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Rootstock and Scion Cultivar Interact to
Affect Apple Tree Performance: A Five-year Summary
of the 1990 NC-140 Cultivar/Rootstock Trial'
NC-1402

Abstract

‘Golden Delicious, ‘Jonagold, ‘Empire; and
‘Rome’ apple scion cultivars on M.9 EMLA,
B.9, Mark, 0.3, and M.26 EMLA rootstocks in
all combinations were planted in an NC-140-
coordinated trial in 1990 at 17 locations through-
out the U.S. and Canada. Tree performance
was_assessed from 1990 through 1994. M.26
EMLA was consistent across scion cultivar in its
effects on tree performance. Relative to other
rootstocks, M.26 EMLA resulted in a large tree,
with low precocity, high yields, low yield effi-
ciency, and large ruit. With ‘Golden Delicious,
‘Empire; and ‘Rome’ as scion cultivars, 0.3
consistently resulted in a large tree with low
precocit¥ high yields, moderate yield efficiency,
and small fruit. With ‘Jonagold, O.3 resulted in
a moderately sized tree with moderate yields.
With ‘Iomﬁold,’ ‘Empire; and ‘Rome’ as scion
cultivars, M.9 EMLA resulted in a moderately
sized tree with low precocity, high yield, moder-
ate yield efficiency, and la;fe fruit. With ‘Golden
Delicious, M.9 EMLA resulted in low yields and
low yield efficiency. Across all scion cultivars,
B.9 produced a small tree, with high precocity,
low yields, high yield efficiency, and large fruit.
Mark also was consistent in its effect across
scion cultivars, producing a small tree, with
high precocity, low yields, high yield efficiency,
and small fruit.

Although studies have compared the
effects of various rootstocks on apple
tree performance (e.g., 7, 8, 10), fgw
have focused on the interaction be-
tween rootstock and scion. In the few
studies that have, relative effects of
rootstocks differed for different culti-
vars in some cases. For example, Ferree
et al. (5) found that ‘Mollies Delicious’
trees on MM.106 were 28% smaller
than those on M.7 and that ‘Mutsu’
trees on MM.106 were 185% larger
than those on M.7. Westwood et al.
(13), in a study including seven culti-

vars on M.9 EMLA, M.9, or M.27
EMLA, found that the differences
among the rootstock effects were larg-
est for the most vigorous scions and
smallest for the least vigorous scion
cultivars. Cznczyk and Omiencinska
(4) found different relative effects of
12 rootstocks with ‘Spartan; ‘Lobo, or
‘Empire’ as the scion cultivar. Schupp
(12) showed that ‘Pioneer Mac’ and
‘Ginger Gold’ trees on M.26 were larger
than those on Mark; whereas, ‘Marshall
McIntosh’ and ‘Empire’ trees on Mark
were larger than those on M.26. He
also found that ‘Marshall McIntosh’
and ‘Pioneer Mac’ trees on Mark were
more yield efficient than those on
M.26, but ‘Giglgler Gold’ and ‘Empire’
trees were similarly yield efficient on
these two rootstocks.

In this study, four cultivars were
selected to represent somewhat differ-
ent growth habits ranging from spur-
type and basitonic ‘Empire’ to tip-
bearing and acrotonic ‘Rome. These
trees were propagated on the five
rootstocks found most promising in
previous NC-140 plantings (8, 10). The
objective was to compare performance
of these rootstocks with different scion
cultivars grown over a wide range of
environments. Reported here are the
results after five growing seasons.

Materials and Methods

‘Smoothee Golden Delicious, ‘Nico-
bel Jonagold, ‘Empire; and ‘Law Rome’
scion cultivars were bench grafted
onto M.9 EMLA, Mark, O.3, or M.26
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EMLA rootstocks during the winter of
1989 by Stark Bro’s Nurseries (Louisi-
ana, MO). Trees were grown in Selma,
CA during the 1989 season, dug in the
fall, and stored until the spring of
1990.

Seventeen sites were included in
this study. Cooperators and locations
are listed in Table 1. Trees were planted
in a randomized complete block/split
plot design at each location, with scion
cultivar as the whole plot and rootstock
as the split plot. Five-six replications
were included at each site. Overall,
the experiment was a split-split plot
design, with site serving as the whole
plot, cultivar as the split plot, and
rootstock as the split-split plot. Experi-
mental units were individual trees.

Trees were planted in late winter to
early spring of 1990 (specific date was
appropriate to the specific planting
site) with the graft union 5 cm above
the soil surface. Trees were staked and
managed as slender spindle (6). Pest,
fertility, and water management were
per local recommendations.

Trunk circumference of each tree
was measured each October. Tree
height and canopy spread were mea-
sured in October 1994. The number of
flower clusters per tree was counted
in 1991 and 1992. Trees were defruited
in 1991. Total yield per tree was as-
sessed each year from 1992 through
1994. Each year, 25 fruit were selected
randomly from each tree and weighed
to determine average fruit size. Root
suckers were counted and removed
each August.

Data collection and analyses were
organized by the Massachusetts site
cooperator. Analyses of variance were
conducted by the GLM procedure of
SAS (SAS Institute, Cary, NC). Fruit
size data were subjected to analysis of
covariance, with crop load as the co-
variate. In cases where significant in-
teractions existed, the sums of squares
were partitioned amonilevels of one
main factor within each level of the
other. Mean separation was applied to
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the levels of one factor within each
level of the other factor involved in
the interaction. All mean separation
was by Duncan’s New Multiple Range
Test (P = 0.05).

