
Page: e  / e160	 DRC Sustainable Future: Journal of Environment, Agriculture, and Energy Volume 1, Issue 1, 2020: pp. 147-154155




RESEARCH ARTICLE 

The effect of different fungicides and bactericides 
on rooting of pelargonium cuttings 

Artúr Botond Csorba1,2, Tibor Pánczél2, Attila Bandi1, Imre-István Nyárádi1*, 

János Bálint1*    

1Sapientia Hungarian University of Transylvania, Faculty of Technical and Human Sciences, Department of Horticulture, Aleea 
Sighișoarei 1C, Târgu Mureș/Corunca, Romania. 
2Department, Institution, City, Country Doctoral School in Biology and Sport Biology, University of Pécs, Faculty of Sciences, 
Ifjúság útja 6, Pécs, Hungary 
*Correspondence: János Bálint, balintjanos@ms.sapientia.ro and Imre-István Nyárádi nyaradi@ms.sapientia.ro. Institutional address: 
Sapientia Hungarian University of Transylvania, Faculty of Technical and Human Sciences, Department of Horticulture, Aleea 
Sighișoarei 1C, Târgu Mureș/Corunca, Romania. 

Competing interests: Author(s) stated no compete of interest. 

Grant information: The author(s) declared that no grants were involved in supporting this work. 

Copyright 2020 © The Author(s). This is an Open Access article under the CC-BY 4.0 license published by Genesis Sustainable Future Ltd. 

a private company limited by shares organized and existing under the laws of Hungary, with its head office located at 33 Rákóczi, H-3950 

Sárospatak, Hungary and company registration number: 05-09-033278. 

How to cite: Csorba et al. “The effect of different fungicides and bactericides on rooting of pelargonium cuttings” DRC Sustainable Future 

2020, 1(2): 155-160, DOI: 10.37281/DRCSF/1.2.8 

ABSTRACT 
Geranium (Pelargonium) is one of most widespread and popular flowers in Europe due to their ornamental 
value. It is mostly propagated by cuttings, but propagation from seeds is also gaining increasing interest. 
The advantage of cuttings is that one can produce a relatively large numbers of identical plants, relatively 
quickly. Its disadvantage, however, is that one can very easily transfer diseases from the mother plant. In 
our experiments, the main purpose was to assess the rooting effect of some bactericides and fungicides 
used during cuttings. Cuttings exposed to rooting hormone were also treated with five different pesticides: 
tribasic copper sulfate, kasugamycin, thiophanate-methyl + propamocarb, fluopyram, and cyprodinil + 
fludioxonil. In parallel, a control treatment was set up, where exclusively rooting hormone was applied 
(NAA). We tested 40 cuttings in a 10 x 4 repetition in each treatment, which equivalates to an overall 
number of 280 cuttings. Upon comparing the treated and control geranium cuttings, we did not find any 
significant negative effect in the rooting process. 
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1. Introduction 
Geranium belongs to the family Geraniaceae and order 
Geraniales. The place of origin is South-Africa. (Kim 

and Miller, 2009).  It occurs in its natural habitat in dry, 
warm, sandy places and in rocky parts, as well (Dole and 
Wilkins, 2005). It ranks first in the world in terms of 

Received: 10/10/2020 Accepted (Online first): 29/11/2020  Vol./Issue/Year: 1(2), 2020

DRC Sustainable Future: Journal of Environment, Agriculture, and Energy 2020, 1: 155-160

Page: e147 / e154

mailto:balintjanos@ms.sapientia.ro
mailto:nyaradi@ms.sapientia.ro


Page: e  / e160	 DRC Sustainable Future: Journal of Environment, Agriculture, and Energy Volume 1, Issue 1, 2020: pp. 147-154156

