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Exogenous IBA stimulatory effects on root formation of Actinidia deliciosa rootstock and Actinidia arguta male scion stem cuttings
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Recalcitrance to root of kiwifruit (Actinidia spp.) stem cuttings (SCs) is a restriction for its commercial production. Exogenous hormone is the key factor to regulate root formation, but the research on exogenous hormone stimulatory effects on Actinidia spp. is still lagging. Kiwifruit plants had been mostly propagated by seeds. However, vegetative propagation offers several advantages over sexual propagation, among them being crop homogeneity, practicability, and simplicity of the technique. A study was therefore conducted to investigate the potential responses of kiwifruit SCs from Actinidia deliciosa rootstock and Actinidia arguta male scion SCs treated with indole-3-butyric acid (IBA) concentrations at low (10, 100 ppm), medium (1,000, 10,000 ppm) and high (100,000 ppm) levels. Parallel experiments for A. deliciosa and A. arguta’s treatments were arranged in a randomized complete block design, with 12 replications. Treatments comprised different IBA concentrations, namely, 0 (control), 10, 100, 1,000, 10,000 and 100,000 ppm. At 103 days, rooting percentage, number of roots, root length, dry root mass, size of callus formation and callus percentage were determined. In A. deliciosa SCs, treatments had high significant (p ≤ 0.05) effects in rooting percentage, number of roots, root length, size of callus formation and callus percentage, except for dry root mass. In A. arguta male SCs, treatments also, showed high significant (p ≤ 0.05) effects in the number of roots, root length and dry root mass, except for the rooting percentage. No callus formation was observed in A. arguta male SCs. Relative to the control, in A. deliciosa SCs, the highest (42%) rooting percentage and lengthy (0.3 cm) roots, both were observed at the medium (10,000 ppm) IBA concentration, whereas the most (0.29) number of roots were produced at the highest (100,000 ppm) IBA concentration. Calli percentage (94%) was highest at low (100 ppm) IBA, while the biggest (2.8) size of callus formation was at the highest IBA concentration of 100,000 ppm, when compared to the control. In A. arguta male SCs, the greatest number of roots (1.08) and root mass (0.07 g) were attained at the medium IBA concentration of 10,000 ppm. The longest (0.94 cm) root length was achieved at the low IBA concentration of 100 ppm. The SCs of A. arguta male scion required low to medium (100 to 10,000 ppm) concentrations of IBA for proper roots stimulation and development, whereas in SCs of A. deliciosa, highest rooting percentage paired with callus formation, was achieved at medium to higher (10,000 to 100,000 ppm) IBA concentrations. Principal component analysis (PCA) revealed that PC1 and PC2 accounted for 99% of the entire variation. While PC1 accounted for 94% of the total variation, PC2 accounted for 5% of the total variation in A. deliciosa. However, in A. arguta PCA revealed that PC1 and PC2 accounted for 93% of the entire variation. While PC1 accounted for 72% of the total variation, PC2 accounted for 21% of the total variation. The use of exogenous application of IBA was effective for adventitious root formation in SCs of A. deliciosa rootstock and A. arguta male scion. IBA showed its effectiveness in stimulating root development at 10000 ppm IBA.
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1 Introduction

Worldwide, the genus Actinidia, with over 76 species and commonly known as kiwifruit plants, is difficult to propagate asexually by stem cuttings (SCs) without the use of plant growth regulators (PGRs) (Huang, 2016; Rana and Kumar, 2021). Propagation methods frequently used for the cultivation of kiwifruit (Actinidia spp.), included the use of cuttings, budding, grafting (Li et al., 2021; Sourati et al., 2022; Dutta et al., 2023) and sexual propagation (Sekhukhune et al., 2018). When clonal propagation is preferred, sexual propagation is avoided due to the plant’s dioecious nature as the sex of the fruit-tree is unknown until flower development stage (Arfaei et al., 2021). Although seedling rootstocks are preferred in the kiwifruit industry for various reasons (Ozcan and Erisgin, 2000), seed germination and the development of seedlings for use as rootstock material are slow and erratic (Windauer et al., 2016).

In general, kiwifruit seeds are relatively small in size and at harvest seeds are prone to embryo dormancy, with strict after-ripening attributes (Dutta et al., 2023). Embryo dormancy, also known as physiological dormancy, inhibits kiwifruit seeds from germination unless treated with gibberellic acid (GA3) or a lengthy after-ripening period for successful germination (Sekhukhune et al., 2018). Notably, kiwifruit plants are dioecious, with female and male interplants being necessary for successful cross-pollination and fruit development (Halder et al., 2019). However, the plants take approximately 7 years before sex determination or flowering, which necessitates male and female genetic study to differentiate the sex of the plants at seedling stage (Sekhukhune, 2023). Most of these challenges could be overcome through clonal propagation techniques.

