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ABSTRACT 
 

Root restriction on the first stage of seedling growth decreases post-transplant biomass 
accumulation. Several studies in different vegetables and ornamental plants have suggested that 
this restriction would be overcome by means of a single 6-benzylaminopurine (BAP) spray. Based 
on this, the aim of this work was to evaluate the effects of both pre-transplant single BAP and 
dopamine (a cytokinin antagonist) sprays on the growth of Brussels sprout (Brassica oleracea var. 
gemmifera) plants grown in 200 plug cells tray

-1
, during different times of the annual cropping 

period. The responses of dopamine-sprayed plants were not completely similar to those previously 
reported. The different physiological processes studied in dopamine-sprayed plants through some 
growth parameters showed that dopamine affected mainly the rate of leaf appearance, which in 
turn positively affected both individual and total leaf area expansion. Dopamine-sprayed plants 
showed a higher leaf source, which allowed them to accumulate a higher biomass on both a fresh 
and dry weight basis during the initial vegetative growth stages. The effects of both BAP and 
dopamine were partially related to the environmental conditions during the experiments. 
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1. INTRODUCTION 
 
Since plug trays started to be commercially 
offered, plug seeding has thoroughly replaced 
direct seeding, despite the root restriction 
syndrome related to the limited plug cell volume. 
To override this negative effect, several authors 
working on different vegetables have suggested 
the use of an exogenous cytokinin spray [1,2]. 
 
Cytokinins are a class of plant growth 
substances (phytohormones) that control cell 
division and morphogenesis [3], and particularly 
stimulate protein synthesis [4]. The application of 
cytokinins to a single plant organ (e.g. leaves) 
leads this organ to become an active sink for 
amino acids, which then migrate to the organ 
from surrounding sites [5].  
   
Dopamine, a substituted phenethylamine [6] and 
chemical analog of cytokinin RNA bases, has 
been described as a cytokinin synthesis inhibitor 
[7] and as a precursor to plant-synthesized 
benzyl isoquinoline alkaloids with promising 
antioxidant properties. 
 
Most effects of hormones on plant growth have 
been studied by using exogenous applications. 
Our previous studies on Epipremnum aureum, 
for example, have suggested that an exogenous 
cytokinin or auxin spray would affect its 
photosynthetic active radiation (PAR). The 
application of cytokinin can also affect the 
plastochron length, leaf size, photosynthetic rate, 
leaf mesophyll anatomy and photo assimilate 
partitioning [8,9,10]. In contrast, little is known 
about the effects of an exogenous dopamine 
spray and data on Brussels sprout (Brassica 
oleracea var. gemmifera) are also lacking. 
 
Although Kotov and Kotova [11] indicated that 
the higher the root system, the higher the amount 
of cytokinin-ribosides synthesized, not all the 
numerous zeatin riboside isomers show the 
same biological activity [12]. In fact, the biological 
activity of cytokinin-like compounds normally 
depends on several structural aspects [13]. In 
this way, to test the effect of a cytokinin synthesis 
inhibitor such as dopamine is a novelty 
alternative to quantify cytokinin-like growth 
regulators effects on plant growth. 
 
Thus, the aim of this work was to evaluate the 
effect of different BAP and dopamine spray 
concentrations on the biomass accumulation of 

Brussels sprout plants grown in pots at three 
different times of the year. Our hypotheses were 
that a BAP application would override the 
previous plug tray root restriction and that a 
dopamine spray would be able to inhibit 
endogenous cytokinin on metabolic control. 
 

2. MATERIALS AND METHODS 
 

2.1 Plant Material 
 
Three experiments were conducted under a 
greenhouse located around Mar del Plata city, 
Argentina (37° 54′ S, 57° 35′ W and altitude 130 
m). Experiment 1 was conducted from August 
16

th
 to November 20

th
 2017 (winter-spring), 

experiment 2 from December 12
th
 2017 to March 

25th 2018 (summer), and experiment 3 from 
February 28

th
 to June 7th 2018 (autumn). 

 
Brussels sprout ‘Davlin’ seeds (Bejo, 
Warmenhuizen, The Netherlands) were 
germinated and grown in 200-cell-plug trays 
(13.90 cm

3
 cell

-1
) in Klasmann 411® medium 

(Klasmann-Deilmann, GmbH, Germany) 
(Canadian Sphagnum peat moss-perlite-
vermiculite 70/20/10 v/v/v).  
 
