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Introduction
There are approximately 2300 species in the 

Solanaceae family. Half of these species are classified 
in the genus Solanum. This family consis ts of many 
cultured species that differ morphologically from each 
other (Sekara et al. 2007). The origin of eggplant is in 
the Southeas t Asia (India and Burma countries). It was 
firs t brought to the Mediterranean basin by the Arabs. 
The firs t records about eggplants in Europe were found 
in the 15th century (Kalloo 1993; Çakır et al. 2017). The 
transition of eggplants to the new world was carried 

out by the Spanish. It was spread to Europe through the 
Balkan countries by Turks. It is reported that eggplants 
reached Anatolia in the late 16th century and early 17th 
century (Vural et al. 2000; Çakır et al. 2017). 

Local genetic resources are very important 
resources for plant breeders in the development of 
new varieties with high yield and superior qualities in 
agricultural production (Balkaya and Yanmaz 2001; 
Karaağaç and Balkaya 2017; Çakır et al. 2019).They 
have an irreplaceable value and importance for plant 
breeding s tudies because they include both cultivated 
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The eggplant (Solanum melongena L.) is an important vegetable species cultivated under openfield and greenhouse 
conditions in Turkey. In recent years, due to fungal disease in eggplant growing areas, yield quantity and fruit quality 
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s tatis tical analysis. The Karabey F1 was used as the positive control variety. The root sys tem architectures parameters 
(total root length, the root surface area, the root volume, and the root diameter) were determined using the WinRHIZO 
program. The total root length ranged from 14.57 cm (G43-3) to 787.09 cm (G91), the root surface area ranged from 
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to the other local eggplant genotypes.
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plants and their wild relatives (Engels et al. 1995). Local 
genetic resources are unique sources for a variety of 
breeding programs due to their adaptability to different 
ecologies, their resis tance to diseases and pes ts, and the 
demanded fruit quality characteris tics. Genetic diversity 
has occurred over time and landraces with different 
qualities have developed in the major eggplant produce 
countries (Çakır 2018; Çakır et al. 2019). 

Diseases and pes ts are the major problems 
encountered in eggplant cultivation. Breeding purposes 
for the developing new qualified varieties can generally 
be lis ted as featuring high yield, fruit quality, earliness, 
and resis tance to biotic and abiotic s tress factors in 
eggplant cultivation. Diseases such as Fusarium wilt, 
Verticillium wilt and root knot nematode pes t affect 
the eggplant cultivation economically. In eggplant 
cultivation, approximately 50% of the yield values 
were occurred in areas contaminated with Fusarium 
oxysporum f. sp. melongenae (FOMG) that causes 
Fusarium wilt in Turkey (Altınok 2005). To combat 
Fusarium wilt, it is important to use disease resis tant 
varieties and to cultivate in soil that is not infected 
with the disease. Studies conducted in the fight agains t 
Fusairum wilt have reported that developing resis tant 
varieties will provide quality products and significantly 
reduce yield losses (Miller et al. 1996; Rizza et al. 
2002). The number of eggplant varieties resis tant 
to Fusarium wilt are almos t available in Turkey 
(Kandemir et al. 2016).

Tolerance to edaphic s tress has been linked to root 
sys tem morphology (Suchoff et al. 2017). The mos t 
important criteria affecting variety performance are 
root canopy and rooting ability under s tress conditions. 
The ability of rooting to directly take in water and 
plant nutrients affects the performance of the parts 
above ground. Root s tructures need to be examined 
closer and should be selected for a variety of breeding 
programs (Schiefeibein and Benfey 1991; Koevoets 
et al. 2016). However, it is quite difficult to examine 
the root s tructure, which is inherently underground, 
compared to the organs above ground. So, the number 
of selection breeding s tudies carried out according 
to the phenotypic features of the root is very limited 
(Schwarz et al. 2010; Suchoff et al. 2017; Sarıbaş et al. 
2019). In recent years, detailed inves tigations about 
root s tructures have been made possible using digital 
imaging sys tems (Peaz-Garcia et al. 2015, Suchoff et al. 
2017; Sarıbaş, 2019; Karaağaç et al. 2020). Phenotypic 
root selection s tudy is a new and topical subject in 
Turkey. In this s tudy, the aim was to inves tigate the 
phenotypic root s tructures of local eggplant genetic 
resources that have different fruit characteris tics and to 
compare the factors that compose rooting architectures 

in plants infected with F. oxysporum f. sp. melongenae 
and in non-infected plants.

Materials and Methods
Materials: In this s tudy, a total of 66 eggplant 

genotypes were collected from different regions of 
Turkey and were used as genetic materials. Also, the 
Karabey F1 eggplant variety was used as a positive 
control in disease tes ting trials. FOM-10 isolate from 
F. oxysporum f. sp. melongenae used in this s tudy was 
obtained from Dr. H. Handan Altınok.

Growth Condition:This s tudy was carried out 
in the Samsun province in 2017. The seeds of all 
eggplant genotypes were sown in different s tages 
on 26 March 2016, 19 Augus t 2016 and 03 March 
2017 in the greenhouse belonging to the Ondokuz 
Mayıs University, Faculty of Agriculture. The growing 
medium was prepared as a peat: per lite mixture in a 
3:1 ratio. Forty seedlings for each eggplant genotypes 
were grown at the 4 to 5 true leaf s tage (approximately 
40 days)  in the greenhouse.

Determination of root characteris tics in 
eggplant genotypes infected and non-infected with 
Fusarium oxysporum f. sp. melongenae: The reactions 
agains t F. oxysporum f. sp. melongenae of the 66 
eggplant genotypes and the Karabey F1 variety, which 
is known to be sensitive to Fusarium wilt (positive 
control), were determined in vivo. For disease tes ting, 
the root dipping method was applied to the eggplant 
seedlings at the 4 to 5 true leaf s tage (Biles and Martyn 
1989). Firs tly, the roots of the eggplant seedlings were 
washed in tap water, and then any apparent scar tissue 
was opened by gently shaving off the root tips with 
clean scissors. After that, the roots were immersed 
in the prepared conidia suspension (1×106 conidia 
mL−1) and kept for ten minutes (Altınok 2005). The 
control plants were also kept in s terile dis tilled water 
for the same period. After inoculation, the eggplant 
seedlings were planted in plas tic pots (18 × 16 cm 
diameter) containing a mixture of peat: perlite (3: 1, 
v/v) with one seedling per pot. The experiment on 
rooting levels in eggplant genotypes was carried out 
using three replicates with ten plants per replicate in 
the randomized block design. Then, the eggplants were 
grown at 25 ± 1°C for 4 weeks in controlled growth 
chambers.

