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Short Research Article

ABSTRACT

A lysimeter is an equipment used to collect and measure soil water that drains below the root zone
from a pasture or agriculture field. According to methods of measuring water content, lysimeter
devides into weighing lysimeter and non-weighing lysimeter. The weighing lysimeters provide
scientists the basic information for research related to evapotranspiration, and they are commonly
divided into two types, continous weighing and intermittent weighing. Compared to laboratory
experiments, out-door lysimeter studies have advantages like being closer to field environment
conditions, it is possible to grow plants and therefore to study the fate of chemicals in soil/plant
systems, transformations and leaching. The limitations are costy which depend on design, variable
experimental conditions such as environmental/climatic parameters which are normally not
controlled, the soil spatial variability is normally less, they are not suitable for every plant species
and even every soil type. The objective of lysimeter is defining the crop coefficient (Kc) which used
to convert ETr into equivalent crop evapotranpiration (ETc) values, and determing agronomical
characteristics of crops which are planted in the field of lysimeter. The duration of a lysimeter study
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is determined by the objective of the study, but for different crops, it should normally be at least two
years. Precipitation should be recorded daily at the lysimeter site. All weather data like air
temperature, solar radiation, humidity and potential evporation should be obtained onsite, and the
frequency and time of measurements should be at least daily.

Keywords: Weighing lysimeter; evapotranspiration; crop coefficient; precipitation.

1. INTRODUCTION
1.1 The Purpose of the Lysimeter

A lysimeter is a piece of equipment use to collect
and measure any water that drains below the
root zone from a pasture or agriculture field. It
consists of a cylindrical tube, which is carefully
inserted the soil so as not to disturb the soil core
inside. The cylinder is then carefully extracted
and a base with a thin layer of sand on top of it is
then glue to the bottom of the pipe. When in
position in the ground the lysimeter is not
obviously visible, as the surface of the pipe is just
at ground level. The base of the pipe is then
fitted to a hose, which is buried in the ground and
lead to a collection vessel just a short distance
downhill, which is the place any drainage water is
held before collection. The amount of drainage
water collected is measured at set intervals and
a sample of the leachate is taken for analysis for
nitrogen content. One of the most useful and
meaningful procedures an instructor can
emphasize to researchers in a beginning of soil
physics course is the determination of the rate
and direction of soil water movement which is
possible by lysimeter [1,2]. Unlu et al. [3]
considered lysimeters as the standard tools for
evapotranspiration (ET) measurements, is the
solvent that moves many of chemicals (nutrients
and pesticides) from agricultural fields to offsite
locations. This offsite movement causes much
concern in terms of consequences on the quality
of water, even drinking one and the impact of
agricultural practices on the environment. In
order to understand and determine the optimal
management possibilities, the water balance
must be considered more than growing season
which can be done by lysimeter station [4]. In
another word, weighing lysimeter is the most
sensitive and direct means of measuring
evapotranspiration which can develop methods
of predicting water use, and shows soil-water-
plant relations. One of the popular technique is to
record lysimeter weight either periodically or
continuously to determine changes so that
evapotranspiration rates can be computed [5,6].
Ramsbeck et al. [7] noted that a valuable
measurement instrument is the use of lysimeter

