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ABSTRACT

Background: Pinto peanuts (Arachis pintoi) are known as versatile cover crops for soil conservation, biomulch,
and ornamental plants. These leguminous plants rarely produce seeds, so they are commonly propagated
vegetatively, resulting in low efficiency of seedling production and availability of cuttings. The aim of this study
was to determine the effect of cutting age and auxin application on the growth of pinto peanut. Methods: This
experiment used a complete randomized block factorial design. The first factor was the age of the cuttings
(stolons) with three levels (young, intermediate, old). Each cutting had three nodes, with young cuttings
measured from the tip, intermediate cuttings measured from the fourth node, and old cuttings measured from
the seventh node. The second factor was the concentration of the commercial auxin product ROOTONE F (0 ppm,
500 ppm, 1000 ppm, 1500 ppm, 2000 ppm). Findings: The results showed that the difference in cutting age
significantly affected the number of leaves (at 10 and 50 days after planting), plant length (at 10 to 50 days after
planting), number of branches (at 30 to 50 days after planting), and canopy area. Differences in auxin
concentration only significantly affected plant length from 10 to 30 days after planting. The interaction between
cutting age and auxin concentration was significant only for the number of leaves at 10 to 20 days after planting
and plant length at 50 days after planting. Conclusion: The highest values for the observed parameters were
consistently obtained by intermediate cuttings followed by tip cuttings, which are therefore recommended as
planting material for pinto peanut propagation. Novelty/Originality of this article: This study uniquely
determined the effectiveness of pinto peanuts cuttings based on internode length, revealing that intermediate
cuttings are the best material for its propagation, especially when treated with specific auxin concentrations,
consistently outperformed tip and old cuttings in promoting optimal growth, offering a practical strategy to
enhance vegetative propagation efficiency.
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1. Introduction

Arachis pintoi, commonly known as pinto or forage peanuts, have garnered significant
attention in recent years due to their diverse applications in agriculture and landscaping.
This perennial legume plant originates from Brazil and had been successfully introduced to
various tropical and subtropical regions worldwide (Azévedo et al., 2016; de Sousa-
Machado et al., 2018). Its adaptability to various soil types and climatic conditions makes it
a valuable species for improving soil health and enhancing aesthetic value in landscapes.
Pinto peanuts are particularly noted for their ability to thrive in both acidic and alkaline
soils, making them highly versatile in different environmental settings. This adaptability
extends to their resilience against drought conditions, which is critical in regions with
irregular rainfall patterns. Additionally, their introduction has been associated with
improved agricultural productivity, making them a cornerstone in sustainable farming
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practices across diverse regions (Sales et al.,, 2013; Suwarto & Hariyadi, 2019; Liu et al,,
2024; Sousa et al.,, 2024).

One of the primary benefits of pinto peanuts lies in their remarkable effectiveness as
ground cover. Their dense growth pattern and mat-forming capability play a crucial role in
suppressing soil erosion, reducing evaporation, maintaining groundwater availability,
increasing soil organic matter, and enhancing the availability of essential nutrients like
nitrogen and phosphorus (Chozin et al., 2018). In addition to these benefits, as a biomulch,
pinto peanuts are particularly effective at suppressing weeds, achieving up to a 58%
reduction (Sumiahadi et al., 2019). A recent study has highlighted that the biomass extract
of A. pintoi contains allelochemicals that are highly effective in inhibiting weed growth
(Thang et al., 2023). This significant weed suppression capability greatly reduces the need
for chemical herbicides, which not only leads to healthier soil but also minimizes
environmental pollution. Moreover, their rapid soil coverage prevents soil compaction and
improves water infiltration, thus creating a more conducive environment for the growth of
other plants (Valencia et al, 2021). This multifaceted role in both preventing soil
degradation and promoting sustainable weed management underscores the plant's
potential in ecological farming practices.