Leaves were sprayed at sunset with different 
BAP or dopamine (0, 5, 50, 100 and 200 mg L-1) 
solutions when the first true leaf pair was 
developed.  
 

2.2 Cultivation and Meteorological Data 
 

When seedlings reached to the transplant stage 
(between 35 to 45 days from sowing), they were 
transplanted into 5-L pots filled with a 1:1 (v/v) 
mix of Sphagnum maguellanicum peat and river 
waste during near 60 days (post-transplant 
stage).  
 
Plants were irrigated as needed with high quality 
tap water using intermittent overhead mist. The 
growing medium was fertilized with 1.0: 0.5: 1.0: 
0.5 (v/v/v/v) N: P: K: Ca through the overhead 
irrigation water (Stage 2: 50 mg L

-1
 N; Stage 3-4: 

100 mg L-1 N; pot: 150 mg L-1 N). 
 
Daily maximum air temperature (20.73, 28.78 
and 16.25°C), daily minimum air temperature 
(9.02, 14.14 and 8.05°C) and global solar 
radiation (8.81, 10.83 and 7.04 MJ m-2 day-1) for 
the three experiments were recorded with a 
HOBO sensor (H08-004-02) (Onset Computer 
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Corporation, MA, USA) connected to HOBO H8 
data logger.The plants arrangement at a density 
of 6 plants m

-2
 avoided mutual shading. 

 

2.3 Sampling and Growth Evaluations 
 
For destructive measurements, five plants per 
treatment and sampling date were randomly 
chosen at the transplant stage and at 7-day 
intervals during the experiments. Roots were 
washed and total fresh weights (FW) were 
recorded. Dry weights (DW) were recorded                    
after drying roots, stems, petioles and                   
leaves to constant weight at 80°C for 96 hours. 
The number of leaves was recorded and each 
leaf area was determined using the ImageJ® 
(Image Processing and Analysis in Java) 
software. 
 
The rate of leaf appearance (RLA), the relative 
growth rate (RGR), the rate of leaf area 
expansion (RLAE), the mean net assimilation 
rate (NAR) and the specific leaf area ratio (SLA) 
were calculated according to Di Benedetto and 
Tognetti [14]. 
 
The allometric coefficients between root and 
shoot were calculated as the slope (β) of the 
straight-line regression of the ln of the root DW 
vs. the ln of the shoot DW (ln root DW = a + b x 
ln shoot DW). 
 

2.4 Statistical Analysis 
 
Data were subjected to one-way ANOVA for a 
completely randomized design and means were 
separated by Tukey’s test (P < 0.05). When 
applicable, Fisher LSD-test (P < 0.05) was 
applied to determine the direction of the 
differences between treatment mean values. 
Slopes from straight-line regressions of RLAE, 
RGR and allometric values were tested using the 
SMATR package. 
 

3. RESULTS 
 
3.1 Fresh Weight Accumulation 
 
Control plants showed significant FW differences 
at the end of the experiments, achieving the 
highest FW accumulation when grown between 
December and March (experiment 2). BAP-
sprayed plants at relatively high concentrations 
(50, 100 or 200 mg L

-1
) showed decreased FW in 

all experiments, whereas dopamine-spray ones 
showed higher significant FW differences with 

both control plants and BAP-sprayed ones           
(Fig. 1a). BAP led to a decrease in FW of 80% 
(Figs. 1b and c), whereas dopamine lead to an 
increase in FW between 20% (Fig. 1c) and more 
than 200% (Fig. 1d). 
 

3.2 Dry Weight Accumulation 
 

DW showed the same response pattern as total 
FW, thus indicating that the main differences 
between the treatments were associated with the 
different photo assimilate quantities accumulated 
in leaves. At the end of experiment 1 (August-
November), dopamine-sprayed plants showed a 
significantly higher DW (Fig. 2a). In experiment 2 
(December-February), BAP-sprayed plants 
showed a decrease in DW as the BAP 
concentration increased, whereas dopamine-
sprayed plants showed no significant differences 
with the control plants (Fig. 2b). In experiment 3 
(March-April), both BAP- and dopamine-sprayed 
plants showed only minor significant differences 
with control plants (Fig. 2c). 
 

