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Introduction

Grapes (Vitis vinifera L.) belong to a group of temperate fruits, which have high nutritional qualities, and
many by-products are produced from different parts of their berries. The difference in quantity and quality
properties of different cultivars is an opportunity to screen grapes based on their desirable characteristics and
nutritional value. The morphological and yield traits of grapes usually vary depending on the cultivar, vineyard
climate, light, temperature, viticultural operations, nutrition, irrigation management, pests, disease control,
pruning, training practices, and crop load. Since the study of the nutrients state can be a real criterion for
evaluating the growth and yield of the plant, therefore, the present study was carried out to evaluate and compare
the growth, yield and concentration of macro and micro nutrients elements in the leaves of 12 commercial
varieties of grapes in the climatic conditions of Saman region located in Chaharmahal Bakhtiari province, Iran.

Materials and Methods

The present study was conducted with the aim of investigating the morphological and pomological
characteristics of 12 grape varieties in the grape collection garden of Chaharmahal province and Bakhtiari of
Saman region in the base of a randomized complete block design with three replications. Saman region is located
at 32.19° latitude, 50.51° longitude and 2060 meters above sea level. The studied area is a temperate
mountainous region with an average temperature of 12.8°C and an average annual rainfall of 243 mm. The
absolute maximum and absolute minimum temperature in the investigated garden are 42 and -32°C, respectively.
In this research, three-year-old plants of Bidaneh-Ghermez, Flame, Perlette, Kashmiri 1, Shahroudi, Yaghouti,
Kashmiri 2, Nasrallah daei's Asgari, Rish baba, Siahe-Mahali, Asgari, Siahe-Hasnabad were studied. In the fruit
ripening stage, morphological traits, fruit yield and the concentration of nutrients in the leaves of the studied
cultivars were measured in two growing seasons of 1400-1401 and 1402-1401.

Results and Discussion
Having precise selection power among plants is necessary for breeding and production of new varieties,
which depends on the identification of existing varieties and their diversity. In the present study most of the traits
showed significant variations among the studied cultivars. The results revealed significant differences among the
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studied cultivars in terms of growth characteristics, including stem diameter, current season shoot length, number
and spacing of internodes, and leaf surface area. Yield-related traits—such as cluster length, cluster width,
cluster weight, berry length, and berry width—were also significantly influenced by the grape cultivar. The
highest yield was observed in the Flame cultivar, producing 7.19 kg per plant. Based on the results, the evaluated
grape cultivars were significantly differed from each other in terms of the concentration of macro and micro
nutrient elements in the leaves. Correlation results showed that the leaf area, cluster characteristics, and the
concentration of nitrogen, phosphorus, potassium, magnesium, iron, manganese, zinc, and boron significantly
and positively correlated with the grape yield. Cluster analysis classified the studied grape cultivars into three
groups, which were in accordance with the results of principal components analysis. Based on the results of this
research, the cultivars Perlette, Flame, Bidaneh-Ghermez, Siahe-Hasnabad and Rish baba were superior to other
cultivars in terms of the evaluated traits, which can be investigated for further studies and breeding programs.
The amount of copper in the leaves of grape cultivars in the first year was higher than in the second year, and
Asgari Dai Nasrallah and Siah Mahali cultivars had the highest (7.60 mg.kg™ in leaf fresh weight) and the lowest
(4.28 mg.kg™) respectively. Kg.leaf fresh weight™) had copper content. The amount of manganese in the first
year was more than the second year and the different grape cultivars were significantly different from each other.
The highest amount of manganese was in Siahe-Hasnabad cultivars (95.92 mg.kg™ in leaf fresh weight) and
Philim (93.50 mg.kg? in leaf fresh weight) and the lowest amount in Kashmiri 2 variety (60.22 mg.kg*/leaf
fresh weight) was measured. In the present study, the amount of zinc element measured in the first year was
higher than the second year and it varied between 84.80 and 25.05 mg.kg* in leaf fresh weight among different
grape varieties. Fleim and Yaghuti cultivars had the highest and lowest amount of zinc element among the
studied cultivars. Boron is one of the elements influencing the quantitative and qualitative characteristics of
grapes, and the need for this element in grapes is more than other treasured fruit trees, and the presence of
optimal amounts of boron is necessary for the formation of fruit and the growth and development of pods.
Although the effect of the year on the boron content was not significant, its measured value was higher in the
second year than in the first year. The highest (38.22 mg.kg™ in leaf fresh weight) and the lowest (17.62 mg.kg™
in leaf fresh weight) boron content were recorded in Pearlet and Kashmiri 2 cultivars, respectively. The recorded
differencesin the concentration of nutrients in the leaves of different grape cultivars can be attributed to several
reasons: a) The ability to absorb nutrients may be different in the studied cultivars, so they act differently in the
transfer and distribution of nutrients. b) Difference in the amount of active hormones in the root. ¢) Some
nutrients are consumed in a larger amount by the roots, and as a result, the amount transferred to the branches
and leaves decreases. The difference in the consumption of nutrients in the roots of different grape cultivars
leads to the difference in the measured concentration of these elements in the leaves.

