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Performance of the NC-140 Cooperative 

Apple Rootstock Planting: I. 

Survival, Tree Size, Yield and Fruit Size1 

NC-1402 

Abstract 
In 1984, trees of 'Starkspur Supreme Delicious' 

apple (Malus x domestica Borkh) on 15 root-
stocks were planted at 31 sites in North America 
according to guidelines established for coopera 
tive testing by the North Central Regional Co 
operative Project (NC-140). Tree loss was great 
est on P.22 (32$) and MAC.39 (21$). Trees on 
P.18, A.313, B.490, MAC.l and M.4 had trunk 
cross-sectional areas (TCA) and yield efficien 
cies similar to seedling (SDL). El produced 
trees similar in size, production and yield effi 
ciency to M.7EMLA. C6 and M.26EMLA re 
sulted in trees of similar size, yield and yield 
efficiency MAC.39 and B.9 had similar TCA's, 
yield ana yield efficiency, but trees on B.9 were 
shorter with smaller spread. Fruit size over 6 
years from trees on E22, M.4 and SDL was 
small, while fruit size tended to be large from 
trees on E18, A.313 and C6. 

Since apple rootstocks offer growers 
a means of increasing tree and orchard 
efficiency by 30-40?, researchers are 
challenged to identify rootstocks that 
meet the specific demands of each 
fruit-producing region. None of the 
commercially available rootstocks is 
adapted well to all North American 
fruit-producing regions. In the humid 
midwest, devastating tree losses have 
occurred due to fireblight infection of 
many dwarfing precocious rootstocks 
adaptable to intensive orchard systems 
(7,15,16). In other regions, cold winter 

temperatures are a limiting factor to 
tree survival and hardy rootstocks are 
desired (5, 6, 17, 19). The NC-140 
committee, an international group of 
cooperating researchers, is organized 
to test new rootstock candidates over 

a wide range of sites. Previous reports 
(10, 11, 12, 13, 14) from this group 
have provided growers and researchers 
with information on performance of 
new apple rootstocks in a wide range 
of environments, thus shortening eval 
uation time. 

The test plantings reported here were 
established in 1984 in 31 apple produc 
ing areas of North America to compare 
relatively untested selections from the 
Polish and Russian (Budagovsky) 
breeding programs. These breeding 
programs were established to provide 
rootstocks that would survive the 
severe cold of the European midcon-
tinent and provide a range of tree 
sizes (4,5,18,22). Also, included were 

two selections of the Michigan Apple 
Clone series (2), as well as C6, which 
was developed originally by Stark 
Brothers Nurseries and Orchards as a 

dwarfing interstem. These new selec 
tions were compared to apple seedling 
and several of the Mailing rootstocks. 
A preliminary report on this planting 

was published previously (10). 

Materials and Methods 

Trees for the cooperative planting 
were propagated by TRECO, Inc., 
using virus-free 'Starkspur Supreme 
Delicious,' a spur-type strain, as the 

scion. Cooperators and the locations 
of their sites are listed in Table 1. Ten 
replicate trees of each of the 15 root 
stocks listed in Table 2 were planted at 

'Salaries and research support proved by state and federal funds appropriated to the Ohio 
Agricultural Research and Development Center, The Ohio State University. 
2Author cooperators shown in Table 1. Appreciation is extended to TRECO, Inc., Woodburn, OR 
97071 for propagating and donating trees for the planting and to the International Dwarf Fruit 
Tree Association for paying shipping expenses. Special thanks are extended to Bert Bishop, Ohio 
State University for performing statistical analyses of the data. 
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Table 1. Location and cooperators in the 1984 rootstock trial coordinated by 

NC-140. 

each site in a randomized complete 
block design. Ten pollenizer trees each 

of 'Macspur Mclntosh' on M.26EMLA 
and 'Smoothee Golden Delicious' on 

M.26EMLA were included. Due to a 
shortage of trees on the following 
rootstocks (B.490, E2, E16, E18, C6 
and A.313), the following sites had a 
smaller trial: GA, KS, KY, ONT, MO, 
TN, NOS, NJ, TX, WV, MEX. Trees 

were spaced 3.5 m x 5.5 m with 5-7 cm 
of the rootstock exposed above the 
soil line. All trees were headed at 70 
cm and trained to a free-standing cen 
tral leader system with irrigation, 
herbicide and rate of nitrogen fertilizer 
applied according to localrecommen-

dations. Trees that leaned more than 
45° were staked to prevent tree loss. 
The following data were collected 

annually at each site and summarized 
at a central location (Ohio): survival, 
trunk circumference, tree height, tree 
spread, total yield/tree, average weight 
of 50 fruit. Each site also submitted 
monthly air and soil temperature aver 
ages and extremes, rainfall, and light 
values. 

Results and Discussion 

Total tree loss was greatest on E22 
and MAC.39 (Table 2). These root-
stocks also had the greatest tree loss 
after the first 5 years (10) and lost an 



8 Fruit Varieties Journal 

Table 2. Mortality, growth, yield, precocity, and average fruit size of 'Starkspur 
Supreme Delicious' on 15 rootstocks across 30 sites in North America. 

*Refative size = TCA of rootstock -f- TCA of seedling x 

"Means separated by Duncan's Multiple Range Test p 

100. 

= 0.5. 

additional 15 and 11$, respectively, 
between 1988 and 1993. Rootstocks 
with greater TCA's than El had mini 
mal loss. E18, A.313, B.490, MAC.l 

and M.4 produced trees with similar 
TCA's to apple seedling (SDL). Tree 
height and spread of P.18, A.313 and 
B.490 were greater than SDL. 

