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ABSTRACT

Objective: To evaluate the effect of organic root enhancers (mycorrhizae, humic acid soil conditioner, and
seaweed extracts) on the vegetative growth of sugarcane (Saccharum officinarum L.) seedlings under nursery
conditions.

Design/methodology/approach: A completely randomized block design was used with four treatments:
mycorrhizae, Bio—Organik® (based on humic acids), AlgaBest® (seaweed extract), and a control (Control);
and five replicates. Destructive sampling was carried out at 15, 30, 45, 60, and 75 days after sowing (DAS), to
measure plant height, root length, and root biomass.

Results: Mycorrhizae significantly increased plant height at 30 DAS (58.8 cm vs. 49.2 cm control). The
seaweed extract enhanced early root biomass (0.19 g at 15 DAS), and late-stage root length (44.8 cm at 75
DAS). Both treatments outperformed the control (Tukey, *p*=<0.05).

Limitations on study/implications: There was variable efficacy across growth stages; long-term field
validation is needed.

Findings/conclusions: Organic biostimulants improve sugarcane seedling biomass, with mycorrhizae and
seaweed extracts showing specific benefits for each stage. These offer sustainable alternatives for nursery
propagation.

Keywords: Saccharum officinarum, arbuscular mycorrhizae, seaweed extracts, root biomass, sustainable
agriculture.

INTRODUCTION

The sugarcane agroindustry stands out for its significant impact on Mexico’s economy.
In 2023, this agroindustry reached a production of 55,589,515.48 tons, positioning Mexico
as the eighth largest producer worldwide. This agroindustry generated 500,000 direct jobs
and 2.4 million indirect jobs in 267 municipalities across 15 states (CONADESUCA, 2023).
Sugarcane is a semi-perennial crop that is conventionally propagated through cuttings that
have more than three viable buds to emerge (Rehman ez al., 2021). The use of chemical
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products to stimulate rooting in sugarcane has been a common practice in agriculture,
due to their effectiveness in accelerating root development. The root system is essential for
the plant’s initial development. In sugarcane, it is of vital importance for the regrowth and
vigor of the shoot cycles (Pissolato et al., 2021). The search for sustainable and efficient
agricultural practices has led to the implementation of various biological technologies that
promote plant development and improve crop productivity. Roots require water, nutrients,
and oxygen for optimal development, and an imbalance of any of these resources in the
soil will affect their development (Van Antwerpen et al., 2022). Sustainable agricultural
practices should boost the growth and prevalence of beneficial microbes. Several studies
show that regenerative agriculture manifests soil health by improving microbial diversity
and richness. There is a wide variety of regenerative agricultural practices such as mulching,
cover crops, interspersed and mixed crops, no-till farming, among others, that would boost
productivity (Singh ez al., 2023). Biostimulants are substances that promote plant growth,
nutrition, and metabolism through different modes of action, although decidedly different
from those related to fertilizers; they are supplied to plants at very low doses to induce
beneficial effects (Nardi et al., 2016; Yakhin et al., 2017; Rouphael and Colla, 2018). The
use of biological rooting agents such as mycorrhizae, humic and fulvic acids, and seaweed
s emerging as a promising alternative that could significantly contribute to improving
sugarcane production. Therefore, the objective of this research was to evaluate the effect
of organic rooting agents on vegetative growth in sugarcane mini-cuttings, as a sustainable

alternative under nursery conditions.

MATERIALS AND METHODS
Description of the study area
The study was carried out between April and August 2024, at the Experimental Field
of the School of Agricultural Sciences of the Autonomous University of Chiapas, located at
15° 0’ 30.68” N, 92° 24’ 3.84” W, with an altitude of 33 meters above sea level (Figure 1).
The area has a semi-warm sub-humid climate and annual rainfall of 1100 and 4500
mm (INEGI, 2024). Geologically, the soil is predominantly composed of igneous rocks
(>85%) and, to a lesser extent, sedimentary rocks (Lépez-Pérez et al., 2022). Mini-cuttings
of sugarcane (Saccharum officinarum L.), variety CP 72-2086, were used, each with a viable
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Figure 1. Geographic location of the study area.
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bud to ensure sprouting. Sowing was conducted in polyethylene bags (15X23 c¢m) with
perforations at the bottom to facilitate drainage.

