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Abstract | Due to the unavailability of fresh water for agriculture, the use of saline water often emerges as an
alternate source of irrigation. However, one hardly knows the economic implications of such recommendations.
In this regard, the effect of saline irrigation on the economics of crop yield deserves scientific inquiry. A field
experiment was conducted during 2018-19 to study the impact of saline water on the economics of bitter
gourd yield and soil salinity after the end of the crop. Two irrigation treatments including freshwater (IT, EC
0.56 dS.m™; control condition) and saline groundwater (IT, EC 2.56 dS.m™; experimental condition), in two
consecutive seasons, were used under the drip system of irrigation. The crop yield in season 1, found under
IT, and IT,, were 11,337.3 and 7764.4 kg.ha!, respectively, without any salt accumulation in the wetted zone
in both scenarios. Nevertheless, salts deposited at the wetted periphery at all three sampling depths, under
both irrigation treatments, after the crop end. The benefit-cost Ratio (BCR) per hectare in season 1 was 1.90
and 1.69 under IT, and IT,, respectively. While for season 2, the BCR was 1.89 and 1.59 under IT, and IT,

respectively. In terms of crop yield, overall, I'T, showed better results as compared to I'T irrigation treatments.
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Introduction agriculture (Hoekstra ez a/., 2012; Nouri ez al., 2019),
there would be a growing concern about declining

he lack of freshwater and soil salinity impose freshwater supplies which may endanger meeting the

severe constraints on agricultural productivity
globally, specifically in dry climatic conditions (Kang
et al., 2017). Also, the increasing world population is
facing a severe shortage of freshwater (Abdelkhalik e7
al.,2019; Mekonnen and Hoekstra, 2016). Given that

around 92% of the water in the world associates with

growing demands (Aparicio ez al., 2019). The water
shortage limits sustainable agricultural development
globally (Kumar ez a/., 2015), and also leads to plant
stress, soil moisture tension and decreased crop yields
(Sam-Amoah ez a/., 2013). This eventually results in
risk in food security (Ayeni ez al., 2015).
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Agriculture is affected by salinity in coastal zones,
which are due to high saline water for irrigation due
to groundwater contamination through the natural
intrusion of saline water (Jodder ez a/., 2016). Saline
water for irrigation reduced the growth and produc-
tivity of various crops (Irshad ez al., 2009) causing
saline stress (Hasegawa e al., 2000). Irrigation wa-
ter containing large amounts of sodium is of special
apprehension due to the sodium’s effects on the soil
and tendering sodium hazard (Siamak and Srikantas-
wamy, 2008). This reduced the accessibility of water
to crop due to osmotic pressure resulting in yield re-
duction (Bauder ¢z a/.,2007). The application of saline
water with a salinity of 3 g.L.! is shown not to impact
the yield reduction (Yuan ez a/., 2019).

Positive management of saline water based on better
farming practices for agricultural usage can improve
water productivity (Howell, 2001; Jones, 2004). Pre-
vious studies have revealed that drip irrigation is ef-
fective in increasing water productivity for different
plants without causing high yield reduction (Geerts
and Raes, 2009). In fact, the influence of deficit irri-
gation on the development and productivity of vari-
ous vegetables and field crops have been widely stud-
ied (Amer, 2011; Igbadun ez al., 2008). There has been
a growing trend of using saline water for vegetable
production through an eflicient irrigation approach
where value vegetable crop yield can be obtained. For
vegetable cultivation, the use of groundwater with
drip irrigation technology is also a viable option to be
cost-effective (de Bont ef al., 2019).

