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Table 1- The nutritional program used, prepared according to the Hoagland formulation.
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Table 2- The concentration of dissolved mineral elements in tap water.
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Figure 1- The effect of different concentrations of calcium silicate on the flower diameter in Samurai and
Jumilia rose cultivars. The vertical bars represent the standard error of the mean. Columns sharing a
common letter are not significantly different at P < 5% based on the LSD test.
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Figure 2- The effect of different concentrations of calcium silicate on stem diameter (A) and stem length (B)
of Samurai and Jumilia rose cultivars. The vertical bars represent the standard error of the mean. Columns
sharing a common letter are not significantly different at P < 5% based on LSD test.
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Figure 3- The effect of different concentrations of calcium silicate on the leaf surface area of Samurai and
Jumilia rose cultivars. The vertical bars represent the standard error of the mean. Columns sharing a
common letter are not significantly different at P < 5% based on LSD test.
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mean. Columns sharing a common letter are not significantly different at P < 5% based on LSD test.

W= oS 9 )5


http://dx.doi.org/10.61882/fop.10.1.99
https://flowerjournal.ir/article-1-303-fa.html

[ Downloaded from flowerjournal.ir on 2025-12-31 ]

[ DOI: 10.61882/f0p.10.1.99]

NF=44 0V (VP F) 2o oS 5 8

Sy 5 8 Lol

VYN il o TV e cble s Lgs 5 ol Samurai 8 a5 La slias (g5l pre 13U aedS Sl 3L s
e A3l S A 3 hos 4 2l iz el siasOLE S 4O JS5) 5 Tumilia S et sl s
(0 ) cal o35 5 330 Samurai 4 o Jumilia S a5l slias il 55 odS SISk b gl s SoLe
53 ol 3l a3l (Abdalla, 2009) A S sla (5o s5 AT il 3l e oS Ao 3,18 535513 IS 53
2 olS 0 e sy ) b b S (Shams et al., 2012) 45 3, JS L5 sliad I o Y g e VO il
03 05 e B U ks S350 3 0 S e Av et 15 JS 53 s s Cllas Jumilia s JS 5L sl sl
(Tofighi Alikhani ef al., 2021) 515 2l sl b awalie 53 LAY 1, 1a S sltad (ol 58

O g b, g o

] S 3 LS (P i) cls Jumilia s Samurai Byl sl s Do ol e 0 S ol
s el OLlS & Cad a5 (sds 3 WO 5 ONMF il 3l (e 5 5 4 Jumilia s Samurai L BUBER AR T
s a5y 035 53 8 8% Oy (AN 7 JSE) 35 Samurai dals jls 4 by e Sl 5 Ol o S (D EISKS)
AL (o F ) aii sdallin TN e 500 chale gs s (gols e Dl 4 Sl 2t e lS s 5,08
el bl T e BB s ndS SIS L Samurai oS Aol s Sley (11740 mmol H20 m2s™) G 5 Ol e
e lS Sl 50 2 SOy oS A5 ealie Samurai dali 55 53 (/A% mmol H20 m?s™) G a8 Ulje op S (izes
bl i 3 b ) S b sl (G F JSE) AEL e Samurai 35 4 35 il sl 53 G Ol 35
S Ol (s 6l s 55 S 5 s B el e OS> atle 5 b 55 e S S
DS wdr ol s S s GLS Ul e dle S e s AS o J S 1 58 Jols &S slas oS ki
5| fructose-1,6-bisphosphatase , Sedoheptulose-1,7-bisphosphatase .J_as . Fo oD IS glag il 55 5 Sl s
(Wang et al., 2019) 3 5 o 0l @odS Lo 5 0T CJlad &S e 0 JIS 5 o (5 (Lo 5T

s o33l Rl o Gk cpl Sl el B Slials Qo G o oS Sl 3 e b 05
s b s o (OsSb  wdS) i e 53 ol e i LSSl o (Coutinho ef al., 2020) 545
Sl odd 318 58 S Sl Lot Jlas (S5 e S OlalS 3 Sl g oS e 555 15 Aol s il

.(Coutinhoet al., 2020)

W= oS 9 )5


http://dx.doi.org/10.61882/fop.10.1.99
https://flowerjournal.ir/article-1-303-fa.html

[ Downloaded from flowerjournal.ir on 2025-12-31 ]

