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Abstract 

At 12 sites in the United States, trials were established in 1990 which included four apple (Malus X 

domestica Borkh.) cultivars ('Smoothee Golden Delicious', 'Nicobel Jonagold', 'Empire', and 'Law 

Rome Beauty') in all combinations on five rootstocks (M.9 EMLA, B.9, Mark, 0.3, and M.26 EMLA). 

After ten growing seasons, rootstock and cultivar interacted significantly with location to affect trunk 

cross-sectional area (TCA), tree height, canopy spread, yield per tree, yield efficiency, and fruit size. 

Further, at many locations rootstock interacted significantly with cultivar to affect these parameters. In 

most cases, however, these interactions contributed minimally to the variability among rootstocks or 

among cultivars as they affected performance. Survival varied greatly by location, ranging from 43% in 

Kentucky to 100% in Massachusetts, Pennsylvania, and Virginia. Where tree loss occurred, more 

'Rome' trees died than the other cultivars, and more trees on O.3 died than trees on the other rootstocks. 

Tree size also was affected by location, with TCA ranging from 48 cm2 on average in Massachusetts to 
131 cm2 in Kansas. In general, largest trees were on M.26 EMLA, and the smallest were on Mark or on 
B.9. 'Jonagold' trees were consistently among the largest, and 'Empire' trees were among the smallest. 

Cumulative yield per tree (1992-99) ranged from 1.49 in Utah to 4.17 in Ohio, and the most yield effi 

cient trees were those on B.9 and those on Mark. 'Jonagold' trees were consistently among the most 

yield efficient. Average fruit size (1992-99) ranged from 141 g in Tennessee to 224 g in Massachusetts. 

M.26 EMLA and M.9 EMLA generally resulted in the largest fruit, and Mark and O.3 .resulted in the 

smallest. 'Rome' and 'Jonagold' fruit were consistently among the largest, and 'Empire' fruit were 

among the smallest. 

Few researchers have studied the rela- cient to trees on the other rootstocks at dry 

tive differences in tree performance locations, but were significantly less effi-

caused by rootstock at different locations, cient than the other trees at moderate and 

One project (2) observed the effects of wet locations. M.9/MM.111 had similar 

rootstock on similarly managed 'Mcln- yield efficiency to trees on M.9/MM.106 

tosh' apple trees at ten locations exhibiting except on the wettest sites where trees on 

different soil-moisture conditions. Root- M.9/MM.106 were less efficient. It is im-

stock and location did not interact to affect portant to have knowledge of this type of 

TCA, but interacted to affect yield per tree variation in performance when making 

and yield efficiency. Specifically, M.7A recommendations to apple growers, 

resulted in significantly greater yields per As part of the 1980 and 1984 NC-140 

tree than did M.26, M.9/MM.106, and Apple Rootstock Trials, NC-140 (4, 6) re-

M.9/MM.111 only at dry locations. Trees ported location effects and presented per-

on M.7A produced similar or lower yields formance of a number of rootstocks at dif-

at moderate and wet locations. Likewise, ferent locations; however, little attention 

trees on M.7A were similarly yield effi- was paid to determining the significance of 

Massachusetts Agricultural Experiment Station Paper 3291. At participating state agricultural experi 
ment stations, funding was provided by RRF NC-140. Further we wish to thank the International Dwarf 

fruit Tree Association for their financial support of this project and Stark Bro's Nurseries, Louisiana, 

MO for donating the trees. 
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the variation in rootstock performance 

caused by location factors. One reason for 

this lack of attention is the complexity of 

location-to-location differences, including 

soil, temperature, moisture, pests, and hor 

ticultural management. 

NC-140 trials expose rootstocks to 

a wide range of conditions to evaluate 

performance in the most thorough 

manner possible. However, it is not 

possible to control many factors 

across location. Acknowledging this 

problem, the objective of this portion 

of the 1990 NC-140 Cultivar/Root 

stock Trial was to assess in a rigorous 

statistical manner the interaction of 

rootstock and location, cultivar and 

location, and rootstock and cultivar 

within location. 

