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Abstract 

This study was conducted to determine the effects of different drip lateral spacings, and the full and deficit 
irrigation on grain yield and irrigation water use efficiency of dry bean under Middle Anatolian climatic 
conditions in Konya–Gembos irrigation areas, Turkey. Irrigation treatments consist of two different lateral 
spacing (45 and 90 cm) and two different irrigation water levels (full and %50 deficit irrigation).In the full 
irrigation treatment, soil water deficit in the 90 cm soil profile depth was replenished to field capacity. For deficit 
irrigation treatment, 50% less water was applied as compared to full treatment. A 14-day irrigation interval was 
used in the study. The highest seasonal water use (ET) was determined in the T-1 treatment as 362 mm; and the 
lowest ET was found in the T-4 treatment. Lateral spacings and irrigation levels resulted in significantly different 
yields. The highest grain yield was obtained in T-1 treatment with 3797 kgha-1, and the lowest yield was found in 
T-4 treatment with 2877 kgha-1. The highest irrigation water use efficiency (IWUE) was found in T-2 and T-4 
treatments (1.39-1.41 kg m-3) and the lowest one was found in T-3 treatment(1.03 kg m-3). Thus a lateral spacing 
of 0.9 m (one drip lateral per two crop rows) was recommended for drip-irrigated dry bean in the Middle 
Anatolian Region under those specific conditions. 
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1. 

Introduction 

It is impossible to meet the crop water 
requirement during the vegetation period by rainfall 
due to the drought conditions in arid and semi-arid 
regions. Especially low or almost none rainfall events, 
recently facing frequent drought conditions, well 
management of water resources has been great 
interests. To obtain minimum or none yield loss in 
drought periods, efforts have focused on irrigation 
programs. The purpose irrigation program is to 
determine the correct irrigation time, right amount of 
water to be applied as well as application methods. 

Fresh water resources are scant in nowadays and 
about 75% of this has used in agriculture. However, 
increase in residential and industrial water uses, 
contamination of available water resources and wiping 
out some water resources, water amount to be allocated 
for agriculture will be limited in near future. This 
situation has resulted efficient water uses in agriculture 

and has forced obtaining the highest crop yield from 
unit water (Tekinel et al. 2000; Korukçu and 
Büyükcangaz, 2003; Stikie et al. 2003; Shahnazari et 
al. 2007). 

One of the efficient techniques in areas where the 
fresh water resources are limited is to increase the 
pressurized irrigation systems. As we all know that 
high application efficiency may be obtained from those 
systems under well management. Pressurized irrigation 
systems have applied as 14% of total irrigated lands of 
the world. Asia has the 70% of irrigated land potential 
of world but, has applied pressurized irrigation system 
low as 4.5%. Those systems are widely used in USA 
(56% in 2003) and Russia (78% in 2007) and Europe. 
Their uses in Italy at 2000, Spain at 2007, UK and 
France are 56%, 67% and 100%, respectively. 
According to 2006 year records, it has used as 7.2% at 
5.13 million hectares in Turkey (Gopalakrishnan, 
2008). The ratio in Turkey is low and world average of 
50%.  
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The other way of efficient water resources use is 
management of water resources according to the deficit 
irrigation programs in arid and semi-arid regions. The 
deficit irrigation is the way of obtaining high 
application efficiency. It is the sustainable production 
strategy for arid and semi-arid regions where the water 
resources are limited (Liu et al. 2006; Shahnazari et al. 
2007; Geerts and Raes, 2009). In deficit irrigation, 
crops are exposed the drought conditions with a certain 
ratios at any vegetation periods or all irrigation season 
without reducing crop yield or wasting irrigation water 
(Kırda, 2002). In this program, first water-yield 
relationships should be determined and such program 
should be performed according to this. Some 
researchers reported linear relationships between crop 
water requirement and relative yield reduction and they 
defined this relationship as crop response factor 
(Stewart et al. 1977; Kanber, 1977; Doorenbos and 
Kassam, 1979; Baştuğ, 1987; Kırda, 2002; Yazar et al. 
2002). 

Konya plain has 10% of total arable land potential 
of Turkey. It is closed basin with arid climate 
characteristic. In most parts of plain, average annual 
rainfall is about 300 mm and almost 38% of this 
rainfall has recorded in vegetation period. It is almost 
impossible to obtain crop production without 
irrigation. Thus, irrigation is necessarily prerequisites 
in Konya plain of Turkey. On the other hand, water 
resources are very scant and should be used efficiently. 

