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Abstract 
This study concerns three successive research projects aiming at a common final outcome: a) the 

divergent selection in the winter melon old cultivar ‘Thrakiotiko’ (Cucumis melo L., group Inodorus, 
casaba type) for resistant genotypes to Fusarium wilt, which resulted in the development of two resistant 
populations to Fusarium oxysporum f.sp. melonis: ‘Thrakiotiko-1’ and ‘Thrakiotiko-2’, b) the breeding 
manipulations of the old cultivar to achieve uniformity and stability in yield and quality  in a new 
cultivar, which was registered in the national and European catalogues of vegetable species as 
‘Thrakiotiko’, and c) the performance of the new melon cultivar as scion tested on four rootstocks: 
‘Thrakiotiko-1’ and ‘Thrakiotiko-2’, ‘Manta’ (C. melo, group cantalupensis) and ‘TZ-148’ (interspecific 
Cucurbita spp. hybrid). Using the improved cultivar ‘Thrakiotiko’ and the galia type hybrid ‘Masada’ as 
scions, on the rootstock ‘Thrakiotiko-1’ significantly increased yield by 36% compared to the ungrafted 
control, whereas the performance of the same rootstock used for ‘Masada’ was similar to that of the 
other melon rootstocks and the control. In addition, ‘Thrakiotiko-1’ improved fruit quality in both grafted 
cultivars. ‘Thrakiotiko-2’ performed similarly to the commercial rootstocks, without differing 
significantly from the control. 

 
Keywords: Cucumis melo L., Fusarium oxysporum f.sp. melonis, pedigree selection 
 

 
1. Introduction 

Divergent selection acts on the genetic variation that exists in a landrace or in an old 
population and focuses on genotypes that have high deviation from the mean performance of 
the population, i.e. low frequency of appearance. Divergent selection for resistance was applied 
to unbred genetic materials (L.X. HAN & al. [1]), and to local cultivars (A. CLAESSENS & al. 
[2]). Multi-test for resistance of selected genotypes and progeny-test are always necessary for 
resistance verification. Conventional breeding methods result in the narrowing of the genetic 
base, in vulnerability to biotic and abiotic stress, in limiting future gains from selection (J.M. 
TAILLER & R. BERNARDO [3]), conducive to the stagnation of yields (A.C. NEWTON & al. 
[4]), and in maintaining soil-borne pathogens (S.R. KING & al. [5]). The involvement in 
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breeding of landraces and old cultivars offers a solution by broadening the genetic diversity of 
the source material (M. KOUTSIKA-SOTIRIOU & al. [6]). 

Despite earlier predictions about their imminent disappearance (A.C. ZEVEN [7]), 
landraces and local cultivars still support farming owing to their stability, quality of the end 
product and compensation (M. KOUTSIKA-SOTIRIOU & al. [6]). On the other hand, the use 
of landraces and the exploitation of their genetic qualities, represent a reliable solution for 
sustainable agriculture in the forthcoming years in the context of climate change (A.C. 
NEWTON & al. [4). The genetic diversification of landraces along with their participation to 
modern farming techniques, such as grafting, can be considered as an effective method for 
controlling biotic and abiotic stress, and improving yield and quality in many cultivated plants 
like melon. 

Grafting (S.R. KING & al. [5]), is a routine technique used in continuous cropping of 
fruit-bearing vegetables, such as watermelon, melon, cucumber, tomato, and eggplant, in 
order to control successfully soil-borne diseases and improve the response of the crop to a 
variety of abiotic conditions, and finally improve fruit quality and yield. During the last 
decades, many grafting methods have evolved, always following the four principles of the 
grafting procedure: (a) choice of suitable rootstock and scion species, (b) development of a 
graft union by physical manipulation, (c) enhancement of meristemic tissue of the grafted 
plant, and (d) acclimatization of the grafted plant (J.M. LEE & al. [8]). 