3.3 Leaf Area  
 

Total and individual leaf areas were highest in 
experiment 2. Once again, the lowest values 
were found in BAP-sprayed plants. While RLAE 
showed minor differences between treatments, 
RLA was higher in BAP-sprayed plants (Table 1). 
The total leaf area in BAP-sprayed plants 
decreased between 30 and 50%. The relative 
effect of the dopamine spray was dependent on 
the moment of the year when the experiment 
took place (Figs. 4a, b and c). On the other hand, 
the lowest BAP doses relatively decreased 
individual leaf size between 40% and 120%. The 
same heterogeneous response was found in 
dopamine-sprayed plants between the different 
experiments (Figs. 4d, e and f). 
 

3.4 Dry Weight Growth Parameters 
 
RGR and NAR decreased as the BAP 
concentration increased, although with significant 
differences between experiments. Despite this, 
the highest RGR values were found in dopamine-
sprayed plants. On the other hand, SLA showed 
an inverse response. The root: shoot allometries 
showed higher photo assimilate partitioning 
(lower  coefficient) to shoots in both BAP- or 
dopamine-sprayed plants (Table 2). The relative 
effect on RGR  (Figs. 5a, b and c) and NAR 
(Figs. 5d, e and f) showed negative values for 
BAP-sprayed plants during the three experiments 
and positive but weak effects on 
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Fig. 1. Changes in total fresh weight at the end of each of the three experiments (a) in Brussels 
sprout plants sprayed with different BAP or dopamine concentrations (0, 5, 100 or 200 mg L

-1
). 

Vertical line indicate least significant differences (LSD) and standard errors are indicated. 
Relative fresh weights (b, c and d respectively) are expressed as the percentage change 

observed relative to plants sprayed with 0 mg L
-1

 BAP 
 

dopamine-sprayed ones. Both BAP- and 
dopamine-sprayed plants showed relatively 
decreased SLA (Figs. 5g, h and i) and  
coefficient from the root:shoot allometries (Figs. 
6a, b and c). 
 

4. DISCUSSION 
 
In agreement with the meta-analysis of Poorter et 
al. [15] on the negative pot effects in plant 
biology research, previous data published by our 
laboratory during the last decade strongly 
showed the negative effects of the root restriction 
syndrome related to a limited plug cell size. 
Although we suggested that a single exogenous 
cytokinin spray early during nursery would 
override root restriction, most of the experiments 
included only hormone exogenous applications. 

In view of that, in the present study, we decided 
to test the effect of an exogenous BAP supply on 
Brussels sprout plants grown in 200-plug cell 
trays

-1 
(a common limited cell size) and then 

transplanted to 5-liter pots and at the same time 
test the effect of dopamine, a suggested 
cytokinin synthesis inhibitor. We expected to find 
a decrease in biomass accumulation on FW/DW 
basis, a lower leaf area, a lower photosynthetic 
rate and a lower photo-assimilate partitioning to 
roots in controls and dopamine-sprayed plants. 
However, our results were not completely in 
agreement with these assumptions. 
 
Control plants showed the lowest FW and DW, 
with a slight or negative increase in BAP-sprayed 
plants (with significant differences related to the 
time of the year at which the experiment took 
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place) (Figs. 1 and 2). These results are not in 
agreement with our previous reports in other 
vegetables [2] and ornamental plants [1], but are 
similar to those in squash [16] and the 
ornamental fern Asplenium nidus avis 
(unpublished data). Dopamine sprays seem to 
affect endogenous cytokinin synthesis [7] and the 
control of total biomass accumulation on either a 
FW or a DW basis. 
 

To understand FW and DW results, it is 
important to have a good understanding of the 
physiological processes involved in biomass 
accumulation. At plant level, biomass 
accumulation on both FW and DW basis is 
mainly related to total leaf area expanded and 
photo-assimilate fixation and partitioning 
between different sinks, all traits that are 
positively related to each other [17]. 

