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Abstract

Viola cornuta L. is an ornamental plant that is primarily propagated by high-quality seeds that have high
demand in subtropical countries. The use of fertilizers according to recommendations results in the
growth of parent plants below the standard. Furthermore, seed production is generated below 2 g per
plant and the seed germination capacity is below 80%. In addition, phosphorus (P) and potassium (K)
nutrients can increase the growth and seed production of the plants, including ornamental plants.
The study aimed to determine the influence of P and K nutrients on growth and seed production of
V. cornuta L. Research was carried out in November 2018 - January 2019 at PT. Selektani Horticulture,
Ngablak, Magelang. There were seven treatments with four replications. Experiments were arranged
according to the Randomized Complete Block Design (RCBD). Plants were grown in 5| volume-
polybags. Fertilization was done by watering the planting media. Analysis of variance was performed
at 95% accuracy. The study shows that P and K nutrients have a highly significant effect on height,
number of flowers, number of seed per capsule, seed production and germination energy and
significantly affected the number of leaves. The addition of both P and K fertilizers in the vegetative
and P in the generative stage (P6) can result in the productivity of 3.28 g plant* and produce germination
energy >90%. It is recommended for increasing growth and seed production.
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INTRODUCTION seed of viola, the parent plants are grown in the
tropical countries such as Indonesia.

There are problems in viola seed production in
tropical countries. The productivity of viola
female parent plants is quite low; the average seed
yield of each plant is only 2 g in two months
period of pollination. The quality of the seeds is
also low. One of the representative variable,
which is the germination energy is lower than
80% (personal communication). This germination
value is below the standard of hybrid seed market
(Komalasari and Fauziah, 2011). Even though the
production is low, the cost of producing F1 seeds

Extension seed of Viola (Viola cornuta L.) or
usually called horned pansy is currently high in
demand especially for bedding plants and
landscape gardens in the countries with four
seasons. This research was conducted to increase
the production of viola seeds to fulfill market
demand as one of the efforts in the sustainable
agriculture practices (Rawat et al., 2016). For
example, in 2016, the Netherlands, Germany and
Poland imported 427 kg, 40 kg and 17 kg viola
seeds each month in average (Zabua tech and data
service, 2018). To fulfill the demand of extension
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in Indonesia is lower so the production of these
seeds continues to be pursued.

The low productivity of viola is influenced by
non-optimal growing environment during the
vegetative and generative stages (Lazcano and
Dominguez, 2010). Due to these conditions, the
plant provides a physiological response. This
disrupts the growth and development of the
generative stage of viola female parent plants. The
consequence is below market standards-seed
production and quality. Besides that, viola plants
naturally can self-pollinate. Pollen that falls on the
stigma will germinate in the stigma cavity with a
percentage of 37% to 47%. The results of the
research on Viola tricolor plants show that pollen
can be viable to eight days before being degraded.
The number of pollen granules is 4,000 to 7,000
grains per flower (Miyajuma, 2006). The
possibility of low productivity and quality due to
incompatibility or physiological response can be
avoided.

Furthermore, the environmental factors that
contribute to the growth and development of viola
female parent plants include water, light intensity
and nutrient availability (Miyajuma, 2006).
However, the availability of water can be fulfilled
by periodic watering and the intensity of light can
be controlled by providing room shading. Nutrient
availability needs to be studied further. This is
because precise nutrient availability on the
vegetative and generative stages can increase the
production and the quality of viola seed at the end
of growth. Actively growing plants will absorb P
and K nutrient, starting in the vegetative stage and
then translocate from leaves to flowers or seeds in
the generative stage (Ma’rufah, 2008; Maulana et
al., 2015)

Lack of nutrients initiates slow growth and
influences the Antithesis to Silking Intervals
(ASI), causing ASI to increase. The increase in the
difference in ASI can affect the formation of
imperfect seeds. Then it is necessary to increase
nutrient availability through the fertilization
process.  Fertilization to improve plant
performance and physiological quality of viola
seeds should be done at the right type and time.
Vegetative organs of Viola odorata contain high
amounts of N and K. High phosphate content is
absorbed on the generative organs such as flowers
and seeds (Fan and Morard, 1993).

