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Abstract

Background Choosing the most compatible and desirable rootstock for Kalamata olive cultivar is an important
decision due to the longevity of the orchard and the difficulty rooting of Kalamata cuttings. Therefore, the goal of this
study was to examine the morphological, physio-biochemical, and nutritional status as ppotential markers for grafting
compatibility between Kalamata olive cultivar and three olive rootstocks (Coratina, Picual, Manzanillo) during two
seasons (2020-2021) as well as follow up physio-bichemical and nutritional status of one-year-old Kalamata plants
(2022).

Results The results indicated that, Picual rootstock recorded the highest significant grafting success which was
associated with increasing number of leaves, leaf area and SPAD value in Kalamata scions by 22.15%, 36.86% and
14.64% compared to Manzanillo rootstock as mean of both seasons, respectively. While, Manzanillo rootstock
recorded the highest significant activity for peroxidase and catalase by 51.41% and 60.1% at grafting union compared
to Picual rootstock. Moreover, Picual rootstock for Kalamata scions had the highest acid invertase and sucrose
synthase activities by 67.23% and 57.94% compared to Manzanillo rootstock. Furthermore, Picual rootstock recorded
the highest significant Gibberellic acid by 52.8% and 18.6% compared to Coratina and Manzanillo rootstocks.
Meanwhile, Picual rootstock recorded the lowest significant Abscisic acid by 68.17% and 63.15% as well as the lowest
total phenols by 14.36% and 23.47% compared to Coratina and Manzanillo rootstocks.

Conclusions This study sheds light for the importance of choosing the suitable rootstock for Kalamata cultivar. Also,
sucrose synthase and acid invertase may have a novel role in determining grafting compatibility in olives. Increasing
growth promoters (Gibberellic, Nitrogen) and decreasing both growth inhibitors (Abscisic, phenols) and oxidative
enzyme (catalase, peroxidase) required for better graft compatibility.
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Background

Olives (Olea europaea L.) are among the oldest cultivated
fruit trees with the most important socially and economi-
cally in the Mediterranean region. Global production of
table olives for the year 2022/2023 was estimated at about
3100.000 tons, of which Egypt’s production is 19.4% [1].
In Egypt, olive trees consider a strategic crop due to their
high adaptability to drought, salinity and hot summer
temperature [2, 3]. Kalamata olive cultivar is a dual-pur-
pose cultivar (table olives and olive oil) and is considered
one of the most popular Greek varieties worldwide, with
black table olives desirable for customers. Unfortunately,
Kalamata leaf cuttings have been described as recalci-
trant and hard-to-root cultivar which negatively affects
the production of commercial nurseries and orchards [4,
5].

Therefore, the grafting technique is the cheapest alter-
native to commercial propagation and has additional
advantages in rootstock. Choosing the appropriate root-
stock for Kalamata cultivar has not received much atten-
tion from the scientific community. Rootstocks affected
plant vigor, nutritional status and overcoming biotic and
abiotic stress [6—8].

Previous studies indicated that, Arbequina cv. followed
by FS-17 cv. recorded the highest grafting success and
number of leaves, whereas Kalamata cv. had the lowest
grafting success and number of leaves when grafted onto
wild olive rootstock [9]. Grafting Ayvalik and Domat olive
cultivars onto Gemlik rootstock showed slowly cambium
cells formation, which contains greater concentrations
of phenolic compounds (TP) than Sari Ulak and Mem-
ecik cultivars [10]. In grapevine, lower TP content and
peroxidase activity in the grafting zone were coincided
with a higher grafting compatible in Flame Seedless/
Paulsen1103 rootstock than Flame Seedless/Freedom
rootstock graft combination [11]. Also, Paulsen1103 was
considered the most strongest compatible rootstock for
Vitis vinifera cultivars which was accompanied by the
lowest peroxidase activity at the grafting union than
Freedom, Salt Creek and 110 Richter rootstocks [12].

More recently, soluble sugar content and SPAD value
(chlorophyll indicator) may be used as indices to assess
graft compatibility in grafting citrus [13]. Also, Miao et
al. [14] found that, sugars had a stimulative effect on graft

Table 1 Soil and water analysis of the experiment
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union development in cucumber/pumpkin grafting com-
bination. Moreover, phytohormones such as auxin (IAA),
cytokinin, abscisic acid (ABA) and gibberellin (GA) play
an important role in grafting union development [15, 16].

