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ABSTRACT

Tuber dormancy is an important phenomenon in potato seed production cycle and its duration can
positively affect the number of crops and crop performance during the seed production. The
present study was conducted to evaluate the effect of different factors which include potato
genotypes (Roko and SM kaghan varieties), chemical treatments i.e GAgs, thiourea, Thiourea+GAs
and sugar under light and dark storage conditions. It was found that between varieties, Roko
responded better than SM kaghan to various chemical treatments regarding number of days to
dormancy breaking. It was found that the growth hormone GAs (gibberellic acid) in combination with
thiourea can significantly increase sprouting percentage to 100% under dark conditions after 31
days of application. However, it was observed that after planting of the treated tubers the
emergence percentage, and minituber yield did not show any significant effect of the three
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experimental treatments in comparison with control. It is therefore concluded that tuber treatment
with thiourea+GAs and store in dark can decrease the dormancy duration without having any
negative effect on plant physiological growth and tuber yield.

Keywords: Seed-potato; tuber treatment; thiourea; GAs. sugar; sprouting%.

1. INTRODUCTION

Potato (Solanum tuberosum L.) is considered as
an important food crop worldwide and a good
source of energy, fats, proteins, minerals and
vitamins [1,2]. Among the root and tuber crops, it
ranks first followed by cassava, sweet potatoes
and yams [3,4]. There are a number of
constraints that negatively affect potato
production in the world which include many biotic
and abiotic stresses among which soil and tuber
borne diseases and insect pests are major biotic
problems while heat, salinity, cold/frost stress,
nutrient deficiency, drought are the key abiotic
factors [5] and among them lack of quality seed
potato has vital significance [6]. In Pakistan, it is
also an important vegetable and is grown on 0.19
million hectares, with an estimated
annual production of 4.6 million tons, at an
average yield of 24.2 tons per hectare [7]. Potato
is grown round the year in Pakistan as autumn,
spring and summer crop. The vyear round
potato cropping in Pakistan shortens the
interval between harvesting and planting
consecutive crop and the growers usually
adapted the autumn to autumn cycle by storing
the seed of autumn crop of medium to long
dormancy period genotypes for the coming
autumn crop which declines the seed quality
[8,9].

Dormancy is the final stage of tuber life serving
to preserve tubers as organs of vegetative
reproduction under unfavorable growth
conditions. Endogenous hormones have been
proposed to play a significant role in tuber
dormancy regulation. Generally dormancy is
divided into three categories. During deep
dormancy (endodormancy) growth is stopped
under the influence of internal physiological
factors even under ideal conditions. The second
category of dormancy i.e paradormancy is forced
or induced dormancy in which growth is arrested
by unfavorable external factors. The third stage
of dormancy is ecodormancy during which
meristematic activity is halted by external
environmental factors. Immediately after harvest
tubers are in the state of deep dormancy and can
not sprout even under favorable environmental
conditions [10].
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After the termination of the deep dormancy
tubers can sprout but they remain at rest under
unfavorable external conditions (at temperature 0
to 4°C). In the beginning of sprouting, lateral
buds are in the state of forced dormancy
(depending on internal physiological factors)
because they experience a correlative inhibition
from the apical bud sprouting earlier [11,12].

The tuber dormancy duration and sprouting time
have significant economic importance in seed
production cycle. The tuber dormancy period
depends on potato cultivar characteristics
(genotype) and also on growing season or pre-
harvest and post-harvest conditions such as
temperature and light. Depending on the
genotype tuber storage at high temperature (up
to 30°C) and humidity (up to 90%) favors
dormancy breaking and early bud outgrowth and
temperature above 35°C can immediately break
dormancy inducing a condition called
psychopathy or heat sprouting [11].

Considering the storability of potato the term
dormancy is significantly important. The tuber
dormancy duration gives information on how long
the potato can be stored. It helps in selecting
varieties for short to long term storage.
Regarding process and fresh market potatoes,
detrimental quality concerns raised if sprouting
begins which causes changes in carbohydrate
status, weight loss, increase in respiration rate
and storage management issues such as
impeded airflow. Therefore controlling the length
of the dormancy period is of considerable
economic importance especially in case of seed
potato. New strategies are needed because

current cold storage techniques are often
problematic. Seed growers may need to
accelerate or retard sprout development