The addition of P and K nutrients at the
production of viola seeds is carried out with the
support of inorganic fertilizers. Several types of

fertilizers that can be used are Hortigro B (HB) (N
11%, P 41%, K 11%) and Hortigro C (HC) (N
12%, P 12%, K 37%). Besides the low price, the
availability of these types of fertilizers in the
market is the reason for using them. They are
available for plants when applied to soil media.

Similar research shows that the addition of P
and K to organic fertilizers in Viola cornuta plants
increases the growth and development of the
plants. This is indicated by an increase of
vegetative organs such as plant height up to 13.19
cm and the number of leaves up to 27 sheets
(Janicka and Dobrowolska, 2013). Furthermore,
the development of the generative organ is
specified by an increase in the number of flowers
up to 20 flowers per plant and an increase in
productivity measured through a seed weight per
plant, which is 18.78 g on ornamental plant such
as Tagetes erecta L. On the quality of the
extension seeds, P and K fertilizer increased the
germination to 90% on marigold (Aslam et al.,
2016) and 98% on the other plants (Lesilolo,
2012). Based on this background, this study was
conducted to determine the effect of P and K
fertilizers on the growth, seed production and
germination energy of viola (Viola cornuta L.)
female parent plants.

MATERIALS AND METHOD

The research was conducted at PT. Selektani
Horticulture greenhouse, Magelang, during the
period of November 2018 - January 2019. The
fertilizer combination includes Hortigro F (HF)
(N 19%: P 19%: K 19%), CNO fertilizer (N 15%:
P 0%: K 0%: Ca 26.5%), Magnisal fertilizer (N
11%: P 0%: K 0%: Mg 16%), HB (N 11%: P 41%:
K 11%) and HC (N 12%: P 12%: K 37%).
Combinations of each type of fertilizer resulted in
seven types of treatments with various levels of N,
P and K content. Each treatment was repeated four
times then resulted in 28 experimental units.
Experiments were arranged according to the
Randomized Complete Block Design (RCBD).
Details of the seven treatments tested on female
viola plants are shown in Table 1.

Viola stock seeds were sown in a tray
containing mixed seedling media (sand and
cocopeat equaling in volume) and then kept in a
growth chamber with a temperature of 18°-22°C
and light intensity of 1000 lux for five days (Oh et
al., 2010). Seedlings were maintained for the next
35 days after the sowing (Demir et al., 2011). The
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seedlings were transplanted in a 5I-polybag with a
medium containing 2,5l-rice husk and 2,5I-soil
(equal in volume). The vegetative stage of viola
plants was measured until the plants were aged
two months after sowing. After that, viola plants
were in a generative stage that was characterized

by the appearance of flowers. The pollination
process was done by hand pollination. The
pollination stage ended after 10 weeks and was
followed by harvest period of 20 days after the
first pollination.

Table 1. Type of treatments in vegetative and generative stage

Treatments Vegetative stage (1g L?) Generative stage (1g L™?)
PO (Standard) HF + CNO + Magnisal HF + CNO + HB + HC
P1 (+P Veg) HF + CNO + Magnisal + HB HF + CNO + HB + HC
P2 (+K Veg) HF + CNO + Magnisal + HC HF + CNO + HB + HC
P3 (+PK Veg) HF + CNO + Magnisal + HB + HC HF + CNO + HB + HC
P4 (+P Veg +P Gen) HF + CNO + Magnisal + HB HF + CNO + HB + HC + HB
P5 (+K Veg +P Gen) HF + CNO + Magnisal + HC HF + CNO + HB + HC + HB

P6 (+PK Veg +P Gen)

HF + CNO + Magnisal + HB + HC

HF + CNO+ HB + HC + HB

Note: Number followed by the same letter in same row is not significant at p 0.05 according to DMRT
PO = Vegetative (HF + CNO + Magnisal), generative (HF + CNO + HB + HC); P1 = Vegetative (standard
+ HB); P2 = Vegetative (standard + HC); P3 = Vegetative (standard + HB + HC); P4 = Vegetative (standard
+ HB), generative (standard + HB); P5 = Vegetative (standard + HC), generative (standard + HB); P6 =
Vegetative (standard + HB + HC), generative (standard + HB)

Furthermore, during the vegetative and
generative stages, the parent plants were fertilized
according to each treatment. Viola female parent
plants were fertilized with 100 ml of fertilizer
mixture solution for each polybag. At the end of
the study, seeds were harvested and a germination
test was conducted with the Rolled-Paper Test
method.