Kalamata cultivar is a Greek cultivar that serves as a
scion grafted onto the Italian cultivar Coratina and the
Spanish cultivars Manzanillo and Picual [17]. Graft-
ing compatibility is one of the most important criteria
in rootstock selection, which has been rarely studied in
Kalamata cultivar. Therefore, the aim of this experiment
was to choose an appropriate olive rootstock for Kala-
mata cultivar based on morphological, physio-biochem-
ical and nutritional status indicators.

Materials and methods

This study was conducted during the period 2020-2022
in the nursery of the Faculty of Agriculture, Cairo Uni-
versity, Egypt (30°01'04"N31°12’30"E). It was aimed to
choose the more desirable olive rootstock for Kalamata
cultivar. Three olive cultivars namely Coratina, Manza-
nillo and Picual were used as rootstocks for Kalamata
cultivar. The plant sources involved in this study were
obtained from the olive collections farm at the Faculty of
Agriculture, Cairo University, Egypt.

Plant preparation

Rootstocks were prepared from semi-hardwood cut-
tings taken from the mother plants of Coratina, Manza-
nillo and Picual cultivars and planted into 10 kg planting
media one year before each season which considered as
rootstocks. Thirty plants with a diameter of 1 cm and a
length of 70 cm were chosen from these nurseries after
one year.

Table (1) presents soil and water analyzes for this
experiment. In February of each season, scion wood
was prepared with 10 cm length from Kalamata mother
plant with a diameter of 0.6 cm and 4 nodes after which
trimmed their leaves and grafted by cleft method into
previous prepared rootstocks. Six months later, samples
were collected for various parameters in both seasons
(2020-2021). In the second year (2021), thirty additional
seedlings were grafted to become one-year-old grafted
‘Kalamata’ plants in the following year (2022) to follow up

Sample pH EC Soluble anions (meg-1) Soluble cations (meqg-1)
(1:1) ds/m co3 HCO3 cl S04 Na K Ca Mg
Water 7.65 2.84 0.00 547 14.89 811 17.96 0.26 4.90 535
Soil 7.78 1.30 0.00 0.60 12.00 0.10 7.50 233 11.00 2.60
Soil (mg) kg-1 soil) N K P Fe Cu Mn Zn B
64.7 1033 0.266 0.808 0.120 0.042 0222 0.101
Soil physical analysis % Sand % Silt % Clay % Texture class Organic matter (%)
7332 13.09 13.58 Loamy sand
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Fig. 1 Variation in grafting success % (A), leaves number (B), Leaf area (C) and SPAD values (D) of Kalamata scions grafted on three olive rootstocks (Cora-
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significant differences (p <0.05 level)
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Fig. 2 Variation in reducing sugars, sucrose (A), total sugars (B), acid invertase and sucrose synthase (C), peroxidase and catalase (D) at grafting union
between Kalamata scion grafted onto three olive rootstocks (Coratina, Manzanillo, Picual). Data are mean + standard error (n = 3). Different letters between

treatments indicate significant differences (p <0.05 level)

on the performance of Kalamata cultivar one year after
grafting.

Measurements

Morphological study

Morphological parameters taking at the end of growth
season (first of September). Grafting success was cal-
culated by dividing the number of successful grafted
nurseries by the total number of grafted nurseries. The
number of leaves were counted and then the leaf area
was calculated according to Koubouris et al. [18] from

the seventh fully mature leaf from the tip of the stem (leaf
area=0.308+0.708* leaf length*leaf width). A Minolta
portable chlorophyll meter was used to calorimetrically
determine the amount of chlorophyll as a SPAD value [7].

Biochemical analysis

Samples were taken from the grafting union (1 cm from
the top of rootstock and another 1 cm from the base of
scion). All biochemical samples taken three months after
grafting (May) for current Kalamata grafted plants, while
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one-year Kalamata samples were taken after 15 months
later for the different following biochemical analysis:

Sugars content

Total sugars (TS) and sucrose were determined in etha-
nolic tissue extract according to the anthron reagent
method, while reducing sugars were determined by the
dinitrosalicylic acid method and then samples were read
by spectrophotometer at 620 nm and 550 nm, respec-
tively [19, 20].