Konya plain has 12% available water potential, 
2.5% of total available water potential and 11% of 
irrigation areas of Turkey. By considering current crop 
patterns within 610000 ha irrigation areas, net 
irrigation water requirement of those patterns is 2.82 
billion m3 and current applied irrigation water of 3.98 
billion m3 but, available water potential of basin is 2.45 
billion m3. Thus, about 1.53 billion m3 water has over 
extracted from groundwater resources of basin. This 
case has not resulted efficient or sustainable water 
resources uses (Topak et al. 2008). Therefore, for the 

current areas opened to irrigation and opening new 
areas for irrigation, low water use or high efficient 
irrigation techniques should be developed as well as 
proper irrigation technologies are necessary. 

The objectives of this study were to determine the 
effects of different drip lateral spacing, and full and 
deficit irrigation on yield and irrigation water use 
efficiency of dry bean under Konya Closed basin 
climate conditions of Turkey. 

2. Material and methods 

The study was conducted in Konya–Derebucak 
province in the Middle Anatolian region of Turkey 
during the growing seasons of 2009. The experimental 
site is located at 37o 24’ N latitude and 31o 30’ E 
longitude, 1235 m above sea level (Anonymous, 
2007). Some physical properties of the experimental 
field soil are presented in Table 1.  

The experimental site has rainy winters and hot 
dry summers, with low rainfall during summer. Some 
climatological data on the experimental site are given 
in Table 2. According to the long-term data, the annual 
average temperature, relative humidity and 
precipitation in the area are 11.8 oC, 64% and 770 mm, 
respectively.  

In this study, the dry bean cultivar ‘Great 
Northern 59’ was used as the plant material. Seeds 
were sown by machine on 05 June 2009. The spacing 
between rows was 0.45 m and plant spacing was 0.10 
m with a plant density of almost 200,000 per hectare. 
The experimental site was fertilized with 40 kg N ha-1 
and 80 kg P2O5 ha-1 during the sowing season.  

A drip irrigation system was designated for the 
experiment. The control unit of the system had a disk 
filters, a flow meter, control valves and pressure 
gauges. The distribution system consisted of PVC 
pipes as mainline (50 mm diameter) and manifolds (32 
mm) for supplying and discharging water to each plot. 
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Table 1. Some physical properties of experimental field soil 

 Depth 
(cm) 

Clay 
 (%) 

Sand(
%) 

Loam 
(%) Texture 

Bulk 
density 
(g cm-3) 

 

Field 
capacity 

(%)* 
 

Wilting 
point (%)* 

  

Available 
water 
(mm) 

 0-30 25.92 33.32 40.77 C 1.35 30.46 15.92 43.62 
30-60 30.41 37.19 32.40 CL 1.35 27.78 15.00 38.34 
60-90 30.80 45.13 24.07 CL 1.35 29.20 16.32 38.64 

* % water by volume 

Table 2. Long-term monthly climatic data of the experimental area (1975-2009). 

Months 

Climatic data 
 

1 2 3 4 5 6 7 8 9 10 11 12 Annual 

 Temperature (C) 
 R. humidity (%) 
Rainfall (mm) 
Wind speed (m s-1) 
 

0.07 
79 

124 
2.1 

1.11 
76 
95 
2.3 

5.67 
68 
75 
2.3 

10.9
1 

62 
59 
2.6 

15.6
4 

61 
46 
2.2 

20.2
5 

55 
26 
2.2 

23.6
4 

49 
13 
2.2 

23.3
6 

50 
13 
2.0 

18.9
3 

55 
20 
1.9 

13.0
1 

65 
58 
1.7 

6.67 
73 
103 
2.0 

2.06 
79 
139 
2.1 

11.8 
64.3 
770 
2.1 

Table 3. Irrigation treatments and its descriptions 

Treatments Description 
T-1 One lateral design (45 cm) in the middle of each two plant rows by 14-day intervals with an 

amount of irrigation water application equal to replenishing the soil moisture deficit to field 
capacity in the 90 cm soil profile depth. 

T-2 One lateral design (45 cm) in the middle of the each two plant rows by 14-day intervals with 
50% irrigation water application of T-1-1 treatment.  

