from 8 to 36 meters on average. 
The Persian wheel well is also used in different forms in Pakistan, consists of 
a series of ware pots, locally known as "lotta" revolving on a wheel and 
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tightened with string on ropes known as "lutth" and are attached to the 
circumference of the revolving wheel itself. These wheels are generally 
actuated by bullocks, camels and he-buffalos (47). 

 
Tube wells are becoming the most common sources of supplemental 
irrigation in rainfed areas of Pakistan for growing the valuable crops, fruits 
and vegetables. However, the problem of using groundwater for irrigation 
purposes in arid regions is the heavy cost of pumping from much depth and 
over exploitation of this valuable natural resource decreasing the water table.  
Many experimental studies suggest that rain water harvesting can be very 
useful in collecting, recycling and providing the water to stabilize the crops 
during whole growth stages in rainfed agricultural areas (4, 21, 43, 49, 55). 
About 50% of the annual rainfalls in Pakistan are lost due to lack of suitable 
soil and water management practices and low water intake rates (Abdullah, 
1987). In Pakistan, water scarcity demands the maximum use of every drop 
of rainfall. Rainwater harvesting in ponds, sump wells or in mini dams enable 
later on to be used for life-saving irrigation of rainfed crops (15, 55). Similarly, 
agricultural drainage water is not only the source to protect the declining 
natural resources, but also to make a freshwater resource for agriculture 
usage. Treating these drainage waters as a ‘resource’ instead of as a ‘waste’ 
can contribute to combat water shortage, protect the environment, and bring 
sustainability in agricultural production systems in our rainfed areas. Drip and 
sprinkler irrigation systems are other tools to enhance water efficiency and 
reduce labor and capital requirements to grow crops in rainfed areas. 
Experiments conducted on wheat crop at National Agriculture Research 
Centre (NARC) for supplemental irrigation through sprinkler irrigation system 
demonstrated that wheat yield increase from 3.04 to 6.60 t ha

-1
 with 135 mm 

water application as supplemental irrigation as compared to rainfed 
conditions (without supplement irrigation). Likewise, 10 mm supplemental 
irrigation at pre-sowing (rouni) improved wheat yield from 3.04 t ha

-1
 to 4.56 t 

ha
-1
 compared with the barani (rainfed) condition (7). Further the integration 

of these water resources and supplemental irrigation with above mentioned 
tools can play a vital role not only in saving the water from waste (as done in 
flood irrigation) also helpful in increasing the crop yield in semi-arid areas 
(55).  

  

Management of supplemental irrigation water 
 
The supplemental irrigation management includes information about ideal 
scheduling of limited water supplies to enhance yields of high quality crops. It 
includes:  
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Time of application of supplemental irrigation 

 
Timing of water application is one of the most imperative aspects to be 
affirmed when using supplemental irrigation. Unfortunately, there is no simple 
and low-cost device that an average and our uneducated farmer can use for 
this purpose. Most of the farmers in barani regions rely on personal 
experience related to the amount of rainfall received and the crop 
appearance. Supplemental water applications are mainly significant 
especially at critical crop growth stages (40). Moisture stress during critical 
growth stages causes considerable damage in crop production (9, 10, 11, 24, 
45). Jensen et al. (22) reported the water stress negatively affected on seed 
count, yield and harvest index of Brassica napus. Sharma and Kumar (50) 
and Singh et al. (52) reported that water stress reduced leaf area index, 
number of leaf and branches and ultimately the significant yield loss. Canola 
is also one of the field crops very sensitive to water stress, specially stress 
during vegetative, flowering or prior to flowering and seed formation stages 
reduced number of pods, seed weight and yield substantially (33). Ahmadi 
and Bahrani (3) reported the 29.5 % loss in canola yield due to water stress 
at flowering. However, application of supplemental irrigation before such 
conditions, maximum yield benefits can be achieved. Li et al. (31) recorded 
highest wheat yield when supplemental irrigation was supplied at jointing and 
heading stages. Taylor et al. (54) indicated that supplemental irrigation 
increased canola yield and yield components. Similarly, Kar et al. (25) 
reported that along with winter and a spring precipitation there is also a need 
of supplemental irrigation in safflower cultivation in rainfed areas to get high 
yield. So, water application as supplemental irrigation especially at moisture 
stress conditions combined with good management techniques can produce 
more yield than that of only rainfed production.    

 

Amount of water for supplemental irrigation 

 
The amount of supplemental irrigation, particularly in water-scarce areas, is 
scheduled as to provide moisture stress-free conditions during critical stages 
of the crop to get optimal yield rather provide stress-free conditions from 
sowing to harvest. Many researchers agree that to apply the precise amount 
of water necessary for crop growth, there is a need to draw and follow a 
proper supplemental irrigation schedule so that water use efficiency can be 
increased in rainfed areas (25). Generally, various environmental factors like 
temperature, relative humidity, solar radiations, wind speed, sunshine hours 
affect the availability of supplemental irrigation in rainfed areas (27). 
Evidence from previous research indicates that supplemental irrigation of 50-
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200 mm (500–2,000 m
3
 ha

