


Growth and morphology of grape rootstock cuttings in root trainer and polybag


Abstract
The shoot and root growth of nine grape rootstocks in terms of parameter was evaluated during the year 2024-25. The present investigation evaluated the performance of different grape rootstocks under semi-arid condition. T3 - 140Ru exhibited most promising features in terms of vigour and growth. It recorded the earliest bud sprout (10.76 days), highest success rate after 30 days of planting (87.78%), and the maximum survival percentage at 120 days (75.56%). In terms of vegetative traits, T3 - 140Ru recorded highest shoot length (25.16 cm), internodal length (3.70 cm), shoot diameter (3.37 mm). V. longii recorded the highest root length (2528.94 mm), T9 - 1613C had the maximum number of roots (60.00), and T2 - 110R showed the highest root diameter (1.82 mm). T3 - 140Ru exhibited the highest root volume (517.59 mm³).	Comment by hp: Using what technique?	Comment by hp: There is need for little recommendation 
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Introduction
Grape (Vitis vinifera L.) belongs to family Vitaceae. It has its own history from the time of antiquity. Grape introduced into India in 1300 AD by Muslim invaders. The diversity of grapes spread across various regions of Asia, Europe and North America. There is a lot of desirable and exploitable diversity observed in grapes in aspects of tolerance, resistance and adaptability of vines (Ferreira et al., 2018).	Comment by hp: cite
Major grape-growing states are Maharashtra, Karnataka, Tamil Nadu, and Andhra Pradesh. Punjab, Haryana, and Uttar Pradesh, located in Northern India also has mentionable amount of area and production (Somkuwar et al., 2025). Maharashtra produces more than 70 percent of domestic grape production. Grape production also contributed by Karnataka (24.49%), Tamil Nadu (1.43%), Andhra Pradesh (1.34%), Madhya Pradesh (1.02%) and Mizoram (0.50%) accounting to nearly 90 % of the total production (Anon. 2022). Grapes are consumed as fresh grapes as well as raisins, juice and wines. As per the world consumption pattern, 71% of grapes produced is utilized for wines preparation, 27% as fresh fruit and 2% as dried fruit. However, in India, 90% of the total grape production is utilized as table grapes while the remaining major portion is utilized for raisin preparation.
Grapes is a self-pollinating crop that is commercially propagated asexually. Vegetative propagation like cuttings and grafting were practiced commercially in grapes. Vegetative propagation makes true-to-type and uniform growth for development.  Hardwood cutting was used to propagate grapes. Success percentage in hardwood cuttings was increased by using IBA, which enhances the rooting ability and results higher success rate of rooted cuttings. The rootstock Dogridge imparted highest vigour and reduces bud fruitfulness in the vine. After Dogridge, Salt Creek and 1613C were used as salt tolerant rootstock. The rootstocks 110R, 140RU and 1103P has more drought tolerant capacity (Somkuwar et al., 2023). Most of the rootstocks were developed from Vitis sp. like V. berlandieri, V. riperia, V.rupestris through hybridization, clonal selection and selection (Seira et al., 2014). Rootstocks play a major role in improving pest resistance and adaptation to abiotic stresses (Olatt et al., 2014). Rootstock like 1103P was selected by Paulsen and Ruggeri selected 140 from V. berlandieri × V. rupestris cross. If proper rootstock identified for approaching problems like soil salinity and drought, the rootstock unleashes potential production capacity, ability to grow on adverse condition, overcome negative growth factors and uniform growth and yield. Most of the grape growing area needs adaptable rootstocks as a feasible solution for future problems.	Comment by HARUNA A. DANYAYA: there is need for citation after a complete statement/ information	Comment by HARUNA A. DANYAYA: ?
Materials and Methods
The study was carried out at National Research Centre for Grapes, Pune (latitude 18°32N and longitude 73°51E) during 2024-25. The experiment statistically analysed by Factorial Completely Randomized Design (FCRD) with three replications and nine treatments. Nine treatments were nine rootstocks used in the experiment. The uniform 4 node cuttings of pencil thickness were selected for planting. The hardwood cuttings from selected vines in the nursery with a diameter from 8 to 10 mm should be selected in September/October. The removed cuttings were separated from mother plants and dipped in water for 24 hrs to remove rooting inhibitors. Cuttings were dipped in a solution of IBA @ 2000 ppm for 1 minute to induce rooting of cuttings. The uniform 4 node cuttings of pencil thickness were selected for planting. cuttings were dipped in a solution of IBA @ 2000 ppm for 1 minute to induce rooting of cuttings. The growth parameters like success percentage (%) (30 DAP), survival percentage (%) (120 DAP), days to bud sprout, number of shoots per cutting and Root count (Primary + secondary roots) were measured by visual observations. Shoot length (cm), Internodal length (cm) and Root length (mm) were recorded by measuring scale. Shoot diameter (mm) and root diameter (mm) were measured by vernier caliper. Root volume (mm3) was measured by WINRhizo software.
	Treatments
	Treatment Details

