Evaluation of floral mineral elements in Thompson navel orange trees versus
leaf mineral elements

ABSTRACT

To detect mineral deficiency in orange trees, like other fruit trees, leaf analysis is usually used. According to existing protocols,
sampling should be done from four to seven-month-old leaves, but if an element is in the deficiency range at this time, compensating
for it will not affect the yield and quality of the current year's crop. In the time interval between the start of vegetative growth and
flowering, some of the stages of tree growth and development, such as cell division, flower and fruit set, and fruit dropping, have
taken place. Therefore, in order to investigate the correlation between the nutritional elements in the flowers and leaves of
Thompson navel oranges, this study was conducted by sampling 160 trees located in 8 orchards. The results showed that there is a
significant correlation between the concentrations of nitrogen, potassium, phosphorus, and calcium in“the flowers and the
concentrations of these elements in the leaves (90 days later). However,\no significant correlation was,observed between the
magnesium values in the flowers and leaves. A negative correlation was observed between iron and‘copper in the flowers and boron
in the leaves. Therefore, by analyzing these elements in the orange blossom in the,spring instead of in the leaves, in the middle of
the growing season, it can be used as a reliable and timely method to detect the nutritional statusQf orange trees. With timely
feeding, the current year's crop will not be affected by a specific element deficiency.

Keywords: Citrus, essential elements, flower analysis, leaf analysis, nutritional status

N\
N\



S 9 Soo polis b awglio 43 Job oyguweli JB g (LS 0 40 5 (v polis (L) !

oS>

Sl piges dgrge oSSy bl 9 n oolisal Sy 4155 31 Ygoms ogue s 3 b sile JUiiyy ol )3 Jtas yolic 39208 il (sl
Jypae iS5 3,Skoe 2 (6586 (ol ol 23l 4385 )18 39108 039100 13 (g pmie ¢ o el 3 51 Ll 39:b plosl amlo i b Jlogr slacS 1l
9090 «JS oSS ¢ Jshoo ol Lo £33 9oi g My Jolpe Sl (5 (2S5 (agy My £9pd g (Sloj ahols 3 1jcudly algss o)l e
Vou Sl paiges b Jsb Gguels JWp (L355 S g S5 3 39290 (2l polis G (Niused oy polaie & W ol 008 ploil 42 090 (032
2 yolie pon GBS L (JS )5 mualS 5 jud oty ()95 Glacdald oy 3 (LS ol b bl (gl cnl wils J8 ELA ) o5 €8
5 03 1D s )3 (s Ll i nanlie () gine (Sian S5 S5 it polie o Ll 3yl 3525 (3 sine (Son ((an gy A¢) Sy
b onlply 3 osnlie iie (Stuor S5 5 (e g 0] O I bR (Sinen S g S o> Wkl 5 o 5 il
oAl sl @Bsear g dlaisl BB (39, (lgiear Sl gy 093 bawlyl > ¢ Sy 3] wri sl Sl S S 3 pelis ol s
55 505 ) polie ol b Cod oa (gl Jlo Jpame ¢ dBgoss 405 L B8 1,5 oolilSle 5 S )3 gl Conssg

(S5 Cundg (S po o pd polie S 4z Sy 42 65 55 5lg

\ dovdo

CudsS g Jod BB o Sles Lo & oS cunl JW&y pB)1 5 S (Citrusisinensis var. Thompson navel) Job oguels JW&5 5
e lim Ae LS e S dgds 3 g0 sll gl ool Axwgy j9iS Jled > Jasme Jelge b o) Bl g g
[(Statistics of the Ministry of Agricultural Jihad 2022) 5,l> jolais! 8, pl & hujle » J@, cull cov colue
B e polie (B plie & (ooball (2 Jomocagloiyy ge5 9 48) slp ogee 1550 5 (LS plo asle J, ol
23055 4l Sy Gk ol ol 5 Ssdde @B SBAI wole cal  oolj S Jsase cuibyr b olen 15 25yl
CA 9 (659958 o il (0 yolie Jhil plaS o a5 1,8 oolaiwl Dyg0 LS A )0 jais VF Cul (690 Al
gy 5 4ilie (S £ W olS )3 olis ol gl Ngd oo (SA0kE0d DS 5 Bpany 09, 93 4 g By gl 5L
Ol paseis )1 (St oSy SBT3 polie pl (ljse 383 G 42 (23395 (e e ) (S SLSpe Ghy9
S S sy ‘.)9.,3 wMe odalie )y 1) 353 olb Cudgiste plaS ya Lol 35 o ploul 0395 0y (o lendign
BB L g MLPHLIEL Seo paie S5 dgueS gy cpl bl paseis | 9390 ST Mo lg5 oo &S Cansl @y B9,
dgeaS oG (550 jobds (s WMo 1M g WSl il Sl Mo wgueS calise Gilapd ) paie dw b gd Sl
S b g3 Slas g 0a bl L 51 5)lud o sl ggdg0 o) S N3 ol sy @l 85 o (o ] 2gs sy
Cann oL 3335 Capmidg Sl Log ) o S & o0 (Havling et all., 2017) cuwl 0391 LialS Jlo 33 8 bacse I Jgae
Jelge ] o cawd & Sl oslo ¢ 5951 Jobs byl ( Jols b e ¢ 5y905 « S5 PH oS5 Bl 3590 )3 (cote leMb] Lol
whl Co 0 4l Cundg oLl sl bl s cuenl S b Co pie pismen 5 (6365 mlie OS] 0l A ) e (SO
J8 5 ol litinl 5l cumb o Sy inlojl Goub 5l 39390 polic Cundg Lankis (¢l ol olitnl 590 IS Cundg
Bussotti, and ) x5 g0 39y 42 5 Sl o> ysboas W bgy ol 5395 pll 5 o pdiged 39290 Sy (pslsl 2 g 005 (s



