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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. 

Authors listed in Table 1, page 7, FVJ 50(l):1996. 
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. 
Appreciation is extended to Oregon Rootstock Inc., Woodburn, OR 97071 for propagating and 
donating trees for the planting and to the International Dwarf Fruit Tree Association for shipping 
expenses. Special thanks are extended to Bert Bishop, Ohio State University for performing the 
statistical analyses of the data. 

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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Cooperative plantings organized by 
NC-140 were designed to solve these 
problems and also dramatically shorten 
the time required to test new rootstock 
candidates. The wide diversity of cli 
matic and soil conditions at NC-140 
sites expose scion/rootstock combina 
tions to a wide range of conditions. 

Results of earlier NC-140 coopera 
tive plantings have been published (1, 
2,3,4,5,6). The test plantings reported 

here were established in 1984 to com 
pare performance of 15 different root-
stocks with a common scion cultivar, 
'Starkspur Supreme Delicious,' at 31 
sites in North America. Plantings in 

QUE and TX were removed prior to 
the conclusion of the study. 

Materials and Methods 

The coldest temperature recorded 
was -32.2°C in IA in 1985 (Table 1). IA 
had the coldest temperature in 4 of 
the 10 years of the trial. Readers are 
referred to the paper by Warmund et 
al. (7) that describes black-heart and 
winter injury symptoms from several 
of those trials. The warmest winters 
occurred in 1987 and 1992 when mini-
mums at the coldest sites were only 
-22°C. Generally the coldest winter 
was 1985 when 7 sites had minimums 
of -28°C or lower. The maximum tem 
perature over the period of this study 
was 44.9°C in CA in 1986. CA had the 

highest maximum temperature in 4 of 
the 10 years. Severe droughts occurred 
in 1988 and 1993 in the east and Mid 
west, and 19 sites had maximum tem 
peratures above 37°C when normally 
only 4-8 sites exceeded this tempera 

ture. The coolest growing season was 
1987 when no site exceeded 30°C. 

Results and Discussion 

The cooperators and sites as well as 
the experimental design and data col 
lected were described in the previous 
paper (4). The relative performance 
among sites will be compared in this 
paper. Past studies (2,3,6) and grower 
experience indicate that survival is a 

very important factor in assessing the 
potential of a new rootstock. Six mid-
western sites lost 20? or more of the 
trees in this study over 10 years, while 
13 sites had less than 10? loss (Table 

1). Sites in the west and northwest 
(CA, OR, WA, UT, BRC) generally 
had very low tree losses or 6? or less. 

These sites were all irrigated which 
may have contributed to improved 
tree survival. The following rootstocks 
had 60? or higher losses at one or 
more sites (MAC.39, P.22, M.4, M.26-

EMLA, P2, P16, P18, and C6). Survival 
of the following rootstocks was 70? or 
greater in all sites: MAC.l, M.7EMLA, 

B.490, and A.313. The rootstocks PI, 
SDL, and R18 would have fallen into 
this desirable classification except for 
losses at one site. Of the rootstocks 
producing trees of M.26 size or smaller, 

B.9 had the best survival with no 
losses reported for 14 sites and KS 
reported the highest loss of B.9 (50?). 
This record is compared to R22, the 
rootstock with the greatest losses, hav 

ing no losses at only 5 sites and more 
than 50? loss at 8 sites. 

Based on TCA, sites in KS, GA, IL, 

CA, VA, MO, NC, and MI had trees 39 
to 16? larger than average, while trees 
in TN, PA and MEX were 40? smaller 

than the average over all sites (Table 
3). Trunk cross-sectional area for KS 
and GA likely are inflated because 
those sites had only a partial planting 
and did not include several of the 
smaller rootstocks. KS also reported 
significant crop loss in 3 years due to 
frost which stimulated vegetative 
growth. However, these sites also pro 

duced large trees in previous studies 

(1). As in previous studies, the CA site 

was obviously stressful, either due to 

heavy crop loads or high temperatures, 

to rootstocks producing small trees 

and was very stimulating to such root 

stocks as M.4, R18, A.313 resulting in 

large trees. CA, GA, VA, and NC have 

relatively long growing seasons and 

along with sites in KS and IL have 

reported large tree size in previous 
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Table 2. Tree loss (%) over 10 years of 'Starkspur Supreme Delicious' on 15 
rootstocks at 30 sites in the NC-140 planting established in 1984. 

