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ABSTRACT

The purpose of this study was to determine the effects of different doses of gibberellic acid (GAs) on growth,
tuber yield and some tuber quality traits of potato. The experiment was arranged in a split-plot design with
three replicates, cultivars Marabel, Alegria and Agria were arranged in the main plots, and GAs doses (0, 25,
50 and 100 mg GAs L) in the sub-plots. Gibberellic acid was applied to leaves by spraying on the 50t day
after planting (during flowering). The effects of GAs applications on tuber yield of potato cultivars were
varied. GAs applications resulted in significant decrease on chlorophyll content (SPAD), tuber dry matter and
chips quality of potato. But it caused significant increase on number of tubers and tuber yield plant?. In 2019
and 2020 years, the highest tuber yield was obtained from Alegria cultivar (62.78 and 50.55 t ha respectively).
Total tuber yield values increased from 52.08 t/ha to 65.14 t ha in 2019 and from 42.12 t ha! t0 53.94 t hal in
2020 with increasing to 100 mg GAs L from 0 mgL . Overall, increasing doses of GAs resulted in a reduction
in tuber dry matter and starch ratio. The GAsz applications caused deformations in tuber shape, the

deformations increased with increasing GAs doses.
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INTRODUCTION

Potato tubers have a domestic consumption (a few
examples are finger, chips, flour, puree, starch, instant
soup, etc.) and are also used in the production of alcohol
and its derivatives. With industrialization, easy and pre-
packaged consumption has a great effect on this usage.
Starch is an important industrial raw material that is
involved in the production of food, sugar, textiles, paper,
glue, alcohol, and spirits, and potato tubers are used
directly or as factory residues and animal feed. Tubers and
dried stems are also used in animal nutrition (Caliskan et
al., 2010).

Organic molecules that can affect the growth,
development, and other physiological activity in the plant
positively or negatively, can be transported to other parts
of the plant and can show their activity in these organs are
called hormones (phytohormone-plant growth regulators).
Gibberellins (17%), one of the Natural Plant Growth
Regulators, are among the most widely used plant
hormones in the world (Kumlay and Eryigit, 2011). In
plants gibberellins are abundant in buds, embryos, roots,
young leaves, flowers, fruits, and cambiums. Among the
Gibberellins, GAz (Gibberellic acid) is the most widely

used in agriculture. Gibberellins are known to be highly
effective in increasing cell growth, breaking seed and bud
dormancy, eliminating stunting, eliminating chilling
needs, promoting germination, increasing longitudinal
growth and branching (Algul et al., 2016).

Tuber formation in potatoes is a complex
developmental process in  which environmental,
biochemical, and genetic factors play a role (Kolomiets et
al., 2001). The initiation of stolon formation and the
growth of stolons in potatoes is the beginning of tuber
formation. After the longitudinal extension of the stolons
stops, tuber formation begins and tuber growth continues
(Sarkar, 2008). The initiation of stolon formation is
associated with the accumulation of carbohydrates in the
stems under the soil. However, the levels of carbohydrate
accumulation required for the initiation of stolon is lower
than that the initiation of tuber formation.  Stolon
formation is also associated with gibberellin levels in the
plant (Abdala et al., 2000). External application of
gibberellins promotes stolon growth (Vreugdenhil and
Helder, 1992) but prevents tuber formation (Puzina,
2004).  Tuber growth and development depend on
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sufficient green component to provide adequate water and
nutrients and produce the necessary assimilates.

Gibberellic acid promotes the number of stolon that
enable tuber formation and it also ensures an increase in
number of leaves that will help to provide assimilates
required for tuber growth. The economic value of a potato
is determined not only by the total tuber yield but also by
the tuber size distribution and tuber dry matter content
included in tuber quality property. Therefore, studies have
been conducted to improve tuber quality, including plant
growth regulators (Sarkar, 2008). It has been
demonstrated that Gibberellins (GA) stimulate stem
growth and stolon growth (Vreugdenhil and Helder,
1992), inhibit or delay tuber initiation (Sarkar, 2008),
increase the number of tubers (Mikitzel, 1993; Njoqu et
al., 2015), inhibit starch synthesis (Barani et al., 2013),
reduce the dry matter and starch ratio, and increase the
protein ratio (Javanmardi and Rasuli, 2017).

