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Tulips are the  most important  geophytes in  the 
world. Millions of tulip bulbs are sold annually and 
there are more than 5 000 registered cultivars (Kılıç 
2018). The cultivars were mainly obtained from Tu-
lipa gesneriana species (Bach, Sochacki 2013). Gib-
berellic acid (GA3), one of  the important  growth 
regulators, has a significant effect on plant growth. 
Many plants grew larger shoots, leaves, stems, and 
roots as a result of the exogenous application of GA, 
which encouraged cell  growth and division (Bose 
et al. 2013). In addition with three different blueber-
ry varieties, foliar GA3 spray greatly improved bloom 
return (Zang et al. 2016). In the absence of gibber-
ellin, the  internode length of  the plant may not 

extend as  much as  in the  presence of  gibberel-
lin, and therefore plant development may not be 
at the desired level (Da Silva Vieira et al. 2010). 
Saniewski et al. (2010) reported that gibberellins, 
together with auxin, control internode elongation 
and thus tulip stem growth in tulips. Root growth 
of  pot-grown plants is a  central element in  overall 
plant performance. A strong root structure positive-
ly affects crop productivity by increasing water and 
plant nutrient intake and resistance to disease and 
pest factors (Bucksch et al. 2014). In addition root 
structure could change depending on the plant type 
and variety (Praveen et al. 2009; Kul et al. 2020). It is 
not very easy to examine the root structure. For this 
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sprayed in such a way that all parts of the plants were 
wet completely. The  application was  made when 
the plants were 15 cm tall. Considering the dryness 
of the pot soil, 200 mL irrigation was applied to each 
pot. Fertilization was not done.

Measurements of above-ground vegetative charac-
teristics. The experiment was set up with three rep-
etitions of each application and 7 plants in each rep-
etition. A total of 21 plants were measured for each 
application. Measurements were made in  the sec-
ond week of April, when tulips were in full bloom. 
In measurements: plant height (cm) (measured from 
the soil surface to the tip of the plant with a ruler), 
plant width (cm) (measured from the  widest part 
of  the plant with a  ruler), flower stem length (cm) 
(the part from the  soil level to  the flower base 
was measured with a ruler), flower diameter (mm) 
(flower diameter was  measured with a  digital cali-
per), perianth length (mm) (the distance between 
the lowest part of the flower and the tip of the flower 
was measured with a digital caliper), leaf length (cm) 
(flower leaf length was measured with a ruler), leaf 
number (the number of leaves in a plant was deter-
mined) and number of blooming flowers (the num-
ber of blooming flowers in each application was de-
termined) was measured.

Measurements of root architecture. WinRhizo root 
analysis program (Instuments, 2013) was used to ex-
amine the  root architectures. Plant roots removed 
from the pots were carefully washed and dried with 
paper towels. After drying, the  roots were placed 
on the scanner (Epson Expression 10000XL, Epson 
America  Inc., Long Beach, CA, USA) and images 
were transferred to  the computer in  three dimen-
sions (Figure 1).

The following parameters of  root structure and 
rooting levels were examined with the WinRhizo pro-
gram. WinRhizo software allowed us to  determine 
total root length (cm), root surface area (cm2), root 
volume (cm3), average root diameter (mm), number 
of tips, number of forks, and number of crossings.

Data evaluation. The research was established ac-
cording to a completely randomized design. Three 
different GA3 treatments, and a control group were 
used for applications. Each replication had a single 
bulb and 21 plants for  each treatment were evalu-
ated. Variance analysis was  performed using SPSS 
statistical software version 20.0 and differences 
between threatments compared with Duncan mul-
tiple comparison test (within 5% error limits). Also, 
the relationships between treatments and plant cha-

reason, the number of studies based on the pheno-
typic characteristics of the root is generally quite low. 
Many advances  have been made in  root measure-
ments in recent years. Techniques such as plant im-
age analysis software that can be easier, faster, repro-
ducible and more descriptive of  root  growth  have 
been developed (Judd et al. 2015).

