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Abstract

Low potato production in Indonesia is caused by poor seed quality and low availability of potato
seeds. One of the efforts to produce superior and quality potato seeds is to apply growth regulators
(ZPT) because they can produce a lot of potato seeds, but plant growth becomes depressed. The
purpose of this study was to determine the effect of paclobutrazol concentration and application
time on the growth of potato G2 (Solanum tuberosum L.). This research was carried outon UPT
land. BIH Kutagadung Berastagi, which lasted for four months, from November 2020 to March
2021. The design used in this study was a Factorial Randomized Block Design consisting of 2
factors and repeated 3 times. The first factor is the concentration of the hormone Paclobutrazol (P)
which consists of 4 levels, namely: PO = Control; P1 = 200 ppm; P2 = 400 ppm; P3 = 600 ppm.
The second factor was the application time of Paclobutrazol (W) which consisted of 3 levels,
namely: W1 = 20 days after planting; W2 = 30 days after planting; W3 = 40 days after planting.
The research results show thattreatment of paclobutrazol concentration had no significant effect on
the number of leaves and stem diameter, but had a very significant effect on plant height, The time
of application of paclobutrazol had no significant effect only on the number of leaves,but have a
real effect onplant height, stem diameter,The interaction between concentration and application
time of paclobutrazol had no significant effect on leaf number and plant height, but had a very
significant effect on stem diameter..
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1. INTRODUCTION
1.1 BACKGROUND

Potato (Solanum tuberosum L.) is a very important horticultural commodity in Indonesia.
The nutritional content of potatoes per 100 grams of tubers is 2 g protein, 0.1 g fat, 19.1 g
carbohydrates, 11 mg calcium, 50 mg phosphorus, 0.7 mg iron, 0.3 g fiber, 0.09 mg vitamin B1, 16
mg vitamin C and 83 cal calories (Idawati, 2012).

The high nutritional content makes potato (Solanum tuberosum L.) a commodity that gets
priority for its development. Indonesian people's need for potatoes continues to increase from year
to year. Changes in people's consumption patterns for potatoes are able to increase the need for
potatoes every year. This situation resulted in an increase in the area of potato planting and
increased demand for quality and quality potato seeds.

Potato productivity in Indonesia in 2016 was 18.23 tons/Ha with a production yield of
1,213,038 tons/Ha from a harvested area of 66,450 Ha. Potato production decreased by 6.232
tons/Ha from 2015, previously the total production reached 1,219,270 tons/Ha and the total
productivity was 18.20 tons/Ha (BPS, 2016). In addition, the need for domestic potato production
in 2017 still has not reached the planned target of 1,437,332 tons and according to data from the
Directorate General of Horticulture, the results achieved were 1,235,180 tons, which means that
85.93% has been achieved, while potato production in in 2019 the target is 1,506,628 tons but the
total production is only 1,314,657 tons/ha.
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Low potato production in Indonesia is caused by poor seed quality and low availability of
potato seeds. Only 7.4% of quality potato seeds are available in Indonesia, far from the need for
140,000 tonnes/year (including imports), resulting in an average national production of only 12
tonnes/ha of a potential yield of 40 tonnes/ha (Ministry of Agriculture, 2012).

Potato seed producers in general still use potluck potato seeds. Potato seeds were obtained
from neighbors with unclear quality and were even derivatives that could no longer be monitored,
until several cases were found that the potato seeds used were G20. Even though the good potato
seed generations are G1, G2, G3, and G4. However, the price of these seeds is still high, making it
difficult for the community to reach. The availability of quality potato seeds is still very low,
resulting in low productivity caused by degenerative viruses (Suparso, 2019).

One of the efforts to produce superior and quality potato seeds is to apply growth regulators
(ZPT). One of the ZPT that is often used is paclobutrazol. Paclobutrazol is a PGR that can inhibit
growth by inhibiting gibberellin synthesis (Salisbury and Ross, 2002). One of the roles of
gibberellins is in the process of cell elongation. By inhibiting the production of gibberellins, the
cells continue to divide but the new cells do not elongate. Paclobutrazol has the property of
stopping the process of plant growth so that the reserves of carbohydrates become more abundant,
thus allowing the plants to flower and bear fruit immediately.

