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Over the First Five Years of the 2010 NC-140
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Abstract

In 2010, an orchard trial of apple rootstocks was established at 13 locations in the United States, Canada, and
Mexico using ‘Honeycrisp’ as the scion cultivar. Rootstocks included two named clones from the Budagovsky
series (B.9, B.10), seven unreleased Budagovsky clones (B.7-3-150, B.7-20-21, B.64-194, B.67-5-32, B.70-6-
8, B.70-20-20, and B.71-7-22), four named Cornell-Geneva clones [Geneva® 11 (G.11), Geneva® 41 (G.41),
Geneva® 202 (G.202), and Geneva® 935 (G.935)], nine unreleased Cornell-Geneva clones (CG.2034, CG. 3001,
CG.4003, CG.4004, CG.4013, CG.4214, CG.4814, CG.5087, and CG.5222), one named clone from the Pill-
nitz series (Supp.3), two unreleased Pillnitz clones (PiAu 9-90 and PiAu 51-11), and three Malling clones as
controls (M.9 NAKBT337, M.9 Pajam 2, and M.26 EMLA). All trees were trained as Tall Spindles. After 5
years, the greatest mortality was for trees on CG.4814 (15%), with trees on all other rootstocks averaging 10%
or less mortality. Tree size after 5 years allowed for a preliminary partitioning of these rootstocks in to size
classes from sub-dwarf to semi-standard. B.70-20-20 was semi-standard, and B.7-20-21 and B.64-194 were large
semi-dwarfs. B.7-3-150, B.67-5-32, B.70-6-8, G.202N, CG.4004, and PiAu 9-90 were moderate semi-dwarfs.
CG.3001, CG.4814, CG.5087, CG.5222, and PiAu 51-11 were small semi-dwarfs. G.202TC (TC = liners from
tissue culture), G.935N (N = liners from stool beds), G.935TC, CG.4013, CG.4214, M.9 Pajam 2, and M.26
EMLA were large dwarfs. B.10, G.11, G.41N, G.41TC, Supp.3, and M.9 NAKBT337 were moderate dwarfs, and
B.9, CG.2034, and CG.4003 were small dwarfs. B.71-7-22 was sub-dwarf. B.70-20-20, B.7-20-21, and B.64-
194were too vigorous for a high-density system, and conversely, B.71-7-22 was not vigorous enough. Among
the six moderate semi-dwarf rootstocks, CG.4004 and G.202N performed best, using cumulative (2011-14) yield
efficiency as the primary determinant of performance. Among the five small semi-dwarf rootstocks, CG.5087,
CG.4814, and CG.3001 performed best. Of the seven rootstocks characterized as large dwarfs, G.935, CG.4214,
and G.202TC resulted in the greatest cumulative yield efficiency. Of the six rootstocks in the moderate dwarf
class, G.11, M.9 NAKBT337, and G.41N performed best, and CG.4003 and B.9 resulted in the greatest cumula-

tive yield efficiency among the three small dwarf rootstocks.

One of the most critical elements of any
apple orchard is the rootstock, particularly
in high-density systems where the economic
risks and potential returns are the highest. For
more than 40 years, the NC-140 Multi-State
Research Project has involved researchers
from throughout North America to evaluate
fruit-tree performance on different rootstocks,
with the principle goal of helping orchardists
optimize their rootstock selection. NC-140
greatly enhances the evaluation process with

uniform trials at diverse locations including a
wide variety of soils and climates.

New apple rootstocks are made available
regularly from a number of sources with the
potential of providing greater growth control,
enhanced precocity, higher yield, improved
adaptability to environmental conditions,
and enhanced pest resistance. Numerous new
rootstocks are available for evaluation from
the Budagovsky, Cornell-Geneva, and Pill-
nitz breeding programs.
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Budagovsky rootstocks are from the Mi-
churinsk State Agrarian University in Mich-
urinsk, Tambov Region, Russia. The breed-
ing program began with 1.V. Budagovsky
making crosses in 1938, with the principle
goal of developing rootstocks with enhanced
winter hardiness (Cummins and Aldwinckle,
1983). He released one of the best known
Budagovsky Rootstocks, B.9, in 1962. NC-
140 first tested Budagovsky rootstocks (B.9
and B.490) in the 1984 NC-140 Apple Root-
stock Trial (NC-140, 1996) and has included
Budagovsky rootstocks in numerous trials in
the ensuing years (Autio et al., 2001; 2013;
Marini et al.,, 2001a; 2001b; 2006; 2014;
Robinson et al., 2007).

The Cornell-Geneva Apple Rootstock
Breeding Program is managed jointly by
Cornell University and the United States De-
partment of Agriculture. Several rootstocks
have been released from this program, most
with a high degree of disease resistance,
particularly to the fire blight bacterium (E7-
winia amylovora). Many of these rootstocks
have been evaluated by NC-140 (Autio et
al., 2011a; 2011b, 2013; Marini et al., 2014;
Robinson et al., 2007).

The Pillnitz series of rootstocks (PiAu
and Supporter) are from the Institut fiir Ob-
stforschung  Dresden-Pillnitz, Germany,
(Fischer, 1997). The original material for
this program came from discontinued breed-
ing programs in Muncheberg and Naumburg
(Cummins and Aldwinckle, 1983). These
earlier programs sought better horticultural
characteristics and pest resistance. NC-140
has evaluated Supporter 1, 2, 3, and 4 and
PiAu 51-4, 51-11, and 56-83 (Autio et al.,
2011a; 2011b; 2013; Marini et al., 2014).