9 035 oo 41,8 odlaiwldyg0 0gee B 1D (A Cunsy (askis jelaeds Jgliie jebdy Sy 4o i ya (Pollastrini2015
Pl ()l by 5l g dnle can B ¥ cla Sy 5l aS cul )b pdiges ploj ol Cudgaze pte D slbcodgize
o0 32 s 09u0 (AT WSS Ay (Jolo e le core (Sl sd 909 9 My Jolye (Sloj 0)9> nl 3 9
Al 51 polic 33205 855 3 s ooy Bl BT sgen (5 5 5 oo 053 e ) i 5 3l Byt

(Caos et. all., 2024) cul 3L Loy 05, (o)l Juab 5o o0 CurS 9 3,8das p ol 28, 9 S i

W8)5 )8 (i 2)90 P9y e B> Jleinl (sldgieS @8y 9 S polis 4o () pdige (BCdg e 2 ade (6l
Joo 5 oS Sjdsnsd o HS,8E o e polie Gllao clale cboay i polie Cai)he (bg)
Llge Lol (Sanz 1999) wus slpiudy 515kl (61 pdiges loj pd polie 5o 450 (sl 1) Bl Slosloely ()l paiges
Sloghsy 31 (S b (1830 ) hSan 5 Sl 05 Slgiy ogmo 555 sl LW 32 G550 (1358 l5en 5
3,8 el 5 ol oo > S w03, ol ol o i Polie fz0 e

505 o S g Jypamo 15 1 s 500 o8 ol S8 po (555 482 Prote s el Sy 235
38 o )8 o Plus o (Sdglie clpuss (5,20 (58065 Jloj GXopedS 1 4 Cunns &S A olaplil b 5 .ol
Gill et) 3550 oanlie o] (Sojslaed 5, Shos Cundy 9 Qglis polie CABE 1> (6508 Syt 000 ST b (S 5l
908 5l BT (¢l (Prunus persica L.) gla o (Pyrus communis.L)\ngf Co g Ve g9y p &S slaslllas y> (all., 2023
Stod Sy oyl clale b 5 oal cbile @S g0 a0 Spb i mls wb pbol S a5l eslatul b ol Il
Soy » (V25 51220) Jlgo Jlw 90 (b o Llsl 3,5 Jlos & idgh > (Sanz et al 1995) cuwl atily (g, sxe
$9) 4 1S p dwolo )l U 9> 5 28,5 )15 4 P agBalikad (B> cow gla S 0 bl s (S i (155
Copd caw S g b 5790 29300 yolis G oS ol L 2ol (0D 4150 9 (£S5 dged job AL 2y LS lon
o3zl 3y90 4565wl 3 ] 9ueS awsuis 1> Wlgie adS 5l (o)l paiges M dlaiin 1 )13 gz +/AY g ¢ /5 Sumen
Prunus amygdalus Bateh, tv ) pbl 8 )3 (cla 5 Sixe yolic Cunsg (6,500 Lialejl ,> (Sanz et al 1998) 3,5 1,3
597 08 5 elS 5 r5in ol S 5 SBCE e o5 L5 s ) gl 28,5 18 elnn 3,50 (Ters
3 2T 5 oS Bgai sl ol JS 53 39290 polic Cli 4 dogi b bales 3, 3529 (Siuan Sy g IS 5K g o
Coffea arabica ) oged HEEIS > olie yolic cuxsy jl 25T (lp(Bouranis et al 2010) . 1)) pbol ks )> 4485 Cunsg
5 oS 0 By e onl e <0t GBS o Ll ey S @l o Sy g S5 (Stuen 5 (L.
A5 Camdguuarsiis caa b S 4350 5l g e 45 ol ol S odel Cawd 4 gl p Ly Ll 3y (Siused S
5 g oSyl 5) 0y 99 (oailj Cb )3 olie yolic Cundg wyp zuls (Martinez et al 2003) 53" osliul 0ged L3 5
P Sre J5 sl 3 Kie 5 59y (e ind g gckls (yn a5 ol LS (Sjglsid ilise alsye (D )
i Comog 31 2Tl J5 o8 sk 5l g 52,0 32 ()bne (Stuad (560 o) et (A s dlo o
(Khelil, et al 2010) 5405 okl g LS o

