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Abstract. Ganyong is a herbaceous plant which included in the tuberous plant group. One of
the ways to increase the growth of ganyong plants is by combining Nanosilica and NPK.
Nanosilica is an fertilizer with nutrient contain nano size of silica. This research was conducted
using Completely Randomized Design (CRD) and consisted of 6 treatments with 3 replication
were control (without nanosil and NPK fertilizers); (combination 0% nanosilic and 100%
NPK); (combination 25% nanosilic and 75% NPK); (50% nanosilic and 50% NPK); (75%
nanosilic and 25% NPK) and (100% nanosilic and 0% NPK). Parameters of this research
consisted stomata and growth rate: plant height, leaf quantity, leaf color, wet weight and dry
weight. Analysis of Variance (Anova) were used to analyze the data, and if significant
difference were found, the data tested further by Duncan Multiple Range Test (DMRT) at 95%
significant level. The results showed that the combination of Nanosilica and NPK fertilizers
affected plant height, dry weight and wet weight of the plant. The combination of 75% nanosil
fertilizer and 25% optimal NPK fertilizer increased plant height, dry weight and wet weight on
ganyong. The combination of nanosilic and NPK did not affected to amount stomata in

ganyong.
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1. Introduction

Ganyong is a member of cannaceae plant family that can grow in subtropical and tropical regions [15].
Ganyong (Canna edulis Ker.) is a tuber-producing plant that has potential as a functional food plant in
the industrial, food and medicine industries. Bulbs of ganyong can be used as an alternative food
source and the basic ingredients of instant noodles, biscuits for babies [12].

Ganyong cultivation have been widespread, but there has been no serious and intensive effort to
increase production. Ganyong plant growth generally takes 6 to 8§ months [15]. Farmers' knowledge of
ganyong plants is still very low [6]. The lack of knowledge on ganyong, will make the cost of
cultivation continues to increase.

Another obstacle in the ganyong plantation is the lack of balanced fertilizer used. This will
certainly have an impact on the production of processed tuber ganyong. Increased production of
ganyong, can be done by means of balanced fertilization [6]. Fertilization guarantees optimum nutrient
availability to support plant growth, resulting in improved yields.
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Fertilizer is a material that must be added to the soil for plant growth and development [14]. NPK
fertilizer is usually used to increase the growth of a plant. The N element in NPK fertilizer has the
function of preparing amino acids (proteins), nucleic acids, nucleotides, and chlorophyll in plants. The
element P in the NPK fertilizer has a function as a storage and energy transfer. The K element in the
NPK fertilizer serves as an enzyme activator, and assists in the transport of assimilated results from
the leaf to the plant tissue [9].

Silica is a component of micro elements required by monocots such as rice and other plants that are
Silica (Si) accumulators. The Si content in soil is considered still widely available for accumulator
plants [8]. But farmers do not realize that the lands in the tropical climate tend to experience decaying
and rapid desiccation which is characterized by the loss of bases and silica from the minerals in the
soil [5]. Therefore, the use of nanosilica fertilizer becomes an alternative solution to fulfil the nutrient
elements of ganyong plants. In addition, the selection of nanosilica as leaf fertilizer is to reduce the use
of chemical fertilizers which are much more costly.

Silica is known as a beneficial element that protects plants from drought and pathogens without
damaging the quality of soil, especially for plants that accumulate Si as in the Gramineae family [10].
According to Yukamgo and Yuwono [23], the provision of silica can reduce water loss from
evaporation (transpiration) through stomata. Silica can also make the leaves become more upright so
that the capture of sunlight is more optimal. Based on the points above, further research on the effect
of NPK and Nanosilica fertilizer on ganyong plants is needed.

2. Methods

The research was conducted at Greenhouse of Diponegoro University which was held for 2 months
starting from January to March 2017. Materials used in this study include tubers of ganyong plants
with roots 4 and weight of about 15-20 grams obtained from Gunung Pati area, NPK fertilizer,
Nanosilica Fertilizer, soil media, water, transparent nail polish and alcohol. This research used tools
includes hoe, label, sack, hand spade, sand sieve, soil pH, ground thermometer, hygrometer, 5 kg
capacity polybag, camera, digital scales, meter scales, sprayer, spectrophotometer, photomicrograph
microscope, cover, insulation, scissors, funnel, tweezers, tissue, label paper, and oven.

