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It was surprising, however, that the 

seed count was higher in the spur type 

strains than in the non-spur strains. 

Perhaps with the spur type strains, the 

weaker fruit buds were eliminated re 

sulting in a higher percent set and 

seed count in the remaining fruit. 

Mclntosh strains were also com 

pared. Macspur and Starkspur Mc 
lntosh had the poorest fruit shape 
rating of the Mclntosh strains com 

pared (Table 4); however, these dif 

ferences were not significant at the 
5% level. VC309 and the Historical 
Mclntosh (virus tested) had signifi 

cantly higher seed counts than the 
other strains. 

There was a fair correlation (r = 
.6**) between the hardiness rating and 
1981 yield expressed as kg of fruit per 
cm2 trunk cross-sectional area (Table 

5). The percent of total clusters with 
fruit showed a similar correlation. 

Some cultviars such as Delicious and 

Mutsu had yields lower than can be 

explained simply by the flower cluster 

hardiness rating. These cultivars had 

a lower fruit set than others. The yield 

therefore was related not only to the 

hardiness rating but also to the ability 

of the flower clusters to set fruit. 

This report is based on one year's 

observations. It is recognized that 

there are a number of different factors 

which affect winter hardiness and that 

the expression of injury may occur in 

many different forms. These observa 
tions should prove useful in comparing 

the relative winter hardiness of culti 

vars following conditions similar to 

those occurring during the winter of 

1980-81. 

Literature Cited 

1. Proctor, J. T. A. and E. C. Lougheed. 
1980. A deformity of apples of unknown 
origin. Can. Plant Dis. Surv. 60:13-16. 

Apple Rootstock and Density Trials 

Charles A. Mullins and Dennis E. Deyton1 

Current production techniques of 

most fruit and row crops utilize higher 

plant densities than those used 25 to 

50 years ago. Higher densities usually 

produce higher yields per acre with 

lower production costs per volume of 

yield. Mechanical and cultural tech 
nology have made higher crop densi 

ties feasible. Apple trees have usually 

been grown at rather low densities of 

30 to 50 per acre, but development 

of size controlling rootstocks has fa 

vored higher densities. Experiments 

are in progress evaluating densities of 

thousands of trees per acre with an 
interest in complete mechanization in 

cluding harvest (1, 2). 

Dwarfing and semi-dwarfing root-
stocks are presently used widely in 
the United States, but many problems 
have occurred including poor root 

anchorage, disease susceptibility, and 

lack of hardiness (2, 3, 4, 7, 8). In Ten 
nessee tests (5), M9 and M 26, the 

more dwarfing rootstocks, failed to 
survive more than 5 to 7 years. Trees 

on M 7 had problems with breakage 
at the graft union and had weak root 
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systems requiring support for the first 

10 years. Rootstocks MM 106 and 

MM 111 performed rather well on the 

Hartsells sandy loam soil. However 

trees on both rootstocks were more 

vigorous than expected and those on 

MM 106 sometimes required support. 

Exposed sections of MM 106 and es 

pecially those of MM 111 were sus 

ceptible to burr knot injury which 

greatly reduced vigor (1, 7). 

Trials with various densities of ap 

ple trees are in progress at the Uni 

versity of Tennessee Plateau Experi 

ment Station near Crossville. A trial 

of 4 cultivars on MM 106 rootstock at 

a density of 272 trees per acre was 

established in 1966. A 1973 planting 

included Red Delicious, Golden De 

licious, and Mutsu cultivars on se 

lected rootstocks at various tree den 

sities. 

Procedure 

1966 Planting. Golden Delicious, 

Red Rome, Stayman, and Red Deli 

cious cultivars were planted on MM 

106 rootstock. The trees were spaced 

8 ft. apart in rows 20 ft. apart. Six 

trees were planted per plot in each 

of 4 replications. The trees were fer 

tilized and managed to promote rather 

rapid early growth. All were trained 

to the modified central leader system. 

Pruning was used to maintain a height 

of 12 ft. and the allotted 6 to 7 ft. 
drive space between rows. 

