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Abstract

Potato (Solanum tuberosum) is a most common edible and starchy vegetable in Sri Lanka. The growth and tuber formation
is influenced by Genetic and Environmental factors such as temperature, photoperiod, shade level and light intensity
including other factors like nutrients and plant growth regulators, etc. Nitrogen plays an important role in vegetative
growth, yield and quality of potato. Cycocel is the one of growth retardants, reduce plant height and increase the number
of tuber and yield of Potato. Chlormequat chloride (CCC), also called cycocel, is one of the synthetic growth retardants, it
leads to stem elongation and earlier tuberization in potato. An experiment was carried out to find the Effect of cycocel and
different levels of nitrogen on growth and yield of potato (Solanum tuberosum). The pot experiment was conducted in poly
tunnel at the Agriculture research and Development center, Seetha-eliya, Sri Lanka in Yala season in upcountry of Sri
Lanka from June to September 2020. The experimental was arranged in a factorial completely randomized design includes
ten treatments and five replicates. The treatments were control (T1), 100Kg N/ha (T2), 150KgN/ha(T3), 200KgN/ha(T4),
250KgN/ha(T5), Cycocel@200ppm+0ON(T6), Cycocel @200ppm+100Kg N/ha (T7), Cycocel @200ppm+ 150Kg N/ha (T8),
Cycocel @200ppm~+200Kg N/ha (T9), Cycoel @200ppm~+250Kg N/ha (T10). Urea was used as a nitrogen source and
Albert solution was used as fertilizer. The analysis was carried out using the Minitab 17 software to determine significant
difference among the treatments. Treatment means were compared using the Tukey’s test at the P=0.05 (5%) probability
level. The experiment revealed that growth, yield and quality of potato were significantly (P<0.05) influenced by cycocel
and different nitrogen level. The cycocel and different levels of nitrogen performed interaction effect on tuber yield.
Cycocel had exposed significant difference in various N levels on plant height. This study presumed that cycocel and

different levels of nitrogen had presented multifarious effect on potato growth, yield and quality.
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Introduction

Potatoes (Solanum tuberosum) are the edible, starchy vegetable
crops. It belongs to Solanaceae family. It is fourth important
crop after the rice, maize and wheat based on yield due to the
crop’s agronomic plasticity!. The potato is typically grown in
temperate climate zone and does not perform well in heat.
Potato contains more calories and good source of carbohydrates,
several vitamins and minerals. Potato is the most popular crop
of upcountry farmers due to it is high net return. At present
potato is cultivated high extent in Nuwara Eliya (up country wet
zone) and Badulla district (up country intermediate zone), and
lesser extent grown in Jaffna and Puttlam district. Genetic
factors, Environmental factors such as temperature,
photoperiod, shade level and light density, other factors are
nutrition and plant growth regulators are regulating growth and
tuber formation of potato?.

Nitrogen plays an important role in vegetative growth, yield and
quality of potato. The time and rate of nitrogen application is
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critical factor to optimize the potato tuber and yield. The most
favorite results are derived from nitrogen as 50-60% applied in
planting time and remain in tuber formation time®. Root growth
was accelerated by quick availability of nitrogen in the soil®.

Plant growth regulators are natural, or synthetic substances and
directly apply to crop to alter some structural process. These
alterations modifying hormonal balance and growth leading to
increased yield, improved crop quality and facilitating
harvesting®. Some growth regulators are reducing unwanted
longitudinal shoot growth without lowering plant productivity in
agronomic and horticultural crops®. Those are called growth
retardants. Example for growth retardants are AMO1618,
Phosphon-D, Chlormequatchloride (CCC), MC and Alar.
Among that Chlormequatchloridse (2-chloroethyl trimethyl
ammonium chloride) called as cycocel. It is among of reliable
and wildly used plant growth retardants on the market
nowadays.
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They usually bind to the special receivers in plants and induce a
series of cell changes affecting initiation or modification of
organ or tissue development. Since plant growth retardants are
usually modifying their metabolism due to antagonist to
gibberellins’.

Improvement in crop germination and growth realized under
cycocel priming was attributed to increase nutrient
remobilization through increased physiological activities and
also enhanced root proliferation®. Cycocel treatment was found
increase the thickness of walls and increase the number of
vascular bundles. It could be absorbed by roots or stem to
achieve higher efficiency, it should be applied to the leaves®. It
foliar application has been reported to improve growth and yield
in numerous crops'®. The gradual rise in CCC concentrations
caused significant reductions in the length of potato plants.

1.5 and 2g/L cycocel treatments increased the activity of
enzymatic antioxidants such as superoxide dismutase,
peroxidases and catalase in potato leaves. Potato plants sprayed
with 250 mg.L"! of cycocel, at 30, 45 and 60 days after planting,
had greater tuber yield without affecting their size or sugar and
starch content!!. Foliar spraying of CCC could noticeably
decrease GA and abscisic acid (ABA) contents in potato leaves,
which in turn increased chlorophyll contents and stimulated
photosynthetic rate'>. In glass house conditions, the major
constraints in the productivity of potato mini tuber is excessive
growth of haulm at the cost of stolen formation, tuberization &
tuber bulking. There are many plant growth regulators (PGRs)
especially plant growth retardants are inhibiting excessive
growth of vegetative parts of plants including potato's.
According to these information effect of cycocel and different
nitrogen levels on potato plant not have been recorded yet in Sri
Lanka. Therefore, this research conducting by analysis effect of
cycocel and different nitrogen levels on potato plant. Main
purpose of this research is identity the effect of cycocel and
different nitrogen levels on performance of growth, yield and
quality on potato plant.

