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Abstract: Caesalpinia spinose (tara) is a leguminous tree native to the Peruvian Andes-Amazon region, valued
for soil restoration and high tannin content. However, its large-scale propagation is constrained by physical seed
dormancy caused by a hard and impermeable seed coat. This study evaluated six pre-germination treatments to
break dormancy and enhance early seedling development under local agroclimatic conditions in Magdalena
District, Chachapoyas, Peru. A completely randomized block design with three replicates was used. Treatments
included mechanical scarification (seed coat incision with nail clippers) followed by soaking in a 10% sucrose
solution for 2, 4, or 6 days (T1, T2, T3); mechanical dehulling with a mill followed by sucrose soaking (T4); hot
water shock (T5); and an untreated control soaked in cold water (T6). Germination percentage, plant height, leaf
number, and root length were recorded over approximately 8 weeks. Treatments T2 and T3 achieved the highest
germination rates (90.7-92.5%), significantly outperforming all other treatments (p<0.001). These treatments also
produced the tallest seedlings (up to 8.2 cm), the highest number of true leaves (nearly four per plant), and the
longest roots (>15 cm). In contrast, hot water shock (T5) and mechanical dehulling (T4) resulted in low
germination (~20%), while the control (T6) had only 5.15% germination. The combination of controlled seed coat
incision and osmotic priming with 10% sucrose effectively overcomes physical dormancy, promotes vigorous
seedling growth, and offers a simple, low-cost method suitable for nursery propagation and reforestation
programs in the Peruvian Andes.
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Introduction

Caesalpinia spinosa (tara) is a leguminous tree native to the Andean-Amazonian region of Peru and plays a dual
ecological and economic role. It is highly valued by local communities for its ability to restore degraded soils and for its high
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tannin content, which supports industries such as leather processing, pharmaceuticals, and natural dyes. Despite its
importance, the spread of tara is limited by the physical dormancy of its seeds. These have a hard, impermeable coat that
can delay germination for months or even years until favorable conditions arise [1].

Although dormancy is a natural adaptation mechanism, it poses a challenge for nursery production and reforestation
programs. Several pre-germination techniques have been tested to overcome this limitation, including mechanical
scarification, thermal shock, and chemical treatment. Traditional methods, such as scraping or making a small cut in the seed
coat, help water to enter more easily, promoting the imbibition process. In recent years, more innovative alternatives have
also been explored, such as immersing seeds in sugar solutions, which can stimulate their metabolic activity from the early
stages of germination [2, 3].

However, the effectiveness of pre-germination treatments may vary depending on seed characteristics and local
environmental conditions. Methods that produce satisfactory results in controlled environments or other regions may not work
as well in the agroclimatic conditions of Magdalena, a high-altitude district in Chachapoyas where temperature, soil type, and
moisture patterns influence germination success [4].

In this context, the present study aims to compare six pre-germination methods to determine which are most effective in
breaking dormancy and promoting early seedling development of C. spinosa under local conditions. This evaluation combines
established scientific techniques with practical considerations relevant to community nurseries [5-8].

The results are expected to generate practical, accessible, and low-cost recommendations for seed propagation, providing
tools to drive the restoration of Andean ecosystems and promote the sustainable use of tara. The aim is to contribute not only
to biodiversity conservation but also to the strengthening of communities that coexist with and depend on this valuable
resource in the Peruvian Andes.

Materials and Methods

Study Area

The study was conducted in the district of Magdalena, province of Chachapoyas (Amazonas, Peru), an area with favorable
agroclimatic characteristics for Caesalpinia spinosa (tara) cultivation [8].

This region has a subtropical climate with an average altitude of 2,200 m above sea level, average annual temperatures
of 16-20 °C and rainfall between 800-1,200 mm per year, conditions that influence the germination and growth of the species
[9, 10]. Magdalena is part of the high forest ecosystem, where tara grows wild and in traditional agroforestry systems [11].

The soils of Magdalena are predominantly clay loam, with good drainage and moderate organic matter content (2.5-3.5%),
characteristics suitable for experimentation with forest seeds [4]. In addition, recent research highlights the potential of tara in
agroforestry systems resilient to climate change in the Peruvian Amazon [12].

The selection of the area responds to the need to optimize pre-germinative techniques for the propagation of tara, a
species valued for its use in the tannin industry and its role in the recovery of degraded soils [13].