The objectives of this trial were to assess
and compare the performance of several Bu-
dagovsky, Cornell-Geneva, and Pillnitz root-
stocks at multiple sites in North America, ex-
posing the rootstocks to diverse climate, soil,
and management conditions.

Materials and Methods
In spring, 2010, an orchard trial of 31
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apple rootstocks was established at 13 sites
in North America (Table 1) under the coor-
dination of the NC-140 Multi-State Research
Committee. ‘Honeycrisp’ was used as the
scion cultivar, and trees were propagated by
Willow Drive Nursery (Ephrata, WA, USA).
Rootstocks included two named clones from
the Budagovsky series (B.9, B.10), seven
unreleased Budagovsky clones (B.7-3-150,
B.7-20-21, B.64-194, B.67-5-32, B.70-6-
8, B.70-20-20, and B.71-7-22), four named
Cornell-Geneva clones [Geneva® 11 (G.11),
Geneva® 41 (G.41), Geneva® 202 (G.202),
and Geneva® 935 (G.935)], nine unreleased
Cornell-Geneva clones (CG.2034, CG. 3001,
CG.4003, CG.4004, CG.4013, CG.4214,
CG.4814, CG.5087, and CG.5222), one
named clone from the Pillnitz series (Supp.
3), two unreleased Pillnitz clones (PiAu 9-90
and PiAu 51-11), and three Malling series
clones to serve as controls (M.9 NAKBT337,
M.9 Pajam 2, and M.26 EMLA). Addition-
ally, there were both stool-bed-produced
(denoted with an N following the rootstock
name) and tissue-culture-produced (denoted
with a TC following the rootstock name) lin-
ers used for trees on G.41, G.202, and G.935.
Please note that this trial is very similar in na-
ture to the 2010 NC-140 ‘Fuji” Apple Root-
stock Trial (Autio et al., 2017), except for the
cultivar, planting location, and tree spacing.
The trial was planted in British Columbia
(Canada), Chihuahua (Mexico), Colorado,
Towa, Massachusetts, Michigan, Minnesota,
New Jersey, Nova Scotia (Canada), New
York, Ohio, Utah, and Wisconsin. Coopera-
tors, their contact information, and specific
locations for this trial are listed in Table 1.
The experiment was arranged as a random-
ized complete block design at each location,
with four replications. Each replication in-
cluded one plot per rootstock, and each root-
stock plot included one to three trees. Trees
were spaced 1.2 x 3.6 m and trained as tall
spindles (Robinson and Hoying, 2011). Pest
management, irrigation, and fertilization fol-
lowed local recommendations at each site.
Trunk circumference, 25 c¢cm above the
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Table 1. Cooperators and sites in the 2010 NC-140 Honeycrisp Apple Rootstock Trail.

Site

Planting location

NC-140 Cooperator

Cooperator affiliation and address

British Columbia (BC)

Chihuahua (CH)

Colorado (CO)

Towa (IA)

Massachusetts (MA)

Michigan (MI)

Minnesota (MN)

New Jersey (NJ)

New York (NY)

Nova Scotia (NS)

Ohio (OH)

Utah (UT)

Wisconsin (WI)

Summerland

Cuauhtémoc

Grand Junction

Ames

Belchertown

Sparta

Excelsior

Pittstown

Geneva

Kentville

Carroll

Santaquin

Sturgeon Bay

Cheryl Hampson

Rafael Parra Quezada

Toannis Minas

Diana Cochran

Wesley Autio

Gregory Lang

Emily Hoover

Winfred Cowgill

Terence Robinson

Suzanne Blatt

Diane Miller

Brent Black

Matt Stasiak

Summerland Research &
Development Centre, Agric. &
Agri-Food Canada , P.O. Box 5000,
Summerland, BC VOH 170 Canada

Universidad Autonoma de
Chihuahua, Facultad de Ciencias
Agrotecnologicas, Cuauhtémoc,
Chih. 31527, Mexico

Western Colorado Research Center,
Colorado State University, 3168 B
1/2 Road, Grand Junction, CO 81503
USA

Department of Horticulture, 125
Horticulture Hall, Iowa State
University, Ames, IA 50011 USA

Stockbridge School of Agriculture,
205 Paige Laboratory, University of
Massachusetts, Amherst, MA 01003
USA

Department of Horticulture,
Michigan State University, East
Lansing, MI 48824 USA

Department Horticultural Science,
University of Minnesota, 1970
Folwell Ave, St. Paul, MN 55108
USA

Rutgers Cooperative Extension, P.O.
Box 2900, Flemington, NJ 08822
USA

Department of Horticulture, Cornell
University, NYSAES, Geneva, NY
14456 USA

Kentville Research & Development
Centre, Agric. & Agri-Food Canada ,
32 Main St, Kentville, Nova Scotia,
B4N 1J5 Canada

Department of Horticulture & Crop
Science, OARDC, Ohio State
University, 1680 Madison Ave.,
Wooster, OH USA

Plant, Soil, and Climate Department,
Utah State University, Logan, UT
84322 USA

Peninsular Agricultural Research
Station, University of Wisconsin,
4312 Hwy 42, Sturgeon Bay, WI
54235 USA
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bud union, was measured in Oct., 2014 and
used to calculate trunk cross-sectional area
(TCA). Also in Oct., 2014, tree height was
measured, and canopy spread was assessed
by averaging the in-row and across-row
canopy widths. Root suckers were counted
and removed each year. ‘Honeycrisp’ zonal
chlorosis was assessed as the percent of the
canopy affected in 2012, 2013, and 2014.

