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ABSTRACT - The length of tuber dormancy of potato varieties is an important factor in the profitability 

of the potato sector. Under temperate climatic conditions longer dormancy is more advantageous. How-

ever, in case of multiple planting within one growing season, in seed multiplication programs or during 

rapid post-harvest disease testing, breaking or shortening of dormancy is often needed. Numerous 

ways for chemical regulation of dormancy period were developed, but the efficiency of such methods 

is strongly genotype dependent. Recently a comparative study of chemical treatments for breaking tu-

ber dormancy of some new Hungarian potato varieties was carried out. Continuing this work, here we 

report about the effects of chemical treatments used for breaking dormancy on the number of stems 

and tubers of progeny plants. The experiment was conducted in three consecutive vegetation period, 

with three varieties having different maturity type and different dormancy period: Balatoni rózsa, 

Botond and Démon. Treatments were performed using gibberellic-acid, benzyl-adenine and Rindite in 

different concentrations and combinations. After the dormancy period, tubers were planted into pots 

and grown under controlled conditions. Number of developed stems and tubers was counted. Accord-

ing to the results, applied treatments had a large effect on the number of developing stems and tubers 

of the progeny plants. Combined treatments of Rindite+gibberellic-acid, and gibberellic-acid at 100 

ppm increased significantly the number of stems and tubers. Correlation between the efficiency of dor-

mancy breaking and the number of developed tubers was found. Based on our data, Rindite and gib-

berellic-acid have an important role not only in breaking dormancy, but also in increasing the tuber 

number/plant. This positive effect could be utilized in seed potato production. 
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INTRODUCTION 

One of the most popular ways to start seed potato (Solanum tuberosum L.) pro-
duction is to propagate PBTC (Pre-Basic Tissue Culture) mini-tubers in green-
houses, produced from in vitro plantlets. Mini-tuber production creates a 
bridge between the rapid in vitro multiplication, based on nodal cuttings and 
the field multiplication of seed tubers (Struik and Lommen, 1999). In vitro prop-
agated potato plantlets set tubers within a short time, but these are not readily 
suitable for further propagation right after harvest. Freshly harvested tubers 
are dormant, and they cannot sprout even under optimal environmental con-
ditions for sprouting (Van Ittersum, 1992). This phenomenon is called deep or 
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internal dormancy and biochemically regulated by plant hormones (Coleman 
et al., 2001; Suttle, 2004; Benkeblia et al., 2008; Askenova et al., 2013). 

There are significant differences between potato varieties in the duration 
of internal dormancy, which is partly related to their maturity type. Varieties 
having shorter season, early maturity type have usually shorter dormancy, 
while varieties having longer vegetation period have longer dormancy. More-
over, environmental factors like the amount of temperature collected by the 
plants during the growing season, the day length (Wiersema, 1985; Tor, 2011; 
Askenova et al., 2012; Tiemens et al., 2013), the abiotic stresses, e.g. heat shock 
and periodic water deficiency (Burton, 1989; Ezekiel and Singh, 2003; 
Zarzyńska, 2004; Muthoni et al., 2014) and tuber size (Suttle, 2007; Hassani et 
al., 2014) also has influence on the length of dormancy. However, the duration 
of tuber dormancy depends primarily on the genotype (Beukema and Zaag, 
1979; Zarzyńska, 2004; Hassani et al., 2014; Bamberg, 2010; Nasiruddin et al., 
2016; Wróbel et al., 2017). 

The ability to regulate dormancy is essential for the potato sector. Delayed 
sprouting (long dormancy) is desired during the need for long-term storage. 
Usually this can be achieved by storage tubers at low temperature (2–4°C) or 
treatments by synthetic sprouting inhibitors (Wiltshire and Cobb, 1996; Struik 
and Wiersema, 1999; Tor, 2011). Under temperate climatic conditions longer 
dormancy is more advantageous, while in Mediterranean or subtropical con-
ditions, where repeated planting within one growing season or even perma-
nent planting is possible, shorter dormancy is preferred (Struik and Lommen, 
1999). In seed tuber propagation programs it can be necessary to replant tu-
bers after harvest as fast as possible to shorten propagation cycle. The rapid 
post-harvest disease testing protocols also require the breaking of dormancy, 
which can be executed by chemical treatments or plant hormones (Coleman, 
1983; Struik and Wiersema, 1999; Suttle, 2004, Wróbel, 2008). 