Conclusion
Significant differences were found among the 12 grape cultivars in terms of morphological, nutrient elements
and yield traits. These findings confirmed that growth and berry yield of grape can be affected mainly by the
cultivar-based genetic background. The results of this study can be used as a guide for selecting appropriate
cultivars for further breeding programs.
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Table 2- Growth traits of different grape cultivars in two studied years (2021 and 2022)

o &5 yhd WS LG Job 8,5 oyl dlani 8,5 5l alold S
Trunk diameter Cane shoot No. internode of  Internode length Leaf area (cm?)
Treatment (cm) length (cm) branch current (cm)
Jls
Year
2\;2\2 3.76+0.83 b* 112.12423.06 b 18.18+4.69 b 6.73+0.91 a 191.22451.64 b
2\;2; 5.07+0.95a 132.49+23.32 a 21.37+4.24 a 6.70+£0.88 a 301.57450.23 a
w5
Cultivar
o absd
. 4.77+0.87 bc 141.94+15.56 b 17.37+£1.90 de 7.09+0.04d 328.44456.36 a
‘Bidaneh-Ghermez’
b ld 4.55+0.79 bc 134.35+15.45 be 20.76+2.57 bc 6.18+0.05 f 328.59+66.63 a
Flame seedless
Peﬁgte 4.34+0.83 cd 176.44+17.77 a 19.78+3.43 cd 7.06+0.12d 286.41+60.14 ab
' ‘S’M K 3.35+0.79 de 117.31+14.11 cde 22.24+1.75 bc 5.72+0.06 h 238.1+62.37 bed
Kashmiri 1
529,213 . 5.46+0.84 ab 120.99+10.00 cd 26.39+1.51b 5.45+0.12 i 221.55+64.43 bed
Shahroudi
ol . 4.31+0.74 cd 117.63+19.31 cde 14.43+1.61 ef 7.89+0.11a 160.63+62.32 d
Yaghouti
v oot K 4.47+0.1 bc 87.03+11.89 f 15.84+1.85 ef 7.59+0.16 b 179.97+57.98 cd
Kashmiri 2
4111{@ Lﬁ.'b O 3.71+0.88 cde 124.83+13.06 hcd 16.12+1.97 eff 7.43+0.13 ¢ 259.64+64.26 abc
Asgari daei Nasrallah
PL' o 6.14+1.19a 115.49+10.42 cde 26.88+2.21a 5.42+0.09 i 243.4+64.35 bc
Rish-baba
‘L;lz,o al,w’
. . 3.79+0.79 cde 117.51+11.37 cde 20.15+2.87 bed 6.85+0.11 ¢ 237.66+60.47 bed
Siahe-Mabhali
:;:;‘:_ 3.26+0.71e 114.32+15.20 de 14.23+3.03 f 7.84+0.13 a 222.2+63.07 bed
i
U e ol 4.77+0.62 be 99.83+17.22 ef 23.13+2.91b 6.03+0.05 g 250.18+60.53 abc

Siahe-Hasnabad
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* Values followed by the same letter in each trait have no significant difference base on Duncan’s multiple range test (p<0.05)