The purpose of the study was to determine the effects
of different concentrations of gibberellic acid on plant
growth, tuber formation, tuber yield, and some quality
characteristics of some potato genotypes.

MATERIALS AND METHODS

Field experiment was conducted in the Research and
Application Area of Nigde Omer Halisdemir University
Faculty of Agricultural Sciences and Technologies,
Department of Plant Production and Technologies in 2019
and 2020.

Soil samples were collected from experimental area at
0-30 cm depth before basal fertilizer application to test
initial soil characteristics, and soil test results are
presented in Table 1. The soil has a clay-loam structure,
alkaline character, and a little organic matter content, and
soils that are too calcareous have a salt-free character. The
total nitrogen content is sufficient, the phosphorus (P2Os)
content is low and the potassium (K2O) content is high.
The soil in which the study was conducted is sufficient in
terms of iron (Fe) and copper (Cu) content, low in
manganese (Mn) content, very high in magnesium (Mg)
content, and high in calcium (Ca) content. The province
of Nigde has a continental climate with hot and dry
summers and cold and snowy winters. The daily climatic
data were obtained from the General Directorate of Nigde
Meteorology Services. The mean values of the climatic
date are given in Table 2.

Table 1. Some physical and chemical characteristics of the 0-30 cm soil layer of the experimental site

Properties Year 2019 Year 2020
Texture Silt Clay Silt Clay
pH? 8.09 7.95
Electrical conductivity (uS cm™) 0.027 0.010
CaCO03 (g kg™) 21.16 21.80
Organic matter (g kg™) 1.91 3.15
Total N (g kgl) 0.142 0.138
Auvailable P,0s (kg da) 3.16 10.85
Auvailable K (kg da) 159.19 201.19
Fe (mg kg?) 5.75 3.25
Cu (mg kg?) 1.36 1.21
Mn (mg kg*) 4.86 10.35
Zn (mg kg*) 1.53 2.15
Mg (mg kg?) 403.2 582.1
Ca(mgkg?) 5688 5572

pH and Electrical conductivity were determined in saturation extracts.
® N content was determined with Khjeldahl method.

¢ Fe, Cu, Zn, Mg, Ca and Mn contents were determined with DTPA extraction method.

Three different potato cultivars; Marabel early, with
ellipse tuber shape, yellow skin color; Alegria mid-early,
with ellipse tuber shape, bright yellow skin color and
Agria mid-late, with long ellipse tuber shape, yellow skin
color were used as plant material. The experimental
design was a split plot arrangement of randomized
complete block with three replications. Main plots
consisted of three cultivars. Sub-plot treatments had four
GA; doses (0, 25, 50 and 100 mg GAs L™?). Each plot
consisted of 4 rows of 5.1 meters length and spacing
between on the row was 70 x 30 cm. Seed tubers were
planted by machine in a depth of 15-18 cm on 19 May
2019 and 20 May 2020. Four levels of GA3 (0, 25, 50 and
100 mg GAs L) were sprayed on the foliage of the plants
using an atomizer at 50" days after planting. Control plots

were treated with distilled water at the same application
time. Approximately 20 days after planting, emergence of
plants was visible on the soil surface and emergence times
differed according to the cultivars. For weed control,
Metribuzin was applied to soil at the rate of 800 ml ha* in
the field before emergence and the plots were maintained
as weed-free by hand weeding during growing period.
Each plot was applied with a basal dose of phosphorus (P)
and potash (K) fertilizers at the rate of 110 kg P + 110 kg
K hal at the planting. Nitrogen was applied at the rate of
250 kg hal in split form (half at planting and half at tuber
formation period) as a side dress in the form of urea. After
planting, a sprinkler irrigation system was installed in the
experimental area and regular irrigation was done at
intervals of 5-7 days. On the 60™ day after the emergence
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of the shoots to the soil surface, leaf chlorophyll contents
were determined through Minolta SPAD 502 Chlorophyll
Meter in each plot. Potatoes were harvested on 01 October
2019 and on 15 September 2020. Ten plants were
harvested at maturity from the first and fourth rows of
each plot for measuring plant height (cm), number of
stems plant?, number of tubers plant?, and tuber yield
plant. After harvesting, the number and weight of tubers
over 25 mm and tubers smaller than 25 mm or no use-

value were counted and weighed separately. After the
harvest, approximately 2 kg of potato samples were taken
from each plot and their specific gravity was measured
with the help of PW-2050 Digital Potato Hydrometer and
dry matter ratios were calculated as based on specific
gravity. Tubers obtained from all plants in the harvest area
were weighed and the tuber yields of the plot for each
application were determined.

