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I mproving Qualitative Characteristics of ‘Washington Navel’ Orange by
Calcium Chloride, Potassium Chloride and Salicylic Acid Spray

¥ Soud s okl il Suls Jual,

oW

Ay LAsaiSalil 5 o138 (glajuaie S cnss G 5aS LS 5o laghs Gl slag,lsdo © s L
S SIS aly slae 31 g0 s sbieds (A 55 Cnl il a3 Wl | s sae (S 5 (oS 0 sags (suiall 55 &S
otalesl ok alash Job Sl o3, JW 5 oo AS 5 (oS sl S50 50 wreal Sl 5 macaliy 05K
Sl Glagd Hpdicia 5o @olad Eb S o Jla 50 58 LSS Hla b (Puleas JolS glas sl 5k QI o
(7Y 5V/0) shle 50 b arally WOl (Y 5 1/0) clile 50 b pcdlS 5l Jolis Lajlas ad alas)
Sebidlon 5 el 0 S 00 (B8E lajlas 5 (/Y0 5 +/+ ¥ /2 10) chale s b waes) Silucalls
Yo ogaa oo shal aS s gne wdiy o550 Calsl (LG 5o Job ddase (b 5o Lo 5L o cabdslae s daal
Ol Lo adi aladl w g sle g 5 o g dad S gaan oS il Olo) 4 Sualh ago alase 5 u g Sia Gl
Sl slassl Suu b Lasles gl 3288 5wl Selvallis caansliy w5 ol 0 5K sl il slae oS uls
S sy sl GRS G solasae S el il slae BB sl Ole) 5o e (AS sl S5
hle B sl Saliadlis palbd slae ol (il 38 aalS 0,8 il slae b o gy paalS Lol a6 500
el Sl 5 aacalS 08 slajlass o gy paally 5 acalS Slale )58 Eiels (gl e Hsboas <7/ Y
dola (lasals o sue s liae Hlae ald gl 5o Lajlass 31 .aiiils o sae (AS (Lo (S3a s 5 1) e S5 0y i
oF S sl S5y o il 5wl Sl 5 pacalS w1 050 laas (Sl ST callas 5 Jglas
oS30 o2 1) cafie 3 Gt 701+ F asead Sulucadlo 5 7V/0 paalS 03 gl las i 13 cule 531 6 500
S psane Lo Ll ials (Abe slal 30 LGah glajlas il (JS s o ShaaS) BT cullas) &S
W S5 2l 0wl Sl alS slajlas
8 535 IS (S 58 ¢ Sl BT cullad (K5 o a0 Shew gualS slasl g

Aodio

s55 ) Solulaw s, 31 (Citrus sinensis cv. Washington Navel) “J b sy’ JEs,,

(V) 2l . Citrineae «als .5 5 Citreae <l Aurantioideae

APIVINF 1o 5ad g APIYIVO 1edl o g B -
a0l 55 5LaS suSatils ¢ Sl asle (ha (653K sl 5 Hldsls wado) pelidlS iy (5 el G 54 -Y
[(ramezani an@shirazu.ac.ir) : s 5 3K ey ] giows sdicw 5 *
Rutaceae -v


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.1.1.4
http://journal-irshs.ir/article-1-219-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-13 ]

[ DOR: 20.1001.1.16807154.1396.18.1.1.4 ]

oLKas 5 Hlilas,

S im 5 LS e il 55 50 Jsl 4, 03 TYYYATFO ¥l w5 b e ¥\ Jlw 5o FAO Ga,1E Guliad s
5 50 5 YATYO 0 Suds ¥l wal 5 b 5 Glnl il G103 sam sladsi; s w5 el (b o)
(A) 2ola L8 Gle aasbs

@35 Cnl ol Jad Bahia jo J 5 63, S ) glals (g Juals clda ot ol aaly” LS,
sxe sy bl 4 b J 5 0k e saliin] Aol yo slassaS i 5o slea el 5 ghds )5 5]
Jsare sobts Lad sl 5l Ha G gan Job JE 5y ol o lite Laad; Koo b ogae LBl 5o ol S5 <
(V) wiea Soelan ains Il b a0 JB 5 slaps) Koo € oo

B35 9GS L U Cpl aidl dls a8 Llaie 5 sste S 5 cage 31 WBI S e Sane (slayaie
S ol 50 sse S g sae gad 5 a5y paalS g anlly 0500 Sare slasaie ol (S oS e
gy 5 S oS Lao w1 5 50aS 531 0 bl oo apo e & se Sl 5 i 50 e Bk (g1 avcally il
(V) asad oo SHU

