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Abstract 

Apple rootstocks modify scions at the molecular level modulating gene 
expression and hormone flux.  Some Geneva® apple rootstocks show increased 
productivity in low chill environments by causing more floral and vegetative buds to 
break in the top 1/3 of high chill scions like Gala (~890) and Fuji (~1150).  We used an 
existing, mature (8th leaf) ‘Gala’ orchard featuring a full-sib population of rootstocks. 
To measure the effect of rootstocks on bud break we harvested 30 cm one-year growth 
shoots for replicated experiments in 2 consecutive years (2017-2018).  In 2017 shoots 
were harvested when the trees had accumulated 800 hours (North Carolina model) of 
chilling were then placed directly into a greenhouse environment (20° C day/17° C 
night). In 2018 we tested three chilling hour accumulation levels (585 hours, 702 hours 
and 906 hours).  In 2018 shoots were harvested on November 22 when the trees had 
accumulated 585 chill hours and a set was placed directly in the greenhouse at 20° C 
day/17° C night while the rest were stored at 5° C until they had reached the desired 
chilling hour accumulation (702h and 906h) to be placed in the same greenhouse 
environment.  Bud break was recorded at 15 and 30 days after move in greenhouse.  
Rootstock genotype and chilling treatment had a significant effect on apical and lateral 
bud opening in both years.  Normally, apical buds opened first, followed by laterals.  In 
2017 approximately 50% of the rootstock genotypes had one or more buds open after 
30 days indicating a significant rootstock effect on the scion chilling requirement.  In 
2018 the proportion of rootstock genotypes displaying open buds after 30 days 
increased with increasing chilling hours (585h=10%; 706h=20%; 906h=38%).  These 
preliminary results in the germplasm tested, show a definite genetic effect by apple 
rootstocks on scion chilling requirement. 
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INTRODUCTION 
One of the effects of climate change on apple production is to reduce apple growing 

areas where winter temperatures fail to dip below 7C for extended periods in order to satisfy 
the winter chill requirement of apples (Midgley and Lotze, 2011; Bergamaschi et al., 2012; 
Cardoso et al., 2012).  Lack of chilling happens in some apple-growing regions of the world 
where apple trees experience too little winter cold to satisfy the endodormancy (chilling) 
requirement specific to each scion variety (Cook and Jacobs, 1999; Rufato et al., 2010).  
Different models have been developed to describe scion cultivar-specific chilling 
requirements (Anzanello et al., 2014; Asakura, 2011; Guak and Neilsen, 2013; Neilsen et al., 
2015; Pola et al., 1994). In the spring, apple trees that do not achieve adequate chilling, display 
a low percentage and/or delay of bud burst (especially in the top 1/3 of the tree), with a high 
percentage of buds failing to grow and subsequently dying (Macedo et al.,  2018a; Macedo et 
al.,  2018b; Rufato et al.,  2010).  The number of flowers that can be converted into fruit and 
timing of opening of those flowers are also affected resulting in losses between 15-45% in 
production (Macedo et al.  2019).  Apple rootstocks have been shown to affect bud break in 
scions that have experienced insufficient chilling (Couvillon et al.  1984; Young and Werner, 
1984; Young and Werner, 1984; Young and Werner, 1985).   
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Recently, researchers in Brazil found that Geneva 213 rootstock had a greater 
percentage of buds that grew in the spring after mild winters compared to ‘M.9’ or 
‘Marubakaido’ rootstocks and interstems (Macedo et al.,  2018a).  This and other Geneva® 
rootstocks that may possess chilling requirement reducing properties (‘G.210’ and ‘G.814’) 
belong to the same full-sib family resulting from the cross between ‘Ottawa 3’ and ‘Robusta 5’ 
(Bartish et al., 1999).  Phytohormone content in scion cultivars has been shown to be 
modulated by genetically different rootstocks which may also influence specific 
endodormancy requirements at the onset of dormancy in the fall (van Hooijdonk et al.,  2011; 
Tworkoski and Fazio, 2016; Adams et al.,  2018).  This set of experiments was designed to 
validate observations of Geneva rootstocks behavior observed in low chill environments and 
gain genetic insights for this trait by testing full-sib populations of those rootstocks in Geneva, 
NY. 

MATERIALS AND METHODS 
We used an existing, mature (8th leaf) orchard featuring a full-sib population of 

rootstocks derived from the cross between ‘Ottawa 3’ and ‘Robusta 5’ that had been grafted 
with ‘Gala’ scion. For all experiments, we harvested 30 cm one-year growth shoots for a 
replicated experiment to measure the effect of rootstocks on bud break. 
In 2017 we tested one level of chilling hour accumulation (800 hours) measured according to 
the North Carolina model to see if we could observe the phenomenon in Geneva, NY. Shoots 
were harvested when the trees had accumulated 800 hours of chilling and were then stuck in 
floral foam in a completely randomized design and placed in water-filled trays.  Trays were 
placed directly into a greenhouse environment (20° C day/17° C night).  We counted the 
number of buds open per bud stick and generated genotype means. 

