


Graft compatibility of cucurbitaceous rootstocks and cucumber scion
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Abstract
A study was carried out at the Department of Horticulture (Vegetable Science), Bihar Agricultural University, Sabour, Bhagalpur, Bihar, India during 2021-2023 to assess the compatibility within the graft union of monoecious cucumber as scion and related cucurbits to identify compatible rootstocks for improved propagation of the crop. This experiment involved 12 distinct rootstocks of cucurbits. The grafting was done using the single cotyledon grafting method. The anatomical and histological sections of twelve graft combinations and one cucumber scion samples were viewed microscopically at 7, 14, 21 and 28 days after grafting (DAG). Among the twelve graft combinations, Bottle gourd cv. Narendra Rashmi rootstock showed complete development of vascular connection at 28 DAG followed by Bottle gourd cv. Rajendra Chamatkar.  Scion growth dominated the rootstock growth in Bitter apple rootstock leading to mismatch of scion-rootstock stem thickness and delayed epinasty symptom at the later stages of plant growth.  
Keywords: Graft union,
Introduction 
Cucurbits, which include watermelon (Citrullus lanatus), squash (Cucurbita pepo), bottle gourd (Lagenaria siceraria), cucumber (Cucumis sativus), pumpkin (Cucurbita moschata), and melon (Cucumis melo), are among the most significant groupings of vegetable crops in the world (Pina and Errea, 2005; Hartmann et al., 2011). Because of their economic, gastronomic, and nutritional benefits, they are widely grown. The prevalence of soil-borne diseases like bacterial, Verticillium, and Fusarium wilt, as well as nematode and abiotic stressors like salinity, drought, and high temperatures, along with intensive monoculture methods and soil fatigue, has made sustainable cucurbit production extremely difficult. Grafting has become a viable and environmentally responsible way to get over these obstacles (Lee, 1994; Yetisir and Sari, 2003). In reaction to Fusarium wilt in watermelon, cucurbit grafting was first used in Japan and Korea in the late 1920s. Since then, the method has spread over the world and is currently being employed in both open-field and protected cultivation systems in East Asia, Mediterranean Europe, India, and other places (Lee and Oda, 2003). Graft compatibility is the ability of a scion and a rootstock to successfully unite and form a long-term functional relationship that permits them to develop as a single plant. When the vascular tissues of both partners align correctly, water, nutrients, and assimilates may be transported efficiently in suitable grafts. This guarantees the grafted plant's regular development, good yield, and extended longevity (Davis et al., 2008; Lee et al., 2010). Taxonomic relatedness, physiological balance, biochemical interactions, and environmental circumstances are some of the variables that affect compatibility. Grafts between closely related species or within the same genus often have a better likelihood of being compatible, whereas incompatibility is frequently the result of distant connections. Anatomical and quantitative research aids in determining the continuity of circulatory tissues, which are being investigated to forecast transplant success (Lee and Oda, 2003; King et al., 2010). 
Among the most extensively grafted vegetable crops worldwide are cucurbits (family Cucurbitaceae), especially in East Asia, Europe, and more recently, India and other regions. The main goals of grafting cucurbits are to boost vigor, combat soil-borne infections, and increase resistance to abiotic challenges including drought, salt, and extremes in temperature. Nonetheless, the cucurbit grafting success rate is highly depends on graft compatibility between scion and rootstock. Cucumber (Cucumis sativus L.) is one of the most widely cultivated cucurbitaceous vegetables, but its productivity is often constrained by susceptibility to soil-borne pathogens, abiotic stresses, and limited root vigor. Grafting has emerged as an effective strategy to overcome these challenges by combining the desirable shoot characteristics of cucumber with the stress tolerance and vigor of resistant rootstocks. However, the success of grafting largely depends on the compatibility between scion and rootstock, which determines the efficiency of vascular connection, nutrient translocation, and long-term plant survival. Incompatible graft combinations may initially survive but often exhibit poor growth, reduced yield, delayed incompatibility symptoms (such as wilting, swelling at the union, or vascular discontinuity), and ultimately plant death. Keeping in view the above points, this study was envisaged to find out the compatible cucurbitaceous rootstocks for cucumber grafting.
Materials and Methods
The experiment was carried out at the naturally ventilated polyhouse of dimension 620 square meter with north-south orientation in Polyhouse Complex, Bihar Agricultural University, Sabour, Bhagalpur (Bihar, India). The polyhouse facility was equipped with provisions for maintaining temperature and relative humidity through foggers and gyro net, which provided an optimum microclimate for grafting and healing of seedlings. Environmental conditions inside the polyhouse were regularly monitored and adjusted to ensure uniform growth of experimental plants. Seedlings were raised in sterilized nursery media under insect-proof netting to prevent pest and disease incidence in September 2021. All cultural practices and management operations were carried out following standard protocols recommended for cucurbits under protected cultivation. The experiment was laid out in completely randomized design with three replications and spacing of 45 × 45 cm plant to plant and row to row on raised bed zigzag double row planting with 60 cm path in between two beds.
Plant Materials and Growth Conditions
Seeds of rootstock and scion genotypes were sown in sterilized nursery trays filled with a standard potting mixture {cocopeat and vermicompost in 1:1 (v/v) ratio}. Seedlings were maintained under controlled conditions until they attained graftable size. The details of rootstocks being used is given in Table 1.
Table 1 Details of rootstocks used in this study
	Cucurbitaceous crop
	Genotype
	Source 

