ANNUAL REPORT TO NC-140

Massachusetts
Agricultural Experiment Station

November 2006 -- Pittstown, NJ

Wesley Autio(leader), Jon Clements, JamesK rupa, DuaneGreene, & Daniel Cooley

PROGRESS& PRINCIPAL ACCOMPLISHMENTS

Table 1. Trunk cross-sectional area, tree height, canopy spread, and suckering in
2006 of Galatrees on various rootstocks in the Massachusetts planting of the 1998
NC-140 Apple Rootstock Trial. All values are least-squares means, adjusted for
missing subclasses.”

1998 NC-140 Apple

As part of the 1998 NC-140
AppleRootstock Trial, aplanting of
Gala on three rootstocks was
established at the University of
Massachusetts Cold Spring Or-

Trunk Root chard Research & Education Center

Cross- Tree Canopy suckers in 1998. These trees are on a non-

sectional height spread (no./tree, irrigated site, and have not per-

Rootstock area (cm?) (m) (m) 1998-2006) formed as well as desired in
previous years, but they yielded

well in 2006 (average of 19 kg per

G.16 33.7a 26a 28a 33a tree) with good fruit size (averaging
M.9 230b 24a 24Db l4a 185 g). The experiment was a
M.9 EMLA 20.8b 23a 24b 22a randomized-complete-block design

? Means were separated within columns by Tukey’s HSD (P = 0.05).

with ten replications. Means from

2006 (9" growing season) are

included in Tables1 and 2.
Rootstock significantly — af-

Table 2. Yidd, yield efficiency, and fruit weight in 2006 of Gala trees on various rootstocks in the
Massachusetts planting of the 1998 NC-140 Apple Rootstock Tria. All values are least-squares means,

adjusted for missing subclasses”

fected trunk cross-
sectional area(TCA),
with trees on G.16
significantly larger
than those on M.9 or

M.9 EMLA (Table

Yield efficiency . .
. L 1). Tree height did
Yield per tree (k kg/cm? TCA Fruit ht .
teld per tree (kg) (kg/em ) ruit weight (9) not differ among
Cumulati — A trees on the three
umulative umulative verage
Rootstock 2006 (19992006) 2006 (19992006 2006  (1999-2005) | 'oOtStocks. - but
canopy spread was
greater for trees on
G.16 30.7a 126a 0.92a 373a 171a 135b G.16 than those on
M.9 156b 87b 0.67b 377a 189a 164 a either M.9 strain.
M.9 EMLA 10.9b 82b 0.58b 39%a 196 a 160 a Cumulative (1998-

2006) root suckering

* Means were separated within columns by Tukey’s HSD (P = 0.05).

was not affected by
rootstock.
Yields per tree
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Table3. Trunk cross-sectional area, suckering, yield, yield efficiency, and fruit weight in 2006 of Mclntosh treeson several rootstocksin
the Massachusetts planting of the 1999 NC-140 Dwarf Apple Rootstock Trial. All values are least-squares means, adjusted for missing
subclasses and for crop load in the case of 2006 fruit weight.”
Yield efficiency
Trunk Root Yield per tree (kg) (kg/cm? TCA) Fruit weight (g)
Cross- suckers

sectionag (no /tree, Cumulative Cumulative Average
Rootstock area (cm?)  1999-2006) 2006 (2001-06) 2006 (2001-06) 2006 (2001-06)
G.41 44.2 bed 2.0bc 45.6 abcd 139 bed 1lla 3.2ab 169 a 163 ab
CG.4013 72.8a 7.7a 68.6 a 215a 10a 3.0ab 160 a 159 abc
CG.5179 49.7 bc 5.7ab 60.6 ab 186 ab 1l2a 37ab 162 a 157 abc
G.202 56.4 ab 1.3bc 57.7 abc 171 abc 1lla 3.2ab 166 a 159 abc
G.16N 37.1bcd 0.0c 32.1d 98d 09a 27b 171a 165ab
G.16T 36.2 bed 15hbc 33.8cd 11lcd 09a 31lab 151 a 156 abc
M.26 EMLA 41.5 bed 00c 42.2 bed 107 cd lla 26b 164 a 160 ab
M.9 NAKBT337 25.5d 2.6 abc 30.1d 81d 1lla 32ab 177 a 171a
Supporter 1 26.8d 0.0c 31.4d 105d 12a 39ab 177 a 161 ab
Supporter 2 30.2d 1.6 bc 38.6 bed 121 cd 13a 41a 155a 142 ¢
Supporter 3 345cd 05c 40.5 bed 132 bed l2a 39ab 164 a 153 bc
* Means were separated within columns by Tukey’s HSD (P = 0.05).

in2006 and cumul atively (1999-2006) weregreater fromtreeson
G.16thanfromtreesoneither M.9strain(Table2). In2006, G.16
resulted in the most yield-efficient trees (Table 2), but
cumulatively (1999-2006), treeson the threerootstocksdid not
differ significantly. 1n 2006, rootstock did not affect fruit size,
but on average (1999-2006), G.16 resulted in smaller fruit size
thandidM.9or M.9 EMLA.