At the stage of changing stolons into tubers, potato plants require low levels of gibberellic
acid (GA). Then it requires higher GA levels when the tubers enter the development phase
(Wareing and Jennings, 1980; Salisbury and Ross, 1995). Paclobutrazol which is absorbed by the
plant is then translocated through the xylem to the growing point. Active compounds that reach the
sub-apical meristem will inhibit GA biosynthesis, so that cell elongation is hampered
(Krishnamoorty, 1981). This inhibition will accelerate and focus energy for the formation of seed-
sized potato tubers.

ZPT activity is influenced by the concentration and sensitivity of plant tissue (Arteca, 1996).
Giving ZPT will be more effective if the concentration and time of administration are correct (Ani,
2001). Based on the description above, it is necessary to do research on the use of paclobutrazol
ZPT with different application times which are expected to increase productionpotato tubers that
enter seed size but suppress plant growth.

The aims of this research are as follows:

1. Knowing influenceconcentration and time of applicationpaclobutrazol on potato growth.
1.2. Research Hypothesis

There is an effect of paclobutrazol concentration and application time of paclobutrazol on the

growth of potato plants.

2. RESEARCH METHODOLOGY
2.1. Place and Time

This research was conducted in UPT land. BIH Kutagadung Berastagi, which is located at
Jalan Jamin Ginting KM 67, Raya Village, Berastagi District, Karo Regency. The research was
conducted from November 2020 to March 2021.
2.2. Materials and Tools

The materials used in this study included: class G1 potato seeds of size M, namely with a
weight of 60-80 grams which had sprouted approximately 1 cm, sourced from UPT. BIH
Kutagadung Berastagi, Soil and cow manure, paclobutrazol hormone.

Meanwhile, the tools used consisted of a 50 cm poly bag, a hoe, a small shovel, a rope, a
tape measure, a bucket, a 3 ml syringe, a bucket and a measuring cup.
2.3. Research Methods

This study used a factorial randomized block design (RBD), which consisted of 2 factors.
I. The first factor is the concentration of the hormone Paclobutrazol which consists of 4 levels,

namely:
PO = Control
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P1 =200 ppm
P2 =400 ppm
P3 =600 ppm

Il. The second factor is the application time of Paclobutrazol which consists of 3 levels, namely:
W1 = 20 days after planting
W2 = 30 days after planting
W3 = 40 days after planting.
Thus, there were 12 treatment combinations where each treatment combination was repeated
3 times, so there were 36 experimental units.
2.5. Data analysis
Treatments that show a significant effect of the observed variables will be followed by the
Duncan's Distance test. This test aims to see the effect of each treatment or combination of
treatments on the observed variables.
2.6. Land Preparation and Planting Media
Land clearing (sanitation) was carried out before the research began by clearing weeds
around the land using a grass cutter (scythe). Then the polybags were arranged according to the
treatment used, each sample contained 5 sub-samples. The planting medium used is soil mixed with
manure 2: 1 then filled into half of the polybags, then the polybags are watered up to field capacity.
2.7. Making a Trial Map (plot)
The plots were made with a size of 1 mx 1 m with a distance of 50 cm between plots, then
polybags were arranged in 1 plot of 5 polybags.
2.8. Planting
The potato seeds used were the Granola variety (G1) potato seeds. Potato seeds are stored for
2 months in baskets covered with newspaper before planting. Giving newspaper aims to reduce the
water content and seed decay during storage, because of the nature of the newspaper which absorbs
water. The potato seeds were treated with Mipcinta 50 WP and Mankozeb pesticides with a ratio of
1:1 before being wrapped in newspaper. Planting is done with a planting depth of 7-10 cm in
polybags.
2.9. Maintenance
a. Sprinkling
Watering is done once a day, but the plants are not watered when it rains. If the potato plants
are watered every day, the humidity in the planting medium will be high so that the tubers will rot.
Water functions to dissolve nutrients and transport them to plant parts. The tool used for the
watering process is gembor. Potatoes need soil that is constantly moist.
b. Weeding and Embroidery
Weeding | is generally done at the age of 20 HST. Subsequent weeding depends on the
condition of the weeds, but generally the second weeding is done at 45 HST. Weeding is done to
maintain good quality of soil growth and development, so that the soil becomes loose and removes
weeds that can interfere with plant growth. While embroidery aims to maintain uniform plant
growth by replacing plants with plants of the same age.
c. hoarding
Hoarding is done simultaneously with weeding; this aims to strengthen the establishment of
plants and keep the stolons from sunlight. Pembumbunan is done 2-3 times, depending on weather
conditions. During the rainy season, soil is added up to 4 times, tubers and roots of potato plants
must be protected from sunlight by covering them with planting media.
d. Fertilization
Fertilizer is given according to the recommendation of the Lembang Vegetable Plant
Agriculture Center, namely twice, fertilization 1, namely plants aged 15 HST. Fertilization 2,
namely when the plant is 30 HST. The dose of fertilizer per plant is as much as 16 grams.
Fertilization is done by making holes in the planting medium then covering the fertilizer with the
planting medium, the distance between the fertilizer and the plants is about 5 cm.
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e. Installing Ajir

