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ABSTRACT
Curly red chili was one of vegetable commodities in Indonesia used for seasoning of home cuisine, food industry, and
pharmaceutical industry. Curly red chili cultivation needed fungicide to prevent fungal disease. Pyraclostrobin was a
fungicide which could overcome fungal attack and improve plant growth. This research was conducted to study the
effectiveness of pyraclostrobin application on vegetative growth of curly red chili plant. Research had been done in
farmer’s land in Kemiriombo Village, Dukun Sub District, Muntilan District, Magelang Regency from December 2013
to June 2014. The treatments were assigned in the Randomized Complete Block Design with three replications. The
treatments consisted of P1: pyraclostrobin doses 1.5 kg ha-1, 30 and 90 days after planting (dap), P2: pyraclostrobin
1.5 kg ha-1 at 30, 60, and 90 dap, P3: pyraclostrobin 1.5 kg ha-1, at 15, 30, 60, and 90 dap, P4: pyraclostrobin 3 kg ha-1, at
30 and 90 dap, P5: pyraclostrobin 3 kg ha-1, at 30, 60, and 90 dap, P6: pyraclostrobin 3 kg ha-1, at 15, 30, 60, and 90
dap, and P0: control (no treatment). Data were analyzed by orthogonal contrast test with α=5%. The result indicated
significant different in the dry weights of root, stem, leaf, and total yield at 12 weeks after planting; number of flower
at 9-11 week after planting, 14 week after planting, and 18-21 week after planting; and number of fruits at 10-12 week
after planting, 15, and 16 week after planting. The application of pyraclostrobin at all dosages could increase IAA content.
The numbers of flower and fruit were influenced by the increasing of IAA content in plant tissue, but did not affect the
yield.
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INTRODUCTION

Indonesian people use curly red chili for food
seasoning, food seasoning industry, food industry,
and pharmaceutical industry (Nurfalach, 2010). The
consumption demand of curly red chili is increasing
every year while the curly red chili production is
fluctuating. From 2003-2013, curly red chili
production has lowest curly red chili production
for 10.67 ton ha-1 in 2003 and 10.58 ton ha-1 in
2005. The highest crop production reached up to
17.26 ton ha-1 in 2013 (BPS, 2013). 

Cultivating curly red chili needs optimal protection
to fungal disease. Commonly, fungicide is applied to
protect chili from fungal diseases. There are two
mechanisms of fungicides to work. First, contact
fungicide which the fungicide is taken up into plant
tissue. Secondly, a systemic fungicide which the
fungicide is taken up and distributed via xylem

vessels (Ekinci and Senturk, 2010). Considering some
problems occurred in curly red chili, it is necessary to
conduct a research to overcome the fungal disease
problems. One fungicide named pyraclostrobin was
reported to be able to control fungal diseases and
improve activity of plant physiology and increase
the number of flowers and fruits (Venancio et al.,
2003). Pyraclostrobin is an emulsion systemic fungicide
which can be dissolved in the water. Venancio et al.
(2003) reported that the pyraclostrobin is used as a
fungicide to control major diseases and to control
growth. BASF (2010) reported that the pyraclostrobin
based fungicides also have activity in plant mi-
tochondria and could reduce respiration in the
plant. Since plant’s primary source of energy
comes from sunlight through photosynthesis, the
decrease in respiration can have a positive effect
on growth.

The application of pyraclostrobin in soybean
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could increase the amount of carbon assimilation,
nitrogen, photoassimilates division, and grain
quality (Ribeiro et al., 2014). According to Zhang et
al. (2010), wheat crop which was treated by
pyraclostrobin application could postpone its
senescence and increased the grain yield. It retarded
the increase of oxygen reactive and increased the
activity of antioxidant enzymes during senescence
period. The senescance postpone inhibited the
biosynthesis of ethylene, and stimulated the biosynthesis
of IAA (Venancio et al., 2003). Other studies reported
that soybean seed treatment with pyraclostrobin
could increase the yield of soybean seeds by 16%
compared with control plants (Monsanto, 2012).
Pyraclostrobin has a positive impact on same plants,
but the effect of this compound on curly red chili has
not yet reported. Therefore, the aim of the study
was to determine the effect of pyraclostrobin on
curly red chili yields.

MATERIALS AND METHODS

This research had been conducted in farmer’s
land, Kemiriombo Village, Dukun Sub District,
Muntilan District, Magelang Regency and Laboratory
of Plant Science, Faculty of Agriculture, Universitas
Gadjah Mada, Yogyakarta from December 2013 to
June 2014. The materials used were pyraclostrobin
and curly red chili Kaka 99 variety. 

