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Abstract:

The integration of the Internet of Things (IoT) and Atrtificial
Intelligence (Al) in agricultural activities is transforming the sector
globally, offering significant economic and social improvements. loT
systems utilize smart sensors to monitor soil moisture, weather
conditions, and crop health, while Al-powered analytics process this
data to enable precision agriculture. These technologies enhance
productivity by optimizing irrigation, reducing waste, and minimizing
the use of fertilizers and pesticides. Studies indicate that implementing
IoT and Al can increase agricultural yields by 20-30% while reducing
water consumption by up to 50%, lowering production costs, and
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improving efficiency .Economically, this results in higher profit
margins for farmers, especially smallholders, by reducing input costs
and minimizing losses due to pests or adverse weather conditions.
Farmers also benefit from Al-driven market analysis, enabling them to
make informed decisions regarding crop prices and demand. In
countries like Rwanda and India, the adoption of smart farming has
led to a 40% increase in farmers’ income . Socially, these technologies
contribute to rural development by improving the quality of life for
farmers and reducing poverty. They enhance digital literacy among
rural populations, bridging the gap between rural and urban
communities. Additionally, women in agriculture can gain better
access to data and resources, promoting gender equality . However,
the successful adoption of 10T and Al requires addressing challenges
like high initial costs, poor rural infrastructure, and the digital divide.
With proper support, these innovations hold the potential to
revolutionize agriculture, fostering sustainable development and
enhancing food security worldwide.
Keywords: Artificial Intelligence, Internet of Things, Rural
Development, Food Security, Agricultural Sustainability
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Ol al ¢yl Jsl (B Agibiia @l (3iat (K Jeb el Gidls (10 @) Laa 3R
.00 gill @l gia alal Wiile (S 4 griall cilyaal)
LYy Aelaia¥) dpaill) ghad B agud o clulll) odgd (e i -¥
i, ) Cilaaisall

1l Y dw el Jeall 8 s ) claciadl ad VW e i€ 3
b G Lm i ASH) L) 30 La sl S ens e g5 Aladls ) ISy
(Basso & Antle, 2020). dadiill aglas jalaal Muagd (pu&all o ol s Jae
el (ga5in Ja s Sope ) 3all Jla Lduna (5 shue (e @ O il s3gd (Sa) oS
Gl siae o Bla ey Lae gl Allead) o callal) Q&5 ) dpe) )51 cllead)

L)
Cpand BAL 9 10T aladiad dpaaly Aol Jol) A oo liall o9 g2 L =Y
¢ Jaalaal) Lnalis)

Aal i ) claatl) S asl Jiay cpe )l el o5 o ARl Gl )y & el
<y Jéé (Elijah et al, 2018). 4wl Jsall & del 30 Lasdgsill s
O Jie aglaad 4 jaa 5 gad llia Ja 5 Sl o3¢] Alaiaall ) ) Cayall 5o ) 3l
Sone ) 3all e doe sl A0ed FSYI il gl & Log SASAN Jgladl a8
Jodll B ollaY) slsilly sladd) el i) dalall gaadsi gl A Jalgad) La ¢
S ) Ay )
acdll Gl 5 Sl pld iy cdaad ) Aiadll A Cana o ) o El s
(World dx_all Jsalbde) )3l gUss AL 5 10T Giadad (3523 Jal 5o LelS ¢ oo S
IS Ll (2 Las 0 all Jsall G B gaall 028 CaliaS (530 1 JBank, 2020).
FASA L 5l Sl Sy (alachy L (e ) ) ) 8 e Lgia
dan) o B o Bliall g e )3 clland) A5 ¢ ¢ 58 (Bal (e LS -0
o sl QS (8 agas Aol 3l Gligs )y elilhal) oSA clas ol a2
(Glover aeiilds 8 Jleall (o 43S o ) 555 38 23y 638 of V) ey i) Allaal)
(s Al OYlaa G sans Jae Wah 3las of el s2¢d (Sar Jedet al., 2019).
& O OOl Gl Sy Jay el )l il dalas sl el Hl1 3 ea ) lpa Jia
om0 Jlendl 3 sia e Lliall g £ LY 30
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Salail) o2a aladin) o agagnil
aSd A LpagalsY) clgally Aaal) aadisall Clasa 4ali G ¢Say @) Hgall L -V
; TSI (B Jsaill

Gl 581 e cclaaladl s i glatll Clmaadl o) () dpalladl ladll i
(FAO, sl byl aladind e cpe ) 3all (i 3 1508 1550 Caml ¢ alal)
&) & pn O Aoall dpal) (8 el il s sl Sy 530 5l N192020).
S a0y Claadall (g ClS) S 48] Sy day Thael N L 1S paaly (oo Sl
Syl (e ) el ClalfiaY duanaie ddas Jola skl die ) )l L) i3l
e )l Aaday) B L) Aalaiad) Je AL 5 10T bl 5l L -A

O JE o oSy clib) Jalas iy SA ol Aadail o ) el
(Brewster et al., 4iaS 52015 el Aladinl e a3y colyad) gl
A all Jsall 8 Aalxivad) Aol )l (Bat b aged O L 03] (Say J432017).
fdakaial) b Cilall FLiall Ca gyl e Lol 5 500 Loy
SALS 10T dakiil aladic JB 8 430,30 i) dles lasa ¢Sy S -4

Lo cJpalaall 5 ozl ¥ Jsn bl (e 35S ClieS pan [0T dadail Callas
Olaa (Say CaSé (Kaspersky, 2021). <blull el 5 da sadd) (L Caglae i
O aalatil Al s il b Jl 8 dals dg el Jsall 8 bl sds djles