Yield was assessed in 2011 through 2014;
however, very few sites harvested any fruit
in 2011. Yield efficiency (kg-cm? TCA) in
2014 and on a cumulative basis were cal-
culated using 2014 TCA. Fruit weight was
assessed on a 50-apple sample (or available
crop) in 2012, 2013, and 2014.

Data were subjected to analysis of variance
with the MIXED procedure of the SAS statis-
tical analysis software (SAS Institute, Cary,
NC). In the analyses, fixed main effects were
rootstock and site. Block (within site) was
a random, nested effect. In nearly all cases,
the interaction of rootstock and site was sig-
nificant. Rootstock differences within site
were assessed (for all sites individually and
including all rootstocks, also by the MIXED
procedure) for survival (through 2014), TCA
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(2014), cumulative yield per tree (2011-14),
cumulative yield efficiency (2011-14), and
average fruit weight (2012-14). Because of
the large number of treatments included and
the variation in the number of observations
per treatment, average Tukey’s HSD values
(P =0.05) were calculated using the error MS
from PROC GLM and the average number of
observations per rootstock. Statistically, this
approach is inadequate, but it is very conser-
vative in assessing differences and allows for
a reasonable look at rootstock effects.

Results

Site and Rootstock Differences at Plant-
ing. All trees were produced by one nursery,
but some variation in tree size occurred. At
planting, largest trees, as assessed by trunk
cross-sectional area (TCA), were in New
Jersey, and the smallest were in British Co-
lumbia (Table 2). Although some variation
in nursery branch development existed,
cooperators removed different numbers of
these branches. At planting and after the ini-
tial pruning, the largest number of branches
(11.9 per tree) remained on trees in New Jer-
sey, and the smallest number remained (1.1

Table 2. Site means for trunk cross-sectional area, number of branches after pruning, and height of the graft union
at planting of Honeycrisp apple trees in the 2010 NC-140 Honeycrisp Apple Rootstock Trial. All values are least-

squares means, adjusted for missing subclasses.”

Trunk cross-sectional Number of Height of graft
area at branches at union at planting
Site planting (2010, cm?) planting (mm)
BC 12 1.1 109
MA 1.6 11.3 147
MI 14 4.7 93
MN 1.7 9.8 66
NJ 19 119 161
NS 1.6 --- 82
NY 1.3 92 115
OH --- 104 63
uT 1.3 6.3 103
WI 13 5.6 137
Average HSD 0.6 53 13

* Mean separation in columns by Tukey’s HSD (P = 0.05). HSD was calculated based on the average number of observations per

mean.
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Table 3. Rootstock means for trunk cross-sectional area, number of branches, and height of the graft union at
planting of Honeycrisp apple trees in the 2010 NC-140 Honeycrisp Apple Rootstock Trial. Means are based on
data from BC, MA, MI, MN, NJ, NS, NY, OH, UT, and WI. All values are least-squares means, adjusted for

missing subclasses.”

Trunk cross-sectional Number of Height of
area at planting branches at graft union at
Rootstock (2010, cm?) planting planting (mm)
B9 12 5.6 107
B.10 14 6.6 106
B.7-3-150 1.3 4.0 116
B.7-20-21 2.0 93 125
B.64-194 19 8.1 125
B.67-5-32 1.5 5.6 103
B.70-6-8 1.6 6.6 105
B.70-20-20 24 119 128
B.71-7-22 0.6 02 111
G.11 14 10.5 118
GA4IN 1.3 6.4 106
GA41TC 09 34 78
G.202N 19 12.1 102
G.202TC 1.5 11.1 86
G.935N 1.6 11.5 103
G.935TC 12 7.8 85
CG.2034 12 6.9 88
CG.3001 1.6 12.6 97
CG 4003 1.1 6.3 111
CG.4004 1.6 154 108
CG.4013 1.3 9.6 89
CG.4214 1.3 132 108
CG.4814 1.7 13.6 107
CG.5087 1.7 14.6 114
CG.5222 1.8 10.6 87
Supp.3 1.0 49 105
PiAu 9-90 2.6 174 135
PiAu 51-11 19 92 127
M.9 NAKBT337 1.3 8.4 121
M.9 Pajam 2 1.5 8.5 119
M.26 EMLA 12 50 114
Average HSD 0.2 22 16

“Mean separation in columns by Tukey’s HSD (P = 0.05). HSD was calculated based on the average number of observations per

mean.

per tree) in British Columbia (Table 2). Like-
wise, planting depth varied with location,
with the average graft union height greatest
in New Jersey and least in Ohio (Table 2).
Rootstock also resulted in significant dif-

ferences in the TCA at planting, the number
of branches remaining after initial pruning,
and the height of the graft union (Table 1).
Likely as an expression of tree vigor, the larg-
est trees (in TCA) and those with the great-
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Table 4. Site means for survival, trunk cross-sectional area, root suckers, tree height, canopy spread, yield per tree, yield efficiency, fruit size, and zonal chlorosis of