1999 NC-140 Dwarf Apple

Aspart of the 1999 NC-140 Dwarf Apple Rootstock Trial, a
planting of Mclntosh on 11 rootstocks was established at the
University of Massachusetts Cold Spring Orchard Research &
Education Center in 1999. Treesin thistrial have performed
well (average 2006 yield of 40kg per treewith 165g averagefruit
size). The planting included six replicationsin arandomized-
complete-block design. Meansfrom 2006 (8" growing season)
areincludedin Table 3.

At the end of the 2006 season, largest trees were on
CG.4013, andthesmallest wereon M.9NAKBT 337, Supporter
1, and Supporter 2. Trees on G.16 were dlightly, but not
significantly, smaller than those on M.26 EMLA, and trees on
G.41 were dlightly, but not significantly, larger than those on
M.26 EMLA. Trees on G.202 were among the largest,
intermedi ate between thoseon CG.4013 and thoseon CG.5179.
Cumulative suckering (1999-2006) wasgreatest from CG.4013
and CG.5179andleast from G.16N, M.26 EMLA, Supporter 1,
and Supporter 3.

CG.4013,CG.5179, and G.202 resulted inthegreatest yields
per tree in 2006 and cumulatively (2001-06), while M.9
NAKBT337, Supporter 1, and G.16N resultedinthelowest. In

2

20086, rootstock did not affect yield efficiency, but cumul atively
(2001-06), thetreeson Supporter 2weresignificantly moreyield
efficient than those on G.16N or M.26 EMLA. All other
combinations had intermediate efficiency. Rootstock did not
affect fruit sizein 2006, but on average (2001-06), fruit werefrom
treeson M.9 NAKBT337 werelarger than those from trees on
Supporter 2 and Supporter 3, with al other rootstocksresulting

Table4. Trunk cross-sectional area, trunk lean, and suckering
in 2006 of MclIntosh trees on several rootstocks in the
M assachusetts planting of the 1999 NC-140 Semidwarf Apple
Rootstock Trial. All values are least-squares means, adjusted
for missing subclasses.”

Trunk Trunk Root

Cross- lean suckers

sectional (° from (no./treg,

Rootstock aea(cm?)  vertical) 2002-06)
CG.4814 305b 3a 20.2a
CG.7707 399b 13a 50b
G.30N 65.8a 8a 8.3b
M.26 EMLA 36.4b 13a 3.0b
M.7 EMLA 770a 15a 53.7a
Supporter 4 66.8 a 18a 53b

Z Means were separated within columns by Tukey’s HSD (P
=0.05).




inintermediate aver-

agefruitsize. Table 5. Yidd, yield efficiency, and fruit weight in 2006 of Mclntosh trees on several rootstocks in the
Massachusetts planting of the 1999 NC-140 Semidwarf Apple Rootstock Trial. All values are |east-squares
1999 NC-140 means, adjusted for missing subclasses.?
Semidwarf Apple
Yield efficiency
As part of the Yield per tree (kg) (kglem? TCA) Fruit weight (g)
1999 NC-140 Semid-
warf APF" e Root- Cumulative Cumulative Average
stock Trial, a plant- Rootstock 2006 (2001-06) 2006 (2001-06) 2006 (2001-06)
ing of McIntosh on
six rootstocks was
established a the CG.4814 49.5ab 141 bc l6a 46a 177a 170a
University of Mas- CG.7707 52.5ab 142 be 13ab 36b 175a 171a
sachusetts  Cold G.30N 72.7a 205a 1.1hbc 3.1bc 160 a 159 a
Spring Orchard Re- M.26 EMLA 4240 100c 1.2bc 2.7cd 178a 170a
search & Education M.7 EMLA 63.8 ab 142 bc 0.8c 19e 179a 172a
Supporter 4 63.1ab 147 b 10bc 2.3de 168 a 165a

Centerin1999. Trees
in this tria have

performed reason-
able well (average

Z Means were separated within columns by Tukey’s HSD (P = 0.05).