1973 Planting. The 1973 planting 

was made to evaluate the effects of 

selected rootstocks and spacings on 3 
cultivars. Treatments included with 

the Topred strain of Red Delicious 

are as follows: (1) seedling rootstock 

at 30 x 20 ft. spacing; (2) MM 106 

rootstock at 20 X 20 ft. spacing; (3) 

MM 106 rootstock at 20 X 10 ft. spac 

ing; (4) MM 111 rootstock at 20 X 20 

ft. spacing; and (5) MM 111 rootstock 

at 20 X 10 ft. spacing. Treatments in 

cluded with the Redspur strain of spur 

type Red Delicious are (1) standard 

rootstock at 20 X 20 ft. spacing, and 

(2) standard rootstock at 20 X 10 ft. 

spacing. 

Treatments with Golden Delicious 

included (1) standard rootstock at 30 

X 20 ft. spacing, (2) MM 106 rootstock 

at 20 X 20 ft. spacing, (3) MM 106 

rootstock at 20 X 10 ft. spacing, (4) 

MM 111 at 20 X 20 ft. spacing, and 

(5) MM 111 at 20 X 10 ft. spacing. 

Mutsu trees were included on (1) 

standard rootstock at 30 X 20 ft. spac 

ing, (2) MM 106 rootstock at 20 X 20 

ft. spacing, and (3) MM 106 rootstock 

at 20 X 10 ft. spacing. 

All treatments were arranged in a 
randomized complete block design 

with 4 replications. Plot size was 3600 

square feet. This included 6 trees at 

30 X 20 ft. spacing (73 trees/acre), 

and 18 trees at 20 X 10 ft. spacing 

(218 trees/acre). Trees were trained 
to a central leader with tree height 

at 12 to 14 ft. 

General Culture. Both experiments 

were on well drained Hartsells sandy 
loam soil of about 2 ft. depth over 

solid sandstone. Soil pH was main 

tained at 6.0. Fertilizer was applied 
the first 4 to 5 years in each test at 

rates to maintain medium P and K 
levels and about 60 pounds N per 
acre. Boron was applied broadcast 

every 3 to 4 years. Paraquat and sima-
zine or terbacil were used annually 
for weed control under the trees. A 

University of Tennessee Extension 

Service spray schedule was followed 

each year. 

Data. Records taken included fruit 
yields per plot at harvest maturity, 

tree diameter, and tree survival. Tree 

diameter was measured a foot above 

ground level at the end of each 

season. All records were analyzed 
by analysis of variance procedures. 
Means were separated by Duncan's 

multiple range tests at the .05 level 

of probability. 

Results and Discussion 

1966 Planting. The Golden Deli 

cious cultivar had significantly higher 
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mean yields over 13 years than the 

other 3 cultivars tested on MM 106 

rootstock (Table 1). Golden Delicious 

and Red Rome cultivars have usually 
outyielded Stayman and Red Deli 

cious cultivars at this location (6). 

Stayman fruit had severe cracking 

problems which reduced yields. The 

low productivity of Red Delicious 

trees may be due to the earlier bloom 

ing characteristics and to the severity 

of spring frosts at this location (6). In 

this test, however, tree survival prob 

ably had more effect on yields than 

did any other factor. Golden Deli 

cious appeared to be very compatible 

with MM 106 rootstock and tree sur 

vival was 100 per cent (Table 1). The 

other 3 cultivars had 50 to 54 per cent 

tree survival which was significantly 

less than that of the Golden Delicious 

trees. Red Delicious trees tended to 

be more vigorous than those of the 

other cultivars as indicated by trunk 

diameter. 

1973 Planting. Trees of Red Deli 

cious (Topred strain) at the 20 X 10 

ft. spacing either on MM 106 or MM 

111 rootstock had significantly higher 

yields than did other combinations 

with Red Delicious (Table 2). Yields 

per acre were twice as much at this 

spacing compared to the same culti-

var-rootstock combinations at 20 X 20 

ft. spacing. The higher density did 

not result in a reduction in yield per 

tree during the first 5 fruiting years 

(1977-81). Trees of Red Delicious 

(Topred strain) on standard rootstock 

at 30 X 20 ft. spacing had significantly 

lower yields than all Red Delicious 

combinations except the spur type 

(Redspur strain) on standard rootstock 

at 30 X 20 ft. spacing. Trees of Red 

Delicious (Topred strain) on standard 

rootstock at 30 X 20 ft. spacing had 

essentially no fruit production until 

1981. All other Red Delicious combi 

nations fruited in 1977 and had annual 

yield increases through 1981. 

The Redspur strain of Red Deli 

cious did not yield as well as was ex 

pected. Although Redspur fruit were 

observed to have better lobe develop 

ment and better 'typiness,' fruit of the 
Topred strain colored earlier and had 

the most acceptable color overall. 