Honeyecrisp apple trees in the 2010 NC-140 Honeycrisp Apple Rootstock Trial. All values are least-squares means, adjusted for missing subclasses.”
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“Mean separation in columns by Tukey's HSD (P

est number of branches were on PiAu
9-90, and the smallest with the fewest
branches were on B.71-7-22. Graft-
union height at planting was likely af-
fected by the distance between the graft
union and lateral roots and the length of
the rootstock shank, both of which were
very small in a few cases. Most (77% of
the rootstock treatments) trees were able
to be planted at the recommended level
with the graft union between 100 and
150mm above the soil. Trees on PiAu
9-90 were planted such that the average
graft union height was 135 mm. Seven
combinations (23%) were planted with
union heights less than 100 mm, with
the lowest for trees on G.41TC.

Site Effects on Tree Performance.
Over the first 5 years, site (Table 4) and
rootstock (Table 5) affected all aspects
of tree performance. Table 4 includes
data only from the ten sites with a com-
plete set of rootstocks. Colorado was
missing two and Iowa was missing one
rootstock treatment at the initiation of
the experiment, and tree death resulted
in complete loss of one rootstock treat-
ment in Chihuahua. Data from these
three sites were excluded from the
analyses presented in Tables 4 and 5.
Results from Chihuahua, Colorado, and
Towa, however, are included in the tree
performance data presented by location
in Tables 6-11.

Among the 10 sites included in Table
4, the highest mortality occurred in
Nova Scotia (13%, Table 4); however,
among all sites greatest mortality was in
Chihuahua, with only 77% of the trees
surviving for the first 5 years (Table 6).
Survival was 100% in British Colum-
bia, Minnesota (Table 4), and Colorado
(Table 6).

Site-related tree characteristics are
presented in Table 4. After 5 years, the
largest TCA was recorded for trees in
New Jersey and the smallest for trees in
British Columbia. Trees were also tall-



155

APPLE

‘ueowr 1od SUONBAISSQO JO JoquINU 9SBIOAE df) UO Paseq paje[ndfeds sem SH (S0°0 = d) ASH S.AnL Aq suwnjoo ur uonjeredos ueayy ,

€l 4! el [44 [43 €0 0 Le [ SI [44 0¢ e ol (ISH 25e1oAy
8¢ [43 0C 81¢ e L1 80 Lel €8 ST €9¢ 9T CaN! 66 VTN 9TIN
g w 6l 60¢ clc 0¢ 60 LT L6 8yl 09¢ 98 901 001 T weled 6N
143 84 91 e ¥CC e [ e 801 941 €S¢ 't 96 00T  LEELAAVN 6N
oy 6¢ €C 1€ we 71 90 00C L'8 (4! 6LC 91 4! 001 [1-1¢ nvid
89 9 09 9L1 S81 60 €0 96l 9¢ 991 L8CT L0 €Ll 001 06-6 "Vid
99 €S 0T 11T 81¢ [ 01 6'81 T8 94! 6¥C L1 88 ¥6 ¢ ddng
24 oy 0¢ €1c 91T 81 80 61T 011 ILT S8¢ L 144! ¥6 (444 5338]
0S w 0¢ 90¢ 11c [ 60 6T ! 781 6T 0¢ (X1 L6 L80SDD
0S 9¢ 87 11c 60T e 01 9'8¢ 0¢l (43! 08¢ 6'¢ gel 3 18%'DD
8Y Sy 0¢ L1T 1cC ¥'C 01 09¢ €01 ILT 66T '8 It 66 Y12 DD
0s 8 LT 0lc 91T 91 L0 981 6L 691 8¢ (94 Sl L6 €10¥'DD
9¢ LT 81 IS4 344 0c 60 1453 0sT 61 1ce 6'¢ TLT 86 7007 DD
Se Iy 94 661 €0¢ 9C cl €6l L'8 8¢l Lyt U SL 86 €00¥'DD
124 34 4 8¢CC 6£C e 80 coe [40! 681 88¢ 60 Syl 06 100€' DD
Ly LS (44 ¥1¢ 0ce [ 60 'Sl 9 €Cl 6¥C €1 oL €6 ¥€0T DD
Ly LS 6C L0T €1e €T T'1 1've Sor1 o1 99¢ 87 01 96 DLSE6'D
8¢ IS 9T LOT 60T ¥'C 'l 6T 6CI SLI S8¢ (94 ! 06 NSE€6'D
8¢ 194 6C 861 90T |4 01 9TT 86 9ST 6LC 8t 801 86 JL20TH
8¢ §3 Y4 8¢CC 0€T 81 80 coe 8¢l L8 80¢ oL oLl S6 N2OT D
w 8¢ 94 T €€C 0c 60 781 '8 LST 6LC 1 76 S6 JOLI¥'D
[43 Se 81 8¢CC 8¢€C e 01 (174 001 (4! S9¢ 0 ot S6 NI¥'D
143 St 12 61¢ 8¢ 9T [ ¥'€T o1 SS1 L9T |4 49 66 1D
w 97 91 681 €81 0c 80 Ty o1 8¢ 671 61 0cC 16 cLird
€C 0¢ cl 1474 [4%4 Lo ¥'0 8'¢€C ocl (444 99¢ £e 6'¢ce 66 0c-0c-0L'd
6C LT €l 1ce 0€T 71 L0 T've 011 991 00€ S0 LT 66 8-9-0Ld
6C LT 81 1474 e [ o €81 6L €91 I1e o1 981 001 ce6-L9'd
4 T ST 0€T LYT (! 90 ¥'sT LoT1 781 91¢ 0 01T 86 ¥61-v9d
0¢ 0¢ L1 81T LTCT [ 90 0°ST 811 OLT 96T It 1oc 001 Ic-0c-L'd
9T 94 ST ¥€¢ 1¥C 71 L0 €€T L11 TLT 11e 60 SLT 001 0sI-¢-L'd
[43 9T 0l €eC LET e 60 6'1C '8 34! 96T 80 001 96 ord
0¢ 0¢ 4! 10T 80¢ (%4 60 vl 8¢ oIt 91T ST S9 001 6d
¥10T  €10C ¢I0C [€] (3 (VoL wo3Y (VDL [ERdl (€] (wo) (ud) (9an/ou (;wo (% 30015100y
(%) siso1o[yd Teuoz  ‘¥1-2107)  ‘¥107) ‘PI-1100) /3y -1100) %0 ‘p1og)  peards  wdY  ‘p1-0107)  ‘P1OT) BRI “p[0T)
JySrom JySrom Kouarorgye ‘¢102) 12d praik Qa1 Kdoue) Q9I],  SIOYONS JOOI  [BUOIDAS [BAIAING
Jniy iy poIk Koudroyye  eanenwn)  1ad QAIR[IWND  -SSOIO Yunij,
a3eroAy QATIE[NWINYD) PIOTA PIOTX

