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ABSTRACT 
 
 

Irrigation systems with higher efficiencies such as microirrigation systems are developing 
since last decade to achieve higher water use efficiency. At the same time, quality of 
water is decreasing in those areas due to overwithdrawal from the water resources. In 
Kerman province, the salinity of water increased to more than 10 dS/m in some area 
mainly due to water overwithdrawal. Therefore, application of saline water for irrigation of 
pistachio orchards is now inevitable, which contributed to increase in salt accumulation in 
soil surface and soil degradation. The main purpose of this study was the use of saline 
water in subsurface dripirrigation system (SDI) of pistachio orchards. The research was 
conducted during 2005-2008 on 12 year old pistachio trees. The drip-lines with self-
cleaning and pressure compensating drippers were placed in two depths of 50 and 70 cm 
based on the fertilizer channel depth for pistachio trees. Emitters flow rate was 3.6 l/hr 
and 75 cm apart.  Treatments consisted of two drip-line depths, and three irrigation levels 
of 100% (I1), 75% (I2) and 50% (I3) of pistachio water requirements, with three 
replications, based on a completely randomized block experimental design. Salinity of 
irrigation water was 8.1 dS/m and irrigation water was applied in a 10 day - interval. 
According to the results, there was no significant impact of irrigation water treatment on 
pistachio yields. Annual applied irrigation water for I1, I2 and I3 was 2050, 3065 and 4010 
m3/ha and water use efficiency of pistachio was 1.1, 1.2 and 2.0 kg/m3 respectively. 
Pistachio quality characteristics improved compared with pistachio trees irrigation by a 
surface irrigation system. Salinity increased near the soil surface by decreasing in depth 
of drip-line setup.  
 
 

1. Introduction 
 
 

Pistachio is one of the agricultural crops in Iran which cultivate in arid and semiarid 
regions. Total area under pistachio in Iran is about 370,000 ha, from which 80% is 
located in Kerman province. Kerman province is located in south east of Iran with a dry 
climate. The main limitation for development of pistachio in this region is water resource. 
The irrigation interval of 120 days is reported for some farms. Accordingly, not only the 
water quantity but also the water quality in some part of province caused that pistachio 
orchard getting dry and disappeared. The salinity of irrigation water in some part of the 
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region reached to more than 10 dS/m and even reached to 25 dS/m. The majority of 
irrigation system in the region is surface irrigation. It is while, most of the farmers 
changed the irrigation system to surface drip irrigation during the last decade.  
Applying saline water continuously for irrigation through surface drip irrigation (DI) 
systems might result in salt accumulation close to the soil surface (Bresler et al., 1982; 
Ayers and Westcot, 1985; Pasternak and DeMalach, 1987; DeMalach and Pasternak, 
1993; Oron et al., 1995). During irrigation or precipitation, the salts that are accumulated 
close to the soil surface can migrate downwards and reach the main root zone.  
Salt accumulation may inhibit water and nutrient uptake, consequently affecting the crop 
growth and yield (Hanson, 1995). In order to offset the osmotic shock imposed on the 
crop by the leached salts, a practical solution was proposed. It was suggested to further 
leach the accumulated salts in the main root zone to deeper layers by continuing to drip 
irrigate simultaneously with the periods of precipitation. The chemical clogging is another 
issue in surface drip irrigation system when we are using saline water. In Kerman region, 
most of the farmers who cannot save his water during the winter, applying one or two 
surface irrigation to leach out the salt from top soil layer and save some water in surface 
profile for spring as well.  
Alternatively, Oron et al. (1990) and Phene et al. (1990) have proposed that this problem 
can be overcome by applying saline water through a subsurface drip-irrigation (SDI) 
system, if it manages properly. It is anticipated that under SDI, the salt front is partially 
driven down into the deeper soil bulk media and to the periphery of the root zone, thus 
minimizing the risk of damaging the main roots of the plants. Moreover, the improved 
moisture conditions in the vicinity of the emitter offsets the inhibiting effects of the 
presence of the salts in the saline water (Michelakis et al., 1993). Additionally, Phene et 
al. (1987) reported that since the SDI is installed below the soil surface, a properly 
managed system can increase the advantages of the system compare to surface drip 
irrigation, especially in the areas of efficient water and nutrient utilization, salinity 
management and deep percolation. Subsurface drip irrigation system could also benefit 
to decrease the emitter clogging.  
   The purpose of this study is to verify the effect of SDI with emitters located at two 
depths in the soil and of applying different water qualities, on the soil moisture, salinity 
distribution in the soil profile, and eventually the crop yield.  
 