Fusarium wilt of melons may severely affect a cultivar during the developmental stages 
of the plant, mostly at the ripening stage of the fruits (R.D. MARTYN & T.R. GORDON [9]). 
In melon, two formae speciales of F. oxysporum have been described: (a) F. oxysporum f.sp. 
melonis (FOM), and (b) F. oxysporum f.sp radicis-cucumerinum (FORC) (D.J. 
VAKALOUNAKIS & al. [10]). Concerning the pathogen FOM, four races (0, 1, 2 and 1.2) 
are known (R.D. MARTYN & T.R. GORDON [9], G. RISSER & al. [11], R. COHEN & al. 
[12]). Resistance to Fusarium wilt is controlled by three major genes, the: Fom-1, which 
offers resistance to the races 0 and 2, Fom-2, which offers resistance to the races 0 and 1, and 
Fom-3, which offers resistance to the races 0 and 2 (G. RISSER [13], F.W. ZINK & W.D. 
GUBLER [14]). Many resistant varieties have evolved due to the introduction of resistant 
genes derived from different accessions of melon all over the world (M. PITRAT [15]). 

The objective of the present study was to evaluate the outcome of a grafting system in 
melon when the genetic resource is an old cultivar and the prospective result is the 
performance of the grafted plants. For this reason, a series of successive experiments were 
conducted. 

 
2. Materials and methods 

2.1. Divergent selection procedure 
The source samples of the winter melon old cultivar ‘Thrakiotiko’ were obtained by 

selecting in situ resistant plants in private farms infected by Fusarium spp. in the villages 
Peplos, Petalo and Tichero, prefecture Evros, Thraki (40o95΄ N. Lat. 26o28΄ E. Long.), where 
the old cultivar is widely cultivated. Eleven samples were selected on the basis of seed and 
fruit characteristics. In addition a sample of the commercially marketable seed of 
‘Thrakiotiko’ (i.e. the sensitive cultivar to Fusarium spp.), sold locally, was used as control. 
Twenty seeds from each sample and the control were sown in seed beds composed of peat 
moss and perlite (10:1 v/v). Seedlings were transplanted in pots at the first true leaf stage. 
Prior to transplanting, the roots of the seedlings were dipped for 15 minutes in a conidial 
suspension of 106 conidia/ml of the pathogen F. oxysporum f.sp. melonis (FOM), races 0, 1 
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and 2 (a kind offer by Dr. Demetrios Vakalounakis, Hellenic Agricultural Organization – 
DEMETER, Directorate General of Agricultural Research, Plant Protection Institute, 
Heraklion, Crete, personal communication). To produce abundant inoculum in the form of 
conidia the Armstrong Fusarium medium was chosen (L.L. SINGLETON & al. [16]). 
Subsequently, the inoculated plants were irrigated with a spore suspension of the same 
density three times daily for three consecutive days after transplanting. The inoculated plants 
were kept in a growth chamber at 230C, RH 70% and 16/8 hours photoperiod. Ten days later, 
the response of each plant was examined and recorded for a period of four weeks in a disease 
scale 0-3 (0: no symptoms, 3: dead plants). Sixteen plants survived out of 240, belonging to 
eight populations, which were randomly separated into two groups of eight plants each (Table 
1). The resistant genotypes of each group were propagated in two isolated fields naturally 
infested, at ‘location 1’ (University Farm of Aristotle University of Thessaloniki, 40o32´ N 
Lat., 22o59´ E Long.), and at ‘location 2’ (Galatista, prefecture Chalkidiki, 40o28´ N. Lat., 
23o16´ E. Long.). At the end of the harvest period, the infection of the plants in each group 
was verified by histological examination. Three plants from each location were not affected 
by FOM. The seeds from the non-affected plants were extracted, stored and comprised the 
core collection of the two resistant populations, named ‘Thrakiotiko-1’ from ‘location 1’ and 
‘Thrakiotiko-2’ from ‘location 2’, for the study of performance in a rootstock-scion system. 