,/Sasse[oqns Suissiw 10J paysnipe ‘sueow sarenbs-jsed| are sanjea [V TA PUe ‘LN

‘HO ‘AN ‘SN ‘IN ‘NI ‘TIN ‘VIAL ‘D WOIJ BIep U0 paseq dIe SUBIA ‘[eLL], 30015100y d[ddy dsioAouoH 0 [-ON 0107 2y ul sean djdde dsiroAouoH Jo sIso1ofyo
[euoZ pue ‘azIs ynyy ‘Aoudroyyd praIk ‘0am 1ad praik ‘peards Adouro yIroy do1) ‘SIOINS JOOI ‘BIIR [BUOIIIIS-SSOIO JUNI) TRAIAINS IOJ SUBIW JO0ISI00Y °S d[qBL



JOURNAL OF THE AMERICAN POMOLOGICAL SOCIETY

156

‘ueaw 1od SUONBAIISQO JO JoqUINU dFBIAR ) UO Paseq paje[nafed sem SH (SO0 = ) ASH S.A3n], Aq suwnjod ur uoperedas uesyy ,

(44 194 €s Y4 8¢ LT - (44 81 0C - o1 - ASH 95ereAy
001 001 001 88 001 001 001 001 001 001 001 001 001 VING 9TIN
001 001 001 001 001 001 001 001 001 001 001 6 001 ¢ weled 6N
001 001 001 001 001 001 001 001 001 00T 001 6 001 LEELIIVN 6N
001 001 001 001 001 001 001 001 001 001 001 001 001 [1-1¢ nvid
001 001 001 001 001 001 001 001 001 001 001 001 001 06-6 NVId
001 001 08 €8 001 001 001 08 001 €€ 001 S9 001 ¢ ddng
001 001 001 001 (44 001 001 001 001 - 001 9L 001 [444°R00]
001 L9 001 001 001 001 001 001 001 001 001 001 001 L80S"DD
001 001 0S 001 14! 001 001 98 001 001 001 Ss 001 Y18¥'DD
001 98 001 001 001 001 001 001 001 001 001 0L 001 Y1ty DO
001 001 001 001 001 99 001 001 001 001 - 0s 001 €10¥'DD
001 001 SL 001 001 001 001 001 001 001 001 001 001 00" DD
001 001 00T 001 SL 001 001 001 001 00T 001 6S 00T €00¥' DD
001 001 001 001 Sy 001 001 001 0¢ 001 001 0 001 100€°DD
001 L9 99 001 001 001 001 001 001 001 001 6¢ 001 €00 DO
001 L9 001 001 001 001 001 001 001 001 001 001 001 OLSE6'D
68 8L L9 001 99 001 001 001 001 001 - 001 001 NS€6'D
001 001 78 001 001 001 001 001 001 001 001 Sy 001 JL20T D
001 001 89 00T [43 001 001 001 00T 00T 001 6C 001 N2oTD
001 001 001 001 0S 001 001 001 001 001 001 001 001 JOLIV'D
06 16 001 001 69 001 001 001 001 001 001 18 001 NIV'D
001 001 001 001 68 001 001 001 001 001 001 8¢S 001 1D
€8 001 89 001 8 08 001 001 001 001 001 001 001 ceLird
001 001 001 001 001 6 001 001 001 001 001 001 001 0c-0c-0L'd
001 001 001 001 001 001 001 001 6 001 001 6 001 8-9-0L'9d
001 001 00T 001 001 001 001 001 001 00T 001 6L 001 ce-6-L9°d
001 001 8 001 001 001 001 001 001 001 001 Iy 001 761-¥9'd
001 001 001 001 001 001 001 001 001 001 001 6 001 1c-0c-L'd
001 001 001 001 001 001 001 001 001 001 001 001 001 osi-¢-L'd
001 S8 001 68 88 001 001 001 001 001 001 88 001 ord
001 001 00T 00T 00T 001 001 001 00T 00T 001 001 001 6'd
M LN HO AN SN IN NN IN VIN VI 0D HD od 0018100y

