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ABSTRACT 
 

Nowadays water table management aimed at optimum use of water resources in agricultural sector has 
globally attracted the attention of researchers and stakeholders. However application of this method in arid and 
semi-arid region is doubtful because of high evaporation rate and salt movement toward the root zone 
limitations. This research was conducted to examine the possibility of using water table control methods (i.e., 
controlled drainage and subirrigation) in an arid region (e.g., Dezful in Iran) with special attention to its salinity 
management. Three water table control treatments including: free drainage (FD), controlled drainage (CD) and 
subirrigation (SI) were considered. Treatments were applied in 12 lysimeters (95 cm height, 50 cm diameter). 
The experimental setup included three treatment and four replicates. Water table was set at 55 cm from soil 
surface with electrical conductivity (EC) equal 1.5 dS/m. The crop cultivated in lysimeters was corn. The soil 
leaching was conducted when EC reached to the plant threshold level (EC = 3 dS/m). The results indicated that 
SI and CD methods can be used in arid and semi-arid conditions. In all treatments the soil EC wasn’t reach to 
the crop threshold level, but the EC of soil surface layer in SI treatment was high, although it hadn’t any 
significant effect on crop yield. However the crop yield in SI treatment measuring 994 gr per square meter was 
higher from FD treatment with amount of 826 gr per square meter. The yield in CD treatment was 27% more 
than FD and 12% more than SI. Therefore overall results of this study confirmed the ability of performance the 
water table control systems such as controlled-drainage and sub-irrigation in arid and semi-arid regions. 
 
Key words: Subirrigation, Controlled drainage, Free drainage, Lysimeter, Salinity and Corn. 
 
Introduction  
 

Regulating the drainage intensity, based on its 
requirement in farm, can be performed with 
controlling the drains outlet and based on good 
management for a specific goal. Primarily studies for 
control and management of drains outlet and water 
table regulation in specified depth were investigated 
in North America, particularly in north California 
and Florida on 7th decade. These regions are humid 
and their rainfall is more than evapotranspiration. 
Therefore, rainfall water can be kept in soil with 
blocking the drains or increasing the outlet elevation 
and provided the plant's water requirement mainly. 
This technique known as controlled drainage. But in 
the growing season when the rainfall is not sufficient 
to meet crop water requirements or increases rainfalls 
interval, plant water requirement provided from 
water table with entering the water into the drainage 
pipes and raising the water table near to the plant 
root. This technique called subirrigation. But in arid 
and semi arid areas, rainfall is not enough to meet the 

plant water requirement, in addition this low rainfall 
usually falls in the non-crop season. Therefore, 
irrigation is inevitable to provide the plant water 
requirement. Consequently, the aim of controlling 
the water table in these areas can be keeping the 
water in the soil until the next irrigation. 

Qamrnia [20] investigated the water uptake by 
wheat root in the presence of saline shallow water 
table in lysimeter. This study was conducted in 9 
lysimeters with 55 cm diameter and 130 cm height in 
loamy sand soil, groundwater depth of 100 cm and 
water salinity of 2, 6 and 8 dS/m.  

Ayars et al., [1] presented the different plants 
available water as a function of the groundwater 
quality and water table depth. In this research, 
controlled drainage is mentioned as an appropriate 
management method to improve water management 
in arid regions. 

Cooper et al., [8] were cultivated five different 
varieties of soybeans under subirrigation method 
with water table depth of 40 cm in Ohio during 1985-
1987. Other levels of water table depth were added to 
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treatments during next 6 years. These depths 
included 50 and 70 cm below the soil surface. The 
most of yield, in water table depth of 40 cm, was 
equal 5.3 t/ha. Also this amount of product would 
obtain in successive years demonstrating possibility 
of the continuation of subirrigation method. 

Camp and Thomas [5] evaluated three water 
table management systems for three varieties of 
cotton in a sandy loam soil in south-east plain of 
America during 1987-1989. Three water table 
management systems included subsurface drainage, 
controlled drainage and controlled drainage-
subirrigation. The treatments were irrigated with 
surface and micro irrigation methods. Cotton yield in 
two years from three years was significantly 
different. The lowest yield was obtained from 
controlled drainage-subirrigation treatment equal 766 
kg/ha, while it equaled 1022 and 942 kg/ha for 
controlled drainage and subsurface drainage 
respectively. Over optimum soil moisture was 
expressed as yield decrease reason for all treatments, 
especially in combination of controlled drainage-
subirrigation system.  