The WinRHIZO root analysis program (Regent 
Ins trument Inc. Canada) was used to examine the root 
sys tem architectures of the eggplants. In this s tudy, 
plants were gently excavated from the growing medium 
at the end of the 30th day. Then the root sys tem was 
freed. All roots were carefully washed and dried with 
a paper. Roots were placed in the tray and gently 
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positioned with no overlapping roots to allow for more 
uniform scanning. Scans were done in gray scale at 
800 dots per inch to increase resolution of fine roots 
(Suchoff et al. 2017). All data were transferred to 
the computer in 3D. As a result of the roots canning 
performed using the WinRHIZO program, the 
following root parameters, which reveal the root sys tem 
architectures, were determined according to Suchoff 
et al. (2017) and Sarıbaş et al. (2019).

The total lengths of all roots (cm), including hairy 
roots in capillary form, were measured.  All roots were 
classified as hairy (1 mm>), medium (1 mm≤D≤2 mm) 
and thick (2 mm<) roots and length per diameter class 
were calculated proportionally. Average root diameter 
(mm) was calculated by examining all root extensions 
individually. In addition, root surface area (cm2) and 
root volume (cm3) values were determined using the 
WinRHIZO program. Following scanning, roots were 
dried at 70°C for 48 hours; it was continued until the 
samples reached a cons tant value. Then, the dry weight 
of the root was determined by weighing on a precision 
scale (0.001 g) (Karaağaç 2013).

Data Analysis: The results of the s tudy were firs t 
tes ted for normality to determine their conformity to 
a normal dis tribution. Variance analysis was carried 
out using the SAS-JMP 5.01 s tatis tical package 
program to determine the s tatis tical significance of the 
inves tigated root sys tem criteria and differences among 
eggplant genotypes. Further, Arcsin transformation was 
applied to the value obtained. Moreover, correlation 
analysis was used to determine whether there was a 
s tatis tical relationship between the inves tigated root 
characteris tics.

Results and Discussion
Total root lengths, particularly in the deeper soil 

profile, can improve water acquisition (Comas et al. 
2013; Suchoff  et al. 2017). The total root length values   
of eggplant genotypes infected with F. oxysporum f. 
sp. melongenae were varied from 14.57 cm (G43-3) 
to 787.09 cm (G91). Among all the genotypes, the 
genotypes G91 (787.09 cm), and G113 (647.20 cm) 
determined the highes t root length values (Table 1). 
The root length of the Karabey F1 variety was measured 
to be 116.02 cm. The highes t root length value was 
determined to be 1048.18 cm (G4-1) and the lowes t 
root length value was determined to be 159.40 cm 
(G49) in the control treatment. The difference in root 
length values between treatments was at leas t 2.98 cm 
(G113), 16.24 cm (G91) and 66.74 cm (G128). The 
difference in this overlap in the genotypes that are 
prominent in the disease experiment supported the 
accuracy of the s tudy results (Table 1). Sarıbaş (2019) 

determined that total root values were ranged from 
1299 to 4322 cm among eggplant roots tock hybrids 
(S. melongena x S.aethiopicum). In the other s tudy,  the 
root characteris tics of the C. baccatum and C. chinense 
species were found to be s tronger and superior than 
the C. annuum species. C. chinense in terms of root 
length and root surface area and C. baccatum in terms 
of root volume and dry weight were more prominent 
(Karaağaç et al. 2020).

The ratio of roots with a diameter of less than  
1 mm to total root lengths in plants is an important 
selection criterion in the resis tant variety of breeding 
programs (Sarıbaş et al. 2019). In this s tudy, it has 
been determined that there are s tatis tically significant 
differences between the root rate values less than 
1 mm in eggplant genotypes. Pereira-Dias et al. (2018) 
reported that nutrient intake in roots smaller than 
1 mm in grafted pepper plants was 4 to 5 times more 
than roots larger than 1 mm. Mos t of the root length 
proportional diameter values of eggplant genotypes 
(more than 70%) infected with FOM-10 isolate 
consis ted of roots less than 1 mm in diameter (Table 2). 
Further, it was determined that the root length and 
proportional diameter values of the eggplant genotypes 
were mos tly in those genotypes ranging from 1 to 2 mm 
in the 10 to 15% ratios for control treatment (Table 3). 
Among eggplant genotypes, the rates of genotypes with 
root diameter values greater than 2 mm were found to 
be from 5 to 10% (Table 4). Sarıbaş et al. (2019) were 
determined that proportional diameter values of the 
eggplant genotypes consis ted of roots less than 1 mm 
in diameter changed from 64% to 82%.

The average root diameter value is another 
important indicator of the hairy root tendency. A low 
average root diameter increases the effects of the 
absorption ability of the root (Sarıbaş, 2019; Karaağaç 
et al. 2020). Significantly differences were found 
between the average root diameter values in eggplant 
genotypes treated with F.oxysporum f. sp. melongenae 
according to this s tudy  finding. The highes t average 
root diameter value was measured 2.17 mm (G177) 
among the infected genotypes. The lowes t average 
root diameter value was determined 0.60 mm (G144). 
When the average root diameter values were examined 
in the control plants, the highes t value was determined 
5.87 mm (G152), and the lowes t value was measured 
1.2 mm (G8) (Table 5).  A reduction in root diameter has 
been also observed in response to low P concentrations 
and salinity (Zobel et al. 2007; Lovelli et al. 2012; 
Suchoff  et al. 2017).  Sarıbaş et al. (2019) determined 
that the root diameter value in the eggplant roots tock 
hybrids. Researchers found a dis tribution ranging from 
1.1 mm to 3.2 mm for root diameter trait. Besides, root 
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diameter vary according to plant species. Suchoff et al. 
(2017) informed that HN-1088’ tomato roots tock had 
the wides t average root diameter (0.37 mm) compared 
with all other cultivars. The difference in terms of root 
volume with this literature was caused by the genotype 
effect. Karaağaç et al. (2020) determined the average 
root diameter of C. annuum as 2.45 mm, C. baccatum 
as 3.18 mm and C. chinense as 2.80 mm. For tomato 
roots tock root sys tems, two commercial roots tocks 
(‘Beaufort’ and ‘Heman’) indicated differences in 
root density but not of average root diameter (Oztekin 
et al. 2009).

