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Grafting high yielding tomato cultivars (Solanum lycopersicum L.) onto vigorous rootstocks can increase marketable yields, but questions remain regarding optimal cultural and growing conditions such as pinching and plant spacing. This study addressed some of the dynamics between grafted plants and cultural practices. Two scions, ‘Tasti-Lee’ (TL) and ‘Mountain Fresh Plus’ (MFP) were grafted onto each of three rootstocks, ‘Beaufort’, ‘Arnold’, and ‘Shield’. Plants were pinched (removal of main shoot to induce both axillary shoots to grow) or non-pinched, and spaced at 56 or 61 cm. All 32 grafted treatments were compared to the grower standard: non-grafted TL and MFP spaced at 46 cm, which were non-pinched. Fruit quality traits including soluble solids content, pH, lycopene concentration, and titratable acidity were recorded for fruit harvested from tomatoes grafted onto ‘Arnold’, ‘Beaufort’, ‘Shield’ and non-grafted TL. The overall effect of grafting TL and MFP onto vigorous rootstocks ‘Arnold’, ‘Beaufort’, and ‘Fortamino’ increased marketable yields per hectare by 24-35% compared to non-grafted grower standards. The rootstock ‘Shield’ did not significantly increase yields with either scion. TL had a more positive response to grafting than MFP. ‘Arnold’, ‘Beaufort’, and ‘Fortamino’ significantly increased TL fruit size, but the fruit size results were not as significantly impacted by graft treatments for MFP. Plants spaced at 56 compared to 61 cm generated similar yields. Pinched plants significantly increased yields over non-pinched plants by 15% in 2018 but did not impact yield in 2017. No consistent difference was observed between pinched and non-pinched plants with regard to fruit size, only plants grafted with ‘Shield’ benefited significantly from being pinched. Soluble solids content, pH, total lycopene concentration, and titratable acidity differed slightly between grafted and non-grafted plants but was unlikely to positively or negatively affect overall perception of fruit quality in tomatoes. A partial budget analysis revealed that grafting with ‘Arnold’ or ‘Beaufort’ consistently increased profits in this low-disease field.
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Introduction

In the United States and the world in general, the amount of arable land per capita has been decreasing for many decades (World Bank, 2015). Increased restrictions on the use of chemical fumigants, such as the phase-out of methyl-bromide, to manage soilborne pathogens has compounded this problem (Miguel, 2002; Louws, 2010). Growers are struggling to produce the same yields on lower quality and smaller areas of land (Qiao et al., 2015). Grafting presents a unique solution to this problem by allowing growers to select preferred vegetable varieties/scions for grafting onto vigorous and/or disease resistant rootstocks (Harrison and Burgess, 1962; Louws et al., 2010; Rivard et al., 2010a; Grieneisen et al., 2018). The hardiness, disease resistance, or vigor of rootstocks can improve yield of grafted scions, specifically fresh market tomato (Solanum lycopersicum Mill.) cultivars (Lee, 1994; Oztekin et al., 2009; Grieneisen et al., 2018)⁠. The use of grafted plants is common in greenhouse vegetable production but has not been as widely adopted in field production systems in the USA (Kubota et al., 2008).

Although some tomato rootstocks can provide high levels of resistance or tolerance to a wide variety of plant pathogens (Harrison and Burgess, 1962; Grimault and Prior 1994; Ioannou, 2001; Rivero et al., 2003; Louws et al., 2010)⁠, little is known on the yield response of scions with vigorous rootstocks in the presence of low soilborne pathogen pressure (Suchoff et al., 2019). In a recent meta-analysis, grafted plants yielded similarly or less than non-grafted or self-grafted plants 65% of the time (Grieneisen et al., 2018). Additionally, specific conditions affect graft response in yield, such as scion choice with the rootstock ‘Maxifort’ (Loewen et al., 2019). These inconsistent results indicate a need to specify and optimize practices where grafting can increase yields beyond pathogen pressure. As grafted plants cost appreciably more per plant than non-grafted, grafting nursery businesses and growers must realize a positive return on investment to consider adopting the practice (Rysin and Louws, 2015)⁠.

Pinching, the removal of meristems to allow two axillary stems to grow, has been shown to increase yields in grafted and non-grafted tomatoes in hydroponic systems (Rahmatian et al., 2014). Hypothetically, two main stems with one large vigorous root system should allow growers to plant at a decreased density. However, in the field, pinching has not been sufficiently evaluated to understand if this practice affects yield (Suchoff et al., 2014). Currently, pinching is employed by growers without a thorough understanding of the exact parameters under which this practice should be used.

