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Abstract The aim of this study was to determine
the effects of some auxins and cytokinins on graft
union and root formation of grafted cuttings of four
different grapevine (Vitis vinifera) graft combinations
(41B-Erenköy Beyazi, 41B-Italia, Rupestris du Lot-
Erenköy Beyazi, and Rupestris du Lot-Italia). The
cut grafting surfaces of both the scion and rootstock
were first dipped into either 1 -naphthaleneacetic acid
(NAA), indole-3-butryic acid(IBA), benzyladenine
(BA), or kinetin (Ki) for 20 s. NAA and IBA were
applied at concentrations of 500, 1000, and 2000
mg/litre and BA andKi were applied at rates of 250,
500, and 1000 mg/litre. Following this treatment
the cuttings were grafted, stratified, and hardened.
Control group cuttings were grafted without any
application. Results showed that the physiological
effects of cytokinins differed from auxins. In
general, Ki and BA stimulated rapid proliferation
of callus between the scion and rootstock whereas
NAA and IBA increased root formation at the basal
end of grafted cuttings compared with the control.
The best results were obtained from treating the
graft cut-surfaces of graft combinations with 250
and 500 mg/litre Ki or BA. Except for the 1000
mg/litre concentrations, Ki and BA showed better
callusing rate and callusing degree at grafting point
of all tested graft combinations compared with the
control, whereas rooting rate and rooting degree
were enhanced by application of IBA and NAA
compared with the control. In all graft combinations,
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the highest success rate (100%) was obtained from
250 mg/litre Ki application. Significant increases in
success rate and callus formation as callusing rate
and callusing degree at the grafting zone indicated
that the Ki and BA may have the potential to improve
graft union formation.

Keywords auxins; callusing; cytokinins; grafting;
grapevine

INTRODUCTION

A crucial technique of viticulture is the grafting of
phylloxera-susceptible Vitis vinifera (Weaver 1976)
scions onto rootstocks resistant to phylloxera. So,
ease of grafting is one of the essential characters in
viticulture (Mullins et al. 1992).

Successful grafting of plant species and cultivars
is related to the production of callus which is
essential for graft union formation (Hartman et al.
1990). In other words, formation of the graft union
depends on the process of callus initiation in both
rootstock and scion, on the union of callus, and the
subsequent differentiation of the callus tissue to form
the protective and vascular tissue required to form a
functional unit from the two adjacent plant parts, i.e.,
rootstock and scion (Nickell 1984). Differentiation
is not usually considered to be a problem, but there
are often difficulties at initiation and proliferation of
callus (Paneaetal. 1997).

In previous studies, several authors reported
that plant growth regulators such as auxins and
cytokinins induce the initiation and proliferation of
callus and new vascular tissue by promoting cell
division and/or cell development (Bonner & Galston
1952; Rostetal. 1984; Raven etal. 1992; Salisbury
& Ross 1992; Preece & Read 1993). Thus, several
researchers have applied auxins (Khrenovskov &
Strakhov 1986; Derendovskaya et al. 1989; Reustle
etal. 1993) and plant growth promoting rhizobacteria
(PGRB) strains that produce auxin (Kose et al. 2005)
on grafted cuttings to increase callus formation and
successful eraftine. However, there has been no
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attempt to study the effects of cytokinins applied to
the grafting point on graft union of grapevine.

The purpose of this study was to determine
effects of the auxins, 1-naphthaleneacetic acid
(NAA) and indole-3-butryic acid (IBA) and the
cytokinins, benzyladenine (BA) and kinetin (Ki) on
the stimulation of callus formation at the grafting
point and root formation of the basal end of grafted
cuttings for successful grafting of grapevine.

MATERIALS AND METHODS

The experiment was conducted to evaluate the
effects of some auxins and cytokinins on the success
of grapevine grafting at Atatiirk University, Erzurum
(39°55'N, 41°61'E), Turkey.

Plant materials
Woody cuttings of V. vinifera (' Erenkoy Beyazi' and
'Italia') and rootstocks of Chasselas x Berlandieri
41B (41B) and Rupestris du Lot were obtained from
the vineyard of the Egirdir Horticulture Research
Institute.