Excessive root surface area is an important factor 
that increases the water and nutrient uptake capacity 
of the roots (Sarıbaş, 2019). It has been determined 
that there are very important differences between 
infected plants and control plants in terms of root 
surface area values. When the root surface areas of the 
eggplant genotypes infected with Fusarium oxysporum 
f. sp. melongenae were examined, the highes t value 
was determined in the G91 genotype at 457.53 cm2. 
The lowes t value was found in the G42 genotype at 
5.20 cm2 (Table 6). Genotypes with the highes t root 
surface area were also determined to exhibit a high 
resis tance to disease. The root surface areas of G113 
genotype, which was determined to be highly resis tant, 
and G128 which was determined to be tolerant, were 
measured at 415.72  and 367.50 cm2, respectively. 
When non-infected genotypes were evaluated, the 
highes t value was 1142.59 cm2 (G152) and the lowes t 
value was 164.23 cm2 (G2) (Table 6). Kakita . (2015) 
reported on tomatoes and Bertucci et al. (2018) 
mentioned on watermelons in their respective s tudies 
tha troots tocks have higher root surface areas and this 
increased rate varies according to the roots tock used. 

One of the important criteria in terms of root 
sys tem canopy parameters is the root volume (Karaağaç 
et al. 2020). This criterion is an important factor on 
the level of resis tance to diseases. In this s tudy, root 
volumes of disease-infected eggplant genotypes were 
determined at their lowes t to be 0.10 cm3 (G42) and at 
their highes t 26.22 cm3 (G128). It was also determined 
that there were s tatis tically significant differences 
between treatments and genotypes in terms of root 
volume values.When the root volumes of plants 
not infected (control) treatment were examined, the 
lowes t root volume was 7.41 cm3 (genotype G8) and 
the highes t was 66.71 cm3 (genotype G152). The root 
volumes of the control plants of promising tolerant 
eggplant genotypes G91, G113 and G128 were 
determined 24.17, 41.21 and 40.93 cm3, respectively 
(Table 7). Sarıbaş et al. (2019) found that the root 
volume of eggplant roots tocks varied from 40.5 to 

96.8 cm3 in their s tudy. They also reported that the 
root volume was directly related to the root diameter. 
When the percentage change rates in the root volumes 
of eggplant genotypes resis tant to the  disease were 
examined, the leas t affected genotypes were determined 
G177-1 (26.59%), G128 (34.80%), G91 (41.29%) and 
G113 (47.94%). The rate of change in the Karabey 
F1 variety used as the positive control in the s tudy 
was found to be 96.88%. The difference between the 
promising resis tant genotypes and the root volumes of 
the control variety (70.29%) was an important finding 
that showed efficient of virulent the FOM-10 isolate 
used in the s tudy.

When the dry weight values of the roots of the 
genotypes infected with F. oxysporum f. sp. melongenae 
were analyzed, it was found that they showed 
s tatis tically significant differences. When Table 8 was 
examined, the highes t dry root weight value was found 
to be 0.79 g (genotype G177-1) among the infected 
plants. The lowes t dry weight value for the roots was 
determined to be 0.01 g (genotype G69). When the 
dry weights for the roots of the genotypes that were 
prominent in terms of the disease tes t were examined, 
they were determined to be 0.33 g (genotype G91), 
0.39 g (genotype G113) and 0.35 g (genotype G128) 
(Table 8). In the control treatment, the highes t value 
was found to be 1.08 g (genotype G69), and the lowes t 
root dry weight value was determined to be 0.11 g 
(genotype G33). When the percentage changes in the 
dry weights of the roots of the eggplant genotypes 
were examined, the highes t ratio was determined to 
be 98.46% (genotype G69) (Table 9). Sarıbaş et al. 
(2019) determined that dry weight values in eggplant 
genotypes varied between 10.03 g and 15.13 g. In this 
s tudy, the fact that the changes in the root dry weights 
are low in genotypes determined to be resis tant showed 
that the plant can maintain normal photosynthesis 
activities despite the disease affect.

A correlation analysis was carried out to 
s tatis tically reveal the relationship between the root 
sys tem traits of eggplant genotypes and resis tance 
agains t Fusarium wilt disease in this work. It was 
determined that there was a negative  relationship 
between disease severity and root sys tem characteris tics 
(P>0.01). When the diseases severity increased, total 
root length, root surface area, mean root diameter and 
total root volume values decreased (Table 10). This 
result showed that the root length, root surface area, 
and root volume values are the mos t important root 
characteris tics on the resis tance level for Fusarium 
wilt disease. It was determined that there was a positive 
relationship between the root characteris tics of the 
infected plants. As the root length values increased, 
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root surface area, root volumes and root percentage 
changes similarly increased. No significant s tatis tical 
relationship was found between the diameter class 
values of root lengths and other parameters. However, a 
significant relationship was found between the root dry 
weights of the eggplant genotypes and the root weight 
percent changes. In accordance with these findings, it 
was determined that root length, root surface area and 
root volume values should be evaluated as important 
criteria in eggplant genotypes in the disease breeding 
programs.

Conclusions
In recent years, important problems have been 

encountered in terms of the annual production amount 
and fruit quality properties in the eggplant growing 
areas in Turkey due to fungal factors. F. oxysporum 
f. sp. melongenae, one of the soil-borne fungi plant 
pathogens, causes loss of yield values in eggplants, 
blockages in vascular bundles and wilt disease. The 
mos t effective precaution that can be taken agains t 

the diseases is to identify the genetic materials from 
genetic resources that have resis tant or tolerant traits 
and evaluate them in a variety of breeding programs. 
Resis tance eggplant varieties offer growers the ability 
to manage soil borne diseases in the production. This 
research indicates that quantifiable morphological 
differences exis t between locale eggplant roots sys tems. 
In this s tudy, we determined that the tolerance to F. 
oxysporum f. sp. melongenae disease s tress has been 
linked to root sys tem morphology. Some of the root 
sys tem differences observed may explain the improved 
disesase s tress tolerance provided by promising egglant 
genotypes. Additionally, these differences may help to 
explain the improved growth and eggplant production 
associated with qualified resis tant varieties of eggplant.
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Table 1. Total root length values (cm) of eggplant genotypes infected and non-infected (control) plants by F. oxysporum
               f. sp. melongenae. 

