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Abstract- The conventional drainage methods such as lateral drainage, vertical drainage and interceptor drains have been 
used for many years to control soil salinity and water table. These methods increase agricultural productions but their 
installations are expensive and cause environmental pollutions. Therefore, in recent years, less expensive and more 
environmental acceptable drainage methods such as dry drainage have been introduced. In this method, the natural soil 
system is used to reclamate soil and evaporation of non-irrigated soil (fallow soil) is used to control salinity and water table 
of irrigated soil. There are few researches about the design and performance of this method of drainage under different soil 
and water conditions. Therefore, the objective of this study was to evaluate the performance of dry drainage under different 
soil and irrigation water salinities. A physical based model was constructed and used to simulate dry drainage and collect 
data. The model was studied for different combinations of soil salinity, irrigation water salinity and water table position. 
During each experiment and for each of the above conditions, irrigation water, evaporation and soil salinity were measured 
and compared. The results showed that dry drainage can reduce soil salinity significantly. As the salinity of fallow soil 
increased, the daily evaporation and performance of dry drainage decreased. For dry and semi dry regions, which have 
suitable conditions for dry drainage, to control and reduce soil salinity, the use of dry drainage is recommended.    
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I. INTRODUCTION 
 
In arid and semi-arid regions, farmers are using low 
quality groundwater due to limited supplies of high 
quality irrigation water. Continuous use of low 
quality water for crop production enhances soil 
salinization. Soil salinity is a major environmental 
factor limiting the productivity of agricultural lands. 
During the last 3-4 decades, as the demand for 
agricultural productions increased the irrigated lands 
also increased by about 300%. This has imposed a 
further increase in soil salinization and a relative 
decrease in crop yield [6]. It is estimated that up to 
20% of irrigated lands in the world are affected 
somehow by different levels of salinity and sodium 
content. In Iran about 15% of lands, that is about 25 
million ha, are suffering from this problem, including 
320000 ha in Isfahan province. Overcoming of soil 
salinity and sodium content problems in arid and 
semi-arid regions can be achieved by managing water 
resources, growing salt-tolerant plants, using crop 
rotation and leaching with appropriate drainage 
system [3]. Results of different researches have 
shown that it  is beneficial if crop rotation is 
considered for land reclamation programs to decrease 
soil salinity.  The conventional drainage methods 
such as lateral drainage, vertical drainage and 
interceptor drains have been used for many years to 
control soil salinity and water table. These methods 
increase agricultural productions but their 
installations are expensive and cause damage to 
environment due to disposal of low quality drainage 
water to surface or underground water. The new 
concept of drainage is dry drainage which causes to 
remove salts from irrigated land to the nearby fallow 

land or uncropped area. Evaporation from fallow land 
is the cause of drainage and removal of salts from 
irrigated land to the fallow land.  The concept of dry 
drainage as shown in Fig. 1 was first introduced by 
Greenwood et al., in 1994, [1]. Konukcu, et al. 
reported that dry drainage is a sustainable solution to 
water logging and salinity problems in irrigation 
areas [5]. There are few researches about dry 
drainage and its practical use [2, 4]. Therefore, the 
objective of this study was to evaluate the 
performance of dry drainage for controlling soil 
salinity under different soil and irrigation water 
salinities. 
 

 
Fig. 1. The concept of dry drainage  [5]. 

