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Delicious has become the most 

widely planted apple cultivar in the 

world. The latest survey of Ohio 

plantings indicate that 33% of young 

non-bearing trees are Delicious. A 

recent survey (7) of the literature on 

Delicious indicates that over 100 dif 

ferent strains or mutations of the par 

ent cultivar exist. All the strains of 

fered for sale have some degree of 

improved fruit color compared to orig 

inal Delicious. In addition to fruit 

color changes, a number of strains 

have spur type growth habit (a high 

proportion of laterals are spurs rather 

than long shoots). Spur growth habit 

has been shown (5) to reduce tree 

height 13% and tree spread 38% com-

nared to standard Delicious growth 

habit on M.7. 

Although Delicious has proved pop 

ular in the marketplace, its low pro 

ductivity relative to other cultivars 

has been questioned (1). The present 

study reports the performance over 

16 years of 13 standard habit and 4 

spur habit Delicious strains with a 

number of other cultivars on M.7 root-
stock. Selected strains are also com 

pared to the performance of other cul 

tivars on a number of semi-standard 

rootstocks and hardy interstems. 

The study was established in 1964 

at the Mahoning Countv Branch of 

OARDC near Canfield, Ohio. Four to 

12 trees of each strain were propa 

gated on M.7 and in addition, 5 strains 

were oronagated on apple seedling, 

M.2, M.12, and M.16 rootstock. Se 

lected cultivars were also too-worked 

to rmrrlv trunk stems of the following 

on M.7 rootstocks: Hibernal, Kulon 

Kitaika and Columbia. The top-work 

ing was accomplished over a 2-3 year 

period (1965-1968) with 3-5 scaffold 

limbs per tree budded to the cultivar. 

The cultivars were completely ran 

domized within rootstocks and the 

rootstocks were spaced as follows: M.2 

and M.7 at 22.5' X 25' and M.12, M.16 

and Apple Seedling at 22.5' X 30'. 

The orchard received standard cul 

tural practices and the trees were 

trained to a central leader without the 

use of limb spreaders. 

The average trunk circumference of 

the 13 standard habit Delicious strains 

was 25% greater than the average of 

the 4 spur strains (Table 1). Change 

in trunk circumference between 1979 

to 1980 was also 38% greater for the 

standard strains, indicating that they 

were not only larger, but continued 
to make more vegetative growth. 

Standard habit Delicious trees after 

16 years of growth were 18% taller 

and 29% wider than trees with a spur 

habit. Comparison of tree size in 1980 

and in previous reports in 1975 (5) in 

dicates that both types of Delicious 

had increased in canopy size about 

30%. The upright characterisitcs of 

spur type trees require modifications 

in pruning techniques and the use of 

limb spreaders to produce a central 

leader tree (4). 

The average accumulated yield of 

tvees of the spur strains was 35% lower 

than the standard strains (Table 1). 

However, the spur strains had a 10% 

greater productive efficiency judged 

by the yield per unit of trunk cross-

section. Calculating yield/acre based 

on actual tree spread in 1980 (spur 

iApnroved for publication as Journal Article No. 30-82 of the Ohio Agricultural Research 
and Development Center. Wooster, OH 44691. 
2Professor and Agricultural Technician of the Department of Horticulture and Branch Man 
ager. Mahoning Countv Branch, respectively. The work reported here was originated by 
the late Dr. Freeman S. Howlett, formerly of the Department of Horticulture. 
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15' X 23', standard 22' X 30'). The 

spurs would have out-yielded the 

standards 20% over the 16 year period 

of the trial. The higher tree efficiency 

and smaller tree size permitting more 

efficient production/unit of land make 
the spur types the preferred type of 

Delicious to plant. Trees of Royal 

Red had lower yields and the lowest 

yield efficiency of the standard strains. 

The relatively high yields of Nickell 

and Starking were associated with 

larger tree size with only average pro 

ductive efficiency. The relatively high 

yields of Myrtle and Jardine were 

associated with average tree size and 

a higher productive efficiency. A 
comparison of the spur strains indi 

cates that Redspur had the lowest ac 

cumulated yield and productive effi 

ciency. Accumulated yields of the 

other 3 spur strains were not greatly 

different. However, Sturdeespur ap 
peared to have a higher productive 

efficiency. A previous report (5) on 

this planting indicated that the spur 

strains averaged 31% more fruit per 

tree than standard strains in the 5 
year period following planting;. The 

spur trees began flowering earlier and 

also appeared to set more fruit than 

standard strains. 

In a comparison of other cultivars. 

Franklin was the most productive and 

efficient cultivar in this trial. Mutsu 
was very productive, but had a very 

large tree size and was less efficient 

than several other cultivars. Standard 

Golden Delicious was very efficient 

but had low yields per tree and for 

some unexplained reason in this plant 

ing, tree size was smaller than ex 

pected. Eleven-year-old trees of Gold 

en Delicious (2) in an adjacent plant-

ins; had a trunk circumference of 38.9 
cm or essentially the same as these 

16-vear-old trees. Holidav had a low 
yield/tree and low efficiency. This 
characteristic has been reported in 

previous studies (3, 6). 

