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Table 1. Some physical and chemical characteristics of the studied soil.

lac
7.63 oS
pH
. S el LB
EC (dSm™)
X S esb
Sandy Loam Soil texture
29.4 505
Total N (%)
T [ L‘
0.5 S
Organic matter (%)
18 sy e b
Field capacity (% W)
7 Jolee pds ol 5
Calcium carbonate equivalent (%)
oslaial B aud
5.61 S A
Olsen phosphorus (mg.kg™")
100 ooyl Sl b odis ;Seslae ol
1 M NH4OAc-extractable K (mg.kg™)
0 88 DTPA Lv aﬁéﬂs/ww o
' DTPA-extractable of Cu (ug.g 'soil)
05 DTPALaM&I‘S/aJW&SJJ
' DTPA-extractable of Zn (pg.g'soil)
)65 DTPA L eiis ,Se las al
' DTPA-extractable of Fe (ug.g'soil)
49 DTPALaM&I‘S/aJL&JKw

DTPA-extractable of Mn (ug.g 'soil)
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Table 2.a. Analysis of variance for different effects of nitrogen, salinity and benzyl adenine on growt and

physiological parameters.

Dlagye S0

(Mean of squares) bl s s Gt'“
S 0 (Degree of freedom) (Sources of variations)
B s ks b Lés ks a Jby s _
LS s
0.24%%* 0.018** 2.261%** 33.37%* 1 o
(Salinity)
s Lo
2.149%* 0.107%* 0.457%* 55.14* 2 3l
(Benzyl adenine)
1.456%* 0.383%** 1.501%** 47.55%%* 1 e
(Nitrogen)
Sosl sy % b
0.016* 0.001™ 0.019% 1.94% 2 Gl ¥ o5t
(Salinity*Benzyl adenine)
D s % o asl L
0.018* 0.006* 0.030%* 4.8+ 2 D397 * L3l e
(Benzyl adenin*Nitrogen)
g
" " " o Dsie # Sops
0.024 0.008 0.062 4.17 1
(Salinity *Nitrogen)
D5 sl g s b
0.0006™ 0.0001"™ 0.021* 0.263"™ 2 D597 # LRl i ¥ S
(Salinity*Benzyl adenin*Nitrogen)
o
0.004 0.005 0.001 0.590 24
(Error)
Ol s 5
358 6.04 5.31 2.89 S
(Cv)

.)‘3&”}}“)3@‘M)JWQCE»A)Q)‘J&M\.‘/{;J;A{"S} ‘

*, ** are significant at 1 and 5% probability level, respectively and ™ not significant.
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Table 2.b. Analysis of variance for different effects of nitrogen, salinity and benzyl adenine on growt and

physiological parameters.

Olagye S0k

(Mean of squares) eolsT am Sl il
slans X " < (Degree of freedom) (Sources of variations)
IR Fy/F L5559,
Jsls
28994 14%* 10745%+ 0.058** 0.069** 1 o
(Salinity)
T L
257879+ 1922+ 0.043%* 0.201** 2 ol
(Benzyl adenine)
597482%* 5608%* 0.123% 0.165%* 1 Nl
(Nitrogen)
ST L # eyt
16072% 142% 0.004%* 0.005* 2 ool # o
(Salinity*Benzyl adenine)
Siaes e o] L
15282% 152% 0.017% 0.0227% 2 933 % el
(Benzyl adenin*Nitrogen)
62187+ 267% 0.002* 0.01% 1 o3sw ® Soxe
(Salinity*Nitrogen)
. . . OS5 # sl Ly # (o)
3256™ 4833 0.004%* 0.0003™ 2 5o ool F o
(Salinity*Benzyl adenin*Nitrogen)
o
4487 41.738 0.004 0.001 24
(Error)
ol pns 5
8.87 7.818 2.93 6.23 G
(Cv)

.)‘;W}}M};@EM);QQCE—-A);)‘;W%;A—!"S}

*, ** are significant at 1 and 5% probability level, respectively and ™ not significant.

