



Priming Technologies as a Strategy to Improve Productive Efficiency in Carrots

Abstract
This study evaluated priming techniques like  hydropriming, biopriming, and halopriming to enhance germination and uniform seedling emergence in seeds of the carrot cultivar Altiplano. In laboratory experiments conducted under a completely randomized design, the most effective treatments were identified as hydropriming (24-48 hours of soaking) and halopriming with KNO3 (3-15% for 24-48 hours) and NaCl (3-10% for 24-36 hours). These treatments were subsequently tested under field conditions using a randomized complete block design with four replications. Halopriming with 3% KNO3 for 36 hours proved to be the most effective, resulting in significantly higher values for seedling growth rate (58.33 mm at 30 days), emergence percentage (95.33%), and seedling vigor index (213.07). These findings indicate that halopriming with KNO3 is a highly effective technique and represents a promising strategy for improving carrot crop establishment.
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Introduction
Carrot (Daucus carota L.) is one of the most widely cultivated root vegetables worldwide. However, its production is significantly affected by abiotic stress, which reduces yields and primarily impairs seed germination and seedling establishment (Pawar et al., 2018; Que et al., 2019; Paparella et al., 2024).

To mitigate these effects, seed priming as a straightforward technique involving controlled hydration that activates physiological and biochemical processes before germination, without triggering radicle protrusion, has been shown to enhance germination rates and promote uniform seedling emergence (Khan et al., 2005; Paparella et al., 2015; Singh et al., 2015; Muhie et al., 2021). Moreover, priming induces tolerance to abiotic stresses through the stimulation of pre-germinative metabolic pathways (Ibrahim, 2016). For instance, primed carrot seeds can reach up to 98% germination within nine days at temperatures ranging from 20 °C to 35 °C (Nascimento et al., 2013).

Several seed priming methods have been developed, including, hydropriming, which activates metabolic processes via controlled water imbibition (Pedrini et al., 2020; Ermis et al., 2021); halopriming, which involves soaking seeds in inorganic salt solutions to induce stress resistance (El-Sanatawy et al., 2015; Biswas et al., 2023) and biopriming, which employs beneficial microorganisms such as plant growth-promoting bacteria and fungi to enhance stress tolerance (Prasad et al., 2016; Forti et al., 2020; Deshmukh et al., 2020). These approaches are considered key strategies for optimizing crop performance under stress-prone conditions (Ashraf and Foolad, 2005; Lutts et al., 2016).

Thus, the objective of this study was to evaluate and compare the effectiveness of three seed‑priming techniques viz. hydropriming, halopriming (using NaCl and KNO3), and biopriming (with Trichoderma sp.) on germination performance and early seedling establishment of carrot under both laboratory and field conditions.
Materials and Methods
Study area, variety and evaluated variables
The study was conducted at the facilities of the Centro Nacional de Producción de Semillas de Hortalizas (CNPSH), located in Villa Montenegro, Cochabamba, Bolivia. The plant genetic material used consisted of carrot seeds of the Altiplano variety (Valle de Oro brand), Chantenay type. This variety has an average root length of 12 to 15 cm, a crop cycle of 120 days in valleys and 180 days in high plateaus, and an average yield of 35 to 45 t ha-1. The study was developed in the laboratory and field.
In the laboratory phase, the following response variables were evaluated: root protrusion (50 and 100% of seeds had protruded), germination (50 and 100% of viable seeds had germinated), germination rate index, total germination percentage, seedling length, and seedling vigor index. In the field phase, the variables assessed were: emergence rate index, total emergence percentage, seedling length, and seedling vigor index (AOSA, 1990; Maguire, 1968).

The laboratory experiment was conducted using a completely randomized design (CRD), while the field experiment (17°26’26.58”S, 66°20’37.97”W; 2550 m a.s.l.) followed a randomized complete block design (CRBD) with four replications. Three seed priming methods - hydropriming, halopriming, and biopriming - were evaluated using certified carrot seeds. Before the experiments, seed moisture content and initial germination percentage were determined.