Since this was a relatively long term 

trial with a number of cultivars and 

rootstocks, the consistency of produc 

tion over the mature production years 

(1971-1980) was evaluated by the cal 
culation of the coefficient of variation. 

The lower the value the more con 

sistent the production. Frost elimin 

ated production in 1970 and reduced 

yields in several years but did not 

eliminate the crop of any cultivar dur 

ing the test period. HiEarly was the 

most consistent producer of the stand 

ard strains and Chelan Red, Red 

Queen and Rypcyski the most variable 

(Table 1). There was little difference 

in the consistency of production of 

spur and standard strains. Jonathan, 

Mutsu and Golden Delicious (both 

standard and spur type) were more 

consistent producers than Delicious of 

either growth habit. The consistency 

of production inherent in some culti 

vars will likely become more impor 

tant as growers face more competitive 

economic conditions. 

Dennis (1) in his review on factors 

affecting yield of Delicious indicated 

that fruit set may be one of the pri-

marv factors causing low yields. In 

1978, bloom and set were counted on 

5 trees of each of 10 standard and 4 

sour strains in this planting (Table 2). 

The differences in set were not signifi 

cant among the strains or between 

standard and spur strains. Flower and 

fruit density was slightly lower on 

spur strains compared to standard 

strains. Although this is only one 

year's data, fruit set did not appear 

to explain the difference in yield effi-

ci'encv between spur and standard 

Delicious strains. 

M.2 caused a 15% reduction in trunk 

circumference of standard Delicious 

and a 19% reduction in snnr strains 

(Table 3). M.7 was slightly more 
dwarfing causing 21% and 29% reduc 

tions in standard and spur strains, re 

spectively, compared to ar)ple seed 

ling. Measurement of tree height and 

spread on M.2 and M.7 verify and ex 

pected dwarfing of these two root-
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stocks. Trees of most cultivars on M.2 dicated that M.12, M.16 and apple 
were only slightly larger than on M.7. seedling trees were similar in size. 

Trees of M.12 were generally 10-24% The average accumulated yield per 

larger than on M.16, based on trunk tree of standard habit Delicious was 

circumference measurements. Com- increased by all the clonal rootstocks 

parison of tree height and spread in- with M.2 resulting in a 50% larger 

Table 1. Growth, yield and yield variation of 13 standard and 4 spur habit 

Delicious strains and 8 cultivars on M.7 over 17 years, planted in 1964 at 

the Mahoning County Branch, OAKDC. 
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yield (Table 4). This is even more the trial (Table 5). Royal Red on M. 16 

striking when it is recognized that M.2 was the least consistent and Hi-Eearly 
and M.7 had smaller tree size and on M.7 the most consistent scion corn-
much greater yield efficiency than binations of standard habit Delicious 

apple seedling with Delicious. M.2 strains compared. The average corn-
was generally more productive with parison of cultivar types indicates that 

Delicious than M.7 judged by the 2 yields from trees on M.2 and M.7 were 
measurements of yield and yield effi- more consistent than on apple seed-

ciency. Yield of spur habit Delicious ling, M.12 or M.16. 

W*l ?^iticul^Y, ™Prove4 by rrM-2 Tree loss figures for all trees on the 
with M.7 and M.12 having less effect, various rootstocks were as follows: 
In comparing the standard size trees apple seedling, 12%; M.2, 16% M.7, 
(apple seedling, M.12 M.16), M.16 re- 16%; M.12, 0%; and M.16, 7%. Most 
suited in a more productive and effi- of the joss on M 2 and M.7 was due 
cient tree than apple seedling, with to heavily cropped trees blowing over, 
both types of Delicious trees. The current practice of budding high 

Melrose on M.2 was a much more and planting slightly deeper than the 
consistent producing combination than trees were in the nursery would be 

Melrose on the other rootstocks in expected to alleviate some of the loss 

Table 2. Fruit set* and number of fruit per unit of limb cross-sectional area 

of 10 standard habit and 4 spur habit Delicious strains on M.7 in 1978. 

*Data taken on 5 replicate trees of each strain with count limbs averaging 236 flower clusters/tree. 



Table 3. Tree size after 16 years of 2 cultivars, 5 standard habit and 3 spur habit Delicious strains on 5 rootstocks 
planted in 1964 at the Mahoning County Branch, OARDC. 

Trunk Circumference (cm) Tree Height (m) Tree Spread (m) 

A. Sdlg. M.2 M.7 M.12 M.16 A. Sdlg. M.2 M.7 M.12 M.16 A. Sdlg. M.2 M.7 M.12 M.16 

I 

1 

Cultivars 

Holiday 

Melrose 

Average 

78.6 67.3 

76.7 69.2 

77.6 68.3 

55.9 

61.6 

58.8 

80.9 

87.1 

83.9 

72.5 

86.6 

79.6 

6.6 

6.1 

6.4 

5.7 

5.9 

5.8 

4.7 

6.1 

5.4 

6.7 

6.6 

6.6 

6.5 

7.1 

6.8 

6.8 

7.0 

6.9 

6.3 

6.7 

6.5 

5.2 

6.0 

5.6 

7.3 

7.1 

7.2 

Standard Habit Delicious 

6.9 

7.7 

7.3 



Table 4. Yield performance over 16 years of 2 cultivars, 5 standard habit and 3 spur habit Delicious strains 
rootstocks planted in 1964 at the Mahoning County Branch, OAKDC. 

