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INTRODUCTION
Rooting of hardwood cuttings is one of the most effective and
common techniques for grape clonal propagation. Many
different practices for stimulation of grape cuttings rooting have
been tried with different success levels during the course of grape
growing. Utilization of plant growth regulators, especially auxins,
has been one of the most viable practices for this purpose [1, 2].
The findings that root formation in cuttings is promoted by auxin,
and the accessibility to synthetic auxins since 1930s [3], have trig-
gered a massive amount of work on the application of this tech-
nique for improving propagation practices.

Auxin treatments are applied to improve the rooting percentage,
increase the number and length of roots, and enhance the quality
of root system [4,5]. Indole-3-acetic acid (IAA), indole-3-butyric
acid (IBA) and 1-naphthaleneacetic acid (NAA) as well as their
potassium (K) salts were shown to be the most commonly used
auxins for root stimulation and development on cuttings, with the
IBA coming on the top of this list, reviewed by Blythe et al., 2007 [6].

Several studies have documented the effect of the exogenous-
ly applied auxins on stimulating, inhibiting or generally regulating
rooting of grape cuttings. In their investigations to assess the use-
fulness of IBA application to the cuttings of some grape varieties
and rootstocks, Daskalakis et al., 2018 [7]; Dogdan et al.,2016 [8];
Galavi et al., 2013 [9] documented that IBA treatments at specific
concentrations improved rooting percentage, number of roots on
cuttings, and root length. On the contrary, other studies showed
that exogenous auxins can have no significant improvement or
even inhibit the rooting process of grape cuttings [10, 11, 12].

The potassium salt (K-salt) formulations of auxins (e.g., KIBA,
KIAA and KNAA) enable these auxins to be dissolved in water with
no organic solvents needed. They have been documented to be
more, less, or equally efficient as acid formulations in rooting stim-
ulation of cuttings depending on the genetic features of the plant,
type and concentration of auxin, type of cutting, and many other
factors [183, 14, 15, 16].

Treatment of Norton (Vitis aestivalis) grape hardwood cuttings
with 10,000 or 15,000 ppm KIBA induced more than 70% of the
cuttings to root, in contrast to 23% rooting of the non-treated cut-
tings [17]. In a previous experiment, the hardwood cuttings of the
same variety were treated with (0; 2,500; 5,000; 7,500 and 10,000)
ppm of KNAA or KIBA. Cuttings responded similarly to both auxins
showing no significant improvement in rooting percentage or root
length. Nevertheless, number of roots per cutting was significantly
influenced as cuttings treated with 10,000 ppm auxins gave 4 times
more roots than the non-treated controls [18].

Potassium was proved to have a remarkable effect on rooting
process of plants through regulating carbohydrate metabolism.
Amtmann and Armengaud, 2009 [19] reported that efficient K con-
centration is associated with the activation of enzymes like pyruvate
kinase, glucokinase and fructokinase which are responsible for
carbohydrate metabolism in plants. They also documented that K
deficiency reduced significantly both root sugar and pyruvate
kinase concentrations. In their study on hardwood cuttings of east-
ern redcedar (Juniperus virginiana L.) Henry et al., 1992 [20] found
that rooting percentage and root length significantly correlated with
starch and sucrose concentrations, respectively. Out of the miner-
al nutrients analyzed in this experiment (N, P, K, Ca, Mg, Mn, and
B), only B and K were significantly associated with the rooting abil-
ity of cuttings.

Another way of K influencing rooting process of plants is via
endogenous auxin management. Zhi-yong et al., 2009 [21] found
that K deficiency in cotton seedlings significantly inhibited root
length and the ability to form lateral roots. In addition, the endoge-
nous free IAA content was reduced by 50%, in the roots grown in K
deficient media. In another study, potassium chloride (KClI) signifi-
cantly induced rooting of cucumber cotyledons and when added to
IAA, it has an additional induced rooting effect. Several salts of
potassium also induced significantly the rooting process of cucum-
ber cotyledons [22]. In addition, Vicente-Agullo et al., 2004 [23]
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reported that the K carrier TRH1 is essential for auxin transport in
Arabidopsis roots.

The objectives of this research were: first, to evaluate the effect
of KIAA as a source of both K and IAA on the rooting process of
grape hardwood cuttings compared with the prevalently used auxin
in the nursery sector (IBA) since it was used as a check treatment
in our study. Second, to evaluate the cultivar effect on the rooting
ability of cuttings as we investigated on two different cultivars
(Korinka russkaya and Victoria).

MATERIALS AND METHODS

The plant materials (canes) in this study originated from vines of
the Russian grape cultivars Korinka russkaya and Victoria that were
growing in the educational garden of Kazan State Agrarian
University. They represent some of the most widely used cultivars
by grape growers and gardeners in the open fields of the Tatarstan
Republic. These cultivars are characterized by sufficiently high and
stable yields as well as high quality grapes. The study was conduct-
ed during two consecutive years, 2018 and 2019 but results in this
article are presented as a one group of data because of the similar-
ity in results of both years.

