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Table 1- Physicochemical properties of the soil
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Sl O S 5 (o bond Sluoguas -F Jgso
Table 2- Chemical and qualitative properties of the irrigation water
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Figure 1- The crop coefficient and different growth stages of pistachio.
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Table 3- Variance analysis of ECe, sodium, magnesium, calcium and adsorption sodium ratio based on three time of

sampling, 98 days after the first irrigation (Developement Stage), 152 days after the first irrigation (Middle Stage) and 208
days after the first irrigation (End Stage)

) 3590 Sl
Characteristics examined

CAJOVES I 9T RS Colar ) G Comnd
Sources of changes df S S o o2 v JORW
Na Mg .
ECe (dS/m) (meg/lit) (meg/lit) Ca (meg/lit) SAR
S 2 1.3™ 193.9 ** 5.1m 1.3m™ 0.889 ™
Rep.
“_’u} 1 84.4** 13414.2** 1015.3** 831.0** 84.786**
Time
> 2 3.8 225 6.8 6.7 0573
Error
_d)L"J'_‘ "’f’j) . 2 36.7** 4042.3** 276.9*%* 190.8** 22.132**
Regime irrigation
J_B Sl 2 75.1** 2185.1** 397.7** 30.5** 12.026**
Soil depth
el ) B Gae 2 8.5%* 1267.6%* 31.6%* 9.1m 14.761%
Regime irrigation* Soil depth
O ® el ey 2 87.1% A7730%  179.0%* 48.1%* 40,620
Regime irrigation* Time
‘?Lﬁj L ‘3‘& 4 17.0** 593.3** 77.8** 23.9** 3.821**
Soil depth* Time
olo # 5l wj) #S B Gas
Time* Regime irrigation* Soil 8 **52.1 1138.8** 93.8** 23.0** 8.314**
depth
> 28 196 618 7.1 4.7 0.675
Error
Ol yss g
S 6.8 10.9 112 6.8 115
CV%

sine i NS b o 13 I3 gine * AN o 53 I ine™*
** Significant level1%,* Significant level 5%, ns: Non-significant
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Table 4- Averages comparison of examined characteristics at different levels of time after the first irrigation
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irrigation (day) ) ) )
ECe (dS/m) Na (meg/lit) Mg (meg/lit)  Ca (meq/lit) SAR
98 1292 116.82 83.42 5312 12.12
152 1050 72.6° 28.0° 42.1°¢ 8.7b
208 11.3°b 89.50 83.8¢ 49.0° 950

(M) S 0ygd) VoA o (Ady Sl 0)93) 1jgy VOV Ay A 0)93) 59, WA 3
% 98 day (Development stage), 152 day (Middle stage), 208 day (End stage)
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Numbers with non-like characters have a significant difference at 1% level
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Table 5- Averages comparison of bilateral interactions effects of irrigation regimes and time after the first irrigation: soil

depths and time after the first irrigation on the amount of ECe, sodium (Na), magnesium (Mg), calcium (Ca) and sodium
adsorption ratio (SAR)
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Na M Ca

Treatment  ECe (dS/m) (meg/lit) (meq?li ) (meg/lit) SAR

98 10.8¢% 80.5¢ 31.0%¢ 48.9¢ 9.0cd

I1 152 9.7¢ 74.9¢ 26.8° 40.8f 9.1¢d

208 11.4% 93.3%¢ 39.82 49,95 9.9
ol sl 5l s loj 5 ool w 98 15.0% 127.8° 41.6° 52.32 13.12
Irrigation regime and time after the first 12 152 11.1% 74.1° 27.0° 40.8 9.0%
irrigation 208 9.9¢% 66.5¢ 33.2° 46.5% 7.44

98 13.0° 142.12 42.52 58.12 14.22

I3 152 10.7¢% 86.8¢ 30.1P¢ 44.8¢ 8.0d

208 12.7b¢ 108.8° 43.32 50.5% 11.1P
98 11.40c 106.62 35.1¢d 52.3® 11.32

25 152 10.2°¢ 72.3° 27.3e 44 5 8.6°

208 10.2° 79.45 34 4 49 62 8.6°
okl gl 5l s ooy 9 S e 98 13.0% 113.92 38.1¢ 53.62 11.8%
Soil depth and time after the first 50 152 10.1° 73.0° 26.9° 40.0° 9.0°
irrigation 208 10.6° 72.1° 35,1 47.0% 9.0°

98 14.52 129.92 41.9% 53.52 13.22

75 152 11.1¢ 72.5° 29.6% 4] 5% 8.6°
208 13.12 107.12 46.72 50.32 10.7¢
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Numbers with non-like characters have a significant difference at 1% level
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Table 6- The three-way interactions effects of irrigation regimes, soil depth and time after the first irrigation on the amount
of ECe, sodium (Na), magnesium (Mg), calcium (Ca) and sodium adsorption ratio (SAR)

W D590 Sle
Characteristics Examined

‘5)‘_':2‘ 3 6 S g0 *‘5_)":3' o9l 5! -W._cbl“} Calan e Camd
Irrigation ~ Time after the first pERWY (o2 30 oS
regime SOI(chn’?)pth irrigation 2 7! 2w
Na M Ca

