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Abstract In the present study, selected almond genotypes
in Keciborlu/Isparta region by Yildirim (2007) based on late
blooming and superior nut chacteristics were used to eval-
uate seedling growth performances and the reaction to root
knot nematodes. Seeds were planted on perlite medium and
stored 60 days at +4 °C in order to break seed dormancy. Af-
ter germinating, seedlings were transferred to plastic pots
to evaluate seedling growth characteristics and remaining
seedlings were inoculated with Meloidogyne javanica and
Meloidogyne incognita in order to asses resistance status of
the selected seedlings. The highest germination percentage
was obtained from Genotype 54 (96.1 %), the highest plant
was observed from Genotype 9 (62.18 cm), the longest pri-
mary root was found from Genotype 54 (30.28 cm), the
average secondary root lenght was highest in Genotype 9
(31.04 cm) and the widest root collar was observed in Geno-
type 33 (8.38 mm). Seedling stem diameter changed be-
tween 4.76 mm (Genoype 40) to 7.67 mm (Genotype 33).
The lowest variation for stem widht was observed in Geno-
type 55 (0.58 %) while the lowest variation for seedling
hight was found in Genotype 33 (0.50 %). Evaluated al-
mond genotypes showed different reactions to studied ne-
matode species, M. javanica and M. incognita. Resistant
reactions of almond genotypes to nematode species were
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classified as susceptible, tolerant and resistant based on gal
index values. Genotype 9 and 31 classified as tolerant to
M. javanica while Genotype 54 classified as resistant to
M. incognita.
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Bestimmung der Nematodentoleranz und der
Samlingsentwicklung bei ausgewihlten Genotypen
der Mandel (Prunus amygdalus L.) in der Provinz
Isparta

Zusammenfassung In der vorliegenden Studie wurden an
den Genotypen der Mandel, die von Yildirim (2007) auf-
grund der spiten Bliite und der hervorragenden Fruchtquali-
tiaten in der Region Keciborlu/Isparta selektiert wurden, die
Wachstumsentwicklung und die Reaktion auf Wurzelgallen-
nematoden untersucht. Die Samen wurden auf ein Perlite-
Medium ausgebracht und 60 Tage bei 4 °C gelagert, um die
Keimruhe zu brechen. Nach der Keimung wurden die Sim-
linge in Plastiktopfen ausgepflanzt, um die Wuchseigen-
schaften der Sdmlinge zu untersuchen. Die restlichen Sdm-
linge wurden mit Meloidogyne javanica und Meloidogyne
incognita beimpft, um den Resistenzstatus der ausgewihl-
ten Samlinge zu bewerten. Die hochste Keimrate (96,1 %)
wurde bei Genotyp 54, die grofite Pflanze (62,18 cm) bei
Genotyp 9 und die lingste Keimwurzel (30,28 cm) bei Ge-
notyp 54 gefunden. Die mittlere Linge der Seitenwurzeln
war bei Genotyp 9 am grofiten (31,04 cm) und der grofite
Wurzelhalsdurchmesser (8,38 mm) wurde bei Genotyp 33
erzielt. Der Triebdurchmesser des Sdmlings schwankte zwi-
schen 4,76 mm (Genotyp 40) und 7,67 mm (Genotyp 33).
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Die geringste Schwankung beim Triebdurchmesser zeigte
Genotyp 55 (0,58 %), wihrend die geringste Schwankung
der Samlingshohe bei Genotyp 33 (0,50 %) beobachtet wur-
de. Die gepriiften Mandel-Genotypen zeigten unterschied-
liche Reaktionen auf die untersuchten Spezies der Nemato-
den-Arten M. javanica and M. incognita. Die Resistenzre-
aktion der Mandel-Genotypen wurde gemif3 des Indexwer-
tes fiir Wurzelgallen in empfindlich, tolerant und resistent
eingeteilt. Die Genotypen 9 und 31 zeigten sich tolerant
gegeniiber M. javanica, wihrend Genotyp 54 als resistent
gegeniiber M. incognita klassifiziert wurde.