Experimental Design

A completely randomized block design was used in an experimental area of 76 m? (9.5x8.0 m), with 6 scarification
treatments, 3 replicates, and 18 experimental units measuring 2.0x1.0 m each. A total of 1,800 seeds were sown (100 per
unit; 300 per treatment). For the morphometric assessments (seedling height, number of leaves, and root length), 5 seedlings
were selected from the central area of each unit to avoid edge effects. Seedling emergence percentage was determined for
each experimental unit based on the total number of seeds sown (100 per plot). To ensure statistical validity and avoid pseudo-
replication, the values of these 5 subsampled seedlings per plot were averaged. Consequently, the statistical analysis was
conducted strictly using the plot mean as the experimental unit, resulting in an effective replication of n=3 per treatment.

Substrate Preparation and Seedbed Conditioning

Sifted river sand was used, disinfected with formaldehyde (1 L in 20 L of water) and covered with polyethylene for 4 days.
A seedbed was installed 1.50 m above the ground (2.0%1.0x0.30 m), covered with Raschel mesh to mitigate external
environmental conditions.



Wilfredo Ruiz-Camacho et al. / OnLine Journal of Biological Sciences 2026, 26 (3): 053
DOI: 10.3844/0jbsci.2026.26.03.053

Seed Collection and Pre-Germination Treatments

The seeds were collected at the Huillin farm from 10-20 vigorous and phytosanitary healthy trees. They were extracted
from mature pods, selecting those of uniform size and discarding those at the extremes. Physical scarification treatments
(soaking in cold and hot water) and mechanical scarification treatments (cutting the testa) were applied, according to the
experimental distribution described in Table 1.

For treatments T1-T4, the sucrose solution was prepared by dissolving 100 g of commercial white sugar in 900 mL of tap
water and then bringing the volume to 1 L (10% w/v). The solution was replaced every 24 hours to prevent microbial
fermentation. Soaking was carried out at room temperature (20+2°C). For the hot water treatment (T5), 3 L of tap water was
brought to a rolling boil for 10 minutes, removed from heat, and left uncovered for exactly 5 minutes. At that moment, the
water temperature was measured as 85 + 2 °C using a calibrated thermometer. Seeds were then added and left to cool to
room temperature (approximately 4 hours). The control (T6) consisted of unscarified seeds soaked in cold tap water (20+2°C)
for 24 hours.

Table 1: Pre-germination treatments applied to Caesalpinia spinosa seeds

Treatment Scarification method Soak!ng Congentratlon Soakl_ng Solution Tempoerature
solution (% wiv) duration renewal (°C)
Seed coat incision Sucrose
T1 f S (table sugar) 10% 2 days Every 24 h 202
with nail clippers )
in tap water
T2 Seed coat incision Sucrose in 10% 4 days Every 24 h 20 +2
with nail clippers tap water
T3 Seed coat incision Sucrose in 10% 6 days Every 24 h 20 +2
with nail clippers tap water
Mechanical dehulling Sucrose in
T4 (manual grain mill, 10% 2 days Every 24 h 202
tap water
gap ~1 mm)
Seeds added
5 min after
T5 None (hot water Tap water - boiling; left N/A 852 _a_t seed
shock) . addition
until room
temp (~4 h)
T6 (control) None Tap water - 1 day N/A 202

Note: For T5, 3 L of water was boiled for 10 minutes, then left uncovered for 5 minutes before adding seeds. Temperature was measured with a calibrated
thermometer. For all sucrose treatments, the solution was prepared by dissolving 100 g of sugar in 900 mL of tap water and then bringing the volume to 1 L
(10% w/v). Solutions were replaced every 24 hours to prevent fermentation

Sowing and Agronomic Management

Sowing took place between August and November 2023 at a depth equivalent to twice the thickness of the seed, covered
with sterile sand. Initial irrigation was applied, followed by 2-3 irrigations per week depending on environmental conditions.
No fertilizers were used during the evaluation period.

