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Abstract: This research was initiated to survey the peroxidase isozyme profiles of 17 pear (Pyrus communis 1..)
cultivars and compare their peroxidase profiles to Quince A (QA) (Cydonia oblonga Mill)) rootstock.
Additionally, samples from the graft union of pear cultivars and quince rootstocks were analyzed for peroxidase
1sozymes to identify possible association with compatible graft combmations. The total amount of starch
content was also considered as another marker to identify the scion-rootstock compatibility. Two anodal
peroxidase A (RF = 0.86), present in Beurre Hardy and QA and B (RF = 0.68), present in Bewrre Hardy and
absent in QA was considered as rootstock and scion relationship. The presence of A band in the graft umon
was an indication of compatibility of Beurre Hardy and Passa Crassana pear cultivars with QA, whereas, the
absence of this band was related to incompatibility of Dargazi, Shahmivah and Torsh. Although the B band was
present in Bewre Hardy, the absence of this band in QA was highly related to incompatibility of Shekari,
Lizbon, Khoje asiabrak, Domkaj, Tabnzi, Koshia and Bolghan pear cultivars. The amount of starch accumulation
near grafting sites (above and below) showed that Natanz, Dargazi, Shalmivah, Aloret and Torsh pear cultivars

compared to others had greater amount of starch above the grafting sites.
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INTRODUCTION

Graft incompatibility in fruit trees is one of the
greatest obstacles 1 rootstock breeding. This
mcompatibility could be the result of genetical,
physiclogical or anatomical aspects (Hartmann et al.,
1997). Graft mcompatibility 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 as reported by
Moore (1983). These phenomena can cause a miss-joining
between rootstock and scion, leading to lack of
lignifications of cells mn the site of scion Some
mcompatibilities have delayed effects, as observed to the
black-line condition of English walnut grafted on Black
walnut, appeared only after twenty or more vears of
Most incompatibilities of
orchards trees, however, were apparent at an early age
(Westwood et al, 1971). In the former decade, the
swelling in the site of scion, yellowish of leaflet, reduction
of vegetative growth and differences in growth rate
between rootstock and scion was known as graft
incompatibility (Hartmann et al., 1997). These markers
have some disadvantages because it could take several

satisfactory performance.

years for the appearance of these symptoms and
sometimes there is no correlation between anatomical
observations and graft incompatibility (Andrews and
Marquez, 1993). Analysis of Isozymes between rootstock
and scion can be used for prediction of rootstock
incompatibility as reported by Santamowur et al. (1986).
Graft compatibility occurs when the 1sozyme band pattern
between scion and rootstock is similar. In this situation
the vessel linears are quite desirable. It has been also
suggested by Gulen et al. (2002), that one anodal
Peroxide A can be associated with compatible graft
combination. Moreover, they concluded that presence of
1soperoxidases A and B in the graft umon tissues may be
used as an indicator to predict a compatible graft between
pear and quince rootstock. On the other hand, starch
accumulation above the scion or sites shortage under
this site might cause decay of phloem as shown by
Mosse (1962). Graft components with poor growth, not
only leads to structural abnormalities in the site of scion,
but also 1s comelated with wregularities 1 starch
distribution.

Formation of assimilates and their mobility between
root and shoot is highly affected by the level of rootstock
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and scion compatibility. The ratio of starch substances to

total dry matter in leaves and shoots is linearly reduced
by severity of mcompatibility. This phenomenon is a
good marker for evaluation of rootstock mcompatibility as
indicated by Herrero (1951). Starch distribution between
different parts of grafting trees has shown that there is
a relationship between incompatibility and starch
metabolism. It was observed by Mendel and Cohen
(1967), that in spite of incompatibility symptoms between
grafted Cherry on Mahleb rootstock, the amount of starch
above and below the grafting site was the same.

In Iran, quince and pear seedlings are common
rootstocks for pear cultivars. According to the
morphological studies in commercial orchards, it was
found by Davarynejad and Davarynejad (2007) that the
most important Iranian pear cultivars such as: Natanz,
Shekari and Sebri are quite incompatible with QA. This
phenomenon is normally occurring very late (8 to 10 years
old or even more). It caused root out and replanting of
some commercial pear orchards. This study was carried
out to predict the compatibility of pear cultivars with
quince in early stage of growth, using Tsozyme markers as
well as starch accumulation above and below the site of
grafting in the plant tissue as an another mdication of
incompatibility

MATERIALS AND METHODS

Plant material: Pot experiments were conducted at
greenhouse throughout the year of 2005. Rootstocks were
budded after 3 months. The pear cultivars used m this
experiment were: Beurre Hardy, Bolghari, Dargazi, Dombkaj,
Felestini, Tifard, Khoje Asiabrak, Koshia, T.izbon, Natanz,
Passa Crassana, Shahmivah, Shekar, Torsh, Tabrizi and
Spadana. Beurre Hardy cultivar was used as control.

