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Abstract

Open field stock of Chrysanthemum x morifolium ‘Zembla White’
and ‘Code Green’ were divided into four groups according to the
untreated control, and use of three biostimulator (Quik-Link,
Trainer, Slavol). The use of Slavol gave the best results for
‘Zembla White’ variety, both in terms of plant and leaf sizes, as
well as the flower number and diameter. For the ‘Code Green’,
this biostimulator had positive effect on the development of green

parts, but not on the number of flowers. The flowering features
also differed due to the different habit of the varieties: ‘Zembla
White’ usually developed more and larger flowers than the ‘Code
Green’ that has smaller flowers due to its varietal characteristics.
However, the former cultivar continued to develop the most and
largest flowers under the influence of Slavol, while this product
had not effective for ‘Code Green’.

1. Introduction

Chrysanthemum species are perennial plants with a well-developed root system, string stems,
pubescent leaves in various (entire or lobed) shapes, soft or leathery textures and lighter or darker
green, even greyish tones. Their main ornamental value is the extremely diverse color, form and size
of the compound flower head typical of the Asteraceae family, the inflorescence (hereinafter: flower)
can be partially or completely double. The multitude of varieties is the result of crossing East Asian
species for example C. x morifolium, C. indicum, C. lavandulifolium, C. nankingense, C. chanetii and
C. zawadskii [6], thus, cultivated varieties are complex hybrids with different interspecific
backgrounds [1, 12]. These short-day plants introduced into the European cultivation in the 18th
century, firstly in the Netherlands, then in France and England. The breeding started at the beginning
of the 19th century, and the arrival of new stocks from Japan in 1860 became a landmark in Western
breeding works that developed and enlarged the assortment. The main goals were to create new flower
colours and shapes, furthermore, to shorten the growing period and achieve earliness, as well as to
increase durability and stress tolerance [13, 7].

In the international trade of cut flowers, chrysanthemum is second after rose, enjoying a major
share of the ornamental plant market worldwide. One of the main reasons for the popularity is the
particularly long vase life and durability of the cut flowers, which is one of the most important quality
factors for consumers [11]. It is also one of the most commonly used traditional herb in East Asian
regions, due to the anti-inflammatory, antipyretic and antihypertensive effects. Flowers are usually
eaten as salad, and dried flower petals are used to make dietary tea for health maintenance and as
an integral component of traditional Chinese medicine [16, 3].

Biostimulants are natural substances, alternative bio-fertilizers that have a beneficial effect on
plant growth and development, resistance, yield and quality. Their physiological effects depend on
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their composition, as they contain various organic and mineral compounds that plants can use as
metabolic products, growth regulators and nutrients [10]. The following three products were used in
our experiment.

The natural microbiological fertilizer Slavol is a certified, universal product that combines
nitrogen fixing and phosphorus mineralizing bacteria (Azotobacter chroococcum, A. vinelandi, Derxia
sp., Bacillus megaterium, B. lichenformis and B. subtilis). Slavol is known for its positive effects
(promoting vegetative growth and root development) on different plant production such as rosemary
[4], strawberry and cauliflower [8, 9], bedding and bulbous ornamental plants [14,15]. Recommended
dosage: 10-20 ml/I at 10 days interval during vegetative period [17].

The product Trainer is a plant-derived protein hydrolysate (mixtures of poly- and oligopeptides,
amino acids, nitrogene) is advisable to spray on the foliage or to water close to the root system. It
can be used to improve the nutrient uptake, stimulate growth, and increase the tolerance of plants
againts abiotic stresses [2]. It is recommended to apply it as a foliar fertilizer for ornamental plant
cultivation at a concentration of 2-3 mlha or 1-3 ml/l, repeated in a 10-12 day cycle [19].

Quik-Link is a biopolymer-based biostimulant, contains lateral root promoting peptides and
other biopolymers such as lignosulphonates that have a high biological activity on plants. It also
contains microelements like iron (1%), manganese (0.7%), zinc (0.3%), copper (0.1%) and
molybdenum (0.02%). Recommended dose in horticultures: 3-5 I/ha, applied after planting. Quik-
Link is allowed in organic agriculture according to the Council Regulation (EC) No. 834/2007 of 28
June 2007 [5, 18].