had lyuss g 5 Saxe polie clale adlls s s 03l ¢ 5 (sl 5 45" o Ceratonia siliqua wgi > 390 )
a3l i cagydleyn g 3 coole SlaJS 9 S )3 e 5 59y 5 500 9 8] < pgaiiie 5 prelS ey ud (il ol
Clle 5 yile Sy d S 5 ) mawly 5 pud 5 Ol cdale wiily (i 9y 5 OJor polis oo 4 Cund 5 sl S
[(Custddio et all 2007 ) 15,5 1,8 ool 3 )50 (Jdxe yolic 555 ;3 Wilgs oo b IS Cunl i dlpiuiig 1V Cuwl 039y S 350



5 asedie Cal 00 plool giigl (5,6 53 Sy g IS sime dlge clale cabul) (e pslaiedy 45 iylol
Ll 313 3929 5y dne (Simods Sy 33 39290 Scdale g 9l (S )3 )9 5 ol e 5350 ¢ eliy il (4
Oleise &5 o L 0 bl W5y (g9, 5 idgh SO zuls (Gui et al., 2014) sgy yiis (S50 slo 5 50 Olpusd ol s
o8 1y dn o ogee S o gy e 145 05 Gl ol (e 55 St | o3ee S IS sitns lge S5
o $ 5005 yos Jsb (o2 9 Sulise 3929 4 50l Gloj 3 LS 4 Cod 5 Pestana et all., 2005) 58 s s
Slgs o 5 4355 cplpls (Montanez et all 1996) 1,5 o 518 o pde (slrogui g Sgilio lypuss (S5m0 0 S 1)
33)5 pasuiie Cusl 04 ploxl &S Sllllae gls 5l ST.08L ogee (1S53 )3 (Gine polic 35008 (asuld lp (g 5be b9,
Sl IS wps il g oalpls s J3)08 0 elie 59 1 08) o i b 855 S Sy g S5 53 Sdne polie Ol
9 S cloodly a5 sy liabsl Cpl g o Sloj ogme B )d B Djge 1D w3905 edlkiwl ogee BN ShE Couxsg asuis
oialesl ol 0oy b oS ale (nlio 53 Job (igunols J, 3550 )3 Al s 3 olan 9pS aliSes’ Bhlio ) 0325
Oy gl (ol 50 ) gy (nl (ole dagi b (oo jslaiody cpl iy 2t oalie JSid 35 5l (ool A3 (o)
el 025 30y o e U g J1

9 3 (wliw v g y

Citrus sinensis cv. ) Jgb oygmel JWpn Sy )3 39290 e jole o J815 de2g0 2l polic o daily b)) <y
Ol 3 5l (S dges b ol yolis yy (Siuwed i) il « (Citrus Kaurantium) &5, 4l 5 04 g0 (Thompson navel
WY B Jlo o (gl cuds Jlods 9 Slo < agix 4l B 0> 3250 Jgb yamels JWy (o) LY 5l dlw VO L Y-
Cudr Eb oy sl Sw U 0K ggite EBL g 350 A B Y/ By 00 5y pdises sl S pH liue .0 plodl
(o e Jlog 3 3L8 ez )5 Cjgo Sy g IS @@L 3 V1l ggere p3 b QLI (Bolal &gl
Said oS le 4> VI gl 53 g Badealy sl oKkl 4 l.su)w g Cuily coyd ol IS A femme > g 3G j»
A+ ggorme 39 Sp Ve 3o 2 gy }M w85 Sy diged o (S M gladdld flon (g5 <oy Al dn a5
s p ud oK,.;b“ln)'T G g Cudldy Ldgs ol duS mej 9y 5l 5 sldiges oS Slaadls lea g9y 5l Sy
9 y9abge aidy O Bl > SO ot BIS g Jole 13 iges Jloin! (Sdgll 3 o jl Cae odd gy pdiges
s oLBIng s Mol 3,8 5l dmyd VY gl )3 (S slbdiges (puw 1505 031 guiitands Hb aw oyl O b e
{(Chapman and Pratt 1961) s plosl g5 45 g ) sl oy 4 Limgh ol 3 (2Kislejl (cla s pSojlul

