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Abstract

Aglaonema is a high-value ornamental foliage plant showing considerable variation in growth and physiological responses among cultivars. Silica is
a beneficial element that enhances plant growth, strengthens tissues, improves photosynthetic efficiency, and increases resistance to biotic and abiotic
stresses. The effects of foliar application of nanosilica (SiO,) on growth, leaf epidermal characteristics, and disease resistance of Aglaonema were
evaluated. The experiment was conducted using a split-plot design arranged in a randomized complete block design, with four nanosilica concentrations
(0, 0.3, 0.6 and 0.9 g L") as main plots and sixteen cultivars as subplots. Significant differences among cultivars were found in plant height, number
of leaves, leaf length, chlorophyll a, chlorophyll b, total chlorophyll, chlorophyll a/b ratio, and carotenoid content. Nanosilica at 0.3 g L' produced the
highest in plant height, stomatal density, chlorophyll a/b ratio, and carotenoids, while 0.6 g L' enhanced epidermal thickness and chlorophyll content.
The highest concentration, 0.9 g L, increased leaf length and width, stomatal index, and reduced incidence and severity of Lepidosaphes beckii,
Ceroplastes rubens, Pseudococcidae, anthracnose, and stem rot. Interactions between cultivars and nanosilica were significant for leaf width, epidermal
thickness, stomatal index, and stomatal density. Correlation analysis showed positive relationships among leaf size, plant height, stomatal density,
and chlorophyll content. Considering consumer preference for compact plants with broad leaves and high resistance to pests and diseases, the foliar
application of nanosilica at 0.9 g L' is deemed the most suitable concentration.

Keywords: Araceae, beneficial element, micromorphology, nanotechnology, ornamental plant, plant resistance.

Resumo

Aglaonema ¢ uma planta ornamental de alto valor, com variagdo no crescimento e nas respostas fisiologicas entre cultivares. A silica ¢ um elemento
benéfico que melhora o crescimento, fortalece tecidos, aumenta a eficiéncia fotossintética e resisténcia a estresses bioticos e abiodticos. Este estudo
avaliou os efeitos da aplicagdo de nanosilica (SiO,) no crescimento, caracteristicas epidérmicas das folhas e resisténcia a doencgas da Aglaonema. O
experimento foi conduzido em delineamento de parcelas subdivididas, disposto em delineamento em blocos casualizados, com quatro concentragdes
de nanosilica (0; 0,3; 0,6; 0,9 g L) como parcelas principais e 16 cultivares como subparcelas. Houve diferencas significativas entre as cultivares para
altura da planta, nimero de folhas, comprimento das folhas, clorofila g, clorofila b, clorofila total, relagdo clorofila a/b e carotendides. A nanosilica a
0,3 g L' aumentou altura da planta, densidade estomatica, relagdo clorofila a/b e carotendides, enquanto 0,6 g L' elevou espessura epidérmica e teor de
clorofila. A concentragéo alta (0,9 g L) aumentou comprimento e largura das folhas, indice estomatico, resisténcia a Lepidosaphes beckii, Ceroplastes
rubens e Pseudococcidae, além de reduzir antracnose e podriddo do caule. As interagdes cultivares x nanosilica foram significativas para largura da
folha, espessura epidérmica, indice e densidade estomatica. A analise de correlagdo revelou relagdes positivas entre tamanho da folha, altura da planta,
densidade estomatica e teor de clorofila. Considerando a preferéncia do consumidor por plantas compactas, folhas largas e alta resisténcia a pragas e
doengas, a aplicacdo foliar de nanosilica a 0,9 g L' é recomendada como concentragdo adequada.

Palavras-chave: Araceae, elemento benéfico, micromorfologia, nanotecnologia, planta ornamental, resisténcia de plantas.

Introduction

Aglaonema is a tropical ornamental plant of the Araceae family,
nicknamed the “Queen of Leaves”. The beauty of its patterns and color
variations is the main attraction for consumers. Aglaonema production
in Indonesia in 2024 reached 1.42 million plants with a harvest area of
208,050 m?. This figure is lower than the 2023 production, which reached
1.59 million plants with a harvest area of 200,6 m?> (Wibowo et al., 2024).
This condition indicates that an increase in harvest area is not always
accompanied by an increase in production, underscoring the importance
of growth efficiency and plant quality in cultivation efforts. The demand
for Aglaonema continues to increase in line with improving community
welfare and the development of the ornamental plant market (Saputra et
al., 2025). Aglaonema, as an ornamental plant both indoors and outdoors,
has high economic value. Aglaonema prices are volatile and follow
complex patterns influenced by consumer trends, stock availability, and
market conditions (Sugiarti et al., 2025).

This plant also tolerates low light and humidity, which increases
its appeal as an indoor plant. Plant propagation is a significant obstacle
for Aglaonema ornamental plant producers (Apriany et al., 2023).
Aglaonema has a low success rate in generative propagation due to
asynchronous flowering and low pollen viability. Growers generally
propagate Aglaonema through cuttings, which is one of the most efficient

propagation techniques (Sarkar et al., 2022). The diversity of growth
responses among Aglaonema cultivars after cuttings requires more
specific fertilization and nutrient management strategies. These responses
can include the emergence of several diseases, such as anthracnose, stem
rot, or slow root formation due to biotic stress.