depending upon the time of year and intended
seed market. When working with seed production
programs it is essential to standardized different
chemicals and their concentrations needed for
dormancy breaking for routine applications
because different types of genetic materials
(varieties) react differently to various chemicals
that promote sprouting. Usually late maturing
clones have a long dormancy that is difficult to
break than that of early maturing clones [13].
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Early potato planting requires dormancy
breaking. Various methods for chemical
regulation of dormancy period has been

developed which includes tuber treatment with
Rindite [14], bromoethane [15], carbon disulfide
[16], sugar [17], thiourea [18], GAz [19], ethanol
[20], or bromoethane favors dormancy breaking
[15]. Moreover, cytokinins and GAs (gibberellins)
reactivate meristematic and sprouting activity
shortly before dormancy termination [21,22]. The
response of potato genotypes to different
chemical treatments and storage methods may
also be differed due to genetic factors, type
of chemicals and storage conditions [23].

In seed production programs it is indispensible to
standardize different protocols and chemicals
used for dormancy breaking. The common way
of producing pre-basic seed of potato is the
production of mini-tubers in the greenhouse from
invitro plantlets produced through tissue culture.
Generally for certified seed production cycle the
minitubers harvested during the month of May
have to be planted usually in the first week of
June in Hilly areas suitable for seed production.
So there is not enough time between harvest and
planting to break dormancy naturally. Therefore,
it is anticipated to develop an effective technique
easy to apply in order to induce seed-tuber
dormancy breakage in different potato varieties.
The aim of this study is to develop an effective
protocol in order to analyze the performance of
various chemical treatments in interaction to
certain environmental factor (light;dark) and plant
genotypes to find a potential relation between
treatments applied in the storage phase and to
record the dormancy breakage duration of each
variety and to evaluate potato crop performance
after plantation.

2. MATERIALS AND METHODS

This study was conducted in the greenhouse at
Hazara Agriculture Research Station,
Abbottabad. The research experiment was
carried out in two phases: In the first phase (at
storage level minitubers were treated with
different chemicals while in the second phase the
same treated minitubers were planted in the
green house and evaluated for plant growth and
yield performance.

This research is based on 3 factorial randomized
complete design. Experimental factors were
chemical treatments as factor one with five levels
(control, 50ppm gibberellic acid (GAs), 1%
thiourea, thiourea +GAs (1% thiourea and 50ppm
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GAs) and Sugar treatment (100g sugar in 200ml
water), potato genotypes as the second factor
with two levels (SM Kaghan and Roko) and
storage condition as the third factor with two
levels (light, dark conditions). Freshly harvested
100 minitubers of uniform shape and size of each
variety was selected. The weight of each
selected tuber was between 30-40 gram.

The tubers were soaked in the 1% Thiourea
solution for 1 hour and air-dried. For GAs
treatment tubers were soaked in 50ppm solution
for 30 minutes and air dried. For sugar treatment
1:2 ratio sugar solution (dissolving 100g of table
sugar in 200ml of water) was prepared according
to the procedure described by Zaghum et al.,
2021 and tubers were sprayed thoroughly with
this solution and air-dried. For thiourea+GAs
treatment first tubers were soaked in thiourea
(1%) solution for 1 hour then transferred to
50ppm GAs solution and soaked for 30 minutes,
removed and air dried while for control the tuber
were treated with distilled water. After each
treatment application the treated minitubers were
placed in plastic trays and kept in the dark and
light conditions at 25+2°C and 80+5% RH. Data
were recorded on sprouting (%), number of
sprouts per tuber and any tuber rotting (%).

In the second phase of the experiment the same
treated tubers that showed sprouting were sown
in earthen pots (18x20cm) filled with 4 kg of
sterilized peat moss soil and data on plant
growth in terms of plant height, number of
branches, average tuber number andtuber yield
per plant were recorded. The recorded data were
analyzed by Analysis of Variance (ANOVA) for
the F-test and Least significance difference test
(LSD) at 95% level of significance was performed
to assess significance of results. All the statistical
analyses were done using computer software
Statistix 8 Version 8.1 [24].

3. RESULTS

Potato minitubers of both varieties i.e SM
Kaghan and Roko for each respective treatment
were observed regularly to ensure the
emergence of any sprout. Only the sprout that
reached a length of about 2mm was counted as
the first sprout from that particular tuber. Data
pertaining to sprouting percentage of each
respective treatment interaction showed that
after 22 days of treatments application only 10%
sprouting was first observed in potato variety
Roko minitubers placed in Dark and treated with
Thiourea + GAs (Fig. 1). Any other treatment
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interaction has not shown sprouting in both
varieties.