Chescheir and et al., [6] studied the effect of 
water table management on corn and soybean yields 
in a farm with subsurface drainage system in North 
Carolina. Management treatments were free 
drainage, controlled drainage and subirrigation. 
Results indicated 11% increase in soybean and 21% 
in corn yield. But wheat was not affected by drainage 
treatments.  

Brandyk and et al., [4] studied ability of 
subirrigation and controlled drainage in wetland peat 
soils in Poland. Results showed that the much soil 
moisture in the presence of water table prevented soil 
mineralization. In addition, subirrigation could 
provide plant water requirement up to 80%, but 
effect of controlled drainage was less significant.  

Patel and et al., [19] conducted a test on the 
green pepper in Lysimeter, with three different 
groundwater salinity (1, 5 and 9 ds/m) and two 
different water table depths (0.4 and 0.8 m). 
Groundwater salinity affected on soil profiles in the 
shallow water table (0.4 m). This salinity affected 
only on the soil lower half in the water table depth of 
0.8 m. Increase of soil salinity due to 
evapotranspiration occurred primarily in more depth. 
Adding fertilizer N, P and K also had no effect on 
soil salinity. The remarkable result was that the 
groundwater depth and salinity affected on salt 
accumulation in the soil but had no effect on the 
product.  

Mejia and et al., [17] investigated the water table 
management effects on corn and soybeans in a two-
year study. Treatments included two water table 
depths of 50 (CWT0.5) and 75 (CWT0.75) cm and a 
free drainage treatment with water table depth of 0.1 
m. The results showed that in 1995 corn yield in the 
CWT0.5 treatment was 13.8% (1.53 t/ha) and in the 

CWT0.75 treatment was 2.8% (0.31 t/ha) more than 
the free drainage yield. 

Grigg et al., [11] studied the effect of different 
drainage methods on the surface runoff, nitrate loss 
and crop yield. In this research three different 
methods were compared, including free drainage, 
controlled drainage with water table depth of 1.1 m 
and combined method of controlled drainage and 
subirrigation with setting water table of 0.8 m. The 
study was planted under maize. The survey results 
indicated that the free surface drainage showed 
higher nitrate losses than the other two methods.  

Luo et al., [15] carried out a field experiment of 
controlled drainage in the rice growing area of the 
District in 2004 - 2005. Field observations showed 
that reduction of the drainage depth of field ditches 
from 1 to 0.4 m resulted in a drainage flow reduction 
of 50-60%. Drainage water salinity increased only 
slightly but was still below the salt tolerance level of 
rice. 

Gowing et al., [10] examined the salinity effect 
on wheat water use efficiency under deficit irrigation 
and shallow water table (depth of 1 meter) in 
lysimeter. In this study, the daily evaporation rate 
was nearly 5 mm per day and the groundwater 
salinity was 2 - 8 ds/m. although water uptake by 
plants decreased with increasing groundwater 
salinity, but the water uptake rate from water table 
was observed to 40% in most treatments. The 
maximum yield decrease was 30% (salinities more 
than 6 ds/m) compared with low salinities (1 - 2 
ds/m). In this paper control of water table at 
lysimetery scale in arid and semi-arid condition of 
Dezful, Iran was studied. 
  
Materials and Methods 
  
Experiment location: 
 

Experiments of research were conducted in 
lysimeters of the Agriculture Faculty of Islamic Azad 
University, Dezful, Iran. Latitude and longitude of 
area are 16 '32 and 25 '48 respectively and altitude is 
137 m. Climate of this region is warm with 
Mediterranean rainfall regime, so the cold season 
precipitation occur in this region. The average 
rainfall based on statistics of recent 14 years is 348 
mm. July is the hottest month of year with an 
absolute maximum temperature of 53 degrees and 
average of 36 degrees centigrade and the coldest 
month is January with an absolute minimum 
temperature of -9 degrees and average of 11.3 
degrees centigrade. 

Annual total sunny hours are more than 2700 
hours and evaporation is more than 2400 mm. 
According to the De marton classification, Dezful is 
semi arid region and according to the Amberg 
climogram, has a hot desert climate.  
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Experiment Treatments: 
 

Experiments were conducted under lysimeter 
conditions to control the soil conditions. In this 
study, three treatments including free drainage (FD), 
as control treatment, controlled drainage (CD) and 
subirrigation (SI) was considered. Corn, single grass 
704 variety was planted and each treatment had 4 
repetitions.  
 
