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RESUMO

SILVA, Katchen Julliany Pereira, M. Sc. Universidade Federal de Vigosa, Junho, 2011.
Alteracoes morfofisiolégicas em plantas de melao e pepino, qualidade de frutos de
melao e protecao de pepino contra Colletotrichum lagenarium, ocasionadas pelo
Paclobutrazol. Orientador: Mario Puiatti. Co-orientadores: José Antonio Saraiva
Grossi e Paulo Roberto Cecon.

Apesar do potencial do Paclobutrazol (PBZ), tanto como fitorregulador e agente
elicitor, pesquisas sobre sua utilizacdo em cucurbitidceas ainda sdo escassas. Este
trabalho consistiu de quatro experimentos e objetivou: avaliar o efeito do PBZ sobre as
caracteristicas morfofisioldgicas de plantas e sobre a qualidade de frutos de meloeiro;
detectar e quantificar a possivel presenca de residuo de PBZ na polpa de melao por
meio da Cromatografia Liquida de Alta Eficiéncia (HPLC); e verificar as alteragdes
morfofisiologicas e o potencial elicitor do PBZ contra Colletotrichum lagenarium em
plantas de pepino, agente causal da antracnose nesta cultura. No experimento 1, os
tratamentos consistiram de 11 doses de PBZ (2; 4; 8; 12; 16; 20; 30; 40; 50; 60 e 70 mg
PBZ planta'l) e o controle (plantas ndo tratadas). No experimento 2, foram utilizadas
quatro doses de PBZ (0,4; 0,8; 1,2 ¢ 1,6 mg PBZ planta'l) e o controle. No experimento
3, oito frutos por tratamento foram coletados para a detec¢do e quantificacao de residuo
de PBZ na polpa do melao. No experimento 4, foram testados dois isolados de C.
lagenarium (CLKJ11 e CLKJ25) em 7 tratamentos: meio BDA puro (testemunha) e
acrescidos com concentracdes dos compostos PBZ (50, 100, 200 e 400 mg PBZ L'l),
FTT (Tebuconazole + Trifloxystrobin) (100 mg L'l) e FTB (Tebuconazole) (200 mg L
') para o bioensaio. Para a avaliacdo das alteracdes morfofisiolégicas e o potencial
elicitor do PBZ, as plantas de pepino foram tratadas com 4 doses de PBZ (50, 100, 200
e 400 mg PBZ planta™) e suas folhas inoculadas com a suspensdo de conidios do
isolado CLKJ25, na concentragao 1x10°® conidios mL!. O PBZ ¢ extremamente efetivo
na reducdo do porte de plantas de meldo e de pepino, demonstrando ser uma alternativa
eficaz no manejo dessas plantas no cultivo em casa de vegetacdo. Além disso, o PBZ
ndo afetou a produtividade, a aparéncia e os atributos de qualidade dos frutos do
meloeiro e ndo foram detectados residuos deste fitorregulador na polpa dos meldes. O
PBZ também revelou-se eficaz na inibicdao do crescimento micelial de C. lagenarium e
na reducdo da 4drea foliar lesionada por este patégeno. Todavia, este fitorregulador ndo
pode ser considerado um agente indutor de resisténcia de plantas devido ao efeito téxico
sobre o patégeno avaliado.
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ABSTRACT

SILVA, Katchen Julliany Pereira, M. Sc. Universidade Federal de Vigosa, June, 2011.
Morphophysiological changes in melon and cucumber plants, quality of melon
fruits and protection of cucumber against Colletotrichum lagenarium, caused by
Paclobutrazol. Adviser: Mario Puiatti. Co-advisers: José Antonio Saraiva Grossi and
Paulo Roberto Cecon.

Despite the potential of Paclobutrazol (PBZ) as a plant growth regulator and
elicitor agent, researches about its use in cucurbits are still scarce. This study was
divided in 4 experiments and aimed: to evaluate the PBZ effects on development of
melon plants; to evaluate the PBZ effect on morphophysiological features and quality of
melon fruits; to detect and quantify PBZ residue in melon pulp using High Performance
Liquid Chromatography (HPLC); and finally, verify morphophysiological changes and
its elicitor potential against C. lagenarium in cucumber plants, causal agent of
anthracnose in this culture. At first, treatments consisted of 11 PBZ doses (2, 4, 8, 12,
16, 20, 30, 40, 50, 60 and 70 mg PBZ plant'l) and the control (untreated plants). In the
second experiment 4 PBZ doses were used (0.4, 0.8, 1.2 and 1.6 mg PBZ plant'l) and
the control. To the third experiment, 8 fruits per treatment were collected to detect and
quantify PBZ residues on melon pulp. In the fourth experiment, two C. lagenarium
isolates (CLKJ11 and CLKJ25) were tested in 7 treatments: pure BDA medium
(control) and plus with PBZ concentrations (50, 100, 200 and 400 mg L'l), FTT
(Tebuconazole + Trifloxystrobin) (100 mg L'l) and FTB (Tebuconazole) (200 mg L'l)
to the bioassay. To evaluate the morphophysiological changes and elicitor potential of
PBZ, cucumber plants were treated with 4 PBZ doses (50, 100, 200 and 400 mg PBZ
plant™) and its leaves inoculated with suspension of isolate CLKJ25 at concentration of
1x10® conidia mL™". PBZ is extremely efficient in reducing the size of melon and
cucumber plants proving to be an effective alternative for management in greenhouse
crop. In addition, PBZ did not affect the productivity, appearance and quality attributes
of melon fruits and no residue was found in melon pulp. The PBZ also proved to be
effective in inhibiting the C. lagenarium mycelial growth and in the reduction of
lesioned leaf area by this pathogen. Even so, this phytoregulator can not be considered a

plant resistance inducer due to the toxic effect on the tested pathogen.
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GENERAL INTRODUCTION

Melon (Cucumis melo L.) is an herbaceous plant of Cucurbitaceae family,
demanding in soil and special climatic conditions. It is an annual cycle plant that has a
very strong creeping stems, variable number of tendrils and well branched root system
(Joly, 1991; Fontes & Puiatti, 2009). Due to the climatic conditions of central-south
region of Brazil, the cultivation can only be done during the summer (Fontes & Puiatti,
2009). However, this period is characterized by intense rainfall, which, besides
promoting the plants death and crop delaying; contributes to pests and diseases
emergence, and cause a reduction in leaf area resulting in small fruits, poorly
reticulation, low sugar content and low quality of fruits and yield, requiring the crop to
be grown at greenhouse conditions (Coelho et al., 2003). However, a common problem
encountered in this type of cultivation is the excessive plants growth. Thus, it is
necessary to use techniques that reduce plant size in height, without reducing
productivity and fruit quality.

The plant growth retardants act as chemical signals in the regulation of growth
and development of plants. Among them, Paclobutrazol [(2RS,3RS)-1-(4-
chlorophenyl)-4,4-dimethyl-2-(1H-1,2,4-triazol-1-yl)pentan-3-ol], known as PBZ, is a
gibberellin biosynthesis inhibitor, which has proven to be an effective plant growth
regulator and a plant protector with fungicidal activity of low toxicity, and so, shows a
large potential use as a plant growth retardant of ample aspect (Tongumpai, 1991). Its
use has as main purpose of promote the reduction of plant growth due to its action
mechanism by blocking the oxidation reactions in the passage of kaurene to kaurenoic
acid synthesis in the way of gibberellins substance (Salisbury & Ross, 1992), promoting
a series of physiological changes in plants, including the partitioning of carbohydrates,
reduction of internodes length and reduction in the length and width of leaves, which

could increase flowers and fruits production (Basra, 2000).



In general, this compound is not considered phytotoxic and has no neurotoxicity
or carcinogenic effect, however, exposure of female rats to the product during the
reproductive stage can lead to fetal abnormalities, both physical and behavioral, the
occurrence of critical periods in animal development during pregnancy and immediately
after birth (Silva & Fay, 2003). In saturated environment, can cause irritation of the eyes
and respiratory system by inhalation and irritation when in contact with skin.

The World Health Organization (WHO) classifies PBZ as moderately toxic
(toxicity class III), establishing, by the FAO a value of acceptable daily ingestion (ADI)
of 0.1 mg kg for body weight (Tonlim, 1997). In case of fruits like pears, some
countries of European Union have established maximum residue limits (MRL) for PBZ
consumer safety, such as Spain, Germany, France and Switzerland (0.05, 0.05, 0.5 and
0.3 mg kg 'for body weight, respectively). Other countries like Japan and organizations
such as the Codex (NZFSA, 2010) also set its own values, ranging from 0.2 to 1.0 mg
kg' for body weight. However it should be noted that despite the establishment of
tolerance values of PBZ in fruits like pears and apples, their use is not yet registered for
these crops. In Brazil, according to ANVISA (2010), the plant regulator also has
toxicity class III, however, ADI is 0.068 mg kg™ for body weight, and registered for
now, just for mango culture.

Nevertheless, PBZ has been widely studied in agriculture and its effects have been
reported in several plant species, emphasizing: the group of ornamental plants, which
most benefited from the advances resulting from PBZ use, due to significant reductions
in stem elongation (Goulston & Shearing, 1985); the grain crop (Lenton et al., 1994),
due to maximize the grain lodging; the horticulture, due positive effects on productivity,
fruit quality and in changes on pattern of plants development in relation to stem
elongation, flowering and fructification (Siqueira & Salomdo, 2002); and the
maintenance of grass and margins and/or central beds of highways, where the
application of inhibitors of gibberellin synthesis restricts plant growth, avoiding large
costs of manual or mechanical pruning (Taiz & Zaiger, 1998).

In vegetables, researches are few and restricted to a small number of species.
Promising results have been found in garlic (Resende et al., 1999), potato (Tekalign &
Hammes, 2005), tomato (Berova & Zlatev, 2000), onion (Yiu et al., 2008), watermelon
(Oh, 2008) and cucumber (Shimotsuma & Jones, 1972). Information about the use of
growth regulators and, more specifically, the use of PBZ in melon, are still scarce.
Nevertheless, Zhang et al. (2006) found that the use of PBZ controlled the length of the

internodes, axis plumule and preventing the overgrowth of melon plants effectively.



Besides being effective growth regulator, this compound has also been used in the
activation and regulation of processes involved in the biosynthesis of plant defense,
presenting thus potential elicitor. For instance, cucumber plants treated with PBZ had
their levels of indole acetic acid reduced, which is unfavorable to the development
cucumber scab caused by C. cucumerinum (Van Andel, 1968). PBZ also promoted
reduction in the incidence of Fusarium wilt on melon plants (Cohen et al., 1987) and
Verticillium Wilt on cotton (Cimen et al., 2004). However, further studies are needed to
confirm the efficiency of this growth regulator on disease prevention.

PBZ has been shown to be chemically stable in hydrolysis tests (pH 4-9), with
ultraviolet light at pH 7 in aqueous solutions over a period of 10 days. It is considered
stable under photolysis studies in surface soils. Despite the lack of studies about PBZ in
vegetables metabolism, some researches indicate that this compound leaves residue in
treated fruits. Thus, its wide application in different crops needs residue monitoring
especially in products for human consumption such as fruits and vegetables (Zamora,
2004). The literature presents some methods for determination of PBZ residue. One of
them is the High Performance Liquid Chromatography (HPLC) (Singh & Bhattacherjee,
2005), with the advantage of being relatively inexpensive, rapid, less labor intensive and
very accurate, showing to be advantageous in this sense (Witchard, 1997).