Phytohormone determination

From grafting union 0.5 g tissues was taken in liquid
nitrogen for Phytohormone determination. Total indoles
were determined in methanolic extract using P-dimethyl
amino benzaldehyde by spectrophotometer at 530 nm as
IAA (mg g 'FW) according to Larsen et al. [21]. After
extraction protocol then purification steps and finally
quantification of gibberellic acid (GA3,GA4), indole ace-
tic acid (IAA), zeatin (Z) and abscisic acid (ABA) were
carried out according to Unyayar et al. [22].

Total phenol content (TP)

Total phenols were determined in ethanolic extract by
Foiln and sodium carbonate (20%) using a spectropho-
tometer at 765 nm [23]. Then TP were expressed as gallic
acid (mg g-1).

Enzyme activity

Antioxidant enzymes

From grafting union 0.5 g tissues was taken in liquid
nitrogen for peroxidase activity (POX) and catalase activ-
ity (CAT) which were determined in the supernatant
after extraction protocol (ground, buffering, homogenate
solutions) and centrifugation (12,000 for 20 min at 4 °C)
according to Bradford [24].

Sucrose-metabolizing enzymes

Half gram from grafting union tissues was taken in liq-
uid nitrogen for soluble acid invertase (cytosolic) activity
(ACI) determination by dinitrosalicylic acid method [25].
While, sucrose synthase (SCS) activity was determined
according to Aloni et al. [26].

Nutritional status

Nutritional status of ‘Kalamata’ scions were determined
in dry leaves taken from the 7th full matured leaf from
shoot tip at the end of growing season (September). Kjel-
dahl digestion method was used to determine Nitrogen
(N) content of leaf samples [27]. For other nutrients
determination, leaf samples were digested in mixture of
nitric acid and perchloric acid at 4/1 (V/V) according to
Kacar [28]. In the digestion solution Phosphorus (P) was
determined by a colorimetric method by means of Barton
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reagent. Also, inductively coupled was used for determi-
nation of K, Na, Ca, Mg, Fe, Cu, Mn, and Zn contents.

Visual compatibility symptoms

Visual compatibility indices were observed at grafting
union in one-year-old kalamata plants grafted onto differ-
ent rootstock at the end of growing season (September).

Statistical analysis

This experiment was designed as a randomized complete
block design (RCBD) with one factor (rootstocks) for
arrange treatments which included three replicates for
each one. An ANOVA analysis was used for test signifi-
cance differences between treatments by MSTAT-C sta-
tistical package software [29]. Least significant difference
(LSD) values were calculated at propability level 0.05
[30]. The data presented are the mean*standard error of
the independent replicates (n=3).

Results

Morphological parameters

It can be noticed that Picual rootstock recorded the high-
est significant grafting success%, number of leaves, leaf
area and SPAD value of Kalamata scions by 23.84% &
25.87%, 22.6% & 21.7%, 38.55% & 35.18% and 10.45% &
18.84% compared to Manzanillo rootstocks in the first
and second season, respectively (Fig. 1).

The data presented in Fig. 2 (A, B) indicated that, Man-
zanillo rootstock for Kalamata scions recorded the high-
est significant sucrose and TS by 11.54% & 11.48% and
35.97% & 22.94 at grafting union compared to Coratina
and Picual rootstocks, respectively. While, Picual root-
stock reordered the highest reducing sugars in grafting
union by 33.58% and 8.24% compared to Manzanillo and
Coratina as rootstock.

Enzyme activity

Manzanillo rootstock for Kalamata scions recorded the
highest significant activity for POX and CAT by 51.41%
and 60.1% at grafting union compared to Picual rootstock
which recorded the lowest activity of enzymes (Fig. 2C,
D). Also, Picual rootstock for Kalamata scions had the
highest ACI and SCS activities by 67.23% and 57.94% at
grafting union compared to Manzanillo rootstock which
had the lowest activity of enzymes. Moreover, Cora-
tina rootstock recorded moderate activity of enzymes
between Picual and Manzanillo rootstocks.