Experimental procedure: laboratory and field phases

Hydropriming
For each replicate, 0.6 g of carrot seeds were weighed using a digital analytical balance (ME 104, precision 0.10 mg) and placed in 50 mL beakers containing 20 mL of distilled water. The treatments consisted of five immersion durations (24, 36, 48, 60, and 72 hours), along with a control (no treatment). After immersion, the seeds were shade-dried for 48 hours. Fifty seeds per treatment were randomly selected and sown in Petri dishes lined with moistened absorbent paper. Response variables were evaluated daily under controlled laboratory conditions. Each experimental unit consisted of one Petri dish containing 50 carrot seeds, including those subjected to hydropriming and the control.

Simultaneously, for the field phase, 100 seeds were randomly selected for each hydropriming treatment and sown according to the experimental design in a CNPSH field plot. Each experimental unit comprised four 1.00-meter-long furrows, spaced 0.1 meters apart, with 25 seeds sown at 5 cm intervals in each furrow. This resulted in a seeding density of 200 seeds/m², covering a total area of 0.50 m² per treatment. The response variables were evaluated under field conditions.

Biopriming
Hydropriming experimental protocol was applied until the seed dried. Subsequently, 50 seeds per treatment were randomly selected and inoculated with Trichoderma sp. and sown in Petri dishes with moistened absorbent paper. Response variables were evaluated daily under laboratory conditions. The experimental unit consisted of a Petri dish containing 50 treated carrot seeds, including both the biopriming and control treatments.

In parallel, for the field phase, 100 seeds were randomly selected for each biopriming treatment and sown according to the experimental design in a CNPSH plot. Each experimental unit consisted of four 1 m long furrows, spaced 0.10 m apart, with 25 seeds sown at 5 cm intervals in each furrow. This represented a sowing density of 200 seeds m-2, occupying a total area of 0.5 m2 per treatment. Response variables were evaluated under field conditions.

Halopriming
For each replicate, 0.60 ± 0.01 g of carrot seeds were weighed using a digital analytical balance (ME104, precision: 0.10 mg) and placed in 50 mL beakers. To each beaker, 20 mL of a sodium chloride (NaCl) solution was added at one of four concentrations (3, 5, 10, and 15% w/v), with immersion periods of 24, 36, 48, and 72 hours, along with a control treatment (no solution). After immersion, the seeds were rinsed with distilled water and shade-dried for 48 hours.
Next, 50 seeds from each treatment were randomly selected and sown in Petri dishes containing moistened absorbent paper. Response variables were evaluated daily under laboratory conditions. The experimental unit consisted of one Petri dish containing 50 treated carrot seeds, including both the halopriming treatments with sodium chloride and the untreated control. In the field phase, 100 seeds from each sodium chloride halopriming treatment were randomly selected and sown according to the experimental design in a CNPSH plot.
Each experimental unit consisted of four furrows, each 1 m long and spaced 0.10 m apart, with 25 seeds sown at 5 cm intervals per furrow - resulting in a sowing density of 200 seeds m-2 and a total area of 0.5 m2 per treatment. Response variables were evaluated under field conditions.
The same experimental protocol described above was applied, maintaining the concentrations (3, 5, 10 and 15% w/v) and immersion times (24, 36, 48 and 72 hours), but replacing NaCl with potassium nitrate (KNO3) as a halopriming agent.
Statistical analysis

Statistical analyses were performed using R software (version 4.4.3) and included the following: (1) validation of statistical assumptions (using the car package), (2) analysis of variance (ANOVA) followed by Tukey’s post-hoc test (p ≤ 0.05; Agricolae package), (3) permutation tests with 10,000 replicates (coin package), along with calculations of the coefficient of variation (CV) and coefficient of determination (R2) to evaluate experimental precision and model fit.

Results and Discussion
Laboratory phase
ANOVA for hydropriming revealed significant differences (p ≤ 0.05) in the response variables: 50 and 100% root protrusion, total germination percentage, and plant vigor index. No significant differences (p > 0.05) were observed for the other variables evaluated during the laboratory phase (Table 1).
Table 1. Analysis of statistical significance (ANOVA) for the effects of priming techniques on response variables under laboratory conditions.
	Priming Technique
	Source of Variation
	50%

protrusion
	100%

protrusion
	50%

germin.
	100%

germin.
	Germin. speed
	Germin.