After 25 days figure 2 showed 10% sprouting in
Roko variety treated with thiourea under dark
conditions followed by 20% sprouting in GAs
treatment . 30% sprouting was recorded in
Thiourea + GAs treatment in dark environment
while only 10% tubers showed sprouting in the
same treatment but under light conditions in
Roko minitubers. Whereas variety SM Kaghan
showed 10% sprouting in GAs treatment under
light conditions (Fig. 2). In the sugar treatment
and control no sprouting was observed.

The analyzed data for 28 days after treatments
application showed a significant interaction effect
of experimental factors on sprouting percentage
and considerable increase in  sprouting
percentage was observed in both varieties for
Thiourea + GAs treatment under dark conditions
in which 70% sprouting occurred in Roko
followed by 50% in SM Kaghan (Fig. 3). In GAz
treatment under light conditions both varieties
showed sprouting with 30% and 10% in SM
Kaghan and Roko, respectively. However, no
sprouting was recorded in sugar treatment and in
control.

It was observed that Thiourea along with GAs
significantly affected the tubers dormancy as
compared to other treatment combinations after
31 days and 100 % tubers were sprouted in
Roko and 80% in SM Kaghan under dark

treatment in dark for potato variety Roko followed
by 60% sprouting in thiourea+GAsz treatment
under light conditions (Fig. 4). Moreover,
breaking of dormancy in SM Kaghan variety was
also observed in sugar treatment and 10% tubers
showed sprouting under dark conditions in this
interaction. No sprouting was observed in both
varieties for control (Fig. 4).

Analyzed data presented in Figure 5 revealed a
significant increase in sprouting (100%) in GAs
treatment alone and in thiourea+GAs treatment in
dark environment in Roko variety after 34 days.
However SM kaghan minitubers showed 90%
sprouting in thiourea+GAs. The lowest sprouting
i.e 20% was recorded in sugar treatment under
dark conditions and in thiourea treatment in light
conditions in SM kaghan (Fig. 5). It was
observed that tubers treated with sugar treatment
did not showed good response in both varieties
under dark and light conditions even after 34
days of treatment application. No sprouting was
observed in control for both varieties during this
period (Fig. 5).

By comparing the varietal response to the
chemical treatments applied it was found that
minitubers of potato variety Roko showed
comparatively better sprouting % whereas the
dormancy breakage and the respective sprouting
percentage in potato variety SM Kaghan was
comparatively low in all the interactions except in
sugar treatment in which only SM Kaghan

conditions (Fig. 4). Second highest sprouting showed 20% tuber sprouting only under dark
percentage (80%) was recorded in GAs conditions (Fig. 5).
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Fig. 1. Mean comparison of sprouting % in potato minitubers under interactive effect of
genotype (variety) x chemical treatments x storage condition after 22 days of treatment
application
Mean values accompanied by different letters are significantly different at P<0.05
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Fig. 2. Mean sprouting % in potato minitubers under interactive effect of genotype (variety) x chemical treatments x storage condition after 25 days
of treatment application
Mean values followed by different letters are significantly different at P<0.05
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Fig. 3. Mean sprouting % in potato minitubers under interactive effect of genotype (variety) x chemical treatments x storage condition after 28 days

of treatment application

Means followed by different letters are significantly different at P<0.05
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Fig. 4. Mean sprouting % in potato minitubers under interactive effect of genotype (variety) x chemical treatments x storage condition after 31 days
of treatment application
Means followed by different letters are significantly different at P<0.05
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Fig. 5. Mean sprouting % in potato minitubers under interactive effect of genotype (variety) x chemical treatments x storage condition after 34 days
of treatment application
Means followed by different letters are significantly different at P<0.05
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Table 1. Mean number of sprouts per minituber under interactive effect of genotype (variety) x chemical treatments x storage condition after 34

days of treatment application

Variety Treatments
Thiourea GAs Thiourea + GAs Sugar Control
Dark Light Dark Light Dark Light Dark Light Dark Light
Roko 1.83abcd 1.17def 2.30ab 1.17def 2.50a 2.00abc Og 0g 0g 0g
SM Kaghan 1.00¢ef 1.50cde 1.50cde 1.67bcde 1.50cde 1.00ef 1.00¢ef 0g 0g 0g

