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Table 1- Analysis of variance of desired traits in this study
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ry ry concentration  concentration
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Sk 2 - ® 40367 ™ 26.09 ™ 0.00031 ™ 0.01057 ™ 0.0199 ™
Block 0.0160 0.0355 : : : : :
o B 2 601 35803 6205866 34951.14" 0.07187" 0.71797" 740.4047"
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5Ll ol
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ns, * and **, insignificant, significant in p<0.05 and p<0.01, respectively
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Table 2- Some of results of soil chemical and physical properties before when the treatment apply
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Table 3- The effect of Boron application on yield and Boron concentration in pistachio, Badami- zarandi variety in pre

treatment
53y il 53y ke 33y il
” Sld pjy S pjy Sl iy pF e S a e el e ey,
29 c _ & . s e - - -
Boron X Sr el e -ady, eSS PRMS 2 pSMS mpeS
(mg/kg) Leafdry  Stemdry  Rootdry Leaf boron Stem boron Root boron
weight(gr) weight(gr) weight(gr) concentration  concentration  concentration
(mgrkg) (mgrkg) (mg/kg)
0 293a 31lla 3.72a 74.29¢ 16.55¢ 8.72¢c
10 290a 254b 256b 100.58 b 21.71b 14.77b
40 1.25b 167c 1.60c 148.85a 27.53a 31.97a

13lion b 0Sike (o )l gl pae tae 4 S0 Jlai] e )3 (S35 90l sl 2 st )3 e B>
Numbers followed by the same letter are not significantly different (p<0.05)
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Table 4- The effect of Boron application on yield and Boron concentration in pistachio, Badami- zarandi variety
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Boron Shoot dfr- weight Shoot Boron Root Boron Soil Boron
(ma/kg) weight (g?'/) @n) concentration concentration concentration
(ma/kg) (mglkg) (mg/kg)
0 3.72a 228a 43.05¢ 8.46¢C 0.39C
15 3.25b 1.75b 87.69b 35.11b 352b
30 245c 1.50 ¢ 122.07 a 56.02 a 10.61 a
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Numbers followed by the same letter are not significantly different (p<0.05)
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Figure 1- The effect of Nitrogen on increasing of length growing of plant and number and area of leaves
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Figure 2- Shoot's dry weight in different levels of Boron and Nitrogen (0B, 15B, 30B indicate levels of 0, 15, 30 mg/kg Boron,

respectively, and ON, 1N, 2N indicate levels of 0, 250, 350 mg/kg Nitrogen, respectively. On based of Duncan test, the same
letter are not significantly different (p<0.05))



YVV g5 ool o) sty Lol 35 192 Soomw S 1 (35955 95,5 il oyt

3
a
=25
x &
=l
:2 =1 2 NO
% B LS
,3 = * N1
G - |1 % N2
> 3
205
0

Tobw 02083 GLS i 5 4 ¥+ B V0B +B) (59,0 9 192 sl low clliSen Zgkamw )3 dleny (55— (I3l 08 iy ) Sl (39 -V S
2 055 05 aa ¥Oo 500 (o 33)l5 2 shans 0id (Ui a3 & TN AN (o N 5 S8 0,558 )3 190 0.5 oo To 510 (5o 30,18
(Wb o0 L""O'ni-;la“ O I3 e Ll pus e 4y 70 Jlodin | gbaw 55 S515 y903] (wlu! p dslilio gy il o0 SB 0,5 5bS
Figure 3- Root s dry weight in different levels of Boron and Nitrogen (0B, 15B, 30B indicate levels of 0, 15, 30 mg/kg Boron,

respectively, and ON, 1N, 2N indicate levels of o, 250, 350 mg/kg Nitrogen, respectively. On based of Duncan test, the same
letter are not significantly different (p<0.05))
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Figure 4- Shoot's Boron concentration in different levels of Boron and Nitrogen (0B, 15B, 30B indicate levels of 0, 15, 30

mg/kg Boron, respectively, and ON, 1N, 2N indicate levels of o, 250, 350 mg/kg Nitrogen, respectively. On based of Duncan
test, the same letter are not significantly different (p<0.05))
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Figure 5- Root's Boron concentration in different levels of Boron and Nitrogen (0B, 15B, 30B indicate levels of 0, 15, 30 mg/kg

Boron, respectively, and ON, 1N, 2N indicate levels of 0, 250, 350 mg/kg Nitrogen, respectively. On based of Duncan test, the
same letter are not significantly different (p<0.05))
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Figure 6- Shoot's Boron uptake in different levels of Boron and Nitrogen (0B, 15B, 30B indicate levels of 0, 15, 30 mg/kg
Boron, respectively, and ON, 1N, 2N indicate levels of o, 250, 350 mg/kg Nitrogen, respectively. On based of Duncan test, the
same letter are not significantly different (p<0.05))
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Figure 7- Root's Boron uptake in different levels of Boron and Nitrogen (0B, 15B, 30B indicate levels of 0, 15, 30 mg/kg