Materials and Methods

Experimental Site: The pot experiment was conducted to
examine “Effect of cycocel and different levels of nitrogen on
growth and yield of potato (Solanum tuberosum) grown under
Yala season in upcountry of Sri Lanka” in poly tunnel at the
Agriculture research and Development center, Seetha-eliya, Sri
Lanka from June to September 2020. It is located in the latitude
of 60 58°N and the longitude of 800 46’E. It belongs to the agro
ecological zone of up-country wet zone in Sri Lanka. The mean
annual rainfall ranges from 2000 mm to 2500 mm and
temperature varies from 11°C to 25°C, Relative humidity is 55%
to 95%. The main soil type of this region is red yellow pod
regosol.

Experimental design: The experimental was arranged in a
factorial completely randomized design includes ten treatments
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and five replicates. Fifty pots were maintained for this
experiment under poly tunnel. The treatments were as follows in
Table-1.

Table-1: Description of treatments.

. Nitrogen
Treatments Details (ke/ha)

Tl Without applied nitrogen 0

T2 Albert solution 100

T3 SOKg/ha N of urea + Albert 150
solution

T4 IOOKg/ha N of urea + Albert 200
solution

Ts ISOKg/ha N of urea + Albert 250
solution

T6 Applied cycocel @150ppm 0

T7 Cyco.cel @250ppm + Albert 100
solution

T8 Cycocel @250ppm + 50Kg/ha N 150
of urea +Albert solution

T9 Cycocel @250ppm + 100Kg/ha N 200
of urea +Albert solution
Cycocel @250ppm + 150Kg/ha N

10 of urea + Albert solution 250

Albert solution was applied for all treatment except treatment 1
and 6.

Agronomic practices: Pot preparation: Plastic pots which
have 14cm in diameter and 20cm in height were used. Each pot
was filled by potting media of paddy husk and tea waste at the
rate of 3:2. The potting mixture of 1kg was added for each pot
in half level of pots.

Planting: Tuber weighing 10-15g of variety ‘Granola’ were
planted on 19" June 2020. Prior to planting tubers were treated
with the captain fungicide for the protection against fungal
disease of seed potatoes. Tuber were planted at the depth of 3cm
by hand.

Fertilizer application: Two days before planting the half rate
of urea was incorporated with the potting mixture as basal
fertilizer according to treatments. Top dressing was done in
three weeks after planting to tuber initiation stage. 100Kg/ha N
applied by Albert solution and balance 50Kg/ha, 100Kg/ha,
150K g/ha N were applied by urea. Albert solution @90ml was
applied each week for all treatment expect control (T1 & T6).

Preparation of Albert solution: Albert solution contains 10%
of nitrogen. To prepare the 100Kg nitrogen for hectare required
Albert was 1000kg (100/10*100 = 1000Kg). For 10 weeks of
period needed of albert was 100Kg Albert/ha (1000Kg/10 =
100kg Albert/ha).
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My experimental pot area was 0.01767m?. So, pot area required
amount of Albert was 0.1767g (100Kg/10000ha*0.01767m2 =
0.1767g). Recommended rate of Albert for one liter is 2g.
0.1767g Albert as diluted in 90ml water.

Irrigation: Thrice a day irrigation was done depend upon
requirement of crop by using measuring cylinder to maintain
optimal moisture for growth. The increase of moisture content
was delayed the tuber formation.

Earthing up: After two and three weeks of planting earthing up
was done to supported plant growth and tuber initiation.

Pest and disease management: At the time of active growth
period, the crop was attacked by white fly and it was controlled
by spraying Evisect @ 2g per one liter of water for three times
at an interval of 15 days. For protection against the blight
disease Tizca @ lml per one liter was sprayed three times at an
interval of 10 days.

Application of cycocel: The cycocel was purchased in
commercial shop. The cycocel @125ppm was applied for to
time of period. To obtain the 250ppm cycocel required 0.5ml
cycocel was diluted in 2L (For hectare required 350ml of
cycocel). For that first application cycocel @125ppm was done
at 40 days of after planting and second application (balance
125ppm cycocel) was done in 15days after first application.

Harvesting: The plant was harvested at 75 days after planting.
The plants were removed from potting media and tuber potatoes
were collected.

Measurements: The Fresh weight of shoot and root, dry weight
of shoot and root, number of tuber, tuber yield, marketable tuber
number, marketable tuber yield, non-marketable tuber number,
non-marketable tuber yield, starch content and specific gravity
of tuber were measured at harvesting time.

Data analysis: Collected data were statistically analyzed using
the statistical software Minitab 17, and the mean comparison
within treatments was performed by Tukey’s test at 5%
significant level.

