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1. INTRODUCTION

Plant growth regulators (PGR) have a significant impact on plant growth, particularly on morphological and
physiological characteristics. This influence extends to various plants, including sugarcane nurseries. PGRs can be
categorized into different types based on their primary functions, which include auxin, cytokinin, gibberellin, ethylene,
and abscisic acid (Orozco-Mosqueda ef al., 2023). The use of gibberellins not only affects plant growth but also
influences fruit development (Kumari ef al., 2022). Auxin functions as a regulator of morphological growth by
promoting cell division and elongation through the signaling of auxin formation, profoundly impacting meristematic
development in plants (Lin ef al., 2023). Commonly used auxins as PGRs include indole acetic acid 4 (IAA), indole
butyric acid (IBA), and phenylacetic acid (PAA) (Chen ef al., 2023). Cytokinin encompass two main types, namely
adenine and phenylurea (Kativat et al., 2022). Examples of adenine-based cytokinin include zeatin, kinetin, and
benzyl adenine (BA), while phenylurea-based cytokinin include compounds like thidiazuron (TDZ), which cannot be
naturally synthesized by plants (Ranganatha et al., 2023). Besides serving in the process of fruit ripening, ethylene
also plays a role in accelerating epinasty and stimulating abscission in leaves (Liao ef al., 2023). Additionally, it can
inhibit stem elongation and impede auxin transport both basipetally and laterally. Abscisic acid (ABA) is classified as
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an inhibitory compound, working in opposition to auxin and gibberellin (Ma et al., 2023). ABA also serves to regulate
and prevent metabolic processes from overwhelming plants (Hmmam et a/., 2023). While ABA is naturally produced
by plants, synthetic ABA examples include daminozide and pyrabactin.

Exogenous PGRs can be either synthetic or natural in origin. This study focuses on a Natural Plant Growth
Regulator (NPGR) derived from the banana weevil. Indonesia ranks as the third largest banana-producing country
globally, following India and China (Waghmareet /., 2021). During the banana harvest, the plants preserved for the
next cycle are the saplings (suckers), while the banana weevils are typically left unused, making them available for use
as exogenous NPGR (Prameswari ef al., 2022). NPGR extracted from banana weevils contains important plant growth
hormones, including auxin, cytokinin, and gibberellins (Mangais et al, 2022), which can be administered as
exogenous PGRs for sugarcane seeds.

This NPGR also contains several vital amino acids, such as tryptophan, threonine, lysine, and leucine, as well as
non-essential amino acids like serine, tyrosine, and glycine. Tryptophan serves as the raw material for producing
auxins, while serine is a raw material for cytokinin production One method of administering NPGR is by sugarcane
bud chips (BC) immersion. The application of auxin through immersion can expedite root formation at the BC node,
thus enhancing the basipetal transport of auxin (Wu ef al., 2022). This condition triggers the production of cytokinin
for bud formation (Cao et al., 2023) at the BC node. The duration of NPGR immersion influences the extent of
basipetal transport of growth-regulating compounds in plant tissues (Bruno ef al., 2021), which affects the initiation of
root and shoot development in bud chips (BC). Longer immersion allows greater absorption of bioactive compounds
such as auxins and cytokinins, enhancing early physiological responses, whereas excessive duration may cause
hormonal imbalance and inhibit growth. Therefore, determining the appropriate immersion duration is essential to
optimize BC growth. This study aimed to evaluate the effect of different NPGR immersion durations from banana
weevil on the morphological and physiological characteristics of BC of sugarcane variety PS 862.

2. MATERIALS AND METHODS
2.1. Time and Place

The experimental was conducted from January to June 2022, spanning the transition period from the rainy to the dry
season. The work took place at two specific sites in Sleman, Yogyakarta, Indonesia (7°44'3.63"S, 110°26'33.22"E) and
in the LPP Polytechnic Integrated Experimental Field and the Wedomartani Practice Farm. The latter location is
utilized as a specialized platform for agricultural research and practical training. Seasonal variations in environmental
factors, such as temperature, rainfall, and humidity, were considered, as they could significantly influence plant
growth and nutrient availability

2.2. Plant Material and Equipment

The materials used consisted of Sugarcane Bud Chip (BC) seeds of the PS 862 variety, water, planting media (sandy
regosol soil, manure/compost, husk charcoal), kepok banana weevil, coconut water, brown sugar, and EM-4 solution.
The study utilized sandy regosol soil as the primary medium, which is abundant at the site. Important equipment
utilized in this study included polybags size of 30x30 cm, buckets, hoes, soil sieves, analytical scales, glassware, and
digital camera, water hoses, plastic buckets, tape meters, rulers, 1000 ml measuring cups, and analytical scales.