Table 2. Monthly rainfall, temperature and relative humidity during the growing period of 2019 and 2020

Months Mean Temperature (°C) Rainfall (mm) Relative humidity (%0)
Long-term 2019 2020 Long-term 2019 2020  Long-term 2019 2020
May 151 17.6 16.0 48.7 26.2 21.2 52.7 46.7 52.3
June 19.1 21.3 19.8 27.9 43.4 26.7 51.3 52.3 47.9
July 224 22.2 24.6 52 8.3 0 395 43.9 40.5
August 22.3 22.6 22.5 6.6 6.0 0 40.2 47.0 35.0
September 18.0 18.2 22.0 10.5 6.0 2.4 40.6 47.3 435
October 12.2 15.1 12.0 26.7 13.7 0.1 53.6 55.6 40.8

*: Climate data provided from Nigde Meteorology Services General Directorate

The data was analyzed using standard technique of
analysis of variance (ANOVA) and treatment means were
separated by Least Significant Differences (LSD) at 5%
probability level by using SAS statistical software
packages version 9.00 as described by Steel and Torrie
(1980).

RESULTS AND DISCUSSIONS
Yield and yield components

The variance sources and their statistical significance
were shown in Table 3 and 4 for the vyield, yield
components and tuber quality. Data of variance analysis in
Table 3 showed that the effect of the GAs applications on
SPAD values were statistically significant at 1%
probability level. The highest average leaf chlorophyll
content was recorded in cultivar Agria (41.72) and the
lowest average leaf chlorophyll value was recorded in
cultivar Alegria (34.37) in both years (Table 5). The
SPAD values of plants sprayed with GA3z; were lower than
that of control. Previously, the study of Hou et al. (2018)
also observed that the SPAD values were decreased as the
amount of GA; increased. Similarly, Wang et al. (2018)
reported that leaf chlorophyll content was significantly
reduced after GA;s treatments. However, on the contrary
Zainaldeen and Rasool (2018) found that the leaf
chlorophyll content was increased with the increase of
GAs in potatoes. In addition, EI-Hamady (2017) reported
that the increase in the amount of GAj; enhanced the
chlorophyll content in the leaves.

Plant height was significantly (p<0.01) affected by
year, cultivar and GA; (Table 3). Data recorded on growth
parameters of potato revealed that GAs increased the plant
height of all cultivars i.e., Marabel, Alegria and Agria.
The response to the GA3 varied according to the cultivars.
The highest plant height value was measured at cv. Agria

and also plant height increased due to increasing GAs
doses (Table 6). Therefore, the highest plant height value
was obtained from the 100 mg L GA; application. Plant
height could be affected by several factors. It has been
reported that the plant height was influenced by soil
fertility, environmental factors, vegetation period (EKin,
2009), and agricultural activities (Yildirim et al., 2019).
The process of plant growth consists of two steps as cell
division and cell elongation. The increase in plant height
owing to the GA; application might be due to GA; effect
on the elongation of internodes and shoot growth. Reza et
al. (2015) recommended that the GAs causes increase in
cell number and cell size resulting on a significant effect
on growth. Chindi and Tsegaw (2019) reported that GAs
applied on the foliage increased plant growth (8%) as
compared to the control, and it may be related to the effect
of internodes and shoot growth. The present study is in the
agreement with Alexopoulos et al. (2007) and Chindi and
Tsegaw (2019) who reported similar results.