St 58 el Slle (Y0) )l ghal (solgs 5 Lalie LAl 5 (S b€ Bia 5o age I8 areulS
535S i 5o (V) wil o LapT B2 55570 5 /) oy eilos S by SIS aneal b sladasms 5o 48 SLaLS
e 5 0l Bl LS Lo analS 5 g€ 31 80 Sl Lol 5 gt oo saaliie LaSIa s 50 aneal
Jsane ssbds aaalS il slae ol sl als (5538 31 (36l 50508 laliawsls s 50 SIS 5 aacalS 3533
el Hsliieds (V) WS 0 6oSsla (S35l 008 laplolanls ) auaalS 155 cadian o asags 1) sae i
soliiual arralS S0 5 anealS 15 puie 31 anealS Bl slae 31 Las i i 5 s 5 s se o SIS anealS
S paal€ e a1 ol Las gae aaalS HlaBe (Ralddl 5 Sliia 51 S 5 (555 panlS cabidslae 05k oo
(il slae 51 Guy Lasgae 0900 4 paalS 358 058 oo @) gem iSO GEGT W1 5 Las gae Bk 4 WS 5
(V) el laSiuae b 5 Ladi g 80, 51 Jsane Hsbaas

pab Glae (S5, ke ola K305 5 ssme SdS 5o page BB 5 el (538 LS5 ) sl Sl
a5 5 ol RN ABG 53 age (I8 Glusaly JiSlse K olsien Gninpa ol sge (AT 5 S
(10) ssge C oaling 5 Laimlocs sl lans 538 (JS Ui (a3l age 5 0ol Lasgae (shudas cadS
(VF) o s 510 AS (LA S350 SS00 0 aags 5 SHhew Glul 3 Giel Wl 8 oo acl Sl

CualS Ca go aaully L0 0 Cda S ST OLS e oS sl (g aie Gu 8B sme 5y (50RO Guy pally
slasole Hlule 5 areal o S canenl S SaT o (il 381 o ga0 0 Sl 5 8503l Gaal33) Sl 5o 8 gae GB35
520U 5o LU it 50 oS arslly wad 3 508 (VA) s g g0 SIS 5o 8500 S SS, ssa 5 8520 Joloe ol
sad salls Ko S sladald o e ol 51 US (a0, b Lol 5 (K52 gus 5 (5050 oo s ol il 5 5528
wan ila slaals 5 smns LS5 wad s pe alla 5o 0 pd o Lassae (S50 cng 5 (S S Ol Lo
5 9sdise ALS su Py (ualS el Gainas LS e oo arlly 0 5ueS (V) Bsdipe JSB (S0 5 s
530 G A g o3l il (S5 0 Slae o deaa 5o (BB anlly (YY) 0500 8 a0 a3I0) o cage (EES
il e 530 C opmaliny 5 ancal Jslae sola (slasole wiile L3S sla S35 5 sm0 53 ol e 5 sbts 5 ol
(V) 9o oo 8510 850) (330 Gaels (ainan

1 olSse QL0 olsa lacend @l cundy Jol au0 5 Pare glasaic (S il sl
S e Jlad oS 5o GEA 5 Ho 1) (plhasdioun ) 5 (S5l a8 ((JoSlse sladil b olas Gl adids o 3 sag
Sed) Ol (i 5 (2let laciend € a5 5 (st 5 LAl ¢ 5 5058 « liand) Lasuid ool slagly
L sasiC Jlad (28 Las gie 5o (can 3T (sladil 8 Kisat b i o (Sure sla juaie (pinas .o gl oo Jie olS


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.1.1.4
http://journal-irshs.ir/article-1-219-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-13 ]

[ DOR: 20.1001.1.16807154.1396.18.1.1.4 ]

sl G5 ady Sy A sla ST s J s

LS5 o aoSlae sy cape prnlS 5 el Sl (S b slae JBe (sl (V) w5l 5B <
(YY) J‘J u::.\.i“}.é‘ (5.):).3 u.u.Lo ﬁ;‘) JL:\‘ BE) “) JJ.‘A.A JAL} GL&bJLo K] C C):\.oL:.iJ J‘J}A «d a0 ‘)k.a 6 g0 é:)‘d.:\‘ xdg