Results and Discussion

Fresh weight of shoots (g/plant): The Table-2 described the
effect application of cycocel and different nitrogen levels on
fresh shoot weight of plant. The effect of nitrogen levels on
fresh shoot weight was significantly differences (P<0.05). But
effect of cycocel application and interaction of cycocel and
nitrogen levels was not significant differences (P>0.05) on fresh
shoot weight.

The fresh shoot weight means ranged from 30.2 to 67.9 g/plant.

The greater fresh shoot weight was obtained by application of N
250kg/ha and the lowest fresh shoot weight was obtained by
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control. The application of cycocel was slightly increased the
fresh shoot weight. However, application of cycocel did not
show the significant difference on fresh shoot weight.

Table-2: Effect of cycocel and different levels of nitrogen on
fresh shoot weight (g/plant).

Nitrogen & CCC Mean fresh shoot weight
Control 30.2+2.65¢
100kg/ha 42.8+2.44b
150kg/ha 58.6+1.83a
200kg/ha 60.3+2.39a
250kg/ha 67.9+3.05a
Oppm 51.743.64 a
250ppm 52.242.63a
Nitrogen P<0.05
Cycocel P>0.05

Values represent mean + standard error (n=5). Means followed
by the same letter within the treatments are not significant
different at 0.05probability level.

Fresh shoot weight increased with increasing of N levels. It
might be due to increasing the vegetative growth by increasing
of nitrogen rate. The results are agreement with the findings of
to Bhattarai'® and Malik et al.'” who reported that fresh shoot
weight of foliage increased with the increasing rate of nitrogen.
And Sinha'® found the maximum fresh weight of shoots per
plant was recorded with highest nitrogen level 300 kg.

This increase in fresh shoot weight was due to increasing of
photosynthetic activity of plant enhance with supply of nitrogen.
The similar results found by Singh and Raghar'* and Haris
Wijaya et al.!® said CCC on fresh shoot not significantly effect.

Dry weight of shoots (g/plant): The interaction of cycocel and
different nitrogen levels on dry shoot weight is presented in
Table-3. The different levels of nitrogen application
significantly affected (P<0.05) the dry shoot weight. But the
application of cycocel and interaction of cycocel and nitrogen
was not significantly varied (P>0.05) on dry shoot weight. The
mean dry shoot weight varied from 2.9 to 5.8g/plant. The
highest shoot dry weight recorded at N application rate
250kg/ha compared with dry shoot weight obtained at N
application 0, 100kg/ha, 150kg/ha and 200kg/ha. The lowest dry
shoot weight obtained at control. Application of CCC increased
the dry weight shoot from 4.2 to 4.3g. However cycocel was not
significantly (P>0.05) affect the dry tuber weight.
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Based on the results 250kg/ha N application as increased the dry
shoot weight. It might be due to nitrogen increase the vegetative
growth, therefore dry weight of tuber is increasing. The similar
results explained by Sekon and Singh!’, who denoted that
increase in the dose of nitrogen increasing dry weight of shoots.
Das Guptaand Ghosh?, as well as Kumar et al.!, found similar
results of present study.

Table-3: Effect of cycocel and different levels of nitrogen on
dry shoot weight (g/plant).

Res. J. Agriculture and Forestry Sci.

Table-4: Interaction effect of cycocel and different levels of
nitrogen on fresh root weight (g/plant).

. Application of Mean fresh root
Nitrogen(kg/ha) CCC (ppm) weight
0 5.8+0.787b
Control
250 7.240.968a
0 7.3£0.435a
100
250 7.940.375a
0 7.5+£0.451b
150
250 9.240.554a
0 8.1+0.532b
200
250 9.4+0.169a
0 8.2+0.412a
250
250 9.54+0.888a
P value Nitrogen P<0.05
P value Cycocel P<0.05
P value Nitrogen*cycocel P<0.05

Nitrogen & CCC Mean dry shoot weight
Control 2.9+0.24¢
100 kg/ha 3.7+£0.36bc
150 kg/ha 3.94£3.94bc
200 kg/ha 4.8+0.32ab
250 kg/ha 5.8+0.26a
Oppm 4.2+0.31a
250ppm 4.3+0.23a
Nitrogen P<0.05
Cycocel P>0.05

Values represent mean + standard error (n=5). Means followed
by the same letter within the treatments are not significant
different at 0.05probability level.

Fresh root weight (g/plant): The Table-4 explained the effect
of cycocel and different levels of N on fresh root weight. The
effect of nitrogen and CCC had significant impact (P<0.05) on
fresh root weight. The interaction of N levels and CCC was
significantly varied (P<0.05) on fresh root weight. The highest
fresh shoot weight recorded at application N rate 250kg/ha. The
lowest fresh shoot was recorded at control. The mean fresh root
varied from 5.8 to 9.5 g/plant.

Dry root weight (g/plant): The Table-5 explained effect of
cycocel and different levels of nitrogen on dry root weight.
Different N levels, cycocel and interaction of cycocel and
different levels of nitrogen on dry root weight was not
significant (P>0.05). The mean dry root varied from to 1.4 to
1.7 g/plant.