In order to trap the genetic gain, propagation by SCs is the most convenient and cost effective technique of clonal regeneration for horticultural crops such as fruits, ornamentals and nuts (Davies et al., 2018). Thus, this method of propagation can be beneficial in the commercialisation of kiwifruit in meeting the significantly increasing demand for planting material. However, kiwifruit SCs are difficult to root, except when other techniques are adopted to enhance the protrusion of roots. The rooting potential of kiwifruit SCs depend on various factors such as the physiological stage of the mother plant, the season which the SCs are taken, the concentration and the type of the plant growth regulators (PGRs) used and the type of SC (hard-, semi- and soft-wood) (Thakur and Rana, 2011; Dutta et al., 2023).

A cutting is any vegetative plant part retrieved from the parent plant in order to regenerate new plants and lacking one of its physical and physiological support systems, the roots. The process of adventitious root induction is composed of several biochemical, physiological and genetic variables (El-banna et al., 2023). Adventitious root formation is the primary step for many plant species asexually propagated by SCs (Pant et al., 2022). There are two types of genesis of adventitious roots, indirect genesis, in which root primordia are produced in a callus previously formed by cells of the primary explant; and direct genesis, in which root primordia develop directly from cells of the primary explant, mainly those in close proximity to the vascular system. In both types of rhizogenesis/induction phase, a root develops from a meristemoid (Li et al., 2022). For the successful induction of adventitious roots in many difficult to root plants, exogenous PGR are widely used (Hobbie et al., 2000; Ercisli et al., 2003). Naturally, plants have the ability to produce their own endogenous PGRs. However, the concentration of endogenous PGRs within the plant changes with time, season, and during its developmental stage (Swarts et al., 2018).

The improvement of the rooting ability and the development of quality root systems through the use of PGRs such as auxins is well documented in several species (Verdi et al., 2020; Bettoni et al., 2023; Loconsole et al., 2022), including the Actinidia species (Ercisli et al., 2003). The PGR indole-3-acetic acid (IAA) is a key regulator in the initiation and proliferation of adventitious roots. Its exogenous application consistently affects the development of roots (Ilczuk and Jacygrad, 2016). Based on their effectiveness in stimulating adventitious roots, IAA and indole-3-butyric acid (IBA) have been utilized commercially to enhance rooting of cuttings in many plant species (Hobbie et al., 2000; Ercisli et al., 2003), with Actinidia species included (Ercisli et al., 2003). In terms of stability, IBA was found to be more stable than IAA and persists longer in the plant tissues (da Costa et al., 2013). Other synthetic auxins commonly used include α-naphthaleneacetic acid (NAA), which is another important auxin suitable for the rooting of cuttings, and most plant species respond positively to its action (Kaewchangwat et al., 2020; Saeed et al., 2021).

In other Actinidia species studies, inconsistent results were reported due to the use of PGRs, which included a complete lack of response (Ercisli et al., 2002; Ono et al., 2000; Erturk et al., 2010) due to unexplained factors. Ercisli et al. (2002) reported that the used 2000 ppm IBA was inefficient for rooting SCs of A. deliciosa kiwifruit cultivar. Similarly, Erturk et al. (2010) also observed poor rooting performance when A. deliciosa SCs were treated with 2000 ppm IBA. Working with A. chinensis kiwifruit, Ono et al. (2000) reported poor rooting ability in SCs treated with 3,000 ppm IBA. Based on their (Ercisli et al., 2002; Ono et al., 2000; Erturk et al., 2010) results, among other factors, the authors hypothesize that the PGR-concentrations used were too low for the stimulation, initiation and development of quality roots in the genus Actinidia. Therefore, the objective of this study was to investigate the potential responses of semi-hardwood SCs of A. deliciosa rootstock and A. arguta male scion plant treated at concentrations straddling low, medium, and high PGR(s).



2 Materials and methods


2.1 Description of the study site

Parallel experiments for A. deliciosa rootstock and A. arguta male scion semi-hardwood SCs were conducted at the Politsi, Westfalia Nursery (23°65′36” S, 30°21′67″ E), Tzaneen, Limpopo Province of South Africa (SA), under greenhouse conditions from winter (May–July) to spring (August–October), 2021. The temperature at the nursery location varies between 25°C (minimum night temperature) and 27°C (maximum day temperature) during summer (November–January) under natural photoperiod (12/12 h, day/night), with annual rainfall averaging 881 mm. Irrigation in the greenhouse comprised a mist irrigation system, installed to supply water in the form of mist at every 8 min for 10–15 s on a hot day, which could be reduced on cool days.