Srme abiard sLas S s03b (9 Omb Oiaps 5 SLS 50 s e S (95 Gl saee sladids B (S
el 5 a5 S53e s sladele 4 4 55 05 O, slaS sl oo SLS 5e 59 pliand slas S Julaiels
alad) Lagls aled 5o Ly (A0 5 4 cud (i 5u G s 8955158 Sl (0T el L u e wiile plie gl yuaic
sobe 0 5aeS (sl O Lo ol S o Sllos ol 5o gl ciS 55 SR o alS sl S paad S o
3 5900 LS ol CBime (o @b b LS o paliy (385 cas B aase slagis (T
G1alS sase sladele 3 Lagh cunlials i yuse 5 b yamanS (slasumic gl slassS 0S5 b pema o ilind
JIE g om0 S sags g (R 5 Ol o) ot aaed Sabcndlin 5 pucaliy 0 (aalS 0 IS (alia
N ‘JJL.; &E.ai‘\”

Wowgy gl

‘Ul il g U5 OBA 5o 65 YTAY 5 YA sladl s buliad JolS Sl ok LS Hu Giube 3T ¢l
YA eldlaa Gase 5 Jsb b ol gl ed sd cia dlaie Ho solad FL S5 Ho sl by (59, b VY
plasl Lo o 51 5o WY - plE) 5 (B alB ) 5 B80T 5 aa 50 OF 5 (Jlad BT 5 BB ¥Y 5 aa o
)i lact 5 LTI o o seans saaliio s i 50 58 5 b 5 o s 4S G lea Lo Ol s ak
b3 VY b iy 58 5 el £ celas YA 58 50 QA 50 5 a g leohd o) sats U cnl ol At wius
ool sad solo Las  Jgaa o pinbe)l GlKe S sl S5y .mud oo solol (ela o 3l F) oK

5059 Oalsl Gl Lo Jul dase (V) 28 S e 4o ga 0 sae sad g aidy (o oo Jlo 58 Lo LBLU slae
pos 4ot dgaa (ha bl le) 4 Su3s p g dla pe g cudls HhE e ie Yo gans b gm0 4S 5 s 8 gae ak
Las sao (550 9 a0 US 90 (il slae o sollinl dws Gilas 51 paibidslae (5150 w0 ole e
5 V0) prel€ 5 SIC (Y 5 1/0) aneuliy 5 (Hhie ) vl Jolis suliiol o) g0 Hlas soiaw .28 S &) s
SAS (/¥ 5+ 14V0) sl Sl + (ZV/0) paaliy wa SIS (740 5+ /¥ e+ /210) e Sabacsnlls (2¥
Sablicadlles + (£1/80) aaalS 03 5K+ (71/0) pacaliy w0 o (Z+/+F 5 +/+10) asea) Sabicialls + (71/0) anculS
52 (JolS Hlas) (7+/:10) e

Dad s od 50 ) blial b (TSSE10) Jslas wels slasale poald Gulial 5s) Gas; Gled o Las sae
i (55805l g (AS 5 (oS (sla S5 ol T o Las gae JUI 5 oo 51 Gy Jls 59 58 Lo

G515l (ol eiales STM-20 Jae SANTAM) ¢ 5 5ol 8l€ieus 31 saliienl b s sa0 ciils 3w Lo
i e b Las gae (s 005438 (51 a3Y (55500 Dl 4S wub soliinul (g5lid & 53T 5 s (588 50 (gl ak
Al GBS OB s 3 s s DRI VY BB Ho sie e £

sola slasole (5585l (gl 5 (653l Jlass /N s gen b & paenl 535 (g5 b (TA) L3S LB G
Shade  wd soliinl (Ll cale ATAGO ATC-1E Juo) s phuwad s&ius 51 s gae (TSS) J gl
JENWAY 351 Jia) 520 PH sl 51 soliiod b s gee 0T PH b ol semys 0 Jslae el slasole
(YY) ad s Se 5l o gacalis da 50 YO (sleo Lo (LSl Al


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.1.1.4
http://journal-irshs.ir/article-1-219-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-13 ]

[ DOR: 20.1001.1.16807154.1396.18.1.1.4 ]

oblSes 5 Hlilid,

Table 1. Analysis of physical and chemical properties of experiment soil.
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Ll an yo culaa sl gl A ol - (ppm) .
) > f'S~aturati0:1 S Jd-“T:)sj[‘a-‘IA T s O3 5 e o S o
Depth - pH ” Organic ohd awally g5, 388 e Clay  Silt Sand
Number (cm) percentage EC neutralizing carbon (%) N (%) b K e 5 M (%) (%) (%)
(%) (mM) value (%) e Zn Mn  Cu
\ 4gad
1 Sample 1 25 1.64 8.06 47.5 0.38 0.02 220 19 21 19 02 16 26 58
(1-30)
\ 4 gad
2 Sample 1 25 154 8.12 57.5 0.09 150 13 06 13 02 16 30 54
(30-60)
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Table 2. Effect of CaCl>, KCl and salicylic acid (SA) on calcium (Ca) and potassium (K)
contents in peel of “Washington Navel’ orange fruit.