Materials and Methods 

Details regarding the initiation of this 

trial were presented previously (7), and the 

specific details of data collection were re 

ported in the first article of this series (1). 

Data collection and analyses were orga 

nized by the Massachusetts site coopera-

tor. Analyses of variance were conducted 

with the MIXED procedure of the SAS 

software package (SAS Institute, Cary, 

NC). For the results presented in this arti 

cle, cultivar, rootstock, location, and the 

interactions among these main effects 

were considered fixed effects. Differences 

among locations were significant for all 

measurements, and least-squares means 

were separated by Tukey's HSD (P = 

0.05). For all measurements, the interac 

tions location x rootstock, location x cul 

tivar, and location x cultivar x rootstock, 

were significant. Because of the inherent 

differences in variance among sites and for 

ease of analysis, cultivar, rootstock, and 

cultivar-by-rootstock effects were ana 

lyzed individually by location. Differences 

among least-squares means of cultivars 

and among least-squares means of root-

stocks were then assessed by Tukey's HSD 

(P = 0.05). In cases where significant in 

teractions between cultivar and rootstock 

existed, the sums of squares for rootstock 

and the interaction were repartitioned into 

units representing the effects of rootstock 

within each cultivar utilizing the SLICE 

option of the LSMEANS statement. 

Where rootstock within cultivar was sig 

nificant, a t test (P = 0.05) was used to sep 

arate rootstock means; however, a Bonfer-

roni adjustment was applied prior to 

determining the significance of each pair-

Table 1. Survival, tree size, yield, and fruit size as affected by location after 

10 years in the 1990 NC-140 cultivar/Rootstock Trial. All values are least-

squares means, adjusted for missing subclasses.2 

zMean separation within columns by Tukey's"HSD (P= 0.05). 



Table 2. Survival (%) as affected by cultivar, rootstock, and location in the 1990 NC-140 Cultivar/Rootstock Trial. 

All values are least-squares means, adjusted for missing subclasses.2 

zMean separation among rootstocks or among cultivar by Tukey's HSD (P = 0.05). 



Table 4. Tree height (m) as affected by cultivar, rootstock, and location in the 1990 NC-140 Cultivar/Rootstock 

Trial. All values are least-squares means, adjusted for missing subclasses.2 
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zMean separation among rootstocks or among cultivar by Tukey's HSD (P = 0.05). 
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Table 5. Canopy spread (m) as affected by cultivar, rootstock, and location in the 1990 NC-140 Cultivar/Root-

~; Trial. All values are least-squares means, adjusted for missing subclasses.2 
n 

zMean separation among rootstocks or among cultivar by Tukey's HSD (P = 0.05). 



Table 6. Cumulative yield per tree(kg, 1992-99) as affected by cultivar, rootstock, and location in the 1990 NC-

140 Cultivar/Rootstock Trial. All values are least-squares means, adjusted for missing subclasses.2 

Cultivar/Rootstock Colorado Indiana Iowa Kansas Kentucky Maine Ohio Penn. Tenn. Utah Virginia 
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186abc 344 a 176ab 99 a 

162 be 254 b 142 b 111a 

155 c 251b — 49 b 

217 a 327 ab 178 a 108 a 

199 ab 371a 189 a 129 a 

172 b 365 a 145 b 129 a 

184 b 275 b 114 b 106 ab 

154 b 260 b 108 b 82 ab 

225 a 340 ab 318 a 79 b 

zMean separation among rootstocks or among cultivar by Tukey's HSD (P = 0.05). 

Table 7. Cumulative yield efficiency (kg/cm2 TCA, 1992-99) as affected by cultivar, rootstock, and location in the 
1990 NC-140 Cultivar/Rootstock Trial. All values are least-squares means, adjusted for missing subclasses.2 
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an separation among rootstocks or among cultivar by Tukey's HSD (P = 0.05). 



Table 8. Fruit size (g, 1992-99) as affected by cultivar, rootstock, and location in the 1990 NC-140 Cultivar/Root-

stock Trial. All values are least-squares means, adjusted for missing subclasses.2 

zMean separation among rootstocks or among cultivars by Tukey's HSD (P = 0.05). 

wise comparison (i.e., P = 0.005 was used 

as the critical value to declare signifi 

cance). 