Results and Discussion

Tree Survival

Rootstock and scion cultivar did not
interact to affect tree survival; how-
ever, the effects of rootstock and the
effects of scion on tree survival varied
significantly from site to site. In AR,
CO, GA,IA, MA, ME, PA, UT, and VA
there were no significant differences
in tree survival associated with root-
stock (Table 2). In IN, KS, KY, MI,
OH, Quebec, and TN, however, root-
stock affected tree survival. Specifi-
cally, trees on M.9 experienced the
lowest survival at these eight sites, and
trees on M.26 experienced the highest
survival. Trees on B.9 had the lowest
survival compared to those on other
rootstocks in IN and TN, and trees on
Mark had the lowest survival in MI,
OH, and KY. Trees on 0.3 experienced

Table 1. Site locations and coopera-
tors in the 1990 NC-140 Cultivar/
Rootstock Trial.

Site Planting location Cooperator

AR Fayetteville Curt R. Rom

CO Hotchkiss Alvan Gaus

GA Athens Stephen C. Myers
1A Ames Paul A. Domoto

IN West Lafayette Richard A. Hayden
KS-Ma Manhattan Frank Morrison
KS-Wi  Wichita Frank Morrison

KY Princeton Gerald R. Brown
MA Belchertown Wesley R. Autio
ME Monmouth James R. Schupp
Mi East Lansing Ronald L. Perry
OH Wooster David C. Ferree

PA University Park Loren D. Tukey
Que St. Jean sur Richelieu Raymond L. Granger
TN Crossville Charles A. Mullins
uT Logan J. LaMar Anderson
VA Blacksburg John A. Barden
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Table 2. Survival (% alive) after five growing seasons of trees on M.9 EMLA,
B.9, Mark, 0.3, or M.26 EMLA planted in 1990 as part of the NC-140
Cultivar/Rootstock Trial. All values are least-squares means, adjusted for
missing cells. The interaction of rootstock and site was significant, so
rootstock means were separated within each site:

Rootstock AR co GA 1A IN KS-Ma
M.9 EMLA 100 a 100 a 96 a 100 a 78 b 78 b
B9 100 a 100 a 100 a 100 a 75b 87 ab
Mark 96 a 91 a 96 a 100 a 100 a 96 a
03 96 a 100 a 96 a 96 a 79b 100 a
M.26 EMLA 100 a 92 a 100 a 100 a 92 a 92 a
KS-W1 KY MA ME M OH
M.9 EMLA 73b 77 ab 100 a - 66 ab 83 ab
B.9 100 a 89 a 100 a 100 a 78 a 92 a
Mark 100 a 71 b 100 a 90 a 59 b 75b
0.3 100 a 79 ab 100 a 88 a 71 ab 71b
M.26 EMLA 88 ab 83 ab 100 a 95 a 71 ab 79 ab
PA Que ™ ut VA °§°L: !
M.9 EMLA 100 a 81 ab 90 ab 100 a 100 a 90 a
B9 100 a 94 a 73b 100 a 100 a 93 a
Mark 100 a 94 a 91 ab 100 a 100 a 91 a
03 100 a 67 b 88 ab 100 a 100 a 90 a
M.26 EMLA 100 a 79 ab 96 a 100 a 100 a 92 a

ZMean separation among rootstocks within site by Duncan’s New Multiple Range Test (P = 0.05).

the lowest survival in IN, OH, and

Quebec.

In AR, CO, GA, IA, KS (Wichita),
KY, MA, ME, PA, UT, and VA, there
were no significant differences in tree
survival associated with scion cultivar
(Table 3). In IN, KS (Manhattan), MI,
OH, Quebec, and TN, however, scion
cultivar affected tree survival. Across
these six sites, ‘Empire’ and ‘Golden
Delicious’ experienced relatively high
survival, and ‘Rome’ experienced low
survival.

Over all sites, rootstock did not
affect survival sTable 2), but scion
cultivar did (Table 3). Specifically, the
greatest survival was experienced by
Golden Delicious’ and ‘Empire; and
the lowest was experienced by ‘Rome.
‘Jonagold’ was intermediate.

Tree Size and Root Suckering
Rootstock and scion cultivar inter-
acted to affect tree size (Table 4). For

all cultivars, M.26 EMLA had the
reatest trunk cross sectional area
TCA). The smallest TCAs were of
trees on B.9 or Mark; trees on B.9
were larger than those on Mark only
for ‘Jonagold’ Trees on M.9 EMLA
and those on O.3 were intermediate in
size, with ‘Golden Delicious’ and ‘Em-
pire’ trees on O.3 having greater TCA
than those on M.9 EMLA. ‘Jonagold’
and ‘Rome’ trees on 0.3, however, had

similar TCA to corresponding trees on
M.9 EMLA.

Tree height and canopy spread were
affected similarly by rootstock and
scion cultivar (Table 4). Specifically,
the tallest and widest trees were on
M.26 EMLA, but ‘Rome’ trees on M.9
EMLA and those on 0.3 were similar
in size to those on' M.26 EMLA. ‘Golden
Delicious’ trees on 0.3 were similar in
size to those on M.26 EMLA. ‘Empire’
trees on 0.3 were taller and had greater
canopy spread than those on M.9
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Table 3. Survival (% alive) after five growing seasons of ‘Golden Delicious,’
‘Jonagold,” ‘Empire,” and ‘Rome’ trees planted in 1990 as part of the
NC-140 Cultivar/Rootstock Trial. All values are least-squares means,
adjusted for missing cells. The interaction of rootstock and site was
significant, so rootstock means were separated within each site’”