During the last decades numerous ways to regulate dormancy duration 
were developed. For example: treating tubers with gibberellic-acid (GA) 
(Struik and Wiersema, 1999; Hartmann et al., 2011; Hassani et al., 2014; Nasir-
uddin et al., 2016; Wróbel et al., 2017); Rindite, and combinations with GA 
(Bryan, 1989); benzyl-adenine (BA) (Suttle, 2004; Majeed and Bano, 2006); 
bromoethane (Coleman, 1983; Alexopoulos et al., 2009); or thiourea (Hosseini 
et al., 2011; Hassani et al., 2014). However, the efficiency of these methods are 
strongly genotype dependent (Struik and Wiersema, 1999; Majeed and Bano, 
2006; Suttle, 2008; Hosseini et al., 2011; Hassani et al., 2014; Nasiruddin et al., 
2016; Wróbel et al., 2017). Moreover, there are a few publications about the 
side effects of treatments on later sprout development and tuber setting of 
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progeny plants (Majeed and Bano, 2006; Askenova et al., 2012; Hassani et al., 
2014; Wróbel et al., 2017), and these results are limited to a few varieties only. 

The biochemical mechanism of external treatments is partially known. Dor-
mancy and sprout development are regulated by the interaction of major plant 
growth regulators, primarily by the ratio of GA and abscisic-acid (ABA) (Carli 
et al., 2016). Treatments control the relative concentrations of growth promot-
ers and inhibitors that trigger sprout formation (Hemberg, 1985). Some treat-
ments may regulate the physiological age of the tuber, while others may inhibit 
apical dominance and thus increase sprouting of lateral axillary buds 
(Askenova et al., 2013; Carli et al., 2016). This may affect further sprout/stem 
development and indirectly the number of tubers (Suttle, 2004; Benkeblia et 
al., 2008). The role of GA in breaking dormancy has been identified (Fernie and 
Willmitzer, 2001). Studies have reported that external GA treatment promote 
sprouting and increase the number of sprouts per tuber. However, higher con-
centrations result elongated stems, morphologically abnormal plants and de-
formed tubers (Choudhuri and Ghose, 1963; Bryan, 1989; Struik and Wiersema, 
1999; Suttle, 2004). On the other hand, indole-acetic-acid (IAA) also plays a sig-
nificant role in germination. It has been hypothesized that IAA controls apical 
dominance by inhibiting lateral bud sprouting (Pavlista, 2004). In case of 
treated tubers apical bud sprouts first. Planting tubers in apical dominance 
stage often results single stem plants and hence reduced yield. Chemical treat-
ments can affect apical dominance and thus yield as well. They can promote 
additional sprouts develop and the multiple sprouting. This is the optimum 
stage to planting, resulting plants with several stems, stolons and tubers. 
(Muthoni et al., 2014). 

In our case a comparative study was carried out to test the effect of different 
dormancy breaking methods on some new Hungarian potato varieties (results 
are under publication). Continuing this study, we evaluated the effect of these 
treatments on stem and tuber number of progeny plants. 

MATERIALS AND METHODS 

The experiment was conducted in the Storage Physiology Laboratory of the 
Potato Research Centre, University of Pannonia, Centre for Agricultural Sci-
ences at Keszthely, with two early maturing varieties, Balatoni rózsa and 
Botond, and a medium-early maturing variety, Démon. The experiment was set 
up in three consecutive vegetation period, in the fall of 2016, 2017 and 2018. 
Superelite (Pre Basic 2) class seed tubers which are uniform in size were used 
of each variety in each year. 
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The following treatments were applied: soaking tubers in aqueous solution 
of GA, concentrations of 10, 50 and 100 ppm for 1 hour (Bryan, 1989); tubers 
soaked in the aqueous solution of BA, concentrations of 20, 30 and 100 ppm 
for 1 day (Suttle, 2004); tubers treated by Rindite (7-3-1 mixture of ethylene-
chlorohydrin, ethylene dichloride and carbon tetrachloride) for 2 days. In ad-
dition, a combined Rindite+GA100 ppm treatment (Combined) was also used 
(for 2 days Rindite and for 1 hour GA100) (Bryan, 1989). The dormancy period 
was determined according to the method of Carli et al. (2016). 