Free Drainage: 
 

In this treatment irrigation were performed on 
the soil surface and the drainage outlet was free. The 
irrigation water amount was calculated based on soil 
moisture requirement and supplied to plant from the 
soil surface. Leaching requirement was added to the 
soil with water every turn. 
 
Controlled Drainage: 
 

In this treatment, irrigation water was added 
with leaching requirement from the soil surface too. 
But a pipe was added to end of the drainage pipe to 
keep the water in the soil and the water table was 
created during the two irrigation interval and its 
excess exited from drainage pipe outlet. The water 
table descended gradually by plant water 
consumption. Riser outlet was 55 cm below the soil 
surface in this treatment. 
 
Subirrigation: 
 

Irrigation water was not added from the soil 
surface in this treatment, rather drains outlet was 
connected to a water source by a regulator. Water 
was entering into the soil by this method and creating 
a water table in the soil. Plant roots were uptaking 
the required water from the water table. Just in 
leaching time, drains were opened and drainage 
outflow was permitted to exit to leach the soil salts. 

The water table depth was set in 55 cm from the 
soil surface. 
 
The Water Table Depth Selection: 
 

In actual conditions of field, if water table 
control systems exist, two different zones will be on 
drainage pipes. Saturated zone that drainage pipes 
located in it and this zone is continuous to under the 
water table. Unsaturated zone is another zone that is 
continues from the water table to soil surface.  

Setting depth of water table is different for each 
plant and agriculture conditions, climate, topography 
and other conditions. Corn has deep roots, which also 
extends to 1 meter. Selection of 55 cm for the depth 
of water table for this plant was based on the 
following points:  

Water table level was set at 55 cm from the soil 
surface due to the lysimeters depth limitation (90 

cm). During the treatments performance, plant roots 
were observed from openings created on lysimeter 
wall to soil sampling showing the roots existence in 
this depth and little lower. Therefore more water 
table raise was not correct. 
 
Lysimeters and Water Table Setting: 
 

Lysimeters was composed of PVC with diameter 
of 50 cm and height of 95cm located on a brick 
platform with height of 15 cm. Lysimeters number 
was 12 and their distance was less than 1 m from 
each other. The PVC pipes with diameter of 5 cm 
and length of 80 cm were considered to exit extra 
water from lysimeters. Openings with diameter of 2 
mm and distance of 2.5 cm created on pipes to act as 
drain. A geotextile filter was used to prevent entering 
the soil particles into the drains. The drainage pipes 
were placed horizontally at 5 cm from lysimeters 
floor, so their blocked end located in lysimeter and 
their open end located out of lysimeter. For taking 
soil samples manually from lysimeters soil, openings 
with diameter of 3 cm created on lysimeters wall in 
depths of 25, 50 and 75 cm. In the free drainage 
treatment, the ends of the drainage pipes were non-
netted to collect the drainage outflow into the can. In 
controlled drainage, the PVC drainage pipes were 
linked to drainage pipes end by a transition and a 
joint to control the water table. A small clear hose 
was linked under the joint and attached to riser wall 
to observe the water surface depth in riser. This hose 
was used to water drainage and lowering the water 
level in lysimeters. The sampling of drains water was 
done same. 

A 200 liter water tank was used to control and 
stabilize the water table in subirrigation. The tank 
was connected to two smaller cans by narrow hoses. 
A vessel was located within each of these two cans 
that hoses were connected to it. These cans outlets 
were connected to drain pipes base by a network of 
hoses in subirrigation treatments. The cans were 
installed at a height appropriate with lysimeters and 
their vessels were set to stabilize the water level at 
certain height in lysimeters. A can and a vessel were 
considered for each lysimeter, because of more 
accuracy and all of lysimeters not to be level (Figure 
1). Lysimeters were covered by aluminum glass wool 
and were filled with field soil. The soil consisted of 
34.2% sand, 48.5% silt and 17.3% that classified as 
clay loam. 
 
