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Abstract

This study examined the effects of growth regulators and eyed-sett number on the early growth performance of
sugarcane under nursery conditions. It was anchored on the view that early sugarcane establishment is influenced
by the interaction of biological characteristics of planting materials and agronomic interventions, particularly the
application of plant growth regulators and variation in sett number. The study used an experimental approach
employing a 2x4 factorial arrangement in a Completely Randomized Design with three replications. Treatments
involved two levels of eyed-sett number and four growth regulator applications. Good-quality freshly harvested
sugarcane setts were used as planting materials, and data were gathered through direct measurement of shoot
length, root length, leaf area, and number of tillers at 45 days after planting. Soil analysis, proper crop management,
and statistical treatment through the STAR Package Program and Tukey’s Honest Significant Difference Test
supported the analysis of treatment effects. The findings showed that germination reached 98 percent across
treatments, with generally vigorous plant stand and no observed pest or disease infestation. The number of eyed-
setts alone did not significantly affect shoot length, root length, leaf area, or tiller production. In contrast, growth
regulators had a more pronounced effect on early growth responses. Calcium chloride significantly improved root
length and leaf area, while gibberellic acid produced the highest tiller count. The interaction between sett number
and growth regulator was significant for root length and tiller production, with two-budded setts treated with
Calcium chloride or Gibberellic acid showing the most favorable responses. The study concluded that growth
regulator application is more critical than sett number alone in enhancing early sugarcane establishment under
nursery conditions. It recommends the use of Calcium chloride or Gibberellic acid, particularly for two-budded setts,
to improve the quality of sugarcane planting materials, while further studies are encouraged to determine the most
effective treatment levels. The study aligns with SDG 8 by supporting agricultural productivity and livelihoods, as
well as SDG 12 through improved planting material efficiency in crop production. It also relates to SDG 7 because
sugarcane supports bioenergy-related production systems. In terms of sustainability impact, the study contributes
to agricultural, socio-economic, and technological sustainability by promoting evidence-based nursery practices
that can strengthen crop establishment, reduce inefficiencies, and support more sustainable sugarcane production
systems.
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1. Introduction

Sugarcane (Saccharum spp.) remains an economically important crop globally and in the Philippines, where it occupies
about 420,000 hectares or approximately 3.4 percent of the country’s arable land and is processed into sugar, bioethanol,
and power (DBP, 2015). Despite its importance, Philippine sugarcane production declined to around 23.46 million metric
tons in 2022 due to low productivity associated with environmental factors (PSA, 2022; Ofial et al., 2021). Since sugarcane
is commonly propagated through stem cuttings or setts, poor planting material quality, reduced bud viability, and weak
sprouting remain critical constraints to crop establishment and productivity (Patnaik et al., 2016; Loganandhan et al., 2013).
In this context, the use of plant growth regulators and appropriate eyed-sett numbers emerges as a relevant agronomic
intervention for improving germination, early growth, and tillering in sugarcane.

Sugarcane is a labor-intensive crop whose production requires careful soil preparation, sett selection, planting,
maintenance, and harvesting. These characteristics make it important not only to agricultural output but also to employment
generation and broader economic productivity. The quality and health of planting materials strongly affect crop growth,
development, and yield, especially during the early establishment stage when poor shelf life, rapid moisture loss, and
depletion of food reserves can lead to poor sprouting and weak crop stand (Patnaik et al., 2016; Loganandhan et al., 2013).
To address these limitations, suitable cane treatments and growth regulators are needed to improve sett viability, promote
root and shoot development, strengthen plant resistance, and support uniform crop establishment. The study therefore
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focused on determining the effect of growth regulator application and eyed-sett number on sugarcane germination and
tillering.

Related literature emphasizes several interconnected themes affecting sugarcane performance: the national importance of
sugarcane production, the environmental and agronomic conditions required for optimal growth, the biological basis of
germination and tillering, and the physiological role of plant growth promoters. Sugarcane significantly contributes to
national economic growth, rural employment, food security, and energy security (Demafelis et al., 2020). Its byproducts
such as molasses, bagasse, and cane trash also support bioethanol, biomass energy, and organic crop production (Sugarcane
Industry Profile, 2024). Optimal growth depends on temperature, moisture, soil condition, planting schedule, spacing,
depth, and fertilization (Department of Agriculture, Forestry, and Fisheries, 2014; Sugar Regulatory Administration, 2018).
However, disease incidence, changing weather patterns, limited access to inputs, and labor-related inefficiencies continue
to constrain productivity, particularly among smallholder farmers (Sugar Research Australia, 2017; Anderson, 2018;
Kavitha et al. 2005). The literature further indicates that germination is influenced by bud position, glucose availability,
and initial physiological vigor. Buds from younger stem portions germinate faster, while higher glucose content supports
stronger germination energy (Nisak et al., 2017; Kolesnikov & Lampert, 2016; Sulaiman et al., 2019). Pre-planting
treatments and suitable sett size also improve crop establishment and reduce production cost (Patel and Rinku, 2014;
Sundara, 1998; Chand et al. 2011). Plant growth promoters are widely reported to enhance germination, rooting, vegetative
growth, and yield attributes when applied at proper concentrations (Aslam et al., 2013; Paul and Savithri, 2003). NAA
promotes root initiation and cell division (Prakash and Ganesan, 2001), calcium supports membrane and cell wall functions,
and gibberellic acid stimulates germination, elongation, and developmental processes (Yamaguchi, 2008; Chakrabarti and
Mukherji, 2003). Studies also show that PGPs can improve sprouting, root-shoot ratio, tillering, and sugarcane productivity
under appropriate conditions (Solomon et al., 2001; Zhang et al., 2001; Rehman et al. 2021; Li and Solomon, 2003; Rao et
al., (2005)).

