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Abstract

Grapes (Vitis vinifera) are woody perennials propagated mainly via cuttings, with berries
that can be green, pink, golden, black, red, or purple. In this study, we investigated the
effect of Indole-3-Butyric Acid (IBA) concentrations on the propagation of grape cultivars
using cuttings in the monsoon season under greenhouse conditions. The experiment was
designed as a Completely Randomized Design (CRD) with each treatment replicated three
times. The medium used was solarized sand, free from pathogens and weed seeds.
Cuttings, 68 inches long and from three grape cultivars (“King’s Ruby”, “NARC Black”,
and “Flame Seedless”), were treated with 0 (control), 2000, 3000, and 4000 ppm IBA
concentrations. Various parameters were measured, such as the number of leaves per
cutting, shoot length, rooting percentage, and survival percentage. The data showed a
significant effect of IBA concentrations (p<0.05). “King’s Ruby” showed the highest
number of leaves and roots per cutting at 4000 ppm IBA, while “Flame Seedless”
responded with the most extended shoot and root length at 2000 ppm IBA. Interestingly,
“Flame Seedless” without IBA application had the best shoot diameter, rooting percentage,
and survival rate. These results suggest that grape cultivars respond differently to IBA
concentrations.
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Optimizing IBA Concentrations for Grape Cultivar Propagation

Introduction

Grape (Vitis vinifera) belongs to the family Vitaceae and is a species of the genus Vitis.
It is native to central Europe, southwestern Asia, and the Mediterranean region, stretching
from northern Portugal and Morocco to southern Germany and east to northern Iran
(Galavi et al., 2013). Grapes are woody perennials, and their fruits are considered berries
(Sajid et al., 2006). The genus Vitis comprises approximately 60 species, which are divided
into two sections: Muscadinia (2n = 40) and Euvitis (2n = 38), based on chromosome
number and external morphological features (Wan et al., 2013). Grapes are frequently
mentioned in the Holy Quran and are among the first fruits cultivated by humans. Since
the dawn of civilization, the fermented product of grapes, wine, has possibly been a
significant way of consuming grapes (McGovern et al., 1996).

In Pakistan, mostly European grape varieties are cultivated. They are non-climacteric fruits
that grow in bunches. They are among the most remunerative summer fruits, native to hot,
temperate regions between 34°N and 49°S latitude. Sub-mountainous and mountainous
zones up to 2000 meters above sea level are suitable for farming (Khan et al., 2009; Nache
Gowda et al., 2006). In Pakistan, grapes are primarily grown in the Balochistan region,
certain districts of Khyber Pakhtunkhwa, and Gilgit-Baltistan, with an annual production
of 122,000 tons and an average yield of 19 tons per hectare, compared to a potential yield
of 25 tons per hectare (GOP, 2010). However, due to monsoon rains in central Punjab,
grape production declines, which suggests that cultivating early-maturing grape varieties
could be more fruitful (Khan et al., 2011). The demand for grapes continues to rise due to
their nutritional value and importance in the fruit industry. Commercial grape varieties are
primarily propagated through vegetative means, mainly by cuttings.

Auxin, a plant growth regulator (PGR) also known as a phytohormone, plays a key role in
promoting adventitious rooting in plant cuttings (Da Costa et al., 2013). Phytohormones
play a crucial role in plant cell growth and division, directly influencing rooting and
interacting with other plant hormones and growth promoters (Shiozaki et al., 2013). PGRs
significantly enhance the propagation potential of grape cuttings (Kelen & Ozkan, 2003)
and facilitate root formation in cuttings (Somkuwar et al., 2011). Previous studies have
also indicated that phytohormones significantly affect the growth performance of grape
cuttings (Yadav et al., 2012). Adventitious root formation and callusing, both critical
processes in propagation, are enhanced by auxin (Satish et al., 2007; Galavi et al., 2013).
Grapevine cuttings treated with plant growth regulators exhibit significant effects on plant
regeneration. Rootstock rooting ability varies with the species, indole-3-butyric acid (IBA)
levels, and mother vines (Satish et al., 2007). Generally, IBA is the best root promoter for
many plant species (Davies Jr et al., 2017). Therefore, this study investigates the impact
of varying IBA concentrations on the propagation of grape cultivars through cuttings.
Materials and Methods

The experiment was conducted at the experimental nursery of the Fruit Crops Research
Program, Horticultural Research Institute (HRI), National Agriculture Research Centre
(NARC), during the 2018 monsoon season.