In standard tomato field production in North Carolina and surrounding states, non-grafted tomato plants are spaced at approximately 46 cm between plants. One study in the region suggested grafted plants can be spaced farther apart due to the increased vigor of the rootstocks and associated increase of fruit production (Suchoff et al., 2014). Grafted tomato plants are recommended to be spaced at 56-61 cm (Tri-Hishtil, personal communication), but limited data regarding yield at these spacings is sparse (Kubota et al., 2008). Increased yield can be realized by harvesting more fruit and/or larger fruit. Spacing plants farther apart is a feature of grafted plants which allows for a greater return on investment (Miguel, 2002; Rivard et al., 2010b; Barrett et al., 2012; Suchoff et al., 2014)⁠.

Although increasing yield and fruit sizes is important, fruit quality (color, sweetness, acidity) must also be maintained or improved as compared to non-grafted tomato plants. The effect of grafting on fruit quality in solanaceous and cucurbitaceous plants has been mixed. Reports for specific rootstock-scion combinations have shown slightly better, slightly worse, or no changes in fruit composition compared to non-grafted or self-grafted tomatoes, (Pogonyi et al., 2005; Riga et al., 2016; Kyriacou et al., 2017)⁠. Although overall differences reported are small enough that marketability would not be affected, the variability of effects of grafting warrants evaluation of quality and marketability.

The impact of pinching, spacing, and grafting has been studied either independently or in greenhouse systems. Information on combinations of these cultural practices on fresh market tomato under field production is lacking. The objectives of this study were to evaluate yield effects impacted by (1) grafted Tasti-lee (TL) and Mountain Fresh Plus (MFP) plants onto rootstocks ‘Beaufort’, ‘Arnold’, ‘Shield’, and ‘Fortamino’ and non-grafted; (2) pinched and non-pinched plants; (3) spacing effects; (4) to evaluate fruit quality including lycopene concentration, pH, titratable acidity, and soluble solids content (SSC) of fruit from grafted and non-grafted plants; (5) and to conduct a partial budget analysis to determine the effect of these practices on profits.



Materials and methods


Field setting and experimental design

This study was conducted in 2017 and 2018 at the Mountain Horticultural Crops Research and Extension Center (MHCREC) in Mills River, NC (35°25’36.5”N 82°33’33.0”W). Treatments were arranged in a randomized complete block design with four replicates. The experiment contained 34 treatment combinations in 2017 and 36 (because of the addition of ‘Fortamino’ treatments) in 2018 (Supplemental Table S1). The experiment was blocked for position in the field to account for variation in slope, with block one on the northmost part of the field and block 4 being on the southmost part of the field. Each block contained all treatment combinations in a randomized pattern. Each experimental unit, or treatment plot, was 9.14 m long and separated by a 1 m fallow section within the row. Grafted plants were planted at either 56 or 61 cm in-row spacing. Non-grafted controls were planted at the standard spacing of 46 cm. Seedlings were planted on 8 Jun 2017 and 6 Jun 2018 in raised beds, 30 cm high and 100 cm wide on 1.5 m row centers and covered with 1.5ml polyethylene black plastic. Because the field had not been planted in vegetables for over 20 years, soilborne pathogen pressure was expected to be low and the beds were not fumigated in 2017. In 2018, beds were fumigated with 90 kg/ha Pic-Clor 60 (37.1% 1,3 dichloropropene, 56.7% chloropicrin, 6.1% other ingredients) six weeks prior to planting. Beds were watered and fertilized through drip irrigation and pesticide applications were consistent with commercial tomato production in North Carolina (Ivors, 2010)⁠. Plants were trained using the stake-and-weave-system according to standard practices. Four weeks after planting all plants in this study were pruned by removing all the suckers up to the sucker below the first flower cluster. Plants grafted onto the rootstock ‘Beaufort’ also had identical non-pruned treatments, but the results from those plots are not reported in this study, and previously published (Ingram et al., 2019).



