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Abstract

In Tiirkiye, not only new varieties but also new rootstocks are needed for almond
production. In recent years, the availability of novel cultivars has helped with self-fertility
and late blooming times, as well as high density and ease of adaptation for machine
harvest. There are, however, few studies that examined how these novel cultivars interact
with hybrid rootstocks. Before introducing certain new rootstocks to the market, it is
necessary to understand the possible "translocated" and '"localized" graft
incompatibilities.

We determined the sapling development performance and compatibility status of
the "Independence" almond variety grafted onto different rootstocks ("GF 677",
"Garnem", "Rootpac 20", "Rootpac 40", and "Rootpac R"). The graft success rates of the
saplings were high, with the highest rate on Garnem rootstock. The development of the
saplings was the highest in June and July. Shoot development and lengths of the saplings
grafted onto Garnem rootstock were higher compared to other rootstocks in both years.
Saplings grafted onto GF 677 rootstock produced lower values in both years. The
thicknesses of the Garnem and Rootpac R rootstocks, with high shoot lengths, were also
high.

Considering the compatibility statuses, no significant findings were found in
terms of incompatibility among the GF 677 and Independence, Rootpac 40 and
Independence, and Garnem and Independence combinations at the examined grafting
points. On the other hand, since the cambial continuity was not fully observed in the
Rootpac R and Independence, and Rootpac 20 and Independence combinations, the
connection of the vascular bundles was not strong, and the necrotic layers preserved their
presence in a fragmented form. This circumstance suggested to us that there may be an
incompatibility in these combinations.

Keywords: Almond clonal rootstocks, anatomical analysis, grafting incompatibility,
Prunus dulcis,
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1. Introduction

In modern orchard establishments, clone rootstocks that provide higher
planting opportunities per unit area and early yielding are used. In terms of
sapling production, saplings are obtained between 1 and 3 years by grafting on
clone rootstocks. With the use of the right rootstock, growth power can be
controlled, and it is possible to obtain high yields with the new rootstocks. Clonal
rootstocks shorten the juvenile sterility period of the varieties grafted on them,
allowing early fruiting, enabling the production of saplings suitable for changing
market demands, affecting the graft compatibility with the variety grafted on it
and the development force of the variety, and acting on the flowering time,
fruiting time, physiological demands, the constitution of the orchard, fruit yield,
and the application way of the cultural practices (Webster, 1995; Rato et al., 2008;
Morales Alfaro et al., 2021). Different studies in Prunus indicate that rootstock
types affect the performance of the cultivar on which they are grafted (Forcada et
al., 2012). Rootstocks affect water use efficiency, transpiration, and vegetative
growth (Jiménez et al., 2013; Opazo et al., 2020). Choosing the right rootstock
and cultivar combinations is important for optimizing growth and flowering time
(Weibel et al., 2003).

Almond is one of the most important nut crops in Tiirkiye (Paizila et al.,
2022). In 2022, the number of fruit-bearing trees was 13.6 million, and the
production amount was 190 thousand tons (TUIK, 2023). In Tiirkiye, almond
cultivation is performed in orchards where rootstock seeds were planted
previously. In such orchards, a wide variety of almonds has been formed due to
genetic divergence, but the number of registered new varieties and rootstocks is
insufficient (Atli et al., 2019; Kili¢ and Esitken, 2021). In the past few decades,
almond seedlings have been the most extensively used rootstock in the
Mediterranean region (Rubio Cabetas, 2016). The robust root system of this
rootstock is resistant to both drought and limestone. When almond and peach
hybrids first appeared, they were initially used on peach trees (Prunus persica)
before becoming popular for almonds (Reig Cordoba et al., 2019). In recent years,
the most popular rootstock in both irrigated and dry areas is the almond and peach
hybrid of INRA GF 677 (Rubio Cabetas et al., 2017). In particular, in the early
2000s, the hybrid rootstocks obtained by Garnem®, Monegro®, and Felinem®
were released to the market, yielding high success and providing nematode
tolerance in addition to their red-colored leaves that make them very easy to
handle in the nursery (Rubio Cabetas, 2016). GF 677 (Prunus amygdalus and P.
persica) is one of the most suitable rootstocks for almond and peach, planted on
calcareous soils, to overcome lime-induced chlorosis (Spahiu et al., 2015).
Recently, the "Rootpac" series, from clonal rootstocks with weak growth power,
has been developed for almond, peach, nectarine, plum, and apricot. Rootpac 40 is
weaker than the Garnem rootstock, and it has been reported that they are suitable
for intense planting systems (Jiménez et al., 2011).