Schliisselworter Mandel - Prunus

amygdalus L - Genotypen - Sdmlingswachstum -
Wurzelgallennematoden - Meloidogyne javanica -
Meloidogyne incognita - Resistenzreaktion

Introduction

Anatolia is among the centers of origin of almond, as it
is for many fruit species (Ozbek 1978). Almond is a typ-
ical plant of the Mediterranean climate and native to the
arid and barren areas of the Mediterranean Basin. It is still
seen that almond is produced from these seed-grown trees
in such countries as Iran, Turkey, Sicily, Spain, Morocco,
and Greece (Akgay and Tosun 2005). Its sensitivity to the
spring cold and the fact that it does not like much cold quite
restrict the growing area of almond in the world (Cangi and
Sen 1991). About 2 million tons of almonds are produced
worldwide. The USA account for more than half of the al-
monds produced. Additionally, Spain, Iran and Italy are the
other important almond producing countries. Turkey ranks
among the top 10 producers of almond with 80 thousand
tons production.

In modern fruit cultivation, it is recommended to use
clonal rootstocks due to many advantages they offer such
as providing uniform materials, early precocity, cultivar
vigor, increased yield and quality, adaptation to different
types of soil, and resistance to different diseases. How-
ever, seedling rootstocks are used in those species, which
are difficult to propagate clonally and have a small num-
ber of clonal rootstocks. However, seedling rootstocks are
preferred under unsuitable soil conditions especially where
clonal rootstocks do not perform well. Moreover, the resis-
tance of seedling rootstocks to various diseases and para-
sites is higher, and it is generally accepted that they do not
contain any virus particles. Particularly in the recent years,
the threat of aridity has been increasing due to global warm-
ing and environmental pollution which heighten usage of
rootstocks.

In almond cultivation, seedling rootstocks are particu-
larly used in the Mediterranean countries with non-irrigated
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and highly calcarously soils (Ak¢ay and Tosun 2005). It
is seen that seedling rootstocks are still considerably used
in the production of almond saplings in Turkey (Tekin-
tag and Dolgun 1996; Kaptan 2012; Soylu 2012; Aktepe
2013). Furthermore, the seeds used to obtain seedling root-
stocks in Turkey are taken from the trees with non-specified
traits, and the seeds of different trees are mixed. Therefore
seedlings obtained from mixed seeds display high hetero-
geneous development (Yildirim 2007). On the contrary,
the seedlings obtained from the seeds of such cultivars as
‘Texas’, ‘Garrigues’, ‘Atocha’, and ‘Desmayo Rojo’ are
used in the production of saplings in the USA and in some
European countries (Aktepe 2013).

Soil diseases and plant-parasitic nematodes lead to se-
rious economic losses in cultivated plants. Since the roots
of nematode-infected plants fail to perform adequate water
and nutrient uptake from soil, they give rise to the retarda-
tion of development (Thorne 1961) and reduce the capacity
for photosynthesis by leading to chlorosis in leaves. Be-
sides, their indirect effects occur, for they also lead to the
entry of other microorganisms due to the injuries they cause
in the roots of plants (Stirling 1991). In particular, Praty-
lenchus penetrans and Pratylenchus vulnus are important
pest species in fruit growing and may cause 30 to 80 %
damage. This damage in plants may vary according to the
pest density and the sensitivity of the plant.

As nematodes are soil-borne organisms and found in the
plant roots during their life cycles, they cannot be controlled
effectively. Cultural practices between 2 to 70 years may
be required to solve the problem of nematodes in perennial
plants (e. g. fruit trees) (Dowler and Van Gundy 1984). Es-
pecially the chemical compounds used against these pests
pose great risks to human and environmental health. Impli-
cation of control practices is expensive. The most econom-
ical and efficient control method in cultivated plants, espe-
cially grown as plantations, is resistant rootstocks. Like-
wise, it is reported that such clonal rootstocks as GF-677
and GN, used to produce almond saplings, are especially
sensitive to root-knot nematode species Meloidogyne incog-
nita and Meloidogyne javanica (Soylu 2012) and GF-677
in particular is sensitive to the root lesion nematodes (Sogiit
et al. 2013).

In this study, it was aimed to determine the seedling
development characteristics of some almond genotypes se-
lected by Yildirim (2007) and their host reactions to root-
knot nematode species M. incognita and M. javanica.