‘ S el g el L Syl
CaY) Blaig MY Y paat Ay aea B Ae) )3l L gl il aB gl jgal) La -
¢l )

e ) ) Gt g saadl s e Jie el Jsall e el e
ety 550 5s) delool clalsl e slde ) Julisy o ad) £UBY) 35 JMA
b aalad o Ld¥) )5 e lilaal) olSA) ) (Say Jeb (Y0 YY) ¢y adll
ik gl (55,0 028 (Bial
Afiand) ey gludl) adA

glhadll e Al 5 10T il slegl agdl Uldas 15Ul ¥ glacl) oda JSE5
2 sill aany 8 dasd aclid ) ¥ sbadll sda g AaY) Aw el Jsall & o)l
sl Sl g lital Gl A A U i st el 3] Ao LaiaY) 5 poliaY)
Lo 515 e AalE s dae ) ) ilaa) i
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dLaal)
Lalaidy) 4l

b el Jgall dala o Jsall cpe ayaed) by Aunladl) 5 58 ) Al 3l IS

an b Jlea) ad) il (e 95) € saiy el g Uail) aaluy s jall Jal

Yl s a2 55 (World Bank, 2021). glaswdl & %)Y 5 ccarall 8 9V Y5

£Lad) i ) i i ) LY S i ) iyl (mlisdl (e g el ey

[ e O (S (Al = lihaaY) clSYI (10T)

SAl ol Aalail alaaiul o (FAO, 2022) il jo cyekal: Aalidy) 3005 o
& Aals QT %Y Gn sl Ay del ) LaliiY) by o Sa
il 5 3V Al i) Jualadll

3aaull g oball 4paS (8 ASail) JOT ladiiins) 3 3¢l alodinl: gUGY) CBSS (83
(Patel et al., vigll & Cu yal A Jal G5 ¢+ ) doad Ay 5agd) (e Iy
2021).

Gsmall Jlansd Jilad 8 aeud o (S e lilaa¥) clSHIT 0130 Gagadl) (sl o
Lo st 5 cagilaiia (5 guiil JiaY) i gl JU) e tue ) all 2ol Laa dlgy 30l 5
(Chlingaryan et al., 2018).L& ) & six el A 4alas

Ao laia¥) Luaal)
Jsll 8 Uelaial 5 Gaboail 45038 VI 480 45 501 3haliall (3 050 ) 3all Jiay

e i )l el i alde) )30 ol all o ol dy el

O ) el JAS (e 2 AL 5 10T b Gk (e ) jall Adma s fia gy o
“Smart g s rdie aalu dailyy b aa e Qi agiall) (sl A (e
% €+ Apity Cpe i el JAa 30 (A Jsall dlill e sendllAgriculture”
(World Bank, 2019).

soadl) (el L deluy Aol 3l 8 Aaall Ll JAa): dpad ) 5 gadl) (adlii o
(S o sl e A e Ay pemnl Blalial) s Ay Sl Clasinall (3

Sanll (5l 3 ganl) ololl aeh VAN (o LIS i Ayl Bial) g2 Jujad e
el 5l 31yl iy o (S e 0 lleall 8 L o) S0 QLSS el 30
(IFAD, 2020).cs3La8Y) LelDliins 3 5 Ll

Al Al
Joeal LKA Aol 5l ol cuudSs Flal iy olaal) 30 Al BlE (b
Y Aala

Lsh) Gsime ld o adiad SA) o)l dakuil: Aglall 3jigall o BiaS
% (Elijah et al., 2018).0+ - %%+ Ay oball 3 jagl) JIi) Laa &y 1l
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Al Gl Y] el 8 eeliaal) olSA) aladinl): Clawal) aladia) JuE5 o
(Basso & (aull &bl (e JIay Lo 9 Y0 Aty laall alasinl B85 8 sl
Antle, 2020).

s 5 & i) o Bliall 3 agaw dae) )50 2 ) sall 300 (aents daliiud) (g8a8 o
(Smith et al., 2020). L1 siul o lad 3 sedaLe a5 cla )58

dal) ey
2.1_)13.4 3.}.@2)5\ bJ}ﬂ\ ‘_ruz g_é J;i:m @)’J\ d)ﬂ\ Lﬁ 4.&\))3\ &M ui ‘:S:J

Al 5 10T aladia) Uaia )5l compal 258 )0 o Y1 ccilenall 5 deliall cile i

e Uadl) s Cuaail dua i Jia de) )

e 1Al damg O (S Lin s S JLA): (pad ) Sl (B (el jal) ad o
aal 5l 5 el Jalal clapdas aladiinl (e agiSars ¢ el SLaBY) (e 12 30
Gl e Ll

Gl iy dpe ) 50 bl Julas 8 e lihua) oS dadal JUaa): JSiy) Ji5as o
L geall Al )30 5 488 Aol )30 Jie chaaa Lo ) ok A el Gae ) 3l Gl
(Wolfert et al., 2017).

Al a¥) g L) AzanY)
Lal il Ay slgl Al 5] maal e 3l 5 dpuliad) @l jlaaY) JB 4

r 1 Y 3 Jande ) ol 8 ASH) La ol <3 e slaie W) A jal) Jall

Lealiinl (3 %60+ iy La 3y sinsd Ay pall Joallz S 8a) Jlo aldey) JlE5
& hala dandll o3a JI o (Al 5 10T e ol Y cpuad i3l
(FAO, 2021). el Jie L) Jpualadll

Yara e J e ) el Aabai®¥) o plall cpealty Al RGN Jajad e
& WS elaia¥l sl Giat A sl g ol ) il (e 5 jagl)
(World Bank, 2020).c_aall A& "audd )l de) ) 31" ¢ 5 pie

Al ) daai

Al 510T aladial Jsa 4 sall o all (e daall S sa g a8 )7 Adjaall Bgadl) 3w o
A 8 agat Cand) 138 33 gana Ayl Jgally Adleiall il all () Y) de) 30 A
_E};ﬂ\ XYY

& AN i ALY e Al dde Cilpa g ca) axiy I AN plia acd
Axad ) dae ) Gluaw (Al 4y pall Joal)

e el sl el Cilaal (3ind aed b gy Conall: Aaliasall dpallll i35 o
ool Caagll g Mg sall e sliadlt SU Cargd) dala ¢ (SDGSs)sasiall
" OV s el GG 5 Z LY i B Caagll  MAaydaill slpall
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(e )1 3all Adma (5 s Cpend (I V) Gl B i dald) e
Jh sy e dseal udSy Jlaall 13a 8 Gl dephall o sl e Laleall
) A yad) J sl Leea 58 G Al 5 dpe Laia ) 5 ApbaiBY) Y ail
<y

