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Abstract: Field experiment was conducted, during two successive seasons of 2014- 2015 and 2015- 2016, at Dokki protected agricultural 
site, Giza Governorate, Egypt, to study the profitability of different applied irrigation levels and polyethylene (PE) mulch on plant growth 
and yield of sweet pepper, (Capsicum annum L.) cv. Godion F1, under plastic house condition. Three irrigation levels (0.50, 0.75 and 1.00) 
of crop evapotranspiration (ETc), using drip irrigation system and three PE mulch treatments (transparent, black and control) were applied.
Data revealed that black PE recorded the highest values of early and total fruit yield per plant during the two seasons. Increasing water level 
up to 1.00 (ETc) enhanced yield with different PE mulch treatments, while water use efficiency (WUE) decreased with increasing water level. 
However, Using 0.50 (ETc), with different PE mulches increased WUE compared to using 0.75 (ETc) or 1.00 (ETc).
The economic assessment of costs and returns from different treatments were calculated. It was found that the average yield was higher in 1.00 
ETc with black mulch. Gross margin per 540 m2 were analysed using yield data, price structures and production costs. The 1.00 (ETc) with 
black mulch had the highest gross margin which is USD 416.8 and USD 533 (1 USD= 9 Egyptian pound) for the first and second seasons, 
respectively. The benefit cost ratios (BCRs) per 540 m2 were analysed, and 1.00 (ETc) with black mulch had the highest BCR with 1.36 in the 
first season and 1.45 in the second season.

László Kozár – György Iván Neszmélyi
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INTRODUCTION

 Irrigation water is gradually becoming scarce not 
only in arid regions but also in the regions where rainfall 
is sufficient. Therefore, water saving and conservation is 
essential to support agricultural activities (Abdrabbo et al., 
2009). Efficient use of available fresh water is becoming 
more important. Agronomic measures such as varying 
tillage practices, mulching and anti-transparent can reduce 
the demand for irrigation water and improve irrigation water 
use efficiency (Farag et al., 2010). The mulch determines its 
energy-radiating behavior and its influence on the microclimate 
around the plant. Black, transparent and white mulches are 
used in the commercial production of vegetable crops today 

all over the world (Abdrabbo et al., 2010). Transparent and 
black mulches promote a relatively higher temperature at the 
soil surface, increase soil heat flux and, as a consequence, 
the minimum and maximum soil temperature are increased 
than bare soil treatments (Abdrabbo et al., 2009; EI-Dolify 
et al., 2016). The beneficial responses of plants to plastic 
mulch such as improving fruit yields, earlier production 
and better fruit quality; have been studied by many authors 
(Bonnano and Lamont, 1987; Zakher and Abdrabbo, 2014). 
Additional benefits of plastic mulches are their ability to 
conserve soil moisture (Lamont, 1993). Using transparent 
polyethylene mulch, installed over the soil surface to reduce 
the water evaporation, increase air temperature around plant 
roots. Furthermore, their usage has been associated with 
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increased plant growth, higher yields as well as earliness 
of harvest (Abdrabbo et al., 2014). Despite the wide use of 
plastic mulches for vegetable crops production, most studies 
on irrigation have been conducted on bare soil production 
systems (Kirda et al., 2004). Results from those studies may 
not apply to regular horticulture practices (mainly raised beds 
covered with black plastic mulch) because using mulch serves 
as a barrier for water evaporation from soil surface (Farrag 
et al., 2016). Liakatas et al. (1986) reported that maximum 
soil heat flux was up to 67% higher under transparent mulch 
in comparison to the black mulch. White polyethylene used 
in this study trended to increase maximum temperature 
compared to the other opaque mulches (black and co-extruded 
white-on-black polyethylene). This increase probably occurred 
because white polyethylene is not completely opaque. Using 
polyethylene mulch improves vegetative growth parameters, 
plant length, leaves area and chlorophyll content of plants 
(Abdrabbo et al., 2005). 

Rajbir Singh et al. (2009) reported that drip irrigation to 
tomato at 80 per cent ET resulted in higher net returns (Rs 
34431/ ha) and benefit cost ratio (1.76) compared to 100 and 60 
per cent ET. However, net returns (Rs 51386/ ha) and benefit 
cost ratio (2.03) were further increased when drip irrigation 
to tomato at 80 per cent ET was coupled with polyethylene 
mulch compared to other treatments.