2.2 Preparation of plant material

Semi-hardwood SCs measuring 10–16 cm long, 0.1–0.5 cm diameter, with 3 − 4 nodal buds were excised at sunrise from 1-year-old canes developed from 14-years-old mature A. deliciosa rootstock and A. arguta male scion dormant plants using sterile secateurs. For sterilization process, secateurs were surface sterilized for 5 min in 70% commercial bleach (JIK®) solution containing 2.45% active sodium hypochlorite (NaOCl) and rinsed a few times with distilled water (dH2O), followed by 70% ethanol for 1 min prior to excising each SC to maintain sterility and avoiding contamination. The 14-years-old mature A. deliciosa rootstock and A. arguta male scion kiwifruit plants under commercial production are cultivated under field conditions at Nooyenskopje farm situated at Magoebaskloof (23°53′13” S, 29°56′13″ E), Tzaneen, in Limpopo Province of SA. The excised SCs were classified as A. deliciosa rootstock and A. arguta male scion, and each cultivar were placed in 200 L plastic beakers filled with dH2O to avoid dehydration and transported to the University of Limpopo. Upon arrival, all the SCs were removed from the plastic beaker, wrapped with a wet paper towels, and then sealed in zip-lock transparent plastic bags and stored in a refrigerator for a 10-day-cold stratification pre-treatment period prior to planting.



2.3 Preparation of plant growth regulators

Indole-3-butyric acid was acquired from Sigma-Aldrich (Merck Life Science Pty Ltd., SA). The required stock solutions were prepared according to Atak and Yalçın (2015). To prepare a 1 mg/mL stock solution, a 100 mg of IBA was added to a 100 mL volumetric flask. Thereafter, a 3–5 mL of 70% ethanol was added to the volumetric flask to dissolve the PGR powder. Once completely dissolved, the solution was brought to volume with dH2O through continuous stirring to keep the material in solution. Thereafter, the stock solution was used as required.



2.4 Treatment of stem cuttings and planting

After cold stratification period, the SCs from A. deliciosa rootstock and A. arguta male scion plants were disinfected at the base (5 cm) using 25% commercial bleach (JIK®) solution that contained 0.875% active NaOCl with 2 drops of Tween-20 for 10–15 min. The disinfected SCs were later rinsed 3 times with dH2O to remove traces of the sterilant solution. Prior to PGR-SCs treatment, the apical region were slant-cut toward the last apical nodal bud, whereas the basal part of the SCs were cut-horizontally just below the last bottom nodal bud, as described by Davies et al. (2018), to obtain SCs of 2–3 nodal buds. The basal 5 cm portion of all the tested Actinidia species SCs were immersed for 5 s in the prepared IBA concentrations (0–100,000 ppm). The treated SCs were then placed in a shade for few minutes to ensure sufficient absorption of root growth regulator before planting in a 24-hole-seedling trays (200 SQ), filled with a mixture of pine bark, vermiculite and perlite at a 2:1:1 (v/v) ratio to a depth of 5 cm. The cuttings in the control were treated with dH2O. Seedling trays with SCs were then irrigated to field capacity and later placed on a suspended mesh-wire to avoid interference of roots with the ground and minimize contamination. The SCs were maintained under natural photoperiods for 103 days. The glasshouse day and night ambient temperatures averaged 26°C and 16°C, respectively, with maximum temperatures controlled by opening the roof of the glasshouse. Relative humidity was maintained between 70 − 80%. 2 weeks after the SCs had established, each tray was fertilized with Multifeed P Efekto® fertilizer (Nulandies, Johannesburg, SA) to provide a total of 0.70 mg N, 0.64 mg K, 0.64 mg P, 1.21 mg Mg, 1.5 mg Fe, 0.15 mg Cu, 0.7 mg Zn, 2 mg B, 6 mg Mn and 0.14 mg Mo per ml water.



2.5 Treatments and research design

The treatments in each experiment comprised IBA at concentrations of 0, 10, 100, 1,000, 10,000 and 100,000 ppm, where zero (0) ppm constituted the untreated SCs (control). In both the A. deliciosa rootstock and A. arguta male scion SCs, treatments were arranged in a randomized complete block design (RCBD), with 12 replications (n = 72). Blocking was done for shading by the greenhouse walls in the morning. Each treatment contained 4 SCs of each tested plant species.



