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Abstract: This study assessed problems associated with irrigation water provisions and the poten-
tial barriers to the adaptation of the interventions (soil moisture sensors, on-farm water storage
facilities and the drip method) under rotational canal water distribution in Punjab, Pakistan. Three
groups of stakeholders were individually surveyed during September-December 2020: (i) 72 farmers,
(ii) 15 officials, and (iii) 14 academicians. We used descriptive statistical analysis, cross-tabulation
and the Fisher test to explore the pattern of responses across the groups. The main problems in the
canal water distribution system were expressed by the farmers as limited water allocation, while
academicians were concerned mostly with inflexibility and officials indicated discussion among
neighbors. According to the farmers’ responses, the conventional depth/interval of irrigation is
flooding the field with water and observing the plants, indicating over-irrigation behavior. Moreover,
the most important barriers in the adaptation of the interventions that were highly rated by the three
groups were low awareness, lack of training and financial resources. Additionally, farmers” education
revealed a statistically significant influence on awareness of soil moisture sensors and water storage
facilities, while large farm holders showed a positive relationship to conducting a joint experiment
with scientists and farmers’ associations on part of their land to improve water use efficiency.

Keywords: rotational water distribution; water management interventions; adoption; obstacles

1. Introduction

Irrigated agriculture in Pakistan falls under the Indus Basin Irrigation System (IBIS)
and inflows from the Indus River’s tributaries (the Indus, Jhelum, Sutlej, Chenab, Ravi and
Kabul), which fee into a large and complex system of canals that deliver surface water to
irrigated fields [1]. Public authorities have regulated the surface water distribution in the
IBIS following the Warabandi principle for over a century now. The Warabandi term is
taken from two words, “‘Wara’ and ‘bandi’. The meaning of wara is “turn’ and bandi means
‘fixation’. Together, these terms reflect the rotation of water distribution according to a rigid
schedule [2,3].

Under the Warabandi principle, canal water is distributed to all fields in each water-
course. The distribution is characterized by a rigid cycle of considering once a week a
particular time period in a pre-planned schedule determining the day, hour and duration
of water delivery with an amount proportional to the area of agricultural land owned
by farmers [3]. To maintain an equitable distribution of surface water, the canal water
allocation is kept low to cope with water scarcity by efficiently irrigating as much land as
possible [2].

The irrigation sector of Pakistan faces problems attributed to the surface water distri-
bution system and environmental changes that have accelerated water scarcity conditions
in the area. Despite being relatively simple to manage and regulate by institutions, use of
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the Warabandi system remains a challenge for the present and future increasingly variable
water demand in the agricultural sector. It is, for example, a rigid supply-based water
distribution mode that does not match crops’” water demand stages and does not take
into account soil properties or environmental changes. Furthermore, it fails to account
for canal conveyance losses, resulting in decreased water allocation for downstream canal
users [2-5].

In addition to water distribution problems, a rise in cropping intensity of ~125%
has been recorded, and the IBIS was designed considering a cropping intensity ~75% [4].
Moreover, the prediction for 2025 shows that the country might record an ~28% short-
age in canal water associated with the reservoir siltation. Increasing demand for water
consumption in several sectors (domestic use, ecology, industry, agriculture) and due
to the influence of climate change may further enhance irrigation water scarcity in the
country [1,6]. Additionally, old irrigation infrastructure and ineffective operation and main-
tenance of irrigation canals in IBIS have resulted in low conveyance efficiency [7], causing
limited, unequal and inconsistent surface water supply, particularly to tail-end farmers.
Moreover, inefficient on-farm water practices are further aggravating the supply—demand
imbalance that has led to the unrestricted extraction of groundwater using fuel energy and
that could cause sustainability problems in the region (deteriorating groundwater quality
and salinization) [1,7-9].