In this study, the  effects of  GA3 application on 
the  development of  above-ground vegetative pro-
perties and root architectural characteristics of  th-
ree tulips cultivars were investigated. It is known 
that GA3 applications applied to different tulip spe-
cies and cultivars increase some plant above-ground 
characteristics such as  plant height, flower height, 
flower stem length and number of  flowers (Vanb-
ragt, Zijlstra  1971; Suh 1997; Zengin, Kelen 2016). 
However, studies on the  effects of  root architectu-
ral features on the development of tulip species and 
cultivars are limited. In this study, the effect of GA3 
application on root architectural features along with 
the  development of  the above-ground parts of  the 
plant were both evaluated and revealed what  ef-
fects GA3 exongenous application  had on root ar-
chitectural development. The  most effective dose 
of GA3 was determined to promote both good abo-
ve-ground vegetative development and root growth.

MATERIAL AND METHODS

The research was carried out at the Black Sea Ag-
ricultural Research Institute, Samsun, Türkiye.

Plant material. In  the study, tulip bulbs with 
a  circumference of  12  cm and over (12/+) belon-
ging to  the red colored ‘Jan Reus’, ‘Bloody Mary’ 
and yellow colored ‘Yokohama’ Triumph cultivars 
used as cut flowers from the were used. Tulip bulbs 
were obtained from a Asian Tulip company. Before 
planting, the tulip bulbs were sprayed with fungici-
de (Captan 50 WP) and allowed to dry. Dried bulbs 
were planted in  2 L pots containing peat  + perlite 
(3 : 1) mixture, one in each pot. Plantings were done 
in September 2021. The pots were placed in a  sui-
table area in the institute garden. During the experi-
ment period (Eylül-Nisan), the average temperature 
was measured as 20 ± 3 ºC and humidity as 70 ± 5%.

Experimental design
GA3 applications. Gibberellic acid (GA3) at 0, 100, 

200 and 400 ppm were applied. GA3 solutions were 
put into a 2 L hand-held pressure spraying pump and 
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racteristics were determined in Pearson’s correlati-
ons (within 5% and 1% error limits).

RESULTS 

It was determined that 200 ppm application was the 
best treatment that increased plant height by 7.7% and 
1.1% in ‘Jan Reus’ and ‘Yokohama’, respectively, com-
pared to the control. The least increase in plant height 
was found to be 7.4% and 7.3% in 400 ppm treatment 
in  ‘Jan Reus’ and ‘Yokohama’, respectively. Different 
results were obtained in  ‘Bloody Mary’ compared 
to  the other two cultivars. Accordingly, an  increase 
of 30.7% was found in ‘Bloody Mary’ at 400 ppm ap-
plication compared to  the control, while the  lowest 
increase was 22.6% at 100 ppm (Table 1).

In ‘Jan Reus’ and ‘Yokohama’, 400  ppm applica-
tion increased the  plant width by  29% and 35%, 
respectively, while the  lowest plant width increase 
was found in control plants. In ‘Bloody Mary’, while 
200  ppm increased plant width by  15% compared 
to  the control, a  9.5% lower plant width increase 
was found in 400 ppm application compared to the 
control (Table 1).

In ‘Jan Reus’ and ‘Yokohama’, 200  ppm applica-
tion increased flower stem lengt by  12.5% at  the 
same rate compared to  the control. In  ‘Jan Reus’, 
400  ppm was  6.7% lower than the  control, while 
in  ‘Yokohama’, the  lowest increase was  detected 
in  control plants. In  ‘Bloody Mary’, 400  ppm in-
creased flower stem lengt by 32% compared to the 
control, while the  lowest increase was  obtained 
from control plants (Table 1).