Cultivar AR co GA 1A IN KS-Ma
Gold. Del. 100 a 100 a 97 a 100 a 87 ab 96 a
Jonagold 93 a 96 a 97 a 100 a 83 ab 79b
Empire 100 a 97 a 100 a 100 a 93 a 97 a
Rome 100 a 93 a 96 a 97 a 77b 92 ab
KS-W1 KY MA ME M OH
Gold. Del. 100 a 79 a 100 a 87 a 76 a 97 a
Jonagold 96 a 80 a 100 a 88 a 83 a 77b
Empire 99 a 87 a 100 a 100 a 90 a 93 a
Rome 82 a 73 a 100 a 95 a 25b 53 ¢
Over all
PA Que ™ ut VA sites
Gold. Del. 100 a 95 a 100 a 100 a 100 a 95 a
Jonagold 100 a 63 b 96 a 100 a 100 a 90 b
Empire 100 a 94 a 82 ab 100 a 100 a 96 a
Rome 100 a 73 b 79b 100 a 100 a 84 c

ZMean separation among cultivars within site by Duncan's New Multiple Range Test (P = 0.05).

EMLA. ‘Jonagold’ trees on O.3, how-
ever, were shorter and had a smaller
canopy spread than those on M.9
EMLA. The shortest trees with the
smallest canopy spread were on Mark
or B.9. For each scion cultivar, trees on
B.9 were significantly taller and had a
§4realt(er canopy spread than trees on
ark.

The general trends among rootstock
effects that were measured in this
study, i.e. decreasing size from M.26
EMLA to 0.3 to M.9 EMLA to B.9 to
Mark, generally conform to those mea-
sured previously (7, 8, 10). The most
significant deviation from this trend
(that which likely resulted in the sig-
nificance of the interaction of rootstoc
and scion cultivar) was with ‘Jonagold’
on O.3. Jonagold’ trees on 0.3 were
smaller than would have been ex-
pected. The reason for this response is
unclear but may be the result of some
degree of incompatibility between
‘Jonagold’ and O.3.

Over all rootstocks, Jonagold’ trees
had the greatest TCA, and ‘Empire’

trees had the smallest TCA (Table 4).
‘Rome’ and ‘Golden Delicious’ trees
were the tallest. ‘Empire’ trees had the
greatest canopy spread, and ‘Rome’
trees had the smallest.

Over all scion cultivars, Mark and
0.3 resulted in the greatest amount of
root suckering (Table 5). In the 1980
NC-140 Apple Rootstock Trial (8),
MAC-9 (Mark is a virus indexed
MAC-9) and O.3 produced the greatest
numbers of root suckers among the
four rootstocks that were also included
in this trial (M.9 EMLA, MAC-9, M.26
EMLA, and O.3). An interaction, how-
ever, also existed between rootstock
and scion cultivar on root-sucker pro-
duction. With ‘Golden Delicious’ or
‘Jonagold’ as scions, trees on Mark
produced more root suckers than trees
on the other rootstocks, and no differ-
ences existed among the other root-
stocks. Rootstock had no effect on
root suckering with ‘Rome’ as the scion.
For ‘Empire; Mark and O.3 resulted in
similar amounts and the most root
suckering. M.26 EMLA resulted in the
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Table 4. Tree size after five growing seasons of ‘Golden Delicious, ‘Jonagold,

‘Empire,” and ‘Rome’ trees on M.9 EMLA, B.9, Mark, 0.3, or M.26

MLA

planted in 1990 as part of the NC-140 Cuiltivar/Rootstock Trial. All values
are least-squares means, adjusted for missing cells. For each measure-
ment, the interaction of cultivar and rootstock was significant, so rootstock
means were separated within each cultivar?

Rootstock DGeﬁ:?l::s Jonagold Empire Rome Mean
Trunk cross-sectional area (cm?)
M.9 EMLA 256 ¢c 300b 21.7c 282 b 26.6
B9 181 d 204 c 171d 190 c 18.7
Mark 18.2d 18.0d 1563 d 187 c 17.6
03 302b 280b 283 b 306 b 294
M.26 EMLA 339a 392 a 324 a 333 a 347
Mean 253Db 272 a 231 ¢ 259b
Tree height (m)

M.9 EMLA 25b 25b 25¢c 27a 25
B.9 24 ¢ 22c 22d 24b 23
Mark 22d 20d 20e 22 ¢ 241

03 26 ab 24 b 26b 27a 26
M.26 EMLA 27a 27a 28a 27 a 27
Mean 25a 24 b 24b 25a

Canopy spread (m)

M.9 EMLA 25b 27b 27c 26 a 27

B9 23c¢ 24d 24d 23b 23
Mark 21d 22e 22e 21c¢ 21

03 27a 25¢c 29b 27a 27
M.26 EMLA 27a 29a 30a 26a 28
Mean 25b 25b 26a 24c

ZMean separation among rootstocks within cultivar and among cultivars overall by Duncan’s New Multiple Range Test (P = 0.05).

least root suckering, and both M.9
EMLA and B.9 resulted in intermediate
levels.
It is unclear why ‘Rome’ generally
reduced suckerinﬁ and why ‘Empire
%enerally increased suckering, particu-
arly of O.3. The hormonal conditions
which result in the tip-bearing habit of
‘Rome’ also may affect shoot induction
on roots. Furthermore, the hormonal
conditions which result in the spur-
tyge spreading habit of ‘Empire, may
induce shoot growth in the roots. Inter-
estingly, Autio and Southwick (3) found
that suckering was less for a spur-type
‘Mclntosh’ strain when compared to a
strain with a standard growth habit.

Additionally, it is unclear why root
suckering of O.3 was enhanced by
‘Empire’ than for the other rootstocks.