A number of studies have addressed the on-farm water management issues and
proposed interventions to the limited canal water allocation problems in the Warabandi-
guided irrigation scheme. A study suggested introducing low water demanding crops
and the adoption of an efficient irrigation system [10]. Similarly, another study showed
field layout improvements enabling the lowering of irrigation depths, thereby enhancing
field application efficiency [5]. In addition, the application of laser grade profile and the
furrow irrigation method were supported [11], and using the drip irrigation technique and
bed planting method were also proposed [12,13]. However, they lack the consideration of
barriers and obstacles in implementing these measures. However, other studies assessed
the potential barriers to the adaptation of several climate-smart agricultural practices for
boosting the productivity of water and non-water agricultural inputs [10,14-18]. Hence, the
options for technical interventions are available; therefore, a major task which remains to
be addressed is determining how these interventions could be clustered and implemented,
which is basically the intention of this study with a focus on selected interventions forming
a package.

This study focuses on the implementation of a water management intervention pack-
age that includes soil moisture sensors, on-farm water storage facilities and drip technology.
The performance of on-farm water storage has been assessed in India under the Warabandji
conditions, indicating that on-farm water ponds have facilitated the implementation of
sprinkler techniques and the pond-based sprinkler systems that have resulted in improved
water use efficiency, cropping yield and net benefits [19]. Similarly, a study recommended
on-farm water storage for canal water management in Pakistan that enables the storage
of potential surplus water under rigid rotations [20]. Moreover, it provides an enabling
environment for efficient irrigation systems, such as drip, which requires frequent irrigation
of rather small amounts to unfold the full potential of that technique. Therefore, drip, as an
advanced irrigation method, was highly recommended for improving water use efficiency
in the water stress conditions of Pakistan [12]. Furthermore, sensor-based soil moisture
monitoring supports farmers regarding when and how much water to irrigate, which has
resulted in a substantial saving of irrigation water in other regions of the world [21-23].
The combination of an on-farm water pond, provision of irrigation scheduling and a drip
technique have achieved higher water productivity at the farm level for cotton crop given
the framing conditions of the Warabandi in Punjab, Pakistan [24].

Therefore, this study distinctively considered the evaluation of obstacles hindering
the introduction of irrigation scheduling as a package of water management interventions
for the farmers’ farms under the rigid and erratic canal water supply. Thus, the main
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stakeholders (farmers, officials and academicians) were involved and surveyed to reveal the
integrated perspectives on the hurdles that require support to advance the understanding
of the feasibility process for adopting the measures by farmers.

The study aims to assess the problems associated with the irrigation water provisions
and the potential barriers to the adaptation of water management interventions on farmers’
farms under the framing conditions of the Warabandi principle. This research attempts to
support making the implementations more targeted by considering the requirements and
views of the water users (farmers), water suppliers (officials of irrigation administration)
and academicians.

2. Material and Methods
2.1. Study Site Description

The survey was carried out in the Mungi distributary canal command area, which is
one of the distributaries of the Lower Chenab Canal in Punjab, Pakistan (Figure 1). It is
situated within 30°33’ and 31°2’ N and 72°08' to 72°48' E, at an altitude of 184 m. The gross
command area of the Mungi canal is ~20,290 ha.
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Figure 1. Position of the study region.

2.2. Survey Structure

We designed surveys with a semi-structured, multiple-choice, rated and open-ended
format. During the months of September—December 2020, we surveyed three different
groups of stakeholders: (i) 72 farmers were randomly selected in the command area of the
Mungi distributary canal, (ii) 15 government officials, and (iii) 14 academicians. The sample
represents demographic attributes of a cross-section of farmers with differing schooling
years, farm location along the Mungi distributary canal, farm size, land ownership and
years of experience, whereas officials and academicians were selected based on their
background related to irrigation water management.

The sample size was limited due to an ongoing wave of the COVID-19 infection in the
study area in 2020. The survey was conducted individually and face to face, taking into
account the COVID-19 safety measures, with the assistance of a local language translator.

The survey questionnaires (Supplementary Materials) were broadly focused on the
challenges of Warabandi water distribution faced by farmers in the fields/farms, the pro-
posed water management interventions and the barriers to implementing these measures.
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The interventions led to a more flexible irrigation strategy within the farms, taking into
account the framing condition of the Warabandi in larger-scale water allocation.