Cost-benefit analysis (CBA) estimates and relates
all the costs and benefits of social, environmental
and economic influence of the adaptation methods,
which are stated in monetary terms built on its overall
information. CBA is somewhat simple and broadly
used method that measures how a specific economy
at a particular site maybe different from new appli-
cations and policies (Maliva, 2014). The application
of CBA for the estimation of tasks associated with
water usage has recently obtained specific attention,
even if the amount of water resources is not evaluated
directly (Aparicio ez al., 2019). The benefit cost-ra-
tios of drip investments in Pakistan range from 1.7
to 2.0, depending on the crops and the availability of
subsidies (Bell ez a/., 2017). For small-scale vegetable
farming, groundwater in combination with drip irri-
gation technology is also a viable opportunity to be
cost-effective (de Bont ef al., 2019).

Bitter gourd (Momordica charantia L.) and bitter cu-
cumber (Heiser, 2016), belong to Cucurbitaceous
family. It is consumed worldwide and booms well in
humid, arid, and temperate areas (Milind and Satbir,
2011; Pandey ez al., 2008). The bitter-gourd crop is
moderately salt-tolerant (Lim, 1998) and is mainly
valued for its nutritional and medicinal properties
(Dalamu ez al.,2012). Its fruits and roots are used due
to the occurrence of beneficial phytochemicals in it
(Hirpara ez al., 2015). This crop is broadly cultivat-
ed in Pakistan at an area of 6107 ha with an annual
production of 57190 ton (Atif ez al., 2016). Though,
irrespective of the current development and the value
of this crop as a fabulous source of income, there is
still a lack of information on it (Zhang ez a/., 2018).
Nevertheless, bitter gourd response under drip with
different irrigation treatments and their economic vi-
ability is not well known. Although initial and main-
tenance costs using drip irrigation technology are
equally high in comparison with traditional methods
of cultivation. To increase profitability, it is important
to develop suitable technology which will reduce the
cost of production. Moreover, seasonal water applica-
tion of bitter gourd under drip irrigation has not been
reported.

Materials and Methods

Study site

A field experiment was carried out in Malir, Karachi,
located at 24.56N and 67.07E. The soil texture of the
experimental site was sandy loam. The climate of this
area is warm and semi-arid, while the maximum tem-
perature in summer exceeds 40°C. The evaporation
rate in the southern-zone of Sindh is more than any
other place in Pakistan (van Steenbergen ez a/., 2015).
The mean annual precipitation is 217 mm; whereas,
due to the vicinity to the sea, the relative humidity
ranges from 52% to 78% (PMD, 2017).

Field experiment

Two irrigation treatments with I'T (EC,_ 0.56 dS.m"
D and IT, (EC, 2.56 dS.m™) were used in the study
which consisted of two cropping seasons, including
season 1 between May-2018 to Sep-2018 and the
other (season 2) between Nov-2018 to Apr-2019.
'The experiment was designed with two variable fac-
tors (i.e., irrigation treatment and cropping season)
in a Randomized Complete Block Design (RCBD).
The plots were divided into two equal blocks (243 m?
each). One plot was used for IT, (EC_ 0.56 dS.m™)
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and the other for IT, (EC, 2.56 dS.m™). Each block
was further divided into three replications (R1, R2,
and R3).

To obtain the soil salinity status and determine the
texture, field capacity (FC), wilting point (WP) and
dry bulk density (DBD) before the experiment, 18
soil samples from experimental sites (i.e., 9 from each
plot) were taken at the depths of 0-15, 15-30 and 30-
60 cm, respectively. For soil moisture content, the soil
samples were oven-dried at a temperature of 105°C
for 24 hours.

For the chemical analysis including EC, pH, SAR,
and ESP, these samples were thoroughly mixed to ob-
tain a composite sample. and analyzed as suggested by
Richards (1954). The soil texture was determined by
the Bouyoucos hydrometer method, Electrical Con-
ductivity (EC) was determined by digital EC meter
(model HI-8333), while pH was recorded by digital
pH meter (SP-34 sunteor). All the above parameters
were determined using the methods suggested by

Richards (1954).

Rowell (1994) suggested the Sodium Adsorption Ra-
tio (SAR) is an estimated expression for the relative
activity of Na* ions in exchange reactions in soils.