This study aimed to evaluate the effect of PBZ doses on morphophysiological
features of melon plants, fruit quality and yield; detect and quantification of PBZ
content in melon pulp using HPLC; evaluate the in vitro sensitivity of C.
gloeosporioides isolates to PBZ and verify the elicitor potential of PBZ on treated

cucumber plants inoculated with C. lagenarium.
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I - MORPHOPHYSIOLOGICAL CHANGES IN MELON PLANTS PROMOTED
BY PACLOBUTRAZOL

Abstract Paclobutrazol (PBZ) has proven to be effective in the inhibition of
gibberellins biosynthesis. Despite the potential as a plant growth regulator, researches
about the PBZ use in cucurbits are still scarce. This study aimed to evaluate the effects
of PBZ doses on growth and development of melon plants. The treatments consisted of
eleven PBZ doses (2.0, 4.0, 8.0, 12.0, 16.0, 20.0, 30.0, 40.0, 50.0, 60.0 and 70.0 mg
PBZ plant'l) and the control (untreated plants), distributed in a completely randomized
design, with five replications. Plant length; leaves and internodes number; indirect
chlorophyll measurement; leaf area; root, stem, leaf and total dry weight; and number of
male flowers were evaluated and data were submitted to regression analysis. PBZ
demonstrated to be extremely effective in reducing the size of melon plants. However,
doses above 2.82 and 3.10 mg plant” promoted, respectively, plant growth stoppage and
flowering inhibition in melon.

Keywords: Cucumis melo L., plant growth regulation, gibberellins inhibition,

morphophysiological changes

Resumo O Paclobutrazol (PBZ) tem provado ser eficaz na inibi¢do da biossintese de
giberelinas. Embora de seu potencial como regulador de crescimento de plantas,
pesquisas sobre o uso do PBZ em cucurbitdceas ainda sdo escassas. Objetivou-se, por
meio desse estudo, avaliar os efeitos de doses de PBZ sobre o crescimento e
desenvolvimento de plantas de meldao. Os tratamentos consistiram de 11 doses de PBZ
(2,0; 4,0; 8,0; 12,0; 16,0; 20,0; 30,0; 40,0; 50,0; 60,0 ¢ 70,0 mg PBZ planta™) e o
controle (plantas ndo tratadas), distribuidos no delineamento inteiramente casualizado,
com cinco repeticdes. O comprimento de plantas; numero de folhas e entrends; medida
indireta de clorofila; area foliar; massa de matéria seca de raiz, caule, folhas e total e
nimero de flores masculinas foram avaliados e os dados submetidos a andlise de
regressdo. O PBZ demonstrou ser extremamente eficaz na reducio do crescimento de
plantas de meldo. Entretanto, concentracdes superiores a 2,82 e 3,10 mg PBZ planta'1
promoveram, respectivamente, a paralisacdo do crescimento de plantas e a inibicdo da
floragao em meloeiro.

Palavras-chave: Cucumis melo L., regulador de crescimento de plantas, inibicdo da

sintese de giberelinas, alteracdes morfofisioldgicas



INTRODUCTION

The Paclobutrazol [(2RS,3RS)-1-(4-chlorophenyl)-4,4-dimethyl-2-(1H-1,2.4-
triazol-1-yl)pentan-3-ol] or PBZ, has proved to be an effective plant growth regulator
acting as an inhibitor of gibberellin synthesis. This compound has been used in plants
with the main purpose of promoting the reduction of growth due to its action
mechanism in blocking the kaurene oxidation in the way to kaurenoic acid synthesis of
gibberellin substances, therefore, called anti-gibberellins. Besides reducing internodes
length and leaves width, this plant growth regulator promotes a series of physiological
changes in plants, such as changes in carbohydrates partitioning; stimulates the
production of flowers and fruits; and has fungicidal activity with low toxicity (Salisbury
& Ross, 1992).

PBZ effects have been reported in several plant species. However, the ornamental
species cultivated in vases and kept into greenhouses have been the most benefited from
the advances resulted from the use of this compound due to the significant reductions in
stem elongation (Taiz & Zaiger, 2002). Growth retardants have also been used
successfully in several fruit species from tropical and temperate regions in order to
reduce plant growth and increase crop production (Ferrari & Sergent, 1996). In
vegetables, researches about PBZ are few and restricted to a small number of species.
Promising results have been found in garlic (Resende et al., 1999), potatoes (Tekalign &
Hammes, 2005), tomatoes (Berova & Zlatev, 2000) and onions (Yiu et al., 2008).

Information about the use of plant growth regulators, specifically the use of PBZ
in cucurbits, is still scarce. In melon, for example, which has a vigorous and creeping
stem, the application of growth regulators that allow reducing the size of the plants in
height without reducing productivity and fruit quality, would be of great value,
especially when cultivated in greenhouse (Fontes & Puiatti, 2009). Due to the lack of
studies about PBZ wuse in cucurbits, this research aimed to evaluate the

morphophysiological changes promoted by the application of PBZ in melon.



MATERIALS AND METHODS
Site description

The experiment was done in glasshouse at the Federal University of Vigosa,
Minas Gerais, Brazil, during September-November 2009. During this period the mean
of minimum and maximum temperatures were 16°C to 34°C, respectively, and the
relative humidity average was 74%. Seeds of melon hybrid Gdlia (Gélia 7681 - Enza
Zaden) were sowed in polystyrene trays filled with commercial substrate (Plantmax®,
Eucatex, Paulinia, Brazil). Fifteen days after sowing, with the first true leaf expanded,
seedlings were transplanted into plastic pots with a capacity of 5 L, placing one plant
per pot.

The pots were filled with Red-Yellow Ultisols (Embrapa, 2006), presenting the
following chemical characteristics: pH in water (1:2.5) = 6.1; P =175.4 mg.dm'3 ; Prem
=27.1 mg.L"; K = 163 mg.dm™; Ca** = 5.7 cmol..dm™; Mg* = 1.2 cmol..dm™; Al*® =
0.0 cmol.dm™; H + Al = 2.15 cmol.dm™; SB = 7.32 cmol.dm™; CEC, = 7.32
cmol..dm™; CEC = 9.47 cmol..dm™; BSI = 77%; ASI = 0.0% ; SOM = 2.1 dag.kg". The
size analysis showed the following results: thick sand = 18%, thin sand = 11%, silt =
20% and clay = 51%. The fertilization was performed according to soil analysis and

recommendations for culture (Fontes & Puiatti, 2009).
Treatments

The experiment consisted of 12 treatments with 11 PBZ doses (2.0, 4.0, 8.0, 12.0,
16.0, 20.0, 30.0, 40.0, 50.0, 60.0 and 70.0 mg PBZ plant'l) using the formulation
Paclobutrazol® 100 CE (Agro Comercial Wiser Ltda, Diadema, Brazil), plus a witness
that did not receive the plant growth regulator. Treatments were arranged in completely
randomized design, with five replications. Each PBZ dose (treatment) was divided into
five applications, spaced seven days, and the first application performed seven days
after transplanting to pots. The product was diluted in 40 ml of distilled water and
applied by drench. Soil humidity was maintained near field capacity, taking care to

place a dish under the pot to collect and replace any percolated liquid.



Data recorded

At the end of the experiment (42 days after the first application of PBZ) were
evaluated: plant length (PL); leaves (LN) and internodes (IN) number; indirect
chlorophyll measurement (SPAD); leaf area (LA); roots (RDW), stem (SDW), leaf
(LDW) and total (TDW) dry matter weights. The number of male flowers (NMF) was
daily measured.

PL was obtained from the plant base to the apical bud. IN and LN were
determined by direct counting. The SPAD index was done with a portable chlorophyll
meter SPAD-502 (Konica Minolta, Ramsey, USA), and evaluations were taken in the
two youngest and fully expanded leaves. On each leaf, three evaluations were made in
equidistant regions, using the average of these. LA was measured in leaf area integrator
model LI-3100 (Li-Cor, Lincoln, USA). After separate individually, the plant parts
(roots, stems and leaves) were dried in a forced-air oven at 60 °C, until constant mass,

and weighed on analytical balance.

Statistical analysis

The data were analyzed by regression analysis and the models have been chosen
based on the significance of regression coefficients using the “t” Test, at a level of 5%
of probability; the determination coefficient (R*) and the biological phenomenon in

study.

RESULTS AND DISCUSSIONS

Melon was extremely sensitive to PBZ, once that treated plants exhibited
significantly smaller than untreated plants (Figure 1). The control had PL of 14.06 cm,
while treated plants with 2 mg.plant” (lower dose of PBZ) had an average of 8.26 cm,
corresponding to 41% of reduction in PL (Figures 2).



Figure 1. Paclobutrazol effect on size reduction of melon plants. A- Untreated plant
with 15 days age after seedling transplantation. B- Melon plant 15 days age treated
with 40 mg PBZ plant”. C- Untreated plant 25 days age after seedling transplantation.
D- Melon plant 25 days age treated with 40 mg PBZ plant™.

According to Linear Response of Plateau in this experiment, PBZ concentrations

equal or greater than 2.82 mg.plant’ caused the growth stoppage, maintaining the

average growth at 5.85 cm (Figure 2).
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Figure 2. Plant length of melon plants (PL) according to Paclobutrazol (PBZ) doses.

Plants with 42 days age after the fist application of PBZ.

Zhang et al. (2006) observed that PBZ concentration ranging from 50 to 150 mg

plant™ controlled strongly the internodes length and plumule axis, preventing effectively
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the excessive growth of melon seedlings. Similar results were also reported by Huang et
al. (1989) in watermelon, which PBZ doses ranging from 200 to 2000 mg.plant” in
foliar application inhibited plant growth strongly and influenced fruit size and quality.
PBZ caused reduction in the IN, having a remarkable decrease until 20 mg.plant™.
The lowest values were observed at 49.44 mg PBZ.plant”, promoting decrease of 77.6
% (Figure 3A). Gibberellin is a growth promoter hormone that acts on the extensibility
of the cell wall, membrane permeability, enzyme activities and mobilization of sugars,
in addition to cell elongation (Taiz & Zeiger, 2002). Thus, the IN reduction is due to the
action of PBZ in the inhibition of gibberellins biosynthesis. In citrus, the reduction in
branches growth was also attributed to the reduction of total available sugars in these

organs induced by PBZ action (Mehouachi et al., 1996).
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Figure 3. Internodes (IN) (A) and leaves (LN) (B) number of melon plants according to
Paclobutrazol (PBZ) doses. Plants with 42 days age after the fist application of PBZ.
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Due to leaves arise exogenously and to be positioned on the nodal regions, the
internodes number determines the leaves number (Dickison, 2000). Thus, as the PBZ
application resulted in reduction of IN, this behavior consequently reduced the LN
(Figure 3B). At a PBZ concentration of 59.52 mg.plant'l, was observed a reduction of
49.6 % in LN, compared to control, which had an average of 5.14 leaves. Similar results
were observed by Lindon et al. (2001) in two citrus rootstocks (Citrus macrophylla and
Citrus aurantium) whose PBZ application reduced plant growth, producing shorter
internodes and smaller leaves.