 
 

2. MATERIAL AND METHODS 
 
 

2.1. The experimental site 
 
Kerman province located in south of Iran is the main agricultural region of the country for 
pistachio production. The annual potential evapotranspiration in this region is more than 
3000 mm, where more than 95 percent of pistachio orchards are irrigating traditionally 
with an efficiency of less than 40%. It is while, evaporation and deeper collation in 
traditional irrigation system (surface irrigation) is significantly high.  
The on-going experiment is being conducted in a private farm in Akbarbad Zandi village, 
located about 135 km southwest of the city of Kerman, Iran. The mean annual rainfall in 
the region is 102 mm. Mean maximal ambient temperature reaches about 34.98C during 
July and August, and mean minimal temperature is close to 5.48C during January. The 
relative humidity during the summer months varies from 20 to 30%. Annual, class `A' pan 
evaporation is more than 3000 mm. The experimental soil is considered as a sandy loam, 
a uniform profile, consisting of 51.4% silt, 8.8% clay and 39.8% sand.  
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2.2. The experimental layout 
 
The possibility of using SDI for saline-water application was examined in a pistachio 
orchard (Fig. 1). The pistachio trees, arranged in 18 rows, each six as one replication. Six 
trees were selected in each row for data collection. Two drip laterals served every 
pistachio row, with emitters spaced 0.75 meter apart and having a discharge of 3.6 l/h. 
prior to commencement of the experiment, the trees were irrigated by surface irrigation. 
The research began in March 2004 for 4 years. The experiment consists of the following 
treatments in each replication: 
1. Three irrigation depth based on 100% (I1), 75% (I2) and 50% (I3) of pistachio trees 
water requirement  
2. Two depth of drip line located at 50 and 70 centimetre 
Same saline water having a EC of 8.1 dS/m applied in all treatments with an irrigation 
interval of 10 days.   
 
2.3. Moisture and salinity monitoring in the soil 
 
Soil-moisture and salinity distributions in the soil at different depths and locations, as 
related to the emitters and the tree trunk in every treatment, were monitored periodically, 
following standard procedures 2 or 3 times each year. Soil-moisture content was 
measured by a standard soil sampling method. The soil salinity in the root zone was 
expressed by the electrical conductivity of the saturated soil extract, ECe. Soil samples 
for moisture and salinity assessment were taken at 1m from lateral and between two 
trees along the row. The corresponding depths were 0-40, 40-80, and 80-120 cm. The 
pistachios were hand harvested during September of each year.  
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Figure 1. Schematic description of saline-water use experiment under drip 
                irrigation in the pistachio orchard. 

 
2.4. Water Productivity 
 
In agricultural production systems, crop water productivity (WP) accounts for crop 
production per unit amount of water used (Molden, 1997). The numerator maybe 
expressed in terms of crop yield (Kg ha-1). When considering this relation from a physical 
point of view, one should consider transpiration only as denominator. However, the 
partitioning of evapotranspiration into evaporation and transpiration in field experiments is 
difficult and therefore not a practical solution. Based on Molden (1997), a number of 
options are available to define the volume of water per units of area (m3 ha-1) in the 
denominator, i.e. transpiration, evapotranspiration (ETc), applied water (I), water diverted, 
water beneficially consumed, and water beneficially and non-beneficially consumed. We 
used following definitions of crop WP;   

WPI (kg m-3) 
)m(I
)kg(Ya

3      (1) 

Actual yield (Ya) is defined as the marketable part of the harvested pistachio.  
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3. RESULTS AND DISCUSSION 
 