PV 5 (od 50 ogmo (o leoalions 9 (S 5edgr 3ud SS9 3 (B3 2Lyl 0l oR 9 55085

adlas 390 JUo 93 3 1551 Cilitsen ol,1 5 1 43 paan g polic CLE —Y Jgun

Table 3- The concentration of macro elements in different grape cultivar leaf in two studied years

s G595 Hod ] oS’ o o
y Nitrogen Phosphorus Potassium Calcium Magnesium
Treatments (%) (%) (%) (g.kg™ FW) (kg™ FW)
Jle
Year
2\;2\2 2.04+0.44 a* 0.37+0.12b 1.70£0.22 a 1.49+0.23 a 1.07+0.43 a
2\;2; 2.08+0.45 a 0.39+0.13 a 1.66+0.23 a 1.50+0.23 a 1.03+0.42 b
w55
Cultivar
R 2.2240.21 cd 0.4420.07 cd 2.02£0.09 a 1.37+0.06 ef 1.50£0.06 ¢
Bidaneh-Ghermez
ol o 2.36+0.09 bc 0.58+0.07 a 1.85+0.04 bc 1.63+0.04 bc 1.62+0.07 b
Flame seedless
< 2.43+0.12b 0.5+0.03 b 1.84+0.06 bc 1.58+0.07 ¢ 1.90+0.07 a
Perlette
Vil 2.00£0.06 e 0.30£0.03 fg 1.44+0.07 fy 1.29+0.04 g 0.82+0.12 fg
Kashmiri 1
539,23 . 2.10+0.09 de 0.38+0.02 1.73+0.07d 1.33+0.05 fg 0.62+0.03 j
Shahroudi
ol . 1.71+0.11 f 0.22+0.02 hi 1.38+0.04 gh 1.43+0.06 d 0.70+0.05 hij
Yaghouti
v ‘S’MK 1.70+0.14 f 0.25+0.03 gh 1.34+0.12 h 1.30+£0.05 g 0.67%0.06 ij
Kashmiri 2
@1),_,,5 “ﬁ'lf R 1.65+0.20 fg 0.45+0.04 cd 1.78+0.05 cd 1.85+0.04 a 0.90+0.10 f
Asgari daei Nasrallah
.lfb‘ o 2.78+0.21 a 0.49+0.02 bc 1.82+0.07 bc 1.68+0.04 b 1.03+0.13 e
Rish-baba
. b ol . 1.59+0.10 fg 0.33+0.03 f 1.58+0.07 e 1.20+0.03 h 0.78+0.09 gh
Siahe-Mahali
Z;;;:i 1.51+0.16 g 0.19+0.03 i 1.51+0.10 ef 1.41+0.03 de 0.73+0.05 hi
U] e ol 2.65+0.18 a 0.40+0.05 de 1.91+0.07 b 1.90+0.07 a 1.35+0.07 d

Siahe-Hasnabad
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* Values followed by the same letter in each trait have no significant difference base on Duncan’s multiple range test (p<0.05)
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Table 4- The concentration of leaves micro elements of different grape cultivars in two studied years

" o2l ) P $95 I
o .
Treatments Iron Copper Manganese Zinc Boron
(mg.kg* FW) (mg.kg* FW) (mg.kgt FW) (mg.kg* FW) (mg.kg* FW)
Jle
Year
2‘;2‘2 163.42+61.30 a* 5.78+1.07 a 80.81+11.92 a 52.82+18.08 a 26.76+5.92 a
2\;2; 155.57457.83 b 5.68+1.06 b 78.13£11.88 b 51.05+17.65b 27.46+6.45 a
55
Cultivar
A by 192.8648.13 d 7.23+0.04 b 82.23+2.5 de 68.45+4.61 b 30.060.98 ¢
‘Bidaneh-Ghermez’
ol ol 250.1249.24 b 6.54+0.13 ¢ 93.50+2.50 ab 84.80+2.30 a 34.01+2.24 b
Flame seedless
< 153.50+3.83 ¢ 5.25+0.10 f 89.88+1.91 ¢ 71.80+2.36 b 38.22+3.47 a
Perlette
' ‘”MK 125.42+45.24 fg 4.92+0.09 gh 79.06+£3.33 ¢ 51.52+1.53d 24.83+1.66 d
Kashmiri 1
529,22 . 137.57+4.87 f 5.13+0.05 fg 91.27+3.19 bc 38.96+3.26 ¢ 28.21+1.30¢c
Shahroudi
Sl . 119.50+1.80 g 5.53+0.33 ¢ 71.11+£2.39 f 25.05+1.11¢ 19.91+1.39 ¢
Yaghouti
v d)wl; 123.84+4.43 fg 6.19+0.07 d 60.22+2.16 i 33.07+1.82f 17.62+0.81 f
Kashmiri 2
i s b ¢ )iws.’
o 112.58+8.41 gh 7.60+0.44 a 73.85+3.36 f 49.34+4.60d 25.53+0.83 d
Asgari daei Nasrallah
.L'L' o 229.9049.49 ¢ 4.75+0.13 hi 84.61+2.83 d 62.95+4.9 ¢ 32.95+2.20 b
Rish-baba
. e ol . 97.80+4.28 h 4.28+0.16 ) 64.20+4.33 h 42.37+2.41¢e 20.81+1.47 ¢
Siahe-Mahali
:;j&ari 102.54+6.15 h 4.69+0.22 i 67.74+2.05g 33.57+2.89 f 24.24+2.31d
ST o ol 268.28+39.68 a 6.70+0.11 ¢ 95.92+2.96 a 61.36£1.55¢ 28.96+1.02 ¢

