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ABSTRACT

The effects of salinity and Boron (B) addition on the growth and chemical
composition of three pistachio (Pistacia vera L) ecultivars, Badami, Fandoghi and
Kale-ghoochi were studied in greenhouse. Pistachio seedlings were exposed to NaCl
levels of 0, 1600, 3200 and 4800 g per g dry soil and B rates of 0 to 50 lg
per g dry soil. Shoot and root dry weights decreased with increasing NaCl levels.
However, shoot growth suppression was more pronounced at the higher NaCl levels
and was less severe with Kale-ghoochi than cultivars other. Shoot and root growth
was generally reduced with B addition at 0 and/or 1600 |ig g_1 NaCl. Boron
addition significantly increased the shoot B concentration and uptake. Furthermore, the
cultivars  exhibited unequal capacity to accumulate B, Shoot Cl| and Na
concentrations and Cl uptake were increased by increasing NaCl level. Based on the
relation between 50% shoot growth reduction and shoot B concentration, it could be
concluded that in non-saline soil, Badami is more sensitive to excess B than
Fandoghi and Kale-ghoochi, whereas under high salinity, Fandoghi is more tolerant to

excess B than Kale-ghoochi

1- Professors of irrigation and soii science, respectively.
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INTRODUCTION

Pistachio (Pistacia vera L.) is an important horticultural crop in Iran,
with an estimated number of more than 13 million trees. Presently, some

regions of commercial production are contented with salinity problems (14).
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Moreover, soluble borates tend to accumulate in soils of these areas and
often reach levels limiting normal plant growth. Although, the effects of B
and/or soil salinity on the growth and chemical composition of pistachio
has been recently studied (9, 10, 11, 12, 13, 14), the authors are not aware
of any published report regarding the interaction of soil salinity and B
treatment on the growth and development of this crop. Therefore, the
present study was initiated to evaluate the combined effects of several
NaCl levels and B rates on the growth and chemical composition of three

local pistachio cultivars in a calcareous soil.
MATERIALS AND METHODS

A bulk sample of an alluvial calcareous silty clay soil (Calcixerollic
Xerochrept) was collected from the Ap horizon from the vicinity of
Badjgah Agricultural Experiment Station, 16 km north of Shiraz, Iran. Some
physico-chemical characteristics of this soil have been described
earlier (11). The soil contains 0.31 yg B ml™' in saturation extract. The
air-dried soil was crushed to pass a 2-mm screen. The treatments consisted
of three pistachio cultivars (Badami, Fandoghi and Kale-ghoochi), four
levels of NaCl (0, 1600, 3200 and 4800 pug per g dry soil) and six rates of
B (0, 10, 20, 30, 40 and 50 pg per g dry soil). Boron was added as aqueous
solution of boric acid to 4 kg of soil in plastic bags. Two weeks after the
addition of B, the soil in each bag was thoroughly mixed, then before
planting poured into a plastic pot with a drainage hole.

Pistachio seeds were placed in muslin sacks and soaked in distilled
water for 24 h. Ten seeds were then pre-treated with 0.4% captan solution
and planted in each pot. When the plants were six weeks old, salt
treatments were imposed by adding aqueous solution of NaCl to the soil.
Desired NaCl levels were added in two equal parts on a 10-day interval.

Seedlings were thinned out to three per pot after nine weeks. Nitrogen and
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P were applied uniformly to-all pots at the rate of 50 pg g™! each, as
reagent grade NH,NO, and KH,PO,, respectively.

The experimental design was a completely randomized with treatment
combinations arranged in a factorial manner using three replicate. Pots
were irrigated periodically with distilled water to near field capacity by
weight with no leaching of salts from pots. The seedlings were grown from
March to October in a greenhouse with average day and night temperatures
of 34 and 14°C, respectively.