The highest dry root weight obtained in rate of 250Kg N/ha. The
lowest dry root weight obtained in control (0 N). The similar
results finding by Sinha!®, that the high nitrogen levels N/ha
recorded highest dry weight of roots than the other levels of
nitrogen. However N application was not significant on dry
weight of roots.
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Values represent mean + standard error (n=5). Means followed
by the same letter within the nitrogen level not significant
different at 0.05 probability level

Table-5: Effect of cycocel and different levels of nitrogen on
dry root weight (g/plant).

Nitrogen & CCC Mean dry root weight

Control 1.4+0.11 a

100 1.4+0.17 a

150 1.5+£0.15 a

200 1.6+£0.21 a

250 1.7£0.23 a

Oppm 1.5+0.11 a

250ppm 1.6+0.12 a
Nitrogen P>0.05
Cycocel P>0.05

Values represent mean =+ standard error (n=5). Means followed
by the same letter within the treatments are not significant
different at 0.05 probability level.

Number of tuber: The effect of cycocel and different nitrogen
levels on total number of tuber per plant described in Table-6.
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Different levels of nitrogen application significantly affect
(P<0.05) the number of tuber. The effect of CCC on number of
tuber was not significant (P>0.05). The interaction effect of
CCC and nitrogen on number of tuber was not significant
(P>0.05). The N application rate of 250kg/ha had highest tuber
number compared with tuber number obtained at N application
rate 0, 100kg/ha, 150kg/ha and 200kg/ha. The minimum number
of tuber was recorded at without N application rate. The number
of tubers increased with increasing nitrogen rates. Application
of cycocel increase the number of tubers from 7.3 to 8.6. Thus it
did not show significant different (P>0.05) on number of tubers.

According to results clearly identify number of tubers was
increased at rate of 250kg/ha it presumed be due nitrogen has a
decisive impact on the number of emerging leaves and the rate
of leaf expansion, and, therefore, on the canopy development of
the plant, it increases the photosynthesis reaction and the
partitioning of assimilates by increasing of nitrogen rate stated
by Ospina et al.?®. The proximately relevant results found by
Patel and Patel?* who reported that the increase in nitrogen level
up to 250 kg/ha resulted in significant increase in number and
fresh weight of tubers per plant.

Table-6: The effect of cycocel and different nitrogen levels on
number of tuber/plant.
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At N application rate 100kg N/ha and 200kg N/ha, CCC
application significantly increased the tuber yield from 56.1 to
72.8 and from 96.3 to 112.8 respectively. However, CCC
application did not increase the tuber yield in other N
application rates. According to results clearly observed at
application of N 200kg/ha with cycocel increased the tuber yield
it might be that the effectiveness of photosynthate translocation
depends on the distance between the source and the user, the
low height of the plant will shorten the distance between the
source and the wuser thereby increasing photosynthate
translocation. This statement supported by Eristo and Ichwan?,
The similar results found by Anabousi et al.?® who reported that
increasing N application rates up to 250 kg N per ha resulted in
significant increases in medium tuber yields. Zebarth et al.?’
reported that increasing rates of N fertilization increased tuber
yield. Shukla and Singh?® who found that the application of 200
Kg N/ha was to be the most effective rate of nitrogen. Ingrodia®
found that application of CCC (250 and 500ppm) significantly
increasing tuber yield over control. Patel et al.>° who reported
that the treatment cycocel@250 ml/L recorded significantly the
highest tuber yield CCC reduce the vegetative growth, therefore
it increase the reproductive growth.

Table-7: The effect of cycocel and different nitrogen levels
mean tuber yield.

Nitrogen and CCC Number of tuber

Control 6.3+0.616b
100kg/ha 7.1£0.586b
150kg/ha 7.7+0.943b
200kg/ha 8.5+0.543ab

0 ppm 7.3+0.409a
250ppm 8.6+0.580a
Nitrogen P<0.05
Cycocel P>0.05

Values represent mean + standard error (n=5). Means followed
by the same letter within the treatments are not significant
different at 0.05probability level

Tuber yield (g/plant): The effect of cycocel and different
levels of nitrogen on tuber yield is shown in Table-7. The effect
of nitrogen and cycocel (CCC) had significant on tuber yield
(P<0.05). The interaction of CCC and N on tuber yield was
significant (P<0.05). According to results the mean tuber yield
values ranged from 33.7 to 119.3 g/pot. The highest tuber yield
obtained by highest level of nitrogen rate (250kg N/ha) with
CCC application. The lower tuber yield was recorded by control
which was not treated with CCC.
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Nitrogen Application of CCC Mean tuber
(kg/ha) (ppm) yield
0 33.7+£3.90a
Control
250 48.9+6.61a
0 56.1+4.68 b
100
250 72.8+4.16a
0 78.67.74a
150
250 92.5+5.76a
0 93.6+1.08b
200
250 112.8+6.34a
0 109.2+4.74a
250
250 119.3+£3.67a
P value Nitrogen P<0.05
P value Cycocel P<0.05
P value Nitrogen*cycocel P<0.05