The main objective of this study was to evaluate the 
economic feasibility of sweet pepper production under 
different irrigation levels and polyethylene mulch in a plastic 
greenhouse.

MATERIALS AND METHODS

The experiment was carried out at Dokki protected agricultural 
site, Giza governorate, Egypt. The treatments comprised of:

 – Three applied irrigation levels 0.50, 0.75 and 1.00 of 
the (ETc), the ETo was estimated using RH% equa-
tion (Abou Hadid and El-Beltage, 1992) as follow:  
ET0 = 5.654 - 0.059* (RH) Where ET0= estimated 
evapotranspiration and RH= average daily relative hu-
midity. Water was applied using drip irrigation system.

 – Three polyethylene (PE) mulch treatments (transpar-
ent, black and no cover (control)). 

The experiment was designed in a split plot arrangement 
with three replicates. Irrigation levels were in the main plots, 
while PE mulch was allocated in the sub plot. Each sub plot 
area was 10 square meters (one meter width x ten meter length). 
Dates of transplanting were October 12, 2014 and October 15, 
2015 for first and second seasons, respectively. Samples of five 
plants from each experimental plot were taken to determine 
growth parameters at the end of season (mid of April 2015 
and 2016) as follows: plant length, number of leaves per plant, 
leaf area and fruit weight per plant. For mineral analysis, the 
dried young mature leaves were digested in sulphuric acid 
and hydrogen peroxide according to the method described 
by Allen (1974). Total nitrogen was determined by Kjeldahl 
method according to the procedure described by FAO (1980). 
Phosphorus content was determined using spectrophotometer 

according to Watanabe and Olsen (1965). Potassium content 
was determined photo-metrically using flame photometer as 
described by Chapman and Pratt (1961). The permanent wilting 
point (PWP) and field capacity (FC) of the trial soil were 
determined according to Israelsen and Hansen (1962). The soil 
physical properties results were in table 1. 

Table 1. Physical properties of the soil of the experiment analysed 
before cultivation

Physical properties

Location
Soil 

depth cm
Sand 
%

Clay% Silt % Texture FC %
PWP 

%

Bulk 
density 
g/cm3

Dokki - 
Giza

0-30 09.3 66.2 25.5 Clayey 25.6 10.9 1.17

Soil temperature was measured by soil thermometer at 
15 cm depth; it was recorded daily at mid-day from first of 
November till the end of April, during the two seasons. The 
total amount of drip irrigation was applied by water flow 
meter for each treatment (EC of water irrigation 0.45 dS/m). 
The greenhouse dimensions were (60 m length, 9 m width 
and 4 m height). The number of sweet pepper plant per square 
meter was 2.22 plants. The (WUE) was calculated according 
to FAO (1982) as follows: The ratio of crop yield (y) to the 
total amount of irrigation water use in the field for the growth 
season (IR), WUE (Kg/m3) = Y(kg)/ IR (m3).

Production costs and profitability analysis has been the 
fundamental tool for growers and investors to do investment 
analyses and make decisions, conducting business transactions, 
and developing risk management strategies. Inputs and prices were 
collected from cooperating growers and supply and equipment 
dealers. The benefit cost analysis (BCA), as an economic analysis 
tool for decision making and project evaluation, was chosen 
as the most appropriate economic method to be use. BCA is a 
widely used tool for comparing alternative courses of action by 
reference to the net benefits that they produce, and comparing 
a base case (no change) with the proposed option. BCA’s for 
multiple projects can be compared to determine which project 
has a higher economic return relative to the others with higher 
BCA’s indicating higher return (Gittinger, 2003). 

RESULTS AND DISCUSSIONS

Soil temperature

Average weekly maximum and minimum soil temperature 
(°C) at 15 cm depth under different mulch treatments in 
November, December, January, February, March and April 
are shown in figures (1) and (2), respectively. During the 
growing seasons, the highest maximum soil temperature, 
from 1st November till the end of April, was found under the 
transparent mulch (Fig. 1). Generally, the PE mulch had higher 
temperature than control by 1.5- 2.5°C. Highest minimum 
temperature was recorded under black mulch followed by 
the white mulch, while the control treatment had the lowest 
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minimum temperature. 
Fig. 1. The average weekly maximum soil temperature (°C) at 15 cm 
depth under different mulch treatments during seasons of 2014- 2015 

and 2015- 2016 from 1st November till April (24 weeks)
Fig 2. The average weekly minimum soil temperature (°C) at 15 cm 

depth under different mulch treatments during seasons of 2014- 2015 

and 2015- 2016, from 1st November till April (24 weeks)