(%)
	Seedling

length
	Seedling

vigor

	Hydropriming
	Immersion time (IT)
	**
	*
	NS
	NS
	NS
	**
	NS
	**

	Biopriming
	IT
	NS
	NS
	**
	**
	**
	NS
	NS
	NS

	Halopriming (NaCl)
	Concentration
	**
	**
	**
	**
	**
	NS
	*
	**

	
	IT
	NS
	**
	**
	NS
	**
	*
	NS
	NS

	
	Concentration × IT
	**
	**
	**
	NS
	**
	NS
	NS
	NS

	Halopriming (KNO3)
	Concentration
	**
	**
	NS
	**
	**
	**
	NS
	**

	
	IT
	**
	**
	**
	**
	**
	NS
	NS
	NS

	
	Concentration × IT
	**
	**
	**
	NS
	**
	**
	NS
	**


50% protrusion: carrot root protrusion on 50% of the seeds. 100% protrusion: carrot root protrusion on 100% of the seeds. 50% germin.: germination of 50% of viable seeds had germinated. 100% germin.: germination of 50% of viable seeds had germinated. Germin. speed: daily average germination counted over a period. Germin. (%): percentage of seed germination. Seedling length: measured from the root tip to the shoot apex. Seedling vigor: mean seedling length × germination.

Significance levels: at 0.01 = ‘**’, and at 0.05 = ‘*’. NS: not significant.
Hydropriming (24 hours) significantly reduced (p ≤ 0.05) the time for carrot seeds to reach 50% root protrusion (3-4 days vs. 6 days for the control), being the most efficient. Likewise, it recorded the shortest time for seeds to reach 100% root protrusion (7 days), significantly lower (p ≤ 0.05) than 72-hour immersion, but without statistical differences (p > 0.05) with 36- and 48-hour immersions or with the control. The reduction in time to root protrusion with hydropriming (24 hours) agrees with Ortiz et al. (2018), although the response varies between species. Optimization is key, since prolonged seed immersion inhibits germination (Pérez et al., 2016; Ermis et al., 2021).

At 20 days after sowing, the germination (%) for the hydropriming treatments (24, 36, and 48 hours) and the control was significantly higher than that of the 72-hour hydropriming treatment. The 24-hour hydropriming treatment showed the highest germination rate, with 66% of seeds germinated. These results contrast with those reported for Momordica charantia by Adhikari et al. (2021), in which hydropriming consistently enhanced germination by increasing water uptake and enzyme activation, indicating a species-specific response.

Regarding the seedling vigor index, the 24- and 48-hour hydropriming treatments were significantly superior to the 72-hour treatment (94.50) and the control (285), with the 24-hour treatment achieving the highest vigor index of 407 (Figure 1). These findings suggest that hydropriming carrot seeds for shorter durations (24-48 hours) enhances seedling vigor, while extended soaking (72 hours) may reduce vigor.
Figure 1.  SEQ Figura \* ARABIC Comparison of means (Tukey test α = 0.05) of hydropriming treatments for the seedling vigor index response variable in the laboratory.
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th1: 24-hour immersion in water, th2: 36-hour immersion in water, th3: 48-hour immersion in water, th4: 60-hour immersion in water, th5: 72-hour immersion in water.

The ANOVA for biopriming revealed significant differences (p ≤ 0.05) for the response variables: 50 and 100% germination, and the germination rate index. No significant differences (p > 0.05) were found for the other variables evaluated during the laboratory phase (Table 1).
Biopriming treatments with Trichoderma sp. inoculation (24 and 48 hours of water immersion) and the control significantly reduced (p ≤ 0.05) the time required to reach 50% germination in seeds of the carrot variety Altiplano (9 days), suggesting that fungal inoculation promotes germination, possibly through the production of growth-promoting metabolites. These findings are consistent with those reported by Santana et al. (2016) in tomato, where Trichoderma sp. enhanced germination by stimulating enzymatic activity and mobilizing seed reserves.

The biopriming treatment with 24 hours of water immersion recorded the shortest time to reach 100% germination (10 days), significantly (p ≤ 0.05) lower than all other treatments and the control. The biopriming treatment with 48 hours of immersion and the control showed the highest seedling emergence speed indices (5.62 and 5.68), significantly higher (p ≤ 0.05) than the 24-hour biopriming treatment, but statistically similar to the 36-hour and 72-hour biopriming treatments (Figure 2). These results are in agreement with those reported by Faria et al. (2003) in cotton seeds, where T. harzianum also improved the ESI.