Variables Evaluated
Evaluations were carried out until the seedlings reached 6-9 cm in height (optimal phase for transplanting, ~8 weeks):

¢ Seedling emergence (%): recorded daily as the proportion of seeds showing radicle emergence (22 mm) or shoot
emergence above the substrate, until no new seedlings appeared for three consecutive days

¢ Height (cm): measured from the base of the stem to the apex with a millimeter ruler
e Number of leaves: count of true (compound) leaves
e Root length (cm): direct measurement after careful removal of the substrate. Materials, equipment, and accessories

The materials included Caesalpinia spinosa seeds, drinking water, disinfected sand, and pre-germination substances,
depending on the treatment. The equipment used included germination trays, digital scales, rulers or calipers, timers, water
baths, and mechanical scarification tools (nail clippers or small grinders). Accessories included soaking containers, watering
cans or sprinklers, labels, gloves, masks, protective goggles, and notebooks or digital recording devices.
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Statistical Analysis

The data were processed using R software. Prior to the analysis of variance (ANOVA), the data from the 5 subsamples
per plot were averaged to obtain a single representative value per experimental unit (n = 3 per treatment, total N = 18). Once
the statistical assumptions of normality and homoscedasticity were met, a conventional ANOVA was applied for a completely
randomized block design. Duncan’s multiple range test (a = 0.05) was used to determine significant differences between
treatment means.

Results

Percentage (%) of Germination

Analysis of variance (ANOVA) showed that the treatments evaluated had a significant impact on the germination
percentage (F = 22.83; p<0.001), confirming that the differences observed respond to the actual effect of the treatments and
not to chance (Table 2). The low experimental error supports the accuracy of the measurements and the reliability of the
results.

Table 2: Analysis of variance (ANOVA) in a completely randomized block design for the percentage of tara germination in
Magdalena, Chachapoyas, Amazonas, Peru

Source gl Sum of Squares (SS) Mean Square (MS) F-value p-value
Blocks 2 0.33 0.16 0.71 >0.05 (ns)
Treatments 5 2605.59 521.12 22.83 <0.001 ***
Error 10 228.20 22.82
Total 17 2834.12

Duncan’s test (a = 0.05) identified three statistically distinct groups (Table 3; Fig. 1). Treatments T1, T2, and T3 achieved
the highest germination rates (88.30-92.50%) with no significant differences between them, demonstrating a homogeneous
and superior response compared to the other treatments. T4 and T5 formed a second group with values close to 20%, while
T6 recorded the lowest germination (5.15%), remaining as an independent group, confirming the marked influence of the type
of treatment applied on the germination response.
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Fig. 1: Percentage of emergence of Caesalpinia spinosa seedlings under different pre-germination treatments. Error bars
represent standard deviation (n = 3). Different letters indicate significant differences according to Duncan’s test (a = 0.05)
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Table 3: Comparison of mean germination percentages according to Duncan’s test (a = 0.05)

Treatment Mean (% germination) Group (Duncan)
T3 92.50 A
T2 90.70 A
T1 88.30 A
T5 20.38 B
T4 19.80 B
T6 5.15 C

Note: Means with the same letter do not differ statistically from each other

The high performance of T1-T3 is attributed to the combination of controlled mechanical scarification and soaking
in 10% sucrose, factors that favored more efficient imbibition and early metabolic activation of the embryo. In
particular, the longer soaking time applied in T3 enhanced physiological recovery and mobilization of reserves, which
would explain its relatively better performance. In contrast, T4 showed a lower response, possibly due to damage or
irregularities in mechanical scarification, while T5, based solely on thermal shock, promoted partial activation that
was not sufficient to overcome physical dormancy. The control (T6), without physical or osmotic stimulation,
maintained the impermeability of the seed coat, drastically limiting germination. Overall, the results show that, in tara
seeds, controlled tegument rupture, accompanied by an osmotic stimulus such as sucrose, is decisive in activating
the physiological processes that drive germination, improving emergence uniformity, and optimizing seedling
production in nurseries.

Plant Height

The analysis of variance showed significant differences in plant height between the treatments applied (F = 17.68;
p<0.001), indicating a consistent effect of the interventions evaluated (Table 4). Block variation was not significant in this
analysis (F = 2.09; p>0.05), but the overall model still supported the use of a randomized block design.

Table 4: Analysis of variance (ANOVA) for plant height (cm) of tara

Source gl Sum of Squares (SS) Mean Square (MS) F-value p-value
Blocks 2 0.21 0.103 2.09 >0.05 (ns)
Treatments 5 43.47 8.694 17.68 <0.001 ***
Error 10 4.92 0.492
Total 17 48.60

Duncan’s test (a = 0.05) showed marked differences between the treatments for plant height, organizing them into
four well-defined groups (Table 5; Fig. 2). The first response level included treatments T3 (8.20 cm) and T2 (7.95 cm),
both within group A. These treatments showed the best results and did not present statistical differences between them,
which highlights them as the most favorable alternatives. A second set of yields corresponded to group B, consisting of
T1 (5.30 cm) and T5 (5.10 cm). Although their values were lower than those of group A, they maintained a consistent
advantage over the other treatments. Treatment T4 (4.70 cm) was grouped individually in group C, showing intermediate
performance. Finally, T6 (4.30 cm) was placed in group D, recording the lowest height and differing significantly from
the other treatments. Thus, the results establish a clear hierarchy among the treatments, with T3 and T2 consolidating
their position as the most effective options for promoting height growth.

