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Abstract- The effect of pitcher irrigation on Ec and moisture soil in saline water conditions was studied in field conditions in
the soil using different water Ec treatments in hot and dry weather conditions. The procedure includes three levels of salinity
(5, 10 and 15 dS/m) with three replications. Suitable amounts of sodium chloride (NaCl) were dissolved in normal water for
preparing saline waters. It was found that the maximum Ec of soil after irrigation was 3.18 dS/m in Ec3 treatment at 10 cm
from pitcher and at a depth of 0-20 cm. Lower Ec value was measured (0.560ds/m) in the Ecl treatment at 20 cm from
pitcher depth of 40-60 cm. The maximum Ec of the soil in all treatments was at the soil surface (20 cm depth) and 10 cm
from pitcher, which decreased with increasing depth of sampling. Also Ec increased with increasing distance from the center
of the pitcher. Moisture measured in soil levels around the pitcher also the opposite pattern of changes in soil Ec. The
maximum and minimum Percent of moisture in the soil were observed, respectively, to be 15.1% in Ec5 treatment at a depth
of 40-60 cm and 10 cm from pitcher and 7.1% in the Ec3 treatment at 20 cm from pitcher and at 0-20 cm depth. The
moisture content in the soil around the pitcher decreased with increasing water salinity level.
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I. INTRODUCTION

The clay pot irrigation system is one of the most
efficient systems of irrigation known and is ideal for
many small scale farmers (Bainbridge, 2001;
Mahajan et al, 2001; Lovell and Murata, 1998).
Pitcher irrigation is an ancient technique that has been
practiced in many parts of the arid world including
Iran, India, African and South American countries
(Mondal, 1974; Anonymous, 1997). In many
developed countries high-tech  micro-irrigation
methods such as sprinkler and dripirrigation are used
increasingly, many farmers in developing countries
are reluctant to adopt these methods due to their
highinitial cost of installation and costly maintenance.
Traditional irrigation methods such as subsurface
pitcher and porous clay pipe irrigation (Ashrafi et al.,
2002; Qiaosheng et al., 2007; Siyalet al., 2009) are
often preferred by poor farmers in small scale
irrigation projects because of their low cost and high
irrigation efficiency (Siyal, 2013).

In subsurface porous clay pipe irrigation, water and
solutes not only spread downward and sideways but
also move upward due to capillarity and surface
evaporation, thus causing salts to accumulate at or
near the soil surface. The accumulated salts may be
harmful to crops that are subsequently grown at the
site, especially directly seeded crops because of their
sensitivity to high levels of salinity during
germination and establishment (Hussain et al., 1997;
Mer et al., 2000; Roberts et al., 2009). Salt
accumulation during subsurface clay pipe irrigation is
a particular concern in arid regions where annual
potential evapotranspiration (ET) is much higher than
precipitation (Siyal, 2013). Thus, special management
techniques are needed to prevent salt accumulation

and the resulting harmful effects on germination or
seed emergence (Hanson and Bendixen, 1995;
Hanson, 2003).The clay pot irrigation technology is a
conservation irrigation system, which saves between
50% and 70% of water when compared to the
conventional  watering can irrigation  system
(Okalebo, et al, 1995). The clay pot system is
therefore important when water conservation is
crucial (Kefa, 2013).

The buried clay pot irrigation maintains stable soil
moisture, enables crops to grow in both soil or saline
soils and is suitable for using saline waters not
applicable with conventional irrigation (Mondal,
1974, 1983, 1984; Alemi, 1980; Mondalet al., 1992).
By using this pitcher irrigation system and unusual
water, the salt accumulates in the surface of soil and
the moisture in the soil around the roots, the
concentration of salts in the soil around the roots is
reduced (Abu-Zreig and Atoum, 2004).