The means of the number of stem were presented in
Table 3. Analysis of variance given in Table 3 showed
that the GAs application doses were not significant for
number of stem. Cultivar x GA3 application interaction on
stem number plant® was statistically significant at the 1%
probability level in both years. According to the means
given in Table 6, number of stem plant Marabel cultivar
was higher than that the other cultivars. Dormancy is an
important factor limiting the number of stems in potato.
Otroshy (2006) reported that longer stems were obtained
with the application of GAs; in the Marfona potato
cultivar, but the number of stems was reduced. During the
flowering period, the GAs application had no significant
affect over the control.
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Table 3. Results of variance analysis of the growth and yield components in the experiment conducted in 2019 and 2020

SPAD Plant

Source of : Number of Number of Tuber yield
Variation df (C?;?]:grp])gyll h(i'r?gt stem plant* tubers plant* plant? (g)
Year (Y) 1 2.42 279.65** 5.17 1.38 181.36**
Cultivar (C) 2 267.60** 581.15** 70.01** 45.45** 42.53**
GA; Doses (G) 2 49.71%* 50.20** 0.82 127.86** 28.86**
YxC 2 0.41 3.12 1.37 0.76 0.68
YxG 3 0.87 0.11 0.07 0.24 0.07
CxG 6 0.64 2.23 3.63** 1.94 0.51
YXCxG 6 0.04 0.08 0.21 0.19 0.22
CV (%) - 3.13 4.48 6.53 8.94 6.18

*P <0.05, **P <0.01

Table 4. Results of variance analysis of the yield and tuber quality in the experiment conducted in 2019 and 2020

Source of Marketab_le Unmarketa}ble Tota_l tuber Dry matter Speci_fic Chips
Variation df  tuber ratio tuber ratio yield content gravity Quality
(%) (%) (ton ha) (%) (glem®) L)
Year (Y) 1 1.32 13.21** 90.04** 0.10 0.01 19.15**
Cultivar (C) 2 0.96 9.78** 11.67** 12.23** 11.44** 12.67**
GA; Doses G) 2 62.65** 19.66** 23.88** 51.57** 29.35** 3.35*%
YxC 2 5.82%* 9.81** 0.84 0.14 0.17 11.77**
Y xG 3 0.42 1.56 0.10 0.03 0.29 0.39
CxG 6 0.87 0.48 0.44 4.25 4.03 1.32
YXCxG 6 1.35 2.11 0.31 0.18 0.13 1.33
CV (%) - 1.75 47.99 8.60 2.53 0.26 5.87

*P <0.05, **P <0.01

Variation for the GAs application for tuber number
plant® was statistically significant at 1% probability level
(Table 3). When the means of over the two years are
evaluated, the highest number of tubers plant! was
obtained from Alegria (Table 5). The GAs treatments
resulted in significant increases in tuber number plant? as
compared with control. The 100 mg L* GA; application
was highly stimulatory in increasing the number of tubers
plant™. Bandara et al. (1998) mentioned that when plants
were applied once with GA during the early growth stage,
the number of tubers plant™* were increased, but this effect
is critically dependent on the time of the GAs application
(Alexopoulos et al., 2007). Caldiz (1996) reported that
foliar applied GAs significantly increased tuber number
plant® and the effect of GA; application on tuber number
was mainly due to an increase in the length and branching
of the main stolon. The increase in tuber number might be
due to the stimulated stolon production and increased
photosynthetic activity. Otroshy (2006) determined that
the highest and lowest amount of GAs had a significant
effect on tuber number, and El-Hamady (2017)
determined that the application of GAs to tubers before
planting increased number of tubers plant™.

Highly significant difference was observed among the
GA; treatments with regard to tuber yield plant? (Table
3). It has been determined that there was the significant
(1%) difference between years, cultivars and the GA;
applications for average tuber yield plant?®. The highest
tuber yield plant* was obtained from the Alegria cultivar
while the lowest was obtained from Marabel (Table 6).
The tuber yield plant? increased when the GA; doses were

increased, and the mean of two years was 1101.0 g at the
0 mg L GA; (Control) application but increased up to
1318.9 g at the 100 mg L GAs application. The best
effect of GA; application on tuber yield plant* was at the
concentration of 100 mg L™ GAs applications followed by
the 50 mg, and 25 mg application respectively (Table 6).
Previous studies have shown that the GA; application
increases tuber yield plant* and tuber yield (Barani et al.,
2013; Dahshan et al., 2018). However, Mikitzel (1993)
reported that the application of GA; to seed tubers before
planting did not affect tuber yield. Sharma et al. (1998)
reported that the application of GAs in potatoes delayed
tuber formation and also reduced tuber yield. Chindi and
Tsegaw (2019) found that 750 and 1000 ppm GA;
applications increased had tuber vyield plant! by
approximately 26% and 45%, respectively as compared to
the control (562.80 g). In comparison other studies,
supporting results were obtained in this study indicator the
GA; applications increased tuber yield plant.

