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Performance of Three Apple Cultivars with 

22 Dwarfing Rootstocks During 8 Seasons in Ohio 

D. C. Ferree,1 E M. Hirst,2 J. C. Schmid,1 and E E. Dotson1 

Abstract 

Rootstocks in this trial produced a continuum 
in tree size that could logically be grouped with 
the Mailing standards as follows: M.27 size 
group = B.I46, R16, P22, Mark and MAC.9; M.9 
size group = B.9, VI, V3, E2, M.9EMLA, CG.10, 

MAC.39 and C6; M.26 size group = V2; M.7 size 
group P.I, V4, V.7, OAR1. The virus-free selec 
tions M.9EMLA and Mark did not differ signifi 
cantly in size or cropping from the original 
selection of M.9 and MAC.9, respectively. In 
general, as tree size increased, trunk cross-
sectional area (TCA) growth increment was 
greater as the trees aged. The following root 
stocks had relatively high biennality indexes on 

both 'Macspur Mclntosh' and 'Redchief Deli 
cious' the most biennial cultivars in this trial: 
CG.10, M.9, MAC.39, V2, V.4, V.7, M.7EMLA. 

'Macspur Mclntosh' on OAR1 was characterized 
by having long shoots and large numbers of 
non-flowering spurs, while 'Macspur Mclntosh' 
on Mark, M.27EMLA and MAC.9 tended to 
have short shoots and the fewest non-flowering 
spurs and vegetative shoots. The following root-
stocks tended to increase the density of flower 
ing spurs on 'Macspur Mclntosh': M.9, M.26-
EMLA, V.4, M.7EMLA and V.I. 'Lawspur Rome 

Beauty' was the most productive ana efficient 
with tne lowest bienniality index and was inter 
mediate in tree size and TCA change compared 

to 'Macspur Mclntosh' and 'Redchief Delicious.' 

Introduction 

Size-controlling and efficient root 
stocks are the foundation of modern 

orchard systems. Unfortunately, most 
of the widely used desirable dwarfing 
rootstocks are very susceptible to fire-
blight (2, 9) or to cold damage from 
winter injury (12). Significant tree 
losses have occurred in the midwest 

United States when environmental 

conditions are conducive to fireblight 
development (8, 17, 18). Thus, it is 

essential to continue to test new root-
stock selections for their survivability 

and performance in areas where sig 
nificant losses have occurred. 

In 1986, TRECO nursery made 

available trees on a range of rootstocks 

that had limited or no testing in the 
United States. Trees with 'Delicious,' 

'Golden Delicious/ and 'Granny Smith' 

scions were planted in Washington (1) 
and trees with scions of 'Lawspur,' 

'Macspur' and 'Redchief were planted 

in Ohio. Included in these plantings 
were 5 Vineland rootstock selections 
(V.) that originated as open-pollinated 

seedlings ofM.9 and 'Kerr' crabapple, 
which is very hardy (3). Several selec 
tions from the Polish (E) apple root-
stock breeding program were selected 

for tree size control and efficient pro 
duction under conditions of severe 
winter cold. Selections from the Michi 

gan Apple Clone (MAC.) series and 
standards from the East Mailing (M.) 
programs were also included. 

Materials and Methods 

The trees were planted in May 1986 
in a clay loam (Ross moyne-bonnell) 
soil at The Ohio State University 
Southern Branch near Ripley, Ohio. 

The trees were spaced 6' x 16' (1.8 m x 

4.9m) in a randomized block design 

with rows maintained as single culti 
vars. There were 10 single replicate 

trees of 'Macspur Mclntosh' and 'Law-
spur Rome Beauty' and 5 replicate 

trees of 'Redchief Delicious.' The trees 
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were supported on a 3-wire trellis by 
tying the leader to the wires. The trees 
were minimally pruned and trained to 

a conic or pyramidal shape. Both 
chemical and hand-thinning were used 

to encourage annual cropping and in 
sect and disease control used recom 

mended materials. Tree size and yield 
were recorded annually. After 4 grow 
ing seasons (1989), root suckers/tree 

were counted and the development of 
internal bark necrosis (IBN) was rated 

as 1 = no internal bark necrosis, 5 = 

bark cracks to 10 = trees dead from 
IBN. At Bloom in 1991,1992 and 1993, 

four two-year-old shoots per 'Mclntosh' 
tree were selected from trees on 11 
rootstocks and the following measure 
ments taken: length, number of flower 

ing spurs, number of non-flowering 

spurs and number of shoots (vege 
tative growth longer than 5 cm). Bien 

nial bearing was assessed using the 
index developed by Hoblyn et al. (14). 