Experiment design, growth condition, crop husbandry

The experiment was conducted from July to September 2018 at the Horticulture Research
Institute, NARC, Islamabad, in a greenhouse located at 33.42°N latitude and 73.08°E
longitude, at an elevation of 683 meters. The area receives approximately 1000 mm of
rainfall annually. A completely randomized design (CRD) with three replicates per
treatment was used. Raised beds filled with solarized sand, free of weed seeds and
pathogens, were prepared inside the greenhouse. Cuttings of three grape cultivars (King’s
Ruby, NARC Black, and Flame Seedless), measuring 68 inches and with 3—4 nodes, were
taken from mature vines. Each cutting was treated with fungicide (Ridomil Gold, 3 g/liter)
for 5 minutes before planting. The cuttings were also treated with different IBA
concentrations (0, 2000, 3000, and 4000 ppm). They were planted in raised beds with two
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buds inside the sand and two outside. Each treatment consisted of 10 cuttings, and 120
cuttings per cultivar. The greenhouse had a sprinkler system, and the cuttings were
irrigated twice daily. The data were recorded using the following parameters on grape
cultivar cuttings in response to different IBA concentrations.

The number of leaves was counted for six cuttings in each treatment, 40 days after
planting, and the average value for each variety was calculated. Shoot length and diameter
were measured for six cuttings per treatment using a meter rod and digital vernier caliper,
respectively, 40 days after planting, and the average value was calculated for each variety.
The sprouting percentage was recorded by counting the rooted cuttings 40 days after
planting, with the percentage calculated using Owais' (2010) formula:

Rooting percentage (%) = (Number of rooted cuttings / Total number of cuttings planted)
% 100.

Rooting length was measured by carefully separating six sample plants, removing the soil,
washing them with tap water, and measuring the root length as described by Satisha et al.
(2008). The average root length was then determined using a meter rod. The number of
roots per cutting was counted 40 days after planting, and the average was calculated. The
survival percentage was recorded 40 days after planting by counting the sprouted cuttings,
with the percentage calculated using the formula:

Survival percentage (%) = (Number of survived plants / Total number of sprouted cuttings)
% 100.

Statistical analysis

The data were analyzed using Microsoft Office Excel and Statistix 8.1 software. The Least
Significant Difference (LSD) test was performed to check the variation in different traits
among different varieties in response to different IBA levels.

Results and Discussion

The maximum number of leaves (10.3 leaves per cutting) was produced by the grape
cultivar King's Ruby treated with 4000 ppm IBA, followed by King's Ruby (9.33 leaves
per cutting) treated with 2000 ppm and 3000 ppm IBA, respectively. The minimum value
was recorded in cultivar NARC Black (1.33 leaves per cutting) treated with 3000 ppm IBA

(Figure 1).
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Figure 1. Effect of IBA concentrations on the number of leaves cutting™* in grape cultivars
Note: Values followed by different letters are significantly different from one another at
P<0.05. The bars represent the average number of leaves per cutting of three grape
cultivars in response to IBA concentrations, with + Standard error.