Grafting and hormonal application
The samples were cut into lengths of 40 cm for
rootstocks and single-bud pieces for scion. Buds
of rootstock cuttings were then removed with a
knife. Grafting was done by machine (omega type)
manufactured by Carlo A. Manaresi®, Italy. The cut
grafting surfaces of both the scion and rootstock were
first dipped into either NAA, IBA, BA, or Ki for 20
s. NAA and IBA were applied at concentrations of
500, 1000, and 2000 me/litre and BA and Ki were

Table 1 Effects of different concentrations of cytokinins and auxins on callusing rate, callus degree, rooting rate and
root degree in Rupestris du Lot-Erenkoy Beyazi and Rupestris du Lot-Italia graft combinations of grapevine (Vitis
vinifera). (Within each section means displayed with the same letter are not significantly different from each other (P
< 0.01).) (NAA, 1-naphthaleneacetic acid; IBA, indole-3-butryic acid; BA, benzyladenine; Ki, kinetin.)

Rootstock-scion Application
combination (mg/litre)

Rupestris du Lot-Erenkoy Beyazi
Control
500 IBA
1000 IBA
2000 IBA
500 NAA
1000 NAA
2000 NAA
250 Ki
500 Ki
1000 Ki
250 BA
500 BA
1000 BA
LSD 0.01

Rupestris du Lot-Italia
Control
500 IBA
1000 IBA
2000 IBA
500 NAA
1000 NAA
2000 NAA
250 Ki
500 Ki
lOOOKi
250 BA
500 BA
1000 BA
LSD 0.01

Callusing rate
(%)

72.5 c
5.0g

15.5 f
18.0 f

o.og2.5g
5.5g

95.0 ab
97.0 a
52.5 d
97.5 a
91.5b
41.0 e

5.11

67.5 d
32.5g

5.5h
7.5h
0.0 i
0.0 i
8.5h

92.5 a
75.0 c
45.0 f
90.0 a
82.5 b
50.0 e
3.28

Callus degree
(0-4)

2.9b
0.2 f
0.6 e
0.7 e
O.Of
0.1 f
0.2 f
3.8 a
3.9 a
2.1 c
3.9 a
3:7 a
1.7 d
0.26;

2.7 d
1.3 f
0.2 gh
0.3 g
O.Oh
O.Oh
0.3 g
3.7 a
3.0 c
1.8e
3.6 a
3.3 b
2.0 e
0.20

Rooting rate
(%)

40. Of
70.0 cd
80.0 c
90.0 b
90.0 b
90.0 b

100.0 a
40. Of
60. Ode
50.0 ef
40.0 f
60.0 de
50.0 ef

6.74

40.0 f
80.0 b
80.0 b

100.0 a
100.0 a
100.0 a
100.0 a
70.0 c
40.0 f
60.0 d
50.0 e
40.0 f
50.0 e
4.84

Rooting degree
(0-4)

1.6g
2.5 d
2.8 c
3.1b
2.8 c
3.1b
3.5 a
l i e
20ef
1.6g
lOef
l.Sfg
lOef
0.23

l.Sfg
2.8 c
2.8 c
3.3 b
3.0 c
4.0 a
3.9 a
2.5 d
1.6g
2.0 ef
2.1 e
l.Sfg
1.9 ef
0.20
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Fig. 1 Effects of different concentrations of cytokinins and auxins on success rate in: A, Rupestris du Lot-Erenkoy
Beyazi; B, Rupestris du Lot-Italia; C, 41B-Erenkoy Beyazi; and D, 41B-Italia graft combination of grapevine (Vitis
vinfera). Within each section least significant differences among means (LSD) are indicated at P < 0.01 or P < 0.05.
(NAA, 1-naphthaleneacetic acid; IBA, indole-3-butryic acid; BA, benzyladenine; Ki, kinetin.)

applied at rates of 250, 500, and 1000 mg/litre (IBA
and NAA in 50% ethanol; Ki and BA in IN NaOH).
Control group cuttings were grafted without any
application. After dipping, cuttings were air-dried
for 5 min and cuttings of scions were placed on
the cuttings of rootstocks and grafting zones were
covered with paraffin. They were placed in moist
sawdust and maintained at 24+TC and 80-85%
relative humidity for 21 days (Weaver 1976) and
then acclimated for 9 days to field conditions.