s ey e oS lude
Treatment K content (ppm)  Cacontent (g kgt DW)
aals
28.75 ft 109.22 h
Control
N0 aveuliy
TN aacaliy a3 5K 32.9 d-f 144.9 d-h
KCI 1.5%
AP
Y paealiy 0y 33.88 c-f 14341 eh
KCl 3%
yAYL:
AV NV SRVSLS 34.1 cf 156.25 b-g
CaCl> 1.5%
AL
Y aslS 0 K 34.13 c-f 121.43 gh
CaClz 3%
Lo loN0 el Salieandlos
el St 40.48 ac 157.52 bg
SA 0.015%
Y s Salicall
ol Saliay 44.15a 192.43b
SA 0.03%
¥ el Sl
E e 32.9 df 128.39 f-h
SA 0.045%
7oV aaed Sabicaddls + 71 /0 aneuliy
7o lN0 sl bl + 70 /0 paliy 0 K 30.21 ef 178.91 bc
KCIl 1.5% + SA 0.015%
T oY el Salieadlos + 71V /0 anculiy
VAV (9 RCH U DO/ V/- UV L O S 38.04 ad 188.31 b-d
KCl 1.5% + SA 0.03%
Lo loN0 dead Salivadlo + 71 /0
sl Saleandlis 4 70/ a3 K 44.15a 168.52vb-f
CaCl,1.5% + SA 0.015%
Vol o¥ el SalieIlos + 73/
Tl oY vl Sl + 70/ pral s 5K 36.81 bc 191.1 bc
CaCl,1.5% + SA 0.03%
ALY | Salieandlos + 7V/0 70 axuly
2100 vl Sabiaallis +73/0 a4 78/0 sy 5K 43.42 &b 263.92 a

KCl 1.5% + CaCl21.5% + SA 0.015%

tMeansfollowed by similar lettersin each column are not significantly different at 5% level of probability according to Duncan
multiple range test.
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Fig. 1. Effect of different concentrations (%) of potassium chloride (KCl), calcium chloride (CaCly),
salicylic acid (SA) and their combination on firmness of “Washington Navel’ orange fruit.
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Fig. 2. Effect of different concentrations (%) of potassium chloride (KCl), calcium chloride (CaCly),
salicylic acid (SA) and their combination on L* of ‘Washington Navel’ orange fruit.
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I mproving Qualitative Characteristics of ‘Washington Navel’ Orange by
Calcium Chloride, Potassium Chloride and Salicylic Acid Spray

R. Dadgar, A. Ramezanian* and F. Habibi?*

According to nutritional disordersin Iran citrus orchards and need to investigate the effects
of nutrient elements and growth regulators that have the ability to improve quality and quantity
of crop, this study was conducted to investigate the effect of calcium chloride, potassium
chloride and salicylic acid on quantitative and qualitative attributes of ‘Washington Navel’
orange fruit. The experiment was conducted using randomized complete block design (RCBD)
with four replications in Janat Shahr, Darab, Fars province, during two successive years.
Treatments of experiment included calcium chloride (1.5% and 3%), potassium chloride (1.5%
and 3%), salicylic acid (0.015%, 0.03% and 0.045%), combined treatment of calcium chloride,
potassium chloride and salicylic acid and control. The spray of aqueous solutions was applied
at the end of the first stage of fruit growth, one month after full bloom (fruit diameter was 20
mm) and repeated in late September. Results showed that foliar application of calcium chloride,
potassium chloride, salicylic acid, and combination of these treatments had different effects on
fruit quality characteristics at the harvest time. Foliar application of potassum had no
significant effect on fruit peel potassium. However, peel calcium increased with spraying of
calcium chloride. Foliar application of salicylic acid up to 0.03%, significantly increased
calcium and potassium contents of fruit peel. Calcium chloride and salicylic acid treatments
had the greatest positive effect on fruit quality characteristics. Although, potassium did not have
significant effect. The effect of treatments on hue angle, fruit juice content, TSS and antioxidant
activity were not significant. Calcium chloride and salicylic acid had a positive effect on the
qualitative properties of juice. Calcium chloride at 1.5% and salicylic acid treatments at 0.03%
had the most positive effect on the quality characteristics (antioxidant activity and total phenaol).
Combined treatments had positive effects, but the effect of calcium and salicylic acid was more
effective treatments.

Key Words: Antioxidant activity, Color, Carotenoid, Firmness, Tota phenol.
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