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Introduction
The introduction of high-yielding varieties of wheat
during mid-1960s and of rice during early-1970s, which
were highly responsive to chemical fertilizers and
protection practices due to assured irrigation, resulted
into significant rise in food production and productivity
in India, especially in Punjab. Such production practices
supported by effective public procurement of the grains
at remunerative prices contributed significantly towards
attainment of national food security and poverty alleviation
(Sidhu and Bhullar, 2005; Joshi, 2004). The intensive
agricultural practices in the state, however, have resulted
into severe over-exploitation of the natural resources such
as depletion in ground water reserves and deterioration in
soil health (Sidhu, 2002). This has happened due to the
increase in cropping intensity and gradual dominance of
rice crop in the production pattern during Kharif (summer)
season, which has caused a severe imbalance in demand
and supply of water in agriculture. The current water
requirements of 4.45 million hectare meter exceed the
sustainable supply levels of 3.04 million hectare meterby
almost 46 percent.
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As a result of this demand-supply gap the water table has
receded at a much faster rate of about 75 cm per annum
during the last decade, while the earlier decline was much
lower at 18 cm per annum during 1982-97 and 42 cm per
annum during 1997-2002 (Singh, 2009). As a result of the
fast declining water table, a large proportion of centrifugal
pumps in Punjab have been replaced by more expensive
submersible pumps contributing to higher use of power
and ever increasing farmers’ debt. Pumping ground water
from deeper aquifers has more than doubled the power
consumption in agriculture from 5,105 million kilowatt
hours in 1990-91 to 10,898 million kilowatt hours in
2010-11 and has also pushed the power subsidy burden
of the state government to more than 9 times from Rs.
3,850 million to Rs. 34,870 million during this period (Vatta
et al., 2013). Such trends point towards unsustainability of
ground water resources, power consumption and subsidies
in Punjab agriculture that needs to be addressed seriously.

What is a Tensiometer?
A tensiometer is a simple device designed to measure soil
moisture or water potential, i.e. the energy plants need to
exert to pull in water from the soil at the current moisture
condition. It consists of a porous ceramic cup, connected
through a rigid, body tube to a vacuum chamber and
all the components are filled with water. The body tube
is transparent so that water within the tensiometer can
easily be seen. The tensiometer is placed in the field with
the ceramic cup in the soil in the plant root zone. The
ceramic cup is porous so that water can move through it to
equilibrate with the soil water. A partial vacuum is created
as water moves from the sealed tensiometer tube. The
pressure associated with this vacuum is a measure of
the energy that would need to be exerted by the plant to
extract water from the soil. It can be recorded by a gauge,
or the critical values for a particular plant can be marked
on the tube. The idea behind the use of tensiometer is

Multiple strategies have been envisaged for achieving

that if the indicated soil moisture is below what the plant

long-term sustainability of ground water use in Punjab,

optimally needs to grow, there is need to apply irrigation

and prominent of which include water saving technologies

water, otherwise not. Such irrigation scheduling can

and practices and crop diversification towards lesser water

reduce water use in a crop because farmer generally over

consuming crops such as maize, fruits and vegetables

irrigates the crop irrespective of its requirement especially

(Sidhu et al., 2010).

when water and power to pump out water is free of cost.
A simplified version of the tensiometer was developed

IDRC Project on Water-EnergyAgriculture Management in Punjab

by the PAU, Ludhiana, India with a nominal cost of about

The International Development Research Center (IDRC),

stripes of green, yellow and red colour. While the water

Rs. 450 per tensiometer and is shown in Figure 1. In this
tensiometer, the usual gauge has been replaced by the

Canada has funded the project to Punjab Agricultural
University (PAU), Ludhiana, India, Centers for International
Projects Trust (CIPT), New Delhi, India and Columbia
Water Center, Columbia University, New York, USA.
In order to promote water conservation among the farmers
of Punjab, the use of tensiometer as a tool for irrigation
scheduling in rice is being promoted under the IDRC
funded project on “Improving Food and Livelihood Security
in Punjab through Water-Energy-Agriculture Management
under Climate Change and Variability.” Rice is the most
water-intensive crop and requires about 1,600mm of
irrigation water. There is a potential to save 370mm of
irrigation in rice if it is scheduled by using the tensiometer
(The World Bank, 2010), without any adverse impact
on productivity. The use of tensiometer can also help in
reducing the power consumption in agriculture.
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Figure 1: PAU Tensiometer

level in tensiometer at green level signifies no need for

to central Punjab which is the most adversely affected

irrigation, there is need to irrigate when the level enters

region of Punjab with respect to the ground water

the yellow stripe level. The entry into the red level may

depletion. The number of villages covered was 44 in

adversely affect the crop yield and hence should be

2012 and the activities were confined to 28 villages

avoided.

in 2013 for more focused training, supervision and
monitoring to achieve better assessment.

