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Abstract 
Two types of methods for potential and actual evapotranspiration determining were compared. The first 

type includes neutron gauge, tensiometers, gypsum blocks and lysimeters. The actual and potential 
evapotranspiration were calculated by water balance equation. The second type of methods used a simulation 
model for all calculation. The aim of this study was not only to compare and estimate the methods using. It was 
mainly pointed on calculations of water use efficiency and transpiration coefficient in potential production 
situation. This makes possible to choose the best way for water consumption optimization for a given crop. The 
final results find with the best of the methods could be used for applying the principles of sustainable agriculture 
in random region of Bulgarian territory. 
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Introduction 
There is a stable tendentious in the world during the past several years for increasing the 

yield from serials (wheat, maize, etc.). This is not only because of results in genetic area, but 
because of new perfect agricultural technology applying in plant science. Unfortunately there 
are not only successes in this field but some negative tendentious could be find. Especially for 
Bulgaria the last tendentious take part because of a lot of factors, which concentrated the idea 
for sustainable agricultural. Bulgarian limited water resources and no sufficient water use are 
the main reasons of this. Determining the potential production and its main components - 
potential evapotranspiration (ETP), transpiration coefficient (TRC) and water use efficiency 
(WUE) is the right way to find the solution for improving the situation. Two types of methods 
potential and actual evapotranspiration determining are compared in the study. The first type 
includes neutron gauge, tensiometers, gypsum blocks and lysimeters. The actual and potential 
evapotranspiration were calculated by water balance equation. The second type of methods 
uses a simulation model for all calculation. The experiments were carried out in the 
experimental field of the Poushkarov Institute of Soil Science near Tzalapitza village – 
Plovdiv region in Southern Bulgaria. 

The aim of this study is not only to compare and estimate the methods using. It is mainly 
pointed on calculations of water use efficiency and transpiration coefficient in potential 
production situation. This makes possible to choose the best way for water consumption 
optimization for a given crop. The results find with the best of the methods could be used for 
applying the principles of sustainable irrigation scheduling in random region of Bulgarian 
territory. 

Materials and methods 
The experimental field of the Poushkarov Institute of Soil Science near Tzalapitza village 

– Plovdiv region in Southern Bulgaria is situated on about 188 meters above sea level on left 
riverside of Maritza River. The mean air temperature is 11.7 º C and the annual rainfall is 548 
mm with maximum during the spring and summer and minimum during the autumn and 
winter (Hershkovich, 1984 [2]). The soil type in the experimental field was determined as 
Fluvisol (Alluvial Meadow soil). The field experiment was carried out on 4 daa area with 
winter wheat (Pobeda variety) in two variants (irrigated and without irrigation) each of them 
in four repetitions. Gravimetric method (Kolev, 1994 [4]), neutron probe (Vichev et al. (1996) 
[7]), electrical resistance blocks (Vichev et al. (1996) [7]) and tensiometers (Kolev, 1994a [5]) 
were used for the soil water content and soil water dynamics determination. For irrigation 
scheduling in the experimental plots were used compensation lysimeters (Glogov et al. (1986) 
[1]). 
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With gravimetric methods water content is determined from the weight difference of wet 
and dry sample. Typically, with gravimetric method the soil sample is collected and weighted. 
The sample is then dried in an oven at about 105 ºC until constant weight is reached, and the 
dry sample weight is determined. The basic equation expressing soil water content on a dry 
mass basic is: 

(1) , where: sM/MW w=
W is the soil water content (g/g); 
Mw is the mass of water in the soil sample (g); 
Ms is the mass of the oven dry soil in the sample (g). 

On a bulk volume basis the volumetric moisture content, Θ, (cm3/cm3, or cm/cm) is 
expressed as: 

(2) , where: bw VV /=Θ
Vw is the volume of water in a soil sample (cm3), which is approximately numerically 

equal to the mass of water, since the density of water ρw is approximately 1.0 g/cm3; 
Vb is the bulk volume of the sample (cm3). 

When the bulk density of the dry soil mass ρb (g/cm3) is known and with the density of 
water being approximately 1.0 (g/cm3), a very useful relationship is: 

(3) WW bwb */* ρρρ ==Θ (numerically) 
In obtaining accurate field data, the samples must not lose water between the time of 

collection and weighting. The cans should be as airtight as possible and should be weighted as 
soon as possible. After the sample is oven dried, it is typically cooled before re-weighting in 
the dry atmosphere of a desiccator or with the container lid on. This method is very time and 
manpower consuming, but it is still the most useful method in experimental works and 
irrigation practice (Kolev, 1994 [4]). 

