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Abstract
The production of mini-tubers under soilless cultivation system increased the availability of
pathogen-free seed potatoes. The objective of this study was to evaluate the rooting capability of
mini-cuttings of potato clones as a function of the irrigation solution and the physiological age of
the mother plant, under soilless cultivation system. Potato mini-cuttings were collected from
young and mature plants of the cultivars Asterix and Macaca and the advanced clone SMINIA
793101-3. The young plants were newly acclimatized individuals and the mature plants were at
the stage of producing mini-tubers. In the first experiment, mini-cuttings originating from summer
pruning of mature plants were grown under closed soilless cultivation system irrigated with a nutrient solution developed for the production of potato mini-tubers and a solution comprised of tap
water only. The experiment was conducted in a 3 × 2 factorial arrangement (clones and irrigation
solutions) in the complete random design with four replicates of 15 mini-cuttings. In the second
experiment, the young and mature mini-cuttings were established under a closed soilless cultivation system irrigated with nutrient solution. The experiment was conducted in a 3 × 2 factorial
arrangement (clones and physiological age of the mother plant) in the complete random design
with four replicates of 15 mini-cuttings. In both experiments, the percentage of rooting and survival of mini-cuttings, number of roots and length of the longest root were assessed at 21 days of cultivation. Potato mini-cuttings can be rooted under closed soilless cultivation system irrigated with
nutrient solution or tap water. Mini-cuttings of young plants have higher rooting capability compared to the ones taken from mature plants. The loss of rooting capability depends upon the potato cultivar.
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1. Introduction

Potato (Solanum tuberosum L.) cultivation is characterized by a high yield potential and ensures greater use of
food production areas. However, the use of seed potatoes infected by fungi, bacteria and/or viruses reduces the
potential yield of the crop as a result of the progressive degeneration caused by such pathogens during successive field generations. This requires the regular renewal of the seed potatoes used in crop implementation [1].
In Brazil, the production of mini-tubers under soilless cultivation system has enabled the increased supply of
pathogen-free seed potatoes. This system allows greater plant health and proper nutrition control [2], in addition
to increased productivity of mini-tubers per area unit [3]-[5]. However, the plantlets used to produce mini-tubers
are cultivated in vitro, whose cost of production is high, especially because of specialized equipment and reagent
requirements [6].
Cutting is seen as an alternative to reduce the amount of plantlets that are cultivated in vitro and then used in
the production of potato mini-tubers. This technique consists in rooting the mini-cuttings from plants at the stage
of producing seed potatoes [7] or from newly acclimatized plants [8]; it also uses detached shoots of seed tubers
[9].
Several factors may influence the adventitious rooting of potato mini-cuttings, particularly the nutritional
status of the plant and the degree of juvenility of propagules [9]. Mineral nutrition consists of macro and micronutrients that optimize the nutritional status of the plants, enabling greater availability of endogenous auxins,
carbohydrates and metabolic compounds that can promote adventitious rooting [10]. The degree of juvenility of
propagules can also contribute to rhizogenesis, as a result of the morphological and physiological changes that
occur during plant development [11]. Typically, propagules from young plants have higher rooting ability compared to those from mature plants.
The aim of this study was to assess the rooting capability of mini-cuttings of potato clones as a function of irrigation solution and physiological age of the mother plant, under a soilless cultivation system.

2. Methodology
2.1. Production of Mini-Cutting
Two experiments were conducted in a netted greenhouse, covered with 150-micron polyethylene film and protected with an anti-aphid net along its sidewalls. In both experiments, the propagation material consisted of potato shoot mini-cuttings (1.5 to 2.0 cm in length) and a leaf during the initial expansion phase.
The mini-cuttings were taken from young and mature mother plants, depending on each experiment, using the
cultivars Asterix and Macaca and the advanced clone SMINIA793101-3. For terminological simplification purposes, they will be referred to as clones.
The young plants were newly acclimatized individuals, and the mature plants were at the stage of beginning
of tuberization (about 30 days after transplanting). Both mother plants were obtained from micropropagation and
were acclimatized under a soilless cultivation system developed for this purpose [12] and adapted for the rooting
of mini-cuttings.

2.2. Soilless System
The soilless cultivation system employed in mini-cutting rooting [12] consists of a polyethylene tray (55.0 ×
34.0 × 15.0 cm) containing a 7.0 cm layer of mid-sized gravel (for ease of drainage of the irrigation solution)
and a fine polyethylene net which separates the substrate and the gravel. The substrate was formed from a 5.0
cm layer of coarse sand (particles between 1.0 and 3.0 mm diameter) where the mini-cuttings of young and mature plants were established (2.0 × 2.0 cm spacing). Irrigation was performed every two hours with the aid of a
digital timer and a low-flow pump to enable total soaking of the substrate. The surplus solution was drained at
every irrigation through two holes: one at the base and one near the top edge of the tray, thus avoiding overflow.