 
3.1. Water application 
 
   During the four experimentation years, all treatments received annual equal volumes of 
irrigation water amounting to approximately 736 mm (Table. 1). Water application 
commenced towards the early April and continued up to November. Irrigation interval was 
fixed for 10 days due to the water allocation system and just irrigation time increased by 
crop development stage. During the peak period of consumption (July to August), the 
irrigation time increased to about 26 hrs for I1 in order to maintain adequate soil moisture 
in the effective crop root zone. Irrigation scheduling was based on Class `A' Pan 
Evaporation measurements, multiplied by the locally developed crop coefficients for 
pistachio plantations.  
 

Table 1. Daily crop water requirement and irrigation time for irrigation treatments 
during irrigation season 

Month Days ETC 
(mm/day) 

Daily irrigation 
requirement  

(L/day) 

Irrigation time (hr) for 10 days 
interval 

I1 I2 I3 

April 1-10 1.76 16.5 10.3 7.7 5.2 
11-20 2 18.4 11.5 8.6 5.8 

May 
21-29 2.19 20.2 12.6 9.45 6.3 
1-11 2.38 21.9 13.7 10.27 6.85 

12-21 2.69 24.8 15.5 11.6 7.75 

June 
22-31 3.11 28.6 17.88 13.41 8.94 
1-10 3.59 33.1 20.68 15.51 10.34 

11-20 4.08 37.6 23.5 17.6 11.75 

July 
21-30 4.3 39.6 24.75 18.6 11.45 
1-10 4.48 41.3 25.8 19.35 12.9 

11-20 4.56 42 26.25 19.7 13.1 

August 
20-31 4.42 40.7 25.43 19.1 12.7 
1-10 4.28 39.4 24.63 18.5 12.3 

11-20 4.14 38.1 23.8 17.85 11.9 

September 
21-31 3.88 35.8 22.38 16.8 11.2 
1-10 3.62 33.4 20.88 15.66 10.44 

11-20 3.33 30.7 19.18 14.4 9.6 

October 
21-30 2.93 27 16.9 12.7 8.45 
1-10 2.5 23 14.38 10.8 7.2 

11-20 2.11 19.4 12.13 9.1 6.1 

November 
21-31 1.77 16.3 10.2 7.65 5.1 
1-10 1.46 13.5 8.43 6.3 3.2 

11-20 1.17 10.8 6.75 5.1 3.4 
 21-30 1.17 10.8 6.75 5.1 3.4 

    414.3 310.85 206.32 

 
3.2. Moisture distribution in the soil 
 
Spatial soil-moisture distribution in the soil was monitored by sampling, approximately 
10 h after terminating the irrigation shift. The amount of water applied prior to monitoring 
varied, according to season, between 11.7 to 45.6 mm/10days.  
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3.3. Salinity distribution in the soil 
 
Salinity distribution in the soil as expressed by the ECe also exhibits trends similar to that 
of the soil moisture. For the emitters located 50 cm deep the salinity trend is presented in 
Fig. 2. Accordingly, high soil salinity (8.1±11-19 dS/m) was recorded for different irrigation 
management. Less applied caused increase in ECe which attributed to less salinity 
leaching out. On the other hand, soil water absorption by crop and soil surface 
evaporation increased salinity concentration in root zone area. 
According to the Fig. 2, moisture profile for each case examined, it can be concluded that 
SDI maintains continuous soil leaching not only downwards, but also upwards and 
radially. Primarily for emitters located at a depth of 50 cm, the soil salinity ECe in the 
main active root zone was in correlation with the salinity of the applied water. Extra 
leaching is thus required to shift the salt front into deeper soil layers.  
 