2006 yield of 57 kg
per tree with 173g average fruit size); however, leaning has
been anissuewith some. The planting included six replications
in arandomized-complete-block design. Meansfrom 2006 (8"
growing season) areincluded in Tables4 and 5.

At the end of the 2006 season, largest trees were on M.7
EMLA, Supporter 4, and G.30N, all significantly larger than
those on M.26 EMLA, CG.4814, and CG.7707 (Table 4).
Degreesof leanfromvertical did not differ significantly but was
numerically greatest for treeson M.7 EMLA and Supporter 4
and least for trees on CG.4814 and

search & Education Center in 2002. Treesaregrowingwell in
thisirrigated block, but fruit set has been lighter than expected
so far (averageyieldsin 2006 of only 3 kg per tree with 157-g
averagefruit size). The planting included seven replicationsin
a randomized-complete-block design. Means from 2006 (5"
growing season) areincluded in Tables 6 and 7.

After the 2006 growing season, treeswith thelargest TCA
wereon PiAu51-4 and smallest were on B.9 (Europe) and B.9
(Treco) (Table6). Treeheight followedasimilar trendto TCA,

G.30N. Greatest cumulative (1999- Table 6. Trunk cross-sectional area, tree height, canopy spread, suckering, and burr knot
2006) root suckering was observed severity in 2006 of Gala trees on several rootstocksin the M assachusetts planting of the 2002
from trees on M.7 EMLA and NC-140 Apple Rootstock Tria. All values are least-squares means, adjusted for missing
CG.4814. subclasses.”
G.30N resultedinthemost yield
per tree in 2006 and cumulatively
(2001-06), while M.26 EMLA re- Irfgg e Canopy wii%tr .
sulted |.n the lesst (Tablg 5). sectional height spread (no./tree,  Burr knots (%
Cumulatively, treeson G'3ON y"?'ded Rootstock area (cm?) (m) (m) 2002-06) of circ)
more than all other combinations.
Trees on CG.4814 were the most
yield efficient in 2006 and cumula- B.9 (Europe) 13.5d 31c 2.3b 14 ab 14b
tively (2004-06), and those on M.7 B.9 (Treco) 15.5¢cd 33c 2.4b 00b 11b
EMLA were the least efficient. M.26 EMLA 27.8bc 35hbc 29ab 21ab 12b
Neither fruit weight in 2006 or on M.26 NAKB 33.1b 3.8ahc 31a 79a 11b
average (2001-06) was affected by M.9 Burgmer 756  27.5bc 4.0&b 31la 29ab 21b
rootstock. M.9 Nic 29 232bcd  36hc 29ab 1lab 97a
M.9 NAKBT337  23.3bcd 3.7bc 3.0ab 0.0b 19b
P.14 33.8b 39ab 32a 36ab 04b
2002 NC-140 Apple PIAU51-11 30.1b 39ab 29ab 5.0 ab 1.2b
PiAu51-4 476a 44a 36a 0.0b 0.7b
As part of the 2002 NC-140 Supporter 4 252bcd  3.6hc 29ab 0.0b 0.1b
AppleRootstock Trial, aplanting of
Gala on 11 rootstocks was estab-
lished at the University of Massa- * Means were separated within columns by Tukey’s HSD (P = 0.05).
chusetts Cold Spring Orchard Re-



Table 7. Yield, yield efficiency, and fruit weight in 2006 of Gala trees on severa rootstocks in the
Massachusetts planting of the 2002 NC-140 Apple Rootstock Trial. All values are least-squares means,
adjusted for missing subclasses.”
Yield efficiency
Yield per tree (kg) (kg/cm? TCA) Fruit weight (g)

Cumulative Cumulative Average
Rootstock 2006 (2004-06) 2006 (2004-06) 2006 (2004-06)
B.9 (Europe) 5.8ab 17a 04a l2a 164 a 146 ab
B.9 (Treco) 5.8ab 17a 04a 1l2a 169 a 155a
M.26 EMLA 2.8abc 10 ab 0.1b 04b 163 a 132 ab
M.26 NAKB 4.1 abc 15a 0.1b 05b 162 a 122b
M.9 Burgmer 756 1.2 bc 9ab 0.0b 0.3b 165a 158 a
M.9 Nic 29 1.7 abc 11ab 0.1b 05b 148 ab 158 a
M.9 NAKBT337 0.6c¢c 7ab 0.0b 0.3b 176 a 155a
P.14 4.5 abc 7ab 0.1b 0.2b 150 ab 145 ab
PiAu51-11 15abc 5ab 0.0b 0.2b 155a 136 ab
PiAu51-4 6.8a 11ab 01b 0.2b 177 a 156 a
Supporter 4 04c 3b 0.0b 01b 109 b 124 b
* Means were separated within columns by Tukey’s HSD (P = 0.05).

