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Abstract

In modern pear cultivation, clonal quince and pear rootstocks are preferred because they are easy to maintain and harvest.
Also, they form dwarf plants and improve fruit quality compared to pear seedling rootstocks. However, graft incompatibility
can be involved between different species or genera. The aim of the study was to determine the graft compatibility of the
‘Deveci’ and ‘Williams’ pear cultivars with different pear and quince rootstocks by carbohydrate analysis. Carbohydrate
accumulation in the graft union was also observed with iodized potassium iodide (KI) staining. In terms of rootstocks,
there were no differences in starch and carbohydrate content, but statistically differences were found in sugar contents.
Significant differences were also found between cultivars and graft union in terms of the examined traits. Sugar content
was highest in OHxF 333 and lowest in seedling rootstocks. There were no statistical differences in the starch content
between the graft unions of the ‘Deveci’ cultivar, while starch accumulation was higher above the graft union than below
and graft union in the ‘Williams’ cultivar grafted on the quince rootstock. In the study, it was determined that there were
higher carbohydrate accumulation in the scion and graft union than below the graft union in ‘Williams® grafted quince
rootstocks, which was also confirmed by staining with KI. As a result of the study, it was concluded that carbohydrate
accumulation analysis can be used to determine the graft compatibility of the pear cultivars with the different quince and
pear rootstocks.
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Ermittlung der Vertraglichkeit von Birnensorten mit verschiedenen Unterlagen mittels

Kohlenhydratanalysen

Schliisselworter Unterlagen - Birne - Pyrus - Quitte - Cydonia - Kohlenhydrate - Veredlungsvertraglichkeit -
Starkeakkumulation - Zuckergehalt

Introduction

Pear (Pyrus communis L.) is one of the most cultivated
temperate fruit species after grapes and apples on the world
(Jackson 2003; Ozcagiran et al. 2005). Turkey is the ori-
gin center of many fruit species including pear. Turkey has
a rich variety of pear with more than 600 genotypes (Er-
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cisli 2004; Ozcagiran et al. 2005). According to the FAO
data provided in 2019, world’s pear production is about
23.9 million tons and Turkey has a 2.2% share with 530,723
tons production. Turkey is the 4th important producer after
China, Argentina and USA (FAO 2021).

In modern pear cultivation, clonal quince and pear root-
stocks are preferred because they are easy to maintain and
harvest. Also, they form dwarf plants and improve fruit
quality compared to pear seedling rootstocks. In the world,
pear cultivation is mostly done by grafting on Pyrus or Cy-
donia rootstocks. Quince (Cydonia) rootstocks have been
widely used due to some beneficial characteristics such as
size reduction, yield precocity and improvements in fruit
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quality and size. On the other hand, Pyrus rootstocks pro-
duce larger trees, but they have a longer precocity period
than Cydonia rootstocks (Barritt 1992: Bell et al. 1996;
Stern 2008; Francescatto et al. 2010; Dondini and Sansavini
2012). In modern fruit production, cultivars are grafted on
different rootstocks to control growth and vigor. Grafting
can be made between different cultivars of the same species,
as well as between species or genera. When graft is made
between different species or genera, possibility of graft in-
compatibility may occur between grafting partners (Hart-
mann et al. 2011; Darikova et al. 2011; Dogra et al. 2018).
As an example, when pear grafted on quince rootstocks,
graft incompatibility may occur with some incompatibility
symptoms in early and late stage of growing period (Ermel
et al. 1997; Errea 1998; Pina and Errea 2005; Daverynejad
et al. 2008; Rahman et al. 2017; Dolkar et al. 2018). The
swelling on the graft site, leaflet becoming yellowish, re-
duction of vegetative growth and differences in growth rate
between rootstock and scion are some symptoms of the
graft incompatibility. Graft incompatibility may occur due
to genetically, physiologically, anatomically and biochemi-
cal reasons (Hartmann et al. 2011). This phenomenon might
be due to the absence of differentiation of callus tissues
into new phloem tissues or necrosis of the cells in the site
of scion (Moore 1983). This can cause a miss-joining be-
tween rootstock and scion, leading to lack of lignification of
cells in the site of scion. Starch accumulation above, below
and in the graft union might cause decay of phloem. Graft
components with poor growth not only lead to structural
abnormalities in the site of scion, but are also correlated
with irregularities in starch distribution (Davarynejad et al.
2008; Darikova et al. 2011). Formation of assimilates and
their mobility between root and shoot is highly affected by
the level of rootstock and scion incompatibility. The ra-
tio of starch substances to total dry matter in leaves and
shoots is linearly reduced by the level of incompatibility.
Starch distribution between different parts of graft partners
has shown that there is a relationship between incompati-
bility and starch metabolism. This phenomenon is a good
marker for evaluation between scion and rootstock compat-
ibility (Usenik et al. 2006; Darikova et al. 2011; Canas et al.
2014). Accumulation of starch substances above or below
the graft union may be the markers of graft incompatibility
(Davarynejad et al. 2008; Darikova et al. 2011; Hartmann
et al. 2011; Dogra et al. 2018).