Across the world, the introduction of novel cultivars and rootstocks has
contributed to an increase in almond-planted areas and almond production by
improving their agronomic traits, including yield, precocity, and efficiency. In
recent years, the availability of novel cultivars has helped the generation of self-
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fertility, as well as heavy vegetation and ease of adaptation for machine harvest.
There are, however, few studies that examined how these novel cultivars interact
with hybrid rootstocks (Lordan et al., 2019). Under this scenario, the self-fertile
almond variety named "Independence" (Independence® (Alm-21 cv.) Patent no.
20295) was developed.

This was accepted as a huge leap for the almond industry, for this recent
species was presented as bee-indepented owing to self-fertility and its assumed
great capability for free-standing self-pollination (Flore, 2010; Mercer et al.,
2014; Traynor, 2017).

Before introducing certain novel rootstocks to the market, it is necessary to
understand the possible "translocated" and "localized" graft incompatibilities
(Reig Cordoba et al., 2019). A successful graft union, prolonged survival, and
appropriate operation of the grafted plant are all examples of graft compatibility
(Goldschmidt, 2014). Numerous intricate biochemical and structural processes,
including callus formation, the development of new vascular tissue, and the
creation of an active circulatory system across the graft interface, are necessary
for the successful construction of a graft (Pina et al., 2017). The scion's hormone
profile is influenced by its rootstocks (Lordan et al., 2017). Although it is usual to
use genetically distinct genotypes, the grafted partners frequently come from the
same species or genus. Consequently, graft incompatibility is common,
particularly in pairings of interspecies, mostly due to the graft components'
dissimilarities in anatomy, morphology, and physiology (Darikova ef al., 2011).

In almond cultivation, seedling rootstocks have been replaced by GF 677,
Garnem, and Rootpac rootstocks in recent years. The "Independence” almond
variety is a self-fertile, and studies on sapling development by the referred
rootstocks are quite limited. In this study, the rootstock and scion combinations of
the "Independence" variety grafted onto "GF 677," "Garnem," "Rootpac 20,"
"Rootpac 40," and "Rootpac R" rootstocks were investigated in terms of sapling
development and histological performance for two growing seasons. Since the use
of the "Rootpac" rootstock series is new, there is no preliminary information about
the rootstock and scion incompatibilities yet. As "Rootpac 20" is a plum hybrid,
"Rootpac 40" is an almond and peach hybrid, and "Rootpac R" is a plum and
almond hybrid, symptoms related to possible delayed incompatibilities originating
from different species were also investigated.

2. Materials and Method
Rootstocks and varieties used in the experiment

GF 677, Garnem, Rootpac 20, Rootpac 40, and Rootpac R rootstocks were
used as rootstock material in the research. The "Independence" almond variety
was used as the variety.

GF 677 has been obtained by hybridizing peach (Prunus persica) and
almond (Prunus amygdalus). Garnem rootstock is a hybrid of Garfi almond
(Prunus amygdalus) and Nemared peach (Prunus persica). Rootpac 20 rootstock
is a Prunus besseyi and Prunus cerasifera plum hybrid. Rootpac 40 rootstock is
an almond and peach (Prunus dulcis and Prunus persica) and (Prunus dulcis and
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Prunus persica) hybrid. Rootpac R rootstock is a hybrid of plum and almond
(Prunus cerasifera and Prunus dulcis).

Characteristics of the selected almond variety

Independence® (Alm-21 cv.) almond variety: It requires 400 hours of
cooling. It is a self-fertile variety and is harvested in a single shaking of the tree.
Its fruits are light, brightly colored, and quite delicious. It blooms at the same time
as "Nonpareil" and is harvested 3 days before the "Nonpareil" variety.

Method

In the study, Garnem, GF 677, Rootpac 20, Rootpac 40, and Rootpac R
clone rootstocks were supplied by a private company producing saplings with
tissue culture method. The rootstocks were planted in pots in the experimental
field and then irrigated with drip irrigation method. The scions used in grafting
were obtained from saplings planted in the research application orchard in
previous years and were stored in polyethylene bags in a cold storage at +4 °C
until the spring shoot grafting period. Rootstocks were grafted with T-budding
grafting on April 18. Cultural practices such as irrigation, fertilization, and weed
control were carried out regularly in the experimental field. Fertilization was
accomplished with a drip irrigation system. This study was carried out in two
consecutive years at sapling growing area of Parlar Fidancilik Company in
Odemis district of Izmir province (Tiirkiye). The saplings samples were initially
taken in 1 month after grafting, and two samples were taken from the grafting site
of each combination in the following months. The samples were preserved in 70%
ethyl alcohol and their anatomical examinations were carried out in laboratories.
In the second year, samples were repeatedly taken from each combination and
examined again.