The stakes are installed when the plants are 20 HST with the aim that the plants can grow
upright and not fall over easily. The stake material used is bamboo which is cut to a length of 80
cm and a width of 3 cm. The distance between the marker and the plant is 5 cm and is strengthened
using a rope. The use of bamboo can be minimized by using ropes to support the leaves and stems
of plants.

f. Control of Plant Pests and Diseases (HPT)

HPT control is carried out to minimize damage caused by pests and diseases in potato plants
so that they do not interfere with the growth rate of plants. HPT control is carried out mechanically
and chemically. Mechanical control includes land clearing, weeding and removing disease attacks
on potato plants. Chemical control such as giving insecticides and fungicides. HPT control was
carried out 2x a week with Decis insecticide and Antracol fungicide for 1 month of age, 2 months
of age sprayed with Mankozeb fungicide, 3 months of age sprayed with Daconil fungicide.

Paclobutrazol application

After the plants are 20 days old, the application of Paclobutrazol is carried out according to
the application plot, as well as at 30 days and 40 days.

Observational Variables
1. Plant height (cm)

Plant height was measured from the base of the stem to the highest growing point.
2. Number of leaves (strands)

The leaves that are counted are the leaves that have more than one child.
3. Stem Diameter

3. RESULTS AND DISCUSSION
3.1. Number of Leaves

Paclobutrazol (P) concentration, application time of Paclobutrazol (W) and the interaction
between the two had no significant effect on the number of leaves of potato plants.

The Paclobutrazol administration decreased the number of leaves of potato plants, however.
there is a tendency that the higher the concentration of Paclobutrazol given the number of leaves on
potato plants will decrease. This is in accordance with research conducted by Ani (2001) and
Karmelina (2017) which stated that the application of Paclobutrazol had no significant effect on the
number of leaves of potato plants.

Table 1. Average number of leaves due to concentration and time of application of paclobutrazol

Paclobutrazol concentration Paclobutrazol Application Time (hst)
(ppm) W1(20) W2 (30) W3 (40)  Average
----------------- Sheet-----------------

PO (0) 31 30 31 30,67
P1(200) 21 35 30 28.78
P2(400) 26 35 24 28,22
P3(600) 27 32 25 28,11
Average 26,25 27.50 33.08

Although the concentration of Paclobutrazol and the time of application of Paclobutrazol had
no significant effect on the number of leaves of potato plants, there was a tendency that the number
of leaves at application time of 30 days after planting (W2) was higher than the application time of
20 days after planting (W1) and application time of 40 days. after planting (W3).
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The number of leaves of potato plants was not affected by the interaction of Paclobutrazol
concentration and time of application of Paclobutrazol. This is because the number of plant leaves
is strongly influenced by genotype and environmental factors. Giving paclobutrazol suppresses the
number of leaves because it suppresses the increase in plant height, so that shorter plants reduce the
formation of new branches and leaves (Lengkong et al., 2015). This is in line with the results of
research by Ani (2001) which stated that the concentration of Paclobutrazol did not affect the
number of leaves of potato plants. Gianfagna (1987) stated that growth retardants (retardants) are
chemical compounds that have little effect on leaf and root production.