Beyond their soil conservation benefits, A. pintoi is also renowned for its ornamental
qualities. The plant produces attractive yellow flowers that enhance visual appeal in
gardens and other landscaped areas. Moreover, as a leguminous plant, A. pintoi contributes
to soil fertility through biological nitrogen fixation, reducing the need for chemical
fertilizers and promoting sustainable agricultural practices. This natural fertilization
process enhances soil health over time, supporting the growth of surrounding flora.
Additionally, the low-growing nature of pinto peanuts makes them an excellent choice for
preventing soil erosion on slopes and in areas with heavy rainfall (Ugrenovi¢ & Filipovi¢,
2017). Legume plants enhance soil aggregates, increase water retention, and adapt well to
adverse environments, effectively mitigating climate change impacts. Their inclusion in
cropping systems boosts yields for both legumes and non-legumes, making them valuable
for agriculture, forestry, and landscaping. Recognizing their benefits, the chapter explores
climate change, the advantages of legume-based cropping systems, future research
directions, and policy implications (Rahman et al.,, 2022). The plant's dual role in both
enhancing aesthetic value and contributing to soil health makes it an ideal candidate for
sustainable landscape management.

Using A. pintoi as a ground cover plant aligns with the growing trend towards
sustainable agriculture and landscaping. The main challenge in propagating A. pintoi in
Indonesia lies in its poor seed formation due to climatic conditions, necessitating vegetative
propagation typically through cuttings. Previous research on the propagation of A. pintoi by
Febrianto & Chozin (2014) had predominantly focused on using cuttings with a defined
length in centimeters, rather than considering the specific internode length as a variable.
This common practice overlooks the potential differences in rooting success and growth
vigor that might arise from variations in internodal length, which could influence the
cutting's physiological state and subsequent growth performance. This gap suggests a need
for studies to explore whether internode-based selection can enhance propagation
outcomes, potentially leading to more effective and efficient propagation techniques for A.
pintoi. Research on cutting age based on internodes length and the use of plant growth
regulators (PGRs) remains limited, making it an intriguing area for study to assess the
efficiency of cutting material for propagation purposes. Understanding and overcoming
these propagation challenges could significantly enhance the distribution and utilization of
pinto peanuts, promoting more sustainable agricultural systems. Moreover, advancing
propagation techniques could facilitate the broader adoption of A. pintoi in regions with
similar climatic challenges, thereby expanding its benefits globally.
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2. Methods

This research was conducted from March to May 2024 at the Agribusiness Techno
Park, IPB University. The study focused on optimizing the propagation of pinto peanut
plants through cuttings, utilizing various growth conditions and treatments. The materials
employed included pinto peanut plant cuttings sourced from the IPB University coin garden,
a commercially available auxin known as ROOTONE F, and a growing medium comprising
soil, compost, and cocopeat. The tools utilized in the study comprised hoes, buckets,
scissors, cutters, polybags, insect nets, tunnel poles, and black plastic.

The research employed a completely randomized block design (CRBD) with a factorial
arrangement to assess the effects of cutting age and auxin concentration on the growth of
pinto peanut plants. The first factor examined was the age of the cuttings, categorized into
three levels: young cuttings (measuring three nodes from the tip), intermediate cuttings
(measuring three nodes from the fourth node), and old cuttings (measuring three nodes
from the seventh node). The second factor involved varying auxin concentration
treatments, with levels set at 0 ppm, 500 ppm, 1000 ppm, 1500 ppm, and 2000 ppm. The
experimental blocks were established based on the direction of sunlight to ensure uniform
light exposure across treatments. Within each block, the polybag rows were oriented from
north to south. This orientation was selected to minimize the variation in sunlight intensity
and duration that could affect plant growth, thereby enhancing the reliability and accuracy
of the experimental results.

The planting medium was carefully prepared by mixing soil with compost and
cocopeat in a ratio of 2:1:1. This mix was chosen to provide a well-balanced medium that
retains moisture while allowing adequate drainage and aeration, essential for root
development. The media were moistened and incubated for seven days to stabilize the
microbial activity and nutrient availability. One day prior to planting, the cuttings were
soaked for 12 hours in the respective auxin solutions. The cuttings were then planted in the
morning to take advantage of cooler temperatures and higher humidity, which reduce
transplant shock. The insertion depth was standardized at two nodes deep to ensure
uniform rooting conditions across all treatments. The planting area was covered with an
insect net to protect the cuttings during the critical initial growth phase from pest attacks,
minimize rainwater runoff that could dislodge the cuttings, and slightly reduce excessive
sunlight, which can be detrimental to young plants.