Treatments

Four treatments were evaluated: T1. Mycorrhizae (Rhizophagus intraradices), containing
40 spores g_l, applied at a dose of 5 gfplant; T2. Bio—Organik® (formulated with 25%
phosphorus, 5% total nitrogen, 18.96% organic matter plus humic acid-based conditioners,
and 51.04% diluents), at a dose of 1.5 L/ha; T3. AlgaBest® (containing 20% humic
acids, 20% fulvic acids, 10% amino acids, 10% seaweed extract, 2% alfalfa plant extract,
1% carbohydrates and 37% diluents), at a dose of 2.0 L/ha; T4. Control (only water was
applied). The treatments were distributed in a randomized complete block design with four
treatments and five replicates. Destructive sampling was conducted at 15, 30, 45, 60, and
75 days after planting (DAS) and application.

Study variables

Three response variables were evaluated: Seedling height, measured with a graduated
flexometer (accuracy *=0.1 cm), from the base of the stem (ground level) to the young
vegetative apex; root length, determined with a flexometer (cm), from the root emergence
point to the apex of the main root; and, root biomass. The roots were separated from the
aerial part, washed with running water to remove the adhered substrate and dried in a
forced-air oven at 75 °C for 72 h until constant weight. The research results were analyzed
with the INFOSTAT version 2020e software, and the differences between treatment
means with Tukey’s test (P=<0.05).

RESULTS AND DISCUSSION
Height

Seedling height showed significant variations on one of the five sampling dates evaluated
(Table 1). At 15 days after sowing (DAS), no significant differences were observed; however,
numerical ones were observed between the biostimulants evaluated, with mycorrhizae
and humic acids showing the highest values. However, at 30 DAS, the treatment with
mycorrhizae showed a significantly greater effect compared to seaweed and the control,
although similar to humic acids. At later dates, all biostimulants showed statistically similar
behavior. These results coincide with those reported by Juntahum et al. (2022), who

Table 1. Means comparison of the height variable at 15, 30, 45, 60 and 75 DAS.

Treatments 15 DAS 30 DAS 45 DAS 60 DAS 75 DAS
Micorrhizae 36.00 a 58.80 a* 67.00 a 64.20 a 78.40 a
Bio—Organik® 35.60 a 54.40 ab 71.40 a 70.20 a 78.60 a
AlgaBest® 32.40 a 50.40 be 67.00 a 72.60 a 83.60 a
Control 31.80 a 49.20 ¢ 65.40 a 63.80 a 77.60 a
% of CV 11.74 5.16 6.24 7.11 4.41

* Values with the same letter are equal according to Tukey’s test at P<0.05.
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demonstrated that Arbuscular Mycorrhizal Fungi (AMF) positively influence the height of
sugarcane seedlings grown in a nursery.

The use of individual sugarcane buds inoculated with mycorrhizae showed shoot
regrowth during the early stages of development, with a significant effect observed up
to four weeks after planting (DAS). These results suggest that mycorrhizal symbiosis can
stimulate early seedling growth, probably due to greater efficiency in nutrient and water
uptake during critical establishment phases (Musa ez al., 2020). Previous studies indicate
that low inoculation doses (50 to 100 spores/plant) favor efficient symbiotic interaction.
Therefore, early application of mycorrhizae at optimal concentrations could improve
seedling conditioning before transplanting, optimizing their initial development (Moreno,

2029).

Root length

Root length showed significant differences (p<0.05) at all evaluation dates (Table
2). At 15 DAS, the seaweed treatment showed significantly higher values than the other
treatments. However, at 30 DAS in this trend, the mycorrhizal treatment showed greater
root development, statistically outperforming the other biostimulants evaluated.

By the third sampling (45 DAS), mycorrhizae remained significantly different from the
control and seaweed, but no statistically significant differences were found with respect
to the humic acid treatment. By the fourth evaluation (60 DAS), seaweed again showed
significant differences compared to humic acids and the control, although it showed similar
results to the mycorrhizae treatment. By the last sampling (75 DAS), the observed trend
continued. Both seaweed and mycorrhizae proved to be statistically superior to the other
treatments evaluated.

Microbial biostimulants are a key agroecological tool for mitigating abiotic stress in
crops. Their mechanism of action operates at multiple physiological levels: (1) hormonal
regulation through modulation of indole-3-acetic acid (IAA), cytokinins, gibberellins, and
abscisic acid; (2) production of ACC-deaminase , which reduces the levels of ethylene under
stress conditions; (3) improved availability of essential nutrients; (4) induction of antioxidant
enzymes that counteract oxidative stress (Bahera et al., 2021; Del Buono, 2021).

Their impact on root architecture is particularly relevant. Studies with Glomus
intraradices, FExophiala sp., and Paecilomyces formosus have shown that microbial inoculation
under conditions of water stress significantly increases soil exploration (40 to 60% greater

root length and hyphal development), consequently improving root hydraulic conductivity

Table 2. Means comparison of the root length variable at 15, 30, 45, 60 and 75 DAS.

