Journal of American Pomological Society 54(1):11-17 2000

Altered Dry Matter Partitioning of ‘Starkspur
Supreme Delicious’ Apple Trees by Nine Rootstocks

DALE STRONG! AND ANITA NINA AZARENKO?

Abstract

The dry matter partitioning to vegetative and reproductive components of ‘Starkspur Supreme Deli-
cious’ apple (Malus domestica Borkh.) on nine rootstocks in the 1980-81 NC140 Apple Rootstock Trial
was determined in March. and again in Oct.-Nov. 1990. Trees on MAC.24 and M.7 EMLA had the
heaviest total tree dry weight (DW), while M.26 EMLA was intermediate. Trees on OAR 1, 0.3, M.9
EMLA, MAC.9, and M.9 did not differ, and M.27 EMLA had the least total DW. Total tree DW was
correlated negatively with percent of fruit, spur, and spur leaf DW and was correlated positively with

the percentage of frame, 2-yr and 1-yr wood, current season’s growth, and shoot leaf DW.

Apple rootstocks have been shown to
influence the partitioning of above-ground
dry matter between fruit and vegetative
components of the tree (1, 6, 10, 9, 21, 24).
Maggs (14) suggested that rootstocks in-
fluence tree size by altering the partition-
ing of dry matter. Evaluations of root-
stocks’ effects have usually focused on
specific growth components such as fruit,
spurs, flowers, roots, leaves and shoots,
but few have examined the effects on total
dry weight and partitioning characteristics
of above- and below-ground components
of mature apple trees. Forshey et al. (11)
reported the standardized dry weights and
percent composition for various above-
ground growth components of ‘McIntosh’
apple trees on MM.106, while Westwood
and Roberts (25) determined the fresh
weight of various scion/rootstock combi-
nations. In 1991, a preliminary summary
of the influence of nine rootstocks on the
above-ground dry matter partitioning of
‘Starkspur Supreme Delicious’ apple was
reported (23). This paper summarized
gross partitioning (vegetative and repro-
ductive) characteristics of the nine root-
stocks but lacked information on partition-
ing of dry weight to specific above-ground
components and roots. The influence of
fruiting on vegetative growth is well doc-
umented. Total canopy leaf area is reduced

with fruiting (Avery, 1969; Hansen, 1971;
Maggs, 1963; and Proctor et al., 1976).

The removal of the 1980-81 NC140
apple rootstock trial provided an opportu-
nity for determining the effects of nine
apple rootstocks on dry matter partitioning
to above-ground and below-ground tree
components of a single scion cultivar,
‘Starkspur Supreme Delicious” More
specifically, the objectives of this study
were to determine: 1) the rootstock effects
on partitioning of dry matter to current
season’s growth, spurs, 1-yr wood, 2-yr
wood, frame, spur and shoot leaves, fruit
and roots; and 2) evaluate the correlations
between the various components and total
tree dry weight.

Materials and Methods

A planting was established as part of the
1980/81 NC-140 Apple Rootstock Trial
The NC140 plot was planted in 1980 and
1981 at the Lewis-Brown Research Farm,
located approximately one mile east of
Corvallis, Oregon. The performance of the
scion cultivar ‘Starkspur Supreme Deli-
cious’ had been evaluated on the root-
stocks 0.3, M.7 EMLA, M.9 EMLA,
M.26 EMLA, M.27 EMLA, M.9, MAC. 9,
MAC. 24, and OAR 1 (16, 17). Five repli-
cates of each rootstock were planted in
1980 and five more in 1981. Trees were

Oregon Agricultural Experiment Station Technical Paper No. 11601.
1Graduate student and 2Professor, Department of Horticulture, Oregon State University, ALS 4017, Cor-

vallis, OR 97331-7304.