Manzanillo rootstock recorded the highest significant
TP content, while Picual rootstock recorded the lowest
value in the grafting union (Fig. 3A). Meanwhile, Coratina
rootstock recorded the highest significant Zeatin content
(Fig. 3A). Also, Coratina rootstock recorded the high-
est significant GA, and IAA content which increased by
20.7% & 78.4% than Manzanillo rootstock and increased
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by 40.8%&394.1% compared to Picual rootstocks, respec-
tively (Fig. 3B, D). Moreover, Picual rootstock recorded
the highest significant GA; by 52.8% and 18.6% compared
to Coratina and Manzanillo rootstocks, respectively. By
contrast, Picual rootstock recorded the lowest significant
ABA by 68.17% and 63.15% compared to Coratina and
Manzanillo rootstocks. Also, Picual rootstock recorded
the lowest TP by 14.36% compared to Coratina rootstock
and lower by 23.47% compared to Manzanillo rootstock
(Fig. 3B, C).

Coratina and Picual rootstocks recorded the highest
significant N by 14.92% and 14.68% and K by 26.04% and
25.60% content in leaves of Kalamata scions compared
to Manzanillo rootstock which recorded the lowest sig-
nificant N, K content(Fig. 4A, B). While there is no effect
of rootstocks on Kalamata P% Ca and Na leaves content.
While Picual rootstocks accumulate the highest Mg con-
tent in Kalamata scion with a significant value compared
to Manzanillo (by 23.82%) and 17.50% compared to
Coratina and Manzanillor rootstocks, respectively. More-
over, Picual rootstock significantly increased Fe and Mn
content in Kalamata scions by 19% and 19.04% compared
to Manzanillo rootstocks (Fig. 4C). While Manzanillo
rootstock significantly increased Zn and Cu in Kalamata
scions compared to Picual rootstock by 11.61% and 9.4%,
respectively (Fig. 4C).
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One-year-old Kalamata plants

In one-year-old Kalamat plants grafted onto three olive
cultivars, it can be observed that, Manzanillo rootstock
recorded lowest significant SPAD value in Kalamata
leaves by 11.76% and 24.05% compared to Coratina and
Picual rootstocks (Fig. 5A). While Manzanillo rootstock
recorded the highest significant TS and sucrose content
by 8.96% & 13.13% and 31.99% & 26.64%, respectively
than Coratina and Picual rootstocks (Fig. 5B, C).

In one-year-old Kalamata cultivar, Picual rootstock
recorded the lowest significant POX and CAT by 23.84%
and 47.62% than Coratina and by 46.86% and 27.06%
than Manzanillo rootstocks, respectively (Fig. 5D).
While, Picual rootstock recorded the highest significant
reducing sugars by 33.59% and 8.25% compared to Cora-
tina and Mnazanillo rootstocks, respectively (Fig. 5B).
Also, Picual rootstock recorded higher significant Al,
SCS by 55.92% and 52.61% than Coratina rootstock and
by126.32% and 132.42% than Manzanillo rootstocks,
respectively (Fig. 5E).

In one-year-old Kalamata scion, Coratina rootstock
recorded the highest significant Zeatin, GA, and [AA
content by 11.66%, 22.01% and 105.62% than Manzanillo
and higher by 19.19%, 28.06% and 284.19% compared
to Picual rootstock, respectively (Fig. 6A, B, C). While,
Picual rootstock recorded the highest significant GA,
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content by 49.91% and 42.23% than Coratina and Man-
zanillo rootstock (Fig. 6B). on the contrary, Manzanillo
rootstock recorded the highest significant TP and ABA
content by 8.66% and 40.70%% than Coratina and higher
by 18.27% and 110.33% than Picual rootstocks, respec-
tively (Fig. 6D).

Picual rootstock significantly accumulated more N, Fe,
Mn than Manzanillo rootstock in one-year-old Kalamata
plants (Fig. 7A, C). While there is no differences between
the rootstocks in K%, Mg%, Na% and Zn contents (Fig. B,
Q).

Visual compatibility symptoms

Visual examination of grafting union in one-year-old
Kalamata plants grafted onto Coratina, Manzanillo and
Picual rootsocks showed that there was a high degree
of bark cracking in Kalamata/Manzanillo graft combi-
nations followed by Kalamata/Coratina graft combina-
tions, while Kalamata/Picual graft combination showed
a good level of callusing and healing rootstock. Also, in
Kalamata/Manzanillo graft combination there was an
increase in union diameter beside cracking of the bark
(Fig. 8A, B, C).