Precocity and Yield

As a measure of (Precocity, bloom
density was assessed in 1991 (the sec-
ond growing season) and 1992 (Table
6). In 1991, rootstock and scion cultivar
did not interact to affect bloom density.
Over all scion cultivars, B.9 resulted in
the greatest bloom density, followed
by Mark, M.9 EMLA, 0.3, and M.26
EMLA. In 1992, an interaction occurred
between rootstock and scion cultivar.
For ‘Jonagold’ and ‘Empire; Mark re-
sulted in greater bloom density than
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Table 5. Cumulative number of root suckers per tree after five growing
seasons (1990-94) of ‘Golden Delicious, ‘Jonagold, ‘Empire, and ‘Rome’
trees on M.9 EMLA, Mark, 0.3, or M.26 EMLA planted in 1990 as part of the
NC-140 Cultivar/Rootstock Trial. All values are least-squares means,
adjusted for missing cells. The interaction of cultivar and rootstock was
significant, so rootstock means were separated within each cultivar?

Golden

Rootstock Deliclous Jonagold Empire Rome Mean
M.9 EMLA 01b 04b 15b 05a 0.7

B.9 07b 07b 20b 03a 0.9
Mark 25a 20a 40a 08 a 23
03 10b 02b 40a 10a 1.6
M.26 EMLA 02b 01b 04c 00 a 0.1

Mean 09b 07b 24 a 05b

ZMean separation among rootstocks within cultivar and among cultivars overall by Duncan’s New Multiple Range Test (P = 0.05).

all other rootstocks. For ‘Jonagold, B.9
resulted in the next largest bloom den-
sity, and M.26 EMLA resulted in the
lowest. For ‘Empire; B.9 resulted in
the next largest bloom density and
more than the other rootstocks. ‘Golden
Delicious’ trees on Mark and those on
B.9 produced the greatest bloom den-
sity, higher than the other rootstocks.
For ‘Rome,; the differences among root-

stocks were less pronounced; Mark
and B.9 resulted in the greatest bloom
density, and M.9 EMLA and M.26
EMLA resulted in the lowest.

In 1991, over all rootstocks, ‘Rome’
trees had the (Freatest bloom density;
‘Jonagold’ and ‘Empire’ trees had the
lowest (Table 6). In 1992, ‘Golden
Delicious’ trees had the greatest bloom
density, and ‘Empire’ trees the lowest.

Table 6. Bloom density (flower clusters/cm? TCA) in 1991 and 1992 of
‘Golden Delicious, ‘Jonagold, ‘Empire, and ‘Rome’ trees on M.9 EMLA,
B.9, Mark, 0.3, or M.26 EMLA planted in 1990 as part of the NC-140
Cultivar/Rootstock Trial. All values are least-squares means, adjusted for
missing cells. The interaction of cultivar and rootstock was significant, so
rootstock means were separated within each cultivar?

Golden
Rootstock Delicious Jonagold Empire Rome Mean
1991
M.9 EMLA 35 1.3 22 41 2.7 bc
B.9 48 3.0 29 5.1 39a
Mark 31 25 2.6 5.0 33b
03 21 0.8 2.0 3.8 22 cd
M.26 EMLA 2.1 1.0 1.0 3.9 20d
Mean 30D 17 ¢ 21c 44 a
1992
M.9 EMLA 100 b 6.6 bc 57¢c 74b 73
B.9 143 a 80b 87b 94 a 100
Mark 129 a 141 a 12.7 a 97 a 123
03 88D 6.2 bc 4.5 cd 8.5 ab 6.9
M.26 EMLA 82b 54c 35d 70b 6.0
Mean 106 a 81b 69c 84D

ZMean separation among rootstocks within cultivar and among cultivars overall by Duncan’s New Multiple Range Test (P = 0.05).
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Table 7. Fruit set in 1992 of ‘Golden Delicious, ‘Jonagold, ‘Empire, and
‘Rome’ trees on M.9 EMLA, B.9, Mark, 0.3, or M.26 EMLA planted in 1990
as part of the NC-140 Cultivar/Rootstock Trial. All values are least-squares
means, adjusted for missing cells. The interaction of cultivar and rootstock
was significant, so rootstock means were separated within each cultivar*

Golden

Rootstock Delicious Jonagold Empire Rome Mean
Number of fruit per cm? TCA

M.9 EMLA 11b 09b 11b 13b 1.1

B9 21a 10b 15a 21a 17
Mark 20a 19a 19a 21a 20
0.3 1.7 a 09b 0.9 bc 16b 1.3
M.26 EMLA 09b 07b 07c 13b 09
Mean 15a 11b 12b 17 a

Number of fruit per 100 flower clusters

M.9 EMLA 15b 12 a 22 ab 39a 23

B.9 30 ab 12 a 19 ab 36 a 24

Mark 26 ab 8a 16 b 32a 21

0.3 32 a 17 a 30a 32 a 28
M.26 EMLA 24 ab 12 a 21 ab 36 a 23

Mean 26 b 12¢c 22b 35a

ZMean separation among rootstocks within cultivar and among cultivars overall by Duncan’s New Multiple Range Test (P = 0.05).

Fruit set was calculated in 1992,
based on yield and fruit size (Table 7).
Generally, fruit set per TCA was great-
est for trees on Mark; however, ‘Golden
Delicious’ trees on B.9 and those on
0.3 set similar numbers of fruit to
those on Mark. Also, ‘Rome’ trees on
B.9 set similar numbers to those on
Mark. Trees on M.26 EMLA and those
on M.9 EMLA generally set the smallest
number of fruit per TCA. ‘Jonagold’
trees on 0.3 ang those on B.9 and
‘Rome’ trees on 0.3, however, set sim-
ilar numbers to those of the corre-
sponding scion cultivar on M.26 EMLA
or M.9 EMLA. Over all rootstocks,
‘Rome’ and ‘Golden Delicious’ trees
set the most fruit per TCA.