The data collected from the experiment included several growth parameters: number
of leaves, plant length (main stolon), number of branches, number of flowers, and canopy
area. These parameters were selected to provide a comprehensive assessment of the plant's
vegetative and reproductive growth under the different treatments. The data were first
subjected to an analysis of variance (ANOVA) using the F-test at the 5% and 1% significance
levels. If the F-test indicated significant differences among the treatments, a further post
hoc analysis was conducted using Tukey's Honest Significant Difference (HSD) test.

3. Results and Discussion
3.1 Number of leaves

Leaves are one of the most important plant organs in the growth process, serving as
the site of photosynthesis. Leaf growth can be used as an indicator of plant growth and
condition (Susilo, 2015). The number of leaves in A. pintoi is crucial to observe because it
mainly contributes to coverage potential. The effect of treatments on the number of leaves
in A. pintoi is presented in Table 1. Leaf counting was performed periodically every 10 days.
Periodic assessments reveal growth patterns over time and provide insights into how the
factors influence plant development.

Based on Table 1, it indicates that the age of cuttings significantly affected the number
of leaves in A. pintoi, particularly at 10 and 50 days after planting (DAP). Intermediate-aged
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cuttings consistently produced the highest number of leaves, reaching an average of 25.4
leaves at 50 DAP, which was not significantly different from the young cuttings. This
suggests that intermediate cuttings might have an optimal balance of maturity and vigor,
contributing to better leaf growth due to less susceptible to climate conditions such as
temperature at early planting. On the other hand, old cuttings demonstrated the lowest leaf
production, indicating that older plant material might be less efficient in generating new
growth. This finding highlights the importance of selecting the appropriate cutting age for
propagation practices, which could have long-term effects on plant establishment and yield.
It also underscores the role of plant age in determining its resilience to environmental
stressors, which could be crucial for optimizing agricultural practices and improving crop
sustainability.

Tabel 1. The number of leaves of A. pintoi at 10 — 50 days after planting (DAP)
Number of leaves

Treatments 10 DAP 20 DAP 30DAP _ 40DAP 50 DAP
Cutting age
Young 245b 6.05 8.65 11.70 22.35ab
Intermediate 3.20a 6.70 9.25 10.05 25.40 a
old 2.80 ab 6.10 9.00 10.60 18.05b
F-test * ns ns ns *
P-value 0.037 0.259 0.635 0.306 0.049
Auxin concentration
0 ppm 2.67 5.67 8.75 11.17 21.67
500 ppm 2.83 6.33 9.08 10.25 18.33
1000 ppm 2.75 6.00 8.67 9.67 20.75
1500 ppm 2.75 6.50 9.58 11.75 22.92
2000 ppm 3.08 6.92 8.75 11.08 26.25
F-test ns ns ns ns ns
P-value 0.814 0.233 0.812 0.597 0.325
Interaction * *ok ns ns ns
P-value 0.013 0.004 0.883 0.395 0.396

Notes: Numbers followed by the same letter in the same column do not differ according to Tukey’s
HSD test, DAP (days after planting), * (significant at p<0.05), ** (significant at p<0.01), ns (not
significant)

In contrast, the application of auxin concentration did not show a significant
independent effect on the number of leaves at any plant age. This finding is somewhat
unexpected given that auxins are known to stimulate both cell division and cell elongation,
which are crucial for leaf development. By promoting these processes, auxins can increase
the rate at which new leaves are formed (Sauer, 2013). One possible explanation could be
that the inherent growth capacity of A. pintoi is not significantly enhanced by external auxin
applications, or that the concentrations used in this study were not optimal for stimulating
leaf growth in this species. Recent studies have indicated that auxin responses can be highly
species-specific and dependent on the developmental stage of the plant, which might
explain the lack of a significant effect in A. pintoi (Zhang et al, 2023). Furthermore,
environmental factors and the interaction with other hormones such as cytokinins could
also play a crucial role in modulating the plant's response to auxin application (Sosnowski
et al,, 2023). These results suggest that a more nuanced approach might be required when
applying auxins to different plant species, considering their unique physiological and
developmental contexts. This knowledge can guide future research aimed at fine-tuning
hormone applications to achieve desired growth outcomes in various plant species.