G Aty eldia¥ly gabaBY) BY) Jalas ) Al ) oda Chags
Jsall b Aald duel ) 3l Al L (Al) elilaaY) SN (JoT) +led) e
Gospall Ga gaal alle ol 3l gl 8 day pull SV saill ) lailly Ay sal)
dae )l cboadl) dalles e bl sl 508 gaa SLISELY daual g calaal paad
el iasall sy 51 dpaiil) Al da g el
AlaB) Uil (paad BAL 5 10T aladiu) aalus s2e anil g Jo¥1 iagdl
o=l g adll _a daluiyl

b et Sl o3 of ) MeKinsey (2021) e die Glal j2 i
2 %% Ay dae ) )l Al 30l 35 YO ) deall Ay ZLY) S s
A ot g g asiall Y ) Jie cdadiie Js0 colad (g Wle 3adie il o2a ()
Blet ye e iy all Jsall 3 el )3l @8l e Jilal 1as gadad ) Al al) e
Al Q) dala@y) 5 Aualidl o ylal)
Lala (cpe ) el Jan Gaead e ASA @l aladiiul il (8 s ALY Giagd)
; oAl s

% Y+ Aawdy cpe ol el JR0 5005 3 SA ol Aadail Cregd cigll &
Ll o2 5l Jon A e 808 s <l Lo (i) i(Patel et al., 2021).
Gl gl sl 308 (52a Laad LA\ A Hall Caags I u—")’d\ iy, é Cre )l ) és:
sl A il gl (8 Aala e all cpe ol al) Alina 5 gl e e
Jalii g ¢ IR (Y1 3308 (A g O il a3g] Sy (RS Cany s ) Ciagd)
Asel ) daalad) e callall 5 (i jall (28 sandll

e Oe dgpall Jsdll Jlad ¢ (FAO, 2022)de) 305 dde ) dalaial i
O gl (e Lglaliial (e 900+ Apkazdl o) HauY) o adiad 3« pS Sl
83N ety e Jaall LY 805 AAL 5 10T Db Allad (500 48 jaa (55l
Adalid) dalid) Gkl e dealill yileal) a5 cJualaal dalily sl e
Lo U gad eyl s2a aladin doelaia¥) cilelall GLESIL g a1 Chagd)

L jh i 38 Ll il Aleadl ) dalad) Js5 8 25y (o e a1 e
(Basso & el 3l clydlly bl didad cdiluall O¥lae (8 3aaa ddd
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sale) ) o) Allead) dae Lin 53S0 JOa) ) s255 o ez padl 4d )l Cladinl)
Baaa (il s Jleadl 4n 8
haliall (g dd 1 8 sadl) (a4 ASAl byl algw) (520 Cany sa Gualdd) Ciagl)
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O g %Ee o I (World Bank, 2020) sl @bl & s
O 13 Lo 48 jme I Ayl Cangd A Ayl calandl) (g el iyl
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sl alam@y) e ) jall
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Q\.\.\Aﬂ\ 0d ‘;\.\ﬂ
=0 ol el o (YY) sl Glill A y0 coelal gy &
Coagd A 90 dawiy (e ) 3all gl ol o sl (ssiue @i (B Caagud (SU
) dpe Laia ¥ LAEN Slall a5 el (e ) Jall oo 5 (5 slue ani I Al
Al s 10T il agaladinl ¢y 53 J s
colaall Luals chmplall 3 5) sall e Jalaad) 8 AQA L) g0 ani 58 aubead) Chagd)
el 5 3aand) alasiul (e Jalil
% O+ Ay oluall aladiul JB SAI gLl dadail alaie) of ) lail djad s
Opad e ladil) s3a 308 sae maad ) Aul bl ausd(Klerkx et al., 2019).
5% e lai i) ghalid) b Uasad iy pall Jsall 8 dael 30 30 sall ali
oladll
e el Sl Aals (Al 10T dlaie Y aba®y) (o gaad) jaai ga ¢palil) Cagd)
Ll o3 8 lainl) RS ol jiul (3 iy (McKinsey (2021)-
b Uil s il SURY1 138 (S 1) Le i ) A pal) Caagd st © (N Y e
e el 38 o g8 Aol Cag hll G pE dus el Jsall
L)
sy Ayl Jsall (& bl ods il i) e ) delua s pulil) caagl)
Gachiie e Gl o
e ) el Jalis cupXigmal e
oalall g Usill 4, i) josa o
Lo ol Sl S g Al SY) Clgall G IS 55 o
Lo g ) Joall (A plaal Clua il (e Ao sane d2lua s pdladl ciagl)
=100V gl (el (B La sl 5S35 5 5
Alaay) Aada
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£S5 o Lus) i pm) b il Jaa JalSie agd el ) Al jall Caags
D) Allad e ja) A3 e ) gl (S Lay el )l gl e el
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Acl ol SAL sloT

Cun (e gy pad) Jsall 8 el 50 a8l Jilal Wadll bea ) giall alasiul o
LD alaAiu) (e ¢ il ALaBY) 3 el gl daalue (LY Y axa
3yga b g ) meiall 138 Caagy (Creswell, 2014). deel) 3l Slleall 8 2ud )
Las )il Slelianly bl Jilais aaend DA (e Jall gl oo dllSi
Jie Alelaic oo 3yl

(FAO)ic), M s 42e Yl dakiia o

(World Bank) sl <lidl o

(CAPMAS) s padl sbany) S 0 o

ol Gl G s Sl Sl LI J s GSMA oS o

i Ao laia¥ly Lolaidy) HEY) hliiiu) Chagy (R meiall Cahh g o
idie Jgo (A el el Jidas ) L) (AL [T il