,/sasse[oqns Jurssiw wom pasnipe ‘sueow soxenbs
-JSBO] A1k SanfeA [ ‘[BLL], ¥00351003y 9[ddy dsuokouoH 0y 1-DN 010 2ys ur suoneoo] sunued enpiaipur je soon d[dde dsioLouoH Jo (9, ‘¢ 107) [BAIAING *9 J[qE]L,



APPLE

est with the widest canopy in New Jersey, but
were shortest in Utah and with the narrowest
canopy in Ohio. Root suckering was great-
est in Massachusetts and least in Minnesota.
The zonal chlorosis typical of ‘Honeycrisp’
was not consistent from site to site or year to
year, with no discernable patterns.

Site-related fruiting characteristics are
presented in Table 4. Yield per tree in 2014
was greatest in Utah and least in Michigan,
but on a cumulative basis (2011-14), yield
per tree was greatest in New York and least in
Utah. Yield efficiency in 2014 was highest in
British Columbia and lowest in New Jersey
and New York. Cumulative yield efficiency
(2011-14) was highest in Wisconsin and low-
est in Ohio. Fruit weights in 2014 and on av-
erage (2012-14) were highest in New Jersey
and lowest in Nova Scotia.

Rootstock Effects on Tree Performance.
Survival was affected by rootstock (Tables 5
and 6). Percent survival was lowest for trees
on CG.4814 (85%); however, only three
out of the ten core sites (or four out of all
13 sites) experienced any loss of trees on
CG.4814 (Table 6). Among the 10 core sites,
trees on B.9, B.7-3-150, B.7-20-21, B.67-
5-32, PiAu 9-90, PiAu 51-11, M.9 NAK-
BT337, and M.9 Pajam 2 experienced no tree
loss in the first 5 years of this trial. Where the
reason for tree loss was determined, the most
common causes were graft union failure and
fireblight. Graft union failure was the reason
for 21 trees (B.10, B.71-7-22, G.11, G.41N,
GA41TC, G.202N, G.935N, G.935TC,
CG.4003, CG.4814, and CG.5222) lost in
Nova Scotia, 2 trees (B.10 and M.26 EMLA)
in New York, 1 tree (CG.5087) in Utah, and
3 trees (B.71-7-22, G.4IN, and G.935N) in
Wisconsin. Fireblight resulted in the death
of 6 trees (B.64-194, B.70-6-8, CG.4003,
CG.4013, and CG.4814) in Chihuahua, 1 tree
(Supp.3) in New York, and 1 tree (B.10) in
Utah. Winter injury caused the death of 4 out
of 6 trees on Supp.3 in lowa.

TCA, tree height, and canopy spread
were affected similarly by rootstock (Table
5). Trees on B.71-7-22 were the smallest,
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and those on B.70-20-20 were the largest.
These two rootstocks produced trees that
were well outside of the range of sizes pro-
duced by other rootstocks. B.71-7-22 could
be considered sub-dwarf in vigor, and B.70-
20-20 likely is semi-standard or standard in
vigor. At this point in the trial, the other root-
stocks can be grouped very roughly by vigor
class. Small dwarfs included B.9, CG.2034,
and CG.4003. Moderate dwarfs included
Supp.3, G.11, M.9 NAKBT337, G.41TC,
B.10, and G.4IN. Large dwarfs included
M.9 Pajam 2, G.935TC, G.202TC, CG.4214,
M.26 EMLA, G.935N, and CG.4013. Small
semi-dwarfs included CG.5087, CG.4814,
CG.5222, CG.3001, and PiAu 51-11, and
moderate semi-dwarfs included CG.4004,
B.70-6-8, PiAu 9-90, B.7-3-150, G.202N,
and B.67-5-32. B.64-194 and B.7-20-21
were large semi-dwarfs.

It is interesting to note the significant dif-
ference in tree size between G.202N and
G.202TC. G.202TC resulted in trees of the
expected vigor, and trees on G.202N were
much larger than expected, possibly showing
the result of a propagation error. The relative
rootstock effects on TCA were similar across
sites (Table 7).

Root suckering was affected by root-
stock (Table 5), with most resulting in very
little suckering. Somewhat greater root-
stock suckering was induced by G.202TC,
G.935TC, G.935N, M.9 NAKBT337,
CG.4013, CG.4004, and B.70-20-20. The
greatest amount of root suckering came from
M.9 Pajam 2, CG.4214, CG.5222, G.202N,
and CG.4814.