Plant’s performance was evaluated by
measuring plant height, number of leaves, number
of flowers, number of seeds per capsule, seed
production and germination energy as seedling
growth evaluation. The parameters were analyzed
using analysis of variance method (F test 5%).
The differences between treatments were
evaluated by the Duncan Multiple Range Test
(DMRT) at 5% level of probability. The
correlation test was used to find out the closeness
between variables (Demir et al., 2011).

RESULTS AND DISCUSSION

The effect of phosphorus (P) and potassium
(K) nutrients on the vegetative growth of viola
parent plants

Results on the growth and seed production are
summarized in Table 2. Based on the variance test
(F test = 5%), P and K nutrients significantly
affect the number of leaves (p < 0.05) and give a
highly significant effect (p < 0.01) on other
variables.

Table 2. The result of combined ANOVA for
growth and seed production of viola
parent plants

Variable Unit F Test
Plant height Cm 4.86**
Number of leaves Sheet 2.69*
Number of flowers Stalk 4.02**
Number of seeds per Grain 8.43**
capsule
Seed production G 11.01**
Germination energy % 15.31**
Note: ** = significant at level p 0.01; * = significant
at level p 0.05
The height

Plant height on PO (Table 3) is the lowest
(10.46 cm) because PO is containing the lowest P
and K nutrients during the growing period. Next,
P6 and P3 have the highest relative plant height
(14.05 cm and 13.95 cm). Those are close to the
normal growth of viola plants, which is 15-20 cm
at 14 weeks after transplanting (Giza and Wheler,
2015). The advantages of P6 and P3 in the
vegetative stage are the highest level of P and K
content, 1.08 g and 1.05 g, respectively. The
addition of P and K nutrients (P3 treatment) was
only given in the vegetative stage. The addition of
P nutrients was also given to the generative stage
on P6 treatment. This study shows that the
addition of P nutrients in the generative stage did
not affect the plant height.
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Table 3. The effect of the addition of P and K fertilizers on the height and number of leaves of viola

female parent plants

Treatments Height (cm) Number of leaves (sheet)

PO (Standard) 1046 b 76.25¢

P1 (+P Veg) 10.97 b 116.25 abc

P2 (+K Veg) 11.22 b 105.50 bc

P3 (+PK Veq) 13.95a 174.00 a

P4 (+P Veg +P Gen) 11.37b 112.75 abc

P5 (+K Veg +P Gen) 11.97Db 101.50 bc

P6 (+PK Veg +P Gen) 14.05a 142.75 ab

Note: Number followed by the same letter in same row is not significant at p 0.05 according to DMRT
PO = Vegetative (HF + CNO + Magnisal), generative (HF + CNO + HB + HC); P1 = Vegetative (standard
+ HB); P2 = Vegetative (standard + HC); P3 = Vegetative (standard + HB + HC); P4 = Vegetative (standard
+ HB), generative (standard + HB); P5 = Vegetative (standard + HC), generative (standard + HB); P6 =
Vegetative (standard + HB + HC), generative (standard + HB)

Plant height on P1, P2, P4 and P5 is
statistically lower compared to the height on P3
and P6. This shows that the addition of both P and
K nutrients in the vegetative stage put a better
effect on the plant height. Plant height is useful for
determining landscape design. Also, it is
important to find the ideal height of viola as a
landscape element. The ideal height of viola is 15
cm (Omidi et al., 2017) or half of the normal plant
width of 25-30 cm (Gill and Owings, 2007). The
plant height of P1 was similar to that of P4. This
shows that the addition of P nutrient in the
generative stage (P4) did not affect plant height.
This result was similar to those in the P2 and P5
treatments where the addition of P nutrients to the
generative stage did not significantly affect plant
height. This is because N, P and K nutrient uptake
for the vegetative organ growth occur more
slowly in the generative stage. This causes viola
plant height in P4 not significantly different with
the height of P5 at the end of the observation
period.