Siahe-Hasnabad
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* Values followed by the same letter in each trait have no significant difference base on Duncan’s multiple range test (p<0.05)
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Table 5- Cluster traits of different grape cultivars in two studied years

s wigs Job Wlgd )¢ g 09 as Job 4> o8
y Cluster length Cluster width Cluster weight Berry length Berry width
Treatments
(mm) (mm) (9) (mm) (mm)
Jle
Year
2\;2\2 216.36+49.1 b* 109.8+17.80 a 151.12+40.24 b 18.48+3.99 a 14.49+2.76 a
2\;2; 228.4+48.63 a 112.99+18.49 a 180.12+35.81 a 18.44+40 a 14.44+2.68 a
55
Cultivar
. P e 258.18+9.77 bc 115.39+5.22 bc 186.12+26.31 b 13.5+0.44 h 11.89+0.78
‘Bidaneh-Ghermez’
ol ol 287.06+28.14 a 123.01+7.12 abc 229.66+14.76 a 15.55+0.39 g 15.72+0.22 ¢
Flame seedless
Peﬁgte 275.17+16.75 ab 131.03+6.32 a 235.23+23.19a 14.89+0.77 g 14.89+0.48 d
' ‘S’M K 228.25+11.44d 103.78+6.94 d 144.52+19.22 cde 19.77+£0.40d 11.99+0.37
Kashmiri 1
539,23 . 228.66+14.44 d 116.64+10.46 131.26+9.19 ¢ 20.95+0.79 ¢ 17.33+£0.22 b
Shahroudi
TS . 130.91+5.64 h 98.54+5.67 d 125.85+23.00 e 11.91+0.26 i 11.10+0.67 f
Yaghouti
v d’w K 169.09+14.14 g 64.17+8.19 ¢ 147.61+23.66 cde 20.52+0.42 ¢ 10.87+0.38 f
Kashmiri 2
w’”.aj d‘l.a SR 191.04+10.02 ef 120.15+5.73 bc 161.87+28.41 bed 18.62+0.29 e 14.12+0.12 d
Asgari daei Nasrallah
PL' ot 249.66+16.28 ¢ 123.7445.24 ab 178.85+32.10 b 25.87+1.31a 14.64+1.77 d
Rish baba
‘g\m al,w’
. . 200.52+16.63 e 104.5+9.30d 138.66+16.45 de 23.24+0.26 b 19.70+0.42 a
Siahe-Mahali
:;;““ari 178.37+11.51 fg 114.5+3.83 ¢ 136.24+15.01 de 17.01+0.10 f 14.11%0.31d
ST o ol 271.64+11.08 ab 121.28+5.68 bc 171.56+18.98 bc 19.69+1.02 d 17.20+£0.20 b

Siahe-Hasnabad

L)l (Sl glaselbais L‘)’oﬂ 31 oslawl b (pSOOS) S sime AME! sy By o b (sl oddidunlio 09,5 o Cuuo ja )d
* Values followed by the same letter in each trait have no significant difference base on Duncan’s multiple range test (p<0.05)
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Figure 1- The yield of different grape cultivars in two evaluated years 2021 and 2022 (DMRT, p<0.05)
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Figure 2- Cluster analysis (HCA) of grape cultivars based on evaluated traits
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Figure 3- Biplot of the principal component analysis (PCA) based on the assayed traits among the grape cultivars
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