Rootstocks and scions

Grafting was conducted by Tri-Hishtil (Mills River, NC) using the splice grafting method. Commercial tomato (Solanum lycopersicum L.) cultivars ‘Tasti-lee’® (Bejo Seed, Oceana, CA [TL]) and ‘Mountain Fresh Plus’ (HMClause Seed Company, Davis, CA [MFP]) were grafted onto rootstocks ‘Arnold’ (Siegers Seed Co., Holland, MI), ‘Beaufort’ (DeRuiter Seeds, St. Louis, MO), and ‘Shield’ (Rijk Zwaan, De Lier, Netherlands). ‘Arnold’ is a hybrid rootstock thought to confer vigor (Loewen et al., 2019). ‘Beaufort’ was chosen because it is a commonly used rootstock and also thought to be vigorous. ‘Shield’ was used as it is a common choice for its resistance to bacterial wilt (Ralstonia solanacearum [Smith] Yabuuchi, Kosako, Yano, Hotta & Nishiuchi), although it is not considered a vigorous rootstock. ‘Fortamino’ (Enza Zaden Salinas, CA) was added in 2018 to gain information on a vigorous and Fusarium oxysporum f. sp. lycopersici race 3 resistant rootstock because of the emergence of race 3 in North Carolina at the time of this study (Adhikari et al., 2020). Non-grafted plants of both scion cultivars were used as controls. Transplants of non-grafted plants were grown in a greenhouse at MHCREC, under similar conditions as the grafted plants, for six weeks until transplanted.



Pinching

All grafted plants were either pinched or not pinched (Supplemental Table S1). The apical meristem of each plant was removed 5-7 days before transplanting to allow the two axillary buds to sprout and produce two apical stems. All non-grafted plants were not pinched.



Harvest

Vine-ripe tomatoes were hand-harvested on 14, 23, 30 August and 13, 25 September 2017 and 14, 23, 29 August and 6, 13 September 2018. All plants in each plot were harvested. At the final harvest both years, all the fruit on each plant was harvested (>2.5 cm diameter). All fruit was sorted into unmarketable and marketable, and the marketable fruit was sorted based on USDA size designations. Diameters of specific fruit sizes are: medium = 5.71 - 6.43 cm; large = 6.35 – 7.06 cm; extra-large (XLPlus) = >7 cm. Unmarketable fruit (culls) were determined by size (<5.71 cm) or fruit that had unmarketable fruit characteristics (zippering, cat-facing, rot). The weight and number of fruit in each category was recorded.



Fruit quality characteristics

In 2018 only, after fruit were sorted and weighed, a subsample of fruit collected from TL grafted onto ‘Arnold’, ‘Shield’, or ‘Beaufort’ rootstocks that had been pruned, but not pinched, were compared to fruit from non-grafted TL at the second and third harvests to evaluate fruit quality characteristics. A total of 15 fruit were sampled from each rep, for a total of 60 fruit per treatment per harvest. Fruit were evaluated for soluble solids content (SSC%), pH, titratable acidity %, and total lycopene concentration. Fruit were frozen for 2 days at –20 °C, thawed, pureed with a blender, and further homogenized with a Polytron® PT 10/35 (Brinkmann, Midland, ON, Canada). An aliquot 0.5 mL of puree was placed on a digital refractometer (Atago Pocket Pal, Bellvue WA) and SSC was recorded. The pH of the undiluted puree was determined with a pH meter and a stainless-steel electrode (Hach, Loveland, CO). An aliquot of the concentrated puree was diluted (1:25) with deionized, distilled water and percent titratable acidity (as citric acid equivalents) was determined using a refractometer (Atago acid refractometer, Bellevue WA). Another aliquot of the concentrated puree was diluted (1:3) with deionized, distilled water and total lycopene content was determined using a colorimeter (HunterLab Ultra Pro Xenon, Columbia, MD) with absorbance at 560 and 750 nm (Panthee et al., 2013). Total lycopene (µg/g fresh weight) was calculated using the formula where m is slope and DF is the dilution factor:

	



Statistical analysis

Yield and fruit quality data were analyzed using PROC GLM in SAS 9.4 (SAS Institute, Cary, NC). Means for both years were separated using Tukey’s honestly significant difference test (P-value ≤ 0.05). Fruit size category data were analyzed using GraphPad Prism v8.0.2 (GraphPad Software, La Jolla, CA). Fruit category means were separated using 95% confidence intervals.



