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Introduction

Top-working is one of the propagation and improvement techniques for fruit trees, which is also applied in
grapevines to enhance fruit quality, change cultivars, increase disease resistance, and improve adaptability to
climatic conditions. This method allows growers to graft new and desirable cultivars onto existing rootstocks
without removing old vines, enabling production in a short period. Therefore, in this research, conducted
between 2022 to 2024, the aim was to diversify the predominant grape (Vitis vinifera) cultivar (Bidaneh-sefid) in
Shazand, Markazi province, by grafting foreign cultivars onto mature rootstock in local grapevines (Bidaneh-
sefid).

Materials and Methods

The experiment was conducted as a split plot in a randomized complete block design with three replications.
The experimental treatments included the main plot assigned to two grafting methods (Hard-cleft grafting and
Green-cleft grafting) and the sub-plot assigned to six foreign-commercial grape varieties as scion (Turkmen-4,
Flame seedless, Rubi seedless, Perlette, Autumn King, Autumn Royal). In the first year, the percentage of
grafting success, scion growth (cm) and the percentage of damage caused by winter and late spring cold stress
were evaluated. Subsequently, in the third year, at the physiological mature stage of grape fruits, the interaction
effect scion and rootstocks on some quantitative (berry length: mm, berry diameter: mm, berry weight: g, cluster
length: cm, cluster width: cm, cluster weight: g and yield: kg.vine?) and qualitative (flavor index and total
soluble solids: TSS) traits of the fruit were evaluated. Afterwards, to analysis data, the normality test of the data
for all measured traits (except the percentage of damage caused by cold stress) was performed based on the
Kolmogorov-Smirnov test, then the variance analysis of the data was performed using the GLM procedure and
the comparison of means was performed using the least significant difference (LSD) test at a probability level of
P< 0.05 with SAS software. In order to compare the percentage of damage of scions caused by cold stress, the
ratio test and Fisher's z test statistic were used using SPSS ver. 28 software. Cluster analysis and grouping of
varieties were performed using the WARD method and using Euclidean distance for the first year data, simple
correlation coefficient between quantitative traits related to fruit, Principal Component Analysis (PCA) to
identify internal relationships between the studied varieties (rootstock and scions) and some measured traits in
the third year, followed by biplots drawn between the characteristics and varieties based on Stat Graphics
software version 11/1/16.
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Results and Discussion

Based on the results of analysis of variance, the simple effect of variety and the interaction effect of graft-
variety were significant (p<0.01) and non-significant, respectively, for all evaluated traits. On the other hand, the
simple effect of graft on all evaluated traits except fruit quality indices was significant (p<0.01). The highest
percentage of grafting success and one-year scion growth was obtained by the green-cleft grafting and hard-cleft
grafting methods, respectively. The results of the assessment of damage caused by winter cold and late spring
cold in the first year indicated greater sensitivity of vines grafted using the green-cleft grafting method compared
to the hard-cleft grafting method. On the other hand, vines grafted using the hard-cleft grafting method had the
highest values of yield components and fruit yield in the third year. Based on the grouping of varieties using the
Ward method and Euclidean distance, two cultivars, "Autumn Royal" and Turkman-4, achieved superior
positions compared to other varieties in terms of the evaluated traits in the first year. On the other hand, all
varieties evaluated as scion had acceptable values of total soluble solids (TSS) and fruit flavor index. Regardless
of the type of grafting method, due to the non-significant interaction effect of graft-variety on the measured traits
in the third year, the results of principal component analysis and biplot based on the first component (yield and
components correlated with yield including berry length, berry diameter, and berry weight) and the second
component (TSS and flavor index) showed that the varieties "Autumn Royal" and "Turkmen-4" were superior
compared to other varieties (scions and rootstock).

