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Effect of Grafting Time and Method on Grafting Success Rate of Two Commercial
Walnut Cultivars on Seedling Rootstock under Greenhouse Conditions
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Table 1. Analysis of variance for the effect of grafting method and time on the grafting success rate, scion length and diameter growth of
two walnut cultivars under greenhouse conditions

a3 V\J}._.;v«.:]}\&l;w); .x;,ﬁd_lpd\,,?w): (20) S Wg Job i) (o 5lo) S5 5y (5 ko8 s
ssl3T Early grafting success rate Final grafting success rate Scion length growth Scion diameter growth
S.0.V. Ol i aze Af (%) (%) (m) (cm)
Grafting method (GM) L ) 2 3.34** 33.13** 1.02** 1.68**
Grafting time (GT) NHRIg 1 20.04** 193.58** 12.56** 8.69**
Cultivar (C) o) 1 2.50** 21.47** 0.18** 0.80**
GM x GT Lgo Oloj X g S5 2 2.49* 45.73** 2.58** 4.25%*
GM x C @)X s g, 2 0.56* 2.47** 0.32** 1.01**
GT xC o35 % Ligm Olej 1 0.38 0.05 0.04 0.002
GM xGT xC 035 % N Oloj X Ligu b, 2 1.96* 2.46** 0.01 0.03
Error mlasT glos 24 0.25 0.08 0.02 0.05
C.V. (%) (1) S ks s 4.44 12.46 11.21 12.17
* and **: Significant at the 5% and 1% probability levels, respectively. o3 5 gy el o 55 ls gae 5 4 ks 8

Lyl b oot 93,8 (6 e Jlg (s k8 5 Jsb i) (g W6 oS Aoy g sl 1S s s hs 3T sl ke amglie - s
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Table 2. Mean comparison for the effect of grafting method on the early graft success rate, final grafting success rate, scion length and
diameter growth of walnut grafted seedlings under greenhouse conditions

Ly sl ol,Sas s Bgm 26 2] S do o (o) &S L g Jsb s o slo) S5 g (5o
Early Grafting success rate Final Grafting success rate Scion length growth Scion diameter growth
Grafting method Koo Sy (%) (%) (m) (cm)
Whip grafting &l L) L sy 63.33b 38.33b 1.11ab 1.06ab
Chip budding RN 62.50b 31.66¢ 0.85b 0.74b
T-budding (oK K gy 77.50a 58.33a 1.27a 1.35a

I 13 e Sl A s oty Sl e SSSIs (gl atals dimr 09037 olil kbl o S 2te o SO Pl syl 457 gt 3 ol ke
Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level-using Dancan’s Multiple Range Test.
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Fig. 1. Mean comparison of grafting success rate in two different grafting times under

greenhouse conditions. Different letters on columns represent significant differences at the

5% probability level-using Duncan Multiple Range Test
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Table 3. Mean comparison for the effect of grafting time on the early graft success rate,

scion length and diameter growth of walnut grafted seedlings under greenhouse

conditions
ST gy (5 o8 LS
Ly ol @S ey () Sy Job 4k, (o)
Early grafting Scion length growth ~ Scion diameter growth
Grafting time L4 0l SUCCESS rate (%) (m) (cm)
Early spring Sle il 79.45a 1.67a 1.64a
Late spring Lle Al 56.11b 0.48b 0.26b
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Means, in each column, followed by different letter are significantly different at the 5% probability

level-using Dancan’s Multiple Range Test
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Fig. 2. Mean comparison of grafting success rate of two walnut cultivars (scions) Chandler
and Franquette under greenhouse conditions. Different letters on columns represent
significant differences at the 5% probability level-using Duncan Multiple Range Test
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Table 4. Mean comparison for the effect of cultivar (scion) on early grafting success
rate, scion growth length and diameter of walnut grafted seedlings under greenhouse

conditions
By sl o), E sy () &S g Jsb i o b)) &S5 gy (b i)
Early grafting success rate Scion length growth Scion diameter growth
Cultivar ) (%) (m) (cm)
Chandler JARTSS 72.22a 1.25a 1.30a
Franquette Sl b 63.33b 1.00b 1.00b

s Sl gre S\l s s o) Jlex| éoﬂ)b Oﬁ;l; &l aals L 0903 bl il alin Cog o shyls &7 O g a5 au’g_hﬁl._.a
Means, in each column, followed by different letter are significantly different at the 5% probability
level-using Dancan’s Multiple Range Test.
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Table 5. Mean comparison of of grafting method x grafting time interaction effect on the early grafting success rate, scion length and
diameter growth of walnut grafted seedlings under the greenhouse conditions

