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Abstract 

In 1994, trees of 'Gala' apple (Malus x domestica Borkh.) on 4 semi-dwarf rootstocks were planted 

at 24 sites in North America according to the guidelines established for cooperative testing by the North 

Central Regional Cooperative Project (NC-140). The four rootstocks were P.I, V.2, G.30, and M.26 

EMLA. Tree losses were greatest for G.30 and M.26 EMLA. Trunk cross-sectional area was generally 

largest for trees on P.I and smallest for trees on G.30. Tree height was usually greatest for P.I and tree 

spread was usually smallest for M.26 EMLA. Although results were not consistent for all sites, yield 

and yield efficiency (YE) tended to be highest for G.30 and lowest for P.I. When adjusted for number 

of fruit per tree, fruit size was influenced by rootstock at only 7 sites. Trees on P.I produced the small 

est fruit at 5 of those 7 sites. 

Introduction 

During the past 30 years, North Ameri 

can apple producers have gradually in 

creased the number of trees planted per 

hectare. This transition has required size-

controlling rootstocks. Although recent 

rootstock testing has emphasized dwarfing 

rootstocks, there is still a place for semi-

dwarfing rootstocks. Some growers ques 

tion the profitability of intensive orchards 

on dwarfing rootstocks, with high estab 

lishment costs, especially for processing 

cultivars. Semi-dwarf rootstocks may also 

be desirable for weak-growing or spur-

type cultivars, especially on non-vigorous 

or replant sites. 

There are currently three widely used 

semi-dwarf rootstocks, but all three have 

serious faults. MM.Ill produces trees that 

are nearly as large as seedling rootstocks; 

it produces burrknots, and is non-preco 

cious. M.7 produces an abundance of root 

suckers, and is relatively non-precocious. 

Trees of many cultivars on M.7 tend to 

lean, especially on windy sites. M.7 may 

also lack adequate cold tolerance in north 

ern climates. MM.106 is usually the most 

dwarfing and most productive of the semi-

dwarf rootstocks, but its use is restricted 

due to unacceptably high tree mortality 

caused by collar rot (Phytophthora sp.) 

and brown line necrosis (1, 6). MM.106 

performs best on well-drained soils. A se 

ries of precocious semi-dwarf rootstocks, 

providing a range of vigor, and tolerant to 

biotic and abiotic stresses is needed. 

Previous regional rootstock trials have 

included both dwarf and semi-dwarf root 

stocks with a wide range of vigor planted 

at the same spacing at all sites. Results 

from such trials may have been biased be 

cause the growth and productivity of a tree 

were influenced by size of adjacent trees. 

These research plantings also are difficult 

to manage because trees varying in size 

and productivity require different chemi 

cal thinning programs, different sprayer 

nozzling, and different amounts of prun-

1 Appreciation is extended to TRECO, Inc., Woodburn, OR 97071 for propagating the trees and to the 
International Dwarf Fruit Tree Association for providing financial assistance for data summariza 

tion. Special thanks are extended to Drs. Klaus Hinkelmann and Marvin Lentner for assisting with 

the experimental design and data analyses, and to Michele Marini for writing a SAS macro for mul 

tiple comparisons. 
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Table 1. Location and cooperators in the 1994 semi-dwarf rootstock trial. 
Cooperator Planting Location 

(AR) Arkansas 

(BC) British Columbia 

(GA) Georgia 

(IA) Iowa 

(IL) Illinois 

(IN) Indiana 

(KY) Kentucky 

(ME) Maine 

(Ml) Michigan 

(NB) New Brunswick 

(NJ) New Jersey 

(NC) North Carolina 

(NYG) New York 

(NYH) New York 

(OH) Ohio 

(ONT) Ontario 

(OR) Oregon 

(PA) Pennsylvania 

(SC) South Carolina 

(TN) Tennessee 

(UT) Utah 

(VA) Virginia 

(WA) Washington 

(Wl) Wisconsin 

Curt R. Rom 

Cheryl Hampson 

Stephen Myers, Joseph Garner 

Paul A. Domoto 

Mosbah M. Kushad 

Peter Hirst 

Gerald R. Brown 

James R. Schupp 

Ronald L. Perry 

Jean-Pierre Prive 

Winfred P. Cowgill, Jr. 