stations to better understand the nitrate leaching.
Efficient planning and use of available water
requires evaluation of all components in the
water budget. Each component must be
determined using the best available technology.
Perhaps the most complex portion of the water
budget involves evaluation of vegetative water
use or evapotranspiration, henceforth referred to
as ET. Lysimeter data are wused with
environmental and climatic data to calibrate and
evaluate various ET models. The lysimeter
facility provides a unique tool for botanists,
agronomists, and other plant scientists. By
recording information such as soil moisture within
the lysimeter and plant characteristics such as
growth rates and maturation, it will be possible to
more closely evaluate and model the influences
of environment on plant growth. The weighing
lysimeter represents the best available
technology for determining ET. The weighing
lysimeter research can provide the best direct
estimate or water use by vegetation in
experimental field, evaluate the accuracy of
vegetative water use models, evaluate the role of
rainfall in meeting plant water requirements,
provide comparative data to evaluate the
accuracy of non-weighing lysimeters. These
results will be used to correct errors or bias
introduced into vegetative water use models
through data obtained from non-weighing
lysimeters, and perform joint studies involving
plant scientists. These studies would involve both
ET and plant growth factors [8,9]. If the
lysimeters weight is recorded in certain time
steps, precipitation and seepage water amount is
measured separately, actual evapotranspiration
can be deduced from their weight change [10].
Due to these characteristics, lysimeters are an
excellent tool to derive or calibrate water and
solute transport models [11]. Crop
evapotranspiration  (ET.) determination is
important to guide irrigation scheduling and to
manage water resources. Lysimeters are the
most  reliable research tool for direct
measurement of ET. [12,13,14,15,16]. For ET,
research, a lysimeter is a tank containing a soil
profile and plants of interest. More specifically,
lysimeters are tanks filled with soil in which crops
are grown under natural conditions to measure
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the amount of water lost by evaporation and
transpiration [17]. By monitoring the change in
water storage in the lysimeters, along with other
components in the water balance (e.g.,
precipitation, irrigation, and drainage), the actual
evapotranspiration rate can be obtained over the
measurement interval. Resultant measurements
can provide daily evapotranspiration values for
grass to within 0.05 mm or 1% of accuracy [18],
and to 0.43 mm per day over three growing
seasons for shallow-rooted crops [19]. Howell
et al. [19] indicated that evapotranspiration
accuracy is influenced by the measurement
duration, lysimeter shape, weighing mechanisms,
and construction materials as well as site
maintenance. Abdou and Flury [20] concluded
that lysimeters studies are considered to be an
intermediate approach between field studies and
small-scale laboratory experiments. Lysimeters,
after being exposed to the same environmental
conditions, are more likely to mimic natural field
soils that columns in the laboratory. These tools
are usually classified according to their size,
filling procedures, and the method for collecting
drainage [21]. With respect to the way water is
drained from the system, we can distinguish
between two types of lysimeters: the free-
drainage system, and the suction-controlled
drainage system. In the free-drainage lysimeter,
water is allowed to drain freely through the soil
under gravity alone [21]. A free-drainage
lysimeter is easy to install and is cheaper than
the suction-controlled lysimeter. In suction-
controlled lysimeters, water does not accumulate
at the lower boundary because it is sucked away
through porous ceramic plates, pipes, or
fiberglass  wicks  [21].  Suction-controlled
lysimeters are expensive and are difficult to
install, especially if they have large surface areas
[22]. Another problem with suction-controlled
lysimeters is that water and solutes can interact
with the material used for the suction device with
the possibility of altering the matric potential,
streamlines, and the composition of the leachate
[23].

Lysimeters classify according
packing of test material,
measuring water content.

to drainage,
and methods of

1.2 According to Drainage

1- Zero-tension Lysimeter, which is a
lysimeter with freely drainage leachate.

2- Zero-tension Lysimeter Equilibrium
Tension Lysimeter, which is a lysimeter
designed to maintain equilibrium between

the suction applied to the leachate
collection system and soil matrix
potential thus the suction applied may
varies.

1.3 According to Packing of Test Material

1- Block lysimeter= An undisturbed soil
core is excavated and a casing is
constructed around the block. Leachates
can be collected with or without applying

suction.
2- Ebermayer lysimeter (In situ lysimeter
with  no side walls separating a

definitive soil block from adjacent soil) =
Leachates can be collected with or without
suction.

3- Filled-in lysimeter method = The test
material is collected and potentially pre-
treated, for example by homogenization,
before being filled into the lysimeter
container. Leachates can be collected with
or without applying suction.

1.4 According to Methods of Measuring
Water Content

1- Weighing lysimeter = The lysimeter is
either placed directly on weighing
equipment or can be moved and placed on
weighing equipment periodically. This
means that the lysimeter can be weighed
constantly or periodically.