Water management interventions were selected as water storage facilities, usage of
soil moisture sensors and a combination of an on-farm water pond, soil moisture sensors
and the drip technology. These interventions function as adaptation measures on farmers’
farms to deal with the challenges associated with the unreliable and limited canal water
supply versus a rising and increasingly variable water demand [20,22-24].

The literature permitted the identification of a set of potential barriers that may affect
the implementation of selected interventions. They are summarized as follows: low aware-
ness, lack of financial resources, maintenance and operation, and lack of training [15,17].
The survey tried to quantify the relative importance of these barriers based on stakeholders’
opinions (farmers, scientists and officials).

2.3. Method of Analysis

We applied descriptive statistical analysis, frequency tables, cross-tabulation and the
Fisher test in order to compare and explore the impact and pattern of responses across
three groups [25-31].

A cross-tabulation is a joint frequency distribution of incidents considering two or
more categorical variables [31]. The Fisher exact test can be used to assess whether the
variables are statistically independent or whether they are associated by using the joint
frequency distribution [26]. It also compares the actual and expected data distribution
within categories. If there is an association between variables, then other indicators of
the relationship could be applied to explore the degree to which the values of one vari-
able predict or differ from those of the other variable. We set a significance threshold of
p = 0.05 [32]. The more significant the finding is, the smaller the p-value is. We explored
whether a statistically significant relationship between independent variables (farmers’
education, experience, land ownership, farm size and field location) and the categorical
variables exists or not [26,30]. The null hypothesis (Ng) was that there is no relationship
between independent and categorical variables [27]. Stata statistical software was used for
data analysis [33].

For rating questionnaires, participants from the three groups were asked to rate the
strength of each potential barrier from 0 to 5 for the adaptation of a water management
intervention. A rating of “0 “ indicates the barrier that does not affect the adaptation of the
measure and a rating of “5 “ shows the strongest effect of the barrier on implementation of
the relevant intervention. We categorized the strongest effect of barriers from 3 to 5, while
1 to 3 indicated a moderate effect, and O to 1 showed a low effect. Spider graph presents
the aggregated average rating as the perception of each group on strength of the effect of
potential barriers identified for implementation of each measure. Categorization permitted
us to visualize the responses in a spider graph and compare the most or least important
aspects agreed by all the groups [29].

3. Results
3.1. Descriptive Statistics

Table 1 shows the demographic characteristics of the farmers. More than half (52%) of
the farmers had a secondary school education, with an average of ~8 years of schooling,
while 18% had no formal education. The respondents showed an average farming expe-
rience of ~12 years, and the average farm size was ~4 hectares (10 acres), which is in line
with the study that reported approximately 90% of Pakistan’s farmers are small-scale, with
landholdings of less than 5 hectares [17]. Moreover, the majority of the farmers (~75%) were
landowners, while the farms’ distribution over the Mungi distributary canal was scattered
over the head, mid and tail as 25, 40 and 34%, respectively.
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Table 1. Heterogeneous attributions of the farmers (total participants = 72).

Farmers’ Characteristics Indicators Frequency  Percentage  Average Standard Deviation
No formal education 13 18.06
Primary school 7 9.72
Farmers education Secondary school 38 52.78 8.29 4.50
College 10 13.89
University 4 5.56
1-12 years 37 51.39
Farmers experience 12.62 4.45
>12 years 35 48.61
1-4 ha 39 54.17
Farm size 10.45 8.28
>4 ha 33 45.83
Tenant 18 25
Land ownership
Land owner 54 75
Head 18 25
Field location along Mungi canal Middle 29 40.28
Tail 25 34.72

On the question of environmental changes in the Mungi area over the past two decades,
considering multiple choice options, over 50% of the farmers reported a decrease in canal
water allocation. The dropping of the groundwater table, deterioration in its quality and
increasing land and soil salinity in the area have been observed by the farmers and were
reflected in their responses as 43, 28 and 37%, respectively (Figure 2). Despite the efforts
of the institutions in improving the performance of the irrigation infrastructure in recent
years, the decrease in the canal water allocation is attributed to old water infrastructure
and poor operation and maintenance resulting in high conveyance losses [7], while in-
creasing intensification and the introduction of new and water-demanding crops (e.g.,
sugarcane) have led to a higher demand (which is aggravating canal supply and demand
gaps). Moreover, these factors could be associated with the impact of climate changes, the
sedimentation of the reservoirs and sharpening competition for water use (agriculture,
industry, domestic use and environment) [1]. The deteriorating groundwater quality is
attributed to the percolation of irrigation water loaded with fertilizers and agricultural
substances into aquifers [34].