Means followed by different letters are significantly different at P<0.05

Table 2. Mean emergence % in potato minitubers under interactive effect of genotype (variety) x chemical treatments x storage condition after 10

and 15 days of plantation

No. of Variety Treatments

days Thiourea GA3 Thiourea + GAs3 Sugar Control

10 days Dark Light Dark Light Dark Light Dark Light Dark Light
Roko 40b 10cd 30bc 10cd 30bc 10cd od od 50ab 25bcd
SM Kaghan od od od od 10cd od od od 50ab 75a

15 days Roko 100a 100a 100a 100a 100a 100a Oc Oc 100a 100a
SM Kaghan 100a 100a 100a 100a 100a 100a 100a Oc 75b 100a

Means followed by different letters are significantly different at P<0.05
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The results in Table 1 showed that the
application of growth regulators on minitubers of
different varieties have a significant effect on the
total number of sprouts. The highest mean
number of sprouts i.e 2.50 were found in roko
minitubers in thiourea+GAs treatment followed by
2.30 mean sprouts number in GAs treatment
alone under dark conditions (Table 1). The least
mean number of sprouts (1.00) was recorded in
SM kaghan variety minitubers in thiourea and
sugar treatment under dark and in thiourea+GAs
treatment under light conditions (Table 1).

In the current research project after dormancy
breaking of minitubers of both potato varieties,
the sprouted tubers were planted in pots in the
green house to study the interactive effect of
various experimental treatments (factors)
including an untreated sprouted control on the
plant growth and yield. The tubers of Roko and
SM kaghan in sugar treatment under light
conditions were not sprouted (Fig. 5) and were
not planted however, the SM Kaghan tubers of
sugar treatment under dark conditions showed
20% sprouting (Fig. 5) and were also planted. It
was observed that after 10 days of plantation in
both varieties the control showed higher
emergence percentage (Table 2). In potato
variety roko 40% emergence occurred in
Thiourea treatment wunder dark conditions
whereas 10% emergence in SM kaghan
minitubers occurred in thiourea+GAs treatment
under dark conditions (Table 2).

Data recorded for percent emergence afterls
days of plantation showed a considerable
increase in emergence % i.e 100% in both
varieties including control (Table 2) except 75%
emergence observed in minitubers of SM kaghan
control under dark conditions. The SM Kaghan
tubers in sugar treatment under dark conditions
also showed 100% emergence after 15 days of
plantation (Table 2).

Statistical analysis of the data after 30 days of
emergence showed no significant difference
among different treatment interactions including
control in potato variety Roko. However,
Thiourea+GAs dark conditions treatment showed
highest mean shoot length (19.67 cm). The
lowest mean value (15.13 cm) was observed in
Thiourea treatment with light conditions (Table
3). In SM Kaghan variety the highest plant
height (20.47cm) was recorded in Thiourea+GAs
treatment interacted with dark conditions
followed by 19.90cm in the same treatment but
under light conditions (Table 3). In the sugar
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treatment significantly lowest plant height
(8.40cm) was observed in SM kaghan variety
plants developed from minitubers placed in dark
conditions whereas no data was recorded in the
sugar treatment of roko variety as no tubers were
found sprouted and were not sown (Fig. 5; Table
2). In the control no significant difference was
found in plant height between the two varieties
however plants developed from tubers of
lightcondition have comparatively higher shoot
length after 30 days (Table 3).

The interaction effect among varieties x chemical
treatment x storage conditions on plant height
after 60 days of emergence showed that the
potato variety Roko showed highest plant height
in thiourea+GAz: followed by GAs treatment
(46.91cm) and (43.42cm), respectively under
dark storage conditions (Table 3), whereas in SM
kaghan the thiourea+GAs treatment of light
conditions has highest shoot length i.e 38.58 cm
followed by 36.65 cm in GAsz with dark
conditions. The lowest mean plant height
(29.65cm) was recorded in sugar treatment dark
conditions of SM kaghan variety (Table 3).

The data collected on mean number of branches
per plant after 30 days (Table 3) showed that no
significant difference found in mean number of
branches of variety Roko in all the interactions
including control, however the thiourea+GAs
treatment in both light and dark conditions
showed highest mean number of branches i.e
8.80 and 8.60 followed by 7.60 and 7.30 in GAs
treatment under dark and light conditions
respectively (Table 3). In the potato variety SM
kaghan highest mean branch number (8.75;
8.42) was recorded in GAs and thiourea+GAs
treatments with dark conditions, respectively.
The least number of branches (4.00) were
recorded in sugar treatment (Table 3).
Anincrease in mean number of branches of both
varieties was observed after 60 days of
emergence in all the treatment interactions in
both potato varieties (Table 3).