2.3. Nutrient Solution
Two solutions were tested to irrigate the mini-cuttings. The same nutrient solution used for mini-tuber production and tap water. The nutrient solution was formulated with the following macronutrient composition (in
mg/L): 505.50 KNO3; 204.15 KH2PO4; 308.0 MgSO4 and 724.00 Ca(NO3)2 and the following micronutrients (in
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mg/L): 0.07 Na2MoO4; 1.50 H3BO3; 0.25 CuSO4; 0.20 MnSO4 and 0.10 ZnSO4, as well as 1.0 mg∙L−1 Fe added
as chelate iron 6%. Throughout the experiment, electrical conductivity (EC) and pH of the nutrient solution were
maintained at 1.0 dS/m and 6.5 ± 2, respectively. For the tap water used to irrigate the mini-cuttings, pH was 6.4
and electrical conductivity was 0.56 dS/m, and it contained the following mineral residues (in mg/L): 1.0 K+, 2.0
Ca2+; 0.40 Mg2+, 5.0 Na+, and 0.10 B; the other nutrients were below the detection limit.

2.4. Experimental Design
In the first experiment, apical mini-cuttings of mature plants of three potato clones were rooted under closed
soilless cultivation system irrigated with nutrient solution and tap water. The experiment was conducted in the
late spring of 2007 in a 3 × 2 factorial arrangement (clones and irrigation solutions) in the complete random design with four replicates of 15 mini-cuttings.
In the second experiment, apical mini-cuttings obtained from young and mature potato plants were established
under closed soilless cultivation system irrigated with nutrient solution. The experiment was conducted in the
fall of 2008, in a 3 × 2 factorial arrangement (clones and physiological age of the mother plant) in the complete
random design with four replicates of 15 mini-cuttings.

2.5. Data Collection
In both experiments, the percentage of rooting and survival of the mini-cuttings, the number of roots and the
length of the longest root (cm) were assessed at 21 days of cultivation. Percentage data on the survival and rooting of the mini-cuttings were calculated relative to the total number of mini-cuttings. The number of roots and
the length of the longest root were calculated taking into consideration only the rooted mini-cuttings.

2.6. Data Analysis
The data were subjected to analysis of variance for the F test and the means were compared by the Duncan test
at 5% probability of error, with the aid of the statistical program SOC-NTIA/EMBRAPA [13]. To satisfy the
assumptions of the analysis of variance, count data were transformed to a new scale, resulting in data that are
expected to satisfy the assumptions of additivity, normality, and homogeneity of variance.

3. Results and Discussion
3.1. First Experiment
In the first experiment, there was a significant interaction (p < 0.05) between clones and irrigation solutions for
the percentages of survival and rooting, number of roots and length of the longest root. For these variables, the
best results occurred with the clones Macaca and SMINIA793101-3, both with the nutrient solution and tap water (Table 1). The clone Asterix was inferior compared to the others for all variables analyzed, and high mortality rates were observed for the mini-cuttings. There was 100% mortality in the nutrient solution treatment, and
only 16.6% of the mini-cuttings remained alive when tap water was used.

3.2. Second Experiment
In the second experiment, the percentage of rooting, number of roots and length of the longest root were influenced by the physiological age of the mother plants. For these variables, young mini-cuttings proved superior to
mature mini-cuttings (Table 2). The treatment with young mini-cuttings showed 87.2% of rooting, an increase
of 78.3% compared to the treatment with mature mini-cuttings (8.9%). Lower rooting capacity of mini-cuttings
from mother plants with advanced physiological age had already been observed in potatoes [8] and woody species [14]-[16], which shows that the juvenility of the propagation material can determine the success of adventitious rooting.