After examining the dormancy period, 12-12 sprouting tubers were ran-
domly selected per treatment. The experiment was carried out in 3 replica-
tions with 4 tubers in each replicate. The tubers were planted individually in 
3-liter pots filled with peat substrate. The plants were grown under controlled 
conditions at constant air temperature of 22°C and 85% relative humidity (RH 
%) in growth chamber until biological maturity. The amount of irrigation wa-
ter was 30mm/week, which was used to supplement the nutrients according 
to the growing practice. A 16-hour light period (5-21h) was used. For illumi-
nation Osram oHO54W/840 lumilux cool white fluorescent lamp was used. 
The number of developing stems was recorded on the 20th day after planting. 
After biological maturation, peat was drained from the pots and the number of 
tubers was counted. Data were prepared and sorted using Microsoft Office 
2007, for statistical analysis IBM SPSS 22 software was used. 

RESULTS 

Treatments of Rindite, GA100, GA50 and Combined significantly reduced the 
dormancy period for all three varieties in all growing season (Figure 1), ac-
cording to Duncan-test (p-value ≤0.05). However, GA at 10 ppm concentra-
tions (GA10) did not reduced it in each cases significantly in 2018. BA treat-
ments were significantly less effective compared to the other treatments. In 
absolute terms, based on the average treatment efficiency, chemical treat-
ments reduced the dormancy of Balatoni rózsa the most (in average by 33% 
compared to control). They had the smallest impact on the dormancy of Dé-
mon (average reduction is 25%). Botond and Démon responded similarly to 
the treatments in each year, but the reaction of Balatoni rózsa differed in each 
year. The effect of Rindite and Combined treatments was extremely high in 
2017 and 2018 for this variety. 
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Figure 1 
The effect of treatments on the tuber dormancy of the investigated cultivars. (Results are 
expressed as an average percentage of the control treatment. Data comprises the mean values 
of the three year) 

To determine the effect of the treatments on plant development, the stem 
number of the emerged plants was recorded on the 20th day after planting, and 
the number of tubers was counted after plants matured. The results are illus-
trated in Figure 2. According to the Duncan test (p ≤0.05), GA50, GA100, Rin-
dite and Combined treatments significantly increased both the number of 
stems and tubers (Table 1). GA100 and Combined were the most effective 
treatments for increasing the number of stems and tubers. GA100 increased 
the stems to an average of 204.1% and the number of tubers to 259.9%. While 
Combined treatment increased stems to an average of 209.5% and number of 
tubers to 268.0%, compared to the control. GA10 and BA treatments did not 
increase the number of stems and tubers compared to control. We found a 
moderately strong correlation between the change of the tuber number and 
the stem number due to the treatments (r=0.572, Pearson correlation is signif-
icant at the 0.01 level). 
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Figure 2 
Effect of chemical treatments on the average stem and tuber number of the inves-
tigated varieties. (Results are averages of all years and varieties. The columns show 
the tuber number and the line the stem number) 

Overall, GA100 and Combined treatments resulted the most stems and tu-
bers. GA10 and BA treatments did not cause significant differences in increas-
ing of stem and tuber number in any years compared to control. The results 
are discussed in details as follows. 

Table 1 
The effect of chemical treatments on the stem and tuber number of investigated cultivars 

Treatment Stem Tuber 

Control 1.47 b 1.72 a 

GA10 1.22 ab 1.94 a 

GA50 2.17 d 2.50 b 

GA100 3.00 e 4.47 c 

BA20 1.17 a 1.92 a 

BA30 1.11 a 1.86 a 

BA100 1.14 a 1.78 a 

Rindite 1.78 c 2.67 b 

Combined 3.08 e 4.61 c 
The same letters within each column mean that data do not differ significantly at p-value ≤0.05. The bold 
numbers show the most effective treatments. Results are expressed as numbers of stems and tubers. The 
results are averages for all years and varieties 
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Table 2 
The effect of chemical treatments on the stem number of investigated cultivars 