The research was arranged in Completely Randomized Design (RAL) with 1 factor treatment were
fertilizer, with measured variable that is growth character including plant height, leaf number, leaf
color, wet weight, and dry weight, and stomata amount. Each treatment with 3 replications. The bulbs
was then homogenized with a range of 4 root and tuber weight of about 15-20 grams. The
homogenized bulb was then planted upright, one polybag for one bulb. Planting tubers was done by
inserting tubers that were plugged into the soil media in polybags.

Ganyong that had been planted was given fertilizer treatment. NPK fertilizers and nanosilica are
prepared. NPK fertilizer concentration made by weighting in accordance with the needs of each
treatment. Nanosilica fertilizer made by dissolving it at 1.5 Liter water. The following are
combinations of fertilizer; Combination of 100% NPK fertilizer (4.5 g / plant) + 0% Nanosilica
fertilizer (P1), 75% NPK fertilizer (3.375 g / plant) + 25% Nanosilica fertilizer (1.25 ml nanosilica
dissolved in 1.5 Liter water) (P2), 50% NPK fertilizer (2.25 g / plant) + 50% Nanosilica fertilizer (2.5
ml nanosilica dissolved in 1.5 Liter water) (P3), 25% NPK fertilizer (1,125 g / plant) + 75%
Nanosilica fertilizer (3.75 ml nanosilica dissolved in 1.5 Liter water) (P4), and 0% NPK + 100%
Nanosilica fertilizer (5 ml nanosilica dissolved in 1.5 Liter water) (P5).

NPK fertilization was applied after the seeds adapted 1 week by sprinkling the NPK fertilizer
around the roots evenly. Fertilization of nanosilica fertilizer was given by spraying on the leaves of the
plant evenly. Fertilization of combination between NPK and nanosilica was done by sowing NPK first
on the soil medium around the roots and then after the leaves grow then done spraying nanosilica.
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Fertilization is done 2 weeks for nanosilica that is on the day 21, 35 and 49. NPK fertilization done 2
times during the research that is at 10 days after planting and day 40.

Plants growth were observed for 2 months. Observation of the research done at the beginning and
end of the study and observation of ganyong growth each week. Observations of this study have
several parameters such as plant height, leaf count, leaf color, wet weight, dry weight of tubers and
stomata count with replica method. The data obtained were then analyzed by Analysist of Variance
(ANOVA) at the 95% confidence level to verify the significancy of the results. Significant results
proceed to the Duncan area test.

3. Result
3.1. Height Plant

The combination of nanosilic fertilizer and NPK fertilizer to ganyong plants tends to increase
growth. This is because there are nutrients used by plants in the process of ganyong metabolism so that
growth becomes more optimal ganyong. Parameters observed during the study were plant height, leaf
number, dry weight and wet weight.

Table 1. Height Plant Means, Leaf Count, Wet and Dry Weight after gived combination fertilizers for

60 days.
Treatments Height Plant (cm)  Leaf Count Wet Weight (g) Dry Weight (g)
PO = (0% NS and 0% NPK) 21.1° 4.6" 60.3° 2.9°
P1 = (0% NS and 100% NPK) 39.1% 7% 138.6" 5.2°
P2 = (25% NS and 75% NPK) 41.6° 8,3" 130.6™ 6.9°
P3 = (50% NS and 50% NPK) 46.4° 7.3%® 113.6® 5.7°
P4 = (75% NS and 25% NPK) 49.0° 7% 239.3" 12°
P5 = (100% NS and 0% NPK) 31.3% 4.3° 88.6" 4.6°

Description: The numbers followed by different letters in the same column showed significant difference based on the
Duncan test at 95% confidence level

The combination of nanosilica fertilizer and NPK fertilizer affecting the height increase of white
ganyong plants. Applying fertilizer on ganyong plants become one of the essential nutrients for more
optimal growth of ganyong plants. This is in accordance with Rosmarkam [20] statement, that each
plant needs nutrients or nutrients (plant nutrients) in order to grow to the maximum. If the plants do
not get nutrients then the metabolism of plants becomes disturbed and will not work at all. Therefore,
nutrients N, P, and K in plants can not be replaced by other nutrients.