These results are in line with Viola odorata
plant, that the supplies of N, P and K nutrient in
viola female parent plants must and have been
fulfilled since the beginning of their growth
(vegetative stage) (Fan and Morard, 1993). This is
also supported by observations in the field that
plants do not experience dwarf and have a lot of
shoots, and their leaves, especially old leaves, are
not pale yellow. Viola plants usually show
symptoms of P and K nutrient deficiencies in
vegetative stages such as inhibited root
development and purple leaves so that nutrient
absorption for growth such as height is disrupted.

P nutrient has a role in the formation of
phospholipids in cell membranes but it also

influences the process of divisional cell that
increase plant height of viola. While K nutrient is
needed in the process of photosynthesis and
respiration that can also affect plant height.
Similarly, Jamil et al. (2016); Zawadzisnka and
Janicka (2007) reported that addition of P and K
fertilizers on amaryllis and Viola wittrockiana
plants could increase plant height up to 60 cm and
10.58 cm, respectively.

The number of leaves

Statistically, the P and K nutrients significantly
affect the number of leaves of the viola parent
plants. The number of leaves of viola was the
highest (174 sheets) in P3 treatment while it was
not statistically significant (142.75 sheets) in P6
treatment. While PO produced the lowest number
of leaves, 76.25 sheets (Table 3). This is because
P3 and P6 have the highest P and K content in the
vegetative stage and P nutrient does not affect the
generative stage. Furthermore, PO has the lowest
P and K nutrient content during the growing
period of the viola parent plants.

The number of leaves P1 was equal to that of
P4, where P nutrient was added in the vegetative
stage. Furthermore, the number of leaves P2 was
similar to that of P5, wherein at the vegetative
stage, K was added. This confirms that the
addition of P nutrient in the generative stage (P4
and P5) did not increase the number of leaves.
Nutrients that affect growth are the nutrients given
at the vegetative growth stage. Fan and Morard
(1993) reported the highest N, P and K nutrient
uptake for the vegetative organs of Viola odorata
plants occur in the vegetative stage.

Such a similar result was also obtained on chili
plants. P increases the number of leaves. The P

Copyright © 2020 Universitas Sebelas Maret



16 Caraka Tani: Journal of Sustainable Agriculture. 2020. 35(1), 12-22

elements play an important role in the preparation
of various important elements in plants such as
nucleic acids. It is also being a storage and energy
provider needed in the process of plant cell
metabolism. The P element affects the formation
of leaves and this causes the photosynthetic rate
of plants to increase. Indirectly, it will cause
energy to form a vegetative organ that is larger as
indicated by the increase in the number of leaf
organs, diameter and plant height (Pandiangan et
al., 2015).

Furthermore, K nutrient (vegetative stage)
given in the treatment was also influential. The K
nutrient as in P3 and P6 treatments provided the
highest number of leaves. This is in line with
Safuan and Bahrun's (2012) which states that K
can increase plant photosynthesis through
increasing photophosphorylation, which produces
ATP and NADPH that play a role in the process
of photosynthesis and plant metabolism to
increase the number of leaves. Then, the K
concentration also has a positive correlation with
the enlargement area in plants. Several
physiological processes in a cell such as protein
synthesis, carbohydrate metabolism and enzyme
activation depend on it. When plants lack of K, the
division of cells is disrupted, and therefore, the
process of forming new leaves will be disturbed.
Similar in the research of melon plants with a dose

of 200 kg KO ha will increase the number of
leaves.

