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Abstract 
 
 

In order to assess the physiological effects of plant growth regulators (cytokinin and 
putrescine) and fungicide (pyraclostrobin) on the development of seedlings of 
‘Niagara Rosada’ grapevine and the interactions between the applied products in the 
activity of the enzymes peroxidase (POD) and polyphenol oxidase (PPO), an 
experiment in screened nursery was conducted at UNESP - FCA, Botucatu - SP from 
August to October 2013. The experimental set-up was completely randomized, with 
eight treatments and 11 replications, as follows: T1- Control (raw water); T2- 
Putrescine (Put, 2 mM); T3- Cytokinin (Ck, 6-BA, 20 mg L-1); T4- Pyraclostrobin 
(Pyr, 200 g 100 L-1); T5- Put + Ck; T6- Put + Pyr; T7- Pyr + Ck; T8- Ck via leaves 
(20 mg L-1) + Ck applied to soil (40 mg L-1); applications were performed weekly 
over three weeks. The evaluated parameters were plant height, stem diameter, 
number of leaves, leaf, stem and root fresh and dry weight, and activities of the 
enzymes POD and PPO. The obtained results show that it is possible to use 
putrescine and pyraclostrobin, as well as the associations Pyr + Ck; Put + Ck and Ck 
+ Ck, to assist the vegetative development of 'Niagara Rosada' seedlings. 
 

 
Keywords: Polyamines, 6-benzylaminopurine, vegetative growth, physiological effect 

 
 
 

                                                             
1 Agronomist, PhD student in Horticulture, FCA – School of  Agronomical Sciences, UNESP-Univ Estadual 
Paulista, Botucatu - SP, Brazil. Address: Caminho 19, 08 – Tancredo Neves - Juazeiro, BA, 48.907-410.  
Email: biacamargo1@hotmail.com (Corresponding author). 
2 Agronomist, MSc student in Horticulture, FCA – School of  Agronomial Sciences, UNESP – Univ. Estadual 
Paulista, Botucatu – SP, Brazil.  Address: P.O.Box 10 13315-000 Cabreúva – SP, Brazil. ronald.weber@fca.unesp.br  
3 Agronomist, MSc student in Horticulture, FCA – School of  Agronomial Sciences, UNESP – Univ. Estadual 
Paulista, Botucatu – SP, Brazil.  Address: Alameda Grandola, 370 CEP: 13342-112 Indaiatuba – SP, Brazil. 
Email: jacobelis@fca.unesp.br  
4 Associate Professor, Department of  Botany, Biosciences Institute, UNESP-Univ Estadual Paulista, Botucatu - 
SP, Brazil. Email:eoono@ibb.unesp.br 
5 Associate Professor, Department of  Botany, Biosciences Institute, UNESP-Univ Estadual Paulista, Botucatu - 
SP, Brazil. Email:mingo@ibb.unesp.br  



20                                           American International Journal of Biology, Vol. 3(1), June 2015 
 
 
 

1. Introduction 
 

The grapevine is a perennial, woody, deciduous, twining plant that contains 
special organs called tendrils for support. Belonging to the family Vitaceae, its genus 
Vitis is made up of species of major economic interest such as American (Vitis labrusca 
L. and other species) and European grapevines (Vitis vinífera L.).  Viticulture is an 
economic activity spread all over the world and, over the years, new strategies have 
been studied to improve the culture development. In Brazil, ever since the 
introduction of the culture and seeing the increase in production levels, new 
alternatives for production technology have been studied in order to improve culture 
management as well as the agronomical performance, yield and fruit quality, 
minimizing possible environmental aggression and preventing risks to human health 
(Artés-Hernàndez & Tomás-Barberán, 2006; Kugle et al., 2002). The techniques 
adopted to maximize agronomical performance have included the use of plant growth 
regulators and, more recently, products of physiological effect, such as strobilurins.  