Partial budget analysis

The ‘Added Revenue USD per Hectare’ for each specific treatment combination was determined by subtracting the cost of the treatment from the grower standard (non-pinched, pruned, non-grafted, 46 cm spacing). Fruit prices were calculated using the https://www.marketnews.usda.gov/shipping point price at the time the fruit was harvested. ‘Added Cost in USD per Hectare’ was determined by subtracting the cost of grower standard from the cost of the specific treatment combinations. Prices of specific rootstock-scion-pinching combinations were supplied by Tri-Hishtil in a personal communication. The time it took to prune one plant was calculated by timing four trained field technicians as they pruned each rep, one trainer per rep. The cost of pruning per plant was calculated assuming a minimum wage of 7.25 USD. The cost of non-pinched grafted plants ranged from 0.91-1.30 USD per plant depending on the rootstock scion combination. Scaling costs included the 25 lb. boxes (1.50 USD) used to pack the fruit, and labor costs associated with picking (0.22 USD/kg) and packing (0.11 USD/kg) the fruit. ImageGP was used to plot the results of the partial budget analysis (Chen et al., 2022). A breakdown of costs assessed in this analysis is available in supplemental table S2.




Results


Rootstock effects on yield

Rootstock was the only effect to significantly increase yield in both years (Table 1). In 2017 and 2018, marketable yield (kg/ha) was significantly greater from both MFP and TL grafted onto the rootstocks ‘Arnold’ and ‘Beaufort’, compared to the non-grafted grower standard (Table 2). MFP and TL generated similar yields (P<0.05) so these data were combined (Table 2). ‘Shield’ did not increase yield in either year nor for each scion compared to non-grafted plants (Table 2). ‘Fortamino’, evaluated only in 2018, increased yield (kg/ha) by 33.5% in TL and 29.2% in MFP. There was no year effect on marketable yield MFP XLPlus and large fruit sizes were not significantly greater when MFP was grafted on any rootstock, compared to fruit from the non-grafted plants (Figure 1). TL XLPlus and large fruit sizes were significantly greater when grafted on ‘Arnold’, ‘Beaufort’, and ‘Fortamino’, but not on Shield as compared to fruit from the non-grafted plants (Figure 2). Bacterial spot and Verticillium wilt disease ratings were taken, incidence was low, and were not impacted by any of the main effects and had no significant impact on yield. All yield results are available in Supplemental Tables S3, S4.


Table 1 | Significance of main effects and interactions, based on their ability to influence the marketable yield.




Table 2 | Marketable fruit (kg/hectare) from grafted and non-grafted tomato plants from trials conducted in 2017 and 2018 in Mills River, NC.






Figure 1 | Fruit category distribution from pruned, non-pinched, grafted and non-grafted MFP tomatoes, 2017 and 2018 combined. Error bars represent the 95% confidence interval. ‘Fortamino’ was only planted in 2018.






Figure 2 | Fruit category distribution from pruned, non-pinched, grafted and non-grafted TL tomatoes, 2017 and 2018 combined. Error bars represent the 95% confidence interval. ‘Fortamino’ was only planted in 2018.





Pinching effect on yield

Pinching significantly increased marketable yields by 17.2% in 2018, however, the effect was not significant in 2017 (Table 3). Pinching interacted with both cultivar and rootstock in 2017, but this interaction was not repeated in 2018 (Table 1). For MFP both in 2017 and 2018 there was no significant difference between pinched and non-pinched fruit sizes (Figures 3, 4). In contrast non-pinched TL plants had significantly more large and XLPlus fruit sizes in 2017 (Figure 5). In 2018 the exact opposite effect was observed, with pinched TL having significantly more large and XLPlus fruit sizes than non-pinched TL (Figure 6).


Table 3 | Marketable fruit from pinched and non-pinched grafted plants from trials conducted in 2017 and 2018 in Mills River, NC. No cultivar or rootstock interaction detected (P>0.05); reported yields are combined from TL and MFP plants.






Figure 3 | Mean fruit category distribution of all pinched and non-pinched MFP tomatoes in 2017. Error bars represent the 95% confidence interval. Non-grafted plants were all non-pinched.






Figure 4 | Mean fruit category distribution of all pinched and non-pinched MFP tomatoes in 2018. Error bars represent the 95% confidence interval.






Figure 5 | Mean fruit category distribution of all pinched and non-pinched TL tomatoes in 2017. Error bars represent the 95% confidence interval.






Figure 6 | Mean fruit category distribution of all pinched and non-pinched TL tomatoes in 2018. Error bars represent the 95% confidence interval.





Plant spacing effect on yield

In 2017 56 cm spaced plants had slightly higher yields than grafted plants at 61 cm (81588 vs 77343 kg/ha) (P = 0.037) (Table 1). The marketable yield in plants spaced at 56 and 61 cm apart in 2018 were similar at 81620 and 82418 kg/ha, respectively (P = 0.744) (Table 1). Spacing did not interact with any other main factors.