Growth and quality can be improved by using silica (Si). Si is a
beneficial element that is absorbed by plants in the form of monosilicic
acid (Si(OH),). The application of silica nanoparticles (SiO,) measuring
1-100 nm in size has the potential to improve plant quality. SiO, can
strengthen leaf tissue, increase photosynthetic efficiency, optimize
the absorption of macro- and micronutrients, and stimulate plant
biochemical defenses against pathogens and pests. Foliar application
of SiO, can be absorbed directly through stomata, providing higher
absorption efficiency than through roots (Niu et al., 2021). Physically,
SiO, deposited in leaf tissue can increase rigidity and roughen the leaf
surface, making leaves less palatable and more difficult for insects to eat
(Reynolds et al., 2016).

This study aims to evaluate the effects of foliar SiO, application on
the growth, leaf epidermal characteristics, and disease resistance of 16
Aglaonema cultivars; identify differences in cultivar responses to SiO,;
and determine the effective concentration of SiO, for improving growth
quality and disease resistance.
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Material and Methods

Experimental design

The study employed a split-plot design arranged in a randomized
complete block design (RCBD). The first factor, the main plot, was
nanosilica (SiO,) concentration at four levels: 0 g L', 0.3 gL, 0.6 g L',
and 0.9 g L. The second factor as subplots was 16 Aglaonema cultivars,
namely Adelia (A1), Red Borju (A2), Big Papa (A3), Big Roy (A4), Snow
White (AS5), Venus (A6), Big Roy White (A7), Yok Kanchana (A8), Diven
Silver (A9), Silver Queen (A10), Emerald Bay (A11), Lipstik Manilompek
(A12), Lipstik Pink (A13), Cochin Tembaga (A14), Siam Aurora (A15),
and Striptease (A16). There are 64 treatment combinations, each repeated
three times, for a total of 192 experimental units. Each experimental unit
consists of a single plant, yielding 192 observation units.

Experimental procedures

A total of 12 plants from each genotype were cut to obtain uniform
planting material. The criteria for cuttings were that they had three leaves
and no roots. The bottom end of the cuttings was dipped in 70% propineb
paste to prevent decay, then coated with Mozambique tilapia mud to
maintain stability during root formation. The cuttings were planted in a
mixture of raw rice husks, dry compost, and bamboo leaves in a 1:1:1
(v/v/v) ratio in 17 cm pots. Plant maintenance included watering once a
week, manual weeding, and spraying with an insecticide containing 500
g L' profenofos and 1 mL L™ vitamin B,. Spraying was carried out every
two weeks at a rate of 10 mL per plant for four weeks. Four-week-old
cuttings were used as experimental material for foliar application of SiO,.
SiO, was sprayed onto the entire plant surface at a rate of 125 mL per
plant once a week. The silica nanoparticles used had a particle size of
+10 nm with a purity level of 99.8%. Each treatment solution was added
with compound leaf fertilizer with NPK (20-15-15) at 2 g L. All research
activities were conducted in a greenhouse with an average temperature of
19.43-25.77 °C. Observations were made periodically every two weeks
from the start of the SiO, application and lasted for 24 weeks.

Aglaonema growth

The variables observed included plant height and leaf number. Plant
height (cm) was measured from the base of the stem to the tip of the tallest
leaf using a ruler. The number of leaves (sheets) was counted manually by
recording each new leaf that emerged and fully opened.

Morphophysiological characteristics of leaves

The variables observed included length, width, epidermal thickness,
and leaf moisture content. Observations were made on leaves in the 2",
31, and 4™ positions from the tip based on the Guide to Ornamental Plant
Characterization published by the Indonesian Ministry of Agriculture’s
Agricultural Research and Development Agency (Kartikaningrum et
al., 2014). Leaf length (cm) was measured on the longest leaf from the
base to the tip of the fully opened leaf. Leaf width (cm) was measured
at the widest part of each fully opened leaf. Epidermis thickness (um)

was observed on the middle part of the leaf cut transversely and observed
using an Olympus CX23 microscope at 10x magnification (Ningsih and
Daningsih, 2022). Leaf moisture content (%) was based on oven-dried
weight at 60 °C until constant moisture content.

Leaf epidermal characteristics

The variables observed included stomatal index (%) and stomatal
density (mm?). The underside of the second leaf from the tip was coated with
nail polish twice. The first coating was applied to remove dirt or dust from
the leaf surface. After the first layer of nail polish was cleaned with a cotton
swab, the leaf surface was coated again with nail polish and left to dry for 20-
30 minutes. The dried nail polish layer was then removed with a clear cotton
swab and placed on a microscope slide for microscopic observation. The
stomata sample preparation is observed using an Olympus CX23 microscope
at 40x magnification with a field of view diameter of 0.5 mm. The stomata
index and density can be calculated using the following equation:

=5 % 100%
E+S

Description: I = stomatal index, S = number of stomata per field of
view, and E = number of ordinary epidermal cells per field of view.

. _», _ Total number of stomata
Bl densTey, (i <) Field of view area (mm?)

The field of view area was calculated using the formula for the area
of a circle (area = nr?).

Chlorophyll and carotenoid content (ug mL™")

Atotal of 0.5 g of fresh leaf tissue was crushed together with 10 mL of
80% acetone until homogeneous. The extract obtained was then incubated
for 16-24 hours at 4 °C. After incubation, the extract was centrifuged at
6000 rpm for 7 minutes. The absorbance of the centrifugation supernatant
was measured using a UV-1280 spectrophotometer (Shimadzu) at
wavelengths of 470, 663.2, and 646.8 nm. Pigment content was then
calculated using the equation (Lichtenthaler, 1987):

Ca =12.25 Aem.z - 2'79/4(\46'8
Cb =21.504,,,—5.104,,
Ca+b = 7'15A6632 + 18'71A6468

C,,.=(10004,, — 1.82C, - 85.02C,) / 198

Incidence and severity of plant pests (%)
Incidence is calculated as the percentage of plants affected by pests
and diseases among the total number of plants observed.