Graft-take ratio (%)

Approximately 25 days after grafting, the ratio of the number of buds
determined to be live as per the criterion of callus formation in the grafting area to
the number of grafts performed was considered, and it provided the graft-take
ratio.

Shoot length development (cm)

The shoot length was measured at one-month intervals after the shoot
length reached 5 cm in 5 plants selected from the ones subjected to grafting that
produced offshoots at each interval. At the end of the growth period, the part from
the grafting point to the shoot tip was measured with a meter to determine the
shoot length.

Shoot thicknesses development (mm)

In the referred one-month intervals, shoot diameter measurements were
made on the middle part of the shoot growing from the grafting point in 5 plants
selected from the grafted plants that had formed shoots.
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Sapling height (cm)
At the end of the growth period, the height of all saplings in the
experiment was measured with a meter, and their average was taken in cm.

Histological studies

Starting from the date of grafting, 2 samples were taken at 30-day intervals
by cutting 1 cm below and above the graft point in rootstock and scion
combinations and kept in 70% ethyl alcohol until the date of examination. After
obtaining the samples with a microtome in different thicknesses according to their
strength, they were stained with safranin and methylene blue for better visibility
of the tissues. The prepared sections were examined with a microscope and then
photographed (Dolgun et al., 2008).

Statistical Analyses

The data obtained from the experiment was subjected to analysis of variance using
the statistical package program IBM® SPSS® Statistics 22 (IBM SPSS v19, NY,
USA). For each on-tree storge, significant differences between the means for each
devolepment period were determined by Duncan’s multiple range tests at p<0.05.

3. Results
Graft success rates

Rootstocks were grafted on April 18 with scions taken from the
Independence almond variety using "T-budding." Approximately 25 days after
grafting, the graft success rate was determined as the ratio of the number of buds
determined to be live as per the criterion of callus formation in the grafting area to
the number of grafts performed. The highest graft success rate among the
rootstocks was found in the Garnem rootstock with 95%. This was followed by
GF 677 rootstock and Rootpac 20 rootstock with 90% graft success rates. The
graft success rates for the Rootpac 40 rootstock and the Rootpac R rootstock were
85% and 80%, respectively (Figure 1).
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Garnem GF 677 Rootpac 20 Rootpac 40 Rootpac R
Rootsocks

Graft success (%)

Figure 1. Graft success rates (%)
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Shoot length development

Shoot length development of rootstocks grafted with the "Independence"
variety in the first year is given in Table 1. Rootpac 40 rootstock showed the
lowest shoot length development with 1.11 cm, according to the measurements
conducted one month after grafting. This value was 11.37 and 11.87 cm for
Garmmem and Rootpac R rootstocks, respectively. GF 677 and Rootpac 20
rootstocks showed an intermediate shoot length development with the values of
4.81 cm and 6.00 cm. The most active growth period of the rootstocks was June
and July. Shoot length growth slowed down in August and September. Garnem,
Rootpac R, and Rootpac 20 rootstocks showed the highest shoot length
development rate. Shoot lengths of Garnem, Rootpac R, and Rootpac 20
rootstocks were 63.47 cm, 61.90 cm, and 59.75 cm, respectively. Shoot lengths of
Rootpac 40 and GF 677 rootstocks were 43.83 cm and 30.61 cm, respectively.

Table 1. Shoot length (cm) development of rootstocks grafted with the
"Independence" variety in the first year

Printed in Poland

Development period

SRO"tS“)Ck 20th 8th 23th 7thiuly  23th 8th 15th 8th 23th

May June June July August August September September

Garnem 11.37 28.77 34.53 42.47 51.40 54.55a 59.93a" 61.57 " 63.47 "
e b™ ab™ a” a”

GF 677 481 b 1296c 16.84c 21.33c 24.68c 26.10c 27.82¢c 30.61c 30.61c

Rootpac 11.87a 3443a 39.1la 4477a 5220a 55.24a 60.37 a 60.80 a 61.90 a

R

Rootpac 6.00 b 25.90 27.54b 31.83b 37.00b 46.35b 50.15 ab 53.28b 59.75 ab

20 b

Rootpac 11lc 6.53d 11.91d 18.82¢ 2478 ¢ 29.76 ¢ 33.57 be 35.25¢ 43.83 bc

40

“ Duncan test was used to determine the differences between the mean data in each column.
*, Significant at p<0.01.