At the national level, sugarcane remains one of the country’s top agricultural crops and a major support to domestic sugar
supply, agro-industry, employment, and renewable energy development (Demafelis et al., 2020; Sugarcane Industry
Profile, 2024). In the Philippine context, production challenges are intensified by environmental stress, disease pressure,
input constraints, and management limitations (Ofial et al., 2021; Sugar Research Australia, 2017; Anderson, 2018). At the
farm level, improving planting materials and establishment practices is necessary to raise yield and support efficient mill
operations (DA, 2025). More broadly, the literature presents sugarcane as both an economic crop and a strategic resource
for sustainable agriculture and energy systems, making early-stage crop improvement relevant beyond local production
concerns.

The study is conceptually anchored on the idea that early sugarcane establishment is shaped by the interaction of biological
factors and agronomic interventions. Germination and early growth depend on bud position, stored food reserves, and
physiological vigor (Nisak et al., 2017; Kolesnikov & Lampert, 2016; Sulaiman et al., 2019). At the same time, plant
growth regulators influence metabolic and physiological responses related to rooting, shoot development, cell elongation,
flowering control, and stress adaptation (Aslam et al., 2013; Yamaguchi, 2008; Chakrabarti and Mukherji, 2003; Zhao,
2010; Davis, 2010; Taiz and Zeiger, 2010). The study therefore assumes that varying eyed-sett numbers and applying
growth regulators such as gibberellic acid, NAA, and calcium chloride can affect germination and tillering by altering the
early developmental processes of sugarcane planting materials.

Although previous studies have established the importance of planting material quality, sett treatment, and plant growth
promoters in sugarcane, the reviewed literature shows the need for more focused evaluation of the combined effects of
eyed-sett number and specific growth regulators on early nursery performance. Existing works discuss germination
behavior, physiological effects of PGPs, and yield-related responses, but the local need remains to identify the optimal
eyed-sett number and the most effective regulator combination for enhancing germination and tiller development under the
study conditions. This gap justifies the present investigation, which specifically examined root length, shoot length, leaf
area, and tiller production as indicators of early sugarcane performance.

The study directly aligns with SDG 8 — Decent Work and Economic Growth, as sugarcane production is described as labor-
intensive and linked to economic productivity, diversification, and innovation in high-value agricultural sectors
(Sustainable Development Goals # 8). It also aligns with SDG 7 — Affordable and Clean Energy and SDG 12 — Responsible
Consumption and Production because sugarcane byproducts such as molasses, bagasse, and cane trash contribute to
bioethanol production, biomass power generation, and organic crop production (Sugarcane Industry Profile, 2024). In
addition, the focus on improving planting material efficiency and crop establishment supports more sustainable agricultural
production practices.

This study contributes to socio-economic sustainability by supporting higher productivity and better crop establishment for
farmers and the sugar industry. It contributes to agricultural and technological sustainability by examining practical
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nursery-level interventions involving growth regulators and planting material optimization. It also has relevance to
environmental and energy sustainability because improving sugarcane production can strengthen supply chains connected
to bioethanol, biomass power, and organic agricultural inputs (Sugarcane Industry Profile, 2024). From an institutional and
community perspective, the study supports evidence-based crop management that can improve local production systems
and reduce inefficiencies associated with poor germination, weak crop stand, and unproductive labor inputs.

2. Materials and methods

2.1 Research Design

The study used an experimental approach through a 2x4 factorial arrangement in a Completely Randomized Design with
three replications. The treatments consisted of two levels for the number of eyed-setts and four levels for growth regulator
application. Sugarcane seedlings were soaked at a rate of 100 ppm for 24 hours in the designated growth regulators and
were also applied as foliar spray at 30 days after sowing. This design allowed the study to examine both the main effects
of the treatments and their interaction on sugarcane growth and tillering.

