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ABSTRACT 
This study was conducted over 2 years (20/3 and 201-1) to establish the 
optimal combinations between irrigation frequency and rate for trickle­
irrigated green bean using water production functions and water U.fe­
yield relationships. Afield experiment was conducted u.fing a randomi=ed 
complete block design with three irrigation frequencies (F,. F} and FJ. 

irrigation events once every J, 2and 3 days, respectively) and three trickle 
irrigation rates (J ,: J.OO, 1]: 0.80. and h: 0.60 of the estimated 
evapotranspiration, ET). Our results sholl' that yield l'ariables and water 
use e.tficiencies (WUEs) increased with increasing irrigation frequency 
and rate. with non-significant differences between F, and F] in yield 
variables and between I, and h in WUEs. Moreover, the combination 
between various irrigation frequencies and rates had an important e.ffect 
on yield variables and WUEs, with the highest vallies being fOllnd with 
F,h and F] I, and tlte lowest for F1h and FJ!J, The F,h treatment had 
grain yield and yield components values similar to those obtainedfor the 
F]13 treatments and WUEs vollies similar to those obtained for the F1h 

and F31, treatments. Production functions ofyield versus seasonal crop 
ET were linear for all combinations of irrigation frequency and rate and 
for all irrigation frequency treatments with the exception of the F, 

treatment, which instead showed a second order relationship. In 
conclusion. we identified the optimal coupling combinations between 
irrigation frequency and water application rate to achieve the maximum 
yield and WUEs. 
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INTRODUCTION 

By the year 2050, it is forecast that there will be an annual global 
water shortage of 640 billion cubic meters (Spears, 2003).Given 
that water shortages currently plague almost every country in 

North Africa and the Middle East, insufficient water supply for irrigation 
in these regions, even in the short term, will almost certainly become the 
norm rather than the exception. Therefore, water shortage events have 
gained increasing importance in both the scientific and political agendas. 
Because the irrigation sector is the largest consumptive user of water, 
accounting for 71 % of the fresh water use across the world, it is necessary 
for irrigation management practices to shift from emphasizing production 
per unit area towards maximizing the production per unit of irrigation 
water consumed (Fereres and Soriano, 2007). 

Deficit evapotranspiration is also among the techniques of increasing 
effective use of water. Deficit evapotranspiration can be used either 
through agronomic practices or through changing management schemes 
to decrease crop evapotranspiration ETc. Crops are exposed to water 
stress either throughout the entire growth season or at certain growth 
stages. It is therefore possible to save irrigation water without significant 
yield decrease which implies that irrigated area can be increased without 
additional water supply available (Merriam, 1965). 

The main approach in deficit irrigation practice is to increase crop water 
use efficiency by eliminating those irrigations with the least impact on 
crop yield. In the areas where water supplies are limited and unit water 
costs are expensive, the best irrigation practice is not necessarily that 
which gives the highest yield. (English,1990). 

Pulsing irrigation refers to the practice of irrigating for a short period then 
waiting for another short period, and repeating this on-oft cycle until the 
entire irrigation water is applied (Eric et aI., 2004). High-frequency water 
management by trickle irrigation minimizes soil as a storage reservoir for 
water, provides at least the daily requirements of water to a portion of the 
root zone of each plant, and maintains a high soil matric potential in the 
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rhizosphere to reduce plant water stress (Phene and Sanders, 1976; 
Nakayama and Bucks, 1986). 

WUE can be optimized by the adoption of irrigation frequency practices 
(Costa et aI., 2007). To this regard, drip irrigation has contributed to 
improve WUE by significantly reducing runoff and crop 
evapotranspiration (ETc) losses (Stanghellini. et al.. 2003; Jones. 2004; 
Kirnak and Demirtas, 2006). 

The goal of deficit irrigation is to increase crop water use efficiency 
(WUE) by reducing the amount of water applied with watering or by 
reducing the number of irrigation events (Kirda, 2002). Deficit irrigation 
involves the use of appropriate irrigation schedules, which mostly derive 
from field trials (Oweis and Hachum, 2001), and this because crop 
sensitivity to water deficit during growing season changes with the 
phonological stage (Istanbulluoglu, 2009). Moreover, studies have shown 
that water deficit during certain stages of growing season improves fruit 
quality, although water limitations may also determine fruit yield losses 
(Patane and Cosentino, 2010). 