12 JOURNAL OF AMERICAN POMOLOGICAL SOCIETY

planted in 10 rows at a spacing of 3.5 x 5.5
m, with each row representing a block of a
randomized complete block design. Also,
included were two pollinizer rows of
‘Macspur’ and ‘Starkspur Golden Deli-
cious’ on M.26 EMLA. Trees were trained
to a modified central leader and were
pruned uniformly each winter. A 1.5 m
herbicide strip was maintained with red
fescue between the rows, and irrigation
was provided by low head sprinklers. The
soil type was a silty clay loam.

In early Mar. 1990, trunk circumference
of trees was measured at 25 cm above
ground level, and eight replicates of each
rootstock were chosen for this study.
Based on the reported relationship be-
tween total tree fresh weight and trunk
cross-sectional area (TCSA) (25), trees
within each rootstock were separated into
two similar groups of four trees each. For
each of the nine rootstocks, one group of
four trees was destructively sampled in
Mar. 1990, the other in Oct./Nov. 1990.
The initial intent for having two sampling
times was to estimate the annual growth
increment, however, tree variation pre-
vented a meaningful analysis. Yet, the Mar.
sampling time did enable an evaluation of
the dry weight distribution pattern prior to
the growing season.

Above-ground portions of dormant
trees were separated into frame, 2-yr
wood, 1-yr wood, and spurs, then oven-
dried at 60C and weighed in early Mar.
1990. Partitioning of the second group
began with fruit harvest in early Oct.,
where fruit weight per tree was recorded
and 50-fruit random subsamples were
weighed and placed in cold storage. Re-
maining above-ground portions were par-
titioned into frame, 2-yr wood, 1-yr wood,
current season’s growth, spurs, spur
leaves, and shoot leaves, then dried and
weighed as before. Fruit subsamples were
sliced thin and dried at 30C for 4 days, then
completely dried at 60C. Subsample dry
weights were used to calculate total fruit
dry weight per tree. Roots were excavated
with a backhoe by sifting the contents of
each bucket of soil taken from a 1.5 m ra-
dius around each tree to a 1.5 m depth.

No attempt was made to account for loss
due to fruit and leaf drop, or for roots out-
side the excavation zone. Only a few of the
largest trees had roots extending outside
the excavation zone, so loss of roots was
minimal. Fruit set in 1990 was considered
above average, and fruit were not thinned
during the growing season.

Data were analyzed by the general lin-
ear model (GLM) procedure of Statistical
Analysis Systems (SAS) (20). An arcsin/
square-root transformation was performed
on percent data prior to mean separation by
the Waller-Duncan k-ratio t-test, k-ratio =
100. Data in the tables are non-trans-
formed means of the four replicates at each
sampling date.

Results and Discussion

In Mar. 1990, total tree DW’s ranged
from 56.6 kg for ‘Starkspur Supreme De-
licious’ apple trees on MAC.24 to 2.2 kg
for those on M.27 EMLA. Trees on
MAC.24 had the highest total tree DW, fol-
lowed by M.7 EMLA (Table 1). Trees on
M.26 EMLA had an intermediate DW,
while trees on OAR 1, 0.3, M.9 EMLA,
and MAC.9 were lower in DW and not sig-
nificantly different from each other. The
total tree DW of trees on M.9 also falls in
this group, although DW was significantly
less than OAR 1, it was not significantly
different than those on 0.3, M.9 EMLA,
MAC.9, or M.27 EMLA. Trees on M.27
EMLA had the least DW. Dry weights
ranged from 56.6 kg for MAC.24 to 2.2 kg
for M.27 EMLA.

In Oct./Nov., total tree DW values
ranged from 91.5 kg for MAC.24 to 4.2 kg
for M.27 EMLA. Trees on MAC.24 were
again heaviest, although not significantly
heavier than M.7 EMLA. Trees on M.26
EMLA were intermediate, while those on
OAR 1, 0.3, M.9 EMLA, M.9, and
MAC.9 did not differ. Trees on M.27
EMLA had the least total tree DW. Values
ranged from 91.5 kg for MAC 24 to 4.2 kg
for M.27 EMLA.