2.2 Research Setting

The experiment was conducted at the nursery area of the Municipal Agriculture Nursery in San Mariano, Isabela. The
nursery was constructed from local materials and enclosed with fine mesh to protect the plants from insect pests and stray
animals. The study was conducted under nursery conditions suitable for controlled observation of early sugarcane growth.
Soil samples from the site were analyzed at the soils laboratory of the Cagayan Valley Research Center in Ilagan City,
Isabela. The soil was described as sandy loam with a pH of 5.5, 1.99% organic matter, 33.68 ppm available phosphorus,
and 255.75 ppm available potassium, conditions considered favorable for sugarcane growth, root development, and tiller
formation.

2.3 Respondents

The study did not involve human respondents because it was an experimental plant study. The experimental units were
sugarcane seedlings established from good-quality, freshly harvested cane planting materials. The canes were prepared into
setts containing either two buds or three buds and served as the treatment materials for the experiment. Good and quality
freshly harvested canes were selected as planting materials. The cane setts were cut into sections containing two buds and
three buds. After cutting, the setts were treated with fungicide and insecticide to prevent disease and pest contamination
before planting. One sugarcane seedling was planted in each polyethylene pot containing five kilograms of soil. Planting
was done at a depth of about 10 cm to ensure proper bud coverage and promote uniform sprouting. Water was applied
immediately after planting to improve soil-sett contact, enhance root initiation, and reduce transplanting shock, with
subsequent watering done as needed to maintain favorable moisture conditions.

2.4 Research Instruments

The study used direct measurement procedures to gather data on the growth responses of sugarcane. Shoot length was
measured from the base of the plant to the tip of the leaf at 45 days after planting using a ruler, with values recorded in
centimeters. Root length was measured from the base of the plant to the tip of the longest root at 45 days after planting to
assess treatment effects on root development. Leaf area was estimated after leaf separation using a leaf area meter. The
number of tillers was also recorded at 45 days after planting as an indicator of canopy development, vigor, and yield
potential.

2.5 Data Collection

Before planting, physicochemical soil analysis was conducted using composite soil samples from the experimental site.
Basal fertilizer was then applied based on the soil analysis results. The prepared sugarcane setts were planted in
polyethylene pots and subjected to the assigned treatment combinations. Throughout the experiment, proper care and
management were maintained. Watering was done using the sprinkler method, while insect pests and diseases were
monitored and controlled through the application of appropriate pesticide. Due to proper field maintenance and sanitation
practices, no further pest or disease damage was recorded during the study period. Data on shoot length, root length, leaf
area, and number of tillers were collected at 45 days after planting.

2.6 Data Analysis

All data gathered were analyzed using the STAR Package Program by IRRI. The results were tabulated and analyzed
following the Completely Randomized Design in factorial form. To compare significant treatment differences, the Tukey’s
Honest Significant Difference Test was used.

3. Results and Discussion
3.1. Early Growth Performance of Sugarcane
3.1.1 Germination, Stand, and Plant Health
The germination percentage reached 98 percent across all treatments. The earliest emergence was observed in the control
setts, followed by calcium chloride, while gibberellic acid (GAs) and naphthalene acetic acid (NAA) showed slightly
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delayed germination for about 10 days. Despite this variation in emergence, plant stand and vigor remained strong, and no
insect pest or disease infestation was observed throughout the study period. These findings indicate that the treatments did
not materially reduce establishment under nursery conditions. The absence of pest and disease damage also suggests that
the observed plant responses were largely attributable to the applied growth regulators and sett treatments rather than to
biotic stress.
3.1.2 Shoot Length

Shoot length did not differ significantly based on the number of setts, the type of growth regulator, or their interaction.
Three-bud setts produced a slightly higher mean shoot length than two-bud setts, while among the growth regulators,
Gibberellic Acid recorded the highest mean, followed by Calcium chloride and NAA, with the control showing the shortest
shoots. However, all values remained statistically comparable. The combination of three-bud setts and GAA produced the
highest numerical shoot length, but this was still not significant. The result suggests that early shoot elongation was more
dependent on general growing conditions than on sett number or regulator treatment. This agrees with the report of the
Food and Agriculture Organization (FAO, 2020), which noted that early shoot elongation in sugarcane is primarily
influenced by varietal characteristics and environmental conditions such as soil moisture, temperature, and nutrient
availability. It also supports the statement of the International Society of Sugar Cane Technologists (2020) that plant growth
regulators do not always significantly enhance shoot elongation because their effectiveness depends on concentration,
timing of application, and environmental conditions. The comparable response across treatments further supports the claim
of Kaur and Kapoor (2017) that shoot apical meristem initiation is influenced not only by the type of growth regulators but
also by plant genotype.