Results and Discussion 

A severe epidemic of fireblight oc 
curred in this orchard in 1989 and 1990 
causing significant tree loss (Table 1). 
Tree loss in subsequent years was mini 
mal and most of the loss occurred on 
'Macspur' (22% loss) and 'Lawspur' 

(2A% loss) the cultivars most suscepti 

ble to fireblight. 'Redchief had only 

12$ loss over the 8 years and in other 

epidemic fireblight years 'Delicious' 

had minimal tree losses (8). Consider 

able variation occurred among root 

stocks with minimal or no losses oc 

curring on the following rootstocks: 

OAR1, V.4, V.7, M.7EMLA, El, VI 

and CG.10. The following rootstocks 

had unacceptable losses of more than 

30$ on both 'Macspur' and 'Lawspur': 

M.26EMLA, MAC.9, P.22, C.6, M.9-

EMLA, E16. Mark and M.9 had un 

acceptable losses with 'Macspur,' but 

minimal loss with 'Lawspur' The re-

Table 1. Survival, rootsuckers and internal bark necrosis (IBN) developing on 
three apple cultivars on 22 rootstocks in Ohio. 

°IBN Raring = 1 no internal bark necrosis, 5 bark cracks to 10 tree dead. IBN were rated in October 1989. 

00 Percentage of trees with some root suckers. 
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Table 2. Influence of 22 rootstocks on tree size, growth rate and cumulative 
yield and yield efficiency of 'Macspur Mclntosn apple trees over 8 years. 

"Change in TCA — Early 1989-1987 and Late 1993-1990. 

O0Bienniality index: 0 = regular bearing to 1 = extremely biennial. 

verse pattern existed with M.27EMLA, 

B.146, Y3, E2, MAC.39 and V.2. 

Production of root suckers also var 

ied by cultivar, for example, a high 
percentage of the trees on Mark and 

MAC.9 produced rootsuckers with 

'Macspur and 'Redchief' and relatively 
few when 'Lawspur' was the scion. 
The following rootstocks tended to be 

non-suckering: M.27EMLA, B.9, V3, 
M.9EMLA, C6, V7. A high percentage 
of trees on the following rootstocks 

produced suckers on at least one cul 
tivar: Mark, MAC.9, E16, M.9, M.7-

EMLA, and V.4. 
Internal bark necrosis or measles is 

due to manganese toxicity and gener 
ally is most prevalent on 'Delicious,' 
particularly following years of drought 

(6). In 1988, Ohio experienced the 
driest spring on record with accumu 

lated rainfall from April through June 
only 44? of normal (7, 19). LBN was 

noticeable on the 'Redchief trees in 
1989 being most severe on trees on 
E22, M.26EMLA, V2 and V.7 (Table 

1). All 'Redchief trees had some symp 
toms. Almost no symptoms appeared 
on 'Lawspur,' while 'Macspur* had 
minor symptoms being most obvious 

on trees on E16, V3, CG.10, M.26-

EMLA, M.7EMLA and OAR1. 
An overall comparison of the three 

cultivars (data not presented) indicated 
that 'Macspur* trees were the largest 
and consistently had the greatest in 
crease in TCA while 'Redchief trees 

were the smallest and made the slow 
est change in TCA with 'Lawspur' 
intermediate. 'Redchief was the most 
biennial and 'Lawspur' the least with 
'Macspur' intermediate. 'Lawspur' trees 
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Table 3- Influence of 20 rootstocks on tree size, growth rate and cumulative 
yield and yield efficiency of 'Lawspur Rome Beauty' apple trees over 8 
years. 

"Change in TCA - Early 1989-1987 and Late 1993-1990. 

00 Bienniality index: 0 = regular bearing to 1 = extremely biennial. 

were the most productive and had the 
greatest yield efficiency of the three 
cultivars in this trial. 'Macspur' had 
higher cumulative yields than 'Red-
chief,' but the reverse was true in yield 

efficiency (yield -r- trunk area). 
'Macspur' trees on the following 

rootstocKs were very similar in size to 
M.27EMLA: Mark, B.146, E22, MAC.9 

and E16 (Table 2). The following were 
very similar in size to M.9: B.9, V.3, 

E2, CG.10, MAC.39, M.9EMLA, C6 
and V.I. Trees on V2 were very similar 

in size to M.26, while El, V.7 and V4 

were similar to M.7EMLA with OAR1 

producing the largest trees. The root 

stocks in this trial produced a con 

tinuum of tree sizes and considerable 

overlap existed between these general 
groupings. Generally, trees within a 
grouping could be managed in a similar 
spacing and training system, while 

changes would be required between 
the size groupings. 