2. Material and method

The experiment was conducted in Subotica. The soil of the plot (where the plants grown) was
analyzed and the following parameters were obtained:
- pH: 7,95 (alkaline) CaCOs3(%): 27,65 (high)
- Humus content (%): 4,27 (optimal)  Total N (%): 0,25 (optimal)
- P20s (mg per 100 g sail): 45,2 (high) K20 (mg per 100 g soil): 19,14 (optimal)
We used two varieties in the experiment, and 120 seedlings of each were planted.
‘Zembla White’ (Figure 1., left side) has decorative type, larger (11 cm), white flowers [20]. ‘Code
Green’ (Figure 1., right side) is suitable for spray cut flower production with small (3.5 cm), green,
pompon type flowers [21].
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Figure 1: Flowers of "Zembla White’ (left) and ‘Code Green’ (right) (Photos: Horvath)

Rootless cuttings ordered from the Dutch company Straathof Plant B.V. were placed in 104 cell
plug trays filled with Klassman TS1 peat mixture at the beginning of June, 2023. During the rooting
period (2 weeks), the plants were covered with green Raschel netting and, in addition to watering
twice a day (Figure 2).
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Figure 2: Frsh planteduttings (Ie), 2 Wéeks later, rooted ones on the ight (Potos: Horvath)

The rooting percentage was 100%, and all rooted cuttings were planted out into the open field
at the beginning of July 2023 (Figure 3). We made the beds wider than usual to avoid the biostimulant
spreading of the neighboring groups, so the row spacing was 50 cm, the plant spacing was 30 cm.
Irrigation was done with a drip system. Plant protection treatment was carried out three times during
the entire vegetation. Firstly in August (against spider mites), and in the next two months, against
aphids (with a combination of a fungicide as a preventive treatment). We used flonicamid and
acetamiprid for aphids, abamectin for mites, and a product with fludioxonil + cyprodinil to prevent
fungal growth. To prevent the plants falling, we used plastic carnation support net with 10x10 cm
mesh. We did not pinch back the shoot tips, and plants produced flowers (in the first week of
November) without any short-day treatment.

We established four groups, planting 30 plants of both Chrysanthemum variety in each group,
for a total stock of 240 plants. The concentration and way of use were determined by the producer
of the products. The groups were as follows:

1. group — Quik-Link (3 litre per ha), we applied it once by irrigation, on July 8™

2. group — Trainer (2.5 ml per 1 litre), the first treatment was also done on July 8th (by spraying onto
the foliage), then repeated every 10-12 days until the appearance of flower buds, a total of 5 times
3. group — Slavol (10 ml per 1 litre), given the same method and at the same times as group 2

4. group — control (untreated)

Figure 3: The four groups of the stock, 3 weeks after planting (Photo: Horvath)

On 10" November 2023, we examined the following characteristics of the plants:
- plant height and plant diameter at the widest point (hereinafter: plant diameter, cm)
- the length and width of the largest leaf (hereinafter: leaf width, cm)
- flower number, root number (pcs)
- diameter of the largest flower (hereinafter: flower diameter, cm)
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- length of the longest root (hereinafter: root length, cm)

All data were evaluated with the use of SPSS 23.0 software (IBM Corp., USA), significance
differences between groups was determined by one-way analysis of variance (ANOVA). In the
presence of significances, means were compared using Tukey-Kramer test at probability levels of p
<0.05,p=<0.1.

3. Results

Plant height, plant diameter

The highest group with average 116.73 cm was obtained in the untreated ‘Code Green’ stock.
In the treated groups, the use of Slavol led to the tallest plants in both varieties (‘Zembla White’:
115.23 cm, ‘Code Green’: 116.13 cm), while the lowest values were also shown in both varieties by
those treated with the Quik-Link, and this group of ‘Code Green’ (with an average of 92.75 cm only),
differed significantly from the other groups. In terms of plant diameter, the Slavol-treated ‘Zembla
White’ group had considerably the highest value (45.5 cm) compared to all groups (except the control
part of the same variety with average 44.2 cm). The smallest plant diameters (27.96 and 37.93 cm)
were obtained in the stocks of ‘Code Green’ treated by Quik-Link and ‘Zembla White’ grown with the
use of Trainer, as shown on Figure 4 (vertical lines represent the standard deviations, and differing
letters indicate significant differences between groups, as in the cases of all the other graphs).