Treatment 
2016 2017 2018 

B. rózsa Botond Démon B. rózsa Botond Démon B. rózsa Botond Démon 

Control 1.25 ab 1.25 a 1.25 a 1.50 a 1.50 ab 3.00 b 1.00 a 1.50 b 1.00 a 

GA10 1.00 a 1.50 a 1.00 a 1.00 a 2.00 b 1.00 a 1.00 a 1.50 b 1.00 a 

GA50 1.50 b 4.50 c 1.00 a 1.50 a 4.00 c 1.00 a 2.50 c 2.00 c 1.50 b 

GA100 1.25 ab 3.75 c 1.00 a 4.50 b 4.50 d 4.50 c 3.00 d 2.00 c 2.50 d 

BA20 1.25 ab 1.25 a 1.00 a 1.00 a 1.00 a 1.50 a 1.50 b 1.00 a 1.00 a 

BA30 1.00 a 1.50 a 1.00 a 1.00 a 1.00 a 1.50 a 1.00 a 1.00 a 1.00 a 

BA100 1.00 a 1.50 a 1.25 a 1.00 a 1.50 ab 1.00 a 1.00 a 1.00 a 1.00 a 

Rindite 1.50 b 2.75 b 1.75 b 1.00 a 1.00 a 1.50 a 2.50 c 2.00 c 2.00 c 

Combined 3.00 c 4.50 c 2.25 c 5.50 c 2.00 b 3.00 b 3.00 d 2.50 d 2.00 c 

The same letters within each column mean that data do not differ at p-value ≤0.05. The bold numbers 
show the most effective treatments. Results are expressed as numbers of stems 

Stem number 

In 2016 the stem number of all three varieties was influenced differently by 
the treatments (Figure 3). In that year, Botond was the most sensitive to treat-
ments, while the Balatoni rózsa was the least affected (Table 2). However, in 
absolute terms, the stem number of Démon was the least modified by the treat-
ments. Combined treatment was the most effective for all the varieties, result-
ing significantly more stems (in average 260%). In case of Balatoni rózsa only 
this treatment resulted in significant difference compared to the other treat-
ments (240% of the control). In case of Botond, Combined (360%), GA50 
(360%) and GA100 (300%) treatments resulted significantly more stems. 
Treatment with Rindite greatly increased the number of stems in this variety 
also, to 220%. For Démon, the Combined treatment was the most effective 
(180%), followed by Rindite (140%). The effect of these two treatments was 
statistically significant. 

In 2017, the varieties responded differently to the treatments compared to 
the previous year. GA100 treatment significantly increased the stem number 
of all varieties to an average of 250%. According to the Duncan test, Botond 
was more sensitive to the treatments than Démon and Balatoni rózsa. In abso-
lute terms the treatments influenced the stem number of Balatoni rózsa the 
most. For Balatoni rózsa, Combined was the most effective treatment (367%), 
followed by GA100 (300%). The other treatments did not produce a significant 
difference compared to the control. For Botond, GA100 was the most efficient 
(300%), followed by GA50 (267%). For Démon, only GA100 resulted signifi-
cantly more stems than the control, to 150%. 
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In 2018, varieties responded to treatments with altering stem number com-
pared to previous years. GA100, Combined, Rindite and GA50 treatments ef-
fectively increased the stem number, reaching 228%, 222%, 194%, and 178% 
increase, respectively, compared to the control. Balatoni rózsa was the most 
sensitive to the treatments, while stems of Botond were the least affected. In 
case of Balatoni rózsa, GA100 and Combined treatments increased the stem 
number to 300%, while GA50 and Rindite to 250%, all significant. For Botond 
we detected 67% increase caused by Combined and 33% increase by GA100, 
GA50 and Rindite. For Démon, GA100 resulted 2.5 times more stem, followed 
by Rindite and Combined treatment, where the increase was 2.0 times more. 

Tuber number 

Treatments changed the total number of tubers/plant (Figure 3). The results 
are consequent compared to the changes in stem number (Table 3). Each year 
for all varieties, Combined and GA100 treatments were the most effective, in-
ducing significantly higher tuber numbers. 

In 2016, Combined treatment was the most effective for all three varieties. 
This treatment greatly increased the tuber number in average to 379% com-
pared to the control. According to the Duncan test, Botond was the most sen-
sitive to the treatments, while Démon was the least affected. In absolute terms, 
the tuber number of Balatoni rózsa changed the most, which was significantly 
increased by the Combined and GA100 treatments, to 450% and 300%, respec-
tively compared to the control. Combined treatment increased Botond’s tuber 
number the most (to 343%), followed by GA100 (to 314%), with significant 
increasing in both cases compared to control. For Démon, Combined treatment 
resulted the most tubers (by 243% more than control), followed by GA100 and 
Rindite, which also significantly increased the tuber number to 186% com-
pared to control. 