	Sponge gourd 
(Luffa cylindrica)
	Rajendra Nenua-1
	Bihar Agricultural University, Sabour (Bihar)

	
	Lakahisarai Local
	Farmers field, Lakhisarai, Bihar

	Bottle gourd 
(Lagenaria siceraria)
	Lakhisarai Local
	Farmers field, Lakhisarai, Bihar

	
	Rajendra Chamatkar 
	Bihar Agricultural University, Sabour (Bihar)

	
	Narendra Rashmi
	Bihar Agricultural University, Sabour (Bihar)

	Pumpkin 
(Cucurbita moschata)
	Round Hybrid
	Janta Seeds House, Lakhisarai, Bihar

	Zucchini 
(Cucurbita pepo)
	Green Star Squash
	Semillas Fito India Pvt. Ltd., Bangalore Rural

	Round melon 
(Praecitrullus fistulosus)
	Urja Navneet
	Urja Seeds/Urja Agriculture Company, Delhi

	Wild melon/Kachari
(Cucumis pubescens)
	Sindhuri 
	Vishnu Seeds Company, Jodhpur, Rajasthan 

	Cucumber 
(Cucumis sativus)
	BRCu-13
	Bihar Agricultural University, Sabour (Bihar)

	Ash gourd 
(Benincasa hispida)
	Lakhisarai Local 
	Farmers field, Lakhisarai

	Bitter Apple 
(Citrulus colocynthis)
	Tamilnadu Local
	Tamilnadu Agricultural University, Coimbatore(Tamilnadu)