Data presented in Table 4 showed that highest
mean tuber number i.e 5.16 was recorded from
thiourea+GAs treatment of SM kaghan variety
under light conditions followed by 5.00 and 4.83
mean tuber number in control and in GAs
interacted with light conditions, respectively of
the same variety SM Kaghan. Whereas, in
variety Roko highest mean tuber number (4.25)
was obtained in control under light conditions
followed by GAs under dark condition. The lower
mean tuber number i.e 3.00 was recorded in
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Table 3. Mean plant growth parameters under interactive effect of genotype (variety) x chemical treatments x storage condition after 30 and 60

days of emergence

No. of Varieties Treatments
days Mean Thiourea GAs3 Thiourea + GA3 Sugar Control
Growth Dark Dark Light Dark Light Dark Light Dark Light
parameter
30days Roko Shoot 15.51 18.00 19.16 abcd 19.67 18.03 Oh Oh 17.22 17.48
length (cm)  def abcde abc abcde abcde abcde
No. of 5.80abcd 7.60abc 7.30abcd 8.60a 8.80a Oe Oe 5.60abcd  4.75cd
branches
SM Shoot 12.57 19.40 abc 17.13 20.47a 19.90 ab 8.40g 0h 16.05 16.16
Kaghan length (cm) f abcde cdef bcdef
No. of 5.00cd 8.75a 5.15bcd 8.42ab 7.30abcd 4.00d Oe 5.50abcd 5.00cd
branches
60 days Roko Shoot 42.23ab 43.42ab 39.70abcde 46.91a 41.26abcd 0Og Og 41.77abc  39.56abcde
length (cm)
No. of 8.95bcde 10.50abc  10.50abc 11.50ab 12.50a of of 11.37ab 9.95abcd
branches
SM Shoot 33.97 36.65 32.06 ef 33.38 38.58 29.65f 0Og 36.56 33.85 cdef
Kaghan length (cm)  cdef bcdef def bcde bcdef
No. of 7.00e 10.20abcd 9.00bcde 10.65abc 9.35bcde 7.60de Of 9.81abcde 8.40cde
branches

19

Means followed by different letters are significantly different at P<0.05
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individual Thiourea and GAs treatments under
light condition (Table 4). Regarding tuber size the
data in Table 4 showed that the number of small
size tubers is greater in both varieties than
medium and large size tubers with highest mean
small tubers (4.00) produced in thiourea
treatment under light conditions of potato variety
SM kaghan.

Statistically no significant difference was found
among various experimental factors regarding
mean tuber yield per plant in both potato
varieties (Table 5). However, among the variety,
treatment and light/dark interaction, the
maximum average tuber weight (42.37g) was
recorded in potato variety SM kaghan for
thiourea+GAs treatment under light conditions.

4. DISCUSSION

Major problem in potato seed production cycle is
the in time availability of sprouted seed. Seed
dormancy lead to poor sprouting which results in
delayed planting and poor emergence. In the
present study a significant percentage of
minitubers of potato varieties i.e Roko and SM
kaghan showed sprouting earlier when treated
with GAs either individually or in combination with
thiourea when placed in dark. By comparing
dormancy period of tubers treated with Thiourea
and GAs individually it was noticed that GAz was
found superior and just after 28 days of
treatments application higher percentage of
minitubers started sprouting (Fig. 3). This may be
due to the fact that the exogenous application of
GAs enhances the endogenous level of
gibberellins which affects the synthesis of
amylase enzyme thereby enhances starch break
down causing quick sprout growth as
demonstrated by [25,26]. Carrera et al., [27]
studied the effect of gibberellins on potato tuber
dormancy and reported that internal growth
regulators such as gibberellic acid, abscissic acid
and cytokinins are responsible for dormancy
termination and commencement of sprouting
under invitro conditions and Demo [28] found that
the maintenance of seed quality in terms of seed
health and vigor are related to gibberellins
application. The previous scientific research
showed that tuber treatment with GAs caused
breakdown of starch and accumulation of
renewable sugars in potato tubers that can
stimulate  germination and  consequently
dormancy breaking [29].

