Iranian Society for

Horticultural Science
ol 2 SILEl pole et

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

OFT) AT B VY (gls amio ) o)l YO sl ol DLl (56 5 psle alns
g dlie

olF 49 polis Wi g wlbicn ;) ST 39 3 il Cuiud Wb w3

Syow o Bl g 38 (Citrus aurantium L.) g,
Investigating the Effect of Potassium Phosphite on Morphological

Characteristics and the Absorption of Elements in Sour Orange (Citrus
aurantium L.) under Salinity Stress

" 3 il . 55955 00037 5 s ke e samalline T sands o ppeaitn il o
b B e ,m oliila SLEL psle 09,5 )
ool (B 500 olKls (e ym 0aSiimgsy 2 -V
b 5508 s 5 (isel el lasle (55000 (b @lie 5 55,5LS Aisel 5 Sl (S e ((SigalS Sl iy Y
Shamili@ut.ac.ir):Ssg xSl o «Jgins odiumgh #
VEYIPN t by o O YIEIT e il s b

oS>

5SS (8yab oS Ll il (s a8 b sl o crils cwlin g (Sid oy 4 oo sloasly 5l 6
Jokied 0iil Fge Wlgi oo o e Sl rals slatedy colin IS, &l s sl SLS o o) 5 oy sla i
S5 e b (Bolai Sl gyb B o 55l 5oy (tghy )l ol g ey Soind g 550 O Sl (o
S le g ol Groglwf» sga glas)l) a0 )b anle ids sl Jlasls cosliiwl 090 HlalS .ol ploul SIS & )50
39 (id )3 @8 T 5 VB o) peliy Sodad g (e pmien jss 79 FIO VD) (6598 ol bo)los vy (6 5Lon
0395 Slyme daeyd FIVY g Y i Sa) Bl SLis g 5 (59 SRl 4 poeie dad (6590 grlaw oS olo (i s
15 05 VD) by Copincd Lo o 25,0 5 (s VYIY 5 VAE WA VOV oF o 5a) (5] 5 el ¢ pind appasly
Wl St g 55 3 (0o FEI0 VAV Y /5 XVF o 5a) 0] eyisyis phand ey (lyimme aldl caely (]
Criad 55 (IS Jsbo a0 (0o £Y/0 ) 5 BAINA (o i) ddiy St 5 5 (359 oo 72 1Y 5 SY/A s )
D 7,l )0 6Heh welhel DIl el ol Gda (wlidcdn ;) Gla S Seete 4 e (el 53 0,5 V/0) ey
WSS D)9 ¢ Oy s B panS polis drasy yolie (Sed i i gualS el
4odio
SO e osllas o] gai 5 0y (sl aden lalams ol o5 08 oo 0y [0 5 gy sladamo o lalS
(Sl slacdlad 5l (2L asoe Jlg; 5 meldl pglae s 5l LA0 gom SIS 5 Lo jo ( S2S (598 il (i) d
4> (Shrivastava and Kumar, 2015) ol jed olaie Cod S (i3858 o caie 50 ol ades g 0y
Sa35 5 Lis a8 5 slace 5l aeyo Vo plez JS slaasy 5l ooy V Loy o codl Sloz (illr 5590 290
U ohleds gl oo adlol o 3ble a4 ao,0 Ve a¥lo opl pogdle .l osls 1,3 50 cou |, ol sbogs) 5l sond &
e Sl 3l S (6,55 (Gupta and Huang, 2014) wigd oo jo i LB slacrs) 5l ao,o 00 5l Liw (Y0 Jlo
2GSl 4y gul ) lagyge 0 b odd La dlge Jolaiel adse 5l AL aS o)l kS (5)90 500 5 0 2 ks S
Lo peoly (0500 Jdoas ol ab; (0,5 sgame 4 Wil co jed S 50 g Caenws Gized el 0y >
Cdge Hebds (5,90 (Assaha et al., 2017) o4s i bapniigy 4o (g Lle Sl s 5 olowdion b iiSly 10 o
9 00 35 i o )3 (5 keSSl gl s )3 03,5 Sgazme ol g lapadSn Sl o JEINTL ) (Jgbe 45


mailto:shamili@ut.ac.ir
http://journal-irshs.ir/article-1-673-en.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