0395 5 S0ilNl g man pogaste gl )3 510l § Sl Sl (S5l gutinl b it ) 4 ladiges
Sl 33 928 o g Sligw SWiS (h9)h wdd oty 9 jiud (650l Cur 85 ploml el ol it 09 4
Ol By il man (ho) 5l (LS sladiges 3 BpansS (oS polis (ys jslaieds b plol EDTA L (yguwl i (sb9) &
)I ool ‘.) 9 dldl:w.: Lf“"] uJ.> L)*’?) l) U9 ).a.i.o c&i “«59) )AoL.C cD)La.C W)l o Jdb)f osliiwl HCI wS)) 9 Siis
.(Parham et all., 2002).i (g,Sojlul  osl Qo olSiwd



A plosl SPSSl38le 5 51 onliul b Laodly a5 s g 0sd 3,)lg JuuST l38lp 5 13 Cnss cotel Cwd 4 (glaosly
&S g polie (lp w5 S Sbj)l Bl 5 9 S slcdl ;o bz polie o (Siuwed ol deodls & 50 jslaioa
Y )bu;.m Lg)u )Ja))l LmL‘;I O M/" .

g sasl

(Sadeghi & Sabour Rouh, 2023) V Jada ;5 lay] 1Sk g 5265 ¢ yidin & ygods Jip )3 IS g Sy ajos ol
ot cpl s 2yg0 aS yolie  Siuwed aw)yyp jllas 4 amd o L 3ylaliw] Jgas b bodly cpl uked .ol i oaly )lis
Copous L5392 D508 )l (o 9 Ji5e (S smally c0)Jgrks polie Sl (o 53 JBho oad (g paiges (L3> (S Cul 0392
yund 2 oanliie adiges 51 By )3 35 (JA blae VIYA)wsjuie o (DPM YO+ Jolie )3 YAD) ool o (DPM ¥5. blie 3 ¥ +) 0
2 youd 1 Ske Lol b 551 a8 S 5 50 5950 Sl Lcuild )8 258 dn > pewly LlWdsy Callas mow jd pulS’ o
3yl e Lol 39y ydis S )3 (g9 ¢ me polic e wanl 0391 S 1 5 yieS b JS 5 OSke g s b 5
D92 S 5l i S 35 5o (Sl gyt S 1 poa fiie

(Sadeghi & Sabour Rouh, 2023) Jgb (ygmels Jlésy ks ) anle Y 5 Y (clacS s yises holic clale s)lulsl - Joia

Cuvons 3 ald Cello dlald Cr bl dgm05 s
Y5 Ve)=Y.. YE—\en Yo-v- Y- (ma/Kkg) ,s
-IY ¥/5-5 Y-¥/0 Va-Y/A ) (%) oS’
y- - o-\Y YIV-¥/4 14 (MA/Kg) e
Yo S ey de—)Ye Yo-¥a A (mg/kg) ol
“IA -fo=+Iv FAA R JACDIALE Al AP
Voo 0. Yo-¥4 VA-YE YA (Mg/kg) 35
¥ YIA-Y Y/o-YIV YIV-Y/¥ \1AY (%) o3
oAl iRy SA\SAYY FRLERVAN AR (1) yiud
Y/¥ VIA-YIY NASAYAS <=\ -V () psoliy
<I¥D 8= /v < e e APW
Yoo 0=V Yo-¥a VA-YE YA (mg/ka) (s,

o D90 OlEL )3 Sy g 5 (sl o wilisee yolie glackale Sile g o %S (o i =T Jgua

S, Sy § et

oSke S On oSke OnpeS On e

YIVA YINE \7AR) /Ay WY \AX AR
AL AT - Iy AT AN -/yva () yaund
\lAnY \lAns Vo Ve AN A ()l

-IYY AL -I¥Y AAR) /¥ FIYA (%)l
A A -Iyy -1y AR VYA () 30
/¥ Yo WY YVE \ay Y40 (mg/kg) ]



AN £V VA VA/EY \e A (Mmg/kg) ;e

ya/.s \R¥4 yols VO/YA Yo YV/A (ma/kg)css,
a/YA £ A\ o/yy A7AM V.18 (Mg/KQ) e
AR YAIN Yy /o VAN/FY AR ARZN (mg/kg),s:

B oS § B gy polUs Gyt (Niwwmsod

€8l 53 (Ca) udS’ g (P) huud (K) poolsy N) (59555 Bpemoyy polic polio ey &S o (i (¥ i) ool s 4y gl
99 59 et Sl G pmnyy jolie cp y Ll ) 3929 (63l ine (Stusan (S plas Jl dxy jy A0) S o ol ol 5 IS
b o [he o ojl il iy <+ P¥Y ojlilay S (15980 b JS 059y SIS ()l gtme (Stnred 95030 b Sy g 5 8L
L yound 9 Sy orolly (po peimed LAISD Gt (Sunod duopd S Jlois ] pdaw j0 o /OVD o3llay pulilS o /YAA o jlulay
3 ¥55 ojlily e clale BrasS polic o )0 Wb olyd Cude (Sidied Mo gy Jloishadaw (3 «/FOA ojluilay o
035 (5 P sre 5 Cuto (Ko ShI> IS 9 S 3 0)d G Jlainl o )N /VTY ojluilagey’s Loyd gy Jlois] s
teoys gy Jleis] g 33 =+ /SOA o}J51s Sy 1y 5 US et it 5 — /D45 oINS 1 sor o NS ,IMa] Ay
A odalie) ble b jxe (Siused