Values represent mean + standard error (n=5). Means followed
by the same letter within the nitrogen levels are not significant
different at 0.05probability level.
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Gibberell in acid (GA) reduce the tuber growth of root
vegetable. The cycocel limits the function of GA, therefore
tuber yield is increase by cycocel. Mansuroglu et al.?! reported
that cycocel compounds are able to increase the partitioning of
assimilates to yield through the inhibition of gibberellin
biosynthesis. It might be the reason for increase the tuber yield
by cycocel. At application of 250kg/ha, CCC did not increase
the tuber yield. N has a positive impact on photosynthesis
efficiency by increasing the interception rate of radiation and
photons and, as consequence, on dry matter partitioning to the
tubers, tuber bulking and, finally, on tuber yield formation
denoted by Mauromicale et al.?2. It might be increased the tuber
yield. CCC might induce higher tuber production by causing an
increase in chlorophyll content and photosynthesis Sharama33.

Marketable tuber number: The Table-8 illustrated the effect
of cycocel and different levels of nitrogen on marketable tuber
number. Effect of cycocel and nitrogen on marketable tuber
number were significant (P<0.05). But the interaction effect of
cycocel and nitrogen on marketable tuber number was not
significant (P>0.05).

Table-8: Effect of Cycocel and different levels of nitrogen on
marketable tuber number.

Nitrogen & Cycocel Mean marketable tuber number
Control 1.2+0.44d
100kg/ha 3.1+£0.433¢c
150kg/ha 4.4+0.34bc
200kg/ha 5.240.442b
250kg/ha 7.3+£0.396a
Oppm 3.5+0.45b
250ppm 4.9+0.47a
Nitrogen P<0.05
Cycocel P<0.05

Values represent mean + standard error (n=5). Means followed
by the same letter within the treatments are not significant
different at 0.05probability level.

The N application rate 250kg/ha had highest marketable tuber
number compared with marketable tuber number obtained at N
application rate 0, 100kg/ha, 150kg/ha, 200kg/ha. The lowest
marketable tuber number was recorded from control. The
marketable tuber numbers mean ranged from 1.2 to 7.3. The
cycocel application was exposed significantly variance on
marketable tuber number. Application of CCC increased the
marketable tuber numbers from 3.5 to 4.9.
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According to the results marketable tuber yield increased with N
application rate and 250ppm CCC increased the marketable
tuber numbers. It presumed be due to increase of marketable
yield due to increased absorption of nutrients which would have
increased photosynthetic activity as well as translocation of
photosynthesis for formation of tubers. The comparable results
obtained by Sharmaetal®, who reported that cycocel increasing
the number of tubers at the rate of application 200ppm, 250ppm
and 500ppm. According to Kashid et al.>® Application of
cycocel increased the number of tuber might be retardant
applications results in shorter plant height, but is very useful in
the efficiency of increasing translocation of photosynthate
results to food storage.

Marketable Tuber yield (g/pot): The Table-9 the effect of
cycocel and different levels of nitrogen of marketable tuber
yield (g/plant). Different levels of nitrogen application
significantly affect the marketable tuber yield. The application
of cycocel on marketable tuber yield was not significant
(P>0.05). The interaction effect of CCC and nitrogen on
marketable tuber yield was not significant (P>0.05). Marked
variation was observed on marketable tuber yield in between
different nitrogen levels. The maximum marketable tuber yield
was recorded in rate of 250Kg N/ha (93.2g/pot). The lowest
marketable tuber yield was received in rate of control
(15.47g/pot). Application of CCC increase the marketable yield
from 53.6 to 68.6g.

Based on the results N application of 250kg/ha was obtained
highest marketable yield and 250ppm of CCC increased the
marketable yield. It might be due to Sharma and Arora® who
indicated that the increase in the weight of tubers with the
supply of fertilizer could be due to more luxurious growth, more
foliage and leaf area and higher supply of photosynthetic that
helped in producing bigger tubers resulting in higher yields. The
similar results supported by Sriom et al.’’. Zebarth et al.?’
reported that increasing rates of N fertilization increased tuber
yield and tuber size. Nitrogen increase the carbohydrate and
protein contain of tuber weight. Therefore increase nitrogen is
increasing the marketable tuber yield.

The Table-10 revealed the effect of different nitrogen level and
cycocel on non- marketable tuber number. The effect of
nitrogen, cycocel and interaction effect of cycocel and nitrogen
on marketable tuber number were not significant (P>0.05). The
mean non marketable tuber numbers ranged from 3 to 5.3.