By sl 2 oy (o) &S gy Jsb i o lo) &S5 5 (s jlab o
Grafting method A5 5y, Grafting time Lm0l Early grafting success rate (%) Scion length growth (m) Scion diameter growth (cm)
Earl i 1. 2.02 1.67

Whip grafting 45 arly sp_rlng Sle el 81.66a 02a 67a

~ 7" Late spring Sl Al 45.00b 0.20b 0.45b

. . Early of spring Sl sl 75.00ab 1.71ab 1.48a
Chip buddin I e

Ip budding ¥ ate spring e 5 50.00b 0.00b 0.00a

. Early spring Sle sl 81.66a 1.35ab 1.57a
T-buddin 5) oS L e

g () % L ate spring e ) 73.33ab 1.18ab 1.15a

Il e gl Lo ety lesl el SO (gl dials dimr 03057 by Al oo 65 2te O3 K Bl (gl 4T (g 3 (o eSOl
Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level-using Dancan’s Multiple Range Test.
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Fig. 3. Mean comparison of grafting method x grafting time interaction effect on the final grafting
success rate of walnut grafted seedlings under greenhouse conditions. Columns with at least one
letter in common are not significantly different at the 5% probability level-using Duncan’s Multiple

Range Test
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Table 6. Mean comparison of grafting method x cultivar (scion) interaction effect on the early grafting success rate, scion length and
diameter growth of walnut grafted seedlings under greenhouse conditions

Lgm adsl ol,S oy (o) &S L g Jsb (o Bl) &5 gy (g
Early grafting success rate Scion length growth Scion diameter growth
Grafting method Les Sy, Cultivar o5 (%) (m) (cm)

Whip araftin il Chandler JARteS 68.33a 1.35a 1.40a
P grating SIS Eranquette S5 58.33b 0.87b 0.73b
. . . Chandler ARt 63.33b 0.86b 0.70b
Chip budding B2 Eranquette il 61.66b 0.84b 0.78b
. ) _ . Chandler JARCS 85.00b 1.27ab 1.36a
T-budding (PS5 anquette r 70.00b 1.26ab 1.33b

I 1 gre Dl A3 ety i e SOl (gl atals dimr 0931 bl bl o S 2te 9 o S5 Bl (511 457 O st 3 (2l ks
Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level-using Dancan’s Multiple
Range Test
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Fig. 4. Mean comparison of grafting method X cultivar (scion) interaction effect on the final
grafting success rate of walnut grafted seedlings under greenhouse conditions. Columns
with at least one letter in common are not significantly different at the 5% probability level-

using Duncan’s Multiple Range Test
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Table7. Mean comparison of cultivar (scion) x grafting time x grafting method interaction effect on the early graft success rate, scion
length and diameter growth of walnut grafted seedlings under greenhouse conditions

By sl oS sy (20) &S g Jsbous o lo) &S5 5 (s jlab o
Early grafting success rate Scion length growth Scion diameter growth
Cultivar «5, Grafting method Lss by, Grafting time L Ol (%) (m) (cm)
Chandler Ja= Whip grafting sl 4l L. Early spring Sle bl 86.66a 2.30a 1.90a
Late spring Sl Al 50.00d 0.40a 0.90a
Chip budding 6wk, Early spring Sle sl 80.00b 1.73a 1.40a
Late spring Sl Al 46.66d 0.00a 0.00a
T-budding s %, Early spring Sle bl 80.00b 1.33a 1.17a
Late spring Sl Al 90.00a 1.21a 1.56a
Franquette <Si1s - Whip grafting 4l s, Early spring Sle sl 76.66bc 1.75a 1.46a
Late spring Sl Al 40.00e 0.00a 0.00a
Chip budding 6wk, Early spring Sle sl 70.00c 1.69a 1.56a
Late spring Sl Al 53.33d 0.00a 0.00a
T-budding s %, Early spring Sle sl 83.32b 1.38a 1.14a
Late spring Ll Al 56.67d 1.15a 1.52a

I 13 e Sl A3 oy Jles | e OSSls (gl atals iz O g 3T bl didly o S 2ia Co oSG GBludo (5115 457 O st a3 ¢ ol Sl
Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level-using Dancan’s Multiple Range Test
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interaction effect on the final grafting success rate of walnut under greenhouse

condition. Columns with at least one letter in common are not significantly different at
the 5% probability level-using Duncan’s Multiple Range Test