A similar effect was reported by OuYang et al. (2015), who found that 2000 ppm IBA
increased the cytokinin-auxin ratio, leading to greater leaf production. This was further
supported by Al-Zebari and Al-Brifkany (2015), who noted that IBA treatment resulted in
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higher leaf numbers compared to untreated cuttings. For shoot length, the maximum length
(9.91 cm per cutting) was observed in Flame Seedless treated with 2000 ppm IBA,
followed by the control (9.75 cm) and King's Ruby (9.25 cm) treated with 4000 ppm IBA.
The minimum shoot length was recorded in NARC Black (0.72 cm) with 0 ppm IBA
(Figure 2).
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Figure 1. Effect of IBA concentrations on shoot length per cutting in grape cultivars under
greenhouse conditions in the monsoon season. Note: Average bars followed by different
letters are significantly different from one another at P<0.05. The bars represent the shoot
length average of three grape cultivars in response to different IBA concentrations with +
Standard error bars.

Patil et al. (2001) found that exogenous plant growth regulators, such as IBA and 1AA,
increased shoot length by enhancing food material production. This finding was
corroborated by Sabir et al. (2004) and Al-Zebari and Al-Brifkany (2015), who observed
that shoot length varied with different IBA concentrations. Shoot diameter was greatest
(2.88 mm) in Flame Seedless with 0 ppm IBA, followed by Flame Seedless (2.09 mm)
and King's Ruby (2.02 mm) with 3000 ppm IBA, while the minimum diameter was
recorded in NARC Black (0.94 mm) with 4000 ppm IBA (Figure 3).

4 a

3 1

53 ab abc abcd

= . + abcd abced bed

82 abced bed bed

5] T C n

£ 2 ed d

o1 T

<

50 I I i

o0

o o nx Z X 2 A nz z zZ
= 2 =) > =4 =} = = = > > >
3 3 Q T 3 Q@ Q Q 3 Pyl Pyl
@D B @ (%) @) 8 D (%) w [7,) g @ e) @) e
@D O o c P (a3 c [ [ S o —_— —_— —
o o = 2 o g =3 =3 o 9o s:J D
= 2 < o 2 < < < 2 o o o
@ (RN x RN o ~ @~ by by
7] 7] o N 7] o o 7] o w N
o o 8 o o 8 8

S S S S = S

Figure 2. Effect of IBA concentrations on shoot diameter (mm) of grape cultivars under
greenhouse conditions in the monsoon season. Note: Average bars followed by different
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letters are significantly different at P<0.05. The bars represent the average diameter (mm)
of three grape cultivars in response to IBA concentrations with + Standard error bars.

Sabir et al. (2004) reported that higher IBA concentrations, above 500 ppm, decreased
shoot diameter in one bud Rupestris du Lot (Vitis rupestris) American rootstock cuttings.
For root length, the maximum length (10.08 cm) was found in Flame Seedless with 2000
ppm IBA, followed by the control (9.66 cm) and King's Ruby (7.33 cm) with 4000 ppm
IBA. The minimum root length was observed in NARC Black (2.83 cm) with 3000 ppm
IBA (Figure 4).
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Figure 3. Effect of IBA concentrations on root length (cm) in grape cultivars under
greenhouse conditions in the monsoon season. Note: Average bars followed by different
letters are significantly different from one another at P<0.05. The bars represent the root
length average of three grape cultivars in response to different IBA concentrations, with +
Standard error bars.

Garande et al. (2002) noted that root length was significantly influenced by IBA
concentration and variety. The results were also supported by Khajehpour et al. (2014),
Tofanelli et al. (2014), and Kareem et al. (2016), who reported positive effects of IBA on
root elongation. For rooting percentage, Flame Seedless with 0 ppm IBA produced the
highest percentage (86.66%), followed by King's Ruby (73.33%) with 0 ppm IBA and
Flame Seedless (56.66%) with 2000 ppm IBA. The minimum rooting percentage was
recorded in Flame Seedless (26.66%) with 3000 ppm IBA (Figure 5).
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Figure 4. Effect of IBA concentrations on rooting percentage in grape cultivars under
greenhouse conditions in the monsoon season. Note: Values followed by different letters
are significantly different from one another at P<0.05. The bars represent the mean of
three grape cultivars and IBA concentration, + Standard error of means.