 
2.2. Breeding manipulations of the old cultivar  
Firstly, the existing phenotypic variability, in 10 agronomic and qualitative 

characteristics, of the old cultivar ‘Thrakiotiko’ was studied, in 1999, in a non-replicated NR-
0 honeycomb design (A.C. FASOULAS [17]), of 320 plants. Combined pedigree selection, 
based on single-plant performance for high yield, quality of the end product and stability of 
performance was applied, and resulted in 6.56% selection pressure, i.e. 21 plants. Secondly, 
714 plants were arranged in an R-21 honeycomb design for 1st cycle evaluation, each one of 
the 21 selected plants represented by 34 offsprings. Combined pedigree selection was applied 
with the prementioned criteria. The 2nd and 3rd cycle progenies were subsequently evaluated 
following the same selection procedure (M. KOUTSIKA-SOTIRIOU & al. [18]). The new 
melon cultivar was registered in the national and European catalogues of vegetable species as 
‘Thrakiotiko’. 

 
2.3. Grafting experiment 
The products of the previous experiments were combined in a rootstock-scion system. 

The cultivars used as rootstocks were: (i) ‘Thrakiotiko-1’ and (ii)‘Thrakiotiko-2’ (derived 
from the old cultivar ‘Thrakiotiko’ through divergent selection for resistant genotypes to 
FOM, as described above), (iii) ‘Manta’ (Clause Vegetable Seeds), a commercial F1 hybrid of 
C. melo L., Cantaloupensis group, charentais type, and (iv) ‘TZ-148’ (Geoponiko Spiti, 
Greece), a commercial interspecific hybrid of Cucurbita spp. Ungrafted ‘Thrakiotiko’ and 
‘Masada’ plants were used as controls. The product of the improved and registered melon 
cultivar ‘Thrakiotiko’ and the F1 commercial hybrid ‘Masada’ (Clause Vegetable Seeds) were 
evaluated as scions. ‘Thrakiotiko’ (C. melo L., Inodorus group), a casaba type winter melon, 
has boxy nearly round fruit, strongly tapered at the stem end, with firm flesh, white and 
sweet, and a cucumber like aroma. Fruit do not abscise and have a long storage life. 
Traditionally, the cultivar is grown in the open for local consumption or long-distance 
transport to markets in autumn-winter months. ‘Masada’ (C. melo L., Reticulatus group), a 
galia type medium early melon, is a cross between ‘Galia’ and the spanish ‘Souehla’ (C. melo 
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L., Inodorus group). Fruit are round, very strong netted, with white flesh, sweet and aromatic. 
The experiment was conducted in the Aristotle University of Thessaloniki farm during 2009. 
Seeds of scions and melon rootstocks were sown on 10 April, while the ‘TZ-148’ rootstock 
was sown on 17 April, to ensure uniformity in hypocotyl diameter for grafting. Seedlings 
were grafted by the splice grafting approach on 7 May and the grafted plants were 
transplanted on 1 June in the open field, at distances of 150 cm within rows and 200 cm 
between rows. Normal cultural practices for fertilization and irrigation were applied. The 
experiment lasted till 8 September. 

 
2.4. Measurements of breeding and grafting experiments - Statistical analyses  
The following measurements were recorded: (i) the components of yield potential, i.e. 

fruit number per plant, fruit yield per plant (kg.plant-1) and fruit size (kg.fruit-1); (ii) 
descriptive characteristics, i.e. shape of the fruit and the placenta, calculated as the quotient of 
equatorial and polar diameter, thickness of mesocarp (cm) and for the grafting experiment, 
thickness of pericarp (cm); and (iii) qualitative characteristics of the flesh, i.e. total soluble 
solids (TSS%), total solids (TS%) and pH. Additionally, flesh taste and texture were recorded 
in the breeding experiments, according to a 1 - 5 scale (1 = very bad, 2 = bad, 3 = medium, 4 
= good, 5 = very good for taste and 1 = very spongy, 2 = spongy, 3 = medium, 4 = fine, 5 = 
very fine for texture). Reported data on descriptive and qualitative characteristics were taken 
from two fruits per plant. 