Tsozyme studies: Samples from a thin layer of cambium
tissue of rootstock, scion and graft union were taken at
July 2006 for 1sozyme analysis. Samples were first frozen
using liquid nitrogen and then kept at -80°C.

Extraction was performed on peroxides enzyme
using Gulen et al. (2002) methodology. A sample of
grinded tissue (60 mg) was mitially mixed with extraction
buffer (100 mM potassium phosphate, 30 mM boric
acid; 50 mM L-ascorbic acid, 17 mM sodium
metabisulfite; 16 mM dithiocarbamic acid, 1 mM EDTA
(ethylenediammetetraacetic acid) and 4% (w/v) PVP-40
(polyvinylpyrrolidone) and final pH was readjusted to 7.5
with NaOH) and then vortexed for few minutes and finally
centrifuged at 16000 g for 30 min at 4°C. At the end of
centrifugation, the supernatant
electrophoresis.

was used for
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Polyacrylamide  gel electrophoresis (PAGE):
Electrophoresis was performed with some modification of
the method of Gulen ef af. (2002). In this system, the
upper and lower gel was used with concentrations of 5%
and 12.5%, respectively. Electrophoresis was performed
at 20 mA until the samples entered the separating gel
(about 20 min) and then rerun with the same electrical
current for about 20-40 min.

Gel staining: Gels were stained for peroxides using the
method described by Wendel and Weeden (1989). Gels
were then rinsed with distilled water, fixed and stored mn
10% glycerol. The relative distance (RF value) of the
bands on the gel was calculated as described by
Manganaris and Alston (1992), using RF = 1.0, the
distance to the fastest band (or the finished point of the
running ) and RF = 0.0, the starting point of the running

Starch estimation: Starch was extracted according to the
method of Zapata ef al. (2004) using tissue bark and wood
1 em above and below grafting sites. Samples of tissue
were first grinded using liquid nitrogen and then mixed
with di-methyl sulfoxidase solution and left to stand for
1 hat100°C.

After centrifuging for 15 min at 12000 g, the amount
of starch was measured using spectrophotometer at
620 nm wave length. For reading the light absorbent,
extracts first reacted with iodides solution and were
placed in the spectrophotometer. This experiment
was conducted as completely randomize design with
3 replications per treatments. Duncan mean comparison
was done using DNMRT.

RESULTS AND DISCUSSION

Native PAGE profiles of isoperoxidases of non
budded scion and rootstock revealed predominantly
anodal isoperoxidases (Table 1). Analysis of profiles
revealed on 1soperoxidases band (band A RF = 0.88) that
was present in Beurre Hardy (a compatible pear cultivar).
Another isoperoxidase band (band B RF = 0.68) was also
observed in Beurre Hardy scion, so this cultivar can be
used for comparing to other cultivars. The result of this
experiment showed that the band B 1s absent in QA, so
band A was the common band in Beurre Hardy scion and
QA rootstock.

Relationship between these two bands and
compatibility of pear cultivars on QA has also been
confirmed by Gulen et al. (2002, 2003a, b), Harkin and
Obst (1973), Hartmann et al. (1997) and Herrero (1951).

In this experiment, there was no evidence showing
that B band in scion cultivar 1s related to mcompatibility,
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Table 1: Tsozyme bands peroxidase in QA and pear cultivars with reaction

of grafted rootstock
Cultivars grafted  Isozyme Peroxidase Reaction
on QA Bands B Bands A Cormpatible/Tncormpatible
Aloret - - Tncompatible
Beurre Hardy + + Compatible
Rolghari + - Semi compatible
Dargazi + - Semni compatible
Domkaj + - Semi compatible
Felestini + - Semi compatible
Jifard - - Incompatible
Khaoje asiabrak + - Semi compatible
Koshia + - Semni compatible
Lizbon + - Semi compatible
Natanz - - Incompatible
Passa Crassana - + Compatible
Shahmivah - - Incompatible
Shekari + - Semi compatible
Spadana - - Tncompatible
Tabrizi + + Compatible
Torsh - - Incompatible

it can be interpreted that the presence of B band is related
to semi-compatibility of pear cultivars on QA (Table 1).
Ermel et al. (1999) reported that Passa Crassana cultivar
which is quite compatible with QA, include band A, but
lacks band B. The bands of this cultivar relatively were
similar to bands of QA, indicating that this cultivar was
compatible with QA.