For this reason, this study was carried out to determine
the graft compatibility status of the ‘Deveci’ and ‘Williams’
pear cultivars with different pear and quince rootstocks by
carbohydrate analysis in Samsun Provinve, Turkey, during
the 2015-2016 years.
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Materials and Methods
Experiment Location

This study was conducted at Agriculture Research Station
of Ondokuz Mayis University, located in Samsun (Turkey)
Province, Atakum County (North: 41°21’, East: 36°11, Al-
titude: 173 m). The study was conducted in nursery parcel
located in the open field. Grafting was also performed in
open field. The research area was flat and had a slope of
about 1%. The nursery soil structure was clayed-loam and
weakly acidic and it was lime-free, unsalted, rich phospho-
rus and potassium content and high organic matter. The
plants were mulched against the weeds and drip irrigation
was implemented.

The climate of Samsun proves its temperate climate char-
acter. For many years, the highest average temperature was
27.0°C, the lowest temperature was 3.9°C, the annual aver-
age temperature was 14.4°C, and the average annual rainfall
was 733 mm. According to the obtained data, a large part of
the precipitation falls in autumn and winter (TSMS 2018).

Plant Materials

In the study, one year old clonal rootstocks of quince
(Quince BA 29), pear (OHxF 333 and Fox 11) and pear
seedling were used. Rootstocks were planted at distance
of 120cm and 30cm in February 2014 and cultivated in
open field. ‘Deveci’ and ‘Williams’ pear cultivars were
used as scions. The ‘Deveci’ is known as being compatible
with quince rootstocks (Ozcagiran et al. 2005) but the
‘Williams’ is known as being incompatible or moderately
compatible with quince rootstocks (Dondini and Sansavini
2012; Hudina et al. 2014). Scions required for grafting were
taken from healthy plants of the 5-year-old stock parcel in
the field where the study was conducted at the Agriculture
Research Station of Ondokuz Mayis University in 2010.

Grafting and Observations

Similar sized (for thickness) rootstocks were selected for
grafting. T-budding method, which has been used the most
suitable graft method in the fall period (Westwood 1995;
Hartmann et al. 2011) was used in the month of 1 Septem-
ber, 2014 and 2015. Grafting was performed 20cm above
the soil surface (Lewis and Alexander 2008; Hartmann et al.
2011). For each scion/rootstock combination 10 grafts were
done for each replicate. Totally, 3 replicates were used and
30 grafts were made for each scion/rootstock combination.
White colored, soft and silicone grafting tape was used
to protect graft area. Cultivation factors such as irrigation,
weed management and removal of suckers below the graft
union were preformed regularly. As a ground cover, black
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colored and UV-added, polypropylene produced, was used
between the rows for weed control. The rootstocks used
in the study were irrigated during summer by drip irriga-
tion systems. Fertilization was done fertigation, and NPK
(20.10.20+ microelements [ME], 30-40kg ha™) fertilizer
was used, 20 days intervals. Chemical spraying was not
performed in the orchard.

In the study, sugar, starch and carbohydrate contents of
the graft partners were determined according to previous
relevant studies (Candolfi-Vasconcelos and Koblet 1990).
For this aim, about 2cm piece of the graft shoots were
taken from between third and fourth internode above the
graft union at the end of the vegetation period (Bates et al.
2002). The shoot parts were dried for 5-7 days at 70°C in
oven. When moisture content of shoots became stable, they
were broken into pieces with the mill. 200 mg sample were
taken from them and put into glass tubes. 8 ml 70% ethyl
alcohol was added. After that the mixture was extracted at
60 °C for 30min (Candolfi-Vasconcelos and Koblet 1990).
8ml 1M perchloric acid was added into the mixture and
they were stored at 60 °C for 1h.

This procedure was repeated twice. The alcohol in the
samples was removed at 37 °C and then, the two mixtures
were combined. The absorbance value was determined at
620nm with spectrophotometer. Sugar and starch content
were determined with anthrone method (Scott and Melvin
1953). Glucose was used as a standard to determine sugar
and starch contents of the samples. The results were ex-
pressed as mg L.