(Klerkx et al., 2019))ilsa o

(Wolfert et al., 2017)s2s3all SLY N o

(Patel et al., 2021)x¢ll o

(World Bank, 2019))xil5, e

il (3a8a A0S (g0 padil c‘;_)_):d\ cj\)s\ e cpladll sda @MLM\ & 24
:U-CLA:\AYU 4.3;\..43351\ Q\ﬁj)ﬂ\ BLG\)A & A.@.\\.ﬁm
bl aan il g
Al el Al |
rlad (A8 g ga jolian (e Ay s L) pes e Slaie VI o
Nature s «: Agricultural SystemsdJis daSas Clas 43 sdie dpale CWae o

Sustainability.
GSMA. ¢ Jsall il ¢; FAOA 5o cilalaia )& o
(;G\J)j\‘;qﬁ)j\d};ﬂ\j:\es.ﬂ\as\))ﬂd};b\)}ﬁid)):\.xu;udsh&) .
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Lpatill g dae )l L o) S G A8Da) and] ALalSia lal oagiall LY 138 i
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(Wolfert et al., 2017). S ) Clilee 5 cdadall il
SliluaY) £lSM) g s L) i ) Ciy s
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gct.iua‘}“ <84 fadil.u:v Loy cdjiaj\ (e bl e ‘_A‘; loT <oluss s
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Effect of climatic factors, gibberellic acid, mineral nutrients
concentration on fruit splitting of Washington Navel orange
and pomegranate (Punica granatum L.) in Egypt
Abstract

A field experiment was conducted during the 2019-2020
and 2020-2021 seasons in private orchards of Washington Navel
orange (C. sinensis) budded on sour orange (C. aurantium)
rootstocks (20 years old) in Al-Dakahlia Governorate and
Wonderful pomegranate (10 years old) in Al-Behera
Governorate, Egypt. At the start of the study, the percentage of
fruit splitting was assessed in four directions (north, east, west,
and south) and at three canopy positions (upper, middle, and
lower). Samples of Washington Navel orange and Wonderful
pomegranate fruits, with and without splitting symptoms, were
collected to determine calcium (Ca) and boron (B) content in the
fruit peels. The experiment aimed to evaluate the effects of
calcium chloride, boric acid and gibberellic acid on fruit splitting
and fruit quality. Twenty-five trees of each fruit species were
divided into five groups, and each group was sprayed three times
at full bloom, 30 days and 60 days after full bloom with one of
the following treatments: 150 ppm GAj3, 2.0% calcium chloride
(CaCl,-2H,0), 0.3% boric acid (H3BO3) and 150 ppm GA; +
2.0% CaCl,-2H,0 + 0.3% boric acid. The results revealed that
the highest rates of fruit splitting occurred in July, coinciding
with high temperatures, intense solar radiation, and low relative
humidity. Fruit splitting was more prevalent on the southern side
and the lower canopy portion. Higher concentrations of calcium
and boron were detected in the peels of non-split fruits compared
to split ones. The combined treatment of 150 ppm GA3, 2.0%
CaCl,-2H,0, and 0.3% boric acid was the most effective in
reducing fruit splitting and enhancing yield and fruit quality of
Washington Navel oranges and Wonderful pomegranates.
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Therefore, this treatment is recommended to reduce fruit
splitting and improve vyield and quality parameters of
Washington Navel orange and Wonderful pomegranate under
experiment conditions.
Key words: climatic factors, gibberellic acid, calcium, boron,
splitting, Washington’ Navel orange, pomegranate
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Introduction

Fruit splitting or cracking is a major pre-harvest
physiological disorder affecting the Washington Navel orange
(Citrus sinensis L. (Osbeck) and pomegranate (Punica granatum
L.) industries, resulting in significant economic losses and
reducing commercial value. This issue can lead to annual yield
reductions of up to 30% (El-Sayed, 2016 and El-Akkad et al.,
2016). Factors contributing to fruit splitting include
environmental factors, nutritional deficiencies, and imbalances in
plant growth regulators (Abdelrahman, 2010; Singh et al., 2020;
Krajewski et al., 2022). Environmental factors such as high
temperatures, intense soil radiation, elevated transpiration rates,
low relative humidity, and significant day-night temperature
fluctuations during fruit development are closely linked to
splitting (Abdelrahman, 2010, Khub, 2014 and Li and Chen,
2017).

Nutritional deficiencies, particularly in calcium (Ca) and
boron (B), are directly associated with fruit splitting in oranges
and pomegranates (Singh et al., 2020 and Krajewski et al.,
2022). Calcium and boron play essential roles in maintaining cell
wall integrity and plasma membrane function by interacting with
pectic polymers in the cell wall matrix (Singh et al., 2012). Fruits
with higher calcium and boron levels in their peel exhibit greater
firmness, stronger cell walls, and reduced susceptibility to
splitting (Masoud et al., 2019 and Morwal and Das, 2021).

Additionally, endogenous plant growth regulators
influence fruit splitting. Studies by Peng et al. (2001) and Sekse
et al. (2005) indicate that gibberellic acid (GA3) can mitigate
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fruit splitting by delaying fruit maturity, enhancing peel
elasticity, increasing the deposition of stratum corneum
components, reducing the activity of pectin methylesterase
(PME) and polygalacturonase (PG), and improving cell wall
plasticity and fruit hardness. The combined application of GA;,
calcium, and boron has been found effective in reducing fruit
splitting severity in several crops, including litchi (Litchi
chinensis Sonn.) (Singh et al., 2022), lemon (Citrus limon L. cv.
Eureka) (Devi et al.,, 2018), sweet cherry (Prunus avium L.)
(Dong et al.,, 2019), grapes (Vitis vinifera L. cv. Muscat
Hamburg) (Parthiban et al., 2021), mandarin (Citrus reticulata)
(Kaur et al., 2024), ‘Okitsu no. 58’ citrus fruit (Wang et al.,
2024), and Lane Late Navel orange (Shi et al., 2024).

Given the severity of the problem, this study aimed to
evaluate the individual and combined effects of calcium, boron
fertilization, and gibberellic acid treatment on fruit splitting,
yield, and quality in Washington Navel orange and Wonderful
pomegranate, two of Egypt’s most commercially significant fruit
crops.

