Effects of Foliar Application of Calcium Compounds on Growth and
Physiological Characteristics of Geranium Under Water Deficit
Stress

ABSTRACT

The present study was conducted to evaluate the effects of foliar application of nano and bulk calcium chloride and
calcium carbonate on the morphophysiological responses of scented geranium (Pelargonium graveolens L.) under
water deficit stress conditions. The experiment was carried out as a factorial experiment in a completely
randomized design with four replications. The first factor was irrigation levels at two levels: control (80%
available water) and severe stress (20% available water). The second factor was calcium chloride and calcium
carbonate in both bulk and nano forms, each applied at concentrations of 5, 10, and 15 mM, along with a control
treatment (0 mM). The analysis of variance showed that the effects of irrigation stress, calcium levels, and the
interaction between calcium and irrigation were significant (p < 0.01) for most evaluated traits. The application of
10 mM nano-calcium carbonate under 80% available water increased stem strength by 49:%5% compared to the
control. Foliar spraying with 15 mM nano-calcium carbonate under 20% available water increased stem strength
by 125% compared to the unsprayed control under the same irrigation condition. Theyapplication 0f{15 mM nano-
calcium carbonate under control and stress treatments improved the stress resistance index by 40.3%\and 50.6%,
respectively. Additionally, the foliar application of 15 mM nano-calcium carbonate and nano-calcium chloride
under 80% and 20% available water increased plant height by 31% and“45.7%, respectivelymcompared to the
control. The best treatment for enhancing drought tolerance in scented geranium was idenptified as 15 mM nano-
calcium carbonate.
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Extended Abstract \

Introduction

The Rosageranium, scientifically known as Pela?gonium graveolens L., is a perennial
medicinal and ornamental plant fram the Geraniaceae family. The essential oil of this
plant has been used for centuries in‘general medicine as well as in dentistry. Due to its
antiviral, antibacterial, antifungal, ‘cell-rejuvenating, astringent, calming, wound-
healing, analgesic, anti-tumor, and antioxidant properties, it has positively impacted
the quality of life for patients.

Water deficit stress is a limiting factor for crop production in arid and semi-arid
regions. In recent yearsy’the application of engineered nanomaterials has been
recognizedyas an innovative approach to mitigate the adverse effects of Water deficit
stress in plants

In general, calciufi Is one of the elements that plays a crucial role in plant responses
to both'bieticvand abiotic stresses. Osmotic regulation occurs through the absorption
and accumulation of calcium ions, as well as an increase in other ions and organic
compounds under stress conditions. Studies have shown that the presence of calcium
is essential for maintaining cell membrane integrity against various environmental
stresses. Calcium nanoparticles (Ca-NPs) modify pH, organic materials, and cation
exchange capacity, making limited mineral nutrients available to the plant.

The present study was conducted in the research greenhouse of the Faculty of
Agriculture at Lorestan University, with the aim of investigating the effect of foliar
application of nano and bulk forms of calcium chloride and calcium carbonate on the
morpho-physiological responses of scented geranium (Pelargonium graveolens) under
drought stress conditions.

Materials and Methods

The experiment was conducted as a two-factor factorial design within a completely
randomized design (CRD) with four replications. The first factor was deficit irrigation



at two levels: control (80% available water) and severe drought stress (20% available
water). The second factor included calcium chloride and calcium carbonate in both
bulk and nano forms, each applied at concentrations of 5, 10, and 15 mM, along with
a control treatment (0 mM), totaling 13 levels (26 treatment combinations) applied as
foliar sprays. During the warm season, a pad and fan cooling system was used to
regulate the greenhouse temperature. The average daytime temperature ranged
between 20-28°C, while the nighttime temperature ranged between 15-18°C. The
relative humidity was maintained at 60—70%, and the light intensity was 400-500
pmol-m~2.s71, Data analysis was performed using Minitab and SAS software. Graphs
were plotted using Excel. Mean comparisons of the treatments were conducted using
the Least Significant Difference (LSD) test at a 5% significance level.

Results and Discussion

The results of the analysis of variance indicated that drought stress, different calcium
levels, and the calcium x drought interaction significantly affected the ‘morphological
and physiological traits of the plant. Application'ef 15 mM nano-caleium, carbonate
under 80% available water irrigation increased plant height by 31%and stem diameter
by 7.45% compared to the control. Additionally, foliar, sprayin@ of 15 mM nano-
calcium carbonate under severe drought stress (20% available water)“led to a 140%
increase in leaf number and a 53% improvement in water use efficiency. These results
demonstrate the positive impact of calcium-based materials, particularly nano-calcium
carbonate, on plant growth and trait enhancement und\er drought conditions.

Furthermore, the results showed that applying, 18 mM nano-calcium carbonate under
20% available water irrigation increased oot fresh weight by 131% and root dry
weight by 205% compared to the control. This‘treatment also caused a 125% increase
in stem strength and a 3.4% increase in.stem tissue density. Overall, the use of both
nano and bulk calcium materials” under drought conditions improved the
morphological and physiological ‘characteristics, enhanced water use efficiency, and
increased drought _resistanee in thesplant. The highest positive effects in this study
were observed with the application of 15 mM nano-calcium carbonate, which
significantly improved pla?ft performance and drought resistance, especially under
water stressyconditions. Nano calcium carbonate, as a long-term reservoir, provides
carbon dioxidento¢plants. Therefore, it can enhance plant growth by increasing
photosynthesis. Higher levels of carbon dioxide can suppress the activity of ribulose-
1,5-bisphosphate oxygenase and reduce photorespiration.

Conclusions

The foliar application of bulk and nano calcium compounds helped alleviate the
effects of drought stress on the morpho-physiological and functional traits of scented
geranium. Higher concentrations were found to be more effective than lower
concentrations. Among the calcium-containing treatments, nano calcium carbonate
had the most significant impact on these traits. The most effective treatment in this
study was determined to be the 15 mM concentration of nano calcium carbonate



ol 33992 38 9 oy ST 39 ol Ol 5 b ghxe (o y 2
S TS i e (Pelargonium graveolens L.) (g jlas (orow
ouS>

S2dsidstsge STl s relS Sl g el ) Sl g 5l olge (3L Jglome 30 A oy By sl imgy
1555 i U 5oL SIS 2 B 3 ST o &y e el 555 ol .58 5 s o s linas oS
P35 5 (o yiod BB Ol 003 Vo) S5 5 (o yisd JB Ol o d Ar) sl aws 93 3 ()l ol Sl 5556 s plox
5 Js! (N o i) 0L sty o o 10 51 D (eoclhle b piS o 5 5 b S 0 S’ Sl 318
i) g 3 TS  andS Wi 513 el sl 5 6 o (oS i 45 s ol by 455 ol
Pl s )3 ¥R/ iol3dl cacly o yians b Ol o yd Ae gylol 15 S Sl Sgil j Vg0 oo Vo 3,)l8 o0 o iz duoy> S5
Bl plSonil (5003 WO (el 8l sl (ylal (25 slosd )3 el Slu Sl Y50 Lo 10 (3L Jolone 3 sl & Capus aBls
Yo gaopdAe o)lol )3 Vg o Lo V0 maadS Slu)S 6l 3,8 cpimed 00,5 (o)Ll Lol pred ,d0geil Joloe pae 4 s
3y)LS s aalis 4 Caud (i & Conglio (a3 ld (chuo)d O+/F g (chuayd ¥V ilidl el co g Ay oty b Ol ws

G i, 10> YOIV g 2o )3 ¥V Liul8l cael cod s i g dmlis (o,Lol 330, Yoo oo VO mandSh IS 61 5 ptiadS” il Sl
5 Al oS S il Vo n V0 il v lined oS A5 Jooo Wl g el hlost (g i als &,
gl oy 4 Ceoflio o il s Bre oy pela 103 1guS