The obtained results are in agreement with those of 
Abdrabbo et al. (2015); Abdrabbo et al. (2010); Abdrabbo et 
al. (2009); Kirda et al. (2004); Lamont, (1993). Moreover, the 
advantage of transparent films, which produced a considerable 
build up of heat in the soil during the day because of better short 
wave infrared radiation, thus provides the maximum of heat. 
Under black plastic film, heat was dispatched by conduction, 
half going into the soil and half into the air space; the soil was 
therefore heated up quite slowly. While with transparent film, 
the film transmitted practically the whole solar radiation that 
became absorbed by the soil; the soil was therefore heated up 
more quickly (Abdrabbo et al., 2009; Lamont, 1993). 

Vegetative characteristics

The obtained results in table 2 revealed that irrigation 
levels and mulch treatments significantly affected vegetative 
characteristics (plant length, number of leaves and total leaf 
area) in the two growing seasons. The 1.00 ETc treatments 
produced the highest vegetative characteristics. The 0.75 ETc 
came in the second rank, while 0.50 ETc produced the lowest 
vegetative characteristics. Increasing vegetative characteristics 
under 1.00 ETc irrigation level could be attributed to the 
suitable irrigation quantity, especially in the early stage of 
crop growth, which enhanced a deeper and more extensive 
root system (Marouelli and Silva, 2005; Ngouajio et al., 2007; 
EI-Dolify et al., 2016). Regarding to the mulch treatments, 
data indicated that black PE mulch resulted in the highest 
vegetative characteristics during the two seasons. The lowest 
plant length, number of leaves and total leaf area were 

obtained by control treatment (bare soil). 
The interaction among different irrigation levels and PE 

mulch treatments were significant for vegetative characteristics 
during the two studied seasons. The highest vegetative growth 
was preceded by 1.00 ETc combined with black mulch. Followed 
by 1.00 ETc combined with transparent mulch. The obtained 
results are in agreement with those of Abdrabbo et al (2010); 
Ngouajio et al. (2007); Soltani et al. (1995), who revealed that 
mulching has contributed positively to improving growth and 
productivity. Although, clear plastic mulch may result in an 
increase in soil temperature, the presence of light led to the 
disadvantage of weed growth. While, the absence of light with 
black plastic did not allow photosynthesis of weeds under the 
film and therefore weed growth was suppressed (Abdrabbo et 
al., 2010; Farag et al.., 2010; Zakher and Abdrabbo, 2014).

Yield

Data in table 3 showed that using 1.00 ETc irrigation level 
increased the sweet pepper fruit weight per plant compared 
to the other irrigation treatments during the two growing 
seasons. The 0.75 ETc came in the second rank. The higher 
yield production under 1.00 ETc may be due to proper balance 
of moisture in plants, which creates favorable conditions for 
nutrients uptake, photosynthesis and metabolites translocation. 
Other possibility was increasing available water and nutrients 
uptake, which ultimately accelerated the rate of vegetative 
growth and yield (Abdrabbo et al., 2009; Hashem et al., 2014; 
Abdrabbo et al., 2014; EI-Dolify et al., 2016). Regarding 
the effect of PE mulch treatments the obtained data revealed 
that black PE recorded the highest values of yield per plant 
in the two studied seasons. These results was in agreement 
with those obtained by Abdrabbo et al., 2009; EI-Dolify et 
al. (2016); Farrag et al. (2016), who found that using PE 
mulch increases plant root zone temperature, which have an 
important role in plant growth and productivity. Black and 
transparent PE mulches increase vegetable crops growth and 
productivity compared to bare soil; this increase has been 
reported especially in cold season, where soil temperature 
is the limiting factor for plant growth (Farrag et al., 2016). 
Referring to the interaction effect between irrigation level 
and PE mulch treatments, the obtained data indicated that 
increasing irrigation level led to increase sweet pepper 
yield under tested PE mulch up to 1.00 ETc. The highest 
sweet pepper yield was obtained by 1.00 ETc with black 
PE mulch followed by 1.00 with transparent PE mulch. The 
lowest yield was obtained by control treatment with different 
irrigation levels. Reduction in irrigation requirement as well 
as consumptive use due to mulching at a particular irrigation 
schedule is a definite advantage of mulching (Zakher and 
Abdrabbo et al., 2014; EI-Dolify et al., 2016). Sustained 
moisture supply by using proper water quantity with mulched 
situation was enhanced plant yield. The irrigation water 
supply, irrespective of irrigation methods, was retained in 
the soil and efficiently distributed for crop growth. This has 
enabled the crop not to distinguish significantly between the 
levels of irrigation it received, once the crop was mulched. 
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Furthermore, using mulches with vegetable crops under 
unheated plastic house resulted in an increase in vegetative 
growth i.e. plant length, leaf number, leaf area, and total 
fruit yield of plants. These results are in agreement with 
those reported by Farag et al (2010). Increased yield could 
be largely attributed to the increase in soil temperature due to 
application of black or transparent mulch treatments, which 
resulted in enhancement of soil environment around plant 
roots, which led to increasing plant vegetative growth, and 
hence increasing nutrient absorption and uptake (Abdrabbo 
et al., 2009; Abdrabbo et al., 2010; Abdrabbo et al., 2015). 

