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Abstract

Calcium plays a crucial role in improving the growth and quality of cut flowers, and selecting the appropriate
calcium source can significantly benefit rose producers. This study aimed to evaluate the effects of foliar
application of calcium nitrate, calcium amino chelate, and control (distilled water) on the growth,
morphological traits, nutrient concentrations, and vase life of the rose cultivar ‘Jumilia." The research was
conducted in the ornamental research greenhouse at Ferdowsi University of Mashhad in a completely
randomized design with four replications, each containing six plants, over a period of six months from early
August 2022 to early February 2023. The results showed that foliar application of calcium nitrate
significantly improved the growth traits of roses, increasing stem length, stem diameter, fresh stem weight,
flower diameter, and flower count by 38.26, 29.87, 37.47, 19.38, and 12.20%, respectively. Additionally,
calcium nitrate application increased chlorophyll a, b, and total chlorophyll content by 20.96, 65.77, and
37.53%, respectively, resulting in a 23.32% increase in photosynthesis rate. The highest carotenoid content
and root volume were obtained due to the application of amino calcium chelate. The findings also indicated
that calcium nitrate was effective in supplying calcium to the petals, leading to a 13.62% increase in
membrane stability index and a 4.1-day extension in vase life compared to the control treatment. Amino
calcium chelate played a key role in delaying weight loss and providing calcium and nitrogen to the roots, as
well as phosphorus and potassium to the leaves. Meanwhile, the highest nitrogen concentration in leaves, as
well as phosphorus and potassium concentrations in roots, were achieved with calcium nitrate application.
Based on the results, weekly foliar application of calcium at a concentration of 160 mg/L, especially from
calcium nitrate, is recommended to supply the calcium requirements of roses and improve their growth traits
and vase life.
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Background and Objective: The rose is one of the most popular cut flowers (Mileva et al., 2021). Calcium

1- Department of Horticultural Science and Landscape, Ferdowsi University of Mashhad, Iran.
2- Department of Soil Science, College of Agriculture, Isfahan University of Technology, Iran.
* Corresponding author, Email: tehranifar@um.ac.ir

89


https://orcid.org/0009-0007-4075-5677
https://orcid.org/0000-0002-7103-0413
https://orcid.org/0000-0003-0395-5876
https://orcid.org/0000-0002-9413-9657
https://orcid.org/0009-0007-5545-536X

Khosravi et al. Comparing The Effect of Calcium Nitrate and Calcium ...

plays a significant role in enhancing its performance and quality (Haghighi et al., 2023; Abdolmaleki et al.,
2015). Despite the evaluation of several calcium sources for improving the quality of ornamental plants,
there has been limited research on the best calcium source for roses. This study aims to compare the effects
of foliar application of calcium nitrate and amino chelated calcium on calcium supply and the
improvementof quantitative and qualitative traits of roses.

Methods: This research was conducted in the ornamental research greenhouse of Ferdowsi University of
Mashhad on the Jumilia rose cultivar, using a completely randomized design with four replications and six
observations. The treatments included foliar application of distilled water (control), calcium nitrate, and
amino chelated calcium synthesized with lysine amino acid. Traits evaluated included stem length, stem
diameter, stem fresh weight, flower diameter, number of flowers, root volume, chlorophyll a, b, total
chlorophyll, carotenoids, membrane stability index, weight loss percentage, vase life, and concentrations of
calcium, nitrogen, potassium, and phosphorus in the roots and leaves, as well as calcium concentration in the
petals.

Results: The results indicate that calcium nitrate led to increases in stem length (38.26%), stem diameter
(29.87%), stem fresh weight (37.47%), flower diameter (19.38%), and number of flowers (12.20%).
Additionally, calcium nitrate increased chlorophyll a, b, and total chlorophyll by 20.96, 65.77, and 37.53%,
respectively, resulting in a 23.32% increase in the photosynthesis rate. The highest levels of carotenoids and
root volume were achieved with amino chelated calcium. Calcium nitrate was highly effective in supplying
calcium to the petals, increasing the membrane stability index (13.62%), and extending vase life (by 4.1
days). Amino chelated calcium also delayed weight loss and was effective in supplying calcium and nitrogen
to the roots and phosphorus and potassium to the leaves, while the highest concentrations of leaf nitrogen,
root phosphorus, and root potassium were achieved with calcium nitrate.