Treatments 15 DAS 30 DAS 45 DAS 60 DAS 75 DAS
Micorrhizae 11.20 ¢ 37.00 a* 51.80 a* 39.20 ab 43.60 a
Bio—Organik® 14.20b 29.20 b 47.80 ab 38.60 b 34.60 b
Algchst® 17.20 a* 25.40 b 42.80 b 45.60 a* 4480 a
Control 14.24b 28.40 b 4220 b 37.00 b 34.70 b
% of CV 9.67 7.28 6.72 8.74 7.47

*Values with the same letter are equal according to Tukey’s test at P<0.05.
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(Aroca et al., 2007; Khan et al., 2015). These findings are consistent with our results,
where mycorrhizal treatments showed greater root development, especially during critical
establishment phases (30-75 DAS).

Recent studies show that seaweed extracts stimulate root development by modulating
redox homeostasis, particularly through the regulation of antioxidant enzyme systems
(Van Tol de Castro et al., 2024). In the sugarcane crop, Arioli et al. (2024) demonstrated
that these biostimulants significantly alter the composition of the rhizosphere microbiome,
suggesting an indirect growth promotion mechanism through modifications in root-
associated microbial communities.

The available studies have key limitations: (1) lack of specific characterization of
plant-microbiome-biostimulant interactions, and (2) limited information on the temporal
persistence of these effects. Our results partially coincide with these findings, where
the AlgaBest® treatment (seaweed-based) showed variable efficacy depending on the
phenological stage, being particularly effective in the initial (15 DAS) and final (60-75
DAS) studies of development.

Root biomass

The root biomass showed statistically significant differences between treatments (Table
3) at various sampling times. At 15 DAS, the seaweed treatment recorded the highest
biomass (0.19 g), significantly exceeding the control and mycorrhizal treatments (p<0.03),
but similar to humic acids. At 30 DAS, no statistical differences were detected between
treatments, which indicates homogeneous behavior at this early stage of development.

With sampling at 40 DAS, the mycorrhizal treatment presented the highest value of
biomass (0.98 g), which is significantly higher than the treatments with humic acids, seaweed
extract, and the control. At 60 DAS, mycorrhizae, seaweed, and humic acids outperformed
the control. However, no statistical differences were found between mycorrhizae and humic
acids, suggesting a favorable trend for biostimulants at this stage.

Finally, at 75 DAS, the treatment with seaweed extract reached the highest value (1.36
g), showing a statistically significant difference with respect to humic acids and the control,
although not differing from the mycorrhizae. Recent studies affirm that seaweeds have a
dual functionality as biostimulants and as soil improvers, promoting plant growth under
stress conditions (Nephali et al., 2020; Banakar et al., 2022).

Seaweed extracts are rich in carbohydrates, enzymes and proteins, and can be used

to reduce abiotic stress, increase nutrient utilization, and stimulate root growth, quality,

Table 3. Means comparison of the root biomass variable at 15, 30, 45, 60 and 75 DAS.

Treatments 15 DAS 30 DAS 45 DAS 60 DAS 75 DAS
Micorrhizae 0.08 b 0.87 a 0.98 a* 0.89 a* 1.33 ab
Bio-Organik® 0.13 ab 0.8la 0.82b 0.75 ab 1.12 be
AlgaBest® 0.19 a* 0.74 a 0.85b 0.75 ab 1.36 a*
Control 0.10b 0.73 a 0.67 ¢ 0.62 b 1.03 ¢
% of CV 28.2 10.51 8.32 13.34 9.66

* Values with the same letter are equal according to Tukey’s test at P<0.05.
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weight, and microbial activity in the root zone of different plants (Sible et al., 2021; Lau
et al., 2022). Despite these beneficial results, microbial biostimulants may exhibit variable
effects in different agricultural products. Therefore, further research is needed to explore
specific microbes with specific functions (Khalil et al., 2022).

Opverall, biostimulant treatments promoted greater root biomass development compared
to the control, with seaweed and mycorrhizae treatments being particularly notable, which
show a sustained positive effect throughout the evaluation cycle.

CONCLUSIONS

Mycorrhizae (Rhizophagus intraradices) promoted greater growth in height (30 DAS) and
root biomass (45 DAS), highlighting their role in early nutrient absorption.

The seaweed extract (AlgaBest®) showed a biphasic effect, stimulated initial root
biomass (15 DAS) and root length in advanced stages (75 DAS), associated with its content
of humic and fulvic acids and bioactive compounds.

Both biostimulants outperformed the control, confirming their potential as sustainable
alternatives for nursery seedling production.

It is recommended to evaluate these treatments under field conditions to validate their

persistence and profitability in complete production cycles.
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