Number of affected plants

Incidence (%) = x 100%

Total number of plants

The severity of anthracnose disease on leaves is measured using a
scale of 0-6 based on the level of leaf damage (Table 1).

Table 1. Description of the anthracnose disease rating scale (Mounika et al., 2017).

Scale Description Resistance Class
0 No infection or 0% infection Resistant
1 1%-5% of leaf area/length covered by disease Very resistant
2 6%-10% of leaf area/length covered by disease Tolerant
3 11%-25% leaf area/length covered by disease Moderately resistant
4 26%-50% leaf area/length covered by disease Moderately susceptible
5 51%-75% leaf area/length covered by disease Susceptible
6 76%-100% leaf area/length covered by disease Highly susceptible
Data Analysis Results and Discussion

Data analysis was performed using STAR (Statistical Tool for
Agricultural Research) software, Microsoft Excel 2021, and Imagel.
Data were analyzed using the F test at o = 0.05 to determine the effect
of treatment. If the F-test results indicated a significant difference, the
analysis continued with Tukey’s Honest Significant Difference (HSD)
test. Correlation analysis was performed to measure the relationship
between two or more observed variables.
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Aglaonema growth

The SiO, application also significantly affected plant height
(Fig. 1A). The highest average was observed at 0.3 g L' (35.14 cm),
followed by 0.9 g L' (33.91 cm) and 0.6 g L' (32.99 cm). Increasing the
concentration above 0.3 g L' did not provide any significant additional
effects. This is in line with the research by Le et al. (2014), which found
that increasing the SiO, concentration (=0.5 - 2 g L") reduced plant height
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due to an imbalance of essential nutrients. Tesfagiorgis et al. (2013) also
reported that increased SiO, concentration in nutrient solutions caused
nutrient imbalance and SiO, accumulation in leaves that exceeded C and
O elements.

The heights of Aglaonema plants show significant differences among
cultivars, ranging from 22.81 to 45.53 cm (Fig. 1B). According to the
Ornamental Plant Characterization Guide, Aglaonema plant height varies
among cultivars: short (<30 cm), medium (30-50 cm), and tall (>50
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cm) (Kartikaningrum et al., 2014). The results of this study show that
there are only two categories of plant height, namely short and medium
cultivars. The Snow White (22.81 c¢m), Adelia (25.13 cm), Venus (26.01
cm), Cochin Tembaga (27.07 cm), and Siam Aurora (27.20 cm) cultivars
were classified as short. The other cultivars were in the medium category,
with Silver Queen (45.53 c¢m) as the tallest. The difference in plant height
indicates that genetic factors among Aglaonema cultivars significantly
affect vegetative growth (Mitache et al., 2024).
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Aglaonema cultivars

Al = Adelia; A2 = Red Borju; A3 = Big Papa; A4 = Big Roy, A5 = Snow White; A6 = Venus; A7 = Big Roy White; A8 = Yok Kanchana; A9 = Diven Silver
A10 = Silver Queen; A11 = Emerald Bay; A12 = Lipstik Manilompek, A13 = Lipstik Pink; A14 = Cochin Tembaga; A15 = Siam Aurora; A16 = Striptease

Fig. 1. Growth response of 16 Aglaonema cultivars after 24 weeks of SiO, application. (A) Plant height response (cm),
(B) SiO, application response to plant height. Vertical lines (bars) indicate standard error, different letters above
the bars indicate significant differences based on Tukey’s test (o = 0.05).

The number of Aglaonema leaves differed significantly among
cultivars, ranging from 5.75 to 9.50 (Fig. 2). The highest number of leaves
was found in Striptease (9.50) and Siam Aurora (9.25), followed by Red
Borju (8.92). The cultivars with the fewest leaves were Cochin Tembaga
(5.75), Adelia (6.63), and Big Roy (6.75). The SiO, application did not
show a consistent pattern of increase in leaf number across cultivars.
SiO, application had no significant effect on the number of leaves, with
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the highest average number of leaves observed in the control (8.31)
and a slight decrease at higher concentrations: 0.3 g L' (8.02), 0.6 g L!
(7.82), and 0.9 g L' (7.85). This indicates that the primary influence on
the number of leaves stems from genetic differences among Aglaonema
cultivars. In contrast, the addition of SiO, did not significantly affect this
variable (Sembiring et al., 2025).
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Aglaonema cultivars

Al = Adelia; A2 = Red Borju; A3 = Big Papa; A4 = Big Roy, A5 = Snow White; A6 = Venus; A7 = Big Roy White; A8 = Yok Kanchana; A9 = Diven Silver
A10 = Silver Queen; A1l = Emerald Bay; A12 = Lipstik Manilompek, A13 = Lipstik Pink; A14 = Cochin Tembaga; A15 = Siam Aurora; A16 = Striptease

Fig. 2. Response number of leaves in 16 Aglaonema cultivars after 24 weeks of SiO, application. Vertical lines (bars)
indicate standard error, different letters above the bars indicate significant differences based on Tukey’s test (o = 0.05).