AN dodio

o plie sl 31 amys Vo Lyt o8 smapo ol o5y Ol o o ity (55,558 (o s 3
(Wada et al., 2011) s> o JSis |) dawgs Jbo 3 (2o ysuiS 13 0oy A U g adly drwgs (sloyeuliS 5
oS Xy oo JE g e Sl3l (5355 5 (S (9B SuiS Wle b5 Sl elgil (o yme 3 plalS
S5 5 (b 23y sl Bl 2y9e B Gl (s oo 1 (Sts 15 el (S35 Ll ek S S
(losbgn Oludinse 4 Gl Ssotsel o40, (bunlp g5 & 08 Gy oS Su5 B
Mg goaiS dgaome Pole i L(I .(Jabereldar et al., 2017) &S o 590 S5elsd)s0 5 (Suielejud
o33l cplpls (Muhammadd Aslam et al., 2022) cool Siiddos ¢ Suid sble » el); &Y gaxe

35 B e sta il 0 nter | ISt S8 6 L S g o

oSy )k e (o)l e sla i cle 4 & Cusl (ol 2 qealS cilize polie (o 5

9 peelS OM@edS 5 ol 35k I el walal L ) oliwdr Cuenl 0ijpd g o) sl i 4 lalS

S s 45 asls 5 Slillle 5 o g 35 ulyd 53 I S5 5 g 503 IR s

(Akhtar et al., 2022) coul (gy9p0 Sy bauso ;3 ¢ damo caliso (o il ply )3 Jolo slid Lais oIy

e S )3 paie ol Gl G GRIE] oty mandS 8L Jsle 3,18 o 43 51 Sl inen

e dy ate cloSay o belie Jsho (go)losd oyl o Lais )3 paie oyl (Ayyaz et al., 2022) cul
[(Balantic et al., 2022) 1ib o cuonl 4l

b i ool Wb go (25 & Jood g olS Al Gl o (Jolagil plgis 4 Jos e 4 S5l 5l S

33 &gl oad Jlosh el 5 (S «Sngpid (S 205) 3,08 b9y (alrordsfujud (ol 4 (S

Blie 3 oy sloylSal, j1 o lsic & 00 i Sgo 5l 3,)l8 (sl sl Lo b (Zhao et al., 2020)
(Hatami et al., 2017) cusl asly sloassSlgiel gols HlalS o (Sid (i oy ol il



oyl dlwdis () —w9)b LS (Pelargonium graveolens L.) ole pb b jlase  Slixeds
eyl 4 S 5l eande ubsS sddlu (glyls ¢ e Ll g jow ddued oS oyl .l (Geraniales) lilasess
auly &S 0dg ;S LS o5 ;s ) (Rezaei Nejad et al., 2020) cul o G U jio gl ¥
Oered g (oses Sy bpd 5l elS cpl Luilel oyl (ool hléb bl dexg cde 4y ads L
3ol ((2)B 25 (LSl AS (g ng 1S el I b 4wl 48515 edlitul 590 (S5l
A6 hilen (555 CotS 2 amSI T 5 s9055 10 (Seme 035 Sb ey i pliT (g2 2B (Il
dulyy wile WayguiS wam ) slase Jlixess .(Jaradat et al., 2022; Feier et al., 2023) cul o3gy HliS
15 Gl GBS Spgons plall 5 Wl aile b)stS om0 g o3l lgn ae)jo 5 dim g i (Sl 8
.(Rezaei Nejad et al., 2020) .54 oo )5 g culS bl
g 3 Ly

5 b gy Jsb o5 35 (sl Sy Saned ol & (S5 25 sl b oad (I35 koo Lo
«ysxen (Habibi and Motallebi, 2022 ) aas o iol531 1y VB oo 51 olise 9 0lS 1) pilivgsl ol
S olaws ialS o o Shmeds lalS 5 wymes BB Ol ao s Ve g loloS witas Lo 508 5,155 5
(a2l Hlog b duslie )0 0o yd FFIA 4 AO/Y FA/A VY iy ) ) &SWiSNG59 5 (2len plbl Sis o 5 50
(103 B+) Luilol 5ySlas g (10> YOIF 5 YOLY NF/Y iy ) W59y g [u3g,l8" @) Ldg, 15" jlade yials
YEIY 5 YYY M FUY oy |y il b0 S i odgifasillies oglle (slyme Sl i
(Pourveisehet al. 202%) sls i, 153 1oLt jlos b dulio ;5 1o

3l S Sl S Cuslag] aliasd S50 803 e uu)s\ 9 enelS )1 03le 93 (g0 Sl (e
390 325 51 (S8 oSl 28 5 8 ol oS WIS 4 o3 el 5008 9 5158 conlS yolic
380as lgicee 35 S sl ol culled NGB clao |3 Cosi (Joh g g 13, sy GlalS L
(Rab and Hag, 2012) uss )3 ,sb'\cou |) GllS s Klas 5 A3, § Misw dgu0 1) LS (ojtiwgd
5 38150 g oS Wi, o 35 Uil iy 8 sile SlaS O 55 Jglomo (slocos (o3l Jslocs
Sl wlals g olS 3 )Shes o sl (IS psb 4 S i35 (Bilal, 2010) wgd o LS Sy il 4
Goss (Ayyaz et al, 2022) s ales 5l et 5 ) gl il cod ls by K
sloas byl (BOLRYAS Cinerea) sl S bols )8 4 cuslio (Nasrallah et al., 2022)
slge cuiSpla gl ol cud b g I dlge « PH faw b pendlS @l )36 ) (Mogazy et al., 2022)
ol &1yd%k gsy p oads pbl sass (Badihi et al., 2021) s o )l)8 olS yoyiwd j3 1) dgaome  JSuse
sy 8o yiolls 39120 1y (5395 oo Sl (S35 s aLS 1 S’ 35 Jao bl Jglomo o 31
ol (ol e loglans] ol g ooy 3) (2B (slopunsilSe g (oudgonl § Jsle slayss) (gt
(Abeed et al., 2023) 5,8

5 38kos (I3l (cly 1) diej «ileleS G 51 (26 Sl (el el cuslie (e (sl ISl

9 weedS WIS 9L s A5 slronisS Joawi Jloel 18U 06T ((Bib | ge dalgs wal)d olS oS

sy S b ol lagy I sl 4355 )18 0Lyl 2590 (ilae (Slaned ol Cluogad S OlyyS

a0l o35 52899 y90 sl 2 el Dl S g analS” 01 S g 5 slge bl Jgloxa 3,08 45T
sl 485 plogl (Suis A5 lpd cov (g lae



oW ¥ (il gy
oy Sl g g AL 390 (53 lwesleT

Y8 4 VY bl Job obl p3) i) ol ((65y9liS 0aSitily dimgh 4S5 psls imgh
el VYT la Jlo )3 (L)d adaw I e VA glas)] 0 g (B Jobo alids V0 5 4> 0 YA o Jlods 15y aidd
YA S5 &ljsy slod (pSolee 000,5 ooliiw] 4 5 JUigy i jl SdS 13,7 S (gl p)5 Juad p> 05
Forbee jo GAd g doyd Fo=Ver o (owd Cugby )8 Ol a0 VO-VA wiliss (glod ]S il as > V-
2 ol S5 o b (s S b B 13 g 50 4 sl 332 4l 55 capnsie 1 Jgns S
2oy Yo) wds (i o wpiwd b8 OT aoyd Ar) sals ol cud 4 pdaw 93,0 (gyloleS Jols Jol 49358
B Sl | oS o g 5 S g0 4y endS S 5 oS 1 J8 Sl 3 15556 5 (yoyis BB
Shdslore ©ygo @ (oles < 5 VF) e W )5 b (Y50 (o yi0) ol ol oy ge Lo VO 5 V-
SB g o258 b byl | a5 1> sdlaiwl dyge yiws diid EiS o Slw 1O wilad s b olalulS
o A5 bl (oole jgb 4 IS olS JolS JLal b aald cuiSNlaw 038 Lale i) s
b s el Gl am 8,5 Gge dian Ve Gl 4 JLSS ate 9 e S i il b gl
ol oSS 52395 K0 Wile dbaie Sl gyl arin oSKiwa il odliiwl (g lid Glrds oSiwd I W5
3l sl o s a8 Seel o dmis S5 ol Sl LG o oS 35k S ol B jlas &8 el
anss Ol 93 9 6y910)S sy (ol daioee Sl pur dodln, ol Ceomid )3 305 o 413 o (gyd Canl oS
Imivo pj e D)y 9 g SB Lges 5l BT &I Lia il bl e il dbase 3 Lis
5 dadore 315 [Lid sy 4135 5500 Lol Nilads 4 (U8 a5 olKin b o colin )5 @ ol 1 g (Sl
o Cagby (o2 20y B3 S ) puo 4y 1 BB Wiges olStios (hey0 (95 5 b g @l 49 b )b
JEKbKe +/+7)Lib b oS PG aw lgis a4 S SB diges dw (ialojl ol )3 D98 o (65 o]
abi > SOl il Jolee) JSWbEe V0 jlis g (4syie cub)b do > SB Ol Jewils Jale)
19 4 bAS Sj9 Lol g dwlee Joyd Yo g Ae s )3 odlatel BB Ol Mo yd e A 031,13 (53,05
A bl