Our results are consistent with the findings of
Rehman et al., [19] who showed that number of

20

days required for 50% sprouting of potato
minitubers can be reduced by the application of
GAs under laboratory conditions. It is clear from
the data presented in Fig. 5 that Roko variety
showed greater sprouting % than SM kaghan
variety in treatments that include GAs either
alone or in combination with thiourea. These
results are in line with the findings of Shibairo et
al., [30] who reported differences among
genotype response to GAsz and found that potato
seed tubers of genotype Kenya Sifa showed
delayed in dormancy breaking and had least
sprouting %. Carrera et al., [27] elaborated the
reasons for such differences as that ectopic
expression of gene coding for GA biosynthetic
enzyme GA sub 20-oxidase resulted in high GA
content of potato tuber and premature sprouting.
Genotypic  differences could therefore be
attributed to inherent factors such as amounts of
growth regulators present in each genotype. It is
possible that the quantities of GAs present in
some genotypes may be too low and therefore
external supplementation is needed to prop up
successive sprout growth.

The tubers of both varieties expressed very poor
response to sugar treatment under both dark and
light conditions and only 20% tubers showed
sprouting in SM Kaghan variety under dark
conditions. These findings are in contradiction to
the results reported by Zaghum et al., [17] who
demonstrated that treating potato tubers with
300grams sugar in 600ml water solution breaks
the dormancy of potato tubers within 12-16 days
at open light conditions. Contrary to this it was
noticed in the present study that the tubers
treated with sugar solution caused tuber decay
mostly by fungal deterioration of tuber eyes.

The variations observed in dormancy period of
different genotypes i.e Roko and SM kaghan in
each treatment under the effect of dark and light
conditions showed that after 31 days dormancy
was broken in maximum tubers under dark.
Demo et al., [31] demonstrated that seed storage
under diffused light conditions can delay
dormancy breaking by delaying tuber ageing
process and reduce apical dominance. It was
evident from the results of our study that tuber
storage under dark and light conditions in
interaction with the use of chemical treatments
affected the dormancy period of potato varieties
Roko and SM Kaghan which normally take 80-90
and 100-120 days for complete tuber dormancy
elimination respectively. Greater number of
minitubers sprouted in Roko than SM Kaghan
cultivar in just 28 days which could be stated due
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Table 4. Mean number of tubers per plant at the time of harvesting under interactive effect of genotype (variety) x chemical treatments x storage

condition
Variety Treatments
*Tuber Thiourea GAs Thiourea + GAs Sugar Control
category Dark Light Dark Light Dark Light Dark Light Dark Light
Roko Large 0.60ab 0.17b 0.20b 0.17b 0.40ab Ob Ob Ob 1.00a 0.25ab
Medium 0.87abc 1.50ab 1.10ab 1.83a 1.10ab 1.33ab Oc Oc 0.75bc 1.25ab
Small 1.87abcd 1.33bcd 2.90abc 1.00cd 2.60abc 2.67abc od od 1.75abcd 2.75abc
Mean Total 3.33ab 3.00b 4.20ab 3.00b 4.10ab 4.00ab Oc Oc 3.50ab 4.25ab
SM Large 0.50ab 0.50ab 0.50ab 0.17b 0.32ab Ob Ob Ob Ob Ob
Kaghan Medium 1.25ab Oc 1.50ab 0.83abc 1.37ab 1.33ab 0.50bc Oc 1.00abc 1.50ab
Small 1.25bcd 4.00a 1.00cd 3.83a 1.93abcd 3.83a 3.00abc od 2.50abc 3.50ab
Mean Total 3.00b 4.50ab 3.00b 4.83ab 3.62ab 5.16a 3.50ab Oc 4.75ab 5.00a

Means followed by different letters are significantly different at P<0.05. *Tuber Category on the basis of weight (Large >20grams; Medium 10-20grams; Small < 10grams)

Table 5. Average tuber yield per plant (grams) under interactive effect of genotype (variety) x chemical treatments x storage condition

Variety Treatments
Thiourea GAs3 Thiourea + GA3 Sugar Control
Dark Light Dark Light Dark Light Dark Light Dark Light
Roko 34.60a 38.10a 39.98a 34.88a 41.29a 39.35a Ob Ob 40.73a 38.75a
SM Kaghan 37.91a 30.10a 41.62a 42.35a 40.84a 42.37a 24.85a Ob 37.95a 36.52a

Means followed by different letters are significantly different at P<0.05
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to different physiological characteristics of
different varieties; may be one is long duration
(120 days crop)( SM Kaghan) whereas Roko has
normal 90 days crop maturity. Differences in this
characteristic have been observed in different
varieties in the other experiments in literature.
Salimi et al., [16] observed that regarding the
genotypes, potato cultivars Burren and Agria
achieved longest and shortest dormancy period
after various chemical treatments.