One-year old wood canes were collected from vines of healthy
and normal vigor of the desired cultivars during the autumn pruning
of vines (in November). The canes were stored in plastic bags at a
temperature of 2...4°C. At the end of March, canes were soaked in
tap water at room temperature for 24 hours, the canes were then
cut into two or three eyes cuttings of almost similar length and
diameter. Cuttings were aligned and their basal ends (5-6 cm)
were dipped for 10 seconds in the following: a) distilled water (con-
trol); b) solution of 3000 ppm IBA; c¢) solution of 5000 ppm KIAA;
solution of 10000 ppm KIAA. The experiment involved 4 replications
per treatment with 10 cuttings in each replication. All cuttings were
labeled and numbered. The experiment was set in a completely
randomized design.

Cuttings were placed to root under hydroponic conditions in a
laboratory or, more specifically, in a controlled-climate growth
chamber at temperature of 24+2eC, 70+5% relative humidity and a
light intensity of 12.000 lux in a photoperiod of 16 hours per day.
The water layer was maintained at the level of 5-6 cm throughout
the entire experiment. Growth conditions, employing water as the
culture media for grape cuttings, were maintained as explained by
Radchevsky, 2014 [24], Daskalakis et al., 2018 [7], Sabir and
Sabir, 2018 [25].

Measurements took place after 60 days of starting the experi-
ment. Bud burst, callusing and rooting percentages were obtained
through calculating how many of the cuttings in every group of ten
per replicate that gave open eyes, formed callus and gave at least
one root, respectively. Those numbers were recorded as percent-
ages. Number of roots on every cutting was also counted to get the
average root number. The length of roots (including root branches)
was counted to calculate the average length of roots.

The significance of the differences among results was examined
through means of two-way analysis of Variance (ANOVA), where
the effect of the two investigated factors (cultivar and auxin treat-
ment) was evaluated. One-way ANOVA test was then used to check
the effect of auxin treatment for each cultivar separately. When sig-
nificant effect detected, the means of the treatments were separat-
ed using the Duncan’s Post-Hoc test. Data analysis was performed
using CoStat statistical software, version 6.45 (CoStat 2005) and p-
value < 0.05 was considered to be significant.

RESULTS AND DESCUSSION

1. Bud burst (%)

Results of the two-way ANOVA test presented in Table 1 cleared
that cultivar and auxin treatment significantly influenced bud burst
(%), butinteraction between these two factors had no effect on this
parameter. Cuttings of Korinka russkaya had significantly higher
bud burst percentage (23.9% higher) than Victoria (Table 2). As
shown by the results of one-way ANOVA (Table 3), both IBA and
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Table 1. Results of the Two-way ANOVA test evaluating effects of Cultivar (A) and auxin treatment (B)
on rooting properties of the investigated grape cuttings

Bud burst Callusing Rooting Mean Mean
(%) (%) (%) root number root length (cm)
Culivar (A) *kk okk . *hk —
Treatment (B) ** *kk *x *h *hk
A*B ns ns ns * ns

ns, not significant effect, *p < 0.05, **p < 0.01, ***p < 0.001.

Table 2. Mean values of rooting properties of grape cuttings according to cultivar and auxin treatments

Cultivar Treatment Bud burst Callusing Rooting Mean Mean
(%) (%) (%) root number root length (cm)

Control 75.0b 7B® 72.5¢ 12.7b 71.2c

IBA 3,000 ppm 87.5a 35.0a 82.5ab send 113.3b

:(u"s:"::za KIAA 5,000 ppm 85.0 ab 75¢ 77.5bc 21.3a 101.9b
KIAA 10,000 ppm 925a 225b 90.0a 21.4a 140.1a

Mean 86.0 a* 18.7 b* 81.3 a* 19.9 a* 109.1 a*
Control 50.0 c 18.8b 43.0b 6.3¢c 16.3d
IBA 3,000 ppm 65.0 ab 40.5a 53.8b 16.7b 35.2¢c
Victoria KIAA 5,000 ppm 56.3 bc 16.7b 53.8b 13.7b 49.2b
KIAA 10,000 ppm 75.0a 43.8a 68.8a 239a 68.3a

Mean 62.1 b* 30 a* 55.9 b* 15.0 b* 43.8 b*

Means within the same column and same cultivar with different letters (a—c) are significantly different at the p< 0.05 level

according to Duncan's Post Hoc-test.

Table 3. Results of the one-way ANOVA test evaluating effects of Auxin treatments rooting properties of every cultivar separately

Bud burst Callusing Rooting Mean Mean
(%) (%) (%) root number root length (cm)

Karinka rosskaia

*%k *kk *%

Victoria

ns, not significant effect, *p < 0.05, **p < 0.01, ***p < 0.001.

KIAA had increased bud burst percentage of the two cultivars over
the controls, however the Post-Hoc-test revealed that this increase
was not significant for both cultivars treated with KIAA 5,000 mg/I
(Table 2). The positive effect of auxin on bud burst% of Augustin
grape cuttings was also documented by Radchevsky et al., 2012
[26].