Redspur trees, being spur type, had a 

very upright growth habit and were 

more difficult to train. 

Neither rootstock nor spacing had 

a significant effect on tree survival at 

the end of the 1981 season (Table 

2). Tree diameters were significant 

ly higher with Red Delicious on 

standard rootstock at 30 X 20 ft. spac 

ing than for all treatments except Red 

Delicious on MM 106 at 20 X 20 ft. 

spacing and spur type Red Delicious 

on standard rootstock at 20 X 20 ft. 

spacing. Higher tree density with the 

same rootstock tended to suppress tree 

diameter. Use of central leader train 

ing with strict size control has main 

tained all trees in the alloted space, 

even the more vigorous Red Delicious 

trees on standard rootstock. 

Golden Delicious trees, although 

more productive than Red Delicious, 

responded somewhat similarly to root-

stock and spacing treatments (Table 3). 

Trees on MM 106 and MM 111 root-

stocks at 20 X 10 ft. spacing had sig 

nificantly higher yields than the other 

'Golden Delicious' treatments. Yields 

were lowest on standard rootstock at 

30 X 20 ft. spacing. Golden Delicious 

trees on standard rootstock at 30 X 20 

ft. spacing had a significantly larger 

tree diameter than all combinations 

tested except on MM 111 rootstock at 

20 X 20 ft. spacing. The most vigor 

ous Golden Delicious trees were on 

standard rootstock while the least vig 

orous were on MM 106 rootstock. All 

Golden Delicious combinations had a 
high rate of tree survival. 

The Mutsu cultivar reacted much 

like Red Delicious and Golden Deli 

cious (Table 4). Trees on MM 106 

rootstock at 20 X 10 ft. spacing had 

the highest yield while trees on stand 
ard rootstock at 30 X 20 ft. spacing 

had the lowest yield. The magnitude 
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Table 1. Effect of cultivar on yield, tree survival, and tree diameter, 1966 
planting. 

Tree 
diameter 
Oct. 1981 

Tree 
survival 

Oct. 1981 

inches 

7.3 be 

6.5 c 

7.6 ab 

8.4 a 

100 a 

54 b 

50 b 

50 b 

JMean separation within columns by Duncan's multiple range tests, h% level. 

Table 2. Effect of type, rootstock, and spacing on yield, tree diameter, and 

tree survival of the Red Delicious cultivar, 1973 planting. 

aMean separation within columns by Duncan's multiple range tests, 5% level. 

Table 3. Effect of rootstock and spacing on yield, tree diameter, and tree 

survival of the Golden Delicious cultivar, 1973 planting. 

1Mean separation within columns by Duncan's multiple range tests, 5% level. 

Table 4. Effect of rootstock and spacing on yield, tree diameter, and tree sur 

vival of the Mutsu cultivar, 1973 planting. 

aMean separation within columns by Duncan's multiple range tests, 5% level. 
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of yield increase was less for Mutsu 

than for the other cultivars. This is 

attributed to the more rapid growth 

rate of the vigorous Mutsu wood. 

Tree growth was not significantly af 

fected by rootstock and spacing as 

shown by tree diameter measurements 

(Table 4). Mutsu trees rapidly filled 

their allotted space with productive 

wood. Mutsu tree survival varied 

from 80 to 100 per cent but differences 

due to treatment were not significant. 

Conclusions 

The 1966 planting of Golden Deli 

cious trees on MM 106 rootstock at 

20 X 8 ft. spacing performed well. 

Trees of the cultivars Red Rome, Stay-

man, and Red Delicious with the same 

rootstock and spacing combination 

had only about 50 per cent survival 

after 16 years. 

The 1973 planting showed that 

yields of Red Delicious and Golden 

Delicious trees on either MM 106 or 

MM 111 rootstock were almost dou 

bled when tree density increased from 

109 to 218 trees per acre. Mutsu trees 

responded less to the higher density, 

apparently because of a faster growth 

rate. Trees on standard rootstock at 

30 X 20 ft. spacing always had a sig 

nificantly lower yield per unit area 
than trees on either MM 106 or MM 

111 rootstock at denser populations. 

Heavy pruning was required to 

maintain trees in the allotted space, 

especially at the higher densities. The 

effort seemed justified in terms of pro 

ductivity early in the life of the or 

chard. 
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