In reference to the respondents of Q1 (problems in canal water distribution) in Figure 3,
the farmers stressed the limited canal water allotment in the Warabandi system as a major
problem at 74% of the respondents, while rigid rotation and discussion with neighbors
were rated as 23 and 3%, respectively. On other hand, considering Q2 (if more water is
allocated) in Figure 3, the increase in the Warabandi allocation could enable farmers to
grow high-water-demanding crops, reflected by the farmers with 73% of the respondents.
It implies that the increase in the allowance could change the cultivation behavior of the
farmers to water-demanding crops, which does not lead to water saving and it might result
in more pumping of groundwater to fulfil the demand of the crops.
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Figure 2. Response of the farmers to environmental changes in the Mungi area.
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Figure 3. Percentage of “Yes’ responses related to Warabandi questionnaires.

Furthermore, for the past several decades, farmers have practiced irrigation scheduling
under the fixed rotation of the Warabandi and have adapted to 7-day irrigation intervals
for their common crops such as cotton, maize and wheat. Therefore, for the question of
whether the farmer wants a change in the 7-days rotation, around 67% of respondents
conveyed ‘No’. Consequently, farmers choose alternative options for the using canal water
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allocation when it is not needed in their turns (Figure 3, Q3). The responses indicate that
over 60% of the respondents use the canal water allowance in any case because they own
big farms, while around 30% of the farmers sell it to another farmer, and less than 10%
exchange it with neighbors (Figure 3, Q3).

The problems in the Warabandi principle were reflected by the three groups as depicted
in Figure 4. Most of the farmers (~70%) expressed the limited canal water allowance as the
main problem, while ~50% of academicians were concerned about inflexibility and ~60% of
officials responded that creating discussion among farmers during the distribution of water
under the rule of the Warabandi is the main problem. It implies a silo approach, which
resulted in focusing on tackling existing problems in the canal water distribution system
from each group’s perspective, without collaborating with other groups in an integrative
way in order to observe and solve the issue.

100% -
| officials
&g 80% - M Academicians
8 farmers
c
3
5 60% -
o
2
S 40%
c
o
&
& 20% A
Limited water, does not Inflexibility, does not Creates discussion among
fulfil the crop demand compatible with demand neighbours

period

Figure 4. Responses from the farmers, academicians and officials on problems relevant to the Warabandi.

To understand the perception of the farmers’ irrigation behavior, we narrowed down
the questionnaires regarding the irrigating scheduling of cotton as a summer dominant
and high-water-demanding crop in the Mungi area. According to Figure 5 (Q4, Q5 and Q6),
around 90% of the farmers responded that the irrigation timing of cotton was decided based
on observation of the plant, whereas, 85% responded that they fill the furrow depth with
water and the irrigation interval usually takes place after 7 days (77% of the respondents).
This indicates that conventional irrigation planning (time and depth) results in the over-
irrigation behavior of the farmers. They do not consider the soil moisture content of the
field and the time-dependent requirements of the crop. This implies the potential for
intervention in irrigation scheduling to increase water use efficiency through performing
joint experiments (farmers and scientists) and providing training options and facilities.