Shoot length development of rootstocks grafted with "Independence"
variety in the second year is given in Table 2. When the shoot length of the
rootstocks grafted with the "Independence" variety was examined at the end of the
growing period, the shoot length of the Garnem rootstock was determined as
55.10 cm, and the shoot length of the Rootpac R rootstock was determined as 39
cm. Then the Rootpac 20 rootstock followed with 31.25 cm. The shoot length of
the GF 677 rootstock was determined as the shortest, with 23.40 cm, and the shoot
length of the Rootpac 40 rootstock was determined as 9.90 cm.
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Table 2. Shoot length development of rootstocks grafted with "Independence"
variety in the second year

" Development period
Rootstocks 55, 8thJune  23thJdune  7thJuly  23thJuly  8th 15th 8th September
May August August

Garnem 8.95a™ 19.25 26.47a" 34.25 41.89 47.69a” 5324a™ 55.10a™
a” a” a”

GF 677 3.55b 6.80bc 9.85¢C 1452¢ 17.82c¢ 19.80cd 20.15cd 23.40c

RootpacR  7.80ab 18.85a 21.20ab 24.12b 28.24b 3455b 39.00b 39.00 b

Rootpac 3.50b 1256b 14.85b 16.89 24.65 27.96¢ 29.20c 31.25 be

20 be be

Rootpac 1.10c 440c 6.45d 7.20d 7.55d 8.30d 9.25d 9.90d
40

2 Duncan test was used to determine the differences between the mean data in each column.
™*, Significant at p<0.01.

Shoot thicknesses

Shoot thicknesses of rootstocks grafted with the "Independence" variety in
the first year are given in Table 3. When the shoot thickness of rootstocks grafted
with the "Independence" variety was examined, it was determined that the shoot
thickness of Rootpac 40 rootstock was the lowest for the first shoots that grew on
May 20. The shoot thickness on this rootstock was doubled after 15 days by the
beginning of June and reached 3 times its initial thickness by the end of July.
While the Garnem rootstock's shoot thickness was 2.03 mm in May, it doubled in
July. The shoot thickness of Rootpac R rootstock was initially 2.56 mm, and it
was two times thicker by the beginning of August. The shoot thickness of GF 677
and Rootpac 40 rootstocks was the lowest (4.12 mm). The shoot thicknesses of
Rootpac R and Garnem rootstocks reached 6.05 mm and 5.60 mm, respectively in
the first year.

Table 3. Shoot thickness of rootstocks grafted with the "Independence" variety in
the first year

Development period

RoOSIoC “55m 8t 23th  7th  23th  8th 15th sth 23th 2nd

ks May June June July  July August  August  Septembe  September November
Garnem 2.03% 3.83’“ 337 3.84’“ 425" 450N 484 2.06”S 5.48 ab” 5.60 ab”
GF 677 2.56 337 3.69 407 4.65 493 534 543 6.05a 6.05a
Rootpac 181 218 242 268 315 342 3.67 3.92 412b 412b
gootpac 248 2.88 3.16 3.53 3.89 4.08 427 4.46 492ab 492ab
A%Z)otpac 0.95 17 2.03 241 2.85 3.09 3.26 3.59 413b 413b

Z Duncan test was used to determine the differences between the mean data in each column.
NS_* Non-significant or significant at p<0.05.

When the shoot thickness of rootstocks grafted with the "Independence"
variety was examined in the second year, it was observed that the shoot thickness
of the Rootpac 40 rootstock was the lowest in the initial shoots that grew on May
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20. This value was 1.85 mm for the Rootpac R rootstock and 1.70 mm for the GF
677 rootstock, 1.14 Rootpac 40. (Table 4).

The final shoot thickness was found to be the highest in the Garnem
rootstock, with 5.50 mm. The Rootpac R rootstock was found to be the rootstock
with the closest thickness to the Garnem rootstock. The shoot thicknesses of the
GF 677, Rootpac 20, and Rootpac 40 rootstocks were between 4.28 and 4.03 mm
(Table 4).