Grafted cuttings were then evaluated for the
rates (%) of success and callusing, callusing
degree, rooting rate (%), and rooting degree 31
days after grafting (Eri§ et al. 1989; Hartman et
al. 1990; Kamiloglu & Tangolar 1997). Callusing
and rooting degree were determined by using a
scale of 0-4 where: 0, no callusing and rooting; 1,
1-25% callusing and rooting; 2, 26-50% callusing
and rooting; 3, 51-75% callusing and rooting; and
4, 76-100% callusing at grafting point and rooting
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at basal end of the grafted cuttings. Callusing rate
was determined as a percentage of attempted grafts
that had callusing around the grafting point. Rooting
rate was determined as the percentage of grafted
cuttings which developed roots (Kamiloglu &
Tangolar 1997). Success rate refers to the percentage
of grafted cuttings that had a callusing rate greater
than 25% at the grafting point. The data of success
rate were transformed by arcsine transformation for
statistical analysis.

The experiment used a completely randomised
design with three replications and 30 grafts per
replicate. This experiment was repeated twice.
All data were evaluated by analysis of variance
(ANOVA) and means were separated by Tukey's
Honestly Significant Differences test at /> < 0.05 and
0.01 using SAS statistical software (SAS 1982).

RESULTS AND DISCUSSION

Effects of plant growth regulators on callusing rate,
callusing degree, and rooting rate are summarised in
Table 1 and success rate shown in Fig. 1.

Results indicated that cytokinins showed different
physiological effects than those of auxins. In general,
Ki and BA promoted both initiation and proliferation
of callus at the grafting point and the root formation
at the basal end of grafted cuttings, whereas IBA and
NAA increased only the root formation at the basal
end of grafted cuttings compared with the control.
On the other hand, it was also determined that in all
tested graft combinations, IBA and NAA decreased
the callus formation at grafting point (Tables 1, 2)
influencing the success rate (Fig. 1). In terms of the
effects of plant growth regulators on initiation and

Table 2 Effects of different concentrations of cytokinins and auxins on callusing rate, callus degree, rooting rate
and root degree in41B-Erenkoy Beyazi and41B-Italia graft combinations of grapevine (Vitis vinifera). (Within each
section means displayed with the same letter are not significantly different from each other (P < 0.01).) (NAA, 1-
naphthaleneacetic acid; IBA, indole-3-butryic acid; BA, benzyladenine; Ki, kinetin.)

Rootstock-scion
combination

41B-Erenkoy Beyazi

41B-Italia

Application
(mg/litre)

Control
500 IBA
1000 IBA
2000 IBA
500 NAA
1000 NAA
2000 NAA
250 Ki
500 Ki
1000 Ki
250 BA
500 BA
1000 BA
LSD 0.01

Control
500 IBA
1000 IBA
2000 IBA
500 NAA
1000 NAA
2000 NAA
250 Ki
500 Ki
1000 Ki
250 BA
500 BA
1000 BA
LSD 0.01

Callusing rate
(%)

50.0 c
5.5 f

23.0 e
18.0 e
0.0 f
3.0 f
2.5 f

85.0 a
70.0 b
32.5 d
87.5 a
90.0 a
50.0 c
5.66

45.0 e
5.5 gh
8.5g
3.0 hi
2.5 hi
0.0 i
0.0 i

96.5 a
65.0 c
12.5 f
97.5 a
85.0 b
50.0 d
3.64

Callus degree
(0-4)

2.2cd
0.2g
0.9 f
o;7f
O.tXg
Q.-1 i
o:ig
2.7 b
2.4 be
1.3 e
3.5 a
3.6 a
2.0 d
0.33

1.8d
0.2 fg
0.3 ef
0.1 fg
0.1 fg
0.0g
0.0 g
3.8 a
2.2 c
0.5 e
3.9 a
3.4 b
2.0 cd
0.23

Rooting rate
(%)

lO.Of
30. Oe
70.0 c
90.0 b
90.0 b
90.0 b

100.0 a
30.0 e
30.0 e
70.0 c
50.0 d
30.0 e
50.0 d
7.25

0.0 e
100.0 a
100.0 a
100.0 a
40.0 b

100.0 a
100.0 a
30.0 c
40.0 b
40.0 b
30.0 c
30.0 c
20.0 d
5.23

Rooting degree
(0-4)

l.Og
1.5f
2.4 d
2.8 c
2.9 c
3.4b
4.0 a
1.4f
1.5f
l i e
l i e
1.3f
2.0 e
0.26

l.Oe
3.4 ab
3.5ab
3.6 a
1.8cd
3.3 b
3.6 a
1.6d
1.9c
1.6d
1.7 cd
1.8cd
1.2 e
0.23
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proliferation of callus at the grafting point and root
formation 250 and 500 mg/litre Ki and BA yielded
the best results.