Morphophysiological characteristics of leaves

The length of Aglaonema leaves shows significant differences
between cultivars, ranging from 13.69 to 25.50 cm (Fig. 3A). Based on
the classification by Kartikaningrum et al. (2014), most cultivars fall into
the short leaf category (<20 cm), namely Snow White (13.69), Venus
(14.08), Cochin Tembaga (14.34), Adelia (14.51), Siam Aurora (14.68),
Red Borju (15.68), Striptease (16.14), Lipstik Manilompek (16.70),
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Big Papa (17.60), Big Roy (18.00), Lipstik Pink (18.54), and Big Roy
White (18.91). Medium-leaf cultivars (20-25 cm) consist of Diven Silver
(21.28), Yok Kanchana (22.49), and Emerald Bay (23.27). The long-leaf
cultivar (>25 cm) was only represented by Silver Queen (25.50). This
variation reflects differences in genetic backgrounds between cultivars (Li
et al., 2024).
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The application of SiO, had no significant effect on leaf length, with
the longest leaves on average at a concentration of 0.9 g L' (18.12 cm),
followed by 0.3 g L' (17.91 cm) and 0.6 g L' (17.56 cm). The water
content of Aglaonema leaves ranged from 84.11% to 88.75% (Fig. 3B).

High leaf water content indicates the plant’s ability to maintain its internal
water status, so that turgor pressure, stomatal function, photosynthesis,
and nutrient transport remain optimal. This condition makes plants more
tolerant to drought stress (Ghahremani et al., 2023).
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Aglaonema cultiv:
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Al = Adelia; A2 = Red Borju; A3 = Big Papa; A4 = Big Roy, A5 = Snow White; A6 = Venus; A7 = Big Roy White; A8 = Yok Kanchana; A9 = Diven Silver
A10 = Silver Queen; A1l = Emerald Bay; A12 = Lipstik Manilompek, A13 = Lipstik Pink; A14 = Cochin Tembaga; A15 = Siam Aurora; A16 = Striptease

Fig. 3. Morphophysiological response of 16 Aglaonema cultivars to 24 weeks of SiO, application. (A) Leaf length response,
(B) Leaf water content response. Vertical lines (bars) indicate standard error, different letters above
the bars indicate significant differences based on Tukey’s test (o= 0.05).

The interaction between the SiO, application and Aglaonema
cultivars had a significant effect on leaf width, ranging from 4.74 to
11.19 cm (Table 2). According to Kartikaningrum et al. (2014), leaf
width is classified into 3 classes: narrow (<6 cm), medium (6-8 cm), and
broad (>8 cm). Big Papa showed the largest leaf width (11.19 cm) at a
concentration of 0.9 g L', although it was not significantly different from

those of other concentrations and Aglaonema cultivars. The narrowest leaf
width was shown by Siam Aurora (4.74 cm) at a concentration of 0 g L',
significantly different from 0.3 g L' (5.70 cm), but not different from 0.6
gL' (5.62 cm)and 0.9 g L (5.14 cm). SiO, application had no significant
effect on leaf width, with the highest average increase in leaf width at a
concentration of 0.9 g L' (7.88 cm).

Table 2. Interaction of SiO, application and 16 Aglaonema cultivars on leaf width (cm) at 24 weeks.

Aglaonema cultivars

0
Adelia 8.39 ABCDal
Red Borju 7.89 BCDEa
Big Papa 10334
Big Roy 7.60) BCPED
Snow White 5.68 EFa
Venus 6.54 CDEFa
Big Roy White 9.20 ABa
Yok Kanchana 8.48 ABCa
Diven Silver 7.42 BeDEa
Silver Queen §.19 ABCDa
Emerald Bay 8 72 ABCa
Lipstik Manilompek 6.04 DEFa
Lipstik Pink 7.28 BCDEab
Cochin Tembaga 8.66 ABCa
Siam Aurora 4,74 Fa
Striptease 7.49 BCDEa
Average 7.67

Nanosilica concentration (g L")

0.3 0.6 0.9
5.80 Frov 8.81 ABCe 9 5 B
8.26 ABCDa 8.10 BCa 8.77 BCa

10.53% 10.64 11.194
9.70 A8 9.64 A8 9.47 Ab
5 e 488" 5.32 %
5.68 5.30 s 5.63 ¥
919 ABCa 938 ABa 813 BCDa
3,39 45T 8.24 P 8.99 Avce

7,27 6.98 CPEFs 7|

798 BCDEFGa 796 BCDa 781 BCDEa

8.09 BCDEFa 8.50 ABCa 8.29 BCDa
5,57 T 5.68 PeFe 5.0 B

8.13 BCDEab 6.74 CDEFb 8.76 BCa

739 BCDEFGa 740 BCDEa 839 BCa

5.70 G 567 R 5.4

724 CDEFGa 776 BCDa 789 BCDEa

7.60 7.60 7.88

'Numbers followed by the same lowercase letter in the same column and the same uppercase letter in the same row indicate no significant difference based on Tukey’s test (o = 0.05).

The interaction between SiO, application and Aglaonema cultivars
significantly affected epidermal thickness. The average epidermal
thickness increased from 54.35 um (0 g L") to 70.72 um (0.6 g L),
followed by 63.05 um (0.3 g L") and 62.55 pm (0.9 g L") (Table 3).
This increase indicates that SiO, strengthens epidermal cell walls,
thereby increasing leaf strength and reducing water loss. Pink Lipstick

Ornam. Hortic., v.32, e323088, 2026

showed the most significant increase in epidermal thickness from
21.22 pm (0 g L) to 106.31 um (0.6 g L"), followed by Big Papa
from 45.18 um (0 g L") to 90.99 pum (0.3 g L'), and Striptease from
42.20 um (0 g L) to 78.08 um (0.6 g L). Not all cultivars responded
similarly. The cultivars Big Roy White, Cochin Tembaga, and Lipstik
Manilompek actually experienced a decrease in epidermal thickness at
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concentrations of 0.3 and 0.6 g L. The increase in epidermal thickness
in several cultivars is consistent with Idrees et al. (2024), who reported
that SiO, is deposited in epidermal cells and guard cells, thereby

strengthening cell walls. SiO, is also known to form a protective
layer on the leaf surface, making the epidermis thicker and stronger
(Kartikaningrum et al., 2014).