Material and methods

A field experiment was conducted during the 2019-2020
and 2020-2021 seasons in private orchards of Washington Navel
orange (Citrus sinensis) trees budded onto sour orange (Citrus
aurantium L.) rootstocks (20 years old) located in Al-Dakahlia
Governorate, Egypt (31.15° N latitude, 31.49° E longitude, 2.89
m altitude) and Wonderful pomegranate (Punica granatum L.)
trees (10 years old) were studied in Al-Behera Governorate,
Egypt (30.47° N latitude, 30.09° E longitude, 94.5 m altitude).
The planting distances were 5 m x 5 m for the orange trees and 4
m x 4 m for the pomegranate trees. In both orchards, the
experimental trees were managed under uniform fertilization,
irrigation, and pest control practices as recommended by the
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Egyptian Ministry of Agriculture and Land Reclamation. Details
of the soil's physicochemical properties at the experimental sites
are provided in Table 1.

Table (1): Physical and chemical characteristics of orange and
pomegranate orchards soil.

Soil attributes Orange Pomegranate
Sand (%) 25.00 90.50
Silt (%) 25.50 2.700
Clay (%) 49.500 6.8
Soil texture clay/ loamy Sandy
Field capacity (%) 36.00 16.00
Saturation (%) 72.00 32.00
Organic matter (g/kg) 13.50 2.90
pH 7.90 8.00
EC, dS/m 2.99 1.34
Available N (mg/kg) 53.60 23.20
Available P (mg/kg) 11.40 3.50
Available K (mg/kg) 224.90 112.50

Agro-meteorological data, such as maximum and
minimum temperatures (°C), relative humidity (%), and solar
radiation (MJ/m?/day), were collected from January to December
during the 2020 and 2021 seasons from weather stations situated
in the Al-Dakahlia and Al-Behera governorates.

At the beginning of the experiment, 10 trees were
randomly selected from each orchard. Five branches on each tree
were marked in four directions, and the number of split fruits on
these branches was recorded and expressed as a percentage. The
tree canopy was divided into three sections (upper, middle, and
lower), and the percentage of fruit splitting was calculated for
each section. To analyze calcium and boron content in the fruit
peels, 50 commercially mature Washington Navel orange and
Wonderful pomegranate fruits, both with and without splitting
symptoms, were collected. Calcium (Ca) content was analyzed

ISSN: 2537-0804 elSSN: 2537- 0855



Improving quality and prolonging ...., Mona Helal, Ibrahim Arafat//

using an atomic absorption spectrophotometer (Perkin Elmer -
3300) following the method of Chapman and Pratt (1961). Boron
(B) content was measured photometrically using the azomethine
color reaction, based on the method of Banuelos et al. (1992)
with modifications by Liakopoulos et al. (2005).

For the experiment, 25 trees of Washington Navel orange
and Wonderful pomegranate with similar yields, canopy sizes,
and vigor were selected. These trees were divided into five
groups, each receiving one of the following treatments applied as
sprays at full bloom (FB), and 30 and 60 days after full bloom:
gibberellic acid (GAz) (ACG-EGYPT ®), calcium chloride
(CaCl,-2H,0), and boric acid (HsBOs), either individually or in
combination. The treatments were: control (distilled water), 150
ppm GA;3, 2.0 % CaCl,-2H,0, 0.3 % H3;BOsand 150 ppm GA; +
2.0 % CaCl,-2H,0 + 0.3 % H;BO;. Each treatment had five
replicates (trees).

The following parameters were measured:
Leaf calcium and boron content

Leaf samples were collected in July during both seasons
from Washington Navel orange and Wonderful pomegranate
trees to determine calcium and boron contents, following the
methods described earlier.

Percentage of fruit splitting

The incidence of fruit splitting was evaluated monthly
until the ripening stage. Split-affected fruits on each tree were
counted, and the data were expressed as a percentage of split-
affected fruits. The total percentage of fruit splitting was
calculated using the formula:

Fruit splitting (%) =Total number of split fruits \ Total number of
fruits x100

elSSN: 2537- 0855
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Yield and Fruit Quality Parameters

At the ripening stage, all fruits from each treatment were
harvested separately. Measurements included fruit weight (g),
yield (kg/tree), fruit diameter (cm), fruit firmness (kg/m2), total
soluble solids (TSS) (%), titratable acidity (TA) (%), ascorbic
acid (vitamin C) content, and reducing sugars (%).
Fruit diameter (cm) and skin thickness (mm) were measured
using a vernier caliper.
Fruit firmness (kg/m?2) was determined using a handheld fruit
firmness tester (Penetrometer, Model FT 327, QA Supplies,
Norfolk, VA, USA).
TSS (%) was measured using a hand refractometer (0—32 °Brix)
with temperature correction at 20°C (Chawla et al., 2018).
TA (%) was determined by titration with 0.01 N NaOH using
phenolphthalein as an indicator, and results were expressed as
citric acid percentage (El-Sisy, 2013).
Ascorbic acid content (vitamin C) was determined in fruit juice
via oxidation with 2,6-dichlorophenol-indophenol dye, with
results expressed in mg ascorbic acid per 100 mL of juice (El-
Sisy, 2013).
Reducing sugars (%) were analyzed using the phenol-sulfuric
acid method and the 3,5-dinitrosalicylic acid (DNS) method
(Lam et al., 2021).
Statistical Analysis

The experiment was conducted using a completely
randomized block design with three replications. Data from each
season were analyzed using analysis of variance (ANOVA) with
SPSS 17.0 software (Statistical Packages for the Social Sciences,
Inc., Chicago, USA). Treatment differences were assessed using
the least significant difference (LSD) test at a 5% significance
level (Steel et al., 1997).
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Results and discussion
Splitting as affected by fruit position on the tree

As shown in Tables 2 and 3, fruit splitting in Washington
Navel orange and Wonderful pomegranate was significantly
affected by the fruit's position on the tree (p < 0.05). Table 2
indicates that fruits located on the southern side of the tree
canopy exhibited a higher percentage of splitting compared to
other sides in both seasons. Similarly, Table 3 emphasizes the
impact of fruit position within the tree canopy. The highest
splitting rates were observed in the lower canopy (1 m height),
followed by the middle canopy (2 m height) and the upper
canopy (3 m height) across both seasons. Fruits in the lower
canopy exhibited significantly more splitting than those in higher
sections. These results are consistent with the findings of El-
Sammak (2010), El-Sayed (2016), Saffari and Akhavan (2018),
and Mandal and Mitra (2018), who linked increased splitting in
the southern and lower canopy areas to higher temperatures,
greater light intensity, and lower relative humidity in these
regions.
Table 2. Effect of fruit position and distribution on fruit splitting
percentage of Washington navel orange and Wonderful
pomegranate grown under Al-Dakahlia and Al-Behera
governorates climatic conditions in 2020 and 2021 seasons.