Based on total tree DW in Oct./Nov., we
grouped these nine rootstocks into four
classes. MAC.24 and M.7 EMLA trees
were the heaviest, therefore they showed
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the greatest growth and could be classified
as the most vigorous group in this study.
M.26 EMLA falls alone in an intermediate
class. OAR 1, 0.3, M.9 EMLA, MAC.9,
and M.9 make up the dwarf class. M.27
EMLA is alone in the sub-dwarf class. This
classification system generally parallels
those based on observations of rootstocks
with respect to vigor control of the scion
(16, 17, 19), although trees on M.7 EMLA
and M.26 EMLA were slightly more vig-
orous than expected. High variability
within some rootstocks combined with the
small sample size provides a possible ex-
planation. For example, while the mean
DW of trees on M.26 EMLA place this
rootstock in an intermediate class, individ-
ual trees ranged from dwarf to vigorous.
Total tree DW of trees on M.9, MAC.24,
and M.7 EMLA was also more variable
than expected considering they were ge-

netically identical clones. While trees were
planted over a 2-year period, there was no
correlation between planting date and total
tree DW.

Component DW’s followed generally
the same trends as the total tree DW’s,
MAC.24 had the greatest DW and M.27
EMLA had the least DW for all compo-
nents (Table 1). In Oct., fruit DW’s
ranged from 30.2 kg for trees on MAC.24
to 2.0 kg for trees on M.27 EMLA. Root-
stocks fell neatly into the four yield class-
es, similar to those described earlier for
total tree DW.

Percentages of the total DW partitioned
to the different components provide an-
other comparison of trees across root-
stocks (Table 2). In general, as tree size
decreased, a higher percentage of DW was
partitioned to fruit, spurs, and spur leaves,
while lower percentages went to frame,

Table 1. Total dry weight partitioned to components to ‘Starkspur
Supreme Delicious’ apple trees on nine rootstocks.?

Dry weight (kg)
Shoot  Spur

Rootstock Frame 2-yr 1-yr Current  Spur Root leaf leaf Fruit Total
Mar. 1990
MAC.24 36.4a 2.2a 1.2a 10a 15.9a 56.6a
M.7 EMLA 28.1b 1.8b 0.9b 0.9ab 9.4b 41.0b
M.26 EMLA 17.6¢c 1.2¢ 0.5¢ 0.8bc 5.4c 25.5¢
OAR 1 7.9d 0.4def 0.1d 0.7bc  6.0c 15.0d
0.3 7.6d 0.7d 0.2d 0.6¢ 3.5d 12.6de
M.9 EMLA 74d 05d 0.2d 04de 2.4d 10.9de
MAC.9 5.2de 0.4def 0.2d 0.6cd 3.0d 9.2de
M.9 4.7de 0.3ef 0.1d 0.4e 2.7d 8.1ef
M.27 EMLA 1.2e 0.1f 0.01d 0.2f 0.8e 2.2f
Oct./Nov. 1990
MAC.24 34.9a 3.1a 22a 1.3a 15a 146a 18a 20ab 30.2a 91.5a
M.7 EMLA 321a 27a 20a 13a 17a 109 18a 2.1a 28.0a 82.6a
M.26 EMLA 184b 1.4b 0.7b 0.5b 1.5a 84c 09b 15bc 19.6b 53.0b
OAR 1 77¢c 05cd 02b 0.04c 08b - 52d 0.07c 1.1cd 0.8c 25.3c
0.3 6.9c 0.7cd 0.5b 0.09c 0.8b 48de 0.2c 1.1cd 124c 27.3c
M.9 EMLA 7.6¢c 0.8c 0.3b 0.1c 0.8b 3.3de 0.3c 0.9d 123c 26.3c
MAC.9 45¢c 0.3cd 0.08b 0.05¢c 0.7b 3.4de 0.1c 0.7de 8.2c 17.9cd
M.9 54c 05cd 0.2b 0.04c 0.7b 2.8ef 0.1c 0.8d 9.3c 19.8c
M.27 EMLA 0.9c 0.05d 0.02b 0.02c 0.3c 0.8f 0.01c 0.2e 2.0d 4.2d

ZMean separation in columns and sample date was by the Waller Duncan k-ratio t-test, k-ratio =100. Means are of four replications

at each date.
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Table 2. Percentage of dry weight partitioned to components to ‘Starkspur
Supreme Delicious’ apple trees on nine rootstocks.?