S99 8 980 o8 (il ) s S 39 (& 50 I

L SYCLU I 5 T
a5 15 ol el s 1 g LSS ) o3lital b S prbans 3] il g loj 5 ol glisy) (g Sojlud
S 3y oSl ) Sl oles 5 55 8l b 15 € 5 il 35 sl (oSl sl 5 Lo o5

255 GBS o s 0 oy 5 45 5ol i oS
HP Scanjet ) Juo yiSool olSid Lawgs 5 lis dips o (slacS s plos 6lS 5 o (5,:50j1l sl
o aicds ol 5uSilie 5 15 ol ns 5031l dMage 158l o5 51 edlitel b g 13 sl (G2710

gaw 5ol sl )5 g S hiled sl 1S 3lai )8 SIS @y pe Bl a2 Sy
(Garnier et al., 2001) 1 ol yj alayly 51 S (ogaske



SLA= (leaf area)/ (leaf dry mass) () abal,

> (8 S0l Lg‘)g WA (S0l c()mu;ulw o> )—j) oS s 51 oalatwl b by oloj ) ady) Job
opl elely O ) pastie w3 Ay (B 18 5l e oad sl e BMBT 55k 5l ey
(Bohm, 1979)ui duwlwe ccuSe o Blw cows y3  wodnosd )|

9 5dos b S 39

S g | alon bcwnd iuleil 090 Bl > adyy g 0)lusls SiS g 5 19 grSejll glaten;
So e b Jioms gyl bug @lla Ojso (Blo «Sp) (i o 5 (s Aol 5 caby Glls
Ao glod b ol 4 puosns 505 0303 )3 810 clacSl )3 ladiged o (59 b 3 S b (¢S 05l0l o5 e
Cabld 5l o deddiy ) SWiS oolo yiowuw jelaieds \WAD pje8 ayled g Jite celw YA Busdnl,S ol 4y
039 o Sly 85 (p)S e o 2B b Sl 9l bawg) Clilag] 5 059 9 1B GlalS Al o)lusls
LA 0o Jlsl el YA Gody 5,8 il a0 A glod b 091}, Lages i diy ) Suis

S350 ST g
L (Jaleel and Gopi, 2008) I G pas 1,18 4 (Fischer and I\@urer, 1998) i 45 Cenglie el

4 1A dwleo 25 dL&ny:)é )| oslatwl

: _ _ Taotal dryweight (gr)
STI (Stresstolerance indexW%) = Control dry weight (gr) 100 (¥ 4,

Total dryweight

WUE (Water use &f ficiency){gDWK g=*H,0) =

N\
203,5 oolatwl ;5 Loy I dBlu plSociul 5 ddluw cdl ST, duolee (gly

(1 alasl
Total water consumption

N\
Stem dry\weight (g) / stem length =Stem strength (g cm™)
(¥ ab,
Tissue density (g cm-3) = stem dry weight (g) / stem volume (cm-3) (b o
)
Stem volume (cm-3) = zr2h r = stem diameter (cm) / 2 h = stem
length (cm)
SaboT Julowi 4y

b oo’ (S0 dslio 5 EXCE 58 53 L Lo fgas s 9 Miitab (slo 3315 L oosls sy 4352
A plool 3o yd B pdaws 45 (LSD) o gixe ciglas Jslas 905

g3 sbasl



1 olelnS X S Blize 51 g paels’ ilies probaws ccgylolnS L5 58l o ol Luibly 48 @l
() Join) s sine 4l ylad g olS glis)l /) Jloin] paus

Gl 41 g o £

Sl o G5 6 (s Jsnad oS Sufolsige slo Sy 2 CACOL 5 CACL: b5 Sl I3 el Slgo (L3l Jgoro 1 il 455 -V S

Slaye 550k
o LAl Comd Ay pe> gy Job Syl ol 0,5 oluss Al lad olS glas)l Ol ole
P gate o)L sloasls <5l
Sy o
ATS\A7) SRR RN 7N ialal & 077V NalalR R VN Pl 00 A VA el A VA VSO A /L VIl AV ralal 4 V2 VA v Sl S
‘v’i)«ﬁ)@jw—{
o ried 8
(SB »
ARV A SRR PPS VY SN 7 2F SeEaN 7707 v SakaNN N 7 VA Rl v/ RRala N ¥ V0 VNS A 00 et SN v/ e i S
FYIVF* RN AVS AR YA il Y/V-yns YAYAFE O ONAKE VAT agy* VRN Y —S S
«ﬁ)L:eT
elSx
#10 o[+ e¥0) V/oa \Ia74 /¥ - /- OV - by o/ ¥ AN YA Las-
YIFE AA. FIA £IM IV £IYA ¥/ YIvY VA - oyl
N\ (Ao yd) il ypuss

LN g e lod Jleis) maw j3 I bze Colis g 5 Rine &w Seng pAs Sy & sk g % NS

AUy 5 Jloeads slge 3,87 a5 (Y Jgaz) o olis Golele X opedS” SiiSon 2 (:S0ke dunglic
2 V9o e VO mudS iy Sl 308 &Sgysb e ety S5 pas g 5 lalpd 3 Sy cnl 2 e
Nao o 10 Ll Jolono 5 10l & Codglis)| ioys Y Ltalsél el oytod 1B T oy Ar (gL
pie d Cans dBlu HliBl o yd YOIV ialidl el gopmos BB Of wopd Yoo lol 5 amdS 0S5k
2o A o)lal 13 Yse e VB w\“‘g SlS S 3 oizmen b (ol llpd ren 3 bk Jgloxe
S iy S SO g LD 5l Joloo i AnL5 4 cnnss 1)) Loy UYLl ey ood b5
e 55 o5l Jobrs B o Bl b 0o ys VAW Ltlial caely ojtod b T aos Yo (ol

SO S NS (g ] s (e 53 oS’ S 936 )Y g0 o V0 3,8 L oS 0 (bl sl

Goll o5 a5 o5 CaC0y 9 CACl: il g I s undS Slgo b o (il Joboro (s las ShinasolS Kujglstrsn sl Sy pils duolio ¥ Jgia

o Ay y Cannds PESS slass olass 0,8 dlaws a8l Jlad oS glas)l S olS s O
poyare odlia mllad, S el (focke)  (Rals)  (Voasho) oS
Sy (oSe s JE )
» FasSlo) 2 gy
(" (s
YA/5Q -/yyre-h yavaef st/ f v/Yve Y¥/IASQ /vode YAIVS] s
ay/¥e -\$¥Q-i VA/Aved sv/aef  ¥/vab \IZAN sisva-Cc yv/esef o ol 8
as/scd NAY S y-/vsde yr/ad f/yAb  veivvef  s/vob-d  vv/avcd \ S 0 1S
\-v/oa -/yayc-e Y¥/ac veiAd  oivva  yviyede  sivvab T¥/YAC V0 ol )8
av/\C -Nvsaf-i vs/vrab sa/ae o/vaa ysivoef oivef v-/avh ) )l 5L