Table 2. Sweet pepper plant length, number of leaves and total leaf 
area per plant as affected by different irrigation levels and mulch 

treatments during seasons of 2014- 2015 and 2015- 2016

1st  season 2nd  season

plant length

 
0.50 
ETc

0.75 
ETc

1.00 
ETc

Mean
0.50 
ETc

0.75 
ETc

1.00 
ETc

Mean

Control 91.6 80.8 79.0 83.8 97.9 86.1 83.4 89.1

Transparent 
mulch

96.9 90.7 80.8 89.5 104.6 97.0 87.0 96.2

Black mulch 103.2 95.1 85.3 94.5 108.4 102.4 91.5 100.7

Mean 97.2 88.9 81.7 103.6 95.1 87.3  

LSD 0.05

Irrigation (A) 0.41  0
Mulch (B) 0.14  0.15
(A) x (B) 0.59  0.62

Number of leaves

 
0.50 
ETc

0.75 
ETc

1.00 
ETc

Mean
0.50 
ETc

0.75 
ETc

1.00 
ETc

Mean

Control 129 149 172 150.3 135 141 165 146.9

Transparent 
mulch

140 159 177 158.6 145 168 189 167.4

Black mulch 143 163 184 163.1 148 171 194 170.9
Mean 137 157 178 142.6 160.1 182.6  

LSD 0.05

Irrigation (A) 1.06  1.10

Mulch (B) 0.17  0.35

(A) x (B) 1.53  1.54

Total leaves area

 
0.50 
ETc

0.75 
ETc

1.00 
ETc

Mean
0.50 
ETc

0.75 
ETc

1.00 
ETc

Mean

Control 3952 4757 5665 4791 4124 4488 5486 4699

Transparent 
mulch

4274 5063 5822 5053 4432 5363 6210 5335

Black mulch 4882 5185 5815 5294 4550 5560 6503 5537

Mean 4370 5002 5767 4369 5137 6066  

LSD 0.05

Irrigation (A) 510  533

Mulch (B) 225  243

(A) x (B) 630  942

 Plant elemental content

Data in table 4 showed that the applications of different irrigation 
levels and mulch treatments significantly affected the uptake of NPK 
by sweet pepper plant during the two growing seasons. Using 0.50 of 
ETc increased the NPK percentage of sweet pepper fourth leaf followed 
by 0.75 ETc, while the lowest NPK percentage was obtained by 1.00 
ETc. The increasing uptake of NPK by 0.50 ETc may be due to the 
dilution effect (increase plant biomass at a constant nutrient stock) then 
the big vegetative growth will dilute the nutrient percentage in plant 
leaf and second are nutrient movements toward fruits or other plant 
organs which mean higher productivity led to decrease the percentage 
of nutrient of sweet pepper plant leaf (Abdrabbo et al., 2005).
 Table 3. Sweet pepper fruit weight per plant as affected by different irrigation 