Tensiometers are commonly used in situ to measure soil water capillary pressure up to 
approximately 80 centibars (80 kilopascal Kpa). If there is a definite relationship between soil 
water content and capillary pressure for the given soil it might be possible to determine water 
deficit and irrigation requirements. This means, that tensiometers could be used in lysimeters 
and irrigated variants only. When the soil water capillary pressure became bigger than 80 Kpa 
it is necessary other methods to be used (Kolev, 1994a [5]). 

Electrical resistance blocks allow to determine soil moisture content in wide interval 
because of the relation between resistance of the porous material (measured by resistance 
meter) and moisture content and capillary pressure of the soil. The limitation of these blocks 
is the sensitivity of the resistance measurements to the salinity levels in the soil water. 
Gypsum blocks tend to deteriorate in the soil, especially in a sodic soil, or where the soil 
remains at high moisture levels for much of the season (Vichev et al. (1996) [7]). 

The neutron probe method is an indirect method which measured the degree to which 
high energy neutrons are slowed down (or thermalized) in the soil by the hydrogen atoms in 
water. The high-energy neutrons, which are emitted from a radioactive source, collide with 
atomic nuclei that are nearby. Since the hydrogen atoms in water have about the same mass, 
they are very effective in slowing the neutrons down. The rate at which thermal neutrons are 
detected relative to high-energy neutrons emitted is proportional to number of hydrogen 
nuclei in the vicinity of the source. The volume of soil measured by the probe varies with the 
moisture content. The radius of primary influence may be only 8 cm in the moist soil and 30 
cm in the dry soils. Because of this sphere of influence, measurements closer than 18 cm to 
the ground surface are usually not made. The proportionality constant between thermalized 
neutron count and moisture content varies from probe to probe and with different access 
tubes. The calibration curve supplied with the probe can be used if the recommended access 
tube is also used. Calibration can be accomplished through comparison with results of 
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gravimetric or other methods. Calibration with one soil can hold for all soil types, except in 
the presence of a material affecting thermalization. 

The important ting is that neutron probe method could be used in very large range of soil 
water content: from permanent wilting point up to field capacity. This method could be 
applied for soil water content in both irrigated and non-irrigated experimental plots (Vichev et 
al. (1996) [7]). 

Lysimeters are devices for measuring evapotranspiration. The crop is planted in large 
tanks and either trough measurement of weight loss, inflow-outflow, or other means, the 
water losses to evaporation and transpiration can be quantified. When lysimeters are properly 
constructed and set in the representative sites, they can provide the most accurate 
measurement of evapotranspiration. Initial and maintenance costs have limited their use 
primarily to research, except in a few large irrigation projects. Further discussion of 
lysimeters for research purposes is present in Glogov et al. (1986) [1]. 

For calculating the potential winter wheat production a simulation model was used 
according to van Keulen and Wolf, (1986) [3] in the version suggested by Kolev, 1994a [5]. 
The reference crop evapotranspiration (potential evapotranspiration) ETP, according to this 
model could be calculated after relevant simulation procedure. This procedure uses Penman-
Monteith (1965) [6] equation for ETP computing: 
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, where: 

E is the evaporation rate from water surface (kg/m2d); 
L is latent heat of vaporization of water (2450*103 J/kg); 
Rn is net radiation (J/m2d); 
hu is the sensible heat transfer coefficient (J/m2d ˚C); 
ea is the water pressure at standard screen height (mbar); 
ed is the saturation vapour pressure at air temperature; 
∆ is the slope of saturation vapour pressure curve between the average air temperature 

and dewpoint; 
Cs is conductance for water vapour, expressed in the same units as hu. 

In the case of crop canopy Cs represents the conductance of a large number of leaves 
placed in parallel and is referred to as the surface conductance. For a well – watered crop, i.e. 
under conditions of potential transpiration Cs appears much larger than hu. The influence of 
the correction factor in Equation 13 is therefore rather small. For practical purposes, therefore, 
the Penman equation in its original form appears to be a useful estimate of transpiration losses 
by crops. In the case of water storage, the closure of stomata is reflected in a decrease of the 
canopy conductance Cs. 