Table 3. Interaction of SiO, application and 16 Aglaonema cultivar on epidermal thickness (um) at 24 weeks.

Aglaonema cultivars

0
Adelia 29.55 GHel
Red Borju 42.43 ¥oe
Big Papa 45,18 EFeb
Big Roy 39.54 fed
Snow White 72.33 BC®
Venus 32.0] GHe
Big Roy White 111.40 A2
Yok Kanchana 35.26 GHe
Diven Silver 65.44 BCD®
Silver Queen 60.88 CPE
Emerald Bay 67.19 Bepe
Lipstik Manilompek 79.14 B°
Lipstik Pink 21.22Hd
Cochin Tembaga 0SS
Siam Aurora 53.86 PEF®
Striptease 42.2( Fee
Average 54.35

Nanosilica concentration (g L)

0.3 0.6 0.9
48.95 Feb 64.49 EFGa 49.47 Faab
66.67 Pka 49.35 ©tibe 59.85 DEFab
90.99 ABa 90.89 BCPa 49.67 Fob
42.68 Fob 70.45 Efa 63.62 CPEFa
79.38 ABC® 97.92 B 69.57 BCPED
56.60 E® 40.41 He 73.68 BCPEa
75.79 Bebe 51.49 GHe 101.83 42
54.39 Ffa 49.56 GHa 49.2] G

96.03 A2 45.68 cte 35.05 Gtle
58.54 DEF® 88.33 b= 31.47 He
66.74 CPtv 55.63 Fatie 96.68 A

95.27 4 43.51 1 56.79 Fre
46.30 CPE 106.31 Be 85.89 ABv

33.30 ¢ 64.49 Ereb 76.04 BCba
45.70 Feb 127.68 4 24.25He
51.52 tr® 78.09 PEs 77.74 BC

63.05 70.27 62.25

"Numbers followed by the same lowercase letter in the same column and the same uppercase letter in the same row indicate no significant difference based on Tukey’s test (o = 0.05).

Leaf epidermal characteristics

The stomatal index is the percentage of stomata compared to the total
number of epidermal cells and stomata in a single microscope field of
view. The highest average increase in stomatal index was 7.94% (0.9 g
L"), followed by 7.84% (0.3 g L") and 7.72% (0.6 g L') compared to
the control of 7.67% (Table 4). Aglaonema cultivars that experienced

an increase in stomatal index were Diven Silver from 6.77% (0 g L) to
9.27% (0.6 g L"), Emerald Bay from 6.75% (0 g L) t0 9.09% (0.3 g L"),
and Venus from 6.70% (0 g L) to 8.70% (0.9 g L-"). Manilompek lipstick
showed a decrease in all SiO, applications, with the most significant
reduction at 0.3 g L', from 10.47% to 7.93%.

Table 4. Interaction of SiO, application and 16 Aglaonema cultivars on stomatal index (%) at 24 weeks.

Aglaonema cultivars

0
Adelia 7.53 Bal
Red Borju 6.48 B
Big Papa 8.09 ABab
Big Roy Vo2 =
Snow White 6.89 B
Venus 6.70 B
Big Roy White VSR
Yok Kanchana 7.20 B
Diven Silver 6.77 B
Silver Queen 7.11Bs
Emerald Bay 6.75 B
Lipstik Manilompek 10.47 Aa
Lipstik Pink 8.80 ABa
Cochin Tembaga 9.02 ABa
Siam Aurora 7.92 ABab
Striptease 7.57 Ba
Average 7.67

Nanosilica concentration (g L)

0.3 0.6 0.9
7.79 482 6.63 B¢ 6.07 <
7.95 ABa 8.06 ABCe 7.14 B
8.90 AB2 8.43 ABCb 6.76 B¢
6.31 B0 7.64 ABCab 8.72 ABCa
6.92 AB2 6.01 ¢ 7.15 Bee
7.02 482 7.62 ABCa 8.70 ABCa
8.52ABa 8.54 ABCa 6.81 B
7.23 B2 6.66 B 7.42 B
8.41 ABab 9.27 ABa 7.82 ABCab
8.38 ABa 7.64 ABCa 8.26 ABCa
9.09 A 6.64 B 8.45 ABCab
7.93 ABb 9.57 A 9.10 ABad
8.81 ABab 7.5() ABCo 10.38 42
7.70 ABa 7.79 ABCa 7.72 ABCa
6.91 AB® 8.06 ABCeP 9.24 ABa
7.62 ABa 7.4] ABCa 7.38 B

7.84 7.72 7.94

"Numbers followed by the same lowercase letter in the same column and the same uppercase letter in the same row indicate no significant difference based on Tukey’s test (o = 0.05).
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Stomatal density is the number of stomata per unit area of leaf surface,
usually expressed in mm™. The application of 0.3 g L' SiO, increased the
average stomatal density to 33.98 mm™, compared to the control of 33.73
mm™, but at concentrations of 0.6 and 0.9 g L', stomatal density decreased
(Table 5). The highest increase in stomatal density occurred in Emerald

Bay (57.70 mm?), Silver Queen (50.91 mm™), and Red Borju (10.18 mm-
?) at an application of 0.3 g L' SiO, compared to the control. Siam Aurora
showed a negative response at 0.3 g L', with a stomatal density of 25.45
mm; Lipstik Manilompek at 0.6 g L' (27.15 mm™) and 0.9 g L' (28.85
mm), both lower than the control.

Table 5. Interaction of SiO, application and 16 Aglaonema cultivars on stomatal density (mm?) at 24 weeks.