3.3. Mini-Cutting Age and Rate of Survival
For the survival of the mini-cuttings, a significant interaction was observed between the physiological age of the
mother plants and the clones. For all the assessed clones, mini-cuttings from young plants had a higher rate of
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Table 1. Percentage rates of survival and rooting, average number of roots and average length of the longest root of minicuttings of mature plants of three potato clones irrigated with two irrigation solutions.
Survival (%)

Rooting (%)

Number of roots

Clones

Length of longest
root (cm)

TW*

NS

TW

NS

TW

NS

TW

NS

Macaca

54.9 aA**

63.3 aA

44.9 aA

61.6 aA

7.8 aA

5.9 aA

4.1 aA

4.0 aA

SMINIA793101-3

64.9 aA

81.6 aA

49.9 aA

68.3 aA

5.8 aA

5.5 aA

3.1 aA

3.4 aA

Asterix

16.6 bA

0.0 bB

13.3 bA

0.0 bB

3.3 bA

0.0 bB

1.0 bA

0.0 bB

CV (%)

27.7

30.8

*

23.6

22.3

**

Irrigation solution: TW = tap water and NS = nutrient solution. Means followed by the same letter (lowercase vertically and uppercase horizontally)
in each of the variables assessed, do not differ by the Duncan test at p < 0.05 of probability.

Table 2. Rooting percentage, average number of roots and average length of the longest root of mini-cuttings of three potato
clones with different physiological ages.
Physiological age

Rooting (%)

Number of roots

Root length (cm)

Young

87.2 a*

4.4 a

3.2 a

Mature

8.9 b

1.3 b

1.2 b

CV (%)

21.6

20.3

25.1

*

Means followed by the same letter do not differ by the Duncan test at p < 0.05 of probability.

survival, differing significantly from the mature mini-cuttings (Table 3). The treatment consisting of young
mini-cuttings of the clone Asterix showed a survival rate of 86.7% compared to only 8.3% for the treatment
comprised of mature mini-cuttings. This shows that the survival of potato mini-cuttings is strongly influenced by
the physiological age of the mother plants and by the clones, i.e. both the genetic and physiological age affect
the capability of mini-cutting rooting.
The differences in the physiological ages of the buds were described as cyclophysis, which is an important
source of phenotypic variation, which is still little explored [17]; it is also known as epigenetic inheritance
across generations of vegetative propagation [18]. In the present study, potatoes experienced the effect of
cyclophysis, which was variable across clones. This shows that the clones which were less affected by cyclophysis can be used successfully to produce plantlets from mini-cuttings of mature plants.

3.4. Advantages of the Mini-Cutting Technique
Under the soilless cultivation system used to produce potato mini-tubers, there is excessive shoot growth of potato plants, which can be controlled by pruning [19]. The removed apices showed high health and nutritional
quality, so they can be used as propagation material for plantlet production from mini-cuttings. Because of this
possibility, clones producing mini-tubers under soilless cultivation system and with little cyclophysis effect, as
was the case of the clones Macaca and SMINIA793101-3, can be a source of propagules for producing plantlets
with high health quality in a practical and economical fashion.
Taking into account a plant production cycle of approximately 50 days under soilless cultivation system, the
mini-cuttings required for the next planting would be obtained from plants at 30 days of cultivation. These minicuttings would be rooted in polyethylene trays, as described in this methodology, and could be irrigated only
with tap water and kept in the same environment as the netted greenhouse. Thus, at the time of harvest of the
mini-tubers, the plantlets would be ready for the planting of a new crop in the same production infrastructure.
For clones such as Asterix, which showed a more pronounced effect of cyclophysis, mini-cuttings can be produced from newly acclimatized plants in mini-clonal hedge.
The availability of vegetative material with high quality health and the advantage of producing plantlets from
plants grown under the same environmental conditions used for the production of mini-tubers are expected to
overcome any differences that may be detected. It should be noted that the closed cultivation soilless system
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Table 3. Rooting percentage rate of apical mini-cuttings of young and mature plants of three potato clones.
Age of mother plant*
Clones
Young

Mature

Macaca

85.0 aA**

31.7 aB

SMINIA793101-3

90.0 aA

51.7 aB

Asterix

86.7 aA

8.3 bB

CV (%)

16.5

*

Mother plants were obtained from micropropagation: young were newly acclimatized plantlets, mature were at the beginning of tuberization (about
30 days after transplanting). **Means followed by the same letter do not differ by the Duncan test at 5% probability of error.

developed for the production of potato mini-tubers, which was used in this study, does not require the use of
equipment for environmental acclimatization or plant hormones for the rooting of mini-cuttings. For this reason,
it can be considered a simple, low-cost and easily applicable method at the production level. This method offers
the simplifications and adaptations required to enable the small-scale production of potato plantlets and, thus,
increase the availability of high quality seed potatoes.

4. Conclusion
Potato mini-cuttings can be rooted under closed soilless cultivation system irrigated with nutrient solution or tap
water. Mini-cuttings from young plants have higher rooting capacity compared to mini-cuttings from mature
plants. The loss of rooting capacity depends upon the potato cultivar.
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