However, the difference in albedo between a water surface and a green crop surface, 
which is 0.05 for the first and roughly 0.25 for the latter, has to be taken into account. The 
water loss that is calculated in this way is referred to as the potential evapotranspiration of a 
closed, short green crop surface well supplied with water. The prefix ‘evapo’ is used, because 
no distinction is made between water loss by transpiration from the leaves and that by 
evaporation from the wet soil surface under the crop. 

The rate of change in soil moisture content of the root zone could be described with a 
water balance equation follow: 

(5) , where: RDTDCDIMRMS /))(( −−+=
RSM is the rate of change in moisture content of the root zone (cm3/cm3.day); 
IM is the rate of net influx through the upper root zone boundary (cm/day); 
(CR-D) is the rate of net influx through the lower root zone boundary (cm/day); 
T is the rate of crop transpiration (cm/day); 
RD is the depth of the root zone (cm). 
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The maximum transpiration rate under conditions of optimum water supply is a function 
of total surface area of all transpiring leaves and the potential transpiration rate T0. The latter 
represents transpiration under the prevailing environmental conditions of a well watered, 
closed, short, green, standard crop as defined by Penman. Assuming proportionality between 
light interception by the leaf surface and transpiration, the maximum transpiration rate is 
approximated by: 

(6) , where: 0
*4.0 *)1( TeT LAI

m
−−=

Tm is the maximum transpiration rate (mm/day); 
T0 is the potential transpiration (mm/day); 
LAI is leaf area index (m2/m2). 

Assuming the leaf area index of a closed standard crop to be 5 to 6, the potential 
transpiration rate can be written as: 

(7) 00 *1.0 EETPT −= , where: 
ETP is the potential evapotranspiration (mm/day); 
E0 is evaporation (mm/day). 

The maximum transpiration rate becomes: 
(8) *)1( *4.0 LAI

m eT −−= )*1.0( 0EETP −  
Plants experience water stress if matric suction (ψ) is either too low or too high. 
The relation between water use and dry-matter production was recognized already by 

early investigators in agricultural science and many experiments were carried out to determine 
the extract dependencies between two variables. 
In case of a fully closed crop canopy, where soil evaporation is negligible the potential 
evapotranspiration determined by Penman’s equation equals to potential transpiration. In the 
situation where a crop has non-regulating stomata, the Penman’s equation underestimate the 
potential transpiration. Correction factors for such conditions have been calculated by 
comparing Penman values to transpiration values, calculated with a detailed physiologically 
based model of crop growth. The results are tabulated in Table 1.  

Table 1. Correction factors for multiplying the ET to obtain potential crop transpiration 
in the absence of stomatal regulation. 

Sky condition Species Clear Overcast 
C3 1.47 2.1 
C4 1.6 3.0 

Under conditions of temporary water shortage in the soil, leading to partial stomatal 
closure, assimilation and transpiration are affected approximately to the same event, hence the 
value of the transpiration coefficient remains constant. This characteristic permits an 
evaluation of influence of moisture shortage on production. If the amount of moisture 
available for plant uptake is lower than potential transpiration, actual transpiration falls short 
of the potential. 

Although the relation between transpiration and assimilation may not vary under 
different nutritional conditions, overall water-use efficiency (WUE), expressed as dry-matter 
production per unit of water applied, either because of rain or by irrigation, may well be 
affected. It is important therefore to distinguished between field water use efficiency, which 
may include all sorts of losses and the true transpiration coefficient, which expresses the 
amount of water actually transpired per unit of dry-matter produced. In the water balance 
calculations both processes are treated therefore separately. 

The review of the methods for soil water content determination show that only 
gravimetric and neutron probe methods cold be used in all range of available water content 
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(between wilting point and field capacity) and for estimation of the simulation model 
predictions. These two methods will be compared in present study. 

Discussion 
The yields in the irrigated variant and in the lysimeter were obtained after 6 times irrigation as 
follow: between 05.04-05.05. – irrigated with 53.6 mm 2 times; between 06.05-12.06. – 
irrigated with 67.8 mm 3 times; between 13.06-05.07. – irrigated with 16.1 mm ones. The soil 
water dynamics over post-dormancy period determined by gravimetric and neutron probe 
methods and simulation model are shown on table 2. 

Table 2. Soil moisture dynamic over post-dormancy period of winter wheat development. 
Day/Soil moisture content (cm3/cm3) Variants Methods 05.04 05.05. 12.06. 22.06. 05.07. 