Ay Sy S Kl O3y sl e 5 S 4 add AL ook LS S oy Y Jpur

Table 3. Interaction of sodium chloride added to the soil and benzyl adenine on total dry weight of pistachio

3

seedlings.
oSl Benzyl adenine levels (mg.L™") SE 4 el BLSI ey IS 7 shan
NaCl levels (mg NaCl kg™ soil)
500 250 0
S Ko 03
Plant dry weight (g.pot™)
9.35A 10.79% 9.87° 7.41° 0
7.43B 9.36° 8.38¢ 4.55° 2000
10.07A 9.12B 5.98C val'ﬂ

I gl e gl (STl Qj,aj Loy 0 Cla”“ﬁ Osiw b sy o 150 S e iy > (lyls L;Laa.()l.:a
Averages with common letters in each row or column are not significantly different at level of 5% according to Duncan test.
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Table 4. Interaction of nitrogen and benzyl adenine on dry weight of pistachio seedlings.

sl e sl o

Sl Benzyl adenine levels (mg.L™") B35 ot
Nitrogen levels (mg kg™ soil)
500 250 0
EJETETY
Plant dry weight (g.pot™)
7.24B 8.95¢ 8.08" 4.69" Aals e
9.54A 11.20° 10.16° 7.26° 100
10.07A 9.12B 8.98C Q:—Ql:-‘

LI gl sme sl (STl O ge3 Aesys 0 305 b sy a3 S i Uy o clyls glan Sla
BLRCPLIP s Sl D D2 Oy b3 Dasnsl b s,

Averages with common letters in each row or column are not significantly different at level of 5% according to Duncan test.

12 -
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0 - i
0 2000

-
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=

NaCl (mg NaCl kg! soil)
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Figure 1. Interaction of sodium chloride added to the soil and nitrogen on dry weight of pistachio seedlings.
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Table 5. Interaction of sodium chloride added to the soil, benzyl adenine and nitrogen on chlorophyll a

(mg/g fw) concentration of pistachio seedlings.

ool by o

Benzyl adenine levels (mg.I™)

0535 s
Nitrogen levels (mg kg™ soil)

Skt 4 el wslsl ﬁ.x.w.x.;gs C)l:..»
NaCl levels (mg NaCl kg™ soil)

500 250 0

1.32¢ 1.23° 1.04f 0 0
1.84° 1.72° 1.51° 100 0
0.95¢ 0.76" 0.63" 0 2000
1.344 1.23° 0.74" 100 2000

I gl e gl (o STls ()yﬂ Loy 0 Clahﬂﬁ Osw b sy 8 0 S i Uy > L;l)\géua.{}hf
Averages with common letters in each row or column are not significantly different at level of 5% according to Duncan test.
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B S oS58 50 Ol e S ke V0

N
~
1

b Jess
chlorophyll b (mg/g fw)
o
to

(=)

0 250 500

ol
benzyl adenine (mg.I™")

b Lssks
chlorophyll b (mg/g fw)

S Rl e ml a g L

2ol 5 03558 Deees 5 05555 5 Sosd
bl (G =Y Jde) s S s ms b s S
Odd Hai bl =Y IS8) e, Sle anns e =W
IS Bl 055 55 Gae e 5 S2S L
LS = 5 S axlse o, VY als L b
Sb e SHhS 0 03 eSSk Ve G
b Jbsls chle b b S s

g bloks

B S oSS 55 035 p Ske Ve
1 -

S
e}
1

(=)
[e)}
1

N
B~
1

[e]
\S)
1

2000
Ak S

NaCl (mg NaCl kg'! soil)

g sdlgls b Jd, )8 clale (&) u._a:]‘)a_ﬂ 585958 9 () V3955 9 S 40l LS ﬁ.\..o.\e,ls S =Y Jsa
Figure 2. Interaction of sodium chloride added to the soil and nitrogen (a) and nitrogen and benzyl adenine (b)
on chlorophyll b concentration of pistachio seedlings (mg/g fresh weight).
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Table 6. Interaction of sodium chloride added to the soil and benzyl adenine on total chlorophyll and

carotenoids concentration of pistachio seedlings.