Results and Discussion 

Tree Survival. Survival varied greatly 

with location. Specifically, all or nearly all 

trees survived in Colorado, Iowa, Massa 

chusetts, Pennsylvania, Utah, and Vir 

ginia; however, only 43%, 70%, 72%, and 

73% survived in Kentucky, Tennessee, In 

diana, and Ohio, respectively (Table 1). 

Dramatic tree loss was due primarily to 

fireblight infection. At locations where 

trees were lost, cultivar effects were simi 

lar to those reported by Autio et al. (1) for 

the trial overall. With the exception of 

Tennessee, 'Empire' trees survived to a 

greater extent than 'Rome' trees (Table 2). 

Only at two locations did rootstock affect 

tree loss, and rootstock effects were simi 

lar to those reported for the overall trial (1) 

(Table 2). Trees on O.3 survived to a less 

er extent than those on B.9. Within a num 

ber of sites, cultivar and rootstock inter 

acted to affect survival, but results were 

not consistent and trends were not dis-

cernable (data not shown). 

The NC-140 Technical Committee (3) 

reported similar variability in tree survival 

in the 1980 NC-140 Apple Rootstock 

Trial. Survival ranged from 99% at some 

locations to only 57% at others. At loca 

tions where tree loss occurred, O.3 consis 

tently exhibited the poorest survival. 

Tree size. Tree vigor was affected sig 

nificantly by location. Trees in Kansas, 

Virginia, and Utah had the largest TCA 

after 10 years, and those in Massachusetts 

and Maine had the smallest TCA (Table 1). 

Similar differences among these locations 

were noted in the NC-140 report on the 

1984 NC-140 Apple Rootstock Trial (6). 

Rootstock interacted significantly with 

location to affect TCA; however, the rela 

tive differences among rootstock (Table 3) 

were similar to those reported by Autio et 

al. (1) for the trial overall. Specifically, 
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M.26 EMLA resulted in the largest trees. 

0.3 and M.9 resulted in similar TCA and 

generally smaller trees than did M.26 

EMLA. The smallest trees were those on 

B.9 and Mark. Other studies (2, 8, 9) re 

ported similar relative effects of rootstock 

on vigor regardless of location. In this 

study, the only notable effect of location 

was the relative difference between the 

smallest trees and the largest trees. Loca 

tions with the overall smallest trees tended 

to have a smaller relative range in TCA 

then did locations with the overall largest 

trees. 

Cultivar also interacted significantly 

with location to affect TCA (Table 3). Dif 

ferences were somewhat inconsistent, but 

generally, 'Jonagoldf trees were among 

the largest in each location, and 'Empire' 

trees were among the smallest. Only Utah 

deviated from this general trend, with 

'Empire' trees being among the largest at 

that location. 

Although the interaction of rootstock 

and cultivar as it affected TCA was statis 

tically significant within a number of loca 

tions (data not shown), the relative differ 

ences among rootstocks were consistent 

and similar to those reported here and by 

Autio et al. (1) for the trial overall. 

Location affected tree height and 

canopy spread (Table 1), and rootstock and 

cultivar interacted with location to affect 

height and spread (Tables 4 and 5). These 

effects were similar to those reported 

above for TCA; however, pruning and 

training appeared to compress differences. 

Yield per tree. Greatest cumulative 

(1992-99) yields per tree were obtained in 

Virginia and Ohio, and the lowest were ob 

tained in Colorado, Iowa, and Tennessee 

(Table 1). Similar relative differences 

among locations were reported by NC-140 

for the 1984 NC-140 Apple Rootstock 

Trial (6). 

Both rootstock and cultivar interacted 

significantly with location to affect yield 

per tree. Although the interaction of loca 

tion with rootstock was statistically signif 

icant, differences were consistent with 

those reported for the trial overall (1). 