units sold among potted flowering plants (Luyengo, 
2013). In present, the most common are the zonal 
geraniums, owing to their ornamental value, resistance 
against pests, and tolerance to drought (Gaston, 2001). 
The propagation of geranium plants is accomplished 
mainly by cuttings (Beytes and Nau, 2011), which 
represents the most common method for asexual 
propagation (Biondo and Noland, 2000). Advantage of 
this method is that it can produce large amount of 
homogeneous plants in a relatively short time (Honfi 
Péter et al., 2011). Its disadvantage is that infection can 
be transmitted very easily from the mother plant. With 
cuttings one can spread very dangerous diseases of 
geraniums, bacterial blight (Xanthomonas-campestris pv. 
pelargonii) and southern wilt of geraniums (Ralstonia 
solanacearum Biovar 2, Race 3), caused by soil-born 
bacteria. For bacterial blight the initial symptoms 
include small water soaked and V-shaped spots, the 
leaves become chlorotic, and then fall off. Over time the 
stem will turn brown and black (Daughtrey et al., 1995). 
Plants can become infected with the pathogen at low 
temperatures and humidity, but in this case, they show 
no symptoms, which later can cause huge problems 
(Nameth et al., 1999).  The southern wilt of geraniums is 
caused by soil-borne bacteria (Ralstonia solanacearum) 
(Hayward, 1991). These bacteria typically penetrate the 
plant trough the roots and colonize the xylem. The 
pathogen is most common in temperate and tropical 
climates and may cause significant economic losses 
(Hayward, 1991). R3bv2 strains are considered to be 
among the most destructive pathogens in potatoes in 
Africa, Asia, and America, where they cause bacterial 
wilt and brown rot of potatoes (González et al., 2011; 
Yuan et al., 2015). Research demonstrated that the 
pathogen R3bv2 strain is able to survive in temperate 
soils for at least one year and 110 days in 12 °C 
irrigation water (Elsas et al., 2001; van Elsas et al., 
2000). Geranium botrytis blight is caused by the fungus 
Botrytis, being a common pathogen under greenhouse 
conditions. The leaf shows watery brown necrosis, soft 
rot on the young stem, and petal necrosis on the flowers. 
Rotting parts are covered with gray conidia (National 
University of Life and Environmental Sciences of 
Ukraine et al., 2018). Among the pathogens listed above, 
some other soil-borne pathogens can cause significant 
losses, like Phytium, Rhizoctonia and Fusariam species. 
Dense stock, over-irrigation and nutrient deficiency are 
also predisposing factors for the pathogen (Cline, 1983). 
Pesticides used during the rooting process may affect 
rooting rate. Previous papers reported that several 
fungicides has no effects on the rooting process, 
however, most of these have been banned in the market 
by now (Moorman, 1983). Nevertheless, other 
experiments reported the negative effect of copper on 
rooting of several plants, but no experiments were 

conducted on geranium (Arduini et al., 1995; Qin et al., 
2015; Sheldon and Menzies, 2005). 
The purpose of our experiments described in this paper 
was to assess the rooting effect of some bactericides and 
fungicides used during cuttings. 

2. Methods  
First, cuttings were treated with rooting hormone (1000 
mg/L NAA powder, Incit-1, Bioplant, Hungary), second 
we used five types of pesticide treatments: tribasic 
copper sulfate (1750 mg/L), kasugamycin (40 mg/L, 
Kasumin 2L, Hokko Chemical, Japan), thiophanate-
methyl (1000 mg/L, Nippon Soda, Japan) + 
propamocarb hydrochloride (2166 mg/L, Proplant 72,2 
SL, Arysta Lifescience Benelux Sprl, Belgium) used by 
soaking, fluopyram (500 mg/L, Luna Privilege 500 SC, 
Bayer Cropscience AG, Germania ) and cyprodinil (375 
mg/L,   Switch 62,5 WG, Syngenta Crop Protection 
AG Switzerland) + fludioxonil (250 mg/L, Switch 62,5 
WG, Syngenta Crop Protection AG Switzerland), the 
latter being used by spraying every fourth day. 
Simultaneously, we used a control, treated only by 
hormone (1000 mg/L NAA). The experiment was set in 
a semi-submerged, air-inflated, ventilated, double layer 
polyethylene propagation greenhouse. The propagation 
tables heated by hot water were 75 cm high and their 
temperature was adjusted from 14 °C to 26 °C. The 
absorbent fabric on the tables secured constant moisture 
and humidity. The propagation housing is divided into 
four rooms, and the temperature of each part can be 
adjusted separately. The cuttings were placed in a 25 mm 
diameter peat cylinder and a corresponding plastic seed 
tray. The temperature on the tables were maintained 
constantly at 22-23 °C and the air temperature was 
around 20-21 °C every day. Humidity was around 
80-90% for the over the initial 4-5 days and 60-70% 
thereafter. The cuttings were from an extremely richly 
flowering variety, ‘Calliope Burgundy’ (Pelargonium 
interspecific) that can be planted on balconies or 
outdoors, as well. It is a compact, upright, evergreen 
perennial with dark green leaves and clusters of deep 
burgundy-red flowers with well-rooting ability. We made 
280 pieces of cuttings with 2-3 leaves. 
We were tested 40 cuttings in a 10 x 4 repetition in every 
treatment, overall 280 cuttings. We measured the rooting 
process three times: one, two, and three weeks, 
respectively, after the time of cutting. 

