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Abstract. Pitcher irrigation is an ancient irrigation system, used for cultivation of small areas where water
is saline and not fit for surface irrigation. This research aims to investigate the effect on water use efficiency
and water saving of ridge gourd by utilization of different shapes of pitchers. Ridge-gourd was planted
under four different pitcher shapes including Ty (conical), T, (spherical), T3 (round) and T4 (cylindrical)
shapes at the experimental field of Sindh Agriculture University Tandojam, Pakistan. Overall sixteen clay
pitchers having 1.7, 1.3, 1.3 and 1.08 m? volume of water under T}, T, T3 and T4 respectively were installed
in the soil. The irrigation water having electrical conductivity (EC) 1.3 dS/m with pH of 7.8 was used to
fill the pitchers. The highest soil EC of 3.32 dS/m at 0-20 cm depth of soil was found under T4 followed
by T3, T2 and T}, respectively. Whereas T4 showed minimum soil EC as 1.30 dS/m at the depth of 40-60
cm. However the pH effect of T was slightly higher as 8.4 at the depth of 40-60 cm in comparison to T,
T3 and T4, whereas the minimum pH of 8.0 was found at 20-40 cm under T4. The maximum vine length
of ridge gourd was 211cm under T4 and the minimum length of vine was 139 cm under T,. The highest
water use efficiency 8.6 kg/m? was obtained under T4 whereas the highest water saving as 82% was recorded

under T4 followed by T, T and Ts.
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Introduction

Water scarcity has been graded as a serious threat
globally for arid and semi-arid zones. Fresh water
reservoirs are limited, only 3% of the entire water
reservoirs (2% ice water and 1% fresh water) are utilised
for agricultural application, however, a big portion of
water i.e., 97% sea water is highly saline and generally
not appropriate for agricultural utilisation. Additionally,
more than half of the ground water supply worldwide
also turned out to be saline (Bruinsma, 2003). In Pakistan,
the indiscriminated discharge of water from domestic
and industrial waste into open water, as well as to ground
water are amongst the leading threats towards water
reserves (Kahlown and Majeed, 2003).

Considering the rise in demand of water for agricultural
and industrial need and fast deterioration of irrigation
water, a number of attempts have been made to meet
the water requirement in agriculture. The per capita
availability of water has immensely decreased globally
(Ayers and Westcost, 1985). In Pakistan the per capita
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water availability has drastically declined from 5,600
m’® in year 1947 to around 1,100 m® in 2011. Based on
the current situation of decline in per capita water, it is
anticipated that in 2025 the water availability will be
declined to around 800 cubic meter that will make
Pakistan a water scarce country (Bruinsma, 2003). This
situation will be more alarming and become worsen by
an increase in population to predicated 220 million by
2025 (Qureshi, 2011). The main source for irrigation
in Pakistan is the Indus River system; roughly about
54% of water is lost due to seepage and evaporation,
due to which it is predicted that there might be a signi-
ficant decline in food production to meet the demand
of growing population (Gul and Khan, 2003).

Pakistan is at the initial stage as far as water conservation
technologies are concerned. Most of the irrigation
practices are only revolving around furrow and flood
irrigation, with efficiency ranges between 40 to 50%
(Hillel, 1997). Due to poor application efficiency, not
only huge amounts of water are lost but problems of
salinity and water logging are also formed (Ishfaq,
2002). Thus, execution of efficient irrigation conservation
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technologies like pitcher and drip irrigation needs to be
highlighted and implemented to increase the crop water
production. To meet the crop requirements, the demand
of water is high particularly in the dry regions of the
world including Pakistan. It is judicious to use water
efficiently to increase crop production per unit volume
of the water application (Agarwal, 2000).

Pitcher irrigation is an ancient irrigation system invented
in northern Africa and Iran. In fact, it is also verified
through Chinese scripts courting back to more than
2000 years (Sheng, 1974). This system is used for
cultivation of small areas where water is saline and not
fit for surface irrigation (Bhatt et al., 2013). Pitcher
irrigation is graded as water saving, economical and
simplest method for irrigation purpose and its effective-
ness is also proved in previous research studies both in
arid and semi-arid zones in different parts of the world
like Iran, India, and few African countries (Vasudevan
et al., 2014; Siyal et al., 2013; Tesfaye et al., 2012;
Bainbridge, 2001). The application of pitcher irrigation
can save approximately 3-60% of water in comparison
to surface and drip irrigation system (Ansari et al.,
2015). Pitcher irrigation tends to maintain soil moisture
that help the crops to grow irrespective of nature of soil
(whether saline or basic) and it is most suitable option
for saline water (Mondal et al., 1992; Alimi, 1981). The
application of pitchers in irrigation is gaining substantial
attention in arid and semi-arid lands due to its simplicity
and auto-regulative capabilities (Abu-Zreig and Atoum,
2004). The radius of soil wetting front and seepage rate
should be determined prior to installation of pitchers,
as it will support in placing distance between pitchers
in order to avoid overlap of wet areas to each other
(Ghafoor et al., 2016).