Discussion

Formation of graft union is a complicated process [31].
Previous studies have demonstrated that plant grows
more vigorously with a high level of graft compatibility
[12]. The scion/rootstock combination of Flame seed-
less/Paulsen performed better than Flame seedless/
Freedom, with vigorous growth and high photosynthetic
capacity [12]. The results indicated that, Picual rootstock
had the highest grafting success while Manzanillo root-
stock had the lowest significant grafting success. These
differences were attributed to the morphological and

biochemical differences between the three olive root-
stocks as described and discussed later. Preliminary
analysis of leaves number and area showed that Kalamata
plants grafted onto Picual rootstock compared to Cora-
tina rootstock, while Manzanillo rootstock recorded the
least significant leaves number and area (Fig. 1). These
results were agreed with Moing et al. [32] who reported
a significant reduction in incompatible peach (Batsch)/
plum (Myrobolan P18) 55 days after grafting. Also, Arbe-
quina cv. recorded the highest grafting success and leaves
number, whereas Kalamata cv. had the lowest grafting
success and leaves number when they grafted onto wild
olive rootstock [9] (Hussain et al., 2016). Furthermore,
visible symptoms of incompatibility showed that Manza-
nillo rootstock recorded a high profile of union cracking
appearance (Fig. 8). In this regard, Azimi et al. [10] found
slowly cambium cells formation, which had greater con-
centrations of TP in Ayvalik/Gemlik and Domat/Gemlik
graft combinations than Sari Ulak/Gemlik and Memecik/
Gemlik graft combinations.

Recent studies have reported that, SPAD reading which
is an indicator of chlorophyll content or photosynthetic
activity can be used as a compatibility indicator between
scion and rootstocks [13, 33]. Studies have shown that
the differences in the effects of different rootstocks on
the scion behavior are mainly appeared in the leaves. Dif-
ferent rootstocks can induce significant differences in
the scion chlorophyll content, which conversely affects
photosynthetic rate [34]. In this regard, photosynthesis
increased in the case of high compatible apple rootstock
[35]. By contrast, Irisarri et al. [36] found in the incom-
patible pear (Williams)/quince (BA29) grafts combi-
nation abnormal shape of chloroplasts as well as poor
developed membranes lacking grana. Also, the lower
SPAD value may be accompanied by blockage in both
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nitrogen uptake and carbohydrate assimilates in scion
leaves [37]. Our results indicated that, the highest com-
patible Kalamata/Picual followed by Kalamata/Coratina
graft combinations produced more chlorophylls content
as SPAD value as well as N leaf content.

Sugars consider one of the first products from phyto-
synthesis process. It play a simulative role in formation
of graft union in several grafted plants such as cucum-
ber/pumpkin [14], Flame seedless/Freedom [12] and
Flame seedless/Paulsen [11]. This role of sugars is due
to the regulation of rapamycin, which plays a vital role
in controlling cell size, cell proliferation, transcrip-
tion, autophagy, photosynthesis and metabolism of car-
bon and nitrogen [38, 39]. On the contrary, the results
indicated that, the highest compatible Kalamat/Picual
followed by Kalamata/Coratina rootstocks produced sig-
nificantly lower sucrose and TS compared to Manzanillo
rootstocks which accumulated more TS accompanied
with lower significant sugar metabolism enzymes (Al and

SCS) activity at the grafting union as well as the lowest
leaf area and number of leaves in the scion. These find-
ings may be due to the highest compatible rootstocks
transferring sugars produced in the leaves directly for
both graft partners (leaves and roots) which appeared
in increasing leaf area and leaves number of their scion
reverse to the lowest compatible Manzanillo rootstock.
These results were consistent with Moing et al. [32]who
found that, soluble sugars accumulated in the scion were
coincided with grafting incompatibility, since rootstocks
in more incompatible combinations resulted in more
soluble sugar accumulation in the scion. More recently,
Wang et al. [13] reported that the lowest survival rate was
recorded in ‘Harumi’ as an interstock in apple grafting
which accumulated higher sugars content and showed
smaller leaf area and symptoms of incompatibility.