Grafting Procedure and Healing Conditions
Grafting was performed when both rootstock and scion seedlings reached a uniform stem diameter of 2–3 mm and possessed fully expanded, healthy cotyledons. The single cotyledon grafting technique was adopted, and grafted seedlings were placed in a healing chamber with controlled humidity and temperature. The chamber provided an environment conducive to graft union formation by minimizing water loss and stress.
Determination Of Days To Graftable Size,Days To Graft Union Formation, Graft Success Percentage
The days to graftable size were recorded as the period from sowing until both rootstock and scion attained 2–3 mm stem thickness with fully expanded cotyledons. The duration required for graft union formation was determined by observing the time taken for complete healing, marked by the absence of scion wilting and initiation of new growth, indicating successful vascular connection. Grafting success percentage was evaluated 15 days after grafting using the formula: (Number of successful grafts × 100 / Total number of grafts). Seedlings that remained green, turgid, and firmly attached at the graft junction were considered successful grafts.
Determination of scion height , scion diameter, rootstock diameter, and scion dry weight
Scion height (cm) was measured at 15 and 30 days after grafting (DAG) from the graft union to the apical leaf tip using a measuring scale. Scion diameter (cm) was recorded at the same intervals just above the graft union, while rootstock diameter (cm) was measured immediately below the graft union, both using a digital caliper. Scion dry weight (g) was determined at 30 days after transplanting by oven-drying scion tissues at 65 ± 2 °C for 72 hours (or until constant weight) and weighing them using an analytical balance.
Determination of leaf area ratio, root length ration, fresh root weight.
Leaf area ratio (LAR) was calculated to assess photosynthetic efficiency relative to dry biomass using the formula Leaf area (m²)/Dry mass (kg), where leaf area was estimated geometrically and samples were oven-dried before weighing. Root length ratio (RLR) was determined as Total root length (m)/Dry mass (kg), with roots carefully excavated, washed, and measured prior to normalization with dry biomass. Fresh root weight was recorded one month after transplanting by washing and blotting roots to remove excess moisture, followed by weighing and subsequent oven-drying at 65 ± 2 °C until constant weight to determine dry biomass.
Results and Discussion
Anatomical study of graft union 
Anatomical examination of graft junctions under microscope at 14 days after grafting revealed the formation of continuous vascular connections between the scion (cucumber) and the different cucurbitaceous rootstocks (figure-1). The development of new vascular bundles was evident across all grafted combinations, confirming successful tissue reconnection. However, the extent of cellular activity at the graft union varied among rootstocks. A higher degree of cell proliferation was observed in hetero-grafted plants compared to homo-grafted ones. Among the compatible rootstocks, Bottle gourd (cv. Narendra Rashmi) and Pumpkin (cv. Round Hybrid) exhibited more vigorous cell proliferation and stronger vascular connectivity, indicating higher graft compatibility. In contrast, incompatible combinations such as Bitter gourd (cv. Tamil Nadu Local) and Ash gourd (cv. Lakhisarai Local) showed weaker cell proliferation. Additionally, the presence of undegraded necrotic layer fragments was noted in Sponge gourd (cv. Rajendra Nenua-1) and Round melon (cv. Urja Navneet), suggesting a hindrance in complete vascular union and hence lower compatibility.
Days to Graftable Size (DGS) and Graft Union Formation
Analysis of variance revealed highly significant differences among the 12 rootstock treatments for all the traits studied. A marked variation was observed for days to attain graftable size (DGS). Among the evaluated genotypes, Sponge gourd cv. Rajendra Nenua-1 was the earliest to reach graftable size (16.00 days), which was statistically at par with Sponge gourd cv. Lakhisarai Local (17.67 days), Bottle gourd cv. Rajendra Chamatkar (17.67 days), Bottle gourd cv. Lakhisarai Local (18.00 days), and Bottle gourd cv. Narendra Rashmi (18.00 days). These genotypes attained graftable size significantly earlier than other cucurbitaceous rootstocks.
Similarly, significant variation was recorded for days required for graft union formation. The genotype Bottle gourd cv. Rajendra Chamatkar formed graft unions the fastest (7.33 days), followed by Bottle gourd cv. Lakhisarai Local (9.33 days), Pumpkin cv. Round Hybrid (9.00 days), and Bottle gourd cv. Narendra Rashmi (10.33 days). These findings align with those of Tamilselvi et al. (2013), who also reported genotype-specific variation in graftable size and union formation time.
Graft Success Percentage (GS)
A wide and statistically significant variation was observed among the tested genotypes for graft success percentage. Mean graft success ranged from 49.64% in Ash gourd cv. Lakhisarai Local to 84.85% in Bottle gourd cv. Rajendra Chamatkar. The highest success rate (84.85%) was recorded in Bottle gourd 2 (Rajendra Chamatkar), closely followed by Bottle gourd 3 (Narendra Rashmi, 83.68%). These were statistically at par with Pumpkin Round (73.37%) and Zucchini cv. Green Star Squash (75.33%), suggesting their suitability for grafting. Conversely, Ash gourd cv. Lakhisarai Local (49.64%), Bitter apple (52.75%), and Cucumber cv. BRCU-13 (self-grafted, 51.97%) recorded the lowest success rates. Hence, Bottle gourd 2 and Bottle gourd 3 were identified as the most promising rootstocks with high graft success, while Ash gourd cv. Lakhisarai Local exhibited the least compatibility.