Interestingly, there was a significant interaction between cutting age and auxin
concentration at 10 and 20 DAP (Table 2). At 10 DAP, intermediate cuttings generally
produced the most leaves, particularly at 0 ppm (3.75 leaves) and 2000 ppm (4.00 leaves),
indicating their early vigor. By 20 DAP, the trend continued, with intermediate cuttings
showing the highest leaf count at 0 ppm (7.50 leaves) and 2000 ppm (7.75 leaves), while
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old cuttings also performed well at higher auxin concentrations, particularly at 1500 ppm
(8.00 leaves). This indicates that intermediate cuttings are consistently effective across
different auxin concentrations, with the highest leaf production observed at both early and
later stages of growth. These findings imply that intermediate-aged cuttings might have a
broader hormonal sensitivity range, making them more adaptable to varying conditions and
treatments. Understanding this interaction is vital for optimizing propagation techniques,
especially in horticulture, where maximizing leaf production can directly impact plant
establishment and overall yield.

Table 2. Interaction of treatments on the number of leaves at 10 and 20 DAP

Auxin concentration

Cutting age 0 ppm 500 ppm 1000 ppm 1500 ppm 2000 ppm
10 DAP

Young 2.50 2.25 2.50 2.25 2.75
Intermediate 3.75 2.50 3.25 2.50 4.00

0old 1.75 3.75 2.50 3.50 2.50

20 DAP

Young 5.75 5.50 6.00 6.00 7.00
Intermediate 7.50 6.25 6.50 5.50 7.75

0old 3.75 7.25 5.50 8.00 6.00

This interaction suggests that the effect of auxin on leaf growth may be dependent on
the physiological state of the cutting, with younger and more vigorous cuttings benefiting
more from higher auxin concentrations. This could be due to the increased responsiveness
of younger tissues to hormonal signals compared to older tissues. According to Zhang et al.
(2022a) and Cosi¢ & Raspor (2022), this increased responsiveness can be attributed to the
higher metabolic activity and greater number of auxin receptors present in younger tissues,
making them more efficient in utilizing the hormone for growth processes. This
phenomenon is primarily due to the active division and differentiation occurring in younger
tissues, which require a constant supply of auxin to support rapid cell expansion and
elongation. Additionally, the elevated metabolic activity in these tissues enhances the
production and transport of auxin, further amplifying their growth response.

The abundance of auxin receptors in younger tissues ensures that even small
concentrations of the hormone can trigger significant growth responses, optimizing the
plant's developmental processes during its early stages. These insights could be leveraged
in plant breeding and propagation strategies, where manipulating auxin levels at specific
growth stages might enhance overall plant performance. By targeting the most responsive
tissues, it might be possible to achieve more efficient growth regulation, ultimately
improving crop yields and resilience. These insights could be leveraged in plant breeding
and propagation strategies, where manipulating auxin levels at specific growth stages might
enhance overall plant performance. By targeting the most responsive tissues, it might be
possible to achieve more efficient growth regulation, ultimately improving crop yields and
resilience.

3.2 Plant length (main stolon)

The length of the plant reflects the level of vegetative growth rate, it serves as a key
indicator of vegetative growth and is influenced by factors like nutrient uptake,
environmental conditions, and hormonal balance. The effect of treatments on the length of
A. pintoi main stolon is presented in Table 3. The main stolon was observed for the first
sprouted shoot from intermediate and old aged cuttings. This measurement is critical as
stolon length can also influence the plant's ability to spread and establish itself in a given
area, directly impacting its competitive advantage and ecological success. Understanding
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the factors that drive stolon growth can therefore be vital for both agricultural and
environmental management practices.