The wound response in grafting propagation gener-
ated reactive oxygen species, such as hydroxyl radicals,
hydrogen peroxide and superoxide. Plants possess an
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Fig. 8 visual symptoms of compatibility in different graft combination in
one-year-old Kalamata cultivar grafted onto three olive rootstock namely
Coratina (A), Manzanillo (B) and Picual (C)

antioxidant enzymatic system such as catalase and per-
oxidase for mitigating the adverse effects of these free
radicals that can damage cell functions and structure
[40]. Numerous studies have been declared that higher
peroxidase activity in the grafting union was coincided
with a lower graft-compatible combinations in grapevine
[11, 12] and Prunus spp. [41]. Also, Zarrouk et al. [41]
found high peroxidase activity in Peach (Summergrand)
/Plum(Myrobalan GF 3-1) graft combination four to six
months after grafting. Free radicals in the graft union
consider a sign of graft incompatibility [36, 40].

Moreover, accumulation of TP may be related to
incompatibility in several plants such as Uapaca kirki-
ana fruit [42], grapevine [11, 12] which restrict grafting
process. According to Azimi et al. [10] grafted Ayvalik
and Domat olive cultivars onto Gemlik rootstock formed
cambium cells slowly, which had greater concentrations
of TP compounds like Ferulic acid and 4-Hydroxyphenyl-
acetic acid compared to Sari Ulak and Memecik cultivars.
On the contrary, Telles et al. [43] reported that higher
peroxidase activity and TP compounds have a positive
effect on grafting union formation. Our results showed
that, Manzanillo rootstock recorded the highest signifi-
cant POX activity and TP content compared to the other
two rootstocks. Moreover, Picual rootstock recorded the
lowest CAT activity and TP content as well as POX activ-
ity compared to the other two rootstocks.

Page 9 of 12

The role of phenolic compounds in grafting success
depending on their concentration, time of accumula-
tion, specific phenol type and plant species. The high
concentration of phenolic compounds were observed
in low compatible graft combination while the low con-
centration of phenolic compounds were observed in the
highest compatible graft combination [10-12]. For the
effect of specific phenolic compounds and plant species
on grafting compatibility. higher concentrations of epi-
catechin and catechin were recorded in the incompatible
cultivars of both apricot and quince [44, 45]. Also, cat-
echin as well as procyanidin (B1, B2), and arbutin were
recorded in incompatible pear tree [46]. Moreover, high
concentration of gentisic acid, gallic acid, quercetin-3-
glucoside, ellagic acid, catechin and p-coumaric acid
have been recorded in low-compatible combinations of
Eucalyptus gunnii [47]. On the other hand, sinapyl alco-
hol, r-coumaric alcohol and coniferyl alcohol are essen-
tial components for compatible graft combination [48].
For the accumulation time, in the low- compatibility
graft combination, phenolic compounds were found in
high concentration either 20 days after grafting [47], or
4 years after grafting [46]. But in the high- compatibility
graft combination, it increased after grafting for lignifi-
cation process then gradually decreased with increasing
scion age. For the effect of Phenolic compounds on plant
hormones, low-compatibility graft combination was
associated with the accumulation of polyphenols at graft-
ing union [49], which affect transportation of auxin [50].
In incompatible graft combinations, low IAA concentra-
tion may restrict phloem and xylem differentiation and
lignification [51, 52]. Also, Phenols escape into the cyto-
plasmic matrix from the vacuole are oxidized by phenol
oxidases and peroxidases [53]. Moreover, some of mono-
phenol compounds are cofactors for IAA oxidase, while
some of polyphenols compounds (chlorogenic, caffeic,
protocatechuic and ferulic acids) inhibit IAA oxidation
[54]. For the direct role of phenols on grafting compat-
ibility, some of phenolic compounds (sinapyl alcohol,
coniferyl alcohol and r-coumaric alcohol) has a positive
effect on grafting compatibility [48], but in many cases
it had many inhibitor effects. Phenolic compounds may
be caused disruptions in the growth and development of
xylem and phloem, which causing tissues necrotic in the
grafting union [49, 55]. Also, polyphenol oxide activity in
the incompatible graft combination was positively asso-
ciated with dysfunctional in vascular connection and the
cellular degeneration [41]. Moreover, phenols compound
may cause lignin pathway inhibition and oxidized by phe-
nol oxidases and peroxidases [53]. These previous studies
were in agreement with our findings for either a currently
grafted ‘Kalamata’ cultivar or a one-year ‘Kalamata’ cul-
tivar. Since a higher TP was observed in the lowest com-
patible ‘Manzanillo’ rootstock, whereas a lower TP was
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observed in the highest compatible ‘Picual’ rootstock.
Also, the highest TP ‘Manzanillo’ rootstock recorded the
highest POX activity, while the lowest TP ‘Picual’ root-
stock recorded the lowest POX activity.