Determination of callus formation 
The first measurements were made on the seventh day 
after cuttings. Twelve cuttings from each treatment were 
randomly selected and then it was checked how the 
callus was forming (Fig.1). Next, we carefully pulled the 
cuttings from the rooting roller and ranked them as 
follows: 
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• 1-rot: the cutting base has blackened, started to rot 
• 2-no callus: the formation of callus did not start at the 

base part of cuttings 
• 3-weak callus: weak callus formation was observed at 

the base part of the cuttings 
• 4-good callus: well-swollen callus formation was 

observed at the base of the cuttings 
• 5-callus + root formation: in addition to callus 

formation, root initiations also occurred. 

Figure 1. The rate of the callus formation: (a) weak callus, 
(b) good callus, (c) callus with roots 

Determination of the number and length of roots 
The second examination of the rooting process was done 
on the 14th day after the cuttings. Again, twelve cuttings 
from each treatment were randomly selected and 
measured. By then, the developing roots have already 
overgrown the peat cylinder, so we first removed the 
paper covers and then soaked the cuttings to access the 
roots. The following classification were made: 
• Number of roots smaller than 1cm 
• Number of roots larger than 1cm, but smaller than 2cm 
• Number of roots larger than 2cm, but smaller than 3cm 
• Number of roots larger than 3cm 
• The longest root length  
• Number of total roots 
• Total root length 

 

Quality assessment of cuttings 
The third and final measurements were taken after 21 
days. In this case, we visually classified the cuttings and 
ranked them according to the market value. An overall 
number of 112 samples were used. During the 
experiment, the temperature and humidity data were 
measured every 5 min with a data logger called 
LASCAR EL-USB-2. The evolution of temperature and 
humidity are shown in Fig. 2. 

Data analysis 
Data were analyzed with PAST Statistical software. The 
original data met the assumptions of normality (using 
the Shapiro-Wilk W test), therefore, the callus formation 
and the total number of roots between treatments were 
compared using Tukey’s HSD test or the Games-Howell 
test, depending on the homogeneity of the variance 
(assessed using the Levene test). For the total root length 
and the longest root size normality was not met, 
therefore, the nonparametric Kruskal-Wallis test was 
used, followed by the Mann-Whitney U tests, to 
compare varieties. Data is reported as means with 95% 
confidence intervals. Means with different letters in 
tables represent statistically significant difference. 

3. Results and discussion 
A higher level of humidity and temperature stability 
were observed over the first days of experiment, but 
after 4-5 days, a decrease and occasional fluctuations 
were noticed. These parameters contributed to the 
development of callus formation and the initial root 
formation. 

Callus formation (measurement I.) 
During the first measurements, callus formation was 
checked. Based on the ranked cuttings, we found 
significantly weaker callus formation on the cuttings 
treated with tribasic copper sulfate than in the control 
samples. For the other treatments, no significant 
difference was found relative to the control sample 
(see Fig. 3). 

Figure 2. Climatic factors during the experiment 

https://www.lascarelectronics.com/easylog-el-usb-2
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Figure 3. The rate of the callus formation (Tukey HSD, 
p<0.05) 

Figure 4. Total number of roots (Tukey HSD, p<0.05) 

Figure 5. Total root length (Mann-Whitney, p<0.05) 

The number and length of roots (measurement II.) 
In the second measurement, we looked for interaction 
between different root lengths and root numbers formed. 
Results are listed in Table 1. 