Irrigation Water and Salinity:  
 

Yield reduction threshold of corn is 1.7 dS/m. 
But according to initial soil EC that equaled 3 ds/m 
at 25 and 50 cm depths from the soil surface, it was 
decided to increase this threshold slightly to delay 
the leaching and actually to increase water use 
efficiency. Thus the 3 dS/m threshold was selected. 
Selection of 3 dS/m instead of 1.7 dS/m only causes 
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15% reduction of product. Irrigation water was 
supplied from the civic water adding salt to increase 
the salinity to 1.5 dS/m. Used salt was river natural 
salt that the decomposition of its elements is 
presented in table 1. The civic water EC was 0.55 

dS/m (approximately 6), thus a solution with 
concentration of 0.5 mg/l was prepared to get the salt 
water of 1.5 dS/m. Thereupon at each treatments 
irrigation, and 100 grams of salt were added to 200 
ml water to get the water with defined salinity. 

 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Scheme of sub-irrigation system. 

 
The best way to estimate the crop water 

requirement or irrigation is based on plant and soil 
moisture requirement. Irrigation water amount of 
each treatment was calculated based on moisture 
measurement within two irrigations considering 
irrigation efficiency, leaching requirement and water 
requirement by Penman-Montith equation (CropWat 
software). Moisture was measured by weight and soil 
salinity was measured by EC meter. 

 
1000 Grains Weight and Grain Yield : 
 

After the end of plant growth period, generated 
cobs of each lysimeter were  and after counting the 
seeds number and cob length measurement were 
dried in oven with 72 degrees Celsius for 48 hours, 
1000 grains weight (g) and yield per area unit in 
gram per square meter (due to reduction of harvest 
levels) was calculated. 

 
Results: 
 
The Amount of Irrigation Water: 
 

The amount of irrigation water, as previously 
noted, was calculated based on the soil moisture 
deficit and calculating the leaching and irrigation 
efficiency. Before the main experiments and the 
water table setting in SI and CD treatments, irrigation 
was adequately performed from soil surface in all of 
the lysimeters.  

After 8 September and the water table setting, 
surface irrigation was discontinued in the SI 
treatment. In this period FD and CD treatments were 
irrigated 7 times which their amounts are presented 
in Table 2 and 3. As shown, in the sixth and seventh 
irrigations, irrigation water amount was reduced 
because of high irrigation frequency.  

In initial irrigations of CD treatment, water table 
depth didn’t reach to 55 cm under soil surface, water 
table raised in soil reducing the irrigation efficiency. 

Irrigation water amount of FD treatment were 
increased in next time to being similar to the CD 
treatments. But at season end and sixth & seventh 
irrigation, irrigation water amount was reduced 
because of decreasing of ET and water requirement 
and increasing of drain outflows.  

But the irrigation from the soil surface was not 
done in SI treatment. The only source of water 
supply in this treatment was the water tank which 
had been connected to the drains and provided the 
water for plant roots by raising the water table. Water 
tank was connected to four lysimeters of SI 
treatment. Water use was read by piezometer 
connected to water tank. 

Water use amount in subirrigation (SI) was very 
less than FD and CD treatments, because of 
considered low efficiency of surface irrigation and 
also in subirrigation plant could maximum use the 
groundwater equal to daily ET. This difference is 
shown for three treatments in figure 2. The average 
amount of used water in SI treatment was 32% of CD 
and FD treatments, and this means 68% of saving of 
water use in this method.  
 
Soil Moisture: 
 
Soil moisture content was found with soil samples 
taken from depths of 25, 50 and 75 cm from the soil 
surface through the holes on lysimeters wall. In the 
last sampling, samples were also taken from the soil 
surface (zero depth) and depth of 10 cm from the soil 
surface. In the FD treatment, sample was taken from 
depth of 75 cm. But in CD and SI treatments, sample 
was not taken from 75 cm because of the saturated 
soil in this depth. Samples were performed during 
between irrigations and 3 to 4 days after irrigations. 
Soil moisture measurement results on days of 55 and 
74 of growing period are presented in figures 3, 4 
and 5. 
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Table 1: Components of salt using for constructed salinity of irrigation water . 
etc Mg(CO3H)2Ca(CO3H)2Na2(SO4) NaCl Matter type 

1.55 1.31 0.48 0.71 95.94 % 
 
Table 2: Amount of irrigation water (mm) in FD. 