Aglaonema cultivars

0
Adelia 35.64 BCbal
Red Borju 23.76 D2
Big Papa 27.15 b=
Big Roy 2715 €2
Snow White 30.55 BCba
Venus 25.45 ¢ba
Big Roy White 30.55 BCPa
Yok Kanchana 44.12 ABa
Diven Silver 50.91 42
Silver Queen 39.03 ABCe
Emerald Bay 39.03 ABCbe
Lipstik Manilompek 42.42 ABa
Lipstik Pink 30,55 Heee
Cochin Tembaga 23.76 P
Siam Aurora 42.42 ABa
Striptease 27.15 Pa
Average 33.73

Nanosilica concentration (g L)

0.3 0.6 0.9
32.93 cbb 28.85 BCab 23.76 PP
33.94 Cba 33.94 BCa 25.45 Cbta
25.45 CPEa 28.85 Bea 22.06
25.45 CPEa 27.15 Bee 35.64 ABCDE
33.94 cba 30.55 B 40.73 ABa

16.97 ka 20.36 < 23.76 Pt
33.94 cba 27.15 B 27.15 BCPEa
37.33 BCab 32.24 B 39.03 ABCe

56.00 A2 54.3042 49.21 4
50.91 ABa 39.03 B 47.52 A

57.70 A2 28.85 Bce 44,1240
28.85 CPE 27.15 B 28.85 BCDER
33.94 cba 25.45 Bca 35.64 ABCDE
22.06 P 32.93 BCa 22.06 *
25.45 CPEb 32.24 BCb 37.33 ABCDa
28.85 CPEa 23.76 < 28.85 BCDEa

33.98 30.80 33.20

'Numbers followed by the same lowercase letter in the same column and the same uppercase letter in the same row indicate no significant difference based on Tukey’s test (a = 0.05).

Chlorophyll and carotenoid levels (ug mL")

The application of SiO, increased the average chlorophyll a, with the
highest increase occurring at a concentration of 0.6 g L', namely 14.22
png mL', compared to the control (10.83 pg mL™"), 0.3 g L' (11.32 pg mL-
"), and 0.9 g L' (12.49 ug mL"). In general, SiO, application increased
chlorophyll @ level in all Aglaonema cultivars, except for the following
combinations: Red Borju at 0.3 g L'; Big Roy White and Lipstik
Manilompek at 0.9 g L'; Lipstik Pink and Siam Aurora at 0.3 and 0.9 g
L!; and Striptease at all concentrations (Fig. 4A). The opposite occurred
with chlorophyll b: cultivars that decreased chlorophyll a showed an
increase in chlorophyll b, except for Siam Aurora at 0.3 and 0.9 g L',
which consistently reduced (Fig. 4B). The application of SiO, at 0.6 g
L' increased the highest average chlorophyll b, namely 7.78 pg mL",
compared to the control (5.54 pg mL"), 0.3 g L' (5.60 pg mL""), and 0.9
g L1 (6.26 ng mL"). Total chlorophyll is a combination of chlorophyll a
and b (Fig. 4C). An increase was observed at 0.6 g L' (22.00 png mL™")
compared to the control (16.36 pgmL™"),0.3 gL' (16.92 pg mL"), and 0.9
g L1 (18.74 ug mL"). The cultivars that experienced the most significant
average increase in total chlorophyll were Silver Queen (33.79 pg mL™"),
Yok Kanchana (28.86 ung mL™"), and Emerald Bay (27.55 pg mL™").

The chlorophyll ratio is the ratio between chlorophyll @ and chlorophyll
b content in a plant tissue (Fig. 4D). Chlorophyll a is the primary pigment
that plays a direct role in photosynthetic phytochemistry (Jin et al., 2011).
Chlorophyll b is an accessory pigment that helps capture light and transfer
its energy to chlorophyll a (Yang et al., 2016). SiO, application increased

Ornam. Hortic., v.32, e323088, 2026

the average chlorophyll ratio, with the most significant increase at 0.3 and
0.9 g L', namely 2.11 pg mL"' compared to the control (2.01 pg mL")
and 0.6 g L' (2.02 pg mL"). A high a/b ratio contains more chlorophyll
a than chlorophyll b, generally an adaptation to high light intensity (Tang
et al., 2022). Aglaonema cultivars that exhibit this characteristic include
Big Papa, Big Roy, Snow White, Big Roy White, Diven Silver, Emerald
Bay, Lipstik Manilompek, Striptease, Red Borju, and Lipstik Pink (a/b
>2). A low a/b ratio indicates a higher proportion of chlorophyll b, an
adaptation to low light conditions (Khan et al., 2023). Cultivars exhibiting
this characteristic include Adelia, Venus, Yok Kanchana, Silver Queen,
Cochin Tembaga, and Siam Aurora (a/b <2). SiO, application increases
photosystem II efficiency and chlorophyll b content, thereby maintaining
optimal light capture and electron transport (40%-80%) at low light
intensities (Biswal et al., 2012).

Carotenoids are yellow-orange accessory pigments that assist
chlorophyll in the process of photosynthesis (Osorio et al., 2020). The
application of SiO, increased the average carotenoid content, with the
highest increase at a concentration of 0.6 g L', namely 6.06 pg mL",
followed by 0.3 gL' (5.49 pngmL")and 0.9 g L' (5.46 pg mL"), compared
to the control at 4.94 pg mL"' (Fig. 4E). The cultivars with the highest
average carotenoid increases were Red Borju (7.07 ug mL™), Silver Queen
(6.44 ng mL"), and Emerald Bay (6.06 pg mL"). Carotenoids are essential
for plants with various functions in photosynthesis, pigmentation, abscisic
acid phytohormone synthesis, and as indicators of abiotic stress hormones
(Sun et al., 2022).
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Fig. 4. Chlorophyll and carotenoid levels (ug mL™') in 16 Aglaonema cultivars after 24 weeks of SiO, application. (A) chlorophyll a response,
(B) chlorophyll b response, (C) total chlorophyll response, (D) chlorophyll a/b ratio response, (E) carotenoid response.
The line inside the box indicates the mean. The symbol suggests outlier data, and different letters above the box indicate
significant differences based on Tukey’s test (a0 = 0.05) with log (2x + 1) transformation (Singh et al., 2022).