Treatments T2 and T3 promoted greater height in tara plants because scarification and soaking in sucrose efficiently
activated the embryo and mobilized reserves, favoring cell elongation. T1 and T4 showed intermediate heights, while
T5 and the control T6 recorded the lowest heights, associated with limited physiological activation due to partial
scarification or absence of treatment. These results indicate that plant height is directly related to the efficiency of the
initial physiological processes of the seed.
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Fig. 2: Mean height (cm) of Caesalpinia spinosa seedlings at eight weeks after sowing. Error bars represent standard deviation
(n = 3). Different letters indicate significant differences according to Duncan’s test (a = 0.05)

Table 5: Comparison of mean plant heights (cm) according to Duncan’s test (a = 0.05)

Treatment Mean (cm) Group (Duncan)
T3 8.20 A
T2 7.95 A
T1 5.30 B
T5 5.10 B
T4 4.70 B
T6 4.30

Note: Means with the same letter do not differ statistically from each other.

Number of Leaves

Efficient germination is a critical factor for early and vigorous seedling establishment. The different pre-germination
treatments significantly affected the number of leaves per seedling (F = 9.05; p < 0.01), with those combining mechanical
scarification and soaking in a sugar solution promoting higher leaf development (Table 6). Variation between blocks was not
significant, and experimental error contributed minimally. These findings highlight that the pre-germination practices applied
not only increase the number of leaves but also enhance the initial vigor of the seedlings, offering an effective strategy for
improving early production.

Table 6: Analysis of variance (ANOVA) in a completely randomized block design for the number of tare leaves in Magdalena,
Chachapoyas, Amazonas, Peru

Source gl Sum of Squares (SS) Mean Square (MS) F-value p-value
Blocks 2 0.048 0.024 1.34 >0.05 (ns)
Treatments 5 8.112 1.622 9.05 <0.01**
Error 10 1.792 0.179
Total 17 9.952

The combination of mechanical scarification and soaking in sugar solution significantly increased the number of tara
seedling leaves, with T3 and T2 standing out as the most effective treatments according to Duncan'’s test (Table 7; Fig. 3).
These results show that specific pre-germination practices enhance initial vigor and promote more efficient early
establishment, offering clear strategies for improving leaf production and the potential yield of this strategic crop in high
Andean regions.
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Fig. 3: Number of true leaves per seedling of Caesalpinia spinosa under different pre-germination treatments. Error bars
represent standard deviation (n = 3). Different letters indicate significant differences according to Duncan'’s test (a = 0.05)

Table 7: Comparison of mean number of leaves according to Duncan’s test (a = 0.05)

Treatments Mean (number of leaves) Group (Duncan)
T3 3.98 A
T2 3.60 A
T1 2.98 B
T5 2.60 B
T4 2.40 C
T6 2.05 C

Note: Means with the same letter do not differ statistically from each other
Root Length

The analysis of variance showed that the treatments had a significant effect on root length (F = 3.22; p<0.05), while blocks
did not contribute significantly (Table 8). The low experimental variability reflects the accuracy of the measurements and allows
us to conclude that the differences observed are mainly due to the treatments applied.

Table 8: Analysis of variance (ANOVA) for root length (cm) of tara

Source gl Sum of Squares (SS) Mean Square (MS) F-value p-value
Blocks 2 0.298 0.149 1.17 >0.05 (ns)
Treatments 5 20.520 4.104 3.22 <0.05*
Error 10 12.750 1.275
Total 17 33.568