  

 
 

Fig. 2. Changes in the DW of roots, leaves, petioles and stems at the end of each of the three 
experiments (a, b and c, respectively) in Brussels sprout plants sprayed with different BAP or 

dopamine concentrations (0, 5, 100 or 200 mg L-1). Vertical lines indicate least significant 
differences (LSD) and standard error are indicated
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Fig. 3. Relative total (A, B and C) and individual leaf area (d, e and f) at the end of each of the 

three experiments in Brussels sprout plants sprayed with different BAP or dopamine 
concentrations (5, 50, 100 or 200 mg L

-1
). Data are expressed as the percentage change 

observed relative to plants sprayed with 0 mg L-1 BAP 
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Fig. 4. Relative RLA (a, b and c) and RLA (d, e and f) for each of the three experiments in 

Brussels sprout plants sprayed with different BAP or dopamine concentrations (5, 50, 100 or 
200 mg L-1). Data are expressed as the percentage change observed relative to plants sprayed 

with 0 mg L
-1

 BAP 
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Fig. 5. Relative RGR (a, b and c), NAR (d, e and f) and SLA (g, h and i) for each of the three 
experiments in Brussels sprout plants sprayed with different BAP or dopamine concentrations 

(5, 50, 100 or 200 mg L
-1

). Data are expressed as the percentage change observed relative to 
plants sprayed with 0 mg L

-1
 BAP 

 

Total leaf area is the result of the leaf primordium 
initiation rate, and the leaf expansion rate 
(responsible for the individual leaf size of each 
leaf expanded), which can be estimated through 
RLA and RLAE respectively. Although our results 
showed significant differences in total and 
individual leaf area between experiments, the 
lower values were found in BAP-sprayed plants 
(Table 1). This was the most unexpected result 
because in other previously studied vegetables 
(except in squash) [16] and ornamental plants 
(except in A. nidus avis), BAP-sprayed plants 
significantly increased individual and total leaf 
area. In turn, the dopamine spray had a weak 
positive effect (Fig. 3). On the other hand, the 
RLA (an estimate of the plastochron length) of 
BAP-sprayed plants showed higher absolute 
values (Table 1) and relative effects (Fig. 4a, b 
and c). Since Brussels sprout leaves appeared 
on a single shoot without branches, the increase 
in RLA would indicate a shorter plastochron. One 
of the main results of this work was that the 
exogenous dopamine sprays did not suppress 
the effects of endogenous cytokinins on RLA. 
 
To understand these results, it must be kept in 
mind that the primary shoot apical meristem is 
responsible for generating all above ground 
organs and is controlled by hormones, which 
regulate biosynthesis and transport of other 
hormones, and by hormone interactions. These 
hormones include auxins, cytokinins and 
gibberellins, which act both independently and in 
combination to regulate meristem function 
[9,10,14,18]. Leaves are formed into an initial 
group of cells within the meristem; one of the 
earliest markers for leaf initiation is the down-
regulation of the KNOTTED and WUSCHEL 

genes in these cells [19]. Genetic analyses have 
demonstrated that a high cytokinin: low 
gibberellin ratio is important for KNOX gene 
function [20]. Cytokinins are synthesized mainly 
in the roots [21] and move through the stem 
xylem to the shoot apical meristem, although the 
effective cytokinin concentration is the result of 
endogenous and environmental signals [22]. The 
main function of endogenous cytokinins is to 
control the cell cycle and the growth of the shoot 
apical meristem [4,23]. Although a higher 
individual leaf area would be explained by the 
common effect of cytokinins on leaf expansion 
[24], each new leaf needs that the shoot apical 
meristem increases and a non-limiting photo-
assimilate supply to hold vegetative plant growth. 
Although cytokinin-rich tissues, such as the shoot 
apical meristem, are photo-assimilate sinks, it is 
possible to hypothesize that a higher leaf 
initiation would exceed the photo-assimilate 
supply from plant sources and restrict leaf 
expansion. In this way, the negative effect of a 
dopamine spray on RLA would leave more 
photo-assimilates available for the growth of 
each expanded leaf. 
 
Biomass accumulation can be estimated through 
RGR. In our experiments, RGR allowed 
explaining the lower DW in BAP-sprayed plants 
and the higher DW in dopamine-sprayed ones as 
the relative response related to controls (Table 2; 
Fig. 5). On the other hand, NAR (the 
physiological RGR component) and SLA (an 
estimator of mesophyll thickness) would indicate 
that the higher biomass accumulation in control 
and dopamine-sprayed Brussels sprout plants 
would be related to a direct higher photosynthetic 
capacity but not to changes in leaf structure. 