Determination of Starch Accumulation

The accumulation and flow of starch in the grafting area
was performed according to Demirsoy and Bilgener (2006).
Starch accumulation and flow were observed by examining
the staining of rootstock and scion wood tissues with 1%
iodized potassium iodide (KI) solution in longitudinal sec-
tions taken from the grafting site. Visually, 5 points was
given for combination of the most accumulation of starch
in grafting site and O points for the least accumulation.

Data Analysis

This study was arranged in a randomized complete block
design with 3 replications, each replication contained
10 plants. Data analyses were performed using IBM SPSS
Statistics ver. 21 statistical package program via the license
of Ondokuz Mayis University. The differences between the
averages of rootstocks and cultivars and their interaction
were determined by Duncan’s Multiple Range Tests at
0.05% levels. The results are given over a two-year average
in the tables.

Results and Discussion

This study was aimed to determine carbohydrate analysis
of graft compatibility of different rootstocks and ‘Deveci’
and ‘Williams’ pear cultivars. In the study, statistically sig-
nificant differences were found between the averages of
rootstocks in terms of sugar content but there were no
statistically significant differences in starch and carbohy-
drate contents. The highest sugar content was found in the
OHxF 333 (50.9mg L") and the lowest in the seedling
(45.7mg L"). It was also determined that there were no
differences in terms of the averages of cultivar and graft
areas (Tables 1, 2 and 3).

In ‘Deveci’/BA 29 quince rootstock combination, it was
determined that there was no statistically significant differ-
ence in the starch content amongst the graft unions. On the
other hand, in ‘Deveci’/Fox 11 pear rootstock combination,
a higher starch content was determined in the graft union
than above and below the grafting union. In ‘Deveci’/OHxF
333 combination, the starch content was highest below the
graft union. In ‘Deveci’/seedling, starch content was higher
below and in the graft union than above the graft union (Ta-
ble 1). In ‘Williams’/BA 29 quince rootstock combination,
the highest starch content was found above and the low-
est below the graft union. In the ‘Williams’/Fox 11, starch
accumulation was higher in the graft union than above
and below the graft union. In ‘Williams’/OHxF 333 and

Table 1 Starch content in the graft areas of *Deveci’ and *Williams’ pear cultivars grafted on different rootstocks

Rootstocks Starch content (mg L) Mean
Deveci Williams
Below Graft union Above Below Graft union Above
BA 29 60.1 a*-BY 60.0 a-B 57.0 a-B 61.1 c-AB 64.9 b-B 69.3 a-A 62.0A
Fox 11 54.1b-C 59.7 a-B 57.3 ab-B 66.2 ab-A 74.8 a-A 63.8 b-B 62.7A
OHxF333 714 a-A 68.2 ab-A 64.1 b-A 54.0 a-B 59.5 a-B 56.7 a-C 62.3A
Seedling 69.0 a-A 67.7 a-A 62.7 b-A 63.2 a-AB 60.6 a-B 60.6 a-BC 64.0A
Mean 63.6a 639a 60.3 a 60.5 a 649 a 62.6 a -

* Different lower cases in the same line within in the same cultivars and rootstock indicate statistically significantly differences in terms of

grafting sites (p<0.05)

Y Different capital letters in the same column indicate statistically significantly differences (p <0.05)
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Table2 Sugar content in the graft areas of ‘Deveci’ and ‘Williams’ pear cultivars grafted on different rootstocks

Rootstocks Sugar content (mg L) Mean
Deveci Williams
Below Graft union Above Below Graft union Above
BA 29 48.7 ab*-BY 50.3 a-B 44.9 b-BC 48.3 c-AB 52.2b-A 55.8 a-A 50.0 AB
Fox 11 45.6 a-B 48.9 a-BC 43.2 a-C 53.2a-A 51.2 ab-A 48.8 b-B 48.5B
OHxF333 55.0 a-A 53.6 a-A 519 a-A 46.2 b-B 50.6 a-AB 47.8 a-B 509 A
Seedling 45.0 a-B 46.1 a-C 49.9 a-AB 45.0 a-B 44.4 a-B 43.6 a-B 45.7C
Mean 48.6 a 49.7 a 475 a 48.2 a 49.6 a 49.0 a -

* Different lower cases in the same line within in the same cultivars and rootstock indicate statistically significantly differences in terms of

grafting sites (p<0.05)