 
Applications of plant growth regulators for grapevine cultivation have been 

widely employed by farmers, from seedling formation on, during pruning to 
overcome dormancy, and until fruit production, in some cases even during the fruit 
ripening stage. To promote plant development, polyamines (PA) and cytokinins (Ck) 
can be used based on their effects on cell division, while the strobilurins are part of 
the fungicide groups. Polyamines participate in several physiological responses, 
including cell division, root initiation, flower development and fruit ripening control. 
These amines can intervene in the actions of plant hormones as part of their response 
and may be considered messengers of plant hormones. Among the most common 
polyamines in plants are spermidine, spermine and putrescine (Coueé et al., 2004; Kar 
& Mishra, 1976).  Strobilurins are a recent group of fungicides, which, besides fungal 
disease control, afford greater productivity, greener leaves with a larger amount of 
chlorophyll and better development (Basf, 2005). They increase the levels of 
indolylacetic acid (IAA), isopentenyl adenine (I6-ADE) and abscisic acid (ABA), 
reducing plant respiration. They also reduce ethylene production, which contributes 
to increased liquid photosynthesis (Ypema & Gold, 1999). Cytokinins, besides 
stimulating cell division, have effects on tissue differentiation, cell growth, delayed leaf 
senescence, breaking of apical dominance, fruit development, hydrolysis of starch 
reserves, stomatal opening and chloroplast development (Davies, 2010).   
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As only few studies have been conducted to elucidate the physiological effects 
of polyamines, strobilurins and cytokinins, as well as their associations, on the 
propagation of grapevine seedlings, the understanding of the behavior of these 
products and their effects on seedlings might facilitate the process of the propagation 
system for this species, including a reduction of the timespan from initial seedling 
formation to appropriate age for transplant to open field.  Thus, the present study 
aimed to investigate the physiological effects of plant growth regulators and fungicide, 
separately or combined, on the development of ‘Niagara Rosada’ grapevine seedlings. 
 
2. Material and Methods  
 

The experiment was conducted at the College of Agricultural Sciences, 
UNESP – Paulista State University, in Botucatu, state of São Paulo, from August to 
October 2013, using ‘Niagara Rosada’ grapevine seedlings grafted onto IAC 766 
rootstock, grown in a screened nursery at 25% shade with micro sprinkler irrigation;  
reference Kc was 0.35 to 0.55 for crop at growth stage. The site is located at 
22°51’55” S and 48°26’22” W, at an altitude of 810 m, in a region of predominantly 
warm temperate climate with average annual temperature around 20.6°C, relative air 
humidity of 73.9% and 1501.4 mm mean rainfall. The seedlings, about two months 
old, were obtained from CATI (Coordination of Integral Technical Assistance) in São 
Bento do Sapucaí, state of São Paulo. They were transplanted to 5.0-L PVC pots, 
containing Plantmax® substrate and provided with 1.20m-high wooden stakes to 
facilitate trellising and assessments during the experiment. Thereafter, seedlings were 
randomly displayed and treatments started from the third week after transplant on, 
using the plant growth regulators (cytokinin and putrescine) and the strobilurin 
fungicide: T1– Control (raw water); T2– Putrescine (Put, 2 mM); T3– Cytokinin (Ck, 
6-BA, 20 mg L-1) via leaves; T4– Pyraclostrobin (Pyr, 200 g 100 L-1); T5– Put (2 mM) 
+ Ck, 6-BA (20 mg L-1); T6– Put (2 mM) + Pyr (200 g 100 L-1); T7– Pyr (2 mM) + 
Ck, 6-BA (20 mg L-1); T8– Ck, 6-BA via leaves (20 mg L-1) and applied to soil (40 mg 
L-1). During the experiment, the treatments were applied three times, at seven-day 
intervals, using a CO2 pressurized backpack sprayer with spray volume corresponding 
to 150 L ha-1.  