The number of leaves was significantly and
positively correlated to plant height variable
(0.88). The higher parent plant will increase the
number of leaves. High plants will contribute to
more leaves because more segments and buds are
formed. According to Bangun (2002), leaf
formation patterns follow the leaf layout
diagrams, which are called spiral (scattered)
phylaxis. This type of location of leaves follows a
spiral pattern with 5-8 rows or more of each stem
segment. It is also found in plants with rosette
shape. Thus, the higher plant caused by a large
number of segments will have an impact by the
increased number of leaves. In addition, a light
absorption area will increase in higher plants.
Photosynthate produced by the leaves in sufficient
condition, so the results of metabolism will form
proteins, enzymes, hormones and carbohydrates
so that enlargement, extension and cell division
take place rapidly in the leaf itself.

The effect of P and K nutrients on the
generative growth of viola parent plants

Based on the variance test (F test = 5%), P and
K nutrients significantly affect the number of
flowers, the number of seeds per capsule and the
yield of the parent plant at 10 weeks of pollination
(Table 4).

Table 4. The effect of the addition of P and K fertilizers on yield variable of viola female parent plants

Number of flowers

Number of seed per Seed production

Treatments (stalk) capsule (grain) (g plant™)

PO (Standard) 93.17 ¢ 25.25d 191e

P1 (+P Veg) 107.67 bc 32.58 bc 2.05 de
P2 (+K Veq) 109.67 bc 30.44 cd 2.23 de
P3 (+PK Veg) 133.92 ab 33.92 bc 2.85ab
P4 (+P Veg +P Gen) 116.33 ab 35.25 be 2.33cd
P5 (+K Veg +P Gen) 111.75 bc 39.11 bo 2.78 bc
P6 (+PK Veg +P Gen) 137.92 a 46.53 a 3.24a

Note: Number followed by the same letter in same row is not significant at p 0.05 according to DMRT
PO = Vegetative (HF + CNO + Magnisal), generative (HF + CNO + HB + HC); P1 = Vegetative (standard
+ HB); P2 = Vegetative (standard + HC); P3 = Vegetative (standard + HB + HC); P4 = Vegetative (standard
+ HB), generative (standard + HB); P5 = Vegetative (standard + HC), generative (standard + HB); P6 =
Vegetative (standard + HB + HC), generative (standard + HB)

Number of flower

Table 4 shows that the number of flower was
relative the highest (137.92 stalks) in P6 but equal
to (133.92 stalks) that of P3. The addition of P and
K nutrients (P3) was only given in the vegetative

stage. Whereas, in P6, the addition of P nutrient
was also given in the generative stage. This shows
that the addition of P nutrient in the generative
stage does not increase the number of flowers.
Then, PO shows the lowest number of flowers
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(93.17 stalks). This is because PO contains the
lowest P and K nutrients during the growing
period. The P is used by plants to transport
metabolic energy in plants and stimulate
flowering. While K works in photosynthesis,
transport of assimilate, enzymes and minerals,
including water for flower formation (Wardhani et
al., 2014).

The number of flower P1 was similar to that of
P4, due to the vegetative stage that was only given
P. This also indicates that the addition of P
nutrients in the generative stage (P4) did not affect
the number of flowers. The P2 was equal to that
of P5 because in the vegetative stage, it was only
given K. This also indicates that the addition of P
nutrient in the generative stage (P5) did not affect
the number of flowers. This result was also
supported by research on Viola odorata plants.
The P and K nutrients uptake starts from
vegetative growth, but there is a high
concentration of P nutrient in the generative
organs such as flowers. It is revealed that K is
mostly absorbed by these plants at the end of
flowering (Fan and Morard, 1993) so the results
are statistically the same if the P and K nutrients
are given only in the generative stage or in the
vegetative stage separately.

The P nutrient is required by plants to form
flowers because these nutrients play a role in the
photosynthesis process, the results are used to
form flower organs. If the availability is reduced,
the energy to produce flowers will be interrupted.
Besides, phosphate nutrient plays an active role in
the energy transferring process and the process of
reforming carbohydrates into sugars and increases
the work efficiency of chloroplasts. Hence, when
there are more phosphate contents absorbed, the
flowers induction and fruit will be formed faster
(Priyambudi et al., 2017).