The objectives of this study are to: (i) evaluate the impacts of trickle 
irrigation frequency and deficit irrigation on 'green bean production and 
water use efficiency (WUE). (ii) determine the optimum coupling 
combinations between irrigation frequency and water application rate, to 
seek maximum yield and WUE simultaneously for trickle irrigated green 
bean using water production functions and water use-yield relationships. 
(iii). studding effects of irrigation frequency and deficit irrigation on the 
root dynamics of green bean plants, cultivated under arid conditions. 

MATERIALS AND METHODS 
2.1. Open-field experiment 
Field experiments were conducted during the years 2012-20113 and 
2013-2014, at EI-Ayat EI-Giza governorate, Egypt (latitude 30.1113N, 
longitude 3 I.4138E, and mean altitude 74 m above sea level), The soil of 

the experimental site is classified as clay loam. Some physical and 
chemical properties of the experimental soil are given in Table 1. 
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Irrigation water has been obtained from a deep well located in the 
experimental area, with pH 7.43, and an average electrical conductivity of 
0.59dS m-I. 

Table I. Some ph)'sical and chemical properties of the experimental soil 

Soil depth 
(em) Texture 

Field 
capacity 

(0/0) 

Wilting 
point 

(0/0) 

Bulk density 

(g em·3
) 

pi-I 

0-20 Clay loam 43.4 22.3 1.30 7.92 

20-40 Clay loam 43.6 22.5 1.30 7.88 

40-60 Clay loam 44.0 23.7 1.29 7.89 

2.2. Experimental design, treatments and agronomic practices 
A randomized complete block design with three replicates was used in 
each season. Different treatments of irrigation frequency and water 
application rate were randomly assigned. A layout of the experimental 
plots is shown in Fig. I.The trickle irrigation system was divided into 
three main sectors, with the irrigation frequency treatments (once every I, 
2 and 3days) being assigned to the three sectors. The water application 
rate treatments (II: 1.00ETc, h: 0.80 and h: 0.60 of the estimated crop 
evapotranspiration) were randomly nested within each main sector as a 
subplot, with each subplot having three replicates of the same water 
application rate. Each subplot had one valve and one flow meter to 
control water application and measure the irrigation quantity, 
respectively. The amount of irrigation water applied, I, was determined 
from the calculated water requirement for green bean (mm) as determined 
from the basal crop coefficient (Kcb), and one for soil evaporation (Kc) 

and the daily reference evapotranspiration (ET0) using the following 
equation: 

I = EToCKcb + Ke ) (1) 

ETo was calculated by the Penman-Monteith method (Allen et aI., 1998) 
using daily data from a meteorological station located within 500 m of the 
research site. 
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Fig. 1. Layout of an experimental design that includes three irrigation 
frequencies and three irrigation rates. 

Misr J. Ag. Eng., April 2016 -737 ­

"
 



--------·-111 ,­
.IRRIGATION AND DRAJNAGE 

Each 21 mZ subplot consisted of three polyethylene lateral drip lines (16 
mm in diameter, and 0.3memitter spacing, Euro drip Greece) with a 
length of 10m. The lateral line was laid out along each green bean row at 
0.7 Ill. The Hydraulic characteristics experiments were carried out the 
National Irrigation Laboratory of Agricultural Engineering Research 
Institute (AERI), Dokki, Giza emitters had a operating pressure of 0.13 
MPa. The water application uniformity was calculated from the statistical 
distribution of emitter flow rates in terms of coefficient of variation (v) 
and emission unifonnity (EU) using equations (2) and (3) (Keller and 
Karmeli, 1975). as follows: 

v= sd 
q£f (2) 

V JqnEU = 100[ 1.0-1.27 .IN;~ qCI 
(3) 

Where: s is the standard deviation of drippers discharge (Iph); q the mean 
dripper flow rate (Iph) (Table 4), v manufacturer coefficient of 
variation, N'p the number of emitters per plant, qn is the minimum .' 
discharge rate (I/h), qa The average flow rate of all emitters (Iph). 
2.3. Crop evapotranspiration measurements and irrigation water 
compensation 

Three seeds (Polista) were sown around each emitter on 12 October 2013 
and )2 October 2014 to obtain a final plant population of about 90,000 
plants ha'l. Nitrogen fertilizer was applied at a rate of 50 kg ha'i ofN as 
ammonium sulphate (20.5%) by fertigation. Nitrogen fertilizer was added 
2 weeks after sowing in six equal weekly doses PzOs fertilizer was 
applied at a level of20 kg ha-)ofP as calcium super phosphate. Whole of 
phosphorus was applied basally before sowing in all treatments. 
Potassium fertilizer was applied 5 weeks after sowing at a level of 41.5 kg 
ha-lofK as potassium sulphate in two equal biweekly doses. Weed, pest, 
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and disease control were done in a timely manner. Hand harvesting was 
perfonned about 60 days after sowing. 