Tabel 3. The plant length / main stolon length of A. pintoi at 10 - 50 DAP
Length (cm)

Treatments

10 DAP 20 DAP 30 DAP 40 DAP 50 DAP
Cutting age
Young 10.83a 15.70a 17.08a 19.92a 30.95b
Intermediate 8.20b 13.32b 13.43b 14.50b 36.45a
old 6.43b 11.42b 12.58b 14.03b 30.85b
F_test ksksk *3k kk K3k kk
P-value 0.000 0.000 0.001 0.000 0.004
Auxin concentration
0 ppm 7.32b 11.98b 14.13ab 16.58 29.33
500 ppm 7.83ab 12.86ab 14.46ab 16.17 32.00
1000 ppm 7.25b 12.68ab 11.54b 12.83 33.00
1500 ppm 9.96a 15.01a 15.33a 17.13 35.17
2000 ppm 10.06a 14.86a 16.33a 18.04 34.25
F-test * * * ns ns
P-value 0.029 0.047 0.032 0.225 0.123
Interaction ns ns ns ns *
P-value 0.359 0.487 0.083 0.119 0.041

Notes: Numbers followed by the same letter in the same column do not differ according to Tukey’s
HSD test, DAP (days after planting), * (significant at p<0.05), ** (significant at p<0.01), ns (not
significant).

Based on Table 3, it can be seen that the age of cuttings has a significant effect on plant
length at all observation intervals (10 - 50 DAP). Young cuttings produced greater plant
length at all time intervals except at 50 DAP, where intermediate-aged cuttings showed the
highest growth (36.45 cm). Auxin concentration also significantly affected plant length from
10 to 30 DAP. Auxin concentrations of 1500 ppm and 2000 ppm resulted in the highest plant
length at 10 DAP, 20 DAP, and 30 DAP. The interaction between the age of cuttings and auxin
concentration showed a significant effect at 50 DAP. Intermediate cuttings treated with
1000 ppm and 1500 ppm of auxin produced the longest plants, with lengths of 40.25 cm and
39.25 cm, respectively, indicating that this combination is most effective for growth (Table
4). Young and old cuttings had variable responses to auxin, with young cuttings generally
showing reduced growth at higher auxin concentrations, except for 0 ppm and 1500 ppm,
where growth was comparable to intermediate cuttings. This suggests that the relationship
between auxin concentration and cutting age is complex and may require further
investigation to fully understand the underlying mechanisms. Optimizing this relationship
could lead to improved strategies for enhancing vegetative growth in A. pintoi and other
similar species.

Table 4. Interaction of treatments on the plant length (cm?) at 50 DAP
Auxin concentration

Cutting age 0 ppm 500 ppm 1000 ppm 1500 ppm 2000 ppm
Young 34.25 28.25 25.00 34.00 33.25
Intermediate 28.25 38.00 40.25 39.25 36.50
0old 25.50 29.75 33.75 32.25 33.00

These results support the theory that auxin can stimulate plant length growth by
increasing the rate of cell elongation at optimal concentrations. However, the effect of auxin
depends on the age of the cuttings, with younger cuttings being more responsive to auxin
application compared to older cuttings. These findings align with previous studies that have
shown that young cuttings have a better ability to respond to hormonal regulation for early
growth (Taiz & Zeiger, 2010; Hartmann et al., 2011). Research has shown that the response
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of plant cuttings to growth-promoting conditions varies with age, with younger cuttings
generally exhibiting more vigorous growth due to better metabolic activity (Goh etal., 2012;
Rademacher, 2015). This highlights the importance of selecting appropriate propagation
materials to optimize plant performance and growth outcomes. Additionally, the
physiological state of the cuttings, including factors like carbohydrate reserves and
hormonal balance, can significantly influence their responsiveness to auxin. This
phenomenon has been observed in other plant species were young tissues, rich in
meristematic cells, exhibit a higher capacity for cell division and elongation in response to
auxin, compared to older tissues that may have reduced metabolic activity (Davis et al,,
1989; Leakey, 2004). Moreover, studies have suggested that the sensitivity of cuttings to
auxin can decline with age due to changes in the expression of auxin-responsive genes,
which are crucial for promoting growth and development (Gaspar et al., 2003). These
findings underscore the intricate relationship between plant physiology and hormone
signaling, highlighting the need for an integrated approach that considers both internal and
external factors when applying growth regulators. Such an approach can lead to more
sustainable and effective horticultural practices.