In 2017, we observed a similar trend, but this year GA100 treatment in-
creased tuber numbers more than Combined treatment. This treatment re-
sulted significantly more tubers for all varieties compared to the control, in-
creasing it to an average of 322%. According to the Duncan test, Balatoni rózsa 
was the most sensitive to the treatments, but in absolute terms, the tuber num-
ber of Botond changed the most. For Balatoni rózsa, GA100 treatment in-
creased the tuber number significantly by 100% compared to the control, fol-
lowed by Combined treatment (33%). For Botond, GA100 was also the most 
effective treatment (567% vs. control), followed by Combined (233%), signif-
icant in both cases. In the case of Démon, a similar tendency was observed to 
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Botond, with a smaller treatment effect (200% for GA100 and 175% for Com-
bined). The Combined treatment did not significantly increase the stem num-
ber, it effectively increased the tuber numbers. 

In 2018, we observed a similar trend as in 2016. Combined treatment in-
creased the number of tubers the most, with an average increase to 336%. The 
increase was significant for all three varieties. GA100 treatment increased the 
tuber number greatly and significantly (231%) too. This year Rindite treat-
ment was also effective (to 264% increase compared to control), similar to the 
effect found for stem number. Variety Botond was to be the most sensitive this 
year. Treatments affected the tuber number of Balatoni rózsa the least. In case 
of this variety the Combined treatment resulted in highest tuber number. The 
increase reached to 225% compared to the control, followed by GA100 and 
Rindite with 175%. For Botond, Combined treatment was the most effective 
also (450%), followed by Rindite (350%), and then by GA100 (250%). For Dé-
mon, also Combined treatment caused the highest increase in tuber number 
(333%), followed by Rindite and GA100 (267%), and then by GA50 (233%). 
The increase was significant in all the cases. 

Table 3 
The effect of chemical treatments on the number of tubers/plant of the investigated cultivars 

Treatment 
2016 2017 2018 

B. rózsa Botond Démon B. rózsa Botond Démon B. rózsa Botond Démon 

Control 1.00 a 1.75 a 1.75 a 3.00 de 1.50 b 2.00 b 2.00 ab 1.00 a 1.50 a 

GA10 1.00 a 2.00 a 3.00 bc 1.50 ab 1.50 b 2.50 c 2.00 ab 1.50 b 2.50 c 

GA50 1.00 a 3.75 b 2.25 ab 2.50 cd 2.50 c 2.50 c 2.50 b 2.00 c 3.50 d 

GA100 3.00 c 5.50 c 3.25 c 6.00 g 8.50 e 4.00 e 3.50 c 2.50 d 4.00 e 

BA20 1.50 ab 2.00 a 1.75 a 3.50 ef 2.50 c 2.00 b 1.50 a 1.00 a 1.50 a 

BA30 1.50 ab 1.75 a 1.50 a 2.50 cd 2.00 c 1.50 a 2.50 b 1.50 b 2.00 b 

BA100 2.00 b 2.75 ab 1.75 a 2.00 bc 1.00 a 1.50 a 1.50 a 1.00 a 2.50 c 

Rindite 1.50 ab 2.25 a 3.25 c 1.00 a 2.50 c 2.50 c 3.50 c 3.50 e 4.00 e 

Combined 4.50 d 6.00 c 6.00 d 4.00 f 3.50 d 3.50 d 4.50 d 4.50 f 5.00 f 
The same letters within each column mean that data do not differ significantly according to the Duncan 
test (p-value ≤0.05). The bold numbers show the most effective treatments. Results are expressed as num-
bers of tubers 

As a result of treatments, we observed significant differences in the inten-
sity of sprout development of plants within the same variety. Higher, faster-
growing plants developed from tubers that elapsed their dormancy period 
sooner. However, these differences evened out before flowering. 
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Figure 3 
Effect of chemical treatments on the stem and tuber numbers of the investigated varieties 

DISCUSSION 

Our results confirmed that the chemical treatments significantly influenced 
the length of dormancy period, the stem and tuber number of the examined 
varieties. 