Y Different capital letters in the same column indicate statistically significantly differences (p <0.05)

Table 3 Carbohydrate content in the graft areas of ‘Deveci’ and ‘Williams’ pear cultivars grafted on different rootstocks

Rootstocks Carbohydrate content (mg L") Mean
Deveci Williams
Below Graft union Above Below Graft union Above
BA 29 108.8 ab*-BCY 110.3 a-BC 101.9b-B 109.4 c-AB 117.1 b-AB 125.1 a-A 112.1A
Fox 11 99.7 b-C 108.6 a-C 100.6 b-B 119.4 ab-A 126.0 a-A 112.7 b-B 111.2A
OHxF333 126.3 a-A 121.9 ab-A 116.0 b-A 100.3 a- B 110.1 a-B 104.4 a-B 113.2A
Seedling 116.5 a-B 119.0 a-AB 110.7 a-A 112.8 a- A 104.0 a-B 107.0 a-B 111.7A
Mean 112.8 a 1149 a 107.3 a 1105 a 1143 a 1123 a -

X Different lower cases in the same line within in the same cultivars and rootstock indicate statistically significantly differences in terms of

grafting sites (p<0.05)

¥ Different capital letters in the same column indicate statistically significantly differences (p <0.05)

‘Williams’/seedling combinations, it was found that there
were no statistically significant differences in starch content
amongst the graft unions (Table 1).

Compared to the graft union x rootstock in terms of each
cultivar and rootstock, when ‘Deveci’ pear cultivar was
grafted on different rootstocks, it was determined that the
starch content above and below the graft union was higher
in the OHxF 333 and seedling rootstocks than in the BA 29
and Fox 11 rootstocks. In the ‘Williams’ cultivars, the high-
est content below the graft union was detected in the Fox 11
rootstock and the lowest in the OHxF 333 rootstock. And
the highest content of starch above in the graft union was
found in BA 29 (69.3mg L) and lowest in the OHxF 333
rootstock (56.7mg L) (Table 1).

Significantly differences were observed amongst the
grafting areas in terms of sugar content in ‘Deveci’/BA 29
combination and no statistical differences were not deter-
mined in the other rootstocks. The content of sugar was
the highest in the grafting site, the lowest above the graft
union when ‘Deveci’ was grafted on the BA 29. In the
‘Williams’ cultivars, the highest sugar content was deter-
mined above the graft union (scion) and the lowest below
the graft union (rootstock) when grafted on BA 29. On
Fox 11 rootstock, the highest sugar content was observed
below the graft union and the lowest above the graft union.
There was no significant difference in the sugar content
graft combinations with the seedling (Table 2).
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Compared to the graft union x rootstock in terms of each
cultivar and rootstock, the content of sugar was significantly
higher below the graft union in ‘Deveci’/OHxF 333 graft
combination than in the other rootstocks. In ‘Deveci’, the
highest content of sugar in the graft union was measured
in the OHxF 333 and the lowest in the seedling. The high-
est content of sugar above the graft union was found in
the OHxF 333 and the lowest in the Fox 11 rootstock (Ta-
ble 2). In ‘Williams’, the highest content of sugar was de-
tected below the graft union on the Fox 11 and in the graft
union on Fox 11 and BA 29 rootstocks. The sugar con-
tent above the graft union was found to be higher in the
BA 29 (55.8mg L) than in the other rootstocks when the
‘Williams’ cultivar grafted on the different rootstocks (Ta-
ble 2).

In ‘Deveci’, carbohydrate content on BA 29 and Fox 11
was higher in the graft union than in the other grafting
areas. The highest carbohydrate content was measured be-
low the graft union on OHxF 333, and there were no dif-
ferences between the grafting areas on seedling. In the
‘Williams’/BA 29 combination, the highest carbohydrate
content was detected above the graft union and the lowest
below the graft union. The carbohydrate content was lower
below the graft union than in the other grafting areas in
the ‘Williams’/Fox 11. It was determined that there were
no statistically differences in terms of carbohydrate content
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Fig. 1 Starch distribution in all cultivar/rootstock graft combination (HD: Homogenous Distribution, SA: Starch Accumulation). a ‘Williams’/BA 29,
b ‘Williams’/Seedling, ¢ ‘Williams’/Fox 11, d ‘Williams’/OHxF333, e ‘Williams’/BA 29, f ‘Williams’/Seedling, g ‘Williams’/Fox 11, h ‘Williams’/

OHxF333

among the grafting areas when OHxF 333 and seedling
rootstocks were used (Table 3).