Relative growth rate was evaluated 
by comparing the change in TCA 

early (1989-1987) and late (1993-1990) 
in the 8 years of this trial. Trees on 
B.146, MAC.9, E16 and B.9 made more 

rapid growth early compared with the 
later growth rates. Trees on El, M.7-
EMLA and OAR1 made particularly 

rapid growth in the later years. Trees 
on E22 had a very low biennial ten 

dency, while trees on CG.10 were 
very biennial. Trees on most rootstocks 
were not different from the average 

biennially index of .56 for all trees of 
'Macspur' 

'Macspur' trees on V.7 had the high 
est cumulative yield/tree with trees 
on V.4 and V.2 being not significantly 
different in yields or efficiencies. Large 
trees generally had higher yields, ex-
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Table 4. Influence of 17 rootstocks on tree size, growth rate, and cumulative 
yield and yield efficiency of 'Redchief Delicious' apple trees over 8 years. 

•Change in TCA = Early 1989-1987 and Late 1993-1990. 

00Bienniality index: 0 = regular bearing to 1 = extremely biennial. 

cept for the largest trees, those on 
OAR1, which performed poorly. Trees 

on MAC.9 and Mark did not differ in 

cumulative yield, efficiency or any 
other character measured. Thus, earlier 

studies (5, 16) comparing MAC.9 to 

other rootstocks are likely valid evalu 
ations of the virus-free Mark. In a 
previous trial trees on MAC.9 were 
closer to M.9 in size than to M.27 and 
in the companion planting in Washing 

ton (1), 'Granny Smith* and 'Delicious' 

trees were similar in size to M.9, while 
trees of 'Golden Delicious* trees were 

closer to M.27EMLA. 'Redchief' trees 
on M.9 and M.9EMLA had 46$ and 

33$ larger TCA's in Ohio than in Wash 

ington, while 'Redchief on Mark and 
MAC.9 were 21$ and 5% larger in 
Ohio. Thus, there appears to be a 
cultivar and site interaction for tree 
size. The minimal pruning and heavy 

early cropping of the trees on Marie 
and MAC.9 trees in Ohio likely ac 
counted for the relatively small tree 
size. All but one tree on Mark and 

MAC.9 had the gall-like swelling at 
and just beneath the soil surface which 
has been reported as a characteristic 
of these rootstocks (15). None of the 
trees on M.9 or M.9EMLA exhibited 

the swelling. Trees on all rootstocks 
smaller than VI, except C6, were more 
efficient than M.7EMLA. Trees on 
OAR1 were particularly inefficient, 

which has been reported in previous 
studies (4, 16). 

'Lawspur' trees on the following 
rootstocks were similar in size to trees 
on M.27EMLA: V3, V2, MAC.9, B.146, 

E22, VI, E2 and Mark (Table 3). The 
following were similar in size to 'Law-
spurVM.9: V7, CG.10, M.9E and C6. 
A third arbitrary group did not differ 
significantly in size from trees on M.7-
EMLA: M.26EMLA, MAC.39, El and 
V.4. Again, these groups overlapped in 

tree size developing nearly a contin 

uum. There were several notable dif 
ferences in relative size produced by a 
rootstock with the different cultivars. 
V.2 produced 'Macspur' and 'Redchief 
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Table 5. Influence of 11 size-controlling rootstocks on the morphological 
development on two-year-old wood of 'Macspur Mclntosh.' 

trees similar in size to those on M.26-
EMLA while with 'Lawspur' trees on 

V.2 were much smaller, similar in size 

to trees on M.27EMLA. In the com 

panion study in Washington (1), trees 

on V.2 were between M.26EMLA and 

M.7A in size for all three cultivars. 

Thus, the very small size with 'Law-

spur' on V.2 may be a partial incom 

patibility with this cultivar. Likewise, 
Lawspur' on V.I was only 42$ the size 

of trees on M.26EMLA, while 'Red-
chief on V.I were 63$ and 'Macspur* 
on V.I were 12% the size of trees on 

M.26EMLA. Trees of all cultivars were 
slightly larger on V4 than M.7EMLA 

while those on V7 tended to be smaller 
('Lawspur'), comparable ('Macspur') 
or larger ('Redchief') than similar trees 

on M.7EMLA. These differences in 
relative ranking are somewhat unusual 
in rootstock trials and further studies 

will be necessary to clearly determine 
the size of trees particularly with the 

Vineland series across a range of 
cultivars. 

'Lawspur' trees on OAR1 grew much 
faster than trees on any of the other 
rootstocks, and had one of the lowest 
cumulative yields relative to tree size 

(Table 3). Trees on B.146 grew very 
rapidly in the later years, relative to 
others in their size class. Generally, as 

tree size increased, yield/tree increas 
ed, trees of 'Lawspur' on V.7 and 
M.7EMLA were noteworthy in break 
ing this pattern, as with El and V4. 