Replicated honeycomb designs were analyzed by applying a computer program, which 
was build for plant selection and analysis of honeycomb designs (D.P. BATZIOS & D.G. 
ROUPAKIAS [19]). Analysis of variance (ANOVA) was performed on the data for the 
grafting experiment according to a 25 Generalized Randomized Complete-Block Design in a 
split plot arrangement with 3 blocks. The two scion-cultivars were considered as the main 
plots, and the five rootstocks as the sub-plots. In each block there were 10 plants 
(replications) per treatment. This methodological approach for statistical analysis fits better to 
the setup and the purpose of the experiment. After a significant interaction effect between 
scion and rootstock, two simple main effects analyses were performed, οne to compare 
rootstock means within each scion and a second to compare the two scions for the same 
rootstock. The means were compared by using Fisher’s least significant difference (LSD) at 
p0.05. Prior to analyses, data for yield components (fruit number, fruit yield, fruit size) were 
log10 transformed in order to achieve homogeneity of variance and normality. Mean values of 
transformed data were back-transformed for tabulated presentation in the manuscript. All the 
statistical analyses were performed using SPSS v.15.0. 

 
 

3. Results 
3.1. Divergent selection 
Divergent selection in the old cultivar ‘Thrakiotiko’ conduced to a core collection of 

resistant to the pathogen F. oxysporum f.sp. melonis genotypes (Table 1). The healthy plants 
were established at two locations and two resistant populations were obtained, named after the 
location where they were multiplied: ‘Thrakiotiko-1’ and ‘Thrakiotiko-2’. 

 
 
 



Divergent Selection for Resistant Genotypes to Fusarium Wilt from an Old Melon Cultivar and their Performance in Grafting    

Romanian Biotechnological Letters, Vol. 21, No. 3, 2016  11603

Table 1. Mortality rate (%) through seven measurements of plants of samples (S), selected for resistance to F. 
oxysporum f.sp. melonis, and number of transplanted plants at two locations. 

 
Measurements Disease 

scale 
(0 - 3)a 

S2 
% 

S4 
% 

S6 
% 

S7 
% 

S8 
% 

S10 
% 

S11 
% 

Control 
% 

1st  3 - - - - - - - - 
2nd  3 20 - 16.7 - - - - - 
3rd  3 25 60 20 50 80 50 20 75 
4th  3 66.7 40 20 50 80 50 40 75 
5th  3 66.7 60 20 50 80 50 40 75 
6th  3 66.7 60 20 50 80 50 40 75 
7th  3 66.7 60 20 50 80 50 40 75 
Transplanted 
plants  

 1 2 4 2 1 2 3 1 

a 0: no symptoms, 3: dead plants. 
 
 
3.2. Breeding manipulations on the old cultivar 
 

Table 2. Components of yield capacity through cycles of selection in the old cultivar ‘Thrakiotiko’ 
and the coefficient of variation for each entry. 

 
Entry Fruit yield Fruit size 

No. of fruits.plant-1 Kg.plant-1 Kg.fruit-1 
Avg CV% Avg CV% avg CV% 

Source material 3.17 52 5.86 63 1.82 35 
1st cycle progenies 2.61 44 2.47 43 1.99 25 
2nd cycle progenies 2.25 44 4.26 48 1.92 26 
3rd cycle progenies 2.64 43 3.74 43 1.70 25 
 

‘Thrakiotiko’ has been registered as a winter melon cultivar of casaba type in the 
national and European catalogue of vegetable species (Official Gazette of Government 
584/B/13-05-2003). It is a prerequisite for each cultivar to be distinct, uniform and stable in 
plant descriptive characteristics. ‘Thrakiotiko’ showed yield stability (Table 2), as it was 
verified by a decrease in the coefficient of variation (CV value) in yield components, an 
indication of efficient selection (A.C. FASOULAS [17]). In addition, it showed stability of 
descriptive characteristics (Table 3), and it retained the fruit quality characteristics of the 
original old cultivar (Table 4). The CV value is the most widely used parameter to quantify 
variability among individual plants of a crop stand (G.D. EDMEADES & T.B. DAYNARD 
[20]) and a way to estimate yield improvement (M. TOLLENAAR & J. WU [21]). 