EC.(dSIm) (i (meglity  (mealit SAR

98 9.9im 67.6N 29.3N 46.39" 8.1hi

25 152 9.1° 67.6M 22.8M 43.01 9.5¢f

208 11.1N 96.51 37.3¢% 51.1¢ 10.2¢

98 10.9Ni 91.3f 29.ghi 50.8¢% 10.18

I1 50 152 9.4m0 76.9N 23.0m 83.6' 9.7¢f
208 11,39 90.39 35.9¢f 45,99" 10.08

98 11.8¢f 79.5h 33.91 49.7¢f 8.7¢f

75 152 10.51 70.91 33.61 40.8¥ g8.2hi

208 11.9¢f 93.17 46.1bc 52.8¢ 9.3

98 12.1¢f 117.58 37.3d% 52.3¢d 12.44

25 152 11.39h 76.9N 27.3k 39.7 9.4¢f

208 9.6™ 69.71 34.8¢f 47.8% 7.70

98 14.6¢ 99.9f 39.8¢ 53.4¢ 10.3¢

I2 50 152 10.14 66.6/% 26.3K 39.3 8.3n
208 9.0° 59.8 29.ghi 45.99" 6.8K

98 18.3¢2 166.08 47.8P 51.3cd 16.72

75 152 11.8¢f 78.8" 27.3Kk 435N 9.4

208 11.0Ni 69.9i 35.1¢f 45.89" 7.7k

98 12.3¢ 131.84 38.8d 58.32 13.4¢

25 152 10.2k 63.14 31.99" 50.8¢% 6.9K

208 10.0'm 72.0N 31.29" 50.0% 8.0

98 13.64 150.4¢ 44.7°¢ 56.6° 15.0°

I3 50 152 10.9Mi 75.6N 30.6N 42.2i 8.99h
208 11.5% 96.11 39.64 49,1¢f 10.2¢

98 13.34 144.2°¢ 43.9¢ 59.62 14.2bc

75 152 11.0N 67.8k 27.91 41.5k g8.2hi

208 16.5° 158.2° 59.12 52.3« 15.0°
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Introduction: The main problem of salinity, in addition to reducing agricultural and horticulture products is
the gradual decline of their cultivation area. Several factors such as climate and irrigation (precipitation, fraction
of leaching), soil type and soil salinity, salinity of irrigation water, uniform distribution of the system and
irrigation with saline water affects the soil salinity changes. Therefore, in irrigated agriculture, soil salinity
should be reduced and controlled to an optimal level of the economic production. Leaching with proper irrigation
management is one of the effective ways to reduce soil salinity.

Materials and Methods: The study was conducted during 2012-2013 in as pistachio garden located in the
Safaeieh region of Semnan province. The garden was 100 ha and 2 ha of that was selected for this study with 10
years old pistachio trees equipped to subsurface drip irrigation system. The treatments of this study were three
irrigation regimes; control (l1), Irrigation based on irrigation requirement (1) and I, plus leaching requirement
(13), three soil depth of 25, 50, and 75 cm from soil surface and time before and after irrigation. The drip line
laterals include emitters with 2.26 Iph flow rate was buried in 40 cm soil depth. Soil samples to evaluation salt
concentration were collected from 25, 50, and 75 soil depth before and after irrigation. To study the impact of
different irrigation regimes, soil depth and time (before and after irrigation) and also their bilateral impact a
factorial design in randomize block was applied.

Results and Discussion: The results showed that ECe and SAR accumulation decreased after development,
growth stage and continued to end growth stage. The results showed that 12 and 13 irrigation regimes were more
effective in reducing the amount of sodium from the root zone and the 12 irrigation regime showed better
performance in comparison to I3 irrigation regime. Regarding the amount of magnesium in the soil, the 12
irrigation regime was more successful than the 11 and 13 regimens. In I1 irrigation regime, the amount of
magnesium at the end growth stage increased compared to the beginning growth stage. Significant decrease in
ECe level at the end growth stage compared to the beginning growth stage belonged to the 12 irrigation regime,
which suggests that 12 irrigation regime was more successful in ECe leaching during the period of pistachio
growth, which attributed to the potential for leaching from the soil surface to the depths below the soil surface.
The results showed that excessive water application under saline conditions for any reason, such as leaching not
only does not have a beneficial effect on the removal of salts from the root zone, but also may lead to
accumulation of salts and damage to the plant. The highest amount of calcium in the soil was recorded 98 days
after the first irrigation under the 12 and 13 irrigation regimes which was 52.5 and 58.1 Meq/I, respectively. The
lowest amount of this element The 11 and 12 regimens were 40.8 meq/I, respectively, which were recorded in 152
days after the first irrigation. In terms of SAR, the lowest value in the 12 regime was more noticeable than other
irrigation regimes. The effects of soil depth of time after the first irrigation showed that there was no significant
difference at the depth of 25 cm and 75 cm at the end growth stage compared with the valued recorded in
beginning growth stage, but at a depth of 50 cm there was a significant reduction in ECe. The highest ECe value
equaled to 14.5 dS/m was recorded at a depth of 75 cm in 98 days after first irrigation. In the I1 irrigation regime
at all three depths of 25, 50 and in the 13 irrigation regime at a depth of 75 cm the amount of SAR at the end
growth stage were not less than that in beginning growth stage, however, the reduction in SAR was recorded in
the 12 irrigation regime at all three depths.

Conclusions: Irrigation regime 12 was successful to control the SAR in different soil depth compared to the
other two irrigation regimes, which is very important for the next irrigation season to moderate the harmful
effects on blossoms. Moreover, it is suggested that in a field, equipped with a subsurface drip irrigation system,
leaching water at the end of the season by surface irrigation or heavy subsurface drip irrigation during the
rainfall to leach out the accumulated salt to lower soil layers.

Keywords: Irrigation management, Pistachio, Saline soil, Salt accumulation, SAR, Soil depth

1- Associate Professor, Agricultural Engineering Research Institute, Agricultural Research, Education and Extension
Organization, Karaj, Alborz, Iran

(*- Corresponding Author Email: h.dehghansanij@areeo.ac.ir)

2, 3 and 4- M.Sc. Student and Associate Professors, Faculty of Agriculture, Shiraz University