The lowest yield efficiencies in each 
of the 3 arbitrary size groups were on 
M.27EMLA, V.2 and V3 for the small 

est trees, V.7 for trees of intermediate 

size and V.4, M.7EMLA and El for the 
largest trees. Conversely, the best per 

formers in each size class were VI, 
CG.10 and MAC.39 for small, medium 

and large size trees, respectively. 
These differences however, represent 

trends only and were not statistically 

significant. 

'Redchief trees on the following 
rootstocks were similar in size to trees 

on M.7EMLA: V2, M.26EMLA, El, 

V.4 and V.7 (Table 4). The following 
rootstocks produced 'Redchief trees 
similar in size to trees on M.9: CG.10, 

M.9, V.I, M.9EMLA, MAC.9, and C6. 

Although M.27 was not present the fol 
lowing would likely be similar in size 
to trees on this rootstock: MAC.9, E22, 

Mark, F.2. Trees on the following root 

stocks had relatively high biennialty 
indices on both 'Macspur' and 'Red-
chief,' the most biennial cultivars in 
this trial: CG.10, M.9, MAC.39, V.2, 
V.4, V.7, M.7EMLA. However, overall 

it was not possible to classify all root-
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stocks according to their propensity 

for biennial bearing since the bien-
niality index depended on the inter 
action between rootstock and cultivar. 

For example, 'Macspur' and 'Redchief' 

trees on M.9, CG.10 and MAC.39 had 

relatively high bienniality indices 
whereas, 'Lawspur' trees on these root 
stocks had lower than average indices. 

Generally, yield increased with in 

creasing tree size, but tree size only 
accounted for about half the variation 
in yield per tree. Higher yield effi 
ciencies were obtained by smaller trees 

for both 'Macspur' and 'Redchief,' but 
no such trend was evident for 'Law-
spur' trees. Other studies have also 
found more dwarfing trees to be more 
efficient (12, 13) and 'Lawspur' to be 
very efficient cultivar that does not 
follow trends of other cultivars (10). 

A correlation analysis was conducted 
on the 16 rootstocks that were common 
with all three cultivars in an effort to 
determine the value of early TCA or 
cumulative yield data in predicting 
year 8 results. Final tree size could be 
predicted after year 4 with a coeffi 
cient of determination above 0.94, but 
cumulative yield was poorly predicted 
until year 6 when r2 = 0.88 occurred. 
The influence of rootstocks on tree 
size at the end of year four was closer 
between 'Macspur' and 'Redchief (r = 
.83} and 'Lawspur' and 'Redchief (r = 
.80) than between 'Macspur' and 'Law-
spur' (r = .73). At the conclusion of the 
eighth growing season this relation 
ship was slightly better f Macspur'-
'Redchief r = .85; 'Macspur -'Lawspur' 
r = .83; 'Lawspur'-'Redchief r = .90). 
The same analysis on cumulative yield 
showed very little association through 
8 years. 

Two-year-old 'Macspur' shoots on 
OAR1 tended to be the longest all 
three years they were measured and 
generally had the greatest number of 

non-flowering spurs and the most 
shoots in 1992 and 1993 (Table 5). 
Mark, M.27EMLA and MAC.9 tended 
to have the shortest shoots and fewest 

non-flowering spurs and vegetative 
shoots among he 11 rootstocks studied. 
The proportion of spurs bearing flow 
ers varied with year, with high propor 
tions of flowering spurs in 1991, low 
proportions in 1992 and an intermedi 

ate degree of flowering in 1993. In 
1991, the rootstocks with the highest 
degree of flowering were B.9, Mark, 
M.27EMLA and M.9 whereas, in 1992 
B.9 and M.7EMLA had the highest 
degree of flower development. Except 
for OAR.l, which had the lowest de 
gree of flowering in each of the 3 

years, rootstock had little effect on 
flowering in 1993. The number of 
flower clusters per meter of branch 
length was more closely related to the 
proportion off flowering spurs (r2 = 

0.93, 0.96 and 0.75 for 1991, 1992 and 
1993, respectively) than the number 
of spurs per meter. Similar results have 
been obtained previously for spur-
type 'Delicious' (13). 

In considering the overall perform 
ance of these rootstocks compared to 
the Mailing rootstock that produces a 
similar sized tree, none are significant 
ly better. In the M.7 size class, El, V4 
and V7 had good survival and equalled 
M.7 in production and efficiency. In 
the M.26 size class, V2 survived better 
and had equivalent productivity. In 
the M.9 size class, VI, V.3, CG.10, E2, 
B.9 and MAC.39 were similar in survi 
val and productivity. In the M.27 size 
class, although E22 was productive, it 
experienced significant tree loss. A 
number of the rootstocks in this trial 
of equivalent survival and productivity 
to their Mailing counterpart, may have 
more winter hardiness or other attri 
butes that make them desirable for 
further testing. 
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