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Introduction

Grapevine is a plant belonging to the genus Vitis and belonging to the Vitaceae family, as one of the most common
garden products in the world and in Iran. The high distribution of grapes in the world (Southern Europe, Asia Minor,
East Asia and North and Central America) may be due to its high level of biodiversity. Grapes are one of the most
important fruit products in Iran, which are very important for fresh consumption and raisins. With the production of about two
million tons of grapes, Iran ranks ninth in the world among the countries that produce this product. In this way, identifying the most
and most stable phenotypic traits in grapes is one of the main goals in evaluating the biodiversity of grapes. The unique aspect of
grape leaves in terms of morphological diversity is having significant diversity compared to other products. Recently, a high
heritability test for grape leaves has been carried out on a genetic basis based on leaf morphological characteristics. Identifying the
most and most stable phenotypic traits in grapes is one of the main goals in evaluating the biodiversity of grapes, and it is necessary
to conduct such studies with accurate biometric software. The purpose of this study is to investigate the diversity of leaf traits and to
identify grape varieties through leaf shape using image processing in a computer environment.

Materials and Methods

In this part of the research, 3 mature and healthy leaves from the middle parts of the one-year branches were taken non-
randomly and purposefully from 24 grape varieties that were identified from different orchards in Maragheh and the
suburbs. The samples were photographed on a white background. Then, it was photographed with a 12 mega pixel
camera using shadowless and coaxial light. The samples were photographed by special computer photography software
in size 768x1024 with 300 dpi resolution. Finally, using ImageJ software, 14 variables for each photo (leaf area, leaf
circumference, average red-green-blue color space (RGB), average intensity of red (R), average intensity of green (G),
average intensity of blue (B), length, width, color, roundness, left, right, top and bottom) morphometrics were obtained,
which were tested and analyzed in the next steps. The data obtained from the present study were analyzed using SPSS
var21.0 software based on a completely randomized design. Image J8.0 software was used to analyze the images. In the
first step, a simple analysis of variance was performed for the measured traits, and the average data was compared by

Duncan's multiple range test. Excel software was used to draw graphs.

Results and Discussion

The results of the variance analysis of agricultural traits data showed that the difference between genotypes was
significant among all traits, which indicates a high genetic diversity among the investigated genotypes. According to the
simple correlation between the studied traits, the highest correlation between x7 and x8 traits was obtained with a value
of 0.994 and the lowest correlation value between x5 and x14 traits or zero value was obtained. In the present study, the
results of grouping by cluster analysis were consistent with the results of analysis into principal components. The results
of this research showed that x9 variable (Hue) has a different discriminating power in terms of the separation of the
studied germplasm, and in other words, it can create a distinct grouping.
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Conclusions

In the results of this research, a large variety of changes among the genotypes or cultivars investigated in terms of the
measured traits was observed, which indicates the high genetic potential among the cultivars. According to the variance
analysis table of grape leaf traits, all traits were significant at the statistical probability level of 1%. The results of
analysis into components showed that the first four components have characteristic root values above one and in total
justify 95% of the changes in leaf morphometric data. Also, according to the grouping of studied genotypes, they have
different leaf morphometric characteristics and therefore they are placed in different groups. For example, G7 is
different from other genotypes and is placed in a separate group The grouping of the morphometric variables measured
in the leaves of the studied grape genotypes showed that the variable x9 (Hue) has different discriminating power in
terms of the separation of the studied germplasm, and in other words, it can create a distinct grouping.
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Table 1: Geographical location of studied grapes in Maragheh city and suburbs.

number Sampling sites Coordinates Altitude (m)

. 37°20'35.2"N

1 Khan Baghi 46°18'00.6"E 1516.9
. 37°20'35.9"N

2 Mesgar Baghi 46°18'11.6"E 1522.9
. . 37°20'28.1"N

Haj Hasan Baghi 46°17'56.1"E 1504.2

4 Haj Karam Baghi 37°20'22.4"N 46°18'39.6"E 1535.0

5 Haj Ganbar Baghi 37°20'23.9"N 46°18'14.6"E 1523.6
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Table 2: List of grape genotypes used in this study with the sampling locations.