According to our results, different chemical treatments significantly influ-
enced the dormancy period, stem number and tuber setting of the varieties. 
According to our observations, there is a correlation between the efficiency of 
breaking dormancy, the number of stems and the number of developed tubers. 
This finding was also statistically proven by Duncan test. The GA50, GA100, 
Rindite and Combined treatments not only significantly reduced dormancy, 
but also increased the stem and tuber numbers of the examined varieties. This 
result is in agreement with findings of Wróbel et al. (2017). They found that GA 
was effective both for dormancy breaking and in promoting sprout growth. 
However, they used spherical tuber slices, each containing a single eye, so the 
sprouting of lateral buds and thus the change in stem number were different 
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from that of whole tubers. According to they method, multiple sprouting was 
not possible. The consistence of the chemical treatments was also different. 1 
ppm GA was used and only for 15 minutes, so the GA concentration is negligi-
ble compared to the experiments we performed. However, several combina-
tions were used, 0.5 - 4% ethanol + GA and ethanol + GA + kinetin, respectively. 

According to the regression analysis we did not find a linear relationship, 
so the change in dormancy due to the treatments only partially explains the 
change in stem and tuber number. Based on correlation analysis, the relation-
ship is medium and inverse, so the effective the dormancy period shortening 
is, the higher the number of stems and tubers (r=-0.46, Pearson correlation is 
significant at the 0.01 level). This relationship is probably due to the physio-
logical age of the tubers, where it’s generally known then in the case of older 
tubers the apical dominance is over and lateral buds also start to germinate. 
The dormancy breaking treatments mimic the natural ageing of tubers. 

GA100 and Combined treatments were the most effective for increasing the 
number of stems and tubers. GA100 increased the stem number by an average 
of 204.1% and the number of tubers by 259.9%. While Combined treatment 
increased the stem number by an average of 209.5% and number of tubers by 
268.0%, compared to controls. According to our results, the combined effects 
of GA100 and Rindite on breaking dormancy are added together only to a small 
extent. In this approach, Rindite is the dominant component of the Combined 
treatment and therefore GA should not be used to break the tuber dormancy 
in this combination. However GA100 significantly and greatly increased the 
tuber number of plants developed from treated tubers. Its effect has been 
added to that of Rindite, so use of GA is advantageous to increase seed potato 
production. This result is in agreement with findings of Hassani et al. (2014). 
Based on their results, the use of GA not only shortens the days to sprouting 
but also increases the number of stems per tuber. Therefore application of GA 
is advisable in practice. They used mini-tubers for three hours by 50 ppm GA. 

GA at 10 ppm and BA treatments did not result statistically justifiable re-
duction in dormancy and their application did not result in significant changes 
in stem and tuber number. Therefore their use to break dormancy or increase 
the tuber yield in tested concentrations is not advised. This observation is in 
contrast to results of Majeed and Bano (2006). They found that BA significantly 
shortened dormancy period, enhanced sprouting, increased stolon and tuber 
formation. However, it has been observed that the varieties have reacted dif-
ferently to the treatments, so chemical treatments need to be adapted to the 
varieties. Probably the varieties we examined are less sensitive to BA tre-
atments. 
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Numbers of stems were significantly increased in 2016 by Combined, in 
2017 by GA100, in 2018 by both treatments and by Rindite also. The number 
of tubers was significantly increased in each growing season by Combined and 
GA100 and in 2018 by Rindite too. Rindite significantly reduced dormancy 
during each growing season, but did not resulted in more stems and tubers, 
except in 2018. 

We found a moderately strong correlation between the change of the tuber 
number and the stem number due to the treatments (r=0.572, Pearson corre-
lation is significant at the 0.01 level). In 2016, Combined treatment produced 
the highest stem number, and the same treatment resulted in the most tubers 
too. In 2017, GA100 had the greatest impact on the stem and tuber number 
increase. Combined treatment did not increase significantly the stem number 
of all varieties this year, but it increased the tuber number. In order to better 
understand the differences between treatments, varieties and growing sea-
sons, further examinations are needed. 

According to our results, Rindite and gibberellic-acid have an important 
role not only in breaking dormancy but also in increasing the number of tubers, 
which can be beneficial for the production of seed tubers. However, the treat-
ments should be fine-tuned and adapted to the varieties, as they may respond 
differently to the treatments. It is hoped that incorporation of optimal treat-
ment to varieties’ production technology will not only solve the problem of 
dormancy breaking, but it can increase tuber setting per plants, too. 
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