The highest non marketable tuber number obtained from
without application of N (control). The lowest non marketable
tuber number obtained from rate of 200kg/ha. It was lesser than
application of N 250kg/ha. It might be due high N level increase
the vegetative growth. The non-marketable tuber number
decrease while increase of N rate. It might be due to availability
of nitrogen did not sufficient to increasing the marketable tuber
number. CCC increase photoassmilate to the tubers so
marketable tuber number increase it presumed non marketable
tuber number decreased.
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Table-9: Effect on cycocel and different nitrogen levels on
marketable tuber yield (g/pot area).
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not significant (P>0.05). The minimum on-marketable tuber
yield was recorded at N the application rate 200kg/ha

Nitrogen and cycocel Mean marketable tuber yield (11.2g/plant).
Control 15.545.87d The maximum non marketable tuber yield was obtained from
- without N application. The same result was explained by
100kg/ha 40.045.79¢ Sinha'® that the highest unmarketable tuber yield was recorded
by the lowest levels of nitrogen was compared to the treatment
150kg/ha 64.842.92b having higher dose of nitrogen. CCC on non-marketable yield
was not significant it might be CCC increases the marketable
200kg/ha 91.944.65a tuber number and yield.
250kg/ha 93.2+5.29a Table-11: Effect on cycocel and different levels of nitrogen on
non-marketable tuber yield.
Oppm 53.6+6.9a Nitrogen & cycocel Mean non-marketable tuber yield
250ppm 68.6:£6.48a Control 25.8+1.43a
Nitrogen P<0.05 100kg/ha 23.89+1.85a
Cycocel P>0.05 150kg/ha 19.3+£5.19ba
Values represent mean.i .standard error (n=5). Means.folllowed 200kg/ha 11.243.77a
by the same letter within the treatments are not significant
different at 0.05probability level. 250kg/ha 13.54+4.80a
Table-10: Effect of cycocel and different nitrogen levels on Oppm 21.1£2.87a
non-marketable tuber number.
250ppm 16.842.11a
Nitrogen & cycocel | Mean non-marketable tuber number
Nitrogen P<0.05
Control 5.3+1.43a
Cycocel P>0.05
100kg/ha 4.4+1.85a Values represent mean + standard error (n=5). Means followed
by the same letter within the treatments are not significant
150kg/ha 3.5%3.19a different at 0.05probability level.
200kg/h 3.0+£3.77
gha a Starch Content of potato tuber (%): The Table-12 illustrated
250kg/ha 3.5+4.80a the effect of cycocel and different levels of nitrogen on starch
content in potato. Application of different levels of nitrogen and
Oppm 4.442 11a cycocel had significantly affect (P<0.05) on starch content of
tuber. The interaction of CCC and N on starch content of potato
250ppm 3.542.87a tubers was not significant (P>0.05). The starch content mean
value ranged from 8.4-14.5%. The lowest starch content
Nitrogen P>0.05 recorded at N application 250kg/ha. Simultaneously highest
starch content recorded in control treatment.
Cycocel P>0.05

Values represent mean + standard error (n=5). Means followed
by the same letter within the treatments are not significant
different at 0.05probability level.

Non-marketable tuber yield (g/pot): The Table-11 described
the effect of cycocel and different nitrogen levels on non-
marketable tuber yield. Different levels of nitrogen application
was significantly affect then on-marketable yield. The CCC did
not significant (P>0.05) on non-marketable tuber yield. The
interaction effect of CCC and nitrogen on non-marketable was
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Based on the results clearly identify the starch content was
decreased by increase application of nitrogen rate. Starch
content was estimated through the co-relation with the dry
matter content. Therefore starch content decrease with
increasing nitrogen rate and increase with dry tuber weight. The
similar researchers Sarker and Singh?® and Lin et al.3? also found
similar results on starch content. As well reported that CCC
application is significant effect on starch content. Plant growth
retardants are considered as tuberization promoters; in fact,
foliar application of CCC increase starch content in potato*’.
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Table-12: Effect of cycocel and different levels of nitrogen on
starch content of tuber (%).

Nitrogen & CCC Mean starch content of tuber (%)
Control 14.5+0.706a
100kg/ha 12.3+0.136b
150kg/ha 11.8+0.374bc
200kg/ha 9.5+0.723cd
250kg/ha 8.4+0.483d
Oppm 10.4+0.541b
250ppm 12.0+£0.502a
Nitrogen P<0.05
Cycocel P<0.05

Values represent mean =+ standard error (n=5). Means followed
by the same letter within the treatments are not significant
different at 0.05probability level.

Specific gravity of Tuber: The effect of cycocel and different
levels of nitrogen on specific gravity of tuber is shown in the
Table-13. Different levels of nitrogen and cycocel was
significantly affecting the specific gravity of tuber. The
interaction of cycocel and nitrogen on specific gravity of potato
tubers was not significant (P>0.05). Starch content mean value
varied from 1.062-1.083.

Table-13: Effect of cycocel and different nitrogen levels on
specific gravity of tuber.

Nitrogen & cycocel Mean of specific gravity
Control 1.083+0.0017a
100kg/ha 1.078+0.0006ab
150kg/ha 1.074+0.0015bc
200kg/ha 1.066+0.0032cd
250kg/ha 1.062+0.025d
Oppm 1.069+0.0016b
250ppm 1.075+0.0023a
Nitrogen P<0.05
Cycocel P<0.05

Values represent mean + standard error (n=5). Means followed
by the same letter within the treatment not significant different
at 0.05 probability level.
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The N application rate 250kg/ha had showed lowest specific
gravity compared with other treatments, simultaneously the
treatment control had showed highest specific content. The
specific gravity of tuber was decreased while increase the
nitrogen rate. Lin et al.*® who reported that the specific gravity
is decreasing by increasing rate of nitrogen application.
Schippers *° reported a high correlation between specific gravity
in tubers and starch content or dry weight of tuber. It might be
reason for increase of specific gravity.