The Project Approach

2.

Awareness and training camps at the Farmers’

Under the IDRC Project, 1,848 tensiometers were

Cooperatives: The awareness and training camps

installed in the farmers’ fields in Punjab with the objective

were organized at the farmers’ cooperative of each

of assessing its potential in saving water and energy as

village with the objective of sensitizing farmers about

well as adoptionin order to achieve significant reduction

the depleting ground water resources, apprising

in water usage in agriculture. The tensiometers were

farmers of the IDRC project objectives and to identify

provided to the farmers without any cost. Apart from

the potential users of tensiometers in rice crop. All

conducting farmers’ training on the use of tensiometers,

the camps were organized with active support of the

its regular monitoring to estimate farm level water and

Department of Cooperation, Punjab. During 2013, the

energy usage and other issues relating to its adoption of

results of project activities along with tensiometers

the technology were studied intensively. The step-by-step

were also discussed with the farmers.

approach of the project intervention has been described
below.
1.

3.

Installation of tensiometers: After recruiting the

Identification of the project area: Six districts,

farmers, the farmers as well as field workers were

namely Amritsar, Jalandhar, Kapurthala, Ludhiana,

trained on the installation and use of tensiometer. The

Moga and Tarn Taran were selected for the project

tensiometers were installed in the farmers’ fields by

intervention of tensiometer. All the districts belonged

the field workers hired in the project.
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4.

Regular monitoring and data collection: Every

The approach of the project is summarized

year, during the rice production period of June to

in Figure 2.

October, 12 field workers are hired to monitor the
use of tensiometer by the farmers and to collect the
information on water use in rice crop on a regular
basis. A field worker is expected to visit each farmer

5.

Socio-economic Profile of the
Participating Farmers

after an interval of 10-12 days to monitor the use

Out of the total of 1,848 farmers recruited under the

of tensiometers, address issues of its usage and to

IDRC project, the largest proportion belonged to medium

record the information on water use, energy use and

size category (operating 5-15 hectare of land). The

other important parameters of rice production.

proportion of small holders (operating up to 5 ha of land)

Comparing the water and energy use at farm level:

was 17 percent in 2012, which increased substantially to

Experimental design was followed to estimate the

26 percent in 2013. The proportion of medium farmers

impact of tensiometer on water and energy use. The

declined from 61 percent to 43 percent and that of large

fields of equal size (approximately one acre each)

farmers increased from 22 percent to 31 percent. The

of each farmer were classified into tensiometer plot

changes in proportion were due to increased focus on

and control plot. While the farmer was expected to

the small holders during 2013 and also due to increased

irrigate the tensiometer plot as per the tensiometer

interest of the large holders in the technology. Success of

readings, he was irrigating the control plot as per the

the technology and social networks helped its adoption by

conventional practice of flood irrigation followed by him.

the large holders.

Figure 2: Approach of the interventions under IDRC Project
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Figure 3: Size wise distribution of Farmers installing tensiometers in Punjab during 2012 and 2013

Varietal Distribution of Rice
It is important to have an insight into the varietal pattern
of the farmers recruited under the IDRC project, due to

96 percent in 2012 and 93 percent in 2013 (See Figure 4).
Normal non-aromatic rice varieties take more number of
days to mature and thus require more water for irrigation,

time duration each variety takes to mature and consequent

such pattern might be the reflection of farmers’ effort to

water requirement, majority of the recruited farmers were

save more water by installing tensiometers in normal rice

growing non-aromatic rice varieties as their proportion was

varieties.

Figure 4: Varietal patterns of rice farmers
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Pattern of Tensiometer Adoption

of tensiometers.The tensiometers did not seem to work
properly in case of the third category. The adoption rate

All the farmers recruited under the project were classified

has increased considerably from 33 percent in 2012 to

into three categories such as adopters, non-adopters and

46 percent in 2013 and correspondingly the proportion

those whose tensiometers did not work properly. Those

of non-adopters declined from 55 percent to 46 percent.

farmers who successfully used the tensiometers after

Number of non-working tensiometers came down from

installation and irrigated the rice fields accordingly were

12 percent to 8 percent. The adoption rate is expected to

classified as adopters. The non-adopters were those who

pick up further in future as the benefits of tensiometers

never used the tensiometers even after the installation

become more visible to the non-adopters and shortage

Table 1: Adoption pattern amongst the farmers

variability. In the absence of pricing for power and ground

Farm Size

2012

2013

water in agriculture, there does not appear to exist any

Adopters

321
(33)