2.3. Crop evapotranspiration measurements and irrigation water 
compensation 

Actual crop evapotranspiration under the different irrigation treatments 
was calculated using the soil water balance equation (Heerman, 1985): 

ET =I + P + Cr + R - D ± ~S (4) 

where ET represents seasonal crop evapotranspiration (mm), I the amount 
of irrigation water applied (mm), P is precipitation (mm). Cr is the 
capillary rise (mm), R is the amount of runoff (mm), 0 is the amount of 
drainage water (mm). 

In this study, both P and Cr were considered to be zero because there was 
no precipitation during either growing season and no capillary rise from 
the groundwater occurred. Surface runoff was assumed to be negligible 
because the amount of irrigation water was controlled through the trickle 
irrigation. Whenever available water in the root zone (0-20 cm) and the 
total amount of water applied by irrigation were above the field capacity, 
it was assumed that excess water leaked into the deeper soil zones and 
was called deep percolation (0 = amount of available total water at 0-20 
cm soil depth before irrigation (mm) + irrigation water applied (mm) - soil 
water hold in field capacity (mm» (Kanber et al 1993). Whereas Ds was 
estimated from the respective soil water contents to a depth of 60 cm by 
using the soil water content value before harvesting to subtract the soil 
water content value before sowing. 

Soil water content was monitored before irrigation every IS days for F" 
F2 and F) treatments, at soil depth intervals of 0-10 and 10-20 cm. Soil 
samples were taken at positions immediately under the emitters. Soil 
water content was determined by the gravimetric method (oven dry basis). 
The values were converted to a percentage volumetric basis by 
multiplying them by the bulk density of the soil of their layer. In addition, 
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the contribution of the different treatments toward plant water 
consumption (Ertek et aI., 2004) was determined according to 

Ire = (E~) X100 (5) 

Where Irc is the irrigation water compensation for plant water 
consumption (ET) (%),1 the amount of irrigation water appli~d. 

2.4. Water use efficiencies 
WUE (kg ha- I mm-'), defined as the ratio of yield to seasonal water 
consumption per hectare, and irrigation water use efficiency (IWUE, kg 
ha- I mm- I 

), as the ratio of grain yield to the seasonal amount of irrigation 

water applied per hectare, were calculated using Eqs. (6) and (7), 

respectively (Howell et al., 1990). 

WUE = (.:!....) (6)
ETc 

IWUE = Cf) (7) 

Where Y is the economical yield (kg ha- I
), ET the seasonal crop 

evapotranspiration (mm), and 1 is the amount of irrigation water applied 

(mm).Relationships were derive$! from seasonal crop evapotranspiration 
and grain yield data was obtained from the experiment. 

2.6. Statistical analysis 
All measurements in this study were analyzed using an analysis of 
variance (ANOVA) appropriate for a randomized complete block design 

in factorial arrangement two factors irrigation frequency and water 
application rate. They were replicated among blocks. Mean square of the 

product between the irrigation frequency and water application rate was 
used as the error term to test the interaction between both factors. Mean 

separation of treatment effects used Duncan's protected least significant 
differences (LSD) test. Probability levels lower than 0.05 were 
categorized as significant. All analyses used the Mstat program. 

Results and discussions 
3.1. Irrigation water and crop evapotranspiration (ETc) 
Table (2) presents seasonal crop ETc and irrigation water compensation 

values (Irc) as estimated by Eqs. (5) and (6), respectively. In both 
seasons, indicating that the soil became drier at the end of the growing 
season. 
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Seasonal irrigation water requirement of green bean for the recommended 

treatment was 271.6 and 233.01m for the experimental years, respectively. 

(Silim and Saxena 1993) reported seasonal irrigation water requirement 

for drip-irrigated green beans in Syria as 439 mm; and ( Borosic et al. 