3.2. Plant Height

The concentration of Paclobutrazol (P) had a very significant effect, the time of application
of Paclobutrazol (W) had a significant effect, while the interaction between the two had no
significant effect on the height of potato plants.
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Image 1. Graph of the Effect of Several Paclobutrazol Concentrations on Potato Plant Height

Figure 1 shows that potato plants without Paclobutrazol (PO) application had higher height
than plants that were applied with Paclobutrazol. In addition, it is also known that the higher /
concentration of Paclobutrazol given will suppress the growth of potato plant height. In Figure 1 it
can be seen that the administration of Paclobutrazol earlier will suppress the increase in plant
height.In accordance with Ani's statement (2001), that the earlier the application of paclobutrazol
has a greater effect on plant height because at an earlier age the plant is experiencing rapid growth
so that the effect of paclobutrazol acting on the meristem by suppressing gibberellin biosynthesis is
increasingly evident.

The interaction between 600 ppm (P3) Paclobutrazol concentrations and all application times
of Paclobutrazol (W) showed the lowest plant height which was significantly different from the
interaction between Paclobutrazol concentrations and other Paclobutrazol application times.
Similar results were found in the research of Ani (2001) and Lienargo, et al. (2014) where the time
of spraying and the concentration of paclobutrazol interacted with growth and production in potato
and corn plants. The height of potato and corn plants sprayed with paclobutrazol was further
reduced with increasing application doses.
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Figure 2. Graph of the Effect of Time of Paclobutrazol Application on Potato Plant Height

Table 2. Average Plant Height as a result of Treatment Concentration and Application Time of
Paclobutrazol

Paclobutrazol concentration Paclobutrazol Application Time (hst) Average
(ppm) W1(20) W2 (30) W3 (40)
cm
PO (0) 47.93b 49.30 ab 52.07a 49.77 a
P1(200) 31.43c 34.50c 33,27¢c 33.07b
P2(400) 23.80d 25,43d 24,20d 24.48c
P3(600) 13.10e 16.03e 15.50e 14.88d
Average 29.07b 31,32 a 31.26 a

Note: The numbers followed by the same lowercase letter show no significant
difference according to Duncan's Multiple Range Test at the 5% level

According to Wieland and Wampe (1985) paclobutrazol is translocated through the xylem
tissue and reaches the shoot buds. The vascular system next to the growing point functions as a
storage plant for growth regulators and inhibits the biosynthesis of gibberellic acid, causing growth
and shoot elongation to stop.

3.3. Stem Diameter

The treatment of Paclobutrazol (P) concentration had no significant effect, the time of
application of Paclobutrazol (W) had a very significant effect, and the interaction between the two
had a very significant effect on the diameter of the potato plant stems.

Figure 3 shows that the largest stem diameter of potato plants was obtained when the
paclobutrazol concentration was 200 ppm (P1) and the lowest was obtained at the paclobutrazol
concentration of 400 ppm (P2). While the application time that produces the largest stem diameter
is at 30 HST (W2), as shown in Figure 3.
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Table 4 shows that the application of Paclobutrazol at a dose of 600 ppm (P3) with an
application time of 30 HST (W2) Paclobutrazol produced the highest stem diameter, which was
only very significantly different from the P2W1 and P3W3 treatments.
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Figure 3. Graph of the Effect of Time of Paclobutrazol Application on Stem Diameter of Potato
Plants

Table 4. Average stem diameter due to concentration and time of application of paclobutrazol

Paclobutrazol concentration Paclobutrazol Application Time (hst)
(ppm) W1(20) W2 (30) W3 (40)
cm
PO (0) 8.70 ab 9.27 ab 8.13 ab
P1(200) 9.07 ab 9.87 ab 11.10 ab
P2(400) 3.73c 9.53 ab 9.70 ab
P3(600) 9.13 ab 11.70a 4.17c

