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Abstract  

Zinnias are ornamental species which are not demanding for breeding, sunny and warm position with 
loamy well-drained soil is sufficient. The aim of the research was to compare the growth and 
development of Zinnia (Zinnia elegans Jacq.) in a sunny place, during spring and summer period, in 
three substrates of various physical and chemical properties (Potgrond H, Florabella and soil). The 
seeds were sown in PVC containers (Pöpellmann TEKU (EP 2128/20) 28 cm x 21cm x 6 cm) with 20 
sowing places (volume 150 ml). After developing four leaves, plants were transplanted into PVC pots 
(Φ 9 cm) filled with the same substrate. The pot trial was conducted as a randomized complete design 
with four repetitions. Four weeks later on the developed plants, following values has been measured: 
plant mass, plant height, plant height above ground, mass of the above-ground part of the plant and 
the number of leaves. Plants grown in Florabella substrate had higher values than plants grown in 
Potgrond substrate and soil. Statistically significant difference (P≤0.01) has been found between the 
values of plants grown in soil and substrates Potgrond H and Florabella. 
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1. INTRODUCTION 

Contemporary production of transplants 
demands certain conditions to develop high 
productive plants [1] meaning a choise of 
adequat substrate which provide nutrients and is 
not heavy for growth [2, 3]. The substrate have 
to be uniform in texture, hold sufficient 
moisture, and should be well drained (porous) 
[4]. Nowadays hortycultural production is based 
on usage of ready-made supstrates (do not cause 
much labor, time, and money loss). Commercial 
combinations are every so often used because 
they are purified, ready to use and might straight 
comprise some fertilizer [4]. They comprise of 
mixture of single components with different 
content of conditioners depending of purpose 
(sort of plant and/or stage of plant 
development). Different substrate are usualy 

used but soil is still the most importante and 
ireplacable multidisperzion system made of 
liquid, solid, gas and live phase [5]. Soils change 
in natural cycles therefore differs by physical, 
chemycal and biological properties and also 
keeps favorable structure and release nutrient 
elements necessary for plants [6]. In 
hortycultural production praxis two mistakes 
ussualy apears. One is wrong soil choise for 
some sort of plant and the other is unkonowing 
needs of certain plants which are determined 
with landscape planing on certain soil. Both 
have a negative impact on growth and 
development of plants and resulting with plant 
decay. Among the rest it also decreasing the 
overall visual aspect of certain landscape [5]. 
Zinnia elegans is native to Mexico and is grown 
commercially as a bedding plant and cut flower. 
The plant has 20 varieties and genus Zinnia and 
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Zinnia elegans are the most widely known 
among them [7]. It is one of the most frequent 
species in tradiotional gardens of northwest 
Croatia [8]. Zinnia is a floral species with a 
large potential because of seed production, rapid 
growth and minimal labour requirements. It is 
known for its tolerance to hot and dry conditions 
[7]. Also, Zinnia is tolerant for different soil 
types except for intense moisture and poorly 
ventilated soils that can cause root rot [9]. The 
best production of plants needs proper nutrition, 
irrigation along with other cultural practices 
[10]. Optimum amount of nutrient and 
environmental factors affect the plant 
development and growth [11]. According Riaz 
et al. (2014) Zinnia flowering pattern is greatly 
affected by the growth media [12]. In literature 
Zinnia is described as a plant easy for growing 
which demands warm and sun with well drained 
soil, so for this study Zinnia has been growth on 
a suny place, during spring and summer time 
period, with adequate amount of water in three 
types of substrates different in physical and 
chemycal properties. This study was carried out 
to compare the effects of different growth media 
such as soil, and ready-made substrates 
(Potgrond H and Florabella) forms on Zinnia 
growth parameters. 