-10

-5

0

R
e
la

tiv
e
 S

L
A

 (
%

)

i



 
 
 
 

Miglioli et al.; AJAHR, 6(3): 24-36, 2020; Article no.AJAHR.59456 
 
 

 
33 

 

Based on the fact that Boonman et al. [25] 
indicated that cytokinins stimulate the expression 
of photosynthetic enzymes, Oguchi et al. [26] 
suggested a relationship between photosynthetic 
rates and leaf anatomy. Light-saturated rates of 
photosynthesis on a leaf area basis depend not 
only on photosynthetic biochemistry but also on 
mesophyll structure. Because resistance to CO2 
diffusion from the sub-stomatal cavity to the 
stroma is substantial, it is likely that the 
mesophyll structure affects the photosynthetic 
rate by affecting CO2 diffusion in the leaf [27]. 
Our results showed that dopamine sprays did not 
significantly change the effect of endogenous 
cytokinins on leaf mesophyll thickness but did 
affect the leaf photosynthetic capacity (Fig. 5). 
 
The root: Shoot allometries allowed estimating 
the photo-assimilate partitioning between them. 
The lower β coefficients in Brussels sprout plants 
showed a higher photo-assimilate partitioning to 
shoots in both BAP- and dopamine-sprayed 
plants (Table 2). Dopamine sprays had a non-

significant effect on the root: shoot allometries 
(Fig. 6). 
 
The temperature requirements for optimum 
production of Brussels sprouts ranged between 
17° and 21°C during the 3-4 months of early 
growth [28]. Because the environmental 
conditions (daily temperatures and photon flux 
radiation) in the three experiments were quite 
different, we can hypothesize that endogenous 
cytokinin synthesis can change in response to 
environmental variables such as temperature 
and photon flux radiation. In agreement with this 
assumption, several studies have found a 
positive interaction between cytokinins and 
photosynthetic active radiation [9,10,29] or 
temperature [30,31]. We may also speculate that 
some of the dopamine-inhibited physiological 
processes had different endogenous cytokinin 
thresholds, which define the final response of 
plants. Both of these hypotheses would be 
involved in the responses of BAP- and 
dopamine-sprayed Brussels sprout plants. 
 

 

 
 

 
 

Fig. 6. Relative partition β coefficient for each of the three experiments (a, b and c respectively) 
in Brussels sprout plants sprayed with different BAP or dopamine concentrations (5, 50, 100 or 
200 mg L

-1
). Data are expressed as the percentage change observed relative to plants sprayed 

with 0 mg L
-1
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Table 1. Changes in total leaf area, individual leaf area, rate of leaf appearance (RLA) and relative leaf expansion rate (RLAE) in Brussels sprout 
plants sprayed with different BAP or dopamine concentrations (0, 5, 50, 100 or 200 mg L-1) for each of the three experiments. Different lower case 

letters indicate significant differences (P < 0.05) between control and BAP- or dopamine-sprayed plants. Different capital letters indicate significant 
differences (P < 0.05) between experiments 

 
 Leaf area (cm

2
 plant

-1
) Leaf area (cm

2
 leaf

-1
) RLA (leaves week

-1
 plant

-1
) RLAE (cm

2
 cm

-2
 day

-1
) 

Exp. 1 Exp. 2 Exp. 3 Exp. 1 Exp. 2 Exp. 3 Exp. 1 Exp. 2 Exp. 3 Exp. 1 Exp. 2 Exp. 3 
Control   279.69

cC
 1887.71

aA
 699.99

bB
 27.06

bC
 157.31

bA
 50.00

bB
 0.160

dB
 0.219

cA
 0.173

cB
 0.077

bB
 0.121

aA
 0.079

aB
 

BAP-5   253.17cC 1843.51aA 655.50cB 27.54bC 191.95aA 59.59aB 0.191bB 0.229bA 0.181bB 0.066cC 0.119aA 0.077aB 

BAP-50   150.40
dC

 1899.88
aA

 542.54
dB

 15.17
cC

 143.10
aA

 50.73
bC

 0.194
bB

 0.244
aA

 0.183
bB

 0.051
dC

 0.113
aA

 0.079
aB

 
BAP-100   159.87dC 1766.38bA 546.15dB   7.55dC 139.95aA 49.65bC 0.206aB 0.231bA 0.187bC 0.029eC 0.116aA 0.079aB 
BAP-200   115.57