Genotype Infected Plant Control Genotype Infected Plant Control

G1 144.88 d-g 530.22 b-n G56 70.67 f-g 776.77 a-i

G2 658.62 a-b 268.96 j-n G58 59.82 f-g 860.87 a-f

G4-1 57.42 f-g 1048.18 a G61 58.78 f-g 503.83 b-n

G4-2 67.44 f-g 987.54 a-b G63 68.44 f-g 319.35 h-n

G5 21.61 g 602.81 a-n G64 97.51 d-g 881.05 a-e

G7-1 17.86 g 195.70 n G66 135.37 d-g 664.94 a-n

G7-2 36.59 f-g 577.49 a-n G68 93.63 d-g 710.66 a-l

G8 56.65 f-g 623.94 a-n G69 91.72 d-g 832.87 a-g

G11-2 68.21 f-g 359.62 g-n G73 73.91 e-g 614.40 a-n

G12 60.08 f-g 629.41 a-n G80 83.94 d-g 535.15 b-n

G15 56.65 f-g 309.10 h-n G88 98.29 d-g 909.40 a-d

G16 71.24 f-g 550.80 a-n G 91 787.09 a 803.33 a-h

G20 29.85 f-g 447.87 c-n G98 62.63 f-g 390.62 e-n

G21 112.46 d-g 911.33 a-d G109 187.92 d-g 234.03 j-n

G22-1 56.99 f-g 771.72 a-i G113 647.20 a-c 650.18 a-n

G22-2 99.72 d-g 717.42 a-k G114 148.56 d-g 846.43 a-g

G23 138.03 d-g 576.27 a-n G119 16.40 g 256.58 j-n

G33 118.40 d-g 924.00 a-d G122 17.96 g 259.48 f-n

G35-1 533.02 a-d 873.33 a-e G125 194.27 c-g 931.72 a-c

G36 365.84 a-g 733.64 a-j G127 218.48 b-g 680.29 a-n

G39 75.45 d-g 523.16 b-n G128 709.66 a 777.40 a-i

G40-1 112.45 d-g 513.52 b-n G134 68.40 f-g 367.97 f-n

G40-2 480.24 a-f 603.20 a-n G138 65.12 f-g 687.39 a-n

G42 21.36 g 540.06 b-n G144 56.95 f-g 365.42 f-n

G43-1 23.43 f-g 195.70 m-n G146 101.53 d-g 918.53 a-d

G43-2 40.42 f-g 293.71 i-n G147 68.57 f-g 707.56 a-m

G43-3 14.57 g 278.53 i-n G148 72.03 e-g 712.11 a-l

G45-1 41.22 f-g 282.92 i-n G152 69.75 f-g 641.72 a-n

G45-2 31.27 f-g 216.55 l-n G154 64.04 f-g 616.44 a-n

G47 245.93 b-g 607.46 a-n G161 441.74 a-g 889.53 a-e

G49 27.94 f-g 159.40 k-n G173 140.75 d-g 359.87 g-n

G53 80.59 d-g 496.69 b-n G177-1 529.69 a-e 427.91 d-n

G55 58.52 f-g 662.65 a-n G179 84.49 d-g 456.90 c-n

Karabey 116.02 d-g 540.12 b-n

P>0.01
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Table 2. The ratio of root length per diameter class values (D>1 mm) of eggplant genotypes infected with F. oxysporum
               f. sp. melongenae and non-infected (control) plants (%).

Genotype Infected Plant Control Genotype Infected Plant Control

G1 87.15 a-e 85.46 a-j G56 78.57 d-m 83.90 a-j

G2 77.09 e-n 70.02 i-j G58 75.25 f-o 88.11 a-h

G4-1 78.55 d-m 92.98 a-e G61 80.99 b-k 83.43 a-j

G4-2 77.61 e-n 78.54 c-j G63 76.99 e-n 92.47 a-f

G5 80.35 b-l 92.22 a-f G64 76.76 e-n 94.74 a-c

G7-1 66.26 n-p 80.02 b-j G66 72.52 h-p 81.84 b-j

G7-2 71.35 j-p 82.85 a-j G68 76.47 e-o 91.27 a-g

G8 80.44 b-l 84.83 a-j G69 73.17 h-p 74.27 g-j

G11-2 73.72 g-o 75.34 f-j G73 79.26 b-m 94.16 a-d

G12 76.18 e-o 88.84 a-h G80 79.88 b-l 83.12 a-j

G15 72.95 h-p 86.08 a-j G88 71.82 j-p 79.34 c-j

G16 71.52 j-p 87.83 a-h G 91 93.69 a 88.78 a-h

G20 67.79 m-p 88.24 a-h G98 82.09 a-k 89.09 a-h

G21 84.13 a-h 85.25 a-j G109 75.24 f-o 84.31 a-j

G22-1 72.08 j-p 81.12 b-j G113 80.19 b-l 77.37 c-j

G22-2 85.21 a-g 94.72 a-c G114 71.03 j-p 96.96 a-b

G23 75.74 e-o 75.25 f-j G119 70.43 k-p 84.35 a-j

G33 74.54 f-o 77.47 c-j G122 81.82 b-k 76.90 d-j

G35-1 82.34 a-j 85.83 a-j G125 75.35 f-o 78.21 c-j

G36 79.29 b-m 79.82 b-j G127 72.27 i-p 69.07 j

G39 77.39 e-n 77.91 c-j G128 83.94 a-i 78.88 c-j

G40-1 67.87 m-p 82.94 a-j G134 86.24 a-f 75.64 e-j

G40-2 79.41 b-m 74.37 g-j G138 81.43 b-k 85.31 a-j

G42 75.52 e-o 78.69 c-j G144 87.15 a-d 84.77 a-j

G43-1 73.71 g-o 84.44 a-j G146 80.58 b-l 87.12 a-i

G43-2 64.92 o-p 82.68 a-j G147 79.13 c-m 89.07 a-h

G43-3 45.89 q 70.05 i-j G148 79.41 b-m 92.01 a-f

G45-1 73.59 g-o 85.59 a-j G152 80.32 b-l 100.00 a

G45-2 61.86 o-p 71.98 h-j G154 72.55 h-p 88.87 a-h

G47 77.92 e-n 77.88 c-j G161 90.84 a-b 87.01 a-i

G49 69.15 l-p 80.49 a-j G173 80.05 b-l 88.00 a-h

G53 80.05 b-l 86.94 a-i G177-1 80.28 b-l 84.59 a-j

G55 73.57 g-o 85.55 a-j G179 74.40 g-o 82.86 a-j

Karabey 90.84 a-c 94.42 a-d

P>0.01
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Table 3. The ratio of root length per diameter class values (1 mm≤D≤ 2 mm) of eggplant genotypes infected with 
               F. oxysporum f. sp. melongenae and non-infected (control) plants (%).