(A) (B) (C)

Figure 1. Measurement of tulips roots with 3D scanning WhinRhizo program
(A) ‘Jan Reus’ roots; (B)‘Bloody Mary’ roots; (C) ‘Yokohama’ roots

Cultivar Aplication
Plant 

height 
Plant  
width

Flower 
stem length 

Flower  
diameter

Length 
of perianth Leaf length 

(cm)
Number 
of leaves

Number 
of flowers Average

(cm) (mm)

Jan Reus

Control 36.5ab 21.3c 31.8b 56.8b 58.3a 17.2a 3.0 4b 28.6b

100 38.0a 21.5c 35.3a 54.3 c 54.2b 17.8a 3.7 5b 28.7b

200 39.3a 24.9b 35.8a 64.4a 58.2a 17.9a 3.3 10a 31.7a

400 34.0b 27.5a 29.8b 59.8ab 58.0a 15.4b 3.7 6b 29.3ab

Bloody 
Mary

Control 26.1c 15.0b 20.2c 50.8c 61.5c 12.3 3.0 4c 20.9b

100 32.0b 16.0ab 25.5b 53.8a 64.5a 13.3 3.0 10b 27.3a

200 27.5c 17.3a 22.0c 52.1ab 62.6b 13.5 3.3 13a 26.4ab

400 34.1a 13.7c 26.7a 51.2b 63.3ab 13.1 3.3 10b 26.9ab

Yokohama

Control 26.3a 17.2c 19.2b 45.3b 62.8a 15.1b 3.3 3b 24.0ab

100 25.6ab 18.9bc 19.7b 42.2 c 56.7b 13.0c 3.3 4b 22.9b

200 26.6a 19.9b 21.6a 50.7a 57.9b 13.7c 3.0 8a 25.2a

400 24.5b 23.3a 19.3b 45.9b 58.6ab 15.4a 3.7 4b 24.3ab

a−cSignificant difference between the means with different letters (Duncan) within the error limits of P < 0.05.

Table 1. Effects of different GA3 applications on vegetative properties
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Flower diameter increased by 13% and 12% in ‘Jan 
Reus’ and ‘Yokohama’ with 200  ppm application 
compared to the control, respectively. In  ‘Jan Reus’ 
and ‘Yokohama’, flower diameter was 4.4% and 6.8% 
lower than the  control at  100  ppm, respectively. 
In  ‘Boody Mary’, an  increase of  5.9% was  detected 
at 100 ppm compared to the control, while the low-
est flower diameter increase was  obtained from 
the control (Table 1).

The data  obtained showed that  control, 200 and 
400  ppm treatments  had the  same effect on length 
of perianth in ‘Jan Reus’, while in ‘Yokohama’, the best 
results were obtained only from control plants. 
Again, in  ‘Jan Reus’ and ‘Yokohama’, the  lowest re-
sults were obtained from 100 ppm at 7% and 9.7%, re-
spectively. In ‘Bloody Mary’, 4.9% increase was found 
at 100 ppm compared to the control, while the lowest 
result was obtained from control plants (Table 1).

While the control, 100 and 200 ppm treatments had 
the same effect on leaf length in ‘Jan Reus’, leaf length 
increased 10% less than the  control in  400  ppm 
treatment. On the contrary, in  ‘Yokohama’, a 2% in-
crease was  detected in  400  ppm application com-
pared to  the control, while a  14% lower increase 
was  detected at  100  ppm compared to  the control. 
On the other hand, treatments had no effect on leaf 
length in  ‘Bloody Mary’. Similarly, the  effect of  the 
treatments on the number of leaves was found to be 
insignificant (Table 1).

It was  determined that  the most effective ap-
plication on the  number of  flowers in  ‘Jan Reus’, 
‘Bloody Mary’ and ‘Yokohama’ was 200 ppm, and 

it was  the application that  increased the  number 
of flowers the most by 150%, 225% and 167%, re-
spectively, compared to  the 200  ppm control. 
The lowest number of flowers was found in control 
plants in  all three cultivars. However, it was  also 
determined that  the number of flowers was quite 
low compared to  the number of  bulbs planted 
for each application (Table 1).