L 55 U5 g2 5 e o> Lt 1) (5 o stme ko (Stillinn SpondS L 5 5500 (itren 5 Sy ol JS e g ool clale
b odalde (5> dne Cute (Stused Sy jKie g pawliiglacdalingy gioren ol Gl 1) ite (Stused Sy pandS
Qo g Jlois] daw j3 =+ /OAF Sy pundS 5 IS 5380 o ey Jlain ! o j3 +/OVE ojluilay Sy panly 9 Sy 5K
sdalie e g Cute sl Swed A3l JI dre (Siused 5005 Ulo ) gy Jin! e 45 +/FOA Sy pundS 9 5 550 9
Cope ) &5 WS Y3 polis g (0B) 5 2lidlen Laly) geog Sl algie « Sy g 5 slacdl 5 Cilises polie (g 0
SraseS pole (bl o (Stues Joio 4 By ool (olol g Cooal Bl (Sjgle 8 il oo 53 435
VYN ojlilay (B) 92 9 oy @ o] o )3 < /¥FF ojluldg (CU) e polis (slacdale (Jgb gunels o8y S5 Sy 9 5
= <045 ojlxlay Sy 9 9 IS pal g il oo b ixe e (> awyp dyg0 Bl 93 53 Mo pd K Jloin ! pdaws 4
b o dblie  Siuod 1o iy Jlois] daw j3 = +/FOA ojlily Sy jer 9 S5 o oy g

J5 e g ol slaclalé o oy (U, 5 IS <l 9 53 ilise polic ( (Siumad Lilg) poga 53 02l Josdy )y
S S b S 59 9 ped B3 oo (LS ) (6)dne (e (Stuneds S eaelS L JS 3K (izmen 9 S b
9 S p J5e b oaaliug e Cute (Stumod S 5350 g el SIS (o (piomen 00l LS ) (Siste (Shaen
s p Joyd sl wdaw 3 =+ /OAF Sy oS g 5 53K o yd gy Jlein! mdaw (o < /OVE ojlul 4 Sy el
odnlie (189 Cate (Sla o LI (Stusan 15 b 2o gy Jlotol o )3 +/FOA Sy oS’ 5 S 592 9 (ike
Copde 3 &5 L5 Cunid polis (o (65 5 (2l 8len Laly) edei | Sy « S g S5 lacdl ) il polie (o o
ol Syt 50 9 U5 o 9 = 105 ol Sy ygr 9 IS nl (o e ol Bl (Sujglsnsed il e o s
A odalie (Siused o gy ksl pdaw 45 — «/FOA