*0 = no loss, — = trees not included. 

trials (1,3). As in a previous study (1), 
the CA site had the highest absolute 
variability relative to the mean as mea 
sured by coefficient of variation (CV). 
KY, ME, MN, and MEX had relatively 
low C.V. values. Nine of the sites had 
relatively low LSD values (less than 
20), while 4 sites had LSD values 
above 40. 
Averaged over all rootstocks, the 

CA site had the highest yields and on 
rootstocks producing trees larger than 
M.7, had yields double or greater than 
the average over all sites (Table 4). CA 
also had high variability as evaluated 
by LSD or C.V. OH, VA, GA, and IL 

had relatively high average yields per 
tree, while the following sites had 
relatively low yields compared to the 
average over all sites: TN, MN, NY 
and AR. Sites with higher yields tended 
to have higher variability, while sites 
with low yields tended to have low 
variabilities. B.9, the dwarfing root-
stock with the best survival, had higher 
than average yields in 7 sites, average 
yields in 15 sites and below average 
yields in 6 sites. Variation across sites 
for B.9, as measured by LSD and CV, 
was relatively low compared to a num 
ber of the rootstocks producing larger 
trees. P.18, which showed some yield 





Table 4. Cumulative yield per tree (Kg) after 10 years of 'Starkspur Supreme Delicious' on 15 rootstocks in the 1984 

NC-140 trial. 



Table 5. Yield efficiency (yield -5- TCA, kg/cm2) after 10 years of 'Starkspur Supreme Delicious' on 15 rootstocks in 
the 1984 NC-140 trial. . 

Site SDL P.18 A.313 B.490 MAC.1 M.4 M.7E P.1 M.26E C6 MAC.39 B.9 P.2 P.1S P.22 Avg. L8D05 C.V. 
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advantages among the rootstocks pro 
ducing seedling-sized trees, had better 
than average yields in 5 sites, average 
yields in 6 sites, and below average in 
7 sites. 
Averaged over all rootstocks, the 

sites with the greatest yield efficiency 
(yield -5- TCA) were MA, CA, OH, 
BRC, and those with lowest efficiency 
were KS, MN, TN, NY, AR, and NC 
(Table 5). It is noteworthy that CA 

had large tree size and still had high 
yield efficiency, while the other sites 
with high efficiency had more moder 
ate tree size. Of the six rootstocks that 
produced seedling-sized trees, yield 
efficiency of trees on A.313 and B.490 
rootstocks were more variable than 
the others as measured by LSD value. 
A comparison of LSD values across 
trees on M.26EMLA and smaller root 
stocks indicated that M.26EMLA and 
B.9 were less variable than the others. 

Results presented in this paper should 
prove helpful to growers considering 
some of these rootstock options. Identi 
fication of a trial site with similar 

climatic conditions to specific produc 
tion areas should be helpful in predict 
ing the potential performance of these 
rootstocks. 
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Horticultural Characteristics of 

'Starkspur Supreme Delicious' Apple on 

15 Rootstocks at 24 Sites 

NC-1401 

Abstract 

A rootstock trial of 'Starkspur Supreme Deli 
cious* trees on 15 rootstocks was established in 
1984 by the NC-140 regional cooperative project. 

Horticulturists who have worked with and man 

aged this trial subjectively rated various horti 
cultural characteristics of the scion and root 

stocks of these trees in 1994. Characteristics 
related to branching, anchorage, pruning and 

training, and root suckering were among those 

rated. The potential of each rootstock for slender 

spindle or central leader type management was 

also rated. 

Authors listed in Table 1. 

Field trials of apple rootstocks with 

various scions have been done for 

many years and large amounts of 

quantitative data have been published 

regarding the performance of trees in 

these trials. Quantitative data regarding 

survivability, growth, and yield of 
'Starkspur Supreme Delicious* trees 

on 15 rootstocks in the NC-140 trial 

established in 1984 are contained in 
other sections of this volume (1, 2). 
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