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Abstract. The precocity and productivity of 30 Kentville Stock Clone (KSC) apple (Malus domestica Borkh.) rootstocks, with
‘McIntosh’ and ‘Delicious’ as scion cultivars, were assessed independently of each other using a procedure involving
computer-aided fitting of curves to yearly production data. A good fit to the data was obtained after biennial fluctuations
in yield were removed by using a weighted, 3-year running average. For all 30 rootstocks combined, ‘McIntosh’ was more
precocious and reached a higher level of productivity compared to ‘Delicious’. There was poor correlation between
precocity and productivity.
Precocity and productivity are extensively studied characteris-
tics of candidate apple rootstocks (Cummins and Aldwinckle,
1983). Before the selection of superior individuals, these traits,
which are time dependent, often require years of evaluation to
determine the degree of precocity and the level of productivity.
Preston (1967) concluded that a 15-year field trial was required
before rootstock performance could be defined fully, but preliminary
selection could be made after 6 or 7 years. Crowe (1975) noted that
the relative cropping advantage of MM.106 declined relative to
other stocks after the early years, and he became concerned that
selection based on precocity alone could be biased. Schmidt
(1988) confirmed this concern, noting that the shorter the period of
cumulative yields the greater the advantage of the precocity-
inducing M.9. Cummins and Aldwinkle (1983) also noted that
clear distinctions are needed among aspects of precocity and
productivity. The most common method of assessing productivity
has been to measure fruit yield over a particular time span and
adjust it for trunk circumference (Waring, 1920), tree weight
(Pearce, 1952), or trunk cross-sectional area (TCA) (Westwood
and Roberts, 1970). The latter is relatively easy to measure and is
now the characteristic most widely used to describe efficiency.
Unfortunately, when this method is used for numerous rootstocks
for many years, it is very difficult to identify the most efficient
because they could change positions each year. Efficiency in our
view should reflect both the speed at which a tree comes into
production (precocity) and the level of production it achieves and
maintains when mature (productivity). Precocity is important,
especially in high density orchards, but it may not signal superior
productivity. When evaluating cultivars or rootstocks that vary in
the rate at which they come into production, the selection of an
appropriate time period on which to base the final conclusion
becomes somewhat arbitrary. Dwarf rootstocks that have been
selected for precocity will tend to be more efficient when a
relatively short time span is chosen. More vigorous rootstocks
likely will show higher levels of efficiency if a longer period is
selected. It would be useful, therefore, to have a less time depen-
dent method of assessing rootstock productivity. The purpose of
this study was to compare the precocity and productivity of the 30
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KSC rootstocks with ‘McIntosh’ and ‘Delicious’ as the scion
cultivars. A method for determining rootstock precocity and pro-
ductivity independently of each other is proposed and used in the
comparison.

Materials and Methods

The selection and growth of the KSC rootstocks have been
described by Embree and Crowe (1986).

All statistical analyses were made using Genstat 5 procedures
(Genstat Committee, 1987). From each year’s measurement of
fruit yield and TCA for each tree, the crop load (CL) was calculated
as kilograms of fruit per square centimeter TCA. The term “crop
load” refers to each year’s yield relative to that year’s TCA, as
opposed to “efficiency,” which refers to the cumulative yield to
that year relative to that year’s TCA. To remove fluctuations in
yield due to biennial bearing, an adjusted crop load (ACL) was
calculated for each year using a 3-year running average weighted
50% to the current year and 25% each to the previous and following
years, that is, ACL = (CLprevious + 2CLcurrent + CLfollowing )/4. For the
final year. ACL was the mean of CL that year and for the
previous year. Logistic curves of the form ACL = C/[1 + e–B(Age–M)]
were fitted to the means for each cultivar/rootstock combination
and the parameters C, B, and M were calculated. Age of the trees
was in years. This method allows determination of: 1) the age when
production begins, 2) the rate of increase, 3) time to half maximum
cropping, and 4) maximum crop load.

Results and Discussion

Measurement of precocity and productivity. The methods of
computer curve fitting and the correction for biennial bearing are
illustrated in Fig. 1. The data shown are means for all 30 rootstocks
with either ‘McIntosh’ (Fig. la) or ‘Delicious’ (Fig. lb) as scion.
In the measured crop loads, there was a considerable degree of
bienniality after the 6th year. Most of these fluctuations were
removed by the adjustment based on a running 3-year average. The
nature of the adjustment is such that there would be no effect on
values that were changing linearly; before the 6th year, when there
was a steady increase in crop load, the adjustment had only a small
effect. The fit of the curves to the data accounted for >98% of the
variability in the data. The crop load approached a maximum equal
Abbreviations: ACL, adjusted crop load; CL, crop load; KSC, Kentville Stock
Clone; TCA, trunk cross-sectional area.
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Fig. 1. CL as a function of tree age for (a) ‘McIntosh’ and (b) ‘Delicious’. CL was
calculated for each year as kilograms fruit per square centimeter TCA and shown
as the mean for all trees of each cultivar. Adjusted CL was calculated as a 3-year
running average of crop load, and curves were fitted to the equation ACL = C/[1
+ e–B(Age–M)]. Time to half production was equal to parameter M, maximum
production to parameter C, rate of onset of production to C × B/4, time to first
production to M – 2/B, and time to full production to M + 2/B.