In relation to LA, a maximum reduction was observed at a PBZ concentration of
51.45 mg.plant”, reducing 79.3% when compared to the control, that obtained LA equal
to 162 dm? (Figure 4). Leaves developed after the application of growth regulators tend
to be smaller and therefore have less leaf area. According to Khalil & Rahmanb (1995)
and Basra (2000) this reduction in the proliferation and growth cells is due to inhibition
of gibberellins biosynthesis caused by the PBZ action. In addition, this result can be

associated to the fewer LN in the higher doses.
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Figure 4. Leaf area (LA) of melon plants according to Paclobutrazol (PBZ) doses.
Plants with 42 days age after the fist application of PBZ.

Lower PBZ doses stimulated the production of dry matter of root, leaves and total.

However, SDW decreased with increasing PBZ doses (Figure 5).
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Figure 5. Root (RDW), stem (SDW), leaves (LDW) and total (TDW) dry weight of
melon plants according to Paclobutrazol (PBZ) doses. Plants with 42 days age after the
fist application of PBZ.

Triazoles have been described as active agents in the physiological process during
root formation (Davies & Haissig, 1999). So, PBZ, as a triazole, maintains low levels of
gibberellins and thus promotes the roots formation. The maximum value of RDW was
obtained by application of 8.75 mg PBZplant’, 8.7% higher than control, which
average was 0.59 g. Increasing PBZ doses resulted in lower SDW. At 69.17 mg
PBZ.plant” plants had 41.5% SDW lower when compared to control. It is due to
reduction in stem length through the internodes shortening. The reduction of elongation
and stem diameters are characteristic effects of triazoles (Davies et al., 1988) and the
most known effect caused by PBZ on plant stems (Quilan, 1981). The reduction in
SDW can also be related to the decreased number of cells, small cortical cells and
decrease in the xylem diameter (Fletcher & Hofstra, 1990).

Although treated plants have showed fewer leaves, smaller size and leaf area, PBZ at
lower doses stimulated gains in LDW. In this essay, the maximum LDW was observed
at 19.15 mg PBZ.plant”, 85.3% higher than the control. Leaves became thicker with
PBZ application, due to reduction in cell elongation and increased thickness of palisade
parenchyma (Tekalign & Hammes, 2005). Increase in leaf thickness in response to PBZ
treatment was also confirmed in corn by Sopher et al. (1999). In relation to TDW, PBZ

at low doses increased this variable in melon plants, but decrease at doses above 40 mg
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PBZ.plant”. The maximum value (2.06 g) was obtained at 10.39 mg PBZ.plant”. Low
SDW was offset by increasing values of RDW and LDW, promoting higher TDW in
melon PBZ-treated plants.

PBZ-treated plants had leaves with more intense green color than the control, which
was confirmed by the results of the SPAD index in the evaluation of indirect

chlorophyll measurement (Figure 6).
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Figure 6. Indirect chlorophyll measurement (SPAD Index) of melon plants according to

Paclobutrazol (PBZ) doses. Plants with 42 days age after the fist application of PBZ.

The most intense green color (50.66 SPAD unit) was obtained at 21.82 mg
PBZ.plant”, which corresponds to 25.6% higher than the control (40.34 SPAD units). In
most cases, SPAD index increasing is related to increases of chlorophyll content
(Davies and Sankhla, 1987). However, this can be simply the result of increase on
chloroplasts density caused by the reduction of leaf area (Khalil & Rahmanb, 1995).

During whole experiment the emission of hermaphrodite flowers was not observed in
any treatment. However there was a large reduction in the NMF with PBZ application
and inhibition of flowering with doses above 3.10 mg.plant”, according to Linear

Response of Plateau (Figure 7).
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Figure 7. Number of male flowers (NMF) of melon plants according to the

Paclobutrazol (PBZ) doses. Plants with 42 days age after the fist application of PBZ.

The relationship between growth regulators and flowering seems to be complex.
These influence the production of flowers and can promote or inhibit it, depending on
species and time of application. Some reports demonstrate that the flowering inhibition
is a result of the use of very high doses of phytoregulators. However, these results can
also be attributed to a secondary effect of competition between vegetative and
reproductive parts for sugars and nutrients (Basra, 2000; Yuceer et al., 2003).
Nevertheless, the specie, form and timing of application, the culture phenological stage,
the retention factors of the soil, the time of chemical availability and climatic conditions
as well as the plants size may have done a predominant function in the non-inductive
flowering process of melon plants. Similar results were observed by Zhang et al. (2006),
which stated that melon plants have delayed flowering with the application of PBZ.

Based on present results, this research shows that PBZ is extremely effective in
reducing the size of the melon plants, which proved to be very sensitive and responsive
specie to this plant growth regulator in relatively low doses. The most pronounced
effects were the reduction on PL and the flowering inhibition. Doses above 2.82 and
3.10 mg PBZ.plant'l promoted plant growth stoppage and flowering inhibition in melon,
respectively. Therefore, the application of PBZ in commercial melon crop needs
adjustments in terms of doses and timing application in order to reduce the plant size
without harming the flowering and, consequently, productivity and quality of melon

fruit.
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IT - PACLOBUTRAZOL EFFECT ON MORPHOPHYSIOLOGICAL
FEATURES, PRODUCTIVITY AND FRUIT QUALITY OF MELON.

Abstract Paclobutrazol (PBZ) is a plant growth regulator that promotes a series of
physiologic changes, like decrease of internodes length and leaf expansion. Despite its
potential, researches about this phytoregulator in Cucurbitaceae family are scarce. This
research aimed to evaluate the PBZ effect on morphophysiological features and fruit
quality in melon crop. Were used four PBZ doses (0.4, 0.8, 1.2 and 1.6 mg plant™) and
the control. Were realized morphophysiological analysis and verification of the post-
harvest quality of melon fruits. All data were submitted to regression analysis. PBZ
increased internodes, leaf and tendril numbers; net assimilation rate and indirect
chlorophyll measurement. However, PBZ decreased stem diameter, leaf area, leaf area
ratio and specific leaf area. Highest values of hermaphrodite flowers and hermaphrodite:
male flowers ratio were obtained in 0.25 and 0.23 mg PBZ plant”, respectively. PBZ
application reduced the plant size without affecting productivity and quality attributes of
melon fruits, proving to be an effective alternative for management in greenhouse crop.
Thus, the best dose was 0.4 mg PBZ plant due to positives physiologic responses by
melon plants; the higher number of hermaphrodite flowers and the product economy.

Keywords: Cucumis melo, PBZ, growth regulation, plant size, yield; post-harvest.

Introduction

The melon is an herbaceous plant of Cucurbitaceae family with a vigorous
creeping stem (Fontes and Puiatti, 2009). Due to low temperature in fall-winter of the
central and southern regions of Brazil, its culture can only be cultivated during the
summer. However, in this season, is common the occurrence of intense rainfall, which
favors the incidence of diseases in field crop. Thus, the use of greenhouses is common
to vegetables that have limited cultivation, like melon crop.

One problem encountered in this kind of cultivation system is the difficulty in
management, leading to increased costs of deployment, once that plants should be
tutored, with the stem being conducted without ground contact, requiring a support with
high altitude. Therefore, the use of techniques that reduce the plant size in height,

without reducing productivity and fruit quality would be of great value.
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The plant growth retardants act as chemical signals in the regulation of growth
and development of plants. Among them, Paclobutrazol [(2RS,3RS)-1-(4-
chlorophenyl)-4,4-dimethyl-2-(1H-1,2,4-triazol-1-yl)pentan-3-ol], known as PBZ, is a
gibberellins (GA) biosynthesis inhibitor, which has proven to be an effective plant
growth regulator and a plant protector with fungicidal activity of low toxicity, and so,
shows a large potential use (Tongumpai, 1991). PBZ promotes a series of physiological
changes in plants, including the partitioning of carbohydrates, reduction of internodes
length and leaves thickening; however, adverse effects, including inhibition of
flowering and fruiting are also reported in the literature (Basra, 2000).

Despite its potential, there are few studies about the PBZ use in vegetables,
especially in cucurbits. Thus, this paper aimed to evaluate the effect of PBZ doses on

morphophysiological features, crop productivity and fruit quality of melon plants.

Materials and Methods

Site description

This experiment was conducted in greenhouse, at the experimental field of the
Federal University of Vigcosa/MG-Brazil, during September/2009 to January/2010. The
greenhouse had chapel style, with 120 m” (12 x 10, length and width, respectively),
containing eight plots of 10 m” (10m x 1m) each one, covered with plastic film LDPE
(150 pm), curtains in front, to make the management of closing and opening when
needed. Temperature (°C) and air relative humidity (%) inside the greenhouse were
recorded during the entire experimental period, by digital thermal hygrometer (HT-210,
Instrutherm, Sao Paulo, Brazil), being adjusted at the height of the plant canopy. Were
recorded an average of 22.6 °C, 31.6 °C and 63.4% for minimum and maximum
temperature and relative humidity inside the greenhouse, respectively. To assist in
pollination, two hives of honey bees (Apis mellifera) were placed outside of the
greenhouse during the flowering period.

The plots were filled with soil classified as Clay Loam soil (EMBRAPA, 2006)
with the following chemical characteristics: pH (H,O)= 6.5; P= 82.7 mg dm'3; Prem =
31.1 mg L"; K = 112 mg dm™; Na = 19 mg dm™; Ca** = 11.5 cmol. dm™; Mg**= 3.5
cmol. dm™; Al = 0.0 cmol. dm™; H+AI = 4.62 cmol. dm™; SB = 15.37 cmol, dm™;
CECe = 15.37 cmol. dm™; CEC = 19.99 cmol. dm™; BSI = 77%; ASI = 0.0%; NaSI =

20



0.54%; SMO = 6.9 dag kg''; Zn = 23.4 mg dm™; Fe = 49.7 mg dm™; Mn = 52.7 mg dm"
3. Cu =04 mg dm™; B = 0,7 mg dm™, containing 35% of clay, 29% of silt, 26% thick
sand and 10% of thin sand. The soil was previously corrected according to
recommendations for the culture (Fontes and Puiatti, 2009). The irrigation was

performed daily by located drip system.

Plant culture

Were used the hybrid "Torreon' (Cucumis melo L. group Cantalupensis), which
presents reticulated rind and salmon-pulp. The seedlings were prepared into polystyrene
trays with 128 cells filled with substratum Plantmax® (Eucatex, Paulinia, Brazil) and the
transplant occurred when the second leaf was expanded. The culture was led vertically
into single stem, being pruned when reached 2 m in height. One fruit per plant was led
in secondary branch, with the pruning realized two leaves after fixation. All other
branches and fruits were eliminated. The phytosanitary control with fungicides and

pesticides registered for melon culture was performed when necessary.

Treatments

Treatments were consisted of four PBZ doses (0.4; 0.8; 1.2 and 1.6 mg PBZ
plant™), using the formulation Paclobutrazol® 100 CE (Agro Comercial Wiser Ltda,
Diadema, Brazil) by drench, 10 cm around the base of the melon plants; and the control
(untreated plants). The doses were divided in five applications, every seven days, with
the first application at 15 days after transplanting. The experiment was conducted using
a randomized complete block design with eight blocks. The plot was two rows of 1.80
m, spaced 0.80 m, with 6 plants each, spaced at 0.30 m. To avoid possible interferences
between treatments (PBZ doses), the plots were separated with plastic film (LDPE, 150
um) placed to a depth of 0.30 m transversely to the rows. The useful parcel was

consisted of four central plants of each row, resulting in a total of eight plants per plot.