For nutritional status, these experiment showed that,
the less compatible Manzanillo rootstock had a lower
nitrogen content compared to Coratina and Picual root-
stocks. The ability of rootstock to increase nitrogen and
magnesium in their scion could by more important char-
acters due to save nitrogen fertilization and lower envi-
ronment pollution which may be increased scion leaves
and SPAD value in Picual and Coratina rootstocks. These
compatibility results may be explain the previous results
by Mofeed [8] who stated that, Kalamata cultivar grafted
onto Picual rootstock recorded the highest increase in
vegetative behavior (trunk diameter, tree height, shoot
length) and fruiting characteristics (fruit set, yield) com-
pared to Koroneiki and Manzanillo rootstocks which
affected Kalamata growth and yield negatively. In this
context, Laz [6] found that, Kalamata grafted into Picual
rootstock exhibited more vegetative growth (number of
leaves, leaf area) than Koroneiki rootstock under salinity
stress. Moreover, the lowest Na and Cl content and the
highest N% and K% were recorded in Frantoio and Koro-
neiki rootstocks. Also, Freedom rootstock had efficiency
to accumulate more nitrogen content than Paulsen root-
stocks in grapevine [7]. Also, leaf nitrogen content (%
dry weight) fell in the incompatible graft combination
peach(Batsch)/plum (Myrobolan P18) 65 days after graft-
ing [32].

Our results indicated that, the most compatible Picual
rootstock for Kalamata cultivar was accompanied with
lower TP compounds and ABA content as well as higher
GA; content than the lowest compatible Manzanillo
rootstock. In this regard, Su et al. [15] reported that ABA
and tannin (phenolic compound) had negative effects on
graft union formation in pecans (Carya illinoinensis).
The results indicated that the lowest incompatible graft
combination (Kalamata/Manzanillo) recorded the high-
est total indoles and IAA content compared to Kalamata/
Picual the highest compatible graft combinations (Fig. 3).
By contrast, Rasool et al. [34] mentioned that, auxins
consider the regulation key in formation of graft union
in horticultural plants. Also, auxin can modulate the vas-
cular reconnection two days after grafting [31]. This dif-
ference may be explained by Aloni et al. [51, 56,] as he
mentioned that, grafting incompatibility was accompa-
nied with the auxin transport basipetallly into the root-
stock where it stimulate oxidative stress and ethylene
production. Moreover, endogenous IAA after wounding
does not change significantly [57]. Moreover, Gainza et
al. [58] showed an explanation for auxin mechanism in
grafting incombatibility, since IAA was higher in incom-
patible graft combination than the compatible one.
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Where application of IAA transport inhibitor for incom-
patible graft combination negated root degradation.
Moreover, the incompatible grafts showed normal shoot
and root development after blocking IAA basal transport
due to stem girdling [44]. Higher ABA was responsible
for alter development of xylem and reduce of hydrau-
lic conductance in dwarfing apple rootstocks [59]. Also,
ABA can inhibit meristem activity, callus growth and
wound-healing [58, 60].

Choosing the most compatible olive rootstock is a com-
plex process. This study concluded that grafting compat-
ibility was associated with morphological, physiological
and biochemical changes in grafting union. The lest com-
patible Manzanillo rootstock displayed lower morpho-
logical (SPAD value, leaves number and leaf area) traits
which was coincided with lower sugar enzyme activ-
ity (ACI, SCS) as well as higher TP, antioxidant enzyme
activity (POX, CAT) in the grafting union. Further
researches for extending the evaluation time of grafts
combination were needed. Overall, ‘Picual was the most
suitable rootstock for Kalamata olive cultivar. Finally fur-
ther studies will be needed for determine specific sugars,
specific phenol type as well as anatomical study for deep
understand of grafting compatibility in olive cultivars.
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