This research aims to investigate the effectiveness of
diverse shapes of pitcher on water use efficiency and
water saving of ridge gourd.

Materials and Methods

A completely randomised design (CRD) experiment
with four different treatments including four replications
were performed at the experimental field of Faculty of
Agricultural Engineering, Sindh Agriculture University
Tandojam during 2015-2016. The site for experiment
was situated at Latitude 25° 25” 28” N and Longitude
68° 32’ 26”E and about 26 m above sea level. The
experimental plot area was 25 m* measuring 5 m x 5 m.
The map of the experimental sites is given in Fig. 1.
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Sixteen pitchers were buried at a distance of 1 m as
shown in Fig. 2. Before the installation of pitchers the
samples of soil were taken at 0-20, 20-40, 40-60 cm
depths and were analysed for physicochemical
properties. The samples were then air dried and passed
through 2 mm sieve and were investigated in the
laboratory as advised by Isbell (1996).

The labelling of samples was done after packing in
order to bring these samples for soil and water testing
laboratory at Tandojam, Pakistan, for investigation of
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Fig. 1. Map of the location of experimental site.
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Fig. 2. The experimental field layout.
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wet samples weight “W’. The oven drying was done at
105 °C for 24 h and dry weight of the samples (W)
was recorded. The moisture content of soil was calculated
by the equation given by Reeb et al. (1999).

 Wa- W

Ow x 100

d
where:

0, = soil moisture content (%age),
W, = weight of wet soil sample (g),
W.a = weight of oven dried soil sample (g).

For soil texture the Bouyoucos hydrometer method
was used, digital pH meter (model SP-34 sunteor)
used for pH determination and digital EC meter (model
HI-8333) was used for measurement and determination
of electrical conductivity. The preliminary soil data
has been taken from experimental site and shown in
Table 1.

Installation of pitchers. For pitcher installation16
circular pits of 60 cm depth and 90 cm diameter were
dug to place pitchers in them. Four different shape
pitchers i.e., conical (T}), spherical (T), round (T5) and

Table 1. Soil characteristics of selected site

Parameters Soil data
Soil texture Silt loam
Dry bulk density (gm/cm?) 1.47
Infiltration rate (cm/hr) 1.59
Field capacity (%) 27.5
Available moisture (%) 12.3

1
Rownd Cybndrical

conical

Spherical ® -

Fig. 3. Different shapes of Pitchers.
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cylindrical (T4) having capacity of 1.7, 1.3, 1.3 and 1.08
m’ volume of water under T}, T2, T3 and Ty, respectively
were installed as shown in Fig. 3.

The farm yard manure was filled in each pit 30 cm
depth, after which the pitchers were placed in centre
of each pit, the left-over space in each pit was then
filled with (farm yard manure and soil) from neck to
bottom of each pitcher. The submerged pitchers were
completely filled out with ground water through buckets
up to their necks with a required volume and the lid
was put back on. Ridge gourd crop was planted
immediately a day after pitcher filling then subsequent
irrigation was done.

Crop sowing and fertilizer application. Four to six
seeds of ridge gourd were planted around the pitcher
in each replication of moist soil during the month of
April 2016. The favorable location of the seedbed was
just above the farthest boundary of the pitcher wall. In
the seed pot water up to 1 cm depth was added in order
to keep soil moist and allow capillary action from the
buried clay pitcher. About 5 g of the mixture of
potassium, phosphorus and nitrogen was added to each
pitcher, respectively at interval of one week as recom-
mended by Mondal et al. (1987).

Water use efficiency and water saving. The mature
ridge gourd crop was ready to harvest in June 2016
with one week interval up to July 2016. The yield was
harvested and weighed with electrical weighing machine
based on per pitcher and per hectare basis by assuming
2500 pitchers per hectare. However, the water use
efficiency of the pitcher irrigation method per pitcher
was determined with the following relationship in
equation:

WUE =Y,/W (1
where:

WUE = water use efficiency (kg/m?)
Y, = total crop yield (kg/pitcher)
W = total water used (m?/pitcher)

Water saving was calculated in comparison between
depth of water used under pitcher irrigation and flood
irrigation methods. The water depth of 500 mm was
considered (MINFAL, 2005) and determined by the
following equation:

_ D:-D,
WS(%) = " 100 @)

f
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where:

WS = water saving (%)

D, = depth of water consumed with pitcher irrigation
(mm).

Dy = depth of water consumed with flood irrigation
(600 mm).

Results and Discussion

The soil electrical conductivity (EC) wetted by different
pitcher shapes were 2.03, 2.98 and 1.58 dS/m under
T, 2.50, 2.11, 1.93 dS/m under T, 2.75, 1.90, 1.52
dS/m under T; and 3.32, 2.65, 1.30 dS/m under T4
shape at 0-20, 20-40, 40-60 cm depths, respectively.
The effect of T4 shape pitcher showed maximum soil
EC (3.32 dS/m) at 0-20 cm depth whereas T, pitcher
showed minimum soil EC (1.30 dS/m) at 40-60 cm
depths as shown in Fig. 4.