Data recorded

Stem diameter (SD); internodes (IN), tendrils (TN) and leaves (LN) number; leaf
area (LA); stem (SDM), leaf (LDM) and total (TDM) dry mass; number of male (NMF)
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and hermaphrodite (NHF) flowers; male and hermaphrodite flowers ratio (MHR); and
indirect chlorophyll measurement (SPAD) were evaluated.

The SD was measured using a millimeter caliper, 0.30 m from the ground level,
and LA was measured using a leaf area integrator, model LI-3100 by Li-Cor (Li-Cor,

255

Lincoln, USA), and expressed in “dm~”. The plant parts (stems and leaves) were dried

in a forced-air oven at 60 °C, until constant mass, and weighed on analytical balance,
being expressed in “g”. SPAD was measured by a portable chlorophyll meter, model
SPAD-502 (Konica Minolta, Ramsey, USA). This analysis was realized in 3 leaves
picked from the top, middle and basal canopy area at the same time. The data were
taken of equidistant regions of each leaf and then calculated the average with this
portable meter. NMF, NHF and MHR (NMF/NHF) were measured daily until the end of
the experiment and IN, TN and LN were analyzed each 7 days.

To obtain physiological indices of growth analysis were evaluated: absolute
growth rate (AGR), relative growth rate (RGR), net assimilation rate (NAR), leaf area
ratio (LAR), specific leaf area (SLA), leaf (LWR) and stem (SWR) weight ratio. The

average value of reference growth parameters for different time intervals were

calculated according to the following standard formulas of growth analysis:

AGR = (Wo-W))/(t>-1)) expressed as g day”' (Hurt 1990);

RGR = [(InWa-1nW))/(t2-1))]+(1/W;) expressed as g g day™ (Hurt 1990);

NAR = [(Wa-W)/(ta-11)]:[(InLao-InLa1)(Lao-La1)1¥1000 expressed as g dm™ day ™'
(Gardner et al. 1985);

LAR = (Lao/Wi+La1/W>)/2 expressed as dm” g (Hurt 1990);

SLA = [(Lay/Wr1)+(La/Wi2))/2 expressed as dm? g'1 (Gardner et al. 1985);

LWR = [(WL1/W))+(W2/W,)]/2 expressed as g g (Hurt 1990);

SWR = [(Ws,/W))+(Wso/W2)1/2 expressed as g g (Magalhdes 1986).

Where: Ly; and Ly, are the LA at time 1 (t;) and time 2 (t;), respectively; W; and
W, are the TDW at time 1 (t;) and 2 (t), respectively; Wy is the LDW, W ; and W, at
time 1 (t;) and 2 (t;), respectively; and Wy is the SDW, Ws; and W, at time 1 (t;) and 2
(t2), respectively.

The fruit weight (g) (FW) and yield (kg m'2) (YIE) at the plot were analyzed. To
verify the attributes of fruits quality, three representative fruits from each plot were
taken randomly within the useful parcel. Were analyzed: fruit weight (g) (FW);
longitudinal (LD) and transverse (TD) fruit diameters, pulp thickness (PTN), shell

thickness (STN), internal cavity (ICV) and fruit shape index (FSI), expressed in “mm”;
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firmness (N) (FIR); hydrogen potential (pH); percentage (%) of total soluble solids
(TSS), total acidity (TAC) and the maturation index (MAI); vitamin C (AA), expressed
as mg of vitamin C per 100 g of pulp; total (TSG), reducing (RSG) and non-reducing
(NSG) sugars, expressed in “mg mL""; rind reticulation (RRT); pulp (PHA) and rind
hue angle (RHA); and pulp (PCH) and rind croma (RCH).

A semi-analytical balance was used to measure FW and YIE. Diameters (LD and
TD) and ICV were obtained by a millimeter ruler; and PTN and STN values, with a
caliper. The FSI was calculated by the ratio of LD and TD. The FIR was determined by
digital penetrometer (PDF-200, Soilcontrol, Sdo Paulo, Brazil) in the pulp of melon
fruits longitudinally divided.The values were obtained in pounds (Lbf) and transformed
to Newton (N), using the conversion factor of 4.45.

The pH was determined by digital potentiometer DM-22 (Digimed, Sdo Paulo,
Brazil) and TSS by digital refractometer (Pal-1, Atago, Tokyo, Japan), being expressed
in percentage (%) of glucose. TAC was determined in duplicate, using a rate of 10 mL
of juice added to 40 mL of distilled water and 5 drops alcoholic phenolphthalein (1%),
titrating up to the turning point with NaOH 0,1 N previously standardized and the
results expressed as percentage (%) of citric acid. MAI was given by the ratio
TSS/TAC. AA was obtained by direct titration with a Tillman solution according to
methodology of Strohecker and Henning (1967). TSG, RSG and NSG were determined
by refractometry in a Spectrophotometer UV — 1601 (Shimadzu, Tokyo, Japan) at 620
nm by Antrona method according to Yemn and Willis (1954), using a filtered juice of
selected longitudinal slices of melon pulp.

RRT was evaluated according to grading scale by methodology of Rizzo and Braz
(2001), using the value ‘1’ to fruits with intense reticulation, ‘2’ to medium reticulation
and ‘3’ to weak reticulation on fruits rind. PHA, RHA, PCH and RCH were determined
by Colorimeter (Minolta Chroma Meter CR-200B, Konica Minolta, Ramsey, USA),
calibrating in white surface under lighting conditions and expressed in a* and b*. The
Hue angle and Croma index was obtained using the following equations: Hue angle =

(tan”! b*/a*) and Chroma= V(a**+b**) (McGuire 1992).

Statistical analysis

The data were analyzed by regression analysis and the models have been chosen

based on the significance of regression coefficients using the “t” Test, at a level of 5%
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of probability; the determination coefficient (R*) and the biological phenomenon in

study.

Results and Discussions

Morphophysiological parameters

The SD decreased and IN increased linearly in increasing PBZ doses, reaching to
6.35% lower and 19.96% higher at the highest PBZ dose (1.6 mg plant™) respectively,
when compared to control, that had a SD of 0.68 cm and 23.02 internodes (Fig. 1).
These results indicate a PBZ effect on the plants compaction. The reduction of plant
height by internode and stem diameter shortening is a characteristic effect of Triazoles
compounds (Davies et al. 1988) and the best-known effect caused by PBZ in plants
stems (Quilan 1981). This is due to GA inhibition, exemplified by the reduction of
internodes elongation. In addition, smaller SD has been associated with decreased
number of cells, small cortical cells and decreases in xylem diameter (Fletcher and
Hofstra, 1990). The reduction of branches growth is also attributed to the decrease of

the total available sugars, induced by PBZ effect (Mehouachi et al. 1996).
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Fig. 1 Stem diameter (ST) (a) and internodes number (IN) (b) of melon plants according
to PBZ doses. Plants with 100 days age after planting and 50 days after last PBZ
application.

Since PBZ promoted internodes shortening and consequent increases of IN, were
observed linearly increases in LN and TN. At highest PBZ dose (1.6 mg plant™), the LN
and TN was 16.76 % and 20.72 % higher than the control, averaging 27.57 internodes
and 16.89 tendrils, respectively (Fig. 2). The common feature to all stems are the nodes,
internodes, lateral leaves and associated axillary buds, which occur exogenously and are
positioned at the nodal regions (Dickison 2000), thereby determining the LN. As the
tendrils are modified leaves or branches formed in the leaves axil (Raven et al. 1996), as

greater the LN, greater will be the TN in plants.
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Fig. 2 Leaves (LN) (a) and tendril (TN) (b) number of melon plants according to PBZ
doses. Plants with 100 days age after planting and 50 days after last PBZ application.

Regarding the flowers number, PBZ application at 0.25 and 0.23 mg plant’
promoted the highest values of NFH (2.74) and RMF (0.18), promoting increases of
34.3% to both variables (Fig. 3). There were no significant statistical changes in the
NMF.

GA synthesis has influence in the initiation and flower differentiation. Thus, these
results may be a direct consequence of changes in GA concentrations (Basra 2000). In
addition, Taiz and Zeiger (1998) state that GA application in cucurbits promotes the
formation of staminate flowers and its inhibition promotes the formation of pistillate
flower. As the PBZ acts inhibiting the GA synthesis, there was stimulation on

hermaphrodite flowers production. However when applied in higher doses, PBZ can
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promote the reduction on flowers number (Basra 2000). This was observed in this

experiment at doses above 0.8 mg PBZ plant™.
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Fig. 3 Number of hermaphrodite flowers (NHF) (a) and number of male (NMF) and
hermaphrodite (NHF) flowers ratio (MHR) (b) on melon plants according to PBZ doses.
Plants with 100 days age after planting and 50 days after last PBZ application.

PBZ-treated plants had leaves with more intense green color than the control,
which was confirmed by the results of the SPAD index (Fig. 4). In most cases, this
increase is related to increases in chlorophyll content or simply a concentration effect
due to reduced leaf expansion (Davies and Sankhla 1987). The highest SPAD value was
38.61, at 1.37 mg PBZ plant”. This amount is 4.1% higher than the control which
SPAD index was 37.09.
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Fig. 4 Indirect chlorophyll measurement (SPAD Index) of melon plants according to
PBZ doses. Plants with 100 days age after planting and 50 days after last PBZ
application.

There were no significant differences for the variables SDW, LDW and TDW.
These variables were possibly offset by the greater number of internodes and leaves,

reduced leaf expansion and cuticle thickening (Basra 2000.)

Growth parameters

The lower LA value (4790.81 dm?) was observed at 0.83 mg PBZ plant™, 26.5 %
lower than the control, that showed a LA equal to 6,516.02 dm? (Fig. 5A). Leaves that
develop after the application of growth regulator tend to be smaller, but thicker due to
the production of another mesophyll cells layer (Benton and Cobb 1995; Basra 2000).
This response is a result of reduction in proliferation and cell growth by inhibition of
GA biosynthesis caused by PBZ (Khalil and Rahmanb 1995). Due to LA reduction,
LAR tended to decrease with increasing PBZ doses. The lowest values of LAR (98.69
dm? g'l) and SLA (169.65 dm? g!) were observed in PBZ doses of 0.88 mg plalnt'1 and
0.64 mg plant”, 20.35% and 20.56% lower, respectively (Fig. 5B and 5C). On thick
leaves, chlorophyll levels, stomatal density and photosynthesis had specific increases
per unit area, inferring for this reason the reduction of SLA (Basra 2000). LAR
expresses the useful photosynthesis area and the potentially respiratory components of

the plant; and SLA is related to density or relative thickness, because express the ratio
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between LA and LDW (Hurt 1990). Thus, PBZ-treated plants had reduced

photosynthetic rate per mass and higher photosynthetic rate per area.
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Fig. 5 Leaf area (LA) (a), leaf area ratio (LAR) (b), specific leaf area (SLA) (c) and net
assimilation rate (NAR) (d) of melon plants according to PBZ doses. Plants with 100
days age after planting and 50 days after last PBZ application.