Trees on M.26 EMLA, 0.3, and M.9 

EMLA yielded the most, and those on B.9 

and Mark yielded the least per tree (Table 

6). Cultivar differences were somewhat 

less consistent across location (Table 6). 

Generally, however, 'Rome' trees were 

among the highest yielding, and 'Empire' 

trees were among the lowest. Yield of 

'Rome' trees in Pennsylvania was two-to-

three times more than other cultivars, a 

much more pronounced difference than 

measured at other locations. 

As with tree size, rootstock and cultivar 

interacted significantly to affect yield per 

tree at some locations (data not shown); 

however, general rootstock effects were 

consistent and similar to those reported for 

this trial overall (1). 

Yield efficiency. Cumulatively (1992-

99), the most yield efficient trees were in 

Ohio and Massachusetts, and the least ef 

ficient trees were in Utah, Iowa, and Ten 

nessee (Table 1). Again, these relative dif 

ferences in location were similar to those 

reported by NC-140 (6). 

Both rootstock and cultivar interacted 

with location to affect efficiency; howev 

er, little deviation from the overall effects 

of rootstock and cultivar (1) were seen. 

Specifically, trees on Mark and those on 

B.9 were consistently among the most 

yield efficient, and trees on M.26 EMLA 

were the least (Table 7). 'Rome' trees were 

consistently among the most yield effi 

cient, and 'Jonagold' trees were consis 

tently among the least efficient (Table 7). 

Rootstock also interacted with cultivar at a 

number of locations to affect yield effi 

ciency (data not shown) but results did not 

deviate from the general effects reported 

here and for the trial overall (1). 

Fruit Size. The largest fruit on average 

(1992-99) were harvested from plantings 

in Massachusetts and Ohio, and the small 

est were harvested in Tennessee (Table 1). 

Both rootstock and cultivar interacted with 

location to affect fruit size. Rootstock ef 

fects, however, were relatively consistent 

and similar to those reported for the trial 

overall (1). Specifically, M.26 EMLA and 

M.9 EMLA resulted consistently in fruit in 

the largest category, and Mark and 0.3 re 

sulted consistently in fruit in the smallest 
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category (Table 8). Cultivar differences, 

likewise were consistent from location to 

location. 'Rome' and 'Jonagold' trees pro 

duced the largest fruit, and 'Empire' trees 

produced the smallest (Table 8). Signifi 

cant interactions between rootstock and 

cultivar at a number of locations did not 

show deviation from these general effects 

(data not shown). 

Conclusions 

The results reported for the overall 

study conducted over 12 locations 

throughout the U.S. suggest that the rela 

tive importance of the interaction of culti 

var and rootstock was low (1). When these 

results were studied further with particular 

attention paid to the location differences, 

the relative importance of the interactions 

of location and rootstock, location and cul 

tivar, and rootstock and cultivar within lo 

cation were all low. As noted in the previ 

ous article in this series (1), earlier NC-140 

studies utilizing these rootstocks with 'De 

licious' as the cultivar (4, 5) predicted rel 

ative performance adequately. Thus, future 

cooperative trials should compare only 

one cultivar. It also can be inferred from 

these results that a relatively small number 

of sites is necessary to assess rootstock ef 

fects. This study did not, however, include 

locations with dramatically different cli 

matic conditions. Greater interactions be 

tween rootstock and location may have 

been seen if more divergent locations were 

included, as observed by Autio et al. (2) 

with a range of soil-moisture conditions. 

When planning future rootstock trials, 

more attention should be paid to obtaining 

locations expressing the full breadth of cli 

matic conditions experienced within the 

apple-growing regions of North America. 

Few sites would be necessary within any 

given category of climatic condition. 
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'Golden Delicious9 - Self Fertilization 
'Golden Delicious' is considered self compatible. However, considering fruit set lev 

els and number of seeds the self-fertilization potency in 'Golden Delicious' is less than 

10% of the cross-fertilization, potency. The presence of S2 and S3 ribonuclease bands 

suggests that the gametophytic SI Rnase rejection mechanism is active. From Schneider 

et al 2001 J. Hort.Sci & Biotech76(3):259-263. 