	T1
	Freedom

	T2
	110R

	T3
	140 RU

	T4
	1103 P

	T5
	SO4

	T6
	Vitis Longi

	T7
	Salt Creek

	T8
	B2/56

	T9
	1613 C



Result and Discussion
The highest success percentage was recorded in T3 i.e., 140Ru rootstock (87.78 %) which was on par with T2 - 110R (81.67 %) and T1 - Freedom (71.1%) rootstocks (Table 1). Lowest percentage of success was recorded in T8 - B2/56 rootstock (56.1%). Similar results were reported by campanella et al., (2023) highest bud break (92.5%) in 140Ru rootstock cuttings after 40 days of planting. (Table 1)




Table 1: Effect of root trainer and polybag on success percentage (%) of rootstock cuttings      after 30 days of planting.
	Rootstock
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9
	Mean

	P1
	55.56
	83.33
	88.89
	55.56
	61.11
	66.67
	50.00
	55.56
	61.11
	64.20

	P2
	86.67
	80.00
	86.67
	60.00
	66.67
	53.33
	80.00
	56.67
	73.33
	71.48

	Mean
	71.11
	81.67
	87.78
	57.78
	63.89
	60.00
	65.00
	56.11
	67.22
	67.84

	
	P
	T
	P x T
	
	
	
	
	
	
	

	S Em (±)
	2.93
	6.22
	8.80
	
	
	
	
	
	
	

	CD at 5%
	NS
	17.84
	NS
	
	
	
	
	
	
	


Use key to define SEM snd CD
The highest survival percentage was recorded in T3 ie., 140Ru (75.56 %) which was on par with T2 – 110R (69.4%) followed by T1 - Freedom (67.2%), T5 - SO4 (62.2%), T4 -1103P (61.1%). while, lowest survival percentage was recorded in T9 - 1613C (45.56 %) (Table 2). Similar results were reported by Satisha et al., (2007) and Shah et al., (2007). 	Comment by HARUNA A. DANYAYA: You only compare the results of your work with those in the literature without stating the implications of your findings
Table 2: Effect of root trainer and polybag on Survival percentage (%) of rootstock cuttings after 120 days of planting.
	Rootstock
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9
	Mean

	P1
	71.00
	72.22
	81.11
	72.22
	61.11
	44.44
	52.22
	61.11
	44.44
	62.21

	P2
	63.33
	66.67
	70.00
	50.00
	63.33
	56.67
	60.00
	50.00
	46.67
	58.52

	Mean
	67.17
	69.44
	75.56
	61.11
	62.22
	50.56
	56.11
	55.56
	45.56
	60.36

	
	P
	T
	P x T
	
	
	
	
	
	
	

	S Em (±)
	2.75
	5.83
	8.24
	
	
	
	
	
	
	

	CD at 5%
	NS
	16.71
	NS
	
	
	
	
	
	
	


T3 - 140Ru recorded earlier bud sprout (10.76 days) followed by T2 - 110R (11.6), T4 - 1103P (12.5) and T5 - SO4 (12.54 days) rootstocks. Anandhi et al., (2020) reported that 140Ru rootstock recorded bud sprout in 7 -10 days after planting compared to that of 110R and Dogridge rootstocks (Table 3). Somkuwar et al., (2024) reported that under semi-arid condition the earlier shoot development was reported in 140Ru rootstock with lesser number of days.  Kök et al., (2018) reported that 140Ru has early bud sprout and shoot development.
Table 3: Effect of root trainer and polybag on days to bud sprout in different rootstock cuttings.
	Rootstock
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9
	Mean