Genotype Infected Plant Control Genotype Infected Plant Control

G1 6.68 p-t 10.42 a-f G56 8.64 j-t 10.27 a-f

G2 11.13 d-r 16.09 a-b G58 9.85 d-s 7.13 b-g

G4-1 7.19 o-t 4.41 e-g G61 7.76 k-t 9.15 a-g

G4-2 13.60 a-k 10.85 a-f G63 10.04 d-r 3.35 f-g

G5 8.94 h-t 5.93 c-g G64 12.52 a-p 2.40 f-g

G7-1 14.33 a-j 14.44 a-c G66 12.25 b-q 9.22 a-g

G7-2 7.51 k-t 8.27 a-g G68 9.76 d-s 7.32 b-g

G8 8.64 i-t 10.30 a-f G69 14.97 a-h 14.14 a-d

G11-2 13.21 a-o 13.55a-e G73 9.94 d-r 5.81 c-g

G12 12.01 c-q 9.47 a-g G80 12.19 b-q 13.61 a-e

G15 11.99 c-q 6.98  b-g G88 18.43 a 12.96 a-e

G16 15.69 a-d 6.75 b-g G 91 9.42 f-s 18.17 a-b

G20 12.79 a-o 7.44 b-g G98 8.73 i-t 10.90 a-f

G21 9.33 f-s 8.34 a-g G109 13.31 a-n 10.75 a-f

G22-1 14.06 a-j 8.83 a-g G113 9.49 e-s 10.09 a-f

G22-2 7.46 l-t 4.87 d-g G114 14.94 a-h 3.03 f-g

G23 15.59 a-e 13.49 a-e G119 10.35 d-r 14.73 a-c

G33 14.89 a-h 11.19 a-f G122 9.76 d-s 15.70 a-b

G35-1 7.40 m-t 9..15 a-g G125 13.48 a-m 10.15 a-f

G36 13.53 a-l 9.00 a-g G127 15.02 a-g 14.72 a-c

G39 8.94 g-t 10.87 a-f G128 9.13 g-t 13.39 a-e

G40-1 4.57 e-g 11.54 a-f G134 6.36 q-t 12.98 a-e

G40-2 3.13 t 11.76 a-f G138 9.21 f-t 8.50 a-g

G42 17.66 a-c 14.43 a-c G144 3.82 s-t 9.77 a-f

G43-1 12.57 a-p 13.33 a-e G146 10.58 d-r 6.63 b-g

G43-2 14.73 a-i 10.95 a-f G147 7.26 n-t 8.11 a-g

G43-3 8.68 i-t 15.78 a-b G148 8.30 j-t 7.81 b-g

G45-1 14.03 a-j 8.25 a-g G152 7.59 k-t 0.00 g

G45-2 15.31 a-f 17.54 a G154 10.85 d-r 6.06 c-g

G47 12.82 a-o 10.27 a-f G161 5.57 r-t 9.26 a-g

G49 11.24 d-r 12.43 a-f G173 10.65 d-r 10.01 a-f

G53 7.89 k-t 7.58 b-g G177-1 11.20 d-r 9.19 a-g

G55 10.29 d-r 6.98 b-g G179 11.16 d-r 8.19 a-g

Karabey 5.38 r-t 2.72 f-g

P>0.01
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Table 4. The ratio of root length per diameter class values(D>2 mm) of eggplant genotypes infected with F. oxysporum 
              f. sp. melongenae and non-infected (control) plants (%).