Gravimetric 0.234 0.218 0.119 0.163 0.170
Neutron 

probe 0.235 0.216 0.115 0.161 0.160Non-
irrigated Simulation 

model 0.248 0.201 0.140 0.150 0.165

Gravimetric 0.264 0.274 0.211 0.215 0.146
Neutron 

probe 0.260 0.268 0.209 0.210 0.140Irrigated 
Simulation 

model 0.270 0.290 0.220 0.230 0.180

The average difference between gravimetric and neutron probe methods is 0.0034, with 
standard deviation of 0.0037 and confidence limit of 0.0032 (α=0.05) for the non-irrigated 
variants. The same values for irrigated variants are average - 0.0046, standard deviation - 
0.0015 and confidence limit (α=0.05) - 0.0013. This means, that neutron probe method could 
be successfully used as independent and reliable method for soil moisture dynamics 
determination. The average difference between gravimetric method and simulation model is 
0.000, with standard deviation of 0.015 and confidence limit of 0.013 (α=0.05) for the non-
irrigated variants. The same values for irrigated variants are average - -0.016, standard 
deviation - 0.010 and confidence limit (α=0.05) - 0.008. 
The soil moisture dynamics is in direct relation with evapotranspiration. The results find by 
using of neutron probe method and simulation model are shown in table 3.  

Table 3. Actual evapotranspiration (mm/day) over post-dormancy period. 
Period/Actual evapotranspiration 

(mm/day) Variants Method 
05.04-
05.05. 

06.05-
12.06. 

13.06-
22.06. 

23.06-
05.07 

Total 
Evapotranspiration 

(mm) 

Mean 
Evapotranspiration 

(mm/day) 

Neutron 
probe 1.6 2.3 1.8 0.9 166.3 1.8Non-

irrigated Simulation 
model 2.0 3.0 0.4 0.6 185.4 2.0

Neutron 
probe 1.9 4.8 3.0 7.0 358.1 3.9

Irrigated Simulation 
model 1.6 3.2 2.2 5.6 260.2 2.8

The average difference between neutron probe method and simulation model is 0.25, 
with standard deviation of 0.93 and confidence limit of 0.91 (α=0.05) for the non-irrigated 
variants. The difference between total evapotranspiration determined by two methods is 19.1 
mm (11.5 %) for the total evapotranspiration with a mean value of 0.2 mm/day for the whole 
period. The same values for irrigated variants are average - 1.33, standard deviation - 0.59 and 
confidence limit (α=0.05) - 0.58. The difference between total evapotranspiration determined 
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by two methods is 97.9 mm (27.3 %) for the total evapotranspiration with a mean value of 1.1 
mm/day for the studied period. 
For finding an idea about the role of the water in yield formation transpiration coefficient and 
water use efficiency are used. The yields and the two important water efficiency parameters 
are presented in table 4.  

Table 4. Yields, water use efficiency (WUE) and coefficient of transpiration (TRC) for 
winter wheat. 

Variants Methods Yields (kg/ha) WUE (kg/kg) TRC (kg/kg) 
Neutron probe 6450 156 388Non-irrigated Simulation model 3950 286 633
Neutron probe 8150 179 478Irrigated Simulation model 7800 178 500

Lysimeter Neutron probe 7640 214 510
As could be seen the lowest water use efficiency is in the lysimeter where for 1 kg grain 

was used 214 kg of water and the TRC is 510. According to the simulation model maximum 
TRC were find in non-irrigated variant – 633 or more than 24 % bigger than this in lysimeter. 
There were no principal differences between WUE and TRC determined by neutron probe and 
simulation model in irrigated variant. The most effective variant is non-irrigated, where for 
yielding of 1 kg grain was used only 156 kg of water, which is about 15 % smaller than water 
used for the same production in irrigated variant and more than 37 % smaller than used water 
in lysimeters. 

Conclusions 
Neutron probe and gravimetric methods could be used for soil water content 

determination and for estimation of the results finding by using of the simulation model. The 
important advantage of the neutron probe method is that it is no so time-consuming as 
gravimetric method. 

Simulation model gives good estimations of grain yield, water use efficiency and 
transpiration coefficient for irrigated areas. 

The simulation model and lysimeter could be successfully used for winter wheat 
irrigation management and scheduling in Tzalapitza region. 
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