The research was arranged in a Randomized
Complete Block Design with three blocks. The
treatments of  Pyraclostrobin application consisted
of P1: Spraying pyraclostrobin with doses of 1.5 kg
ha-1 when the age of the plants reached 30 and 90
days after planting; P2:  Spraying pyraclostrobin
with doses of 1.5 kg ha-1 when the age of the plants
reached 30, 60, and 90 days after planting; P3:
Spraying pyraclostrobin with doses of 1.5 kg ha-1

when the age of the plants reached 15, 30, 60, and
90 days after planting; P4: Spraying pyraclostrobin
with a dose of 3 kg ha-1 when the age of the plants
reached 30 and 90 days after planting; P5: Spraying
pyraclostrobin with a dose of 3 kg ha-1 when the age
of the plants reached 30, 60, and 90 days after planting;
P6: Spraying pyraclostrobin with a dose of 3 kg ha-1

when the age of the plants reached 15, 30, 60, and
90 days after planting; P0: Control (0 kg ha-1) no
treatment. Pyraclostrobin was applied with dosage
1400 L/ha by spraying in the morning 6.00 WIB by
hand sprayer on each plant.

Plant growth analysis consisted of 1) IAA contents
was analysed with HPLC method and was expressed
in µg/g (ppm); 2) Dry weights of root, stem, leaf, and

total plants were observed at 6, 12, and 23 weeks
after planting, using analytic scales. The root, stem,
and leaf were dried in the oven with 80 oC for about
48 hours. Net assimilation rate was expressed in the
equation:

Note: T1 : observation of 6 week after planting,
T2 : observation of 12 week after planting, W1 : total
dry weight at age 6 week after planting observation,
W2 : total dry weight at age 12 week after planting
observation, La1 : leaf area at age 6 week after planting
observation, La2 : leaf area at age 12 week after planting
observation, Number of flowers and number of fruits
were observed every week from 9 to 22 week after
planting; 3) Yield of chili fruits were harvested when
chili fruits showed the percentage of red color
around 80%-90% of the surface area of the fruit. The
curly red chili was harvested once in a week from
15 to 22 week after planting.

Data were analysed using orthogonal contrast test
at α=0.05 using SAS program.

RESULTS AND DISCUSSION

The results indicated no significant different
found in net assimilation rate of curly red chili with
the application of pyraclostrobin compared with control
treatments, and between the 1.5 kg ha-1 and 3 kg ha-1

dosage of pyraclostrobin of at 0-6 weeks after planting
(Table 1). However, the results indicated a significant
difference in net assimilation rate of curly red
chili with the application of pyraclostrobin at 6-12
weeks after planting. The dosage of pyraclostrobin
1.5 kg ha-1 resulted in higher net assimilation rate
than those with the dosage of pyraclostrobin 3 kg ha-1

at 6-12 weeks after planting. The increase in net
assimilasion rate was due to enhanced photosynthesis
activity which then followed by an increase in total
dry weight total at 12 weeks after planting. So, the
application of pyraclostrobin affected net assimilasion
rate. As reported by Conrath et al. (2004), several
researches shown that pyraclostrobin stimulated
an increase in nitrate uptake and assimilation.

The results in Table 2 indicated that there was no
significant difference in dry weight of root, steam,
leaf, and total of curly red chili from the application of
pyraclostrobin, compared with control treatment, and
between 1.5 kg ha-1 and 3 kg ha-1 dosage of
pyraclostrobin at 6 weeks after planting.
Pyraclostrobin treatment did not influence dry
weight of chili when applied in the first vegetative
phase. In this case, curly red chili had low ability in
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photosynthesis at age of 6 weeks after planting.
The results indicated that there were significant

differences in dry weight of root, stem, leaf, and total
of curly red chili at the age of 12 weeks after planting.
The application of pyraclostrobin tended to caused a
higher weight in root, stem, leaf, and total than
control. The application of 1.5 kg ha-1 pyraclostrobin
resulted in a lower dry weight root, stem, leaf, and
total than those with the application of 3 kg ha-1

pyraclostrobin at the age of 6 weeks after planting

(Table 3). It showed that pyraclostrobin treatment
could increase the metabolic activity, resulting in
high assimilates produced. According to Kyveryga
et al. (2013), the pyraclostrobin’s influence on the
soybean’s senescence phase might help to prolong
grain filling period and increase the supply of dry
matter to soybean seeds.

The results in Table 4 indicated no significant
difference found in dry weight of root, steam, leaf,
and total of curly red chili with the application of

Hardiansyah et al. : Effects of Pyraclostrobin on Growth and Yield of Curly Red Chili 11

ISSN 0126-4214 (print) ISSN 2527-7162 (online)

Table  1. The net assimilation rate of curly red chili at 0-6 and 6-12 weeks
after planting

Remarks: Number followed by the same letter in the same column in the same
group showed no significant difference by orthogonal contrast test
5%; wap= weeks after planting.