 

2. METHODS AND MATERIALS 
USED FOR RESEARCH 

Potgrond H (Rp. No 30) substrate used for 
cultivation of Zinnia had a fine structure (0 mm 
- 7 mm), density of 100 kg/m3, total porosity of 
85 %, pHH2O 6 and EC 40 mS/m. It was a 
mixture of frozen black and white sphagnum 
moss with aded fertilizer containing 1.5 g/l (S 
150 mg/l, N 210 mg/l, P2O5 150 mg/l, K2O 270 
mg/l, Mg 100 mg/l). Florabella substrate is 
mixture of week decomposted white sphagnum 
moss, high quality black sphagnum moss and 
clay granulas with water soluble fertilizer. 
Florabella is moderatly fine to moderatliy coarse 
structure. Chemical properties were: pHH2O 5.5 
to 6, EC 45 mS/m (+/- 25%), Mg 100 mg/l, N 
210 mg/l, P2O5 150 mg/l, K2O 170 mg/l to 390 

mg/l. The soil used in study folowing laboratory 
analysis have been conducted on: preparation of 
samples HRN ISO 11464:2004 [13], pH (HRN 
ISO 10390, 2005.) [14], humus (HRN ISO 
14235, 1998.) [15], P2O5 and K2O (Egner et al., 
1960.) [16], hydrolytic acidity (Hy) [17] and soil 
texture (ISO 11277, 2009) [18].  

Research has been conducted with Zinnia 
elegans mix seeds by Royal seeds from Italy 
(declared germination 89%) which has been 
sowed in PVC containers (Pöpellmann TEKU 
(EP 2128/20) 28 cm x 21 cm x 6 cm) with 20 
sowing places (volume 150 ml) filled with 
Potgrond H and Florabella substrates and soil. 
According to declared germination was 89% in 
every sowing place a few seeds have been 
placed with purpose of geting a seedling in each 
sowing place. When a seedlings apeared in 
every sowing place one plant has been left and 
others were remowed. At the four-leaf stage, 
seedlings were transplanted into PVC pots (Φ 9 
cm) filled with the same substrate (Potgrond H, 
Florabella or soil). Substrate for filling the pots 
have been measured and a same mase of 
substrate have beeen placed in pots.The pot trial 
was conducted as a randomized complete design 
with four repetitions. After four weeks, on 
developed plants, following properties have 
been measured: mass of plant (g), height of plant 
(cm), number of leaves, above ground plant 
height (cm), mass above ground (g). Statistical 
data was performed by variance analyzes (F test) 
and differences between treatments have been 
determined with LSD-test by GLM procedure 
using SAS System Softver. 

 

3. RESULTS  

3.1. Characteristics of substrates 

Results of chemical properties of soil are 
shown in Table 1. pH reaction of analyzed soil 
was very acid (Thun) [5] while ready-used 
substrates had slightly acid reaction. Supply soil 
available phosphorus and potassium was in 
bounduries of very poorly supplied (Wunderer) 
[19].
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Substrates were well supplied with 
phosphorus and well to richly supplied with 
potassium (Wunderer) [19]. Analysed soil was 
slightly humous (Gračanin) [19].  

According to expectations (regarding low pH 
reaction) in soil was determined high hydrolytic 
acidity (Table 1).

Table 1. Chemical properties of soil: pH(H2O), pH(KCl), AL-P2O5 (mg/100g), AL-K2O (mg/100g), humus (%), 
hydrolytic acidity (mmol/100g) 

Chemical 
properties pH (H2O) pH (KCl) 

AL-P2O5 
(mg/100g) 

AL-K2O 
(mg/100 g) 

Humus 
(%) 

Hk 
(mmol/100g) 

 
4.4 3.12 2 2.51 2.62 16.19 

 

Texture of soil (Table 2) was silt loam [20]. 
According to product declaration substrates had 
easier texture composition then the soil 
regarding physical properties and had higher 
porosity then the soil.  

According to Soil Map of Croatia (BSCM) 
1:50000 and based on the soil analyses (Table 1 
and 2), soil used in this research, classifies as a 
soil type Dystric cambisol (WRB) (Husnjak et 
al., 2004) [21].