Conclusion

This study reviews that more significant effect of different
nitrogen levels and cycocel on potato growth, yield and quality.
Potato growth and yield were increased by increasing nitrogen
levels and quality was decreased. Cycocel was increased the
tuber yield. There was interaction effect on tuber yield and fresh
root weight. At application N rate 200Kg/ha, cycocel
application increased the marketable yield around 112.8g. Thus
highest marketable tuber yield obtained in N rate 250kg/ha.
However CCC increases the marketable tuber yield. A present
study indicated that the cycocel and different levels of nitrogen
influenced on potato growth, yield and quality. This study
results will be useful for develop the fertilizer management
practice on potato. According to this study nitrogen and cycocel
was increased the marketable tuber yield.

References

1. Scott, G. J, Rosegrant, M. W., & Ringler, C.
(2000). Roots and tubers for the 21st century: Trends,
projections, and policy options (Vol. 31). Intl Food Policy
Res Inst.

2. Tsegaw, T., Hammes, S., & Robbertse, J. (2005).
Paclobutrazol-induced leaf, stem, and root anatomical
modifications in potato. Hort Science, 40(5), 1343-1346.

3. Vander Zaag, P., Demagante, A. L., & Ewing, E. E.
(1990). Influence of plant spacing on potato (Solanum
tuberosum L.) morphology, growth and yield under two
contrasting environments. Potato research, 33(3), 313-
323.

4. Pushkarnath, P. (1976). Potato in sub-tropics. Orient
Longman Ltd.

5. Espindula, M. C., Rocha, V. S., Grossi, J. A. S., Souza, M.
A., Souza, L. T., & Favarato, L. F. (2009). Use of growth
retardants in wheat. Planta Daninha, 27, 379-387.

6. Rademacher, W. (2000). Growth retardants: effects on
gibberellin biosynthesis and other metabolic pathways.
Annual review of plant biology, 51(1), 501-531.

7. Rodrigues, O., Didonet, A. D., Teixeira, M.C.C., &
Roman, E.S. (2003). Growth Retardants. Passo Fundo.

Pirasteh Anosheh, H., Emam, Y., & Khalig, A. (2016).
Response of cereals to cycocel application. Iran



Research Journal of Agriculture and Forestry Sciences

ISSN 2320- 6063

Vol. 13(3), 1-10, July (2025)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Agricultural Research, 35(1), 1-12.

Emam, Y. (2011). Cereal production (4thed.). Shiraz:
Shiraz University Press.

Pinthus, M., & Rudich, J. (1967). Increase in grain yield of
CCC-treated wheat (Triticum aestivum) in the absence of
lodging.

Shoba, N., Natarajan, S., Kannan, M. &
Veeraragavathatham, D. (2004). Effect of cycocel and
ethephon on tuber yield of sweet potato clones COCIP-1
and IGSP-9. Journal of Root Crops, 30(1), 65-69.

Wang, H., Li, H., Liu, F., & Xiao, L. (2009). Chlorocholine
chloride application effects on photosynthetic capacity and
photoassimilates partitioning in potato (Solanum tuberosum
L.). Scientia Horticulturae, 119(2), 113-116.

Struik, P. C., & Wiersema, S. G. (1999). Control and
manipulation of physiological seed tuber quality. Seed
Potato Technology. Wageningen Peru, Wageningen, The
Netherlands, 95-131.

Singh, N. P., & Manoj Raghav, M. R. (2000). Response of
potato to nitrogen and potassium fertilization under UP
tarai conditions.

Wijaya, H., & Slameto, K. H. (2017). Effect of Cycocel
Concentration on Result of Mini Potato Tubers (Solanum
tuberosum L.) in Hydroponic Substrate. Information
technology, 2(01).

Bhattarai, P. (2017). Effects of plant growth regulators on
growth and yield of pre-basic seed potato production
under  glasshouse  condition. SAARC  Journal  of
Agriculture, 15(1), 149-160.

Malik, Y. S., Bhatia, A. K., Narendra Singh, N. S., Nehra,
B. K., & Khurana, S. C. (2002). Effect of nitrogen, seed
size and spacing on seed potato production in cv. Kufri
Sutlej. Potato Global Research and Development
Proceedings of the Global Conference on Potato, New
Delhi, 2, 861-865.

Sinha, B. (2007). Influence of nitrogen levels on growth
and tuber yield in potato (Solanum tuberosum L.)
(Doctoral dissertation, Indira  Gandhi Krishi
Vishwavidyalaya Raipur).

Sekhon, H. S., & Singh, M. (1985). Effect of growth
regulators and nitrogen on the growth, number and size of
seed tubers and yield of potatoes. The Journal of
Agricultural Science, 104(1), 99-106.

Das Gupta, D.K. & Ghosh, T.K. (1973). Effect
ofnitrogenonthe growthand yield of potato (Solanum
tuberosum L.). Indian J. Agric. Sci., 43(4), 413-418.