AA/sC -/yaxc-e Yvivsa vv/vd ohaa  vvh.d-f shve vv/vacd Ve 2,15 66 A
S
v-0/va -/YYAR yv/soa AEX¥C vivac yvhvd-f s/vab-d Ya/a5i Y L)l b
oS
rist -Ivyaab vy/¥-cd Wb fr-b vvivsef  siava-c vy/vegh ) S il S
av/vde -1vad-g va/ob w/-b oivsa yviaacd  sisva-c vv/svef Ve S Sl )8
aa/she -/\avd-g vo/asab yevha  yiave  ye/-vab FIAva vo/AD Y S Sl S
Mlof -/y-va-C v-/asd AY/-C ¥/vab YAISAC slovb-d  vvh-fg ) ol S gk
S
a5/ac -y f-i YY/a.C v-v-a o ofvsa yalveb sisaab  vy/vode ). oS 4l
S
Vo¥/-a -/y-va-c YY/ANC ASIYC  afvva v-/Ad Flova-C - Yv/sAd \o Sl S b
S
ra/\m vyl N5Aj Yv/an v/yaf Y- /vok F/¥Vi YA YT aald
£r/vl AN A yAymn - vd v-/s0K a/vh WHAp 0 POV RV
otk -y y/-¥h vy/-m  yixed  yy/ehi A YY/\O Ve ol 2,18
SN NANNE S yF/aah f-ivkl - y/yec v/ \Ah aivvh ys/vkl '0 S 0y 18
\iZ -wyj-l w/vsh fahi yivad  vvajk o/vef yr/an 0 L)l b
S
#y/shi -/vyaab v¥/\ah oo/ovg WG yy/eri-k o/v¥f Yo/\m 3. 2, gt Y-
S
00/5] -/yvva \SIAYQ ov/Agh  e/mb Yavei-k ;/V;Qe y£IVK 0 )8 5L
dS
e/l -osh-j v /ovi £/l v/vad YV/AAIJ Se/o-f-h Va/¥q o oS @iy ,S
ov/ek -/\Avd-g yw/yveh 00/Yg Y/v§C vy/\oh o/o¥f-h ye/vkl \. POV QATAR ¢
soloh -/vavb-d \FIAYQ vk vivvd Y¥/avg o/s+fg va/al Vo S iy S
fo/vl -kl \Y/Aah fe/--1  viv.-Chgssi-k | a/vaf-h YA/YP o olo)S g
oS
00/Y] -ha-c-f \¥/-vh £Y/Vij v/-aC y¥'/=Ah o/saf YY/N \ olo)S g
S
so/vh -/y-va-c v/svfg solff  v/veC Y¥/£YQ £I¥.Cc-e Yy/an 0 olyS gl
S

(P<0.05) sisdlggyld siza M| 1318 LSD 9051 ol cdib g (g p > S jiiie By 5 by JBlas &5 ol pSilie

& g g Wl AL oo io 5 Slusi
X ol lize 1 g eels” e s« )leS G5 0 () Jsie) by 8 @ls gell

5 Sl claasli sl 0,5 Sl p o yd SO Jless] pdaw 1> Sy g il basls dluw 0,3 dlas g,lleS
3 5 f3palS Slgm 3,105 85 [V Jgi2) > L5 (6 oS X ol a5l duglin 13 3 e S
VO S S8 U 3 WS gpobo iy G5 pae g GBS laalpd )0 e Sk cpl p e ST SUL
Ab Jelh A Cans 0,5 B dop VYA Gl el ooy BB Ol aop Ae bl Ve e
s 2o > Vo il el ywyiws BB Ol 2oyd Yoo loylol 13 padS @l )8 SIL jY g0 oo VO 3L Jglxe
Do 33 dS Sl S5 Voo 10 335 L oS 03 gl Ll emd 3 B slone pis & a5
Ol oy A oylol 5 Vg0 o V0 mendS w18 SIL 3,08 pmizmed el gxe OS] (6Ll o



Yoo o VO g Ve 0,8 L &S il sl & Cons (b slaad s dlass o > SF/YY Liolidl el o yiwd LB
3 edS 3 IS 56 Ny doa V0 b Jgbra il s sns IS (6 o (e 3 S Sl Sl
3 b glre pas a4 comd (sl claasls sl ao ) YYF/Y il el Goyiwd BB Ol ao s Ve ol
coly oyt BB ol wod A lal 1o Vse ke 10 ls SliyyS Sl )8 0 )bl Ly (ppen
ool o e 53 paandS Sy S5l Yoo oo Vo 3,8 b aS 0 sl 4 Cns Sy dlaw do > £V ol
ey ogiod J5 o 2> Vo el 55 el Sl 515 Ngo o 10 (sl a8l o ine IS

A olel balpd cprem ) Bl Jglme ple 4 G Sy 2lasi o) VFe l8
4y x> 9 Job

S s g )3 awndS ilisie golaw ()loleS i b Aol lis () Jie) (Wbl o0 zols

adyy w2y 2o )> o Jloin] s 53 (loleS X pundS” blite 51 g s e atly) v 5 Jgbo Lo
oS (Y Jgdo) ol lis ()luleS X el (iSan S0k duslie S ISpgiae 4l UGE 2 Lol 5 I e
3p)8 WS syob a4 Cudly A5 pae g G5 Ll > adafileo cnl g (ST UL g B S dlge 5,18
Shbre bl o gine BT (gilul o (et el 1556 Ygo o Ve )l | o 0 aals
S gi Aoy Ve LS)L.‘.'J aw O S 4 A58 b yionen [ d)lﬁi byl Omed 3 (il Jolore pas 4
A5 o yiod BB Ol ao 3 W oylol b &' adny Job duoyd /¥ il casly oy
2532
253
2528
2526

2524

2522

iy Jobl( e mls)

252

25.18

25.16

25.14

s J3 (0/0)

ke hanad olS ady) Jsb » )bl o8 15 51LY S



M S Blge il Jalore pas 4y s duo)d YEIOA 1y ddiyy Jobo puaadlS” @l yS™ 95U )Y g0 Lo VO 24,8

(Y JSs) ol sl el
35
30 ¢
_ cd be b be be be
_:]LJ 25 e de e de de de
5 20
3
215
10
5
0
5 10 15 5 10 15 5 10 15 5 10 15
Contro CaCl2(mM) CaCl2-NPs(mM) CaCo3 (mM) CaCo3-NPs(mM)

ardS (Y e i)
ok linad oS adyy Job p manlS Gy 5 mpends 0157 56 5 I IS Sge 3l Jolre 31T JSS

oL 4 4 y o 9 5 3039 ibaw

X oS iza 31 g oS Gilisin s sl SIGHE () Jgin) il 40 @l oll
ke duslie ad by xe 0)ludld 4 Aoy Cowd 9 S g phaw oy S Jlis] pmaw 4o L;)L,JWS
o Sg cpl p e 51 S g 956 > aundS DlggBB a8 X Joan) o L (o )lfeS X padlS JiiSon s
palS” Sl S5l Yoo Wio VO 5y B L oS b BLEA Cand Sy 0309 pdaw 1o )d YF/O iulj8l cely o yiawd
Jo Ve Lg)L,ﬂ 2 paalS” @l 5 ‘31{ oo deo VO (b Jolore cuslas jlo sxe B Lg)L_J aw Cped
15 bl Lol pd Pen I 8L Jglone pis 4 Cans S oy plaw Ao > Y/ Lol Bl cael oy B O

\ ]

