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Table 1. Variance analysis of the effect of sodium bicarbonate, iron, and cultivar on the morphophysiological characteristics of paper flower.
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(%) sis (umol e (molm?  (molm?s™ (umol mol-
m?s?) %) Y D)
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* *
B 2 3e85ager 1089 gggane gomawe  130LE2% gogns gomer goo2aer 139w 1148
c 2 16147** 4755  100.79ns  14.38* 28306 11T 133¢  goigoer  esgc 5.076%
A*B 4 155045%%  275.18%  21432%%  108.06% 36447+ 409 ggpee  ggorox 145 2267
*
A*C 4 260.60%% 6133  14449%  2288%* 45744+ 9215 ggins 00017%%  03ons  1.408*
B*C 4 14130%* 2385  164dns  2694%*  11220ns o082 s5pex  0Q093%*  3.90%%  2.815%
A*B*C 8 95.58%«  1112%  46.80ns  2537+%  15215% 1200 qiowe gopagme  ggree 1513w
Error 78 26.93 4.82 43.31 2.56 5567  10.27 0.29 0.0003 0.18 0.261
CV (%) 3.55 3.07 15.08 6.98 1062 7.62 7.40 11.49 12.96 19.73
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R: Block, A: Sodium bicarbonate, B: Iron chelate, C: Cultivar. ns: indicates not significant, *: significant at P <0.05, **: P <0.01, and ***:P <0.001 levels.
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Table 2. Mean comparison of the interaction effects of sodium bicarbonate, iron, and cultivar on the growth traits
of paper flower.
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"Values are the average of four repetitions and the same letters indicate no significant difference with Duncan test
(P<0.05).
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Table 3. Mean comparison of the interaction effects of sodium bicarbonate, iron, and cultivar on the leaf RWC
and EL of paper flower.

o) o Sl S0 9,50 ool oS

Sl (Yse Use ~
Traits Sodium Iron chelate Cultivar
bicarbonate (m M) (UM)
Barbara Jamaica Lady Mary
Karst white Baring
3 71.560ff 74.30%¢ 76.53d
0 30 83.38% 69.04%9 76.17%4
o o c6lyinn 60 73.47%F 73.20%" 84.16%
T 3 63.6849 71.95°f 77.80%¢
0 15 30 60.07% 57.959" 67.54%9
60 85.98¢2 85.88¢ 80.943°¢
RWC (%) 3 48.78" 59.70" 56.01%"
30 30 55.62% 42 55 74 574
60 61.08" 73.302" 75.71%4¢
3 37.84mno 38.451° 40.77i-m
0 30 35.37™ 31.35M 34.72%
60 29.36¢ 24.66" 36.51"
(1) g ot 3 46.01f9r_‘ 41.97_i'I 42 570k
- 15 30 44 5391 41.68™M 38.75k"
EL (%) 60 48,1209 45.05%" 49.24°"
3 53.87% 46.74¢" 48.359¢
30 30 50.83bcd 55.148 47.3499
60 52.3]abe 50.66°¢ 46.74¢"

Lol P<0.05) 5Sils (5051 L jlo sine WS pae ,Silo el g, 5 )85 ez Sl « poliat
"Values are the average of four repetitions and the same letters indicate no significant difference with Duncan test
(P<0.05).

S ymgid sl yiolyly
el o ina T 5 ) i e 8 gt sl iSan 5 kol sl il ) J392) s 00T gl 4 455
& bgye (45l 5 mpe o p 525 SenSl6d Jg09,5ee N /AD) Fiwgid Glie o yidey oS e e lis F gz s
YIAD) &1 oyl o yieS il oo ;Y g0g,Sn Yo 0] g mudwe Dl S o o9 ol o o Lady Mary Baring o3, s¢ls JS
Vo) pd SloyS o i YL Ll o Jamaica white 3, 4 bgy e (48l 5 aoye o 5 00,5 anSTed Joog S
4 Cond o Sl ,S o oYL Ll s o Lady Mary Baring o3, ;o jicwgid ol ool ol Vaog,Sea Yo g (Ygo lio
Abb oo ZOVIYY Jamaica white 5 7.¥9/A+ Barbara Karst 3, )5 g jialS 70N YT o0 mawe Sl ,S o e byl s

YA


http://journal-irshs.ir/article-1-710-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