Leaf length, leaf width

Regarding the length of the leaves the Slavol-treated ‘Zembla White’ group had the highest
average (13 cm), and only this value exceeded the 12.7 cm length of the control. In the case of the
‘Code Green’ variety, the use of Slavol also resulted the highest leaf length (11.4 cm). The Trainer
treatment led to the development of the shortest leaves in both varieties (“Zembla White’: 11.23 cm,
‘Code Green’: 9.85 cm), the difference in the latter average was considerable compared to most of
the other groups. In the case of leaf width, Slavol and Quick Link usually resulted significantly
narrower leaves than the control and Trainer groups. The ‘Zembla White’ stock treated by Slavol had
the widest (7.54 cm), while the ‘Code Green’ groups treated with Quik-Link and Slavol had the
narrowest leaves, both with an average of 6.43 cm. (Figure 5).
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Figure 4: Plant height and plant diameter of Chrysanthemum x morifolium 'Zemba White' and 'Code
Green' treated by Quik-Link, Trainer and Slavol biostimulators
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Figure 5: Leaf length and leaf width of Chrysanthemum x morifolium 'Zemba White' and '‘Code
Green' treated by Quik-Link, Trainer and Slavol biostimulators

Flower number, flower diameter

In the case of ‘Zembla White’, all biostimulants effected significantly more flowers compared to
the control group, as well as Slavol resulted the most flowers (31.27 pcs) and Trainer the fewest
ones (29.6 pcs). ‘Code Green’ developed the most flowers (22 pcs) when the latter product was
applied, while the other biostimulants had no significant effect on this cultivar (and we did not
experience any significant difference compared to the control, respectively). In terms of flower
diameters, the Slavol-treated group of ‘Zembla White’ had the largest average of 10.03 cm, and this
was the only group among all that produced larger flowers compared to the control. In the case of
‘Code Green’, the stock which treated with Trainer had the highest value (4.89 cm), while Quik-Link
resulted the smallest diameter (4.69 cm), however, compared to the control, neither biostimulator
affected significantly the development of flower size in this variety (Figure 6).
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Figure 6: Flower number and flower diameter of Chrysanthemum x morifolium 'Zemba White' and
'‘Code Green' treated by Quik-Link, Trainer and Slavol biostimulators

Root number, root length
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In the case of the root number, the groups treated by Trainer produced the most ones, with
average of 6.66 pcs of ‘Zembla White’ and 4.53 of ‘Code Green’ (only in the former value the
difference was significant compared to the control). The group of the latter variety grown with the
use of Slavol produced the fewest (3.73 pcs) roots, while the control group of ‘Zembla White’ had
the lowest average (5.3 pcs). As a result of Quik Link, the root length of ‘Zembla White’ was
significantly longer (18.9 cm) compared to all other groups of this variety. The use of Quik-Link also
effected the longest roots of 10.75 cm in the ‘Code Green’, but there were no remarkable differences
comparing values of the stocks of this variety treated by the other biostimulators (Figure 7).
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Figure 7: Root number and root length of Chrysanthemum x morifolium 'Zemba White' and 'Code
Green' treated by Quik-Link, Trainer and Slavol biostimulators

4. Conclusions

Among the applied biostimulators in this trial, Slavol had the most positive effect on the
vegetative parts of Chrysanthemums, similarly as this microbiological product also resulted higher
Rosmarinus officinalis plants with greater fresh and dry weight [4], and larger leaf area of strawberry
[8], longer and wider leaf of cauliflower [9]. In bedding annual (Antirrhinum majus, Alyssum maritima
syn. Lobularia M., Salvia splendens) cultivation, the highest plants were grown when Slavol was
added to the water during irrigation, and the application of this liquid fertilizer also increased Lilium
and Gladiolus plants’ height, especially when the latter plants’ bulbs previously soaked in 150 ml/|
Slavol for 24 hours before planting [14]. The robustful ‘Zembla White’ produced higher averages of
both plant height and diameter, as well as leaf size. The lowest values were observed in the groups
treated with Quik-Link and Trainer for both varieties.