 
Table 3. Fruit descriptive characteristics through cycles of selection in the old cultivar ‘Thrakiotiko’ 

and the coefficient of variation for each entry. 
 

Entry Fruit shapea Placenta shapea Mesocarp thickness (cm) 
avg CV% Avg CV% Avg CV% 

Source material 0.90 10 0.80 15 2.78 17 
1st cycle progenies 0.84 11 0.77 15 3.11 16 
2nd cycle progenies 0.89 7 0.79 16 2.73 18 
3rd cycle progenies 0.94 7 0.79 13 2.90 16 

a calculated as quotient of equatorial diameter and polar diameter. 
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Table 4. Fruit qualitative characteristics through cycles of selection in the old cultivar ‘Thrakiotiko’ 

and the coefficient of variation for each entry. 
 

Entry TSS(%)a Tasteb Texturec pH 
avg CV% avg CV% avg CV% avg CV% 

Source material 8.18 23 3.79 28 4.00 23 5.81 3 
1st cycle progenies 6.78 25 2.92 41 3.29 26 5.84 3 
2nd cycle progenies 10.21 23 4.20 21 4.26 18 5.85 3 
3rd cycle progenies 10.15 21 4.17 23 4.79 9 6.09 3 

a Total soluble solids of edible flesh. 
b Flesh taste on a scale 1 - 5 (1 = very bad, 2 = bad, 3 = medium, 4 = good, 5 = very good). 
c Flesh texture on a scale 1 - 5 (1 = very spongy, 2 = spongy, 3 = medium, 4 = fine, 5 = very fine). 
 
 

3.3. Grafting performance 
3.3.1. Yield performance. Total number of fruits per plant of the scion-cultivar 

‘Thrakiotiko’ was not significantly affected by grafting, whereas grafted plants of all 
treatments of the scion-cultivar ‘Masada’ had significantly lower number of fruits per plant 
than the control (Table 5), which, consequently, led to an increase in fruit size compared to 
the control, irrespective of rootstock. Fruit yield was affected, in both cultivars by grafting, 
with the combination of ‘Thrakiotiko’ on ‘Thrakiotiko-1’ exhibiting a significant increase in 
yield by 36% over the control but without significant differences from the other melon 
rootstocks. ‘Thrakiotiko-2’ was not differentiated from the commercial rootstocks and the 
control. The combination ‘Masada’/‘TZ-148’ gave the higher yield, but without significant 
differences from the combinations of ‘Masada’ with ‘Manta’ or ‘Thrakiotiko-2’ or the 
control. From the comparison of both scion-cultivars within each rootstock the results showed 
that although the scion-rootstock interaction did not affect the number of fruits plant-1, it 
affected significantly fruit yield plant-1 in the case of ‘Manta’ (p = 0.016) and ‘TZ-148’ 
(p=0.000) rootstock. Fruit size was additionally affected by ‘Thrakiotiko-2’ rootstock. 
Controls of both scion cultivars were significantly differentiated in yield components. 

 
 
3.3.2. Descriptive characteristics. Fruit shape was affected by the rootstock only in the 

scion-cultivar ‘Thrakiotiko’, but not differing significantly from the control (Table 6). 
Similarly, the shape of the placenta cavity was not affected in ‘Masada’, whereas it was 
affected significantly in ‘Thrakiotiko’ mainly by the melon rootstocks. The mesocarp 
thickness in all combinations of ‘Masada’ increased significantly by grafting compared to the 
control, while the ‘Thrakiotiko’ ungrafted control had the thickest edible flesh. The pericarp 
thickness was affected by grafting only in ‘Thrakiotiko’, while the control, with the thickest 
mesocarp, had the thinnest pericarp. The comparison of scion-cultivars within each rootstock 
showed regarding the shape of the fruit and the thickness of the pericarp, significant or highly 
significant differentiations (p = 0.000 – p = 0.014). The shape of the placenta cavity and the 
thickness of the edible flesh, although similar in the ungrafted plants of both cultivars, they 
were affected by the rootstock (p = 0.000 – p = 0.05). 
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Table 5. Grafting performance in yield components of grafted and ungrafted plants. 