Incidence and severity of plant pests (%)

Pests that attacked Aglaonema plants during this study included
Lepidosaphes beckii, Ceroplastes rubens, and Pseudococcidae. At the
same time, the following diseases were found: anthracnose and stem
rot. The incidence of pest and disease attacks is shown in Table 6. Pest
attacks occurred throughout the study period, with the highest incidence
at 24 WAT. In comparison, disease attacks occurred during the early
period of the study, up to 12 WAT, and no symptoms were observed in
the following weeks. Anthracnose and stem rot are the primary diseases
affecting Aglaonema. Anthracnose is caused by Gloeosporium graffi and
Colletotrichum, which attack the leaves, while stem rot can be caused by
pathogenic fungi and bacteria (Mounika et al., 2017). The pathogens that
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cause these diseases can be in a latent phase, living in the host plant tissue
without causing symptoms until the plant is in a vulnerable condition or
the environment supports pathogen development. Stressed plant cuttings
reduce the plant’s resistance to pathogens, allowing the disease to develop
and cause symptoms. The highest incidence of Lepidosaphes beckii
infestation was observed in the treatment without SiO, at 0 g L', while the
highest incidences of whiteflies and red mites were observed at 0.3 g L.
The lowest pest infestation rate was observed at a concentration of 0.9 g
L. The incidence of disease also showed a similar pattern, with the lowest
incidence of anthracnose and stem rot found at a concentration of 0.9 g
L. This indicates that applying SiO, at high concentrations may increase
Aglaonema plants’ resistance to pathogen infection.
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Table 6. Incidence of pest and disease attacks in SiO, treatments.

Nanosilica
concentration Pests (24 WAT)
L") Lepidosaphes beckii ~ Ceroplastes rubens
0 15.56 222
0.3 6.67 11.11
0.6 11.11 8.89
0.9 222 222

Note: Weeks after treatment (WAT).

The severity of anthracnose disease in infected plant individuals at each
SiO, concentration is shown in Table 7; all stem-rot-infected individuals
died, with a severity level of 100%. The lowest severity of anthracnose
disease was found at a concentration of 0.9 g L. The application of SiO,
at concentrations of 0.3 and 0.9 g L*! increased resistance to anthracnose.
Anthracnose is caused by a hemibiotrophic pathogen, whose resistance is
generally mediated by the salicylic acid phytohormone pathway (Kadege
et al.,, 2022). SiO, application increased the activity of the salicylic acid
pathway, potentially leading to increased resistance to this pathogen (EI-
Shetehy et al., 2021). Stem rot is caused by a necrotropic pathogen, whose
resistance is generally mediated by the jasmonate pathway (Davidsson
et al.,, 2013). There is negative crosstalk between salicylic acid and

Table 7. Severity of anthracnose disease in SiO, treatments at 12 WAT

Nanosilica concentration (g L)

Disease severity (%)

0 43.75
03 22.92
0.6 62.50
0.9 12.50

Note: Resistance class based on (Mounika et al., 2017).

Correlation analysis

Based on Pearson’s correlation analysis, there is a significant correlation
between Aglaonema variables after SiO, application (Fig. 5). Leaf length,
leaf width, and plant height are significantly positively correlated. Longer,
wider leaves increase photosynthetic area, thereby boosting photosynthetic
production. Photosynthetic products are then used as a source of energy and
carbon for stem elongation and the formation of other organs (Akram et
al., 2024). Stomatal density has a significant positive correlation with plant
height and leaf length. High stomatal density increases CO, diffusion for
photosynthesis and increases transpiration rate, thereby increasing nutrient
mass flow from roots to leaves.

Leaf chlorophyll content (chl a, chl b, and t chl) correlates positively
with plant height and leaf length. Increased chlorophyll levels enhance
photosynthetic capacity, thereby increasing the photosynthates needed to
support vegetative growth (Wang et al., 2025). Leaf water content shows
a negative correlation with leaf length and stomatal density. Leaves with
longer leaves and more stomata tend to experience higher transpiration,
resulting in increased water loss and decreased leaf tissue water content.
Leafwater content also correlates negatively with photosynthetic pigments

Ornam. Hortic., v.32, e323088, 2026

Incidence (%)

Disease (12 WAT)

Pseudococcidae Anthracnose Stem rot
0.00 13.33 0.00
222 6.67 4.44
0.00 15.56 222
0.00 4.44 0.00

jasmonate, suggesting that SiO, application does not increase resistance
to the pathogen that causes stem rot (Caarls et al., 2015).

Although an overall reduction in disease incidence and severity
was observed with increasing nanosilica concentration, the response
was not entirely consistent. Notably, anthracnose incidence and severity
increased at 0.6 g L' compared with 0.3 g L. Such variability is likely
due to the uneven pathogen distribution and infection pressure among
treatments under field conditions. Consequently, controlled inoculation
experiments using standardized pathogen inoculum are needed to clarify
the contribution of silica to disease resistance and to validate its protective
effects under uniform infection conditions.