Yieldin2006was
greatest from treeson
PiAu51-4,B.9(Treco),
and B.9 (Europe) least
from trees on M.9
NAKBT337 and Sup-
porter 4. Cumula-
tively (2004-06), yield
was greatest from
trees on B.9 (Treco),
B.9 (Europe), and
M.26 NAKB andleast
from trees on Sup-
porter 4. Yield effi-
ciency in 2006 and
cumulatively (2004-
06) was greatest for
trees on B.9 (Treco)
or B.9 (Europe), both
significantly more ef-
ficient than all other
rootstocks. Fruit size
in 2006 wasgenerally
good for Gala, with
the exception of fruit
from trees on Sup-

but canopy spread was greatest for trees on M.26 NAKB, M.9 porter 4. Fruit fromtreeson all other rootstocks averaged
Burgmer 756, P.14, and PiAu51-4 and smallest for trees on B.9 from 148t0177 g, but thosefrom treeson Supporter 4 were
(Europe) and B.9(Treco). Cumulative(2002-06) root suckeringwas  only 109 g. Average fruit size over the fruiting life of the
significantly greater from M.26 NAKB than from B.9 (Treco), M.9  planting (2004-06) was largest from treeson B.9 (Treco),
NAKBT337, PIAu51-4, or Supporter 4. The severity of burr knots  M.9 Burgmer 756, M.9 Nic 29, M.9 NAKBT337, and
was greatest on M.9 Nic 29, significantly greater than any other PiAu51-4 and smallest from trees on M.26 NAKB and

rootstock. Supporter 4.
Table 8. Trunk cross-sectional area, canopy spread, cumulative suckering, yield, and fruit weight in 2006 of Redhaven trees on several
rootstocks in the Massachusetts planting of the 2002 NC-140 Peach Rootstock Trial. All values are least-squares means, adjusted for
missing subclasses.”
Yield efficiency
Trunk Root Yield per tree (kg) (kg/cm? TCA) Fruit weight (g)
Cross- Canopy suckers
sectional  spread  (no./tree, Cumulative Cumulative Average

Rootstock area(cm’) (M) 2005-06) 2006 (2005-06) 2006  (2005-06) 2006  (2005-06)
Adesto 101 63.8 bc 39c 4.0ab 8.1cd 8.8bhc 0.15abc  0.16 bcd 139a 145 a
Cadaman 107.2a 49a 00c 24.0ab 37.0a 022ab 034ab 141a 155a
Lovell 101.2a 4.7 ab 0.0c 294 a 37.7a 0.30a 0.39a 139a 147 a
MRS 2/5 74.3b 4.1bc 49a 17.1bc 20.3b 0.23ab 0.27 abc 135a 145a
Penta 73.8 bc 4.2 abc 1.3 abc 9.8 cd 11.2bc 0.14abc  0.15bcd 138a 139a
Pumiselect 455cd 2.8d 0.6 bc 0.3d 15c 0.01c 0.03d - 148 a
VSv-1 29.8d 2.8d 04c 3.2d 44c 0.10bc  0.13cd 131a 149a
VVA-1 458 cd 37c 0.6 bc 6.1cd 8.8bc 0.14abc 0.21abcd 140a 151a
Z Means were separated within columns by Tukey’s HSD (P = 0.05).




2002 NC-140 Peach

As part of the 2002 NC-140 Peach Rootstock Trial, a
planting of Redhaven on eight rootstocks was established at
Clarkdale Fruit Farm (Deerfield, Massachusetts) in 2002. The
treeshave grown reasonably well, but suffered acompletecrop
lossin 2004 (duetowinter cold temperatures) and apartial crop
lossin2005 (dueto spring frost). Averageyieldin 2006 wasnot
ideal, but greater than 2005: 12 kg per treewith averagefruit size
was 138 g. The planting included eight replications in a
randomized-complete-block design.  Means from 2006 (5"
growing season) are included in Table 8.