It is evident that EC was significantly higher at surface
soil, which declined with an increase in soil depths at
sub surface layer. The average pitcher EC of T4 shape
had 5.45 dS/m followed by T; (4.97 dS/m), T, (3.84
dS/m) and T, (3.63 dS/m). At surface of soil the EC of
soil was higher and the EC dropped with an increase
in the soil depth from subsurface layers. Ts pitcher
results showed lower soil EC followed by T, and Ts.
However, the T4 pitcher resulted in highest soil EC as
compared to rest of the pitchers having different shapes.
The results are in line with Vasudevan et al. (2011),
who reported that salts distribution in soil around the
pitchers increases in horizontal distance from pitcher
and decrease on moving vertically downwards.

The soil pH wetted by different shapes pitcher was 8.2,
8.3 and 8.4 under T, shape, 8.2, 8.2, 8.3 under T, 8.3,
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Fig. 4. EC at different depths under T,, T,, T;
and Ts.
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8.3, 8.2 under T and 8.2, 8.0, 8.2 under T, at 0-20, 20-
40, 40-60 cm depths, respectively as shown in Fig. 5.
The results showed that T, shape at 40-60 cm depth has
maximum soil pH of 8.4 and T4 pitcher at 20-40 cm
depths has minimum soil pH of 8.0. It is evident that
pH at surface soil was substantially higher that declined
with increasing soil depths at sub surface layer. These
findings were supported up to some extent by Stein
(1997), who reported that the surface area of pitcher
and hydraulic conductivity along with other factors
significantly affect the seepage rate from the pitchers.

While pitcher filled up to neck with water under natural
atmospheric conditions observed that the pitcher shape
and size have impact on the soil property (Vasudevan
et al., 2014). Furthermore, the soil properties changes
with the pitcher size and shape variation (Siyal et al.,
2015).

Agronomic observations. The lengths of ridge gourd
vines under Ty, T,, T5 and T4 were measured, highest
was found to be as 211 cm under T pitcher followed
by T, Ti and T». However, the lowest length of vine
was obtained under T, as 139 cm as shown in Fig. 6.
Although the vine length was greater under T, but the
T pitcher consumed more water as compared to the
other pitchers. However, no increase in quantity of ridge
gourd fruit was observed. Perhaps, this remarkably
greater growth performance under T; was linked to
more water refilling in contrast to T;, T, and Ts. The
results are in line with vanKoppen et al. (2015) who
reported that the cumulative root growth around pitchers
increased the seepage rates initially and decreased
ultimately with the increase in length of the roots of
certain deep rooting crops.
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Fig. 5. pH at different depths under Ti, T,, T;
and Ts.
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Fig. 6. Ridge gourd growth (Vine length) under
T], Tz, T3 and T4.

Water use efficiency and water saving. The water
use efficiency of ridge gourd was highest as 8.6 kg/m’
under T, followed by T,, T and T;. However, the lowest
water use efficiency was obtained under T; which was
6.2 kg/m® as shown in Fig. 7. The results indicate that
traditional pitcher method can prevent huge amount of
water losses, especially in arid and semi-arid regions.
Furthermore, pitcher irrigation could save up to 60%
and 30% of water compared to surface and drip
irrigations, and it facilitates water absorption due to
its continuous and auto-regulative seepage which
was reported while doing experiment at Mashad, Iran
(Ansari et al., 2015). In our study T4 proved to be the
most economical in terms of water saving. Our results
are in line with those of Malekinezhad (2015) results
that the total fruit yield under pitcher irrigation was
higher as 8.61 kg/plant followed by 7.86 kg/plant under
furrow irrigation mode (Malekinezhad, 2015).

The water saving was highest as 82.0% under T4
followed by T,, T; and T5 while the lowest water saving
was obtained as 75% under T; as shown in Fig. 8.
However, T, and T, were more efficient to consume
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Fig. 7. Water use efficiency of ridge gourd under
T], Tz, T3 and T4.
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minimum amount of water per hectare and this is in
line with Pachpute (2010) who reported that the soil
moisture in root zone was maintained in pitcher
positively as per the crop water requirement, resulting
in increased yield as well as higher water use efficiency.
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Fig. 8. Water saving (%) of ridge gourd under T,
Tz, T3 and T4.

Conclusion

At surface soil the EC of soil was substantially higher
and the EC dropped with an increase in the soil depth at
subsurface layers. The maximum soil EC 3.32 dS/m
under T4 at 0-20 cm depth was found while the minimum
pH as 8.0 was under T4 at 20-40 cm which was consi-
derably higher at surface soil that declined with increasing
soil depths at sub surface layer. The highest ridge gourd
yield recorded under T, was 9485 kg/ha with the highest
water use efficiency as 8.6 kg/m®. The highest vine length
of ridge gourd was found as 211 cm under T, pitcher and
the lowest length of vine was obtained under T, as 139
cm. The pitcher irrigation system is highly economical
and regarded as most effective in production of ridge
gourds. Hence, it is concluded that pitcher irrigation
system is extremely efficient and cost-effective method
to produce ridge gourds and can be made more useful
tool for small-scale farmers while combined with water
harvesting techniques such as rainwater catchment
systems.
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