[ DOI: 10.61882/f0p.10.1.99]

NF-44 (DY ((VF ) s olalS 5 IS

2 - . g
12 rmsamurai BTumilia

10 F

[ )

JS ALl alial
Number of flower branches

0 50 100

Calcium silicate (%0) ,...s S

3, kbl glas sdnslis g3 50 sla,b Jumilia s Samurai ‘.5) 3 Jf L sl R..:....15 O il glachale -0 IS
Azt LSD & 031 b 07, Jlez| e 53 lslias Spls BB S 2 G (slls (D S i ol

Figure 5- The effect of different concentrations of calcium silicate on the number of flower branches of
Samurai and Jumilia rose cultivars. The vertical bars represent the standard error of the mean. Columns
sharing a common letter are not significantly different at P < 5% based on LSD test.
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Figure 6- The effect of different concentrations of calcium silicate on the rate of photosynthesis (A) and
transpiration (B) of Samurai and Jumilia rose cultivars. The vertical bars represent the standard error of the
mean. Columns sharing a common letter are not significantly different at P < 5% based on LSD test.
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Figure 7- The effect of different concentrations of calcium silicate on the activity of superoxide dismutase
enzymes (A), catalase (B), and peroxidase (C) of Samurai and Jumilia rose cultivars. The vertical bars
represent the standard error of the mean. Columns sharing a common letter are not significantly different at
P <5% based on LSD test.
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Figure 8- The effect of different concentrations of calcium silicate on the concentration of leaf calcium (A)
and root calcium (B) of Samurai and Jumilia rose cultivars. The vertical bars represent the standard error of
the mean.Columns sharing a common letter are not significantly different at P < 5% based on LSD test.
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Figure 9- The effect of different concentrations of calcium silicate on the vase life of Samurai and Jumilia rose
cultivars. The vertical bars represent the standard error of the mean. Columns sharing a common letter are
not significantly different at P < 5% based on LSD test.
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Figure 10- The effect of different concentrations of calcium silicate on the percentage changes in fresh weight
of Samurai and Jumilia rose cultivars. Columns sharing a common letter are not significantly different at P <
5% based on LSD test.

S S 4o
u.l_>- w‘ﬂ\@w}o.@ (.5]’5 U’:",'.‘_)'Q\ C,.Gb/\" C,m.éjb cﬁ)mﬁmﬁa% l—'wlﬂd_}lw S sls plis @LL
sl el )l Jj—ré-.’ﬁm-“JSJ'-z’ Sl 5 ke e Sl cskhe ool Ll e 6>ﬁd;,ﬁ6u3ﬁ by (’?“JS

i ST BT elss lan S (ol SIS L L e 3L 5, S Jumilia s Samurai o1 55 A,

VY

= T g S5


http://dx.doi.org/10.61882/fop.10.1.99
https://flowerjournal.ir/article-1-303-fa.html

[ Downloaded from flowerjournal.ir on 2025-12-31 ]

[ DOI: 10.61882/f0p.10.1.99]

NF-44 (DY ((VF ) s olalS 5 IS

(S b i ol 5 e B 5 S| 55 EalS 4 e oS (as e 41531 |, POD 5 CAT SOD
Sy S cmas el s sl oL S SIS 55 JS Jumilia 5 Samurai el ls 5 5l i bl
Jumilia 5 Samurai 3, 635 035 S iS doys SRalS 5 SIS ST Glan 5T 05 S b b 5 sy o 35 5 0 W) 5

Dsd 2l as I o

@L:.a

Abdalla, M. (2009). The response of Dendranthema grandiflora, Tzvelev, cv. Icecap plants to calcium silicate slag
and DHT treatments. Journal of Plant Production, 34(6), 6781-6790 .

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. International Journal of Horticultural
Science and Technology, 2(1), 55-66.

Aghdam, M., Asil, M. H., Ghasemnezhad, M., Mirkalaei, S. M. (2019). Effects of pre-harvest applications of
different source of calcium on the cell wall fractions and stem bending disorder of Gerbera (Gerbera jamesonii L.)
cultivar flowers. Advances in Horticultural Science, 33(1), 57-66 .

Aghdam, M. S., Hassanpouraghdam, M. B., Paliyath, G., Farmani, B. (2012). The language of calcium in
postharvest life of fruits, vegetables and flowers. Scientia Horticulturae, 144, 102-115 .