Auxin concentrations that are too high or too low can yield suboptimal results,
indicating an optimal range of auxin concentrations for maximal growth (Davies, 2010).
Auxins play a role in maintaining apical dominance, which is the phenomenon where the
main central stem of the plant grows more vigorously than the side stems. Intermediate-
aged cuttings might have proportional total auxin that caused the apical dominance can be
reinforced (Spaepen, 2015). These results emphasize the importance of considering
physiological factors such as the age of cuttings and hormone concentration in efforts to
optimize the growth of A. pintoi. This finding highlights the nuanced role of auxins in plant
development, illustrating that careful management of hormone application can significantly
enhance growth outcomes. The findings provide valuable insights for plant management,
suggesting that tailored hormone treatments based on plant age and development stage
could lead to better control over growth patterns. This could be particularly useful in both
agricultural and landscape contexts, where plant form and vigor are critical considerations.

3.3 Number of branches (stolons)

The number of branches is calculated by summing all primary, secondary, and tertiary
branches (all stolons) of A. pintoi. The number of branches is important to observe as an
integral part of the vegetative growth indicators of the plant, it reflects the plant's ability to
produce new growth points and support future development. Increased branching is often
associated with enhanced photosynthetic capacity and biomass production, as more
branches can support additional leaves and, consequently, greater photosynthetic surface
area (Weiner et al,, 2009). Furthermore, the branching pattern can influence the plant's
overall architecture, affecting its ability to compete for light and resources. A well-branched
plant may also have a better capacity to recover from damage caused by herbivores or
mechanical disturbances, ensuring its survival and continued growth in various
environments. A higher number of branches can improve the plant's resilience to
environmental stress and contribute to a more robust and stable growth habit, facilitating
better adaptation to varying conditions (Miiller & Leyser, 2011). The effect of treatments on
the number of branches is presented in Table 5.

The treatment that significantly affected the number of branches was only the age of
cuttings independently at 30 - 50 DAP. Meanwhile, the auxin concentration treatment and
its interaction with the age of cuttings did not have a significant effect. The number of
branches at 10 - 20 DAP did not yet show treatment differences as it is still in the early
growth stage where the number of branches in all treatments is relatively the same. The
highest number of branches was consistently shown by the intermediate-aged cuttings
treatment at 30 - 50 DAP with values of 3.30, 4.10, and 5.50, respectively. This consistent
performance of intermediate-aged cuttings suggests that they might be at an ideal
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developmental stage for branching, having enough maturity to support robust growth while
still maintaining high metabolic activity.

Tabel 5. The number of branches (stolons) of A. pintoi at 10 - 50 DAP
Number of branches (stolons)

Treatments

10 DAP 20 DAP 30 DAP 40 DAP 50 DAP
Cutting age
Young 0.10 1.60 2.40b 2.75b 3.65b
Intermediate 0.05 1.60 3.30a 4.10a 5.50a
old 0.05 1.45 2.50b 3.05ab 4.15b
F-test ns ns * * *x
P-value 0.784 0.690 0.011 0.011 0.003
Auxin concentration
0 ppm 0.00 1.50 2.42 2.92 3.92
500 ppm 0.00 1.33 2.42 3.00 417
1000 ppm 0.08 1.42 2.58 2.83 3.92
1500 ppm 0.17 1.67 2.83 3.42 4.42
2000 ppm 0.08 1.83 3.42 4.33 5.75
F-test ns ns ns ns ns
P-value 0.499 0.322 0.088 0.074 0.056
Interaction ns ns ns ns ns
P-value 0.561 0.414 0.613 0.565 0.675

Notes: Numbers followed by the same letter in the same column do not differ according to Tukey’s
HSD test, DAP (days after planting), * (significant at p<0.05), ** (significant at p<0.01), ns (not
significant).