Genotype Infected Plant Control Genotype Infected Plant Control

G1 6.16 i-l 4.11 b-j G56 13.02 c-k 5.82 a-j

G2 11.76 c-l 13.88 a-c G58 14.89 b-i 4.75 b-j

G4-1 14.25 b-i 2.60 d-j G61 11.23 d-l 7.40 a-j

G4-2 8.77 g-l 10.60 a-h G63 12.96 c-k 4.16 b-j

G5 10.74 d-l 1.84 e-f G64 10.71 d-l 2.85 d-j

G7-1 19.39 b-e 5.52 b-j G66 15.21 b-i 8.93 a-j

G7-2 21.13 b-c 8.86 a-j G68 13.76 b-j 1.40 f-j

G8 10.91 d-l 4.85 b-j G69 11.85 c-l 11.57 a-f

G11-2 13.05 c-k 11.10 a-g G73 10.78 d-l 0.01 j

G12 11.79 c-l 1.68 e-j G80 7.91 g-l 3.25 d-j

G15 15.05 b-i 6.92 a-j G88 9.73 f-l 7.69 a-j

G16 12.78 c-l 5.41 b-j G 91 13.95 b-i 6.63 a-j

G20 19.40 b-e 4.30 b-j G98 9.17 g-l 0.00 j

G21 6.53 h-l 6.39 a-j G109 11.44 d-l 4.93 b-j

G22-1 13.85 b-j 10.04 a-j G113 10.31 e-l 12.52 a-d

G22-2 7.32 g-l 0.39 h-j G114 14.01 b-i 0.00 j

G23 8.65 g-l 11.24 a-g G119 19.20 b-f 0.90 g-j

G33 10.55 e-l 11.32 a-g G122 8.41 g-l 7.38 a-j

G35-1 10.25 e-l 5.00 b-j G125 11.15 d-l 11.62 a-f

G36 7.16 g-l 11.16 a-g G127 12.69 c-l 16.20 a

G39 13.65 b-j 11.20 a-g G128 6.91 h-l 7.72 a-j

G40-1 11.16 d-l 5.50 b-j G134 7.39 g-l 11.37 a-f

G40-2 3.16 l 13.86 a-c G138 9.34 g-l 6.18 a-j

G42 6.80 h-l 6.87 a-j G144 6.09 i-l 5.45 b-j

G43-1 13.70 b-j 2.22 d-j G146 8.82 g-l 6.24 a-j

G43-2 20.34 b-d 6.35 a-j G147 13.60 b-j 2.80 d-j

G43-3 45.42 a 14.15 a-b G148 12.28 c-l 0.17 i-j

G45-1 12.36 c-l 6.14 a-j G152 12.08 c-l 0.00 j

G45-2 22.82 b 10.47 a-i G154 16.58 b-g 5.05 b-j

G47 9.25 g-l 11.83 a-e G161 3.57 k-l 3.71 c-j

G49 19.59 b-e 7.06 a-j G173 9.28 g-l 1.97 e-j

G53 12.05 c-l 5.46 b-j G177-1 8.51 g-l 6.20 a-j

G55 16.12 b-h 7.46 a-j G179 14.43 b-i 8.94 a-j

Karabey 4.23 j-l 2.84 d-j

P>0.01
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Table 5. Average root diameter values (mm) of eggplant genotypes infected and non-infected (control) plants by 
               F. oxysporum f. sp. melongenae.

Genotype Infected Plant Control Genotype Infected Plant Control

G1 0.83 b-d 2.20 b-h G56 1.47 a-d 1.70 c-h

G2 1.82 a-d 2.00 c-h G58 1.54 a-d 1.82 c-h

G4-1 1.44 a-d 1.53 f-h G61 1.48 a-d 1.46 g-h

G4-2 1.18 a-d 1.74 c-h G63 1.45 a-d 4.34 a-b

G5 0.80 b-d 1.87 c-h G64 1.35 a-d 2.10 b-h

G7-1 1.12 a-d 3.95 a-c G66 1.67 a-d 1.98 c-h

G7-2 2.06 a-b 1.29 h G68 1.29 a-d 2.25 b-h

G8 1.38 a-d 1.27 h G69 1.80 a-d 1.57 e-h

G11-2 1.24 a-d 1.67 d-h G73 1.48 a-d 2.99 b-h

G12 1.10 a-d 2.27 b-h G80 0.98 a-d 3.19 b-h

G15 1.63 a-d 3.31 b-h G88 1.29 a-d 2.32 b-h

G16 1.31 a-d 2.20 b-h G 91 1.44 a-d 2.42 b-h

G20 1.22 a-d 2.54 b-h G98 0.96 a-d 3.02 b-h

G21 1.09 a-d 1.50 f-h G109 1.50 a-d 3.66 a-g

G22-1 1.80 a-d 1.60 d-h G113 2.05 a-b 2.39 b-h

G22-2 0.89 b-d 2.04 c-h G114 1.21 a-d 2.37 b-h

G23 1.26 a-d 1.44 g-h G119 1.29 a-d 2.54 b-h

G33 1.31 a-d 2.11 b-h G122 0.84 b-d 3.55 b-g

G35-1 1.86 a-c 2.21 b-h G125 1.17 a-d 1.67 d-h

G36 1.08 a-d 1.49 f-h G127 1.46 a-d 2.05 c-h

G39 1.58 a-d 1.54 f-h G128 1.49 a-d 1.88 c-h

G40-1 1.87 a-c 2.87 b-h G134 0.89 b-d 2.38 b-h

G40-2 1.79 a-d 2.19 b-h G138 0.85 b-d 1.86 c-h

G42 0.76 c-d 2.00 c-h G144 0.60 d 1.99 c-h

G43-1 1.50 a-d 3.10 b-h G146 1.07 a-d 2.58 b-h

G43-2 1.31 a-d 2.27 b-h G147 1.11 a-d 2.07 c-h

G43-3 1.85 a-d 2.55 b-h G148 1.02 a-d 2.61 b-h

G45-1 1.24 a-d 3.82 a-d G152 1.09 a-d 5.87 a

G45-2 1.39 a-d 2.93 b-h G154 1.37 a-d 3.72 a-f

G47 1.07 a-d 1.88 c-h G161 1.66 a-d 1.99 c-h

G49 1.27 a-d 4.06 a-e G177-1 2.17 a 2.40 b-h

G53 1..64 a-d 1.62 d-h G179 1.25 a-d 1.84 c-h

G55 1.82 a-d 2.50 b-h G173 1.15 a-d 2.47 b-h

Karabey 0.86 b-d 2.85 b-h

P>0.01
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Table 6. Root surface area values (cm2) of eggplant genotypes infected and non-infected (control) plants by F. oxysporum 
               f. sp. melongenae.