The P nutrient, as in the research of the Viola
tricolor, can significantly increase the ability of
plants to flower and germinate pollen produced by
the plant's flowers. Then simultaneously
increasing K nutrient will function as an
accelerator for transferring carbohydrates to the
location of the generative organs as an energy
source for the formation of generative organ such
as flowers. Furthermore, the number of flowers
was positively correlated to the height and the
number of leaves (0.97 and 0.95, respectively).
The higher plant and the greater number of leaves
will produce a higher number of flowers of viola

female parent plants. In addition, a large number
of leaves will contribute to the production of
photosynthates from the leaves which are
increasingly large as the flower-forming material.
The correlation between the number of flowers
and the number of leaves is also presented in the
research on Murraya paniculata plants. The
correlation indicated that an increase in the
number of leaves and the number of branches
multiplies the number of flowers. This is because
the formation of leaves beginning at the end
allows the formation of a flower starter which
determines the number of leaves. Furthermore, the
secondary branches and the highest levels
generally have one or two leaves less than the
primary shoots because they appear later and
receive environmental cues for flowering
(Gardner, 1991; Syahadat and Aziz, 2013).

The number of seeds per capsule

P and K nutrients were statistically significant
on the number of seeds per capsule at the end of
the observation period. The number of seeds per
capsule was the highest (46.35 grains) in P6
(Table 4). The P6 was significantly different from
P3. This indicates the effect of the P addition on
the generative stage. This is similar to the
previous studies on Nigella sativa. Seed per
capsule of Nigella sativa increases up to 60 grain
in 20 kg ha* P (Tuncturk et al., 2011). This is due
to the fact, higher dry weight of canopy related to
P and K nutrients can increase the crop biomass
production. The dry weight of the canopy is
accumulated of photosynthates. Photosynthates
will be translocated to the seeds. Flowers and fruit
have the highest possibility of sinking. If the
assimilation in the leaves is low, the weight of the
seeds and the number of seeds are also reduced
(Kuntyastuti and Lestari, 2017)

Statistically, the P6 had a higher number of
seeds per capsule from P4 and P5. The addition of
P (P4) or K nutrient (P5) in the vegetative stage
statistically produced less number of seeds per
plant compared to the addition of P and K (P6).
The production of viola seeds was significantly
different, by increasing P and K nutrients.
Furthermore, PO shows the lowest number of
seeds per capsule (25.25 grains). The PO could
only produce a half of the number of seeds of P6
treatment. This is because P and K nutrient
content of PO during growth period until the end
of generative stage was the lowest, 1.36 g and
1.29 g, respectively.
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Increasing the number of seeds begins with the
previous pollination process. The entry of pollen
into the stigma starts the process of fertilization in
the viola plant. Similar to the research on Viola
tricolor plant, increasing P nutrients significantly
increase the pollen germination up to 47%
(Miyajuma, 2006). The addition of P increases the
number of viola seeds.

The number of seed per capsule was positively
correlated to the number of leaves and the number
of flowers (0.85 and 0.77, respectively).
Increasing the number of leaves and the number
of flowers escalated the number of seeds per fruit.
These findings is also confirmed by the research
by Novrika and Herison (2016) and Murniati et al.
(2013). The results of their studies show that the
number of leaves causes much light absorbed for
photosynthesis so carbohydrates for plant growth
are also increasing. Assimilates are distributed to
the receiving organs (sinks). The good transport
system is needed because the rate of assimilate
translocation runs optimally. This result is also
influenced by the availability of P and K nutrients
that accelerate the formation of seeds. Dwiputra et
al. (2015) reported the increasing photosynthate
can increase the number of seeds produced by the
parent plants. In addition to assimilates, the
maturity of pollen can also be accelerated when
there is sufficient sunlight so that the fertilization
process occurs more completely.

The seed production

P and K nutrients significantly affected the
seed production at the end of the observation
period. Seed production was the highest (3.24 ¢
plant?) in P6 treatment while there was no
statically difference (2.85 g plant®) in P3
treatment. This is similar to some of the previous
variables. Furthermore, this productivity can
fulfill the standard seed production in tropical
countries, which are more than 2 g plant?
(personal communication).