Conclusions: Foliar application of calcium, particularly from the source of calcium nitrate, is recommended
to meet the calcium needs of roses and to improve growth characteristics and vase life.

References:

1. Abdolmaleki, M., Khosh, K.M., Eshghi, S., Ramezanian, A., 2015. Improvement in vase life of cut rose
cv.“Dolce Vita” by preharvest foliar application of calcium chloride and salicylic acid. Int. J. Hortic. Sci.
Technol. 2 (1), 55-66.

2. Haghighi, M., Khosravi, S., Sehar, S., Shamsi, |.H., 2023. Foliar-sprayed calcium-tryptophan mediated
improvement in physio-biochemical attributes and nutritional profile of salt stressed Brassica oleracea var.
italica. Sci. Hortic. 307, 111529. https://doi.org/10.1016/j.scienta.2022.111529.

3. Mileva, M., llieva, Y., Jovtchev, G., Gateva, S., Zaharieva, M.M., Georgieva, A., Vilhelmova-Ilieva, N.,
2021. Rose flowers—A delicate perfume or a natural healer? Biomolecules, 11(1), 127.
https://doi.org/10.3390/biom11010127.

90



A=V oV Sl Y oY 5l [ p g o jlad / @5l Jle /olE 5 S Luly,
https://doi.org/10.47176/jspi.15.3.21461 EISSN: 2783-5286  https://jspi.iut.ac.ir

9 Gl W}ﬁ(@ﬁY)m&Q%WT‘g S S 5 oL e S s

Lhasr o35 55 2S5 Sl 5 (agy e
Voo (o Y .. Y \ . ES N - \ .
OLs Jer M 5 " e, WS 3 53 e ol (65000 o T A8 e DG S dean
(VFoTIV/R 2 s VPO bl s )

o AS>

SaS 5,y J5 OIS ud gy Al S sl e OS] o or 0y p LS Sl S oS 5 A 3 ey (51 S
Sl il ) (hate ) sl 5 eeedS O gol (oS Ol 235 (LT glone JUT s p Sia b g5l kS SLLS
Sils iy OlalS Sl SIS 53 oy cpl A plonil Lae s o8, 55 2l es 5 21 polis ChL (S350 50
sl LI VYol alostls o Jgl 51 ale s e 4y 5 Wi 2 Jold 1S5 a5 150 5l b dolas Sl £ b (B 55t wga b
il Jgb aS g, 5ba 5,05 5,5 8 g, Ol 5 o 6}5‘&"5‘&59‘fz‘ b d sl sls OLES el AAA IR
s Gl Aald ag Camd Aoy VY/Y o 5 VA/FA FV/EY YAV YA/YE Cs sa |y IS slass 5 I8 ad cadlu 030 03y cadl
E5 S5 YTY 5151 o JS s b @ J3 A5 (o3 YVIOF 5 FOIVY (Yo/8% o Sy Gl b oS Ol 25 5 5,18 oo
Sl i 1 Kl gl el sty S IS gl (BT homs Slas 3 Ay e 5 A 55 Ols p F e A e 555
Jald 4 Comd 2 blS e 50, B LRI 5 L oL Latle e ,s \WIPY ﬁlﬁ\q@i,:;fﬂ.\fﬁ—.&w% 2 oS
s 8 el g A Aty 055, 5 S el 5 O3 RIS I B g8 4 3 et EE oS OIS il 3
Gty il 4 g b el Gzt oS Ol 2 cBL T e S 55 adyy il 5 Aed oS 0550 CBIE o St S I 5o
330 3 55 J8 36 558 eedS a6l eedS S e Sl onase A 55 p S e 1Fe b b oS wia a (SLJ plone ol