	P1
	14.04
	11.09
	10.21
	11.11
	11.36
	13.26
	15.65
	19.64
	12.86
	13.25

	P2
	15.64
	12.11
	11.31
	13.98
	13.72
	15.40
	16.73
	16.44
	14.40
	14.41

	Mean
	14.84
	11.60
	10.76
	12.54
	12.54
	14.33
	16.19
	18.04
	13.63
	13.83

	
	P
	T
	P x T
	
	
	
	
	
	
	

	S Em (±)
	0.50
	1.07
	1.51
	
	
	
	
	
	
	

	CD at 5%
	NS
	3.06
	NS
	
	
	
	
	
	
	


The highest number of shoots were recorded in T2P2 - 110R (4.19) which was on par with T3P2 - 140Ru (3.88), T5P2 - SO4 (3.19), T8P2 - B2/56 (3.21), T1P1 - Freedom (3.57), T2P1 – 110R (3.57), T3P1 - 140Ru (3.52) and T7P1 - B2/56 (3.25). Lowest number of shoots was recorded in T8P1 - B2/56 (2.61). In case of treatments, highest number of shoots produced per cutting was reported in T2 - 110R rootstock (3.91) which was on par with T3 - 140Ru (3.70), while the least number of shoots produced per cutting was reported in T8 – B2/56 (2.61) (Table 4). Similar results were reported by Ates et al., (2022) in 140Ru rootstock.
Table 4: Effect of root trainer and polybag on number of shoots per cuttings in different   rootstocks cuttings.
	Rootstock	Comment by HARUNA A. DANYAYA: Same as above
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9
	Mean

	P1
	3.57
	3.63
	3.52
	3.08
	2.17
	3.18
	3.25
	2.00
	2.75
	3.01

	P2
	2.50
	4.19
	3.88
	2.66
	3.19
	2.93
	2.93
	3.21
	2.81
	3.14

	Mean
	3.03
	3.91
	3.70
	2.87
	2.68
	3.05
	3.09
	2.61
	2.78
	3.08

	
	P
	T
	P x T
	
	
	
	
	
	
	

	S Em (±)
	0.12
	0.25
	0.35
	
	
	
	
	
	
	

	CD at 5%
	NS
	0.71
	1.00
	
	
	
	
	
	
	


The higher shoot length was recorded in root trainer (22.24 cm) compared to polybag (16.88 cm). Highest shoot length was recorded in T3 - 140Ru rootstock cuttings (25.16 cm) which was on par with T6 - V. longii (22.24 cm), T1 - Freedom (20.8 cm) and T7 – Salt Creek (20.8 cm) while the least shoot length was recorded in T4 - 1103P cuttings (15.79 cm) (Table 5). Results were supported by Köse et al., (2015) and Ates et al., (2002).
Table 5: Effect of root trainer and polybag on shoot length (cm) of different rootstock cuttings.
	Rootstock	Comment by HARUNA A. DANYAYA: Make it more scientific as the once above
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9
	Mean

	P1
	25.93
	22.59
	25.29
	16.71
	19.37
	24.72
	24.07
	19.80
	21.66
	22.24

	P2
	15.60
	17.32
	25.03
	14.86
	12.67
	19.75
	17.53
	15.48
	13.73
	16.88

	Mean
	20.76
	19.95
	25.16
	15.79
	16.02
	22.24
	20.80
	17.64
	17.69
	19.56

	
	P
	T
	P x T
	
	
	
	
	
	
	

	S Em (±)
	0.74
	1.57
	2.22
	
	
	
	
	
	
	

	CD at 5%
	2.12
	4.50
	NS
	
	
	
	
	
	
	


Highest internodal length was recorded in T3 - 140Ru rootstock cuttings (3.70 cm) followed by T4 - 1103P (3.37 cm) while the least internodal length was recorded in T1 - Freedom rootstock (2.35 cm). Internodal length of shoot was higher in root trainer (3.44 cm) as compared to polybag (2.52 cm) (Table 6). The similar results were reported by Chadha and Shikhamany (1999) and Prakash and Reddy (1991).
Table 6: Effect of root trainer and polybag on internodal length (cm) of different rootstock cuttings.
	Rootstock
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9
	Mean

