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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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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.
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Table 4. Mean comparison of the interaction effects of sodium bicarbonate, iron, and cultivar on the
photosynthesis and gas exchanges rate of paper flower.

MMQLQ;L_.,-; O“’TQ)U . T.e)
_?u"? ()Syojaijlr:) (J}c 3)5-,¢~°) ultivar
ralts H
bicarbonate IrorE:,tl/le)late B&;t;z:a Jm?tlga Lady Mary Baring
(m M)

3 8.35%%T  ggge 8.79%e
0 30 9.83 9.02¢ 10.95%
J9a5500) Ftwgid 60 7.199 8.90% 6.52"
asb  gope e g 3 7.409 7,520 7.389
( 15 30 8.240kf 8.450e 8.280de
Photosynthesis 60 7.94¢10 8.50%¢e 7.95%
(umol m2s) 3 4.56" 3.85" 5.71K
30 30 5.394! 5.84ikk 5,81+
60 5,05/ 6.17 5.59iK!
3 0.18%9 0.15"™ 0.21b¢
Sz, Colas 0 30 0.17" 0.13™ 0.20%¢
] 60 0.25 0.14kIm 0.09°
e 3 0.15"™ 0.18%" 0.21cd
(el 15 30 0.18¢9 0.15hm 0.18¢"
60 0.22b 0.169" 0.14m

Yy-


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

[ Downloaded from journal-irshs.ir on 2026-06-11 ]

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

Stomatal 3 0.21b¢ 0.17 0.19¢f
conductance 30 30 0.18¢h 0.13!mn 0.16%
(mol m2s?) 60 0.17% 0.11m 0.17%

3 3.53¢f 2.68" 4.14°
0 30 3.3090 3.158N 3.83bcd

. 60 4.892 3120 2.43i
‘ 3 4,10 3.03" 4.01b¢
(el e 15 30 3.84bcd 3.51¢f 4,07
Transpiration 60 3.86bcd 3.75b-e 3.58b-f
(mol I’TT2 S'l) 3 3_56b-f 2.58hij 3_85bcd
30 30 3.36% 2.03k 2.879ni

60 3.08fon 1,734 1.35'

T e S 3 2.50% 3.42% 2.23¢1
] 0 30 2.98¢f 2.14 2.93¢9
s 2 JyesSe) 60 1.474 2.95¢9 2.71¢

(46 » &y 3 2.41¢ 3.17¢ 2.26%1

WUE (umol 15 30 2418 2.86¢ 2.32¢d
mol™) 60 2.80¢ 2.27% 2.86"

3 1.28' 2.76% 1.484

30 30 2.48% 3.00% 2.16Mk

60 1.65 4,16 4.13%

Lol P<0.05) 5Sils (5051 b jlo sine WS pas Silo (el g > 5 1S5 Lz Sl « poliat
"Values are the average of four repetitions and the same letters indicate no significant difference with Duncan test
(P<0.05).

S 5 4

Os bl 50 (Vsag,Se ¥) azl ol b awslie o (Jloy) [Ygag,See ¥o clile o ol oS Jlas o IS j5b o,
8y GBS ol 038l s GRS o) a2 30 Susglnind 5 oh, GlaSh St 4 e s Slo S o
Oliee 5 Wl g hawgie LA i Ll o Lady Mary Baring 4 Jamaica white sleo3, L awslis jo Barbara Karst
GilS S e 2l Glies ey 5 o) ls i3 g 5 (5 GRalil Gobl 63Vl Joo (Y505 ,Sn ¥) 2 Lo
(SIS o) dw Suilsn i 5850 Sl Wiy, gy n b 4z ,F ol GLAS (ggid olSis S5 5 5L i 4y o]
gl ol i bl g0 Vaes Sie £ al OIS L ool Loy Lady Mary Baring 4 Jamaica white  slans,

led frans (g3mmgtd ol o Shoe 35 L 1) 5 © P a3l il

o 398 5 553

15 o Coles g (SCUAHIA02.47677 26,5 o o) 5laal o)l yaz dups olS il _imgly glae 31 5 dieygi
aled (oo S5 g (Gloya5 (gl onl

References &b

.

Albano, J. P., & Miller, W. B. (1996). Iron deficiency stress influences physiology of iron acquisition in marigold
(Tagetes erecta L.). Journal of the American Society for Horticultural Science, 121(3), 438-441.
Balaguer L., Pugnaire, F.I., Martinez-Ferri, E., Armas, C., Valladares, F., & Manrique, E. (2002).
Ecophysiological siginificance of chlorophyll loss and reduced photochemical efficiency under extreme
acidity in Stipa tanacissima L. Plant and Soil, 240, 343-352.

Barrs, H. D., & Weatherley, P. E. (1962). A re-examination of the relative turgidity technique for estimating water
deficits in leaves. Australian Journal of Biological Sciences, 15(3), 413-428.