Exchangeable sodium percentage (ESP) was calculat-
ed using Rowell (1994).

Irrigation water has a significant role in acquiring the
best crop yield beyond producing adversarial effects
on the soil. In this study, two water qualities were used
for crop plantation. Thus, it is required to determine
water quality. Water samples were collected periodi-
cally and analyzed for the EC , pH, SAR, and RSC
parameters by (Kargas ez a/., 2017; Laboratory, 1954).

Soil salinity assessment

Two types of irrigation water (i.e., freshwater (EC_
0.56 dS.m™) and saline water (EC, 2.56 dS.m™) were
used to grow bitter gourd under drip irrigation sys-
tem. Thus, to observe the change in soil EC , pH, and
sodium adsorption ratio (SAR) parameters, the soil

samples at subsequent depths from a wetted zone
and a welted periphery under dripper was drawn after
harvest of the crop in season 1 and season 2, respec-
tively. The soil samples were examined in the labo-
ratory for the ECe, pH, and SAR, as suggested by
Richards (1954).

Crop yield

'The yield of the crop for each plot was noted fort-
nightly from September 2018 to October 2018 and
from March 2019 to April 2019 in season 1 and 2,
respectively. The fruit was picked from time to time
trom both plots, the yield was recorded accordingly.

Statistical analysis

SPSS software for the statistical analysis was used for
the analysis of data. Statistical evidence in support of
the hypothesis was reported in the form of descrip-
tive statistics parameters. During the data collection
phase, the experiments were replicated three times,
and thus we had a comprehensive dataset with three
replications. The results obtained for crop yield in the
three replications were found close to each other, nev-
ertheless, all the statistical tests were conducted on
each replication dataset to draw a more meaningful
and thorough conclusions from the collected data.

Pair-wise t-test for comparing the effect of crop yield us-
ing IT, and IT,

For comparing the effect of average crop yield, under
IT, and IT,, respectively, for the collected data from
seasons 1 and 2, a paired t-test was used. The tests
were repeated for all three replications of data to get a
comprehensive and meaningful conclusion.

Economic analysis

'The economic analysis for bitter gourd production
was evaluated under IT, and IT, for seasons 1 and
2, respectively. The analysis involved costing of the
inputs and comparing them with the sales from the
harvest. The irrigation costs of freshwater (IT,) under
drip irrigation is significantly higher with 817 US-$
ha™ compared to (IT,) with 616 US-$ ha™ for the low
yield The average market price per kilogram of bitter
gourd was obtained in Pakistani rupee and convert-
ed in US dollars. The productivity of bitter gourd per
hectare was calculated in terms of gross margin, gross
return, the net return, and benefit-cost ratio.

Benefit-cost ratio
The Benefit-cost Ratio (BCR) contributes to the ratio
between the current value of profits and the current
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value of costs. BCR is used to evaluate the economic
feasibility of the plan. The ratios used for CBA com-
prised a net present value (NPV) and the benefit-cost
ratio (BCR). BCR is the value of all benefits divided
by all current value costs, whereas NPV is the differ-
ence between the value of all existing and future, ben-
efits and the value of all current and upcoming costs
(Gittinger, 1982; Kuwornu ez a/., 2013).

BCR was calculated for irrigation treatment I'T, and
IT,in season 1 and season 2 by considering many in-
puts used in the drip irrigation system during the ex-
periment. The total income from yield over an area of
one-hectare was considered to work out net seasonal
income and benefit-cost ratio. The revenue from yield
was calculated using the prevailing average market
value. The effective life of a drip irrigation system was
taken to be 10 years. BCR and net profit were calcu-
lated to determine the economic viability of the crop
tor the drip irrigation system by the following equa-
tion (Gittinger, 1982).