Table 2. Texture of soil: coars sand (%), fine sand (%), coarse silt (%), silt (%), clay (%) 

Physical properties 
Coarse sand (%) Fine sand (%) 

Coarse silt 
(%) 

Silt (%) Clay (%) 

  3.97 16.95 28.53 31.47 19.08 

3.2. Morphological characteristic of 
Zinnia elegans 

For calculation and comparison of average 
plant mass between substrate Potgrong H and 
substrate Florabella the mass of complete plant 
with substrate have been used. Because every 
plant has been growing in the same mass of 
substrate it was ignored. 

 The plants of Zinnia growth in Florabella 
substrate had a higher mass then those growth in 
Potgrond H substrate for 12.54 g (Table 3). The 
mass of the plants growth in soil was in average 
0.27 g. Because the plants growth in soil were 
very small, which enable rinsing of the soil from 
roots the masses of plants from substrate and 
soil have not been compared.  

Table 3. Difference of growing variants on mass of plant (MP), height of plant (HP), number of leaves (NL), 
above ground plant height (APH), mass above ground (MAG) Zinnia elegans 

Substrate MP (g) HP (cm) NL APH (cm) MAG (g) 
Potgrond H 232.12A 26.67A 20.00A 20.31A 8.41A 
Florabella 244.76A 28.03A 21.00A 21.59A 8.98A 
Soil 0.27B 8.16B 4.00B 4.81B 0.25B 

A, B P≤0.01 

 

 In the study, average height of plants was 
between 8.16 cm and 28.03 cm (Table 3.). The 
significant statistical difference (P≤0.01) have 
been determined between average height of 
plants growth in Florabella substrate (28.03 cm) 
and soil (8.16 cm) which was 19.87 cm. Height 
of plants growth in substrate Potgrond H was 
26,67 cm (Table 3.). Difference in height of 

plants growth in Florabella substrate and 
Potgrond H substrate was 1.36 cm and it was not 
statistically significant (P≤0.01). However, the 
significant statistical difference (P≤0.01) have 
been determined between plants growth in 
Potgrond H substrate and soil and it was 18.51 
cm. 
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Number of leaves of Zinnia plants was in 
average between 4 and 21 on a plant (Table 3). 
Statistically significant difference (P≤0.01) has 
been determined between plants growth in 
Florabella substrate (21 leaf) and those from soil 
(4 leaves) (Table 3). In Potgrond H substrate 
plants developed in average 20 leaves per plant 
(Table 3). Therefore, there was no statistically 
significant difference (P≤0.01) in number of 
leaves between plants growth in Florabella and 
Potgrond H substrates. Between plants growth in 
Potgrond H substrate and growth in soil a 
significant statistically difference (P≤0.01) has 
been determined and it was in average 16 leaves. 

Comparising average length of above the 
ground part of plant the highest value was 21.59 
cm and the lowest 4.81 cm (Table 3.). The 
longest plants were those growth in Florabella 
substrate (21.59 cm), and the shortest were in 
soil (4.81 cm), so the difference was statistically 
significant and it was in average 20.31 cm. In 
Potgrond H the length of above the ground part 
of plant was 20.31 cm (Table 3). Difference 
between Florabella substrate and Potgrond H 
substrate was 1.28 cm and it was not statistically 
significant. Difference between Potgrond H 
substrate and soil was in average 15.59 cm and 
it was statistically significant (P≤0.01). 

Average mass of above the ground part of 
plant was between 0.25 g and 8.98 g (Table 3). 
In substrate Florabella plants developed highest 
mass (8.98 g), while the lowest mass was of the 
plant growth in soil (0.25 g.) (Table 3). In 
Potgrond H plants had in average mass of 8.41 g 
(Table 3). The biggest difference has been 
determined between Florabella substrate an the 
soil (8.73 g), while the difference between 
Potgrond H substrate and soil was 8.16 g. 
Therefore, the statistically significant difference 
(P≤0.01) has been determined between 
substrates (Florabella and Potgrond H), and soil. 
There was a difference of 0.57 g between 
substrates Florabella and Potgrond H which was 
not statistically significant. 