Materials and Methods

The seeds of 10 genotypes selected from Kegiborlu, Isparta
by Yildirim (2007) were used as the material in the re-
search. The characteristics of the genotypes were showed
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Table 1 Some plant characteristics of the almond genotypes (Y1ldirim, 2007)

Genotype No Habitus NW (g) ST (mm) Kernel Ratio (%) SH KW (g)
9 Spreading 4.60 3.04 23.69 Very Hard 1.09
31 Semi-upright 4.86 3.35 21.70 Very Hard 1.05
32 Semi-upright 6.11 3.30 22.77 Very Hard 1.39
33 Semi-upright 5.15 3.01 24.18 Very Hard 1.25
40 Spreading 3.92 3.31 17.99 Very Hard 0.71
42 Spreading 4.88 2.86 19.72 Very Hard 0.96
52 Spreading 4.83 3.15 29.33 Very Hard 1.42
54 Spreading 6.83 4.50 19.05 Very Hard 1.30
55 Spreading 6.54 332 17.84 Very Hard 1.17
65 Semi-upright 3.74 1.65 33.24 Very Hard 1.24

NW Nut Weight, ST Shell Thickness, SH Shell hardness, KW Kernel Weight

in Table 1. The seeds were brought to the laboratory and
dried for 15 days. The dried seeds had been preserved in
a cool and dry place. The seeds of the genotypes used
in the research had been subjected to stratification before
sowing. To prevent possible infections, the seeds had been
disinfected with a fungicide. In this process, the seeds had
been treated with 1 ml of fungicide (Maxim XL 035 FS-
Syngenta) per liter of water. Stratification had been carried
out at +4 °C and in a 90-95 % moisture level until radi-
cles were seen in the cases containing perlite (73 days).
Some of the seeds removed from stratification were sown
in the polyethylene bags filled with a mix of sand, soil and
livestock manure (1:1:1w/v). Additionally, the remaining
seeds were planted into the pots with a volume of 5 L with
sterile soil mix consisting of 13.3 % clay, 18.4 % silt, and
68.3 % sand to asses reactions of seedlings to the root-knot
nematodes.

The seedlings were irrigated regularly, and pesticides
were applied when necessary. Furthermore, trace element
practices containing Fe, Zn, B, Mn, Cu, and Mo were car-
ried out from the leaf twice (June and July).

The seed germination rate (%), seedling diameter (mm),
seedling height (cm), primary root length (mm), root di-
ameter (mm), secondary root length (cm), the number of
lateral roots (pieces), the uniformity of seedling heights
and seedling diameters were determined in the research in
order to discover the seedling development performances.

To determine the resistance of almond seedlings to ne-
matode species M. incognita and M. javanica, the mass
production of root-knot nematodes was performed in ne-
matode-sensitive tomato cultivars ‘Rio Grande’ and ‘Tueza
F1’. The tomato seedlings were transplanted into the pots
containing sterilized sandy soil. The egg packages were
removed under a binocular microscope when the tomatoes
reached the period with 3 to 4 leaves and put into Eppen-
dorf tubes. The mass production of the nematodes was
carried out at 24 + 1 °C in a climate chamber with 60 +
5 % moisture. Then, four holes with a distance of 3—4 cm

from the plant stem of each plant, a depth of 4-5 cm, and
a diameter of 1-1.5 cm were opened into the soil of the
almond seedlings transplanted into the pots. The egg pack-
ages in the Eppendorf tubes, which had been removed under
a binocular microscope, were homogeneously inoculated
into each hole to have about 5,000 eggs or second-stage
larvae/plant.

The research was terminated about 12 weeks after the
inoculation of nematodes (Fig. 1) into the plants. The ex-
perimental plants were removed from their pots, and their
roots were cleared of their soil with tap water in such a way
that would not cause their roots to disintegrate (Fig. 2).
The soil in the pot was further taken into containers and
prepared for counting. The root-gall ratio (gall index) was
determined in the removed plants; the egg packages and
galls were counted by means of a binocular microscope;
and the density of second-stage larvae in the soil was de-
termined. Furthermore, such plant growth parameters as
seedling diameter, seedling height, primary root length, the
longest secondary root length, root diameter, and the num-
ber of lateral roots were measured, and the host reactions
of the almond rootstocks to the root-knot nematodes were
determined.