	P1
	2.47
	3.46
	3.89
	3.80
	2.62
	4.94
	2.99
	3.50
	3.23
	3.44

	P2
	2.22
	2.35
	3.50
	2.93
	2.47
	2.26
	1.93
	2.23
	2.81
	2.52

	Mean	Comment by HARUNA A. DANYAYA: See above
	2.35
	2.91
	3.70
	3.37
	2.55
	3.60
	2.46
	2.87
	3.02
	2.98

	
	P
	T
	P x T
	
	
	
	
	
	
	

	S Em (±)
	0.24
	0.52
	0.73
	
	
	
	
	
	
	

	CD at 5%
	0.70
	NS
	NS
	
	
	
	
	
	
	



Highest shoot diameter was recorded in T3 - 140Ru (3.37 mm) which was on par with T5 - SO4, T4 - 1103P and T9 - 1613C rootstocks (2.52 mm). The least shoot diameter was recorded in T7 – Salt Creek rootstock (2.47 mm) (Table 7). The ability to produce thicker stem was similar in early stages of growth. Similar results were reported by Köse et al., (2015) and Verma et al., (2023).
Table 7: Effect of root trainer and polybag on shoot diameter (mm) of different rootstock   cuttings.
	Rootstock	Comment by HARUNA A. DANYAYA: See above
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9
	Mean

	P1
	2.45
	2.17
	3.67
	2.66
	2.45
	2.34
	2.21
	2.65
	2.65
	2.58

	P2
	2.54
	2.76
	3.07
	2.38
	2.60
	2.96
	2.73
	2.33
	2.40
	2.64

	Mean
	2.49
	2.46
	3.37
	2.52
	2.52
	2.65
	2.47
	2.49
	2.52
	2.61

	
	P
	T
	P x T
	
	
	
	
	
	
	

	S Em (±)
	0.13
	0.27
	0.38
	
	
	
	
	
	
	

	CD 5%
	NS
	NS
	NS
	
	
	
	
	
	
	


The data on number of roots produced was presented in Table 8The number of roots produced was non-significant. Highest number of roots were reported in T9 - 1613 C rootstock (60.0) followed by T7 - Salt Creek (55.0), T5 - SO4 (53.0), T1 - Freedom (46.5) and T3 - 140 Ru rootstock (46.2) while least number of roots were recorded in T2 - 110R rootstock (35.7).
Table 8: Effect of root trainer and polybag on total roots (primary + secondary roots) produced different rootstock cuttings.
	Rootstock
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9
	Mean

	P1
	45.7
	42.3
	44.7
	44.3
	59.0
	51.7
	53.3
	47.3
	61.7
	50.0

	P2
	47.3
	29.0
	47.7
	41.3
	47.0
	51.0
	56.7
	36.7
	58.3
	46.1

	Mean
	46.5
	35.7
	46.2
	42.8
	53.0
	51.3
	55.0
	42.0
	60.0
	48.1

	
	P
	T
	P x T
	
	
	
	
	
	
	

	S Em (±)
	2.6
	5.5
	7.8
	
	
	
	
	
	
	

	CD at 5%
	NS
	NS
	NS
	
	
	
	
	
	
	



The treatment T6 - V. longii has recorded with highest total root volume (2528.94 mm) followed by that of T3 - 140Ru rootstock (1922.46 mm) (Table 9). Least root length was recorded in T9 - 1613C (998.56 mm).  The treatment T6 - V. longii has recorded with highest total root volume (2528.94 mm) followed by that of T3 - 140Ru rootstock (1922.46 mm). Least root length was recorded in T9 - 1613C (998.56 mm).  Similar results were reported by Satisha et al., (2007) and Kodur et al., (2010).
Table 9: Effect of root trainer and polybag on total root length (mm) of different rootstock cuttings.
	Rootstock	Comment by HARUNA A. DANYAYA: See above
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9
	Mean