Number Cultivar name leaf shape Number Cultivar name leaf shape
Gl Razegi * G13 Shani Germez *
G2 Shampain * G14 Sahebi Sefid *
G3 Paykami2 * G15 Sahebi Germez *
G4 Paykamil * G16 Asgari *
G5 Paykami3 * G17 Ghora Shirin Sefid *
G6 Tolughi * Gi8 ngr:‘e shirin *
G7 Jeghjegheh * G19 Fakhri *
c8 g;‘?gynil * G20 Gara uzum *
G9 Hosayni2 Sefid * G21 Gezil uzum *
G10 Hosaini Germez * G22 Keshmeshi Sefid *
G11 Kkhalili * G23 Keshmesh! *
G12 Dalak uzomi * G24 Garmian *
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Table 3: Analysis of leaf morphometric variance in studied grape germplasm

Source of variation MS

df x1 X2 x3 x4 x5 X6 X7
Genotype 23 4.26E+12™ 59358525 0.005™ 0.01™ 0.01™ 0.003™ 1104968™
Error 583 1.744E+11 2112317 0 0 0 0 44464

MS

df x8 X9 x10 x11 x12 x13 x14
Genotype 23 922766™ 1287 0.09™ 242267 246078™ 427391™ 217172™
Error 583 38790 16 0.002 14911 13072 25903 14959

# %% and, ns respectively indicate significance at the statistical probability level of 1 percent, 5 percent and non-

significance X1 Area . x2 Perimeter . x3 Avg. Intensity . x4 (Red - Avg. Intensity . X5 Green - Avg. Intensity
G x6 Blue - Avg. Intensity B x7 .Length . x8 Width . x9 Hue . x10. Roundness . x11 .Left . x12 [Right . x13.
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Table 4: Simple correlation coefficient between leaf morphometric traits in studied grape germplasm

x1 X2 X3 x4 x5 X6 X7 x8 x9 x10 x11 x12 x13 x14
x1 -1
X2 -.80" 1
x3 -.222 -.187 -1
x4 -.230 -171 -.892" -1
X5 -.011 -072 -.846™ -.566™ -1
X6 -.482* -297 -791 -.680™ -.490" -1
X7 -.976™ -.880™ -.262 -.250 -.048 -.495" -1
X8 -.981" -.854™ -.250 -.253 -.018 -.496" -.992" -1
X9 -.077 045 - 417" - 776" -.035 -.182 -.065 -.087 -1
x10  -.169 -.691™ -.078 -.080 -.004 -172 -.301 -.242 -.033 -1
x11 ~ -.939™ -.827™ -.202 -.170 -.018 -.524™ 957" -.947™ -.031 -.263 -1
x12 ~ -.943" -.868" -.246 -.224 -.086 -412" -.962" ~.949"  _.050 -.330 -.866™ -1
x13 ~ -.8477 -.827" -.245 -.257 -.103 -.315 -.888"  -894™  -151 -.305 -781™ -.8757 -1
x14  -.894™ -.706™ -.225 -.203 -.000 -.524™ -.870™ -.869™ -.008 -.152 -.852" -.842™ -.616™ -1
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Table 5: Main components, attribute coefficients in each component and variance justified by each component

Variable PC1 PC2 PC3 PC4
x1 -0.358 0.098 -0.168 0.132
X2 -0.337 0.148 0.286 -0.16
X3 -0.161 0.504 -0.011 0.191
x4 -0.154 0.492 -0.196 -0.202
X5 -0.073 0.414 -0.01 0.57
X6 -0.222 0.345 0.33 0.077
X7 -0.37 0.094 -0.074 0.038
X8 -0.367 0.092 -0.107 0.093
X9 -0.064 -0.307 0.45 0.629
x10 0.123 -0.197 0.7 0.373
x11 -0.349 -0.119 0.168 -0.017
x12 -0.358 0.102 -0.024 -0.006
x13 -0.338 0.081 0.069 0.057
Eigenvalue -1.003 3.0619 1.1651 1.1217
Proportion -0.539 0.236 0.09 0.086
Cumulative -0.539 0.774 0.864 0.95

X1 Area . x2 Perimeter . x3 [Avg. Intensity . x4 Red - Avg. Intensity . x5 .Green - Avg. Intensity G x6 Blue - Avg.
Intensity B x7 .Length . x8 Width . x9 Hue . x10. Roundness . x11 .Left . x12 Right . x13. Top , x14. Bottom
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Fig. 1. Two-dimensional plot resulting from the first two components of principle component analysis using the

morphometric characteristics of grape leaves.
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Fig. 2: Grouping of studied grape genotypes based on leaf morphometric characteristics using UPGMA algorithm.
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