Table 4. Shoot thickness of rootstocks grafted with the "Independence" variety in
the second year

Development period

EOOTS‘OC 20th 8th 23th 7 23th  8th 15th 8t 23th 2nd
S May June June July July August  August  Septembe  Septembe  November
r r
Garnem 2.07 2.86a 3.12 3.62 4.16 4.45 4523 4954 5.46 a" 5.50a"
ab” a" a" a a"
GF 677 185b 254ab 286b 3.18 3.74 394b 4.06b 425ab 481b 4.81b

bc b
Rootpac  1.70bc 2.30b  2.55 284c 312 354c 375c 4.05b 422¢ 422c
R be c
Rootpac  231a 284a 315a 3.46 371 387b 405b 4.12b 428¢ 4.28¢
20 ab b

Rootpac  114c 1.75c¢c 216c 243d 289 314d 332d 36lc 403d 4.03d
40 d

Z Duncan test was used to determine the differences between the mean data in each column.
*, Significant at p<0.05.

Sapling heights

Sapling heights found as the result of grafting by the "Independence"
variety were 78.47 cm in Garnem rootstock, 74.75 cm in Rootpac 20 rootstock,
58.83 cm in Rootpac 40 rootstock, 76.90 cm in Rootpac R rootstock, and 45.60
cm in GF-677 rootstock in descending order (Figure 2).

At the end of the second year, Garnem rootstock grafted with the
"Independence" almond variety indicated the highest sapling height with 134.67
cm (Figure 2). Then the Rootpac R rootstock followed the Garnem rootstock with
a height of 113.96 cm. The variety grafted onto Rootpac 40 and Rootpac 20
rootstocks provided heights of 92.11 cm and 87.65 cm, respectively. The
"Independence” almond variety grafted onto GF 677 rootstock provided the
lowest height with 69.2 cm (Figure 2).
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Figure 2. Sapling heights of rootstocks grafted with the "Independence" variety in
the first (A) and second (B) year

Histological studies

In plants that can be propagated by grafting, a good graft union results in
quality saplings that grow in a short time. Consideration of the tissue development
after grafting by the samples taken from the grafting area at periodic intervals can
provide some preliminary information on the success of the graft. The main facts
in graft union are the cohesion of the rootstock and scion, the formation and
development of callus cells, the connection of the cambium of the rootstock and
scion developing within the callus, and the formation of vascular continuity. After
grafting, large parenchyma cell callus tissue is formed, which the graft elements
begin to produce in order to close the wound after the injury in the cut areas. With
the help of this tissue, the first connection is established between two plant parts.
In this way, some water exchange is provided, albeit limited. However, this
situation is not permanent. Callus provides the first contact and partial water
intake, as well as filling the gaps between the graft elements.

Necrotic plaques, which are formed by dead cells and seen in graft
samples, are a layer of dried, crushed, and eventually dead cells on the cut
surfaces of both the rootstock and the scion or the graft bud. The necrotic plaque
serves to protect the injured tissue from pathogens and to reduce water loss. In
most plants, callus tissue is formed by the division of the vascular cambium, by
the differentiation of cells, or by the differentiation of some cells between xylem
and phloem cells. As the new callus increases in volume, it ruptures the necrotic
plate and begins to expand into the spaces between the rootstock and the
scion/bud. The new vascular cambium begins to form from the vascular cambium
of the rootstock and scion inwards or with the differentiation of some cells within
the callus into the cambium. In the later stages, the new vascular cambium cells
begin to divide and begin to produce xylem tissues inwards and phloem tissues
outwards. Regeneration and bridging of xylem and phloem, called conducting
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tissues, provide transport of water and assimilates along the rootstock and scion,
and the tight interlocking of new xylem fibers provides mechanical strength.

In the study, the "Independence" variety was grafted onto Rootpac R,
Rootpac 20, Rootpac 40, Garnem, and GF 677 rootstocks, and as explained in the
material and method section, the developmental strengths of rootstock and scion
after grafting and the histological development of graft union were observed in the
sections prepared from the samples taken at periodic intervals. In all
combinations, especially in the early period samples, fragmentation, dispersion,
and breakage were observed in the samples when the sections were taken with the
microtome. Therefore, since the staining process could not be done, the sections
were examined without staining. In the present study, the histological
examinations were carried out to determine the development of graft union and
possible incompatibility symptoms in the "Independence" variety grafted onto
rootstocks with different developmental strengths.

