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A B S T R A C T
In view of the imminent need for efficient water use and the search for adequate management 
techniques to reduce the effect of salinity on plants, a study was conducted to evaluate 
the effect of continuous and pulses drip irrigation with saline water on green bean yield 
and water use efficiency. The experiment was conducted in a greenhouse, in a completely 
randomized design, with treatments distributed in a 2 x 5 factorial arrangement. The first 
factor was type of drip irrigation, i.e., continuous or pulse, while the second factor was 
the levels of water salinity (electrical conductivity of 0.3, 1.5, 2.5, 3.5 and 4.5 dS m-1), with 
five replicates, and two plants per replicate, totaling 50 experimental units. The following 
variables were analysed: production of pods per pot, water use efficiency and the electrical 
conductivity of the soil saturation extract. According to the results, significant effect of the 
interaction and decreasing linear fits in response to salinity occurred for all variables studied. 
It was possible to note that pulse drip irrigation reduced the negative effects of irrigation 
water salinity on green bean yield and increased water use efficiency.

Rendimento do feijão-vagem submetido
ao gotejamento contínuo e por pulsos com água salina
R E S U M O
Em face à iminente necessidade do uso eficiente da água e a busca por técnicas de manejo 
adequado que possibilite reduzir o efeito da salinidade nas plantas, foi realizado um 
estudo para avaliar o efeito da aplicação de água salina através do gotejamento contínuo 
e por pulsos sobre a produção e a eficiência do uso da água na cultura do feijão-vagem. 
O experimento foi conduzido em casa-de-vegetação, com delineamento inteiramente 
casualizado, com tratamentos distribuídos em esquema fatorial 2 x 5, sendo o primeiro 
fator a aplicação por gotejamento contínuo e por pulsos; e o segundo, os níveis de salinidade 
da água (condutividade elétrica de 0,3; 1,5; 2,5; 3,5 e 4,5 dS m-1), com 5 repetições e duas 
plantas por repetição, totalizando 50 unidades experimentais. Analisaram-se as seguintes 
variáveis: produção de frutos por vaso, eficiência do uso da água e a condutividade elétrica 
do extrato de saturação do solo. Verificou-se efeito significativo da interação e ajuste linear 
decrescente da salinidade sobre todas as variáveis analisadas. Foi possível constatar que o 
gotejamento por pulsos reduziu os efeitos negativos da salinidade da água de irrigação no 
rendimento do feijão-vagem e aumentou a eficiência do uso da água.
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Introduction

Water availability for agricultural use has been gradually 
reduced in both quantity and quality, making necessary the 
alternative use of lower-quality water. In semi-arid regions, it 
is common to use water with high salt contents in agriculture 
(Oliveira et al., 2011).

Green bean is one of the main vegetables cultivated in 
Brazil, mainly by small farmers. This crop is widely cultivated 
in greenhouses, which allows harvests in off-season periods, 
thus promoting higher profitability to the producer (Bottega 
et al., 2013; Almeida et al., 2014). It is a salt-sensitive crop 
whose yield and quality of pods decrease with the increment 
in irrigation water salinity (Osman & Salim, 2016).

Pulse drip irrigation consists of a short period of watering 
followed by a pause and another short period of watering, and 
this cycle repeats until all the required water depth is applied. 
This technique has been studied for several crops in different 
regions of the world, such as for soybean in Egypt (Eid et al., 
2013), tomato in Saudi Arabia (Elnesr et al., 2015) and potato 
in Egypt (Abdelraouf et al., 2012). These studies have found 
positive effects on the increase of yield, improvement of product 
quality, savings in water use, among others. Nevertheless, studies 
on the effects of pulse drip irrigation using saline water on crop 
production are still scarce.

Therefore, this study aimed to evaluate the effects of 
applying water with different salinity levels through continuous 
and pulse drip irrigation on green bean production.

Material and Methods

The experiment was carried out from March 18 to June 
4, 2016 in the Experimental Area of the Graduate Program 
in Agricultural Engineering of the Federal University of 
Recôncavo of Bahia, located in the municipality of Cruz das 
Almas, BA, Brazil (12o 39’ 32” S; 39o 05’ 09’’ W; 220 m). Based 
on Köppen’s classification, the climate of the region is Aw (hot 
and humid tropical, with rainy and dry season). Mean annual 
rainfall according to historical data (1980 to 2012) is 1,051 mm, 
with mean relative air humidity of 80% and mean temperature 
of 24.5 °C (Lima et al., 2015).