levels and mulch treatments during seasons of 2014- 2015 and 2015- 2016

1st season 2nd season

Early yield

0.50 
ETc

0.75 
ETc

1.00 
ETc

Mean
0.50 
ETc

0.75 
ETc

1.00 
ETc

Mean

Control 0.72 0.84 1.03 0.86 0.87 1.05 1.24 1.06

Transparent 
Mulch

0.79 0.91 1.17 0.96 0.93 1.22 1.36 1.17

Black mulch 0.91 0.93 1.27 1.04 1.16 1.29 1.52 1.32

Mean 0.81 0.89 1.15 0.99 1.19 1.37

LSD 0.05

Irrigation (A) 0.10 0.11

Mulch (B) 0.09 0.10

(A) x (B) 0.14 0.14

Total yield

0.50 
ETc

0.75 
ETc

1.00 
ETc

Mean
0.50 
ETc

0.75 
ETc

1.00 
ETc

Mean

Control 2.20 2.52 3.09 2.60 2.35 3.16 3.43 2.98

Transparent 
Mulch

2.57 2.85 3.51 2.98 2.77 3.45 3.77 3.33

Black mulch 2.68 3.13 3.75 3.18 3.00 3.63 3.98 3.54

Mean 2.48 2.83 3.45 2.71 3.41 3.73

LSD 0.05

Irrigation (A) 0.13 0.13

Mulch (B) 0.08 0.08

(A) x (B) 0.24 0.25

Mulch treatments significantly affected the percentage of 
NPK in sweet pepper leaf. Transparent PE resulted in the highest 
values of NPK percentage followed by black PE mulch. The 
lowest NPK percentage was obtained by control (bare soil) 
treatment during the two seasons. Regarding the interaction 
effect among irrigation and mulch, the highest NPK percentage 
was obtained by 0.50 ETc combined with transparent PE mulch 
followed by 0.50 ETc with black mulch. The lowest NPK 
percentage was obtained by control treatment with different 
irrigation levels during both seasons. Increased yield could be 
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largely attributed to increase in soil temperature at 15° C due to 
application of transparent or black mulch covers. These resulted 
in enhancement of soil environment around roots of sweet pepper 
plants that led to enhancing plant growth, and hence improve 
nutrient absorption and uptake (Abdrabbo et al., 2009). 

These results were in line with those obtained by Pan et al. 
(1999); Fonsecal et al. (2003). Optimal root zone temperature with 
availability of water allow for adequate root function including 
better uptake of water and nutrients. Plant nutrient uptake, plant 
growth and yield under mulch fit a quadratic relationship with root 
zone temperature (Abdrabbo et al., 2014). Using of proper water 
quantity, especially in clayey soil, allows plants to use water and 
nutrients from deeper soil, thus enhance water and nutrients use 
efficiency, with a decline in nitrogen leaching. Excess irrigation not 
only reduces crop productivity, but also increases nutrient leaching 
and environmental hazards (EI-Dolify et al., 2016). 

Table 4. NPK contents in sweet pepper leaf as affected by different irrigation 
levels and mulch treatments during seasons of 2014- 2015 and 2015- 2016

1st season 2nd season

 Nitrogen%

 
0.50 
ETc

0.75 
ETc

1.00 
ETc

 
0.50 
ETc

0.75 
ETc

1.00 
ETc

 

Control 1.84 1.72 1.68 1.75 1.87 1.73 1.64 1.75

Transparent mulch 2.21 2.15 1.96 2.11 2.34 2.28 2.08 2.24

Black mulch 2.14 2.09 1.86 2.03 2.27 2.22 1.97 2.15

Mean 2.06 1.99 1.83 2.16 2.08 1.90  

LSD 0.05

Irrigation (A) 0.26  0.27

Mulch (B) 0.14  0.14

(A) x (B) 0.32  0.34

Phosphorus % 

 
0.50 
ETc

0.75 
ETc

1.00 
ETc

 
0.50 
ETc

0.75 
ETc

1.00 
ETc

 

Control 0.41 0.38 0.34 0.38 0.42 0.36 0.33 0.37

White mulch 0.46 0.42 0.39 0.42 0.49 0.45 0.41 0.45

Black mulch 0.45 0.40 0.38 0.41 0.48 0.42 0.40 0.44

Mean 0.44 0.40 0.37 0.46 0.41 0.38  

LSD 0.05

Irrigation (A) 0.08  0.08

Mulch (B) 0.03  0.04

(A) x (B) 0.11  0.12

Potassium %

 
0.50 
ETc

0.75 
ETc

1.00 
ETc

 
0.50 
ETc

0.75 
ETc

1.00 
ETc

 