eC
 1270.94

cA
 480.94

eB
 10.41

dC
 108.08

dA
 42.82

cB
 0.188

bB
 0.204

dA
 0.192

aB
 0.045

dC
 0.092

cA
 0.073

bB
 

D-5 1023.30
aB

 1803.41
aA

 573.67
dC

 42.33
aC

 160.49
dA

 55.99
aB

 0.176
cB

 0.209
dA

 0.177
cB

 0.105
aB

 0.117
aA

 0.074
bC

 
D-50 1051.15aB 1878.67aA 590.25dC 46.49aC 157.15cA 60.77aB 0.180cB 0.216cA 0.171cB 0.073bB 0.117aA 0.082aB 
D-100 1035.55

aB
 2045.92

aA
 646.41

cC
 44.01

aC
 178.29

cA
 56.77

aB
 0.167

cB
 0.208

dA
 0.173

cB
 0.083

bB
 0.109

bA
 0.079

aB
 

D-200   514.95bC 1951.10aA 773.15aB 48.96aC 174.64dA 56.51aB 0.160dB 0.216cA 0.172cB 0.082bB 0.124aA 0.082aB 
 
Table 2. Changes in RGR, NAR, SLA and the  coefficient from the root: shoot allometries in Brussels sprout plants sprayed with different BAP or 
dopamine concentrations (0, 5, 50, 100 or 200 mg L

-1
) for each of the three experiments. The probability of the slope being zero was P < 0.001 for 

RGR, NAR and the  coefficient. Different lower case letters indicate significant differences (P < 0.05) between control and BAP- or dopamine-
sprayed plants. Different capital letters indicate significant differences (P < 0.05) between experiments 

 
 RGR (g g

-1
 day

-1
) NAR (g cm

-2
 day

-1
) x 10

-5
 SLA (cm

2
 g

-1
)  

Exp. 1 Exp. 2 Exp. 3 Exp. 1 Exp. 2 Exp. 3 Exp. 1 Exp. 2 Exp. 3 Exp. 1 Exp. 2 Exp. 3 
Control 0.0691

eC
 0.1174

bA
 0.0879

cB
 21.80

cA
 16.47

bB
 11.99

cC
 73.07

aB
 136.72

aA
 78.79

aB
 0.511

aC
 0.853

aA
 0.582

aB
 

BAP-5 0.0544fC 0.1105cA 0.0890bB 18.43dA 16.98aB 11.05cC 71.21aC 129.56aA 77.58aB 0.462cC 0.809bA 0.578aB 
BAP-50 0.0497

gC
 0.1101

cA
 0.0838

dB
 18.47

dA
 14.41

eB
 11.94

cC
 68.20

bB
 123.81

bA
 73.74

bC
 0.441

cC
 0.792

bA
 0.528

cB
 

BAP-100 0.0256
hC

 0.1006
cA

 0.0833
dB

 11.19
eB

 14.00
eA

 11.52
cB

 69.20
bB

 129.16
aA

 74.24
bB

 0.435
cB

 0.711
cA

 0.479
dB

 
BAP-200 0.0310iC 0.0793dA 0.0797eB 12.57eA 11.87fA 11.14cA 64.81bC 121.12bA 72.32bB 0.497bB 0.830aA 0.446dB 
D-5 0.0916

aB
 0.1179

bA
 0.0827

dC
 29.00

aA
 16.66

cB
 12.29

cC
 69.52

bC
 123.84

bA
 75.29

bB
 0.462

cC
 0.729

cA
 0.544

cB
 

D-50 0.0837cC 0.1117cA 0.0902bB 29.68aA 15.13dB 13.64bC 71.06aB 127.84aA 76.15aB 0.494aB 0.711cA 0.568aB 
D-100 0.0870

bB
 0.1004

cA
 0.0862

cB
 27.92

bA
 13.75

eB
 12.65

cB
 71.99

aB
 132.40

aA
 75.40

bB
 0.470

cC
 0.616

dA
 0.559

cB
 

D-200 0.0741dC 0.1202aA 0.0960aB 22.32cA 17.46aB 17.47aB 72.55aB 126.58aA 72.04bB 0.449bC 0.653dA 0.553cB 
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5. CONCLUSION 
 
The lower effect of dopamine was that observed 
on RLA, which positively affected both individual 
and total leaf area expansion during the first 
growth stages. Because dopamine-sprayed 
plants had more photo-assimilates available, 
they were able to accumulate a higher biomass 
on both a FW and DW basis. This indicates that 
dopamine affects the photosynthetic capacity of 
the plants, estimated through NAR, but not leaf 
thickness or photo-assimilate partitioning, all 
cytokinin-regulated processes. The use of 
hormone synthesis inhibitors is a tool to 
understand how hormones affect plant 
responses. Although dopamine has been 
indicated as a cytokinin synthesis inhibitor, our 
results showed that this is not totally true, which 
is a novelty report. 
 