The experiment was conducted in 7-m-wide, 28-m-long 
arched greenhouse, with 3 m ceiling height, black screen on 
the sides and covered by 150-µm-thick polyethylene film.

Inside the greenhouse, mean temperatures varied from 
21.8 to 34.8 ºC. According to Nadal et al. (1986), green bean 
is a vegetable that adapts well to mild or hot climates with 
temperatures between 18 and 30 ºC and is hampered by 
temperatures above 35 ºC.

The statistical design adopted was completely randomized, 
with ten treatments distributed in a 2 x 5 factorial scheme, 

in which the first factor corresponded to two types of drip 
irrigation (continuous and pulse) and the second one to five 
levels of electrical conductivity (0.3; 1.5; 2.5; 3.5 and 4.5 dS m-1). 
The experimental plots were spaced by 1.00 x 0.60 m. Plastic 
pots with volume of 21 dm³ were filled with a thin layer of 
crushed stone (± 2 cm), covering the bottom, followed by a 
screen and soil. Each pot received 27 kg of dried soil and its 
mean bulk density in the pots was 1.37 kg dm-³.

The soil used, classified as dystrocohesive Yellow Latosol 
with medium texture and low fertility, was collected in the 
0-0.20 m layer at the UFRB campus. Soil chemical analyses 
were previously conducted (EMBRAPA, 1997), and the results 
are presented in Table 1.

As recommended by Trani et al. (2015), liming was carried 
out to increase base saturation to 80%, applying 84 g pot-1 of 
dolomitic limestone. Fertilization at planting was applied by 
incorporating to the soil 300 g pot-1 of organic compost, 2.4 g pot-1 
of N; 19.2 g pot-1 of P2O5; 7.2 g pot-1 of K2O; 0.18 g pot-1 of Zn; 
0.06 g pot-1 of B and 0.12 kg pot-1 of Cu. N, P and K doses were 
applied in the form of monoammonium phosphate (MAP) and 
potassium nitrate, whereas Zn, B and Cu doses were applied 
in the form of zinc sulfate, boric acid and copper sulfate. Two 
top-dressing fertilizations were applied, at 20 and 40 days after 
emergence, by splitting the amounts of 7.2 g pot-1 of N, 2.4 g pot-1 
of P2O5 and 3.6 g pot-1 of K2O (Trani et al., 2015).

The crop used in the experiment was green bean (Phaseolus 
vulgaris L.), ‘Macarrão Favorito’ variety, with indeterminate 
growth habit. Its seeds were germinated in pots and, after 
seedling establishment (about 7 days after sowing), thinning 
was performed to leave only two plants per pot. Irrigation was 
applied since the first day using water with the different levels of 
electrical conductivity, obtained by the addition of commercial 
iodate-free NaCl to the local supply water, and measured with 
a conductivity meter.

Irrigation treatments were applied through a drip system 
composed of a motor pump, disc filter, 25-mm-diameter 
polyethylene lines, and pressure-compensating drippers with 
nominal flow rate of 2.2 L h-1, installed along 0.005-m-diameter, 
0.35-m-long microtubes.

Irrigation management was based on the soil-water 
retention curve (Eq. 1) and water tension readings in 
tensiometers, to bring the soil back to field capacity.

Table 1. Physical and chemical characteristics of the soil before fertilization

where:
θ  - actual volumetric moisture content, cm3 cm-3; and,
Ψ  - soil water potential, kPa.
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Tensiometers were installed at 0.15 m depth, close to 
the plant, in the central region of the pot, and water was 
replaced when the mean water tension in the soil was close 
to 20 kPa, allowing a reduction to 10 kPa (tension adopted 
as field capacity). Pulse drip irrigation consisted in splitting 
the required volume into six irrigation pulses with 30-min 
interval, whereas continuous irrigation consisted in applying 
the required water volume without interruption.

Pests and diseases were controlled by periodical sprayings 
using neem extract and copper fungicide.

For being a crop with indeterminate growth habit, green 
beans were harvested three times a week. After each harvest, 
the pods were removed and weighed. In the selection, pods 
that were curved, malformed (incidence of interocular cavity), 
unhealthy and with perforations caused by insects were 
considered as unfit for marketing. Number of marketable pods, 
marketable production and water use efficiency were evaluated.