ool sk
ol Benzyl adenine levels (mg.I™) S 4 0l LS sy JS - sl
NaCl levels (mg NaCl kg™ soil)
500 250 0
S ds s
total chlorophyll (mg/g fw)
2.22A 2.35° 2.21° 2.10° 0
1.75B 1.98° 1.88° 1.39 2000
2.16A 2.05B 1.75C oSSl
b 535,
carotenoids (mg/g fw)
0.67A 0.76" 0.74* 0.50° 0
0.58B 0.68° 0.61° 0.45° 2000
0.72A 0.67B 0.48C oSSl

I gl e gl (STl ()}oﬂ Ao y3 0 Clahﬂ)z Osw b sy 8 0 S i Uy > L;b\;él.ha.{}hf
Averages with common letters in each row or column are not significantly different at level of 5% according to Duncan test.
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Table 7. Interaction of nitrogen and benzyl adenine on total chlorophyll and carotenoids concentration of

pistachio seedlings.

il Benzyl adenine levels (mg.I™) O35 g
o Nitrogen levels (mg kg™ soil)
500 250 0
Js Js ks
total chlorophyll (mg/g fw)
1.78B 1.95° 1.83¢ 1.57° 0
2.19A 2.38° 2.26° 1.92° 100
2.16A 2.05B 1.75C oSl
o 555,18
carotenoids (mg/g fw)
0.56B 0.63¢ 0.58¢ 0.46° 0
0.69A 0.82" 0.76° 0.50° 100
0.72A 0.67B 0.48C oSl

L (s e sl (STl O se3T A5 0 o 53 Ot b oz a3 S ke Sy glls gla Sl
Averages with common letters in each row or column are not significantly different at level of 5% according to Duncan test.
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Figure 3. Interaction of sodium chloride added to the soil and nitrogen on total chlorophyll (a) and carotenoids

(b) concentration of pistachio seedlings.
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Table 8. Interaction of sodium chloride added to the soil, benzyl adenine and nitrogen on Fv/Fm ratio of

pistachio seedlings.

ool by o

Benzyl adenine levels (mg.L™)

0535 s
Nitrogen levels (mg kg™ soil)

Skt 4 el wslsl (,i,u,g;s C}l:..»
NaCl levels (mg NaCl kg™ soil))

500 250 0
0.8133° 0.7933° 0.7466° 0 0
0.8566" 0.8133° 0.7464° 100 0
0.6500° 0.5933" 0.5100® 0 2000
0.7366° 0.7166° 0.7066° 100 2000

L (gl e sl (STl O se3T A5 0 o 53 Ot b oz a3 S ke Gy glls gla Sl
Averages with common letters in each row or column are not significantly different at level of 5% according to Duncan test.
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Table 9. Interaction of sodium chloride added to the soil and benzyl adenine on leaf proline concentration of

pistachio seedlings.

ol e L

Sl Benzyl adenine levels (mg.I™) SL o Gl ey IS e

NaCl levels (mg NaCl kg™ soil)
500 250 0
Ssn
Proline (ug/g fw)
65.3B 76.8° 63.4° 55.7° 0 (ECe=2/1)
99.9A 112.3° 104.3° 82.9° 2000 (ECe= 12/4)
94.5A 83.9B 69.3C oSSl

A (sl e oles (Sl [)j,«j Loy 0 Ck”d); Osw b sy 8 0 S i Uy > L;l)l;L;Lhai}l.f
Averages with common letters in each row or column are not significantly different at level of 5% according to Duncan test.
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Table 10. Interaction of nitrogen and benzyl adenine on leaf proline concentration of pistachio seedlings.