 
Treatments 

(scion × rootstock) 
Fruit 

No.plant-1 
Fruit yield 
Kg.plant-1 

Fruit size 
Kg.fruit-1 

Thrakiotiko × Thrak.-1 2.85aa 4.34a 1.55a 
Thrakiotiko × Thrak.-2 2.38a 3.25ab 1.40a 
Thrakiotiko × Manta 2.75a 3.56ab 1.49a 
Thrakiotiko × TZ-148 2.17a 3.09b 1.66a 
Thrakiotiko (ungrafted) 2.20a 3.18b 1.55a 
Masada × Thrak.-1 2.45B 3.97B 1.65B  
Masada × Thrak.-2 2.54B 4.40AB 1.78AB  
Masada × Manta 2.84B  5.17AB  1.91A  
Masada × TZ-148 2.65B 5.31A 2.01A  
Masada (ungrafted) 3.83A 4.54AB  1.25C 

a Mean values in the same column within each scion-cultivars followed by common letter (lowercase for ‘Thrakiotiko’ and 
uppercase for ‘Masada’) are not statistically significant different at p=0.05 according to LSD criterion. 

 
 
 
 

Table 6. Grafting performance in descriptive characteristics of grafted and ungrafted plants. 
 

Treatments 
(scion × rootstock) 

Fruit shapea  Placenta 
shapea  

Mesocarp 
thickness (cm) 

Pericarp 
thickness (cm) 

Thrakiotiko × Thrak.-1 1.04bcb 0.81a 3.09b 0.68a 
Thrakiotiko × Thrak.-2 1.08ab 0.76ab 3.25ab 0.62a 
Thrakiotiko × Manta 1.03c 0.82a 3.09b 0.68a 
Thrakiotiko × TZ-148 1.11a 0.74b 3.24a 0.67a 
Thrakiotiko (ungrafted) 1.07abc 0.72b 3.51a 0.55c 
Masada × Thrak.-1 0.95A  0.71A  4.01B  0.50A  
Masada × Thrak.-2 0.97A  0.67A  4.27AB  0.50A  
Masada × Manta 0.96A  0.68A  4.48A  0.52A  
Masada × TZ-148 0.95A  0.67A  4.57A  0.50A  
Masada (ungrafted) 0.93A  0.71A  3.67C  0.51A  

a calculated as quotient of equatorial diameter and polar diameter. 
b Mean values in the same column within each scion-cultivars followed by common letter (lowercase for ‘Thrakiotiko’ and 

uppercase for ‘Masada’) are not statistically significant different at p=0.05 according to LSD criterion. 
 
 
 
 
3.3.3. Qualitative characteristics. Qualitative characteristics (Table 7) were significantly 

affected by grafting, with ‘Thrakiotiko-1’ to improve significantly the total soluble solids of 
the fruit in ‘Masada’ (11.39% compared to 10.16% of the control), and maintain the high 
quality of ‘Thrakiotiko’ (9.14% compared to 9.20% of the control). ‘Thrakiotiko-2’ as 
rootstock showed a behavior similar to commercial rootstocks, i.e. caused a decrease in TSS 
in ‘Thrakiotiko’ but did not affect TSS in ‘Masada’, compared to the control. The total solids 
were similarly affected by the rootstock in both cultivars. The pH of the fruit flesh was 
affected significantly mainly by ‘Thrakiotiko-2’ rootstock. The comparison of scion-cultivars 
within each rootstock cultivar showed highly significant differences in all qualitative 
characteristics (p = 0.001 – p = 0.000). 
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Table 7. Grafting performance in qualitative characteristics of grafted and ungrafted plants. 