The effects of  GA3 applications on root archi-
tectural features in  ‘Jan Reus’, ‘Bloody Mary’ and 
‘Yokohama’ are  given in  Table 2. In  ‘Jan Reus’ 
and ‘Yokohama’ cultivars, the  longest roots were 
found in control plants. In ‘Bloody Mary’, 400 ppm 
increased root length by  16% compared to  the 
control. Again, compared to  the control, root 
length was found to be by 29% lower in ‘Jan Reus’ 
at 400 ppm application, 15% lower in ‘Bloody Mary’ 
at 200 ppm application, and 31% lower in ‘Yokoha-
ma’ (Table 2, Figure 2).

‘Jan Reus’ increased root surface area by 17% com-
pared to  100  ppm control. In  ‘Bloody Mary’ and 
‘Yokohama’, the  effect of  the treatments was  lower 
than the control. Root surface area was found to be 
23% lower in ‘Jan Reus’ at 400 ppm application, and 
46% and 48% lower in  ‘Bloody Mary’ and ‘Yokoha-
ma’ at 200 ppm application, respectively, compared 
to the control (Table 2, Figure 2).

At 100 ppm application in ‘Jan Reus’, root vol-
ume increased by 62% compared to the control. 
In  ‘Bloody Mary’ and ‘Yokohama’, the  highest 
root volume was  found in  control plants. Root 
volume was found to be 47%, 65% and 62% lower 

Cultivar Aplication Root length 
(cm)

Root  
surface 

area (cm2)

Root  
volume 
(cm3)

Root  
diameter 

(mm)

Number 
of tips

Number 
of forks 

Number 
of crossings Average

Jan Reus

Control 574a 275ab 1.05ab 1.52b 367ab 889b 63b 310b

100 557ab 321a 1.70a 2.10a 416a 1188a 101a 370a

200 529ab 229b 0.80b 1.45b 341b 824b 54b 283c

400 406b 210b 1.00ab 2.00a 250c 66c 59b 227d

Bloody 
Mary

Control 496b 285a 1.37a 1.90a 416a 877a 65b 306a

100 472b 210b 0.78b 1.25b 344b 758b 79a 266b

200 421c 154c 0.48c 0.99c 360b 527c 38c 214c

400 577a 249ab 0.93b 1.33b 406a 778b 55b 295ab

Yokohama

Control 727a 344a 1.38a 1.60a 448b 951b 72b 364ab

100 730a 252b 0.69b 1.15c 531a 1016a 114a 377a

200 498b 179c 0.53c 1.25b 374c 612c 52c 245b

400 561b 232b 0.78b 1.30b 325c 710bc 49c 268b

Table 2. Effects of different GA3 applications on plant root architectural features

a–dSignificant difference between the means with different letters (Duncan) within the error limits of P < 0.05
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in all three species, respectively, in the 200 ppm 
application compared to  the control (Table 2, 
Figure 2).

In ‘Jan Reus’, root diameter increased by  38% 
in  100  ppm treatment compared to  the control. 
In  ‘Bloody Mary’ and ‘Yokohama’, the  highest root 
diameter was  obtained from control plants. Root 
diameter was 4.6% and 48% lower in ‘Jan Reus’ and 
‘Bloody Mary’ at 200 ppm treatment and 28% low-

er in  ‘Yokohama’ at  100  ppm treatment compared 
to control (Table 2, Figure 2).

In ‘Jan Reus’ and ‘Yokohama’, 100  ppm applica-
tion increased the number of tips by 13% and 18.5%, 
respectively, compared to  the control. In  ‘Bloody 
Mary’, the effect of the treatments was found to be 
lower than the  control. According to  the number 
of tips control, it was found to be 32% and 27% lower 
in  ‘Jan Reus’ and ‘Yokohama’ at  400  ppm applica-

Figure 2. The rate of change of root architectural features 
compared to the control values of the analysis results after 
GA3 applications
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tion, respectively, and 17% lower in  ‘Bloody Mary’ 
at 100 ppm application (Table 2, Figure 2).