RBlo ol

Al il bl

YA

Sl Ml
oL S, jla g Q\f.\_blis
b e s G5usliS Olided S s




m-wmw-v‘QU&@);L_TV;L»_;LA,‘...,;st,tegg),>xﬁ&tﬁfg\ﬂj4;ﬁj}”;,w;t

References

Achim, Gh. and Botu, 1., 2001. Results in walnut propagation by using different methods.
Acta Horticuturae, 544, pp.503-509. DOI: 10.17660/ActaHortic.2001.544.69

Afshari, S., 2010. Investigation and comparison of whip and tongue grafting with
different covering in walnut. M. Sc. Thesis. Islamic Azad University Abhar
Branch.114 pp. (In Persian).

Amani, A., Rezaee, R., Naseri, L. and Shirzad, H., 2009. Investigation of new
grafting method of walnut efficiency with some current methods regarding grafting
success. Pp. 481-483. In: Proceedings of the 6™ International Congress of
Horticultural Science. Guilan, Iran. (In Persian).

Atefi, J., 1997. Comparison of hypocotyl and hot callus cable graft with traditional grafting
method. Acta Horticuturae 442, pp.309- 312. DOI: 10.17660/ActaHortic.1997.442.48
Avanzato, D., 2001. Effect of different hygro-thermic environments on growth of
potted walnut grafted seedlings. Acta Horticuturae, 544, pp.459-464. DOI:

10.17660/ActaHortic.2001.544.63

Barut, E., 2001. Different whip grafting methods on walnut. Acta Horticuturae, 544,
pp.511-513. DOI:10.17660/ActaHortic.2001.544.70

Chandel, J.S., Gautam, D.R. and Sharma, N.C., 2006. Chip budding: an excellent
method of propagation of walnut (J. regia). Acta Horticuturae, 70(55), pp.335-339.
DOI: 10.17660/ActaHortic.2005.705.45

Dehghan, B., Vahdati, K., Hassani, D. and Rezaee, R., 2010. Bench-grafting of
Persian walnut as affected by pre- and post-grafting heating and chilling treatments.
The Journal of Horticultural Science and Biotechnology, 85(1), pp.48-52. DOI:
10.1080/14620316.2010.11512629

Ebrahimi, A., Vahdati, K. and Fallahi, E., 2007. Improved success of Persian walnut
grafting under controlled environmental conditions. International Journal of Fruit
Science, 6(4), pp.3-12. DOI: 10.1300/J492v06n04_02

FAO., 2022. World food and agriculture-statistical yearbook. Food and Agriculture Organization
Publication. Rome, Italy. 254 pp. https:/AMwww.fao.org/3/cc2211en/cc2211en.pdf

Khaje, M. and Mohammadkhani, A., 2014. The effect of grafting time and grafting
method on grafting and graft growth in Iranian walnut (Juglan region L.). Journal of
Crop production and processing, 5(15), pp.27-55 (In Persian). DOI:
10.18869/acadpub.jcpp.5.15.47

AR


http://dx.doi.org/10.17660/ActaHortic.2001.544.69
https://doi.org/10.17660/ActaHortic.1997.442.48
https://doi.org/10.17660/ActaHortic.2005.705.45
https://doi.org/10.1080/14620316.2010.11512629
https://doi.org/10.1080/14620316.2010.11512629
http://dx.doi.org/10.1300/J492v06n04_02
https://www.fao.org/3/cc2211en/cc2211en.pdf
http://dx.doi.org/10.18869/acadpub.jcpp.5.15.47

VEY Jle ) oyl 8 "5 9 Jlgi 7

Kuden, A. and Kaska, N., 1997. Studies on the patch budding of walnuts in different
budding periods under subtropical conditions. Acta Horticuturae, 422, pp.299-301.
DOI: 10.17660/ActaHortic.1997.442.46

Kuniyuki, A.H. and Forde, H.I., 1985. Walnut propagation. Pp. 38-45. In: Ramos, D.
E. (ed.) Walnut orchard management. California, USA.

Ozkan, Y. and Gumus, A., 2001. Effects of different applications on grafting under
controlled conditions of walnut. Acta Horticuturae, 544, pp.515-519. DOI:
10.17660/ActaHortic.2001.544.71

Rezaee, R., Jaliliye Marandi, R. and Hassani, G.H., 2007. Determination of suitable
method and time of walnut grafting in West Azerbaijan province. Agricultural Science
and Sustainable Production, 16(3), pp. 29-37. (In Persian).