2.3. Experimental Design

The experimental was arranged in a non-factorial randomized complete block design (RCBD) with a single factor of
immersion duration. Five treatments, each with 5 samples and 3 blocks as replications were used, resulting in a total of
75 plant samples. The treatments included TO (control), T1 (1.5 h), T2 (3 h), T3 (4.5 h), and T4 (6 h).

2.4. Experimental Procedure

The research implementation began with the preparation of the planting media, which involved mixing topsoil from
Mediterranean soil with shrimp fertilizer and husk charcoal in a 1:1:1 ratio. This was followed by watering the
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planting media, planting BC PS 862 seeds, preparing NPGR from banana weevil (consisting of 1 kg kepok banana
weevil, 2,500 ml coconut water, 100 grams of brown sugar, and 1 bottle cap of EM-4 microbes, followed by anaerobic
fermentation for 21 days), BC immersion, BC planting, and BC maintenance on the growing media, which included
activities such as watering and selection.

Observations were made starting in the second week after planting, with weekly observations for a total of 12 data
collection points. The observation variables included plant height (cm), number of leaves, and stem diameter (mm).
After the completion of the study, additional data were collected for variables such as the longest root length (cm),
fresh weight (g), and dry weight (g). Physiological observations focused on variables such as the number of stomata,
stomata density, and chlorophyll content.

2.5. Statistical Analysis

Data analysis was performed using the Statistical Product and Service Solutions (SPSS) software, version 16.0 with
ANOVA test, for testing the comparison of treatment means. If the results showed a significant effect, further testing
was conducted using Duncan's Multiple Range Test (DMRT) at a = 5% level to determine the difference in means
between treatments.

3. RESULTS AND DISCUSSION

The analysis of the results indicated that NPGR application significantly affected all morphological variables of BC
seedlings of sugarcane variety PS 862. As shown in Table 1, treatment T1 (1.5 h) produced significantly higher growth
compared to the control (T0) and longer immersion durations (T2-T4) based on DMRT at 5%. Plant height under T1
reached 83.31 cm, exceeding TO by 11.83 cm and T4 by 17.98 cm. Stem diameter was also highest in T1 (6.03 mm),
which was 1.81 mm larger than T4, indicating better development of vascular tissues (xylem and phloem) that support
efficient transport of water and nutrients. Root length followed a similar pattern, with T1 producing the longest roots
(43.73 cm), significantly greater than the control (32.77 cm).

Table 1. Effect of immersion durations on the plant growth (height, number of leaves, stem diameter, and longest root length) of
sugarcane seedling

Plant height Number of leaves Stem diameter Longest root length
Treatment
(cm) (strand) (mm) (cm)

To (control) 71.48b 5.90a 5.33b 32.77 a
T1(1.5h) 83.31c 6.30 b 6.03 c 43.73b
T2(3h) 74.93 b 6.03 ab 4.85 ab 37.83a
T3 (4.5h) 72.82 b 6.03 ab 4.81ab 34.77 a
T4 (6 h) 65.33 a 5.76 a 422 a 33.63a

Note: Means in the same column followed by the same letters show no significant difference based on DMRT at 5%.

Table 2. Effects of NPGR treatments on the physiological characteristics of sugarcane seedlings

Treatment Stomatal density Stomatal openings Amount of chlorophyll
To (control) 115.96b 3.13b 29.10a
T1 (1,5 hours) 127.04c 3.02ab 28.37a
T2 (3 hours) 99.33a 2.81a 28.25a
T3 (4.5 hours) 116.74b 2.87a 30.66a
Ta4 (6 hours) 102.00ab 3.02ab 28.45a

Note: Means in the same column followed by the same letters show no significant difference based on DMRT at 5%.

Physiological responses presented in Table 2 support these morphological trends. Stomatal density was highest in
T1 (127.04), significantly higher than T2 (99.33) and TO (115.96), suggesting improved gas exchange capacity under
optimal NPGR exposure. In contrast, chlorophyll content did not differ significantly among treatments, indicating that
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immersion duration mainly influenced structural growth and gas exchange-related traits rather than chlorophyll
synthesis at the early growth stage. Overall, these results indicate that moderate NPGR immersion duration (1.5 hours)
optimizes growth responses, while prolonged exposure may reduce effectiveness due to possible hormonal imbalance
or physiological stress.