Ohles 5 5,7

D9 oo P! Hl>0 (6,58 b axlas 1o 58 LS e o, (Shrivastava and Kumar, 2015) &S o sgame |y al ) culys jo
Sl 5 ulidtdny ) Dyt s Gaizrad 9 09 o0 aygs S5 (09,55 241 (S92 S 1ol ST sl (5590
OLS e 25>yt F-0 glas )| L 25,0 <Rutaceae o,.5 51 ' ,b .(Murkute et al., 2005)053 oo LS o slaasl ST o
oo LS e gl slaasly 5 5,6 (Suryawanshi, 2011) wil oo biwgas Jlad >ls o] slice a5 cosl 050 3
ok onl )l S5 b lawgie (2U 5 hawsie (o) &ja8 il (nl 65) s pBLCl 19057 (5 )lom 9 (A5 loj
Ol 3,Shae s (oi93 s Jaod (K83 @0 5 (69, e ST igny 10 5 LIS (goniiin 5 Boos Sl pliownns
Vg el ogre il oo Ll 1ollg b 9 Mg Sl el By aly 5l e Jg icenlio (28 oS 50 5,0 59, 6o
il 05 65K S (59, (SVsb Doe sl (9P Ol ) iias o935 55 asllae CudS 5l b s,
(Suryawanshi, 2011) ui aales lase g Ol 0gue g sl gz s S0l slo i L asly oyl

g o (Guptaand Huang, 2014) coul o o ol5,5laS sl Slex S5 S0 a9 (i 51 (b !
(& b S35 ) Ghals Kk gl a5 b plil (VYY) () Kan 5 ZNANG Lo TS 52 s 25,6 (535 (5590 (i 536
LS, Gl atll (B el 4 e (5558 15 4 0l IS Grires S pelly pate (RalS g aSsis IS
e Job J 5 5 g9 G Jlesl a5 0 (T 51 (Sl e (VYY) (S s Wen (3035 o ol S g 5 (55 il
oy Ol GRS 41 7o (555 G &S ols i (Lol s 05 oo mades (lie GRal3El 5 ey i GRalS 4,
9 o0 JUB 5 (6 5mgid oSS, 5 (eiig p wile (plierdion 9 (SELECS,; GlayeS B (S Gl g o Gl
SlaClab 35 &1 e 5 0313 il s (slo i 4 1, HBLS Jamw 45 LS 5 51 osliial el sla Sl o
W 1o glas Tlad b (59,008 g yiemnS] olaas L 5l a8 Toia s ol 48,5 18 ax g5 050 gl olS 0 SJgilie
A8 5l ogd oo yiiie (LS slaplail julijas 55 (2aligS (o (b I ity Slid 4y S (i &5 > Sy
(it 5o b odinns) 625 B2,k 51 (208 licssbom Jalss 5l sloojind il J588 4 Gl o0 Cbnd Sla S
i b lS g 8 as, S Jeld weditae 3G (Deliopoulos et al., 2010) 8,8 o Ll bjee lis slogeuls
5 s el s i3 2o ol o185 slo 5 S5 ol s 551 5 s o Jole gy
(Lobato et al., 2008) sl Jsko sla lsss Cusii 5 (ol slayeiisy il & Jlad 5enS| slaaiss

Jo—ame CutS 35 9 0 ,Ses o8l b, yiolEl 4 e ok wd (S 0,8 (Y- +) Rickard i li8 a4
O 5k ley 5o (Rdy0p,8 e ¥ v o) Sy dunmsl 095 5 iy S pls 9,15 K00 (L5)S 50 0gd e Sl
RaSOUl, ) b Jpas 3 Slae 5 osn iS85 ol Ghal38l el 55l (33l 5 Jlo 16 e plB | a8 000 00
583y eyd FAID sgu ol (gdie yolie Gl (g sl ezl g yolie i ;0 jand 36 (o) 50 (2016
o iz Gl onl a8 o5 gy il (St a5 ks 0 sl mlas 4 il a0 B0 5P S ) ey
(Moosavi et al., 2022) ail o] slo S5s 5 adu, ol (iuliel 51 Lol il