Irrigation number 
average total 7 6 5 4 3 2 1 

176.5 1236 220 228 144 216 215 119 93 
 

Table 3: Amount of irrigation water (mm) in CD.  
Irrigation number 

average total 7 6 5 4 3 2 1 
179.4 1256 212 221 152 225 210 136 100 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Comparison the consumptive use in FD, CD and SI treatments. 
 

Comparison between FD and CD treatments 
indicates that the soil moisture at depths of 25 and 50 
cm of soil surface in CD treatment is in particular 
more than FD treatment moisture. The difference is 
less in five days after irrigation (Figures 3 and 4). 
But over time (in 9 days after irrigation) the moisture 
amount of the FD treatment has further reduced. 

Increase of drains outlet elevation in CD 
treatment and thereupon restrain the irrigation water 
in soil causes more moisture supply in root zone. 
After irrigation in the FD treatment, soil moisture 
decreases due to root water uptake. Some soil 
moisture also moves down due to redistribution and 
causes increase of moisture in depth of 75 cm. 

But in CD treatment, immediately after the 
irrigation, the depth of water table goes under the 55 
cm of soil surface and gradually this water is 
absorbed by the plant roots. That is why, unlike the 
subirrigation which has the continued water source, 
the existence of an impermanent water source 
between two irrigations supplies more moisture in 
CD treatment. In SI treatment, the first sampling and 
the water table regulation are in the same day. As 
Figure 3 shows, moisture goes to 25 percent in the 
depth of 50 cm in this day. After 5 days, when water 
table becomes balanced with soil the amount of 
moisture increases in this depth and goes to 35 % 
(figure 5). But in 74th day in the depth of 25 
centimeters, because of its distance to water table, 
soil moisture is lower. In the first day, the amount of 

moisture is about 10 to 12 percent that goes to 20% 
during the next ten days. Another reason of the 
decrease of moisture in the depth of 25 cm is the 
absorption of water by plant roots because water 
flows from water table to soil surface and in this 
process water is absorbed by plant roots; therefore, 
the discharge of water upward decreases. 

On the other hand, the surface layer of soil dries 
and because of hydraulic conductivity in it, it 
prevents evaporation. Therefore, the amount of water 
that is evaporated from soil surface is more than the 
amount of water that rises from water table. The 
amount of absorption depends upon root extension. 
The correct depth of water table should be in a way 
to decrease evaporation and the great amount of 
rising water from the water table be absorbed.        
 
Soil Salinity: 
 
Soil salinity was defined by soil samples that had 
been taken from the depth of lysimeters wall of 25, 
50 (in all treatments) and of 75 cm (only in the 
treatment of FD).The EC average of the extract of 
soil saturation in replications of each treatment has 
been counted, and the curve of salinity conversion 
during experiment period has been drawn (figure 6, 7 
and 8). 
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Fig. 3: Volume moisture distribution at the soil profile in FD treatment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Volume moisture distribution at the soil profile in CD treatment. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Volume moisture distribution at the soil profile in SI treatment. 
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These figure show that during the growing 
season average of EC soil extract in any of the 
treatments (except  day26  in 25 cm deep in the 
treatment of CD), in the depth of 25 and 50 cm, did 
not break 3dS / m as the threshold of leaching. In 
some other cases (75 cm depth treatment of FD), it 
was observed that ECe has exceeded of this 
limitation.  Because  of the decrease of the consume 
of water by plant, the evapotranspiration at the end of 
period decreased , and this causes the great amount 
of irrigation water goes out of the drains. Thus, the 
leaching of soil increased. This increase of leaching 
and the decrease of salinity are observed in CD 
treatment. In the treatments of FD and CD salinity 
conversions from soil surfaces in the depths of 25 cm 
and 50 cm has been nearly the same and the changes 
have been so little. In FD treatment, the ECe amount 
in 25 cm deep has been less than the same amount in 
50 cm deep. This is because of the free drainage and 
leaching downward. But in the CD treatment in the 
depth of 25cm, ECe is a little more. And this shows 
the impact of water table levels during the days after 
irrigation and upward flow.  

But in SI treatment in which no water comes in, 
soil salinity has been under the spell of water table 
and its up-and-downs has been because of the 
movement of water and salt upward. In this 
treatment, first of all, soil salinity increases in the 
depth of 25 cm and 50 cm. the reason of this is the 
performance of water table and the beginning of 
water and salt upward movement.  