Michael Parker, Richard Unrath 

Terence Robinson 

Edward Stover, Terence Robinson 

David C. Ferree 

John Cline 

E. Mielke 

George M. Greene 

Gregory L. Reighard 

Charles A. Mullins 

J. Lamar Anderson 

Richard P. Marini 

Bruce H. Barritt 

Teryl Roper 

Fayetteville 

Summerland, Canada 

Blairsville 

Ames 

Urbana 

West Lafayette 

Princeton 

Monmouth 

Clarkesville 

Bouctouche, Canada 

Pittstown 

Fletcher 

Geneva 

Highland 

Wooster 

Simcoe, Canada 

Hood River 

Biglerville 

Clemson 

Cross ville 

Farmington 

Blacksburg 

Wenatchee 

Sturgeon Bay 

ing, irrigation, and fertilizer. Inappropriate 

tree spacing may have influenced growth 

and productivity of trees at some locations. 

Tree size varied with location (10, 11). 

Therefore, trees were spaced too closely at 

some sites and required severe pruning to 

prevent tree crowding. Trees growing at 

less vigorous sites may not have filled their 

space and therefore required minimal 

pruning. Pruning severity can greatly in 

fluence the size and productivity of young 

trees (7). 

In this study four semi-dwarf rootstocks 

were evaluated at 24 sites representing a 

wide range of growing conditions. Addi 

tionally, trees were planted at spacings ap 

propriate for the site. Reported here are the 

results after five growing seasons. 

Materials and Methods 

TRECO, INC., Woodburn, OR, propa 

gated all trees and the scion was 'Treco 

Red Gala #42.' Trees were planted at 24 

sites during the late winter or spring of 

1994. Cooperators and locations are listed 

in Table 1. Trees were planted in a ran 

domized complete block design at each 

site. Trees were assigned to blocks on the 

basis of trunk diameter measured before 

planting. Because trunk size was con 

founded with block, trunk size was con 

sidered to be a treatment. Most sites had 

10 trees of each of four rootstocks, but 

four sites did not receive trees on P.I. Each 

cooperator planted 10 pollinizer trees on 

M.26 EMLA, but the cultivars were not 

the same at all sites. Each cooperator had 

a choice of two spacings: 4.0 x 6.0 m 

could be selected for low-vigor sites and 

5.0 x 7.0 m for high-vigor sites. Trees 

were planted with the bud unions 5 cm 

above the soil surface. Trees were sup 

ported to a height of about 2.1 m and were 

managed as vertical axes (5). Pest, fertili 

ty, and water management followed local 

recommendations. 

Trunk circumference or diameter of 

each tree was measured each fall and trunk 

cross-sectional area (TCSA) was calculat 

ed. Tree height and canopy spread were 
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Table 2. Survival (% alive) of 'Gala' trees on P.1, V.2, G.30 and M.26 EMLA 

rootstocks after five growing seasons. All values are least squares 

means, adjusted for missing cells. The interaction of rootstock and site 

was significant. Least squares means are presented for KY, NB, NYH and 

WA, but because these sites did not have P.1 they were not included in 
the statistical analyses.2 

zP-values were generated with the Slice Option of SAS to test the equality of rootstocks within a site. Least squares means within a 

site were compared with Tukey's test (P = 0.05). 

measured during the fall of 1998. Some 

cooperators harvested fruit in 1995, and all 

cooperators harvested fruit in 1996. The 

total number of fruit per tree and yield 

(kg/tree) were recorded each year and used 

to calculate average fruit weight (FW). 

Rootsuckers were counted and removed 

each fall. 

The cooperator from Virginia organized 

data collection and performed statistical 

analyses. The experimental design and 

data analyses are were the same as for the 

1994 NC-140 dwarf apple rootstock plant 

ing, where they are described in detail (6). 