Amor, F. D., Marcelis, L. (2003). Regulation of nutrient uptake, water uptake and growth under calcium starvation
and recovery. The Journal of Horticultural Science and Biotechnology, 78(3), 343-349.

Baas, R., Van Oers, S., Silber, A., Bernstein, N., loffe, M., Keinan, M., Bar-Tal, A. (2003). Calcium distribution in
cut roses as related to transpiration. The Journal of Horticultural Science and Biotechnology, 78(1), 1-09.

Banijamali, S. M., Feizian, M., Bayat, H., Mirzaei, S. (2018). Effects of nitrogen forms and calcium amounts on
growth and elemental concentration in Rosa hybrida cv. Vendentta. Journal of Plant Nutrition, 41(9), 1205-1213 .

Bauer, P., Elbaum, R., Weiss, I. M. (2011). Calcium and silicon mineralization in land plants: transport, structure
and function. Plant Science, 180(6), 746-756 .

Chen, C,, Lu, S., Chen, Y., Wang, Z., Niu, Y., Guo, Z. (2009). A gamma-ray—induced dwarf mutant from seeded
bermudagrass and its physiological responses to drought stress. Journal of the American Society for Horticultural
Science, 134(1), 22-30 .

Cho, H. R, Joung, H. Y., Lim, K. B., Kim, K. S. (2013). Effect of calcium and silicate application on
pathogenicity of Erwinia carotovora subsp. carotovora in Zantedeschia spp. Horticulture, Environment and
Biotechnology, 54(4),364-371

Coutinho, P. W. R., de Moraes Echer, M., Braga, G. C., Guimardes, V. F., do Carmo Lana, M., Alves, T. N ,.Brito,
T. S. (2020). Effect of pre-harvest calcium silicate on post-harvest quality of tomatoes. Research, Society and
Development, 9(11), €74791110148-e74791110148 .

Coutinho, P. W. R., de Moraes Echer, M., Guimaraes, V. F., do Carmo Lana, M., Alves, T .N., Inagaki, A. M.
(2020). Productivity of tomato hybrids due to the application of calcium silicate. Scientia Agraria Paranaensis,
243-251.

Darras, A. (2021). Overview of the dynamic role of specialty cut flowers in the international cut flower market.
Horticulturae, 7(3), 1-10.

Dolatabadian, A., Sanavy, S. A. M. M., Gholamhoseini, M., Joghan, A. K., Majdi, M., Kashkooli, A. B. (2013). The
role of calcium in improving photosynthesis and related physiological and biochemical attributes of spring wheat
subjected to simulated acid rain. Physiology and Molecular Biology of Plants, 19, 189-198 .

Epstein, E. (1994). The anomaly of silicon in plant biology. Proceedings of the National Academy of Sciences,
91(1), 11-17 .

Fageria, N., Filho, M. B., Moreira, A., Guimardes, C. (2009). Foliar fertilization of crop plants. Journal of Plant
Nutrition, 32(6), 1044-1064 .

Faroutine, G., Arteaga-Ramirez, R., Pineda-Pineda, J., Vazquez-Pefia, M. A. (2023). Effect of calcium silicate and
moisture content of the substrate on the growth and productivity parameters of cucumber. Chilean Journal of
Agricultural Research, 83(3), 334-346 .

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.
Scientia Horticulturae, 307, p.111529.

Halevy, A., Torre, S., Borochov, A., Porat, R., Friedman, H., Meir, S., Philosoph-Hadas, S. (2001). Calcium in
regulation of postharvest life of flowers. Acta Horticulturae, 345-352 .

VO

W= oS 9 )5


http://dx.doi.org/10.61882/fop.10.1.99
https://flowerjournal.ir/article-1-303-fa.html

[ Downloaded from flowerjournal.ir on 2025-12-31 ]

[ DOI: 10.61882/f0p.10.1.99]

NF-44 (DY ((VF ) s olalS 5 IS

Hepler, P. K. (2005). Calcium: a central regulator of plant growth and development. The Plant Cell, 17(8), 2142-
2155.

Kumar, S., Haripriya, K. (2010). Effect of foliar application of iron and zinc on growth flowering and yield of
Nerium (Nerium odorum L.). Plant Archives, 10(2), 637-640 .