on 5 

Average 1081 2156 1531 1643 1965 64 126 90 90 115 2.7 7.4 5.9 3.1 5.5 

Spur Habit Delicious 

Redspur 823 1335 

Starkrimson 1116 1710 

Wellspur 970 2087 

Average 971 1710 
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experienced. However, care must be 

taken not to plant too deep on soils 
with high clay or silt content. Plant 

ing too deep in these soils (more than 

6 inches deeper than in nursery soil) 

can result in tree loss in wet years. 

Although trunk circumference meas 

urements indicate that trees on the 

hardy trunk stems were slightly small 

er than trees directly on M.7, the over 

all tree canopy measurements indicate 

little difference (Table 6). Trees on 

M.2 had 13% larger trunk circumfer 

ences, were 8% taller and had a 12% 

greater spread than trees on M.7. 

Yield of all cultivars was higher on 

M.2 than on M.7 or the hardy trunk 

stem trees (Table 7). Melrose and 

Golden Delicious were generally the 

most productive cultivars on all of 

the rootstocks. Variability among the 

hardy trunk stems and cultivars ex 

isted with no clear pattern emerging. 

Golden Delicious on Columbia on M.7 

resulted in the smallest tree, and 

Golden Delicious had the highest 

yield efficiency of all cultivars. The 

differences identified between stand 

ard habit (Chelan Red) and spur habit 

(Starkrimson) Delicious were again 

observed on these rootstocks and har 

dy inter stems. Tree loss of all trees 

on the various hardy trunk stems were 

as follows: Hibernal/M.7, 10%; Co-

lumbia/M.7, 11.1%; and Kulon Kitai-

ka, 38.9%. A severely cold test winter 

did not occur during this study and 

thus, the value of the hardy trunk 

stock could not be fully evaluated. 

The data from this study suggest 

that the spur habit Delicious strains 

have a greater yield efficiency than 

Table 5. Coefficient of variation for yield of selected cultivars on 5 rootstocks 

for the 9 main producing years (1971-1980) of the trial at the Mahoning 

County Branch. 



Table 6. Tree size after 16 years of 5 cultivars on 2 rootstocks and 3 hardy interstems planted in 1964 at the Mahon-

ing County Branch, OARDC. 

*Hib. = Hibernal; Col. = Columbia; Kul. Kit. = Kulon Kitaika. Trees set 22.5' X 25' 
Interstem top-worked 1965-1968. 

Table 7. Yield performance over 16 years of 5 apple cultivars on 2 rootstocks and 3 hardy intermediate stocks planted 

*Hib. = Hibernal; Col. = Columbia; Kul. Kit. = Kulon Kitaika. Trees set 22.5' X 25' 
Interstem top-worked 1965-1968. 



standard strains and their compact 

growth habit and earlier fruiting (5) 

permits more intensive planting which 

improves orchard efficiency. On the 
basis of these factors, spur type De 

licious trees would be recommended 
over standard habit. However, the 

differences among spur strains are not 

great enough to suggest one over the 

other. Although M~7 was not as effi 
cient in fruit production as M.2 in 

this study, its availability and great 

er adaptability to various soil types 

would recommend continued use of 

M.7 in Ohio. If the efficiency of M.2 

in improving the productivity of De 

licious can be verified in other studies 

on other soil types, M.2 stock should 
be considered for this cultivar as it 

makes a very desirable sized tree with 

a spur type scion and early central 

leader training. The rootstock influ 

ence on the various Delicious strains 

appeared to be consistent enough so 

that all possible combinations would 

not have to be evaluated. General per 

formance could likely be predicted 

from limited testing of a small num 

ber of promising strains on new root-

stocks. 
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Rooting Apple Cultivars for the "Meadow Orchard' 

James N. Cummins1 

The "meadow orchard" conceived 

by English workers requires about 

75,000 trees/ha. Economic success of 

such a system is dependent on very 

low-priced trees (2). Producing own-

rooted trees of cultivars with high 

rooting potentials could be the most 

practical means of achieving this re 

quirement. There is also substantial 

interest in own-rooted trees for more 

conventional planting systems. 

Seventeen cultivars were examined 

for rooting capacity as modified trench 

layers (1). One-year whips on MM 
106 rootstocks were topped 50 cm 

above the bud unions and set in 

trenches at 45° inclination. Two to 6 

shoots grew from each whip; soil was 

ridged up around these shoots in 

June and July; and the planting was 

dug the following May. Shoots were 

graded as well-rooted, poorly rooted, 

or non-rooted (Table 1). Spigold, a 

vigorous triploid (2), was outstanding 

both for rooting success and for de 

gree of root development. 

1Dept. of Pomology and Viticulture, New York State Agricultural Experiment Station, Cornell 
University, Geneva, NY 14456. 
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