2- Non-weighing lysimeter = Lysimeters
without weighing equipment available. This
category falls potentially under any other
category described in the table except from
weighing lysimeter.

Weighing lysimeters are commonly divided in two

types: continuous weighing and intermittent
weighing [24]. The latter are also called
weighable lysimeters. The main difference

between them is the time interval between two
consecutive weight measurements (Martin et al.,
2001). Continuous weighing lysimeters, despite
their accuracy and precision (Howell et al.,
1985), are not widely used due to the high
installation costs and the skilled personnel
required. For these lysimeters, the weighing
mechanism and the lysimeter are permanently
installed in the field, and readings are taken at
intervals as short as one minute. For weighable
lysimeters every time it has to be weighed [14].
The time interval between two consecutive
measurements is generally one day or longer
[25]. The main objective of a lysimeter is to
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maintain a controlled environment while
mimicking field conditions for the measurement
of water into and out of the system [26]. This

requires that soil-plant system inside the
lysimeter be indistinguishable from the
surrounding area in terms of soil moisture,

nutrient availability, plant height, root density, etc
[8,19]. Agronomic applications of weighing
lysimeters have been numerous. Among them,
comparisons and analyses of different
evapotranspiration estimation methods,
verification of the reliability of the ET. estimates
by means of the most recent updates of the FAO
method, measurement and comparison of ET. in
different cultivars, analyses and validation of
models separating evaporation (E) and
transpiration (T), determination of basal crop
coefificients and water requirements for
specific  irrigated  crops, evaluation of
methods to determine ET,, analysis of the
relationship between evapotranspiration
and soil water content, deficit irrigation studies in

trees, analysis of the energy balance
components, integration of Time-Domain
Reflectometer (TDR) measurements and

lysimetry, and finally, correlation between canopy
light interception and crop coefficients (K;) in
trees [27].

1.5 Specific Details for the Design of the
Lysimeter

The lysimster may be constructed by excavating
directly into the existing waste rock profile to a
minimum depth of 1.5 m. The design should not
interfere with runoff over the final surface of the
cover. Further special consideration will be
required if water quality measurement are
necessary. The key to a successful weighing
lysimeter is to design a system capable of
detecting a change in weight equal to a
millimeter of water when the lysimeter itself
weights several tons. The lysimeter weighing
system should be sensitive. This can be
accomplished by making the top area of the
lysimeter large relative to its depth, by
maintaining the water table depth precisely and
by using modern high technology sensors on the
weighing system and a computer controlled data
acquisition system. A weighing lysimeter consists
of a tank containing soil and a crop, level with
and representative of the surrounding area, and
supported by a weighing mechanism for
detecting water content changes. Knowledge of
crop water use which obtained from we weighing
lysimeter measurements is important in irrigation

scheduling, optimizing crop production, and
modeling evapotranspiration and crop growth.
The ability to estimate and predict
evapotranspiration and crop water requirements
can result in better satisfying the crop 's water
needs and improving water use efficiency.
Installing lysimeters and collecting water-use
data for local varieties and environmental
conditions  will provide the information
needed to develop irrigation scheduling to the
local area.

Within a lysimeter, assuming no over-topping,
the water balance may be written:

Da+ Dp - DET - Dre = DAS

Where D is the depth of water and the subscripts
a, P, ET, re, AS signify applied, precipitated,
evapotranspirated, removed, and change in
stored water. For a precipitation event, assuming
no additional applications during the event, the
depth of water removed (D) is due to deep
percolation out of the root zone. The effective
rainfall is then equal to Dy-D, without taking
surface runoff into account.