Liu, Y. F., Zhang, G. X., Qi, M. F., & Li, T. L. (2015). Effects of calcium on photosynthesis, antioxidant system,
and chloroplast ultrastructure in tomato leaves under low night temperature stress. Journal of Plant Growth
Regulation, 34,263-273 .

Mahajan, M., Pal, P. K. (2020). Flower yield and chemical composition of essential oil from Rosa damascena under
foliar application of Ca (NO3) 2 and seasonal variation. Acta Physiologiae Plantarum , 42(2), 23-42.

Mobaraki, L., Rezapour Fard, J., Noruzi, P. (2023). Effects of pre-harvest application of calcium silicate and
calcium chelate on some morpho-physiolocal parameters of cut rose (Rosa hybrida) cv. Dolce Vita. Plant Process
and Function, 12 (57), 14.

Moradinezhad, F., Hassanpour, S., Sayyari, M. H. (2018). Influence of Pre harvest Spray of Calcium Chloride and
Salicylic Acid on Physicochemical and Quality Properties of Fresh Seedless Barberry Fruit. Journal of
Horticultural Science, 32, 61-74.

Palta, J. P. (1996). Role of calcium in plant responses to stresses: linking basic research to the solution of practical
problems. HortScience, 31(1), 51-57.

Pospisil, P. (2012). Molecular mechanisms of production and scavenging of reactive oxygen species by photosystem
II. Biochimica et Biophysica Acta (BBA)-Bioenergetics, 1817(1), 218-231 .

Sairam, R. K., Vasanthan, B., Arora, A. (2011). Calcium regulates Gladiolus flower senescence by influencing
antioxidative enzymes activity. Acta Physiologiae Plantarum, 33, 1897-1904 .

Seydmohammadi, Z., Roein, Z., Rezvanipour, S. (2020). Accelerating the growth and flowering of Eustoma
grandiflorum by foliar application of nano-ZnO and nano-CaCOs. Plant Physiology Reports, 25, 140-148 .

Shams, M., Etemadi, N., Baninasab, B., Ramin, A. A., Khoshgoftarmanesh, A. H. (2012). Effect of boron and
calcium on growth and quality of ‘easy lover’cut rose. Journal of Plant Nutrition, 35(9), 1303-1313 .

Shi, Q., Bao, Z ,.Zhu, Z., Ying, Q., Qian, Q. (2006). Effects of different treatments of salicylic acid on heat
tolerance, chlorophyll fluorescence, and antioxidant enzyme activity in seedlings of Cucumis sativa L. Plant
Growth Regulation, 48, 127-135 .

Tofighi Alikhani, T., Tabatabaei, S. J., Mohammadi Torkashvand, A., Khalighi, A., Talei, D. (2021). Effects of
silica nanoparticles and calcium chelate on the morphological, physiological and biochemical characteristics of
gerbera (Gerbera jamesonii L.) under hydroponic condition. Journal of Plant Nutrition, 44(7), 1039-1053 .

Torre, S., Borochov, A., Halevy, A. H. (1999). Calcium regulation of senescence in rose petals. Physiologia
Plantarum, 107(2), 214-219 .

Tripathi, S. K., Tuteja, N. (2007). Integrated signaling in flower senescence: an overview. Plant Signaling &
Behavior, 2(6), 437-445 .

Vanholme, R., Demedts, B., Morreel, K., Ralph, J., Boerjan, W. (2010). Lignin biosynthesis and structure. Plant
Physiology, 153(3), 895-905 .

Verdonk, J. C., van Ieperen, W., Carvalho, D. R., van Geest, G., Schouten, R. E. (2023). Effect of preharvest
conditions on cut-flower quality. Frontiers in Plant Science, 14, 1281456 .

Volpin, H., Elad, Y. (1991). Influence of calcium nutrition on susceptibility of rose flowers to Botrytis blight.
Phytopathology, 81(11), 1390-1394 .

Wang, G., Wang, J., Han, X., Chen, R., Xue, X. (2022). Effects of spraying calcium fertilizer on photosynthesis,
mineral content, sugar—acid metabolism and fruit quality of Fuji apples. Agronomy, 12(10), 2548- 2563.

Wang, M., Gao, L., Dong, S., Sun, Y., Shen, Q., Guo, S. (2017). Role of silicon on plant—pathogen interactions.
Frontiers in Plant Science, 8,255703 .