According to Beyl & Trigiano (2016), intermediate-aged cuttings show optimal
growth potential due to their more physiologically active tissues. This optimal growth can
be attributed to several physiological factors inherent to non-apical cuttings. Non-apical
cuttings, taken from the middle sections of the parent plant, often contain a higher
concentration of stored nutrients and growth hormones compared to apical cuttings, which
provides the necessary energy for the development of multiple branches. Additionally, non-
apical cuttings have more dormant buds along their stems, which can be activated to form
branches when conditions are favorable. This balance between root and shoot growth
ensures that the developing branches receive adequate water and nutrients from the newly
established root system, leading to a higher branching potential in non-apical cuttings.
These characteristics make non-apical cuttings particularly valuable in propagation efforts,
where maximizing the growth and health of new plants is critical. By selecting cuttings with
higher nutrient reserves and dormant buds, propagators can improve the success rate and
overall vigor of new plants, leading to better yields and more resilient crops.

In contrast, Blythe et al. (2007) mentioned that basal cuttings (old-aged cuttings)
generally showed poorer performance due to several factors, including lower physiological
activity and reduced levels of growth hormones. de Klerk et al. (2011) indicated that the
biochemical differences in cutting positions suggest that the lower part of the stem may
contain inhibitory compounds that affect growth. These findings highlight the importance
of selecting the appropriate part of the plant for cuttings, as the presence of inhibitory
compounds or lower hormone levels in basal cuttings could significantly hinder growth.
Understanding these biochemical differences can help in refining propagation techniques,
ensuring that the most vigorous and productive parts of the plant are used for new growth.

3.4 Number of flowers

Based on Table 6, the treatments of cutting age and auxin concentration, as well as
their interactions, did not show a significant effect on the number of flowers. This is in line
with the research by Andianingsih et al. (2021) which found that auxin treatment only
affected plant height and did not affect the number and age of flowering. Flowers are a
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product of the generative phase of the plant, endogenously induced by the hormone
florigen, which plays a crucial role in inducing flowering through its accumulation in the
shoot apical meristem (SAM) and triggering the conversion to flower meristem (Hujiser &
Schmid, 2011; Lee et al,, 2023). This suggests that the timing and conditions for floral
induction may be more closely linked to endogenous signals rather than external hormone
applications. Understanding the precise mechanisms of florigen's role could provide deeper
insights into optimizing flowering in various crop species, potentially leading to improved
yields and better management of flowering cycles.

Tabel 6. The number of flowers and canopy area of A. pintoi at 10 - 50 DAP

Treatments Number of flowers Canopy area (cm?)
Cutting age
Young 0.85 222.20ab
Intermediate 0.90 239.85a
old 0.85 178.15b
F-test ns *
P-value 0.988 0.042
Auxin concentration
0 ppm 0.83 210.83
500 ppm 0.50 181.58
1000 ppm 0.92 239.33
1500 ppm 0.92 187.92
2000 ppm 1.17 247.33
F-test ns ns
P-value 0.732 0.151
Interaction ns ns
P-value 0.768 0.754

Notes: Numbers followed by the same letter in the same column do not differ according to Tukey’s
HSD test, DAP (days after planting), * (significant at p<0.05), ** (significant at p<0.01), ns (not
significant).

While auxins are well-known for their role in cell elongation and plant growth, their
impact on flowering is more complex and less direct. According to Taiz & Zeiger (2010),
auxins can influence flowering indirectly by affecting the transport and distribution of other
hormones like gibberellins and cytokinins, which are more directly involved in the
flowering process. Recent studies have further explored the nuanced role of auxins in
flowering, highlighting that their effect is often context-dependent. For example, Zhang et
al. (2022b) reported that the exogenous application of auxin in certain plant species did not
significantly alter flowering time or the number of flowers produced. Instead, they found
that auxins might play a more supportive role by facilitating nutrient allocation and shoot
architecture, which can indirectly influence flowering. In contrast, some research suggests
that the interaction of auxins with other phytohormones can lead to the suppression of
flowering-promoting genes, inhibiting the flowering process under certain conditions. For
example, in Arabidopsis thaliana, it has been observed that auxin can regulate the timing of
floral initiation by influencing the expression of key regulatory genes, including those
involved in the floral transition. This regulatory mechanism often involves the interaction
between auxin and gibberellins (GA), where auxin can modulate GA signaling pathways to
delay flowering (McSteen, 2010; Benjamins & Scheres, 2008).