3.1. Plant Height

Immersion for a duration of 1.5 hours appears to be the optimum period for proper NPGR absorption by BC, thereby
enhancing the roles of auxins in meristem cell division and cytokinin in cell differentiation. The elongation of stems is
a result of the processes involving cell division, elongation, and the enlargement of new cells within the apical
meristem and stem segments, ultimately leading to an increase in plant height (Jiang ef al, 2020). The combined
presence of auxins and cytokinin enhances both cell division and differentiation (Farman ez al., 2019), and these
processes can be influenced by light conditions (Tian ez al., 2022). Auxins have the capacity to affect meristem cell
division, consequently promoting root growth, with higher auxin levels leading to increased distribution to
meristematic plant parts (Zhang ef al., 2022). At specific concentrations, auxins can encourage changes in the ratio of
cytokinin formation within plants (Kurepa & Smalle, 2022). NPGR, being an exogenous hormone, is believed to
stimulate cell elongation in the roots, as protein synthesis occurs to activate enzymes that participate in the synthesis
of endogenous hormones. This condition leads to an increased plasticity in the cell wall, making it more flexible and
allowing water to enter the cells through osmosis, resulting in cell expansion and elongation (Yadav ef al., 2022). Plant
height, in addition to the influence of NPGR, is also thought to be influenced by light conditions. The screenhouse
employed in this study has a shading level of 70%, which implies that only 30% of the incoming light intensity is
available. At this reduced level, auxins may optimally collaborate with cytokinin to promote cell division and
elongation (Li ef al., 2022). The optimal light intensity affect the expression of proteinase inhibitor (PIN) genes, which
play a crucial role in auxin transport within plants (Aoki-Shioi ef al., 2023). Auxins contribute to the activation of the
cell division cycle 2 (Cdc2) gene expression, while endogenous cytokinin activate cyclin-dependent kinase (CDKs)
genes encoded by the Cdc2 gene. Therefore, auxins and cytokinin indirectly contribute to the increase in plant height.
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Figure 1. Effects of NPGR on the development of plant height of sugarcane seedlings during 12 WAP

3.2. Number of Leaves

The immersion of NPGR did not have a significant effect on the number of leaves, although the analysis revealed that
an immersion duration of 1.5 h produced the highest value for the number of leaves, as indicated in Figure 2. One of
the key roles of auxin in leaf growth is to facilitate the development of prospective leaf meristem tissue (Traas, 2019).
The number of leaves in seedlings is influenced by the interplay of hormones (auxins and cytokinin) (Wu et al., 2021)
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as well as the composition of the growing medium, which includes microorganisms and nutrients (Xiong et al., 2022).
Excessive levels of auxin may hinder the functioning of cytokinin, potentially impacting leaf formation and expansion
(Sosnowski et al., 2019). When the root system has fully developed, auxin transport increases, leading to a decrease in
the expression of the isopentenyl transferase (IPT) gene, which acts as a catalyst for cytokinin (Li et al., 2022). An
increase in auxin concentration can lead to a dominance of cell division, resulting in a greater number of meristematic
areas. While this can lead to increased root formation and plant height, it may simultaneously slow down leaf growth
(Godoy et al., 2021). Given the non-significant results attributed to the NPGR treatment, it is important to consider the
consistent contribution of the growing medium, it is suspected that the microorganisms in the seedling medium thrive,
thereby optimizing the ammonization process (Yin ef al., 2019). Ammonization is a biological process conducted by
soil organisms where complex nitrogen (N) compounds in the growing medium are utilized by these organisms and
subsequently excreted in the form of simpler N compounds, such as ammonium (Zhang et al., 2023). The absorption
of N in the growing medium (ammonium) prevents leaves from undergoing autolysis, thus ensuring that leaf growth
and the increase in the number of leaves remain uninterrupted. Furthermore, the presence of organic potassium (K) in
the growing medium, derived from manure, allows plants to absorb it in the form of K+ ions. K+ ions play a crucial
role in regulating osmotic potential and cell enlargement within leaf vacuoles (Zahoor et al., 2017). They also
influence the entry of H+ ions into the thylakoid membrane (Chen ez al., 2016), optimizing the pH for the synthesis of
adenosine triphosphate (ATP) as a source of energy in plant cells. The increased accumulation of K+ in vacuoles
elevates their osmotic potential (Hajihashemi ez al., 2020), promoting cell enlargement, and consequently, enhancing
leaf growth. These conditions are presumed to be present in the growing medium in this research study.
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Figure 2. Effect of NPGR treatments on the development of number of leaves of sugarcane seedlings