In the case of ‘Zembla White’, the use of Slavol led to the most and largest flowers; otherwise,
in this variety, all three biostimulators significantly increased flower size compared to the untreated
stock. Somewhat similar, for Gladiolus, also Slavol (used as 1 hour soaking treatment of bulbs)
increased the lenght of the flowers and the flower number in the inflorescence, and the highest
dosage (600 ml/l) resulted significantly higher values than the control group [15]. On the contrary,
the variety ‘Code Green’ responded less well to the treatments, and neither the number of flowers
nor the average flower diameters differed significantly compared to the control. Therefore, the effect
of the products on flowering parameters may depend on the characteristics of the variety or the
species.

All biostimulants had positive effect on the number and length of roots of ‘Zembla White’, the
difference in length compared to the control was significant in the case of Quik Link and there was also
a significant difference in root number when Trainer was applied. For melon, the total root length and
root dry biomass of Quik-Link treated stocks were significantly higher in comparison with untreaed
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plants [5]. In another study, Slavol resulted shorter but denser root system with considerably higher
fresh and dry root weight of Rosmarinus officinalis [4]. Thus, the variety factor is also an important
aspect here, as the rooting characteristics of ‘Code Green’ usually did not differ considerably compared
to the untreated group.

Overall, Slavol proved to be the most effective for the Chrysanthemums, especially in the case
of Zemba White’; presumably the more favorable soil life provided by the beneficial bacteria
promoted the plants’ nutrient uptake and development better than if the necessary macro- and
microelements had been provided with products without these microorganisms, as in the case of
Trainer and Quik-Link. However, it may be worthwhile to combine these biostimulators or include
additional Chrysanthemum varieties in such experiments, furthermore, we could also try other
preparations that contain plant growth promoting rhizobacteria (PGPR). The use of products
containing ingredients that may delay flowering (for example 5% nitrogen in Trainer) is only
recommended when the plants are young, before they enter the generative phase.

Acknowledgements
We are grateful to Horvath Krisztina for her assistance in analyzing the soil samples, taking
the photos, and implementing, carrying out the experiment.

References

[1] Anderson, N. O. (2006): Chrysanthemum. Dendranthema grandiflora Tzvelev. In: Anderson N.O. (ed):
Flower breeding and genetics: issues, challenges, and opportunities for the 21st century. Springer,
Dordrecht, 389-437.

[2] Colla, G., Rouphael, Y., Lucini, L., Canaguier, R., Stefanoni, W., Fiorillo, A., Cardarelli, M. (2016): Protein
hydrolysate-based biostimulants: origin, biological activity and application methods. Acta Horticulture
1148: 27-34. DOI: 10.17660/ActaHortic.2016.1148.3

[3] Eisa, E.A., Tilly-Mandy, A., Honfi, P., Shala, A.Y., Gururani. M.A. (2022): Chrysanthemum: A
Comprehensive Review on Recent Developments on In Vitro Regeneration. Biology 11(12): 1774.
https://doi.org/10.3390/ biology11121774

[4] Jelacgi¢, S., Betadovi¢, D., Aki¢, N., VujoSevi¢, A. (2007): The effect of natural biostimulators and slow-
disintegrating fertilizer on the quality of rosemary seedlings (Rosmarinus officinalis L.). Journal of
Agricultural Sciences, 52 (2): 85-94

[5] Lucini, L., Rouphael, Y., Cardarelli, M., Bonini P., Baffi, C., Colla, G. (2018): A Vegetal Biopolymer-Based
Biostimulant Promoted Root Growth in Melon While Triggering Brassinosteroids and Stress-Related
Compounds. Frontiers in Plant Science 9: 472. DOI: 10.3389/fpls.2018.00472