538 copizron il b gme BMB! g)lul maw pen )3 pendS OluSel Yee deo VO 205 L &S
VA ol cel ey @ oypwd BB Ol aop Yo g oy Ar gylol 3 Voo Lo VO uudS 35,8630
W Lg)L,,J ok ol (b gloee pas 4y Comd )l 4 Ay ) Cund Ciio Jo D VA 9 o
45'.»0.5&59,30}3

X elS” Bl 51 5 dS il s (5ol G5 50 5 3 ol (F Jyia) oibly o8 ol

co e Janad oS (63,Skes sla Sy » CACOs 5 CaCly il g I JopaedS Slga b Jslono 51 il ly o ¥ Jgio

d)tr.e" w§ o

Slagye (1Siko

S iy Sp s gy Ao SUS f5 Adyy Fogs Se S o Ml §oj ap Ol galio




Ay, w3l

YO/S00-FF  ava/s\AFE Vo ¥/ASVEE VoAOAFE YLSEY[EEE A A \ JB U)o )lles s
(SB > oy
Y/AASAF* \EIYVE* YIVAF** Yo [aNF* PAYE* [ Vel Y oS
-/yaya** Y/ A** S [FYLFE OIAF* VE/ErE a/sV*F* W edS% oy lleS
o[+ \AY -IYEY WAL -Ivo Y/ V/YY YA s
AR /52 £/¥Y \al \IATZ AY - (10 2) oy >

SN golod Jleas) pdaw )3 55 ime BB g ls dxe BB D g pis i 4 K 5 * NS

SIS g 6l Iy muandS lge 30,8 a8 (¥ Jgin) ol oL (6yloleS X paadS LiiSen p 5Ske dunlie

2 Vg ke VO oS Ol yS S 2 )8 8 (y0b ity (5 pas g A5 lalpd 0 b S cnl p e
VO Bb olote b anls 4 cams dlo 5 59 Moy SYIY bl el oy BB Shas s A ol
2o A il 3 Vg0 Jeo 10 S SS9l 2 )l8 cpian AT Lol Laslpdifpran 1> 2blslons pas
Voo ko Vo dpyl8 L a8 wi sald 4 Cuns Bl S 59 doyd YOI ialisleebl ooy BB O
3 S Sl Sl Yge Juo V0 b Jglma il Iy sme OMSN o)l pdans proldl > S Sl Sl
3 obele pae a4 Cand aBle SuiS 59 Moy YAFY ilBhel yoymes BB O aop Yo L]

p A3 )l Laly e
N\
oS o5 o5 CaCOs 5 CaCly il 5 S ol slgo Gons ((3h S5l (e (SlainadolS (53)Skos sl Sy (ke aulio & Jgoar
o)l
S oy SEE iy SEB O S o Sr P Ois ¥ i oS <l 5 Sl i
(ES)ady  (pS)Sn (pr) Sl (p)5) ae) (¢5) (%) Bl (Y50 ko) JB )
2 ppped
4 (Sk
v/vAfg v-/oh ¥/¥sg< . -/ahi ¥5/-g w/iafg . ls
v/saef VYivg \aili wigh \EZAL) vo/vde 0 POV SRVIN 1
v/avd ywivef flovd-f VW/vg of/ve \v#/ad ). oS I8
v/¥abc \¥/¥acdd T v/sade /o av/sed v#/ad V0 POV SRVIN 1
y/oae \\vg v/ovef yv/sf o-/vf ye/vef ) 2,8 96
onedS
v/avbe yv/Ade ¥/yac yww/vef »M/ye ya/YC ). 2,08 6 A
onedS
MAZY:! yf/abe \ials] wiha yv/va v-/\be Vo L)l b
orlS
v/yac /5 v/oad-f \¥/VC ov/se ve/Aef o oS @iy S
v/ovbe vo/-ab flovh ve/ved syieb va/Abc \ POV QATAR ¢
\ai)] o/va ¥/voc wiha so/-b yy/ha Vo JOTM AT 4
v/a\be ywivE ¥/v0C yw/ade os/-d vo/tde o ol gl
onedS
v/00b vo/vab o/o-a Vo/ab syivb y-/aab V. SlyyS b
oS

f/¥va vo/sab a/sva \F/AC yv/va y-/vab Vo ol S 4k




-/Asm o/ovn sl ¥/¥0Q AYap Y/sn . sals
-/aalm £/o6AM VEvkI aIv\P V4/60 #lalm ) S 518
vvak £IAFlm V/svk y/fymn YY/¥n Majk Ve S 118
VAT v/¥evkl v/oAhi /0] yo/om U] '0 S 318
Vvekl £IYAlm viavk oIvEp vs/shn o/AMm 0 W)l b
ol
v/ah vi¥-kl v/s-hi visal-n ve/vik vixkl ). RUNCQE
ol
vivsf-h N-jK visth Ao-K vvivk v\ /ahi \0 L)l b
el v
ARLY £/sam v/oak £IVY0 yA/sl v-/ahi o oS il S
V/VYi y/hslm Y/ENi] Y/\Yno YO/AIj w/ehi ). S il )S
v/vagh Aavi v/a-hi viv-1-n vv/oi w/ahi 0 el S
y/vak AIYY] v/sok v/Ark-m YV/I¥i N /5 o KA
ol
y/vegh a/o¥i Y/YYj Akl fv/rh W/ivhi \e AokS ot
oS
visvde a/ovi v/vvd Vo/YAI fy/AYh y/vgh Y b S b
oradS
(P<0.05) s (g5 ime B3] 1318 LSD 9051 ol el so g )m{;.f)u.a Gy S s JBlis a5 olanSile
\ &SS9 9 09

¢ s Jiza ) 5 gl il g @S OV (F Jpi) bl 41328 5 bl
¢ el Sy xSl Al 35 o e S S5 I3 g 1 s o Sl 3 (5l
pie 5 i Ll o o Sy ol o) ST g b o gl slge 5,087 45 (¥ Jgaz) ol ol o)luleS
il el poyod B O s Ae (6 W0 Ve Lo VO S 0,95l 3,8 aS g9l 4 Luily iS5
Gl o cyned ) IosalS” 1 ISBB ;Yoo Jio VO 3,8 L ST 0l dals 4 Caws S 5 59 doyd OV/F
el Goywd BB Ol ao ) 3\We (6)lol )3 pundS @l S'9ib Vo Lo VO 5L Jolote bl o sxe 33
Mol Vo 2,80k & K)ol bl et 5> (il slono pis 4y Cand Spp 5 (g 2oy FIFID ol
W pds Sl S5l e bl asime M) (Gl o e 53 S Sl Sl
A5 el W s S S )9 ey YD Ll el oo BB Ol woyd Ar 6yl ) Ve e
39 03 VI il el poyins BB o s Yo il 3 dS Sl S Vnon V- ol b
S S g 56 Fgoho 10 5,8 b 45 43 T bl a5 b s pis & o Sy K5
bl s gxe WS (oylol o ot )3 adlS
gy S 9 9 039

X oS Jlie Sl 5 a8 Cilises ol (gyleleS S5 580 (¥ Jgt) Leibly i @l el

X poplS 1Sy (3 S0le dugllio b o tne Ay KB g 5 g dod S Jlan] e )3 (glleS
5 o5 laled 3 Gl Sy ol it Bl Sl g 615 S dlse 3,087 &S (¥ Jgaz) ol i (o)luleS
Gl ooy A g)lal 3 S S S g el 0,866 Vgo o V0 3,38 &S gy5b &y cadly (35 pas
o )Sel ,Yga doo VO (ol Jglore b Ll & s ddy) § ()39 Meoyd DAY Rl el Lo pnd B
2 Sl slre pis ) Cand ady) 059 Moy WY Lalil el oyied BB O aopd Ve bl > eandS



s e 53 oS Sl Sl Voo, doa 10 5,3)l8 L o 1 Anlis &) Capmss by, St 59 o> A il
i 4 coglio oSl g 0T & pao 7,15