At the end of experimental period, the plants were harvested and
separated into shoot and root fractions. Roots were removed by washing the
entire bulk of soil from each pot on a 35-mesh sieve under running tap
water. They were further washed with distilled water. Shoots and roots
were dried at 70°C for 48 h, dry weights were recorded, and the tissues
were ground in a Wiley mill to pass a 40-mesh screen. Chloride was
measured by the method outlined by Chapman and Pratt (2). Boron
determinations were made by the curcumin procedure of Dible er al. (4).
Representative samples of shoots were dry-ashed and analyzed for Na by
EEL flame photometry. Nutrient uptakes were calculated by multiplying

weight of top dry matter per pot by nutrient concentration.
RESULTS AND DISCUSSION
Analysis of variance for the main effects of B and NaCl levels and
their interaction for growth responses and shoot ¢hemical composition are

shown in Table 1.

Growth

Shoot and root dry weights of the three pistachio cultivars as affected
by B and NaCl levels are shown in Tables 2 and 3. Shoot and root dry

weights decreased with increasing NaCl levels. This is in agreement
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Table 1.

Analysis of variance for various growth responses and chemical composition of three pistachio
cultivars under four levels of NaCl and six rates of soil applied boron,

Dry weight B in shoot Cl in shoot
Source df Shoot Root Concentration Uptake Concentration Uptake
Badami
NaCl(S) 3 1140.70" 135.10" 2092.8™ 1467 27.20 3708.8"
Boron(B) 5 2170" 673" 122575 0.510" 0.87 169.6
s XB 15 743" ao7™ 1147.0" 0110™ 054 2965
Error 48t 255 1.00 90.2 0.010 0.19 2905
Fandoghi
NaCl(S) 3 1240.20™ 89.70" 23817 391 45.30" 7919.1"
Boron(B) 5 12.00" 637 17877.7" 104" 250" 4723
S X B 15 4.65 171 6751 0.32"™ 230" 4317
Error 48 3.97 155 27738 0.07 0.35 430.2
Kale-ghoochi
NaCl(S) 3 1398.50" 157.70" 1160.0 430" 32.40" 25149.2"
Boron(B) 5 36.50"" 1690 10123.0 079" 016" 5328.3"
S X B 15 on®™ 197 194.9 0.34™ 0.83” a597.8™
Error 48 3.24 173 18.6 0.10 0.02 10227
*, **  Significant at p=0.05 and 0.01, respectively.

t  The degree of freedom is 48 for all growth criteria except for Cl concentration and Cl uptake which
is 47, 45 and 43 for Badami, Fandoghi and Kale-ghoochi, respectively.
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Table 2. Effects of added NaCl and B on shoot dry weight (g pot™!) of
three pistachio cultivars.

Added NaCl (ug/g dry soil)

Added B
(ng/g dry 0 1600 3200 4800 Mean
soil)
Badami
0 21.0 a" 143 b 3.0a 1.9 a 10.1 ab
10 19.8 ab 182 a 47 a 21a 112 a
20 20.3 ab 12.0 be 43 a 18 a 9.6 b
30 17.7 be 150 b 3la 21a 98 b
40 16.4 ¢ 13.8 bc 31a 23 a 89 b
50 13.6 d 114 ¢ 2.1 a 1.5a 72 ¢
Mean 11.1 A 141 B 34C 1.9D
Fandoghi
0 19.8 ab 14.2 a 58 a 18 a 10.4 ab
10 21.7 a 16.5 a 53a 2.7 a 11.6 a
20 204 a 16.4 a 2.4 ab 20 a 10.7 a
30 18.2 abe 155 a 55a 23 a 10.4 ab
40 17.0 be 150 a 3.8 ab 1.5a 9.8 ab
50 16.0 ¢ 16.4 a 13 b 15a 88 b
Mean 18.8 A 156 B 43 C 20D
Kale-ghoochi
0 19.1 a 17.7 ab 6.1 b 20a 11.2 b
10 232 a 19.7 a 5.6 be 22a 12.7 a
20 19.7 b 20.6 a 10.0 a 2.0-a 131 a
30 198 b 130 ¢ 2.8 cd 1.7a 9.3 cd
40 19.7 b 16.1 bc 3.9 bed 1.8 a 10.4 be
50 18.1 b 13.9 ¢ 1.7d 15a 8.8 d
Mean 199 A 168 B 50C 19D

*  Means followed by the same letter within each column (lower case
letters) and the row (capital letters) for each cultivar are not
significantly different at P=0.05 as determined by Duncan’s multiple
range test.
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Table 3. Effects of added NaCl and B on root dry weight {g pot™)) of
three pistachio cultivars.