a. the number of roots smaller than 1 cm were 
measured and a slight negative effect was observed 
on the cuttings treated with tribasic copper sulfate 
and fluopyram as compared to the control roots 

b. the number of roots longer than 1 cm, but shorter 
than 2 cm was compared with the control. In this 
case, the roots of the cuttings treated with fluopyram 
showed a negative difference and the roots treated 
with thiophanate-methyl + propamocarb showed an 
extra density with regard to the control 

c. for roots longer than 2 cm, but shorter than 3 cm, all 
treatments indicated extra density compared to the 
control samples 

d. for roots larger than 3 cm, the treatment with tribasic 
copper sulfate exhibited significantly weaker 
development than the control 

e. for the longest root, the cuttings treated with tribasic 
copper sulfate indicated a negative difference 
compared to control roots 

f. in terms of total number of roots of the cuttings, the 
treatments with tribasic copper sulfate and fluopyram 
also indicated lower levels without significant 
difference. A positive effect was also observed in 
cuttings treated with a mixture of thiophanate-methyl 
+ propamocarb without significant difference (Fig. 4) 

g. with regard to the total root length of the cuttings, the 
combination of thiophanate-methyl + propamocarb 
provided the best results. Plants treated with tribasic 
copper sulfate had significantly the worst results 
compared to control roots (Fig. 5). 

Treatments

Number of roots The longest 
root size (cm)

≤1 cm 1 cm<2 cm 2 cm<3 cm 3 cm<

Mean * Mean * Mean * Mean * Mean *

Control 4.58 a 3.17 bcd 2.83 abc 1.42 a 33.67 a

T.CopperS. 2.67 b 3.33 cd 3.42 abc 0.17 b 25.42 b

Kasugamycin 4.17 a 3.67 abcd 3.58 ab 0.83 ab 32.33 ab

Tioph.+Prop. 4.33 a 5.92 a 3.75 ab 1.50 a 37.17 a

Fluopiram 2.58 b 2.25 d 4.17 a 1.17 a 34.17 a

Cypr.+Flud. 4.50 a 5.42 abc 2.67 bc 0.67 ab 33.83 ab

Atonik 4.75 a 5.25 ab 2.00 c 0.17 b 25.58 b

Table 1. The number of roots under different treatments and the longest root length

* Significance: Means with different letters are significantly different from each other according to the applied statistical test (p<0.05, Mann-Whitney). 
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Quality assessment of cuttings (measurement III.) 
Quality assessment and visual inspection were 
performed over 21 days (three weeks) after cutting, 
when a total of 112 plants were monitored. After 
classifying the cuttings, we tried to rank them according 
to their market value. The percentage of rooted cuttings 
in the experiment was 100%. In contrast with the general 
belief, we did not find any significantly negative effect 
in the rooting process, when comparing treated geranium 
cuttings to control cuttings (Fig. 6). 

4. Conclusions 
During the initial measurements, callus formation was 
checked. Based on the ranked cuttings, we found 
significantly weaker callus formation on the cuttings 
treated with tribasic copper sulfate than in untreated 
control samples. According to Yeboah et al. (2010) they 
obtained significantly better results in callus formation 
for the tested fungicides in comparison with control 
treatments. In the second series of measurement we 
found significantly less roots on the cuttings treated with 
tribasic copper sulfate, relative to the control. Same 
results were recorded in another experiment by Arduini 
et al. (1995). Qin and co-workers (2015) demonstrated 
that copper is accumulating in roots, which resulted in 
stunted root growth. The number of roots on cuttings 
treated with thiophanate-methyl + propamocarb 
hydrochloride was similar with the numbers counted on 
control samples. According to Moorman (1983), some 
fungicides used in the highest recommended rates 
neither enhanced, nor inhibited the root initiation 
process. Regarding total root length, treated cuttings had 
significantly higher values. In the third series of 
measurements, we assessed the quality of cuttings, and 
in contrast with the general belief we did not reveal any 
significantly negative effect in the rooting process, when 
comparing the treated and control geranium cuttings. 
After three weeks, the percentage of the rooted cuttings 
was 100%. We can conclude that copper has detrimental 
effects on rooting but without significant results relative 
to the control treatment. Altogether, no detrimental 
effects on roots were detected, nor the application 
affected negatively the rooting rate of calliope geranium 
cuttings. Phytotoxicity could be a possible treat but just 
in case if the recommended rates of fungicides or other 
materials are exceeded on purpose or accidentally 
(Moorman, 1983). 
As a result, all treatments are recommended but must be 
counted that rooting formation process may be delayed. 
with the treatment of tribasic copper sulfate.  
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