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Abstract

An experiment aimed at understanding the genotypic potential of certain
rootstocks to influence the nutrient concentration of ‘Honeycrisp’ fruit was conducted
over two years (2016 and 2017) on trees that had reached production maturity. Four
or five replications of trees grafted on B.9, G.11, G.214, G.30, G.41, G.210, G.814, G.935,
M.26, M.9 Pajam2 rootstocks were used as the source of tissues for this experiment. The
nutrient concentration of leaves, pedicels, and fruit was monitored 8-10 times in two-
week intervals from the time fruit reached 10 mm in diameter to harvest. Nutrients like
boron, potassium, sulfur, phosphorous and calcium showed good correlation among
rootstock/tissue combinations. Overall, nutrient concentration changed in tissues over
time with some nutrients like boron and potassium displaying higher concentration
early in the season then decreasing over time in a similar way for all tissues. Other
nutrients like calcium displayed discordance between tissue types as all tissues started
from the same concentration, with leaves increasing concentration, pedicels remaining
constant and fruit decreasing in concentration with time. Nutrient ratios like K/Ca and
(K+Mg)/Ca showed starkly different trends in fruit tissues (increasing with time)
compared to pedicel and leaves where the ratios remained relatively constant. These
ratios were slightly influenced by rootstocks genotype over time, indicating effects that
could be tied to rootstock specific influence on fruit quality parameters like bitter pit.
While Ca increased in leaves, it was constant over time in the pedicel and slightly
decreased in fruit. K in the pedicel and the fruit decreased over time in a similar way,
however leaf K displayed a different rate of decline and was more variable during the
season. Rootstock genotype significantly affected the overall concentration of certain
nutrients and as previously observed in a previous experiment, M.9 Pajam 2 displayed
the lowest levels of boron in all tissues compared to other rootstocks. This work is part
of alarger project aimed at understanding the connection between rootstocks and fruit
quality being studied in the USDA NIFA Specialty Crop Project “AppleRoot2Fruit”.
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INTRODUCTION

Apple rootstocks perform the important function of mining mineral nutrients from the
soil and shuttling them to grafted scion varieties thus allowing proper whole tree growth and
production of fruit (Fallahi et al.,, 1984). Recent experiments have outlined the influence of
rootstock genotype on this function where the mineral nutrient concentrations of different
tissues in grafted scion cultivars can be significantly modified according to what rootstock it
is grafted on (Fazio etal., 2013, 2015, 2020; Neilsen and Hampson, 2014; Lordan et al., 2019,
2020; Reig et al., 2018). Some nutrients like boron seem to be tightly controlled by the
rootstock genotype, while others like calcium seem to display environmental interactions
which obfuscate the rootstock genotypic effect (Reig et al, 2018). The concentration of
calcium and the ratios of nutrients like potassium/calcium in fruit have been connected to the
incidence of bitter pit in apple fruit especially in the bitter pit sensitive cultivar ‘Honeycrisp’
(Fazio et al., 2018, 2020; Robinson and Fazio et al., 2022). The position of fruit in the tree
canopy, crop load and fruit size have also been connected to the incidence of bitter pit (Serra
et al,, 2016; Robinson and Lopez, 2012). Controlling bitter pit in ‘Honeycrisp’ apple usually
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requires numerous tactics including foliar calcium sprays (Rosenberger et al., 2004; Torres et
al,, 2017).

Timing of nutrient absorption and transport by root systems can be influenced by the
mechanism employed to transport each nutrient, consequently a nutrient that is exclusively
moved in the phloem and then into cells by energy activated symport proteins is going to be
different than a nutrient that is exclusively passively transported through the xylem by
evapotranspiration (Kalcsits, 2016; Wang and Wu, 2013). All nutrients, water and plant
metabolites are transported to the fruit through the pedicel. Pedicels seem to be fully formed
in size early in the fruit development and therefore capturing their nutrient concentrations at
specific times of fruit development may reveal rootstock specific nutrient fluxes that affect
fruit quality and development (Song et al., 2018). The goal of this experiment was to identify
rootstock specific patterns in the timing and concentration of several nutrients and their
ratios in leaves, pedicels, and fruits of the scion ‘Honeycrisp’.