Anthracnose
Resistance class
Moderately susceptible

Moderately resistant
Susceptible

Moderately resistant

(chl a, chl b, t chl, and car). Decreased water content inhibits synthesis
and accelerates chlorophyll degradation, thereby reducing photosynthetic
pigment content (Ulya et al., 2020). The chlorophyll ratio is negatively
correlated with carotenoid content. An increase in carotenoids as a
photoprotective response tends to decrease the proportion of chlorophyll
a or b, thereby decreasing the chlorophyll a/b ratio.

The incidence and severity of anthracnose have a significant positive
correlation with chlorophyll a, chlorophyll b, and total chlorophyll content.
This indicates that the incidence and severity of anthracnose are higher
when chlorophyll content is higher. The fungi that cause anthracnose,
Gloeosporium graffi and Colletotrichum, prefer new tissues or leaves with
high chlorophyll content because these tissues are rich in nutrients such as
nitrogen and carbohydrates (Won et al., 2023). High nitrogen availability
can reduce the formation of phenolic compounds through the shikimate
pathway and increase the accumulation of amino acids and amides in
the apoplast, thereby creating conditions that support fungal disease
development (Marschner, 2012). This pathogen is opportunistic, targeting
the most nutrient-rich parts of the plant with relatively weaker defenses to
maximize growth and reproduction (Zakaria, 2021).

8/11



Rahmawati Sainuddin et al.

Pearson correlation

-1.0-0.5 0.0 0.5 1.0

0.28

28CR

0.00 0.01 5g
ns ns

-0.01 0.18 o1

ns ns
-0.10-0.08-0.08-0.02grg

ns ns ns ns
.—0.09-0.08-0.08-0.0215R

ns ns ns ns
0.03 0.08-0.03-0.03 0.02-0.067

ns ns ns ns ns ns
-0.22-0.06-0.05-0.11-0.06 0.07-0.03 g

ns ns ns ns ns ns ns

015019033031002005004003NL
ns ns ¥ ns ns ns ns

0.10 0.04-0.30-0.23-0.21 0.22 0.32 0.07-0.15y 1,

ns ns * ns ns ns ** ns ns
0.15 0.05 035 025 025 0.19 028 0.03 014PH
ns ns ns ns

0.55 0.59 0.10 0.01-0.22- 003 -0.04-0.02 0.06-0.16- OZZSD

dkok dkokok

0.45 0.55

sekok sdeokok

0.47 0.56

ok ksok

kk o kEk kEkEk

ns ns ns

ns ns NS ns NS NS NS ns ns
—003006023000000028036015007Tch1
ns ns ns ns ns

000004024001001030036011O

09Ch1
a
ns ns ns ns ns K ¥ ns

0.40 0.50 0.59-0.07-0.07-0.21 0.02 0.03 0.25 035 020 003Chl b
il ns

ns ns ns ns ns

0.20 0.18 0.18 0.04 0.08-0.24 0.03 0.05 0.07 0.09 0.12 002Car

ns ns ns ns ns ns ns ns ns

-030-046 020-031 -0.06 0.09 0.02 0.20 0.20 0.04-0.08-0.13 0.11 006-027 018Ch1 ab

ns ns ns

ns ns ns ns ns ns ns

0.39-0.40-0.66- 063-065 0.45-0.30-0.36-0.11 0.12 0.14-0.16-0.14 0.03-0.04-0.10 002LWC

sk ckolok  dokok skoksk dokok koo * ok

ns ns ns NS NS ns ns ns ns

0.17 0.26-0.03-0.01 0.04 0.02-0.09 0.47 0.44-0.15 0.02-0.07-0.10-0.05 0.00 0.08-0.20-0.17 y

ns ns ns ns ns ns ns ns ns

-0.05 0.13 0.12 0.02-0.06 0.01-0.02 0.29 0.08 0.08-0.08 0.06-0.35-0.07-0.11-0.04-0.02-0.06-0.10g]

ns BN ns ns ns  ns _ns [
25 r&s)‘. ns ns ns ns ns & fg ns
N RS Q A5
> & ‘Q
Q\ \ O C}\\/ C&/ &C RPN

*k g

S &

ns l'lS

> &

ns

G"
&

ns

v

ns

¥

ns ns

& L

ns p >=0.05; * p < 0.05; ** p < 0.01; and *** p < 0.001

Fig. 5. Pearson’s correlation of all variables in Aglaonema after 24 weeks of SiO, application. PH: plant height, NL: number of leaves, LL: leaf
length, LW: leaf width, LWC: leaf water content, ET: epidermis thickness, SI: stomatal index, SD: stomatal density, Chl a: chlorophyll a, Chl b:
chlorophyll b, Chl ab: chlorophyll a/b ratio, TChl: total chlorophyll, Car: carotenoid, ISR: incidence of soft rot, SRS: soft rot severity, Al: anthracnose
incidence, AS: anthracnose severity, LB: Lepidosaphes beckii, CR: Ceroplastes rubens, PC: Pseudococcidae.

Conclusions

The application of SiO, foliar spray had a significant effect on the growth
of Aglaonema, namely, plant height and leaf width, increased leaf epidermis
thickness, stomatal index, stomatal density, and reduced incidence and
severity of anthracnose, stem rot diseases, Lepidosaphes beckii, Ceroplastes
rubens, and Pseudococcidae. There are differences in response among
Aglaonema cultivars to SiO, application for all variables, indicating that
plant genetic and anatomical factors may influence the effectiveness of SiO,
application. Based on consumer aesthetic criteria that favor Aglaonema with
relatively low height, broad, long leaves, and resistance to pests and diseases,
a SiO, concentration of 0.9 g L is the optimal treatment.
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