Added NaCl (pg/g dry soil)

Added B
(ug/g dry 0 1600 3200 4800 Mean
soil)
Badami
0 8.67 a 637 b 297 a 0.90 a 473 a
10 7.27 abc 8.57 a 313 a 0.70 a 492 a
20 8.27 ab 417 ¢ 303 a 133 a 4,20 ab
30 5.57 cd 5.23 be 250 a 083 a 3.53 be
40 6.57 bc 6.23 b 2.70 a 0.97 a 4.12 ab
50 483 d 413 ¢ 1.87 a 0.80 a 291 ¢
Mean 6.86 A 578 B 270 C 092D
Fandoghi
0 6.77 a 6.73 a 1.97 a 0.57 a 401 a
10 6.00 ab 5.67 ab 1.20 a 0.87 a 3.43 ab
20 4.93 abc 370 b 183 a 087 a 2.83 be
30 4.40 be 5.20 ab 2.40 a 0.80 a 3.20 ab
40 377 ¢ 437 b 1.07 a 0.43 a 2.41 be
50 293 ¢ 420 b 0.37 a 0.43 a 1.97 ¢
Mean 480 A 498 A 147 B 0.66 B
Kale-ghoochi
0 7.87 a 8.87 ab 2.37 ab 2,10 a 530 a
10 7.80 a 943 a 2.77 ab 1.20 a 5.30 a
20 6.17 abe 6.83 be 383 a 1.23 a 452 b
30 6.43 ab 570 ¢ 1.50 ab 0.67 a 3.58 bc
40 5.00 bc 577 ¢ 1.13 b 0.70 a 3.15 cd
50 403 c 497 ¢ 0.40 b 0.30 a 243 d
Mean 6.22 A 6.93 A 200 B 1.03 C

*  Means followed by the same letter within each column (lower case
letters) and the row (capital letters) for each cultivar are not
significantly different at P=0.05 as determined by Duncan’s multiple
range test.



with results reported by others (8, 9, 11, 13, 14). However, shoot growth
suppression was more pronounced at the NaCl levels and it generally was
less severe with Kale-ghoochi than Badami and Fandoghi. In spite of shoot
growth reduction, no shoot injury was observed. There was a general trend
for a decrease in shoot and root dry weights of the three cultivars with
increasing B levels at 0 and 1600 pg g~' NaCl (Tables 2 and 3). Boron
addition generally had no significant effect on the shoot and root dry
weights of the three pistachio cultivars at the higher NaCl levels. This was
propably due to the fact that plant growth was severely suppressed at these
levels of salinity and consequently B addition could not further aggravate
the problem.

In the present study, it seems that shoot growth suppression of
Kale-ghoochi due to 50 pg B g™! was least at 0 salinity level and became
greatest at 4800 pg NaCl g™

Chemical Composition

Boron addition significantly increased the shoot B concentration of the
three cultivars (Table 4). Furthermore, the pistachio cultivars exhibited a
variable capacity to accumulate B from B fertilization. Mean shoot B
concentration of Fandoghi and Kale-ghoochi generally declined with
increasing NaCl levels (Table 4). A decrease in B concentration with
increasing salinity has also been reported by Chauhan et al.(3) in linseed.
This was especially true at 20 pg B g™ or higher rates.

