VWAA 50l o o)led ¥ al> S o) wliiss

3 ey 3 pd 0 (o) ST 519 5 Srogh sl el i
PR SWESWET LIE 5P VR T 1Y | PR CRPS LSO L P YT KU S )

oo ly olawl 31 *F 6320 po¥lowe ! gauisy pol
OYAV/ 01 A o pds g6 AA R ARV Rt PR )

ouS

5ldue asb e olpl Siddes § Sias Gblino S 0 ain oy 5 o, saiSsgame sdes ele Ol dgueS
5 Sy SaalaSs; « olsa pluil 5 o) o) Gla Sy rSresn dend sl 028 Sl ) raghy ol
Gilesl Sygons S 0 ey (al e S i lulid o aiy ol by pely 5 jaed Qi
Sl sl 9 ((ol)y Sedyb do 0 Fe g uo s Fewo )3 Ar b ald) mhaw a0 (SaS a5 )9S 9o b Sl
e 3 shols JalS laS sl 2, B 5 (S5 o F5L jaSaagt ol del 05 Y 5 ) 18l) s s juSnge
S S5 i eBlo 5 5 S5 g o5 e (S (S 5 il b 5 ol ol s 0 el 1S5
S J s 8l fals lge plail g ady; )0 0ad iz jaud lade g cdale g Jd9)lS Sleie (g plal g s
Jsb Joisine Gl s Ssogt el 5,5 Gl algm pladl 5 Al 53 ks CIE 5 lauisiS S s
09 (o, VF) S S 5 d(duoyo V) ady, Sz (39 (duo,0 Y1) S mhaws (e )0 VYY) gl idu
cdale (o, 1) adsss S ((aus,o YY) S Jdg S d(aw,0 1) oS S Siz (59 dowe,o YA) ddle Sz
YY) 2o plail g (o ,0 V) ady )y 50 oad 0o pewliy Jlaie g (Ao )0 YY) olen plail g (ojo Vo) iy o s
P IRS ;0 Snga dpul 0,5 90 mhaw 0h15) Seagh sl 0)5 45 05 (6 Sz Dlgie cnlpll aB (2o
plal g ad) )5 rewly 5 Haud e yolie Cda (Ll g (Srimgtd LA, Gl Sone b Wlgs o0 (S
Pgdige (Sis a5 blpd o bl g)be Gralidl 5wy ol sy o9 s s

UT 05».455 ‘J,.esjlf ‘,\..55,.:5)[5 ‘Gs‘..\.c )..aLo.C s..\..i’) ‘5..\...15 LSLQO)‘S

SJlls gingid LalaSS ) 5 el 5 yed i Sug, Slo S p Seegr dl )u;l.s VA Lol y Ol Bl el e (gm0 0y (0us,
AFA-VYY rain Y o)LwZ Yool .S ‘50)..$)l5 Oladss. =_§.w> > DRSS A ‘_gLQs

Sleal o)l ez dpud olRSls ((g5)5laS caSliils S psle (g 5SS (gomeiils -

(0055 aslSe) slenl oyl oz o oRiSls (65,5l 0uSisls (S> cwiige g pole 09,8 JLidls Y
Sleal ez aupd olRails «(63,0LliS 0aSiils «bls ol 5 el 5 05,8 JLeiils -¥
Moezzi251@gmail.com : g xSIl o™

\YF


mailto:Moezzi251@gmail.com

e g ey 9 Hhd Ol iug; Sla Sy p Seese dpl 13U

SlinST slais 51 bdske 5 eas Jleb
A, Leels (Aguiar et al., 2015) aules so Culadlon
OS5 435 5 aberdsn o SRy o P
0sUsT QS iesy dawsi ol 35eaS ulyd (o aty