 
II. MATERIALS AND PROCEDURES 
 
This study was carryout using a laboratory model. 
The schematic of this model is shown in Fig. 2. To 
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simulate dry drainage conditions, the model was 
divided into two equal parts of irrigated and non-
irrigated sections in such a way that due to hydraulic 
gradient changes, soil water and salt movements 
accurse naturally between two sections. The model 
was constructed, filled with soil and run for different 
experimental conditions inside of water research 
laboratory of Isfahan University of Technology. The 
model which was made from galvanized metal sheet 
with thickness of 4 mm has the dimensions of 200 cm 
length, 50 cm width and 100 cm height. To observe 
water flow and water level in the model, one side of 
the model was made of Plexiglas with thickness of 8 
mm. The soil used for the study was taken from an 
agricultural field and was analyzed and had 20% clay, 
28% silt and 52% sand with bulk density of 1.6 
g/cm3. A grid system with distance of 20 cm was 
installed on one side of the model and 50 of these 
grid points were connected to the piezometers for 
water level readings and the rest of the grid points 
were used to collect soil samples for moisture and 
salinity measurements (Fig. 3). The piezometers were 
made of polyethylene and each had an inside 
diameter of 5 mm. To drain water and to obtain desire 
water table, a drainage valve was installed at the 
bottom of the model. To obtain uniform water table, 
sand filter was placed at the bottom of the model. A 
water level controller connected to the drainage valve 
at the bottom of the model was able to raise water 
from the bottom to the top smoothly until it reaches 
the desire water level which was 50 cm from the soil 
surface. To have environmental conditions close to 
the field situations, wind and temperature simulators 
were used. Experiments were conducted for six 
different stages and each stage last for about three 
months. Stages include water table of 50 cm, two 
groundwater salinities of 1 and 3 dS/m, two irrigation 
water salinities of 5 and 15 dS/m, and two initial soil 
salinities of 3 and 7 dS/m (Table 1). For each stage, 
the soil in the model was replaced, and new 
experimental conditions were set. Irrigation and 
ground water salinities were obtained by mixing 
drainage water with good quality water. The drainage 
water was from an agricultural field which had 
drainage system. The characteristics of irrigation 
water salinities are shown in Table 2. Soil salinity 
was obtained by mixing irrigation water with 
different salinities to soil until desired soil salinity 
reached. Soil moistures and soil salinities were 
determined using soil samples taken at different 
locations of the model. Irrigation interval was about 
five days. In each irrigation, soil moisture was raised 
to field capacity and water table was raised to 50 cm 
depth below soil surface. After each irrigation, the 
soil surface of irrigated area was covered by plastic 
so that evaporation only occurs from the non-irrigated 
area of the model. For each irrigation, evaporation 
from non-irrigated area was calculated based on 
volume balance approach. After reduction of 
evaporation due to accumulation of salts on soil 

surface of non-irrigated area, surface salts were 
scratched, measured and replaced with soil.   
 

 
Fig. 2. The schematic of the laboratory model for dry drainage. 

 

 
Fig. 3. The installation of the piezometers on the model. 

 
Table 1:  The experimental treatments. 

 
 

Table 2: The chemical characteristics of  irrigation water 
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III. RESULTS AND DISCUSSION 
 
As mentioned earlier, the experiments were 
conducted for six different experimental conditions of 
water table, irrigation water salinity, groundwater 
salinity and soil salinity. The results for first stage of 
the experiment which include water table of 50 cm, 
groundwater salinity of 3 dS/m, irrigation water 
salinity of 15 dS/m, and initial soil salinity of 7 ds/m 
are presented below. 
 
Fig. 4 shows the applied volume of water for each 
irrigation, during experiment. As compared to the 
first irrigation, the applied volume of water for 
subsequent irrigations decreased due to salt 
accumulation at the soil surface of non-irrigated area. 
At day 49 which salt was scratched, evaporation of 
non-irrigated area becomes higher and causes higher 
volume of applied irrigation water. Daily evaporation 
of the non-irrigated area for different times during 
experiment is shown in Fig. 5. Evaporation is 
decreasing with time due to the salt accumulations at 
the soil surface of non-irrigated area. After day 49 
which salt was scratched, evaporation and 
consequently volume of applied irrigation water 
increased. After each irrigation, the surface of 
irrigated area was covered with plastic because the 
only source of loosing water was considered to be 
evaporation from the non-irrigated area. Evaporation 
from non-irrigated area cause high hydraulic gradient 
from irrigated area to the non-irrigated area and cause 
water movement and consequently salt movement 
from irrigated area to the non-irrigated area. Soil 
surface salinity changes during experiment for 
irrigated area and non-irrigated areas are shown in 
Figs. 6 and 7, respectively. The comparison of this 
two figures show higher soil salinity for the non-
irrigated area as compared to the irrigated area. The 
reduction of soil salinity after soil scratching is 
significant for the non-irrigated area. After reduction 
of soil salinity evaporation becomes higher which 
results in higher salt movement from irrigated area to 
the non-irrigated area.  
 

 
Fig. 4. The volume of applied water for each irrigation during 

the experiment. 

 
Fig. 5. Daily evaporation during the experiment. 

 

 
Fig. 6. Soil surface salinity changes for irrigated area. 

 
Fig. 7. Soil surface salinity changes for non-irrigated area. 

 
CONCLUSIONS 
 
In arid and semi-arid regions, dry drainage concept 
can reduce soil salinity of irrigated lands significantly 
without making pollutions to surface and 
underground water. For situations where 
impermeable layer is close enough to soil surface and 
hydraulic gradients exist between irrigated field and 
non-irrigated field, the use of dry drainage can reduce 
soil salinity of irrigated field significantly. However, 
this management method for reduction of soil salinity 
requires further study under different plant growth 
and environmental conditions.  
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