 
Before each application, seven plants per treatment were selected for analyses 

of height, plant diameter and number of leaves. To assess the activity of peroxidase 
(POD) and polyphenol oxidase (PPO), four plants per treatment were selected.  
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The plant height was obtained with a measuring tape, marked 0 to 150 cm, 
adopting as reference points the graft site and the stem apex; the plant diameter was 
measured with a digital caliper, calculating averages from three points at the stem: 
basal (immediately above the graft site), median (at medium height of the plant) and 
apical (stem apex). In order to determine enzymatic activities, leaves were collected at 
one, two, three, four and 15 days after the last treatment application, being frozen in 
liquid nitrogen and taken to the Laboratory of Biochemistry at the Department of 
Chemistry and Biochemistry of the Biosciences Institute – UNESP, Botucatu 
Campus, where they were stored in the ultrafreezer at –80°C. The activity of 
polyphenol oxidase (PPO) was determined according to the methodology described 
by Kar and Mishra (1976) and adapted by Lima (1994), while the activity of 
peroxidase (POD) was determined according to the methodology described by Lima 
et al. (1999). For extraction, the used material was either fresh or frozen in liquid 
nitrogen, each sample being ground and weighed to 700 mg and afterwards 
transferred to test tubes containing potassium phosphate solution, pH 6.7, 0.2 M. For 
POD activity, a solution containing hydrogen peroxide and aminoantipyrine was 
added after centrifugation. Thereafter, the tubes were kept in water bath for 5 
minutes, the reaction being then stopped by adding absolute ethanol. Absorbance 
reading was done at 505 nm. Peroxidase specific activity was expressed as µmol H2O2 
min-1 g-1 fresh weight (FW).  

 
For PPO activity, catechol was added after centrifugation, the tubes then 

being kept in water bath for 30 minutes, and the reaction stopped by the addition of 
absolute ethanol. Absorbance reading was done at 395 nm and polyphenol oxidase 
specific activity was expressed as µmol catechol transf. min-1 g-1 FW. Flavonoids were 
determined according to the spectrophotometric method adapted from Awad et al. 
(2000) & Santos and Blatt (1998). Spectrophotometer readings were taken at 425 nm 
and results expressed as µg flavonoids g-1 fresh weight quercetin equivalent. Total 
protein was obtained based on the methodology described by Bradford (1976). 
Protein reading in spectrophotometer was done at 595 nm and compared with the 
standard curve of casein at 1%, the protein content of the sample being expressed as 
mg of protein g-1 fresh weight. To determine leaf, stem and root fresh weight, the 
roots were washed in running tap water and the leaves were detached from the stem. 
All were then weighed on precision scales and afterwards stored in labeled paper bags, 
being kept in a forced-air oven at 60°C for four days until constant weight was 
obtained. Following this period, the material was removed from the oven and 
weighed; root and leaf dry weight was expressed as grams (g).  
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The adopted experimental design was completely randomized, with eight 
treatments and 11 replications (11 grapevine seedlings); results were subjected to 
analysis of variance (F test) and means were compared according to Tukey's test at 
5% probability. The used software was Assistat. 
 
3. Results and Discussion  
 

The results showed no statistical difference for growth rate, plant diameter, 
number of leaves, root fresh weight, and leaf and root dry weight, evidencing no 
antagonism between the prepared mixtures, and demonstrating that, considering the 
given parameters, treatments with putrescine, cytokinin and pyraclostrobin did not 
influence the vegetative development of grapevine seedlings (Tables 1, 2 and 3).  
Table 1. Growth rate (cm) of grapevine seedlings cv. 'Niagara Rosada' subjected to 
treatments: T1- Control (raw water), T2- Putrescine (Put), T3- Cytokinin (Ck), T4- 
Pyraclostrobin (Pyr), T5- Putrescine + Cytokinin (Put + Ck); T6 - Putrescine + 
Pyraclostrobin (Put + Pyr), T7 - Cytokinin + Pyraclostrobin ( Ck + Pyr) e T8 - 
Cytokinin + Cytokinin (Ck + Ck).  UNESP – FCA. Botucatu, SP, 2013. 

 
 Treatments 
Evaluations Control Put Ck Pyr Put+Ck Put+Pyr Ck+Pyr Ck+Ck 
1st 0,20 a 0,05 a 0,45 a 0,16 a 0,34 a 0,25 a 0,30 a 0,16 a 
2nd 0,00 a 0,29 a 0,00 a 0,00 a 0,00 a 0,00 a 0,07 a 0,11 a 
3rd 0,38 a 0,54 a 0,41 a 0,54 a 0,86 a 0,57 a 0,50 a 1,00 a 
4th 2,07 a 2,30 a 2,70 a 1,79 a 1,80 a 0,77 a 0,93 a 0,79 a 
 
