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Table 1- Physical and chemical propertiesofsoils used

SB Olwogas ) JOVeS JPVII onSbe
Soil properties Range Mean
(32,3 o) 3-19 11.3
Clay (%)
(J-‘?)ﬁ) - 5-44 15.4
Silt (%)
(80)3) o35 37-89 73.3
Sand (%)
(o) Josle 1.31-3.64 2.65
Organic matter (%)
(ao3) Sl 9.2-17.9 12.9
Lime (%)
(dS/M) 550 olan bl 1.40-6.73 3.28
Electrical conductivity (dS/m)
g3l Js pH 7.47-7.99 7.76
Soil pH
Cmol(+) kg™ Ligsls’ Jobs cub o
Cation exchange capacity Cmol(+) 10.96-25.26 17.73
kg™
(PSS 13¢5, gw)x&; 4.45-20.24 8.57
Manganese (mg kg™)
(P)S}LS » P)Sul""z &) 0.21-3.70 1.2
Zinc (mg kg™)
Copper (mg kg™)
(eSS 53 ¢S e) 0]
Iron (mg kg™ 2.78-6.37 3.93
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Table 2- Effect of different levels of manganese and soil type on shoot dry weight (gram per pot) of pistachio seedlings

(SB pyS5ks )3 25 hee) 5350 oo

Manganese levels (mg kgsoil)

S adgl 355

S oled Avai fatﬁ? 0 10 20 sl
Soil number Initial Mn Mean
1 1162 12.41%0  1481°  12.00°" 13.07°

2 6.72 1167 11.48% 11.16"  11.44F

3 9.77 12.25%°%  17.06% 14.74°  14.68"

4 5.90 6.10'  12.3070 12.13%W" 10.18°

5 5.33 16.38° 16.69% 8.14%  13.748

6 13.85 9.81' 13.18° 13.15°  12.05°

7 474 5.19™ 11.439"  11.45%" 936"

8 6.30 2.23" 2.69" 2.82" 2.58’

9 6.71 11739 13.02%¢  12.60%" 12.45°

10 20.24  12.15%0W" 12 g5ede 9.15%  11.42F

11 7.21 8.79%  12.27%%f8 11479  10.85

12 4.45 5.40"™ 4.66™ 2.94" 4.33'

oSke  (Mean) 8.57 9.50° 11.88"  10.14°
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Means followed by the same letter in each column or row are not significantly different by Duncan test (p<0.05)
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Figure 1- Effect of different levels of manganese on root, stem and leaf dry weight of pistachio seedlings
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Figure 2- Effect of different levels of manganese on shoot manganese and iron concentration of pistachio seedlings
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Table3- Effect of different levels of manganese and soil type on shoot manganese uptake (microgram per pot) of pistachio

seedlings
(S p55kS o p)5 o) 5i5e gslaus
Manganese levels (mg kgsoil)
Sholes 10 20 ok
Soil number Mean
1 177.9% 27959 24749 2350°C
2 1475™  261.9%  1842%  197.97
3 167.4¢  386.9"° 2445™  266.3"
4 142.7™  200.0°  1405™  161.1°
5 22299 3845 127.4™° 24508
6 183.7%  280.0¢ 2287 230.8°°
7 115.2° 1488™  199.8"  154.6°
8 35.60¢ 56.059  52.69¢ 48.1'
9 172.3  304.1°  2134"  229.9¢P
10 141.2™ 22939 247.8%0  206.1F
11 1205™ 287.3" 190.2"™  199.3"
12 79.72°  112.9° 50579  81.05"
ole (Mean) 1422 2443*  177.28
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Means followed by the same letter in each column or row are not significantly different by Duncan test (p<0.05)
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Table4- Effect ofdifferent levels of manganese and soil type on shoot iron uptake (microgram per pot) of pistachio seedlings

(516 £S5 5 p 5 k) 5550 g

Manganese levels (mg kg’soil)

S o,lowd ol
Soil number 0 10 20 Mean
1 524.4%M"  7993%® 48590  §03.2°

2 457.79MK 485 ool 3435™  428.7°

3 503, 3¢ 761.7° 563.7%  609.6"

4 373.7™°  406.9MMn 236.0°  338.9°

5 676.3 539.49¢0 320.3° 512,08

6 846.6°  401.8M™°  446.1"KM 564 87

7 465.8MMk  4183KM  2143F  366.1°

8 109.5% 123.1% 75.77" 102.8°

9 729.5°  421.2™™  goo.6Y  538.8°

10 439.79Km g5 gIKm 376 7'M 423 o°

11 371.2™° 388 7KMo 543 7% 434 5C

12 187.6M 207.3 170.6™  188.5F

ole (Mean) 47374 450.4° 364.8°
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Means followed by the same letter in each column or row are not significantly different by Duncan test (p<0.05)
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Figure3- Effect of different levels of manganese on the shoot zinc and copper concentration of pistachio seedlings
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Table5- Effect ofdifferent levels of manganese and soil type on shoot zinc uptake (microgram per pot)
Pistachio seedlings

(S5 p S 5 p 5 k) 5550 g

Manganese levels (mg kg ™of soil)

SE ojled 10 20 0l
Soil number Mean
1 122.3% 1616 175.1% 153.0¢

2 139.79"  162.8%F  154.0 152.1¢

3 212.4®  198.8° 147.2%" 186.14

4 128.4%  134.1"  60.69° 107.7F

5 99.58™  193.3°  212.4%® 168.48

6 160.9°  2185°  134.6" 171.3"8

7 164.2°  190.9%  78.45" 144.5°P

8 17.61F  27.71F  23.77° 23.03"