2.6 Data collection

After 103 days, plant variables, namely, rooting percentage, number of roots, root length (cm), dry root mass (g), size of callus formation and percentage, were assessed. Survived SCs from both experiments were gently uprooted from the seedling trays without damaging the roots, then rinsed under low running tap water to remove excess media and blotted dry with a paper towel. The number of roots was manually counted and the root length (cm) was measured using a meter stick. Thereafter, roots were severed from the SCs and fresh root mass (g) was determined. Measured roots were then oven-dried at 90[image: image]C until a constant mass is reached, then the dry mass (g) of roots was determined using an analytical balance (Sartorius). Size of callus formation was assessed as follows: 1 = none, 2 = low, 3 = medium, 4 = extensive, 5 = very extensive.

The rooting and callus percentage were calculated using the formula by Atak and Yalçın (2015):

Rooting percentage [image: image]

Callus percentage [image: image]



2.7 Data analysis

Prior to analysis of variance (ANOVA) of the data using SAS software (SAS Institute Inc, 2010), treatments (0, 10, 100, 1,000, 10,000 and 100,000 ppm IBA) in both A. deliciosa and A. arguta experiments were expressed as exponentials [100, 101, 102, 103, 104, 105 and 106 (%)] and transformed using log1010x, where log1010x = 1 (Gomez, 2012), resulting in x-axis of 0, 1, 2, 3, 4, 5 and 6 (Causton, 1977). Transformation was done to homogenize the interval between the concentrations. Significant (p ≤ 0.05) treatment means were separated using Fisher’s Least Significant Difference test and then subjected to lines of the best fit. Generally, when the variables versus increasing treatment levels exhibited positive quadratic relations, the relationships were modeled through the regression curve estimates from the quadratic equation (Y = b2x2 + b1x + c) (Mamphiswana et al., 2010) to derive the optimum values using the relation x = −b1/2b2 (Gomez, 2012). Unless otherwise stated, results were discussed at the probability level of 5%. The IBA concentrations and the root growth variables of Actinidia plant species were analyzed through the Principal Component Analysis.

(PCA).




3 Results

The established kiwifruit SCs from A. deliciosa rootstock and A. arguta male scion plants, developed well and produced roots, some with calli depending on the applied IBA (ppm).


3.1 Actinidia deliciosa rootstock stem cuttings performance

Plant growth regulator IBA concentrations had high significant (p ≤ 0.05) effects on rooting percentage, number of roots and root length (cm), except for dry root mass (g), which was not significant (p ≥ 0.05).

Treatments contributed 26, 28, 20 and 11% to the total treatment variation (TTV) in rooting percentage, number of roots, root length (cm) and dry root mass (g), respectively (Table 1). Significant effects were also observed on calli percentage and size in A. deliciosa rootstock SCs. The treatments contributed 29 and 5% to the TTV in calli percentage and size, respectively (Table 2).



TABLE 1 Mean sum of squares for rooting percentage (RT%), number of formed roots (NR), root length (RTL) and dry root mass (DRM) stem cuttings of Actinidia deliciosa rootstock plants and Actinidia arguta male scion plants.
[image: Table1]



TABLE 2 Mean sum of squares for callus percentage and size of callus formation of stem cuttings of Actinidia deliciosa rootstock plants to IBA concentrations in vivo.
[image: Table2]

Relative to the untreated control (0 ppm IBA), IBA concentrations of 10, 100, 1,000, 10,000 and 100,000 ppm, significantly increased rooting percentage by 10, 6, 23, 42 and 31%, respectively, but the effects of the respective IBA at a medium concentration of 1,000 and 10,000 ppm as well as at a higher concentration of 100,000 ppm did not differ from each other (Table 3). Similarly, treatments at low concentration of 10, 100 and 0 ppm did not differ significantly from each other. Highest rooting percentage (42%) was achieved at the medium concentration of 10,000 ppm IBA (Figures 1A, 2E).



TABLE 3 Responses of rooting percentage, number of formed roots, root length and dry root mass of stem cuttings of Actinidia deliciosa rootstock plants and Actinidia arguta male plants to IBA concentrations.
[image: Table3]
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FIGURE 1
 Quadratic relationship in rooting percentage (A), number of roots (B) and root length (C) against IBA treated stem cuttings of Actinidia deliciosa.


[image: Figure 2]

FIGURE 2
 Representation of roots formation in Actinidia deliciosa stems cuttings in response to different IBA concentrations: (A) 0 ppm; (B) 10 ppm; (C) 100 ppm; (D) 1,000 ppm; (E) 10,000 ppm and (F) 100,000 ppm.