The gall index values and root-gall ratios in the roots of
the seedlings were evaluated according to the egg sac and
gall number index of 0-5 stated by Hartman and Sasser
(1985) and described below (Table 2). Accordingly, the
almond genotypes with a scale value of 0.0-2.0 were ex-
pressed as resistant, those with a scale value of 2.1-3.0 as
moderately resistant, and those with a scale value of 3.1-5.0
as sensitive.

Statistical Analyses
The research was designed as the randomized block design

with 3 replications for determination of the seedling devel-
opment performances, each replication contained 15 plants.
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Fig. 1 Inoculation of the infective second-stage larvae of the root-
knot nematodes into the almond seedlings

Fig. 2 A nematode-infected almond root (Genotype 9)

The study was designed as 5 replications and each replica-
tion contained 1 plant to asses root-knot nematode resis-
tance. The analysis of variance was performed by using
the SPSS package program. The statistical differences in
the obtained data were determined with Tukey’s multiple
comparison test.

Results and Discussion

To determine the germination rates of the genotypes, the
seeds whose radicles were at least 1-2 mm were removed
from stratification and used to calculate percentage. The
results are presented in Table 3. Accordingly, the highest
germination rate was recorded in Genotype 54 (96.1 %), fol-
lowed by Genotypes 40 (94.8 %) and 42 (90.4 %). On the
other hand, the lowest germination rate was found in Geno-
type 52 (73.6 %). The results of the study showed that the
germination rates of the genotypes were quite high. Like-
wise, in his study, Aktepe (2013) discovered that the germi-
nation rates of 15 almond genotypes (Amygdalus orientalis)
ranged from 8 % to 62 %. All genotypes displayed a 100 %
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emergence ratio. In the study, statistically significant dif-
ferences at the level of p < 0.05 were detected in seedling
height and the number of lateral roots among the genotypes,
but no difference was seen in the other characteristics (Ta-
ble 4). In sapling growing, it is desired that seedlings reach
a thickness to allow grafting homogeneously until the graft-
ing time (Bolat 1994). In their research, Oylek et al. (2013)
reported that the seedlings with diameters between 4 and
7 mm could be grafted and that the bud take ratios of the
grafts applied to the seedlings with diameters above 7 mm
and their sapling quality were higher than those with small
diameters.

In the research, the seedling diameters ranged from
4.76 mm (Genotype 40) to 7.67 mm (Genotype 33) and no
significant difference was detected in this respect among
the genotypes. These results remained lower than the
findings obtained from the seedlings of cultivars ‘Texas’
and ‘48-1" by Giingor et al. (1995) (8.98 and 9.28 mm,
respectively). A significant difference in seedling height
occurred among the genotypes in the study. The highest
seedling height (62.18 cm) was determined in Genotype 9
and the difference between this genotype and Genotype
33 (34.52 cm) was significant. On the other hand, no
significant difference was seen among the other genotypes.
The obtained results were similar to the findings by Aktepe
(2013) (31.2-57.3 cm) but found lower than the findings
by Giingor et al. (1995) (101.20-104.50 cm).

Akca and Yildiz (1995) expressed that nut species
formed more primary roots than secondary roots which
caused considerable damage to the root systems during re-
moval in nurseries. Thus, they emphasized that the bud take
ratios of the transplanted saplings decreased and that the
growth of saplings therefore slowed down. In the study, the
primary root length ranged from 24.63 cm (Genotype 33)
to 30.28 cm (Genotype 54) and the root diameter from
5.78 mm (Genotype 40) to 8.38 mm (Genotype 33), and
no significant difference in these characteristics was found
among the genotypes. Similarly, Giingor et al. (1995)
also reported that the root length varied between 27.9 and
31.6 cm. On the other hand, a significant difference in the
number of lateral roots was detected among the genotypes.
The largest number of lateral roots (18.64 pieces) was
determined in Genotype 9. The smallest number of lateral
roots (about 14 pieces) was recorded in Genotypes 52, 65,
and 32. Giingor et al. (1995) also reported that the amount
of secondary roots might vary by cultivar.