MATERIALS AND METHODS

The research orchard block used for this experiment was planted in 2007 at Geneva,
New York State featuring ‘Honeycrisp’ scions grafted on 10 rootstocks (B.9, G.11, G.214, G.30,
G.41, G.210, G.814, G.935, M.26 and M.9 Pajam?2) replicated 4-5 times in the orchard. Leaf,
pedicel, and fruit tissues were sampled 8-10 times during the 2016 and 2017 growing season
(about every two weeks) from fruit set to about two weeks before harvest. Ten mid-position
leaves on new extension growth and five fruit and pedicels randomly distributed throughout
the tree canopy were processed, oven-dried, pulverized and pooled according to harvest time
and tree replicate. Nutrient concentration data were obtained by via inductively coupled
plasma optical emission spectrometry (ICP) from two years, 2016 and 2017 (Great Lakes
Nutrient Analysis Lab). About 780 samples were evaluated for each year. Nutrient
concentration data was analyzed with SAS JMP Pro 15 and Minitab 18. Rootstock genotype
least squared means for each of the nutrients and harvest timings were obtained by mixed
model analysis. Years were analyzed and plotted separately.

RESULTS AND DISCUSSION

The mean nutrient concentrations for each tissue type from the experimental unit (one
tree) at each sampling time for most nutrients were highly correlated between 2016 and 2017
(Table 1; Figure 1). These high correlations indicate a stable physiological state for the
rootstock-scion system. The values of potassium and boron for each of the three tissue types,
displayed a continuum of values with considerable overlap in data points between tissue
types, whereas the calcium and magnesium concentrations had different ranges among tissue
types and different correlation values depending on the tissue interrogated.

When observing the behavior of potassium through the different sampling times and
tissues (Figure 2) the K levels decrease with time in pedicels and fruit much faster than in
leaves. Leaf K levels show a dip in mid-season in all rootstocks and then a small increase. The
rootstock influence on Klevels is also very evident where G.41, G.210, G.814 and G.935 display
higher levels of K than the rest of the rootstocks. The fact that they start at higher levels
perhaps shows effects from previous years, indicates either a higher capacity to store K and
transmit it early in the spring or a better capacity to absorb that nutrient in the spring. M.26
and G.214 displayed some of the lowest levels of K. This tendency of G.214 to display lower
levels of K has been observed in other plantings (Al Farqani, 2019; Fazio et al.,, 2020; Reig et
al,, 2018).

The pedicel calcium level was not affected by rootstock, but rootstock did have an
influence on Ca level in leaf and fruit tissues perhaps indicating calcium saturation for the
pedicels and fluxes in into fruit and leaves (Figure 3).

Calcium behavior through the season (Figure 3), shows a significant decrease in fruit,
while in pedicels the Ca levels remain constant in pedicels and increase in leaves over time.
The decrease in fruit is related to the fruit growing in size by cell division and cell enlargement
which results in a three-dimensional growth potential, while leaves have a two-dimensional
growth potential. This is exacerbated by the fact that any calcium in the xylem flow will be
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accumulated faster due to the increased transpiration rate in leaves compared to fruit. The
constant levels in pedicels indicates a maximum capacity steady state is reached early in the
development of the fruit suggesting a bottleneck behavior in this tissue type (Song et al,,
2018). There was a significant rootstock effect on Ca levels where G.11 displayed the highest
leaf Ca, and G.214 the highest for pedicels. G.30 and G.814 fruit ended up with the lowest levels
of Ca in fruit at the end of the 2016 season.

Table 1. Correlation coefficients between fruit nutrient concentrations in 2016 and 2017
data of mature ‘Honeycrisp’ trees at Geneva, NY.