Treatment Group 
Comparison

Net assimilation rate 
(10-4 g/cm2/weeks)

0-6 wap 6-12 wap
Pyraclostrobin

1- Control 10.4 a 8.7 a
- Pyraclostrobin 11.5 a 10.2 a
Dose

2- Dosage 1.5 kg ha-1 11.7 a 11.4 a
- Dosage 3 kg ha-1 11.4 a 9.1 b
CV (%) 9.64 19.53

Treatment Group 
Comparison

Dry Weight (g)
Root Stem Leaf Total

Pyraclostrobin
1- Control 0.45 a 1.35 a 1.19 a 2.99 a

- Pyraclostrobin 0.56 a 1.85 a 1.66 a 4.07 a
Dose

2- Dosage 1.5 kg ha-1 0.50 a 1.76 a 1.57 a 3.83 a
- Dosage 3 kg ha-1 0.62 a 1.94 a 1.75 a 4.31 a
CV (%) 16.97(1) 20.03(1) 18.97(1) 18.36(1)

Table  3. Dry weight of root, steam, leaf, and total of curly red chili at 12 weeks after planting 

Treatment Group 
Comparison

Dry Weight (g)
Root Stem Leaf Total

Pyraclostrobin
1- Control 1.01 b 7.18 b 1.83 b 11.37 b

- Pyraclostrobin 1.78 a 10.36 a 3.05 a 17.25 a
Dose

2- Dosage 1.5 kg ha-1 1.89 a 10.82 a 3.09 a 18.13 a
- Dosage 3 kg ha-1 1.67 b 9.89 b 3.01 b 16.37 b
CV (%) 15.6(1) 17.18(1) 18.56(1) 15.23(1)

Table  2. Dry weight of root, steam, leaf, and total of curly red chili at 6 weeks after planting.

Remarks: Number followed by the same letter in the same column in the same group showed no significant
difference by orthogonal contrast test 5%; (1) = transformation √x

Remarks: Number followed by the same letter in the same column in the same group showed no significant
difference by orthogonal contrast test 5%; (1) = transformation √x



pyraclostrobin compared with the control treatment,
and between 1.5 kg ha-1 and 3 kg ha-1 dosage of
pyraclostrobin at 23 weeks after planting (Table 4).
This indicated that the plants had begun the fruit
ripening phase, so the result of photosynthesis would
be optimal to increase the number of curly red chili
fruits. This was in line with the research reported by
Kuswanto and Wicaksono (2011), which stated that
the pyraclostrobin affected the growth of corn in the
early phase. It was effective at the age of 37 until 44
days after planting. The pyraclostrobin did not affect
different growth in middle and last stage of corn.

The lowest content of IAA was in the application
of 1.5 kg ha-1 pyraclostrobin four times (15, 30,
60, and 90 days after planting), while  the highest
content of IAA was found in the treatment of 3
kg ha-1 pyraclostrobin with four times application
(16, 30, 60, and 90 days after planting). It was
implied that the application of pyraclostrobin in
curly red chili could increase the IAA content (Figure
1).

According to Venancio et al. (2003), pyraclostrobin

had the ability to stimulate the synthesis of IAA
precursor, L-tryptophan. The conditions resulted
application P6 in IAA accumulation in plant tissues by
pyraclostrobin. It suggested that the application
of pyraclostrobin could increase IAA content
(Kanungo and Joshi, 2014). If IAA content was
high, the auxin level would increase, thus stimulated
the optimal growth and the formation of flowers and
fruits ripening could be increased. 

The results shown in Table 5 indicated that the
numbers of curly red chili flowers after application
of pyraclostrobin were higher compared with control
(age of flowering 9-11, 14, and 18-21 weeks after
planting). The dosage 1.5 kg ha-1 and 3 kg ha-1 of
pyraclostrobin did not affect the number of flowers
(Table 5). The results of number of the fruits of
curly red chili increased significantly after the
application of pyraclostrobin compared with
control (plant’s age of 10-12, 15, and 16 week after
planting). The dosage of 3 kg ha-1 pyraclostrobin
significantly increased the number of fruits compared
with the application of 1.5 kg ha-1 puraclostrobin

ISSN 0126-4214 (print) ISSN 2527-7162 (online)

Treatment Group 
Comparison

Dry Weight (g)
Root Stem Total 

Pyraclostrobin
1- Control 3.73 a 23.77 a 28.17 a

- Pyraclostrobin 2.24 a 18.10 a 25.77 a
Dose

2- Dosage 1.5 kg ha-1 3.78 a 25.80 a 30.24 a
- Dosage 3 kg ha-1 3.77 a 21.75 a 27.09 a
CV (%) 18.55(1) 19.17(1) 19.28(1)

Table 4.Dry weight of root, steam, leaf, and total onf curly red chili at 23 weeks
after planting 