2 lgin o] jude Sl 2l pslatedy cnslin gy Sl sl DS 0 0y oo glo i Sl (550 o5 L]

b jless Gyl 5l gy0—0 (S 0 Jeod 05 950 50 (Sl slo (5155 il See plalS (pl (gaign SluS 5 g ColS

plwl @)L Al p 950w jla (iddo Sl (pgas ;o (igh (55 B aSl Gend )ls 292g DS e 50 mrnlly Cudd

o polie Qdz gy (lilidn) Slaogad by Coind 5 5,08 U1 asllhas (ool (nl 5l Boe nlply ol oais
Lol 75,0l ada; 9 S p

Citrus sinensis-s ROS -o HPO4-2 - H2PO-3 -v Poncirus trifoliate -y Citrus aurantium L. -\
Vitis vinifera -v

YA


http://journal-irshs.ir/article-1-673-en.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

FE) AP G VY slo amio ) o)las 1O ale lpl LGl ;558 5 pole almo

Wiy g olge
Byl Jlos! 9 AL Slg0 (55l oobol
ulffo).b olKisls G:.....]o é)l...a 9 6))51....5 uSliulo @L..CL' r:j.l.c 05; olim.vLo)T 9 FHEHLy e IR JL...J e )..4[:> wﬁbs).:

Sole 5 ol (o gile £+ ogas glas ) amlo s (sloJlosls ool o550 2,6 LS awl o x>l 4y SllS & g0a
L)) (Sl laglls o b Jles b anes (OB 50,8 Glual) olog), Gl el 55 6l Eb G 5l a8 wogr (5 5kewn
S oS5 da g cilS gl olial 850y Wit CtS (o il VW 5 VY VAU (i iy sl b 5 YU s
Lol )3 colwaz o YORY ailis hawgio slod o YAZY iljy, lawgin sles jo lalS 09 (V:):)) als 9§ S S caxcly
ooliiwl 0590 Sad s LT (6,98 Jloss (kS jo la Jlgs il 51 e athn Cuta o (5 IS5 o0 Vs Cughs,
Gl T B 5D 69 s Syt K o gtz # 5 ¥ID X A0 olie b Jor e 1 13wy 15
VO S lasd (e o jowd VIB) adlate (glnl @l (6595 el 4 azgi b ol a8 a5 10 (L 4w latia
Sl ie g0 o dapalS o Sad wl e ged Sl 6T olr jslateds 09y Sl s (525565 ey ke g
(it VIB) 0l Jlass s i 54 5 logolS 5151 g 5 el Jpbot 42in ¥ 895 ot 0 ol 5
Goe b o el acje Cubil a4 laplalS Cugb, skl Cugs o 4o (Pashangeh et al., 2020) wos s Lol
Tliboool 130 &8 55 51 GialogT ol 5 ooliias] 50 ¥ pmsliy Coplind W50k 3 WilS'g0 38 Jsloms b LS o logs Jlac!
o 3l dmy diim a5 (5,58 lad 5l B athe S0) Jb 90 (Gidyop,S Y 5 10 i) el Codd b s)lol e g
Ay sald lgiear mly Cobud Jlag pas 5 e p s VO Sai b ool jlans GlalS ol Jlesl (5558 sles

INHWIRVEI Y

a8 2Ll b GlS jo ) Olas )90 pladl I G aie cue

Al o Jlamms o3l alewgas (A g Ble) S g 5 059 sl S

(4o 9 S ) peondS 9 pwliy paiiw polie piomionw

3 oS S pskiie cnl gl i plosil S e gk 5 (VAAY KAITA b, 51 malS 5 sl comies yslic s
FeaS 1 @ el VY oty Gugeadw a0 £0¢ cloo b (glo 58 40 a0 YO gl 10 sod Siid ain, 9 S il
ROV [COU J PO\ IPY-e- IR S| IR U U IS 2t IR ES PN IPVIP R SR S PR IRPRER VS PO SO SR W0
s i 0010 18 g il am 0 A oo b a)F O plem o celw SO Gaeds g AL T 4 Vao ¥ ST, IS
Glogg o 0 el i oo 00 4 b Jlgs Ol aliwsgts o] e 5 i3, (sl e 00 L S 50 ladiges
9 WL"’ IS ‘_nguy clale 9 ..\..»‘5).50)‘&.:‘ \cc».w alay oo 4.1.._...:5 43)95..\40 6[.%0‘&.:‘ ) Ma f""““*’L"’ (ST
A dlore 93 9 Sy Ll 5l S