Patil et al. (2001) found that rooting percentage was more affected by the interaction
between IBA concentration and cultivar. King's Ruby produced the maximum number of
roots per cutting (23.66) treated with 4000 ppm IBA, followed by King's Ruby (23.16)
with 2000 ppm IBA and King's Ruby (18.33) with 3000 ppm IBA. The minimum number
of roots was recorded in NARC Black (4.33) with 3000 ppm IBA (Figure 6). Kaplan and
Gokbayrak (2012), Satisha et al. (2008), and Abu-Qaoud (1999) observed significant
differences in rooting responses among grape rootstocks, which could be attributed to the
reserve materials in cuttings. This finding was also confirmed by Somkuwar et al. (2011),
who discovered that higher numbers of root primordia were associated with increased
levels of reducing sugars and carbohydrates. For survival percentage, Flame Seedless
treated with 0 ppm IBA showed the highest survival rate (8.66%), followed by King's
Ruby (7%) with O ppm IBA and Flame Seedless (5.33%) with 2000 ppm IBA. The
minimum survival percentage was recorded in Flame Seedless (2.66%) treated with 3000
ppm IBA (Figure 7). Patil et al. (2001) suggested that survival percentage was influenced
by the interaction of cultivar, cutting time, length, and IBA concentration, while Rolaniya
etal. (2018) found that IBA treatment at 2000 ppm improved survival percentages in grape
cuttings.
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Figure 5. Effect of IBA concentrations on the number of roots of grape cultivars under
greenhouse conditions in the monsoon season. Note: Average bars followed by different
letters are significantly different from one another at P<0.05. The bars represent the
number of roots, the average of three grape cultivars in response to different IBA
concentrations, with + Standard error bars.

Conclusions

We observed that application of 4000 (ppm) IBA on cultivar King’s Ruby resulted in a
higher number of leaves and roots cuttings™. In contrast, a 2000 ppm IBA application on
Flame Seedless resulted in maximum shoot and root length. Furthermore, Flame seedless
with no IBA application was found to be superior in terms of shoot diameter, rooting
percentage, and survival percentage. The present study concludes that different
concentrations of IBA affect propagation differently across various grape cultivars via
cuttings during the monsoon season under greenhouse conditions.
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Figure 6. Effect of IBA concentrations on survival percentage of grape cultivars under

greenhouse conditions in the monsoon season. Note: Average bars followed by different

letters are significantly different from one another at P<0.05. The bars represent survival
percentage average of three grapes cultivar in response to different IBA concentrations
with £ Standard error bars.

Funding

The Abdul Wali Khan University Mardan, Pakistan under departmental research funds

Grant # 2020823 supported this study.

Competing Interests

The authors declare that the research was conducted without any commercial or financial

relationships that could be perceived as a potential conflict of interest.

Acknowledgement: Not applicable.

Funding: Not applicable.

Ethical statement: This article does not contain any studies involving human or Animal

Subjects.

Code availability: Not applicable.

Consent to participate: All authors participated in this research study.

Consent for publication: All authors submitted consent to publish this research.

Data availability statement: The data presented in this study are available on request.

References

Abu-Qaoud, H. (1999). Performance of different grape cultivars for rooting and grafting.
An-Najah Univ J Res, 13, 1-8.

Al-Zebari, S. M. K., & Al-Brifkany, A. (2015). Effect of cutting type and IBA on rooting
and growth of citron (Citrus medica L.). American Journal of Experimental
Agriculture, 5, 134-138.

Da Costa, C. T., De Almeida, M. R., Ruedell, C. M., Schwambach, J., Maraschin, F. D.
S., & Fett-Neto, A. G. (2013). When stress and development go hand in hand:



Ullah et al. 9

Main hormonal controls of adventitious rooting in cuttings. Frontiers in Plant
Science, 4, 133.

Davies Jr, F. T., Geneve, R. L., Wilson, S. B., Hartmann, H. T., & Kester, D. E. (2017).
Hartmann & Kester's plant propagation. Pearson.