Conclusion

In summary, the results of the present study indicate that the cleft-grafting method, the selected time, and the
environmental conditions of the Shazand region were suitable for grape grafting. The two varieties "Autumn
Royal" and "Turkmen-4" can be introduced as appropriate candidates for grafting grapevines in the Shazand
region with the "Bidaneh-sefid" rootstock using either green or hard-cleft grafting methods due to the desired
economic performance. Besides, the "Turkmen-4" variety, due to its early maturity, and the "Autumn Royal"
variety, due to its late maturity, can be recommended for areas of the Markazi province with early autumn
rainfall and areas with long summers, respectively.
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Table 1- Analysis of variance for grafting success and scion growth of cultivars in the top-working by Cleft grafting on the
‘Bidaneh Sefid’ rootstock (2022)
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i) "
L0
|8 Y
W ol b ]
110 h : e .
100 | ) 1 "
L $
L]
11
» o & , » P
i g ' 4 g Cd »
< 5 s
.f, " 4 o f, o

W UraNng yecoon (%) C8aan growih (em)

Jol JUo 3 s aila o arly (5, 2 3951 )] Sigm Wl 9 Wigny Cuplidge dummlilo —£ JSUS
Figure 4- The grafting success and scion growth of grape cultivars on the ‘Bidaneh sefid’ rootstock in the first year (LSD,
P=0.05)



V0 Jurly oF oyl el (5509188 oo 5 pole) (SLEL pole 4y pi

Yy

G Gliee oy yidey oS Jb s 0l lis (slecuinud)l lawlgl
b s 103 g (S Sy als b Sis) @lus
—9) PB4 cuipa oley oy Slop g Aline) sloyu ]
(Y Jgds) caily olamsl ‘e’ o “ diw

Ayl o b 55 51 b Ojlud dopd dwslie mls
5 “Jhasesl w8y 9 &5 ob lis 7 el eluly eadsigy
1) 5 s ol ) jlud o)y S L F S
08) Cppomles Ojlud 1oy YV/0 L fedy’ 08y o (V Jgio)
w3l ()5S lh s Sllas lany 0)lae 5 Albians) (glopus (gl 4
0S5 5 “Jbasesl 68y 9 3 Ojlud ©ad K3 (sgw IS
(Y Jg2) 392 Byl 5 cglite (dlalasMe L6 5oy °F

oS Bpo lojw i 5l iU Oylud wopd oL s
Oylad cpyide oS ob ol Jol Jlo o ojlud cad e
JS3) Casl 039 jaw (glaiSnl bgyds (slan STy o xe
(0
0557 9 Jbasesl” v3) 99 45 3l (s b (o)) a5
9 VIO Cpa) oylud Gad e g dop pieS LY
Sllas 5l any (plopw (A5 Glgl) Ailine) (slopus | (LI (Al
B =¥ obd odgume ol o))V Gde 4 (g Sadli e

Glopw 51 Sl 4eSzn dole (60 ;3 womudw dsy0 —IY/F
2 B Slbes jlam ooy (AT (pe3) o)k oy

1

Cold stress datnage (")

o0

Green defl grafling

Hard deft grafting

Jol JWw 13 w9 (omid (1S Wigm 43 LS Wigm Lo g i 31 (ol O yld -0 IS
Figure 5- The cold stress damage on scions in Hard and Green -cleft grafting at the first year (LSD, p<0.05)
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Table 2- Percentage and severity of damage caused by winter and late spring cold stress to scions grafted on the ‘Bidaneh

sefid’ rootstock
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Royal
S pol oASLiS S Nign 125 oASiS S Nig 75 20P
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* Non-common letters in each column indicate significant differences based on Fisher's z test at the 1% probability level.
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Figure 6- Dendrogram of six grape cultivars grated on the ‘Bidaneh sefid’ rootstock based on the grafting success (%), scion
growth (cm) and damage caused by winter and late spring cold stress (%) at the first year using Ward clustering method
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Table 3- Three groups obtained from cluster analysis based on the grafting success, scion growth and damage caused by cold
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Trait Jol 09,5 P93 89,5 P 09,5
Group | Group 11 Group 111
R - b
95.00+7.07° 58.30+33.29 40.00+1.0°
Grafting success (%)
(ingi] S5 23, 165.5+21.92¢ 113.3+15.27¢ 120.0045.0°
Scion growth (cm)
Rl
(032) o 5§ (b ol 10.0043.53° 18, 33+2.88" 37.7542.2°

Damage caused by winter and late spring cold stress (%)
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* Means in each row followed by the same letter are not statistically different based on LSD test at P < 0.01
(z value is the SD)
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Table 4- Analysis of variance for the effect of cleft grafting and cultivar on yield, yield components and qualitative index of
fruit of grape cultivars grafted on ‘Bidaneh sefid’ rootstock at the third years