Il. MATERIALS AND METHODS

This study was conducted to Evaluation of salinity
profile under pitcher irrigation system in the Zahak
Research Station located 25 kilometers southeast of
the city of Zabol (30° 5301 380J N, 61° 400] 49 E )
with an altitude of 483 meters above sea level. The
average annual rainfall of the area is 55 mm, and the
annual evaporation rate is 4000 to 5000 mm. Soil
texture is Sandy Loam inmainly Research Station.
Soil and water chemical characteristics of the project
location are presented in(table 1) and (table 2).
Table 1: Soil chemical characteristics of the test

station
Depth (Cm) | Ec (ds/m) | pH | TDS (ppm) | Na (ppm)
0-50 900 7.65 1050 2321
50-100 1140 7.8 1210 265.6

Proceedings of 4™ IASTEM International Conference, Amsterdam, Netherlands, 12" November 2015, ISBN: 978-93-85832-36-9

57



The Effect Of Pitcher Irrigation On EC And Moisture Soil In Saline Water Condition

Table 2. Water chemical characteristics at
experimental sites

Ec(dym) [pH| HCO; | CO; | MgtCa | C1 [ Na

(meq/lit)

0.9 [82] 44 [ o | 36 [3]32

The procedure includes three levels of salinity (5, 10
and 15 dS/m) with three replications. Suitable
amounts of sodium chloride (NaCl) were dissolved in
normal water for preparing saline waters. The amount
of sodium chloride to be dissolved in 1 liter of water
was determined using the following relationship (1)
(Michael, 1998):

Salt (mg/l) = 640 x EC (dS/ m)

Pitchers were positioned in 3 rows (each row having
a set containing 3 pitchers) equidistant from each
other in such a way that moisture distribution from
one pitcher does not overlap with that from the other
(Fig. 1). Each set of 3 pitchers in rest of the three
rows was filled with water having Ec as follows: first
row (Ecl) 5; second row (Ec2) 10 and third row
(Ec3) 15 dS/m.Also 2 m spacing between rows and
the pitchers are 0.5 m between in each row. Clay
pitchers of the same shape 0.3 meters length, 0.055
meters in diameter and 0.7 liter volume. To position
the pitchers in the soil, 0.6 x 0.5 m channels were
drilled and pitchers with 0.5 m from each other were
placed inside the channels. Pitchers are connected
tanks via polyethylene hoses (Keikha et al., 2004;
Bastani, 1995). Irrigation water tank was placed at a
height of 2 m (Zebardast and Shafieemoghadam,
2010). To measure the salinity of the soil around the
pitchers, samples were taken at 3 depths of soil after
irrigation (20, 40 and 60) at 10 and 20 cm from the
center of the pitcher using auger and were transported
to the laboratory in plastic bags. Electrical
conductivity of the soil saturation extract was
determined using the portable Ec meter (Model
Oakton 11) of the samples.

Figl. Plan performance experiment and soil samples around
the pitcher

I11. RESULTS

Data analysis shows that the Ec factor between
different depths (20, 40 and 60 Cm) is statistically
significant (P<0.05) (Fig. 2). Ec is not statistically
significant between Ecl and Ec2 treatments at 10 and

20 cm from the pitcher, but Ecl and Ec2 treatments
compared with Ec3 are statistically significant
(P<0.05).
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Fig2.Comparison of different water Ec treatment on soil Ec at
depths of 20 to 60 cm(Small letters represents statistical
significance between the different depth and capital letters
represents statistical significance between the different water
Ec treatments)

The Ec distribution pattern was determined for
pitchers rowl, 2 and 3 using saline waters of 5, 10
and 15 dS /m separately (Fig 3).
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Fig3. The Ec distribution pattern around of pitcher (a, b and ¢
are Ecl, Ec2 and Ec3 treatments, respectively)

The maximum Ec of soil after irrigation was observed
(3.18 dS/m) in Ec3 treatment at 10 cm from the
pitcher at a depth of 0-20 cm the minimum was
observed (0.560 dS/m) in Ecl treatment at 20 cm and
at a depth of 40-60 cm. Ec changes show that the
maximum amount of Ec on all treatments was
observed at the soil surface (depth 20 cm) and 10 cm
distance from the pitcher that because of increased
evaporation from the soil surface, salinity surface to
be higher compared with soil depth. Moisture content
of the soil evacuated because of evaporation causes
the moisture out of the soil, and salt remains in the
soil (Siyal et al, 2013). With increasing depth of
sampling, the Ec soil low. The percentage of
depletion decreases with increasing salinity of
irrigation water, which may be attributed to the
higher viscosity of water with higher salinity (Naik et
al, 2008). Naik et al (2008) and Siyal et al (2013)
showed that the highest Ec is at a distance of 10 cm
from the pitcher and a depth of 20 cm; hence, with
increasing depth Ec decreases. Based on the salinity
of irrigation water used in the third group (Ec3),
salinity levels around the pitchers were well within
the safe limit of growing crops (Naik et al, 2008).Soil
Ec range for the 3 treatments at a depth of 60 cm are
0.560 to 1.975 dS/ m, 588.6 to 1641.6 dS /m and 736
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to 3183.3 dS /m, respectively. Table 3 shows that
there is a significant difference at the 5% level
between Ec of soil in different treatments at 10 and
20 cm from the pitcher.