397
(46)

direct economic incentive to save water and energy in

Non-adopters

545
(55)

400
(46)

adoption of water saving technologies. However, such

Tensiometers not
working

115
(12)

70
(8)

variability in the form of frequent shortfall in precipitation

Total

981
(100)

867
(100)

to irrigate crops as power supplied to agriculture in fixed

Figures in brackets are % ages of total farmers
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of rains becomes more frequent under increased climate

agriculture, which is an important cause of low rate of
technologies assume relevance due to increased climatic
than the long term average leading to higher use of diesel
(8 hours/day). This leads to escalation in costs of
production and fall in income.The farmers in the IDRC

Figure 5: Adoption rate of tensiometers across different farm size categories

project were thus provided continuous flow of information

holders, 32 to 45 percent for medium holders and 35 to

through personal visits and short messages through

50 percent for large holders during the period 2012 to

mobile phones to encourage better adoption rates. It

2013. However during the year 2013, there appears to

is strongly believed that a comprehensive package of

be some direct relationship between the rate of adoption

incentives to the farmers including continuous visits,

and the size of operational holding, which indicates that

access to easy-to-use decision support systems,

large farmers are more receptive to the adoption of new

messaging on tensiometer use and weather information

technologies and practices.

and economic damages of impending water crisis in future
etc. will increase the rate of adoption of tensiometers by
Punjab farmers.
A further look into the adoption rate across various land
size categories reveals that adoption rates were almost
uniform around 32-35 percent across all the three size
categories in 2012. There has been a significant jump in

Distinguishing Characteristics of
Adoption
A simple analysis has been carried out on the
distinguishing characteristics of tensiometer adopters
as compared to the non-adopters.The adopters of

the adoption rate across all the size categories, with the

tensiometers were found to have slightly larger size of their

adoption rate jumping from 33 to 44 percent for small

operational holdings as compared to the non-adopters
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Figure 6: Distinguishing characteristics of the adopters and non-adopters

during both the years of 2012 and 2013. Against the farm

technologies such as tensiometer which might be due

size of 12.14 acre and 14.05 acre for adopters, the farm

to their better risk taking capacity and interest to test the

size for non-adopters was 11.17 acre and 13.34 acre

new technologies. The use of tensiometers has resulted

during 2012 and 2013, respectively. The area under rice

into a significant reduction in diesel consumption. While

crop was also slightly higher on the farms adopting the

the average diesel consumption on the farms using the

use of tensiometers as compared to the non-adopters.

tensiometers was Rs. 4,365, it was Rs. 4,889 on the farms

Likewise, the adopters were having a larger area laser

of the non-adopters in 2012. During 2013, these figures

levelled than on the non-adopters. In conclusion, large

were Rs. 495 and Rs. 580, respectively. As 2012 was a

farmers were slightly more receptive to the water saving

drought year, the diesel consumption was substantially
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higher as compared to 2013. It supports the argument that

project. While the proportion varied from 11-16 percent

farmer rely more on ground water during the drought years

in 2012, it varied between 11-19 percent in 2013. The

and incur much larger costs on pumping the ground water

reasons of variations may be different such as soil

to cultivate rice as power supply also becomes unreliable

type, type of varieties, date of sowing and other factors

during the drought years.

which need further exploration. On an average, irrigation
scheduling on one acre of rice with the help of tensiometer

Impact of Tensiometers on Water and
Energy Use

helped in reducing the ground water use by 538,179 litres
in 2012 and by 372,042 litres in 2013. The water savings
due to use of tensiometer led to reduction in the power

The ground water and energy saving with the use of

consumption by 101 kwh/acre in 2012 and by 70 kwh/acre

tensiometers on the fields of adopters has been estimated

in 2013. It is therefore evident that the large scale adoption

and is given in Table 2. On an average, tensiometer

of such technologies has the potential of huge amount of

brought down the water consumption in rice by 14-15

water and power saving in agriculture.

percent during both the years of interventions in the

Table 2: Extent of water and energy saving through tensiometers
District

Water Savings (litres/acre)

% Savings in Water

Power Savings (Kwh/acre)