PBZ application promoted increase up to 26.8% on NAR at 0.83 mg plant’
averaging 0.0006 g dm™ day” (Fig 5D). The NAR increase on PBZ-treated plants was
caused by the effect of this plant growth regulator on LN. The lower LN provided
efficient CO, assimilation and dry matter partitioning during the crop cycle, which is
useful in assimilates allocation, allowing greater assimilates availability to the fruit
(Martin et al. 1987).

There were no significant differences for the variables AGR, RGR, LWR and
SWR when subjected to PBZ doses, showing that the tested PBZ doses did not affect

the production, accumulation and allocation of biomass in melon plants.
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Post-harvest quality of melon fruits

Analyzed fruits satisfied the International Standard FFV-23 concerning the
marketing and commercial quality control of melon of the United Nations Economic
Commission for Europe - UNECE (UNECE 2010). In addition, there were no
significant differences for fruits quality (Table 1). These results indicated that
application of PBZ did not affect the internal and external appearance of melon fruits,

which had desirable characteristics for marketing.

Table 1 Mean values of variables: longitudinal diameter (LD), transverse diameter
(TD), fruit shape index (FSI), pulp thickness (PTN), shell thickness (STN), internal
cavity (ICV), rind reticulation (RRT), firmness (FIR), fruit weight (FW), yield (YIE),
total soluble solids (STT), hydrogen potential (pH), total acidity (TAC), maturity index
(MAI), total sugars (TSG), reducing sugars (RSG), non-reducing sugars (NSG), vitamin
C (AA), rind Hue angle (RHA), pulp Hue angle (PHA), rind chroma (RCH) and pulp
chroma (PCH), according to the application of PBZ doses.

VARIABLES MEAN VARIABLES MEAN

LD 135.45 mm pH 6.97

TD 116.15 mm TAC 0.06 %

FSI 26.29 mm MAI 162.0

PTN 6.04 mm TSG 0.12860 mg ml™
STN 71.42 mm RSG 0.01072 mg ml"'
ICV 1.12 mm NSG 0.11788 mg ml"'
RRT 2 (medium reticulation) AA 23.22mg 100 g
FIR 2143 N RHA 91.97°

FwW 95442 ¢ PHA 70.69°

YIE 5.72 kg m™ RCH 31.11°

STT 9.42 % PCH 36.82°

A good yield average (5.72 kg m™) was obtained, considering that all plants led
one fruit per plant. Rizzo and Braz (2001) obtained a yield average ranging from 8.32 to
13.15 kg m™, analyzing the yield of melon cultivars at greenhouse crop, however,
managing three fruits per plant.

The fruits showed intense arome, rounded shape and medium reticulation over the
surface (Table 1). Due the crops have been harvested 5 to 10 days after the commercial
point of harvest, there was a FIR variation of 19.47 N to 24.38 N, slightly below the
recommended for export, which is 30 N (Alves et al. 2000). The STT attended the
requirements for international marketing of melon from Cantaloupensis group, which

requires a ratio greater than 8 °Brix (UNECE 2010).
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Whereas: the Chroma is described as the intensity or color saturation, which 0
(zero) is impure color and 60 is pure color (McGuire 1992); and the Hue angle, shows
the color location in a diagram, which angle 0° (zero) represents the pure red, 90°
represents the pure yellow, 180° the pure green and 270° the blue (Shewfelt et al. 1988),
we can affirm that were obtained fruits showing color and color intensity common to
melon fruits hybrid ‘Torreon’, which has green-yellow rind and salmon-pulp
(EMBRAPA 2011).

In conclusion, the PBZ application reduced the plant size without affecting
productivity, the appearance of the melon fruit and its quality attributes, proving to be
an effective alternative for crop management in greenhouse. Thus, the best dose was 0.4
mg PBZ plalnt'1 due to the positives physiologic responses by the melon plants, the

higher number of hermaphrodite flowers and the product economy.
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III - DETERMINATION OF PACLOBUTRAZOL IN MELON FRUITS BY
HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

Abstract Paclobutrazol (PBZ) is a triazole compound and plant growth regulator that
when applied in a large amount results in high levels of growth regulator residues in
crops. This is why application of plants growth regulators is now restricted. Therefore,
this study aimed to detect and quantify PBZ contends in melon pulp using High
Performance Liquid Chromatography (HPLC). The experimental design was
randomized blocks with five treatments, eight blocks and eight repetitions. The
treatments were fruits harvested from PBZ-treated (0.4, 0.8, 1.2 and 1.6 mg PBZ L'l)
and untreated plants (witness), 100 days after planting. Eight fruits were harvested of
each block for PBZ analysis in melon pulp. PBZ was not present into melon pulp

obtained from treated plants, even at the highest dose, being harmless to human health.

Keywords Plant growth regulator, triazole compound, HPLC, chemistry residue, melon
pulp, human health

Introduction

The presence of toxic substances in food may be caused by several sources of
contamination. A major source of food contamination is due the use of agrochemicals,
which are substances used to enhance the quality and quantity of food needed to sustain
the population (Vega and Florentino, 2000). For instance, phytoregulators, organic
compounds non-toxic to plants, are used to regulate plant growth without changing
developmental patterns (Rademacher, 2000).

The largest group of plant growth regulators consists of chemicals antagonistic of
gibberellins (Fletcher et al., 2000). Among this group, the Paclobutrazol (PBZ) [
(2RS,3RS) - 1 - (4 - chlorophenyl) - 4, 4 - dimethyl - 2 - (1H - 1, 2, 4 - triazol- 1 - yl)
pentan - 3 - ol] (Fig.1) is a triazole compound and plant growth regulator that is applied
as a foliar spray (El-Khoreiby et al., 1990; Lewis and Ju, 1993), soil drench (Kawabata
and DeFrank, 1993; Keever and Cox, 1989) or, trunk injections (Cox, 1990). In many of
these methods, a large amount of applied compound results in high levels of growth

regulator residues in crops. These residues in roots and shoots of edible crops are known

34



to be hazardous to human and other animals. This is why application of plant growth

regulators is now restricted (Davies et al., 1988).

OH
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Fig. 1 Molecular structure of Paclobutrazol [(2RS,3RS)-1-(4-chlorophenyl)-4,4-
dimethyl-2-(1H-1,2,4-triazol-1-yl)pentan-3-ol]

To ensure that maximum residue levels are complied, analytical methodologies
used to the determination of toxic substances in food should be able to quantify residues
of these substances in very low concentrations, as well as identify them unequivocally.
Due to the complexity of food matrices involving mixture of water, proteins, lipids,
carbohydrates, vitamins and minerals (Lehotay and Hajslova, 2002), is often required
intensive sample preparation, as well as the coupling of analytical techniques to obtain
higher selectivity and detectability. A simpler approach is to analyze plant material
utilizing HPLC, proving to be advantageous in this sense (Witchard, 1997).

The objective of this study was to detect and quantify PBZ contend in melon pulp

using High Performance Liquid Chromatography (HPLC).

Material and Methods

Fruits of the hybrid "Torreon' (Cucumis melo L. group Cantalupensis), presenting
reticulated rind and salmon-pulp were used. The seedlings were prepared in polystyrene
trays with 128 cells filled with substratum Plantmax® (Eucatex, Paulinia, Brazil) and the
transplant occurred when they presented the second expanded leaf. The experimental
design was randomized blocks with five treatments and eight repetitions. The treatments
were consisted of four PBZ doses (0.4, 0.8, 1.2 and 1.6 mg PBZ L'l), using the
formulation Paclobutrazol® 100 CE (Agro Comercial Wiser Ltda, Diadema, Brazil)

applied to the soil 10 cm around the base of the melon plants; and the control, which did
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not receive the phytoregulator, been treated with distilled water. The applications were
divided in 4 times, spaced in 7 days, being the first done 15 days after the transplanting.

Plants were led vertically in single stem, being pruned when they reach 2 m in
height. One fruit per plant was led in secondary branch, with pruning realized two
leaves after fixation. All other branches and fruits were eliminated. The phytosanitary
control with fungicides and pesticides registered for culture was performed when
necessary. At harvest, 100 days after planting, the fruits of melon plants were harvested

for analysis of residual PBZ into pulp.

Extraction and HPLC Analysis

The method for extraction and HPLC analysis was modified from Lautié¢ et al.,
(2000), Sharma and Awasthi (2005) and Sancho et al. (2003). In each treatment, pulp
samples were taken at equidistant parts of 8 melon fruits, forming a composite sample.
Then, 25 g of each sample was triturated in mixer with 10 mL of Absolute Methyl
Alcohol (Merc, Darmstadt, Germany) and filtered through qualitative filter paper 80 g.
The methanol dissolved any crystallized PBZ contained in the sap. The residue retained
on the paper was washed four times with methanol and the volume completed to 50 mL
in volumetric flask.

Samples were concentrated for better PBZ detection. A 50 mL amount of each
sample was centrifuged twice for 5 min at 1000 ppm, the supernatant was stored. Then,
they were putted into flasks in a Rotavapor, model R-200 (BUCHI Labortechnik,
Flawil, Switzerland) equipped with a vacuum pump TE-058 (Tecnal, Piracicaba, Brazil)
at -600 mmHg and 60+1 °C, for approximately 13 min to obtain a concentrate
containing an average volume of 2.0 mL. The volume of 1.5 mL of the extract was
transferred to eppendorf tubes. The tubes were then shaken, centrifuged 2 times at
10000 ppm during 5 min, and supernatants transferred to vials and submitted to analysis
by High Performance Liquid Chromatography (HPLC).

The analysis system consisted of an LC10A spectrophotometric HPLC detector
(Shimadzu, Tokyo, Japan) with a UV wavelength detector operating at 227 nm (Early
and Martin 1988) with a column CLC-ODS (C18) (4,6 mm x 26 cm X 5 um)
(Shimadzu, Tokyo, Japan). An LC10A HPLC pump operated at a flow rate of 0.9 mL
min" and with an injection “loop” of 20 uL. The liquid phase of the system was

methanol : deionized water (70/30, v/v) and the retention time was 20 min.
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Standard solutions from 40 mg L' PBZ in absolute methanol were created from
solid PBZ. The pure PBZ utilized was Paclobutrazol PESTANAL® (FL-46046, Sigma-
Aldrich, Saint Louis, USA). This standard was used to determine relative concentrations

of PBZ in the pulp samples of melon fruits.

Results and Discussion

PBZ was identified on the standard solutions by a distinct peak occurring about 12
min 11 s after column injection (Fig. 2). However, PBZ peaks did not occur in any
melon sample, demonstrating that used concentrations of PBZ were not enough to let
residues on pulp of melon fruits obtained from treated plants, even at the highest
concentration (1.6 mg L"), 65 days after treatment. Taking into consideration the
sanitary regulations for PBZ (Kaloyanova 1993), it can be assumed that the fruits of

treated plants are harmless to human health from a phytosanitary point of view.
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Fig. 2 Detection and quantification of Paclobutrazol (PBZ) on 40 mg L' PBZ-Standard
solution. The PBZ peak occurs at 12 min 11 s.

A large peak encountered nearly at 4 min probably represented a complex of no
indentified compounds within the melon pulp (Fig. 3). This peak returned to baseline

well before PBZ was detected.
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Fig. 3 Detection and quantification of Paclobutrazol (PBZ) on melon pulp samples by
HPLC analysis. Pulp samples of untreated plants (A) and PBZ-treatment plants with:
0.4 (B), 0.8 (C), 1.2 (D) and 1.6 (E) mg PBZ L.