J3b gl 08y Jiip Sy g JS cdly p ciliseo yolie clale g (Stred (o)p —YJgi>

Zn zZn Mn  Mn
S Sy S Sp

Fe Fe Mg Mg Ca Ca P P
S Sy S Sy S Sy S Sp

@ =
G
%
@
G
R

yofgsse

Voo —/FONT = [YYA

\ ARYN

ANEERYA S\ SRRy R o

) AR ATRY RV RV ARV

AR SERYARNAERYAL PRy AT

SNAF = NAY </NAe AVY

Sy

AT /2 AR

Vo e /YOA = /AVY

Sy

Yo /A vey —ohay S K

) XN = NAA ofeY LYY

P
Sy

Y IYAAEE NAY ofees —o YYD -+ /Vo0 JSP

AIEERYA ¢V YA 0 V SRV AR R WY RYAV dE2V Y S WY A RYA

) SOYO S /FYE YN = [NN=/NA=[ND A8

\ VY XY VO = AFY = [VVA o/ ¥ = /YYE -+ [ Y¥

) ARG RYAVN SESYRY RV RY\ SESVANA SERY AR IRYRL LUERYA YA ety ) 2EN

Vo = IVNE = [BM = NSV A =YY VAN = [eYY = NAF L [LBY — VY

\ NAMASEA AT IERYA A AV ANV A A P ETVA ARIEEY RS o SRVRA AVETYRS a ARVAYN dERVAfa s

YN CNAY SIYAY efeVe = [YEY = [NAA =< NAY = NAF < /YNE < [OVEF o [YVY - /YY -

DAY BEATVNRYA ATIEESY R  EXVAL ARYIN s XV RRS VRS FRY RS SERVARVAESYA A NESYARYN

DAVARESY AL SRYA ¢ 2 ERY AL ERYRE R RYA 1) SRRV RS 7 NEERYBL SRRV RS YAV R § SRV RY LY R PN

SNV o [OY S IYFAL = [o0F = [AYE = NOY =« [YAN = [YEY =+ VYV = VAV =< [NEF o[ ¥Y

DA EERYA SNV f2 Sy YRRV Y 2 SRRV RLV-SERYA oA SERVA 1V NERVA VN SRV RN ETYRA u iRV A e\ s

CIEYY = IYAR [ YA o [oNY oo = /YON =< [YEE =+ [VAY — o[ ¥ o= [NAY= [NAY /YA

—of ¥ o [YAY = JYVE o YR = [0eST o NV S/AYD o /YVE o [-AE. +[YAD —+/-¥¥ =+ [\AX —+/- DA+ [ YY—+[-AF —+/YD

Ca
Sy
Ca

5z

Mg

Sy
Mg
S5
Fe

Sy
Fe

s
Mn

Sy
Mn
5
Zn

Sy

Zn
s
Cu

Sy

Cu

s
B

S

\

VYV — RNV —o[V\F

YRR SRV S SR

e YVY =¥ ATV GIYEY VYT JOAT —o[oFF —o/V¥A /YYS XYY o/ - /Y (5B

s LN o 70 Jlain] prdaws )3 )l ze )b ize BB dg3g pis Sl i 4™ 4%, NS



S5 A g oy
2525 ool @l ol 2 g Canl 0392 0900 (503 Sy (Gae polis Gline il )3 Jgemo g o LS B9y (S p 425
SBLS 55 e, cpl 3,165 dgmg o] s asliS LS Jleis] 15 v 0an] )3 g oo pll g dulite 3> 4 B339 l5se
Slgig05 (5l Lo 15y 0593 bawlgl Ly s 9 45y Jlo ) SacS 51 (6 S 905 o ogue i3 3 bl 3,15 st )18 21,5
JL»QiIJmLﬁfaBJyzd)l;JL»Jma)ﬂw9cAg§ﬁd)lﬁgkgwapﬁdaﬂwgﬁ&
g Jpame S g o5 3,8les p o] L3 g o 15,0 435 Cuonl 4 drgi b g dalyss ouiS wg cols) 390
Ol 85 3 plis SLEl (ladis it ) biaghy cnl domi b Gl> gadge cul & 4l 5 Giglsnd pole o Sdngy
g0l odlawl Sy sbody g0 S > o S 450

89y cume paud o595 ((Sanz and Montanez 1995) ol 5y 9 JS 10 3iKie g pgsjuie ¢339 5 (i (Smned 'y
355 g oyl (Martinez et all., 2003) oge3 1> e 5 (59, «iSio ¢yl (pg ko < )39, (Khelillegall.,20201) Yo j ) 5:5e o
Pestana et ) cuwl odd (jo)55 (Siwwer oyl o badly J@y 0 5386 5 youwd B D35S o odabin bgwils S5)L Sy
el o8y JB 1553 Syr g IS g5t 9 e cunliig shd by (03958 SREEIELIE (s 3 Ghale] (1o (all. 2001
(oS qoanslly polic 3)90 )3 (VIY) LS 5 (055 ol adlllae ()] G’L’\-\“’ slaltie (gl gine (St (5lol jlaijl 5l
S 2 (Spany paic RS py e Lol odd odnlie i 0geSNgaj ol g0 )3 s (olde @l ity gl ygr g (e
SisSy Logat 0 (¥ N) S s9m 5 limgl G & gt i SIS T 5 g JS Bl e 5 sine S
oloj 31 Ll S g s ooty <050 clBIE ) o5  Jcilises (clols > LS jo Sy 3 yolis slackle i
e Sy g3 pajeie CAlE Ol Jlages & (Shme 3 L (Jad py8 4 Syl (6 S Wges 4 bgape Slojojl U 2alS
Jlais) (slosguaS & JS a0 5l olsiie o diism Jibher 02 LA it 5 adllas ) gl ol () 52 ol USG5
i ymia OleMbl 4 jein 425155 (g 298 JalS w1y Gl Jlo Jgame & 5ygbas 03 Jad Lol > JWB 5 ol

N\

Sl 54

Condy pl5indg5 La o (alis a3ls Wl e S il o0 o canl ol ,Solo gl ol 5l Jeols alyis g b
e b 5 8L, e oS onslly yand (595 polis laclale oy aSul &y da g5 b ol Jgb (ygunell (15 )0 (slapdss
slio ClalONg Sguies 5 29iaS S0l zodg S5 il @i W ab sdalie (o)l e (Stuwan Sy cdl 5 il ax g,

ol (S 40 Wiled CE ) (Sixe polis

Ololgiiw

Olite SLEL slacopra 5 S L 88LsS slagl 5 @bl  JBy 15y 5l (oobj dhwi Sl gl cpl > &Sl L
ot Konp oan] 3 B b il 83, cpl 390 50 Slalllas pl 0yinS 395 o dlgiie €5 g 3T g (5D pdiges
D9 Job (hey ol sl (eollae 3 Ll