Ki and BA applications, except for the 1000
mg/litre concentration, produced better callusing
rate at the grafting point of all graft combinations
compared with the untreated control, whereas all
IBA and NAA treatments decreased the callusing
rate. The best effects on callusing rate occurred by
treatment with 250 mg/litre application of either BA
or Ki treatment. It was also observed that Ki and BA
application dramatically improved callus structure,
with organisation into dense circular layers.

The rooting rate of all graft combinations was
significantly influenced by type of plant growth
regulator. In general, root formation was promoted
more by auxin treatment than by cytokinin. It was
also determined that when rooting rate of grafted
cuttings was high, callus formation on the grafting
point was low in graft combinations treated with
IBA and NAA.

In all graft combinations, the highest (100%)
and lowest success rates (0.0%) were obtained from
250 mg/litre Ki and 500 and 1000 mg/litre NAA
applications, respectively. Among all tested graft
combinations, the highest increase in success rate
(42.9%) occured in 41B-Erenkoy Beyazi and 41B-
Italia combinations treated with 250 mg/litre Ki and
500 mg/litre BA, respectively (Fig. 1C,D).

The data illustrated that there were significant
differences among the hormonal treatments. Both
IBA and NAA applications decreased graft success
rate (Fig. 1) and callus formation at the grafting
zone. In contrast, auxin application increased root
formation compared with the control in all graft
combinations (Tables 1, 2) which implies that
IBA and NAA applied on graft cut-surfaces were
transported to the basal end of the grafted cutting. It is
known that auxins move predominantly in basipetal
direction (Bleasdale 1984; Rostetal. 1984; Salisbury
& Ross 1992). Also, auxins can induce competition
between callogenesis and rhisogenesis (Khrenovskov
& Strakhov 1986; Hartmanetal. 1990; Reustle etal.
1993; Paneaetal. 1997). It has been noted that callus
formation is negatively influenced by the appearance
of great root formation, and that there is a correlation
between root initiation and auxin movement
(Hartmanetal. 1990). Indeed, it was determined that
there was a negative correlation (r = -0.666) between
callusing rate at the grafting point and rooting rate
of grafted cuttings in the present study. Reustle et
al. (1993) found that rootstocks treated with NAA
failed to compensate for the reduced graft take

though adventitious root production was promoted
by NAA. However, Paneaetal. (1997) reported that
Calovit® comprising synthetic auxins, applied to
grafted cuttings for 1-2 s at a dilute concentration,
increased callus formation at the grafting point.
Researchers explain that the reason for increased
callus formation was the lower concentration of
Calovit®, and that Calovit® could not affect root
formation which may have antagonist effects for
callus formation. On the other hand, it was reported
by Fang & Yingzi (1997) that increasing doses of
paclobutrazol improved the success rate of green and
bench grafting. Similar results were also reported by
Svetov & Kushch (1983) for Chlormequat (CCC)
application on the grafting point of CO4-Rkatsiteli
graft combination. Chlormequat and paclobutrazol
may inhibit auxin activity, thus root formation at the
basal end of grafted cuttings and callus formation
at the grafting point may be reduced (Arteca 1984;
Salisbury & Ross 1992). Therefore, the results of
the present study confirm reports of these previous
studies.

The Ki and BA treatments affected the success
rate and callus formation differently depending on
dose and graft combination. However, in general
the Ki and BA treatments increased success rate and
callus formation at the grafting point. Ki and BA
also improved callus structure with organisation into
dense circular layers. The likely reason for this is that
cytokinins promote cell division, cell development
and formation of vascular connections among plant
parts (Rost et al. 1984; Salisbury & Ross 1992).
Derendovskaya et al. (1989) reported that Cartolin
as a cytokinin application increased callus formation
at the grafting point of grapevine.

In conclusion, significant increases in callus
formation and success rate of the graft union showed
that Ki and BA treatment may have the potential to
improve graft union formation in grapevine. Further
studies need to be conducted to find the optimal
doses of cytokinins and potential auxin/cytokinin
mixtures for improving both graft callus formation
and root formation.
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