The number of roots increased by 0.208, 0.293 and 0.295%, at 1000, 10000 and 100,000 ppm IBA concentrations, respectively, when compared to the number of roots (0.067) at the control (0 ppm IBA).

However, the effects of the respective IBA at a medium concentration of 1,000 and 10,000 ppm as well as at a higher concentration of 100,000 ppm did not differ from each other (Table 3). At the lowest concentration of 10 ppm IBA, a slight (0.068) increase in the number of roots was also observed.

Contrarily, the number of roots had a reduction (0.049) at 100 ppm (Table 3). Again, at the lower concentrations of 10, 100 and 0 ppm, treatments did not differ from each other. Treatment of 100,000 ppm IBA resulted in the most number of roots (0.295) produced (Table 3).

When compared to the control (0 ppm IBA), at the lower IBA of 10 and 100 ppm, root length (cm) of A. deliciosa was the lowest by 0.064 and 0.061 cm, respectively (Table 3). At medium (1,000 ppm) and highest (10,000 and 100,000 ppm) IBA, longer root length of 0.161, 0.301 and 0.203 cm, respectively, when compared to control (0 ppm IBA) (Table 3). The longest root length (0.301 cm) was measured at the medium IBA of 10,000 ppm (Figures 1C, 2E).

The callus percentage ranged from 58 to 94% depending on the IBA concentrations applied (Table 4).



TABLE 4 Responses of callus percentage and size of callus formation of stem cuttings of Actinidia deliciosa rootstock plants to IBA concentrations in vivo.
[image: Table4]

The highest calli percentage (94%) was observed at a low IBA concentration of 100 ppm, but it was not different from calli percentage at 10 ppm (90%), 1,000 ppm (77%) and 10,000 ppm (69%) of IBA, when compared to the control (Table 4). The lowest calli (58%) percentage was observed at the highest

IBA concentration of 100,000 ppm (Table 4; Figure 3).

[image: Figure 3]

FIGURE 3
 Representation of callus formation of stem cuttings of Actinidia deliciosa rootstock plants to IBA concentrations: (A) 0 ppm; (B) 10 ppm; (C) 100 ppm; (D) 1,000 ppm; (E) 10,000 ppm and (F) 100,000 ppm.


In terms of the size of callus formed, the medium-sized (2.8) calli was observed at the highest IBA concentration of 100,000 ppm, but it was not different from calli (2.5) at 10000 ppm as well as the control (Table 4). The lowest-sized (2.2) calli was observed at the IBA concentration of 1,000 ppm (Table 4). However, there were no differences observed in the sizes of calli formation at treatments 10 (2.4), 100 (2.4) and 10,000 (2.5) ppm IBA (Figure 2). Relative to the control (0 ppm IBA), the callus formation decreased by (2.4), (2.4), (2.2) and (2.5) at IBA treatments of 10, 100, 1,000 and 10,000 ppm, which was followed by an increase of (2.8) at the highest IBA concentration of 100,000 ppm, respectively (Figure 3).

Principal Component Analysis revealed that PC1 and PC2 accounted for 99% of the entire variation. While PC1 accounted for 94% of the total variation, PC2 accounted for 5% of the total variation. The contribution of IBA concentrations and root growth variables to the PCA indicated that rooting percentage were dominant in SCs treated with medium (1,000 and 10,000 ppm) IBA concentrations. Similarly, number of roots, root length (cm) and dry root mass (g) were dominant in SCs treated with medium (1,000 and 10,000 ppm) IBA concentrations. In contrast, the results indicated that callus percentage was dominant in SCs treated at the control (0 ppm) and those treated with low (10 and 100 ppm) IBA concentrations (Figure 4). Within PCA1, rooting percentage, number of roots, root length (cm) and dry root mass (g) showed positive correlation whereas callus percentage showed a negative correlation. Within PCA2, number of roots, showed a positive correlation. Whereas rooting percentage, root length (cm) and dry root mass (g) showed a negative correlation of PCA2 (Figure 4).

[image: Figure 4]

FIGURE 4
 Biplot of Principal Component Analysis (PCA) of the IBA concentrations on root growth variables in Actinidia deliciosa rootstock stem cuttings.




3.2 Actinidia arguta male stem cuttings performances

High significant (p ≤ 0.05) effects were observed on number of roots, root length (cm), and dry root mass (g), except for rooting percentage. The treatments contributed 45, 65, 62, and 57% to the TTV in rooting percentage, number of roots, root length (cm), and dry root mass (g), respectively (Table 1).