Soil samples were collected at the beginning and end of 
the experiment to analyze the electrical conductivity of the 
soil saturation extract.

The data were subjected to analysis of variance and, in case 
of significance, regression analysis was carried out and means 
were compared by Tukey test at 0.05 probability level, using 
the statistical program Sisvar (Ferreira, 2008).

Results and Discussion

The analysis of variance (Table 2) showed that there was 
interaction between water salinity and type of drip irrigation 
on the studied parameters.

Electrical conductivity in the soil saturation extract (ECse) 
and water consumption as a function of different levels 
of electrical conductivity of water (ECw) applied through 
continuous and pulse drip irrigation are presented in Table 3.

At the end of the experiment (79 days after sowing), there 
was an increase in soil salinity with the increase in irrigation 

water salinity (Table 3). As irrigation water salinity increased, 
ECse varied from 1.26 to 7.64 dS m-1 for continuous drip 
irrigation and from 1.46 to 8.60 dS m-1 for pulse drip irrigation. 
Increase in ECse resulting from irrigation with water of 
different salinity levels was also observed in common bean by 
Santana et al. (2003). 

Plant water consumption along the cycle decreased with 
the increment in the levels of irrigation water salinity, for both 
types of drip irrigation. There were reductions of 64% in the 
water consumption in plants irrigated by the continuous drip 
system and 48% in plants irrigated by the pulse drip system, 
due to the EC variation from 0.3 to 4.5 dS m-1 (Table 3).

The water volumes applied along the experiment are 
presented in Table 4. Larger volumes of water at all levels of 
electrical conductivity were applied in the continuous drip 
system, compared with the pulse drip system, in the initial 
stage.

Thus, it can be inferred that differences in ECse between 
the types of drip system can be justified by the fact that pulse 
drip irrigation maintains the soil moist for a longer period, so 
that the volume of saline water initially applied was smaller 
and, consequently, the amount of salts accumulated in the soil 
was also smaller, which delayed the deleterious effects of the 
salts and allowed for greater crop development.

*Initial value of electrical conductivity in the soil saturation extract: 0.95 dS m-1

Table 3. Electrical conductivity values in the soil saturation extract (ECse) and water consumption as a function of the 
type of drip irrigation and water salinity (ECw) at the end of the experiment

* Significant, at 0.05 probability by F test; **Significant at 0.01 probability by F test; ns: Not 
significant; CV - Coefficient of variation; SV - Source of variation; DF - Degrees of freedom

Table 2. Summary of analysis of variance (mean square) 
for mean production of pods per pot (PROD) and water 
use efficiency (WUE)

*CD - Continuous drip irrigation; PD - Pulse drip irrigation; L - Water salinity level: L1 - 0.3 dS m-1; L2 - 1.5 dS m-1; L3 - 2.5 dS m-1; L4 - 3.5 dS m-1; L5 - 4.5 dS m-1

Table 4. Water volumes periodically applied as a function of the type of drip system and water salinity
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Ayers & Westcot (1991) report that the presence of salts in 
the soil solution decreases the osmotic potential and retention 
forces, causing lack of water in the plant, i.e., the more saline the 
soil, the greater the energy spent by the plant to absorb water.

Similar behavior was observed by Santana et al. (2003), 
studying the effect of different salt concentrations in the 
irrigation water on common bean production. These authors 
found reductions of up to 69% in water consumption between 
plants subjected to 0.10 and 5.5 dS m-1. This result is consistent 
with the one observed for the continuous drip system but 
different from the one found for the pulse drip system, 
suggesting that this technique can be a beneficial alternative 
when saline water is used.

The effect of salinity on the production of pods per pot for 
each type of irrigation is presented in Figure 1A. The data fitted 
best to a decreasing linear equation, and the reduction due to 
the increase in irrigation water salinity was larger in plants 
under continuous drip irrigation. There were mean reductions 
of 181.11 g pot-1 per unit increase in salinity for the continuous 
drip system and 147.83 g pot-1 for the pulse drip system.

Reduction of production due to increase in salinity was 
also observed by Oliveira et al. (2015), working with cowpea 
and levels of irrigation water salinity of 0.5, 2.0, 3.5 and 5.0 dS m-1. 
These authors demonstrated that salinity above 3.5 dS m-1 leads 
to significant loss in cowpea yield. In the present study, with 
green bean, the production decreased from 1.5 dS m-1.