The effect of rootstock on set per
100 flower clusters also varied with
scion cultivar (Table 7). Rootstock did
not affect set per 100 clusters of ‘Jona-
gold’ or ‘Rome’ trees. ‘Golden Deli-
cious’ trees on 0.3 set greater numbers
Kfr 100 flower clusters than those on

9EMLA, and ‘Empire’ trees on O.3
set significantly more than those on

Mark. Over all rootstocks, ‘Rome’ trees
set the greatest number of fruit per
100 flower clusters, and ‘Jonagold’ trees
set the fewest.

In 1994, trees on 0.3 and those on
M.26 EMLA yielded the most per tree
(Table 8). ‘]onﬁold,’ ‘Empire, and
‘Rome’ trees on M.9 also yielded simi-
larly to the corresponding scion culti-
var on 0.3 or M.26 EMLA. Lowest
yields per tree in 1994 were obtained
from trees on B.9 or Mark. ‘Golden
Delicious’ trees on M.9 EMLA had
similarly low yields. Cumulatively
§1992-94), highest yields were obtained
rom trees on 0.3 for ‘Golden Deli-
cious, ‘Empire; and ‘Rome’ (Table 8).
‘Jonagold” trees on O.3, however,
yielded less than those on M.26 EMLA.
Generally, similar yields were obtained
from trees on M.26 EMLA and those
on M.9 EMLA, except for ‘Golden
Delicious, where trees on M.9 EMLA

ielded significantly less than those on
K4.26 EMLA. Trees on B.9 and those
on Mark yielded the least with all
scion cultivars, but ‘Golden Delicious,
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Table 8. Yield per tree (kg) in 1994 and cumulatively of ‘Golden Delicious,
‘Jonagold, ‘Empire, and ‘Rome’ trees on M.9 EMLA, B.9, Mark, 0.3, or
M.26 EMLA planted in 1990 as part of the NC-140 Cultivar/Rootstock Trial.
All values are least-squares means, adjusted for missing cells. The inter-
action of cultivar and rootstock was significant, so rootstock means were

separated within each cultivar?

Golden
Rootstock Deliclous Jonagold Empire Rome Mean
1994
M.9 EMLA 133 b 140 a 10.1 ab 172 a 14.0
B.9 133 b 99b 87b 134b 11.3
Mark 1.7b 84b 84b 127 b 10.3
03 178 a 129 a 11.7 a 184 a 15.2
M.26 EMLA 17.7 a 163 a 11.1 ab 16.8 a 15.2
Mean 15.0 a 121 b 100c 156 a
Cumulative (1992-94)
M.9 EMLA 260c 26.9 ab 209 bc 346 b 277
B9 252 c 216 ¢ 185¢c 288 c 237
Mark 26.0c 209 c 192 c 273 ¢c 233
03 379a 257 Db 259 a 378 a 32.0
M.26 EMLA 317b 292 a 225b 338b 29.3
Mean 300b 249 ¢ 214d 324 a

ZMean separation among rootstocks within cultivar and among cultivars overall by Duncan's New Multiple Range Test (P = 0.05).

and ‘Empire’ trees on M.9 EMLA did
not yield significantly more than the
corresponding trees on Mark or B.9.

The general trend among rootstock
effects on yield per tree were highest
yields for trees on 0.3, next highest
and similar yields from trees on M.26
EMLA and those on M.9 EMLA, and
lowest yields from trees on B.9 and
trees on Mark. These results are com-
parable to those from other trials in-
cluding these rootstocks (8, 10). The
two important deviations from this
trend, however, are for ‘Golden Deli-
cious’ on M.9 EMLA and ‘Jonagold’
on O.3. Both combinations yielded
much less than expected. The lower
yields for Jonagold’ on O.3 can be
explained partially by the fact that
trees were smaller than might other-
wise be expected, but the reason for
lower yields from ‘Golden Delicious’
trees on M.9 EMLA is not clear.

The greatest yield over all rootstocks
in 1994 was obtained from ‘Golden
Delicious’ and ‘Rome’ trees, and the

lowest yield was obtained from ‘Em-
pire’ trees. Cumulatively, the greatest
yields were obtained from ‘Rome’
trees, and the lowest yields were. ob-
tained from ‘Empire’ trees.

Both in 1994 and cumulatively (1992-
94), relative differences in yield effi-
ciency among rootstocks varied from
cultivar to cultivar (Table 9). For
‘Golden Delicious, trees on B.9, Mark,
or 0.3 were more efficient than those
on M.9 EMLA or M.26 EMLA. Root-
stock did not affect 1994 yield effi-
ciency of ‘Jonagold’ trees. ‘Empire’
trees on M.9 EMLA, B.9, Mark, or 0.3
were more efficient than those on
M.26 EMLA ‘Rome’ trees on B.9 were
more yield efficient than those on M.9
EMLA or M.26 EMLA. Cumulatively,
for ‘Golden Delicious, trees on Mark
were the most efficient and those on
M.9 EMLA or M.26 EMLA were the
least efficient. For ‘Jonagold’ cumula-
tively, trees on B.9 or Mark were more

ield efficient than those on M.9

MLA, 0.3, or M.26 EMLA. For ‘Em-
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Table 9. Yield efficiency (kg/cm2 TCA) in 1994 and cumulatively of ‘Golden
Delicious, ‘Jonagold, ‘Empire, and ‘Rome’ trees on M.9 EMLA, B.9, Mark,
0.3, or M.26 EMLA planted in 1990 as part of the NC-140 Cultivar/Rootstock
Trial. All values are least-squares means, adjusted for missing cells. The
interaction of cultivar and rootstock was significant, so rootstock means

were separated within each cultivar?