2012

2013

2012

2013

2012

2013

Amritsar

380,878

346,840

14

14

74

67

Jalandhar

393,762

416,679

12

19

69

73

Kapurthala

452,880

267,000

11

11

88

52

Ludhiana

601,593

329,543

14

12

113

61

Moga

612,138

486,450

13

19

127

100

Tarn Taran

548,831

300,801

16

12

104

57

Overall

538,179

372,042

14

15

101

70
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Impact on yield

Conclusions

The adoption of any technology or practice is largely

The use of tensiometers was promoted in six districts of

influenced by the yield advantage/disadvantage associated

Punjab under the IDRC project on “Improving Food and

to it. The use of tensiometer was not found to have caused

Livelihood Security in Punjab through Water-Energy-

any adverse impact on crop productivity. As indicated in

Agriculture Management under Climate Change and

Table 3 below, the crop yield was found to have improved

Variability.” The tensiometer is a simple and low-cost

slightly by about 20kg/acre, though such an increase

device which can be used for scheduling irrigation in rice

cannot be termed as significant. In some of the districts

for improving water-use efficiency. There is need to scale

such as Jalandhar, Kapurthala and Ludhiana, there

up the adoption of such technologies keeping in mind

was absolutely no change in the yield due to the use of

increased variability in climate and unsustainability of

tensiometers. The

water resources in the state. The socio-economic profile

Table 3: Increase in yield
District

Amritsar

Jalandhar Kapurthala

Ludhiana

Moga

Tarn Taran

Overall

Impact on yield due to tensiometer use (kg/acre)

10

-

-

40

20

20

-

Note: Positive value means an increase in yield and negative values indicate decline in yield
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of the farming community and the policy dynamics for

resulted into water savings of 14-15 percent in rice with

agriculture sector plays and important role in its up-

corresponding power saving of 101 kwh/acre in 2012 and

scaling. A total of 1,848 tensiometers were installed at

70 kwh/acre in 2013.The use of tensiometer did not result

farmers’ field under the project, out of which small-holders

into any adverse impact on the crop productivity. The

were 17 percent and 26 percent during 2012 and 2013,

adoption of such technologies at large scale, therefore,

respectively. The adoption rates increased from 33 percent

offers the potential of huge amount of water and energy

in 2012 to 46 percent in 2013 and these were slightly

savings in Punjab agriculture, can reduce the power

higher for the large holders.The farmers adopting the

subsidy burden of the state government and ensure

tensiometers were operating relatively larger holdings,

sustainability of ground water resources in the state. Use

with more area under rice and also with more area laser

of such technologies assume greater importance under

levelled. However, the policy of free water and power acts

increased climate change and variability where deficient

as a disincentive to its adoption. The use of tensiometers

rainfall is become more frequent.

11

References
Sidhu, R.S. and A.S. Bhullar (2005) Pattern and Determinants of Agricultural Growth in two Punjabs, Economic and
Political Weekly, 40: 5620-27.
Joshi, A. (2004)Punjab: Farm Household Income, Investment and Consumption, Economic and Political Weekly,
31: 321-23.
Sidhu, H.S. (2002) Crisis in Agrarian Economy in Punjab – Some Urgent Steps, Economic and Political Weekly,
37: 3132-38.
Sidhu, R.S., Kamal Vatta and H.S. Dhaliwal (2010) Conservation Agriculture in Punjab: Economic Implications of
Technologies and Practices, Indian Journal of Agricultural Economics, 53: 410-27.
The World Bank (2010) Deep Wells and Prudence: Towards Pragmatic Action for Addressing Ground Water
Overexploitation in India, The World Bank, Washington D.C., USA.
Singh, K. (2009) Act to Save Groundwater in Punjab: Its Impact on Water Table, Electricity Subsidy and Environment,
Agricultural Economics Research Association, 22: 365-86.
Vatta, Kamal, M.S. Sidhu and Amanpreet Kaur (2013) Pattern of Growth and Emerging Challenges for Punjab Agriculture,
Report submitted to the Unites Nations Environment Programme (UNEP), Punjab Agricultural University, Ludhiana, India.

About the Authors
Kamal Vatta is Director, Centers for International Projects Trust, New Delhi
R.S. Sidhu is Dean, College of Basic Sciences and Humanities, PAU, Ludhiana
Baljinder Kaur is Assistant Economist, Department of Economics and Sociology, PAU, Ludhiana

Contact Us
College of Basic Sciences and Humanities
Punjab Agricultural University
Ludhiana -141004
T: +91-161-2403 533
W: www.pau.edu

12

Centers for International Projects Trust
K-37, Lower Ground Floor, Green Park Main
New Delhi - 110016
T: +91-11-2651 2745
W: www.cipt.in