Genotype Infected Plant Control Genotype Infected Plant Control

G1 38.36 f-g 367.72 b-h G56 32.66 f-g 403.31 b-h

G2 389.89 a-c 164.23 h G58 28.91 f-g 499.92 b-h

G4-1 25.39 f-g 556.88 b-h G61 24.27 f-g 210.07 e-h

G4-2 25.62 f-g 548.21 b-h G63 29.31 f-g 468.15 b-h

G5 5.50 g 351.50 b-h G64 38.55 f.g 620.33 b-f

G7-1 6.17 g 237.41 d-h G66 73.11 d-g 444.40 b-h

G7-2 21.92 f-g 233.48 d-h G68 38.32 f-g 497.17 b-h

G8 24.96 f-g 239.69 c-h G69 36.68 f-g 407.49 b-h

G11-2 28.24 f-g 188.26 g-h G73 32.17 f-g 577.40 b-h

G12 20.82 f-g 447.62 b-h G80 26.47 f-g 537.56 b-h

G15 28.66 f-g 322.29 b-h G88 41.76 f-g 639.60 b-d

G16 27.99 f-g 410.81 b-h G 91 457.53a 641.84 b-d

G20 10.99 g 379.93 b-h G98 18.86 f-g 371.06 b-h

G21 37.97 f-g 431.34 b-h G109 90.48 d-g 268.42 c-h

G22-1 31.63 f-g 399.52 b-h G113 415.72 ab 455.18 b-h

G22-2 26.94 f-g 461.80 b-h G114 58.54 f-g 630.25 b-e

G23 54.85 f-g 264.13 c-h G119 6.71 g 207.21 e-h

G33 48.30 f-g 616.93 b-f G122 5.24 g 235.47 d-h

G35-1 307.02 a-f 610.25 b-g G125 70.75 e-g 475.96 b-h

G36 136.67 b-g 348.63 b-h G127 99.85 c-g 421.69 b-h

G39 36.90 f-g 255.22 c-h G128 367.50 a-d 446.91 b-h

G40-1 54.56 f-g 431.97 b-h G134 21.21 f-g 275.20 c-h

G40-2 291.79 a-g 379.09 b-h G138 17.56 f-g 390.83 b-h

G42 5.20 g 329.95 b-h G144 11.08 g 228.11 d-h

G43-1 12.07 f-g 201.65 f-h G146 34.16 f-g 743.79 a-b

G43-2 16.43 f-g 209.91 e-h G147 23.52 f-g 461.58 b-h

G43-3 6.79 g 219.76 d-h G148 24.25 f-g 572.43 b-h

G45-1 16.59 f-g 361.21 b-h G152 24.15 f-g 1142.59 a

G45-2 13.70 f-g 196.45 f-h G154 26.33 f-g 664.75 b-c

G47 82.94 d-g 354.78 b-h G161 288.40 a-g 556.88 b-h

G49 11-31 g 212.83 c-h G173 51.16 f-g 276.50 c-h

G53 39.14 f-g 253.57 c-h G177-1 357.97 a-e 371.51 b-h

G55 33.70 f-g 501.61 b-h G179 33.56 f-g 267.37 c-h

Karabey 31.62 f-g 498.40 b-h

P>0.01
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Table 7. Total root volume values (cm3) of eggplant genotypes infected and non-infected (control) plants by 
               F. oxysporum f. sp. melongenae.

Genotype Infected 
Plant Control Root Change

(%) Genotype Infected 
Plant Control Root Change

(%)
G1 0.80 f-i 20.27 m-u 96.01 a-e G56 1.21e-i 28.79 g-n 94.64 a-f

G2 1.94 e-i 8.14 u-v 75.29 k G58 1.19 e-i 23.19 k-s 93.57 a-h

G4-1 0.91 f-i 44.04 c-f 97.92 a-e G61 0.89 f-i 7.71 u-v 88.55 c-j

G4-2 0.80 f-i 24.78 j-r 96.85 a-e G63 1.04 e-i 44.05 c-f 97.63 a-e

G5 0.11 i 26.97 i-q 99.58 a G64 1.22 e-i 37.07 e-j 95.87 a-e

G7-1 0.17 i 23.57 k-s 99.23 a G66 3.25 e-g 41.06 d-g 92.06 a-i

G7-2 1.12 e-i 7.50 v 84.78 g-k G68 1.24 e-i 27.86 h-p 95.53 a-e

G8 0.89 f-i 7.41 v 88.36 d-j G69 1.38 e-i 15.90 o-v 91.68 a-i

G11-2 0.93 f-i 7.86 u-v 88.22 e-j G73 1.16 e-i 43.18 c-f 97.30 a-e

G12 0.61 g-i 24.05 k-s 97.56 a-e G80 0.66 g-i 42.97 c-f 98.42 a-b

G15 1.16 e-i 59.79 a-b 98.05 a-d G88 1.46 e-i 37.95 e-i 95.85 a-e

G16 0.91 f-i 42.57 c-f 97.84 a-e G 91 14.27 d 24.17 k-s 41.29 l-m

G20 0.32 h-i 26.62 i-q 98.06 a-d G98 0.45 h-i 28.04 h-o 98.37 a-b

G21 1.03 e-i 16.24 n-v 93.07 a-h G109 3.48 e-f 24.83 j-r 85.52 f-j

G22-1 1.41 e-i 23.70 k-s 94.33 a-g G113 21.45 b 41.21 d-g 47.94 l

G22-2 1.05 e-i 42.10 d-f 97.56 a-e G114 0.17 i 37.38 e-j 95.08 a-f

G23 1.73 e-i 9.64 t-v 81.00 j-k G119 0.22 i 13.39 r-v 98.31 a-b

G33 1.42 e-i 15.97 o-v 90.15 a-j G122 0.12 i 21.28 l-t 99.25 a

G35-1 1.57 e-i 34.11 f-k 95.49 a-e G125 2.08 e-i 19.67 m-v 89.31 b-j

G36 1.21 e-1 12.11 r-v 90.68 a-j G127 3.66 e 23.19 k-s 84.13 h-k

G39 1.50 e-i 9.91 t-v 83.31 i-k G128 26.22 a 40.93 d-g 34.80 m-n

G40-1 1.41 e-i 31.66 f-m 95.13 a-f G134 0.59 g-i 16.37 n-v 96.34 a-e

G40-2 2.04 e-i 55.49 b-d 96.01 a-e G138 0.38 h-i 15.17 p-v 97.48 a-e

G42 0.10 i 16.38 n-v 99.37 a G144 0.17 i 10.35 t-v 98.52 a-b

G43-1 0.51 h-i 16.01 o-v 96.08 a-e G146 0.92 f-i 40.32 e-h 97.12 a-e

G43-2 0.56 g-i 11.43 s-v 94.74 a-f G147 0.66 g-i 23.98 k-s 97.24 a-e

G43-3 0.27 h-1 14.24 q-v 98.00 a-d G148 0.67 g-i 37.06 e-j 98.16 a-c

G45-1 0.59 g-i 9.10 t-v 93.46 a-h G152 0.66 g-i 66.71  a 98.78 a-b

G45-2 0.47 h-i 14.66 q-v 96.46 a-e G154 0.87 f-i 47.41 b-e 98.08 a-c

G47 0.61 g-i 16.60 n-v 96.04 a-e G161 2.94 e-h 34.08 f-k 90.88 a-i

G49 0.38 h-i 15.81 o-v 97.56 a-e G173 1.16 e-i 14.43 q-v 26.59 n

G53 1.55 e-i 10.35 t-v 84.74 g-k G177-1 17.12 c 23.30 k-s 91.154 a-i

G55 1.57 e-i 33.36 f-l 94.55 a-f G179 1.06 e-i 14.32 q-v 92.69 a-i

Karabey 1.71 e-i 55.14 a-c 96.88 a-e

P>0.01
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Table 8. Root dry weight values (g) of eggplant genotypes infected and non-infected (control) plants by F. oxysporum 
               f. sp. melongenae.