30™-day samples

In the 30"-day samples, it was not possible to take the whole section from
most of the samples in all combinations due to the weak connection between the
rootstock and the scion. In the sections, a limited but satisfactory callus formation,
which is the first step of wound repair after grafting, was observed in all
combinations (Figure 3). However, a strong callus formation and connection was
not observed. Necrotic layers were observed as very dark, distinct piles. No
development was observed regarding cambial differentiation.

Scion

Figure 3. GF 677 rootstock / Independence variety combination (NL:
necrotic layers)
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60t"-day samples

In the sections taken from GF 677 and Independence, Rootpac 40 and
Independence, and Garnem and Independence combinations, intense cellular
activity was observed on both the rootstock and scion sides of the combinations,
and cellular activity was observed not only for callus but also for cambial
differentiation in all sections; cell divisions and developments were observed in
the cortex region of rootstock and scion, within the callus tissue and at the edges
of cambium tissues. It was observed that necrotic layers were broken down and
absorbed by the strongly developing callus, and in some cases, they maintained
their presence as thin strips on the cross-sectional surfaces of rootstock and scion.
Although cambium development and connection could not be observed very
clearly, xylem and phloem formations were observed within the callus tissue.

In the Rootpac 20 and Independence, and Rootpac R and Independence
combinations, similar callus formations were observed in the rootstock and scion
(Figure 4).

Printed in Poland

Figure 4. Rootpac 20 rootstock and Independence variety combination (left
photo); Rootpac R rootstock and Independence variety combination (right photo)
(CL: callus, NX: new xylem, NF: new phloem, NL: necrotic layers)

Cambial continuity was not clearly visible. Xylem and phloem formations
were observed in places within the callus. Necrotic layers clearly maintained their
presence.

90'h-day samples

In the sections taken from GF 677 and Independence, Rootpac 40 and
Independence, and Garnem and Independence combinations, intense cellular
activity was observed on both the rootstock and scion sides of the combinations,
and cellular activity was observed not only for callus but also for cambial
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differentiation in all sections; cell divisions and developments were observed in
the cortex region of rootstock and scion, within the callus tissue and at the edges
of cambium tissues. It was observed that necrotic layers were broken down and
absorbed by the strongly developing callus, and in some cases, they maintained
their presence as thin strips on the cross-sectional surfaces of rootstock and scion.
Although cambium development and connection could not be observed very
clearly, xylem and phloem formations were observed within the callus tissue
(Figure 5).

Printed in Poland

Figure 5. GF 677 rootstock and Independence variety combination (left photo);
Garnem rootstock and Independence variety combination (right photo) (CL:
callus, NX: new xylem, NF: new phloem, NL: necrotic layers)

Xylem and phloem cell clusters, which were vascular cells, were observed
as stripes along the graft line. The cambial connection was wavy due to the
intense development of callus tissue. Cambial continuity was not fully observed in
the Rootpac 20 and Independence, and Rootpac R and Independence
combinations, and the existing ones showed a problematic development.

120t%-day samples

In the 120"-day samples and in the sections prepared from the samples
taken in the following periods, it was observed that the callus tissue generally
filled the gaps between the rootstock and the scion. Xylem and phloem tissues
were clearly visible, and the xylem and phloem tissues were successfully bridged
(Figure 6).
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Figure 6. Rootpac 40 rootstock and Independence variety combination (left
photo); GF 677 rootstock and Independence variety combination (right photo)
(CL: callus, NX: new xylem, NF: new phloem, NL: necrotic layers)

Cambial continuity was achieved successfully and formed transmission
bundles. On the other hand, cambial continuity was problematic in the Rootpac R
and Rootpac 20 combinations. Xylem and phloem formations were present but
weak. Necrotic layers preserved their presence.

4. Discussion and conclusions

Graft success rates of the "Independence" almond variety grafted onto
different rootstocks were found to be high. The highest success rate among the
tested rootstocks was in the Garnem rootstock, with 95%. GF 677 and Rootpac 20
rootstocks followed it with a 90% graft success rate. The Rootpac 40's graft
success rate was determined to be 85%, Rootpac R graft success rate was 80%. In
the grafting studies of Ugur ef al. (2024), including 37 rootstocks and two almond
varieties (Feragnes and Ferraduel), the grafting success rates ranged from 57.7 to
96.0%. The highest and the lowest grafting success rates were 96.0% and 58.8%,
with the average success rate being 73.2%.