Dy do g gl jas gl G S

}:..d}:.; ‘L;_:“.:\..P fﬂL'& ‘6"’,‘& o~ Les d)‘u\.ﬁ‘% ua;'\.ﬁ ‘.L:) ‘5.’53.15 6\#03‘}

wdwd)wé‘fé‘BQ‘}Lj)}kbéw‘uLé}ﬂ‘ﬂ M.’:‘G

3 (Kb el 5 aled 5550 el gen 5y IS sl e 33 =3 OLalS oy 50 s 3| (Rosa hybrida L.) 5, S

J.@.w.a 6.«});5 e@\) ‘L;)')}L:.S LS o L;L.aﬁ w.&@,«j JL.GL» (ajl.ﬁ« °}J§_\
QLW] W al.<~:£._'vl> 45)')‘5\..':5 oIS ES]s 4L;.«L~Sl;- D}J§ -y
tehranifar@um.ac.ir : g ;2SI oy (DG J s *

q)



UL Ker 5 (595

VEoX 3l /g oslad / o35 Jle/ olS 5 S Luly,

Sl «60lS o 53 Wl b5l o d peames
3 e o3l s 5lns paly oS 35S L il
(ol o Do perndS Slas S 5 8 Jls Ol
ol S a8 S s 1 S B S5 b
Ly B S Sl el s 2338 4 Jlos i e
4]l (Bennett et al., 2020) Lsl. x5S slacsl
Sl 5y Sy olS ST sl S b e
o oS 5 B raae Bl (S e w ol LS 15
=l 55 o=l ) (Youssefetal, 2017) 5,0 L CIE
A i e A e ) oty oS el 5l il
33, See Rl Gl mie (p b o (pl Rl s
SIS i oue e Ol et sl 53,5 55 JS oS
MW‘)MQ%J}MUS}) J—fdwﬂmmg
_—> ;5| Bennett et al. (2020) .(Almeida et al., 2016) >
remelS A IS AT o S U IS il S
Sl 5 el el Al IS (S D 25 s
Sl Ly eSS 5 ol aial el OIS (oS
L35 byl dbl s 8 (s, s Botrytis cinerea J xS
Sl S e 5 5 S IS 515 0L 0T e
S oty Vyann ool ol o i So)1 a8
5dsn hdsle Sl 5l Gy S OIS 5 S
(Seifu and OLalS s Shes plis)) s 5gr » 0T e il oS

SV e e alidl g st a5 2alS Deneke, 2017)
o5 (Coutinho et al., 2020) ol sl (5158 Coils
53 e ol el gl e el a5 ISl 5 Sl
el (G5 SIS 55l e esliad OlalS
35 3,8 (6l il SLAHS (@23l slaens s
Ol aS gial o (] 53 Ll axe 5 (55,5128
Jolse Sl 5 Sk JSA das S b lad 5o 3
el Sl 25l Ok 50k L L e enls
(Souri, 2016; Souri and Hatamian, 2019) J_as - 42|

SLal sl 5 adS Aile (e sl ge o il (sladd

4 .(Bendahmane et al., 2013) ool axils Calises el o
Obe 53 35 JS (238 0555 050 GV b 5 ke olos W
o3l oy ax i |5 s 5 P 5l alex
(Mileva et al., 2021) sl o gumme sl o pastlis sla |§
ol Slaal 515,y S e iS55 S il
ey ol plad Ol ol 8l OB IS
A5 350 3 o G oS oME lad sl 53 35 5
ol 4l gla S caS Lé> 5 (Aghdam et al., 2019)
odre Slosle (,.W.LS (Abdolmaleki et al., 2015) &S . Ll
Weng et al., ) Sl 55 5,50 olS sad 5 Ay (gl o 45 Sl
S - Cb_.ﬂ o=l S .(2022; Haghighi et al., 2023
L Jsmame 5, Shas 5 kS (1055, Culda 5 sty & 5
05— «eomea (Nayyar and Kaushal, 2002) wizu o 55
Sladal 3T oS 52 S (slaos S b (i s ) oS
L b loeslps (oSG 5 Slos i 53 S5 56
Lo 5 51 (2l 55 5 Ll e g 5038 5 eSomtnns
Torre et al. .(White and Broadley, 2003) .S s .S ;1>
S 5 ae Jyo S 035330 4 dizils Ll (1999)
Rl s S e si 53 ey e SR 5, sla S
L = Je e 070 w0 /0 51 dgloes 3 udS e
oealS o 5y S Glaplsl s uds o ble 058l
5> 5 (Botrytis cinerea) s p—.S\> S T & Sl
ol5-3! (Bar-Tal et al., 2001) J_i | S iS55 4
A3 psee 53 1) S 2B 5 Gae sl o A3
(Wang et al., 2022) {s S 5,058 oelS 5508
A S et e SG Olpea plS Jnl L
sl At 5 S 68 A sl OLLS s e 4B S
3 (Amor and Marcelis, 2003) oI5 S il u..ﬁL
LS s 5 sy ol i e S e Lyl
S s g Gl ole ple ST il 0l 2 e
ChS Bis gl o dS (Niuetal, 2021) 152 ol 3