 
Treatments 
(scion × rootstock) 

TSS%a pH TS%b 

Thrakiotiko × Thrak.-1 9.14ac 5.85a 8.76a 
Thrakiotiko × Thrak.-2 7.38b 5.68b 6.48bc 
Thrakiotiko × Manta 7.24b 5.80ab 6.29c 
Thrakiotiko × TZ-148 7.94b 5.78ab 7.29b 
Thrakiotiko (ungrafted) 9.20a 5.84a 8.61a 
Masada × Thrak.-1 11.39A  6.10ABC  10.96A  
Masada × Thrak.-2 10.84B  6.15A  10.14AB  
Masada × Manta 10.61AB  6.12AB  9.85AB  
Masada × TZ-148 10.11B  6.00BC 9.34B  
Masada (ungrafted) 10.16B  5.98C  9.58B  

a Total soluble solids of edible flesh. 
b Total solids of edible flesh. 
c Mean values in the same column within each scion-cultivars followed by common letter (lowercase for ‘Thrakiotiko’ 
and uppercase for ‘Masada’) are not statistically significant different at p=0.05 according to LSD criterion. 

 
 

4. Discussion 
Grafting is one of methods used for the depression of soil borne pathogens. Intraspecific 

grafting occurs when rootstock and scion are of the same species, while interspecific grafting 
occurs when the combination of rootstock and scion are of different species or genera. 
Grafting melon onto Cucurbita species provides non-specific but sufficient protection against 
a vast range of pathogens and of some abiotic factors, but it can also affect, negatively, yield 
and fruit quality (J.M. LEE [22], M. ODA [23]). On the contrary, intraspecific grafting has 
less negative effects on quality and fruit yield, as well as scion-rootstock compatibility, but 
provides specific resistance against specific races of the pathogen that may be overcome by 
indigenous or novel races of the compatible pathogen (F.J. LOUWS & al. [24]). 

From the results it is clear that there is a definite scion-rootstock interaction regarding 
agronomic and qualitative characteristics, which verifies the concept that the grafting 
technique was effective for the tested cultivars. It was demonstrated that grafting per se 
affects directly plant yield (G. NIELSEN & F. KAPPEL [25], R.M. RIVERO & al. [26], G. 
COLLA & al. [27]). Its influence can be exerted by the interaction of various processes, such 
as increase in water and nutrient uptake resulting from the rootstock vigorous root system 
(J.M. LEE [22], J.M. RUITZ & al. [28]), enhanced production of endogenous hormones (S. 
ZIJLSTRA & al. [29]), and enhancement of scion vigor (S. LEONI & al. [30]). The joint 
action of some or all of these processes could explain the higher yield of melon plants grafted 
on melon or Cucurbita spp. rootstocks, by 36% and 16.9%, respectively, compared to the 
control (Table 5). However, the ‘TZ-148’ did not increase fruit yield of ‘Thrakiotiko’, while 
the melon rootstock ‘Thrakiotiko-1’ did not favor fruit yield of ‘Masada’, differing 
significantly from ‘TZ-148’. Regarding the response of the rest melon rootstocks, i.e 
‘Thrakiotiko-2’ and ‘Manta’, they were not significantly differentiated from ‘Thrakiotiko-1’ 
and ‘TZ-148’, respectively. For other yield components there were also conflicting results in 
both scion cultivars. So, fruit number per plant in ‘Thrakiotiko’ was not affected by any 
rootstock, while in ‘Masada’ fruit number decreased and fruit size increased significantly 
compared to the control, indicating a clear effect of the root system of all rootstocks tested. 
Concluding, the highest yields recorded in the current experiment were not observed on all 



Divergent Selection for Resistant Genotypes to Fusarium Wilt from an Old Melon Cultivar and their Performance in Grafting    

Romanian Biotechnological Letters, Vol. 21, No. 3, 2016  11607

scion/rootstock combinations, suggesting that an accurate agronomic evaluation of the 
rootstock-scion combination is still necessary before using them on a commercial scale. 