Gross return

BCR =
Total cost

.(3)

The net income and benefit-cost ratio (BCR) under
both irrigation treatments was calculated by divid-
ing the cost-benefit under each treatment. The aver-
age market price of 0.35% per kg was taken for bit-

ter-gourd for economic analysis.
Results and Discussion

'The soil characteristics are presented in Table 1 which
show that the texture of soil was sandy loam and the
available mositure ranged from 8.5 to 8.6. Whereas
the field capacity ranged from 14.6 to 14.7% which
shows low water holding capacity of the experimental
soil. Hence, such type of soil needs frequent irrigation
to avoid seepage and percolation losses.

Table 1: Soil characteristics of the experiment site.

Parameters IT,(EC_0.56 IT,(EC,_2.56
dS.m1?) fresh- dS.m™) saline
water water

Soil texture Sandy Loam  Sandy Loam

Dry bulk density (gm.cm™)  1.58 1.56

Infiltration rate (cm.hr?) 1.54 1.57

Field capacity (%) 14.7 14.6

Wilting point (%) 6.2 6.0

Available moisture (%) 8.5 8.6

The soil under irrigation, in I'T, and IT,, was normal
with ECe < 4.0 dS.m™, pH < 8.0, and SAR < 7.0 at
all sampling depths before the experiment (as shown

in Figure 1).

Figure 1: Pre-study soil salinity status of the experiment
plots.

'The analytical results of soil samples for soil electrical
conductivity (EC ) are presented in Table 2. It reveals
that before the start of crop sowing, the average soil
EC_at depths 0-15,15-30 and 30-60 cm, respectively,
under both the plots, ranged from 2.8 to 3.3 dS.m™
which indicated that the soil was non-saline (EC < 4.0
dS.m™). EC_at the wetted zone ranged from 2.8 to 3.0
dS.m™ indicating that the soil remained unchanged
i.e. non-saline, whereas, at the wetted periphery, it
changed from non-saline to slightly saline at all the
tree sampling depth i.e. EC_> 4.0 dS.m™, under IT1.
The soil samples taken from both plots were also
analyzed for pH determination to observe the change
in pH values. From Table 3, it can be observed that
the soil pH of all depths before and after the crop
in seasons 1 and 2 under IT, and IT,, respectively,
remained unchanged at the wetted zone and wetted
periphery. This was due to the buffering property of
the soil in nature. Hence, as shown in Table 3, the pH
value of the soil remained under the safe limit.

Table 4 reveals that before the start of the study and
after harvesting of the crop in seasons 1 and 2, likewise
pH, the SAR values at the wetted zone and wetted
periphery underneath the drip system of irrigation

for IT, and I'T, remained unchanged. Since the SAR
values were below 7.0 and under safe limits.

Crop yield

'The bitter gourd was harvested from both plots on
different dates, and at the end of the growing cycle.
'The descriptive statistics for the crop yield data are
summarized in Table 5. It is clear that, on average, the
crop yields remained higher under IT, than IT, for
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Table 2: Effect of fresh and saline water on soil E C before
of three Replications).

and after experiment under drip irrigation system (Mean

Soil  EC (dS.m’) before EC (dS.m™) after the experiment season 1 EC (dS.m™) after the experiment season 2

depth the experiment Freshwater (IT) Saline groundwater (IT,)  Freshwater (IT,)  Saline groundwater (IT)

(cm) Mean of two plots Wetted Wetted Wetted Wetted Pe-  Wetted Wetted Wetted  Wetted Pe-
Zone  Periphery Zone riphery Zone Periphery Zone riphery

0-15 2.8 2.4 4.1 2.6 4.6 2.6 5.1 2.8 5.6

15-30 2.9 2.1 4.2 3.1 4.6 3.3 53 3.3 5.8

30-60 3.3 3.0 4.2 3.3 4.6 3.6 5.3 3.6 5.8

IT1: Application of freshwater ECiw 0.56 dS.m-1); IT2: Application of saline groundwater ECiw 2.59 dS.m-1).