Season

2020
2021

Washington navel orange Wonderful pomegranate

Fruit position Fruit position
North South East West  Total North  South East  West
3.50d 13.70a 4.30c 9.50b 31 1.5d 9.3a 23c 59b
45d 152 a 57c¢ 108b 362 25d 115a 57c¢ 38b

Total
19
235

Values in the column followed by the same letter(s) are not
significantly different at a 5 % level of probability.
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Table 3. % fruit splitting at different position of Washington
navel orange and Wonderful pomegranate grown under Al-
Dakahlia and Al-Behera governorates climatic conditions in
2020 and 2021 seasons.

Season Washington navel orange Wonderful pomegranate
Tree high Tree high
Lower Medium Higher Total Lower M::jtu(g\ Higher Total
part(lm) part(2m)  part(3m) part(1m) P m) part(3m)
2020 195a 95b 2¢ 31 115a 56b 19¢ 19
2021 23.3a 10.2b 27¢c 36.2 135a 76b 24¢ 235

Values in the column followed by the same letter(s) are not
significantly different at a 5 % level of probability.
Relationship between fruit splitting and calcium and boron
content in Peel

Significant differences (p < 0.05) were found in the
calcium (Ca) and boron (B) content of the peel between split and
non-split fruits of Washington Navel orange and Wonderful
pomegranate. A negative correlation was observed between the
levels of Ca and B in the fruit peel and the occurrence of
splitting. Fruits without splitting symptoms showed higher
concentrations of Ca and B in their peels, as illustrated in Figure
1. Similarly, earlier research on litchi (L. chinensis) has
demonstrated that split fruits had notably lower levels of calcium
and boron in the peel compared to non-split fruits of the same
variety (Lin, 2001; Huang et al., 2004).
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Figure 1. Relationship between peel Calcium (Ca) and boron (B)
content and fruit splitting presence. Values in the bar followed
by the same letter(s) are not significantly different at a 5 % level
of probability.
Effect of Climatic conditions on fruit splitting in Washington
Navel orange

The data presented in Figure 2 (a, b, c, d) illustrate that
climatic factors, particularly air temperature, relative humidity,
and solar radiation, significantly affect fruit splitting in
Washington Navel orange and Wonderful pomegranate. The
occurrence of fruit splitting began to appear slightly in June and
July, peaking in July for both fruit types.

Air temperature was positively correlated with fruit
splitting. Higher maximum temperatures (r2 = 0.615 for orange
and 0.519 for pomegranate) and minimum temperatures (r2 =
0.752 for orange and 0.685 for pomegranate) were linked to
increased fruit splitting (Figure 2 a, b). These findings are
consistent with those of Bolafios et al. (2017), who reported a
similar trend in litchi (L. chinensis). Extreme temperature
fluctuations can cause carbohydrate accumulation, lowering the
osmotic potential of the fruit and increasing water absorption,
which accelerates growth and heightens the risk of splitting
(Wang and Camp, 2000).

Relative humidity showed a negative correlation with
fruit splitting in both crops (r2 = -0.692 for orange and -0.656 for
pomegranate). The highest percentage of split fruits occurred
during periods of low relative humidity (Figure 2 a, b). This
aligns with research by Li et al. (2006) and Kaur et al. (2022), as
well as Bolafios et al. (2017), who found that low relative
humidity coupled with high temperatures promotes splitting in
litchi.
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Moreover, solar radiation was positively correlated with
the percentage of split fruits. High solar radiation periods had a
significant impact on fruit splitting, with correlation values of r2
= 0.645 for orange and 0.545 for pomegranate (Figure 2 a, b).
These results support the findings of Bolafios et al. (2017), who
noted that increased solar radiation contributes to fruit splitting.
The effect of solar radiation may be due to elevated external fruit
temperatures, which create stress conditions, making fruits more
vulnerable to splitting (Mitra et al., 2010).
Figure 2. Splitting fruit incidence (%) in (a, b) Washington
Navel orange and (b, ¢) Wonderful pomegranate fruits and its
relation with air maximum and minimum temperatures (T °C),
relative humidity (%) and solar radiation. Study period from
January to December 2020-2021.
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< Maximum temperature (°C)
== Solar radiation (MJ/m2/day)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Month

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Month

2020
=~ Relative humidity (%) =& Maximum temperature (°C) C

Minimum temperature (°C) <> Solar radiation (MJ/m2/day)
=¥=Fruit splitting (%)

—~oRelative humidity (%) 2021
Minimum temperature (°C)
—*=Fruitsplitting (%)

~- Maximum temperature (°C)
== Solar radiation (MJ/m2/day)

Month

Month
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Effect of foliar application of gibberellic acid, calcium, and
boron on fruit splitting and quality
Nutritional status (leaf mineral composition)

The nutritional status of Washington Navel orange and
Wonderful pomegranate trees, as indicated by the leaf contents
of N, P, K, Ca, Mg, and B, was evaluated in response to various
treatments during the 2019-2020 and 2020-2021 seasons. The
compiled data are presented in Tables 2 and 3.