2000) determined water requirement of green beans as 400 mOl in Zagreb. 

Since the rainfall received during the growing season was not significant, 

the crop water consumption practically depended only on the amount of 

the irrigation water supplied to the plots. In this study, the seasonal crop 

ETc during the crop growing period (i.e., after establishment of the crop) 

was found to be lower than the amount of irrigation water applied (I) in 

the FIII and F) II treatments 

Table 5. Green bean evapotranspiration calculated using the water 

balance equation. I, ETc and Irc indicate amount of irrigation water 

applied (mm), change of soil water storage (mm), crop evapotranspiration 

(mm) and irrigation water compensation (%), respectively. 

1 ET, Ire
Year Treatments 

(mm)a (mm) (%) 
2013 FI (once in 1 day)	 I.OOET 242.5 271.6 89.3 

O.80ET 194 217.3 89.3 
O.60ET 145.5 163.0 89.3 

F1 (once in 2 day)	 I.00ET 242.5 286.4 84.7 
0.80ET 194 229.1 84.7 
O.60ET 145.5 171.8 84.7 

F3 (once in3 day)	 I.OOET 242.5 327 74.2 
O.80ET 194 261.6 74.2 
0.60ET 145.5 196.2 74.2 

2014 F1 (once in 1 day) l.00ET 209.3 233.5 89.6 

0.80ET 167.4 186.8 89.6 
0.60ET 125.5 140.2 89.6 

F1 (once in 2 day) 1.00ET 209.3 240 87.2 
0.80ET 167.4 192 87.2 
0.60ET 125.5 144 87.2 

F3 (once in3 day) 1.00ET 209.3 302.7 69.0 
0.80ET 167.4 242.2 69.0 
0.60ET 125.5 181.6 69.0 

a: Amount of irrigation water applied was calculated by using Pennlan-Monteith equations 

Misr J. Ag. Eng., April 2016	 - 741 -



III 

~. ...., • 

~'-'-"" ~,"- -- ...........-­

IRRIGATION AND DRAINAGE -
3.2. Yield components 
All yield components (the number of pods, the number of leaves and the 
area of leaves, and the yield per hectare were significantly affected by 
irrigation frequency and rate (Table 3). The maximum yield components 
and grain yield averaged across irrigation rate treatments were obtained at 
the two most frequent irrigation frequencies (F I and F:!). Averaged over 
the two seasons, the irrigation frequency treatment F] resulted in 
decreases in ear weight per plant by 39.2 pods number per plant by 31.2 
and 22.5%, number of leaves 18.9 and 21.2% and yield per hectare of 
48.1 and 22.6%, respectively, when compared with the FI treatment 
(Table 3). 
The combination of irrigation frequency and irrigation rate had a 
significant effect on both yield components and grain yield in both 
seasons (Table 3). The Duncan's protected LSD test of the various 
combinations for the effect on yield components and grain yield placed 
FII2 and F21, in the first position; FII .. F311 and F2h in the second 
position; F3I2 and FI h in the third position; F213 in the fourth position; 
F3I3 in the fifth position with similar results for all parameters in both 
seasons. (Boutraa and Sanders 2001) stated that water stress during the 
vegetative growth period and prior to fmit set had the greatest effects on 
limiting green bean yields. 
3.3. Water use efficiencies 
The highest WUE 22.3kg mm- I was obtained in F,12 treatment in the first 
year and the minimum WUE was observed in F3h treatment in the second 
year. In general, WUE values decreased with decreasing number of 
frequency. IWUE values varied from a minimum of 13.2 kg mm') in F313 