The uniformity in the development of the diameters and
heights of seedlings is great importance. Hence, those
seedlings which are uniform in terms of the characteris-
tics of diameter and height provide advantages in sapling
cultivation for such reasons as early grafting, and the car-
rying out of cultural practices more easily (Giileryiiz 1991;
Koyuncu and Celik 2005; Rahemi et al. 2011; Oylek et al.
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Table 2 The gall index values used in the seedlings (Hartman and
Sasser 1985)

Index Values for the Number of Galls

Numbers of Egg
Sacs and Galls

There is no egg sac or gall formation in the root 0

There is/are 1-2 egg sac and gall formation(s) 1
in the root

There are 3—-10 egg sac and gall formations in 2
the root

There are 11-30 egg sac and gall formations in 3
the root

There are 31-100 egg sac and gall formations 4
in the root

There are more than 100 egg sac and gall for- 5
mations in the root

Table 3 The germination rates of the genotypes in the stratification
medium (%)

Genotype No Germination rate® (%)
9 89.2
31 88.9
32 83.7
33 81.3
40 94.8
42 90.4
52 81.2
54 96.1
55 73.6
65 82.5

2The seeds with a radicle length of 5 mm

2013). In the study, the variation in seedling diameter was
between 0.38 % (Genotype 55) and 11.26 % (Genotype 42),
whereas the variation in seedling height was detected to be
between 0.50 % (Genotype 33) and 14.72 % (Genotype 32),
and they displayed a high rate of uniformity in this respect.
Different host reactions of the selected almond genotypes
to nematode species M. incognita and M. javanica were de-
termined in the study. When the gall index values of the
plants infected by nematode species M. incognita and M. ja-
vanica were examined (Table 5), significant differences at
the level of p < 0.05 were detected among the genotypes.
According to the gall index values obtained from the
research, it was not detected any genotype which was re-
sistant to nematode species M. javanica. However, Geno-
types 9 and 31 were detected to be moderately resistant
(MR). In the research, only Genotype 54 was detected to
be resistant to nematode species M. incognita. In the study,
Genotypes 55, 65 and 9 were found sensitive, while Geno-
types 31, 32, 33, 40, 42 and 52 were found moderately
resistant (Table 5). Pinochet et al. (1996a, b) determined
that rootstocks GN 15 and GN 9 were resistant to nematode
species M. incognita according to the gall index values. The

researchers reported that the gall formation in the root in
rootstock GF-677 had the highest value (170 pieces) and
that it was classified as sensitive. In our research, it was
determined that plants with more than 100 gall formations
in the root zone were classified as sensitive, a result simi-
lar to previously published results (Esmenjaud et al. 1994;
Pinochet et al. 1996a, b).

Marull et al. (1991) inoculated nematode species
M. incognita into different Prunus rootstocks and deter-
mined that of them, rootstocks GN1, GN3 and GN9 were
resistant, while rootstock Hansen-5 was moderately re-
sistant. In the previous studies, it was reported that the
rootstocks used in production differed in resistance to root-
knot nematodes (Esmenjaud et al. 1994; Marull et al.
1991; Fernandez et al. 1994; Lu et al. 1998; Ghelder et al.
2010) and that such factors as ecology, temperature, ge-
netic resistance of the rootstock, and nematode population
density were effective on the resistance of rootstocks to the
nematode (Esmenjaud et al. 1994). Marull et al. (1991)
examined the host reactions of some Prunus rootstocks
to nematode species, namely M. incognita, M. javanica,
M. arenaria, M. hapla and Pratylenchus vulnus and de-
termined that the nematode species inoculated into the
root zone could propagate in very different numbers and
that the variation among them was very high, which was
similar to the results of our research. In our research, it
was concluded that the greatest factor affecting growth
of nematode species, and caused variation might be soil
temperature (Aydinli and Mennan 2011) soil temperature
influence the reproduction of strain and their levels of in-
fluence. Besides, Yiiksel (1974) reported that a rootstock
might be sensitive to a specific nematode species but re-
sistant to another nematode species or either resistant or
sensitive to both nematode species.