9 115.24" 15757  136.2" 136.3°

10 127.2%%  1306™  119.1¢ 116.6°

11 192.1°  128.6%  200.1° 173.6"8

12 32.34°  11348™  74.84™ 73.54°

o5ke (Mean)  1259%  151.4%  126.48

Bl (gl sme glds 4SS g0l Mo yd O Jlein! paw 5 caudy b gt b S jiie By (el (slapSile
Means followed by the same letter in each column or row are not significantly different by Duncan test (p<0.05)
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Table6- Effect ofdifferent levels of manganese and soil type on shoot copper uptake (microgram per pot)
Pistachio seedlings

(S5 p S 5 p 5 k) 5550 g

Manganese levels (mg kg™ soil)

SB o lowd

Soil number
1 36.72™
2 44,80
3 76.61°
4 33.68%
5 44 4gKm"
6 49, 77"
7 69.60°%
8 18.34"
9 56.14n
10 39.79™"°
11 63.64%
12 22.70%

55ke (Mean) 46,368

10 20 elee
Mean
48,91 50 53"k 45.39°
46.92Mm 54 319 48.685
97.42°  67.18%f 80.40"
27.98™  17.15° 26.27'
76.43°  94.25° 71.728
60.89°  39.80™" 50.15°
76.65°  41.78™° 62.68°
12.90° 17.11° 16.12°
64.14% 52 710k 57.66°
41.66™°  37.80™ 39.75°
49.61  57.97%" 57.07°
40.34™°  38.93™° 33.99"
53.39%  47.728

S5 (ol sme glds 4SS g0l Mo yd D Jlein! paw 5 caudy b gt b S jiie By (sl (sl pSile
Means followed by the same letter in each column or row are not significantly different by Duncan test (p<0.05)
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Introduction: Pistachio is one of the most important crops in many regions of Iran with respect of
production and export. There are more than 470000 ha of nonbearing and bearing pistachio trees mainly in
Kerman province. Despite the economic importance of this crop, very little information is available on its
nutritional requirements. Pistachio trees like other crops need to macro and micro nutrients. one of these
elements is manganese (Mn). Manganese is an essential mineral nutrient, playing a key role in several
physiological processes, particularly photosynthesis, respiration and nitrogen assimilation. This element is
normally supplied to the plants by soil. Therefore, soil conditions affect its availability to plants. Soils with high
pH, calcareous soils, especially those with poor drainage and high organic matter, are among the soils which
produce Mn-deficient plants. Calcium carbonate is the major inactivation factor of Mn in calcareous soils. The
soils of Iran are predominantly calcareous in which micronutrients deficiency, including Mn, is observed due to
the high pH and nutrient fixation. The objective of this research was to examine the effect of manganese
application on growth and chemical composition of pistachio seedlings in some calcareous soils with different
chemical and physical properties.

Materials and Methods: For this purpose a greenhouse experiment was carried out as factorial (two factors
including soil type and Mn levels) experiment in completely randomized design with three replications.
Treatments were consisted of three levels of Mn (0, 10 and 20 mg Mn Kg™ soil as Manganese sulfate) and 12
different soils from Rafsanjan region in Southern Iran. Soil samples were air dried and crushed to pass through a
2-mm sieve, and some physical and chemical properties of soils such as texture, electrical conductivity, pH,
organic matter content, calcium carbonate equivalent, cation exchange capacity and iron, manganese, copper and
zinc availability were determined. Then plastic pots were filled with 5 kg of these soils. Pistachio seeds (cv
Badami Zarand) were placed in muslin sacks and pretreated for 24 h with Benomyl solution. The germinated
seeds were planted in each pot, and each pot was irrigated with distilled water. Nitrogen and phosphorous were
applied uniformly to all pots at the rate of 50 mg kg * soil as ammonium nitrate and potassium dihydrogen
phosphate forms, respectively. Zinc, iron and copper also were added to treatments at level of 5 mg kg soil as
zinc sulfate, iron sequestrine138 and copper sulfate. After 24 weeks, the seedlings were cut at the soil surface,
and the roots were washed free of soil. Leaves, stems and roots were dried at 70 °C for 48 h in an oven. The total
leaf, stem, and root dry weights were recorded. The ground plant samples were dry- ashed at 550°C, dissolved in
2 N HCI, and made to volume with hot distilled water. Plant Mn, Cu, Zn and Fe concentrations determined by
atomic absorption spectrophotometry. All data were statistically analyzed according to the technique of analysis
variance (ANOVA) by MSTATC.

Results and Discussion: Results indicated that the application of manganese increased leaf, stem and root
dry weight of pistachio seedlings so that the maximum amount of the dry weight of roots stems and leaves of
pistachio seedlings were observed at 10 mg Mn kg™soil. Application of 10 mg Mn kg™ soil increased leaf, stem
and root dry weight by 19.2%, 25.2% and 23.9% in comparison to control, respectively. Chemical composition
(concentration and uptake) of shoot of pistachio seedlings was also affected by Mn application. Mn application
decreased the concentration and uptake of iron, concentrations of copper and zinc in Pistachio seedling shoots so
that the highest concentrations of these elements were observed in control treatment. Reductions in
concentrations of zinc and copper elements in 10 mg Mn kg-1 treatment were not statistically significant but in
20 mg Mn kg treatment they were significant.

Conclusions: The results of this research showed that the application of 10 mg Mn kgsoilto highly
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calcareous soils significantly increased most of growth parameters of pistachio seedlings in comparison to
control. Although higher amounts of manganese (20 mg Mn kg™ soil) reduced the growth parameters than the
previous level. In overall, the results of this study indicated that for optimum growth and chemical composition
of pistachio seedlings in calcareous soils, application of 10 mg Mn kg™ sol is necessary.
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