oSl Benzyl adenine levels (mg.I™) Gis i e
Nitrogen levels (mg kg™ soil)
500 250 0
R
Proline (ug/g fw)
70.1B 80.5° 68.9° 60.9° 0
95.1A 108.6" 98.8" 71.7° 100
94.5A 83.9B 69.3C AN

I (gl e sl (o STls O e3T s ys 0 o 53 Ot b oz a3 S ke Gy glls gla Sl
Averages with common letters in each row or column are not significantly different at level of 5% according to Duncan test.
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Figure 4. Interaction of sodium chloride added to the soil and nitrogen on leaf proline concentration of

pistachio seedlings.
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Table 11. Interaction of sodium chloride added to the soil and benzyl adenine on leaf soluble sugars
concentration of pistachio seedlings.

ool s e

Sl Benzyl adenine levels (mg.L™") Sbt gy ol ALSI @y IS - shas

NaCl levels (mg NaCl kg™ soil)
500 250 0
Jsloes (glans
soluble sugars (pg/g fw)
857B 1042 850° 677" 0 (ECe=2/1)
1424A 1543° 1406° 1323° 2000 (ECe= 12/4)
1293A 1128B 1000C oSSk

L (s e sl (STl O ge3T Ao ys 0 o 53 Ot b oz a3 S ke Gy ghls gla Sl
Averages with common letters in each row or column are not significantly different at level of 5% according to Duncan test.
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Table 12. Interaction of nitrogen and benzyl adenine on leaf soluble sugars concentration of pistachio seedlings.

oSl Benzyl adenine levels (mg.I") Qs fe Cfb”'
Nitrogen levels (mg kg™ soil)
500 250 0
Jsloes (glans
soluble sugars (pg/g fw)
1012B 1133°¢ 991¢ 911° 0
1269A 1452° 1265 1090° 100
1293A 1128B 1000C oSl

A (sl e olis (Sl [)j,«j Loy 0 Ck”d); Osiw b sy 8 550 S e Uiy > (lyls Lguai}l:.a
Averages with common letters in each row or column are not significantly different at level of 5% according to Duncan test.
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Figure 5. Interaction of sodium chloride added to the soil and nitrogen on leaf soluble sugars concentration of

pistachio seedlings.
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Table 13. Interaction of sodium chloride added to the soil and benzyl adenine on shoot and root K/N ratio of

pistachio seedlings.

JJJJ{F’ CJJM Sk Ll Lol s
ool Benzyl adenine levels (mg.1") 4 okt Gl b IS C)JM
NaCl levels (mg NaCl kg™ soil)
500 250 0
il el K/Na s
shoot K/N ratio
2.75A 3.98° 2.97° 1.29¢ 0
1.00B 1.32¢ 1.09¢ 0.60° 2000
2.65A 2.03B 0.59C oSk
i, K/Na e
root K/N ratio
1.55A 2.10° 1.76° 0.80¢ 0
0.81B 1.09¢ 0.92¢ 0.42° 2000
1.59A 1.34B 0.61C oSl

L (s e sl (STl O se3T Ao ys 0 o 53 Ot b oz a3 S ke Gy ghls gla Sl
Averages with common letters in each row or column are not significantly different at level of 5% according to Duncan test.

00 G bl ols fals Jals a4 o (1> one
Oxd s e 53 sl A s S ke
ol Ca/Na ool als s> cudly Low
(aL,\.:\ Ca/Na k:M.w.: 4.(.1.: LJJ3<.5 b 4..;.1) 9 Lﬁ‘)’h
Gl Lo 3 00 5 b Ll ga |y s, 5 alee

Sl Gl sl aals

eIl s (Ca/Na) w4 oedS” Clile o
3 Soxt Senn bodaly o oady, g alee
b8 amd Ol e CaNa s b ool b
Sk Y e e S10E Jaan)
plu! Ca/Na .. (S Dijlﬁs BERPNE WL

osba Ao VY 5 V) Coga ) Ad) 5 alse

Ay sladlgils 4y 5 plse gl Ca/Na oo 5 O,_J;U;_}g 5 S @ el Wl f_.x....n_,ls u:.'sv.a,:—\i MPRES
Table 14. Interaction of sodium chloride added to the soil and benzyl adenine on shoot and root Ca/Na ratio of

pistachio seedlings.