Control 2.12 2.01 1.84 1.99 2.14 2.05 1.87 2.02

Transparent mulch 2.41 2.34 2.21 2.32 2.61 2.58 2.33 2.51

Black mulch 2.35 2.21 2.14 2.23 2.55 2.42 2.18 2.38

Mean 2.29 2.19 2.06 2.43 2.35 2.13  

LSD 0.05

Irrigation (A) 0.09  0.10

Mulch (B) 0.04  0.04

(A) x (B) 0.19  0.21

Water Use Efficiency (WUE)

Data in table 5 showed that increasing irrigation quantity 
up to 1.00 (ETc) led to the decrease of WUE for all irrigation 
treatments. The highest WUE obtained by 0.50 (ETc). Regarding 
the effect of different mulch treatments on WUE, data showed 
that were significant differences between treatments, using PE 
mulch led to increasing WUE during the two tested seasons. 
There was a significant interaction among irrigation and mulch 
treatments for WUE. The highest WUE obtained by 0.50 (ETc) 
combined with black PE mulch. The 1.00 (ETc) combined with 
control treatment had the lowest WUE during the two studied 
seasons. These results were in line with those obtained by 
Kirda et al. (2004); Abdrabbo et al. (2009); Farag et al. (2010); 
Hashem et al. (2014); Zakher and Abdrabbo (2014); Abdrabbo 
et al. (2015); EI-Dolify et al. (2016); Farrag et al. (2016).

Table 5. Water use efficiency as affected by different irrigation levels 
and mulch treatments

WUE

 
0.50 
ETc

0.75 
ETc

1.00 
ETc

Mean
0.50 
ETc

0.75 
ETc

1.00 
ETc

Mean

Control 7.34 5.60 5.15 6.03 7.58 6.80 5.54 6.64

Transparent 
Mulch

8.57 6.33 5.85 6.92 8.92 7.42 6.09 7.48

Black mulch 8.93 6.95 6.25 7.37 9.67 7.81 6.41 7.97
Mean 8.28 6.29 5.75 8.73 7.34 6.01  

LSD 0.05

Irrigation (A) 0.16  0.17

Mulch (B) 0.10  0.11

(A) x (B) 0.29  0.30

ECONOMIC CONSIDERATIONS

Total costs of production

The details of total cost components of sweet pepper 
production under various irrigation levels with different mulch 
treatments in USD, during the two production seasons are 
given in Table 6.

There were almost no significant differences in costs 
between irrigation levels and PE mulches of sweet pepper 
for the two production seasons. The only item that varied was 
value of irrigation at 50%, 75% and 100%, while the factors 
that varied were farm gate prices. 

The value of transplanted were the main cost items for all 
treatments, (39% of total production costs), followed by the 
value of plastic about (19.5% of the total production costs), 
while the value of sterilisation came in the third place about 
(14.7% of total production costs) for the first season. For the 
second season, the value of transplanted where the main cost 
items for all treatments, (38.5% of total production costs), 
followed by the value of plastic about (19.0% of the total 
production costs), while the value of sterilisation came in the 
third place about (14.3% of total production costs).



114 Mohamed A. A. Abdrabbo, Assem A. A. Mohamed, Fadl. A. Hashem, Ahmed. S. A. Hegab

APSTRACT Vol. 12. Number 3-4. 2018. pages 109-116. ISSN 1789-7874

Total return

The total return from different treatment combinations in the 
first season ranged between minimum USD 921.4 and maximum 
USD 1570.5 (Table 7). The highest total return USD 1570.5 was 
obtained with 1.00 ETc and black mulch, and the lowest total 
return USD 921.4 was obtained with 0.50 ETc and control. The 
total return from different treatment combinations in the second 
season ranged between minimum USD 202.81 and maximum 
USD 352.63 (Table 7). The highest total return USD 1719.4 was 
obtained with 1.00 ETc and black mulch, and the lowest total 
return USD 1015.2 was obtained with 0.50 ETc and control.