1.6 Construction of Lysimeter System

The general concept of a weighing lysimeter
requires four major elements. These include the
container to hold the soil, water and vegetation; a
rigid foundation; the force measuring or weighing
system; and the data acquisition and analysis
system. Accessory instrumentation is also
required to measure and record climatic data. In
designing the lysimeters, ease of fabrication,
simple and accurate installation, low
maintenance requirements, and low cost were
important considerations. The main components
of the lysimeters were an outer tank, an inner
tank, loadcell assemblies, and a drain system.
The outer and inner tanks consisted of four side
walls and a bottom plate. When installed in the

field, the inner tank contained the drain
system and a volume of soil and vegetation
isolated from the field. The loadcell
assemblies supported and monitored the
weight of the inner tank. The outer tank
isolated the inner tank from the field
and supported the loadcell assemblies and

inner tank. The size of a lysimeter is one of
the main determinants of its cost. Cost is
also associated with the types of specialized
equipment and the labor and materials used
in the lysimeter construction [28]. So, how
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Fig. 1. The schematic diagram of the weighing lysimeter

well a lysimeter represents the surrounding
environment is dependent on a compromise
between costs and management under field

conditions. In considering the design of the
lysimeters, two points were of paramount
importance: the lysimeters had to be large

enough to represent conditions, yet small enough
not to require expensive equipment for lifting and
weighing. The lysimeter construction is grouped
into three stages: foundation construction,
lysimeter tank fabrication, and tank installation
and instrumentation. The on-site construction of
lysimeter foundation began with soil excavation
from the experimental site. The weighing scale
detects all additions and subtractions of water in
the lysimeter box. Crop Etc is the main
subtraction of water from the lysimeter, and is
recorded continuously. Any irrigation, rainfall, or
drainage is also detected by the weighing scale.
The point is that the lysimeter is managed the
same way as the surrounding field with the goal
of having crop growth in the lysimeter that is very
similar to the surrounding field. Large surface
area to depth ratios are necessary in order to
maximize sensitivity. Minimization of unnatural
surface area is necessary to maintain a similar
thermal regime between the lysimeter and
surrounding field. Soil profile depth, siting, wind
and drainage are also important consideration.
Soil and vegetation were places in the cylinder to
duplicate as closely as possible natural
conditions surrounding the site. Subsoil in the
site originally selected was gravelly sandy loam
and thus it was not possible to obtain a
completely undisturbed soil profile in the
lysimeter.

1.7 Advantages and Limitations of the
Lysimeter

Compared to laboratory experiments, out-door
lysimeter studies have the following advantages:

1- They are closer to field environmental
conditions, there is no significant
disturbance of the subsurface soil (below
the top 25-30 cm plough layer).

2- It is possible to grow plants and therefore
to study the fate of chemicals in soil/plant
systems, transformation and leaching,
which are normally measured separately in
laboratory experiments, remain integrated
processes.

3- Mass fluxes can be determined.

And the limitations are:

1- Expense which depends on design.

2- Another problem certain limitation is
variable experimental conditions such as
environmental/climatic parameters
(temperature, rainfall, light and wind) which
are normally not controlled.

3- The bottom boundary between the soil
block and the container influences the
water flow and thus can affect the amount
of chemical leached from a lysimeter.

4- The spatial variability is normally less,
particularly when compared to field plots.

5- They are not suitable for every plant
species.

6- They are not suitable for every soil type.
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2. PROJECT OBJECTIVES

More accurately represent consumptive water
use of major irrigated crops in the field, by
defining the crop coefficients (Kc) used to
convert ETr to equivalent crop ET (Etc) values.
Determining agronomical characteristics of crops
which are planted on the field of lysimeter.

2.1 Project Benefits

1- Provide the best direct estimate of water
use by vegetation in the area.

2- Evaluate the accuracy of vegetative water
use models.

3- Evaluate the role of rainfall in meeting
plant water requirements.

4- Determine crop growth rates such as CGR,
RGR and changes in total dry matter and
LAl for each crops in each small
lysimeters. This performance is called joint
studies involving plant scientists and
botanist. Those researchers would involve
both ET and plant growth factors.

5- More accurate calculations of replacement
water required for depletions from well.