After the 2006 season, the largest trees (based both on
TCA and canopy spread) were on Cadaman and Lovell, and the
smallest were on VSV-1,

2006 (4" growing season) areincludedin Table 6 and Figure 1.

TCA'sof treeson G.16 and M .26 EM LA weresignificantly
greater than the TCA of trees on M.9 NAKBT337 (Table 1).
Rootstock did not affect root suckering (2003-06) or yield per
tree in 2006, but trees on M.9 were significantly more yield
efficient than those on M.26 EMLA. Fruit weight was similar
for trees on M.9 NAKBT337 and G.16, fruit from both being
larger than those from treeson M.26 EMLA.

The purpose of thistrial wasto determineif crop load and
rootstock interacted to affect crop load. 1n 2006 and withinthe
range of crop loads that were able to be imposed, there was no
interaction (Figure1). M.26 EMLA resultedinsmaller fruit, but
the relatively small crop load effect was consistent from
rootstock to rootstock.

Pumiselect,and VVA-1. Greatest
cumulativeroot suckering (2002-
06) was from MRS 2/5 and
Adesto 101. Todate, the greatest
tree loss (50%) was of trees on

Table 9. Trunk cross-sectional area, root suckering, yield, yield efficiency, and fruit weight
in 2006 of Gibson Golden Delicioustrees on three rootstocksin the M assachusetts planting of
the 2003 NC-140 Apple Rootstock Physiology Trial. All values are least-squares means,
adjusted for missing subclasses.’

Pumiselect. Pentalosswas 25%,
and MRS 2/5 and VVA-1 have
both lost 12.5%. All losses
appear to be due to low winter
temperatures.

Yields per tree in 2006 and Rootstock

Trunk
Cross-
sectional
area

(cm?)

Yield
efficiency Fruit
(kg/em?® weight
TCA) (9

Root
suckers
(no./tree)

Yield per
tree
(kg)

cumulatively (2005-06) weregreat-
est from trees on Cadaman and
Lovell and least from trees on
PumisdlectandVSV-1. Likewise,
trees on Cadaman and Lovel

G.16
M.26 EMLA
M.9 NAKBT337

0.0a
0.0a
0.0a

57a
4.1a
45a

0.46 ab
0.26b
0.55a

201 a
168 b
201a

124a
14.7a
86b

were the most yield efficient in
2006 and cumulatively (2005-06),
and those on Pumiselect and

* Means were separated within columns by Tukey’s HSD (P = 0.05).

VSV-1 were the least efficient.

Fruit weight was not affected by 300

rootstock.

2003 NC-140 Apple Physiology 250 -

As part of the 2003 NC-140 Apple
Rootstock Physiology Trial, aplanting of
Gibson Golden Delicious on three
rootstocks was established at the Univer-
sity of Massachusetts Cold Spring
Orchard Research & Education Center in
2003. Treesinthistrial grew very poorly
during their first two seasons but grew
well in 2005 and 2006. Fruiting was
allowed in 2006, but crop load was
adjusted to develop asimilar rangefor all

200 ~

150 -

100 -

Fruit weight (g)

50 ~

& M.9T337
mG.16
A M.26EMLA

three rootstocks. Unfortunately, initial 0
set was not great enough to allow the full 0
range of desired fruit sets. The planting
included ten trees of each rootstock in a
completely random design. Means from

1 2 3 4 5 6
Crop load (no./cm? TCA)




USEFULNESSOF FINDINGS

We have further refined our understanding of the
characteristics of several rootstocks grown under Massachu-
setts conditions with Mclntosh, Gala, and Cameo as apple
scion cultivars and Redhaven as a peach scion cultivar.
Several rootstocks in the older plantings show great promise
for potential commercial adoption.

In addition to the economic benefits associated with the

greater yield efficiency and fruit size of trees on some of these
dwarfing rootstocks, significant benefits are realized by
growers in Massachusetts selling fruit using pick-your-own
techniques. Thesefully dwarf trees seem particularly suited to
pick-your-own marketing, providing for significantly lessloss
due to fruit drop and poor quality. Further, significantly less
pesticideisrequired to treat dwarf trees (low tree volume).

WORK PLANNED FOR 2007

All existing plantingswill be maintainedin 2007. No new
trials are planned. Final reports of the 1995 Massachusetts-

Maine-Nova Scotia Rootstock Trial and the 1996 Mclntosh
Rootstock Trial will be developed for publication.
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