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Early Performance of 'Starkspur Supreme Delicious' on 

16 Rootstocks in the NC-140 Cooperative Planting1 

NC-140 

Abstract 

In 1984 trees of 'Starkspur Supreme Delicious' 

apple (Malus domestica Borkh) on 16 rootstocks 

were planted at 30 sites in North America 

according to guidelines established for coopera 

tive testing by the North Central Regional Co 

operative Project (NC-140). After 5 years, 17% 

of the trees on P.22 had died, but tree loss on all 

other rootstocks except, MAC.39 and E2, was 

below 10%. Seedling rootstocks produced the 

greatest number of root suckers with minimal 

suckering on other rootstocks. Based on trunk 

cross-sectional area, trees on the following root 

stocks were similar to trees on seedling in size: 

P.18, A.313, B.490, M.4 and MAC.l. Trees on 

CG.24 and P.I were between M.7 EMLA and 

seedling in size. The following rootstocks pro 

duced smaller trees than M.26: B.9, MAC.39, 

R22, E2, P.16 and C6. B.9, C6, R16, R22, E2 

and M.26 EMLA induced fruiting, while trees 
on seedling, MAC.l, A.313, and CG.24 lacked 

precocity. Variation in performance of these 

rootstocks across the 30 sites was considerable 

and demonstrates the importance of cooperative 

testing. 

The commercially available apple 

rootstocks do not always perform well 

in the diversity of locations where 

apples are commercially grown. Prob 

lems associated with disease suscep 

tibility and tolerance to environmental 

extremes of the rootstocks have been 

summarized in recent reviews (1, 4). 

Since dwarfing rootstocks represent 

one of the few options to increase 

production efficiency of the tree as 

much as 50-60%, the search for im 

proved rootstocks has continued and 

is supported by several breeding pro 

grams (1, 2, 7). Although several 

attempts have been made to predict 

rootstock performance under con 

trolled conditions, the only proven 

method has been field trials at a num 

ber of representative sites. In 1967 a 

Salaries and research support provided by State and Federal funds appropriated to the Ohio 
Agricultural Research and Development Center, The Ohio State University. Journal Article No. 
175-90. 

^ooperators and locations shown in Table 1. Appreciation is extended to Oregon Rootstock and 
Tree Company, Inc., Woodburn, Oregon 97071 for propagating and furnishing trees for the 
planting and the International Dwarf Fruit Tree Association for shipping expenses. Special thanks 
are extended to Bert Bishop, The Ohio State University, for performing the statistical analysis of 
the data. 
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group of researchers from various 

states established the North Central 

Regional Committee (NC-140) to test 
new rootstocks in a coordinated and 
uniform series of field trials (5). 

Results of earlier NC-140 apple in-

terstem and rootstock trials have been 

fmblished (3, 6, 8). The test plantings, 

rom which results are reported here, 

were established in 1984 to compare 
the performance of a common scion 
on 16 different rootstocks in 30 apple 
producing areas in North America 

(Table 1). The committee recognizes 
that 5 years is not sufficient time to 
evaluate new rootstocks, but since 

many of these clones have not been 

tested widely and are becoming avail 
able commercially, it seemed prudent 

to share early survival and performance 
information. Rootstocks compared in 
this trial originated from breeding or 

evaluation programs in England (M-
Malling series), Michigan (MAC-

Michigan Apple Clone series), Mis 

souri (C-Clark series), New York 

(CG.-Cornell/Geneva series), Poland 

(E Polish series) and Russia (B. Buda-
govsky series) and represent a wide 
range of tree size control. 