Ghasemi et al., 2013; ) cwol oad 3,58
5 ol diges sl (Esmaeilpour et al, 2016
ol s ST %158 (Ghasemi et al., 2013) Ko
Pl o5 polie 5 wb) ol con (S
5 SR> et M L laJlgle Gl
5 (Fahimi Kuyerdi & Shamshiri, 2016) (s jies
9D @ laidg ks polie alS 5 Sas ()9 alS
G5 Ll 5 1y ol sy (slasl (Bl S s ls
Slp Seesd sl 3 )5 059 el 05,5 1S (Sas
50 ol ko GRlBl rizen 5 QLS W) e
Sl 43513 azg 090 e slais
LS 5 5l eolaxwl (Ozfidan-Konakci et al., 2018)
Db Sliiee wl Sogen wile I
bz 5 (Seisdsnd comliicsy; ol
dol 31 eolazwl g ools 183 5L cow |y GlalS o
Syl p Gl o caslie sl g, 5l (S Seesn
Ozfidan-) cwl oo sla i ply o olals
sle Jsge 5l awl Sogun (Konakei et al., 2018
S 03g JI lge 29,50 w325 Jol> 5 JI rib
yolie Qi 5 (LS a8, eaS e layge)g0
Orsi, ) sas oo ;1,3 5t cos 1) GlS huwy ol
ools ylas ollllae s .(2014; Aguiar et al., 2015
SASENS Y o5 b s S 5l Sogh Syl a5
D39y wile (2lae polie cenlyd dgpp jo Wl o
ol 5 oLl Sl ) ohisas g3, 5 oo hud
Ozdamar ;Ozfidan-Konakci et al., 2018) sl 550
Oy S asles ;505 g9w 5l (Unlu et al., 2011
ooyl 5 ooges wi |, S lié jolic 5 05,5 Jos
G oS e 18 lalS aty; LSl o ddgeds |,
L oblS ol Gl ol Lylps wily oo o s
- s Semegp ol (Turan et al., 2011) sjlu ool
aho 5l s galS 5 S leile 39 b il
G0aS @ 1S oy b S 8 ohea S
Loy Ol Ga 89 o g 03905 SWS S o ol

M‘ o).a)lf Ls 0Ju [EVew) ‘;);9 U”‘ &9.“: ULQLS

doddo

ool 51 LS (Pistacia vera L) ag
b DYgaxe o Seee I S 9 Anacardiaseae
Olrl 65,5l (Glole oses Jpazme 5 03
39 Ol diny GWEL odas 25 (FAO, 2012) o
9 ‘)""") ‘csi““’ 9 ‘5)“> )‘)‘s QL"; (.)L"‘"" S 6715)
e 1) gble cnl jo aing adg 5 (LS 0 o Shee
Akbarpour et al., 2016; ) cul ools 15 ,5b
“oe 5l o S ywas (Esmaeilpour et al., 2016
Sfles ol camms &5 009 (Jarme sla i (5
Olpl el 5l ae,e A sgu 0gd o0 LS S
- e o a8 Al )18 S ded g S 3blie o
5 9L) G5 5 e S (Sl ke (s ol 5
g 2l gl ablie o5 oy B O
Gle 5l dy) (@ SBlop a0 lpl O (655 e
23 e dleys wad o JLSis 5 e 5 o
IS S i el sl eSS ool
OllS o ,Skes 5 0y oaiiSdgae Jalge o e
b ol Siees 5 K23 gbla
(Ghorchiani et al., 2018)

5 okl Sl Il L Wl e (Sis
Delshadi ) sas ials 1) (ol ab, 5 gid s
SealS alls pigd Sal yo melS (et al., 2017
als 5 ol Bpas LI (us o5 daaijs, colue
(Sis s slasily alex 5l GalS Jubs IS laie
OS85 Joo placns 4 (SiS A5 a8l o
Ui (Pizzeghello et al., 2013) wils, oo ol 55
saiss Ll g sslonST i obnl o Sis
(OF ) iS50l asile (ROS) (5T Jlas
O3 SeSly 5 (HO)  JoSgy0ee U001,
OieSt Jld glaaiss oed o oS s (H202)
5 sl slad conl i GamlanSTy cow
Okl o 5 adl plerdsn sle g Cogm (S5 50
Pizzeghello et al., 2013; ) wigd oo olS o, ials
=B e lyls LS (Aguiar et al.,, 2015
g Sy 500 Gl 3T abozr 51 Gl T
ez 9 039 LS 93, eV 5 YL oSl
5 e oSt ST caple el g
HelS Sl 6T pis waliBes slo ius Loyl