Scion Growth Attributes
Significant variation was recorded among the genotypes for scion dry weight (SDW) at 30 days after grafting (DAG). The maximum SDW (0.22 g) was observed in Bottle gourd 3 (Narendra Rashmi), followed by Sponge gourd 1 (Rajendra Nenua-1, 0.21 g) and Bottle gourd 1 (Lakhisarai Local, 0.21 g). These were statistically at par with Sponge gourd 2 (Lakhisarai Local, 0.20 g) and Ash gourd (Lakhisarai Local, 0.20 g). The minimum SDW was observed in Round melon cv. Urja Navneet and Cucumber cv. BRCU-13 (both 0.15 g). Thus, Bottle gourd 3 exhibited superior vigor and post-graft growth, confirming its compatibility and effective nutrient translocation.
The scion height at 15 DAG also showed significant variation. The tallest scion was observed in Bottle gourd 1 (Lakhisarai Local, 8.16 cm), followed by Bottle gourd 3 (Narendra Rashmi, 7.13 cm) and Sponge gourd cv. Rajendra Nenua-1 (7.10 cm). The shortest scion was recorded in Bitter apple cv. Tamil Nadu Local (4.19 cm), followed by Ash gourd (Lakhisarai Local, 6.08 cm) and Zucchini cv. Green Star Squash (5.23 cm). At 30 DAG, the maximum scion height (15.55 cm) was recorded in Bottle gourd 2 (Rajendra Chamatkar), followed by Bottle gourd 3 (Narendra Rashmi, 14.98 cm) and Sponge gourd 2 (Lakhisarai Local, 14.27 cm). Bitter apple cv. Tamil Nadu Local (8.00 cm) exhibited the least scion elongation. These results are in agreement with Aloni et al. (2008), who reported a positive influence of compatible rootstocks on scion growth parameters.
Scion and Rootstock Diameter
Significant variation was observed among genotypes for scion diameter (SD) at both 15 and 30 DAG. At 15 DAG, the maximum SD was recorded in Zucchini cv. Green Star Squash (0.093 cm), followed by Pumpkin Round (0.073 cm) and Sponge gourd 1 (Rajendra Nenua-1, 0.083 cm). The minimum SD occurred in Bitter apple cv. Tamil Nadu Local (0.030 cm). At 30 DAG, the highest SD (0.28 cm) was observed in Sponge gourd 2 (Lakhisarai Local), statistically at par with Bottle gourd 2 (Rajendra Chamatkar, 0.27 cm) and Sponge gourd 1 (Rajendra Nenua-1, 0.26 cm). The minimum SD (0.18 cm) was noted in Bitter apple cv. Tamil Nadu Local, indicating weaker stem thickening.
Rootstock diameter also varied significantly at 15 and 30 DAG. The maximum diameter at 15 DAG (0.28 cm) was recorded in Bottle gourd 2 (Rajendra Chamatkar), followed by Pumpkin Round (0.27 cm) and Bottle gourd 1 (Lakhisarai Local, 0.26 cm). At 30 DAG, Bottle gourd 1 (Lakhisarai Local) recorded the highest diameter (0.57 cm), closely followed by Bottle gourd 3 (Narendra Rashmi, 0.56 cm) and Zucchini (Green Star Squash, 0.55 cm). Similar trends were reported by Camalle et al. (2021) and Chen et al. (2018), confirming the role of rootstock genotype in influencing vascular development and compatibility.
Leaf Area Ratio (LAR) and Root Length Ratio (RLR)
The leaf area ratio (LAR) at 30 DAG varied considerably among genotypes, ranging from 0.123 to 2.087. The maximum LAR (2.087) was observed in Round melon cv. Urja Navneet, followed by Zucchini cv. Green Star Squash (1.75) and Bottle gourd 3 (Narendra Rashmi, 1.56), indicating efficient leaf area expansion relative to biomass. The root length ratio (RLR) also exhibited wide variation, with the highest value (1.887) in Bitter apple cv. Tamil Nadu Local, followed by Pumpkin Round (1.647) and Bottle gourd 1 (Lakhisarai Local, 1.55). These results corroborate the findings of El-Gazzar et al. (2017) and Kawaguchi et al. (2008), who observed similar variability in LAR and RLR due to differential rootstock vigor and anatomical compatibility.
Root Fresh and Dry Weight
Significant differences were also recorded for root fresh and dry weights at 30 DAG. The maximum root fresh weight (5.02 g) was observed in Zucchini cv. Green Star Squash, followed by Bottle gourd 3 (Narendra Rashmi, 4.93 g) and Pumpkin Round (4.76 g), indicating superior root development. Moderate values were recorded in Round melon (4.44 g) and Ash gourd (Lakhisarai Local, 3.65 g). The lowest fresh weight (0.338 g) was observed in one entry, indicating poor root development.
Root dry weight also differed significantly among treatments, with the maximum (0.52 g) in Cucumber cv. BRCU-13 (self-grafted), followed by Round melon (0.51 g), Kachri cv. Sindhuri (0.487 g), and Zucchini cv. Green Star Squash (0.44 g). The lowest dry weight (0.037 g) was recorded in one treatment, while Bottle gourd 3 (Narendra Rashmi, 0.37 g) and Bitter apple cv. Tamil Nadu Local (0.36 g) exhibited moderate performance. These findings are consistent with Xiong et al. (2021), who reported similar effects of rootstock genotype on root vigor and dry matter accumulation.
Conclusion
The study revealed significant genotypic variation among 12 cucurbitaceous rootstocks for all growth and grafting parameters. Bottle gourd cvs. Rajendra Chamatkar and Narendra Rashmi consistently outperformed other rootstocks in graft success, scion growth, and root development, indicating strong compatibility with cucumber scion. In contrast, Ash gourd cv. Lakhisarai Local and Bitter apple cv. Tamil Nadu Local showed poor grafting performance. These results highlight the importance of selecting compatible and vigorous rootstocks to enhance graft success and plant performance in cucurbits.
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Table  2: CRD ANOVA
	Traits
	Mean sum of squares