In ‘Jan Reus’ and ‘Yokohama’, 100 ppm application 
was the best application that increased the number 
of forks by 33.6% and 6.8%, respectively, compared 
to  the control, while in  ‘Bloody Mary’, the  effect 
of  the applications remained low compared to  the 
control. According to the number of forks control, it 
was found to be 25% lower in ‘Jan Reus’ at 400 ppm 
application, and 40% and 36% lower in ‘Bloody Mary’ 
and ‘Yokohama’ at 200 ppm application, respectively 
(Table 2, Figure 2).

100 ppm application was found to be the applica-
tion that increased the number of crossing the most 
in ‘Jan Reus’, ‘Bloody Mary’ and ‘Yokohama’ by 60%, 
22% and 58%, respectively, compared to the control. 
Number of  crossing control was  found to  be 14%, 
42% and 28% lower in all three cultivars, respectively, 
at 200 ppm application. When the application aver-
ages were examined according to species, 100 ppm 
was the best application in increasing root develop-
ment in  ‘Jan Reus’ and ‘Yokohama’, while the effect 
of the applications in ‘Bloody Mary’ was lower than 
the control. Again, while 200 ppm in ‘Bloody Mary’ 
and ‘Yokohama’ was the lowest application in terms 
of root development, 400 ppm in ‘Jan Reus’ was the 
lowest application in  terms of  root development 
(Table 2, Figure 2).

Correlation analysis of the relationships betwe-
en growth and rooting parameters. When Table 3 
was  examined, it was  found that  the relationship 
between applications and root diameter was negati-
ve and significant at the P < 0.05 level, a positive and 
insignificant relationship with leaf length, number 
of blooming flowers, root length, and a negative and 
insignificant relationship with all other characteristi-
cs (Table 3). It was determined that there was a posi-
tive correlation between plant height and flower stem 
length, flower bud diameter, leaf length at  P < 0.01 
level, a significant correlation at P < 0.01 level betwe-
en root length and root surface area and a negative 
correlation at  P < 0.05 level between root volume. 
(Table 3). There was a significant correlation between 
plant width and leaf length at  P <  0.05 level. There 
was a positive and significant correlation at P < 0.01 
level between flower stem length and flower bud di-
ameter and leaf length, a negative correlation betwe-
en root length and root surface area and a significant 
correlation at  P < 0.01 level (Table 3). A positive 
and significant relationship at P < 0.01 level was de-
termined between flower bud diameter and length 

of  perianth, leaves length, fork and crossing. There 
was a positive and significant correlation at P < 0.05 
level between leaf length and fork. A negative insig-
nificant relationship was found between the number 
of flowers and all root parameters (Table 3). Sarıbaş 
et  al. (2019) found a  significant and positive relati-
onship between total root length and surface area in 
a study on eggplant rootstocks. However, they found 
a negative relationship between total root length and 
mean root diameter and volume. Bouma  (2000) re-
ported that  root length and diameter distribution 
are important features to  consider when describing 
and comparing root systems. In  our study, a  signi-
ficant and negative relationship was  found between 
the  applications and the  mean root diameter. Whi-
le it increased the root diameter of  the applications 
in  ‘Jan Reus’, it decreased it in  ‘Bloody Mary’ and 
‘Yokohama’. The  small root diameter is an  impor-
tant indicator of the plant’s desire to reach food and 
water. It is also a measure of the adaptability of these 
plants. The reduction in root diameter can be explai-
ned as follows in this study; GA3 applied to the plant 
significantly stimulated the growth of the upper part 
of  the plant. For  this reason, the  existing assimila-
tes in the plant were used in the development of the 
above-ground part. As  a  result, it was  concluded 
that the plant needed more nutrients and therefore, 
in order to get more nutrients, the root architecture 
was  changed and the  root diameters were reduced. 
The result of this analysis shows that it would be use-
ful to consider root diameter values ​​in studies on root 
parameters (Table 3).