Yo



\YaA f..:l.: <Y o)Lq.i: Y JJ..>

S 55,5 Sliiow

1 pg; g olge

G SRy p Seegr sl Sl jslaten
(Sas g5 bl e an sl i)
Gl 5 55yslaS Slidos 35,0 50 SIS ctoles]
Doge & ghagh (nl ad el plo S bl (ool
S sloSsl b B s Sl el
A 50 Spegd ol Wl pladil 1SS A o Bolas
Siega 0,5 35 5 (HAD) S (aald) o Joli mhaw
ho > (K5 5 5 (HAD) S5 0, 55LS 5
S Ol (ol Cudib woys A el mhas
(el i) oy Teog (dawgio uad) £ g (Dl
Seoge Lo sl Greghy nl )0 oe o)y cadb
Segad 20,0 A Jold) (Sagad ;091 aie I dn
S al eolawl (duwl Sggd doyo Yoo g
5 ole dibiie 5l LislesT ol plosl sl soliiwl o)g0
S pisei (sl Yo b jao) (s 331§
g0 S5l jge g S 0,5 SiSlgn 5l e ol
-85y 4 O alerd 5 (Sazed Sl (T sk
Carter & Gregorich, ) oi (5,505l o laskiwl sl
PH 5 i pod 8L sl)ls aslllas 5,50 S (2008
O Jguz) oy siﬂ slS oogaze o J
Solel Glp oo oolanwl OT sla Shy cipe
el 000l ¥ Jgaz 0 g lals

Gble oS> 0 9 (Sas 5 Lalpd )3 Sege
Asik et al., 2009; ) 5,5 1,8 axg 5,50 Sis
odslice (yizpe (Ozfidan-Konakcei et al., 2018
del Syl Sid a lld e af el sud
e 5 ST (T Cled 50ty s Sopn
Pl 0 olS giboy Gl axas o g olS el
Syt s Sasd el S5l ond
ol wdy Gl s S Sl (it el
s (Aguiar et al., 2015) o Sis s bls
3 (Canellas et al., 2015) )|,Sen 5 (WIS iogh
i wllael SISl Seogn gl 8,8 ol ol
2 Lol Gaboy g als 1, )8 olS e (Sas
e (Ko 5 Ll
Wy 2t Cod bl S g i
ol St 5 oS ol S 5 s il
s hld RIS e 3 oo 5o 3lobio
Sldllas 556wl sads suejpy ol sle
2 Seagp del plS b ane) o iz
g e slaJledls olerdon 5 (oiug; sl
ouis plol Si3 it Lylyd o olié yeole wis
3 Seagn el 35 (o polaieds Gl o
Sl sriwgd slalsSs) 5 sy, oSy
ey g Sied e jole Qi (rizes g dle
plsl gy ool (Sid 25 Lubd o gl by

A
oull ooliitwl S (o1 boondg (S b s S9 B p-) Joua
Table 1. Some physical and chemical properties of the used soil
EC pH  Potassium Phosphorus CCE Cg;gggrl]c FC Clay Silt Sand
dS m* mg kg %
2.7 7.7 122 7 23 0.1 145 6 34 60
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Table 2. Properties of the water used for the study
EC oH HCOs COz* (ol Na* Ca?* Mg?
(dS m?) meq L™
0.65 7.8 2.2 0 3.1 3.2 2.6 1.1
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Table 3. Variance analysis of humic acid and Drought Stress effects on shoot growth characteristics

Mean Square

Degree of

Source of variation Shoot Leaf Leaf dry Shoot dry Stem dry
freedom . - .
length area weight weight weight
Drought 2 198™ 116207  10.179™ 37.96™ 8.967™
Humic acid 2 23.054™  17740™ 0.449™ 1.728™ 0.466™
Drought x Humic acid 4 3.826" 8537 0.095™ 0.165™ 0.055"
Error 18 0.947 1268 0.005 0.023 0.017