Golden

Rootstock Delicious Jonagold Empire Rome Mean
1994
M.9 EMLA 056 b 048 a 0.56 a 0.63 bc 0.57
B9 0.79 a 0.52.a 058 a 0.73 a 0.65
Mark 0.75a 052 a 0.62 a 0.64 abc 0.63
03 0.71 a 048 a 0.55 a 0.65 ab 0.60
M.26 EMLA 060b 044 a 043 b 055 ¢ 0.51
Mean 0.69 a 049 c 054 b 0.64 a
Cumulative (1992-94)

M.9 EMLA 1.06 c 091b 107 b 1.24 b 1.09
B9 147 b 111 a 1.20 ab 151 a 1.33
Mark 163 a 122 a 133 a 1.39 ab 1.39
0.3 142b 092 b 111 b 130 b 119
M.26 EMLA 1.04 c 082b 0.76 ¢ 107 c 0.92
Mean 134 a 1.00 c 1.09b 130 a

ZMean separation among rootstocks within cultivar and among cultivars overall by Duncan’s New Multiple Range Test (P = 0.05).

pire’ cumulatively, trees on Mark were
more efficient than those on M.9 EMLA
or 0.3, and trees on M.26 EMLA were
the least yield efficient. For ‘Rome’
cumulatively, trees on B.9 were more
efficient than trees on M.9 EMLA or
0.3, and trees on M.26 EMLA were
the least yield efficient.

The general trend over all scion
cultivars showed trees on Mark and
trees on B.9 to be the most yield
efficient, followed by those on O.3,
trees M.9 EMLA, and trees on M.26
EMLA in descending order. The most
important deviation from this trend
was for ‘Golden Delicious’ on M.9
EMLA. As suggested above, yields
were lower than expected and this
deviation was not the result of smaller
trees than were expected. Previous
work with M.9 EMLA with ‘Delicious’
as the scion cultivar showed M.9 EMLA
to be a very yield efficient tree.

In 1994 and cumulatively, across all
rootstocks, ‘Rome’ and ‘Golden Deli-
cious’ trees were the most efficient,

and ‘Jonagold’ trees were the least
efficient.

Fruit Size

The effects of rootstock on fruit
size varied with year and scion cultivar
(Table 10). In 1992, regardless of scion
cultivar, trees on 0.3 produced the
smallest fruit. ‘Golden Delicious’ trees
on M.9 or M.26 EMLA produced larger
fruit than trees on 0.3, and ‘Jonagold’
trees on all other rootstocks produced
larger fruit than those on O.3. ‘Empire’
trees on M.26 EMLA produced fruit
similar in size to those from trees on
0.3, both producing fruit smaller than
those from trees on Mark. ‘Rome’ trees
on M.9 EMLA produced larger fruit
than trees on O.3. In 1993, rootstock
did not affect ‘Empire’ fruit size. For
‘Ionall\%old’ and ‘Rome, M.9 EMLA,
and M.26 EMLA resulted in the largest
fruit, and Mark and O.3 resulted in the
smallest fruit. For ‘Golden Delicious,
0.3 and M.26 EMLA resulted in larger
fruit than did Mark. In 1994, rootstock
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Table 10. Fruit size (g) in 1992, 1993, and 1994 of ‘Golden Delicious,
‘Jonagold, ‘Empire, and ‘Rome’ trees on M.9 EMLA, B.9, Mark, 0.3, or
M.26 EMLA planted in 1990 as part of the NC-140 Cultivar/Rootstock Trial.
All values are least-squares means, adjusted for missing cells and crop
load. The interaction of cultivar and rootstock was significant each year, so
rootstock means were separated within each cultivar?

Golden

Rootstock Delicious Jonagold Empire Rome Mean

1992
M.9 EMLA 177 a 221 a 153 ab 231 a 195
B.9 176 a 219 a 1563 ab 225 ab 193
Mark 164 ab 213 a 159 a 224 ab 190
03 155 b 198 b 142 b 215b 178
M.26 EMLA 169 a 225 a 146 b 221 ab 189
Mean 167 c 215b 151d 223 a

1993
M.9 EMLA 163 ab 200 a 1563 a 226 a 187
B.9 165 ab 195 a 150 a 227 a 184
Mark 161 b 183 b 147 a 214 bc 176
03 169 a 177 b 148 a 209 ¢ 177
M.26 EMLA 172 a 194 a 149 a 220 ab 184
Mean 168 c 190 b 149 d 219 a

1994
M.9 EMLA 163 225 156 233 196 a
B9 167 204 156 231 190 b
Mark 158 193 149 225 181 ¢
03 174 190 150 217 183 ¢
M.26 EMLA 175 209 153 225 191 b
Mean 170 ¢ 204 b 153 d 226 a

ZMean separation among rootstocks within cultivar and year and among cultivars overall within year by Duncan’s New Multiple Range

Test (P = 0.05).

and scion cultivar did not interact,
and over all scion cultivars, M.9 EMLA
resulted in the largest fruit, followed
by B.9 and M.26 EMLA. Mark and
0.3 resulted in the smallest fruit.