X S Jlie 31 5 elS ciisen 2ol sl 5 0 45 31> LS (BJpin) bly 25 @l
A I3 e JES A Caaglie adli g Ol Bpae 1) ao ) O i pdaw 55 ()Ll

S Sis 2 CACO; 5 CaCly b 5 Sl Jomends Spo (il Jolons 51 il ly 225 -0 Jofl

ol o5 i cov (g plae  Jlaneidol SIS odg s

Slagpe (1:Sike
cdl oSy bl plSouwl el UL = s b

bl & Canglio Ol Gpas el

foeeenn NS +/-¥YYav**  ATRAY/-* A/ v Ty JB ) o ol s
(S > o yuwd
fovens  SeEaRY PSS9 Xt FYS[A** ~/vvm**\ Y oS
foeees YEX e AT a5 /s** o [YYAE* W S X WIS i
foees NG /A e - OA YA s
ofee ¥/a¥ Yiod Yo - (Ao )]y g o>

0N g ofed Jloin] pans y3 43 xe BMES] ghls ime GBS 3gng pie i)y 4 ¥ 9 * NS

S 5 5 ol e 2, S (5 Jgi2) o (s (el X S Sty (ke sl
V0 g mandS 9IS 5 Vg JENH 5,8 S50k 4 cully (A5 pas 5 15 Ll )3 b Sy nl p (ke
Ol Gyas ) M)JQ\‘/A Ol el oyed BB Ol aop A bl 53 pendS @l S 6l Ve Lo
Cill sogeiae WM )bl paw o )3 mandS LIS eL Voo Lo VO 3,8 b 4 i aald 4 s
2w O ialisl el ooy BB Ol woyd Ve o)lol 55 padS Sy Sl ;Yoo Lo VO 5L gl
oo 0 ol Sl S 936 2,018 ¢ izeod b (ol baalpd e )3 (b slome pae 4 s O G
A5 Aalh 4 Cand AT 4 Caeglie adld dop Fo/Y Il cel opmes BB Ol aop A bl
2oy 018 ialiEl el oyred BB Ol woyd Ve )bl 3 S SloySeil Ve die VO 5L Jglxe
5 bl bl b e > Bl Jlore pas &) s (A5 4y Cunglio e L

S53lstie8 S Sizs  CACOs 5 CCl: 5 5 Sl Jsand olsa o5k Jolono 51 (35hn a1 332

Sl oS L cos (g ke SlaasiolS

dlocsl oSy plsowd oesls G5 s oSy S i
Fotlo ppS)  pS)dle acwglis  Olpas (Ve k) o red S )




(ueSe » (%) i »e5) (B

Fols (=
(e
R -ywf-h Ve e /YY) v/ssef . sals
+/+-v-K-m -/v-#h-j Ve /vaj v/vacd o oS 118
[++¥¥j-m -/v+oh-j v-o/Mhi vivebe y. S 18
[++¥-k-m JNevg-i o veAvagh v/s-b Vo oS 118
-/++¥fb-d -/rfg Vov/-5Q-i v/yAbc 0 oS 1 ,IS" 31
/++¥vC-f -/yvve WY v/ava Ve oS 25,18 g3l
/- +¥va-C havbe  y-/aade v/ada \ oS 115 g1 A
ofeoxvi-l -\£¥fg - /5¥fg v/vvd ) S Sl S
-/--¥-d-g -/yvad VIA/Y0E Y/¥Yb Ve ol Sl S
+/++¥Yj-m -IWAF \Yo/v-C v/vb Vo S Sl S
-/--¥Agh -/\yae yya/yyed v/vvbe o S iy S 93l
-[--¥va-C -1\s5a ywo/vab v/svbe Ve el liyS 436
-/--¥th-d -/y¥ac VF-/YAR y/ova 1 FOWLQCATAR v
-/--¥vab -/-y\no £5/2%q AN . Aalipe
-/++¥7k-m -/-Y-0 av/eYp ARY] 0 RelS 3,18
+/++YAM -/-y¥no 00/YYOP V/esi-k Ve POV SRV 4
-/++¥fb-d -/ -2kl o/¥on-p V/aag-i 0 S 18
+/--yalm -[-550 avivyop y/YAK ) el 118 3
-/--vafg Jyevi-k o aven-p V/ovg-i \~\ odS 0,18 5
/+-¥yK-m -/+a3j-1 43/-4N0 vioof-Ig®™ v FOTNL VNt GRIF
/++v¥h-k -/-AYm oF/Yo0pP sl o oS il S
[++YAQ-i RN av/y¥n-p viavhi Ve POV I K 4
.+-vafg skl savymnaiiye-h \a oS Sl yS v
[+x¥j-l Javamn - sy/eflm V/oYg-i 0 S Sl ) 93
[++¥YQ-i -/+askl AL yigye-h Ve oS Ol S 4l
+/+-¥aa -/\s-ab v-iv-k \/v-e \0 S Sl ) 93

S (6 gixe B 1310 LSB 905l bl sl o gty g3 S e B> S )b JBlas &S LleSike
(P<0.05)

> Bl b 51 53 g Pt

X opelS” JEN S 5 S Glises b (oS G5 5 (Bgis) oibly 25 s elel
oS 5iSan p (i Sle dunlie i I gxe a8l Bl WS g plotinl p duoyd SO sl g > (6yLleS
5 5 bl 5o I Sy cnl r tite 31 Sl g U oS lge 3,845 (P Jgan) o> ol s)luleS %
Vo oolol ) muandS Ol Sl Vg0 Joo VO oL Jolome i dals 4 cond aBlos plSouinl o> ¥R/ )58l
el Ll 53 (il Jsla pie & Copm 2Bl plSntal 10y WO I3l el ot BB ] 2o
okl > madS Sl S ek Yoo Lo VO ib Jglome b aald 4 Cond a8l cdb WST5 oy Yo/0 il
Lol oo 53 5b Jglre pae a s dblo Bl o515 uoyd IV il el oywd JB ol woys Ve
A LS)lfsT



-y

S S35 21y oS 5 sllaas O3] Candlys (3 B 55 0fagt fspemdS S5 il Jooxo
chle Gl o ol glis Giagh cnl @l WS Jawi e pb 4 jhame Slined olS Sjgledyge
St 33 (i anelS” SlinyS 3l coliial 5,90 LS 5 (e 3 g 00 T il il el b Jglone
s 3 opelS Sl o5 w5 4 Sgie ISH cal S ol 355 ) Sjlsbge sl Shy 2
S5 ol clale (I S aSle sildlil 4 e oS dgd edl s iy, g0 b Sy
sl Ses )b 5 dacS 55 CO2 g Liljl (Bilal, 2010; EL-Aal, 2018) 555 0 sy,
OS5 Slisd i jatn] (e (18 b predS Slu)Sel oS00 sg ) amd e )] 1) ol Ad; cjriugid
9 Sywgid 03jl Gl 4 Bo)b ol 5l g w3 )8 (s5gd s JLS] )3 1) 55 (nl pglie 5k 4 Mlgi oo
Abd El-Aal and Eid, ) 15" S RUBISCO (v 5l (6365081 cudlad Sy 25l 5l (6595 i idlS
655 5 oo oS SIS 1 asypr 3 e Jlie (gl it Ll yon 5 azdiS S BPlaazil, o (2018
iy aals b dwglie 3 Sy oo pis Hbo g 03, dgm0 )0 sl o ity w8 ol Seb RIS S 0,
ol 0d 555 55 (6y98 (i bl )d S )39l ddadlore Wil ¢ yuiad .Q’awfic et al., 2024)
i g endS 5 Bl Jloxe (Nyadio Y++) 9 230 i O (S50 WE 'S (sleigSy
5y0)5 &S dad o LS gaemme yd Anleds op! (Abeed et al., 2023) 1,35 olS >Slae daup0 5 (ke ]
)l g ame Glapis Gl Gials dly e (Bhenl) Slgi BplS SloyS 5l 090 (endS 590
Bl e (haad pls ;b w3,
2 leS i e Sl el g B b SUREIL ©yg0 & Jlapmds SLS 5 bk gl
Bl oo cile l8) 88 55 o Sil(Bgs BN ol Jane Jlines ol (2,Skas sloSig
76 st o 2350 Slles Glea 5 faredS i S g tly oS 3,Sles d9i0 3 (st ()18 S
Ay «Sejsnd Coglio SNl 305 b S S, ot oS Sl S5 0l s 395 311, o