Fig. 2. Adjusted CL as a function of tree age for selected rootstocks with (a) ‘McIntosh’
and (b) ‘Delicious’ as scion. The error bars indicate the least significant difference
at P = 0.05 for the parameters M and C.
to the parameter C (1.05 kg·cm–2 and 0.74 kg·cm–2 for ‘McIntosh’
and ‘Delicious’, respectively). At the inflection point of the curves,
where crop load is half the maximum, age corresponds to the time
to reach half production. At this point, the value of age is equal to
the parameter M (5.0 years and 5.8 years for ‘McIntosh’ and
‘Delicious’, respectively). Also, the slope at the inflection point is
at its maximal value and is equal to C × B/4 (0.43 kg·cm–2'year–1 and
0.24 kg·cm–2·year–1 for ‘McIntosh’ and ‘Delicious’, respectively).
These values can be considered to represent the rate of onset of
production. The points at which the slope through the inflection
point crosses the X-axis and the asymptote represent the times to
first production and full production, respectively, and can be
calculated as M + 2/B and M – 2/B, respectively. This method
allows determinations of precocity and productivity that are con-
sistent because they are based on the individual characteristics of
each cultivar/rootstock combination, and they are accurate be-
cause they are based on multiple years of data from which fluc-
tuations due to bienniality have been removed.

Precocity and productivity of each cultivar rootstock combi-
nation. The variability among some of the 30 KSC rootstocks is
illustrated for ‘McIntosh’ (Fig. 2a) and ‘Delicious’ (Fig. 2b)
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scions. Some rootstocks (KSC 7 with ‘McIntosh’ and KSC 24 with
‘Delicious’) came into production sooner than the mean for all 30
rootstocks and reached a higher level of maximum productivity.
Others (KSC 19 with ‘McIntosh’ and KSC 29 with ‘Delicious’)
were slower than average in coming into production and never
achieved the average level of maximum productivity. KSC 26 and
KSC 14 with ‘McIntosh’ and KSC 5 with ‘Delicious’ all came into
production later than average yet reached or exceeded the average
maximum productivity. KSC 17 with ‘Delicious’ came into pro-
duction earlier than average, but reached only average maximum
productivity. KSC 30 with both cultivars was average in the rate at
which it came into production, but inferior in its maximum
productivity.

The time to first, half, and full production; rate of onset of
production; and maximal production for ‘McIntosh’ and ‘Delicious’
on each of the 30 KSC rootstocks, in order of increasing average
TCA, are shown in Table 1. There was no obvious trend in any of
the characteristics as tree size increased. There were significant
rootstock and cultivar effects (P < 0.05) on all parameters.

The time to first production generated by this analysis was
related, but not identical, to time of first production derived from
fitting of efficiency data (Embree et al., 1993). This analysis
provides a more accurate estimate of time to first production, since
in the fitting of efficiency data less weight is given to early
J. Amer. Soc. Hort. Sci. 118(2): 173-176. 1993.



Table 1. Parameters derived from fitting of curves to yearly adjusted apple crop load data for each cultivar/KSC rootstock combination in order of
increasing average tree size. Prod = production.

Table 2. Correlation of apple precocity and productivity variables. Corre-
lation coefficients were calculated for parameters derived from fitting
of curves to adjusted CL data for each rootstock-cultivar combination.
production data. Of the parameters describing the curves fitted to
the data, the time to half production, which is a function of both
time to first production and rate of onset of production, provided
a good indicator of precocity. In addition, the plateau level of crop
load was a good indicator of productivity.

Correlation between precocity and productivity. To assess
whether there is a relationship among time of onset of production,
J. Amer. Soc. Hort. Sci. 118(2):173-176. 1993.
rate of onset of production, and maximal productivity, correlation
coefficients (r) were calculated for these parameters (Table 2). For
‘McIntosh’, all correlations were poor, while for ‘Delicious’, there
was some correlation of rate of onset of production with the other
two parameters but none between time to half production, which
is an indicator of precocity, and maximal productivity.

A new method of assessing the effects of rootstocks on precocity
andproductivity. The ability to separate precocity from productiv-
ity allows rootstock assessment to be based on the nature of the
orchard system desired. Where the life of the orchard is to be short,
precocity is the more important characteristic, while for longer
lived orchard systems, mature productivity becomes more impor-
tant. The lack of correlation between the two makes it important to
determine both characteristics before making the assessment of
rootstock performance.
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