ACKNOWLEDGEMENT 
 

This work formed part of a Ph.D. thesis by J. 
Lozano Miglioli at the Universidad Nacional de 
Mar del Plata (Argentine), and was supported by 
the University of Mar del Plata Science Program 
under AGR 555/18 (Argentina) and the University 
of Buenos Aires Science Program 2018-2020 
(145BA) (Argentina).  
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 

1. Di Benedetto
 

A, Giardina E, De                        
Lojo J, Gandolfo E, Hakim G. Exogenous 
Benzyl Amino Purine (BAP) Applications 
for the Ornamental Pot Industry. In: 
Cytokinins: Biosynthesis and Uses (Ed. 
Sonja Kortesmäki), Nova Science 
Publishers, Inc. NY, USA. 2020;1-56. 

2. Di Benedetto A, Rattin J, Carnelos D, 
Lozano-Miglioli J, Giardina E, Araki A, 
Coro M, Pico-Estrada O, Teruel J, Di 
Matteo J, Gerasi J, Barrera L, Alonso E, 
Grigoli L. Technological uses of 
exogenous cytokinins in vegetables. In: 
Cytokinins: Biosynthesis and Uses (Ed. 
Sonja Kortesmäki), Nova Science 
Publishers, Inc. NY, USA. 2020; 107-155. 

3. Żur I, Dubas E, Krzewska M, Janowiak F. 
Current insights into hormonal regulation 

of microspore embryogenesis. Front. Plant 
Sci. 2015;6:424. 

4. Schaller GE, Street IH, Kieber JJ. 
Cytokinin and the cell cycle. Curr. Opin. 
Plant Biol. 2014;21:7-15. 

5. Zürcher E, Liu J, di Donato M, Geisler M, 
Müller B. Plant development regulated by 
cytokinin sinks. Science 2016;353:1027-
1030. 

6. Christou P, Barton, KA. Cytokinin 
antagonist activity of substituted 
phenethylamines in plant cell culture. Plant 
Physiol. 1989;89:564-568. 

7. Van Staden J, Zazimalova E, George E.F. 
Plant growth regulators II: Cytokinins, their 
analogues and antagonists. In: George, 
EF, Hall MA, de Klerk GJ. (Ed.). Plant 
propagation by tissue culture. Springer, 
The Netherlands. 2008;205-226. 

8. Di Benedetto A, Galmarini C, Tognetti J. 
Changes in leaf size and in the rate of leaf 
production contribute to cytokinin-mediated 
growth promotion in Epipremnum aureum 
L. cuttings. J. Hort. Sci. Biotech. 2013;88: 
179-186. 

9. Di Benedetto A, Galmarini C, Tognetti J. 
Exogenous cytokinin promotes Epipremun 
aureum L. growth through enhanced dry 
weight assimilation rather than through 
changes in partitioning. Amer. J. Exp. 
Agric. 2015a;5:419-434. 

10. Di Benedetto A, Galmarini C, Tognetti J. 
Effects of combined or single exogenous 
auxin and/or cytokinin applications on 
growth and leaf area development in 
Epipremnum aureum. J. Hort. Sci. Biotech.  
2015b;90:643-654. 

11. Kotov AA, Kotova LM. Role of acropetal 
water transport in regulation of cytokinin 
levels in stems of pea seedlings. Russian 
J. Plant Physiol. 2015;62:390-400. 

12. Van Staden J, Zazimalova E, George EF. 
Plant growth regulators II: Cytokinins, their 
analogues and antagonists. In: George EF, 
Hall MA, De Klerk GJ, editors. Plant 
Propagation by Tissue Culture. The 
Netherlands, Springer; 2008. 

13. Cassán F, Vanderleyden J, Spaepen S. 
Physiological and agronomical aspects of 
phytohormone production by model plant 
growth-promoting rhizobacteria (PGPR) 
belonging to the genus Azospirillum. J. 
Plant Growth Reg. 2014;33:440-459. 