 
Figure 1.  Experimental setup of completely randomized bud sticks harvested from ‘Gala’ 
scions grafted onto 127 apple rootstocks belonging to the breeding family ‘Ottawa 3’ x 
‘Robusta 5’. 
 

In 2018 we tested three chilling hour accumulation levels (Treatment 1: 585 hours, 
Treatment 2: 702 hours, Treatment 3: 906 hours). Shoots were harvested on November 22 
when the trees had accumulated 585 chill hours.  All shoots were stuck in floral foam in a 
completely randomized design with water reaching the cut areas. Shoots in treatment 1 were 
placed in the greenhouse at 20° C day/17° C night while shoots from treatment 2 and 
treatment 3 were stored at 5° C until they had reached the desired chilling hour accumulation 
and then were placed in the same greenhouse environment for pushing.  Bud sticks that had 
no open buds were given a value of 0 whereas bud sticks that had one or more buds open 
were given a value of 1. 

For all treatments/years, bud break was recorded 30 days after the introduction on 
the greenhouse.  Statistical analyses and graphs were obtained with SAS JMP15-Pro software 
(Cary, NC 27513-2414, USA). 



 

 
Figure 2.  Examples of bud break recorded after 30 days that show replicate uniformity. 

RESULTS AND DISCUSSION 
Rootstock genotype and chilling treatment had a significant effect on apical and lateral 

bud opening in both years.  Apical buds opened first and were followed by laterals.  In 2017 
approximately 50% of the rootstock genotypes had one or more buds open after 30 days 
indicating a significant rootstock effect on the scion chilling requirement.  In 2018 the 
proportion of rootstock genotypes displaying open buds after 30 days increased with 
increasing chilling hours (585h=10%; 706h=20%; 906h=38%) perhaps indicating a 
quantitative trait effect. 
 

 
Figure 3.  Genotypic mean total number of buds open per Gala scion bud stick that were 
grafted onto 116 different rootstock genotypes. 

 
These sets of experiments were conducted to learn more about the repeatability of 

observations made in Brazil that involved rootstocks (‘G.213’ and ‘G.814’) related (full sibs) 
to the breeding population in this work.  Early reports in the 1970s indicated that in the 
Malling series there were differential effects of rootstocks on scion chilling requirements 
where ‘M.7’ lowered the chilling requirement of grafted scions compared to ‘M.9’ (Couvillon 
et al.,  1984a; Young and Werner, 1984b).  Current dogma on chilling hour accumulation does 
not include any root influenced component, which is clearly disproven by these sets of 



experiments.  Several root influenced factors including phytohormone content, global gene 
expression, nutrient content, and metabolite content have been described in the past 15 years 
(Jensen et al.,  2010; Tworkoski and Fazio, 2016; Adams et al., 2018). Related traits (sylleptic 
bud break in the nursery) have also been reported for related apple rootstocks (Fazio and 
Robinson, 2008; Rufato et al.,  2019).  It is likely that one of the molecular components that 
make up the endodormancy system may be influenced by a gradient modulated by rootstock 
genotype.  Genotypic mean distributions are often used to deduce the complexity of a trait. In 
this case, we see a very small percentage of rootstocks in the population possessing a very 
strong ability to reduce chill hour requirement in the scion, perhaps indicating a complex 
genetic inheritance (three or more loci).  

The chilling requirement is related to endodormancy while the ability of buds to open 
when placed in a warm environment is related to ecodormancy (accumulation of heat units).  
The number of buds open after 30 days is interpreted as a genotype effect on endodormancy 
while rootstock effects on ecodormancy could be interpreted as the differences in the 
proportion of open bud genotypes between the first and second observation times in the 
greenhouse (not reported here).  Although these are preliminary results, they show that in 
the germplasm tested, there is a definite effect of apple rootstock on scion chilling 
requirement and perhaps ecodormancy. 

 

 
Figure 4. Genotypic mean distribution of rootstock genotype induced Gala scion buds open by 
chilling treatment (585h, 706h, 906h) and 30 days in greenhouse. 
 

CONCLUSIONS 
Regardless of physiological and genetic underpinnings for this rootstock-influenced 

trait, in a low chill environment, it does increase the productivity of the orchard by 15-45% 
depending on the severity of the lack of chill and the sensitivity of the scion variety.  This 
rootstock effect has repercussions in apple production areas threatened by loss of chilling due 
to climate change that are in borderline regions where winters are becoming milder.  It 
remains to be seen if this rootstock trait has any incidence on the eco-dormancy requirement 
of scions or mid-winter hardiness.  So far, rootstocks possessing this trait have survived at 
least 45 Geneva, New York winters with and without scions. 
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