According to Silva et al. (2013), reduction in crop 
production is associated with the osmotic, toxic and nutritional 
processes of the saline stress, which affect the development of 
plant shoots, used for photosynthesis and total production of 
photoassimilates. 

According to Figure 1B, there was no variation in production 
between the types of drip system at salinity of 0.3 dS m-1. This 
demonstrates that the use of pulse drip irrigation does not favor 
the increase in production. Conversely, the interaction between 
factors indicates greater advantage of using pulse drip irrigation 
when saline water is employed.

There was a reduction in production proportional to the 
decrease in water consumption by plants (Figure 2A), caused 
by the increase in soil salinity. The results confirm that the 
reduction in crop yield under saline conditions is caused by 
the reduction in water absorption by roots, resulting from 
the decrease in the osmotic potential and, consequently, in 
the total soil water potential, as reported by Mori et al. (2011) 
and Ajeel et al. (2015). 

Better performance of green bean under pulse drip 
irrigation can be associated with the reduction in the volume 
of saline water applied in its initial development stage, which 
allowed for greater development due to the lower amount 
of salts accumulated in the soil. On the other hand, a larger 
volume of saline water was applied in the initial stage through 
continuous drip irrigation; thus, the effects of salinity occurred 
earlier on the plants.

Figure 2. Reduction in green bean production (RP) as a function of the reduction in water consumption (RW) (A) and as 
a function of the salinity in soil saturation extract at the end of the crop cycle (B) for the different types of drip irrigation

*Means followed by the same letter do not differ statistically at each salinity level by Tukey test at 0.05 probability level

Figure 1. Production of pods per pot as a function of irrigation water salinity and type of drip irrigation
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Ayers & Westcot (1991) report reductions of 25, 50 and 
100% in bean production for ECse levels of 2.3, 3.6 and 6.5 dS m-1, 
respectively. Figure 2B presents the regression equations 
correlating the reduction in production with the electrical 
conductivity of the soil saturation extract (ECse). In the present 
study, ECse levels of 2.3, 3.6 and 6.5 dS m-1 led to reductions in 
production of 33, 54 and 100% for continuous drip irrigation 
and of 20, 35 and 69% for pulse drip irrigation, respectively. 
With the continuous drip irrigation, the results were close to 
those cited by Ayers & Westcot (1991); however, the results 
were lower for the pulse drip system.

Reductions in green bean production close to 100% 
occurred when the electrical conductivity was approximately 
6.44 dS m-1 in the continuous drip system and 9.19 dS m-1 in 
the pulse drip system (Figure 2B). As can be observed in Table 
3, comparing the water consumption at the lowest salinity level, 
pulse drip irrigation favored water saving.

Thus, the accumulation of salts in the soil, to the point of 
damaging the production, occurred later for the pulse drip 
irrigation than for continuous drip irrigation, allowing for 
greater plant development and higher water consumption at 
the final period of the crop cycle. As a result, higher EC was 
found in the saturation extract for the pulse drip irrigation with 
saline water. In the continuous drip system, due to the greater 
volume of saline water applied initially, salt concentrations 
deleterious to crop development were reached earlier.

Regarding water use efficiency (WUE), there was a 
linear reduction for both types of irrigation as water salinity 
increased, and this reduction was more accentuated for the 
continuous drip system. There were mean reductions in WUE 
of 25.19% in the continuous drip system and 15.83% in the 
pulse drip system per unit increase in salinity.

In Figures 3A and B, it is possible to observe the variation 
in WUE between the types of irrigation for the salinity level of 
0.3 dS m-1. At this level, there was an increase of 22.9% in WUE 
when pulse drip irrigation was used (31.44 g L-1) compared with 
the continuous drip system (24.24 g L-1). This result corroborates 
the observations of Almeida et al. (2015) in the crisphead lettuce 
crop and Abdelraouf et al. (2012) in the potato crop. 

Conclusions

1. The interaction between irrigation water salinity and 
type of drip irrigation was significant for all variables studied.

Figure 3. Water use efficiency (WUE) of green bean as a function of irrigation water salinity and type of drip irrigation

2. Irrigation water salinity negatively affected all variables 
analysed and was responsible for the increase in soil salinity 
levels.

3. Green bean production was affected by the reduction in 
its water consumption with the increasing levels of soil and 
water salinity.

4. Pulse drip irrigation reduced the negative effects of 
irrigation water salinity on green bean yield and increased 
water use efficiency.
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