Table 2: Stem diameter (mm) of grapevine seedlings cv. 'Niagara Rosada' 
subjected to treatments: T1- Control (raw water), T2- Putrescine (Put), T3- 
Cytokinin (Ck), T4- Pyraclostrobin (Pyr), T5- Putrescine + Cytokinin (Put + 
Ck); T6 - Putrescine + Pyraclostrobin (Put + Pyr), T7 - Cytokinin + 
Pyraclostrobin ( Ck + Pyr) e T8 - Cytokinin + Cytokinin (Ck + Ck).  UNESP – 
FCA. Botucatu, SP, 2013. 
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Treatment     

1st Evaluation 2nd Evaluation 3rd Evaluation 4th Evaluation 
1 Control         2.88  a 2.96 a 2.97 a 3.06 a 
2 Putrescine         2.87  a 2.98 a 3.18 a 2.99 a 
3 Cytokinin         3.21  a 3.01 a 3.06 a 3.17 a 
4 Pyraclostrobin         3.17  a 3.09 a 3.20 a 3.16 a 
5 Put + Ck         2.96  a 2.94 a 3.14 a 3.16 a 
6 Put + Pyr         3.08  a 3.28 a 3.09 a 3.01 a 
7 Pyr + Ck         2.73  a 2.81 a 2.82 a 2.91 a 
8 Ck + Ck         2.92  a 3.06 a 3.08 a 3.21 a 
                    
  Lsd        0.57 0.57 0.73 0.70 
  CV%       11.28 11.21 13.98 13.37 
 
Means followed by the same letter in the columns do not differ significantly according 
to Tukey's test at 5% probability. 
 
Table 3: Dry weight (g) of roots, branches and leaves of grapevine seedlings 
cv. 'Niagara Rosada' subjected to treatments: T1- Control (raw water), T2- 
Putrescine (Put), T3- Cytokinin (Ck), T4- Pyraclostrobin (Pyr), T5- Putrescine 
+ Cytokinin (Put + Ck); T6 - Putrescine + Pyraclostrobin (Put + Pyr), T7 - 
Cytokinin + Pyraclostrobin ( Ck + Pyr) e T8 - Cytokinin + Cytokinin (Ck + 
Ck). UNESP – FCA. Botucatu, SP, 2013. 
 
Treatment Dry weight 

Root Branch Leaf 
                
1 Control 4.98 a 9.17  a 1.87 a 
2 Putrescine 6.08 a 9.90  a 1.97 a 
3 Cytokinin 5.84 a 10.46  a 1.92 a 
4 Pyraclostrobin 3.78 a 9.52  a 1.94 a 
5 Put + Ck 4.13 a 8.97  a 2.16 a 
6 Put + Pyr 4.78 a 10.10  a 1.99 a 
7 Pyr + Ck 3.48 a 9.13  a 1.85 a 
8 Ck + Ck 3.83 a 9.56  a 1.83 a 
                
  Lsd 3.62 3.93 3.44 
  CV% 46.30 24.16 26.30 
 
Means followed by the same letter in the columns do not differ significantly according 
to Tukey's test at 5% probability. 
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Regarding protein levels in the leaves, the association Pyr + Ck showed 
significantly higher values than the control and isolated putrescine, evidencing that 
putrescine, at the concentration of 2 mM, did not significantly influence the protein 
levels in the other treatments (Table 4). 
 
Table 4: Levels of total protein (mg g-1 fresh weight) and flavonoids (mg g-1 
fresh weight) in leaves and roots of grapevine seedlings cv. 'Niagara Rosada' 
subjected to treatments: T1- Control (raw water), T2- Putrescine (Put), T3- 
Cytokinin (Ck), T4- Pyraclostrobin (Pyr), T5- Putrescine + Cytokinin (Put + 
Ck); T6 - Putrescine + Pyraclostrobin (Put + Pyr), T7 - Cytokinin + 
Pyraclostrobin ( Ck + Pyr) e T8 - Cytokinin + Cytokinin (Ck + Ck).  UNESP – 
FCA. Botucatu, SP, 12013.  
 
PRODUCTS TOTAL PROTEIN  LEAF  

FLAVONOIDS  
ROOT FLAVONOIDS 

Control 3.04 c 30.65 b 168.98 a 
Putrescine 3.22 bc 28.71 b 190.11 a 
Cytokinin 4.79 abc 27.53 b 172.50 a 
Pyraclostrobin 5.24 abc 34.13 a 178.43 a 
Put + Ck 5.07 abc 28.79 b 185.80 a 
Put + Pyr 5.00 abc 34.38 a 186.62 a 
Pyr + Ck 5.80 a 35.79 a 216.91 a 
Ck + Ck 4.53 abc 29.47 b 178.61 a 
CV % 18.38   14.51   15.32   
 
Means followed by the same letter in the columns do not differ significantly according 
to Tukey's test at 5% probability. 
 