The treatment of soil salinity at both 25 and 50 
cm depth increased. Because the water table and 
surface water and solute movement is upward. This 
increase in depth cm 25 to 11 days will continue, but 
stopped and started to reduce the depth cm 50. The 
decrease in both depths ECe continues almost until 
the end of the period. This reason is high moisture in 
soil depth of 25 cm, which increases the hydraulic 
conductivity of soil. The amount of water with 
soluble salts to the soil surface is moved. 

 During this process, some minerals such as 
residual salts in the middle layer of the soil as well 
those contained in the upward-flowing water are 
transported and accumulated in the soil surface. The 
increase in salt accumulation around the root zone 
arises from decrease in water absorption rate by the 
rooting system. At the end of experimentation, 
samples were taken from the soil surface and 10 cm 
of soil surface depth between the day 64 and 74.  In 
these depths, there isn’t much difference between SI 
and other treatments. Figures 9, 10 and 11 show ECe 
changes in soil surface for FD, CD and SI treatments 
respectively.  In the treatments of FD and CD, the 
ECe is measured within the range of 2.55 to 2.81 
dS/m at 10 cm depth. However, this was slightly 
higher at the soil surface, reaching about 3.56 and 
4.27 dS/m respectively. 

But as can be observed from the SI treatment, 
the salinity of saturated extract at the end of 

experiment has risen very considerably. In other 
words, it has increased from 7.9 dS/m at 10 cm depth 
from day 64 to 17.3 dS/m at day 74. 

A sharp increase in soil salinity is observed in 
the soil surface, so that the ECe in soil surface rising 
from 63.7 to 110.7 dS/m. Such an increase at the end 
of experiment due to lower water absorption by the 
plant, increased soil moisture and hydraulic 
conductivity which in turn cause an increase in the 
water and dissolved minerals volume transferred 
from the water table. 

The transferred salts accumulate at the soil 
surface due to water evaporation. As can be 
observed, the soil salinity reaches 110.7 dS/m at the 
day 74 from 63.7 dS/m at the day 64until the day of 
64. This shows a slow salinity trend at the earlier 
stage, a level which can easily be managed. 
However, high salinity such as the one reached at the 
later stage, is merely accumulated in a thin layer of 
the soil profile. 

The soil layer selected for sampling was from 
less than 0.5 cm of the soil surface in order to get the 
soil salinity gradient. It is noteworthy that the plant 
rooting system is not very active at such a thin soil 
layer and its salinity rate is unlikely to undermine 
plant growth and vigor. 
But during the irrigation period or when additional 
water is applied to the soil profile for leaching 
purpose, care should be taken to have sufficient 
amount of water in the soil needed to remove the 
salts from the root zones. 
 
Salt Balance in the Soil: 
 

Using the input and output of water from each 
treatment, water and salt balance is indicated. 
Because EC of outflow drain waters was measured in 
the last irrigation, so the balance of salt based on the 
recent irrigations. Firstly, volume of solutes in input 
and output flow in treatments was calculated (figure 
12), and then total amounts of accumulation salts in 
soil calculated by the difference between the input 
and output.  

As it mentioned before, much less amount of salt 
leached from the volume of incoming salt in seven 
irrigation period. Given the volume and salinity of 
outflow drain will rise during the tests and it can 
conclude that the volume of salt from the soil during 
total irrigation period is not more than half the 
entering salt to the soil.   

The important point is that, differences between 
high amounts of input salt in the SI treatment are 
more than the other two treatments. Since the amount 
of water which are used by this treatment are more 
than about 32% of the other two treatments and that 
is the only source of input salt in the soil, irrigation 
water with salinity of 1.5 dS/m has entered the 
amount of salt in this treatment are equal to amount 
of salt to the other treatments and is i.e. 74.1 gr in 
about 232.4 gr. The leakage volume could not 
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compensate total exiting salt volume finally. Noory 
study (2009) indicated that Water table management 
could improve drainage water quality in semiarid 

climatic conditions of Iran due to less transferred of 
salts into the drains. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6: Changes of average the soil extract salinity at different depth in FD treatment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7: Changes of average the soil extract salinity at different depth in CD treatment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8: Changes of average the soil extract salinity at different depth in SI treatment . 
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Fig. 9: Changes of the soil extract salinity at soil layers in FD treatment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10: Changes of the soil extract salinity at soil layers in CD treatment. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11: Changes of the soil extract salinity at soil layers in SI treatment. 
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Fig. 12: Salt balance in FD, CD and SI treatments at the end of growth season. 
 