The GAs; applications decreased on average
marketable tuber rate as compared to control, and
significant differences were also obtained for GA; (Table
4). GAgs applications of 100 mg L decreased marketable
tuber ratio by 6,8 % as compared to the control (Table 7).
Karaat (2011) reported that increasing GAjz; doses
decreased the tuber size in potato tuber. Sharma et al.
(1998) observed that foliar application of GAs; caused
deformed tubers and some of tubers were sickle-shaped.
Likewise, Jackson (1996) reported that the GAs
encouraged stolon growth and caused the tubers to be
more elongated and elliptical than normal type. It has been

142



demonstrated that spray application of GA; to leaf during
the growing period and seed tuber before planting
promotes size distribution ratio among tubers from largest
tuber to smallest tuber (Struik et al., 1989; Karaat, 2011).

In this study, the average marketable tuber yield decreased
as compared to control with increase of GAs doses similar
to other studies (Karaat, 2011).

Table 5. Means of over two years for chlorophyll content SPAD, number of tuber plant?, total tuber yield (ton/ha), dry matter
content and specific gravity of three potato cultivars evaluated under different GAs doses.

SPAD Number of Total tuber vield Dry matter Specific

Treatment (Chlorophyll tubers (ton ha‘l))/ content gravity

content) plant? (%) (g/cm?®)
Cultivar (C)
Agria 41.72a 1050 b 52.63b 19.08 b 1.0740 b
Alegria 34.37¢ 12.90 a 56.66 a 19.47 a 1.0769 a
Marabel 35.77b 10.48 b 50.36 b 18.79¢ 1.0731 b
LSD(0.05) 0.67 0.58 26.57 0.28 0.0017
GA; Doses (G)
0 39.31la 8.28d 47.10d 19.99a 1.0790 a
25 38.31b 9.93¢ 51.39¢ 19.62 b 1.0762 b
50 36.64c¢ 12.67b 54.85b 18.55¢ 1.0728 ¢
100 34.89d 14.28 a 59.54 a 18.29 ¢ 1.0707d
LSD(0.05) 0.78 0.67 3.06 0.32 0.0019

Tubers smaller than 25 mm in diameter, green,
damaged and deformed were accepted as unmarketable
tubers and they were used as animal food. But high rate of
unmarketable tubers is not desirable in potato production.
Unmarketable tuber content rate was significantly
(p<0.01) affected by year, cultivar, GAz application and
the year x cultivar interaction (Table 4). When the data of
the two years are evaluated, unmarketable tuber content
rate decreased as GAs; dose was increased, and the
unmarketable tuber content rate, which was 0.81% for
control application, increased to 3.06% at the 100 mg L™
GA; application (Table 7). The GA; application at the
time of tuber initiation (50 days after planting) increased
the yields in the smaller classes (smaller than 25 mm
diameter), while reducing the yields of the marketable
tuber. Struik et al. (1989) reported that the maximum
effect was obtained when the GA was applied on the day
of 40. Dahshan et al. (2018) found that the GAs
applications reduced the rate of unmarketable tuber.
Karaat (2011) reported that GAs applications have
significantly increased average unmarketable tuber rate.
Increasing GAs doses increased the rate of unmarketable
tubers while average unmarketable tuber rate was 7.9%
non GA; application, and it was 56.3% in the 150 mg L™
GA; application.

The total tuber yield of potato was significantly
affected by year, cultivar and GA; applications (Table 4).
Tuber yield significantly varied among cultivars and GA3
application. The highest total tuber yield was obtained
from Alegria with 62.78 ton ha™ in 2019. Also effect of
GA; applications were significant on tuber yield. The
highest tuber yield was obtained from the 100 mg L™ dose
65.14 ton hal in 2019 (Table 5). Generally, in our study,
tuber yields in 2019 were higher than those of the 2020.
The main reason for this difference was due to different
environmental factors of growing seasons. In potato, high
temperatures promote vegetative growth, but reduce tuber