Figure 2.  SEQ Figura \* ARABIC Comparison of means (Tukey test α = 0.05) of biopriming treatments for the response variable germination speed index in the laboratory.
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tin1: immersion for 24 hours in water and inoculated with Trichoderma sp., tin2: immersion for 36 hours in water and inoculated with Trichoderma sp., tin3: immersion for 48 hours in water and inoculated with Trichoderma sp., tin5: immersion for 72 hours in water and inoculated with Trichoderma sp.

The ANOVA for halopriming (NaCl) showed significant differences (p ≤ 0.05) for the interaction (concentration NaCl × immersion time) for the response variables 50 and 100% root protrusion, 50% germination and germination speed index. No significant differences (p > 0.05) were observed for the other variables evaluated in the laboratory phase (Table 1).

Halopriming treatments with 24 and 36 hours of immersion in 10% NaCl, 24 hours in 5% NaCl and 48 hours in 15% NaCl recorded the shortest times until 50% seed protrusion under laboratory conditions, with averages of 2.75, 3.00, 3.25 and 3.50 days, respectively, being lower compared to the other treatments evaluated (Figure 3a). In contrast, Killian et al. (2005) reported an adverse effect when pre-soaking carrot seeds in KCl (540 mM) and NaCl (340 mM) solutions, observing a lower percentage of emergence under saline conditions. For their part, Manjavachi et al. (2020) noted that, in parsley seeds, priming treatments with NaCl at 1 and 1.50 MPa for 6 days reduced the number of days to 50% root protrusion.

Figure 3. Interaction of NaCl concentration × immersion time for the response variables (a) 50% root protrusion (days), (b) 100% root protrusion (days), (c) 50% germination (days), and (d) laboratory emergence speed index.
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h24: 24-hour immersion, h36: 36-hour immersion, h48: 48-hour immersion, h60: 60-hour immersion, h72: 72-hour immersion. Pc10: 10% NaCl concentration, Pc15: 15% NaCl concentration, Pc3: 3% NaCl concentration, Pc5: 5% NaCl concentration. test: control.

Halopriming treatments involving 36 hours of immersion in 10 and 15% NaCl, 24 hours in 5% NaCl, and 48 hours in 15% NaCl resulted in the shortest times to reach 100% seed protrusion under laboratory conditions, with averages of 4.50, 5.00, 4.25, and 4.70 days, respectively. These values were lower compared to the other treatments evaluated (Figure 3b). In this context, Cayuela et al. (1996), in a pre-germination study using NaCl on tomato seeds, reported a reduction in emergence time with sodium chloride treatments, without significantly affecting the final emergence percentage.

Halopriming treatments with 36 and 24 hours of immersion in 10% NaCl also resulted in shorter times to reach 50% germination under laboratory conditions, with averages of 7.50 and 8.25 days, respectively - both lower than those observed in the other treatments (Figure 3c). However, Sánchez et al. (1997) reported that sodium chloride treatment did not promote germination in cucumber, attributing this outcome to the osmotic properties of the solution rather than its chemical composition.

Halopriming treatments with 36 and 24 hours of immersion in 10% NaCl showed the highest seed germination speed indices under laboratory conditions, with averages of 7.82 and 7.28, respectively, higher than those recorded for the other treatments (Figure 3d). The reduction in germination speed index observed in other NaCl treatments may be attributed to the decreased osmotic potential of the solution, which limits water availability to the seed and hinders key physiological processes such as cell division, elongation, and the mobilization of reserves essential for germination (Mortele et al., 2008).

The ANOVA for halopriming with KNO3 revealed significant differences (p ≤ 0.05) for the interaction between KNO3 concentration and immersion time concerning the response variables: 50 and 100% root protrusion, 50% germination, germination speed index, total emergence percentage, and seedling vigor index. No significant differences (p > 0.05) were observed for the other variables evaluated during the laboratory phase (Table 1).

Halopriming treatments consisting of 24 hours of immersion in 10% KNO3, 36 hours in 3% KNO3, and 48 hours in 15% KNO3 resulted in the shortest times to reach 50% root protrusion under laboratory conditions, with averages of 2.00, 2.00, and 2.25 days, respectively - values lower than those observed in the other treatments (Figure 4a). These results suggest that moderate KNO3 concentrations (< 15%) combined with immersion times of up to 48 hours optimize root protrusion. These findings are consistent with those reported by Méndez Flores (2014) for Beaucarnea gracilis, where KNO3 concentrations of 5-10 atm improved both germination speed and percentage.