) alal,
Jon % _(a—=b)xV xdf x5x100
o= W x 10000
¥ alal,
Ton (’:—5) = ion% x 10000
Flame photometer -¢ Spain, Morera -t H2KO3P -y Merck, Germany -\

va


http://journal-irshs.ir/article-1-673-en.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

Ohles 5 5,7

Sl (er con p 08ld Jolome 0 g SlalE D 2500 S (ie o (LS Aiges sla gl 50 g lale -2
059 W g (00 bxul 10) g5lwad; ax 0 —df (B dae by, (pl ;0) i) (dwe o pan I Jol> o lac g -V
(pS S xiul )9) p,5 s a0 ol oolatul ol SLis digad
(o) 9 S ) yowd o

doden & 5 ool Jaml (g5 dee YO 0355 ool K5 o o)l | i die D i oliee et sl
S 9ga CldS Gl el ol ] (L YO ez 4y jlade Ol L g ol adlal i Lo YO Slolls-Olaadgs pguigel
Guptaetal., ) os plxl yiogl TV - 7o Job 10 yegidy mSowl olSiws lawgs bbdiged iz (K, oole JSis g el
(1993

(A § S ) (3955 G
g Skl sl (5850 al b 0555 I 50 i 39y 5l g (SIS olSiss b (595 pais (g S0l
Sl i (Lo VIV 5 08 109 (55 4z 50 YO (9] 10 oads i sladiges lozl (SMith, 1979) wi plos! 53]
)L’?U C9)> )‘JJ.’A:\.\.»A 03“5)‘)5)-‘-‘-“&5) w}».«.l.w A?)Q YA LQLA»)L}MABL@‘ L%ui‘btb]».msl u] o).b.e& I8 ard
K3 REJPOR Y IRVEPRE PRItV U VoS IR IPVIPP U S AV SRV (RN VWL SRR VPSSR WA U J VS 1 ) PR (N ESONS

Sl b K55 s pgasigel Oolygr dms dl o 50 .28l aslol Joe opl s K,y 00 B o judais oKt 51 oolaiwl b ol aisy

21y o sl 3,8 o 3 ¥l 31 555,55 Ol 5 955 ol ] 505 S5 bt 15 Jloi /) Sy S
(Smith, 1979) wily e s s alasly il 45 5 yae poe>

¥ ala,

Brae Sl o X pas sl adlep X (598 J9SIge iy X ojlae JS o> 100
).....,M.>=
o 5 5 o ool pias sk X 51 155, ¢35 X 1000

(S ) o2 5 b i

hl ol plosl S lasem Giybar man (hg,4 0 las ;o laled (ooil Cix (hg )4 (ol g e polis 6505l
S slae el YD oI55 0am 5 5D Sy ns] (] Jglome 51 oolicial b g b o 095 g0ty caleF diged
5ol sl il i olSis w32, (sl olel g ld S5 050 olie (g5l Jlme gl Bl ) g 5 05
PIS5hS ) p Sk Dygots paie 55 (nl Glyme b ool egilb YV 5 VFA oo Jsb it s 5 ] paie
(Bings etal., 2010) u& 5,155 5 (59

Sobel grosls b5y
ol 1o 52516 s Lzl (OIS ¥ Lol 1,55 1) 1S5 das o ool DMolS o 45 5515 & pgmty iglos]
oo Jlp e Gl 50 0 S Y g VB ho ) ponliy Cuind g (lopomdonjomd 79 FIO Y (08l2) VIB) (558 (25
Laosls (bl 3oIUT s aloxil P < 0.01, 0.05) (,:Sils duglie (glys S35 (r305] 2, S y30 T Shggmalis s, b lneols

N 3 VoV s ST iy Ko by gl (paizman s plol SAS Ver.9.1.3 153l o5

Shapiro-Wilk -v NaOH -\


http://journal-irshs.ir/article-1-673-en.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

FE) AP G VY slo amio ) o)las 1O ale lpl LGl ;558 5 pole almo

Blw SS9 F 39
0l SLES g 5 ()9 eS8l SLAS g 5 g GRS 4 e @)L )9 (ota 4S) (6590 A Jlee!
e e 4 e el Cutid Jlad ol ssaliie Sl e e j s £l (0 el Cotnd Jled pae Lyl
FedpS VO jles 50 ()58 5 FY ) aBle Sz g 5 (359 o (L 7Y 9 PYIR o pa) ol lalS Sasg 5 5