DISCUSSION

Effect of  GA3 on above-ground vegetative 
properties. Three different doses of GA3 were sta-
tistically effective in all three types. 200 ppm GA3 
application was the most effective in ‘Jan Reus’ and 
‘Yokohama’, and 100 ppm GA3 application was the 
most effective in ‘Bloody Mary’. While the most ef-
fective application in increasing plant height in ‘Jan 
Reus’ and ‘Yokohama’ was 200 ppm, it was 400 ppm 
in ‘Bloody Mary’. Again, in ‘Jan Reus’ and ‘Yokoha-
ma’, a lower growth was detected in the 400 ppm ap-
plication compared to 200 ppm in plant height. On 
plant width, 200 ppm was more effective in ‘Bloody 
Mary’ and 400 ppm in  ‘Jan Reus’ and ‘Yokohama’. 
In terms of flower stem length, 200 ppm was found 
to  be more effective in  ‘Jan Reus’ and ‘Yokoha-
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ma’, while 400  ppm was  found to  be more effec-
tive in  ‘Bloody Mary’. In terms of flower diameter, 
200 ppm was more effective in ‘Jan Reus’ and ‘Yoko-
hama’, and 100 ppm was more effective in ‘Bloody 
Mary’. The effects of GA3 on length of perianth were 
found to be different in each variety. In the research 
conducted by Zengin and Kelen (2016), the high-
est plant height, flower height, flower stem length 
and flower diameter of ‘Cafe noir’ and ‘Conqueror’ 
tulip cultivars were determined in  300  ppm GA3 
application. In our study, cultivars responded dif-
ferently to the applications. This situation supports 
studies reporting that  different species and varie-
ties respond differently to applications. As a mat-
ter of  fact, it has been reported that  the respons-
es of  plant species to  chemical applications vary 
(Jones, MacMillan 1985).

Masud (1995) reported that  GA3 increased leaf 
proliferation and the highest number of  leaves per 
plant was obtained from cloves treated with 100 and 
200 ppm GA3. However, in this study, GA3 applica-
tions did not have any effect on the number of leaves.

In the literature, it has been observed that GA3 gen-
erally causes an  increase in  the number of  flower 
buds or the  number of  flowers or panicles. In  his 
study on ‘Apeldoorn’ and ‘Golden Apeldoorn’ tu-
lip cultivars, Suh (1997) determined that  he kept 
the cultivars at 5  °C for 6, 9 and 12 weeks and in-
jected GA3, GA4+7 and promalin into the  bulbs 
before planting. It was  observed that  promalin 
and  gibberellins increased flowering in  both culti-
vars. Since the  highest number of  flowers was  ob-
tained at 200 ppm dose in all three cultivars in this 
study, it can be said that 200 ppm dose is the opti-
mum dose in terms of flower number. It was deter-
mined that the number of flowers was lower in the 
400 ppm application compared to the 200 ppm dose. 
In the study conducted by Zengin and Kelen (2016) 
on ‘Conqueror’ and ‘Cafe noir’ cultivars, the flower-
ing rate was obtained from a dose of 300 ppm, but 
it was determined that the flowering rate decreased 
in  the application of  700  ppm GA3. It is known 
that this situation is probably due to the high dose 
of 700 ppm application. Rossi et al. (2004) also re-
ported that some plants, in particular, may be nega-
tively affected by high dose applications. According 
to the results of this study, it was determined that in 
the application of doses higher than the GA3 doses 
determined as the optimum dose, plant property val-
ues were lower than the values obtained at the opti-
mum dose, similar to the findings of the researchers 

(Table 1, Figure 2). In addition, the lowest flowering 
rates in  all three cultivars were determined in  the 
control application. Hormone doses appear to  sig-
nificantly increase flowering rates. This situation is 
thought to be related to  the fact that GA3 applica-
tion is effective in meeting the cooling need of tulip 
bulbs and ultimately increases the  flowering rate. 
In this regard, the findings are similar to the findings 
of  (Vanbragt, Zijlstra  1971; Zengin, Kelen 2016), 
who reported that  the flowering rate decreased or 
no flowers were formed in tulip bulbs that were not 
adequately cooled (Table 1).