Table 3: Effect of fresh and saline water on soil pH before and after experiment under drip irrigation system (Mean

of three Replications).

Soil Ph before pH after experiment Season 1 pH after experiment season 2

depth experiment Freshwater (IT)) Saline groundwater (I'T,) Freshwater (IT),) Saline groundwater (IT,)

(cm) Mean of two Wetted  Wetted Wetted Wetted Pe- Wetted Wetted Wetted Wetted Pe-
plots Zone Periphery Zone riphery Zone Periphery Zone riphery

0-15 7.2 7.3 7.2 7.3 7.2 7.2 73 7.4 7.5

15-30 7.3 7.2 7.3 7.2 71 7.3 7.2 7.3 7.4

30-60 7.3 7.3 7.4 7.3 7.2 7.2 7.4 7.4 7.3

IT1: Application of freshwater ECiw 0.56 dS.m-1); IT2: Application of saline groundwater ECiw 2.59 dS.m-1).

Table 4: Effect of fresh and saline water on soil SAR before

and after experiment under drip irrigation system (Mean

of three Replications).

Soil SAR before SAR after experiment season 1 SAR After experiment season 2

depth experiment Freshwater (I'T,) Saline groundwater (I'T) Freshwater (I'T)) Saline groundwater (IT,)

e Mean of two Wetted  Wetted Wetted Wetted Wetted Wetted Wetted Zone Wetted
plots Zone Periphery  Zone Periphery  Zone Periphery Periphery

0-15 41 4.0 4.2 4.2 4.2 4.1 4.3 4.2 5.1

15-30 4.3 43 4.4 4.2 43 4.3 4.6 4.4 4.9

30-60 4.9 5.0 4.9 44 4.9 4.4 4.9 4.6 4.9

IT1: Application of freshwater ECiw 0.56 dS.m-1); IT2: Application of saline ground water ECiw 2.59 dS.m-1).

Table 5: Descriptive statistics with confidence bounds for the crop yield (cy) data for seasons 1 and 2 with IT, and IT,

Variables N Mean Standard error
cy_S1_T, 22 6.61 0.64
cy S1_T, 22 5.03 0.31
cy_S2_T, 18 4.14 0.46
ey S2_T, 18 2.83 0.34

cy: crop yield; S1: Seasonl; §2: Season 2.

both seasons. The lesser standard deviations and
standard errors reported in Table 5 shows the reliabil-
ity of the mean values and consistency in the reported
data. A 95% confidence intervals for the crop yields
show that if the data has to be replicated 100 times
again in the future, then for the 95 times the aver-
age values will be within the confidence bounds. Both
lower and upper confidence bounds, in the average

Standard devia- 95% Confidence bounds
tion Lower Upper
3.01 4.50 7.96
1.46 2.92 5.69
1.95 2.06 5.10
1.46 0.75 3.55

crop yield data for IT1 are higher than ITZ.

'The crop yield was weighed and recorded on a hec-
tare basis, the amount of water used was calculated on
m®.ha'. as shown in Figure 2.t can be observed from
Figure 2 that total yield obtained under IT1 in both
seasons were higher whereas, the total water used un-
der each treatment was equal as 13762 m3.ha™ and
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7241.64 m’.ha™ in season 1 and 2, respectively.

Figure 2: Total water used and yield of bitter-gourd.

'The paired differences, values of t-statistic, degrees of
freedom and p-values for the average differences in
crop yield are shown in Table 6. It can be observed
that all p-values < 0.01 and are statistically signifi-
cant. In fact, I'T1 resulted in higher average crop yield
than the I'T2 for seasons 1 and 2. At 5 % significance
level the crop yield using I'T1 and I'T2 was not same
as shown in Table 7, In fact, IT1 resulted in higher
average crop yield than the I'T2 for seasons 1 and 2.
'Therefore, both treatments were effective in season 1
as compared to season 2.