The number of roots recorded 0.773, 0.825, 0.778, and 0.455 at 10, 100, 1,000 and 100,000 ppm IBA, respectively, when compared to the control. However, the effects of the respective IBA concentration at low (10 and 100 ppm) and medium (1,000 ppm) did not differ from each other (Table 3). In contrast, the number of roots (1.086) had an increase at medium concentration of 10,000 ppm IBA (Table 3; Figures 5A, 6E). Thus, treating SCs with 10,000 ppm IBA resulted in the more number of roots produced (Figures 5A, 6).

[image: Figure 5]

FIGURE 5
 Quadratic relationship in number of roots (A), root length (B) and dry root mass (C) against IBA treated stem cuttings of Actinidia arguta male.


[image: Figure 6]

FIGURE 6
 Representation of roots formation in response to different IBA concentrations: (A) 0 ppm; (B)10 ppm; (C) 100 ppm; (D) 1,000 ppm; (E) 10,000 ppm and (F) 100,000 ppm in Actinidia arguta male stems cuttings.


Contrarily to the number of roots produced, the IBA of 10, 100, 1,000 and 10,000 ppm, significantly increased root length (cm) by 1.000, 1.009, 0.944 and 0.871 cm, respectively, when compared to the control. However, the effects of the respective IBA at low (10 and 100 ppm) and medium (1,000 ppm) concentrations did not differ from each other (Table 3). In contrast, the root length (0.506 cm) was reduced at the highest 100,000 ppm IBA (Table 3). The longest root length (1.009 cm) was measured at the low (100 ppm) IBA concentration (Figures 5B, 6C).

The dry root mass (g) reduced by 0.038, 0.047, 0.033 and 0.016 g, when SCs were treated with concentrations of 10, 100, 1,000 and 100,000 ppm IBA, respectively. However, there were no differences among the respective IBA treatments at low (10 ppm) and medium (1,000 ppm) concentrations (Table 3). Similarly, treatments at low 10 and 100 ppm did not differ significantly from each other (Table 3), as well as treatments at 10 and 1,000 ppm IBA (Table 3). In contrast, the dry root mass (0.871 g) achieved the highest increase (0.016) at 10000 ppm IBA (Figure 6E).

The PCA revealed that PC1 and PC2 accounted for 93% of the entire variation. While PC1 accounted for 72% of the total variation, PC2 accounted for 21% of the total variation. The contribution of IBA concentrations and root growth variables to the PCA indicated rooting percentage were dominant in SCs treated at the low (10 ppm) and medium (1,000 ppm) IBA concentrations. Whereas number of roots, root length (cm) and dry root mass (g) were dominant in SCs treated with medium (10,000 ppm) IBA concentrations (Figure 7). Within PCA1, rooting percentage, number of roots, root length (cm) and dry root mass (g) showed a negative correlation, whereas within PCA2, number of roots, root length (cm) and dry root mass (g) showed a negative correlation (Figure 7). Within PCA2, rooting percentage showed a positive correlation (Figure 7).

[image: Figure 7]

FIGURE 7
 Biplot Principal Component Analysis (PCA) of the IBA concentrations on root growth variables in Actinidia arguta male scion stem cuttings.





4 Discussion

The findings obtained in this study demonstrated that the use of IBA treatment was beneficial for root induction in SCs of the 2 tested Actinidia spp. The effectiveness of IBA in SCs of A. deliciosa rootstock and A. arguta male scion plants, were also confirmed in findings of other kiwifruit studies (Ercisli et al., 2002; Alam et al., 2007; Peticilă et al., 2016; Zenginbal and Özcan, 2014; Peticilă et al., 2016). In this study, IBA showed its effectiveness on the below ground parameters measured, namely, rooting percentage, number of roots, root length (cm), dry root mass (g), callus percentage and size of callus depending on the tested kiwifruit plant species. In A. deliciosa SCs, significant effects were observed in all measured parameters (rooting percentage, number of roots and root length (cm), callus percentage and size of formation) except for dry root mass. In A. arguta male scion SCs, non-significant effects were shown in the rooting percentage only. No regenerative response in terms of callus formation were observed in A. arguta SCs.