Based on Table 1 it can be seen that the treatment of 5 with 100% nanosilical fertilizer on white
ganyong plants did not show significant or equal effect to the control. Likewise with P1 but tends to
increase the height of the plant. However, unlike treatment 1 with 100% NPK fertilizer showed
relatively higher growth compared to control. The cause of growth of ganyong on treatment 1 is
higher, due to the provision of nutrients of macro nutrients to ganyong in the form of NPK fertilizer.
This fertilizer is able to meet the nutritional needs needed for the metabolism process so that the
growth of plants to be better.

Nutrient fulfillment in the form of NPK fertilization can make the growth of ganyong plants to be
better because elements of N, P, and K are nutrients that play an important role in the process of plant
growth. This is reinforced by the statement of Traunfeld [22] which states that the NPK elements
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become nutrients needed by a plant because the N elements play a role in improving the growth of
vegetative organs such as leaves, P elements can stimulate root growth and K elements play a role in
water transport.
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Figure 1. Histogram of Height Means

The highest growth of the ganyong plants in the table is seen in treatment 2, 3, and 4 . The three
treatments are a combination of nanosilic fertilizer and NPK fertilizer. Both of these fertilizers when
combined can increase the growth of ganyong plants become more dominant compared to other
treatments or controls. Treatment 4 in the table, the most optimal treatment that has a very significant
effect on the height of plants ganyong that is equal to 49 cm. Combination on the concentration of
nanosilica fertilizer is greater than the concentration of NPK fertilizer in treatment 4, thus indicating
the role of nansoilika is very important in the growth of ganyong plants. The role of nanosilica occurs
in the physiological crops of the ganyong, nanosil can form bonds with epidermal cells on the cell
walls, stems, become not fallen (erect) and strong. The silica coating maintains water to reduce the
occurrence of transpiration so that the water in the cells can arrange more stem organs. This is in
accordance with the opinions of Yukamgo and Yuwono [23], which states that silica associates with
cellulose in epidermal cells from leaf cell walls, a thick layer of silica gel capable of strengthening
epidermal cell walls and retaining water loss.

According to Hastuti [3] states that, Si absorbed in the leaves form a bond with the epidermis
layer, thus forming a strong epidermal layer and make the organ more upright. The upright leaves
cause the photosynthesis process to run properly, thus accelerating the formation of shoots and leaves.
The surface of the epidermis coated with silica reduces the evaporation of water through stomata, so
water can be used for photosynthesis process. Leaves become more optimal to produce photosynthesis
and can supply new cell formation so that growth can take place quickly. Sufficient supply of Si on
ganyong can increase cell endurance and strength. The Si supply also helps the leaves become more
erect in the effect of appropriate nitrogen, phosphate and potassium fertilization conditions, there by
increasing the formation of photosyntate in photosynthesis. Sufficient addition of Si can reduce the
tendency of ganyong plants in drought conditions This is due to decreased moisture permeability of
cell walls of leaf epidermis.

The height gain in plants caused by cell division after absorption of nutrients, the process of
carbohydrate division required from the process of photosynthesis for the addition of plant height. As
stated by Herdiana [4], the increase in plant height as one of the characteristics of plant growth is
caused by the activity of cell division in apical meristem. The increase in plant height begins with
increasing shoots that are longer and continued with the development of leaves and stems. Shoot
growth in plants undergo three stages, namely cell division, extension, and differentiated or
maturation. In the phase of cell division, plants require carbohydrates because the main component of
the cell wall is made of glucose (carbon) or in other words that cell division depends on the supply of
carbohydrates. While carbohydrates are only produced from the process of photosynthesis involving
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chlorophyll and N elements play a role in the formation of chlorophyll. In addition, according to
Rosman et al. [19] the results of photosynthesis are more widely used for new shoots than to enlarge
stems and root growth, since active growth is more prevalent in the shoots of plants.