One of the most common solvents used for extraction of phenolic compounds
from foods is methanol (Naczk & Shahidi, 2004). Thus, this conduct can be due to the
extraction of these compounds presented within melon pulp. Seeram et al. (2004)
reported that extractions with different solvents showed that the methanol yielded the
most peaks in the HPLC chromatogram, identifying glycosides, elagic acid based
compound, flavanols and hydrolyzable tannins in the first 5 min of retention time in

strawberry fruits. In addition, phenolics compounds were extracted on bitter melon fruit
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(Momordica charantia) (Budrat and Shotipruk 2008) and grapes (Kammerer and Carle
2008, Oszmianski and Lee 1990) by similar methodology.

To confirm the extraction of unknown compound presented in melon fruits,
samples of a different melon (Yellow Melon, Hybrid AF-646) were purchased at retail
and analyzed by HPLC using methanol as extractor. These samples showed similar peak
when compared to samples of melon pulp obtained from untreated and PBZ-treated

melon plants (Fig. 4).

]
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Fig. 4 Detection of unknown compounds on pulp samples of Yellow Melon by HPLC
analysis.

The advantages of this presented technique are that it is a relative inexpensive, less
labor intensive, relatively rapid and very accurate. Furthermore, this experiment showed
that PBZ was not present in pulp sample of melon fruits obtained from treated plants,

being harmless to human health.
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IV - ALTERACOES MORFOFISIOLOGICAS E POTENCIAL ELICITOR DO
PACLOBUTRAZOL CONTRA C. lagenarium EM PLANTAS DE PEPINO

RESUMO

O Paclobutrazol (PBZ) é um fitorregulador derivado do grupo dos triazéis também
utilizado na ativacdo e regulacdo de processos envolvidos na biossintese de defesa de
plantas. Este trabalho foi dividido em trés experimentos distintos e objetivou: verificar a
acdo do PBZ sobre as alteragdes morfofisioldgicas em plantas de pepino; a sensibilidade
in vitro de isolados de C. lagenarium ao PBZ; e seu potencial elicitor sobre este
patégeno. No bioensaio, foram testados dois isolados de C. lagenarium (CLKIJI1 e
CLKJ25) em seis tratamentos: meio BDA puro (testemunha) e acrescidos com
concentracoes de PBZ (50, 100, 200 e 400 mg L'l), FTT (Tebuconazole +
Trifloxystrobin) (100 mg L'l) e FTB (Tebuconazole) (200 mg L'l). Para avaliar as
alteracdes morfofisioldgicas e verificar o potencial elicitor sobre o patégeno, plantas de
pepino foram tratadas com quatro doses de PBZ (50, 100, 200 e 400 mg planta'l) e suas
folhas inoculadas com a suspensdo do isolado CLKJ25, na concentracdo 1x10® conidios
mL™". O PBZ inibiu o crescimento micelial in vitro de C. lagenarium e demonstrou ser
extremamente eficaz na redugdo do crescimento de plantas de pepino. Além disso, as
alteracdoes morfofisiolégicas decorrentes da sua aplicagdo atrasaram a infec¢do do
patégeno nas folhas, proporcionado redug¢do na drea foliar lesionada. A melhor
concentracio de PBZ foi a de 50 mg PBZ L' ou 50 mg PBZ planta™. Apesar desses
resultados, este fitorregulador ndo pode ser considerado um agente indutor de

resisténcia de plantas devido ao efeito toxico sobre o patégeno desafiante.

Palavras chave: Cucumis sativus, antracnose, PBZ, regulador de crescimento, potencial

elicitor.
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IV - MORPHOPHYSIOLOGICAL CHANGES AND ELICITOR POTENTIAL
OF PACLOBUTRAZOL AGAINST C. lagenarium IN CUCUMBER PLANTS

ABSTRACT

Paclobutrazol (PBZ) is a plant growth regulator derived from triazole group also used in
the activation and regulation of processes involved in the plant defense biosynthesis.
This research was divided in three distinct experiments and aimed: to verify PBZ action
on morphophysiological changes in cucumber plants; the in vitro sensitivity of C.
lagenarium isolates to PBZ; and its elicitor potential on this pathogen. In the bioassay
were tested two C. lagenarium isolates (CLKJ11 and CLKJ25) in six treatments: pure
BDA medium (control) and plus PBZ (50, 100, 200 and 400 mg L'l), FTT
(Tebuconazole + Trifloxystrobin) (100 mg L) and FTB (Tebuconazole) (200 mg L™)
concentrations. To evaluate morphophysiological changes and verify the elicitor
potential on the pathogen, cucumber plants were treated with four doses of PBZ (50,
100, 200 and 400 mg plant’) and leaves inoculated with suspension of the isolate
CLKJ25 at concentration of 1x10® conidia mL'. PBZ inhibited the in vitro micelial
growth of C. lagenarium and showed to be extremely efficient in reducing the growth of
cucumber plants. Moreover, morphophysiological changes caused by its application
delayed the pathogen infection in leaves, promoting reduction of lesioned leaf area. The
best PBZ concentration was 50 mg PBZ L' or 50 mg PBZ plant™. Despite these results
this phytoregulator can not be considered a plant resistance inducer due to its toxic

effect on the tested pathogen.

Keywords: Cucumis sativus, PBZ, anthracnose, plant growth regulator, elicitor

potential.

INTRODUCAO

Antracnose em pepino (Cucumis sativus L.) causado pelo fungo Colletotrichum
lagenarium (Pass.) Ellis & Halsted sin. C. orbiculare (Berk & Mont.) Arx e C.
gloeosporioides f. sp. Cucurbitae), € uma das doencas mais destrutivas em
cucurbitdceas, ocorrendo em todos os lugares onde o pepino € cultivado (Tian et al.,

2008). Os sintomas iniciam-se em folhas mais velhas com lesdes encharcadas, seguida
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de necrose e manchas circulares circundadas por um halo de tecido amarelado. As
lesdes crescem rapidamente, tornando-se marrons com centro mais claros (Rego &
Carrijo, 2000). O surto e a desfolha causada pela infeccdo no caule e nas folhas
infectadas podem resultar em reducdes no rendimento das culturas ou até mesmo perda
total em alguns campos de producdo (Amin & Ullasa, 1981; Latin, 1993). Atualmente, o
controle de antracnose € realizado principalmente através da aplicacdao de fungicidas
protetores. Consequentemente, pesquisas tem objetivado a criacdo de novas técnicas
para o controle da doenca, oportunando o estudo da ativac¢do da resisténcia induzida em
plantas (Tian et al., 2008).

A Resisténcia Sistémica Adquirida (SAR) envolve a ativacdo de mecanismos de
defesa latentes existente nas plantas em resposta ao tratamento com agentes bidticos ou
abidticos chamados de elicitores (Cohen et al., 1993; Smith, 1996). Estes compostos
aumentam o nivel de resisténcia da planta, podendo atuar por meio da indugdo de
alteracdes estruturais como o espessamento de cuticula, lignificacdo, papilas, halos,
densidade de tricomas, densidade e conformacdo de estomatos (Agrios, 2005).

A diversidade de substancias com natureza quimica variada demonstra a nao
existéncia de caracteristica estrutural nica na determinagdo da atividade elicitora. Por
exemplo, algumas substancias quimicas como o 4cido jasmonico (Shoresh et al., 2005),
o acibenzolar-S-methyl (ASM) (Bubici et al., 2006), o tidiazol (Fan et al., 2009), o
probenazole (Oostendorp et al., 2001), o tetrazonazol (Ronchia et al., 1997) e o
trifluralin (Starratt & Lazarovits, 1999) apresentam essas caracteristicas. Alguns
reguladores de crescimento, como o acylcyclohexanediones e os trinexapac-ethyl,
também tém apresentado atividade elicitora. Estes compostos reduzem a suscetibilidade
de plantas a bactérias e fungos, atuando como retardador de crescimento e afetando
parametros morfoldgicos e histoldgicos em folhas e brotos (Spinelli et al., 2005).

O Paclobutrazol (PBZ) é um regulador de crescimento derivado do grupo dos
triazéis (Salisbury & Ross, 1992). Este composto tem sido utilizado na ativacdo e
regulagdo de processos envolvidos na biossintese de defesa da planta apresentando,
dessa forma, potencial elicitor. Apesar da potencialidade do PBZ como regulador de
crescimento e agente elicitor pouco se conhece sobre o real efeito deste composto sobre
a cultura do pepino e sobre a indugdo de resisténcia ao patdégeno C. lagenarium. Desta
forma, o presente trabalho teve como objetivo verificar a acdo do PBZ sobre as
alteracdes morfofisioldgicas em plantas de pepino; a sensibilidade in vitro de isolados

de C. lagenarium ao PBZ; e seu potencial elicitor sobre este patdégeno.
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MATERIAL E METODOS

Este trabalho consistiu em trés experimentos distintos. No primeiro foi realizado
um bioensaio para avaliar a sensibilidade micelial de isolados de C. lagenarium ao PBZ.
No segundo, plantas de pepino foram tratadas com PBZ, para verificacdo das alteragdes
morfofisiolégicas; e finalmente, as folhas dessas plantas foram inoculadas com uma
suspensdo de conidios do isolado mais virulento de C. lagenarium obtido no primeiro

ensaio, objetivando verificar o potencial elicitor do PBZ sobre a antracnose.

Sensibilidade in vitro de isolados de C. lagenarium ao PBZ

O bioensaio foi realizado no Laboratério de Protecao de Plantas do Departamento
de Fitopatologia/UFV, Vicosa/MG. Foram utilizados dois isolados de C. lagenarium
(CLKJ11 e CLKIJ25), obtidos a partir de lesdes encontradas em folhas de pepino. Para a
obtencdo dos isolados, fragmentos do tecido das folhas de pepino foram desinfestadas
superficialmente com hipoclorito sédico (1:3, v:v) durante 1 minuto e lavadas mais duas
vezes em dgua destilada autoclavada para a eliminac¢do do excesso de hipoclorito. Em
seguida, foram transferidos para placas de Petri, contendo meio de cultura batata-
dextrose-dgar (BDA) acrescido de 500 mg L' de estreptomicina, sendo incubados por 7
dias a temperatura de 25+42°C, sob luminosidade continua. As espécies filngicas
crescidas em meio BDA foram repicadas, para a constituicio de uma populacdo pura,
sendo posteriormente identificada em microscopio O6tico. Discos de micélio dos
isolados, medindo 5 mm de didmetro, foram transferidos para placas de Petri contendo
BDA com os compostos quimicos testados e entdo incubadas por 10 dias em BOD, a
25+2°C com luminosidade constante.