S alS el O 3508 5 ol (55500 S p Sl S

qy



v 2 (V) oS S gl 5 oS Sl BL e 1 alie

LK 5 (59

o Y L eSS S LS g B s Ol sl
o 2 S el O s e SlS 5 b S
Gl 45 035 Aoy V0 O eeedS Ol 315 OlalS Lo s
Aol GOl 30 Y el e (2338 lad s
U 55 |5 S LSS S Jisl 5 ol 35 4 il
S5 Sign 5L JBU 0 2d wl) Tl s (55 oS sy
S b5 B8 5 sl olas Bs 4 (Whesr o35 3
Sl Lt S5 ) ol G o e
S Wisu p ol 5 Ls o O 4 5 o3 iy b 550
Sl 52 S r S s 250 5 Vs Bl s«
S lady ol ol dadj ) oy pasls sla S OB s
S 53 3 00w gl il 3 &3l e PHEALY
S (e oo Y0 )3 o311 ol 5 Voo Sog g 5dm
CBLE L odi oSl S e Jylows) 4l 13 J e
s (Hothem et al., 2018) & g (\ Jyur) wlal o (00
C S L el el sl Oluabl gl 35, T e &
A el QLS SIS ay s liE ube s pds
bt J s L OLalS (a3l OLL B 5 5550 51
2o Sk Vo ChE L dS s aas S LS S 5a
reedS OIS sl 5 S S (35S b Sl
L e 2o 55 S slaap oy Sis O o
Slmt S ST b (S oty i (S it (pizend
ol s A e ploil s 3Bl (s S
s dle e Jpmb v az 5 L5 25 Slo kb o
Ak Yoo b s bOle ks L adda YUY (0 JL s
S e Olia 5 Ol L3 & W o (5oLl cadds 5o
o255 555 53 e Poo 5 VYoo ady s il
L3S o D)
—aSES ) 5 g 5 S eIl (S il Sl i
e Sl SIS 5 S rman 5 bl (g5 s
a0 ol s Bs s oLS 51 G me y obe bl

1. Jumilia
2. Natal Briar

qr

az S| (Souri, 2016) Lize o 35 |y adsy w53
) DY same LokS S5t Sl eedS e ki O5SU
Sl oS sl iasim Lol cila 515 Jbsls e
Lo rSlos i 5o IS Sl el e oS Sl oo
Al 08 ol 33

Saa b tags ol ey pl g laazidls 5408 J.:b @
St 3 perlS el 53 S il IS D alis
(et Sl ol ol 55 IS AS =S sl S
rmedS (23355 4 S S 2L s 50550 s
A s ol Jash g g el pl S e fes 2p
AU o i o) B b el 48 51
Aty ot eedS OIS a5 S 2 L e
e Bl Wy 055 0y et 55 olnlS jas 5 cuiS
e 5 B0k Sl 5 s Slas o5 Sl eelS
555