Results and Discussion 

Tree survival. No tree mortality oc 

curred at 8 sites, whereas 10 sites lost at 

least 30% of the trees on one or more root 

stocks (Table 2). At least 70% of the trees 

on P.I and V.2 survived at all sites. Eleven 

sites reported no tree losses for G.30 and 

M.26 EMLA. However, at least 50% mor 

tality was reported for G.30 in AR, NJ, VA 

and at least 50% mortality was reported for 

M.26 EMLA in IN, OH, SC and KY. In 

previous rootstock trials, tree mortality 

was also greater for M.26 EMLA than for 

P.I or V.2 (2,4,10). The cause of tree death 

is not known for most sites. Cooperators 

reporting causes of tree death indicated 

that the primary cause of mortality for 

G.30 and M.26 EMLA was from breakage 

at the bud union during windstorms. At 

some sites (OH) tree loses on M.26 EMLA 

were due to fireblight. 

Tree size. TCSA varied greatly from 

one site to another (Table 3). Sites with the 

smallest TCSA included BC, ME, ONT, 

WA, WI, KY, and NB, whereas the largest 

TCSA was produced in AR, NJ, UT, and 

VA. There was a strong site x rootstock in-
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Table 3. Trunk cross-sectional area (cm2) after five growing seasons for 
surviving 'Gala' trees on P.1, V.2, G.30 and M.26 EM LA rootstocks. All 

values are least squares means, adjusted for missing cells. The inter 

action of rootstock and site was significant. Least squares means are 

presented for KY, NB, NYH and WA, but because these sites did not have 

P.1 they were not included in the statistical analyses.2 

zP-values were generated with the Slice Option of SAS to test the equality of rootstocks within a site. Least squares means within a 

site were compared with Tukey's test (P = 0.05). 

teraction; TCSA was not significantly in 

fluenced by rootstock at IN, ME, and WI. 

At 16 of 20 sites, trees on P.I had the 

largest TCSA and trees on G.30 had the 

smallest TCSA at 13 of the 20 sites. M.26 

EMLA, P.I and V.2 were included in a 

rootstock trial with 3 cultivars in Washing 

ton (3). Depending on cultivar, TCSA for 

P.I was 40% to 70% larger than for M.26 

EMLA. TCSA for V.2 was similar to M.26 

EMLA for 'Golden Delicious' and 'Deli 

cious,' but was 48% larger than M.26 

EMLA for 'Granny Smith.' In Ohio (4), 

TCSA was greatest for P.I, smallest for 

M.26 EMLA and intermediate for V.2. 

When P.I and M.26 EMLA were com 

pared after five years at nine sites, TCSA 

of P.I was 20 to 40% greater than for M.26 

EMLA (3). 

Tree height was influenced (P = 0.05) 

by rootstock at 12 of the 19 sites reporting 

data (Table 4). In general, P.I produced 

taller trees than the other rootstocks. Of the 

19 sites reporting data, rootstock influ 

enced canopy spread at only 10 sites 

(Table 5). At most sites, trees on M.26 

EMLA had the smallest spread. Tree 

height and spread were greater for P.I than 

for M.26 EMLA in the 1984 NC-140 root-

stock trial (10). In Ohio trials, 'Mclntosh' 

and 'Delicious' tree height and spread 

were similar for P.I, V.2, and M.26 EMLA, 

but for 'Rome' V.2 was smaller than the 

other two rootstocks (4). The rootstock 

G.30 has not been widely tested outside of 

New York. In two of five trials with 'Em 

pire' as the scion, trees on G.30 were 

slightly larger than trees on M.7 and in 

three trials trees on G.30 were slightly 

smaller than trees on M.7 (12). 

Fruit production. Eight of the 23 sites 

reported no yield in 1995 and three sites re-
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Table 4. Tree height (cm) after five growing seasons for surviving 'Gala' 
trees on P.1, V.2, G.30 and M.26 EMLA rootstocks. AM yalues are least 

squares means, adjusted for missing cells. The interaction of rootstock 
and site was significant. Least squares means are presented for KY, 
NB, NYH and WA, but because these sites did not have P.1 they were not 

included in the statistical analyses.2 

zP-values were generated with the Slice Option of SAS to test the equality of rootstocks within a site. Least squares means within a 

site were compared with Tukey's test (P = 0.05). 

ported no yield in 1996 (data not shown). 