[6] Ma,Y.P., Chen, M. M., Wei, J. X, Zhao, L., Liu, P. L., Dai, S. L., Wen, J. (2016). Origin of Chrysanthemum
cultivars—Evidence from nuclear low-copy LFY gene sequences. Biochemical Systematics and Ecology
65: 129-136. DOI: 10.1016/j.bse.2016.02.010

[71 Manjulatha, M., Oh-Keun, K., Hyun-Young, S., Jae-A, J. (2022): Towards the Improvement of Ornamental
Attributes in Chrysanthemum: Recent Progress in Biotechnological Advances. International Journal of
Molecular Sciences 23(20): 1-24. DOI:10.3390/ijms232012284

[8] Miskoska-Milevska, E., Najdenovska, O., Selamovska A., Popovski, Z., Bordevi¢, S. (2012): The Effect
of Microbiological Fertilizer — Slavol on Strawberry Leaf Area and Stomatal Number. Soil and Plant, 61(3),
147-158.

[9] Miskoska-Milevska, E., Najdenovska, O., Popovski, Z.T., Dimovska, D. (2018): The influence of the
microbiological fertilizer — Slavol on cauliflower growth. Romanian Biotechnological Letters, 23(2), 13511-
13516.

[10] Paradikovi¢, N., Tekli¢, T., Zeljkovi¢, S., Lisjak, M., Spoljarevié, M. (2018): Biostimulants research in some
horticultural plant species—A review. Food Energy Security 8(2): 1-17. DOI: 10.1002/fes3.162

[11] Sedaghathoor, S., Narouei, Z., Sajjadi, S. A., Piri, S. (2020): The effect of chemical treatments (silver
thiosulfate and putrescine) on vase life and quality of cut Chrysanthemum morifolium (Ram.) flowers.
Cogent Biology 6(1) DOI: 10.1080/23312025.2020.1754320

[12] Spaargaren, J. (2015). Origin & spreading of the cultivated Chrysanthemum: World market analysis of cut
flowers: Rose, Chrysanthemum, Carnation. Aalsmeer. ISBN/EAN: 978-90-803929-2-2, 8-12.

[13] Spaargaren, J., van Geest, G. (2018). Chrysanthemum. In: Van Huylenbroeck, J. (eds) Ornamental
Crops. Handbook of Plant Breeding, 11. Springer, Cham. https://doi.org/10.1007/978-3-319-90698-0_14

[14] Vujosevi¢, A., Popovi¢, S., Vuckovi¢, S. (2018): Possibility of the use of indole-3-acetc acid in the
production of flowers. The ecological state of the natural environment and the scientific and practical
aspects of modern agricultural technologies (original title: BOSMOXXHOCTbL WCIMONb30OBAHNA




Maté Orddgh, Etelka Kovacs

MHOON-3-AKTUBHOW KWUCNOTblI B TMPOU3BOACTBE LIBETOB). PedakyuoHHas Konnieaus,
International and practical conference, 22-23rd March, 2018. 50-54.

[15] Vujosevi¢, A., Vuckovi¢, S., Moravéevic, B., Zeljkovi¢, S., Dorbi¢, B. (2020): Application of phytohormone
and its effect on the decorative properties of gladiolus (Gladiolus sp. L). IX International Symposium on
Agricultural Sciences ,AgroReS 2020”, Book of Abstracts, 90. University of Banja Luka, Faculty of
Agriculture, Bosnia and Herzegovina

[16] Yuan, H., Jiang, S., Liu, Y., Daniyal, M., Jian, Y., Peng, C., Shen, J., Liu, S., Wang, W. (2020): The flower
head of Chrysanthemum morifolium Ramat. (Juhua): a paradigm of flowers serving as Chinese dietary

herbal medicine. Journal of Ethnopharmacology 261, 113043. https://doi.org/10.1016/j.jep.2020.113043
[17] https://agrounik.rs/en/product/slavol/

[18] https://hortiservice.hu/termekek/biostimulatorok/quik-link/

[19] https://hortiservice.hu/termekek/biostimulatorok/trainer/

[20] http://www.brandkamp.de/en/products/chrysanthemums.html

[21] https://dekkerchrysanten.com/en-asian/assortiment/chrysant/481/code-green