ol M 5 op0 dales (Tantawy et ak, 20145 Hua et al., 2015) uS' cosis i balys jo 1y oS
g aliw jd Al slaay gl xe Lislilie 5o pulS Glu Sl duopd /Y Jgle 34,8 4T glieS A ] il 3]
S 5l opl doyd /¥ PlYile )l (old jsb 4 5,5 S ldgS b dslie (3 puiS 5 Sles dgu
L sl oyl (Gag et al72024) sad ilj8l sals 4 Cuws 2o)d Y8 g YF/V B 1) 5 Slas (i & Aitudles
oSy d9m )b 5'\5‘93@ S Sl Sol o a3 o Ui 5 andly Slosen pile Ghagh wls
5 el TNl 3 ol 5 Shae (sl 5 25 4 Joo Sl 0 s 5m 8 oo Sl 5 (Sl

Sidnsd S Shy 2l Cute wb i aelS S S EL () 3y90 JopandS SLS 5 e

13 Iadizgy GLbl )5 oS amnSlogn clale Ll ol pl Jlaisl LY §) 1o ol ol jlane lieed ol
oS Sl S 51 €Oz (3Lodlil 0955 3)90 ) ol b 93 sl o Bl gl anelS lin)S” 5505 ot
b Sy v p 390 puadS SloS ud Job 53 sy and b olul sl 003 Zilae Sy paw (5,
59 Jobo 3 (e D9800 Jd S Sl S 4y g 008 (ST 3)lg ind Cugl) 9 0l i | Jol> CO»
YL ke L CO2 (s3lanlil g el Ol S 4 pandS oS 35 4 prie O s 5 Lo ol
aus,8 > (House, 1981; Zhao et al., 2010; Bilal, 2010) 544 0 (S b (005 )0 (6 yumes] clale
oS gl slalad 13 CO (gilaljl 5 Sy J31 & ladijg) 5o 5l amedS” Slo S wuiitna 3955 cpgd
S SaS oS ] Cannidg 5 fiigtd dgste 4 A5lg5 oo gl ] (EL-Aal et al., 2018) cnl oo
2 25 V0l 4 pudS Sl S5l 2L Jslome &S 0nd ()15 il e 53 2l 15 bl o 0294,



Ol g e alowdly (SLiE (6ol (S ¢ 2leS 5] (AU giaml b 5 cixe (S Crge 4ty oS )5 2
=S 5 b glxe ¢opl pogdle (EIShazly and Abd EI-All, 2019) coul ori Sy ol (s (clyie
Conl a2l (534265 ol (Sofoln e Sadld p (g JB Cuto SIS 35 69y 2T g S 5930
90y 1y S OloSeil cute 3 5 (VYY) oo g Liwg, cslie yobay (Farooq et al., 2023)

9 (Sl Sigrgyin ( SB alor jl cusS sladilole glgil )3 digy olS olondon g (Sojodgnjud o Sk

G i pols imgh slaadl b pols cpl olwlyjen ailed)S 555 LED o cod (g350s Siigrg )
S o sl gy e (5 Ll )3 RS (ol gl o) 3 enlS b S5t

S 2 A

3 8kas 5 Sufsiimshron S Shs 2 S L5 B Al 5 5 S e g (Sl Jsloxo

OluySeil HpandS dlge Hlo 13 g ol clacdale I 5856 JYL ol clale aiS bas jlare (Slixedd
Gl dops A bl 3 Ysesleo V0 mundS Sl ySil 3,18 a6l Sy ol 3 Dpslhonsiis s
b lis S S Vge o V0 clale 15 imgsy ol ) slasd oo A BB E Con (iS4 Casglio

AN Qb

Srze Sloogas iy fose 5 b 35 5 OFT) GLoTBE sguse 5 cuesdlie ol5 ol 1) sy
pole 4, o)l oS a5 coo (Pelargonidm graveolens\L.) jlase  Jlixed olS  olhowbon 9 Soj5glg jub
XVo-YFR (V)00 ¢yl Ll

haed (b (Shy Sy 2 SpSE g CaheeS o)y e Tohaw Sy (VF10) Pl das g W o
OV=YOR(E) V& . o o Rgelid s ol S 4y i . S yiis <o (Pelargonium spp.)

REFERENCES \

Abd El-Aal, MeM.M. &Eid, R.S. (2018). Effect of foliar spray with lithovit and amino acids on
growth, bioconstituénts, anatomical and yield features of soybean plant. Plant Biotechnology,
11:187-201,

Abeed, A/H/A.,"AL-Hugail, A. A., Albalawi, S., Alghamdi, S.A., Ali, B., Alghanem, S.M.S., Al-
Haithloul, H. A. S., Amro, A., Tammam, S. A. & El-Mahdy, M.T. (2023). Calcium nanoparticles
mitigate ‘severe salt stress in Solanum lycopersicon by instigating the antioxidant defense system
and renovating the protein profile. South African Journal of Botany, 161: 36-52.
https://doi.org/10.1016/j.sajb.2023.08.005

Akhtar, N., llyas, N., Arshad, M., Meraj, T. A., Hefft, D. I., Jan, B.L. & Ahmad, P. (2022). The impact
of calcium, potassium, and boron application on the growth and yield characteristics of Durum
Wheat under Drought conditions. Agronomy, 12 (8): 1917.

Ayyaz, A., Fang, R., Ma, J., Hannan, F., Huang, Q., Athar, H.U. & Faroog, M.A. (2022). Calcium
nanoparticles (Ca-NPs) improve drought stress tolerance in Brassica napus by modulating the
photosystem Il, nutrient acquisition and antioxidant performance. Nanolmpact 100423.
https://doi.org/10.1016/j.impact.2022.100423.

Badihi, L., Gerami, M., Akbarinodeh, D., Shokrzadeh, M. & Ramezani,M. (2021).Physio-chemical
responses of exogenous calcium nanoparticle and putrescine polyamine in saffron (Crocus sativus
L.). Physiology and Molecular Biology of Plants, 27(1):119-133. doi: 10.1007/s12298-020-00923-
X.

Balantic, K., Weiss, V. U., Allmaier, G. & Kramar, P. (2022). Calcium ion effect on phospholipid
bilayers as cell membrane analogues. Bioelectrochemistry, 143: 107988.



Bilal, A. B. (2010). Recommended application of lithovit on different plants. In 3rd e Conference on
Agriculture Bio. Sciences 1eCAB. 1st- 15th June 2010.

Bohm, W., 1979. Methods of studying root systems. Ecological Studies, SpringerVerlag., Berlin, 188
p.

El-Aal, A. (2018). Effect of foliar spray with lithovit and amino acids on growth, bioconstituents,
anatomical and yield features of soybean plant. Annals of Agricultural Science, Moshtohor, 56 (4th
ICBAA), 187-202.