Genotype Infected Plant Control Genotype Infected Plant Control

G1 0.06 d-h 0.68 c-k G56 0.06 d-h 0.37 r-x

G2 0.03 d-h 0.35 s-x G58 0.05 d-h 0.95 a-b

G4-1 0.07 d-h 0.24 u-y G61 0.06 d-h 0.61 v-y

G4-2 0.05 d-h 0.76 c-g G63 0.06 d-h 0.21 w-y

G5 0.09 c-d 0.35 s-x G64 0.05 d-h 0.32 t-x

G7-1 0.03 d-h 0.51 k-s G66 0.05 d-h 0.20 x-y

G7-2 0.06 d-h 0.21 w-y G68 0.05 d-h 0.54 i-r

G8 0.05 d-h 0.23 u-y G69 0.01 f-h 1.08 a

G11-2 0.04 d-h 0.40 o-u G73 0.05 d-h 0.62 d-m

G12 0.05 d-h 0.61 d-m G80 0.03 d-h 0.70 c-i

G15 0.03 d-h 0.58 g-n G88 0.03 d-h 0.59 f-n

G16 0.04 d-h 0.45 m-t G 91 0.33 b 0.29 t-x

G20 0.06 d-h 0.35 s-x G98 0.05 d-h 0.96 a-b

G21 0.04 d-h 0.24 u-y G109 0.14 c 0.82 b-c

G22-1 0.03 d-h 0.32 t-x G113 0.39 b 0.69 c-j

G22-2 0.06 d-h 0.55 i-q G114 0.06 d-h 0.68 c-l

G23 0.05 d-h 0.24 u-y G119 0.01 g-h 0.74 c-h

G33 0.05 d-h 0.11 y G122 0.04 d-h 0.44 m-t

G35-1 0.06 d-h 0.38 q-w G125 0.07 d-f 0.32 t-x

G36 0.06 d-h 0.35 s-x G127 0.08 c-e 0.44 m-t

G39 0.05 d-h 0.23 u-y G128 0.35 b 0.61 d-n

G40-1 0.07 d-h 0.10 y G134 0.04 d-h 0.77 c-f

G40-2 0.08 d-f 0.32 t-x G138 0.04 d-h 0.57 h-p

G42 0.07 d-h 0.77 c-f G144 0.01 h 0.74 c-h

G43-1 0.02 e-h 0.78 b-e G146 0.03 d-h 0.50 l-s

G43-2 0.02 e-h 0.51 k-s G147 0.05 d-h 0.31 t-x

G43-3 0.02 e-h 0.40 p-v G148 0.08 d-e 0.52 j-s

G45-1 0.06 d-h 0.58 h-o G152 0.07 d-g 0.35 s-x

G45-2 0.04 d-h 0.54 i-r G154 0.03 d-h 0.46 m-t

G47 0.02 e-h 0.30 t-x G161 0.08 d-e 0.80 b-c

G49 0.01 g-h 0.74 c-h G177-1 0.79 a 0.79 b-d

G53 0.06 d-h 0.23 u-y G179 0.05 d-h 0.61 e-n

G55 0.04 d-h 0.32 t-x G173 0.06 d-h 0.30 t-x

Karabey 0.07 d-h 0.53 i-r

P>0.01
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Table 9. Root dry weight changes values (%) of eggplant genotypes infected and non-infected (control) 
               plants by F. oxysporum f. sp. melongenae.

Genotype Root dry weight changes
(%) Genotype Root dry weight changes

(%)
G1 89.51 a-g G56 81.08 d-l

G2 89.47 a-g G58 94.45 a-d

G4-1 71.00 l G61 73.30 i-l

G4-2 92.54 a-d G63 71.40 k-l

G5 73.33 i-l G64 81.00 d-l

G7-1 92.54 a-d G66 71.12 k-l

G7-2 71.51 k-l G68 90.91 a-e

G8 76.60 f-l G69 98.46 a

G11-2 88.20 a-h G73 85.25 a-k

G12 91.77 a-d G80 95.69 a-c

G15 93.94 a-d G88 94.45 a-d

G16 91.11 a-e G 91 13.27 o

G20 82.89 b-l G98 94.79 a-d

G21 83.59 b-l G109 82.13 c-l

G22-1 88.62 a-h G113 43.83 m-n

G22-2 89.06 a-g G114 90.19 a-f

G23 77.14 e-l G119 98.20 a

G33 49.84 m G122 90.23 a-f

G35-1 82.01 c-l G125 75.88 g-l

G36 82.60 c-l G127 81.25 d-l

G39 73.41 i-l G128 41.43 m-n

G40-1 32.70 n G134 94.37 a-d

G40-2 74.75 h-l G138 92.33 a-d

G42 90.47 a-f G144 98.62 a

G43-1 96.89 a-b G146 92.43 a-d

G43-2 96.00 a-c G147 82.07 c-l

G43-3 95.03 a-d G148 83.95  b-l

G45-1 89.65 a-g G152 76.90 e-l

G45-2 92.14 a-d G154 91.61 a-d

G47 91.44 a-d G161 89.46 a-g

G49 98.19 a G177-1 69.94 l

G53 71.63 j-l G179 2 .86 o

G55 85.81 a-j G173 89.85 a-g

Karabey 86.98 a-i

P>0.01
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Table 10.Correlation relationship between root structures and disease severity of eggplant genotypes.
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Disease severity -0.49** -0.49** -0.20 -0.53** -0.20 0.11 0.18 -0.38 0.38 0.25

Root length (cm) 0.97** 0.35 0.58** 0.35 -0.22 -0.30 0.49** -0.54** -0.42**

Root surface area 
(cm2) 0.47** 0.59** 0.33 -0.25 -0.26 0.52** -0.55** -0.45**

Average root 
diameter (mm) 0.32 -0.35 0.05 0.39 0.29 -0.37 -0.33

Root 
volume(cm3) 0.13 -0.05 -0.13 0.77** -0.91** -0.65**

U< 0-1 -0.59** -0.88** 0.14 -0.10 -0.11

U: 1-2 0.12** -0.06 0.01 0.03

2 mm>U -0.14 0.11 0.11

Dry weight -0.79** -0.79**

Root dry weight 
% changes 0.72**

**P>0.01
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