The IBA treatment showed significant influence on the size of calli formation and percentage in SCs of A. deliciosa. The biggest sized-calli (2.8) was observed at highest (100,000 ppm) IBA, whereas at 100 ppm IBA, highest calli percentages (94%) was recorded. Actinidia deliciosa SCs are difficult to develop normal roots without the existence of calli formation. This was evident in the present study that SCs of A. deliciosa rootstocks, developed highest (94%) calli percentages also on the untreated SCs (0 ppm IBA). Similarly, Miri-nargesi and Sedaghathoor (2015) observed (100%) calli percentages at IBA concentration of 4,000 ppm in A. deliciosa. On the other hand, A. arguta male SCs showed better rooting response without callus development. Generally, the adventitious root formation in SCs form through dormant pre-formed root initials (Gao et al., 2023). The formation of callus as a thin layer around the basal cut end of a SCs is a consequence of wound healing and appears to stop or delay the root initiation (Davies et al., 2018). The callus formation is essential to heal and regenerate the basal cut surface of SCs to stimulate cell division and raise the contents of auxin, carbohydrate, and ethylene as a result of increased rate of respiration (Smith, 2013). Cuttings, particularly of hardwood plants, commonly grow callus followed by root formation at the physiological base of the cutting. Atak and Yalçın (2015) reported that better rooting response is achievable under conditions that do not favor callus formation, probably because dense callus have the tendency of hindering normal root emergence leading to rooting failure. These are greatly encouraged by the application of auxins such as IBA (Davies et al., 2018).

In A. deliciosa, rooting percentage increased with IBA concentrations, and the highest (42%) was evident at a medium concentration of 10,000 ppm IBA. Several authors had documented the effectiveness of IBA in rooting of kiwifruit SCs. Ercisli et al. (2003) reported the best rooting percentage (40 and 42%) in SCs of A. deliciosa ‘Hayward’ when treated with higher concentrations of 4,000 and 6,000 ppm, respectively. On the other hand, Ali et al. (2017) obtained the highest rooting percentage (56.94%) at the IBA of 3,500 ppm also in A. deliciosa SCs. Atak and Yalçın (2015) attained highest rooting percentage (37.9%) at the IBA of 5,000 ppm on A. deliciosa SCs. The observed rooting percentage in A. deliciosa SCs could be due to stimulatory effects of exogenous auxins stimulating adventitious root production in these SCs (Arya and Husen, 2022). Indole-3-butyric acid plays a significant role in mobilizing reserved food material, elongation of meristematic cells and differentiation of cambial initials into root primordial (Pandey and Husen, 2022). The physiological nature of the SCs seems also to have an influence on the rooting potential. Haissig (1979) stated that depending on the endogenous level of growth regulating substance in SCs, exogenous application of auxin IBA may be promotive, ineffective or even inhibitory for the rooting of the SCs. Therefore, the concentration of IBA selected to improve plant growth should depend on the plant species, rate of uptake and transport to target tissue, existing natural levels of auxins within the plant, sensitivity to auxins, metabolic rate, and the interaction between hormones within the plant (George et al., 2008).

The highest number of roots produced (0.295) in A. deliciosa was achieved at medium concentration of 10,000 ppm IBA. Similarly, in A. arguta SCs, the greatest number of roots (1.086) produced were at 10000 ppm IBA. The application of IBA was reported to increase the number of roots per A. arguta SCs (Beyl et al., 1995). Ali et al. (2017) observed that 3,500 ppm of IBA was effective to produce the highest number of roots (5.91) in A. deliciosa. Atak and Yalçın (2015) obtained the highest number of roots (4.9) at IBA concentration of 5,000 ppm in A. deliciosa. Application of exogenous or endogenous auxins bring about initiation of adventitious roots in the stem and the division of first root initial cells are dependent on either exogenously applied or endogenous native auxins (Pop et al., 2011). Hence, exogenous application of auxins supplements the endogenous levels of the auxins leading to enhanced rooting. The increase in the number of roots might be ascribed to auxin’s action, which triggered carbohydrate and nitrogenous material breakdown and translocation at the base of cuttings, resulting in faster cell elongation and cell division in a favorable environment. The higher number of roots formed with IBA may also be explained by differences in compartmentation of the PGR in the cells. Indole-3-butyric acids may be located in cell compartments that are more responsive to auxin as a result causing a high number of roots. Indole-3-butyric acid has been reported to improve root number (Davies et al., 2018).

The highest root length (0.301 cm) was obtained at 10000 ppm IBA in A. deliciosa SCs. Ali et al. (2017) observed that 3,500 ppm IBA induced the longest root (9.35 cm) in A. deliciosa. Atak and Yalçın (2015) attained the longest root (4.3 cm) at IBA concentration of 5,000 ppm also in A. deliciosa. Miri-nargesi and Sedaghathoor (2015) further reported that the longest root (2.01 cm) measured in A. deliciosa was related to IBA concentration of 4,000 ppm. The increase in length of root may be due to the successful rooting of IBA treated SCs (Rana and Jindal, 2001). Alam et al. (2007) reported that IBA promoted cell elongation which helped in increase in root length. Indole-3-butyric acid affects the positioning of the root outgrowth site and promotes root hair elongation (Honkanen and Dolan, 2016). Other factors such as plant species, growing media and number of nodes on SCs could lead to rooting success. Davies et al. (2018), highlighted that the length of the roots increased due to the ability of the roots to absorb water and nutrients in sufficient quantities. Hence, the increase in root length could also be due to the allocation of more nutrients for root formation.