B 2016
Ca 2016
K 2016
Mg 2016
P 2016
S 2016
N 2017
P 2017
K 2017
Ca 2017
Mg 2017
S 2017
B 2017

B 2016 1.00 073 087 0.77 084 074 088 091 090 090 092 088 0.89
Ca2016 073 100 092 099 095 099 082 079 072 080 0.78 0.82 0.46
K2016 087 092 100 095 098 094 097 09 094 094 095 097 0.71
Mg2016 0.77 099 095 100 098 099 092 089 083 090 090 091 055
P 2016 084 095 098 098 1.00 098 098 097 093 096 097 096 0.69
S 2016 074 099 094 099 098 100 090 087 081 086 0.8 089 0.52
N 2017 088 082 097 092 098 09 100 099 09 096 098 099 0.73
P 2017 091 079 09% 089 097 087 099 1.00 09 097 099 099 078
K 2017 090 072 094 083 093 081 096 09 100 091 094 096 0.83
Ca2017 090 080 094 09 09 08 096 097 091 1.00 098 095 0.73
Mg2017 092 078 095 090 097 086 098 099 094 098 100 098 0.76
S 2017 088 082 097 091 09 089 099 099 09 095 098 1.00 0.74
B 2017 089 046 071 055 0.69 052 073 078 083 073 0.76 0.74 1.00
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Figure 1. Single tree date mean correlations between 2016 and 2017 for boron, calcium,
potassium, and magnesium at 2-week sampling times through the season for
mature ‘Honeycrisp’ trees at Geneva, NY. x-axis values are for 2016 and y-axis
values are for 2017.
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Figure 2. Interaction plot of rootstock and sampling date through the season (x-axis) on

Mean(Ca (mg/g DW))

potassium concentration. in fruit, leaves and pedicels of mature ‘Honeycrisp’ trees
at Geneva NY averaged over 2 years (2016 and 2017).
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B.9 G.11 G.30 G.41 G.214 G.814 G.935 G.210 M.9Paj M.26

— fruit
— leaf
— pedicel

DaysAfterLeaf

Figure 3. Interaction plot of rootstock and sampling date through the season (x-axis) on

calcium concentration in fruit, leaves and pedicels of mature ‘Honeycrisp’ trees at
Geneva NY averaged over 2 years (2016 and 2017).
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A comparison among boron, potassium, and sodium levels through the season (Figure
4) highlights the differences in transport type where B features active transport, K features a
mix of active and passive transport and Na features mostly passive transport. All these
nutrients seem to decrease in concentration in fruit over time, however sodium concentration
seems more variable especially in pedicels indicating different levels of flux throughout the
season. It is important to note that these trees are rain fed and therefore water availability is
alikely factor in this variation. Boron was highly correlated with potassium in this experiment,
which matches other observations, however in pedicels the levels start high (perhaps
indicating a strong sink by the flower and early fruit) and then tapers at the end of the season.
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Figure 4. Interaction plot of rootstock and sampling date through the season (x-axis) on
potassium, boron and sodium concentration in fruit, leaves and pedicels of mature
‘Honeycrisp’ trees at Geneva NY averaged over 2 years (2016 and 2017).

The ratio of potassium to calcium has been identified as one of the best predictors for
bitter pit incidence. Rootstock B.9 and G.214 displayed some of the lowest K/Ca ratio in 2016
and 2017 (Figures 5 and 6) which matches pretty well their potential to exhibit low bitter pit
incidence in fruit, whereas G.814, G.935, M.9, G.210 and G.30 all seemed to feature higher
ratios in fruit (Valverdi et al., 2019). All rootstocks displayed lower ratios in 2017 perhaps
indicating a shifted physiological status due to climate differences between the two seasons.
We observed an interesting divergence in fruit K/Ca ratio with G.11 between 2016 and 2017
perhaps indicating a peculiarity in the way that rootstock perceives the environment. G.11 has
been known to advance maturity in certain cultivars and environments.

CONCLUSIONS

Rootstock genotype had an effect on nutrient concentration and ratios for several
nutrients in both seasons. Slight seasonal differences between years were evident in some
nutrient/time curves perhaps tied to the seasonal variations in bitter pit experienced by
growers. These data are in the process of being correlated with cumulative bitter pitincidence.
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Figure 5. Interaction plot of rootstock and sampling date through the season (x-axis) on
potassium/calcium ratio in fruit, leaves and pedicels of mature ‘Honeycrisp’ trees
at Geneva NY averaged over 2 years (2016 and 2017).
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Figure 6. Comparison between 2016 and 2017 data of rootstock genotypic means for
(potassium+magnesium)/calcium ratio in fruit arranged by sampling time (x-axis)
of mature ‘Honeycrisp’ trees at Geneva NY.
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