Note: The numbers followed by the same lowercase letter show no significant
difference according to Duncan's Multiple Range Test at the 5% level

3.4. Effect of Paclobutrazol Concentration

The concentration of Paclobutrazol given had a significant effect onplant height and had no
significant effect on the number of leaves and stem diameter. The real effect of increasing the
concentration of Paclobutrazol resulted in a decrease in plant height and tended to reduce the size
of the stem diameter and reduce the number of potato leaves.
3.5. Plant Height

The results of this study are in line with the results of other studies regarding the effect of
paclobutrazol on plant height. The results of Gusmawan's research (2018) stated that the
administration of different concentrations of paclobutrazol had an effect on the height of Coleus
plants starting at 35 HST. Research from Karmelina (2017) stated that the application of
Paclobutrazol also had a significant effect on the plant height of three potato varieties. The result
showed that the higher the concentration of paclobutrazol, the lower the plant height. Paclobutrazol
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is a plant growth inhibitor that works by inhibiting gibberellin biosynthesis so that it can suppress
plant growth in height. This is in accordance with the opinion of Hughes and Keith (2004) who
stated that pacobutrazol reduces stem length and can cause a reduction in internode length and leaf
area. The results of this study are in accordance with the opinion of Davis et al. (1988) who stated
that the mode of action of triazoles was to reduce shoot elongation based on inhibition of GA
biosynthesis. Inhibition of GA biosynthesis causes disruption of stem elongation because cell
division in the sub-apical meristem (segments) is inhibited resulting in stunting (Gianfagma, 1987).
a. Number of Leaves
The results of this study are in line with the results of other studies regarding the effect of
paclobutrazol on the number of leaves of potato plants. The results of Gusmawan's research
(2018) stated that the administration of different concentrations of paclobutrazol had no effect
on the number of leaves of the Coleus plant. Increasing the concentration of paclobutrazol had
no effect on the number of coleus leaves. According to Chaner (2014) growth inhibition caused
by the application of pacobutrazol arises because the components contained in paclobutrazol
block the three stages for the production of gibberellins in the terpenoid pathway by inhibiting
enzymes that catalyze metabolic reactions. One of the main functions of gibberellins is to
stimulate cell elongation. When gibberellin production is inhibited, cell division will still occur,
but new cells will not elongate. That is why paclobutrazol has more effect on stem shortening
and has no effect on the number of plant leaves.
b. Stem Diameter
The treatment of Paclobutrazol (P) concentration had no significant effect, the time of
application of Paclobutrazol (W) had a very significant effect, and the interaction between the
two had a very significant effect on the diameter of the potato plant stems. The higher the
concentration of Paclobutrazol, the smaller the stem diameter. The largest stem diameter of
potato plants was obtained when the paclobutrazol concentration was 200 ppm (P1) and the
lowest was obtained at the paclobutrazol concentration of 400 ppm (P2). The application time
that produces the largest stem diameter is at 30 HST (W2). The decrease in stem diameter due to
administration of Paclobutrzal is in accordance with the results of Nita's research. 2017 that .
Application of Paclobutrazol on Growth and Yield of Three Varieties of Potato (Solanum
tuberosum L.

4. CONCLUSIONS AND SUGGESTIONS

4.1. CONCLUSION

a. The treatment of paclobutrazol concentration had no significant effect on
number of leaves, and stem diameter, but very significant effect on plant height

b. The time of application of paclobutrazol had no significant effect only on the number of
leaves,but have a real effect onplant height, stem diameter

c. The interaction between concentration and time of application of paclobutrazol had no
significant effect on the number of leaves and plant height but had a very significant effect on
stem diameter

4.2. Suggestions
It is suggested to conduct research to determine the effect of concentration and time of

application of paclobutrazol in a more comprehensive manner. It is necessary to measure other

parameters, such as leaf area (cm2), leaf area index, and leaf chlorophyll count (grains/mmz2).
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