ETPIEIS
o ils oz OlalS Slidss asladS s iass o
08 oLl Jsb 55 SlalS (pldd el dgin s 5
WA 5 a7 oLl g (o ,e 5 S0 aads V) 5 ax o
313 55 Ups el S (65 ) oYF gl s 5 e 4
VPEY 5 YORY o San b 5, L3 bS gl (SO
PO s o S sb Sl immad 25 o s 3
VYoo 55, Jyb 55 anb s Sad S0l 5 A
0> bl ol A3 (S e3ll Gb e e e S
S el ST a5 LSS e b sl SLIS £ b G
o b p3hdshoes Jold s 3550 Slasled A3 1l &
remeelS D (F (eedS O50) ol (0 Jold dS w0
aald ol L s i o IS OIS 5l (F 5 (Ca(NOs)
3 S S 50 S Ol 28 5 S 5 5 (Ca(lys)y) op Y
S 4ol g pear green J same P L el 055 Mg

Ol ity &8 51 e Y ael ol Ly o o oS



b‘)&"‘h"d-’}“é \*°V}:}_L§/r‘9«~5)w/rh>}3‘%dh~/AL;}JBLJ"J

.LK}Q Q)—yﬂy‘}ﬁf wLw]ijA.:@.’? coslaiul S48 L;l\J.G MLJJ A Jj.&:.-

Table 1. The nutritional program used, prepared according to the Hoagland formulation.
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Fig. 1. Flowering time of rose and optimal harvest time.
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Table 2. Effect of foliar application with different Ca sources on the growth indices of the studied rose 'Jumilia' cultivar.
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Table 3. Effect of foliar application with different Ca sources on the photosynthetic pigments of the studied rose 'Jumilia' cultivar.

Chlorophyll a Chlorophyll b Total chlorophyll Carotenoid
Treatment ) (mg g™)
o b o8 < Jes ks JS s ks 48558
(6,555 p 5 o)
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In each column, means with the same letter are not significantly different at 5% of probability level based on the LSD test.
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Table 4. Effect of foliar application with different Ca sources on the macroelements of the studied rose 'Jumilia' cultivar

Leaf (%) Root (%)
(oys) S (o 3) s
Treatment N P K N P K
BN OS5 St =l OS5 b by
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Ca(Lys)2
= S yeal 4.919+0.0312 1.168+0.026? 1.773+0.035*  2.692+0.031? 1.519+0.029¢ 1.982+0.017°
(Y
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In each column, means with the same letter are not significantly different at 5% of probability level based on the LSD test.
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Fig. 2. Effect of foliar application with different Ca sources on the photosynthesis rate (a) of 'Jumilia' cultivar. Means with the same
letter are not significantly different at 5% of probability level based on the LSD test.

St O S Aol 3 AS s 5 LISl o
S wedS Lol (S5 pan S ol s g oLlS

e g Aol 530 (Coutinho et al., 2020) coul ol

= ey Sla s o p»—wLS —bd e Sl 5o

aq

(S o 3 SIS, il L el Uasl Ol e Yazs

O et SRS Al RIS 5 s Ol
‘LafﬁjsjljJ:LJ J._:JJJLJL.\A}.D.&D-JJ l)r.:,,lf
Ol Jds S e U e sla3 Ol 5 PSIT (slanaf
pmedS il mle (Zhang et al., 2020) Lles S



UL Ker 5 (595

VEoX 3l /g oslad / o35 Jle/ olS 5 S Luly,

Ca(Lys)y jpozeen .35 dals OalS & Cod 5 5w 535, ¥/
A Sl e 5, T/l dals b aslie s 50
S Il 525 4 s Ca(Lys)2 5 Ca(NOs)2 3l eslixul
Ca(NOs)2 3L pdoms (Y ISE) s g 3 55 IS o
JS2) a5, GlaS IS s S e Rl e
2GS Sl e g G b ol Sl s (oY
WS Couledis B8 i e Lajled sl b anslis
Lssedn el |5 ol 08 55 ods c Bl 5l
Torre et al., ) cousl Lag 0 dﬁ);ﬁ;‘-‘t;)&kt;\ g el
ssbas Aols aS xie 4 S S Ol e &ls 2 (1999
Ll s Gl B S IS 5o 1) S il (6555
ity 35 S Sl Sl e 2t 03 S5 SR B
ot o5 b S ke JBT g gla s 0 AL
315 pald G ez ey atls gba S 55 il
Sairam et al., 2011; ) o wloa s 5,155 Jy NS
Abdolmaleki et al., 2015; Zhang et al., 2018; Aghdam et
I ilses el wlis glaguly cl S5 405V (al, 2019
S S Sl eas Ol ulete (S35 e b3