Farmers have limited understanding and low awareness of water management inter-
ventions, especially in the case of soil moisture sensors and on-farm water storage ponds,
as evidenced by the 10 and 28% of “Yes’ responses in Figure 6. Furthermore, the institutions
in Punjab provide farmers with a 60% subsidy for using drip technology [35]. Therefore,
68% of farmers acknowledged that they could afford the drip system with a 60% subsidy.
The adoption of drip technology in Punjab is related to numerous elements such as farmer
training on its operation and maintenance, water storage facilities, optimal integration with
fertilizer application and the drip design taking into account soil features [24].
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Q4. After how many days do you decide to irrigate the cotton?
After 15days I 10
Depends on soil condition [l 3
Depends on weather [N 13

After Seven days I 77

Q5. How do you decide when to irrigate the cotton field?

Regular schedule of seven days [l 5
Observing the temperature | HIIIEE 13

Observing the plant I o0

Q6. How do you decide how much water do you need to apply for cotton field?
According to seed type [ 13
Fill the furrow lines by water I 35
Fill the field by water NN 15

0 20 40 60 80 100
Percentage

Figure 5. Percentage of ‘Yes’ responses relevant to cotton irrigation questions (It was open-ended
question; 42 participants cultivated cotton crops and responded to the cotton-related questions).

Sensor Water storage facility Drip affordability

-

m Yes m No

(a) (b) (c)

Figure 6. Respondent perceptions on (a) awareness about soil moisture sensors, (b) awareness about
on-farm water storage facilities, and (c) affordability of the drip system by farmers receiving a 60%
subsidy from the institutions.

We asked farmers if they would participate in a joint experiment at a small plot of their
land with scientists and farmers’ associations to improve water use efficiency, and more
than 53% of the farmers responded ‘Yes’. This could enable further research on farmers’
farm considering actual field conditions that reflect the real challenges and impacts caused
by the implementation of proposed water management interventions. Furthermore, it
supports the surrounding farmers in being inspired by the result of the experiment and
easily adopting the measures (farmer-to-farmer approach).
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Regarding the most effective channels for approaching and providing guidance on
water management to farmers in the Mungi distributary canal area, the private sector was
most frequently mentioned (salespersons of the agricultural products), followed by the
Agriculture Department and the Punjab Irrigation Department, with response rates of 46%,
32% and 24%, respectively.

3.2. Cross-Tabulation and Fisher Test

The results of the cross-tabulation and Fisher test are provided in Table 2. The findings
revealed that the values of the Fisher test were greater than 0.05 as a significant interval for
almost all the categorical variables. Therefore, we are unable to reject the null hypothesis
and it implies that the incidence of all independent variables is not statistically significant
with the categorical variable, which might be due to the limited sample size.

Table 2. Cross-tabulation results for the categorical variables versus independent variables related

to farmers.
Q.2: Do You Q:3: Do You Q.S:H]z:eYou
Q.1: Is Drip a " Want a Change Q.4: Have You . . . Q.6: Have You
Want to Conduct X Discussion with
. Good . in 7-day Heard About . Heard about
, Fisher AR an Experiment . . . Neighbors on
Farmers Cultivation . s . Rotation of Soil Moisture . On-Farm Water
Test with Scientists . Warabandi
Method for . Warabandi Sensors? Storage Ponds?
Cotton? (N=42) At YourField? Principle? (N=72) Water (N=72)
) (N=72) : Allocation?
N=72) (N=72)
Education 0.377 0.63 0.52 0.000 0.713 0.001
Experience 0.142 0.233 0.619 1 1 1
Land ownership 0.669 0.417 0.094 0.181 0.495 0.362
p-value
Field location
along the Mungi 0.136 0.912 0.071 0.408 1 0.200
canal
Farm size 0.706 0.019 0.452 0.235 0.760 0.430

While the results also showed that the null hypothesis of no statistical association
is rejected at the 5% level of significance, as reflected by p (a) = 0.000, p (b) = 0.001 and
p (c) = 0.019. These figures correspond to farmers’ education versus awareness of (a) soil
moisture sensors and (b) water storage facilities and farm size in relation to (c) willingness
of farmers to conduct a joint experiment at their plot of land together with scientists and
farmers’ associations, respectively. Thus, farmers with a university or a college degree had
left their villages to travel to nearby cities to attend schools and learn about innovative
agricultural products, such as soil moisture sensors and on-farm storage facilities. Farmers
with larger amounts of agricultural land, on the other hand, agreed to provide a small
portion of their land for experimentation, but small landholders who rely on their land for
a living did not want to risk it.