Impact on root architecture features of  GA3. 
In this study, GA3 applications had an increasing ef-
fect on the root architectural features of  ‘Jan Reus’ 
such as root surface area, root volume, root diameter, 
number of forks and number of crossings, while its 
effect on root length remained low compared to the 
control. While root length and number of crossings 
increased in ‘Bloody Mary’, its effect on root surface 
area, root volume, root diameter, number of  tips 
and number of forks remained low compared to the 
control. As for ‘Yokohama’, while the number of tips, 
number of forks and number of crossings increased, 
its effect on root length, root surface area, root vol-
ume and root diameter remained low compared 
to the control. (Table 2, Figure 2). According to the 
results, it was determined that the reactions of dif-
ferent cultivars to  the applications were different. 
In  fact, it is known that  the morphology of  a  root 
system can be complex and vary greatly even within 
a species (Hodge 2009; Sarı, Çelikel 2021).

These results reveal two results when compared 
with the studies of previous researchers;

It suggests that external application of GA3 limits 
root growth by blocking the effect of auxin. As a mat-
ter of  fact, this situation confirms the  information 
that GA3 is synthesized in the root and transported 
to a large extent from the root to the above-ground 
organs, and that  it is responsible for  regulating 
the  activity of  auxin, which is carried only from 
the above-ground organs to the root in the root re-
gion. It was determined that polar auxin transport 
plays an important role in the development of lateral 
roots (Casimiro et al. 2001). It was reported that re-
moval of apical tissues or application of polar trans-
port inhibitors inhibits lateral root development 
(Reed et al. 1998). Rahim and Alamgir (1995) report-
ed that GA3 inhibited root growth in Colocasia es-
culenta. However, the  absence of  GA3 in  the root 
zone was found to cause a decreased root elongation 
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rate. This is an  indication that  there is a minimum 
requirement for  GA for  cell  growth in  plant roots 
(Tanimoto 1991). Indeed, Barlow (1992) determined 
that the root meristems of the 9ib-1 mutant of the 
GA-deficient tomato displayed shorter and wider 
meristematic cells compared to the root meristems 
of  wild types. It was  reported that  this indicates 
that  GAs  are involved in  the morphogenetic con-
trol of  root development. Baluška  (1993) similarly 
reported that  low gibberellin concentration in root 
tissues causes root thickening. In  this study, plant 
root diameters of ‘Bloody Mary’ and ‘Yokohama’, ex-
cept for ‘Jan Reus’, were found to be higher in con-
trol plants than those treated with GA3 (Table 2, 
Figure  2). This was also expressed by Ud-Deen and 
Kabir (2011), where GA3 treated roots were thin-
ner than water-treated plants. According to  Rah-
man et al. (2006), the number of roots in carnations 
was  the highest at 250 ppm, and it decreased with 
further increase in GA3, and they reported that the 
differences in  optimum concentration might be 
due to cultivar characteristics. Again, in this study, 
although it varied depending on the variety, as  the 
dose increased, the development of the architectur-
al features of  the root was  found to  be lower than 
the optimum dose (Table 2, Figure 2).