growth. Menzel (1984) reported that the reduction in tuber
growth by the GA was accompanied by a promotion of
haulm weight and high temperatures strongly reduced
tuber number and harvest index. In the 2019 growing
season, mean temperatures (°C) were higher than that the
other experiment year in our study (Table 2). Therefore,
total tuber yield reduced due to the high temperature
especially during tuber formation stage in 2020. Total
tuber yield was affected significantly by the GAs. In 2019
and 2020 years, the 100 mg L™* GA; application caused an
increase in tuber yield as compared to the control and
increase in total tuber yield was approximately 25% and
28% in 2019 and 2020, respectively. Sillu et al. (2012)
informed that tuber yield in the GAs application to seed
tuber during planting was higher than that the foliar
application of the GAsz and foliar application of plant
growth regulator with better penetration into leaves
increased the leaf chlorophyll content increasing in the
photosynthetic rate and in turn increased the growth of
plants this resulting in higher yield attributes and yield
than that of the seed treatment method. Studies conducted
by Njoqu et al. (2015) revealed that the application of GA3
during planting on seed tubers accelerated shoot formation
and emergence resulting in higher tuber yield. Dahshan et
al. (2018) found that the GAs applications increased total
tuber yield as compared to the control. In our study, all
cultivars responded positively to increasing GAs doses so
increased total tuber yield resulted in.

Tuber quality characteristics

Potato quality traits including dry matter content,
specific gravity and starch content are important in food
industry and directly affect the quality and processing
quality of the final product. Variances given in Table 4
showed that the effect of GAs application on dry matter
content of tuber was statistically significant. The highest
dry matter content was obtained from Alegria as 19.47%.
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It was observed that tuber dry matter content was
decreased with increasing GAsz doses in our study and
there was a negative relationship between the GAsz doses
and dry matter content. In 2019 and 2020 years, it was
observed that mean tuber dry matter content was 19.99%
in control, while it was 18.29% in the 100 mg L GAs
application (Table 5). Javanmardi and Rasuli (2017)
reported that the tuber dry matter rate decreased due to an
increase in the GAs concentration. Alexopoulos et al.
(2007) explained that the GAs; caused a significant
reduction in the dry matter content of tubers, while the
rate of respiration (measured 10 day after harvest) was
significantly higher. The reduction in tuber dry matter
content following the GAs application could be due to a
decline in starch content which was a result of sucrose
interception by the shoots, and restricted sucrose supply to
the tubers (Sharma et al., 1998).

Significant differences were found with regard to
specific gravity among different GAs; doses (Table 4).
Increasing GAs doses caused a decrease in tuber specific
gravity and it varied between 1.0707 and 1.0790 in all
treatments (Table 5). It was defined that if the tuber

specific gravity values are less than 1.077 was Low, if it is
between 1.077 and 1.086 was Medium and it was defined
as high if it is more than 1.086. The specific gravity of
potatoes was very different and ranged from 1.050 to
1.106. Specific gravity values of potatoes determined the
intended use of tubers. Chindi and Tsegaw (2019)
reported that high rates of the GAs application in potatoes
had higher specific gravity and dry matter rate than those
of non-application tubers. Therefore, there was a
significant and positive relationship between specific
gravity and dry matter content. Likewise, Degebasta
(2010) explained that the haulm application of GAj;
increased specific gravity by about 2% and dipping seed
tubers in 50 ppm of GAs solution increased the tuber
specific gravity of the next generation by 1.3% as
compared to the control application. On the contrary, the
GA; application decreased tuber specific gravity in
potatoes in both years in this study Alexopoulos et al.
(2007) found that application of the GA;3 at a more mature
stage of plant growth, i.e. at 60 days after planting had no
effect on tuber dry matter content, when the tuberization
and presumably starch synthesis was virtually complete.

Table 6. Means of the plant height, number of stem plant* and tuber yield plant?