3.3. Constraints in the Adoption of Water Management Interventions

The results in Figure 7a demonstrate that the farmers’ reliance on tube-well water,
exchange of Warabandi canal water with neighbors and lack of training were the strongest
barriers to the adoption of an on-farm water storage at the farm level. They were rated
between 3 and 5 by the three groups. While low awareness and lack of financial resources
were moderate barriers according to farmers and academicians (rated between 1 and 3),
officials perceived them as a strong hurdle. Furthermore, the barriers to operation and
maintenance and using traditional methods were graded between 0 and 1, having a low
effect. However, academicians rated operation and maintenance as a moderate obstacle.
Therefore, creating an incentive for farmers to have a storage pond by increasing awareness
and offering training on how to use canal water in a pond is critical. While farmers were
not completely aware of the function of a pond, it creates an enabling environment for
using higher irrigation technologies, such as drip and sprinkler, and storing the potential
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surplus water of the Mungi canal in October, November and December as well as during
the shift from one season to another and on rainy days for later use [34,36].
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Figure 7. Perception comparison of three groups on barriers to ensuring the success of the adaptation
process of (a) on-farm water storage facility (b) soil moisture sensors and (c) combination of a storage

facility, soil moisture sensor and the drip method.
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The adoption of soil moisture sensors could support farmers in estimating irrigation
timing and amounts. According to the ratings of the three groups, the strongest barriers
to adopting this technique are a lack of training and financial resources (Figure 7b). There
was a large difference in academicians’ and officials’ recognizing the importance of low
awareness and the operation and maintenance of soil moisture sensors because academi-
cians rated them as having the strongest effect on adoption, whereas officials rated them
as having a low impact. Practicing the conventional technique, on the other hand, was
considered as a low impediment to sensor implementation by the three groups.

Figure 7c presents the insight of the groups on a combination of water management
interventions (soil moisture sensors, storage ponds and drip). All stakeholders agreed that
the strongest barriers to the implementation of these interventions were a lack of training
and financial resources, whereas academicians also rated low awareness as the strongest
obstacle. Moreover, the three groups reported operating and maintenance as having a
moderate effect and practicing conventional methods as having a low effect on barriers to
the application of these interventions.

The assessment of barriers revealed that all three groups, particularly farmers, rated
conventional practices as having a low effect on the adoption of the interventions. It
indicates that the incentive for change already exists in farmers and that they are willing to
adopt the innovative strategies, but they require assistance in overcoming the obstacles. In
addition to the identified obstacles, other hurdles may be influential, such as the farmers’
socioeconomic status and the availability of each intervention. The findings support
policymakers in developing appropriate strategies since the information advances the
feasibility process of the measures.

4. Discussion

The development of agricultural policies necessitates understanding the perception
of farmers and the socioeconomic factors affecting the implementation of the proposed
adaptation measures [37]. The study’s findings reveal that several obstacles influence the
adaptation of water management interventions in the context of the Warabandi, with the
strongest influences being low awareness and lack of both training and financial resources.
All of these factors have been identified and reported in other studies as barriers to adopting
climate-smart agriculture practices in Punjab [15,16,18]. According to a recent study [17],
the main barriers to adopting sustainable land and water management measures (land
laser leveling, bed planting and minimum tillage) in cotton cultivation were low awareness,
financial and resource constraints, irrigation water shortages and the unavailability of the
technological products.

In the current study, the farmers” education had a substantial influence on awareness
of soil moisture sensors and storage ponds, whereas larger farm holders were more likely
to be willing to conduct a joint experiment to improve water use efficiency. Similarly,
the socioeconomic characteristics of the farmers influenced the application of the agricul-
tural strategies documented in various studies. In a study [10], it was revealed that the
demographic attributions of the farmers, such as land size, experience, and education,
were significantly correlated with the adoption of high-efficiency irrigation techniques. In
addition, another study in Punjab indicated that farmers’ farming experience, education,
land size, access to credit and belief in climate change all have a positive impact on the im-
plementation of measures such as on-farm water storage, soil conservation techniques and
efficient irrigation techniques [15]. Furthermore, the farmers” education, farm size and ac-
cess to credit were all positively associated with the acceptance of adaptation measures (e.g.,
adjustments in sowing time, changing to a new crop and shifting to drought-tolerant crops)
in all four provinces of Pakistan [14]. As a result, the farmers’ socioeconomic characteristics
collectively led to the adoption of the proposed techniques.