In the generative stage, the P and K nutrients,
P 2.77 g and K 2.56 g, were given since the
beginning of growth in P6 treatment. This
treatment had the highest P and K nutrients
compared to the other treatments at the end of the
generative stage. This exposes that seed
production was not affected by the addition of P
nutrients in the generative stage. Therefore, the
productivity of viola parent plants, particularly
between P3 and P6, at the end of the generative
period was statistically the same. This is similar to

the studies on the marigold parent plants. P and K
nutrients can affect plant growth and are
positively correlated to seed production. The dose
of fertilizing 10 g m* P and 15 g m* K increased
the seed production of marigold from 10.31 g
plant? to 18.78 g plant?* (Aslam et al., 2016).

Furthermore, seed production was the lowest
(1.91 g plant™) in PO treatment. This shows that
PO cannot produce seeds exceeding the standards
productivity of the viola female parent plants in
tropical countries. This is because the nutrient
contents of PO treatment were lowest, P 1.36 g and
K 1.29g.

Seed production on P1, P2, P4 and P5
treatments were statistically lower, compared to
those of P3 and P6. This pinpoints that the
addition of P and K nutrients in the vegetative
stage gave a better effect on the seed production.
The P1 was similar to that of P2 (2.05 g plant™ and
2.23 g plant?, respectively). This reveals that the
addition of P (P1) or K only (P2) in the vegetative
stage did not affect seed production. The P4 was
equal to P5. Even though the additional P was
given in the generative stage, the addition of P
(P4) or K (P5) during the vegetative stage did not
affect the seed production.

This is similar to the results of Komalasari and
Fauziah (2011) and Umar's (2012) research. P and
K nutrients are needed in the generative stage for
filling the seed. In addition, the vegetative
performance also affects the seed production.
Furthermore, the research on corn and soybeans
shows that a balanced application of P and K can
increase seed production and specific gravity of
the seeds. Therefore, to obtain a good plant yield,
the nutrient elements of P and K in the soil must
be sufficiently available at the seed filling stage.

Technically, P is the key to various
biosynthetic processes in plant cells and organs. It
is involved in all plant metabolic processes and
contributes to the formation of the structural
compounds for reproductive purposes and energy
transfer conversion. Consequently, P fertilizer can
increase the ability in the filling of seeds filling
(photosynthate transport) harvested at various
levels of development. The P nutrient accelerates
the process of seed maturation to improve the seed
quality. Thus, productivity can increase as in
various soybean varieties (Krueger, 2011; Yusmar
etal., 2014).

The seed production was positively correlated
to the number of flowers and the number of seeds
per fruits (0.92 and 0.88, respectively). The higher
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number of flowers and the higher number of seeds
per plant directly produce the higher seed
production. This is because the weight of seeds is
affected by the number of perfect seeds formed,
with the process beginning with flowering. The
formation of flowers and seeds are also affected
by the vegetative growth performance of the viola
parent plant.

The seed germination energy

The PO treatment produced the lowest
germination energy (64.5%). This shows that the
PO cannot provide germination according to the
standard of market requirements. This is because
the nutrient content during the vegetative and
generative periods is the lowest and contributes to
the lowest plant performance.

94,50

100 + A 90,00
< 90 - 80,00 81,80
s 80 - 73,50 75,25 I I
& 70 (6450 gk I
2 o0 - I PO: (Standard)
- 50 | P1: (+P Veg)
2 P2: (+K Veg)
g 40 - P3: (+PK Veg)
'€ 30 1 P4: (+P Veg +P Gen)
@ 20 - P5: (+K Veg +P Gen)
© 10 - P6: (+PK Veg +P Gen)

0
PO PL P2 P3 P4 P5 PG
Treatments

Figure 1. The combination of P and K on the germination of viola extension seeds according

to DMRT at p 0.05

Note:

PO = Vegetative (HF + CNO + Magnisal), generative (HF + CNO + HB + HC); P1 = Vegetative (standard

+ HB); P2 = Vegetative (standard + HC); P3 = Vegetative (standard + HB + HC); P4 = Vegetative (standard
+ HB), generative (standard + HB); P5 = Vegetative (standard + HC), generative (standard + HB); P6 =
Vegetative (standard + HB + HC), generative (standard + HB)

Furthermore, P nutrients in the generative
stage significantly influence the germination
energy of viola seeds. The highest germination
energy (94.5%) was in PS5, while it was
statistically the same as in P6 (90%) (Figure 1).
This result is different from the other results and
has fulfilled the germination energy standard of
viola extension seeds in the market.