 
 
 
 

Miglioli et al.; AJAHR, 6(3): 24-36, 2020; Article no.AJAHR.59456 
 
 

 
36 

 

14. Di Benedetto A, Tognetti J. Técnicas de 
análisis de crecimiento de plantas: su 
aplicación a cultivos intensivos. RIA. 2016; 
42:258-282. 

15. Poorter H, Bühler J, Van Dusschoten D, 
Climet J, Postman JA. Pot size              
matters: a meta-analysis of the                
effects of rooting volume on plant         
growth. Funct. Plant Biol. 2012;39:839-
850. 

16. Della Gaspera P, Teruel J, Giardina E,        
Di Benedetto. A. physiological and 
technological consequences of benzyl 
adenine (bap) application on butternut 
squash (Cucurbita moschata Duchesne ex 
Poir.) productivity. Amer. J. Exp. Agric. 
2016;13:1-11. 

17. Andrews M, Raven, JA, Lea PJ. Do plants 
need nitrate? The mechanisms by which 
nitrogen form affects plants. Ann. Appli. 
Biol. 2013;163:174-199. 

18. Di Benedetto A, Galmarini C, Tognetti J. 
New insight into how thigmo-
morphogenesis affects Epipremnum 
aureum plant development. Hortic. 
Bras. 2018;36,330-340. 

19. Holt AL, Van Haperen JM, Groot EP, Laux 
T. Signaling in shoot and flower meristems 
of Arabidopsis thaliana. Curr. Opin. Plant 
Biol. 2014;17:96-102. 

20. Hay A, Tsiantis M. KNOX genes: Versatile 
regulators of plant development and 
diversity. Development 2010;137:3153-
3165. 

21. Kieber JJ, Schaller GE. Cytokinins. The 
arabidopsis book 2014;12:e0168. 

22. Kudo T, Kiba T, Sakakibara H. Metabolism 
and long-distance translocation of 
cytokinins. J. Integr. Plant Biol. 2010;52: 
53-60. 

23. Brenner WG, Schmülling T. Summarizing 
and exploring data of a decade of 
cytokinin-related transcriptomics. Front. 
Plant Sci. 2015;6:29. 

24. Hepworth J, Lenhard M. Regulation of 
plant lateral-organ growth by modulating 
cell number and size. Curr. Op. Plant Biol. 
2014;17:36-42. 

25. Boonman A, Prinsen Z, Gilmer F, Schurr 
U, Peeters AJM, Voesenek LACJ, Pons 
TL. Cytokinin import rate as a signal for 
photosynthetic acclimation to canopy light 
gradients. Plant Physiol. 2007;143:1841-
1852.  

26. Oguchi R, Hikosaka K, Hirose T. Does the 
photosynthetic light-acclimation need 
change in leaf anatomy? Plant cell environ. 
2003;26:505-512. 

27. Gandolfo E, De Lojo J, Gómez D, Pagani 
A, Molinari J, Di Benedetto A. Anatomical 
changes involved in the response of 
Impatiens wallerana to different pre-
transplant plug cell volumes and BAP 
sprays. Eur. J. Hort. Sci. 2014;79:226-232.  

28. Wien HC, Wurr DCE. Cauliflower, Broccoli, 
Cabagge, Brussels sprouts. In: The 
physiology of vegetable crops. Wien, A. 
(Ed.). CAB Publishing. 1998;15:511-552. 

29. Kurepin LV, Emery RN, Chinnappa CC, 
Reid DM. Light irradiance differentially 
regulates endogenous levels of cytokinins 
and auxin in alpine and prairie genotypes 
of Stellaria longipes. Physiol. Plantarum 
2008;134:624-635. 

30. Todorova D, Genkov T, Vaseva-
Gemisheva I, Alexieva V, Karanov E, 
Smith A, Hall M. Effect of temperature 
stress on the endogenous cytokinin 
content in Arabidopsis thaliana (L.) Heynh 
plants. Acta Physiologiae Plantarum. 2005; 
27:13-18.  

31. Moncaleán P, García-Mendiguren O, 
Novak O, Strnad M, Goicoa T, Ugarte                   
MD, Montalbán IA. Temperature and                
water availability during maturation affect 
the cytokinins and auxins profile of radiata 
pine somatic embryos. Front. Plant Sci. 
2018;9:1898. 

 

© 2020 Miglioli et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/59456 