O bioensaio foi composto por sete tratamentos distribuidos em delineamento
experimental inteiramente casualizado, dois isolados do patégeno e dez repeticdes. A
unidade experimental foi constituida de uma placa de Petri contendo 1 disco do fungo.
Os tratamentos consistiram na utilizacdo de meio BDA puro (testemunha) e acrescido
com concentracoes dos compostos PBZ (50, 100, 200 e 400 mg L"), FTT (100 mg L
e FTB (200 mg L") (Tabela 1). O PBZ foi obtido a partir da formulagdo de
Paclobutrazol® 100 CE (Agro Comercial Wiser Ltda, Diadema, Brasil). Os compostos
denominados FTT e FTB, também conhecidos pelo nome comercial de Nativo® (Bayer

Crop Science, Leverkusen, Alemanha) e Triade® (Bayer Crop Science, Leverkusen,
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Alemanha) respectivamente, sdo fungicidas recomendado para o controle de
Colletrotrichum sp. em diversas culturas. Estes também sdo pertencentes ao grupo dos
triaz0is e apresentam mecanismo de acdo semelhante ao PBZ (inibidores da biossintese

de ergosterol) (Richardson & Warnock, 1993).

Tabela 1. Composi¢cdo de meios para a avaliacdo da sensibilidade in vitro de C.
lagenarium aos compostos triazdlicos.

Tratamento Composicao

BDA Batata (100 g L") + Dextrose (S g L") + Agar (17 gL™")

PBZ 50 BDA + Paclobutrazol (50,0 mg L™)

PBZ 100 BDA + Paclobutrazol (100 mg L™)

PBZ 200 BDA + Paclobutrazol (200 mg L

PBZ 400 BDA + Paclobutrazol (400 mg L™)

FTT BDA + Tebuconazole (200 g LY+ Trifloxystrobin (100 g Lh
FTB BDA + Tebuconazole (400 g L

Para determinar a sensibilidade in vitro do C. lagenarium as concentracdes de
PBZ, FTT e FTB avaliou-se o crescimento micelial (CM) e a porcentagem de inibicao
do crescimento micelial (PIN) em relagdo a testemunha. As avaliagdes do CM foram
realizadas durante oito dias, a cada 48 horas, por meio de medi¢cao do crescimento radial
do micélio na superficie do meio de cultura. As médias para cada uma das repeticoes
foram estabelecidas por meio de duas medidas feitas em direcdes ortogonais nas placas,
com o auxilio de uma régua milimetrada. Os dados obtidos foram submetidos a anélise

de variancia e as médias comparadas pelo teste de Tukey a 5% de probabilidade.
Alteracoes morfofisiologicas em plantas de pepino causadas pela aplicacdo de PBZ

Foram utilizadas sementes de pepino hibrido ‘Safira’ (Sakata, Kanagawa, Japao).
As mudas foram preparadas em bandejas de poliestireno de 128 células preenchidas
com substrato comercial (Plantmax®, Eucatex, Paulinia, Brasil). O transplante, para
vasos com 3 L de capacidade, ocorreu quando as plantas apresentaram a segunda folha
completamente expandida. O solo foi classificado como ARGISSOLO VERMELHO-
AMARELO (EMBRAPA, 2006), apresentando as seguintes caracteristicas: pH em dgua
(1:22.5)=6.1; P=1754 mg dm™; P-rem=27,1 mgL"; K =163,0 mg dm™; Ca™ =
5,7 cmol, dm™; Mg** = 1,2 cmol. dm™; Al = 0,0 cmol, dm™; H + Al = 2,15 cmol,
dm™; SB = 7,32 cmol. dm™; CTC = 7,32 cmol. dm™; CTCr, = 9,47 cmol. dm™;
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V =770 %; m = 0,0 %; MO = 2,1 dag kg'l. As temperaturas minimas e maximas
obtidas dentro da casa de vegetacdo foram 18,7 °C e 29,7 °C, respectivamente.

Os tratamentos consistiram de 4 doses de PBZ (50, 100, 200 e 400 mg planta™)
usando a formulacdo Paclobutrazol® 100 CE (Agro Comercial Wiser Ltda, Diadema,
Brasil) aplicados diretamente no solo, 10 cm ao redor da base das plantas; e a
testemunha, que recebeu dgua destilada, e 5 repeticdes (cada unidade experimental foi
constituida de uma planta por vaso). Foi realizada uma aplicag@o tnica 15 dias apds o
transplante das mudas e 25 dias apds este tratamento foram avaliados: comprimento de
plantas (CP); diametro de caule (DC); nimero de entrenés (NE), nimero de folhas
(NF); area foliar (AF); material seca de raiz (MSR), caule (MSC), folha (MSF) e total
(MST); nimero de flores masculinas (NFM) e femininas (NFF); e a medida indireta de
clorofila (SPAD).

A cada sete dias, o CP foi obtida medindo-se do colo da planta até gema apical
com o auxilio de régua e o DC foi mensurado a 3 cm do solo utilizando-se um
paquimetro, ambos graduados em milimetros. Para a medicdo do indice SPAD foi
utilizando o medidor portétil de clorofila SPAD-502 (Konica Minolta, Ramsey, USA),
sendo as leituras realizadas em 3 regides eqiiidistantes nas 3 folhas mais novas,
calculando-se posteriormente a média, com o proprio medidor. Ao final do experimento,
45 dias apds o transplante, determinou-se a drea foliar, em integrador de é4rea foliar,
modelo LI-3100 (Li-Cor, Lincoln, USA); e as partes da planta (raizes, caule e folhas)
foram secas em estufa de circulagdo forcada de ar a 60 °C, até a obtencdo de massa
constante, sendo pesadas em balanca analitica. O NFM e NFF foram mensuradas
diariamente.

Os dados foram submetidos a andlise de variancia e regressdao Os dados foram
submetidos a andlise de varidncia e regressao. Os modelos foram escolhidos baseados
na significincia dos coeficientes de regressao, utilizado-se o teste “t” adotando o nivel
de significancia de 5% de probabilidade, no coeficiente de determinagdo (R%) e no

fendmeno bioldgico.

Atividade elicitora do PBZ e protecdo de pepino contra a antracnose

Vinte dias apds o tratamento com o fitorregulador, as plantas de pepino foram
inoculadas com o isolado CLKIJ25 do fitopatégeno C. lagenarium, por ter demonstrado
ser menos sensivel ao PBZ no ensaio in vitro. A suspensdo de conidios do isolado

N

CLKJ25 foi preparada pela adicdo de é4gua destilada esterilizada a superficie das
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culturas crescidas em meio BDA por 7 dias. Em seguida, as suspensdes foram filtradas
em camada dupla de gaze e ajustadas em hemacitometro para 1x10® conidios mL™". A
suspensdo testemunha consistiu de dgua destilada esterilizada. Todas as suspensodes
foram suplementadas com Tween 20 (Sigma, Saint Louis, EUA) a 0,05%. A inoculacdo
foi realizada em todas as folhas da planta até o ponto de escorrimento com o auxilio de
um pulverizador manual, e em seguida foram envoltas por uma cobertura pléstica,
permaneceram em camara imida por 48 horas.

Dez dias apds a inoculac@o das plantas, removeram-se as oito folhas mais velhas
de cada planta para a avaliacdo. Cada folha foi fotocopiada em scanner a 300 dpi e a
leitura da severidade de doenca foi realizada com o auxilio do software QUANT (Vale
et al., 2003), da Universidade Federal de Vigosa, determinando-se a porcentagem da
area foliar lesionada em relacdo a area foliar total das plantas inoculadas, através da
reducdo de todas as cores presentes em cada folha para apenas 3: amarelo (tecido
lesionado), verde (tecido sadio) e branco (fundo) (Figura 1). Foi avaliada a percentagem
de area foliar lesionada (AFL). Os dados foram submetidos a andlise de varidncia e
regressao. O modelo foi escolhido baseado na significancia do coeficiente de regressao,
utilizado-se o teste “t” adotando o nivel de significancia de 5% de probabilidade, no

coeficiente de determinagdo (R?) e no fendmeno bioldgico.

Figura 1. Agrupamento e diferenciacio de cores, realizada pelo software QUANT, para
a quantificacdo precisa da drea lesionada de folhas de pepino inoculadas com C.
lagenarium. (A) Folha de pepino scaneada (B) imagem obtida pelo software QUANT
apo6s agrupamento e diferenciagcdo de cores.
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RESULTADOS E DISCUSSAO

Efetividade in vitro dos compostos quimicos

Os compostos PBZ, FTT e FTB inibiram o crescimento de C. lagenarium
independente das concentragdes testadas (Figura 2). Esta eficiéncia no controle in vitro
estd relacionada ao mecanismo de acdo relativa ao grupo quimico a que pertencem
(Grupo dos Triazdis), que atua sobre a biossintese do ergosterol, componente essencial
da membrana de fungos. Estes compostos agem diretamente sobre a 14o-demetilase do
citocromo P450, responsdvel pela demetilagdo do carbono 140 e impede que a enzima
continue o processo de demetilagdo do lanosterol, um precursor do ergosterol
prejudicando a obten¢do de grande quantidade de energia requerida pelo fungo para o

crescimento micelial e formacao dos conidios (Edginton et al., 1971).

Figura 2. Crescimento micelial in vitro de C. lagenarium (CLKJ25) em meio de cultura
contendo BDA (A); BDA + 100 mg PBZ L! (B); BDA + 100 mg FTT L! (C); e BDA +
200 mg FTB L' (D).

O PBZ apresentou potencial de inibicdo crescente em funcdo do aumento da
concentracdo do ingrediente ativo, tendo desta forma apresentado o menor CM e,
conseguentemente a maior PIN na concentragdo de 400 mg L' para os dois isolados
testados (CLKJ11 e CLKJ25). Foi observada diferenca significativa entre os isolados,

sendo o isolado CLKJ11 mais sensivel a todos os compostos avaliados (Tabela 2).
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Tabela 2. Efeito dos compostos PBZ, FFT e FTB sobre o crescimento micelial (CM) e
a porcentagem de inibi¢do (PIN) de dois isolados de C. lagenarium.

Tratamentos Isolado 1 (CLKJ11) Isolado 2 (CLKJ25)
CM (cm) PIN (%) CM (cm) PIN (%)

BDA 840 Aa _ 8,40 Ab ]

PBZ50 1,34 BCb 84,16 3,54 Ba 57,86
PBZ100 1,04 CDb 87,62 3,02 Ba 64,05
PBZ200 0,89 CDb 89,40 1,85 Ca 77,98
PBZ400 000 Db 100,00 0,57 Da 93,21
FTT 1,65 Bb 80,36 2,01 Ca 76,07
FTB 0,71 Db 91,55 0,82 Da 90,24

Os valores médios seguidos de mesma letra mindscula na linha e letra maidscula na coluna ndo diferem
significativamente ao nivel de 5% de probabilidade pelo teste de Tukey. CV (%)=12,58.

Fungos, principalmente do género Colletotrichum, tém demonstrado alta
sensibilidade aos fungicidas do grupo dos triazdis. A eficiéncia de fungicidas deste
grupo quimico na inibicao do crescimento micelial in vitro ja foi comprovada em outros
trabalhos (Freeman et al., 1997). Nido foram encontrados na literatura trabalhos
relatando a bioatividade do PBZ em C. lagenarium. Entretanto, fungicidas como
imazalil, prochloraz, propiconazole e tebuconazole demonstram-se altamente eficientes
no controle de C. gloeosporioides, sendo 1 mg L! capaz de reduzir, em média, 83,3%
do crescimento micelial dos mesmos (Tavares, 2004; Tavares & Souza, 2005). Além
disso, estudos preliminares sobre a utilizagdo de PBZ no controle de fitopatégenos
revelaram que este fitorregulador foi eficaz na inibi¢do no crescimento micelial in vitro
de Fusaium oxysporum f. sp. melonis (Cohen et al., 1987) e Verticillium dahliae
(Cimen et al., 2004).