This result (Table 4) justifies, as it relates to the role of pyraclostrobin in 
increased protein levels as one of the physiological effects attributed to this fungicide, 
which may be a result of increased nitrogen uptake and increased production of 
cytokinin, which also promotes protein synthesis and inhibits its degradation (Basf, 
2005; Köhle et al., 2003).  There is strong evidence that cytokinin activates the 
synthesis of chloroplast encoding proteins by both, nuclear and plastid genomes, 
increasing the production of photosynthetic pigments and stimulating chloroplast 
differentiation (Kubo & Kakimoto, 2000).  Therefore, it may be assumed that it was 
the increase in the levels of cytokinin, as a physiological effect of pyraclostrobin, 
together with the exogenous supply of this growth regulator, which promoted the 
best result.  
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It is noteworthy that cytokinin is already being tested at higher concentrations 
and with other grapevine varieties in order to better explain the increase in protein 
provided by this plant growth regulator. As for the flavonoid content in the leaves, 
pyraclostrobin, separately as well as in associations with Put or Ck, showed the 
highest results, evidencing the positive effect of pyraclostrobin on the levels of this 
phenolic compound. The root flavonoid contents (Table 4), however, evidenced no 
significant effect of the treatments and it can therefore be said that, within the 
conditions of this work, putrescine, pyraclostrobin and cytokinin did not influence on 
flavonoid synthesis.  Several authors have related the level of phenolic compounds to 
antioxidant activity, including Dias et al. (2006), who attributed the significant 
antioxidant activity in the leaves and branches of Eugenia umbeliflora to the greater 
concentration of phenolic substances, such as flavonoids, known for their effective 
action of scavenging free radicals from DPPH (2,2-diphenyl-1-picrylhydrazyl).  
Regarding the POD activity, it can be observed that the results are probably related to 
the development stage of the seedlings, as well as being a possible enzymatic stress 
indicator due to the treatments they were subjected to during the growth process 
(Figure 1 and 2). 
 

 
 
Figure 1: Activity of the enzyme Peroxidase (µmol H2O2 decomposed min-1 g-1 
FW) in grapevine seedlings cv. 'Niagara Rosada' subjected to treatments: T1- 
Control (raw water), T2- Putrescine (Put), T3- Cytokinin (Ck), T4- 
Pyraclostrobin (Pyr) in leaves collected at 1, 2, 3, 4 and 15 days after the last 
treatment application, respectively. UNESP – FCA. Botucatu, SP, 2013. 
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Figure 2: Activity of the enzyme Peroxidase (µmol H2O2 decomposed min-1 g-1 
FW) in grapevine seedlings cv. 'Niagara Rosada' subjected to treatments: T1 - 
Control (raw water), T5 -Putrescine + Cytokinin (Put + Ck); T6 - Putrescine + 
Pyraclostrobin (Put + Pyr), T7 - Cytokinin + Pyraclostrobin ( Ck + Pyr) e T8 - 
Cytokinin + Cytokinin (Ck + Ck) in leaves collected at 1, 2, 3, 4 and 15 days 
after the last treatment application. UNESP – FCA. Botucatu, SP, 2013. 