-1
) in a crop season is sufficient to bridge critical 

yield-reducing dry spells and stabilize yield levels (35). The amount of water 
for supplemental irrigation is also dependent on the amount of the availability 
of water and the area to be irrigated. Under limited availability of water, 
instead of using 50% of the full supplemental irrigation requirements, deficit 
supplemental irrigation has been shown to be a winning option by farmers. 
For example, according to a research at ICARDA, on average 33% more 
grain yield of wheat can be obtained from a farm size of 4 hectare if deficit 
irrigation is applied to whole area, rather than applying full supplemental 
irrigation to half of the area. Similarly, El-Bably (13) reported the highest 
water productivity, when supplemental irrigation was applied at 70 % 
depletion of the available soil moisture. Oweis et al. (43) showed that 1/3

rd
 to 

2/3
rd
 of full supplemental irrigation significantly improved the water 

productivity at anthesis stage with limited yield losses. Both grain yield and 
biomass of grain legumes were increased with increased supplemental 
irrigation (27). Further, applying 2/3

rd
 of full supplemental irrigation resulted in 

maximum water productivity (39, 40, 41). The market crop prices and cost of 
supplemental irrigation also affect the amount and intensity of supplemental 
irrigation. The present wheat prices in Pakistan encourage the farmers to use 
more water. Research in Syria illustrates that, for the 300 mm rainfall zone, 
150 mm is the optimal amount of supplemental irrigation for a ratio of the 
cost of 1 m

3 
of  irrigation water to the sale price of 1 kg of wheat grains of 1.5 

(35). 

 

Integration of supplemental irrigation 

 
Although supplemental irrigation alleviates moisture stress, but alone it 
cannot guarantee the best performance of the rainfed agricultural system, 
however, it can perform well when integrated with other farm management 
practices and inputs. Improving soil fertility prominently improves crop yield 
and water use efficiency. Supplemental irrigation systems are only 
occasionally used and sometimes are very costly. So, the key factor in 
successful irrigation is sensible use of the water at all times and the levels of 
water conveyance, distribution, and field application to minimize the cost by 
an appropriate selection of the type and size of the system. Modern irrigation 
methods like sprinkler and trickle irrigation methods with subsurface systems 
can enhance the efficiency of supplemental irrigation. Soil and water 
conservation techniques as mulching and cover cropping is beneficial in 
enhancing the efficiency of supplemental irrigation as these  reduce water 
losses and weed infestation and increase water infiltration, microbial activity 
and the soil fertility (7). Moreover, different tillage practices and other 
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precision agricultural methods like zero, minimum or reduced tillage 
integrated with site-specific and latest technological tools (geographic 
information systems, satellites, and remote sensing) may also be integrated 
with supplemental irrigation to conserve water to enhance efficacy and 
performance of rainfed agricultural systems.  

 

Policy reforms and investment strategies to adopt supplemental 

irrigation 
 
Balancing profitability and optimal crop production with sustainability in 
rainfed areas is a key challenge for policy makers. Rainfed agriculture in 
Pakistan remain stagnant and no significant improvement has been observed 
after ‘Green Revolution’ due to lack of research on the synergies and 
tradeoffs between agricultural adaptation, mitigation, and productivity impacts 
in rainfed areas of Pakistan (15). An integrated research and development 
program are required to be designed and implemented involving local 
communities, institutions, decision makers and extensionists to create and 
promote the awareness among the farmers of rainfed areas about the 
benefits and implementations of supplemental irrigation. Dryland agricultural 
research and development institutions in Pakistan like Barani Agricultural 
Research Institute (BARI) Association Of Builders and Developers of 
Pakistan (ABAD), Soil and Water Conservation Research Institute 
(SAWCRI),  Arid Agriculture University Rawalpindi (AAUR), and NGOs are 
required to enhance their effectiveness along with the collaboration of 
international agencies like International Fund for Agricultural Development 
(IFAD), International Center for Agricultural Research in the Dry Area 
(ICARDA), International Union for Conservation of  Nature (IUCN) and Asian 
Development Bank (ADB) etc. to run the projects of development and 
investment opportunities for supplemental irrigation in rainfed areas of 
Pakistan to: 
 

 Policy reforms and regulations to regulate groundwater improvement and 
operation for supplemental irrigation. 

 Develop systems for monitoring groundwater quality and preventing 
overexploitation. 

 Assist the farmer’s water resources development for supplemental 
irrigation through the source, transportation and field irrigation systems. 

 Develop low cost and low energy precision irrigation systems, like the 
pipe, drip, sprinkler/overhead irrigation systems, including a pumping set. 

 Training of farmers through extension workers to install, operate, and 
maintain their systems for supplemental irrigation. 
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 Introduce and support the development of simple and practicable tools for 
supplemental irrigation scheduling which is a key aspect for improving 
water use efficiency.   

 
CONCLUSION 

 
The importance of supplemental irrigation to Pakistan’s rainfed agriculture 
cannot be overstated because crop productivity in most of the rainfed areas 
of Pakistan is risky, unstable and low in yield due to low and uneven  
availability  of soil moisture often  during the most sensitive stages of crop 
growth. Supplemental irrigation reduces the effect of uncertainty on farmers’ 
production and investment decision and facilitates multiple and inter-
cropping. Fallow land can be brought under cultivation, now that the 
availability of water provides the condition necessary for the effective use of 
high yielding seed varieties and chemical fertilizers. Supplemental irrigation 
can play a significant role in the adoption and diffusion of the 'Green 
Revolution' technology to unravel the potential of rainfed agriculture. The 
management aspects like the knowledge of amount of water, time of 
application and source of water for supplemental irrigation and integration of 
modern farming techniques like drip, sprinkler irrigation and precision 
agriculture can enhance the efficiency of supplemental irrigation. Investment, 
policy reform, and transfer of knowledge about supplemental irrigation in 
rainfed areas require long partnerships between agricultural researchers, 
extension workers, farmers, local organizations, NGOs, community leaders, 
national policymakers and international institutions and funding agencies. 
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