Wang, Q., Yang, S., Wan, S., Li ,X. (2019). The significance of calcium in photosynthesis. International Journal of
Molecular Sciences, 20(6), 1353 .

Wei, L., Wang, C., Liao, W. (2021). Hydrogen sulfide improves the vase life and quality of cut roses and
chrysanthemums. Journal of Plant Growth Regulation, 1-16 .

Youssef, S., Abd Elhady, S. A. E., Abu El-Azm, N. A. 1., El-Shinawy, M. Z. (2017). Foliar application of salicylic
acid and calcium chloride enhances growth and productivity of lettuce (Lactuca sativa). Egyptian Journal of
Horticulture, 44(1), 1-16 .

Zhang, J., Liao, W. (2018). Involvement of calcium and calmodulin in nitric oxide-regulated senescence of cut lily
flowers. Frontiers in Plant Science, 9, 398079 .

V&

W= oS 9 )5


http://dx.doi.org/10.61882/fop.10.1.99
https://flowerjournal.ir/article-1-303-fa.html

[ Downloaded from flowerjournal.ir on 2025-12-31 ]

[ DOI: 10.61882/f0p.10.1.99]

Flower and Ornamental Plants (2025), 10(1): 99-116
Research article

Flower and Ornamental Plants

Effect of foliar spray with different concentrations of calcium silicate on the
performance and quality of two cut rose cultivars

Saeed Khosravi!, Ali Tehranifar*!, Yahya Selahvarzi', Amir Hossein Khoshgoftarmanesh?, Leyla
Cheheltanan'

1. Department of Horticultural Science and Landscape, Ferdowsi University of Mashhad, Mashhad
2. Department of Soil Science, College of Agriculture, Isfahan University of Technology, Isfahan
B4  tehranifar@um.ac.ir
Received: 2024/03/19, Revised: 2024/09/07, Accepted: 2024/09/09

Abstract

Roses are among the most important cut flowers worldwide. Nutrients play an important role in
improving the performance and quality of cut flowers, including roses. Therefore, this research was
designed to evaluate the effect of pre-harvest foliar spray with different concentrations of calcium silicate
on the growth and vase life of rose flowers. For this purpose, an experimental trial was conducted in a
factorial experiment based on a randomized complete design with two factors: different concentrations of
calcium silicate (0%, 50%, and 100%) applied to two popular rose cultivars, Samurai and Jumilia, with 6
replications. The results indicated that foliar application of calcium silicate had a significant effect on
improving flower diameter and stem diameter in the Jumilia and Samurai cultivars. Additionally, stem
length in the Jumilia cultivar and leaf area in the Samurai cultivar were influenced by calcium silicate at
100%, but calcium silicate did not have a significant effect on the dry weight to fresh weight ratio of
stems and roots in rose cultivars. The foliar application of 100% calcium silicate solution in the Jumilia
cultivar resulted in a 3.32% increase in the number of flower branches. The rate of photosynthesis and
transpiration significantly increased in Jumilia and Samurai cultivars treated with calcium silicate
compared to the control. However, there was no significant difference between the two concentrations of
50% and 100% calcium silicate. Foliar application of calcium silicate led to a significant increase in
calcium concentration in the leaves and roots of Jumilia and Samurai cultivars. This increase was 30%
and 13.8%, respectively, for the Jumilia cultivar and 92% and 8.5%, for the Samurai cultivar when using
100% calcium silicate concentration compared to the corresponding control treatment. Calcium silicate
caused an increase in the activity of antioxidant enzymes such as superoxide dismutase, catalase, and
peroxidase in Jumilia and Samurai cultivars. Additionally, in the Samurai cultivar, the activity levels of
superoxide dismutase and peroxidase enzymes did not differ significantly between the 50% and 100%
calcium silicate concentrations. Calcium silicate at a concentration of 100% resulted in a 22.5% and
28.4% increase in vase life in Samurai and Jumilia cultivars, respectively. However, there was no
significant difference between the two concentrations of 50% and 100% calcium silicate. The application
of 100% calcium silicate increased vase life by 22.5% and 28.4% in Samurai and Jamila cultivars,
respectively. This treatment enhanced the fresh weight of harvested flowers and delayed its subsequent
decline, whereas in the control, after 10 days, the flower weight dropped below the initial value at harvest.
Keywords: Antioxidant enzymes, calcium, photosynthesis, rose.
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