Rezaee, R., Girigorian, V., Vahdati, K. and Valizadeh, M., 2008. Effect of growth
vigor of walnut seedlings on root pressure, grafting, and graft growth. Iranian
Horticultural Science and Technology, 8(1), pp.21-30. (In Persian).

Rezaee, R., 2008. Influence of growth vigor of walnut seedlings on rooting and grafting
success. Ph. D. Thesis. University of Tabriz, Tabriz, Iran (In Persian).

Rezaee, R., Vahdati, K., Grigoorian, V. and Vallizadeh, M., 2008. Walnut grafting
success and bleeding rate as affected by different grafting methods and seedling
vigor. The Journal of Horticultural Science and Biotechnology, 83(1), pp.96-99.
DOI: 10.1080/14620316.2008.11512352

Rezaee, R. and Naghilou, F., 2016. Effect of grafting method, graft cover, and foliar
spray of some mineral elements on Persian walnut graft-take and winter survival rate.
Journal of Horticulture Science, 30(3), pp.439-446 (In  Persian). DOI:
10.22067/JHORTS4.V3013.43402

Sadeghpour, S., Naseri, L., Nobahar, M., Rezaee, R. and Najafzadeh, R., 2016.
Evaluation of topworking methods and times in Persian walnut trees in West
Azerbaijan conditions, Journal of Crops Improvment, 18(1), pp.91-101. DOI:
10.22059/jci.2016.5655

Soleimani, A., Rabiei, V., Hassani, D. and Amiri, M.E., 2009. Effects of rootstock and
cultivar on propagation of walnut (Juglans regia L.) using hypocotyl grafting. Seed and
Plant Production, 25(2), pp.93-101. (In Persian).

Tchoundjeu, Z., Tsobeng, A.C., Asaah, E. and Anegbeh P., 2010. Domestication of
Irvingia gabonensis (Aubry Lecomte) by air layering. Journal of Horticulture and


https://doi.org/10.17660/ActaHortic.1997.442.46
https://doi.org/10.17660/ActaHortic.2001.544.71
http://dx.doi.org/10.1080/14620316.2008.11512352
https://doi.org/10.22067/jhorts4.v30i3.43402
https://doi.org/10.22059/jci.2016.56550
https://doi.org/10.22059/jci.2016.56550

m-wmw-v‘QU&@);QTV;L»_;W‘...,;st,tegVénhuﬁ_;tﬁfg\}:u.uﬁj}”gw;t

Forestry, 2, pp.171-179. http://www.academicjournals.org/jhf

Vahdati, K., 2003. Construction of nursery and walnut grafting. Publication of
Khaniran of Tehran. (In Persian). 126 pp.

Vahadati, K., Rezaee, R. and Deghan, B., 2009. A Review of research on walnut
grafting in Iran. Pp. 832-534. In: Proceedings of the 6" International Congress of
Horticultural Science. Rasht, Guilan, Iran. (In Persian).

Vahdati, K. and Zarei, R., 2005. Evaluation of side stub and hypocotyle grafting
efficiency for walnut propagation in Iran. Acta Horticulturae, 705, pp.347-351. DOI:
10.17660/ActaHortic.2005.705.47

VFA


http://www.academicjournals.org/jhf
https://doi.org/10.17660/ActaHortic.2005.705.47

VEOY Jlo o) ojles ¥4 i "5y 9 Jlg8”

RESEARCH ARTICLE

Effect of Grafting Time and Method on Grafting Success Rate of Two Commercial
Walnut Cultivars on Seedling Rootstock under Greenhouse Conditions

A. Vahabi Hashemabadi?, H. Hassanpour?", R. Rezaee?, S. Nojavan*

1. M. Sc. Graduate, Faculty of Agriculture, Urmia University, Urmia, Iran.

2. Associate Peofessor, Faculty of Agriculture, Urmia University, Urmia, Iran.

3. Assistant Professor, West Azarbaijan Agricultural and Natural Resources Research and
Education Center, Agricultural Research, Education and Extension Organization, Urmia, Iran.

4. Ph. D. Student, Faculty of Agriculture, Urmia University, Urmia, Iran.

ABSTRACT
Vahabi Hashemabadi, A., Hassanpour, H., Rezaee, R. and Nojavan, S., 2023. Effect of grafting time
and method on grafting success rate of two commercial walnut cultivars on seedling rootstock under
greenhouse conditions. Seed and Plant, 39, pp.121-144 (In Persian).