Farmers may continue to use traditional methods due to the accumulative influences of
obstacles resulting from both farmers’ characteristics and external hurdles [10]. For example,
despite the fact that high-efficiency irrigation techniques (particularly drip) in Pakistan
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have shown a progressive impact in improving water use efficiency and were highly
recommended for the country’s water scarcity condition, adoption rates have remained
quite low [12,38]. In addition to other issues, the limited access to and availability of
agricultural services and tools were reported in Punjab [16,18].

The driving forces for the farmers to enhance the utilization of Warabandi canal water
in the Mungi area include the poor quality of groundwater, which can have a negative
impact on crop yield, the increasing salinization, the high cost of pumping groundwater
using fuel energy and the high variability of environmental and climate change (erratic
rainfall and rises in temperature) [18]. In addition, issues associated with the Warabandi
could also influence farmers to adapt, for instance, the issues of limited and unreliable
water supply [10]. Therefore, farmers are subject to change not only as a result of the
pressures of environmental change but also in order to maintain farming activities and
attain greater economic benefits.

The majority of farmers in Pakistan (more than 90 percent) are small growers with less
than 5 ha of land, which is one of the main reasons for the low adoption rate of climate-
smart agricultural methods [17], whereas offering subsidies has helped farmers, as in the
case of the drip system and other farm machinery [35]. Thus, the institutions could provide
subsidies for the recommended interventions (storage ponds, soil moisture sensors) while
disseminating important information on these techniques through extension services, and
the relevant organizations could raise farmers” awareness.

Furthermore, providing technical training has significantly assisted farmers in adopt-
ing the measures [17]. Therefore, we see the most promising point of the training that
occurs at farmers’ plots of land under real field conditions to be related to the applica-
bility and impact of the proposed management practices. The entry point could be from
large farmers’ farms since they have indicated willingness to participate in the experi-
ment in this study, while the surrounding small farmers would observe and benefit from
joint experimentations.

Inefficient irrigation practices in the Mungi area have caused deteriorating groundwa-
ter quality by the percolation of irrigation water loaded with fertilizers and plant protective
agents from the root zone of the crops. Thus, the trend of erratic canal water supply and
low groundwater quality is reported to be from upstream to downstream of the Mungi
canal [34,39]. For this reason, soil salinization has been observed due to irrigation of the
fields by groundwater with higher salt content than the canal water in the Lower Chenab
Canal command area, including the Mungi canal [39,40]. Additionally, the amount of CO,
emissions into the atmosphere (due to the substantial abstraction of groundwater using
fuel energy) contributes to global warming. In the future, the lack of adaptation to new
irrigation strategies could further accelerate the negative environmental impacts within
the study region, considering the pressure on Pakistan’s water resources as a result of
climate change, the increased water demand in various sectors and reservoir sedimenta-
tion [1,41,42]. These factors could lead to a decline in the groundwater table and degrade
its quality, resulting in impact on aquifers as an important source of drinking water; the
loss of agricultural land due to soil salinization; the imbalance in water consumption and
demand in various sectors; and the maintaining of unsustainable resource management
(water, fertilizers and agricultural inputs) [1,14,41,42].