Remarks: Number followed by the same letter in the same column in the same group showed
no significant difference by orthogonal contrast test 5%; (1) = transformation √x

Remarks: P0 : control; P1 : 1,5 kg/ha (2x); : P2 : 1,5 kg/ha (3x); P3 : 1,5 kg/ha (4x); P4 : 3 kg/ha
(2x); P5 : 3 kg/ha (3x); P6 : 3 kg/ha (4x)

Figure 1. IAA content in the leaves
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(plant’s age of 10 weeks after planting) (Table 6). The
application of pyraclostrobin could increase the
curly red chili’s number of flowers and fruits.
Enhancement of curly red chili number of flowers
and fruits were to be expected because pyraclostrobin
treatment caused an increase in auxin hormone
composition (IAA) and obstructed the ACC-synthase
production which were related in the formation
of ethylene hormone. If the contents of growth
hormone and inhibitors were high, plant could defer
senescene preponderant (Koehle et al., 2003). This
was in line with the research done by Yusria (2015),
which stated that the increase in pyroclostrobin
dosage up to 150 g ha-1 was significantly increased

the flowers total on ICCRI 04 cacao clone.
The results from Table 7 indicated that there was

no significant difference in the yield of curly red
chili with the application of pyraclostrobin compared
with control treatment, and between the dosage of
1.5 kg ha-1 and 3 kg ha-1 of pyraclostrobin (Table 7).

Application of pyraclostrobin was able to
increase the number of flowers and fruits in
curly red chili, but insignificantly increase the yield
weight of curly red chili. This was in line with research
done by Amin et al. (2013), which stated that there
was no significant difference in yield of corn with
the application of pyraclostrobin compared with
control treatment. No significant difference in
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Table  5. Number of flowers of curly red chili

Remarks: Number followed by the same letter in the same column in the same group showed no significant difference by orthogonal contrast test 5%.

Treatment Group 
Comparison

Number of flowers (%) (Week)

9 10 11 12 13 14 15 16 17 18 19 20 21

Pyraclostrobin

1- Control 9 b 11 b 14 b 24 a 25 a 19 b 27 a 26 a 26 a 18 b 18 b 12 b 7 b
- Pyraclostrobin 22 a 23 a 21 a 26 a 26 a 30 a 31 a 32 a 32 a 30 a 30 a 24 a 14 a
Dose

2- Dosage 1.5 kg ha-1 26 a 25 a 24 a 29 a 29 a 34 a 32 a 34 a 34 a 33 a 33 a 24 a 15 a
- Dosage 3 kg ha-1 25 a 24 a 21 a 26 a 25 a 29 a 29 a 33 a 33 a 28 a 26 a 23 a 13 a
CV (%) 19.64 18.32 17.33 13.06 17.53 12.99 13.29 19.21 19.21 16.69 16.69 12.35 14.05

Table  6. Number of fruits of curly red chili

Treatment Group 
Comparison

Number of fruits (%) (Week)
10 11 12 13 14 15 16 17 18 19 20 21 22

Pyraclostrobin

1- Control 7 b 8 b 10 b 16 a 18 a 13 b 13 b 23 a 23 a 19 a 19 a 15 a 9 a
- Pyraclostrobin 14 a 16 a 16 a 19 a 20 a 22 a 18 a 25 a 25 a 23 a 23 a 17 a 11 a
Dose

2- Dosage 1.5 kg ha-1 13 a 16 a 17 a 19 a 19 a 20 a 17 a 20 a 20 a 24 a 23 a 16 a 10 a
- Dosage 3 kg ha-1 16 a 16 a 18 a 21 a 22 a 23 a 19 a 23 a 23 a 26 a 26 a 19 a 12 a
CV (%) 15.33 12.10 18.92 16.46 19.43 13.81 13.89 15.14 15.14 14.07 14.07 14.13 14.22
Remarks: Number followed by the same letter in the same column in the same group showed no significant difference by orthogonal contrast test 5%.

Treatment Comparison group Yield chili (ton ha-1)
Pyraclostrobin

1- Control 8.41 a
- Pyraclostrobin 10.02 a
Dose

2- Dosage 1.5 kg ha-1 9.91 a
- Dosage 3 kg ha-1 10.12 a
CV (%) 18.82(1)

Remarks: Number followed by the same letter in the same column in the same group showed
no significant difference by orthogonal contrast test 5%; (1) = transformation √x

Table  7.Yield of curly red chili.
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plant yield was due to the necessary nutrient
elements was transclocated only to plant
growth but not to the yield of curly red chili. Applying
the right nutrients to crops could increase yield (Khan,
2011).

CONCLUSION

Application of pyraclostrobin with dosage of 1.5
kg ha-1 was found effective to the growth of curly
red chili. Treatment used in curly red chili indicated
a significant difference at 12 weeks after planting for
dry weight, number of flowers, and number of fruits.
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