Highest cumulative yields were reported 

for AR, IA, IL, SC, VA and KY, whereas 

those sites with low yields included GA, 

ME, PA, and NB (Table 6). Cumulative 

yield was not significantly (P = 0.05) in 

fluenced by rootstock at AR, GA, IN, 

ONT, SC, or VA. Trees on V.2 were most 

productive at some sites, but at most sites 

G.30 was most productive and P.I was 

least productive. Cumulative YE was 

highest at BC, IA, IL, MI, SC, WI, KY, and 

WA, whereas low values were reported for 

AR, IN, ME, NC, NJ, PA, and NB (Table 

7). Cumulative YE was not influenced by 

rootstock at GA, IN, ONT, and VA. Of the 

14 sites where rootstock influenced yield, 

G.30 was most productive at 13 sites and 

P.I was least productive at 13 sites. 

Average fruit weight (FW) was greatest 

at BC, MI, NJ, ONT, UT, and WA, and low 

est at IN, NC, PA, TN, and NB, but was in 

fluenced by rootstock at only NJ, OH, and 

VA (Table 8). Two analyses of covariance 

were performed to determine if the number 

of fruit harvested per tree influenced FW. 

For the first analysis, fruit/tree was added 

to the model as the covariate; the site x 

number of fruit interaction term was in 

cluded to evaluate the hypothesis that the 

linear relationship between FW and 

fruit/tree was the same for all sites. The in 

teraction was significant (P = 0.001), indi 

cating that this relationship was not the 

same for all sites, so means for FW could 

not be adjusted for number of fruit/tree. 

The second analysis involved the addition 

of fruit/tree and the interaction of fruit/tree 

x rootstock. Because the interaction was 

significant (P = 0.025), the linear relation 

ship between FW and fruit/tree varies for 

different rootstocks, and analysis of co-
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Table 5. Average canopy diameter (cm) after five growing seasons for 

surviving Gala' trees on P.1, V.2, G.30 and M.26 EM LA rootstocks. All 

values are least squares means, adjusted for missing cells. The inter 

action of rootstock and site was significant. Least squares means are 

presented for KY, NB, NYH and WA, but because these sites did not have 

P.1 they were not included in the statistical analyses.2 

zP-values were generated with the Slice Option of SAS to test the equality of rootstocks within a site. Least squares means within a 

site were compared with Tukey's test (P = 0.05). 

variance could not be used to adjust the FW 

LSmeans for varying crop loads. When av 

eraged over all 30 sites in the 1984 NC-140 

trial, yield/tree, YE, and FW did not differ 

for P.I and M.26 EMLA (11). In Ohio, 

yield and YE were similar for 'Mclntosh' 

and 'Delicious' on V.2, P.I and M.26 

EMLA, but 'Rome' yield was greatest for 

M.26 EMLA, and least for V.2 (4). In 

Washington trials, yield for 'Golden Deli 

cious' and 'Delicious' were similar for trees 

on P.I, V.2, and M.26 EMLA, but V.2 was 

most productive with 'Granny Smith' (3). 

For 'Golden Delicious' and 'Delicious' V.2 

had the highest YE and P.I tended to have 

the lowest YE. 'Granny Smith' YE was 

similar for all three rootstocks. Averaged 

over 9 sites, the yield and YE of 'Gala' trees 

were 10% and 37% greater for M.26 

EMLA than for P.I, respectively (2). Trials 

with 'Empire' in New York indicate that 

G.30 is substantially more productive and 

has higher YE than M.7 (12). 

Conclusions 

At low vigor sites, rootstocks tended to 

have little influence on tree size. Thus, 

choice of rootstock may be not be critical 

at locations where poor tree growth is ex 

pected. Of the four semi-dwarf rootstocks 

evaluated in this trial, P.I tended to pro 

duce the largest trees and the lowest yields 

and yield efficiencies. At most locations 

V.2, G.30, and M.26 EMLA produced trees 

of similar size, but G.30 tended to have the 

highest yields and yield efficiencies 
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