Materials and Methods 
Trees for this planting were propa 

gated by Oregon Rootstock and Tree 

Company, Inc., Woodburn, OR, using 

virus-free 'Starkspur Supreme Deli 

cious/ a spur-type strain, as the scion 
with all rootstocks being free from 
known viruses. Ten pollinizer trees 

each of 'Macspur McIntoshVM.26 and 

'Starkspur Golden Delicious7M.26 

were included strategically in each 
planting. The trees were planted with 

10 single-tree replications in a random 

ized complete-block design individ 

ually randomized for each site. Due to 
a shortage of trees on some rootstocks, 
11 sites did not receive trees on B.490, 

E2, P.16, P.18, C6 or A.313. The 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 were trained to a free standing 

central leader tree that was unsup 

ported. Irrigation, pesticides, orchard 

floor management and fertilizers were 
applied according to local recommen 
dations. 

The following data were collected 
annually at each site and summarized 
at a central location: survival, trunk 

circumference, number of rootsuckers, 
tree height, tree spread, total yield/tree, 
average weight of 50 fruit and flower 

clusters/tree for the first 3 years only. 
Each site also submitted monthly air 
and soil temperature extremes, rainfall, 
and light values. 

Results and Discussion 
After 5 years, 17.1% of the trees on 

R22 had died, but tree losses on all the 
other rootstocks except MAC.39 and 
P.2 was below 10% (Table 2). Although 
it was not possible to ascertain the 

reason for the loss of each tree, anchor 
age was one reported problem asso 

ciated with trees on P.22 and P.16 and 

these trees should have been supported. 
Suckering on most of the rootstocks 
was minimal, with trees on seedling 

rootstocks producing the greatest 
number of root suckers. Trees on seed 
ling rootstock not only had the highest 

number of root suckers per tree, but 
also the greatest variability within sites. 
Very few suckers were produced by 
trees on M.26, B.490, B.9, MAC.39, 

P.2, P.18, P.22 and C6 at any of the 

sites. Suckers present a significant 
commercial problem and previous co 
operative studies identified certain 
rootstocks such as MAC.24 with un 

acceptable sucker production (6). None 
of the rootstocks in this trial suckered 
as extensively as trees on MAC.24. 

Most of the suckers were in close 
proximity of the trunk and not spread 
widely under the canopy as was the 
case with MAC.24. 

Tree size as determined by trunk 

cross-sectional area (TCSA), indicated 
that trees on R18, A.313, B.490, M.4 
and MAC.l were full size and compar-
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able to trees on seedling (Table 2). 

Trees on CG. 24 and El were between 

M.7 and seedling in size. The following 

rootstocks produced trees smaller than 
M.26: B.9, MAC.39, P.22, E2, E16 and 

C6. Trees on E16 and E22 were very 

small, probably comparable to M.27 

in size. Generally TCSA size relation 

ships were reflected in tree height and 

spread measurements. Trees on the 

most vigorous rootstocks had filled 

60% of their allotted space (3.5 m) at 

five years of age and obviously would 

require wider spacing than provided 

in this trial. 

Tree size, as measured by trunk 

cross-sectional area (TCSA), was larg 

est in KS, GA and CA (Table 3). These 
plantings are on very deep, fertile 
soils or with relatively long growing 

seasons. Average tree size was gener 

ally small in the following sites: ME, 

NJ, TN, FA, MA, WA, and WV. In 

WA the trial was located on a replant 
site that resulted in weak growth. Trees 

on M.4 were significantly larger 

(TCSA) than trees on seedling in CA, 

KS and OR and smaller at the follow 

ing sites: MA, MI, MN, OH, ONT, 

TX, ME and MEX. The variation in 
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Table 2. Performance after 5 years of 'Starkspur Supreme Delicious' on 16 
rootstocks planted in the 1984 NC-140 cooperative rootstock planting at 30 
sites in North America. 

performance of these rootstocks across 
the 30 sites was considerable and is 

shown in tables 3-5. In sites that had 

the full compliment of rootstocks, CA 
had the highest coefficient of variation 

(C.V) and MN and British Columbia 
the lowest (Table 3). Generally, in sites 

with partial compliments of trees, 

GA and KS had higher C.V.s than most 

others. The C.V for M.4 across all 

sites was higher than the other root 

stocks. It should be noted that trees on 

seedling rootstock were not more vari 

able than trees on the clonal rootstocks. 