6- Better crop coefficients for ET-based
irrigation scheduling.

7- Better Etc calculations for
administration of water rights.

8- Using a weighing lysimeter in combination
with other meteorological and
hydrological instrumentation in long-term
measurements allows to assess the water
balance in detail.

future

2.2 Duration of the Study

The duration of a lysimeter study should be
determined by the objective of the study, but for
different crops, it should normally be at least two
years. In some cases, it may be appropriate to
extend this period to three years. The expected
study duration could be derived from information
grained for example, from results on adsorption
and degradation rates and from application
pattern. It may also be appropriate to modify the
duration according to the results obtained during
the study.

3. MANAGEMENT

Matching the soil and water conditions inside the
lysimeter to those in the field is difficult. To
minimize this problem, care must be taken at all
steps from lysimeter design and construction to
installation and management in the field. For any

plants grown in a container, the volume of soil
available may limit a normal rooting profile.
Moreover, lysimeters usually have more moisture
at the bottom of their soil profile compared to the
same depth in the field, unless a drainage
system efficiency removes the excess water. For
crop products, the management such as
fertilization, seed bed preparation, sowing tillage
and harvest of the lysimeter including its
surrounding area is carried out according to good
agricultural practice. Special attention has to be
paid to the depth of soil tillage which should only
be done in the top 25-30 cm (plough layer). In
the case of testing general chemicals,
management practices will depend on the
purpose of the study. Outdoor experiments are
subject to natural climatic variations. Therefore, it
may be necessary to complement natural
precipitation by irrigation. Whenever this is
needed, water with a quality comparable to rain
water (e.g. rain, tap or well water) should be
supplied to allow for plant growth. It is
recommended that the pH and ionic strength of
the irrigation water should be determined.
Deionised water can destroy the soil structure
and therefore must not be used. The key to a
successful weighing lysimeter is to design a
system capable of detecting a change in weight
to a equal to a millimeter of water when the
lysimeter itself weighs several tons.

3.1 Environmental Conditions

Precipitation should be recorded daily at the
lysimeter site. Also, soil temperature and soil
moisture should be measured. The
measurements should be done in a separate
lysimeter, in case the probes are installed
vertically from the lysimeter surface. All weather
data like air temperature, solar radiation,
humidity, and potential evaporation should be
obtained onsite or at a nearby meteorological
station. Frequency and time of these
measurements should be compatible with
standard meteorological procedures (at least
daily) as many estimation models or unknown
parameters (e.g. evapotranspiration) rely on
these standard data.

3.2 Maintenance

Routine maintenance involved periodic visits to
the lysimeter sites to check the condition of the
vegetation on and around the lysimeter, and to
check for excess water inside the outer and inner
tanks. The row-crop lysimeter was occasionally
tilled and sprayed by hand if the mechanized
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field equipment was not able to access the
lysimeter. Excess water inside the lysimeters
tanks was removed periodically using hand
suction. The loadcell wires should connected to
the datalogger at a nearby weather station. The
relative sophistication of a weighing lysimeter is
such that it requires more attention and greater
technical expertise for satisfactory operation than
does a non-weighing lysimeter. This could be
present a serious problem because the time and
effort required would be prohibitive if the
lysimeter was installed in a remote area.

3.3 Lysimeter Measurements

Lysimeter measurements consist of a time-
serious absolute weights of the lysimeter 's inner
tank and its contents. The weights include the
weight of the weights include the weight of the
inner tank and drain system, and the weight of
the vegetated soil inside the inner tank, which
includes soil, vegetation, and water. Lysimeter
measurements were collected automatically and
continuously at 10-minute or 5-minute intervals.
At each measurement interval, a series of weight
measurements were collected from each of the
loadcells. The measurements from each loadcell
were averaged, and the average weight was
stored in the datalogger 's memory. The
lysimeters were also useful in measuring rainfall
and irrigation amounts. Rainfall or irrigation water
falling on the lysimeter caused an increase in
lysimeter weight. The weighing lysimeter is a
permanent research facility which will contribute
to the educational and research programs. In
addition to providing needed research data, it will
serve to demonstrate the best available
technology for measuring vegetative water use.
The lysimeter facility provides a unique tool for
botanists, agronomists and other plant scientists
on campus. By recording information such as soil
moisture conditions within the lysimeter and plant
characteristics such as growth rates and
maturation, it will be possible to more closely
evaluate and model the influences of
environment on plant growth.