FF)FFF G P sloamio Foylas T als lul SLEL 5558 5 pole dlxo

Sy o G bl o938l e a (g Gl ieessd (liee 509,800 Yo ¥l pal SIS 09381 b alS jluie (!
SloyS o o llyd 5o 3,05 5 laje, Calae iwgtd gl lade cnpiien (IS 55k 428l el jlade cnl mao
Noodheo Yo Lyl jo oyl polie o yieS 9 Barbara Karst 4 Lady Mary Baring slae, ,o (ol jea> 10 eow
ass DLy (o g Laulp o Vgeg,See Yo ¥l ol il ogiil il oo dg st o] H3am 50 made Sl S 0
S Llade 49458 .o Lady Mary Baring ¢ Barbara Karst 38, « Jamaica white o3, o yiiwgd ol (il cow
Luls o cwisen .00,5 Lady Mary Baring o Barbara Karst o3, ;o jiwgid jialS cow Yeeg,Saw £ @ ol
Lady Mary 4 Barbara Karst o8, jo |, jiwgd e ] OIS aie 539580 (Vg hoo Yo 5 10) moows Sl )S o
993> 15 Jamaica white o3, ;0 Ll qeudw Slu,S o 9939 b oyl O ase (40938l ¢ S j5b 4y ols zals Baring
Jamaica wWhite 43, .0ib o e 5 ol B pae oS Gl azs ol Barbara Karst o8, ;0 .05 jiwgid il 4 oS
oy 52l Brae LIS lade o yiin s Vaeg S £o pal jpa 50 e Gl S o laie Vb 992y bulyd o
hol 00 ni w3l e T Gliee CayeS s ol alive Ll o5 5 maos Sl ,S o eoy Lyl o Barbara Karst
S ool e 8 SLoe Laion (sl oo a5 Ly 9 ol i G155 il o 3rits (AL s 5 Slae 5 w5,
Solaa (2l g ol s e @ plgioe | Fiagid (1815008 (g0 D) Jiigid (Had Sgucms alauly 4 lalS wd)
Fraosgis Sl RIS 5 oDl S g 35 s el G55 51 5 SV PH (i ol S 5 Ll 5 (sl
S rdud CebB ol o JEl s 4 g IS 5 o 50 Cle 4y 2aS jiingid lies ccnl 2 09381 09 o0 LS 5
0 cdale ) el oIS sk Jsle (Roosta et al., 2017) ol o o po <ot s olé Jolo b SB- o ol 1S
Ol ey 53 ol S L5 Jolome (il b ad atay pB)) o 5igid lie plp de Gl o 2 0 0 8) @
ol i 23l RIS WAl s 4y e o5y s 0l L5 & T By IS 5 50 sl Salon g
F, 90 4y (b ds o] caicngid 0 g i8I AT o) 0 000 et i Ll g (pgranlanST (glaes T cdlad o
Sl S59050528 Sl Shes 5l 2l Brae (LS 0w o plmil kS 5 Fisgid glaanl B 50 1) 09 Sl il g 958 oo Lo
e 4 g ol QLS 50 (505 4y Finsgid S Jolo 59,25 (o S8 (o2 3550 ol lagh Ol Brae o)l Saa b oS
s 2l gacshen YIAY) G55 Gliee i F Jso @l Qoo o93sn (B8 0T 3,95 5 oo il (0,8 s
S wSlie Vgag,Sen P e 0l 5 s Sl yS (o g Ll o Barbara Karst (5, 63215 Sy by e (4l 52 oy
oo Sl yS o s YL Lyl s yo Lady Mary Baring o8, 4 g pe (4l 0 aoye o ol Jgo o VYO) T l5ae
G gl Ol dgamme i Do S (o G Ll S @ LS slagely 51 (S el (8] Ve Se Br g (Ysa Lo )
Lyl 505330 b cppl il am oo e 51 e b 511y 68 ST ol el il o Fyy pelas 20lS s 4y saS

(Zuo etal., 2007) sl oo yualS oLS )5 5,05 ¢ o5
555 035 FIO 4 ¥I0 SIPH (il b as ols (lad V5, olS Suselsnsad 5 gy slaShg 52 PH s Sl polion j5b 4
Al oays b fele ol o cmalS wig, A U PH jis ol b as Jb jo .cdl yiolisl adle (lad 4 IS aly> olS o
s ol (Roostaetal., 2014) o <éb #/0 pH o (P1) o ,Sles jasLi FVIFM (L3415 slaizs calyz slaws oy yiiin
oiss 5, Slae hals g b IS (e (1als oSy (50,5 0l S o GBI L a5 sl ] Sily 45 09) syl mlii
35l slapd; il oo S (A5 L azlse p3 LS wld; falS p gs (s oS s e g, Siales b 4 g
SgraS (o yme ;0 GlalS b duslie ;o Siwgid Sepu g B9 )IS (S ld Gliee )3 (2 BB el Ol S o bosd les
hSias o ool Lids o 4 as Sgudi oo 0D ool 0geS o a4 S, jo B SHeen 18 Ol sy il las el

Rosa hybrida cv. Grand Gala -\

Y4


http://journal-irshs.ir/article-1-710-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