3.2. Leaf Amount

Data from ANOVA test showed that the combination treatment of NPK and nanosilica in ganyong
plants showed significant effect on leaf number. The data of the test results showed that treatment 2
has a relatively higher average leaf number compared to other treatments. The average number of leaf
blade on nanosilic fertilizer treatment 0% and NPK 100% (P1) fertilizer 7, nanosilic fertilizer 25% and
75% NPK (P2) treatment 8.3, 50% nanosilic fertilizer and 50% NPK P3) of 7.3, 75% nanosilic
fertilizer treatment and 25% of NPK (P4) fertilizers 7, 100% nanosilic fertilizer treatment and 0%
NPK fertilizer (P5) of 4.3, had a lower average leaf number compared to control treatment ( PO) of 5.3.

This shows that there is a real effect between the combination treatment of NPK fertilizer and
nanosilica fertilizer on control or treatment without fertilization. According to Kartika [11], the
increase in the number of leaves in a plant is influenced by the uptake of nutrients in the plant.
Fertilizer affects the number of leaves, proving the presence of reactions that occur within the cell.
Ganyong plants are able to form leaves to produce food in order to keep growing.

Treatment 2 having a significant effect compared with other treatments with an average number
of leaves as much as 8.3. Treatment 2 (nanosilica 25% + NPK 75%) has more leaves. The more leaves
cause photosynthesis to increase, so the resulting photosynthate increases. Other treatments that have a
real effect compared to controls are (P1), (P3), (P4) where these three treatments have relatively large
leaf counts when compared to controls. The number of leaves on the fertilizer treated plants tends to
increase due to the presence of macro nutrients (N, P, K) and micro such as silica, iron, and
manganese that are met within the leaves and can form proteins inside.
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Figure 2. Leaf Number Histogram

This is in accordance with Poerwowidodo [18], which states that protein is the main constituent
protoplasm that serves as a center of metabolic processes in plants which will further spur cell division
and elongation. When the cell undergoes a cleavage it will form a network which then develops into a
leaf. Leaf develops from meristematic cells and form buds that are influenced by nutrient content and
absorbed water. The more nutrient absorption the formation of leaf buds becomes increased.

However, in the treatment of 100% nanosilica and 0% NPK (P5) fertilizers have relatively few
leaves, due to full nanosilica nutrition allowing leaf cell division ineffective and inhibited. This is
consistent with the statements of Mansfield and Atkinson [13] plants that are nourished with excessive
concentration resulting in stress in the cells and causing changes in the distribution of assimilates in
other organs. Plants response will occur at the cellular and molecular levels.
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3.3. Wet Weight

The average wet weight measurement presented in Table 1. showed that the control and treatment of
100% nanosilica fertilizer and 0% NPK fertilizer of ganyong plant had a smaller wet weight compared
with the treatment of 1, 2, 3, and 4. In the treatment the addition of nanosilica fertilizer and NPK
fertilizer had more wet weight many compared to controls. However, treatment 1,2,3 and 5 did not
look different to control. However, data on wet weight showed that 75% nanosilica and 25% npk
treatment could increase wet weight more optimally than other treatments.
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Figure 3. Wet Weight Histogram

Control treatment in the absence of fertilization tends to have less wet weight results due to the
absence of nutrients given or absorbed by ganyong plants. Plants given fertilizer treatment tend to
increase more than the control. This is due to the presence of nanosilic elements sprayed through the
leaves and is absorbed directly for plant growth.

Absorption of water and increased nutrients will increase the water content in the cell which will
be used for cell activity one of them for the process of photosynthesis and circulation of
photosynthesis results to all parts of the plant. According to Parera [17], the absorption of large
amounts of water will encourage cell lengthening and cell enlargement that can increase water content
so that wet weight of plants increases.

The wet weight of the treated ganyong plant has a larger mass size than the control treatment.
Wet weight of ganyong at higher treatment, due to nutrient absorption and water that occurs inside the
plant cells. This is in accordance with the opinion of Nurdin [16] states that the increase in wet weight
is influenced by the number of water absorbs and the accumulation of photosynthesis in the leaves to
be transransced to all parts of the plant.