Figure 4. Interaction of concentration KNO3 × immersion time for the response variables: a) 50% root protrusion (days), b) 100% root protrusion (days), c) 50% germination (days), d) germination speed index, e) total germination percentage and f) seedling vigor index in the laboratory.
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h24: 24-hour immersion, h36: 36-hour immersion, h48: 48-hour immersion, h60: 60-hour immersion, h72: 72-hour immersion. Pc10: 10% KNO3 concentration, Pc15: 15% KNO3 concentration, Pc3: 3% KNO3 concentration, Pc5: 5% NaCl concentration. tes: control.

Halopriming treatments involving 24 hours of immersion in 10% KNO3, 36 hours in 3% KNO3, and 48 hours in 15% KNO3 resulted in the shortest times to reach 100% seed protrusion under laboratory conditions, with averages of 4.50, 4.50, and 5.25 days, respectively - shorter than those observed in the other treatments evaluated (Figure 4b). This suggests that moderate KNO3 concentrations (< 15%) and immersion durations ≤ 48 hours optimize radicle protrusion. However, these findings contrast with those of Garruña et al. (2014) in Capsicum chinense, where KNO3 negatively affected germination, possibly due to suboptimal water availability. Such discrepancies may be attributed to differences in methodology, concentration, KNO3 purity, or species-specific sensitivity.
Halopriming treatments with 48 hours of immersion in 15% KNO3 and 24, 36, and 48 hours in 5% KNO3 resulted in the shortest times to reach 50% seed germination under laboratory conditions, with averages of 7.75, 8.00, 8.00, 8.00, and 8.00 days, respectively - lower than those of the other treatments evaluated (Figure 4c). These results confirm that KNO3 accelerates germination, consistent with the findings of Muhammad et al. (2020) in tomato, where 0.75% concentrations enhanced emergence rates. However, the variation in effective concentrations (5-15% vs. 0.75%) suggests that optimal responses may be species-dependent.
Halopriming treatments consisting of 36 hours of immersion in 3% KNO3, 48 hours in 5 and 15% KNO3, and 24 hours in 10% KNO3 resulted in the highest seed germination speed indices under laboratory conditions, with averages of 7.82, 7.10, 7.47, and 7.40, respectively - surpassing those of the other treatments evaluated (Figure 4d). These findings indicate that immersion durations ≤ 48 hours with KNO3 enhance germination speed. This is in agreement with Reolon et al. (2013), who reported increased emergence speed in rice using 0.2 M KNO3 for 24-48 hours, suggesting that longer durations may be detrimental.
Halopriming treatments with 24 hours of immersion in 10% KNO3, 48 hours in 15% KNO3, and 36 hours in 3% KNO3 yielded the highest germination percentages under laboratory conditions, with averages of 80.75%, 79.25%, and 75.00%, respectively - higher than those observed in the other treatments evaluated (Figure 4e). Similarly, halopriming treatments with 24 hours of immersion in 10% KNO3, 48 hours in 15% KNO3, and 36 hours in 3% KNO3 resulted in the highest seedling vigor indices under laboratory conditions, with averages of 543.75, 539.00, and 493.00, respectively, again outperforming the other treatments evaluated (Figure 4f). These findings confirm that KNO3 enhances seedling vigor, consistent with reports by Batool et al. (2015) in Brassica oleracea var. capitata and Steiner et al. (2018) in wheat, where halopriming with potassium nitrate also improved this parameter.
Field phase

For the field evaluation, the treatments that showed the best laboratory performance compared to the control were selected: hydropriming (immersion for 24-48 hours), halopriming with KNO₃ (3% for 36 hours, 10% for 24 hours, and 15% for 48 hours), halopriming with NaCl (10% for 36 hours, 3% for 24 hours, and 5% for 24 hours), and a control (no treatment). ANOVA revealed significant differences (p ≤ 0.05) among the treatments for the response variables: growth rate index, total emergence percentage, seedling height, and seedling vigor index (Table 2).