 
Figure 2. Salinity distributions, ECe, in the soil in a pistachio orchard under  

                     saline-water subsurface drip irrigation as a function of emitter depth 
                     (50 cm below the soil surface) 

3.4. Yield 
 
According to the field results, highest pistachio yields obtained when 100% of crop water 
requirement were applied but differences between the treatments was not significant (Fig 
3). Accordingly, the yield of treatments when the emitters located at a depth of 50 and 70 
cm below the soil surface was almost similar (1.6 ton/ha). This indicated that may trees 
received the required water from deeper soil layer where winter water was stored. An 
extended experimental and monitoring period is required in order to define trees 
transpiration water compared to the irrigation water and leaching amount. The yield was 
not much higher than average yield in the region but the irrigation water was much less. 
However, the yield has increased by year when the tree may adapted by SDI. The yield 
increased in last year for experiment to 7978 ton/ha which was almost 5 time of average 
yield in the site.  
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Figure. 3. Pistachio yield under different irrigaiton treatment (I1, I2, and I3) and 

location of emitter under the soil surface (D1 and D2) 
 
3.5. Pistachio water productivity 
 Appling three levels of irrigation water; I1, I2 and I3, pistachio water productivity was 
calculated (Table 2). Accordingly, the highest level of water productivity (3.3 kilogram 
pistachio per a cubic meter of applied irrigation water) was measured when 50% of crop 
water requirement was applied for irrigation.  

 
Table 2. Pistachio water productivity (kg/m3) for different irrigation treatments 

  Year  
Treatment 1383 1384 1385 1386 

I1 0.6 1.7 0.5 1.7 
I2 0.7 1.7 0.6 2.1 
I3 1.0 2.4 1.1 3.3 
     

 
 

4. CONCLUSION 
 
 

 The possibility of using saline water through SDI for fruit trees irrigation is being 
examined in the field in a pistachio orchard in an on-going field experiment. Accordingly, 
impact of three irrigation treatments and emitter location under the soil surface on yield 
and salinity of soil were studied. As a result, by increasing emitter location depth in the 
soil, salt accumulation increased between the emitter and soil surface. There was not 
emitter clogging due to the root even though non kind of root-guard chemical material 
was used. The pistachio yield has increased by time (years) maybe because of trees 
adaptation to subsurface drip irrigation. The emitter’s location under soil surface between 
50 and 70 was not effective to trees yield. Annual applied irrigation water for I1, I2 and I3 
was 2050, 3065 and 4010 m3/ha and average water productivity of pistachio was 1.1, 1.2 
and 2.0 kg/m3 respectively. Based on the above conclusions, subsurface drip irrigation 
was recommended to pistachio orchards where salinity of irrigation water is not higher 
than 8 dS/m and study on higher salinity is recommended.  
 



8 

 

5. REFERENCES 
 
 

1. Ayers, R.S., Westcot, D.W., 1985. Water quality for agriculture. FAO Irrigation and 
Drainage Paper 29, FAO, Rome, pp.141. 

2. Ben-Asher,J., Phene,C.J., 1993. The effect of surface drip irrigation on soil water 
regime, evaporation and transpiration. In:Proceedings, Sixth International 
Conference on Irrigation. 

3. Beyer, .H. ,1968. Handbook of tables for probability and statistics. CRCPress,Inc., 
Boca Raton, Florida, pp.642. 

4. Bresler, E., McNael, B.L., Carter, D.L., 1982. Saline and sodic soils: Principles, 
dynamics-modeling. Springer-Verlag, Berlin, pp.236. 

5. Coelho, E.F. and Or, D., 1996. Flow and uptake patterns affecting soil water sensor 
placement for drip irrigation management. Transaction of the ASAE39(6), 
2007±2016. 

6. De Malach, and Y., Pasternak, D., 1993. Agriculture in a desert saline environment –
A case study. In:Marani-Bettolo, G.B. (Ed.). Agriculture and the Quality of Life – New 
Global Trends. Proceeding of an international conference held at The Pontificia 
Academia Scientiarum, Ex Aedibvs Academicis in Civitate Vaticana, Rome, Italy, 
pp.97±126.32 

7. Hanson, B.R.,1995. Drip irrigation of row crops: Anoverview. In: Proceedings Fifth 
International Microirrigation Congress, Orlando, FL, April2-6, pp.651-655. 