Among the 6 rootstocks similar in 
TCA to SDL trees on E18 had higher 
cumulative yields than trees on SDL, 
but did not differ significantly from 
the other rootstocks in this size class. 
All were similarly efficient. 

El produced trees similar in size, 
productivity and efficiency to M.7-
EMLA. A Polish study found trees of 
El with 'Lobo,' 'Spartan,' and 'Empire' 
as scion cultivars were similar in size 
to trees on M.26 (5). In our study, 
M.26EMLA was significantly smaller 
than both P.I and M.7EMLA with the 
spur-type 'Delicious* scion. Several 
studies (6, 17, 19] have shown that, 
among the widely planted Mailing 
rootstocks, M.7 is the most injured by 
low winter temperatures. Trees on El 
have been hardy and productive under 

test winters in central Europe (4,18,22) 
and in controlled freezing tests (6,19). 

The rootstock C6 produced trees 
similar in size, yield and efficiency to 
M.26EMLA, except they were shorter. 
Trees on MAC.39 and B.9 had similar 
TCA's, but trees on B.9 were not as 
tall and had a smaller spread than 
trees on MAC.39. Froduction and yield 
efficiency of trees on MAC.39 and B.9 
were similar. Trees on E2, E16 and E22 
had similar TCA's, but trees on E22 
were shorter and had a smaller branch 

spread than trees on the other two 
rootstocks. Cumulative production and 
precocity per tree were similar among 
trees on these three rootstocks, but 
cumulative yield efficiency was highest 
for trees on E16 followed by E2 and 
E22. Trees on E2 and E16 also had 
greater survival than trees on E22. E16 
was reported to be less hardy than 
E22andE2(5,19). 

In addition to evaluating rootstock 
efficiency through yield/TCA yield 
per unit land area is often used to 
evaluate orchard efficiency. If yield 
per unit land area is calculated using 
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Figure 2. Average fruit weight and yield effi 
ciency for 1988-93 of 'Starkspur Supreme 
Delicious' on the three rootstocks with the 
largest and smallest average fruit size. 

Rootstocks in this trial produced a 
continuum of tree sizes from 2m in 
height (P.16 and E22) to 4.4m in height 
(E18 and A.313). Of the 5 rootstocks 
that were similar in TCA to SDL, E18 
had a higher cumulative yield and 
larger fruit size. Since other studies 
report that E18 is hardy and resistant 
to collar rot (3, 19), it would be pre 
ferred if a seedling sized tree is desired. 

Since M.7EMLA and El were similar 
in all respects, El could be an alterna 
tive in regions where lack of winter 
hardiness is a concern. Trees on M.26-
EMLA and C6 were similar in size, 
production, efficiency and fruit size. 
Previous work has snown that both 
are very susceptible to fireblight (7,8, 
15,16), so no clear advantage is evident 
for either rootstock. 

Trees on MAC.39 and B.9 were 
similar in size, production, yield effi 

ciency and fruit size. In other studies 
these rootstocks produced trees similar 
in size to M.9 (1, 8, 21) and although 

M.9 was not a control rootstock in this 
trial, the relative ranking would ap 
proximate M.9 tree size. Both root 
stocks are reported to be similar to 
M.9 in susceptibility to fireblight (3, 
15). B.9 has been shown to be signifi 

cantly hardier than M.9 (5,18,19] and 
would be considered where M.9 has 
not been sufficiently hardy. 

P.2, E16 and E22 produced very 
small trees with similar cumulative 
yields. Tree loss on E22 was high and 
it produced consistently small sized 
fruit. Lack of staking could have played 
a major role in the poor performance 
of these dwarfing rootstocks. 
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Performance of the NC-140 Cooperative 

Apple Rootstock Planting II: A 10-Year Summary of 

TCA, Yield and Yield Efficiency at 31 Sites 

NC-1401 

Abstract 
In 1984 trees of 'Starkspur Supreme Delicious' 

apple (Malus x domestica Borkh) on 15 root 
stocks were planted at 31 sites in North America 
according to guidelines established for coopera 
tive testing by the North Central Regional Co 
operative Project (NC-140). Six midwestern 
sites lost 208> or more of the trees over 10 years, 
while 13 sites had less than 102 loss. The follow 
ing rootstocks had 60% or higher losses at one or 
more sites: MAC.39, P22, M.4, M.26EMLA, P.2, 

P16, P18, C6. B.9 had the best survival of the 
dwarfing rootstocks in this study with no losses 
at 14 sites. Sites in KS, GA, IL, CA, VA, MO, 
NC, and MI had trees with 39 to 16$ larger than 

average trunk cross-sectional area (TCA), while 
trees in TN, PA, and MEX were 40$ smaller 
than the average of all sites. Averaged across 
rootstocks, sites with the greatest yieldef f iciency 
were MA, CA, OH, and BRC and those with 
lowest efficiency were KS, TN, MN, NY, AR 
and NC. 
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Evaluations of potential apple root-

stock and interstem systems have been 

made independently by researchers at 

many locations. Lack of common 

genetic materials, spacings, and han 

dling procedures have made compari 

son of the results from these inde 

pendent studies difficult. Because of 

lack of information, growers have 

planted many scion/rootstock combi 

nations at inappropriate spacings for 

their soils or that were poorly adapted 

to their area. Extension recommenda 
tions often vary widely from region to 

region with little understanding among 

professional horticulturists for the 

differences. 
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