Percentage of total dry weight

Shoot Spur
Rootstock Frame 2-yr 1-yr Current Spur Root leaf leaf Fruit
Mar. 1990
MAC.24 64.2ab 3.9abc 2.1a 1.8a 28.0cd
M.7 EMLA 68.0a 4.2ab 22a 2.1de 23.5de
M.26 EMLA 69.2a 49ab 1.7ab 3.1cd 21.1e
OAR 1 52.1d 2.6¢c 0.8cd 45b 40.0a
0.3 60.1bc 5.6a 1.8ab 5.1ab 27.4cde
M.9 EMLA 678a 4.7ab 1.9bc 4.0bc 21.6de
MAC.9 56.2cd 4.0ab‘ 1.5abc 6.5a 31.8bc
M.9 56.0cd 3.6bc  1.0bcd 49b 34.5ab
M.27 EMLA 54.4cd 3.9abc 0.5d 6.6a 34.6ab
Oct./Nov. 1990
MAC.24 378a 3.4a 2.4a 1.4a 16d 159bc 2.1a 2.1e 33.3b
M.7 EMLA 384a 3.3ab 2.3a 1.5a 21d 13.6cd 2.1a 2.5de 34.2b
M.26 EMLA 32.7ab 2.6abc 1.2bc 0.8b 32bc 16.6bc 1.6ab 3.0cd 38.3b
OAR 1 305b 19cd 0.7cd 0.2d 3.1bc 205a 0.3d 4.1ab 38.7b
0.3 249cd 24abc 1.6ab 0.3cd 3.0c 17.7ab 0.8c 3.8ab 45.5a
M.9 EMLA 28.9bc 29ab 1.1bc 0.5bc 3.2bc 12.4d 1.0bc 3.3bc 46.7a
MAC.9 24.8cd 1.3d 0.4b 0.2d 3.7bc 18.9ab 0.6cd 3.8ab 46.3a
M.9 27.2bc 23bc 0.8cd 0.2d 39b 13.5cd 0.5cd 3.9ab 47.7a
M.27 EMLA 21.9d 1.2d 0.4d O0.4cd 59a 184ab 0.2d 4.3a 47.3a

ZMean separation in columns and sample date was by the Waller Duncan k-ratio t-test, k-ratio=100. Means are of

four replications at each date.

2-yr wood, 1-yr wood, current season’s
growth, and shoot leaves. Based on the
percentage of DW partitioned to fruit, two
groups of rootstocks were apparent. Trees
on M.9, M.27 EMLA, M.9 EMLA,
MAC.9, and 0.3 partitioned the most DW
to fruit, with values ranging from 47.7%
for M.9 trees to 45.5% for O.3 trees. Trees
on OAR 1, M.26 EMLA, M.7 EMLA, and
MAC.24 partitioned significantly less
DW to fruit ranging from 33.3 to 38.7%.
Spur leaf DW percentages ranged from
4.3 for trees on M.27 EMLA to 2.1 for
those on MAC.24. Percentages of spur
DW ranged from 5.9 for trees on M.27
EMLA to 1.6 for those on MAC.24. The
percentage of current season’s growth
DW was greater for the most vigorous
rootstocks, MAC.24 and M.7 EMLA. The
lowest percentage of current season’s
growth DW was observed for OAR 1,

MAC.9, M.9, 0.3 and M.9 EMLA trees.
Trees on M.26 EMLA were intermediate
for the partitioning of the vegetative com-
ponent. A similar pattern was observed for
the percentage of shoot leaf DW. Working
with larger trees (McIntosh/ MM.106) in
a below average crop year, Forshey et al.
(11) found much lower percentages parti-
tioned to fruit (18.3%) and spurs (0.6%)
than any of the trees in this study, while
wood components (70.5%) were much
higher. ‘Starkspur Supreme Delicious’ is a
spur-type tree while ‘MclIntosh’ is not.
The growth habits of the two cultivars
could explain some of these differences.