In conclusion, root-knot nematodes are among the im-
portant plant parasites which lead to economic damage in
cultivated plants, which cause plant development to regress,
and which have spread over an extensive area on world
(Akyaz1 and Felek 2013). Cultural practices between 2 to
70 years may be required to solve the problem of nema-
todes in perennial plants (Dowler and Van Gundy 1984).
Therefore, it is of great importance that the land on which
an orchard will be established be free of nematodes. Estab-
lishment of orchards which are not infected by nematodes
and use of rootstocks with resistance/tolerance to root-knot
nematodes in production area has profound importance in
terms of nematode control (Pinochet et al. 1996a, b). In
our research, the genotypes were found to have different
resistance to root-knot nematodes according to their gall
index values.

When the results were evaluated collectively, it was seen
that the almond genotypes in the experiment had high ger-
mination rates and emergence ratios. Nevertheless, they
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Table 4 Seedling growth parameters of the genotypes

Genotype SH (cm) SD (mm) PRL (cm) RD (mm) NLR (pieces) VCSD VCSH
9 62.18 £3.16 a" 5.10 £ 0.07 28.38 £ 1.16 7.32 +0.01 18.64 £ 0.43 a* 7.64 2.44
31 54.15 £ 1.87 ab 5.56+0.12 27.88 £1.10 6.54 +0.08 16.64 £ 0.12 ab 4.60 3.55
32 49.17 £ 1.17 ab 5.46 +0.05 28.10 £ 1.27 6.40 +0.09 14.24 £ 0.67 b 6.10 14.72
33 3452 +11.14 b 7.67 £2.67 24.63 £5.90 8.38 +2.31 14.99 £ 1.04 ab 2.00 0.50
40 45.08 = 1.50 ab 4.76 £ 0.09 29.35 £3.15 5.78 +£0.07 15.90 £ 0.97 ab 10.33 12.70
42 51.87 £2.52 ab 5.49 +0.06 26.72 £ 1.06 6.01 +£0.04 15.20 £ 0.97 ab 11.26 3.17
52 53.48 £3.12 ab 5.67 +0.09 28.69 £+ 1.51 6.55 +0.13 13.99 + 0.88 b 8.57 9.50
54 50.61 £ 0.67 ab 5.16 £0.14 30.28 + 1.86 5.97 +0.19 14.73 + 0.69 ab 3.14 9.35
55 47.53 £ 1.81 ab 5.03+0.10 27.48 £0.97 6.49 +0.23 15.96 + 1.35 ab 0.38 3.33
65 52.27 £4.13 ab 543 +0.15 29.65 £ 0.87 6.01 £0.15 14.07 £ 0.42 b 3.06 4.72

SH Seedling Height, SD Seedling Diameter, PRL Primary Root Length, RD Root diameter, NLR Number of lateral roots, VCSD Variation coeffi-

cient of the seedling diameter, VCSH Variation coefficient of the seedling height
“The differences among the averages indicated with different letters in each column are statistically significant at the level of 5 %

Table 5 The root galling indexes that M. javanica and M. incognita formed in the roots of different almond genotypes

Genotype Gall Index Values
M. javanica Resistance Rate M. incognita Resistance Rate

9 2.50 £ 0.29 ¢’ MR 4.25+0.25 a S
31 2.75+0.48 bc MR 2.25+048 cd MR
32 3.25+0.25 abc S 2.50 £0.29 bed MR
33 3.75+£0.25 abc S 2.50 £0.29 bed MR
40 3.25+0.25 abc S 225+0.25 cd MR
42 3.75+£0.25 abc S 2.50 £0.29 bed MR
52 4.50+0.29 a S 2.50 £0.29 bed MR
54 3.25+0.25 abc S 1.75+£0.25 d R
55 4.00 +0.41 ab S 4.00 = 0.41 ab S
65 3.25+0.87 abc S 3.75+048 abc S

R Resistant, MR Moderately Resistant, S Sensitive

“The differences among the averages indicated with different letters in each column are statistically significant at the level of 5 %

reacted differently to root-knot nematodes M. javanica and
M. incognita. Genotype 31, which was moderately resistant
to both nematodes, seems to have high potential for being
utilized as a seedling rootstock.
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