If an arbitrary range is established of 

15? above or below the average TCSA 

across all sites, at no site do all root 

stocks fall within this range and it only 
took a comparison of five rootstocks 

to eliminate them all. If this range is 

increased to 20? above or below the 

average TCSA, all sites were elimi 

nated after comparing 11 rootstocks. 
Thus it is clear that no one site could 

provide adequate tree size information 

for the 30 locations tested. These few 
examples clearly show the advantage 
of testing new rootstocks in a coor 

dinated manner so that extremes in 
performance can be identified and 
related to local environmental and soil 
conditions. 

Canopy height measurements (Table 
4) at 5 years of age indicate that trees 
on the following rootstocks could be 

managed entirely from the ground: 
B.9, P.22, P.2, P.16, and C6. Trees on 

these rootstocks also had shorter termi 

nals and averaged a 21.4? increase in 
TCSA between 1987 and 1988. Since 
more vigorous rootstocks (P. 18, seed 

ling, CG.24, M.4, and A.313) averaged 
42.2? increase in TCSA, it is obvious 

that the smaller rootstocks had slowed 
in growth and flowered early and 

would be the most suitable for inten 

sive orchard systems utilizing more 
than 500 trees/acre. Trees on the more 
vigorous rootstocks would require short 
ladders to accomplish tasks in the tops 
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of the trees and since they were still 

growing, ladder length would increase 

in the future. 

Canopy spread (Table 5) measure 

ments indicate that trees on seedling 

at 5 years of age have already exceeded 

60$ of their allotted space of 3.5 m in 

CA, GA, KS, OH, OR, VA, and NC. 

At these sites exhibiting higher vigor, 

the following rootstocks exceeded or 

will soon exceed 60$ of their allotted 

space: MAC. 1, CG.24, M.4, B.490, 

E18 and A.313. Although it is difficult 

to predict ultimate tree size, the spac 

ing of 3.5 m may be excessive for trees 

on P.22, P.16, P.2, B.9, and MAC.39, 

but appropriate for trees on C6 and 

M.26 EMLA. 

The following sites recorded some 

bloom in 1985 the year following 

planting: CA, GA, IA, MN, OH, OR, 

VA, CO, NOS, and ME (data not 

presented). At these sites, trees on the 

following rootstocks had the most 

bloom: E16, P.22, R2, B.9, and C6. In 

1986 bloom was present at many more 

sites and the data are summarized in 

Table 6. The following rootstocks had 

the greatest amount of bloom: B.9, 

C6, P.16, P.22, P2, and M.26. Trees on 

the following rootstocks were less pre 

cocious: Seedling, MAC.l, A.313, and 

CG.24. At some of the sites trees on 

the most precocious rootstocks have 

fruited for 3 years and most rootstocks 

appear to induce more precocity and 

production efficiency (yield/TCSA) 

than apple seedling. Trees on E16, 

MAC.39, B.9, and E2 had high pro 

duction efficiency. 

Of the 21 sites that recorded flower 

cluster number in 1986 (Table 6), the 

following rootstocks had low flower 

counts at most sites: MAC.l, seedling, 

P18, and A.313. On these rootstocks, 

CA generally had twice the number of 

clusters/tree compared to the other 

sites. 

Trees on B.9, El, E2, E16, and C6 

were consistently precocious at each 

site, but tended to exhibit high vari 

ability across sites as indicated by 

LSD values. As expected, the root 

stocks with high bloom counts also 

tended to have the highest cumulative 

yields and efficiencies over the first 5 

years (Table 2). 

In 1988 all cooperators evaluated 

tree leaning, rating all trees for the 

angle of their central leader from ver 

tical (0 = no leaning; 1 = 20-45°; 2 = 

45°+). Significant leaning occurred 

with trees on the following rootstocks 

(Table 7): E2, E22, E16, C6, and B.9. 