3.4. Dry Weight

Based on the results of further duncan test, 75% nanosilica and 25% NPK (P4) treatment had an effect
on dry weight and significantly different from other treatment. The influence of dry weight on
ganyong plants is due to nutrient uptake given in the form of nanosilica and NPK fertilizers.
According to Salisbury and Ross [21] the availability of sufficient nutrients along the growth of the
crop, in this case with the application of NPK fertilizer and nanosilica gives the possibility of hoarding
components of more dry matter. The least average results were shown in the control treatment or were
not given the addition of fertilizer. The high dry weight values can be attributed to the amount of
carbohydrates produced in the process of photosynthesis that goes on the plant [16].
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Figure 4. Histogram of Ganyong Dry Weight

The process of photosynthesis in the control treatment is less than the application of NPK
fertilizer and nanosilica fertilizer. According to Iriany [7] carbohydrates in the plant is converted into
plant proponents, so that dry weight of plants is a combination of multiple process of the body. The
elements that existing inside ganyong plants can also increase the efficiency of photosynthesis, so that
the resulting photosynthate becomes increased and affect the dry weight.

Nanosilica fertilizers have a silica component as a surface coating of plants so that at the time of
transpiration does not occur excessive evaporation. The result of photosynthesis in ganyong plants will
be more optimal and the results can be stored. Food reserves can be further optimized stored in the
form of carbohydrates and the formation of plant body cells. According to Iriany [7] the increase of
photosynthate formed also increases the dry weight of plants because 90% of the dry matter of plants
derived from photosynthesis. The use of Nanosilica fertilizer can be used as an alternative to the
fertilization of ganyong plants. Because it is able to increase the dry weight of plants, in addition to its
relatively few uses can be used as a substitute for the use of organic fertilizers.

3.5. Leaf Colour

Leaf color of ganyong with 0% nanosilic fertilizer and 100% NPK fertilizer (P1), 25% nanosilica
fertilizer and 75% NPK fertilizer (P2), 50% nanosilic fertilizer and 50% NPK (P3) NPK fertilizer,
75% nanosilica fertilizer and 25% NPK fertilizer (P4), 100% nanosilic fertilizer and 0% NPK fertilizer
(P5) have the same result that is light green leaf color to dark green compared with control which
show less optimal result that has the color of light green leaf.

Colors on the leaves indicate the adequacy of nitrogen absorbed by plants. The darker the leaf
color indicates that the amount of nitrogen absorbed by the plant increases. Symptoms of yellowish-
green or younger leaves are caused by deficiency symptoms. According Hardjowigeno [2] symptoms
of deficiency or lack of N will cause the plant to be dwarfed, plant growth is limited, leaves turn
yellow and fall. Because N compounds play a role in improving vegetative growth of plants. Plants
grown on sufficient soil N leaves are greener in the treatment of P1, P2, P3, and P4.
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Figure 5. Leaf Colour Picture

Description : PO = Light Green, P1 = Dark Green, P2 = Dark Green, P3 = Light Green, P4 = Dark Green, PS5 = Dark Green

Engelstad (1] states that optimal nitrogen administration can increase plant growth, increase
protein synthesis, chlorophyll formation which causes leaf color to be greener and increase root
canopy ratio. Therefore, optimal nitrogen administration can increase the rate of plant growth

6. Number of Stomata

Based on Figure 6 it can be seen that the application of nanosilica fertilizer in white ganyong plants
can not increase the number of stomata. However, when seen again in treatment 1 shows the highest
and highest levels of stomatal stages, compared with other treatments and controls. This means that
nanosilica fertilizer tends to increase the amount of stomata in ganyong leaf.
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Figure 6. Histogram of Top-Bottom Stomata

This suggests that silica plays a role in the cell differentiation process. Differentiation is one form
of adaptation of plants to adjust its function with the environment. The increasing number of stomata
is a process of adaptation of a plant to its environmental conditions. Plants treated with nanosilic
fertilizers also have larger stomata sizes than controls. This makes the high rate of transpiration due to
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the water coming out more, thus increasing the nutrient uptake of the soil. The absorbed nutrients will
be used for photosynthesis, which will increase the rate of photosynthesis that affects the high growth
of ganyong plants.

4. Conclusion

Based on the research that has been done on white ganyong plants with combination treatment of NPK

and Nanosilica fertilizer can be concluded that:

1. The application of NPK fertilizer combined with the nanosilica fertilizer hads a significant effect
on the wet weight and dry weight and the height of white ganyong plant

2. Treatment of combination of 25% NPK fertilizer and 75% of Nanosilica fertilizer (P4), increased
wet weight, dry weight and height of white crop plant.
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