The impact of inefficient irrigating practices on food security (supply—demand) in
Pakistan is attributed to multiple interlinked drivers, especially climate change, water
scarcity and population growth. The unreliability of canal water delivery and the high
cost of groundwater abstraction using fuel energy have induced farmers to shift from high
water-demanding crops, e.g., cotton, rice and wheat, to low water-consuming crops, such
as vegetables, affecting the food market [43]. Moreover, the severity of the temperature
in the summer months and changes in rainfall patterns and intensities have resulted in
impacting crop yields [30]. On the other hand, the population growth rate of the country
is above 2% per year, indicating an increase in food demand [43]. Therefore, innovative
irrigation practices have a great potential to improve water and land productivities by
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producing more agricultural output for matching the food demand of a growing population,
consuming fewer inputs and taking into account environmental sustainability [43,44]. For
instance, in Pakistan, adopters of climate change adaptation strategies in the irrigation
sector showed (8-13%) higher levels of food security than the non-adopters [14].

Over-irrigation leads to both an increase in input costs for the produced crops (high
cost of fertilizers and fuel energy for pumping groundwater) as well as the pollution of
aquifers due to percolated water leaching the fertilizers applied in the fields [40]. Moreover,
improved on-farm water management practices could reduce the non-beneficial uses of
water to crops, such as percolation and evaporation from the fields, and also maintain
yields and contribute to resource management (water and fertilizer) [45]. For instance,
obtaining similar cotton yields with lower applied water (i.e., under controlled deficit
irrigating scenarios), in comparison with the current over-irrigation practices, has been
reported in Pakistan, and under various agro-ecological conditions [46—48], because it is
attributed to the curvilinear relationship between cotton yield and applied water [49].

The field application efficiency for the cotton irrigation methods in the Mungi area can
be improved by upgrading the surface cultivation method from basin (38% efficiency) to
the raised bed, ridge-bed and conventional furrow irrigation methods (the field application
efficiency varied between 40 and 80%). Moreover, advanced irrigating technology, such
as the drip system, has further improved the efficiency by over 90% [34]. In Punjab,
cotton farming under the bed-planting system has been shown to save roughly 35% more
water than traditional irrigation methods [13], while using drip technology in maize fields
revealed a water saving of ~70% compared to the method of bed planting [50]. Therefore,
this indicates potential water-saving options by raising field application efficiency through
the use of advanced irrigation approaches.

Limitation of the Study

Adapting particular water management measures requires the consideration of essen-
tial aspects of this study. It includes a limited sample size of the participants (farmers and
especially academicians and officials) and a lack of involvement of all the stakeholders in a
focus group discussion, which was planned, yet could not be realized due to COVID-19
restrictions and precaution measures. Thus, a broader and in-depth survey of the partic-
ipants could lead to a slight deviation from the results found in this study. For instance,
a statistical conclusion from Table 2 necessitates more samples to test. Several studies in
Pakistan have surveyed a higher number of farmers and showed a statistically significant
association considering the adoption of climate-smart agriculture practices and farmers’
experience, education and farm size [15,18,30]. Furthermore, the selection and distribution
of the farmers were random in the Mungi command area. Therefore, the findings of this
study could provide insight into the irrigation problems of farmers, which is an appropriate
starting-point for further explorations.

5. Conclusions

The current study investigated the factors hindering the adoption of water manage-
ment measures (on-farm water storage facilities, soil moisture sensors and drip technology)
that have the potential to significantly reduce the undersupply issue in the context of the
Warabandi-guided irrigation scheme. According to the findings of this study, on-farm
water management strategies should focus more on: (i) improving famers” awareness of
intervention benefits, usage and impacts in order to persuade them to take a step toward
implementing such measures; (ii) offering subsidies could increase the affordability of
adaptation measures for farmers; and (iii) training could enable farmers to start using
the measures. These obstacles are multi-institutional in scope and can be eliminated—or
at least reduced—Dby the improvement of the services. It is vital to improve the farmers’
socioeconomic situation, which is a long-term process, in order to increase their readiness
to accept and implement the strategies. Farmers are inclined to adopt new measures as
a result of increased water demand, erratic canal water supply and high variability in
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the environment and climate, which might severely affect their production. Close collab-
oration between farmers, scientific communities and administrative entities is essential
in overcoming the constraints of the implementation of the measures. The development
of water management adaptation strategies demands including and addressing farmers’
perceptions of on-the-ground problems that could promote and sustain the application of
the proposed techniques.
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