As shown in Tables 4 and 5, all treatments significantly (p <
0.05) increased leaf nutrient contents (N, P, K, Ca, Mg, and B)
compared to the control. Among the treatments, the combination
of GA; (150 mg/L) + CaCl,.2H,0 (2.0%) + boric acid (0.3%)
proved to be the most effective, resulting in the highest nutrient
concentrations in the leaves. The GA; (150 mg/L) foliar spray
alone ranked as the second most effective treatment.

Table 4. Effect of gibberellic acid, calcium and boron treatments
on N, P, K, Ca, Mg and B content in leaves dry weight of
Washington navel orange, plodded data of two seasons 2019 -
2020 and 2020 - 2021.

Treatments Washington navel orange
N(@®) P(@®) K(%) Ca(%) Mg (%) B
(Ppm)
Control (distilled water) 190e 0.07e 0.35e 1.50e 0.14e 8.91e
GA; (150 mg/l) 2.77b 0.19b 0.95b 3.05b 0.34b 50.70b
CaCl, (2.0 %) 256¢ 0.17c¢c 055c 293¢ 0.20c 41.05d
Boric acid (0.3%) 2.00d 0.11d 0.47d 2.02d 0.16d 43.05c
GA; (150 mg/l) + CaCl,.2H,0 2.85a 0.2l1a 1.13a 340a 0.38a 76.33a
(2.0 %) + Boric acid (0.3 %)
Values in the column followed by the same letter(s) are not

significantly different at a 5 % level of probability.
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Table 5. Effect of gibberellic acid, calcium and boron treatments
on % N, P, K, Ca, Mg and B elements uptake in leaves dry
weight of Wonderful pomegranate, plodded data of two seasons

2019 - 2020 and 2020 - 2021.

Treatments

Wonderful pomegranate

N (%)

Control (distilled water) l.44 e

GA; (150 mg/l) 1.90b
CaCl, (2.0 %) 1.70c
Boric acid (0.3%) 1.11d
GA; (150 mg/l) +
CaCl,.2H,0 (2.0 %) + 2.33a

Boric acid (0.3 %)

P (%)
0.11e
0.19b
0.16c
0.13d

0.24 a

K (%)
0.74 e
091b
0.85¢c
0.79d

0.98 a

Ca (%)
2.33e
2.77hb
2.57c
2.07d

290 a

Mg (%)

0.20 e
0.25Db
0.23¢c
0.18d

0.27 a

B (ppm)
10.01e
42.44 b
3357d
37.55¢

68.23 a

Values in the column followed by the same letter(s) are not
significantly different at a 5 % level of probability.

All treatments, whether applied individually or in
combination, significantly (p < 0.05) reduced fruit splitting in
Washington Navel orange and Wonderful pomegranate. Among
the treatments, the combination of GA;, calcium, and boron was
the most effective, resulting in the lowest fruit splitting rates,
while the untreated control trees displayed the highest rates of
splitting (Table 6).

The effectiveness of these treatments can be attributed to
their synergistic effects. Gibberellic acid (GA3) promotes cell
elongation and enhances cell flexibility (Peng et al., 2001; Sekse
et al., 2005). Calcium improves cell wall cohesion by interacting
with cell wall components (Bakeer, 2016), and boron enhances
the water content of the fruit peel by promoting nutrient uptake,
maintaining ionic balance in cell membranes, and regulating
enzymatic activity (Shireen et al., 2018). Together, these

ISSN: 2537-0804 elSSN: 2537- 0855



Improving quality and prolonging ...., Mona Helal, Ibrahim Arafat//

treatments create an optimal physiological state, improving both
the qualitative and quantitative attributes of Washington Navel
orange and Wonderful pomegranate fruits.

Table 6. Effect of gibberellic acid, calcium and boron treatments
on fruit splitting of Washington Navel orange and Wonderful
pomegranate, plodded data of two seasons 2019 - 2020 and 2020
- 2021.

Treatments Fruit splitting %
Washington Wonderful
Navel orange pomegranate
Control (distilled water) 36.51 a 23.66 a
GA; (150 mg/l) 431d 3.12d
CaCl,(2.0%) 2.56 ¢ 222¢
Boric acid (0.3%) 6.11b 550D

GA; (150 mg/l) + CaCl,.2H,0 (2.0 %) +

Boric acid (0.3 %) 0.32e 017e

Values in the column followed by the same letter(s) are not
significantly different at a 5 % level of probability.
Effect of treatments on fruit yield and quality parameters

Fruit yield, measured as weight (kg/tree), along with fruit
weight, diameter, firmness, and peel thickness, were evaluated in
response to different treatments during the 2019-2020 and 2020
2021 experimental seasons. The data, presented in Tables 7 and
8, clearly demonstrate that all treatments, including gibberellic
acid (GA3), calcium chloride (CaCl,.2H,0), and boric acid
(H3BO3), significantly (p < 0.05) enhanced fruit diameter,
firmness, peel thickness, fruit weight, and overall yield per tree
for Washington Navel orange and Wonderful pomegranate
compared to the control (water-sprayed trees).

The effectiveness of the treatments in improving these
parameters varied among the substances. However, all showed a
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consistent trend across both experimental seasons. The
combination of GA3z (150 mg/L), CaCl,.2H,0 (2.0%), and boric
acid (0.3%) proved to be the most effective treatment, resulting
in the highest increases in all measured fruiting parameters
compared to the control and other treatments. The remaining
treatments ranked as follows, in descending order of efficacy for
enhancing these parameters: GA; (150 mg/L) ranked second,
followed by CaCl,.2H,0 (2.0%) and boric acid (0.3%), which
ranked third and fourth, respectively. These findings align with
those of Parthiban et al. (2021) and Singh et al. (2022), who
reported that the combined application of GAs, calcium, and
boron significantly improved yield components in grapes (Vitis
vinifera) and litchi (L. chinensis), respectively.

Table 7. Effect of gibberellic acid, calcium and boron treatments
on yield parameters of Washington Navel orange and Wonderful
pomegranate, plodded data of two seasons 2019 - 2020 and 2020
- 2021.