In general, as the vigor of the rootstock
increased, the percent spur and spur leaf
DW decreased and the percentage of cur-
rent season’s growth and shoot leaf DW
increased. It is interesting to note that
OARI trees, which fell into the grouping
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of trees with a lower partitioning to fruit,
had a high percentage of spur and spur leaf
DW and a small percentage of current sea-
son’s growth and shoot leaf DW. Based on
these vegetative distribution patterns, one
might expect OARI1 to partition more DW
to fruit and be more productive. In sum-
maries of this NC140 trial, OAR1 has had
a low yield efficiency and small fruit size
(16, 17). From the data in this study, we
can deduce that fruit set of this more
“spurry” tree is less than others with sim-
ilar spur DW and spur leaf DW partition-
ing characteristics.

Cropping has been shown to reduce
shoot growth (3, 4, 7, 8, 15). Those root-
stocks that partitioned proportionately
more DW to fruit also partitioned propor-
tionately less to shoot leaves and more to
spur leaves. Trees on M.7 EMLA,
MAC.24, and M.26 EMLA partitioned
3.4, 3.0 and 2.8 percent of its non-repro-
ductive components to shoot leaves and
only 3.8, 3.2 and 4.5 percent to the spur
leaves, respectively. In contrast, M.9
EMLA, 0.3, MAC.9 and M.9 partitioned
1.9, 1.5, 1.2 and 1.0 percent to the shoot
leaves and 6.2, 7.0, 6.9 and 7.2 percent to
the spur leaves, respectively. The percent-
age of shoot leaf DW from the vegetative
components for trees on OAR.1 and M.27
EMLA was very low, 0.4 and 0.5 percent,
respectively. While, 6.8 and 8.3 percent of
the total vegetative components’ DW were
allocated to spurs for trees on OAR.1 and
M.27 EMLA, respectively. Schechter et al
(21) had similar observations when shoot
leaf DW was adjusted for limb circumfer-
ence. Both these rootstocks have had diffi-

culty sizing fruit (16, 17). Since, shoot
leaves have been shown to contribute to
fruit growth (12, 13), the limited shoot
growth by trees on this rootstock could ex-
plain this difficulty.

The ratio of shoot leaf DW to current
season’s growth DW was approximately
1.5 or greater and the spur DW to spur
leaf DW ratio was about 1.0, with one ex-
ception, M.27 EMLA trees. The ratios
were only 0.5 and 0.7 for shoot and spur
ratios, respectively. These reduced ratios,
suggesting smaller or fewer leaves per
current season’s growth and spurs may
also contribute to the ‘runting out’ phe-
nomenon and small fruit size from trees
on M.27 EMLA.

Correlations between the percentage of
DW partitioned to different components
and the total DW reveal the relationship
between fruiting and vegetative growth
(Table 3). There were highly significant
negative correlations between total DW
and percent fruit DW (r = -0.77), percent
spur DW (r =-0.78), and percent spur leaf
(r = -0.76) DWs. Highly significant posi-
tive correlations (P =0.01) were found be-
tween total DW and the percentage DW of
frame (r = +0.86), 2-yr wood DW (r =
+0.61), 1-yr wood DW (r = +0.79), current
season’s growth DW (r = +0.88), and shoot
leaf DW (r=+0.85). As tree size increased,
the percentage of total DW partitioned to
roots decreased. There was a significant
(P < 0.05) negative correlation between
percentages of root DW and frame DW
(r = -0.34), 2-yr wood DW (r = -0.51),
1-yr wood DW (r = -0.37), current sea-
son’s growth DW (r = —0.36), and shoot

Table 3. Correlations between the percentages of dry weight (DW) parti-
tioned to components and total dry weight of ‘Starkspur Supreme Deli-

cious’ apple trees in Oct. 1990.