Mean shoot Cl concentration of the three cultivars increased
significantly with NaCl application (Table 5). Furthermore, Fandoghi
accumulated higher CI than the others especially at the highest NaCl level.
The salt sensitivity of many cultivars is associated with the accumulation of
excessive concentration of Cl and sometimes Na in leaves (5). Mean shoot
Na concentrations of the three cultivars primarily increased as a function
of soil salinity and B addition had no effect on Na accumulation (Table 6).

Moreover, the shoot Cl concentration was higher than that of Nz
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Table 4. Effects of added NaCl and B on the B concentration (ug/g dry

wt. basis) in shoot tissues of three pistachio cultivars.

Added NaCl (ug/g dry soil)

Added B
(ug/g dry 0 1600 3200 4800 Mean
soil)
Badami
0 172 ¢* 126 d 83d 11.7 e 125 f
10 255 cd 12.2 d 83d 242 d 175 ¢
20 18.5 de 242 ¢ 242 ¢ 317 ¢ 246 d
30 269 ¢ 3l ¢ 242 ¢ 56.0 b 346 ¢
40 620 b 588 b 48.1 b 875 a 64.1 b
50 91.7 a 91.4 a 70.8 a 89.7 a 859 a
Mean 40.3 B 384 B 306 C 50.1 A
Fandoghi
0 8.3 10.0 ¢ 83c¢ 122 ¢ 9.7d
10 183 d 19.3 be 15.0 ¢ 21.2 ¢ 18.5 cd
20 54.7 ¢ 20.2 bc 25.0 be 16.8 ¢ 292 ¢
30 69.2 be 26.8 be 24.2 be 59.6 b 449 b
40 844 b 436 b 514 b 428 b 556 b
50 130.6 a 78.4 a 1373 a 120.6 a 116.7 a
Mean 609 A 331 C 43.5 BC 455 B
Kale-ghoochi
0 168 d 16.3 ¢ 135 ¢ 158 ¢ 156
10 26.5 d 21.7 be 22.7 ¢ 21.7 be 231 e
20 472 ¢ 23.0 be 272 ¢ 30.0 be 318 d
30 638 b 384 b 25.0 ¢ 373 b 41.1 ¢
40 69.6 b 556 a 58.1 b 714 a 63.7 b
50 137.3 a 60.4 a 146.7 a 63.2 a 1019 a
Mean 60.2 A 359 C 489 B 399 C

*

Means followed by the same letter within each column (lower case
letters) and the row (capital letters) for each cultivar are not
significantly different at P=0.05 as determined by Duncan’s multiple
range test.
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Table 5. Effects of added NaCl and B on the Cl concentration (% dry
wt. basis) in shoot tissues of three pistachio cultivars.

Added Added B (ug/g dry soil)
NaCl
(ng/g dry 0 10 20 30 40 50 Mean
soil)
Badami

0 0.15¢ 0.18 ¢ 022c¢ 022¢ 019 ¢ 020c 0.19c¢
1600 049c 042¢ 045c 041¢c 0.54 ¢ 058c 048c¢
3200 1.22b 1350 1.28b 198 b 1.79 b 162b 1540
4800 229a 234a 241a 345a 253 a 442a 291 a

Mean 1.04C 107C 1.09C 152 AB 126 BC 1.07 A
Fandoghi

0 013c 0270 028b 0260 0.26 ¢ 026 c 024c¢
1600 0.59 bc 0.73 b 061b 0690 0.56 ¢ 053¢ 062c¢
3200 1276 114b 121b 124b 203b  Sila 2.00b
4800 48 a 339a 255a 4.56a 428 a 368b 388a

Mean 1.07C 138BC 116C 1.69B 1.78 B 240 A
_ Kale-ghoochi

0 0.13d 027d 033c 018¢c 0.19d 014d 021d
1600 058c 055¢ 047¢c 070 b 0.40 ¢ 059¢ 0355¢
3200 1.39 b 161 b 257b 287a 3.48 a 345a 2560
4800 374a 316a 316a 273 a 249 b 246 b 29 a

Mean 146 B 140 B 1.64 A 162 A 1.64 A 1.66 A

* Means followed by the same letter within each column (lower case
letters) and the row (capital letters) for each cultivar are not
significantly different at P=0.05 as determined by Duncan’s multiple

range lest.