De Klerk, G., & Ter Brugge, J. (1992). Factors affecting adventitious root formation in
microcuttings of Malus. Agronomie, 12, 747-755.

Galavi, M., Karimian, M. A., & Mousavi, S. R. (2013). Effects of different auxin (IBA)
concentrations and planting-beds on rooting grape cuttings (Vitis vinifera).
Annual Research & Review in Biology, 517-523.

Gokbayrak, Z., Dardeniz, A., Miiftiioglu, N., Tiirkmen, C., Akgal, A., & Tungel, R. (2009).
Reserve nutrient contents of the 5 BB grape rootstock canes. American-Eurasian
Journal of Agricultural and Environmental Science, 5, 599-602.

Imtiaz, M., Khattak, A. M., Ara, N., Igbal, A., & Rahman, H. U. (2014). Micro-
propagation of Jatropha curcas through shoot tip explants using different
concentrations of phyto-hormones. The Journal of Animal & Plant Sciences,
24(1), 229-233.

Kaplan, U., & Gokbayrak, Z. (2012). Effect of 22 (S), 23 (S)-homobrassinolide on
adventitious root formation in grape rootstocks. South African Journal of
Enology and Viticulture, 33, 253-256.

Kareem, A., Manan, A., Saeed, S., Rehman, S. U., Shahzad, U., & Nafees, M. (2016).
Effect of different concentrations of IBA on rooting of guava (Psidium guava L.)
in low tunnel under shady situation. Journal of Agriculture and Environment for
International Development (JAEID), 110, 197-203.

Kelen, M., & Ozkan, G. (2003). Relationships between rooting ability and changes of
endogenous I1AA and ABA during the rooting of hardwood cuttings of some
grapevine rootstocks. European Journal of Horticultural Science, 8-13.

Khajehpour, G., Jam’eizadeh, V., & Khajehpour, N. (2014). Effect of different
concentrations of IBA (Indolebutyric Acid) hormone and cutting season on the
rooting of the cuttings of olive (Olea Europaea Var Manzanilla). International
Journal of Advanced Biological and Biomedical Research, 2, 2920-2924.

Khan, A. S., Ahmad, N., Malik, A. U., Saleem, B. A., & Rajwana, I. A. (2011). Pheno-
physiological revelation of grapes germplasm grown in Faisalabad, Pakistan.
International Journal of Agriculture and Biology, 13, 391-395.

Khan, A. S., Malik, A., Pervez, M., Saleem, B., Rajwana, I., Shaheen, T., & Anwar, R.
(2009). Foliar application of low-biuret urea and fruit canopy position in the tree
influence the leaf nitrogen status and physico-chemical characteristics of Kinnow
mandarin (Citrus reticulata Blanco). Pakistan Journal of Botany, 41, 73-85.

McGovern, P. E., Glusker, D. L., Exner, L. J., & Voigt, M. M. (1996). Neolithic resinated
wine. Nature, 381, 480.

Nache Gowda, V., Keshava, S., & Shyamalamma, S. (2006). Growth, yield, and quality
of Bangalore Blue grapes as influenced by foliar applied polyfeed and multi-K.
International Symposium on Grape Production and Processing, 785, 207-212.

Naidu, R., & Jones, N. (2009). The effect of cutting length on the rooting and growth of
subtropical Eucalyptus hybrid clones in South Africa. Southern Forests, 71, 297-
301.

Ouyang, F., Wang, J., & Li, Y. (2015). Effects of cutting size and exogenous hormone
treatment on rooting of shoot cuttings in Norway spruce (Picea abies (L.) Karst.).
New Forests, 46, 91-105.

Patil, V., Chauhan, P., Shivankar, R., Vilhekar, S., & Waghmare, V. (2001). Effect of plant
growth regulators on survival and vegetative growth of grapevine cuttings.
Agricultural Science Digest, 21, 97-99.

Rolaniya, M. K., Bairwa, M., Khushbu, & Sarvanan, S. (2018). Journal of Pharmacognosy
and Phytochemistry.