F%)

Bussotti, F., & Pollastrini, M. (2015). Evaluation of leaf features in forest trees: Methods,
techniques, obtainable information and limits. Ecological indicators, 52, 219-230.Havling J.,
Tisdal S., Nelson W., Beaton J., 2017. Soil fertility and fertilizers, eight edition Pearson, India
education Serviss, 315- 330

Cao, S., Zeng, B., Zhou, X., Deng, S., Zhang, W., Luo, S., ... & Yang, S. (2024). Multivariate
Analysis and Optimization Scheme of the Relationship between Leaf Nutrients and Fruit Quality
in ‘Bingtang’Sweet Orange Orchards. Horticulturae, 10(9), 976.

Chapman, H. D., & Pratt, D. F. (1961). Methods of analysis for soil, plant and water, 60—62. Davis,
CA: University of California, Agricultural Science.

Custodio, L., Correia, P. J., Martins-Loucdo, M. A., & Remano, A. (2007). Floral analysis and
seasonal dynamics of mineral levels in carob tree leaves. Journal of plant nutrition,”30(5), 739-
753.

Custodio, L., Correia, P. J., Martins-Loucdo, M. A., & Remane, A. (2007). Floral analysis and
seasonal dynamics of mineral levels inicarohytree leaves. Journalof plant nutrition, 30(5), 739-753
Emami, A. (1996) Methods of Plant Analysis. Publications ofthe Soil and Water Research Institute
982:202. (in Persian) N

Gill, K., Kumar, P., Negi, S., Sharma, R., Joshi, A\K., Suprun, L. I., & Al-Nakib, E. A. (2023).
Physiological perspective of plant growth regulators in flowering, fruit setting and ripening process
in citrus. Scientia Horticulturae, 309, 111628.

Gui, H.P,, Tan, Q. L., Hu, C. X., Zhang, Y., Zheng, C. S., Sun, X. C., & Zhao, X. H. (2014). Floral
analysis for Satsuma mandarin (Citrussunshiu Marc.) nutrient diagnosis based on the relationship
between flowers and leaves. Scientia Horticulture, 169, 51-56

Khelil, M. B., Sanaa, M., Muallem, M., & Larbi, A. (2010). Floral analysis as a hew approach to
evaluate thesnutritional status of oliveytrees. Journal of plant nutrition, 33(5), 627-639.

Martinez, H4E','Souza, R./B., Abadia Bayona, J., Hugo Alvarez Venegas, V., & Sanz, M. (2003).
Coffee-Tree Floral AnalyS8is as a Mean of Nutritional Diagnosis. Journal of Plant Nutrition, 26(7),
1467-1482

Montafiez Milla\k Val, J., BetrAj n, J., Monge, E., Moreno, M. A., & Montanas, L. (1996, May).
Floral analysis: fresh and dry weight of flowers from different fruit tree species. In 111 International
Symposium an Mineral Nutrition of Deciduous Fruit Trees 448 (pp. 233-240).

Obreza, TrA., & Morgan, K. T. (2008). Nutrition of Florida Citrus Trees: SL 253/SS478, rev.
1/2008..EDIS, 2008(2).

Parham, H., Semnani, A. and Tavalloli, H. (2002) Methods for the analysis of soils, plants, waters
and fertilizers.Shahid Chamran of Ahwaz University 222 (in Persian)

Pestana, M., Beja, P., Correia, P. J., De Varennes, A., & Faria, E. A. (2005). Relationships between
nutrient composition of flowers and fruit quality in orange trees grown in calcareous soil. Tree
Physiology, 25(6), 761-767

Pestana, M., Correia, P.J., de Varennes, A., Abadia, J. and Faria, E.A.(2001). The use of floral
analysis to diagnose the nutritional status of orange trees. Journal of plant nutrition, 24(12),
pp.1913-1923

Sadeghi, H., & Sabour Rouh, A. (2023). Citrus Sciences and technologies. (Sari Agricultural
Sciences and Natural Resources University).



o Sanz, M. (1999). Evaluation of interpretation of DRIS system during growing season of the peach
tree: comparison with DOP method. Communications in Soil Science and Plant Analysis, 30(7-8),
1025-103

o Sanz, M., & Montanez, L. (1995). Flower analysis as a new approach to diagnosing the nutritional
status of the peach tree. Journal of Plant Nutrition, 18(8), 1667-1675

o Sanz, M., Pérez, J., Pascual, J. and Machin, J. (1998). Prognosis of iron chlorosis in apple trees by
floral analysis. Journal of plant nutrition, 21(8), pp.1697-1703.