Table 3.Comparison of Ec soil in different distance
from pitcher
Distance (Cm)
¢-10
10-20

Ec (ds/m)
1252.3+£72.172
929.14+57.24b

As shown in Figure 3 when initial soil Ec (900 ds/m)
and irrigation with the first treatment were compared,
Ec of soil had increased 29.1% in 10 cm of the soil
surface near the pitcher. But with increasing depth
and seepage of water from the bottom of the pitcher,
because of increased water hydraulic gradient in the
pitcher (Siyal et al, 2013), Ec changes were fixed in
depths of 20-60 cm of soil. Ec of soil at this depth
has decreased, respectively, to 11 and 14.9%
compared with initial soil Ec. Based on irrigation
with Ec2 and Ec3 treatments, soil Ec has increased at
the soil surface (45.1 and 71.7%, respectively) that by
increasing depth the intensity of soil Ec, because of
the increased flow of water pitcher, has declined
sharply. Ec intensity decreased with increasing soil
depth due to the increased intensity of flow of water
through the pitcher.

The moisture content in the soil around the pitchers
was measured at different depths and distances.
Moisture was computed for 2 consecutive days (24
and 48hr after irrigation) and the results are presented
in Figs. 4 and 6. The daily percentage moisture
measurement with TDR. The mean soil moisture
contents in the wetted zone in the vertical plane up to
60 cm depth were computed for horizontal distances
of 10 and 20 cm from the pitcher. From three figures
it can be seen that Ec3 yielded the lowest percentage
depletion (7.1% in the Ec3 treatment at 20 cm from
pitcher and at 0-20 cm depth). The highest percentage
depletion, is in Ec5 (15.1% in Ecb treatment at a
depth of 40-60 cm and 10 cm from pitcher).
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Fig4. The moisture distribution pattern around of pitcherwith
salinity 5ds/m (aand b are 24 and 48 hr after irrigation,
respectively)
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Fig5. The moisture distribution pattern around of pitcherwith
salinity 10ds/m (aand b are 24 and 48 hr after irrigation,

respectively)
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Fig6. The moisture distribution pattern around of pitcherwith
salinity 15ds/m (aand b are 24 and 48 hr after irrigation,
respectively)

The salinity of the water used was 5 dS/m, the mean
moisture content in the soil varied between 15.1 and
9.2% from 10 to 20 cm distance. Gradually the trend
decreased and at 15dS/m, it varied between 10.8 and
7.1%.The moisture content in the vertical plane
increased with depth from the surface and decreased
with the horizontal distance from the pitcher and
moisture content in the soil around the pitcher
decreased with increasing water salinity level. Also
the flow rate decreased and the wetting front advance
was affected, resulting in lower moisture content. The
percentage depletion decreases with increasing
salinity of the irrigation water which may be
attributed to the higher viscosity of water with higher
salinity. It also gradually decreases with time which
may result from the clogging of the pitcher pores due
to salt deposition.

CONCLUSION

Salt accumulation in soil because of subsurface
pitcher irrigation was studied experimentally.
Measured soil salinity patternshowed higher soil
salinity in the soil profile above the pitcher and lower
salinity around the pitcher. When salinity in all
treatments observed in soil surface and at a distance
of 10 cm from the pitcher was compared, surface
salinity is more than the depth due to increased
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evaporation from the soil surface. The soil moisture
evacuated due to evaporation, and salts remain in the
soil. Soil salinity changes constantly with increasing
depth and water leakage from the bottom of the
pitcher because of increased water hydraulic gradient
in the pitcher of 20-60 cm depth and then gradually
declined. The moisture content in the soil around the
pitcher decreased with increasing water salinity level.
Salt distribution around the pitchers was observed
well within the safe limit of growing crops, although
initial salinity levels of water used were much higher.
The study shows that pitcher irrigation may be a
promising option for growing plants using highly
saline waters and sustaining hardly any salinity
hazard or moisture stress.
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