Trees on B.490, A.313, MAC.l, seed 

ling, P.16 and M.7 were upright with 

almost no leaning. It is evident that 

the trees on the rootstocks with the 

greatest leaning in this study should 

have been supported at planting and 

many of these trees have been sup 

ported after the leaning became se 

vere. Tree growth would likely have 

been greater if support had been pro 

vided from the time of planting. 

The excellent tree quality and sur 

vival of trees in this planting greatly 

enhance the potential for additional 

information from this trial in future 

years. The NC-140 committee fully 

recognizes the hazard of drawing con 

clusions from the first 5 years of data 

from apple rootstock trials. However, 

since these rootstocks have not been 

widely tested in North America and 

are beginning to become available 

commercially, it was considered pru 

dent to summarize the information 

realizing that future data may change 

some of these preliminary findings. It 

must be emphasized that these results 

were with a spur-type 'Delicious' scion 

and tree growth would likely be dif 

ferent with a more vigorous scion. 

Growers considering untested root 

stocks should compare tree size and 

performance on a soil and climate as 

similar as possible to their site. 
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Effects of Crop Load and 

Harvest on Apple Ripening 

Wesley R. Autio and 

Duane W. Green 

Studies were conducted in 1989 to 

determine the effects of crop load and 
percent harvested on apple ripening. 
Twenty-seven 'Golden Delicious' trees 

were selected and partitioned into 9 

blocks. The crop load on one tree in 
each block was adjusted to 3.4, 6.9, or 

15.0 fruit cm1 trunk circumference in 
late June. Internal ethylene was meas 

ured in 6-fruit samples taken from 
each tree on 25 Sept., 2,9, and 16 Oct. 

Increasing crop load had a significant 
linear effect on delaying ripening. 

Approximately 11 days separated the 
ripening of fruit from the 3.4 fruit 

cm"1 and the 15.0 fruit cm1 treatments. 

In a second experiment, 18 'Mclntosh' 

trees with similar crop load were par 

titioned into 6 blocks. Forty percent 

of the crop was harvested from 1 tree 
and 80? from another in each block on 

7 Sept. Internal ethylene was measured 

on 7, 14, 21, and 28 Sept. Increasing 

the portion of the crop initially har 

vested linearly delayed subsequent 

fruit ripening. Approximately 6 days 

separated the ripening of fruit from 

the control and the 80%-removal treat 

ments. 

HortScience 25:624, 1990 

Department of Plant & Soil Sciences, Univer 

sity of Massachusetts, Amherst, MA 01003. 

Book Review 

Abrikos (Apricot), 1989, edited by 

Vladimir K. Smykov, published by 

Agropromizdat, Moscow, U.S.S.R. 

Written in the Russian language, 

this 240-page text is an up-to-date 

book, particularly concerned with the 

investigations in the U.S.S.R. This issue 

summarizes the following topics: 1) 

An understanding of species taxonomy 

and their native homes; 2) Morphology 

of the tree and root system; 3) Morph 

ogenesis of generative buds; 4) Winter 

hardiness, drought resistance, response 

to soil conditions; 5) Breeding; 6) 

Characterization of 53 standard culti-

vars and 21 new cultivars still under 

state cultivar testing; 7) Data on fruit 

chemical composition; 8) Establishing 

the apricot planting; 9) Cultural prac 

tices in the fruit-bearing orchard; 10) 

Control of insects and diseases. 

The Soviet Union is one of the 

world's leaders in apricot production, 

whereas Central Asia, together with 

China, is the general area of distribu 
tion of wild species. The rich collection 

of the Nikitsky Botanic Garden in the 

Crimea is so challenging to a trained 

fruit breeder that a lot of new culti 

vars were produced. This book is con 

centrated on the investigations of ap 

ricot culture in the southern part of 

the European U.S.S.R. 

by Dr. Kalyu Kask 
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