Corn yield: 
 

Corn yield at the end of the growing season and 
the harvest was about 24 days after the last irrigation. 
At the end of irrigation periods, irrigation water was 
stopped in the FD and CD treatments then depleted 
from drain waters. In the SI treatment, connection of 
source of irrigation with the lysimeters will be cut. 

After harvesting diameter and height of cobs, 
number of rows and grains were measured. Then 
cobs were dried and weigh of 1000 grains were 
measured. Table 5 showed comparison of different 
drainage treatments (P ≤ 0.05) on weigh of 1000 
grains, yield and also minimum and maximum of 
weigh of 1000 grains. Table 4 demonstrates the CD 
treatment has the highest yield with average of 1128 
gr per square meter. However, there aren’t significant 
different between this amount and observation 
amount for SI treatment with 994 gr per square 
meter. The FD treatment with average yield equal to 
826 gr per square meter has shown the lowest yield. 
Madramootoo et al., [16] showed that the highest 
corn and soybean yields were obtained with a water 
table depth of 0.6-0.9 m and the lowest yields were 
obtained with a water table depth of 0.2-0.3 m. Other 

studies such as Croger et al., [10] indicated the 
suitable usage of controlled drainage and sub-
irrigation Bonaiti and Borin, [3].  

So, it can be concluded that moisture can be 
stored in two treatments of SI and CD. The different 
between those may be due to increasing of salt 
concentration at the soil depth of 50 cm. Therefore, 
management of water table was significantly affected 
on corn yield which caused the increasing in yield. 
The observation data in similar volume of other 
researchers is more than adjacent areas in this study 
in some cases. Kalita and Kanwar [12] found similar 
yield increases of approximately 30% for corn grown 
under WTM. 

For example, Lak et al., [14] studied the effects 
of water stress on yield of corn grain (C704 variety) 
that those research showed the weigh of 1000 grains 
and yield equal to 252 gr and 1017 gr per square 
meter respectively.  

But, numbers of similar amounts are higher in 
this study than the observed data in Lak and et al., 
research. Although this study is to generalize a scale 
lysimeter, need to be more studies for field 
conditions. 

 
Table 4: Effect of different treatments on average of 1000 grains (gr) and yield (gr/m2) at P≤0.01. 

Treatment average of 1000 
grains 

Corn yield Minimum weigh of  1000 
grains

Maximum weigh of  1000 
grains 

Free Drainage 247 b 826 b 214 271 
Controlled Drainage 282 a 1128 a 246 302 

Sub-irrigation 263 ab 994 ab 243 281 
Source of difference: Drainage 

treatment 
* *   

 
Conclusion: 
 

The results of this study confirmed the ability of 
performance the water table control systems such as 
controlled-drainage and sub-irrigation in arid and 
semi-arid regions. Firstly, the amount of production 
should be considered. It was observed that effect of 
water table on yield was significant which caused 
increasing of the yield compared with free drainage 
treatment. It could be seen that the salinity of 25 and 

50 cm soil depths in three treatments, were almost 
close to each other. But in SI treatment, soil salinity 
in depth of 5 cm has greatly increased especially in 
the final weeks of the season. However, the results 
showed that salinity hadn’t a significant impact on 
the yield and also amount of production was more for 
SI treatment than FD. In explaining this point, it 
should be considered that not only the high salinity in 
the surface layer of are exist and more in last recent 
weeks. 
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In the other hand, at the end of season, salinity at 
the soil surface is changed from 63.7 dS/m to 110.7 
dS/m and at depth of 10 cm is changed from 7.9 
dS/m to 17.3 dS/m. But in fact, the seeds of corn 
before development of this layer are full and are 
ready to harvest when ECe moved to 17.3 dS/m. It 
should be noted that in contrast, to common methods 
of irrigation, water flows from the bottom to up in 
sub-irrigation, the different pattern will be observed 
in the water and salt absorption from soil. This 
pattern in common methods of irrigation is absorbed 
water at root zone with 40, 30, 20 and 10 percent 
algorithm. But this pattern is disturbed in sub-
irrigation method, because the water is achieved 
from soil depths. Therefore deep roots active more 
and subsequently absorption is higher.  
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