No isolado 1 (CLKJ11), o composto PBZ proporcionou diferenga significativa no
CM apenas entre sua maior € menor concentracdo. Esta ultima também foi
estatisticamente semelhante ao FTT. Em relacdo ao FTB, houve semelhanca deste
composto com as trés maiores concentragdes de PBZ. No isolado 2 (CLKJ25) a maior
(93,21%) e a menor (57,86%) PIN foram observado no tratamento PBZ400 ¢ PBZ50,
sendo estatisticamente semelhante apenas ao FTB e ao PBZ100, respectivamente. O
FTT foi estatisticamente semelhante apenas ao PBZ200 (Tabela 2).

As semelhancas encontradas entre os compostos PBZ50 e FTT e entre PBZ100 e

FTB no isolado 1, e entre PBZ100 e FTT e PBZ400 e FTB no isolado 2, indicam que o
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PBZ mesmo em menor concentracdo € mais fungitéxico, tornando-o assim mais
eficiente no controle in vitro do patégeno. Além disso, apesar de, segundo a
classificacdo toxicolégica, o PBZ, o FIT e o FTB serem semelhantes (medianamente
téxico); quando classificados quanto ao potencial de periculosidade ambiental, o FTT e
o FTB sdo produtos muito perigosos ao meio ambiente (Classe II) e o PBZ é um
produto medianamente perigoso ao meio ambiente (Classe III) (ANVISA, 2011; SEAB,
2011). Desta forma, podemos afirmar que o PBZ apresentou alta efici€éncia na inibi¢dao
do crescimento micelial do patégeno, sendo o mais indicado, considerando a economia

do produto, a fungitoxidade e a seguranga ambiental.

Alteracoes morfofisiologicas

Plantas de pepino foram sensiveis a aplicacdo de PBZ, tendo as caracteristicas
NE, CP, NF, AF, MSC, NFM e NFF decrescido com a aplicacdo das doses do
fitorregulador. O menor NE (7,98) foi observado na concentracdo 271,20 mg PBZ
planta™, sendo 31,7% menor em relacdo a testemunha (Figura 3A). A diminuicdo do
NE, promoveu a reducdo drastica do CP, tendo o menor CP sido observado na dose
37,83 mg PBZ planta'l, o que representa um decréscimo de 60,42% em relagdo a
testemunha (Figura 3B). Nao foi observado efeito significativo para o DC (DC médio

de 5,2 mm).
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Figura 3. Numero de entrenés (NE) (a) e comprimento (CP) (b) de plantas de pepino
em funcdo das doses de Paclobutrazol.
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Devido as folhas surgirem de forma exdgena e posicionada na regido nodal, o
nimero de entrends determina o nimero de folhas (Dickison 2000). Além disso, folhas
que se desenvolvem apods a aplicagdo de PBZ sdao menores (Basra, 2000). Portanto, a
aplicacdo do fitorregulador provocou a redu¢do do NF e do tamanho das folhas,
resultando na redug¢do da AF. O menor NF (7,53) e a menor AF (447,46 dmz) foram
observados nas concentracdes 372,19 mg PBZ planta’ e 355,18 mg PBZ planta’,

respectivamente (Figura 4).
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Figura 4. Nimero de folhas (NF) (a) e area foliar (AF) (b) de plantas de pepino em
funcdo das doses de Paclobutrazol.

A MSF aumentou com a aplicacdo do PBZ. Entretanto, doses superiores a 100 mg
planta”’ promovem reducdo desta varidvel. Sua média maxima (2,19 g) foi obtida na
dose 53,44 mg PBZ planta'l, correspondendo a um acréscimo de 7,63%. A MSR
aumentou linearmente com a aplica¢do do PBZ. Desta forma, a maior média (0,28 g) foi
obtida na maior concentracdo (400 mg PBZ planta™) e correspondeu a um aumento de
94,64% quando comparado a testemunha. Houve um decréscimo acentuado na varidvel
MSC com a aplicagdo do PBZ. A dose que proporcionou o valor minimo de 0,20 g

(89,39% inferior a testemunha) foi de 244,53 mg planta’1 (Figura 5).
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Figura 5. Peso de matéria seca dos 6rgdos vegetais: raiz (MSR), caule (MSC) e folha
(MSF) de plantas de pepino em func¢do das doses de Paclobutrazol.

A redugdo do comprimento e didmetro do caule € um efeito caracteristico do
tratamento de plantas com compostos triazélicos e mais especificamente do PBZ (Davis
et al., 1988; Quilan, 1981). Além disso, esses compostos sdo descritos como agentes
ativos no processo fisiologico de formacdo das raizes, na redu¢do do alongamento
celular e aumento da espessura do parénquima pali¢ddico (Davis & Haissig, 1990;
Tekalign & Hammes, 2005). O MST médio foi de 3,43 g, ndo havendo diferencas
estatisticas para esta varidvel. Esse resultado é elucidado devido ao fato dos baixos
valores obtidos na MSC terem sido compensados pelos altos valores observados nas
varidveis MSR e MSF.

Em relacdo ao nimero de flores, observou-se um decréscimo linear tanto para o
NFM quanto para o NFF, com o aumento das doses de PBZ. Os menores valores (0,14 e
1,17) foram obtidos na maior dose do composto (400 mg planta'l), correspondendo a
uma reducgdo de 96% e 66%, para NFM e NFF, respectivamente (Figura 6). A inibi¢do
de flores € resultado do uso de altas doses de PBZ. Entretanto, esses resultados também
podem ser atribuidos a um efeito secunddrio da competi¢do entre partes vegetativas e

reprodutivas por acucar e nutrientes (Basra, 2000).
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Figura 6. Nimero de flores femininas (NFF) de masculinas (NFM) de plantas de
pepino em fun¢do das doses de Paclobutrazol.

Plantas tratadas com PBZ apresentaram folhas com coloragdo verde mais intensa
que o controle, o que foi comprovado pelos resultados obtidos pela medida indireta de
clorofila (indice SPAD). O maior indice SPAD (46,57) foi observado com a aplicagcao
de 336,67 mg planta”, apresentando um acréscimo de 49,65% em relacdo 2 testemunha
(Figura 7). Na maioria dos casos, este aumento estd relacionado ao maior teor de
clorofila ou simplesmente ao efeito concentrador, devido a reduzida expansdo foliar

(Davies & Sankhla, 1987).
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funcdo das doses de Paclobutrazol.
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Diante dos resultados obtidos, a dose que apresentou melhor resposta para essas
L. . -1 . - ., o
caracteristicas foi a de 50 mg planta ", levando-se em consideracdo o menor prejuizo as

caracteristicas morfofisiologicas das plantas e a economia do produto.

Protecdo das plantas de pepino contra a antracnose

A partir dos dados obtidos pode-se afirmar que a aplicagdo do PBZ proporcionou
reducdo da AFL, sendo observado decréscimo acentuado (cerca de 90%) com a
aplicacdo da menor dose do composto (50 mg PBZ planta’l) quando comparado a
testemunha, que obteve AFL média de 4,39%. Entretanto, segundo a Resposta Linear de
Plateau, doses superiores a esta ndo exerceram efeito sobre a AFL, mantendo a AFL
igual a 3,8% independente das doses utilizadas. Desta forma, a concentracido 50,76 mg

PBZ planta™ é a mais indicada para o controle da doenca (Figura 8).

Figura 8. Imagens de folha de planta de pepino inoculadas com C. lagenarium obtidas
através do software QUANTI. Planta ndo tratada (A) e planta tratadas com 50 mg PBZ
planta{1 (B) apresentando drea foliar lesionada (AFL) de 4,39% e 3,8%,
respectivamente.
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Figura 9. Percentagem de 4rea lesionada (AL) de folhas de plantas de pepino tratadas
com PBZ e inoculadas com C. lagenarium.

Essas respostas evidenciam a relac@o das alteracdes morfofisioldgicas promovidas
pelo PBZ e a protecdo desenvolvida contra a infec¢dao do C. lagenarium. Para invadir o
tecido hospedeiro, as espécies de Colletotrichum utilizam estratégias que variam de
hemibiotroficos intracelular a necrotréficos subcuticular, desenvolvendo estruturas
especializadas, como por exemplo, tubos germinativos, apressorios e haustdrios (Sutton,
1980). A aplicagdo de PBZ promoveu a reducio do alongamento celular e o aumento da
espessura do parénquima palicddico das folhas, indicado pela menor 4rea foliar e maior
massa de matéria seca das folhas, que se constituem barreiras mecanicas contra o
patogeno (Tekalign & Hammes, 2005; Gao et al., 1998). Desta forma, embora a
aplicacdo do PBZ ndo tenha afetado a germinacdo de esporos e a formacdo de
apressorios de C. lagenarium, a penetracdao € reduzida drasticamente nos tecidos das
folhas.

Resultados semelhantes forma observados por Cohen et al. (1987). Estes autores
também sugeriram que a redu¢@o da incidéncia da murcha de Fusario em plantulas de
meldo foi decorrente do efeito do PBZ sobre os processos metabdlicos das plantas e ndo
ao efeito fungitéxico deste composto. Além disso, DeStefano ef al. (2007) verificaram
que a alteracdes fisioldgicas provocadas pela aplicacio de PBZ afetaram o
desenvolvimento da bactéria Xillela fastidiosa em algumas &arvores de sombra
hospedeiras deste patogeno; e Cimen et al. (2004) atestaram que o declinio da Murcha
de Verticillium em algodao foi uma resposta a diminui¢do do porte das plantas tratadas

com o fitorregulador.

56



CONCLUSOES

Diante dos resultados obtidos, pode-se concluir que o PBZ revelou-se eficaz na
inibicdo do crescimento micelial de C. lagenarium e que plantas de pepinos foram
sensiveis a aplicacdo do fitorregulador, promovendo alteragcdes morfofisiologicas
responsaveis por prejudicar a infec¢do do patégeno nas folhas. A melhor dose de PBZ
foi de 50 mg PBZ L' ou 50 mg PBZ planta”. Embora a aplicacio do PBZ tenha
proporcionado reducdo da drea foliar lesionada, este fitorregulador nao pode ser
considerado um agente ativador da SAR uma vez que exibe efeito toxico sobre o
patégeno desafiante, contrariando uma das regras bdsicas para a determinacdo da

resisténcia adquirida de plantas segundo Kessmann et al. (1994)
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GENERAL CONCLUSION

Despite the PBZ has been effective regarding to the reduction of plant growth and
on the mechanisms induction of plant resistance to diseases, its use in melon and
cucumber commercial crops needs adjustment in terms of dose, timing and mode of
application, once that these cultures were extremely sensitive to this compound and
excessive application might leave residue on the cultivated substrate.

Although PBZ should not be considered a plant resistance inducer, the
morphophysical changes caused by its application were an important strategy against
the disease severity, once that these changes, provided by so low concentrations, served
as mechanical barriers, hindering the pathogen infection.

Thus, is necessary to perform further studies that specify the PBZ use in the control
of plant size without harm the flowering, yield and fruit quality. Moreover, in face of
the potentially as elicitor, more tests have to be done to identify other components

involved in plant defense to pathogens, activated by this phytoregulator.
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