Treatment Plant height (cm) Number of stem plant? Tuber yield plant™ (g)
reatment  T5019 2020 Mean 2019 2020  Mean 2019 2020 Mean
Cultivar (C)

Agria 91.48a 80.98a 86.23a 6.11a 5.71a 5091a 1290.3b  1083.0b 1186.6b
Alegria 80.00b 64.98b  72.51b 495b 4.86b  4.90b 1435.5a 1185.1a 1310.3a
Marabel 60.98c 48.76c  54.87c 6.11a 6.00c  6.06a 1239.9b 998.6b 1114.2c

LSD(0.05) 5.36 1.09 1.85 0.45 0.13 0.21 98.37 59.9 43.2
GA; Doses (G)
0 71.12b 59.16d  65.14d 5.62 5.48 5.55 1222.8c 979.2c 1101.0d
25 74980 62.52c  68.75C 5.67 5.47 5.57 1282.7bc  1037.9c 1160.3c
50 80.13a 67.22b  73.67b 5.77 5.53 5.65 1350.5b 1118.9b 1234.7b
100 83.76a 70.73a 77.25a 5.83 5.62 5.72 1431.6a 1206.2a 1318.9a
LSD(0.05) 13.40 1.26 2.14 0.76 0.15 0.24 119.1 69.2 49.9
Table 7. Means of the marketable and unmarketable tuber ratio (%) and chips quality (L)
Treat ; Marketable tuber ratio (%)  Unmarketable tuber ratio (%) Chips quality (L)
reatmen 2019 2020 Mean 2019 2020 Mean 2019 2020 Mean
Cultivar (C)

Agria 94.00 94.20a 94.10 1.59 1.69b 1.64b 62.53a 60.54b 61.54a
Alegria 9356 94.31a 93.94 1.71 1.85b 1.77b 58.79b 64.42a 61.60a
Marabel 94.61 92.33b 93.47 1.64 3.97a 2.80a 53.48c 60.77b 57.13b

LSD0.05) 1.63 1.05 0.95 0.97 0.65 0.57 2.61 3.39 2.05
GA; Doses (G)
0 97.43a 97.37c 97.40a 0.73c 0.89c 0.81c 60.27 63.71 61.99a
25 95.57a 95.07b 95.31b 1.37bc 1.93b 1.65b 58.96 61.27 60.11ab
50 92.48b 91.34a 91.91c 2.11ab 3.44a 2.78 a 57.62 62.40 60.01ab
100 90.75b  90.67a 90.71d 2.38a 3.74a 3.06 a 56.27  60.27 58.25b
LSD.05) 1.88 1.21 1.10 0.93 0.75 0.66 4.62 3.91 2.36

Variation for chips quality (L) of potato was
significantly for year, cultivar, GAs application and year x
cultivar interaction. The L value was changed between

56.27 and 63.71 in two years (Table 7). The highest L
value was obtained from Agria in 2019 and Alegria in
2020. The highest values for chips quality were obtained
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from the control with non GA; application. Therefore,
increasing the GAs; doses decreased the chips quality.
Burton (1989) stated that the color of chips in potatoes is a
characteristic of cultivar, but changeable depending on the
cultural practices during the growing period, the maturity
of the potato tubers and the storage conditions. The
amount of reducing sugar in the tuber varied according to
the applied cultural practices fertilization (Yildirim,
2019), growth conditions, storage, stress conditions during
growth, cultivar, frying temperature and slice thickness of
the potatoes to be fried (Burton, 1989). In addition,
Javanmardi and Rasuli (2017) explained that increased
level of sugar reduction with the application of GAs. GA3
may reduce starch-synthesizing capacity by reducing
ADP-Glc-pyro phosphorylase activity by the decrease in
starch synthesis (Mares et al., 1981). In this study,
considering changes of the dry matter contents of the tuber
with in GAs applications, the chips quality would vary
with the GAs applications.

CONCLUSION

Foliar application of GAj; affects not only plant
growth, tuber yield and yield component, but also the
tuber quality characters such as dry matter content,
specific gravity and chips quality of the tubers. Three
potato cultivars tested had significant differences for
growth, yield, yield parameters and some quality traits.
Number of tuber plant?, tuber yield plant?, total tuber
yield, dry matter content, specific gravity and chips
quality of Alegria cultivar that is mid-early were enhanced
by GA;s treatments and gave the highest values compared
to other cultivars. Increasing gibberellic acid doses
reduced the chips quality, dry matter content and specific
gravity of potato tuber. In contrast, total tuber yield
increased with increasing GA3 doses from 0 mg/L™* to 100
mg/L?, besides, unmarketable tuber ratio has also
increased. Storage of potatoes is an important stage of the
potato production and cultural practices during the
growing period affect the storage period. Therefore, it
could be beneficial to conduct further research on the
post-harvest storage life of tubers treated with the GA3
application.
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