8. Hoffman,G.J.,Mead,R.M.,Ziska,L.H.,Francois,L.E.,Gatlin,P.B.,1986.Salttoleranceofm
atureplumtreesyield.WaterManagementResearchLaboratoryAnnualReport,USDA,Fer
sno,CA,pp.62±63. 

9. Lubana P.P.S. and Narda N.K. 2001. Modelling soil water dynamics under trickle 
emitters - a review. J. Agric. Engng. Res. 78:217-232.  

10. Meshkat, M.,  Warner, R. C., Workman, S. R. 2000. Evaporation reduction potential 
in an undisturbed soil irrigated with surface drip and sand tube irrigation. 
Transactions of the ASAE. 43(1): 79-86.   

11. Michelakis,N., Vougioucalou,E., Clapaki,G.,1993. Water use, wetted soil volume, 
root distribution and yield of avocado under drip irrigation. Agri. Water 
Manage.24,119-131. 

12. Mizrahi,Y., Pasternak,D.,1985. Effect of salinity on quality of various agricultural 
crops. Plant Soil 89,301-307. 

13. Mmolawa K. and Or D. 2000. Root zone dynamics under drip irrigation: A review. 
Plant and Soil. 222:163-190.  

14. Or,D., 1996. Drip irrigation in heterogeneous soils: steady-state field experiments for 
stochastic model evaluation. SoilSci.Soc.Am.J.60(5),1339-1349. 

15. Oron,G.,1993. Recycling drainage water in San-JoaquinValley, California. J. 
Irrigation Drain. Eng.,ASCE119,265-285. 

16. Oron,G., DeMalach,Y., Gillerman,L., David,I.,1995. Pear response to saline water 
application under subsurface drip irrigation. In:Proceedings Fifth International 
Microirrigation Congress, Orlando, FL,April2-6, pp.97-103. 

17. Oron,G., DeMalach,Y., Hoffman,Z., Keren,Y., Hartmann,H., Plazner,N., 1990. Waste 
water disposal by subsurface trickle irrigation. In:Proceedings, Fifteenth Biennial 
Conference, IAWPRC, Kyoto,Japan, Jul29-Aug.3, pp.2149±2158. 

18. Pasternak,D., DeMalach,Y., 1987. Saline water irrigation in the Negev Desert. Paper 
presented at the Regional Conference on Agriculture Food Production in the Middle-
East, Athens, Greece, Jan.21-26, pp.24. 

19. Phene,C.J., Davis,K.R., Hutmacher,R.B., Bar-Yosef, B., Meek,D.W., 1990. Effect of 
high frequency surface and subsurface drip irrigation on root distribution of 
sweetcorn. Irri. Sci.12,135-140. 



9 

 

20. Phene,C.J., Davis,K.R., Hutmacher,R.B., McCormic,R.L.,1987. Advantages of 
subsurface irrigation for processing tomatoes. In:Proceedings, International 
Symposium on Integrated Management Practices for Tomato and Pepper 
Production in the Tropics, Shanhua, Taiwan, ROC, pp.325-338. 

21. Phene,C.J., Ruskin,R., 1995. Potential of subsurface drip irrigation for management 
of nitrate in wastewater. In:Proceedings Fifth International Microirrigation Congress, 
Orlando, FL, April2-6, pp.155-167. 

22. Shalhevet,J., 1994. Using water of marginal quality for crop production: majorissues. 
Agri.Water Manage.25(3), 233-269. 

23. Stegman,E.C., Musick,J.T., Stewart,J.I.,1983. Irrigation water management. 
In:Jensen, M.E.(Ed.), Design and operation of farm irrigation systems. 
ASAE,USA,pp.763-801. 

24. Shani, U. and Ben-Gal A. 1999. Irrigation of vineyards with low-quality effluent: 
development of safe application methods. Final report. In: Annual Report 1998-1999, 
Arava Research and Development. pp. 104-110.  

25. Twersky,M., Pasternak,D., Borovic,I., 1975. Effect of brackish water irrigation on 
yield and development of cotton. In: Issar,A.S.(Ed.). Proceedings International 
Symposiumon Brackish Water as a Factor in Development, Jan5-10, pp.135-142.  

 