Benefit-cost ratio

'The maximum BCR of 1.90 and 1.89 was observed in
the IT1 in season 1 and 2, respectively whereas, the
minimum BCR of 1.69 and 1.59 was found under
I'T2 in season 1 and 2, respectively, as shown in Table

8.

In Figure 1, the EC_at the wetted zone ranged from
2.8 to 3.0 dS.m™ in season 1. This indicated that the
soil remained unchanged, i.e., non-saline, whereas, at
the wetted periphery, it changed from non-saline to
slightly saline at all sampling depths, i.e., EC_> 4.0
dS.m™ under IT,. Likewise, for IT, after the end of
season 1 in October 2019, EC at the wetted zone,
slightly increased, nevertheless the soil remained
non-saline. However, at the wetted periphery, the soil
became slightly saline having EC_>4.0 dS.m™. Sim-
ilarly, the same trend was observed after the comple-
tion of season 2 that by using I'T, and IT, for irrigat-
ing the crop, the EC_at the wetted zone remained
unaltered, whereas, at the wetted periphery, the EC_
increased from non-saline to saline with EC_> 4.0
dS.m™ as shown in Table 2. Similar results were re-
ported by (Hanson and May, 2011) that the transpor-
tation of salt under drip irrigation is an impression
of the wetting pattern during irrigation and the con-
secutive variation of soil moisture content. The rhiz-
ospheric environment is considered to be favorable

due to the development of the wetting front under
drip system for the crop to grow without much ionic
and osmotic stress (Jha ez al., 2017). The results are
also inline with (Kumar ez a/., 2017) who stated that
the irrigation application through drip technology
pushed the salts away from the discharge point and
EC, of soil at the horizontal distance of 10 cm in the
wetted zone.

'The application of saline water using the drip irriga-
tion technology resulted in rapid salts accumulation,
particularly in the upper soil layer Lei ez al. (2003).
The crop yield found under I'T, was greater as com-
pared to I'T, because the yield under IT, (EC,  of 0.56
dS.m™) was not affected due to freshwater irrigation
in season 1 and 2. However, the yield under IT, (EC, |
of 2.56 dS.m™) was somewhat reduced in comparison
with IT , in both seasons. It is clear that, on average,
the crop yields remained higher under IT, than IT,
for both seasons. The lesser standard deviations and
standard errors reported in Table 5 shows the reliabil-
ity of the mean values and consistency in the report-
ed data. Both lower and upper confidence bounds, in
the average crop yield data for I'T, was higher than
IT,. The yield reduction in I'T, was attributable to the
more vegetative development and salts accumulation
in the hot season when it was able to produce more
fruit plants. The results were in line with (Jellani ez a/.,
2016) who reported that the lower crop yield might
be because of the effect of weather patterns on polli-
nator activities.

'The null hypothesis was set to the case that there was
no difference in the average values of these parame-
ters using I'T, and IT,. The significance level was set
at 5% (i.e. 95% confidence level). At a 5% level of
significance, it was attempted to search for evidence
in favor or against the null hypothesis. For the case
of all three replications, the paired differences, values
of t-statistic, degrees of freedom and p-values for the
average differences in crop yield as shown in Table
6. It can be observed that all p-values < 0.01 and are
statistically significant. Hence it showed that at 5 %
significance level of crop yield using I'T, and IT, was
not the same as shown in Table 7.

The high BCR in I'T, maybe due to the fresh irrigation
water used in I'T, in seasons 1 and 2, which produced
better fruit size and quality in comparison with IT,.
BCR greater than 1.5 can be considered as acceptable
reported by (Abraham ez al., 2017) during the study
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Table 6: 7-test for the treatment wise dg‘zﬁrence in an average crop yield data.