Gulen et al. (2002) reported that graft compatibility
can occur only in the presence of A band. Presence or
absence of peroxidases was basically due to the
modification mn gene expression. These changes probably
occur by a signal, produced in the contact area of
rootstock and scion.

Morphological studies in commercial orchards by
Davarynejad and Davarynejad (2007) revealed that Natanz
cultivar is quite incompatible with QA. Isozyme studies on
thus cultivar showed that, A and B bands were not present
n this cultivar (Table 1). The results of morphological and
starch content can be confirmed by the results of [sozyme
studies. The specific role of peroxidase has not been
clearly imderstood.

According to the morphological studies, Torsh Pear
cultivar was known as incompatible cultivar. The 1s0zyme
study was also shown that none of the two bands A and
B was present in this cultivar (Table 1). The absence of B
band in this cultivar showed that this band could be
involved in graft incompatibility, so the presence of this
band can be used as a marker of compatibility.

Starch content and graft incompatibility is shown in
Table 2. The lighest amount of starch accumulation
graft belonged Aloret  cultivar.
Morphological studies conducted by Davarynejad and
Davarynejad (2007) confirmed that Shahmivah and
Dargazi were two mcompatible cultivars with QA. These
cultivars showed the higher starch accumulation above

above site to
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Table 2:  Amount of starch in bark, below and above gratt union in different
combination of pear cultivars on quince A (on the base of fresh

weight)
Amounts of starch (mg g™)

Pear cultivars Below graft union Above graft union
Aloret 0.037* 0.043°
Beurre Hardy 0.043% 0036
Bolghari 0.038° 0.0342e
Dargazi 0.033% 0.037*
Domkaj 0.035%4 0.032%
Felestini 0.036" 0.037°
Jifard 0.034v 0.034°4
Khojeasiabrak 0.033% 0.033°%
Koshia 0.033¢ 0.034e
Lizbon 0.031¢ 0.032%
Natanz 0.036% 00402
Passa Crassana 0.038" 0.040°°
Shahmivah 0.037* 00402
Shekari 0.031¢ 0.033°%
Spadana 0.034v 0.031°
Tabrizi 0.034% 0.033%
Torsh 0.031%4 0.03¢4

Trncan’s New Multiple Rang Test (DNMRT) was used for mean differences
between cultivars for starch accumulation. Different letter(s) indicate
significant differences between treatments (x = 0.01), CV =13.5, N=3

the graft umon. Torsh pear cultivar also showed the
higher amount of starch accumulation above the grafted
area (Table 2).

The higher starch accumulation in Natanz cultivar can
be directly attributed to incompatibility of thuis cultivar
with QA. Momng and Gaudillere (1992) also reported that,
seventy eight days after grafting, concentration of
sorbitol in the roots of incompatible graft, was lower than
the compatible one, whereas, soluble sugars and starch
were accumulated in the incompatible graft. This 1ssue
explains that the starch accumulation above the graft area
could be an indication of graft incompatibility. Rem and
Rabert (1987) suggested that starch accumulation above
the graft site and lack of starch under this site may cause
phloem decay and leads to vessel closure. The lack of
starch below the graft site is certainly rare.

Table 2 shows that the highest amount of starch
below graft umon was observed in Beurre Hardy and the
lowest amount was belonged to Shekari, Lizbon and
Torsh cultivars. The highest amount of starch above the
grafting site belonged to Aloret and the lowest amount
observed in Spadana cultivars.

This study indicated that Natanz, Dargazi,
Shahmivah, Aloret and Torsh pear cultivars accumulated
more starch above the site of graft union, whereas, starch
accumulation for other cultivars was absent or trace. It is
noticeable that a cultivar may show symptoms of
incompatibility without any starch accumulation above
the grafting site, as suggested by Rem and Rabert (1587).
However, in their study, when cherry was grafted on
Mabhleb, the symptoms of incompatibility was noticed, but
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no difference was observed between starch content
above and below the site of mechanical treatments. This
event shows that starch accumulation may not occur
above the graft union in some cultivars, but the symptoms
of incompatibility can be easily seen.

In conclusion, this study revealed that Natanz,
Dargazi, Shahmivah, Aloret and Torsh pear cultivars were
completely incompatible with QA, whereas Beurre Hardy
and Passa Crassana were quite compatible. Establishing
of a commercial and extensive orchard of such cultivars
(Natanz, Dargazi and Shahmivah), requires to propagate
them by compatible interstem or by their own roots.
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