*and ** are significant at 5% and 1% probability levels, respectively
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Table 4. Mean comparison of humic acid and drought effects on shoot growth characteristics

Humic acid levels

Drought levels Control HA, HA, Mean
80% F.C. 21.67° 24.002 25.832 23.83 A
60 % F.C. 17.46 « 20.53° 18.53°¢ 18.84 B
40 % F.C. 12.73F 14.57 ¢ 16.40¢ 1457C
Mean 17.28 C 19.7 A 20.25 A

Leaf area cm?)

80% F.C. 265.39°¢ 316.82° 381.41% 321.21 A
60 % F.C. 140.67 % 148.82 % 154.49¢ 147.99B
40 % F.C. 76.49f 83.56f 137.40¢ 99.15C
Mean 160.85C 183.33 B 224.43 A

Leaf dry weight (g plant?)
80% F.C. 3.95°P 4124 41772 4.08 A
60 % F.C. 2.524d 2.59¢ 2.82°¢ 2.64B
40 % F.C. 1.70f 1.83¢ 2.481 2.00C
Mean 2.72C 2.85B 3.16 A

Stem dry weight (g plant™®)
80% F.C. 2,93 3.502 3.372 3.26 A
60 % F.C. 1.99¢ 2.10be 2.47° 2.19B
40 % F.C. 1.02¢ 1.38¢% 1.424 1.27C
Mean 1.98B 2.33A 254 A

Shoot dry weight (g plant™)
80% F.C. 6.88° 7.622 7.54°2 7.35A
60 % F.C. 4519 4.69¢ 5.29¢ 4.83B
40 % F.C. 2,729 3.217 3.90¢ 3.28C
Mean 470C 5.17B 5.58 A

55 (P 0) (5,ls gime IS (Sl (slasals wiz g3l wlal 5 S i Bg > (glls sla (1 Sibs
Means similar letter(s) are not significantly different, according to the Duncan’s -test at 5% probability level.
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Table 5. Variance analysis of humic acid and drought effects on root growth characteristics

Mean Square

Source of variation Degree of Primary root  Primaryroot dry  Secondary root dry Root dry
freedom . : .
length weight weight weight
Drought 2 522.437" 6.943™ 6.928™ 27.451™
Humic acid 2 95.182™ 3.905™ 0.332™ 6.395™
Drought x Humic acid 4 12.192* 0.273" 0.003" 0.304"
18 3.964 0.037 0.012 0.059

we % NS
9"«

a0y ) 90 Jleiol mhaw jo o e g o xe pf s

NS % and ** are non-significant significant at 5% and 1% probability levels, respectively

Wiy gy GBS R 2 (St 9 Seagd sl Ciliso zobuw il (aSile dunlio -8 Jgur
Table 6. Mean comparison of humic acid and drought effects on root growth characteristics

Humic acid levels

Drought levels Control HA, HA, Mean
Primary root length (cm)
80% F.C. 38.66° 46.672 45.702 43.68A
60 % F.C. 30.33¢% 33.33« 36.00" 33.22B
40 % F.C. 26.33f 27.33¢f 33.33¢« 28.99C
Mean \ 31.77C \ 35.78B \ 38.34A \
Primary root dry weight (g seedling™?)
80% F.C. 4.92b 6.14¢ 6.11° 5.72A
60 % F.C. 4.33¢ 4.74°¢ 5.45P 4.84B
40 % F.C. 3.22f 3.83¢ 4,854 3.97C
Mean \ 4.16C \ 4.90B ] 5.47 A ]
Secondary root dry weight (g seedling™)
80% F.C. 2.11° 2.47° 2.51% 2.36 A
60 % F.C. 1.01¢ 1.25¢ 1.31°¢ 1.19B
40 % F.C. 0.42f 0.74¢ 0.78¢ 0.65C
Mean \ 1.18B \ 1.49A ] 1.53A ]
Root dry weight (g seedling™)
80% F.C. 7.03° 8.612 8.62° 8.09 A
60 % F.C. 5.34¢ 5.99¢ 6.76°¢ 6.03B
40 % F.C. 3.64" 4579 5.63f 4.61C
Mean 5.34C 6.59 B 7.00 A