treatment to a maximum of 24.2 kg mm'l in Fliz treatment in the first 
year. Treatment was only 24.9 and 30.7% less than those at FI treatment, 
whereas the respective values for the F2 and F3 treatments showed 
significant decreases: IWUE, 37.5 and 45.9%; WUE, 40.9 and 55.1 % (for 
F2 andF3, respectively, in both cases). Averaged over all irrigation 
frequencies and seasons, 0.80 ETc had comparable water use efficiencies 
as did 1.00 ETc, but 0.60 ETc had IWUE and WUE values that were 41.1 
and 34.7% lower than those of 1.00 ETc, respectively. 
The interaction effect between irrigation frequency and rate on IWUE and 
WUE was also significant in both seasons (Table 3). 
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An important finding of this study was the strong response of both grain 
yield and yield components to the combination of irrigation frequency 
and amount. It is interesting to note that the values of both grain yield and 
yield components obtained for fIb were comparable with those of F21), 
and that both were higher than those obtained for Fill, Crucially, the FdJ 
treatment produced grain yield and yield components values similar to 
those obtained for the F2band F3b treatments (Table 3). The was non­
significant difference between the F)I, and FdJ treatments for lWUE and 
ETc (Table 3),despite the amount of water applied in the former case 
being 31.0% higher in 20 I3 and 30.4% in 2014 (Table 3), this may be 
explained by the application of water at high volume and low frequency 
in the F31( treatment exceeding the soil-water storage capacity, leading to 
excessive water percolation under the effective root zone. Therefore, 
frequent low rates of irrigation (e.g., FII) were more effective for 
increasing irrigation efficiencies than were infrequent high irrigation rates 
(e.g., F)II) (Table 3). 
3.4. Yield-seasonal crop evapotranSIJiration relationshilJ 
The best fit for the relationship between grain yield and seasonal crop ET 
was power and positive for each year: 2013, Y = 49.528 ETo.'l431 (R2 = 
0.4899); 2014, Y = 121.83ET 0.7965 (R2 = 0.3618) (Fig. 2). The power 
regression coefficients, which represent. the increase in grain yield for 
each unit increase in seasonal crop ET, were 36.71 kg.mnt" in 2013 and 
41.48 kgmm- J in 2014. The intercepts of the two regression lines were 
also highly similar. From the equations reported in Fig.2, the basal 
seasonal crop ET necessary to start grain yield production was determined 
to be 271.6 and 233.5mm in 2013 and 2014, respectively (252.5mm on 
average). 
First, the shorter irrigation durations for higher irrigation frequencies in 
combination with, high irrigation nUes (i.e., FIl,) may mean that the 
amount of water extracted by the mots was not commensurate with the 
amount of water applied, resulting in more water moving below the root 
zone. Second~ iR the case of low irrigation frequencies in combination 
with. high illiigarion rates (i.e.~. F311), the amount of water applied at each 
irrigation went was (excessWely) higher than the water storage capacity 
of.he sandy soil, thereby like increasing the amount of water that could 
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move below the root zone. In both cases, the amount of water that 
percolated under the root zone was not depleted by the roots. 

_14000 2013....eI2000 
~OOOO 

:;' 8000 ~ ~ 6000 
~\4000 y = 49.528xo.9~JI 
.§	 2000 R~= 0.4899 
o o -I" ------..-..-.,-_-----..-------,---------------,---- --------, 

o	 100 200 300 400 
Seasonal crop evapotranspiration (mm). 

. 
2014 

14000 
~12000 • 

~OOOO	 ~.~ 
"0 8000 • 
~ 6000 
~. .
 
.~	 4000 . Y= 121.83xo.796s 
o	 200~ R~ = 0.3618 

o 100 200 . 3QO 400 
Seasonal crop evapotranspIration (nun). 

Fig. 2. Relationship between seasonal crop evapotranspiration (ETc) and 
grain yield under the two growing seasons. 

CONCLUSIONS 
• In this study, our results demonstrated that the deficit irrigation had 

significant effect on yields of field grown green bean under the 
Mediterranean climatic conditions in Egypt. 

• The maximum yield of 11430 kg ha- I was obtained from Flh 
treatment in 2013 and 11930 kg ha- I in 2014. Moreover, F.I2 treatment 
resulted in better quality than as compared to other treatments. 

•	 The results indicated that WUE and IWUE values decreased with the 
decreasing frequency irrigation, it is recommended to frequency 
irrigate F, (once in I day) with irrigation rate ofO.80ET (b). 

Misr J. Ag. Eng., April 2016	 -745 ­

-




4 

~ as'. ..$ 

• 
IRRIGATION AND DRAINAGE 

•	 In conclusion, F112 treatment is recommended for trickle-irrigated 
green bean grown under field conditions in order to save water by 
giving the media time to moisten from the first pulse of water thereby 
allowing it to absorb subsequent irrigation. 

•	 We would be able to reduce the quantities of water apply needed to· 
achieve optimal production. Considering the IWUE and WUE, FI h 
irrigation regime can be recommended in case of water shortage. 
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