Ohles 5 sl

O s Sl Jedo 4 Wil so Jeds)lS slyime (2ol el 3 09381 il oo Jidg IS itge ) Fso slampl sle
.(Shahsavandi et al., 2024) ol 1 4556 e o Gil33l b

Lyl 5 5o Barbara Karst o8, s3el5 J5 a0 bgsye (4l 5 gopeyie o ol Jgo IV0) slaijs, Colon lyae oy i
w85 & byrye (U myerie ol oo NV O Gliee 28 alion Yoe9,S0e #0 ol 5 o SluyS o s
e Lo yS o 50938 bl ol Vaag S #v 5 (Ygo dhoo Y0) maos Sl ,S o i YU Lal,% ,o Jamaica white
Sl (390558 St 25 s 38 Joloma Sy oy I3 (F Jpo) il als S5 US o3, 55 slaissy Salos olee
25 &8 ol Ol JUis 4 g slaiss) calae 1ol o sl al gdoe (a7 & ST sl I OT 0l 5 Se]
gt pol> ragh b als ol (Shahabi et al., 2005) 0gi o Sy Ol (s glgizme 2olS 5 ladisg) ol dites 4
RO Epg

D585 oy b5 Lawgs Ol Brae (Gl pslaie a4 cel GlalS 0 Su5ls i whe Shs 5l ol Srae 2L
Lady Mary 5 Jamaica white slapd, ;0 Ol Bras oI5 Hliwe a5 olo lias o)V Jgoz) (willg 4320 Jaao ol
3 (0,5 ko 10) ol 5515 .28l a8l d([Yge,5e0 #0) ol IS 5 (Ygo b Yo ) Cenlds olie 21330 L Baring
ol ,o (Roosta et al., 2017) 5,5,5 oLS g0 o Shas ¢ jiwgid (iol38l ol amis 1o o5 p s Lol cow (5,8 Oy
Gh 2l s Vsa e 10 a1 jho 5l mass Slu S o Gl olien a4 Vgeg Soa ¥ ol O gl o sk
Lyl 3o Vee o Vo ab oo Ol S o l5e (999381 L .0 Lady Mary Baring ¢ Barbara Karst slae3, ;o ol & pas
Lady Mary 5Jamaica white slad, ;o ol G pas oS olie 50 o sme (iol38l o Vaeg S £+ 5ol SIS L plgs
hie 51 Y509,800 P (l5ee 4y 2l O sl (T il cal s 0] 09008 5 Sl S o g Ll L anylis 50 Baring
ol ety Soieeh plo b genes a5 @l Gl el daled foowd Candln 1) (Yo (oo T0) i (oLl (23
Demasi et al., 2015; Demasi et al., 2017; ) ol oo Sglite 4ol e 5 LB (25 God 4y lapd, fwl a5 ols olis
.(Shahsavandi et al., 2024

SRS 555 Yol 5 gt e 08y 5 ool el )T o maie (2Semy sl ST pSibs aglie Y 5oz
Table 4. Mean comparison of the interaction effects of sodium bicarbonate, iron, and cultivar on the
photosynthesis and gas exchanges rate of paper flower.
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In a greenhouse experiment, the responses of three varieties of paper flowers to varying levels
of sodium bicarbonate and iron chelate were studied. This investigation was structured as a
randomized complete block design with four replications. The treatments included three levels
of bicarbonate (0, 15, and 30 mM) and three levels of FeEEDDHA iron chelate [(3 uM
(deficiency), 30 uM (normal), and 60 uM (excess)] and three cultivars of paper flowers
(‘Barbara Karst’, ‘Jamaica white’, and ‘Lady Mary Baring’). The results showed that the fresh
and dry weight of shoot and root, relative water content, transpiration rate, and stomatal
conductance decreased with increasing alkaline stress. Additionally, the treatment of 30 mM
sodium bicarbonate and 60 uM iron chelate increased the amount of ion leakage and water use
efficiency compared to lower concentrations. The ion leakage levels in the three flower-paper
cultivars rose in response to alkaline stress. The relative leaf water content in the ‘Barbara Karst’
cultivar decreased by 27.75% with rising alkalinity up to 30 mM. However, in the ‘Jamaica
white’ and ‘Lady Mary Baring’ cultivars, these reductions were 26.49% and 2.1%, respectively.
Notably, under high concentrations of sodium bicarbonate and iron (30 mM and 60 uM), the
photosynthesis rates decreased significantly by approximately 45.14%, 49.80%, and 57.32% in
the ‘Barbara Karst’, ‘Jamaica white’, and ‘Lady Mary Baring’ cultivars, respectively. Based on
the results, it is evident that the ‘Barbara Karst’ cultivar exhibited superior tolerance to sodium
bicarbonate stress compared to the ‘Jamaica white’ and ‘Lady Mary Baring’ cultivars.
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