3.1.3 Root Length

The number of setts did not significantly affect root length, as two-sett and three-sett treatments produced comparable
values. In contrast, growth regulators significantly influenced root development. Calcium Chloride produced the longest
mean root length, followed by NAA, while the control and Gibberellic Acid produced shorter roots. The interaction between
sett number and growth regulator was also significant, with two-sett plants treated with Calcium Chloride recording the
highest root length, followed by three-sett plants treated with Calcium Chloride and NAA. This indicates that root growth
was more responsive to the applied regulator than to the number of buds per sett. The slightly better response of two-sett
plants may reflect reduced competition for stored carbohydrates and endogenous hormones during early establishment.
The importance of root length in nutrient and water acquisition supports this interpretation, as noted by White et al. (2010)
and Lynch, (2013). The superior performance of Calcium Chloride is consistent with Guo (2021), who explained that
calcium chloride stabilizes plant cell membranes and supports structural integrity. The positive response to NAA is also
consistent with Zhang (2017) and Yang (2021), who described the role of auxins in root initiation, elongation, and meristem
activity.

3.1.4 Leaf Area

Leaf area was not significantly affected by the number of setts, with two-sett and three-sett treatments producing nearly
similar values. However, growth regulator treatment significantly influenced leaf area. Calcium Chloride produced the
largest leaf area, while Gibberellic Acid and NAA had intermediate and comparable values. The untreated control had the
smallest leaf area. The interaction between sett number and growth regulator was not significant, although the largest
numerical value was observed in the three-sett treatment with Calcium Chloride. The results show that leaf expansion
responded more strongly to growth regulator application than to sett number. The superiority of Calcium Chloride may be
explained by its role in cell wall stability, membrane integrity, and signaling processes related to cell division and
elongation, as cited by An et al., (2014). The comparable effects of Gibberellic Acid and NAA may be due to their shared
capacity to support cell expansion, with gibberellic acid promoting wall loosening and elongation, while NAA supports
similar growth processes. This is consistent with Li and Solomon (2003) and Igbal et al., (2016). The low value in the
control further suggests that growth regulator application generally enhanced leaf development.

3.1.5 Number of Tillers

The number of setts alone did not significantly affect tiller production, as two-sett and three-sett treatments had comparable
means. In contrast, growth regulator treatment significantly affected tillering, and the interaction between sett number and
growth regulator was also significant. Gibberellic Acid produced the highest tiller count among all regulators. The highest
individual treatment combination was two-sett plants treated with Gibberellic Acid, followed by three-sett plants treated
with the same regulator. The control, NAA, and Calcium Chloride produced lower and relatively similar tiller counts. These
findings indicate that hormonal regulation had a greater effect on tiller production than sett number alone. The comparable
tiller means between two-sett and three-sett treatments support Smith (2023), who found that the physiological response
of planting material is more strongly influenced by the type of growth regulator than by the number of setts used. The
superior response under Gibberellic Acid suggests a strong stimulatory effect on early shoot production and bud activation.
This agrees with Tiwari et al. (2011), who stated that GAs plays a key role in physiological processes associated with
growth enhancement. In this study, GAs likely improved nutrient allocation, reduced bud or shoot abortion, and increased
the survival of emerging tillers, thereby producing higher tiller counts.
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4. Conclusion & Recommendations

The study established that the number of eyed-setts alone did not significantly influence the measured early growth
parameters of sugarcane under nursery conditions, whereas the application of growth regulators exerted a more pronounced
effect on plant development. Specifically, Calcium chloride and Gibberellic acid, particularly when applied to two-budded
setts, enhanced early germination, improved shoot and root growth, increased leaf area, and promoted tiller formation.
These findings indicate that the use of selected growth regulators is a more critical determinant of early sugarcane
establishment than the mere variation in sett number. The results further suggest that integrating these treatments into
nursery management can improve plant vigor and produce better-quality planting materials for subsequent field
establishment.

Based on the findings, the application of either Calcium chloride or Gibberellic acid to two-budded sugarcane setts is
recommended for nursery production of planting materials. Their use may improve germination, stimulate more vigorous
shoot and root development, expand leaf area, and increase tiller production, thereby contributing to stronger early crop
establishment. The adoption of this practice may be useful for nursery managers and sugarcane growers seeking to improve
the quality and performance of planting materials. Further study is likewise recommended to determine the appropriate
levels of promising growth regulators and to identify the most effective treatment combination for sugarcane propagation
under nursery conditions.

The study was limited to nursery conditions and focused only on the early developmental responses of sugarcane,
particularly germination, shoot and root growth, leaf area, and tiller production. It also examined only the effects of varying
eyed-sett numbers and selected growth regulators within one study period. As such, the findings are confined to early-stage
plant performance and do not yet extend to later field growth, yield performance, or broader production conditions.
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