T-3 One lateral design (90 cm) for two plant rows by 14-day intervals with an amount of irrigation 
water application equal to T-1 treatment. 

T-4 One lateral design (90 cm) for two plant rows by 14-day intervals with 50% irrigation water 
application of T-1 treatment. 

 
 Irrigation laterals that were 16 mm in diameter 

and 10 m in length had inline emitters spaced 0.25 m 
apart with a 2 L h-1 flow rate at a pressure of 100 kPa.  

 The experimental design was a randomized plot 
design with three replications. Each plot dimension 
was 10 m long and 2.7 m wide (six plant rows). 
Irrigation management treatments consist of two 
different lateral spacing (45 and 90 cm) and two 
different irrigation water levels (full and %50 deficit 
irrigation) with drip irrigation method. In 45 cm, one 
drip lateral was laid out at the center of two adjacent 
crop rows and in 90 cm, one lateral served two plant 
rows. The amount of irrigation water applied to full 
treatment was estimated as the quantity equal to 
replenishing the soil moisture deficit to field capacity 

in the 90 cm soil profile depth. For deficit irrigation 
treatment, 50% less irrigation water was applied as 
compared to full irrigation. A 14-day irrigation interval 
was used in the study. Irrigation management 
treatments and its description in Table 3 was given. 

In study, plant and soil water measurements and 
observations of crop growth were started at sowing and 
were terminated 113 d after sowing depending on the 
harvest date. All plots were irrigated by sprinkler 
system 5 d after sowing with a watering volume of 50 
mm and soil moisture deficit of the 90 cm soil profile 
depth was replenished the field capacity. Irrigation 
treatments were started on 17 July 2009. Irrigations 
were terminated on 27 August 2009.  

Soil water content in the root depth for every 
treatment was measured at 30 cm increments down 120 
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cm by the gravimetric sapling method. Soil water 
contents were monitored every before irrigation 
throughout the growing season and during harvest.  

 Crop water use (ET) was estimated using the 
water balance method. Seasonal water use was 
obtained by summing up the seasonal water depletion 
(from planting to harvest), rainfall and irrigation water 
during the same period. Deep percolation was assumed 
to be negligible. There was no water table in the 
experimental fields, thus no capillary rise was 
assumed. Water use efficiency (WUE) and irrigation 
water use efficiency (IWUE) are defined in two 
equations as follows:  

 
WUE=  

 
IWUE=  

where Ey is bean yield (kg ha-1), ETc is the 
seasonal evapotranspiration (mm) and I is the amount 
of irrigation water (mm). 

Upon reaching physiological maturity, the plants 
were harvested manually on 26 September 2009. The 
harvest areas in each plot were 14.4 m2 (four rows, 
each 8 m long). Statistical analysis of all results, 
including grain yield, were made according to the 
randomized plot design (Yurtsever, 1984). 

 3. Results and discussions 

Total rainfall during the growing season was 20 
mm on 30 June 2009. Irrigation treatments were started 
on 16 July 2009. The seasonal amount of irrigation 
water applied, irrigation date and water use (ET) data 
are given Table 4. Treatments received irrigation water 
varying from a low of 206 mm in deficit irrigation 
plots (T-2 and T-4) to a high of 308 mm in full 
irrigation plots (T-1 and T-3) during the season. A total 
of five applications were made and treatments received 
irrigation water depths varying from 50 to 76 mm in 
full irrigation plots; and 28 to 55 mm in deficit 
irrigation treatment plots. 

Seasonal evapotranspiration (ET) changed 
between 291 and 368 mm. The highest water use was 
observed in treatment T-3 (368 mm), and the lowest 
was found in T-4 treatment (291 mm). Since the 
rainfall received during the dry bean-growing season 
was not significant, the crop water consumption 
partically depended only on the amount of the 
irrigation water supplied to the plots. Seasonal water 
use of dry bean under the same region has been 
reported 400 mm by Anonymous (1982). Beyce (1991) 
and Ertaş (1976) found that seasonal water use in dry 
bean was 438 and 500 mm, respectively, depending on 
full irrigation regime in Konya conditions. Also, 
Doorenbos and Kassam (1979) and Allen et al. (2000) 
reported that net water requirement for a 90–100 day 
dry bean crop ranges from 350–500 mm depending 
upon the soil, climate and cultivar. Efetha et al.(2010) 
found that seasonal water use in dry bean varied 
between 275 and 305 mm depending on irrigation 
regimes in Kanada conditions. 