El-Shazly, M\W. & Abd EI All, A.M. (2019). Response of Giza 86 cotton cultivar to foliar feeding
with Lithovit and boron. international journal of advanced research in biological sciences, 6(1):33-
49,

Faroog, A., Javad, S., Jabeen, K., Shah, A.A., Ahmad, A., Shah, A.N., Alyemeni, M.N., Mosa, W. F.A
& Abbas, A. (2023). Effect of calcium oxide, zinc oxide nanoparticles and their combined
treatments on growth and vyield attributes of Solanum lycopersicum L. Journal of King Saud
University — Science, 35: 102647. https://doi.org/10.1016/j.jksus.2023.102647

Feier, R., Sireteanu Cucui, R.M., Ratiu, R.F., Baciu, D., Galea, C., Sachelarie, L. Nistor, C., Cocos,
D., Hurjui, L.L. & Cernei, E.R. (2023). Comparative Study of Ozonated Olive Qil and Extra Virgin
Olive Oil Effects on Oral Hygiene. MDPI, Applied Sciences, 13(5), 2831,
https://doi.org/10.3390/app13052831

Fischer, R. A. & Maurer, R. (1998). Drought resistance ‘in spring wheatycultivars. T\Grain vyield
responses. Australian Journal of Agricultural Research, 29::897-912.

Gao, Y., Chen, S., Yang, M., Hao, Z., Wang, X. & Shi, Y. (2024), Nano calcidm carbonate improves
wheat nitrogen accumulation and grain yield by enhancing soil nitrogen, supply: and flag leaf
photosynthetic characteristics. Field Crops Research, 310: 109341.
https://doi.org/10.1016/j.fcr.2024.109341

Garnier, E., Shipley, B., Roumet, C. &, Laurent, G.(2001).) A standardized protocol for the
determination of specific leaf area and leaf'dry matter content:“Functional Ecology. 15(5): 688-695.
https://www.jstor.org/stable/826696 N\

Habibi, L. & Motallebi, M. (2022). Investigation ofthe effect of different levels of vermicompost and
leaf soil on some geranium (Pelargonium spp.) charaeteristics under drought stress. Iranian Journal
of Plant and Biotechnology. 16(4): 45:5%..(In Persian).

Hatami M, Hadian J & Ghorbanpour M. (2017). Mechanisms underlying toxicity and stimulatory role
of single-walledcarbon nanotubes in\ Hyoscyamus' niger during drought stresssimulated by
polyethylene glycol. Journal of Hazardous Materials, 324: 306 - 20.

Hosseini, S.A., Rethore, ‘E., Pluchon, S\ Ali, N., Billiot, B. & Yvin, J.C. (2019). Calcium application
enhances drought stress telerance in sugar beét and promotes plant biomass and beetroot sucrose
concentration. International’journal of melecular sciences, 20, 15, 3777, 2019.

House, W.A. (1981).%Kinetics og:rystallisation of calcite from calcium bicarbonate solutions. Journal
of the Chemical Society, Faraday Transactions 1: Physical Chemistry in Condensed Phases, 77(2),
341-359.

Hua, K.H., WangpH.C., Chung, R.S. & Hsu, J.C. (2015). Calcium carbonate nanoparticles can enhance
plant nutrition ™and insect pest tolerance. Journal of Pest Science. 40:208-213.
httpsif/doi.org/10.1584/jpestics.D15-025.

Jabereldar, A"A.,"El' Naim, A.M., Abdalla, A.A., & Dagash, Y.M. (2017). Effect of water stress on
yield and.water use efficiency of sorghum (Sorghum bicolor L. Moench) in semi-arid environment.
International Journal of Agriculture and Forestry, 7(2), 1-6.
https://doi.org/10.5923/j.ijaf.20170701.01

Jaleel, C.A., Gopi, R. & Panneerselvam, R. (2008). Growth and photosynthetic pigments responses of
two varieties of Catharanthus roseus to triadimefon treatment. Comptes Rendus Biologies, 331 (4):
272-2717.

Jaradat, N., Hawash, M., Qadi, M., Abualhasan, M., Odetallah, A., Qasim, G., Reem Awayssa, R.,
Akkawi, A., Abdullah, 1., & Al-Maharik, N. (2022). Chemical Markers and Pharmacological
Characters of Pelargonium graveolens Essential Oil from Palestine. MDPI, Molecules, 27(17),
5721; https://doi.org/10.3390/molecules27175721 7.

Mogazy, A.M., Mohamed, H.I. & EI-Mahdy, O.M. (2022). Calcium and iron nanoparticles: A positive
modulator of innate immune responses in strawberry against Botrytis cinerea. Process
Biochemistry. 115: 128-145. https://doi.org/10.1016/j.procbio.2022.02.014.

Muhammad Aslam, M., Waseem, M., Jakada, B. H., Okal, E. J., Lei, Z., Saqib, H. S. A., & Zhang, Q.
(2022). Mechanisms of abscisic acid-mediated drought stress responses in plants. International
journal of molecular sciences, 23(3), 1084.



https://doi.org/10.1016/j.fcr.2024.109341

Nasrallah, A.K., Kheder, A.A., Kord, M.A., Fouad, A.S., EI-Mogy, M.M. & Atia, M.A. (2022).
Mitigation of salinity stress effects on broad bean productivity using calcium phosphate
nanoparticles application. Horticulturae 8, 75. https://doi.org/10.3390/horticulturae8010075.

Pourveiseh, R., Rezaei Nejad, A. & Mousavi-Fard, S. (2024). Effect of Animal Manure and Biochar on
Some Morphophysiological and Biochemical Characteristics of Pelargonium graveolens L. Under
Water Deficit Stress. Iranian Journal of Horticultural Science, 55(2): 349-370. (In Persian).

Rab, A. & Haq, 1.U. (2012). Foliar application of calcium chloride and borax influences plant growth,
yield, and quality of tomato (Lycopersicon esculentum Mill.) fruit. Turkish Journal of Agriculture
and Forestry, 36(6), 695-701.

Rezaei Nejad, A., 1zadi, Z., Sepahvand, K., Mumivand, H. & Mousavifard, S. (2020) Changes in total
phenol and some enzymatic and non-enzymatic antioxidant activities of rose-scented geranium
(Pelargonium graveolens) in response to exogenous ascorbic acid and iron nutrition. Journal of
Ornamental Plants 10: 27-36.

Roosta, H.R., Samadi, A. & Bikdeloo, M. (2023). Different cultivation systems and foliar application
of calcium nanoparticles affect the growth and physiological characteristics of pennyroyal (Mentha
pulegium L.). Scientific Reports, 13:20334. https://doi.org/10.1038/s41598-023-47855-6

Tantawy A.S., Salama Y.A.M., Abdel-Mawgoud A.M.R. & Ghoname A.A. (2024). Comparison of
chelated calcium with nano calcium on alleviation of salinity negative effects onytomato plants.
Middle East Journal of Agriculture Research. 2014;3:912-6.

Tawfic, G.A., EI-Mohammady, M. M.S. & Azoz, S.N. (2024). Impact of Foliar Spray \with Some
Nutrients as  Nano-Particles on Growth, Yield, Enzymatical and, Anatomical Changes of
Cauliflower. Scientific Journal of  Agricultural Sciences, 6 (2): 1-20.
https://doi.org/10.21608/sjas.2024 .285778.1418.

Wada, Y., Van Beek, L.P.H., Viviroli, D., Durr, H.H., Weingartner,, R." & Bierkens, M.F. (2011).
Global monthly water stress. 2. Waterydemand“and severity of ‘water stress. Water Resources
Research, 47(7): 1-18.

Zhao, D.F., Buchholz, A., Mentel, T.F., Miller, KiP., BorchardtyJ., Kiendler-Scharr, A., & Wahner, A.
(2010). Novel method of generation of Ca (HCO8)2 and CaCO3 aerosols and first determination of
hygroscopic and cloud condensation nuclei activation properties. Atmospheric Chemistry and
Physics, 10(17), 8601-8616.

Zhao, L., Lu, L., Wang, A., Zhang, H., Min Huang, M.\Wu, H., Xing, B., Wang, Z. & Ji, R. (2020).
Nanobiotechnology in Agriculture: Use of Nanomaterials to Promote Plant Growth and Stress
ToleranceJournal of Agricultural and® Food Chemistry.,, DOI: 10.1021/acs.jafc.9b06615 <
Publication Date (Web): 31 Jan 20205

N\