The general trend across the three
years of measurement and the four
scion cultivars suggested that M.9
EMLA results in the largest fruit, fol-
lowed by B.9, M.26 EMLA, Mark, and
0.3 in descending order. Previous
studies (1, 2, 10) have suggested that
M.9 EMLA, B.9 and M.26 EMLA can
produce relatively large fruit. It was
unexpected that 0.3 would result in
relatively small fruit, since Autio (1)
showed that fruit from ‘Delicious’ trees
on 0.3 were among the largest in the

1980 NC-140 Apple Rootstock Trial in
Massachusetts.

Over all rootstocks and all years,
‘Rome’ produced the largest fruit fol-
lowed by ‘Jonagold; which produced
larger fruit than ‘Golden Delicious.
The smallest fruit were harvested from
‘Empire’ trees.

Site Effects

Tree size varied dramatically from
site to site (Table 11). Trees with the
greatest TCA were found in KS, and
VA, and trees with the smallest TCA
were found in MA, ME, MI, PA, CO,
and Que. The tallest trees were in KS
and KY, and the shortest trees were in
ME, and PA. Trees with the greatest
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Table 11. Size and cumulative suck-
ering at the end of the fifth growing
season of trees at each site in the
1990 NC-140 Cultivar/Rootstock
Trial. All values are least-squares
means, adjusted for missing cells.*

Trunk Cumulative
crogs- Tree Canop! suckers
sectional height spl per tree
Site area (cm?) (m) (m) (1990-94)
AR 234e 23e 23de 06 ef
CcO 181 f 24de 23de 1.6 bcd
GA 298d — — 20b
1A 234e 24de 23de 32a
IN 232e 24de — 0.9 def
KS-Ma 414b 29b 25bc 05 ef
KS-Wi 449a 33a 23de 03ef
KY 361c 27c 29a 2.0 bc
MA 1711g 24de 27b 0.7 def
ME 156fg 21f 22e 0.8 def
MI 141g 21f 18f 1.0 def
OH 279d 24de 24cd 05ef
PA 183 f 21 f 19f 0.5 ef
Que 96h 23e 149 0.0 f
TN 227e 25d 26bc 1.1 cde
uTt 271d 25d 24cd O01f
VA 388bc 25d 31a 35a
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Yield per tree in 1994 was greatest
in VA, MA, and OH and least in KS
(Wichita), IA, and AR (Table 13). Cu-
mulative yield per tree was highest in
VA, OH, and MA and lowest in TN,
Que, and AR. Yield efficiency in 1994
and cumulatively was highest in MA,
MI, OH, and VA. Lowest yield effi-
ciency values were recorded in 1994
in IA, UT, KS, and AR, and lowest
cumulatively in TN, KS (Manhattan),
and AR. These variations from site to
site correspond to the relative differ-
ences among sites in the previous NC-
140 plantings (9, 11).

Site differences in fruit size varied
somewhat from year to year (Table
14). In 1992, MA, VA, and OH pro-
duced the largest fruit, and KS (Wichi-
ta), Que, and TN produced the small-
est. In 1993, MA, MI, and VA produced
the largest fruit, and AR and TN pro-
duced the smallest. In 1994, GA, MA,
and IN produced the largest fruit, and
KS and CO produced the smallest.

ZMean separation within columns by Duncan's New Multiple
Range Test (P = 0.05).

canopy spread were in VA, MA, PA
and TN and those with the smallest
spread were in Que, ME, PA, and MI.
These variations from site to site cor-
respond to the relative differences
among sites in the previous NC-140
plantings (9, 11).

Root sucker production also varied
from site to site (Table 11). Trees in
VA, KY and GA produced the most
root suckers, while those in UT and
Que produced the fewest.

Bloom density in 1991 was greatest
in MI, OH, and VA and lowest in KS,
UT, and AR (Table 12). In 1992, it
was greatest in GA, MA, and VA and
lowest in TN, KS, UT, AR, and IA.
Set per TCA was greatest in 1992 in
MA, GA, and VA and lowest in KS,
TN, AR, and IN. Set per 100 flower
clusters was greatest in MA, IA, ME,
UT and VA and least in KS (Wichita),
AR, and IN.

Table 12. Bloom density in 1991 and
1992 and fruit set in 1992 of trees
at each site in the 1990 NC-140
Cultivar/Rootstock Trial. All values
are least-squares means, adjusted
for missing cells.*

Bloom d
(clusters/cm? TCA)

Fruit set
Per 100
Per flower
Site 1991 1992 cm? TCA clusters
AR 04 f 34c 0.1f 2f
GA — 206a 30b 30c
1A — 28¢ 06def 40Db
IN — 05d 00f of
KS-Ma 0.1 f 38c  01f 20 de
KS-Wi 2.0 de 49c 04ef 5f
KY 39b 96 b 11 cd 26 cd
MA 25cd 193a 58a 51 a
ME 3.7 bc 84b 16¢c 36 bc
Mi 54 a — — —
OH 49 ab — — —
TN — 49¢c 04 ¢ef 13 ef
uTt 0.8 ef 47 ¢ 09de 33bc
VA 45 ab 193a 29b 32 be

ZMean separation within columns by Duncan's New Multiple
Range Test (P = 0.05).
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Table 13. Yield in 1994 and cumu-
latively by the end of the fifth grow-
ing season from trees at each site
in the 1990 NC-140 Cultivar/Root-
stock Trial. All values are least-
squares means, adjusted for miss-
ing cells.”