The shoot development and shoot lengths provided by the "Independence"
variety grafted onto Garnem rootstock were found to be higher for both years
compared to other rootstocks. The GF 677 and Rootpac 40 rootstocks had lower
values in both years. While the shoot length of Rootpac R rootstock was 61.9 cm
in the first year, its shoot development was determined to be 39 cm in the second
year, and thus it developed rapidly in the first year, and a pause was observed in
its development in the second year. While Rootpac R showed regular growth in
the first year, cracks occurred in the sapling trunk when the scion part started to
grow.
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Garnem and Rootpac R rootstocks indicated shoot lengths of 63.47 cm and
61.90 cm, respectively, and Rootpac 20 rootstock indicated a growth power close
to these rootstocks with a shoot length of 59.75 cm. Rootpac 40 rootstock had a
much lower shoot length than all the other rootstocks in the beginning, but it
indicated rapid growth in July and had a shoot length greater than GF 677
rootstock.

In the second year, the growth power of the rootstocks decreased. The
rootstock with the least growth power was Rootpac 40, and it had a shoot length
of 43.83 cm in the first year, while it decreased by 75% to 9.90 cm in the second
year. Garnem rootstock maintained its strong growth, and its shoot length was
55.10 cm, which decreased by 11% compared to the first year. Rootpac R
rootstock was 61.90 cm in the first year and 39 cm in the second year, and its
growth decreased by 37%. Rootpac 20 rootstock was 59.75 cm in the first year
and 31.25 cm in the second year, and GF 677 was 30.61 cm in the first year and
23.40 cm in the second year, with decreases in growth of 44% and 23%,
respectively.

Garnem rootstock grafted with the "Independence" variety indicated strong
shoot growth in both years. Rootpac 40 and GF 677 rootstocks indicated weaker
growth, while the Rootpac 40 rootstock had the weakest growth in the second
year.

It was determined that the rootstocks with high shoot lengths in the first
year also had high shoot thicknesses. The thicknesses of Garnem and Rootpac R
rootstocks with high shoot lengths were also high. While the shoot length of
Garnem rootstock was high in the second year, it produced the highest shoot
thicknesses.

The development in shoot length was parallel to the development in shoot
thickness. Shoot lengths of Garnem, Rootpac R, and Rootpac 20 rootstocks were
higher than Rootpac 40 and GF677 rootstocks, while shoot thicknesses were also
higher than these rootstocks. The rootstocks with strong shoot length increase also
had thicker shoots.

Kilic and Esitken (2021) reported the shoot lengths as 18.82-8.27 ¢cm and
the shoot diameter as 0.72-0.20 cm in one-year-old shoots in the Sarayonii district
of Konya Province (Tiirkiye, central Anatolia, arid climate) in 2020-2021. Lordan
et al. (2019) assessed the performance of Cadaman®, Garnem®, INRA GF 677,
IRTA-1, IRTA-2, Ishtara®, Adesoto, Rootpac® 20, Rootpac® 40, and Rootpac®
R rootstocks with two promising almond cultivars (Marinada and Vairo). Bloom
and nut ripening dates were affected by rootstock genotype. Both "Marinada" and
"Vairo" cultivars indicated low biennial bearing, with some differences among
rootstocks, with IRTA-2 and Adesoto providing the lowest values. Garnem®
provided the biggest trees. Rootpac® 20 was the most dwarf rootstock, followed
by IRTA-1, Adesoto, Ishtara®, Rootpac® R, and Rootpac® 40. Differences in tree
volume and vigor of these rootstocks suggested that INRA GF 677 would be a
suitable rootstock for low- to medium-density plantings with wide spacing,
whereas Rootpac® R and IRTA-1 would be suitable rootstocks for medium- and
high-density plantings. In a study involving five almond cultivars (‘Tuono’,
‘Lauranne’, ‘Soleta’, ‘Belona’, and ‘Guara’) grafted onto three rootstocks
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(‘Garnem’, ‘Rootpac-40’, and ‘Rootpac-20’), ‘Garnem’ and ‘Rootpac-40’ were
identified as the most vigorous and moderately vigorous rootstocks, respectively.
Saplings grafted onto ‘Garnem’ exhibited the highest trunk cross-sectional area
(TCSA) values, while those grafted onto ‘Rootpac-20’ displayed the most
pronounced dwarf phenotype (Yahmed et al., 2016).