The highest dry root mass (0.069 g) was obtained at medium concentration of 10,000 ppm in A. arguta male SCs. Similarly, Sekhukhune (2018) observed that A. arguta SCs treated with high concentrations of 10,000 ppm IBA, increased dry root mass by 0.38 g, respectively. Indole-3-butyric acid when applied in higher concentration resulted in higher dry root mass (Moalemi, 2001). The increase in root mass is due to more and longer roots (Alam et al., 2007). The IBA stimulation on initiation, growth and development of the adventitious roots depend on improving the translocation and movement of sugars to the base of SCs, and motivation of DNA, RNA and protein synthesis that are necessary for cell division (Haissig, 1979). The supplementation of IBA is to support the coupling between endogenous IAA and amino acids, which results in the synthesis of the specific proteins essential for the formation of root initiation (Ryugo and Breen, 1974; Van der Krieken et al., 1992). The effect of IBA applications during adventitious root formation may be due to modification of endogenous auxins, which play a significant role in the regulation of root development (El-banna et al., 2023). Endogenous auxins are produced from the axillary buds and transported basipetal to the base of SCs to stimulate root formation (Davies et al., 2018). Adventitious root formation is tightly controlled by the metabolism of endogenous auxins. IAA promotes root formation, while Abscisic acid (ABA) inhibits the root formation.

According to PCA, dominant root performance occurred at the medium (1,000 and 10,000 ppm) IBA concentrations in A. deliciosa rootstock. In A. arguta male scion SCs, dominant root performance occurred at the low (10 ppm) and medium (1,000 and 10,000 ppm) IBA concentrations. Rooting at low (10 and 100 ppm) concentrations of IBA may be due to induction stage of adventitious roots formation. At this stage, the cells become competent and committed to form the root primordia under the influence of IBA. Auxin IBA induces the root and helps in the establishment of carbohydrate sink that further stimulates the adventitious roots. During this phase, cytokinins show inhibitory effect (De Klerk et al., 1999). Spethmann (1997) reported that the initial weeks are crucial for root initiation and subsequent development after sticking of cuttings and endogenous biosynthesis of IAA is considered as a responsible factor in root development. At medium IBA concentrations (1,000 and 10,000 ppm) meristemoids cells started differentiating into adventitious root primordia followed by their growth and subsequent protrusion from the basal surface of the stem disks resulting in maximum root performance. There is a strong correlation between IBA content and root growth variables. The increased IBA was associated with the more development in the measured root growth variables in both plant species. However, at the highest (100,000 ppm) concentration of IBA, there was an evidence of inhibition of root growth variables due to the phytotoxic effect of the IBA. These are exposed to increasing levels of biotic or abiotic factors, responding to the pressures through density-dependent growth (DDG) patterns (Salisbury and Ross, 1992). The DDG patterns in both species (Figures 1, 5) straddled three phases, namely, stimulation, neutral and inhibition phases (Mashela and Pofu, 2017). Stimulation occurred when the concentration of IBA in root variables operated within the positive linear relation and the treatments were significant, whereas the neutral phase occurred when the concentration of IBA in root variables operated within a neutral range (no relation) and the treatments were not significant. On the other hand, inhibition phases are showing a negative linear relation with treatments characterized by having significant effects (Mashela and Pofu, 2017). As a result, the IBA concentration used in this study demonstrated the existence of the 3 phases of the DDG pattern.



5 Conclusion

It is concluded that exogenous IBA showed its effectiveness in stimulating root growth and development in both A. deliciosa and A. arguta SCs. In A. arguta, root formation was the best at 10000 ppm IBA, with no callus formation. At concentrations higher than 10,000 ppm, inhibition was evident. In A. deliciosa SCs root stimulation and development was affected due to the development of calli at the lowest IBA concentration of 10 ppm. However, the rooting percentage was dominant at 10000 ppm IBA. The findings showed that IBA at medium (10,000 ppm) concentrations is suitable for rooting in the 2 tested kiwifruit species and it is recommended for use by kiwifruit growers. Future studies should be conducted on callus management protocols and effective rooting in A. deliciosa SCs.
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