4. CONCLUSION

The weighing lysimeters provide scientist the
basic information for research related to the
evapotranspiration, and they are commonly
divided into two types, continous weighing and
intermittent weighing. Compared to laboratory
experiments, out-door lysimeter studies have the
following advantages like they are closer to field
environment conditions, it is possible to grow

plants and therefore to study the fate of
chemicals in soil/plant systems, transformation
and leaching. The limitations are expense which
depends on design, variable experimental
conditions such as environmental/climatic
parameters which are normally not controlled,
the spatial variability is normally less, they are
not suitable for every plant species and even
every soil type. The objective of lysimeter is
defining the crop coefficient (Kc) which used to
convert Etr to equivalent crop ET (Etc) values,
and determing agronomical characteristics of
crops which are planted on the field of lysimeter.
The duration of a lysimeter study should be
determined by the objective of the study, but for
different crops, it should normally be at least two
years. Precipitation should be recorded daily at
the lysimeter site. All wather data like air
temperature, solar radiation, humidity and
potential evporation should be obtained onsite,
and the frequency and time of measurements
should be at least daily. For crop products, the
management such as fertilization, seed bed
preparation, sowing tillage and harvest of the
lysimeter including its surrounding area is carried
out according to good agricultural practice. it may
be necessary to complement natural precipitation
by irrigation. Whenever this is needed, water with
a quality comparable to rain water (e.g. rain, tap
or well water) should be supplied to allow for
plant growth. The key to a successful weighing
lysimeter is to design a system capable of
detecting a change in weight to a equal to a
millimeter of water when the lysimeter itself
weighs several tons.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Scott HD. Use of a laboratory lysimeter to
determine  soil moisture  transport
properties. Journal of Agronomic
Education. 1974;4:28-32.

2. Wherley B, Sinclair T, Dukes M, Miller G.
Design, construction, and field evaluation
of a lysimeter system for determining
turfgrass water use. Proc. Fla. State Hort.
Soc. 2009;122:373-377.

3. Unlu M, Kanber R, Kapur B. Comparison
of soybean evapotranspirations measured
by weighing lysimeter and Bowen
ratio-energy balance methods. African



10.

11.

12.

13.

14.

Shahrajabian and Soleymani; ARJA, 4(2): 1-9, 2017; Article no.ARJA.32492

Journal of
4700-4713.
Zupanc V, Bracic-Zeleznik B, Pintar M.
Water baance assessment for lysimeter
station based on water Pumping Station
Klece in Ljubljana. Acta Agriculturae
Slovenica. 2005;85:83-90.

Voisey PW, Hobbs EH. A weighing system
for lysimeter. Canadian Agricultural
Engineering. 1972;14(2):82-84.

Xu CY, Chen D. Comparison of seven
models for estimation of evapotranspiration
and groundwater recharge using lysimeter

Biotechnology. 2010;9(30):

measurement data in Germany.
Hydrological Processes. 2005;19:3717-
3734.

Ramsbeck M, Franko U, Steinhardt U.
Modeling of lysimeter data using the
simulation model candy to interpret water
and nitrogen flow. First European
Conference for Information Technology in
Agriculture, Copenhagen. 15-18 June;
1997.

Allen RG, Fisher KK. Low-cost electronic
weighing lysimeters. Trans. ASAE. 1990;
33(6):1823-1833.

Corwin DL, LeMert RD. Construction and
evaluation of an inexpensive weighing
lysimeter for studying contaminant
transport.  Journal of  Contaminant
Hydrology. 1994;15:107-123.