(o g @l V ) ol Cud ey pmies j o VD Sad b oo L;)lﬁ.ﬂ ollS o by Coaud

& No Potassium phosphite

15 - @ No Potassium phosphite . OU-‘ | 8 Potassium phosphite 1.5 g/l

) D Potassium phosphite 1.5 g/l agh Potassium phosphite 3 g/l
- a B Potassium phosphite 3 g/l
s 10 b 38
] 2 3z
3 E e ?
a8 ° 2% \
L.
) \

0 N

3 4.5 6 15 3 45 6
(o pi s j ) (6 3900 (0 p s j o) (S r90
Salinity (dS/m?) Salinity (dS m?)

Sk HLeSG By g LT ds 20k ol iyl yo Al i g 5 (359 el Cobd g (5500 (RS (iiSenp -) IS
Lawl (P<0.01) Se Q}.A)'T Ll sme B pas

Fig. 1. The interaction of salinity and potassium phosphite on stem fresh and dry weight of sour orange. Values
are the averages of three repetitions and the same letters indicate no significant difference with Tukey's
test (P< 0.01).
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Fig. 2. The interaction of salinity and potassium phosphite on root fresh and dry weight of sour orange. Values

are the averages of three repetitions and the same letters indicate no significant difference with Tukey's
test (P< 0.05).
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Fig. 3. The interaction of salinity and potassium phosphite on leaf nitrogen of sour orange. Values are the
averages of three repetitions and the same letters indicate no significant difference with Tukey's test (P<
0.05).
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Table 1. The impact of salinity levels on root nitrogen and leaf calcium contents
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6 1.283°¢ 1.611°¢
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Values are the average of three repetitions and the same letters indicate no significant difference with Tukey's
test (P< 0.05).
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Table 2. The impact of potassium phosphite levels on root nitrogen and leaf copper contents.
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15 1.6874 12,178
3 1.647°2 12.01°
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Values are the average of three repetitions and the same letters indicate no significant difference with Tukey's
test (p< 0.05).
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Fig. 4. The interaction of salinity and potassium phosphite on root calcium of sour orange. Values are the
averages of three repetitions and the same letters indicate no significant difference with Tukey's test (P<
0.05).
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Fig. 5. The interaction of salinity and potassium phosphite on leaf and root phosphorus of sour orange. Values
are the averages of three repetitions and the same letters indicate no significant difference with Tukey's
test (P< 0.05).
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Fig. 6. The interaction of salinity and potassium phosphite on leaf and root sodium of sour orange. Values are the
averages of three repetitions and the same letters indicate no significant difference with Tukey's test (P<
0.05).
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Fig. 7. The interaction of salinity and potassium phosphite on leaf and root potassium of sour orange. Values are

the averages of three repetitions and the same letters indicate no significant difference with Tukey's test
(P<0.05).
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Sour orange, among the cold, drought tolerant rootstocks, is suitable for planting in poor
drainage soils. Since salinity is one of the destructive stresses on the growth of citrus plants,
providing a suitable solution can be effective in reducing its harmful effects. So, a factorial pot
research as a completely randomized design with three replications was conducted to evaluate
the impact of saline water and potassium phosphite on sour orange plant. Sour orange plants
were healthy and free disease six-months seedlings (height about 60 cm). The treatments were
included salinity (1.5, 3, 4.5 and 6 dS/m) and potassium phosphite (0, 1.5 and 3 g L™?). The
results showed that the high level of salinity led to a decrease in stem fresh and dry weight (63
and 60.22%, respectively), nitrogen, potassium, phosphorus, calcium and iron contents (4,
15.7, 8, 18.6 and 12.2 %, respectively) in sour orange. Potassium phosphite treatment (1.5g L"
1Y increased the potassium, phosphorus, nitrogen, iron (32.6, 20.6, 19.7, 46.5%, respectively)
contents, the fresh and dry weight of the stem (63.9 and 60.2%, respectively), the fresh and dry
weight of roots (58.18 and 61.01 %, respectively) and finally the harmful impacts of salinity
stress were reduced in sour orange plant. Generally, the application of potassium phosphite
(1.5 g L) improved morphological characteristics, absorption of elements and reduced the
adverse effects of salinity in Sour orange.
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