ol e Sl 5 il
ool Benzyl adenine levels (mg.1") 4 o BB ey IS sl
NaCl levels (mg NaCl kg™ soil)
500 250 0
il el Ca/Na o
shoot Ca/Na ratio
1.45A 2.18* 1.33° 0.83¢ 0
0.95B 1.16° 0.96¢ 0.74" 2000
1.67A 1.14B 0.78C oSl
4y, Ca/Na o
root Ca/Na ratio
2.89A 3.94° 2.89° 1.82¢ 0
2.20A 2.83° 2.36° 1.42° 2000
3.39A 2.62B 1.62C oSl

A (sl e olis (Sl [)j,«j Loy 0 Ck”d); Osiw b sy a0 S e iy > (glyls L;Laa.{}l.f
Averages with common letters in each row or column are not significantly different at level of 5% according to Duncan test.
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Abstract

Background and Objectives: Soil and water salinity is considered an important limiting factor for
growth in many parts of the world especially in arid and semi-arid areas. Plant growth is restricted
by salt stress like many other abiotic stresses. According to the relative tolerance of pistachio plant
to salinity and large areas of saline soils in the country, it seems that pistachio is a suitable plant for
cultivation in these areas. Since the production and activity of plant hormones such as cytokinins is
influenced by environmental stresses and nutrient elements and considerig the soil salinity of
pistachio orchards in kerman province and the important role of nitrogen in the production and
exportation of cytokinin from roots to shoots this research for the first time investigates the role of
benzyl adenine hormone (cytokinin) and nitrogen under salt stress on physiological parameters and
osmotic regulators of pistachio seedlings (Pistachia vera L.).

Materials and Methods: In order to evaluate the effect of different levels of nitrogen and benzyl
adenine on some physiological and osmotic regulators parameters of pistachio seedlings, cv. Badami
Zarand in saline conditions (sodium chloride), a factorial experiment was carried out in a completely
randomized design with three replications in the greenhouse. Treatments were consisted of salinity
(0 and 2000 mg NaCl per kg soil), nitrogen (0 and 100 mg N kg soil as NH;Nos) and benzyl
adenine hormone (0, 250 and 500 mg 1™).

Results: The results showed that application of 500 mg per liter benzyl adenine under salt stress
increased dry weight of plant more than 2 folds compared to control. Also, with increasing salinity,
the content of chlorophyll a, chlorophyll b and total chlorophyll was decreased. However application
of nitrogen and benzyl adenine together, increased these parameters by 77, 72 and 52 percent,
respectively. Also, carotenoids are affected by the treatments were increased by 78 percent.
Although salinity reduced chlorophyll fluorescence index 31 percent, the application of nitrogen and
500 mg per liter benzyl adenine together could improve somewhat the effects of salinity and
increased this photosynthetic parameter by 43 percent. Also, the results showed that proline and
soluble sugars contents (osmotic regulators) increased with application of nitrogen and benzyl
adenine (500 mg per liter), but combined application of these treatments increased osmotic
regulators content by 78 and 59 percent compared to control, respectively. The ratio of K/Na and
Ca/Na were also significantly reduced with increasing salinity, but application of 500 mg per liter
benzyl adenine increased these parameters by 100 and 40 percent, respectively.

Conclusion: According to the results, it is concluded that the nitrogen and benzyl adenine with
improving of physiological and osmotic regulators parameters, increased the ability of pistachio
seedlings to resistance to salinity stress and thus recommended to performe this test on maturity
pistachio trees and if increase the quality and quantity of product to be recommended to farmers.

Keywords: Carotenoids, Chlorophyll, Chlorophyll fluorescence, Proline, Soluble sugars

* Corresponding Author; Email: vmozafary@yahoo.com

Yy