Yield efficiency
Yield per tree (kg) (kg/cm? TCA)
Cumulative Cumulative
Site 1994 (1992-94) 1994 (1992-94)
AR 00h 37h 000k 0.16]
CcO 66efg 169e 0.36gh 0.98 ef
GA 222c 416d 080d 153d
1A 43¢ 149ef 021§ 0.68gh
IN 71efg 148ef 036gh 084 fgh
KS-Ma 11.1d 165e 027 hi 041
KS-Wi 43¢ 380d 012jk 093f
KY 244bc 403d 069de 1.18e
MA 295a 483c 178a 292a
ME 86def 148ef 051fg 090fg
MI 226bc 395d  151b 265b
OH 26.0b 563b 094c 206c
PA 101de 188e 0.55ef 1.05ef
Que 47 fg 65gh 048fg 0.68gh
TN 57fg 100fg 0.34hi 059 hi
uTt 47fg 163e 020§ 0.69gh
VA 324 a 660a 093c 1.89¢c

ZMean separation within columns by Duncan’s New Multiple
Range Test (P = 0.05).

Conclusions

Clearly, five years are too few to
make firm conclusions about the per-
formance of these rootstocks with these
cultivars. However, some statements
can be made regarding the consistency
of these rootstocks across scion cultivar
in their effect on tree size, precocity,
early yield and efficiency, and fruit
size.

M.26 EMLA was relatively consistent
in its effect on tree performance. Spe-
cifically, it resulted in a relatively large
tree with low precocity, high yield,
low yield efficiency, and large fruit in
comparison with other rootstocks.

0.3 was consistent in its effect, ex-
cept with ‘Jonagold’ as the scion culti-
var. With the other scion cultivars,
trees on 0.3 were relatively large with
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low precocity, high yield, moderate
efficiency, and small fruit in compari-
son with the other rootstocks in this
trial. With ‘Jonagold’ as the scion cul-
tivar, O.3 resulted in moderate tree
size and moderate yield.

M.9 EMLA was consistent in its
effect on ‘Jonagold, ‘Empire, and
‘Rome! Trees generally were moderate
in size with moderate to low precocity,
high yield, moderate efficiency, and
large fruit. With ‘Golden Delicious’ as
the scion cultivar, M.9 EMLA resulted
in low yield and low efficiency com-
pared to the other rootstocks.

B.9 consistently resulted in a small
tree with hifh precocity, low yield,
high yield efficiency, and large fruit
compared with other rootstocks in the

trial.

Mark consistently resulted in a small
tree with high precocity, low yield,
high yield egficiency, and small fruit
compared with the other rootstocks.

Table 14. Size (g) of fruit from each
site in the 1990 NC-140 Cultivar/
Rootstock Trial. All values are least-
squares means, adjusted for miss-
ing cells and crop load.*

1992 1993 1994
AR — 1161 -
Cco 185 ¢ 170 gh 148 g
GA 185¢c 204 d 233 b
1A 171d 170 gh 176 e
IN — 178 fg 208 c
KS-Ma 197 be 195 de 157 fg
KS-Wi 166 cde 186 ef 158 fg
KY 201 b 193 e 188 d
MA 225 a 257 a v+ 231b
ME 185 ¢ 177 fgh 165 ef
Mi 183 ¢ 227 b 189 d
OH 218 a 194 e 210 ¢
PA - 176 fgh 175 e
Que 152 e 167 gh 162 f
TN 147 e 95 166 ef
uT 205 b 167 h 193 d
VA 223 a 214 c 251 a

ZMean separation within columns by Duncan’s New Multiple
Range Test (P = 0.05).
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At this point in the trial, B.9 appears Summary of Research. OARDC Res. Circ.
to be the most promising rootstock. 259:1-3

: . . 6. Oberhofer, 1990. Pruning the Slender Spin-
Its effects are consistent, it has high ™ 5 5E\E, "horicand Rk, Victoria, BC,
yield efficiency, and fruit size is rela- Canada,
tively large. 7. NC-140. 1987. Growth and production of
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BA and Carbaryl Effects on Return Bloom

Neither carbaryl or BA reduced fruit set of ‘Royal Gala’ although carbaryl
did reduce the number of spur sites that set three or more fruit, increased the
number with only one fruit, and increased mean fruit weight at harvest. Late
application of BA reduced fruit set of ‘Braeburn’ of both spur and lateral
clusters whereas the early spray was effective only on spur clusters. Compared
to an unthinned control, car%aryl, at both treatment times, reduced overall fruit
set but exhibited greater activity on spur clusters. ‘Jonagold’ fruit set was
reduced by carbaryl at two of three application times whereas BA was largely
without effect. Carbaryl reduced fruit set on lateral clusters more effectively
than on spurs. Return flowering of ‘Braeburn’ was enhanced by the late spray
of either BA or carbaryl. The effect was similarly expressed on spurs and
laterals but neither chemical promoted return bloom of spurs that fruited in the
year of treatment. Overall return flowering of ‘Jonagold” was enhanced by BA
sprays. Conversely, carbaryl appeared to have its greatest return flowerin
effect on strong, well exposed ‘Jonagold’ spurs that bore fruit in the year o
treatment, despite the fact that the presence of even one fruit on a spur was
sufficient to greatly reduce the chances of return flowering of that spur
Furthermore, fruit set per ‘return’ flower cluster tended to be higher on
‘Jonagold’ trees treated with carbaryl the previous season. Neither chemical
enhanced return flowering of ‘Royal Gala! Carbaryl increased specific leaf
weight of ‘Jonagold’ spur and lateral fruiting sites and increased leaf number
and bourse length on fruiting spurs, suggesting a possible mode of action for
this chemical thinner. From McArtney et al. 1995. J. Hort. Sci. 70(2):287-296.