Washington Navel Wonderful
Treatments
orange pomegranate

Fruit Yield Fruit Yield
weight (g)  (kg/tree)  weight (g)  (kg/tree)
Control (distilled water) 230.70 e 49.32 ¢ 38l.21e 35.51e
GA; (150 mg/l) 277.41b 88.33b 490.57 b 58.71b
CaCl,(2.0%) 260.21 ¢ 73.11c 478.02 ¢ 50.24 ¢
Boric acid (0.3%) 255.33d 68.82 d 465.66 d 47.11d
GAs (150 mg/l) + CaCl2H0 (20 509 115 9g70a  507.91a  62.70a

%) + Boric acid (0.3 %)

Values in the column followed by the same letter(s) are not
significantly different at a 5 % level of probability.

Table 8 . Effect of gibberellic acid, calcium and boron treatments
on fruit diameter (cm), firmness (kg/cm?®) and peel thickness
(mm) of Washington Navel orange and Wonderful pomegranate
fruits, plodded data of two seasons 2019 - 2020 and 2020 - 2021.
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Washington Navel Wonderful
Treatments
orange pomegranate
Fruit Firmness Peel Fruit Firmness Peel
diameter (k /sz) thickness diameter ( /sz) thickness

(cm) g (mm) (cm) g (mm)
CO”“\?VLE;')S“”ed 5.02 e 10.71e 3.01e 1151e  42057e 5470
GA; (150 mg/l) 6.50 b 18.78 b 3.90b 13.71b 523.17b 64.50 b
CaCl, (2.0%) 5.87¢ 16.45¢c 3.77¢c 13.57 ¢ 509.11 ¢ 62.56 ¢
Boric acid (0.3%) 5.33d 13.67 d 3.45d 13.12d 487.38d 57.33d

GA; (150 mg/l) +

CaCl,.2H,0 (2.0 %) 7.76 a 21.33a 421a 14.50 a 541.40 a 68.67 a

+ Boric acid (0.3 %)

Values in the column followed by the same letter(s) are not
significantly different at a 5 % level of probability.
Effect of treatments on fruit chemical properties

The chemical properties of fruit, including total soluble
solids (TSS %), titratable acidity (%), ascorbic acid (vitamin C),
and reducing sugar content (%), were evaluated in response to
different treatments during the 2019-2020 and 2020-2021
experimental seasons. The results, shown in Tables 9 and 10,
demonstrate that all treatments significantly (p < 0.05) enhanced
the four chemical parameters when compared to the control.
Among the treatments, the combination of GA; (150 mg/L),
CaCl,.2H,0 (2.0%), and boric acid (0.3%) resulted in the highest
values for TSS, ascorbic acid, and reducing sugars while
achieving the lowest titratable acidity. This treatment was the
most effective, followed by GA; (150 mg/L) alone, which
ranked second during both seasons. These findings align with
prior studies by Verreynne and Der Merwe (2011) and Hegazi et
al. (2014). Similarly, El-Akkad et al. (2016) reported that
calcium chloride and GA; applications significantly improved
the fruit quality of Manfalouty pomegranate by increasing TSS,
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vitamin C, and reducing sugars while lowering titratable acidity
compared to untreated controls.
The observed improvements are likely due to the

combined effects of calcium and GA; on promoting growth,
enhancing nutrient uptake, and improving food synthesis. These
processes contribute to better fruit maturation and enriched
chemical constituents, as suggested by Ismail et al. (2018).

Table 9. Effect of gibberellic acid, calcium and boron treatments
on fruit quality parameters (TSS, acidity, ascorbic acid content,
reducing sugar %) of Washington Navel orange, plodded data of
2019-2020 and 2020-2021 seasons.

Toa pocobic
Treatment soluble T!tr_atable acid content  Reducing
solid (%) acidity (%) (mg /_100 ml  sugars (%)
juice)
Control (distilled water)
18.11c 0.87c 64.50 ¢ 6.07c
GA; (150 mg/l) 16.50 e 0.97a 55.44 e 460e
CaCl,(2.0%) 19.03b 0.71d 68.52 b 7.10b
Boric acid (0.3%) 17.60d 091b 60.01d 5.30d
GAs (150 mg/l) + CaCl2H:0 o0 01 0 676 7311a 8.61a

(2.0 %) + Boric acid (0.3 %)

Values in the column followed by the same letter(s) are not
significantly different at a 5 % level of probability.
Table 10. Effect of gibberellic acid, calcium and boron
treatments on fruit quality parameters (TSS, acidity, ascorbic
acid content, reducing sugar %) of Wonderful pomegranate,
plodded data of 2019-2020 and 2020-2021 seasons.
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Total As;:;:jblc
soluble  Titratable Reducing
Treatment . . content
solid acidity (%) sugars (%)
(mg /100
(%) -
ml juice)
Control (distilled water only)  15.34 e 1.72a 11.26 ¢ 10.18 ¢
GA; (150 mg/l) 19.73 ¢ 0.90¢c 20.50 ¢ 11.70c
CaCl,(2.0%) 2155b 0.88d 24.77 b 12.00 b
Boric acid (0.3%) 17.60d 0.98b 18.79b d 11.05d
GA:; (150 mg/l) +
CaCl,.2H,0 (2.0 %) + Boric  24.59a 0.85e 26.32 a 12.70 a

acid (0.3 %)

Values in the column followed by the same letter(s) are not
significantly different at a 5 % level of probability.
Conclusions

The results indicated that high percentages of fruit
splitting were observed in July, a period characterized by high
air temperatures, high solar radiation, and low relative humidity.
Additionally, the highest rates of fruit splitting occurred on the
south side and in the lower part of the canopy. Fruits without
splitting symptoms had higher concentrations of calcium (Ca)
and boron (B) in their peel compared to split fruits. The
combination of (150 mg/L), CaCl,-2H,0 (2.0%), and boric acid
(0.3%) was found to be the most effective treatment for reducing
fruit splitting, as well as improving tree yield and fruit quality
parameters for both Washington Navel orange and Wonderful
pomegranate. Based on these findings, foliar application of GA;
(150 mg/L), CaCl,-2H,0 (2.0%), and boric acid (0.3%) is
recommended to reduce fruit splitting and enhance yield and
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