In the combinations where sections were taken to examine graft
incompatibility, sections could not be taken as a whole, therefore, thicker sections
were taken to ensure integrity. In thicker sections, it was difficult to examine the
tissues under the microscope. Most of the sections taken with the microtome were
fragmented and dispersed during the transportation or staining process, however,
the sections that were able to partially preserve their integrity were examined
under the microscope and photographed without being subjected to the staining
process. In the sections that could be examined, no clear finding of
incompatibility was encountered in the GF 677 and Independence, Rootpac 40
and Independence, and Garnem and Independence combinations. On the other
hand, there may be incompatibility in the Rootpac R and Independence, and
Rootpac 20 and Independence combinations as cambial continuity was not fully
observed. The connection of the vascular bundles was not observed to be strong,
and the necrotic layers maintained their presence in a fragmented form.

The fragmentation of the sections obtained from all the combinations
taken, even in the later periods of the study, suggested that this may be a result of
the weak connection of callus and vascular bundle, which was due to the different
developmental strengths of the rootstock and scion.

In general, successful grafting occurs due to the formation of necrotic
tissues in the cuttings after grafting, the formation of callus tissue as a response to
wounding on the rootstock and scion sides, the binding of callus tissues, the
absorption of necrotic layers on the callus side and their decrease or elimination,
the formation of cambium cells developing both from within the callus and from
the parts close to the cut surfaces of the grafting elements and the provision of
cambial bridging, and finally, the successful bridging of xylem and phloem
tissues, which are the vascular bundles. The presence of several of these can be
considered as an indicator of incompatibility (Sitarek et al., 2006; Pina and Errea,
2008). In our study, a similar situation was encountered in the Rootpac R and
Independence and Rootpac 20 and Independence combinations.

Necrotic tissues were densely formed as a result of cell deaths in the cut
areas that occurred during grafting. Necrotic tissue densities were found at
different levels in the sections obtained periodically from the samples of all
combinations, which suggested differences in the grafting process and the weak
connections of the grafting areas. Shortly after grafting, callus tissue began to
develop in the cambium tissues located at the edges of the cut areas of the
rootstock and scion as a response to wounding. This developed over time, filled
the gaps partially/completely, and absorbed the necrotic layers partially or
completely in time. It was observed that the callus tissue partially/completely
filled the gaps in the cut areas in the sections taken from the combinations in
different periods and absorbed the necrotic layers as observed in the sections.

[SYLWAN., 169(10)]. ISI Indexed,Oct 2025

Printed in Poland

72



| SYLWAN. Engtish Edition

In grafting, the connections between two plant parts are formed by the

tight bridging of xylem and phloem tissues formed by the cambium tissue. The
weakness of this connection plays an important role in the transport of water and
nutrients. In cases of weak connections, inadequate development, and shoot death
are observed in the graft combinations. In addition, the weakness of the vascular
connection is considered as a sign of incompatibility (Dolgun et al., 2008). In our
study, no significant incompatibility was found in the GF and Independence,
Rootpac 40 and Independence, and Garnem and Independence combinations.
However, incompatibility signs were observed in the Rootpac R and
Independence and Rootpac 20 and Independence combinations.
At the end of both years, the saplings of the "Independence" variety grafted onto
Garnem rootstock had the highest height, with 134.57 cm. This sapling was
followed by the Rootpac R rootstock with 113.96 cm. The height of the saplings
of the "Independence" variety grafted onto Rootpac 20 and Rootpac 40 rootstocks
indicated a semi-dwarf structure. The ones grafted onto GF677 rootstock had the
lowest growth power with, 69.20 cm.

The highest levels of plant growth were observed in June and July, while
growth rates began to decline in August.

Shoot length measurements of the rootstocks grafted with the
Independence cultivar revealed that Rootpac40 and GF677 exhibited the weakest
growth in the first year, whereas Garnem, RootpacR, and Rootpac20 showed more
vigorous development. In the second year, Rootpac40 displayed the least growth
with 9.90 cm, followed by GF677 with a shoot length of 23.40 cm. Garnem
demonstrated strong shoot growth, reaching 55.10 cm. Shoots with greater length
also had greater thickness, indicating a parallel relationship between shoot length
and thickness.

Regarding the seedling height of the rootstocks grafted with the
Independence cultivar, Garnem and RootpacR produced taller seedlings compared
to the others, while seedlings grafted onto GF677, Rootpac40, and Rootpac20
showed weaker growth.
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