Compared to the graft union x rootstock in terms of each
cultivar, in ‘Deveci’, the highest carbohydrate content in
the graft union and below the graft union was measured
in OHxF 333 and the lowest in Fox 11 rootstock. Carbo-
hydrate content above the graft union was higher in the
OHxF 333 and seedling than in the other rootstocks. In
‘Williams’, the highest carbohydrate content was found be-
low the graft union of Fox 11 and seedling rootstocks, and
at the graft union in the Fox 11 rootstock. The carbohy-
drate content above the graft union was found to be higher
in ‘Williams’/BA 29 (125.1 mg L") combination than in the
others ‘Williams’ grafted rootstocks (Table 3).

Table4 Starch accumulation and score in the graft union

Rootstocks Score

Deveci Williams
BA 29 4.0 2.0
Fox 11 4.5 35
OHxF333 4.5 5.0
Seedling 5.0 5.0

The scores staining with 1% iodized potassium iodide
solution of the longitudinal sections of the scion/rootstocks
combinations to determine the starch accumulation and
flow in the graft union are presented in Table 4. In the
study, the combination of ‘Williams’/OHxF333 and ‘De-
veci’/seedling and ‘Williams’/seedling had the best scores
by the least starch accumulation in the grafting area (Ta-
ble 4, Fig. 1b, d). They were followed by ‘Deveci’/Fox 11
and ‘Deveci’/OHxF 333 scion/rootstock combinations.
Combinations with high scores means that the distribution
of starch on the scion and rootstock is homogenous and no
starch accumulation was found in the graft union (Fig. 1).
‘Williams’/BA 29 combination had the lowest score, fol-
lowed by ‘Williams’/Fox 11 combination. In these scion/
rootstock combinations, especially in the ‘Williams’/BA 29,
starch accumulation was observed above the graft union
(in the scion) (Table 4, Fig. 1).

The starch accumulation above the graft union was de-
termined prominently, especially in the ‘Williams’/BA 29
scion/rootstock combination (Fig. la). Similarly, starch
accumulation in the graft union was observed in the
‘Williams’/Fox 11 combination (Tables 1 and 4, Fig. 1c¢).
Graft incompatibility between scion and rootstock has been
more often determined for inter-specific than for intra-
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specific graft combinations (Darikova et al. 2011; Hart-
mann et al. 2011; Dogra et al. 2018; Dolkar et al. 2018).
Accumulation or flow of starch in the grafting areas may
indicate the level of graft incompatibility between the scion
and rootstock (Demirsoy and Bilgener 2006; Davarynejad
et al. 2008). Herrero (1951) cited that the accumulation of
starch above the graft union is a symptom of graft incom-
patibility. The content of starch in the incompatible peach/
plum graft combination was higher above the graft union
than in the rootstock, and the content of starch in the com-
patible peach/plum grafting combination was less above
the graft union (Breen 1975). It has been reported that more
starch accumulation above the graft union was detected in
some pear cultivars grafted on quince A clonal rootstock
and reported that they are incompatible with quince A
(Davarynejad et al. 2008). Also Moing and Gaudillere
(1992) reported that soluble sugars and starch were accu-
mulated in incompatible graft combinations. Demirsoy and
Bilgener (2006) reported that starch accumulation above
the graft union was higher in incompatible some peach/
plum graft combinations. Hudina et al. (2014) cited that
a severe incompatibility between Fox 11 rootstock and
‘Williams’ was detected by phenolic profiles investigations
with HPLC. The results obtained in this study are in ac-
cordance with previous studies in peach/plum (Moing and
Gaudillere 1992; Demirsoy and Bilgener 2006) and pear/
quince (Davarynejad et al. 2008; Ciobotari et al. 2010).
Determination of the graft compatibility status of the root-
stocks and cultivars used especially in modern fruit growing
is important for species that can be grafted onto different
species such as pear, cherry, peach. Early identification of
graft incompatibility situations that may occur in grafting
of species on different species ensures that producers avoid
time and economic losses (inefficiency, low quality, etc.).

Conclusion

In the present study, it has been determined that graft incom-
patibility may occur when ‘Williams’ is grafted on BA 29
and Fox 11 rootstock. Furthermore, the observation of graft
incompatibility situation may be useful in commercial or-
chard of these cultivars/rootstocks. As a result of the study,
it was concluded that carbohydrate accumulation could be
used as an indicator in determining the graft compatibil-
ity of the pear cultivars with the different quince and pear
rootstocks.
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