Treatmentwise  Replication Descriptive parameters for Differences t p-value Degrees of
differences 95% Confidence interval of freedom
the difference
Mean Standard Standard Lower  Upper
deviation  error mean

(Cy_Sl_ITl) - 1 1.57 211 0.45 0.63 2.51 3.49 <0.001* 21
(cy_S1.IT)) 2 154 123 0.26 099  2.09 5.85 <0.001*

3 1.97 1.03 0.21 1.51 2.42 8.97 <0.001*
(cy_SZ_ITl) - 1 1.03 1.01 0.23 .53 1.54 435 <0.001* 17
(cy_S2_IT)) 2 185 116 0.27 127 242 6.74  <0.001*

3 1.58 0.81 0.19 1.17 1.99 8.24 <0.001*

Abbreviations:, cy: crop yield, S1: season 1, S2: season 2. I Tz.- Treatment 1, I Tz: Treatment 2, Pair t-test used and * shows p-value < 0.05 and

statistically significant.

Table 7: T-test for the season—wise difference in an average crop yield data.

Treatmentwise  Replica- Descriptive parameters for differences t p-value  Degrees of
differences tion 95% Confidence interval freedom
of the difference
Mean Standard Standard Lower Upper
Deviation error mean

(cy_Sl_ITl) — 1 2.71 2.06 0.48 1.68 3.74 5.57 <0.001* 17
(Cy_82.1T) 2 142 124 0.29 80 2.04 484  <0.001*

3 2.04 1.26 0.29 1.41 2.67 6.86 <0.001*
(cy_Sl_ITz) = 1 2.06 1.03 0.24 1.54 2.57 8.47 <0.001* 17
(Cy_821T)) 2 1.90 1.08 0.25 1.35 2.44 741 <0.001*

3 1.87 1.22 0.28 1.26 2.48 6.46 <0.001*

Abbreviations: cy: crop yield, §1: season 1, 82: season 2. I'T : Treatment 1, I'T2: Treatment 2, Pair t-test used and * shows; p-value < 0.05and

statistically significant.

Table 8: Economic analysis of bitter-gourd under drip irrigation in seasons 1 and 2.

Irrigation treatments  Total crop yield (kg.ha)  Gross cost ($.ha?) Grossreturn ($.ha')  Netreturn ($.ha’) BCR
IT1 (Season 1) 22,112.4 2633.22 5008.22 2375.00 1.90
IT2 (Season 1) 16,717.3 2633.22 4454.78 1821.57 1.69
IT1 (Season 2) 11,337.3 1964.05 3713.47 1749.42 1.89
ITz (Season 2) 7764.4 1964.05 3140.51 1176.46 1.59

on to evaluate the impact of irrigation, fertigation
and plastic mulching in bitter gourd variety Preethi at
Pathanamthitta, Kerala A highest BCR value found
for the drip irrigation system indicated the most prof-
itable irrigation system in terms of net production. By
comparing total costs, total production, and total net
production of one hectare of seasonal vegetables, drip
irrigation with fresh and saline irrigation water was
found to be the most beneficial irrigation technology.
Parallel trends have been reported in net profit, the
benefit-cost ratio of 2.84 under the drip fertigation,
and net profit per m* of water used for sweet pep-

per (Capsicum annuum L. var. grossum) (Kumari and

Kaushal, 2014).
Conclusions and Recommendations

The salts accumulation at the wetted periphery did
not affect the crop yield of bitter gourd using the drip
irrigation method. The pH and SAR in the soil before
and after the experiment in seasons 1 and 2 remained
unchanged at the wetted zone and periphery under
both irrigation treatments owing to buffering prop-
erty of the soil in nature. The economic analysis gave
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positive net returns to investment and was cost-effec-
tive for I'T, in season 1 with high crop yield as well as
a negative net profit in season 2 due to decreased crop
yield of bitter-gourd in season 2. Due to the low pro-
duction cost and higher sale price, BCR was higher

with IT1 over IT2 in seasons 1 and 2.
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