3l (P<e/+0) Lg)h‘_é.u LS| STls glasals sz gl ulal S i Gy, gl jls slo:Sikeo
Means similar letter(s) are not significantly different, according to the Duncan’s -test at 5% probability level
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Figure 1. Effect of different levels of drought and humic acid on ratio of root to shoot dry weight
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Table 7. Variance analysis of humic acid and drought effects on chlorophylls and carotenoids

Source of variation Degree of Mean Square

freedom Chlorophyll a  Chlorophyll b Chlorophyll a+h  Carotenoid
Drought 2 0.893™ 0.736™ 6.928™ 0.065™
Humic acid 2 0.209™ 0.471™ 0.332™ 0.017™
Drought x Humic acid 4 0.014™ 0.002" 0.003™ 0.001"™
Error 18 0.003 0.002 0.012 0.001

# NS

doym ) 90 Jleiol maw (o s pme g o pixe o g *F
NS % and ** are non-significant significant at 5% and 1% probability levels, respectively

Soag Sl 3,575 00,5 IS ctegh el b S8 slajles o laadels)ls polie (o5 S ke
CLdlaS,  gloxe 5 ady, ab; Gl e 30 Soos Sl Ciie Ol g o |y Sogr al
D9 oo LS 1 0 ade IS dax 5l (g 5wgid Ferrara et ) ols coud b Jolw (49,0 pandgilie S50

3o (Ferrara et al., 2008) | ,Sea 4 1,15 .al., 2008

Wuigisgy 18 g o dudg IS polio pr (Sis g dpml Ssrogh 73l (uSileo dumgliio A Jgu
Table 8. Mean comparison of humic acid and drought effects on chlorophylls and carotenoeids

Humic acid levels

Drought levels

Control HA; HA, Mean
Chlorophyll a (mg g*FW)
80% F.C. 1.59¢ 1.82°P 1.982 1.80A
60 % F.C. 1.38¢ 1.55¢ 1.53¢ 1.49B
40 % F.C. 0.96f 1.23¢ 1.27¢ 1.15C
Mean 1.31B 153A 159A
Chlorophyll b (mg g*FW)
80% F.C. 1.01¢ 1.29° 1434 1.24A
60 % F.C. 0.61¢ 0.98¢ 1.09¢ 0.89B
40 % F.C. 0.43" 0.749 0.86" 0.68 C
Mean 0.68C 1.00B 1.13A
Chlorophyll a+b (mg g*FW)
80% F.C. 2.60°¢ 3.11° 3.412 3.04A
60 % F.C. 1.99¢ 2.53¢ 2.62°¢ 2.38B
40 % F.C. 1.39¢ 1.97¢ 2.13¢ 1.83C
Mean 1.99C 2.53B 2.72A
Carotenoid (mg g™*FW)

80% F.C. 0.335¢ 0.409°¢ 0.428 ¢ 0.391A
60 % F.C. 0.417°¢ 0.468° 0.487° 0.457B
40 % F.C. 0.511° 0.576% 0.5892 0.559C
Mean 0.421B 0.484 A 0.501A

3l (P<e/+0) Lg)h‘_é.u AL STl laals sz el ulal S i Gy, gl jls slo (1 Sikeo
Means similar letter(s) are not significantly different, according to the Duncan’s -test at 5% probability level
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Table 9. Variance analysis of humic acid and drought Stress effects on P and K concentrtion in root and shoot