YY)


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

[ Downloaded from journal-irshs.ir on 2026-06-11 ]

Ohles 5 sl

De la Guardia, M. D., & Alcantara, E. (2002). A comparison of ferric-chelate reductase and chlorophyll and growth
ratios as indices of selection of quince, pear and olive genotypes under iron deficiency stress. Plant and
Soil, 241, 49-56.

Demasi, S., Caser, M., Kobayashi, N., Kurashige, Y., & Scariot, V. (2015). Hydroponic screening for iron
deficiency tolerance in evergreen azaleas. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 43(1),
210-213.

Demasi, S., Caser, M., Handa, T., Kobayashi, N., De Pascale, S., & Scariot, V. (2017). Adaptation to iron
deficiency and high pH in evergreen azaleas (Rhododendron spp.): potential resources for breeding.
Euphytica, 213, 1-15.

Dosan, S. (2024). Ferric chelate reductase activity in azalea under iron deficiency stress. American Journal of
Agriculture and Horticulture Innovations, 4(09), 1-6.

Farahmand, H. (2017). Ornamental climbing plants (Ornamental vines) and wall-covering shrubs. Mashhad
University Press, 580 p. (In Persian).

Guo, R, Yang, Z., Li, F,, Yan, C., Zhong, X,, Liu, Q., ... & Zhao, L. (2015). Comparative metabolic responses and
adaptive strategies of wheat (Triticum aestivum) to salt and alkali stress. BMC Plant Biology, 15, 1-13.

Hakimi, L. and M, Farzamisepehr. (2016). Study of Fe and Cu accumulation and antioxidant activities of dominant
plant species in Sorkhe Mine in Marand province. Journal of Iranian Plant Ecophysiological Research,
10(40), 21- 30.

Hoagland, D. R., & Arnon, D. 1. (1950). The water-culture method for growing plants without soil. Circular.
California Agricultural Experiment Station, 347.

Izadi, Z., Rezaei Nejad, A., & Abadia, J. (2020). Physio-morphological and biochemical responses of pot marigold
(Calendula officinalis L.) to split iron nutrition. Acta Physiologiae Plantarum, 42, 1-14.

Khush-Khui, M. (2014). Floriculture principles and species (Translate). Shiraz University Publications. Volume
2.

Koenig, R., & Kuhns, M. R. (2002). Control of iron chlorosis in ornamental and crop plants. AG-SO, 1, 1.

Kumari, M., Singh, D., Singh, P., & Sahay, S. (2022). Boungainvillea: An ideal ornamental plant for landscaping

and pollution control. Indian Horticulture, 67(4).

Li, J., Pu, L., Han, M., Zhu, M., Zhang, R., & Xiang, Y. (2014). Soil salinization research in China: advances and
prospects. Journal of Geographical Sciences, 24, 943-960.

Malekzadeh Shamsabad, M. R., Roosta, H. R., & Esmaeilizadeh, M. (2021). Responses of seven strawberry
cultivars to alkalinity stress under soilless culture system. Journal of Plant Nutrition, 44(2), 166-180.

Minj, S. K., Gupta, P. P., Kumar, R., Khilari, M., & Painkra, D. S. (2023). Root parameter investigation in
standardized media for Bougainvillea (Bougainvillea comm. Ex Juss.) propagation. International Journal
of Plant & Soil Science, 35(18), 1013-1017.

Moalemi, N., & Chehrazi, M. (2005). The effect of auxin hormone on the rooting of leaf and leafless stem cuttings
of paper flower (Bougainvillea spectabilis) in plastic tunnel. Scientific Journal of Agriculture, 27(2), 127-
138. (In Persian).

Pourmokhtar, E., Saffari, V. R., & Sarcheshme Pour, M. (2022). Evaluation of phytoremediation ability Althaea
rosea under iron contamination. Iranian Plant and Biotechnology, 16(4), 59-67. (In Persian).

Prasil, 1., & Zamec¢nik, J. (1998). The use of a conductivity measurement method for assessing freezing injury: I.
Influence of leakage time, segment number, size and shape in a sample on evaluation of the degree of
injury. Environmental and Experimental Botany, 40(1), 1-10.

Yy


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

[ Downloaded from journal-irshs.ir on 2026-06-11 ]

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

Rajabi, M., Roosta, H. R., Karimi, H. R., & Hokmabadi, H. (2012). Investigation of the tolerance of Pistachio
rootstocks to sodium bicarbonate. Journal of Horticultural Science, 26(3), 301-310. (In Persian).

Rayle, D. L., & Cleland, R. E. (1992). The acid growth theory of auxin-induced cell elongation is alive and well.
Plant Physiology, 99(4), 1271.

Roosta, H. R., & Rezaei, |. (2014). Effect of nutrient solution pH on the vegetative and reproductive growth and
physiological characteristics of rose cv.‘Grand Gala’in hydroponic system. Journal of Plant Nutrition,
37(13), 2179-2194.