Boron, respectively, and ON, 1N, 2N indicate levels of o, 250, 350 mg/kg Nitrogen, respectively. On based of Duncan test, the
same letter are not significantly different (p<0.05))
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1- Blevins D.G., and Lukaszewski K. M. 1998. Boron in plant structure and function. Annual. Review of plant

physiology and plant molecular biology, 49: 481-500.
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Introduction: Boron is one of the seven essential microelements for the natural growth of plants. The
toxicity of this element occurs in arid and semi-arid regions, which is because of its high level in soils and the
irrigation water of mentioned regions. The aim of this study was to evaluate the effect of nitrogen application on
boron toxicity tolerance in pistachio, Badami-Zarand variety. The effects of three nitrogen levels (0, 250, and
350 mg/kg of sail) on the reduction of toxicity due to the three levels of boron (0, 15, and 30 mg/kg of soil) were
examined in Badami-Zarandi variety of pistachio under greenhouse conditions. After 7 months from sowing the
seeds, pistachio seedlings were harvested and desired traits were measured. The results showed that by
increasing boron application level, boron concentration in the shoot and root of seedlings increased whereas their
dry weight decreased. Using of nitrogen reduced the negative effects of boron on the dry weight and led to
increase dry weight and decrease boron concentration in the shoot and root of pistachio, Badami variety.
Nitrogen application at the levels of 250 and 350 mg N per kg of soil reduced boron uptake in shoots by
reinforcing plant vegetative system and increasing chlorophyll content by 13.5% and 30.2%, respectively and
finaly led to diluted boron concentration in the plant (dilution effect) and reduced the effects of boron toxicity.
Hence, optimized nitrogen application is suggested as one of the management methods in controlling Boron
toxicity under these conditions.

Materials and Methods: A factorial experiment based on randomized complete block design with four
replications was carried out. Soil sampling was done in 0-30 cm depth in a zeekzack way from a pistachio
garden that located in mahmoodiye area in Rafsanjan. The soil sample was air-dried and passed through a 2mm
sieve. The soil chemical and physical properties were measured. In this study, badami-zarand cultivar seed was
used because it is one of the most important pistachio cultivars. The seeds were soaked in water for 24 hours and
disinfected by benomyl fungicide. When the seeds germinated, they were planted in the pots containing 4.5 kg
soil and without drainage, so nutrients balance was kept during growing period. After 7 months, the seedlings
were harvested and B was measured.

Results and Discussion: The results showed that increasing the boron levels from 0 to 30 mg kg-1 led to
decrease shoot dry weight from 3.72 to 2.45 gram and root DM from 2.28 to 1.50 gram. Increasing 30 mg kg-1
boron led to 2.8 times increase of shoot boron concentration. The averages of shoot boron concentration in the
levels of 15 and 30 mg kg-1 boron were 87.6 and 122 mg kg'DM, respectively. The boron toxicity level in
Badami-Zarand cultivar is 8.9 mg kg-1 DM (Sepaskhahet al, 1994), so these levels were the cause of boron
toxicity and boron toxicity symptoms were seen as leaf burn, often at the margins and the tips of older leaves.

The results showed that increasing nitrogen levels led to decrease shoot boron concentration and increase
their weight. The results also showed a significant negative correlation between the nitrogen levels and boron
uptake. Boron uptake in the shoots of  seedlings about 13.5 and 30.2 percent decreased when nitrogen levels
increased. Shoot dry weight decreased when boron application increased, but it increased when nitrogen was
used (Koohkan and Maftoun, 2009).

Conclusion: The reduction of dry weight and increasing boron concentration occurred when increased boron
application. The Maximum of boron uptake was seen by leaves, and boron toxicity symptoms were appeared as
leaf burn especialy at the tips and margins of older leaves. Since, boron is immobile in pistachio; it is absorbed
by mass flow, so the accumulation of boron at older leaves is persuaded. Nitrogen reduced the bad effects of
boron on dry weight and the bad effects of increasing boron concentration by the synthesis of chlorophyll, so it
was more useful in shoot than root. Boron uptake was also reduced by nitrogen application. This effect of
nitrogen is probably concerned to the increase of dry weight more than boron concentration (Dilution effect). On
the other hand, nitrogen caused to increase leaf index and increase the number of seedling leaves. The injured
leaves due to boron toxicity were restored, because of high leaf chlorophyll. It is suggested that this study will be
done under field conditions for fertilizer application recommendations and to be used for creation of tolerant
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cultivars of pistachio.

Keywords: Abiotic Stress, Boron Toxicity, Nitrogen, Pistachio