	
	Treatments
	Error

	
	(df = 11)
	(df = 24)

	DGS
	11.93*
	0.95

	DGU
	17.86*
	0.37

	GS (%)
	477.65*
	11.57

	SDW (g)
	0.00*
	0.00

	SH 15 DAG (cm)
	3.19*
	0.10

	SH 30 DAG (cm)
	12.67*
	0.43

	SD 15 DAG (cm)
	0.01*
	0.00

	SD 30 DAG (cm)
	0.04*
	0.00

	RD15 DAG (cm)
	0.03*
	0.00

	RD 30 DAG (cm)
	0.07*
	0.01

	LAR
	0.35*
	0.05

	RLR
	0.10*
	0.06

	RFW (g)
	2.06*
	0.04

	RDW (g)
	0.01*
	0.00


Where, DGS=number of days taken to attain graftable size; DGU=number of days taken for graft union; GS (%)=grafting success percentage (%); SDW (g)= scion dry weight one month after grafting (g); SH 15 DAG=scion height 15 days after grafting (cm); SH 30 DAG=scion height 30 days after grafting (cm); SD 15 DAG=scion diameter 15 days after grafting (cm); SD 30 DAG=scion diameter 30 days after grafting (cm); RD 15 DAG=rootstock diameter 15 days after grafting (cm); RD 30 DAG=rootstock diameter 30 days after grafting (cm); LAR=leaf area ratio one month after grafting; RLR=root length ratio one month after grafting; RFW (g)=root fresh weight one month after grafting (g); RDW (g)= root dry weight one month after grafting (g); df= degree of freedom; *= significance at 5% level

Table 3: Performance of 12 cucurbitaceous rootstock treatments with grafting combination of cucumber cv. BRCu-13 for various traits
	S. No.
	Treatments
	DGS
	DGU
	GS (%)
	SDW (g)
	SH 15 DAG (cm)
	SH 30 DAG (cm)
	SD 15 DAG (cm)

	1. [bookmark: _Hlk209261045]
	Sponge gourd 1 cv. Rajendra Nenua 1
	16.00
	12.67
	58.78
	0.21
	7.10
	13.17
	0.08