Roosta, H. R., Nejad, D. R., Raghami, M., & Esmaeilizadeh, M. (2017). Comparison of the effect of nano Fe
chelate with Fe-chelate on growth and physiological characteristics of two cultivars of pepper under
alkaline conditions in soilless culture system. Journal of Science and Technology of Greenhouse Culture,
8(1), 35-55.

Rouphael, Y., Cardarelli, M., Colla, G. & Rea, E. (2008). Yield, mineral composition, water relations, and water
use efficiency of grafted mini-watermelon plants under deficit irrigation. HortScience, 43, 730-736.

Shahabi, A., Malakouti, M. J., & Fallahi, E. (2005). Effects of bicarbonate content of irrigation water on nutritional
disorders of some apple varieties. Journal of Plant Nutrition, 28(9), 1663-1678.

Shahsavandi, F., Eshghi, S., Gharaghani, A., Ghasemi-Fasaei, R., & Jafarinia, M. (2020). Effects of bicarbonate
induced iron chlorosis on photosynthesis apparatus in grapevine. Scientia Horticulturae, 270, 109427.

Shahsavandi, F., & Eshghi, S. (2021). Effects of bicarbonate and Fe sources on vegetative growth and
physiological traits of four grapevine cultivars. Communications in Soil Science and Plant Analysis,
52(20), 2401-2413.

Shahsavandi, F., Eshghi, S., Jafarinia, M., & Aliniaeifard, S. (2024). Photosynthetic gas exchange and functionality
in different grapevine cultivars and their cross grafted combinations in response to bicarbonate-induced
Fe deficiency. Plant Stress, 11, 100408.

Shi, Y., Byrne, D. H., Reed, D. W., & Loeppert, R. H. (1993). Iron chlorosis development and growth response of
peach rootstocks to bicarbonate. Journal of Plant Nutrition, 16(6), 1039-1046.

Shojaee, M., Roosta, H., Roozban, M., & Soufi, H. (2019). Evaluation of the growth characteristics and changes
in the concentration of some nutrient elements of garlic affected by different nitrogen sources and
alkalinity in hydroponic culture. Horticultural Plants Nutrition, 2(1), 33-50.

Singh, R. K., Singh, R. P. and Singh, R. S., (2003). Effect of iron on herbage and oil yield of lemon grass
(Cymbopogon flexuosus). Crop Research, 26, 185- 187.

Stoleru, V., Slabu, C., Vitanescu, M., Peres, C., Cojocaru, A., Covasa, M., & Mihalache, G. (2019). Tolerance of
three Quinoa cultivars (Chenopodium quinoa Willd.) to salinity and alkalinity stress during germination
stage. Agronomy, 9(6), 287.

Valdez-Aguilar, L. A., & Reed, D. W. (2006). Comparison of growth and alkalinity-induced responses in two
cultivars of hibiscus (Hibiscus rosa-sinensis L.). HortScience, 41(7), 1704-1708.

Valdez-Aguilar, L. A., & Reed, D. W. (2007). Response of selected greenhouse ornamental plants to alkalinity in
irrigation water. Journal of Plant Nutrition, 30(3), 441-452.

Wallace, G. A., & Wallace, A. (1986). Correction of iron deficiency in trees by injection with ferric ammonium
citrate solution. Journal of Plant Nutrition, 9(3-7), 981-986.

Yang, C. W., Wang, P., Li, C. Y., Shi, D. C., & Wang, D. L. (2008). Comparison of effects of salt and alkali
stresses on the growth and photosynthesis of wheat. Photosynthetica, 46, 107-114.

yyy


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

[ Downloaded from journal-irshs.ir on 2026-06-11 ]

Ohles 5 sl

Yang, J. Y., Zheng, W., Tian, Y., Wu, Y., & Zhou, D. W. (2011). Effects of various mixed salt-alkaline stresses
on growth, photosynthesis, and photosynthetic pigment concentrations of Medicago ruthenica seedlings.
Photosynthetica, 49, 275-284.

Zhang, X., Zhang, D., Sun, W., & Wang, T. (2019). The adaptive mechanism of plants to iron deficiency via iron
uptake, transport, and homeostasis. International Journal of Molecular Sciences, 20(10), 2424.

Zuo, Y., Ren, L., Zhang, F., & Jiang, R. F. (2007). Bicarbonate concentration as affected by soil water content
controls iron nutrition of peanut plants in a calcareous soil. Plant Physiology and Biochemistry, 45(5),
357-364.

YY¥


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

[ Downloaded from journal-irshs.ir on 2026-06-11 ]

Iranian Journal of Horticultural Science and Technology 25 (2): 211-224 (2024)
Research article

Studying the Growth and Photosynthetic Responses of Three Cultivars of
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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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