Table 6.

Effects of added NaCl and B on the Na concentration (% dry wt.) in the shoot tissues of the three
pistachio cultivars.

Added Added B (ug/g dry soil)
NaCl
(ug/g dry 0 10 20 30 40 50
soil)
* Badami
0 0.014 £ 0.003  0.009 £ 0.011  0.001 £ 0.002 0.014 £ 0.000 0.014 + 0.000 0.13 =+ 0.003
1600 0.89 +0.019 078 +£0.019 0.102 £0.026 0.100 + 0.029  0.152 + 0.052 0.127 + 0.037
3200 0.455 £ 0.043 0380 £ 0.041  0.483 £ 0.083  0.423 £ 0.059  0.633 + 0.067 T
4800 1.195 £ 0.036  1.033 £ 0.048 t 1.313 + 0.107 1.025 £ 0.086  2.164 + 0.056
Fandoghi
0 0.011 £ 0.000 0.011 £ 0.001 0.011 £ 0.001 0.013 £+ 0.001 0.010 £ 0.000 0.016 + 0.002
1600 0.101 £0.023  0.138 £ 0.074 0.082 £ 0.015 0.123 £ 0.029  0.108 + 0.050  0.095 + 0.006
3200 0.552 £0.024  0.432 £ 0.069  0.050 £ 0.013  0.617 £0.022  0.333 + 0.015 i
4800 2.85 £ 0.240 1.887 + 0.244 ¥ 1.700 + 0.433 2.227 £ 0.153 +
Kale-ghoochi
0 0.012 £ 0.001  0.011 £0.001  0.012 £0.002 0.011 £0.002 0.011 + 0.001 0.013 + 0.004
1600 0.102 £ 0.029  0.104 + 0.041  0.058 £ 0.003  0.058 + 0.008  0.067 +0.023 0.072 + 0.009
3200 0.568 £ 0.174  0.034 £ 0.007  0.044 + 0.006 t 0.123 £ 0.063 i
4800 1.707 +£ 0.463  0.497 £ 0.017 t 0.967 £ 0.281  2.017 £ 0.317 T

t  Due to inadequate dry matter, it was not possible to determine Na concentration.
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at each salinity and for each cultivar. However, the magnitude of this
difference diminishes with each increase in applied NaCl concentration. In
other words, the shoot Na concentrations were only slightly less than CI
concentrations at the highest salinity. This is in agreement with the
findings of Maftoun et al. (7) in soybean (Glycine max L. Merr.) and
Sepaskhah and Maftoun (11) in pistachio. Lessani and Marschner (6)
reported that the Cl concentration varied in various salt-stressed crops,
excepting sugar beet (Beta vulgaris L. where Cl concentrations were
always higher than Na. Bernal et al.(1) suggested that the higher Cl than
Na uptake in salt-stressed crops could be responsible for growth
suppression by reducing the uptake of NOs-N.

Boron fertilization enhanced shoot B uptake by the three cultivars at
four salinity levels (Table 7). However, an increase in B uptake was more
pronounced at 0 and 1600 pg NaCl g™' and Fandoghi and Kale-ghoochi
accumulated more B than did Badami at 20 or higher pg B g™'. Shoot B
uptake was suppressed with NaCl addition (Table 7). Salinity up to
1600 pg NaCl g™ significantly increased the shoot Cl uptake by the three
cultivars (Table 8). Higher salinity reduced the Cl uptake. However, in
Kale-ghoochi, increasing NaCl level up to 3200 pg g™' generally increased
the shoot Cl uptake.

Relative Growth Analysis

Attempts were made to evaluate relative shoot growth with respect to
shoot B concentration of the three pistachio cultivars at 0, 1600, 3200 and
4800 pg NaCl g™'. The estimated regression equations are shown in
Table 9. Equations are shown only if the regression was significant at the
10-20% level. Thus for Badami at 4800 ug NaCl g, no regression
equation was given. The rate of shoot relative yield reduction per unit
increase in the shoot B concentration (slope) was increased by NaCl

addition.
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Table 7. Effects of added NaCl and B on the B uptake (mg pot™) by three pistachio cultivars.