Young MH, Wierenga PJ, Mancino CF.
Large weighing lysimeters for water use
and deep percolation studies. Soil Science.
1996;161:491-501.

Wriedt G. Modelling of nitrogen transport
and turnover during soil and groundwater
passage in a small lowland catchment
of Northern Germany. Ph.D. Thesis,
University of Potsdam, Germany; 2004.
Green AE, Clothier BE, Kerr JP, Scotter
DR. Evapotranspiration from pasture: A
comparison of lysimeter and Bowen ration
measurements with Priestley-Taylor
estimates. New Zealand Journal of
Agricultural Research. 1984;27:321-327.
Burman RD, Pochop LO. Evaporation,
evapotranspiration and climate data. In
Developments in Atmospheric Science, 22.
Amsterdam. The Netherlands: Elsevier
Science; 1994.

Martin EC, de Oliveira AS, Folta AD,
Pegelow EJ, Slack DC. Development and
testing of a small weighable lysimeter
system to assess water use by shallow-
rooted crops. Trans. ASAE. 2001;44(1):
71-78.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Von Unold G, Fank J. Modular design of
field lysimeters for specific application
needs. Water Air Soil Pollut. 2008;8:233-
242.

Trajkovic S. Testing hourly reference
evapotranspiration  approaches  using
lysimeter measurements in a semiarid
climate. Hydrology Research. 2010;41(1):
38-49.

Jensen ME, Burman RD, Allen RG.
Evapotranspiration and irrigation water
requirements. ASCE Manual No. 70. New
York, N. Y.: ASCE; 1990.

Allen RG, Howell TA, Pruitt WO, Walter |A,
Jensen ME. Lysimeters for
evapotranspiration and  environmental
measurements. Am. Soc. Civ. Eng., New
York, NY. 1990;444.

Howell TA, McCormick RL, Phene CJ.
Design and installation of large weighing
lysimeters. Trans. ASAE. 1985;28(1):106-
112, 117.

Abdou HM, Flury M. Simulation of water
flow and solute transport in free-drainage
lysimeters and field soils  with
heterogeneous  structures.  European
Journal of Soil Science. 2004;55:229-241.
Boll J, Steenhuis TS, Selker JS. Fiberglass
wicks for sampling of water and solutes in
the vadose zone. Soil Science Society of
America Journal. 1992;56:701-707.
Bergstorm LF. Use of lysimeters to
estimate leaching of pesticides in
agricultural soils. Environmental Pollution.
1990;67:325-347.

Goyne KW, Day RL, Chorover J. Artifacts
caused by collection of soil solution with
passive capillary samplers. Soil Science
Society of America Journal. 2000;64:
1330-1336.

Howell TA, Schneider AD, Jensen ME.
History of lysimeter design and use for
evapotranspiration  measurements. In
Lysimeter for Evapotranspiration and

Environmental Measurements: Proc.
ASCE Int. Symp. Lysimeter. 1991;1-9.
R.G.

Oliveria AS. Determination of head lettuce
crop coefficient and water use in Central
Arizona. Ph.D diss. University of Arizona,
Tucson; 1998.

McFarland MJ, Worthington JW, Newman
JS. Design, installation and operation of
twin weighing lysimeters for fruit trees.
Trans. ASAE. 1983;26(6):1717-1721.



Shahrajabian and Soleymani; ARJA, 4(2): 1-9, 2017; Article no.ARJA.32492

27. Lorite 1J, Santos C, Testi L, Fereres E. 28. Schneider AD, Howell TA, Moustafa ATA,

Design and construction of a large Evett SR, Zbou-Zeid W. A simplified
weighing lysimeter in an almond orchard. weighing lysimeter for monolithic or
Spanish Journal of Agricultural Research. reconstructed soils. Appl. Eng. Agric. 1998;
2012;10(1):238-250. 14(3):267-273.

© 2017 Shahrajabian and Soleymani; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/18735