2. Callusing (%)

On the basis of one-way and two-way ANOVA results, both cul-
tivar and auxin treatment significantly affected callus formation
(Table 1, 3). The higher callusing (%) was observed in cuttings of
Victoria cultivar (almost twice the number of callusing% in cuttings
of Korinka russkaya) (Table 2). KIAA 10,000 ppm and IBA 3,000
ppm gave a significantly higher callusing% than the controls of both
cultivars (Table 2). Similarly, Daskalakis et al., 2018 [7] also found
that a higher concentration of IBA significantly increased callus-
ing% of grape cuttings compared to the lower concentration and
the control. In contrast, Sims, 2011 [19] studying the effect of KIBA
on rooting process of kiwifruit (Actinidia chinensis) cultivar “AU
Golden Sunshine” reported that the callus size was significantly
larger for the control, 1,000 ppm and 2,500 ppm KIBA versus the
callus size of the high auxin concentration treatments (5,000 ppm
and 10,000 ppm).

3. Rooting (%)
Results of the Two-way ANOVA test (Table 1) showed that cul-
tivar and auxin treatments had significant effect on rooting (%) of

*kk *kk

grape cuttings. As presented in Table 2, cuttings of Korinka
russkaya had significantly higher rooting percentage (25.4%
higher) than those of Victoria. Auxin treatment significantly
improved rooting% of the cuttings compared with the non-treat-
ed ones (Table 3). The highest results within each cultivar were
observed in cuttings treated with KIAA 10,000 ppm (Table 2).
Similar findings were observed by Keeley et al., 2004 [17] who
reported that treatment of Norton (Vitis aestivalis) grape cuttings
with 10,000 or 15,000 ppm KIBA induced more than 70% of the
cuttings to root, compared with 23% rooting of the non-treated
ones.

Potassium was proved to have a significant effect on root sugar
and pyruvate kinase concentrations in plants affecting the carbo-
hydrate metabolism process and consequently, affecting roots
formation and development [19]. Carbohydrate concentrations
within cuttings were documented to be highly associated with
rooting ability [20, 27, 28]. Henry et al., 1996 [20] also added that,
only B and K among the mineral nutrients analyzed (N, P, K, Ca,
Mg, Mn, and B), were significantly correlated with rooting ability of
hardwood cuttings of eastern red cedar (Juniperus virginiana L.).

a. Roots number per cutting

As shown in Tables 2,3, Auxin treatment significantly increased
roots number on cuttings of both cultivars over the nontreated
ones. Cuttings of Korinka russkaya gave higher average number
of roots (4.9 more roots) over Victoria. The Two-way ANOVA test
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proved this significant influence of cultivar and auxin treatments
(Table 1). It also showed a significant interaction between these
two factors where KIAA 10,000 had the highest increase in roots
number of Victoria (4 times more roots than the control), followed
by both KIAA 5,000 ppm and IBA 3,000 ppm (almost 2 times more
roots over the control). Nevertheless, there was no significant dif-
ference among these three auxin treatments in cuttings of
Korinka russkaya with all of them giving number of roots signifi-
cantly higher than the control (almost 2 times higher). This con-
firms the results found by Keeley et al., 2003 [18] and
Radchevsky et al., 2012 [26] using potassium salt of auxins on
grape cuttings. Dogan et al. 2016 [8] and Galavi et al. 2013 [9]
also found the highest increase in number of roots of grape cut-
tings treated with 4,000 ppm IBA.

b. Mean root length (cm)

The results of ANOVA tests as listed in tables 1,3 cleared a
highly significant effect of cultivar and auxin treatment on the
mean root length on cuttings. Mean root length of Korinka
russkaya twice exceeded that of Victoria. The highest root length
was found on cuttings treated with KIAA 10,000 ppm for both cul-
tivars. For Victoria, KIAA 5,000 ppm came as second-best treat-
ment followed by IBA then lastly came the non-treated controls.
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Differently, for Korinka russkaya both KIAA 5,000 ppm and IBA
appeared as second-best (with no significant difference between
them) then the non-treated controls (Table 2). The importance of
K for root elongation was proved by Zhi-Yong et al., 2009 [21]
who found that K deficient treatment on cotton seedlings signifi-
cantly inhibited root length and the formation of lateral roots. The
reason of such inhibition was that the endogenous free IAA con-
tent reduced by 50% in the roots grown in K deficient media.
Vicente-Agullo et al., 2004 [23] also reported that the K carrier
TRH1 is required for auxin transport in Arabidopsis roots.

4. CONCLUSION

Based on these results, it appears that KIAA significantly
improved the rooting process of both investigated cultivars.
Rooting (%), number of roots on cuttings as well as the quality of
the root system were enhanced with increasing auxin concentra-
tion up to 10,000 ppm. IBA 3,000 ppm also improved the rooting
properties over the controls. The two grape cultivars differed sig-
nificantly in their rooting capacity, cuttings of Korinka russkaya
had greater values of all the studied parameters compared with
those of Victoria except for the callusing (%) which was higher in
Victoria.
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