The application of P during the generative
stage increases the generative growth of viola
plants and directly increases the yields and the
quality of extension seeds. This is in line with the
previous research which confirms high P levels in
seeds and fruit. P nutrients are considered
important for the formation of seeds and fruit and
influence the germination of seeds. The results of
a study by Yusuf et al. (2014) show that P nutrient
causes the seeds to have food reserves and have a
larger embryo. The P element is an essential
nutrient of living cells, such as parts of the
nucleotides and phospholipids of a membrane. In
the seed, it is stored as phytin, which consists of

calcium and magnesium salts of phytic acid. The
process of seed maturity requires adequate
nutrients and most of the P in the seeds is phytin.
Phytin will be used as the main source of energy
for seeds during the germination process. This
compound functions as a source of energy used
during germination. Some studies concluded that
phytin affected seed vigor (Salisbury and Ross,
1992). The study carried out by Lesilolo (2012)
strengthens that increasing the dose of it to 70 kg
ha® in corn plants statically increases the
germination, growth speed, normal sprouts and
the length of the primary roots of the sprouts.
Furthermore, this is similar to the results of
several studies. SP-36 fertilizer can accelerate
flowering as a first step in the seed production
process. In soybean plants, the supply of P
fertilizer as much as 150 kg ha can improve the
physiological quality of seeds. The germination of
soybean seeds is up to 90% (Pandiangan et al.,
2015). This is similar to the other research that
soybean plants fertilized with SP-36 300 kg ha*
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have the germination capacity of 96%. Moreover,
the SP-36 fertilized plants 250 kg ha? seeds
viability is up to 72% (Umar, 2012; Yusmar et al.,
2014).

The germination energy of P6 was relatively
lower than that of P5. The number of seeds per
capsule of P6 was higher than that P5 (Table 4).
Thus, nutrients are divided into a higher number
of seeds. The seed filling process was not as
optimal as that in P5 and decreased in viability. K
nutrients in the vegetative stage on P5 could
increase plant growth through optimal root
formation that could be used for seed formation.
K also served as photosynthate translocator and
formed carbohydrates as an endosperm (Fitriesa
etal., 2017).

The seed germination of P1, P2, P3 treatments
did not show any differences. This fortifies that
the germination energy was not affected by the
addition of P, K or PK nutrients in the vegetative
stage. Whereas, in P4 treatment, P nutrient was
added in the generative stage, but K nutrient was
not added in the vegetative stage, and therefore,
the plant performance was lower than that in P3.
Consequently, P1, P2 and P3 show similar results.
This also exposes that plant performance at the
beginning of growth affects the variable of seed
quality.

The germination energy was positively
correlated to the number of leaves (0.77). Such
similar results were also obtained by Asih et al.
(2017). Cereal crops such as corn and wheat,
which have similarities in flowers, are
multiovulate  flower, like viola. Positive
interactions were shown between the number of
leaves and the seed viability. In corn plant with 6-
sheet leaves produce the germination of 85%.
Whereas, in plants with 5-sheet leaves produce
germination of 51%. This is because the high
number of leaves will have an impact on the
broader canopy as a net photosynthate producer to
support the filling and maturity of seeds.

CONCLUSIONS

Higher P and K nutrients in fertilizer mixture
significantly increase the number of leaves and
are highly significant on the height, number of
flowers, number of seeds per fruit, seed
production and germination energy of viola seeds.
The addition of both P and K fertilizers in the
vegetative stage and P in the generative stage (P6)

results in germination energy of >90% and highest
seed production, which is 3.24 g of plant™.
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