Kumar, B., Jitendra Kumar, J. K., Singh, S. S., & Singh,
M. V. (1996). Response of potato variety Kufri Lalima to
nitrogen fertilization under eastern Uttar Pradesh
conditions. New Agriculturist, 7(1), 11-15.

International Science Community Association

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Res. J. Agriculture and Forestry Sci.

Tekalign, T., & Hammes, P. S. (2005). Growth responses
of potato (Solanum tuberosum) grown in a hot tropical
lowland to applied paclobutrazol: 2. Tuber attributes. New
Zealand Journal of Crop and Horticultural Science, 33(1),
43-51.

Ospina, C. A., Lammerts van Bueren, E. T., Allefs, J. J. H.
M., Engel, B. V., Van der Putten, P. E. L., Van der
Linden, C. G., & Struik, P. C. (2014). Diversity of crop
development traits and nitrogen use efficiency among
potato cultivars grown under contrasting nitrogen
regimes. Euphytica, 199(1), 13-29.

Patel, J.C. & Patel, L.R. (2001). Effect ofirrigationand
nitrogenon yield attributes in potato. J. Indian Potato
Assoc, 28(2/4), 285-287.

Eristo, J., & Ichwan, B. (2014). Pertumbuhan bibit
manggis (Garcinia mangostana L.) pada berbagai
konsentrasi Cycocel di media tumbuh ultisol. /n Prosiding
Seminar Nasional Lahan Suboptimal 2014, Palembang
26-27 September 2014 (pp. 84-89). Universitas Sriwijaya.

Anabousi, O. A. N., Hattar, B. 1., & Suwwan, M. A. (1997).
Effect of rate and source of nitrogen on growth, yield and
quality of potato (Solanum Tuberosum. L) under Jordan
Valley conditions.

Zebarth, B.J., Leclerc, Y., Moreau, G. & Botha, E. (2004).
Rate and Timing of nitrogen fertilization of Russet
Barbank potato: yield and processing quality. Canadian J.
Plant Sci, 84(3), 855-863.

Shukla, D. N. & Singh, A. N. (1988). Effect of sources,
rates and method of nitrogen application on the yield and
grade of potato. Indian J. Agric. Sci., 21(2), 98- 99.

Ingrodia, T. S. (1992). Effect of Fertility levels and Plant
growth regulators on growth and yield of potato (Solanum
tuberosum L.) cv. Kufribadshah under middle Gujarat
condition (Doctoral dissertation, AAU, Anand).

Patel, D. A., Saravaiya, S. N., Tank, R. V., Desai, K. D.,
& Desai, K. M. (2016). Response of Sweet Potato cv.
Collection-71 to Foliar Application of Plant Growth
Retardants. Advances in Life Sciences, 5(13), 5413-5415.

Mansuroglu, S., Karaguzel, O., Ortacesme, V. & Sayan,
M. (2009). Effect of paclobutrazol on flowering, leaf and
flower colour of Consolida.

Mauromicale, G., lerna, A., Marchese, M. (20006).
fluorescence and chlorophyll content in field-grown
potato as affected by nitrogen supply, genotype, and plant
age. Photosynthetica, 44, 76-82.

Sharma, U. C., & Arora, B. R. (1987). Effect of nitrogen,
phosphorus and potassium application on yield of potato
tubers (Solatium tuberosum L.). The Journal of
Agricultural Science, 108(2), 321-329.

Sharma, N. (1997). Effect of exogenous growth regulators
on carbohydrate metabolism in potato (Doctoral



Research Journal of Agriculture and Forestry Sciences

ISSN 2320- 6063

Vol. 13(3), 1-10, July (2025)

35.

36.

37.

dissertation, PhD thesis, Punjab Agricultural University,
Ludhiana, India).

Kashid, D. A., Doddamani, M. B., Chetti, M. B.,
Hiremath, S. M., & Arvindkumar, B. N. (2010). Effect of
growth retardants on morpho-physiological traits and
yield in sunflower.

Sharma, U.C., Arora, B.R. (1989). Critical nutrient ranges
for potassium in potato leaves and petioles. J. Hortic. Sci,
64, 47-51.

Singh, R. K., & Mishra, S. K. (2017). Effect of different
levels of nitrogen on growth and yield in potato (Solanum
Tuberosum L.) Cv. Kufri Khyati. Int. J. Curr. Microbiol.

International Science Community Association

38.

39.

40.

Res. J. Agriculture and Forestry Sci.

App. Sci, 6(6), 1456-1460.

Sarkar, G. K., & Singh, 1. J. (1984). Effect of nitrogen and
cycocel on growth, yield and quality of potato cv. Kufii
Chandramukhi. Prog. Hort, 16(1-2), 73-77.

Lin, S., Sattelmacher, B., Kutzmutz, E., Miihling, K. H.,
& Dittert, K. (2004). Influence of nitrogen nutrition on
tuber quality of potato with special reference to the
pathway of nitrate transport into tubers. Journal of Plant
Nutrition, 27(2), 341-350.

Schippers, P. A. (1976). The relationship between specific
gravity and percentage dry matter in potato tubers.
American Potato Journal, 53, 111-122