Rootstock effect on fruit quality

The pH of fruit from TL grafted onto ‘Arnold’ differed significantly from non-grafted, ‘Beaufort’, and ‘Shield’ plants (Table 4). The SSC% of fruit from non-grafted plants was significantly higher than fruit from grafted plants (Table 4). Fruit from non-grafted TL plants had the highest titratable acidity, compared to fruit from grafted TL (Table 4). Total lycopene content of fruit from non-grafted TL and those grafted onto ‘Arnold’ (56 and 56.70 ug/g fwt, respectively) were statistically higher than ‘Beaufort’ and ‘Shield’ plants (52.9 and 53.1 ug/g fwt) (Table 4).


Table 4 | Fruit quality characteristics of fruit harvested from TL grafted onto three rootstocks or non-grafted in 2018.





Partial budget analysis of treatments combinations

In both TL and MFP grafted plants, ‘Beaufort’ had the greatest return on investment (Figures 7, 8). Single-leader TL and MFP plant grafted on to ‘Shield’ did not increase yield, while double-leader shield plants did increase yield. The most significant contributor to added cost was the grafted plants themselves. The added costs of all treatment combinations ranged from 8,200-13,428 USD per hectare. The added cost of pruning was 0.027 USD per plant. The added cost of pinching per plant ranged from 0.03-0.11 USD per plant.




Figure 7 | Partial-budget analysis of grafted tomatoes grown in 2017 and 2018. Scatter plot of added revenue in MFP tomatoes (compared to non-grafted grower standard) in USD per hectare, compared to the added cost in United States Dollars (USD) (compared to the cost of the non-grafted grower standard) per hectare. Total added cost USD per hectare includes fixed costs per hectare (grafting, seed, pinching, pruning) added to scaling costs (picking and packing costs of added yield).






Figure 8 | Cost-benefit analysis of grafted tomatoes grown in 2017 and 2018. Scatter plot of added revenue in TL tomatoes (compared to non-grafted grower standard) in USD per hectare, compared to the added cost in United States Dollars (USD) (compared to the cost of the non-grafted grower standard) per hectare. Total added cost USD per hectare includes fixed costs per hectare (grafting, seed, pinching, pruning) added to scaling costs (picking and packing costs of added yield).






Discussion

Grafting tomatoes onto the rootstocks ‘Arnold’ and ‘Beaufort’ consistently increased marketable yield of fresh market tomatoes produced in the field in this study. This fits into a larger body of evidence that shows certain rootstocks can provide yield and fruit sizing benefits to growers (Rivard et al., 2010b; Grieneisen et al., 2018) even in the absence of known negative abiotic and biotic constraints. The most significant gains in fruit size increase were in TL at the XLPlus size when grafted onto ‘Arnold’ and ‘Beaufort’ at 74% and 94% respectively for TL, and 30% and 25% for MFP. These data give a strong indication that one mechanism of grafting is to increase fruit size for cultivars like TL. The most likely explanation is that TL, a lower yielding but high fruit quality cultivar, naturally has less vigor than MFP and therefore responded proportionately more to the beneficial impact of the rootstock treatments. Other studies have shown that MFP does not appear to benefit from grafting, specifically on the rootstock ‘Maxifort’ (Grieneisen et al., 2018; Lang and Nair, 2019). The grafted tomatoes in our study were planted at a greater spacing than non-grafted plants (56 and 61 cm vs 46 cm) yet still produced significantly higher yields with the two rootstocks. In contrast, the rootstock ‘Shield’ did not confer an advantage in the absence of bacterial wilt pressure (Table 2).

Although the overall effect of spacing had no significant effect on yield, the highest yielding treatment were unpruned TL grafted onto ‘Beaufort’, non-pinched, planted at 61 cm spacing (128121 and 120358 total kg/ha for 2017 and 2018 respectively) (Supplemental Table S3). The identical treatment at 56 cm spacing had lower, but still significantly high total yields in 2017 and 2018 at 114495 and 102324 kg/ha (Supplemental Table S3). This indicates that there may be specific circumstances where a small increase in spacing could result in significant increases in yield, and more detailed research is needed to elucidate this. Research tailored for specific cultivars may define winning combinations of techniques. Also, when using 56 and 61 cm spacing, 18-25% fewer plants per hectare are needed for yields equivalent to using non-grafted plants at 46 cm spacing. Because there were no consistent significant differences in overall yield or fruit sizes in 56 compared to 61 cm spaced grafted plants, it is recommended that growers plant grafted plants at 61 cm. This agrees with Suchoff et al., 2014 that show spacing grafted plants (non-pinched) tends to be optimized around 61 cm.