	P1
	1496
	1281
	1860
	1594
	1128
	2545
	981
	1626
	1026
	1504

	P2
	1551
	878
	1985
	1486
	898
	2513
	1042
	1260
	971
	1398

	Mean
	1524
	1080
	1922
	1540
	1013
	2529
	1011
	1443
	999
	1451

	
	P
	T
	P x T
	
	
	
	
	
	
	

	S Em (±)
	91
	193
	273
	
	
	
	
	
	
	

	CD at 5%
	NS
	554
	NS
	
	
	
	
	
	
	



Table 10 presented with data on root diameter of different rootstock cuttings. The highest root diameter was recorded in two rootstocks T2 - 110R (1.82 mm) and T6 - V. longii (1.82 mm) while lowest mean values resulted in T9 - 1613C rootstock (1.00 mm). The difference in root diameter is due to the varying response of root architecture of rootstocks. Rootstocks like T3 - 140Ru and T2 - 110R develop thicker and wider root.



Table 10: Effect of root trainer and polybag on root diameter (mm) of different rootstock cuttings.
	Rootstock
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9
	Mean

	P1
	0.83
	1.50
	1.63
	1.32
	1.23
	1.75
	1.08
	1.28
	1.25
	1.32

	P2	Comment by HARUNA A. DANYAYA: See above
	1.44
	2.13
	1.92
	1.29
	0.92
	1.88
	1.33
	1.58
	0.75
	1.47

	Mean
	1.14
	1.82
	1.78
	1.31
	1.08
	1.82
	1.21
	1.43
	1.00
	1.40

	
	P
	T
	P x T
	
	
	
	
	
	
	

	S Em (±)
	0.07
	0.14
	0.20
	
	
	
	
	
	
	

	CD at 5%
	NS
	0.40
	NS
	
	
	
	
	
	
	



Table 11: Effect of root trainer and polybag on root volume (mm3) of different rootstock cuttings.
	Rootstock
	T1
	T2
	T3
	T4
	T5
	T6
	T7
	T8
	T9
	Mean

	P1
	235.6
	217.9
	500.8
	182.4
	137.2
	411.4
	165.9
	249.8
	195.1
	255.1

	P2
	244.2
	149.3
	534.4
	170.0
	109.3
	406.1
	176.2
	193.5
	184.6
	240.8

	Mean
	239.9
	183.6
	517.6
	176.2
	123.2
	408.7
	171.0
	221.6
	189.8
	248.0

	
	P
	T
	P x T
	
	
	
	
	
	
	

	S Em (±)
	21.7
	46.0
	65.0
	
	
	
	
	
	
	

	CD at 5%
	NS
	131.9
	NS
	
	
	
	
	
	
	



The highest root volume was recorded in the T3 - 140Ru rootstock (517.5 mm3) followed by T6 - V. longii recorded with second highest root volume (408.7 mm3) (Table 11). T5 - SO4 recorded with least root volume (123.2 mm3). Karabulut et al., (2022) reported that 140Ru rootstocks with strong structural framework resulting larger volume. Similar results were reported by Somkuwar et al., (2011) that 140Ru rootstock recorded with significant difference in root length and volume. Baghel et al., (2016) reported that 140Ru rootstock has enhanced rooting traits.	Comment by HARUNA A. DANYAYA: You only compare the results of your work with those in the literature without stating the implications of your findings

Conclusion 
Among the rootstocks, T3 - 140Ru was found with more promising features with higher vigour and growth. T3 - 140Ru was earlier to bud sprout, highest success percentage after 30 days of planting (87.78 %), highest survival percentage after 120 days of planting (75.56 %). It also recorded with highest values in shoot length (25.16 cm), internodal length (3.70 cm), and shoot diameter (3.37 mm). In root parameters, V. longii has shown highest root length (2528.94 mm) and T9 - 1613C has highest total number of roots (60.00). The rootstock T2 - 110R has recorded highest root diameter (1.82 mm). Highest root volume was recorded in T3 - 140Ru rootstock (517.59 mm3). The higher root volume creates more active root surface area.  The root trainer planted cuttings resulted with highest shoot length (22.2 cm), internodal length (3.4 cm).  Cuttings planted in root trainer has promising results compared to the cuttings planted in polybag. Among rootstocks, 140Ru rootstock was superior over other rootstocks. 
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