	2. 
	Sponge gourd 2 cv. Lakhisarai Local 
	17.67
	12.00
	56.77
	0.20
	6.10
	14.27
	0.06

	3. 
	Bottle gourd 1 cv. Lakhisarai Local
	18.00
	9.33
	63.723
	0.21
	8.16
	12.67
	0.06

	4. 
	Bottle gourd 2 cv. Rajendra Chamatkar
	17.67
	7.33
	84.85
	0.18
	7.13
	15.55
	0.07

	5. 
	Bottle gourd 3 cv. Narendra Rashmi
	18.00
	10.33
	83.68
	0.22
	6.19
	14.98
	0.06

	6. 
	Pumpkin cv. Round Hybrid
	17.33
	9.00
	73.37
	0.16
	6.16
	13.26
	0.07

	7. 
	Zuchini cv. Green Star Squash
	21.33
	11.00
	75.33
	0.18
	5.23
	9.96
	0.09

	8. 
	Round melon cv. Urja Navneet
	20.67
	14.00
	59.19
	0.15
	6.45
	12.34
	0.07

	9. 
	Kachari cv. Sinduri
	22.33
	14.67
	51.97
	0.18
	6.67
	12.56
	0.05

	10. 
	Cucumber cv. BRCu-13 (Self grafted)
	19.33
	11.33
	76.75
	0.15
	5.24
	13.34
	0.04

	11. 
	Ash gourd cv. Lakhisarai Local
	21.67
	15.33
	49.64
	0.20
	6.08
	12.67
	0.05

	12. 
	Bitter Apple cv. Tamilnadu Local
	19.00
	13.33
	52.753
	0.16
	4.19
	8.00
	0.03

	
	C.D. (P ≤ 0.05)
	1.66
	1.03
	5.768
	0.02
	0.55
	1.11
	0.01

	
	C.V. (%)
	5.13
	5.21
	5.19
	5.46
	5.17
	5.16
	8.04

	
	SE(m) ±
	0.57
	0.35
	1.96
	0.01
	0.19
	0.38
	0.00
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) (
Scion 
)Where, DGS=number of days taken to attain graftable size; DGU=number of days taken for graft union; GS (%)=grafting success percentage (%); SDW (g)= scion dry weight one month after grafting (g); SH 15 DAG=scion height 15 days after grafting (cm); SH 30 DAG=scion height 30 days after grafting (cm); SD 15 DAG=scion diameter 15 days after grafting (cm)            [image: ]                                                    [image: ]                 
Figure 1 : Microscopic view of graft union at 40x


Table 4: Performance of 12 cucurbitaceous rootstock treatments with grafting combination of cucumber cv. BRCu-13 for various traits
	S. No.
	Treatments
	SD 30 DAG (cm)
	RD 15 DAG (cm)
	RD 30 DAG (cm)
	LAR
	RLR
	RFW (g)
	RDW (g)

	1. 
	Sponge gourd 1 cv. Rajendra Nenua 1
	0.18
	0.26
	0.57
	1.54
	1.55
	3.43
	0.43

	2. 
	Sponge gourd 2 cv. Lakhisarai Local 
	0.13
	0.28
	0.51
	1.25
	1.35
	2.48
	0.38

	3. 
	Bottle gourd 1 cv. Lakhisarai Local
	0.15
	0.23
	0.56
	1.56
	1.29
	4.93
	0.37

	4. 
	Bottle gourd 2 cv. Rajendra Chamatkar
	0.11
	0.27
	0.49
	1.49
	1.65
	4.76
	0.41

	5. 
	Bottle gourd 3 cv. Narendra Rashmi
	0.19
	0.21
	0.55
	1.75
	1.21
	5.02
	0.44

	6. 
	Pumpkin cv. Round Hybrid
	0.13
	0.25
	0.54
	2.09
	1.44
	4.44
	0.51

	7. 
	Zuchini cv. Green Star Squash
	0.17
	0.24
	0.48
	1.34
	1.54
	3.58
	0.49

	8. 
	Round melon cv. Urja Navneet
	0.12
	0.20
	0.55
	1.23
	1.38
	3.32
	0.52

	9. 
	Kachari cv. Sinduri
	0.10
	0.22
	0.51
	1.44
	1.33
	3.65
	0.42

	10. 
	Cucumber cv. BRCu-13 (Self grafted)
	0.08
	0.19
	0.46
	1.45
	1.89
	4.12
	0.36

	11. 
	Ash gourd cv. Lakhisarai Local
	0.16
	0.23
	0.45
	0.98
	1.32
	3.21
	0.33

	12. 
	Bitter Apple cv. Tamilnadu Local
	0.09
	0.18
	0.42
	0.77
	1.32
	2.89
	0.24

	
	C.D. (P ≤ 0.05)
	0.02
	0.02
	0.05
	0.12
	0.13
	0.34
	0.04

	
	C.V. (%)
	6.80
	4.35
	5.26
	5.18
	5.17
	5.22
	5.36

	
	SE(m) ±
	0.01
	0.01
	0.02
	0.02
	0.04
	0.12
	0.01


Where, SD 30 DAG=scion diameter 30 days after grafting (cm); RD 15 DAG=rootstock diameter 15 days after grafting (cm); RD 30 DAG=rootstock diameter 30 days after grafting (cm); LAR=leaf area ratio one month after grafting; RLR=root length ratio one month after grafting; RFW (g)=root fresh weight one month after grafting (g); RDW (g)= root dry weight one month after grafting (g)




image1.png




image2.png