In tulip cultivars, very low doses of  GA3 pro-
mote root growth with auxin. If a higher dose than 
the  optimum dose is applied externally, this nega-
tively affects root growth. This issue was explained 
by  arguing that  GAs  control the  growth of  stem 
cells at  lower concentrations than in above-ground 
shoot organs (Tanimoto 1991). Gibberellins applied 
to  intact root systems appear to  have highly vari-
able effects. It was  reported that  gibberellins pro-
mote root growth in some plant species but inhibit 
it in  others (Feldman 1984). These facts indicate 
that roots, like auxins, require extremely low levels 
of  gibberellin for  their normal  growth; therefore, 
very low concentrations of gibberellins may be suf-
ficient for root growth. It is also supported by cur-
rent results that  normal  growth of  roots requires 
a much lower level of gibberellin than the develop-
ment of above-ground organs. Roots synthesize gib-
berellins that  are transported to  shoots, although 
there is insufficient data  on how much GA3 is ab-
sorbed by  the roots and transported to  the aerial 
parts. Therefore, it was  reported that  gibberellins 
can regulate normal root  growth at  a  much lower 
concentration range than shoot growth by cooperat-
ing with low levels of auxins (Tanimoto 1987). When 

this study was evaluated according to these results, 
it was  concluded that  giberalins produced by  the 
plant did not limit root  growth. Because the  plant 
produces as much as it needs. For this reason, exter-
nally given gibberellins adversely affected root devel-
opment in tulip cultivars as it would increase the op-
timum dose in the plant. In addition, it was revealed 
in this study that less amount of giberalin should be 
applied from the stem for root elongation (Table  2, 
Figure 2). Again, reduction of endogenous GA lev-
els by treating plants with Paclobutrazol (PAC, a GA 
biosynthesis inhibitor) was reported to result in re-
duced root growth rate (Ubeda-Tomás et al. 2009). 
Thus, supporting and maintaining the  increase 
in root growth rate through control of  root meris-
tem size. In the research, the GA3 application with 
the  lowest development of  root architectural fea-
tures compared to  control plants was  determined 
as 400 ppm (27%) in  ‘Jan Reus’ and 200 ppm (30% 
and 33%) in  ‘Bloody Mary’ and ‘Yokohama’ (Ta-
ble 2, Figure 2). As a matter of fact, it was reported 
that natural gibberellins, like auxins, can be inhibi-
tory at  superoptimal concentrations. In  addition, 
excessive GA producing mutations and exogenous 
GA applications in  poplar (Populus tremula) and 
rice (Oryza sativa), led to suppression of lateral and 
incidental root formation (Gou et al. 2010; Lo et al. 
2008). This study results were supported by the find-
ings of the researchers.

CONCLUSION

Based on the  current findings, it  has  been deter-
mined that GA3 applications are effective in improv-
ing the  above-ground parts and root architectural 
features of plants, but GA3 application at higher than 
the  effective dose can suppress the  development 
of  these features. While it was  seen that  the ap-
plication that  increased the  above-ground proper-
ties of the plant the most was 200 ppm in ‘Jan Reus’ 
and ‘Yokohama’ and 100 ppm GA3 in ‘Bloody Mary’, 
the  application that  increased the  root properties 
the  most was  generally 100  ppm in  ‘Jan Reus’ and 
‘Yokohama’, while the  application in  ‘Bloody Mary’ 
was 100 ppm. The effect was found to be lower than 
the  control. It was  determined that  200  ppm GA3 
was  the application with the  lowest root architec-
tural properties. In addition to these effects of GA3, 
200  ppm significantly increased flowering in  tulip 
cultivars used as ornamental plants. This strengthens 
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the assumption that 200 ppm GA3 application may be 
the optimum dose to  increase flowering by meeting 
the chilling need in tulip cultivars. However, this can-
not be said for the development of root architectural 
features. It is thought that GA3, produced by the plant 
itself, may be sufficient for  the development of root 
architectural features in ‘Bloody Mary’ or may be ef-
fective at much lower dose applications. It was found 
that the results obtained varied according to the culti-
vars. According to these results, recommended to ap-
ply GA3 spray at a dose of 200 ppm to ensure flowering 
by providing cooling in tulip varieties and cut flower 
cultivation. High doses of GA3 are not recommended 
for root development. Moreover, more detailed stud-
ies are needed for root development in tulips.
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