Table 2. Analysis of variance for response variables evaluated in the field.
	Source of variation
	Growth
velocity index
	Total emergency
(%)
	Seedling

height
	Seedling
vigor index

	Treatment
	< 2e-16**
	< 2.22e-16**
	< 2e-16**
	< 2e-16**

	Block
	0.0699NS
	0.3200NS
	0.0460*
	0.2970NS


Significance levels: at 0.01 = ‘**’, and at 0.05 = ‘*’. NS: not significant.
Treatments T2 (2.55 cm), T3 (2.44 cm), and T1 (2.42 cm) recorded the greatest seedling heights at 20 days, showing significant differences (p ≤ 0.05) compared to the other treatments. However, these same treatments exhibited emergence percentages below 60% (Table 3), suggesting that the increased height may be attributed to the lower density of emerged seedlings, likely due to reduced competition for light and nutrients.

Table 3. Means (± SD) of growth speed index, emergence percentage, seedling height and vigor in seedlings of different carrot priming treatments under field conditions.
	Treatments
	Growth Speed Index
	Total Emergency
(%)
	Seedling height
(cm)
	Seedling vigor index

	Hydropriming (24 hours)
	35.24 ± 0.23g
	59.33 ± 0.20f
	2.42 ± 0.01b
	143.29 ± 0.77e

	Hydropriming (48 hours)
	27.17 ± 0.31h
	40.83 ± 0.64h
	2.55 ± 0.64a
	104.02 ± 1.70g

	Control
	25.15 ± 0.75h
	39.65 ± 1.01h
	2.17 ± 0.01f
	102.55 ± 1.71g

	Halopriming KNO3 (10%, 24h)
	35.88 ± 0.03f
	56.67 ± 0.50g
	2.44 ± 0.01b
	137.98 ± 0.33f

	Halopriming KNO3 (15%, 48h)
	41.54 ± 0.22d
	69.33 ± 0.31d
	2.33 ± 0.02d
	161.55 ± 1.50d

	Halopriming KNO3 (3%, 36h)
	58.33 ± 0.18a
	95.33 ± 0.15a
	2.24 ± 0.01e
	213.07 ± 1.23a

	Halopriming NaCl (10%, 36h)
	51.37 ± 0.25b
	84.50 ± 0.64b
	2.08 ± 0.03g
	175.76 ± 3.08b

	Halopriming NaCl (3%, 24h)
	40.26 ± 0.31e
	67.67 ± 0.86e
	2.36 ± 0.01c
	159.35 ± 2.04d

	Halopriming NaCl (5%, 24h)
	44.63 ± 0.10c
	76.00 ± 0.54c
	2.16 ± 0.01f
	164.73 ± 1.84c


Means in the same column followed by the same letters do not show significant differences according to the Tukey test (p ≤ 0.05).

Treatment T5, with a growth speed index of 58.33, total emergence of 95.33%, and seed vigor index of 213.07, showed significant differences (p ≤ 0.05) compared to the other treatments (Table 3), standing out as the most effective under field conditions. These results align with previous studies indicating that seed priming - particularly with KNO3 - enhances germination, growth, and seedling vigor when compared to NaCl, possibly due to its role in the early activation of metabolic processes (Mamun et al., 2018; Nawaz et al., 2018).
Halopriming with KNO3 (3% for 36 hours) proves to be an effective technique for improving germination, emergence, and seedling vigor in the Altiplano carrot variety, contributing to better crop establishment under field conditions. These findings are consistent with those reported by Tania et al. (2020), confirming that this approach represents a promising strategy for horticultural production.

Conclusions
The treatments that showed the best performance in the laboratory compared to the control were hydropriming (immersion for 24-48 hours), halopriming with KNO3 (3% for 36 hours, 10% for 24 hours, and 15% for 48 hours), and halopriming with NaCl (10% for 36 hours, 3% for 24 hours, and 5% for 24 hours).

Treatments: hydropriming for 48 hours, halopriming with 10% KNO3 for 24 hours, and hydropriming for 24 hours resulted in the greatest seedling heights (2.55 cm, 2.44 cm, and 2.42 cm, respectively), despite exhibiting low emergence rates (< 60%). This suggests that the increased growth may be attributed to reduced competition for resources.
In contrast, the halopriming with 3% KNO₃ for 36 hours emerged as the most effective overall treatment, achieving the highest values for seedling vigor index (58.33 mm in 30 days), total emergence percentage (95.33%), and plant vigor index (213.07), thus proving to be the most suitable option for the establishment of Altiplano carrot seedlings under field conditions.
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