Mean Square

Degree of

Source of variation Root P Shoot P Root K Shoot P
freedom . .
concentration concentration uptake uptake
Drought 2 0.005™ 0.047™ 0.110" 0.191™
Humic acid 2 0.013™ 0.125™ 0.039™ 0.020m
Drought x Humic acid 4 0.001" 0.002" 0.005"™ 0.002"
Error 18 0.001 0.004 0.016 0.012

ns

VPSR VI Iy P28 S N PONP NP PONSUFUWE I PV

NS % and ** are non-significant significant at 5% and 1% probability levels, respectively

gp plail g Ay 50 yhuwd L2 g (S g dnsl Srogh Cilicho Zobw 7l (il o -V Jgu
Table 10. Mean comparison of humic acid and drought Stress effects on P uptake in root and shoot

Humic acid levels

Drought levels Control HA: HA; Mean

Root P concentration (mg g* DW)
80% F.C. 0.721¢ 0.750° 0.7952 0.755A
60 % F.C. 0.702¢ 0.714° 0.7832 0.733B
40 % F.C. 0.674f 0.706¢ 0.739° 0.706C
Mean 0.699C 0.723B 0.772A

Shoot P concentration (mg g DW)
80% F.C. 1.01« 1.13°%¢ 1.302 1.148 A
60 % F.C. 0.955°¢ 0.987¢ 1.18° 1.042 A
40 % F.C. 0.947¢ 0.989¢ 1.12°%¢ 1.019B
Mean 0.974C 1.035B 1.20A

Root K concentration (mg g* DW)
80% F.C. 7.4° 7.33 7.36° 7.36B
60 % F.C. 7.52%® 7.38° 7.42° 7.44 AB
40 % F.C. 7.78 7.52%® 7.53% 7.58A
Mean 754 A T41A T.44 A

Shoot K concentration (mg g* DW)
80% F.C. 7.36° 7.33 9.56° 9.50B
60 % F.C. 7.42° 7.38° 9.59° 9.57B
40 % F.C. 7.53% 7.52%® 9.79@ 9.78 A
Mean 7.44 A T41A 9.65A

3l P/ 0) 6)b‘5;_!.4 OS] SSls glasals s anﬂ ool g S i Gy glls sle( Sileo
Means similar letter(s) are not significantly different, according to the Duncan’s -test at 5% probability level
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Figure 2. Effect of different levels of drought and humic acid on P uptake by Pistachio seedlings
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Means similar letter(s) are not significantly different level, according to the Duncan’s -test at 5% probability level.
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Figure 3. Effect of different levels of drought and humic acid on K uptake by Pistachio seedlings
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Potassium Uptake and Photosynthesis Pigments of Pistachio Seedlings
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Abstract

Water deficit is the main growth-limiting factor for pistachio (Pistacia vera L.) production in
semiarid and arid soils of Iran. The objective of this study was to evaluate the effect of humic acid
application on root and shoot growth characteristics, phosphorus (P) and potassium (K) uptake and
photosynthetic pigments of P. vera L. seedlings under drought stress condition. This study was
carried out in greenhouse condition as a factorial experiment based on a randomized complete
block design with two factors including drought stress (in three levels: 80% (control), 60% and
40% of field capacity moisture content) and humic acid (in three levels including control, 1 g HA
kg™ soil and 2 g HA kg™ soil) in three replications. Results indicated that leaf area, dry weights of
leaf and stem, shoot and root dry weights, chlorophyll contents and shoot and root P content
decreased by increasing of soil drought levels, while the reverse result was found in carotenoids
and shoot and root K concentrations. application of humic acid leads to significant increase
(P<0.05) in shoot length (17 %), leaf area (39 %) root dry weight (31 %), leaf dry weight (16 %),
Stem dry weight (28 %), total plant dry weight (19 %), total chlorophyll (37 %), carotenoids (19
%), root P concentration (10 %), shoot P concentration (23 %) and K content in root (11 %) and
shoot (22 %) in all moisture levels. It can be concluded that application of humic acid (especially at
level of 2 g HA kg™ soil) results in improve of the plant growth properties and tolerance to drought
stress due to increase of photosynthesis pigments and enhance of shoot and root P and K contents.
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