In 2014 and cumulatively (2011-14), the
greatest yields were harvested from trees on
CG.4004, and the smallest yields were from
trees on B.71-7-22 (Table 5). Within the small
dwarf category, the greatest yields (2014 and
cumulatively) were from trees on CG.4003,
and lowest were from trees on B.9. Among
the moderate dwarfs, the greatest yields in
2014 were from trees on M.9 NAKBT337
and cumulatively from trees on G.41N.
The lowest yields (2014 and cumulatively)
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were from trees on Supp.3. Among the large
dwarfs, the greatest yields in 2014 and cumu-
latively were from trees on G.935N, and the
lowest were from trees on CG.4013. Among
the small semi-dwarfs, the largest yields in
2014 were from trees on CG.4814 and cu-
mulatively from trees on CG.3001.Lowest
yields in 2014 and cumulatively were from
trees on PiAu 51.11. Among the moderate
semi-dwarfs, greatest yields (2014 and cu-
mulatively) were from trees on CG.4004, and
the lowest were from trees on PiAu 9-90. The
two large semi-dwarfs (B.64-194 and B.7-
20-21) yielded similar in 2014 and cumula-
tively. Site variations in rootstock effects on
cumulative yield are presented in Table 8.

In 2014, the most yield efficient trees were
on M.9 NAKBT337, G.11, and CG. 4003,
and the least efficient trees were on PiAu
9-90 (Table 5). Cumulatively (2011-14),
the most yield efficient trees were on G.11
and CG.4003, and the least efficient were
on B.70-20-20 (Table 5). Among the small
dwarfs, the most yield efficient trees (2014
and cumulatively) were on CG.4003. Among
the moderate dwarfs, the most efficient trees
in 2014 were on M.9 NAKBT337 and G.11,
and the least efficient were on B.10, and
G.41TC. Cumulatively among the moderate
dwarfs, the most efficient were on G.11, and
the least efficient were on B.10 and Supp.3.
For the large dwarfs, the most yield efficient
trees in 2014 were on G.935 (N and TC),
and cumulatively, the most efficient were
on G.935N and CG.4214. The least efficient
(2014 and cumulatively) large dwarfs were
on CG.4013. The most yield efficient (2014
and cumulatively) small semi-dwarfs were
on CG.4814 and CG.5087, and the least effi-
cient (2014 and cumulatively) were on PiAu
51-11. Among the moderate semi-dwarfs in
2014 and cumulatively, the most yield ef-
ficient were on CG.4004, and the least ef-
ficient were on PiAu 9-90. The two large
semi-dwarfs (B.64-194 and B.7-20-21) were
similarly yield efficient in 2014 and cumu-
latively. Site variations in rootstock effects
on cumulative (2011-14) yield efficiency are
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presented in Table 9.

Fruit weight (2014 and averaged 2012-14)
was not dramatically affected by rootstock;
however, B.71-7-22 and PiAu 9-90 resulted
in the smallest fruit in 2014 and averaged
over the three fruiting years 2012-14 (Table
5). Similar to the overall differences, very
little effect of rootstock on average (2012-
14) fruit weight was seen by site, but the
relatively small size of fruit from trees on
B.71-7-22 and PiAu 9-90 was reasonably
consistent from site to site (Table 10).

The percent of the tree canopy expressing
zonal chlorosis typical of Honeycrisp was as-
sessed in 2012-14 (Tables 5 and 11). Year-
to-year variation, site differences, and most
rootstock differences were not consistent.
Trees on PiAu 9-90, however, consistently
had the highest percent of the canopy af-
fected. Trees on B.70-20-20 and B.64-194
tended to be among the least affected by
zonal chlorosis.

Discussion

Seven to 10 years will be required to ob-
tain an adequate evaluation of the rootstocks
included in this study; however, after 5 years,
rootstocks start separating based on size and
tree performance. Table 12 places the root-
stocks in this study into eight vigor classes,
as described above. Four of those rootstocks
(all from the Russian Budagovsky program)
likely are unsuitable for a modern high-den-
sity system. B.70-20-20 is semi-standard or
standard in vigor producing trees much too
large. Very likely, the two large semi-dwarfs,
B.7-20-21 and B.64-194 are also too vigor-
ous for a high-density system. B.71-7-22, on
the other hand, is sub-dwarf and produces
trees which are much too low in vigor to be
useful in a commercial orchard.

In the moderate semi-dwarf category
(Table 12), trees on CG.4004 and G.202N
performed the best as measured by cumula-
tive yield efficiency; however, as noted ear-
lier, G.202N may not be identified correctly.
Trees on the Budagovsky rootstocks or on
PiAu 9-90 were significantly less efficient.
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CG.4004, in a New York trial with ‘Honey-
crisp’ as the scion, performed similarly to
what is noted in this NC-140 trial (Robinson
etal.,2011). After 6 years, trees were similar
in size to those on M.7 and were significantly
more yield efficient.

In the small semi-dwarf category (Ta-
ble 12), trees on CG.5087, CG.4814, and
CG.3001 were the most yield efficient, and
those on PiAu 51-11 were the least efficient.
In a New York trial with ‘Golden Delicious’,
7-year-old trees on CG.5087 were between
M.26 and M.7 in size but significantly more
yield efficient (Robinson et al, 2011). In the
1999 NC-140 Semi-dwarf Apple Rootstock
Trial, after 10 years (Autio et al., 2011b),
‘MclIntosh’ trees on CG.4814 were similar in
size to those on M.26 EMLA and smaller than
those on M.7 EMLA, but trees on CG.4814
were more yield efficient than trees on either
M.26 EMLA or M.7 EMLA. ‘Fuji’ trees on
CG.4814, M.26 EMLA, and M.7 EMLA
were similar in size, but those on CG.4814
were the most yield efficient.