3.3. Stem Diameter

Treatment T1 (1.5 h) represents the optimal duration for NPGR absorption by the Bud Chips (BC), enabling effective
auxin entry into plant cells (Figure 3). This absorption process takes place across the entire surface of the stem,
leading to an increase in turgor pressure within the cells, subsequently resulting in cell enlargement (Hoermayer et al.,
2020). This enhancement is reflected in the observation that growth in sugarcane stem diameter is closely linked to an
increase in heigh (Hamza & Hadi, 2020). This connection can be attributed to the process of nutrient transport from
the soil to the leaves, which occurs through the stem via xylem tissue (Luostarinen ef al., 2017). Endogenous auxins
are synthesized in the plant's meristematic regions and subsequently transported basipetally to the lateral buds,
initiating endogenous cytokinin synthesis (Yang et al., 2022). The appropriate of auxin can stimulate the expression of
the IPT gene, which acts as an enzyme catalyzing the formation of cytokinin, leading to lateral bud sprouting and cell
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differentiation (Li ef al., 2022). In cases where exogenous auxins in the BC are used more extensively to promote root
initiation and increase plant height, the quantity of cytokinin in the lateral shoots can increase. Increasing cytokinin
levels results in the differentiation of vascular transport in lateral shoots (Bloch ez al., 2019). The intricate interplay
between auxin and cytokinin in plant growth and development underscores the importance of timing and balance in
optimizing these processes.
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Figure 3. Effect of NPGR treatments on the development of stem diameter of sugarcane seedlings
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Figure 4. Effect of immersion time in NPGR on the longest root length of sugarcane seedlings

3.4. Longest Root Length

The T1 treatment, as depicted in Figure 4, appears to represent the optimal duration for NPGR absorption by the
sugarcane bud chip (BC). Higher concentration in auxin compared to cytokinin leads to differentiation, particularly in
the context of root growth. The influence of auxins manifests in the flexing of the cell wall, resulting in the elongation
of plant cells due to the influx of water through osmosis (Barbez et al., 2017). However, an excess of NPGR is
suspected to disrupt enzymatic reactions within cells, potentially hindering cell elongation through a reduction in
cellular mechanisms. This excess accumulation of hormones can pose a hindrance to overall plant growth as it may
impede the functioning of other hormones, subsequently inhibiting growth. The application of NPGR induces root
meristem division, facilitating continued growth and an increased rate of nutrient uptake (Mroue ef al., 2018),
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including essential elements like nitrogen (N), phosphorus (P), and potassium (K). This, in turn, contributes to
heightened plant height and stem diameter (Egamberdieva et al., 2022). The intricate balance of these growth-
regulating hormones underscores the complexity of plant development and growth dynamics.

3.5. Number of Stomata

The optimal concentration of NPGR, as observed in the T1 treatment in Figure 5, underscores the significance of
maintaining a well-balanced phytohormone profile to promote the growth and development of sugarcane seedlings.
This balance is believed to stimulate the synthesis of endogenous cytokinin. Stomatal density is closely linked to the
appropriate concentration of cytokinin (Gorski ef al., 2021). An optimal cytokinin concentration is thought to promote
the division of epidermal cells, potentially through the suspected expression of the D-type cyclin (CycD3) gene
(Randall et al., 2015). The CycD3 gene is instrumental in controlling the cell division cycle and contributes to
stomatal development by regulating the mitotic cycle within cells (Weimer et al., 2018). Stomatal density is also
influenced by the expression of CDKA and CDKB genes, with CDKB specifically contributing to the development of
stomata on leaves (Yang et al., 2019). Conversely the lower stomatal density observed may be attributed to suboptimal
cytokinin levels and potentially excessive transpiration due to insufficient water availability. In response to such
conditions, plants may activate specific genes, such as TaNAC48 (for instance in Arabidopsis), leading to an increase
in abscisic acid (ABA) levels (Chen e al., 2021a). ABA plays a pivotal role in regulating transpiration by influencing
the opening and closing of stomata, especially under conditions of limited water supply (Sussmilch ef al., 2019).
These intricate interplays between hormones and genes underscore the complexity of plant physiological responses to
environmental and hormonal cues.
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Figure 5. Test Results for the Effects of NPGR on the Stomatal Density of Sugarcane Seedlings