Throughout the experiment, we can observe the
significant effect of Thiourea +GAs treatment in
Dark on dormancy breaking of tubers. The
dormancy period was shorter in the tubers of
both varieties treated with Thiourea + GAs and
placed in Dark conditions as compared to other
treatment interactions particularly tubers placed
under light, while in control no sprouts were
emerged in all treatment combinations of the two
varieties. During the experiment it was also
observed that sprouts developed from the tubers
of the two varieties treated with gibberellic acid
and placed in dark conditions were found slender
and elongated as compared to untreated control.
This might be due to the fact that breaking
dormancy naturally requires greater physiological
age, which affects membrane integrity [32] and
metabolic activity of cell division and elongation
[33]. Alexopoulos et al., [34] reported that potato
tubers treated with gibberellic acid produced
seedlings that were thinner and longer than
those that sprouted naturally.

It was also observed in this study that in
different experimental treatment interactions the
sprouted tubers after sowing showed 100%
germination, good growth and production
performance. Barrani et al. [35] showed that
when seed potatoes were treated either dormant
or sprouted with various concentrations of
gibberellic acid, emergence of plants from
treated seed was more rapid than from untreated
seed tubers.

Statistically plant height was non-significantly
(p=0.05) affected by cultivar, GAs and thiourea
and storage conditions i.e light and dark (Table
3). However, data recorded on growth
parameters of potato minitubers revealed that
plants developed from tubers treated with GAs
individually and along with thiourea showed
increase in plant height of the two cultivars i.e.
Roko, and SM kaghan and the response did not
vary significantly between light and dark storage
conditions. The process of plant growth occurred
as cell division and cell elongation. The
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comparatively increase in plant height might be
due to GAs effect on the elongation of internodes
and shoot growth. Reza et al. [36] demonstrated
that the GAs causes increase in cell number
and cell size resulting in a significant effect on
growth. Chindi and Tsegaw [37] 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. But in this study no significant
difference was found between treatments x
Cultivar x light/dark storage interaction which can
be due to the reason that no foliar application
was done in this experiment. Plant height in
sugar treatment was found lower than control in
SM Kaghan variety, the possible reason for this
might be that the sugar is not a hormone or
growth promoting agent and therefore showed no
effect.

Non-significant differences observed regarding
mean number of branches of both varieties in all
the interactions including control, however effect
of GAs was strongly enhanced by thiourea, since
the most efficient plant growth and higher
number of branches were recorded in
thiourea+GAs x dark/light conditions in both
varieties (Table 3).

Non-significant differences observed in the yield
parameters  between  varieties, chemical
treatments and storage environment. GAzg,
thiourea and sugar treatment didn’t cause any
significant change in number of tubers and total
yield in two potato cultivars (Tables 4 & 5).
However, the utilization of thiourea and GAs
individually and with other hormones in solving
dormancy problem has not been optimized for all
potato genotypes and there are still many
constraints on the information of potential yields
obtained after breaking dormancy.

5. CONCLUSION AND RECOMMENDA.-
TION

On the basis of results it was concluded that
Thiourea along with GAs shortens the dormancy
period of tubers as compared to other treatment
combinations. GAs can break the tuber dormancy
to about 31 days if stored in dark environment.
Tubers placed in light conditions (diffused light)
can take much longer time to sprout even treated
with GAz or Thiourea or both. It was also
concluded that the dormancy breaking
treatments did not affect the plant growth and
yield in comparison with control. Visual

observation concluded that storage in light
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conditions produced shoots with better quality
than ones in dark conditions.

It is recommended that the different
concentrations of GA3 can be tested alone and
with different concentrations of thiourea in
combination  with  different  environmental
conditions temperature, humidity and ventilation
of storage place for different potato varieties to
find a comprehensive protocol to shorten the
dormancy duration in certified seed potato
production cycle for those areas where there is
only one potato crop per year.
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