The aim of this research was to investigate the effect of different grafting methods and
grafting times on the grafting success rate of and two commercial walnut cultivars (scion)
under greenhouse conditions. The experiment was carried out as factorial arrangements in
completely randomized design with three replications under greenhouse conditions of
West Azarbaijan agricultural and natural resouces research and eduction cenetre, Urmia,
Iran, in 2015-2016. The experimental treatments included three levels of grafting
methods; whip grafting, chip budding, and T-budding, two times of grafting; early spring
and late spring, and two commercial walnut cultivars; Chandler and Franquette. The
highest final grafting success rate (58.33%) was related to whip grafting followed by
T-budding (38.33%) and chip budding (31.66 %), resspectively. The highest grafting
success rate was obtained with whip grafting (64.45%) in early spring. Also, interaction
effect of grafting method x grafting time x cultivar was significant on the final grafting
success rate. The highest final grafting success rate (83.33%) related to T-budding of cv.
Chandler in late spring.

Keywords: Walnut, Chandler cultivar, Final grafting success rate, Whip grafting,
T-budding.

Introduction

An important step for development of walnut cultivars with high-yielding and desirable
quality is propagation using grafting methods (Soleimani et al., 2009). Many researches in
different walnut growing countries have studied the effect of different grafting methods and
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grafing time on the success and productivity of grafted walnut cultivars and orchards. The
degree of grafting success rates in these studies is very variable and depends on various
internal and external factors (\VVahadati et al, 2009). In addition to low graft coverage, frost
damage to walnut grafted seedlings is considered as the second problem for production of
outdoor grafted seedling nurseries (Ebrahimi et al., 2007).

Rezaee and Naghilou (2016) studied the effect of grafting method and grafting time
of seedlings in the open-air environment with application of micronutrient elements on
grafting success rate, and concluded that the lowest frost damage of the top branches
was related to saddle and chisel grafting methods. Ebrahimi et al. (2007) evaluated three
methods of grafting in walnut; patch grafting, chip budding and T-budding, under
greenhouse conditions in Niriz, Fars province in Iran, and reported that all three grafting
methods were more successful as compared with open air conditions. The purpose of
present research was to investigate the effect of different grafting methods and grafting
times on the grafting success rate of two commercial walnut cultivars (scion) on
seedlings rootstock under greenhouse conditions.

Material and Methods

This research was conducted using completely randomized design with three
replications in a plastic greenhouse in agricultural and natural resources research center
of West Azarbaijan province, Urmia, Iran, in 2015-2016. In this research, three grafting
methods; whip grafting, chip budding and T-budding, two commercial walnut cultivars
(scion); Chandler and Franquette were used in the early spring (first half of April) and
late spring (second half of June). Necessary husbundary practices for the nursery
including; weeding, irrigation, and fertilizers application was accomplished until the end
of the growing season. Since there were zero values in data, the data was subjected to
square root transformation, and then analysis of variance was performed using SPSS
software. Duncan's Multiple Range Test, at the 5% probability level, was employed for
mean comparsion. Graphs were drawn using SPSS and Excel softwares.

Results and Discussion

The analysis of variance showed that the grafting method, grafting time and cultivar
had significant (p < 0.01) effect on the early and final grafting success rate, and scion
length and diameter growth. The highest final grafting success rate (58.33%) was
related to whip grafting followed by the T-budding (38.33%) and chip budding
(31.66 %). The highest grafting success rate was obtained by using whip grafting
(64.45%) in early spring (first half of April). Interaction effect of grafting method x
grafting time x cultivar (scion) on final grafting success rate was also significant
(p <0.01). The highest final grafting success rate (83.33%) and growth vigor obtained
by using T-budding of cv. Chandler in the late spring (second half of June). Also, the
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least final grafting success rate (0%) was related to the chip budding of both cultivar
and whip grafting of cv. Franquete in late spring.

The results obtained from this research are consistent with the results of Ebrahimi et
al. (2007). Thes researchers experimented three grafting methods, whip grafting, chip
budding, and T-budding under greenhouse conditions, and reported that the highest
grafting success arte was related to patch grafting (91%), followed by T-budding (31%)
and the lowest grafting success rate associated with chip budding (19%). Also, the
findings of the present resreach are consistent with the results of Ozkan and Gumus
(Ozkan and Gumus, 2001) in Turkey.
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