 

 

4. DISCUSSION 

Numerous studies emphasize the importance 
of substrates as well as the availability of 
nutrients for optimum plant growth [22]. In this 
study, nutrients content in soil was very low 
(Table 1) in comparison to ready-made 
supstrates which could be a reason for very low 
values of morphological properties of Zinnia 
growth in soil then those from ready-used 
substrates (Table 3). Nutrients content in 
Potgrond H and Florabella substrates is adjusted 
for optimal transplant growth and plants and 
therefore morphological properties of Zinnia 
growth in those substrates have not been 
significantly different (Table 3.). Besides the 
presence of nutrients, the pH and EC values of 
the substrates are also important factors [23]. 
Generally, plants shows the best growth and 
development in range 5.9-7.0 [24], but weakly 
acid to neutral soil reaction (5.5-7.2) is adequate 
for most ornamental plants [5]. The pH of 
growing environments, affects the availability of 
plant nutrients. In acid soils there could be a 
shortage of phosphorus, calcium, magnesium, 
molibden and bor. Insufitient nutrients results 
with several morfological deformities as well as 
decreased decorative value [5]. In this study, 
very low pH reaction of the soil and shortage of 
macronutrients (phosphorus and potassium) 
(Table 2) probably caused significantly lower 
values of measured morphological properties of 
plants from the soil (Table 3). Difference of pH 
reaction of ready-made substrates is not 
significant and it is not to expect differences in 
morhological properties of plants growth in 
Potgrond H and Florabella substrates (Table 3). 
Also, used ready-made substrates had pH 
reaction optimal for Zinnia growth, acording to 
literature, and therefore had no infleunce on 
morphological properties of plants. Electrical 
conductivity (EC) allows measurement of 
dissolved salts in soil affects plant growth, e.g. 
Zinnia is sensitive to salinity stress, even with 
lower (3 dS m−1) salinity levels [25]. Regarding 
very low pH reacion of the soil, it has not been 
expected that EC influenced on plants 
morphology in negative way because of its 
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increased values. Among used ready-made 
substrates, Florabella had on product 
declaration, EC value higher then optimal 
qouted in research of Marković et al. (2022) 
[25]. Never the less, plants developed in ready-
made substrates had no lower values of 
morphological properties. Mineralisation of 
humus have a cosequnce releasing of nutrients 
to the soil so the content of humus is in 
corelation with growth and development of the 
plant. The genesis of formation is a reason of 
different content of humus between ready-used 
substrates and soil. Generally substrates have 
high content of organic metter/humus and soil 
used in this research was slightly humous. 
Therefore, the better growth and development of 
Zinnia in ready-used substrates can be explained 
by higher humus conent within.  

Also, every substrate should have appropriate 
physical characteristics, in particular high 
porosity, high water capacity, durable structure, 
and availability of nutrients [26]. Porosity, 
infiltration and hydraulic conductivity wich are 
determined by texture of the soil influence 
directly to plant nutrition by water and air suply 
to the root [27]. Soils with loamy texture are 
loose soils with sufficient porosity, low organic 
metter and with high proportion of silt tends to 
compresse [28]. In this study, soil was silt loam 
with high content of silt which influence on its 
density. Compact soils disables regular 
development of roots beacause there are no 
poores in it. Therefore, better growth and 
development of Zinnia plants was in u ready-
made substrates with high porosity then in the 
soil with silt loam texture. Generally influence 
of physical-chemical properties of substrates has 
beeen prooved in field crops [29, 30] as well as 
ornamental [2,31] and horticultural plants [3, 20, 
31]. 

 

5. CONCLUSIONS 

In conclusion, different growth medium 
applications significantly affected on plant 
growth parameters of Zinnia elegans plants, and 
ready-used substrates have been determined as 

the most suitable environment in terms of 
nutrient uptake, plant growth and development 
parameters. This medium was the most 
convenient for the cultivation of Zinnia elegans 
plants. In Croatia there are many different soils 
with different physical-chemical properties it is 
necessary to conduct further research regarding 
Zinnia cultivation on soils throughout Croatia in 
order to contribute a visual appearance of 
landscapes. 
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