In the large dwarf category (Table 12),
trees on G.935N, CG.4214, G.935TC, and
G.202TC performed the best as assessed
by yield efficiency, similar in size but more
efficient than trees on M.26 EMLA. After
10 years, ‘Fuji’ and ‘Mclntosh’ trees in the
1999 NC-140 Dwarf Apple Rootstock Trial
on G.935 and G.202 performed similarly to
those on M.26 EMLA (Autio et al., 2011a).
After 6 years with ‘Honeycrisp’ as the sci-
on cultivar in New York, G.935 and G.202
were similar in size and yield efficiency to
trees on M.7 (Robinson et al., 2011). In the
2002 NC-140 Apple Rootstock Trial after 10
years, ‘Gala’ trees on G.935 were similar in
size to those on M.26 EMLA (Autio et al.,
2013). In the 2002 trial, G.935 only occurred
at two locations, and at one location (Chihua-
hua, Mexico), trees on G.935 were similarly
yield efficient to those on M.26 EMLA, but
at the other location (New York), they were
significantly more yield efficient than trees
on M.26 EMLA. In the 2003 NC-140 Dwarf
Apple Rootstock Trial after 10 years, ‘Gold-
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en Delicious’ trees on G.935 were similar in
size to those on M.9 NAKBT337 at four out
of eight sites, and similar to trees on M.26 at
the other four (Marini et al., 2014). Trees on
G.935 were similarly yield efficient to trees
on M.9 NAKBT337 at all sites and more effi-
cient than those on M.26 at five of eight sites.
After 7 years, ‘Golden Delicious’ trees on
CG.4214 in New York were similar to trees
on M.26 in size and yield efficiency (Robin-
son et al., 2011).

In the moderate dwarf category, G.4IN
and G.11 performed well and comparably
to M.9 NAKBT337. Autio et al. (2011a) and
Marini et al. (2014) found after 10 years that
‘Mclntosh’, ‘Fuji’, and ‘Golden Delicious’
trees on G.41were similar in size and yield
efficiency to those on M.9 NAKBT337. Rob-
inson et al. (2011) found 7-year-old ‘Golden
Delicious’ trees on G.41 to be similar in size
to comparable trees on M.26 but significantly
more yield efficient. ‘Golden Delicious’ trees
on G.11 were somewhat smaller than those
on M.26 and more yield efficient. Robinson
et al. (2011) also reported that 6-year-old
‘Honeycrisp’ trees on G.11 were somewhat
smaller than comparable trees on M.9 and
similarly yield efficient.

In the small dwarf category, trees on
CG.4003 performed well, somewhat greater
but statistically similarly to trees on B.9.
Among the few reports of CG.4003 perfor-
mance, a 6-year study with ‘Honeycrisp’
as the scion cultivar reported that trees on
CG.4003 were statistically similar in size and
yield efficiency to trees on B.9 (Robinson et
al., 2011).

As noted above, these results represent an
early assessment of many of the rootstocks in
this study. At this point few, if any, of the new
Budagovsky rootstocks have shown promise;
many are too large and lack efficiency. B.10,
however, is a somewhat promising, moderate
dwarf rootstock, but it is not yet showing any
particularly valuable traits. None of the Pill-
nitz rootstocks (PiAu 9-90, PiAu 51-11, and
Supp.3) have performed well, all three have
the lowest yield efficiency in their respec-
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Table 12. Rootstocks distributed among eight vigor classes based on trunk cross-sectional area. Within class,
rootstocks are ordered highest to lowest based on cumulative (2011-14) yield efficiency. These 2010 NC-140
Honeycrisp Apple Rootstock Trial data are from BC, MA, MI, MN, NJ, NS, NY, OH, UT, and WI. All values are

least-squares means, adjusted for missing subclasses.

Trunk cross-
sectional area

Cumulative yield
efficiency (2011-14,

Vigor category Rootstock (2014, cm?) kg/cm? TCA)
Semi-standard B.70-20-20 339 0.7
Large semi-dwarf B.7-20-21 20.1 13
B.64-194 21.0 1.2
Moderate semi-dwarf CG.4004 172 20
G.202N 17.6 1.8
B.70-6-8 17.6 14
B.7-3-150 17.5 14
B.67-5-32 18.6 1.0
PiAu 9-90 17.3 09
Small semi-dwarf CG.5087 13.0 22
CG.4814 13.5 22
CG.3001 14.5 2.1
CG.5222 144 1.8
PiAu 51-11 152 14
Large dwarf G.935N 122 24
CG4214 11.5 24
G.935TC 104 23
G.202TC 10.8 2.1
M.9 Pajam 2 10.6 20
M.26 EMLA 11.6 1.7
CGA4013 12.5 1.6
Moderate dwarf G.11 92 26
M.9 NAKBT337 9.6 24
GA4IN 10.1 24
B.10 10.0 22
Supp.3 8.8 22
GA41TC 94 20
Small dwarf CG.4003 75 2.6
B9 6.5 23
CG.2034 7.0 22
Sub-dwarf B.71-7-22 2.0 20
tive size class, and trees on PiAu 9-90 have Acknowledgements

produced the smallest fruit in the trial. The
Cornell-Geneva rootstocks (both CG and G),
on the other hand, are performing very well,
often among the best in their size class.

This trial will continue through the tenth
growing season, after which a more thorough
evaluation will be presented.
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als are planted.
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