Treatments T3 and T2, which promoted the longest roots (group A, Table 9; Fig. 4), likely favored key physiological
processes such as root meristem activation, efficient nutrient absorption, and stimulation of growth hormones such as auxins
and cytokinins. These effects could be related to scarification techniques, soaking, or the application of specific nutrient
solutions, which facilitate vigorous germination and root elongation. T1 showed an intermediate effect, while T5 and T4
induced moderate growth, possibly due to limitations in the availability of factors that stimulate cell division and root elongation.
Finally, T6, the least effective, reflects the absence of treatments that activate these physiological mechanisms, limiting root
development capacity.
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Fig. 4: Root length (cm) of Caesalpinia spinosa seedlings at eight weeks after sowing. Error bars represent standard deviation
(n = 3). Different letters indicate significant differences according to Duncan'’s test (a = 0.05)

Table 9: Comparison of mean root length (cm) according to Duncan’s test (a = 0.05)

Treatments Mean (cm) Group (Duncan)
T3 15.10 A
T2 14.92 A
T1 13.60 B
T5 13.10 B
T4 12.80 B
T6 12.20 B

Note: Means with the same letter do not differ statistically from each other
Discussion

The results obtained show that pre-germination treatments combining mechanical scarification with soaking in a 10%
sucrose solution for 4 to 6 days (T2 and T3) were the most effective in stimulating germination and initial growth of Caesalpinia
spinosa. This response occurs because scarification breaks the hardness of the testa, allowing water to enter, while soaking
in sucrose acts as an osmotic conditioner that gradually activates the embryo’s metabolic processes [14, 15].

Through this interaction, the seeds achieve an internal balance that favors faster, more uniform, and more vigorous
germination. The high germination rate (88-92%) achieved by these treatments can be explained by the fact that sucrose
allows slow, controlled hydration, preventing damage from excess water and promoting the orderly activation of enzymes that
mobilize endosperm reserves. At the same time, the resulting osmotic environment stimulates antioxidant mechanisms that
protect the embryo, resulting in stronger seedlings with improved initial development [15].

Seedlings from T2 and T3 showed greater height, more leaves, and longer roots - indicators of more vigorous growth.
This behavior is associated with early metabolic activation, which increases the availability of energy and sugars necessary
for cell division and elongation. Soaking in sucrose acts as a “physiological alarm clock,” preparing the seed for a more efficient
transition to the autonomous growth phase, a phenomenon also observed in other plant species [16]. Similarly, the longer
and more branched roots recorded in these treatments result from the combination of eliminating physical barriers in the testa
and the hormonal effect induced by sucrose on root elongation pathways [15].

This improvement in the root system not only facilitates water and nutrient absorption but also strengthens the seedlings’
ability to adapt and survive after transplanting. These findings are consistent with reports by [17, 18], showing that
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physiological and nutritional management practices directly impact metabolic efficiency and crop productivity. In Valencia
oranges, balanced fertilization improved fruit physiology and quality [17], while agroecological conditions and agronomic
management determined plant physiological responses [17, 18]. Likewise, the application of Gibberellic Acid (GA;) to potatoes
accelerated RNA and protein synthesis, stimulating sprouting [19] - a process analogous to that occurring in tara seeds during
osmotic soaking.

In summary, these results confirm that the combination of mechanical scarification and soaking in 10% sucrose is a simple,
economical, and environmentally friendly technique for overcoming dormancy in Caesalpinia spinosa seeds. This procedure
not only improves germination and initial vigor but also contributes to obtaining healthier, more uniform, and more adaptable
seedlings, ideal for nursery and reforestation programs under variable conditions.

Conclusion

Treatments T2 and T3 (mechanical scarification with nail clippers followed by soaking in 10% sucrose solution for 4 to 6
days) showed the highest emergence percentages in Caesalpinia spinosa seedlings, with values of 92.50% and 90.70%,
respectively. These methods effectively eliminated physical dormancy, facilitating embryo emergence and confirming their
practical usefulness for propagating this species.

In addition, morphological variables (seedling height, number of leaves, and root length) were significantly influenced by
these treatments, showing that seeds with intact internal structures have a better germination response and initial
development. In contrast, physical scarification with boiled water (T5) was less effective, likely due to thermal damage to the
seeds and insufficient soaking time. To optimize this method, we recommend reducing exposure to boiling water to less than
one minute and extending the soaking period beyond one week, which could improve efficacy without compromising seed
viability.

Overall, controlled mechanical scarification combined with osmotic priming using a 10% sucrose solution offers a simple,
low-cost, and practical technique for enhancing tara seed germination and seedling establishment. This approach provides
valuable support for nursery production, reforestation programs, and sustainable land management initiatives in the Peruvian
Andes.
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