Regarding descriptive characteristics (Table 6), fruit shape was not significantly 
affected in both cultivars with regard to the control, whereas there were significant effects in 
placenta shape of ‘Thrakiotiko’. According to E. TRAKA-MAVRONA & al. [31], fruit shape 
of four melon cultivars of the Inodorus and Cantalupensis group was not affected by grafting 
onto Cucurbita rootstocks. The thickness of mesocarp in grafted plants of ‘Masada’ was 
significantly higher than the control, indicating a positive effect of grafting in the direction of 
increasing the edible flesh. However, such an effect was not clearly identified in the case of 
the winter cultivar ‘Thrakiotiko’. 

Regarding qualitative characteristics, grafting of both cultivars onto ‘Thrakiotiko-1’ 
improved or maintained fruit quality, expressed in total soluble solids and total solids, 
compared to the control (Table 7). P. CRINO & al. [32] found that fruit dry matter, titratable 
acidity, total soluble solids, fruit firmness, and Hunter color of grafted melons of Inodorus 
group onto melon and Cucurbita spp. rootstocks were similar to those of plants grown on 
their own roots. In agreement with R. COHEN & al [12], the response of Cucurbita spp. 
rootstock TZ-148 was not diversified from that of the rest melon rootstocks, i.e ‘Thrakiotiko-
2’ and ‘Manta’, in both scion cultivars, indicating that the decrease in quality of melons 
grafted onto Cucurbita rootstocks (E. TRAKA-MAVRONA & al. [31]) resulted rather from a 
particular scion/rootstock interaction, and a particular combination of growing conditions. 

Sustainability is the ability of an agroecosystem to maintain production through time, 
in the face of long-term ecological constrains and socioeconomic pressures (M.A. ALTIERI 
& I.C. MERRICK [33]). The value of local cultivars/landraces is mainly attributed to the 
wide range of genetic resistance against biotic and abiotic stress, rendering them desirable 
for adoption in a sustainable agricultural system. Currently, the need for increased 
sustainability of performance in cultivars is a socio-political demand. Efforts to compare the 
outcome of breeding programs and combine them to a rootstock-scion system are not only a 
challenge but a necessity. Today, the pressure to move towards a sustainable agriculture 
creates the necessity to: (i) have access to exploit and incorporate a broader germplasm and 
(ii) develop cultivars specifically adapted to changing farming systems (M. KOUTSIKA-
SOTIRIOU & al. [6]). The genetic improvement protocols described in this work, based on 
the principle of sustainability, make use of phytogenetic resources, such as local cultivars 
and landraces, enriching the genetic base of cultivated plants, the melon in this case, for the 
benefit of commercial vegetable production. In fact, the present study describes a protocol 
following which resistant genotypes within local cultivars of melon can be isolated and can 
be used in the future as valuable source of genes for the development of resistant rootstocks 
to the pathogen of Fusarium wilt. Besides, the interspecies grafting in plants causes 
heritable epigenetic modifications, as shown by R. WU & al. [34]. The research for 
rootstocks derived from landraces/old cultivars relevant to each species will inhibit the 
phenomena of heritable alterations of DNA methylation. The whole procedure for 
developing rootstocks is based on the international treaty on plant genetic resources for food 
and quality (http://www.planttreaty.org), which supports sustainable agriculture and food 
security. In addition, the present work confers a ‘right and title’ (N.W. SIMMONDS [35]) 
in a local cultivar, that passes the prescribed tests for distinctness, uniformity and stability; 
the new cultivar ‘Thrakiotiko’ is required to be not only acceptable but also positively 
superior. In this way, the arising benefits for farmers and local communities are two-fold: 
conserve on-farm the genetic resources and utilize them in a grafting system.   
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