3.6. Stomatal Opening

In Figure 6, the effects of NPGR on the number of stomatal opening in sugarcane seedlings is depicted. As the primary
phytohormones governing plant growth and development, cytokinin and auxin play significant roles in regulating
stomatal opening. In this study, stomatal openings appeared to be relatively normal. Regarding stomata, there is a
complex interplay between auxin, cytokinin, and ethylene in their effects on the inhibition of abscisic acid (ABA)
signaling, thereby preventing stomatal closure (Gao ef al., 2022). Auxin has been found to effectively suppress
stomatal closure, particularly under dark conditions. The application of NPGR (auxin) to the vegetative BC tissue is
believed to induce ethylene biosynthesis (Chen ef al., 2021b). The presence of ethylene activity is likely to impede
ABA signaling, thereby mitigating stomatal closure based on these findings, it is suggested that the effects of auxins
and cytokinin on the inhibition of stomatal closure may be modulated through ethylene biosynthesis in epidermal leaf
tissue. Other factors that could typically lead to stomatal closure, such as water deficiency, may not have been present
in this study. As a result, the expression of the TaNAC gene, which typically increases ABA levels to regulate
transpiration during stomatal closure, might not have occurred (Abd El-Moneim et al., 2020); this gene often plays a
critical role in responding to conditions such as salinity and drought stress (Llanes ef al., 2021).
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Figure 6. Effects of NPGR on the number of stomata opening in sugarcane seedlings

3.7. Amount of Chlorophyll

The analysis results (Figures 7 and 8) showed no significant effect on the total chlorophyll amount. This lack of effect
can be attributed to the limited number of leaves formed during the seedling phase. The NPGR is also believed to
induce DNA methylation, which leads to the remodeling and rearrangement of cells in differentiated leaf organs,
ultimately affecting the amount of chlorophyll present. The production of phytohormones requires ATP energy and
active ATPases, with most of the energy primarily directed toward vegetative growth. The induction of auxin through
NPGR can stimulate cell division by affecting the cell wall. This, in turn, activates the proton pump located on the

350 -
.
30.0 4 I T
= 1 I I I
= 25.0 1
s
S 200 -
o
€ 1501 292 28.4 28.2 30.7 28.4
= 100 -
=
o]
F 50 4
0.0 L] T T T 1
0.0 15 3.0 45 6.0

Immersion time (h)

Figure 7. Effects of NPGR treatment on the amount of total chlorophyll in sugarcane seedlings
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Figure 8. Effects of NPGR treatment on the amount of chlorophyll in sugarcane seedlings: (a) A Chlorophyll, (b) B Chlorophyll
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plasma membrane, disrupting the hydrogen bonds between cellulose fibbers of the cell wall. This enhanced flexibility
results in reduced cell wall pressure and increased expansion.

These flexible cells promote enhanced nitrogen metabolism within the cell, facilitating chlorophyll formation.
Another factor that may have an impact is the intensity of light. The light received by the seeds in this study is thought
to be suboptimal for the active functioning of the enzyme protochlorophyllide oxidoreductase (POR), which plays a
crucial role in chlorophyll biosynthesis. However, excessive light intensity can potentially lead to photooxidation and
the destruction of chlorophyll. In the results of the analysis, it is evident that there is no significant effect on the total
amount of chlorophyll. This is likely because, during the seedling phase, the number of leaves formed is still limited.

The production of phytohormones requires ATP energy and active ATPases, while most of the energy is still
primarily focused on vegetative growth (Apine et al., 2021). Induction of auxin through NPGR can promote cell
division by influencing the cell wall. This, in turn, activates the proton pump located on the plasma membrane
(Kanayama, 2017). The activation of the proton pump can disrupt the hydrogen bonds between cellulose fibbers of the
cell wall, making the cell wall more flexible. This increased flexibility results in decreased cell wall pressure and
expansion (Kabata & Janicka, 2023). These flexible cells lead to enhanced nitrogen metabolism within the cell,
facilitating the formation of chlorophyll (Zhou et al., 2021). Another factor that may have an impact is the intensity of
light. The light received by the seeds in this study is thought to be suboptimal for the active functioning of the enzyme
protochlorophyllide oxidoreductase (POR), which plays a vital role in chlorophyll biosynthesis (Johannissen et al.,
2022). However, excessive light intensity can potentially lead to photooxidation and the destruction of chlorophyll.

4. CONCLUSIONS

This study successfully determined that the optimal immersion period for sugarcane Bud Chips (BC) in the Natural
Plant Growth Regulator (NPGR) extract is 1.5 h (T1), yielding the greatest improvements in key morphological traits,
including plant height, stem diameter, and root length. This optimal duration promotes a favorable hormonal balance
(auxin and cytokinin) crucial for cell division and expansion, while higher doses (T2-T4) may hinder growth by
disrupting enzymatic activities. Physiologically, the optimal NPGR dose supports desirable stomatal density and
openness by modulating ABA signaling, although the study found no significant treatment effect on total chlorophyll
content, likely due to limited leaf area and energy prioritization toward vegetative growth. Consequently, the
application of NPGR at the precise 1.5 h immersion time is critical for harnessing its potential to enhance the early
growth and morphological development of sugarcane seedlings (variety PS 862) in agricultural practice.
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