83

_ Added Added B (pg/g dry soil)
NaCl
(ug/g dry 0 10 20 30 40 50
soil)
Badami
0 0.36110.0104 0.507+0.528 0.376+0.0381 0.376+0.1065 1.02040.0515 1.24910.206
1600 0.177+0.0051 0.222+0.0395 0.29410.0654 0.46340.0266 0.8131+0.0439 1.047+0.118
3200 0.02740.0119 0.039£0.0113 0.10840.0340 0.072+0.0075 0.15240.0425 0.14610.023
4800 0.02210.0064 0.050+0.0033 0.058+0.0100 0.119+0.0384°  0.198+0.0231 0.11310.017
Fandoghi
0 0.166+0.0193 0.403+0.0784 1.15240.377 1.267+0.2900 1.41410.1788 2.11410.460
1600 0.14110.0161 0.315+0.0326 0.33240.0378 0.40240.0244 0.650+0.778 1.25540.292
3200 0.048+0.0032 0.079£0.0167 0.1031+0.0142 0.135+0.0419 0.191+0.0180 0.170+0.019
4800 0.022+0.0026 0.059+0.0143 0.03440.0044 0.134+0.0094 0.06510.0061 0.17940.034
Kale-ghoochi
0 0.322+0.0133 0.0614+0.0346 0.930+0.0890 1.249+40.0514 1.365+0.0442 2.409+40.187
1600 0.289+0.0081 0.427 +0.0234  0.47310.0173 0.49240.0216 0.890+0.0427 0.83840.035
3200 0.081+0.0090 0.122 +0.0251 0.269+0.0369 0.069+0.0319 0.228+0.0389 0.260+0.140
4800 0.0321£0.0086  0.048 +0.0073  0.058+0.0138 0.063+0.0075 0.129+0.0072 0.09310.008
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Table 9. The relationship between relative shoot dry weight (Y, %) and B concentration in the shoot (X, pg
g™ giving 25 and 50% reduction in the growth.

Added
NaCl B concentration in
(ug/g) shoot( pg/g dry wt) at
Cultivars dry Equation r 25% growth  50% growth
soil reduction reduction
Badami 0 Y=100-0.43 (X-8.9) - 0.954" 67 125
1600 Y=100-0.41 (X-41.2) - 0.676% 102 163
3200 Y=100-0.27 (X-47.2) - 0.798° 67 87
4800 @ @ @ @
Fandoghi 0 Y=100-0.22 (X-38.1) - 0.879" 152 265
1600 @ @ @ @
3200 Y=100-0.58 (X-0) - 0.963™ 43 86
3800 Y=100-0.39 (X-80.9) - 0.562% 146 209
Kale-ghoochi 0 Y=100-0.19 (X-95.1) - 0.819° 227 358
1600 Y=100-0.80 (X-32.5) - 0.747% 64 95
3200 Y=100-0.58 (X-17.9) - 0.598% 61 104
4800 Y=100-0.41 (X-23.5) - 0.736% 85 146

**, * §  Significant at 1%, 5% and between 10 to 20%, respectively.

@ The regression equations were not given due to nonsignificant correlation coefficients.
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According Lo the regression equations shown in Table 9, in nonsaline soil,
a 50% reduction in shoot growth of Badami, Fandoghi and Kale-ghoochi
was associated with B concentrations of 125, 265 and 358 pg g",
respectively. The values for Fandoghi and Kale-ghoochi at 4800 ug NaCl
g”' were 209 and 146 ug B g”'. This means that in nonsaline soil, Badami
is quitc morc sensitive to cxcess B than Fandoghi and Kale-ghoochi,
whereas Fandoghi is more tolerant to B than Kale-ghoochi under high

salinity.
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