Gross margin

The presented results in table 7 show that the gross margins of 
different treatment combinations in the first season ranged between 
a minimum of USD -226.7 and a maximum of USD 416.8. The 

highest gross margin of USD 416.8 obtained with 1.00 ETc and 
black mulch, and the lowest gross margin of USD -226.7 obtained 
with 0.50 ETc and control. The presented results in table 7 show 
that the gross margins of different treatment combinations in the 
second season ranged between a minimum of USD -164.4 and a 
maximum of USD 533. The highest gross margin USD 533 was 
obtained with 1.00 ETc and black mulch, and the lowest gross 
margin USD -164.4 was obtained with 0.50 ETc and control.

Benefit cost analysis

Among the different treatments, the highest BCA in the 
first season was recorded 1.36 in 1.00 ETc with black mulch; 
while, the lowest BCA in the first season was recorded 0.8 in 
0.50 ETc with control (Table 7). Among the different treatments, 
the highest BCA in the second season was recorded 1.45 in 1.00 
ETc with black mulch; meanwhile, the lowest BCA in the first 
season was recorded 0.86 in 0.50 ETc with control (Table 7).

Table-6. Total production costs analysis of sweet paper due to different levels of irrigation (540 m2) during 2014 and 2015 seasons (USD)

Treatment 
combination

Land
preparation

Transplants Irrigation Chemicals Manure Insecticides Plastic Maintenance Sterilization
Threads 

and pillars
Labour

T. variable 
costs

First season

50%
Control

16.89 337.84 16.89 76.01 45.05 101.35 225.23 13.51 168.92 33.78 112.61 1148.1

Transparent 
mulch

16.89 337.84 16.89 76.01 45.05 101.35 225.23 13.51 168.92 33.78 112.61 1148.1

Black mulch 16.89 337.84 16.89 76.01 45.05 101.35 225.23 13.51 168.92 33.78 112.61 1148.1

75%
Control

16.89 337.84 19.71 76.01 45.05 101.35 225.23 13.51 168.92 33.78 112.61 1150.9

Transparent 
mulch

16.89 337.84 19.71 76.01 45.05 101.35 225.23 13.51 168.92 33.78 112.61 1150.9

Black mulch 16.89 337.84 19.71 76.01 45.05 101.35 225.23 13.51 168.92 33.78 112.61 1150.9

100%
Control

16.89 337.84 22.52 76.01 45.05 101.35 225.23 13.51 168.92 33.78 112.61 1153.7

Transparent 
mulch

16.89 337.84 22.52 76.01 45.05 101.35 225.23 13.51 168.92 33.78 112.61 1153.7

Black mulch 16.89 337.84 22.52 76.01 45.05 101.35 225.23 13.51 168.92 33.78 112.61 1153.7

Second season

50%
Control

19.71 337.84 18.02 78.83 45.05 101.35 225.23 15.77 168.92 33.78 135.14 1179.6

Transparent 
mulch

19.71 337.84 18.02 78.83 45.05 101.35 225.23 15.77 168.92 33.78 135.14 1179.6

Black mulch 19.71 337.84 18.02 78.83 45.05 101.35 225.23 15.77 168.92 33.78 135.14 1179.6

75%
Control

19.71 337.84 21.40 78.83 45.05 101.35 225.23 15.77 168.92 33.78 135.14 1183.0

Transparent 
mulch

19.71 337.84 21.40 78.83 45.05 101.35 225.23 15.77 168.92 33.78 135.14 1183.0

Black mulch 19.71 337.84 21.40 78.83 45.05 101.35 225.23 15.77 168.92 33.78 135.14 1183.0

100%
Control

19.71 337.84 24.77 78.83 45.05 101.35 225.23 15.77 168.92 33.78 135.14 1186.4

Transparent 
mulch

19.71 337.84 24.77 78.83 45.05 101.35 225.23 15.77 168.92 33.78 135.14 1186.4

Black mulch 19.71 337.84 24.77 78.83 45.05 101.35 225.23 15.77 168.92 33.78 135.14 1186.4
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CONCLUSION

From the present work it could be conclude that using 
PE mulch, especially black mulch, is considered useful 
for encouraging sweet pepper plant vegetative growth and 
getting high total yield. The use of 1.00 ETc with PE 
mulches is useful for increasing the early and total sweet 
pepper yield. This study serves as a guide for production 
practices and costs of production and profitability for 
growers, prospective growers, agriculture lenders, 
educators and others involved or have interest in fresh 
market sweet pepper production. The cost and return 
analysis indicated that the highest BCA (1.36 and 1.45) 
were obtained from the 1.00 ETc with black mulch in the 
first and second seasons, respectively.
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