In addition, auxins can act antagonistically with cytokinin, another hormone known
to promote flowering, further complicating the hormonal balance required for flower
development (Chandler, 2009). These findings highlight the multifaceted role of auxins in
plant development, showing that their effects on flowering are highly context-dependent
and can vary across different plant species and environmental conditions (Ellis et al., 2005;
Ding et al., 2012; Estornell et al., 2013). This antagonistic relationship between auxins and
cytokinins underscores the delicate balance required for successful flowering. Manipulating
this balance could provide new avenues for controlling flowering in agricultural settings,
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allowing for more precise timing and potentially enhancing crop productivity by aligning
flowering periods with optimal environmental conditions..

3.5 Canopy area

Canopy area was significantly affected by the age of cuttings, while the treatment of
auxin concentration and its interaction with cutting age did not show an effect (Table 6).
The highest canopy area was obtained in the intermediate-aged cuttings treatment with an
average value of 239.85 cm, not significantly different from young cuttings (222.20 cm) but
significantly different from old cuttings (178.15 cm). The findings highlight the significant
impact of cutting age on canopy area, suggesting that intermediate-aged cuttings are
optimal for maximizing canopy development. This observation aligns with the notion that
intermediate-aged cuttings possess a balanced combination of maturity and vigor,
facilitating better growth performance. The average canopy area recorded for intermediate-
aged cuttings underscores their potential in promoting extensive canopy spread, which is
crucial for effective ground coverage. In contrast, older cuttings exhibited a notably reduced
canopy area, likely due to diminished regenerative capacity and lower metabolic activity, as
reported by other studies on plant cutting age and growth vigor (Sachs, 1991; Druege et al,,
2016).

Fig. 1. Representative results from the treatment with 0 ppm auxin concentration at second
repetition: (a) young cutting, (b) intermediate cutting, (c) old cutting.

Moreover, the positive correlation between canopy area and other growth parameters
such as the number of leaves, plant length, and number of branches emphasizes the
integrated nature of plant development. A larger number of leaves contributes to a greater
photosynthetic capacity, supporting overall plant growth and biomass accumulation.
Similarly, increased plant length and branching enhance the structural framework, allowing
for a more extensive canopy. These findings resonate with previous research demonstrating
the interdependence of growth parameters in contributing to overall plant vigor and
productivity (Poorter et al.,, 2019).

Furthermore, the consistency of these results with the research by Febrianto & Chozin
(2014) reinforces the reliability of the observed trends. Its study on the effectiveness of
different cutting types in achieving rapid ground cover corroborates the advantage of using
tip, middle, and bottom cuttings, which align with the intermediate-aged cuttings in this
study. This parallel suggests that selecting appropriate cutting age and type can strategically
enhance canopy development and ground coverage, benefiting agricultural and
horticultural practices aimed at maximizing plant productivity and soil protection.

4. Conclusions

Based on the results and discussion, the cutting ages independently affected the
number of leaves at 10 and 50 days after planting, plant length on all frequently observed
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days, the number of branches at 30 to 50 days after planting, and canopy area. It didn't affect
the number of flowers. The auxin concentrations only independently affected the plant
length at 10 to 30 days after planting. The interaction between cutting ages and auxin
concentrations showed significant effect on the number of leaves at 10 to 20 days after
planting and plant length on 50 days after planting. The highest values for the parameters
were consistently obtained from the intermediate cutting age treatment, followed by
young/tip cuttings, with the lowest values observed in old cuttings. Generally, the auxin
concentration treatment independently did not have a significant effect on most
parameters. From these results, it can be recommended that the best planting material for
pinto peanuts cuttings are intermediate followed by young cuttings (tip cuttings) with a
length of three nodes.
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