Correlation coefficients between percentages of DW

Shoot Spur Total
2-yr 1-yr Current Spur Root leaf leaf Fruit DW
Frame 0.58** 0.61** 0.73** -0.64** -0.34" 0.78** -.059** -0.90**  0.86™
Spur -0.66** —-0.72** -0.62** 0.29ns -0.65** 0.70** 0.50** -0.78**
Root -0.51** -0.37* -0.36* -0.42* 041* -0.07ns -0.32*
Fruit —-0.44** -0.57"" -0.68™ -0.70"" 0.43** -0.77**
Total DW 0.61** 0.79** 0.88*" 0.85** —-0.76**

**, *, ns; significant at p = 0.01, p = 0.05, or nonsignificant, respectively.
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leaf DW (r=-0.42). The percentage of root
DW was positively correlated (r = 0.41, P
< 0.05) with spur leaf DW.

The negative correlation (P=0.051) be-
tween the percentage root and total DW (r
-0.32 suggests that heavier trees are pro-
ducing more above-ground DW per root
DW. The above-ground to root DW ratios
(Table 4), however, explain why the corre-
lations are relatively weak compared to the
correlations between fruiting and growth
components. Trees on M.9 EMLA, M.9
and M.7 EMLA had the highest ratios, fol-
lowed by MAC.24, M.26 EMLA, 0.3.
M.27 EMLA, MAC.9, and OAR 1. Al-
though the heavier trees MAC.24, M.7
EMLA, and M.26 EMLA had a high ratio,
they were not the highest. It is clear that
mass of roots is not the sole determiner of
total tree size.

While the mechanisms of dwarfing are
not fully understood, rootstocks affect the
total tree DW and alter the partitioning
characteristics of a scion cultivar. As total
tree DW decreased, the percentage parti-
tioned to fruit increased. Competition for
available photosynthate has been suggest-
ed as a possible dwarfing mechanism
since a higher percentage of photosyn-
thate partitioned to fruit means less avail-
able for vegetative growth (5). However,
this explanation does not account for dif-
ferences in rootstock response observed

Table 4. Ratio of above-ground to
root DW for ‘Starkspur Supreme
Delicious’ apple trees on nine
rootstocks in Mar. and Oct./Nov.

Ratio of above-ground to root DW

Rootstock Mar. 1980 Oct./Nov 1980
MAC.24 2.6bc 5.3bc
M.7 EMLA 3.4ab 6.5ab
M.26 EMLA 3.8a 5.2¢c
OAR 1 1.5d 3.0d
0.3 2.8bc 4.7cd
M.9 EMLA 3.7a 71a
MAC.9 2.2cd 4.3cd
M.9 2.0cd 6.5ab
M.27 EMLA 2.0cd 4.6¢cd

ZMeans separation in columns be Waller Duncan k-ratio t-test,
k-ratio=100. Means are of four replications at each date.

prior to the onset of fruiting (1, 2) and in
years of total crop loss (18, 21). Addition-
ally, as tree size increased, the percentage
of total DW partitioned to roots tended to
decrease. Perhaps a mechanism exists
within the more size-controlling root-
stocks whereby the rootstock reduces the
mobilization of root reserves to the above-
ground portion of the tree, resulting in less
vegetative growth. Additionally, the shift
in ability of some rootstocks to partition
more dry weight to spurs and spur leaves
and less to current season’s growth and
shoot leaves also suggests a possible
mechanism for increasing yield potential.
It is likely that differences in rootstock
physiology produce the observed respons-
es, and cropping can attenuate vegetative
growth within a range genetically prede-
termined by the rootstock.
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