The grain yield, 1000-grain weight, water use 
efficiency and irrigation water use efficiency data are 
given Table 5. Grain yields varied from 2877 to 3797 
kgha-1 among treatments. The highest average grain 
yield was observed in T-1 treatment as 3797 kgha-1, 
and the lowest yield was found in T-4 treatment as 
2877 and T-2 treatment as 2907 kgha-1. Yield from 
wider (lateral spacing=0.9 m) dripline spacing with full 
irrigation was 16% lower, than closer dripline spacing 
(lateral spacing=0.45 m) with full irrigation. But 
different among T-1 to T-3 was no significant as 
statistical (P<0.05). Thus a lateral spacing of 0.9 m 
(one drip lateral per two crop rows) was recommended 
for drip-irrigated dry bean in the Middle Anatolian 
Region under those specific conditions. As for the 
Duncan classification made, the T-1 and T-3 
treatments receiving the full irrigation in all two lateral 
spacings, resulted in significantly higher grain yields 
than deficit irrigation in both lateral spacings.  
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Table 4. Irrigation Dates, irrigation water amounts and crop water use 

 
Treatments 

Irrigation Date 

10.06.09 16.07.09 30.07.09 13.08.09 27.08.09 

Seasonal 
irrigation 

water (mm) 
Water use 

(mm) 
T-1 50 55.1 65.9 60.13 75.76 307.9 362 
T-2 50 55.1 33.0 30.05 38.0 206.5 296 
T-3 50 55.1 62.0 56.0 74.2 307.9 368 
T-4 50 55.1 31.0 28.0 37.1 206.5 291 

Table 5. Dry bean grain yield, 1000-grain weight, water use efficiency and irrigation water use efficiency data 

Treatment Grain yield 
(kg/ha) 

1000 –grain 
weight(g) 

 WUE 
(kg m-3) 

IWUE 
(kg m-3) 

T-1 3797a 274.7a  1.05 1.23ab 
T-2 2907b 195.7b  0.98 1.41a 
T-3 3173ab 238.0ab  0.86 1.03b 
T-4 2877b 221.3ab  0.99 1.39a 

LSD 0.05 662.63 55.66  0.198 0.268 

The highest water use efficiency (WUE), 
averaging 1.05 kgm-3, was obtained in treatment T-1 
while the lowest one was found in treatment T-3 (0.86 
kgm-3). For T-2 and T-4 treatments, WUE values were 
almost the same. In general, WUE values decreased 
with decreasing water use and 0.9 m lateral spacing 
conditions.  

Irrigation water use efficiencies (IWUE) varied 
from 1.03 to 1.41kgm-3. The highest IWUE averaging 
1.41 kgm-3 was obtained in treatment T-2 and T-4 and 
the lowest was found in treatment T-3 with value of 
1.03 kg m-3. Generally, in deficit irrigated treatments 
the IWUE is higher than in the full irrigation 
treatments.  

Deficit irrigation led to smaller grain compared to 
those gained from the full irrigation cases. There was 
significant difference on 1000-seed weights 
considering irrigation management treatments (Table 
5). 

4. Conclusions 

This study conducted to evaluate the effects of 
full and conventional deficit irrigation and two 
different lateral spacing on grain yield and irrigation 
water use efficiency of dry bean under Konya–
Derebucak-Gembos irrigation area conditions. 

According to results obtained from study, deficit 
irrigation at dry bean led to decrease in grain yield and 
seasonal evapotranspiration. The irrigation water was 
used most efficiently at the treatments T-2 and T-4. 
The full irrigation treatments (T-1 and T-3) could be 
used for dry bean grown in semi-arid regions without 
water shortage. On the other hand, the T-2 and T-4 
deficit irrigation treatments could be used for dry bean 
grown in semi-arid regions where irrigation water 
supplies are limited. 

In conclusion, this study revealed that if water is 
limited and deficit irrigation is spread over growth 
season of the dry bean, IWUE may be improved under 
T-2 and T-4 deficit irrigation schedule. The findings in 
this study strongly recommend that full irrigation in 
dry bean would be advantageous if the farmer’s goal is 
to maximize grain yield. But if the goal is to put more 
area into production under limited water supply, 50% 
water deficit and one lateral design (90 cm) for two 
plant rows in dry bean may be feasible. 
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