039 Ol s Aoy
st J=B sbas Lay, 05y ol s ol lash oo
ot o35 03 GRS 1 S slles Gl o
dals s Ll sl aalsl et 335 Y (.......JS sbasles Jleel 3l
Sl g8 036 03 OF 5l ey 5 3L welsl pler s b
B S R I R L ST IS R
VAYY 5 \VAY s e Ca(Lys)s s Ca(NOs)a L o jlas
03038 alS sy ey Ve 3l e 8l ulssl s s
O35 30 SeS a5 5m bl ple Sl 50 el gls IS
OLalS S5 Jmlie 53 ey ol 555 53 sdmiis =Se5l0l
(0 JS) Al sdalile (6,5 s 055 S L ok jlas

ol s5ea Torre etal. (1999) glaasl L jlass ol CL”

Fr eSS e 4 S (g sban Ll s 35
ﬂ‘ﬂ\ -LP)) YO Q)S LIS M)J YAV C.Lg B \) JJ.M,:}."J
.(Dolatabadian et al., 2013; Naeem et al., 2018) sl>

L ol pasls
LB o ba |, L golul e ls sdddlesl eSSl las
Al Cared 45 el Cowsas Ca(NOs)2 Hles s Lis
Slasled o pmmen 1 OLES 1) (s o 3 WY/PY 5053
Jg.vl) sl S99 LS)‘:L;.‘M Q‘)uj Ca(Lys)z 9 Ca(N03)2
atld oaan 5ol oy arls o IS s Jgb i3l
)MQMMQ}MW}MGL&@(@M
@ﬁé;ﬁwzwl&éyﬁ_lfsﬂmgﬁﬂﬁ
Hocking et ) 555 Jslw oylss o 5L 5 Lie SoL
(al., 2016

P EY @l_:.a obd sl sl QLS fagss ) (glaassly
S8 s r___ts cble il L Ca(NOs)2 o5 94 r..._lS
oS (LY S8 5 95 0 MST s ol (=Y S0
Sl 53 ndS 28 51 56 MST 3D plid o
)JML};—L Ww\ L;).Lw e‘)lﬁb) J}.Lw du&
- lid Ll 4 e S ol 13T GG,
Abdolmaleki et al. Jlws Ol geas .(Sairam et al., 2011) 5,2
(s 5 5 s (,M..LS)LM dlesl L5 S 54155 (2015)
oo Bl et 53 5 Sk slie 4 ool s b el
Db 5o ok p ali G S oIS

@S ee
@ Cand S5 o 2l as eelS Lol ples 55 ek i
Ca(NOs)2 alises (slajlad s 51 disls QLA dals gl

ol ol g il S8 ae 5l s 1 56 o 5 ks



v 2 (2 2Y) edS OIS gal  oondS I 25 (AL sl S s lio

LK 5 (59

pasls

Lie ol Lo
Membrane stability index (%)

b
75 |
70 |
65

Control Lz

S e
Vase life (Day)

Ca(NOs) 2 pds ol

(a)

a
|

a

CaA(Lys)2 pdS S sl

(b) <

|

C
10 F
g
6 F
4 F
2t
0

Control walz

Ca(NOs) 2 S Sl s

Ca(Lys)z pds S el

S Shls a0 s Loa g 035 55 (@) balS e 5 () Lk ol (el oodS il il b 3bd e 31 Y IS
AL LSD O ge31 el 0. Jlazl mlans 53 Jlsbias &gl S 2

Fig. 3. Effect of foliar application with different Ca sources on the membrane stability index (a) and vase life (b) of 'Jumilia' cultivar.

Means with the same letter are not significantly different at 5% of probability level based on the LSD test.
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Fig. 4. Effect of foliar application with different Ca sources on Ca concentration in petal (a), leaf (b), and root (c) of 'Jumilia' cultivar.
Means with the same letter are not significantly different at 5% of probability level based on the LSD test.
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Fig. 5. Effect of foliar application with different Ca sources on percentage changes in fresh weight of 'Jumilia' cultivar.
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