o Statistics of the Ministry of Agricultural Jihad 2022

Evaluation of floral mineral elements in Thomson navel orange trees versus leaf mineral elements
Introduction

The availability of nutrients and their balance throughout the tree's growth periodyis crucial te achieving
maximum yield and maximum fruit quality of orange trees. Therefore, awareneS\of the nutritional status
of trees is one of the most important aspects of orange orchard management.“The mosticommon, most
accurate and most straight method of diagnosing nutritional is leaf analysis, but one,of ‘its most important
limitations is the necessity of sampling leaves that are three to four months old. However, a deficiency of
an element may be hidden or sometimes twa,or threeelements may'thave the same symptoms in different
degrees of deficiency, and therefore, most often;wisual symptoms'will not effectively indicate a deficiency.
On the other hand, when visible symptoms of deficiency are obseQ/ed, it indicates that damage has already
been caused and the yield has been decreasing for, a long time. In comprehensive crop production
management, this time is too late to diagnose the nutritionstatus, because compensating for any deficiencies
does not have much effect on the yield of the currentyyear. To overcome this challenge and diagnose the
status of nutrients in a timely manner, flower analysis seems to be a suitable method. Several methods have
been proposed to overcome the limitation of sampling timeThe Dries method (ratio of nutrients instead of
absolute concentration of nutrients without affeeting the physiological age of the plant and the sampling
location) is one of these methods. Mathematical calculations have also been used to analyze the elements
at the time of sampling. In such a way that it is posgible to sample trees up to 60 days after flowering and
use the results for removing defigiencies. Anether-method for diagnosing the nutritional status of fruit trees
is to use the analysis,of‘macro and micronutrientsin the flowers of fruit trees after the full bloom. Flowers
are exposed to metabolic and,management changes for a shorter period of time than leaves, so fewer
changes are observed in their nutrient concentrations. Therefore, in order to evaluate this method and
compare it withyleaf analysis by examining the correlation between mineral elements in flowers and leaves
of orange trees, this exp(iment was designed and conducted.

Materials;and methods

Correlation, between traits is used between nutrients in the flower and nutrients in the leaves of Thomson
Navel orange (Citrus sinensis cv. Thomson navel) grafted on Citrange rootstock (Citrus x aurantium).
Sampling was carried out on 10- to 15-year-old trees from 20 commercial Thomson Navel orange orchards
located in eastern Mazandaran province. Eight trees were randomly selected from each orchard, and a total
of 160 trees were sampled. The soil pH of the sampled orchards ranged from 7.5 to 8. A total of four
branches from each tree were marked from four directions of the tree (north, south, east, and west). These
trees were free of obvious signs of pests, diseases, and mechanical damage (Obreza et al 2008). Flowers
were sampled from selected branches at a height of 1.5 to 2 m above the ground and immediately
transported to the laboratory and dried in an oven at 72°C. After 90 days, leaf samples were taken from the
same marked branches. The sampled leaves were immersed in a 1% sodium hypochlorite solution for one
minute to eliminate possible sample contamination and then rinsed three times with sterile water. Then, the
samples were completely dried and ground in an oven at 72°C. Laboratory measurements in this study were
performed using the following methods: Samples were digested with sulfuric acid, salicylic acid, and



hydrogen peroxide in special digestion tubes, and nitrogen was measured by titration after distillation.
Phosphorus and potassium were measured by dry combustion and dissolved in hydrochloric acid. Potassium
was measured by flame photometry. Magnesium and calcium were measured by titration with EDTA. In
order to determine the trace elements in plant samples, the dry combustion digestion method and HCI
mixture were used. After preparing the extract, the elements zinc, iron, manganese and copper were
measured by flame atomic absorption method using an atomic absorption device. Data analysis was
performed using SPSS software. The correlation between different elements in leaf and flower tissues was
examined in advance.

Results

The results showed that the sampled trees were deficient in one of the elements nitrogen, phosphorus,
potassium, calcium, magnesium, iron, manganese, zinc, copper and boron. Based on‘the analysis of the
results, it was determined that there is a significant correlation between the elements hitrogen, potassium,
phosphorus, calcium, copper and boron in flowers and leaves. Therefore, measuring these sixielements in
flowers can be used as a reliable and timely method to analyze of,nutritional status of orange trees and
timely removed whatever deficiency of tree nutrients. N

Conclusion

Flower analysis is performed 90 days earlier. than leafi tissue analysis{ so it is possible to detect mineral
deficiencies at an appropriate time. It is recommended that floweranalysis be used instead of leaf analysis
in Thomson navel oranges. \

N\
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