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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.

Keywords: Growth, Membrane stability index, Nutrients, Photosynthesis, Vase life.

Background and Objective: The rose is one of the most popular cut flowers (Mileva et al., 2021). 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
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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.
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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.

Stem length Stem diameter ~ Stem fresh weight  Root volume  Flower diameter
Treatment (cm) (mm) (8) (mL) (mm) NtL_llmber of
e Jolpliyl Tl ki S 6leel Oy oy g ks i O‘ers]
= a>=Lo sldas
(el (e sbe) () (k) (e s

Control

Jals 42.75+1.09° 4.37+0.09° 32.14+0.20° 76.38+2.39° 31.36+0.52° 6.98+0.24%
Ca(N03)2

S i 59.10+1.082 5.68+0.17* 44.19+1.06% 72.32+4.67° 37.44+1.182 7.83+0.85%
Ca(Lys)2

S S el 34.91+2.05¢ 5.51+0.232 39.62+2.87% 83.86+3.052 37.20+1.23% 7.75+0.162
(=Y

I s e sl s s3 0 ezl e 53 LSD Ol Glus S rie B s o Sile Ot o 53

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 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 i} (mg g™)
e b s ks < J2s s JS J8u s A 53,8
(6,555 p S k)
Control
sl 22.94+£1.74° 13.44+3.35° 36.38+5.41° 4.57+1.08°
Ca(N03)2
s 27.7540.332 22.28+2.982 50.03+3.05° 5.99+0.292
("“"'ks" <
Ca(Lys)2
24.59+1.12° 16.03+0.69° 40.62+3.14° 6.22+0.622

(exY) VWJS QMS);:»T
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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

UK 5 (59

Leaf (%) Root (%)
(L) S (Ao )3) 4y
Treatment N P K N P K
sbes O35 7% e =l 0357 e el
Control
als 3.879+0.023Y 1.128+0.012°>  1.671+0.036>  2.843+0.020>  4.116+0.040*>  0.487+0.008°
Ca(N03)2
S ol g 5.088+0.013*  0.93540.008° 1.298+0.032¢  2.571+0.036* 1.930+0.028>  2.105+0.0242
Ca(Lys)2
= S s 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.

Photosynthesis rate (umol CO, m2 s!)

Control wals

Ca(NOs) 2 S Sl s

Ca(Lys)z pds S el

Ll LSD Gsesl el 5 70

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.
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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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