Pinching grafted tomatoes did not provide a consistent benefit at 56 and 61 cm across years. It is likely that the spacing differences were too small to show a significant benefit to pinching. It should also be mentioned that both pinching and not pruning plants increased yields ~10%, but the effect is not additive (Ingram et al., 2019). Increasing the foliage with either technique may allow the plant to take advantage of the more vigorous root system of the tomato rootstock (Davis and Estes, 1993; Kanyomeka and Shivute, 2005; Gaytán-Mascorro et al., 2008; Maboko et al., 2011)⁠. To see a more consistent effect of pinching or not pruning, future studies should include wider spacings (>61 cm) to accommodate the additional foliage created by grafted pinched or non-pruned plants. Increasing spacing for pinched plants may be the key to offsetting the costs related to pinching. Also, not pruning pinched varieties may be an important component in maximizing foliage while minimizing planting costs. Pinching is an added cost for growers and the optimal parameters under which this practice is used needs to be studied further before widescale adoption by growers in the field. More details on the pruning and pinching interactions are reported in a separate publication (Ingram et al., 2019).

While both ‘Beaufort’ and ‘Arnold’ provided clear return on investments (ROI) in both scions, ‘Beaufort’ consistently provided the highest ROI (Figures 7, 8). ‘Shield’ provided the lowest ROI, and in some cases had less yield than the non-grafted controls. While pinching did not provide a clear benefit in ‘Beaufort’ or ‘Arnold’, pinched ‘Shield’ plants did provide a clear ROI. The cost-benefit patterns were similar between TL and MFP. Overall, these results demonstrate that there is a clear economic benefit to grafting in field situations where there is low or no disease present. Shield is typically used to combat bacterial wilt diseases, but bacterial wilt can often have an uneven distribution in fields. One method growers might be able to justify the cost of using bacterial wilt resistant cultivars that lack vigor, would be to pinch them, as this can have a clear impact on yield that can provide a higher ROI. While the cost of pruning is negligible compared to the cost of grafted plants, there was no clear benefit to pruning determinate cultivar tomatoes in this field according to Ingram et al., 2019, which is included in our analysis (Figures 7, 8).

Despite some significant differences, overall changes in fruit quality from grafted and non-grafted plants may not result in perceptible differences in taste. Turhan et al. (2011) found that SSC was consistently higher in fruit from non-grafted plants compared to those from ‘Arnold’ and ‘Beaufort’, but was 0.4%, less than the 2% SSC generally thought to be needed for consumers to detect differences in sweetness. In contrast, other research studies have found that grafting has no significant positive or negative effect on overall tomato fruit quality (Pogonyi et al., 2005; Davis et al., 2008; Gaytán-Mascorro et al., 2008)⁠⁠.



Conclusions

Rootstocks ‘Arnold’, Beaufort’, and ‘Fortamino’ all significantly improved yields and, sometimes, fruit size in ‘Tasti-lee’ and ‘Mountain Fresh Plus’ grafted plants compared to the non-grafted plants. Of the grafted plants, scions grafted onto ‘Shield’ produced the lowest yields, on average, and were not significantly different than the non-grafted plants. This trial was conducted in the absence of known biotic or abiotic stress factors. The 61-cm spaced plants had similar yields to 56-cm spaced plants, indicating that growers can plant fewer grafted plants and achieve similar yields and fruit sizes. Across all combinations, pinching grafted tomato plants increased yield in only one year, so more research ought to be conducted before recommending this practice. Pinching only provided a specific benefit to plants grafted with ‘Shield’, otherwise the effect was marginal. More research needs to be done on wider plant spacings to determine if spacing greater than 61-cm would see benefits from pinching. In the cultivar ‘Tasti-Lee’, fruit quality characteristics such as lycopene, titratable acidity%, SSC%, and pH differed in grafted and non-grafted plants. Grafting with ‘Arnold’ and ‘Beaufort’ consistently improved yields in both years and show a clear economic benefit. There was no specific economic benefit to pinching except with the rootstock ‘Shield’. This study provides a clear outline of best practices for grafting in field conditions under low-disease conditions.
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