Slaryo (10ke
Mean of squares
&b a0 Job . L
SlpedS @ e as b asgiy T :" wisholy q, e O
SOV df Berry Berry Berry > > Cluster Yield Jo b8 b
length  diameter weight Cluster  Custer weight TsS Flavor
length width index
Jes
Replication 2 20.01 14.17=* 0.82** 0.94"s 18.01**  48293.12**  991.07** 3.99m 0.09 s
(R)
slaSol Ko
Clef 1 1153™  1201™ 012”1105 862" 53252 494 891"  0.001™
grafting
(Co)
Vol 0.019 0.69 0.009 0.001 0.019 7.62 0.039 0.030 0.2
Error |
)

Cultivar 5 181.034™ 101.01™  6.91%  7.94" 823"  105100.42" 336.94** 1501 2.07™
©

w52 g 5 0.03ms 0.04ns 0.009™  0.0002" 0.04ns 13.09m 0.67" 0.03m 0.22m
CxCg

vl 20 0.39 1.32 0.05 1.98 0.95 2099.99 4,91 0.39 0.42
Error 11

Sl 2 - 2.99 6.70 6.52 5.99 6.99 7.99 13.77 2.99 1.91
C.V (%)

M gime s g doyd gy o> S Jloin ] prdan j0 ) cixe i ey NS g s
** * and ns: significant at the 1%, 5% of probability levels and non- significant, respectively
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Table 5- Yield and yield components of vineyard top-working by Hard and Green- cleft grafting at the third year
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Cleft graftiné Berry length  Berry diameter Berry Cluster _Custer C_Iuster Yie_:ld
(mm) (mm) weight (g)  length (cm)  width (cm) weight (g)  (kg.vine'!)
i (gl
Hard-cleft 18.00%" 20.88° 7.66a 23.66° 17.162 500.572 17.10°
grafting
o (gl
Green-cleft 1516b 1738b 355b 2001b 151b 40061b l439b
grafting
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* Means in each column followed by the same letter are not statistically different based on LSD test at P < 0.01
(z value is the SD)
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Table 6- Yield, yield components and qualitative index of fruit of cultivars grafted on ‘Bidaneh sefid’ rootstock in the third

year
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3 s LS Awgd Awgd Awgd =
”‘5_) i Berry : > > > Yield J> JB b dga0
Cultivar Berry  diameter  Berry Cluster Custer  Cluster Ka.vine™ TsS Flavor  Fruit ripening
length (mm) weight length width  weight  (Kg.vine”) (Brix) index time
(mm) () (cm) (cm) @
¥ <
o5 20.5¢c 13.5d* 3.25e 22.5¢c 16.23b 437.7e 16.8b 27.5a 35.25a Late Aug.
Turkmen-4
oddeepls
Flame 17.3ef 16.6bc 2.83d 22.5bc 15.5bc  598.0bc 12.5cd 21.3b 33.32b Mid Aug.
seedless
o9
Rubi 17.86e 15.6¢ 3.1cd 20.5¢ 13.86¢ 681.0b 11.4cd 20.5¢ 28.35¢ Mid Sept.
seedless
o
Perlgite 16.6f 17.0bc 2.15e 23.5ab 16.5bc  598.0cd 11.1cd 20.4c 27.94c Late Aug.
Jbgpss!
Autumn 34.3a 26.8a 8.80a 24.71a 18.0a 773.4a 33.06a 25.2a 31.43b Mid Sept.
Royal
SiSpgl
Autumn 18.86d 18.5b 3.55¢ 21.6¢c 15.9bc  687.0bc 12.8¢c 19.8¢c 32.5b Mid Sept.
King
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* Means in each column followed by the same letter are not statistically different based on LSD test at P < 0.01
(z value is the SD)

Yield Cluster length Cluster width Cluster weight Berry length Berry diameter Berry weight
Yield
Cluster length
Cluster width
Cluster weight
Berry length
Berry diameter

Berry weight
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Figure 7- Heat map of the correlation between fruit yield and some quantitative characteristics of the fruit of cultivars
grafted on ‘Bidaneh sefid’ rootstock
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Figure 8- Biplot of the first and second principal components for classification of grape cultivars (rootstock and scions) based
on qualitative indices and some quantitative characteristics of the fruit measured at the third year
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