 
The results show that Ck and the association of Put + Pyr behaved similarly 

on the second day, when there was a peak of enzyme activity, differing from all other 
treatments. This may be considered a negative aspect, since high levels of hydrogen 
peroxide can cause damage to the cell and trigger a chain reaction initiated by the 
closing of the stomata, reducing the photosynthetic activity and thus compromising 
the plant growth (Nayyar & Gupta, 2006). As to the association of Put + Pyr, possibly 
the key element for the occurrence of the enzyme activity peak was Put, since the 
environment has a direct influence on the level of this diamine in plant development, 
causing increase or reduction in concentration due to stresses (biotic or abiotic), 
which in turn have an effect on antioxidant mechanisms (Couée et al., 2004; Awad et 
al., 2000). Put may be transformed into spermidine and successively degraded by 
polyamine oxidase or directly degraded by diamine oxidase, resulting in the 
production of hydrogen peroxide. For the conversions of Put to Spd and Spd to Spm 
to happen, several reactions involving various transferases, decarboxylases and 
synthetases must occur simultaneously.  
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Methionine is converted to SAM, which through the action of SAMDC is 
transformed into decarboxylated S-adenosylmethionine, which in turn provides a 
propylamine group to Put, forming Spd via spermidine synthase, and the same group 
to Spd forming Spm by spermine synthase (Glória, 2005). An increase in the 
hydrogen peroxide concentration in the plant may inhibit the CO2 (carbon dioxide) 
fixation, seeing that many enzymes involved in the Calvin cycle are very sensitive to 
H2O2 and that these act on membrane permeability, causing damage to DNA and 
proteins, and therefore low photosynthetic activity and plant growth inhibition 
(Scandalios et al, 2000). An aspect that has become evident is that the associations of 
products can both stimulate and inhibit the peroxidase activity, and although during 
the evaluation period of the present work the applied treatments did not affect the 
vegetative growth (Tables 1, 2 and 3), it can not be affirmed that over the days, for all 
treatments, the grapevine seedlings would keep showing the same behavior, taking 
into account the hydrogen peroxide levels, regarding Ck and Put + Pyr. As for PPO, 
the products applied separately reduced the activity of this enzyme, except for 
putrescine on the first day and pyraclostrobin and the associations Put + Pyr and Put 
+ Ck on the second day (Figure 3 and 4), whereas the other treatments did not differ. 
From the third day on, however, all treatments showed statistical similarity.  
 

 
 

Figure 3: Activity of the enzyme Polyphenol oxidase (µmol catechol transf. 
min-1 g-1 FW) in grapevine seedlings cv. 'Niagara Rosada' subjected to 
treatments: T1- Control (raw water), T2- Putrescine (Put), T3- Cytokinin (Ck), 
T4- Pyraclostrobin (Pyr) in leaves collected at 1, 2, 3, 4 and 15 days after the last 
treatment application. UNESP – FCA. Botucatu, SP, 2013. 
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Figure 4: Activity of the enzyme Polyphenol oxidase (µmol catechol transf. 
min-1 g-1 FW) in grapevine seedlings cv. 'Niagara Rosada' subjected to 
treatments: T1 - Control (raw water), T5 -Putrescine + Cytokinin (Put + Ck); 
T6 - Putrescine + Pyraclostrobin (Put + Pyr), T7 - Cytokinin + Pyraclostrobin ( 
Ck + Pyr) e T8 - Cytokinin + Cytokinin (Ck + Ck)  in leaves collected at 1, 2, 3, 
4 and 15 days after the last treatment application. UNESP – FCA. Botucatu, 
SP, 2013. 

 
This result can be explained through the mechanism of action of the 

polyphenol oxidases, which catalyze the oxidation using hydrogen peroxide as 
electron acceptor, as well as participate in several metabolic processes, including stress 
responses. This activity may be inhibited or high in some plants and is of great 
importance for them, being involved in defense mechanisms or senescence, control of 
oxygen levels in the chloroplast, as well as synthesis of phenolic compounds (Hsu & 
Kao, 2003; Lee et al., 2001; Mayer, 1987). But this peak in activity may also be a 
negative response, taking into account the effect that PPO may exert on the 
functioning of photosystem II, due to the oxidation of the reduced quinone formed in 
photosystem I. Thus, it can be affirmed that, although this enzyme plays an important 
role in the defense mechanisms of the plant, high concentrations may cause 
physiological stress and trigger a chain reaction leading to damage in the 
photosynthetic apparatus and therefore impairment of plant growth (Mayer & Harel, 
1991; Nayyar & Gupta, 2006).  
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Thus, according to the results (Figure 1, 2, 3 and 4), and taking into account 
only the vegetative growth, cytokinin separately and the association Put + Pyr caused 
some kind of stress to the seedling, which might come to impair the vegetative 
development over the course of time. 
 
4. Conclusion 
 

It is possible to use putrescine and pyraclostrobin separately, as well as the 
associations Ck + Pyr, Put + Ck and Ck + Ck, to assist in the vegetative development 
of seedlings of 'Niagara Rosada' grapevine. 
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