Optimizing IBA Concentrations for Grape Cultivar Propagation

Sabir, A., Kara, Z., Kiglikbasmact, F., & Yicel, N. K. (2004). Effects of rooting media
and auxin treatments on the rooting ability of Rupestris du Lot (Vitis rupestris)
rootstock cuttings. Journal of Food, Agriculture & Environment (JFAE).

Sajid, G. M., llyas, M. K., & Anwar, R. (2006). Effect of diverse hormonal regimes on in
vitro growth of grape germplasm. Pakistan Journal of Botany, 38, 385.

Satish, S., Mohana, D., Ranavendra, M., & Raveesha, K. (2007). Antifungal activity of
some plant extracts against important seed borne pathogens of Aspergillus sp.
Journal of Agricultural Technology, 3, 109-119.

Satisha, J., Ramteke, S., & Karibasappa, G. (2007). Physiological and biochemical
characterisation of grape rootstocks. South African Journal of Enology and
Viticulture, 28, 163-168.

Satisha, J., Raveendran, P., & Rokade, N. (2008). Changes in polyphenol oxidase activity
during rooting of hardwood cuttings in three grape rootstocks under Indian
conditions. South African Journal of Enology and Viticulture, 29, 94-97.

Shiozaki, S., Makibuchi, M., & Ogata, T. (2013). Indole-3-acetic acid, polyamines, and
phenols in hardwood cuttings of recalcitrant-to-root wild grapes native to East
Asia: Vitis davidii and Vitis kiusiana. Journal of Botany, 2013.

Somkuwar, R. G., Bondage, D. D., Surange, M. S., & Ramteke, S. D. (2011). Rooting
behaviour, polyphenol oxidase activity, and biochemical changes in grape
rootstocks at different growth stages. Turkish Journal of Agriculture and
Forestry, 35, 281-287.

This, P., Lacombe, T., & Thomas, M. R. (2006). Historical origins and genetic diversity
of wine grapes. Trends in Genetics, 22, 511-519.

Tofanelli, M. B. D., Freitas, P. L., & Pereira, G. E. (2014). 2,4-dichlorophenoxyacetic acid
as an alternative auxin for rooting of vine rootstock cuttings. Revista Brasileira
de Fruticultura, 36, 664-672.

Ullah, E., Awan, A. A., Abbas, S. J., Ullah, F., Masroor, S., & Khan, O. (2012). Growth
response of various olive cultivars to different cutting lengths. Pakistan Journal
of Botany, 44, 683-686.

Wan, Y., Schwaninger, H. R., Baldo, A. M., Labate, J. A., Zhong, G.-Y., & Simon, C. J.
(2013). A phylogenetic analysis of the grape genus (Vitis L.) reveals broad
reticulation and concurrent diversification during Neogene and Quaternary
climate change. BMC Evolutionary Biology, 13, 141.

Yadav, D., Singh, C., Meena, R., Meena, H., Sarolia, D., & Mukund, N. (2012). Response
of plant growth regulators on stem cuttings of grape (Vitis vinifera L.) cv.
Perlette. New Agriculturist, 23, 127-132.

Zecca, G. A., De Mattia, F., Lovicu, G., Labra, M., Sala, F., & Grassi, F. (2010). Wild
grapevine: Silvestris, hybrids or cultivars that escaped from vineyards?
Molecular evidence in Sardinia. Plant Biology, 12, 558-562.

Citation

Ullah, W., Imtiaz, M., Ullah, R., Abbas, M., Shah, S. A, Jalal, F., Saleem, A., Ahmad, R.,
Said, F., Khan, M. A,, & Hussain, S. (2025). Tailoring Indole-3-Butyric Acid
Concentrations for Effective Grape Cultivar Propagation: Insights from Cutting
Studies. Journal of  Agriculture  and Food, 6(2), 1-10.
https://doi.org/10.52587/JAF060201



https://doi.org/10.52587/JAF060201?utm_source=chatgpt.com

