
Table 2. Yields of seven red raspberry 
cultivars from 1980 through 1982 at 

Bozeman, Montana. 

'Means within a column followed by the same letter are not 

significantly different at the 5% level using Newman-Keul's test. 

Summary 

Annual production of each cultivar 
at Bozeman was approximately less 
than half of the Corvallis yield. This 

has been generally observed at Cor 
vallis and Bozeman with other fruit 

crops. Winter injury had a much 
greater effect on cultivar performance 
at Bozeman than Corvallis. 'Latham,' 
which is often found in the commercial 
trade, was consistently low yielding. 
These data indicate that cultivars 

other than 'Latham' may have greater 

potential for production in Montana. 

Unfortunately, fruit quality and pest 
resistance were not evaluated in these 
studies. Further investigations are 

warranted in these areas with a thor 
ough evaluation of plant vigor. Addi 
tionally, many newer cultivars from 
the Pacific Northwest and Canada are 
available and should be evaluated in 
Montana. 
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Abstract 

Application of 1500-3000 ppm butanedionic 
acid mono-(2,2-dimethylhydrazide) (damino 

zide) from mid-August to mid-October in 
creased fruit set the following year on Mutsu, 
Mclntosh, Cortland, Delicious, and Spencer 

apples. Fruit set was increased more from the 
carry-over effects from a fall treatment than 
from a postbloom spray. Fruit size and L/D 
ration were reduced following a fall treatment. 

Introduction 

Daminozide (Alar) is used to delay 
preliarvest fruit drop on some apple 
cultivars (9, 11, 14). Applications 

made shortly aftei; bloom also can 
reduce growth and fruit size and 
shorten pedicel length. The nearer 
daminozide is applied to harvest, the 

fewer detrimental effects it has on the 
harvested fruit (6, 11). When high 
rates of daminozide (2,000-4,000 ppm) 
are used or application is made late in 
the season, carry-over effects which 
include delayed bloom, reduced term 
inal growth, flattened fruit, reduced 
pedicel length and increased fruit set 
may occur the following year (6,12). 

Therefore, the rate of daminozide 
used and its time of application have 
been adjusted to minimize negative 

fruit-effects the year of application 
and to minimize carry-over effects 
(11). 
Early high yield in newly planted 

and vigorous older apple orchards is 
becoming increasingly important as 
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costs of establishing and maintaining 
orchards escalate (2). Rootstocks 
(10), cultural practices (7) and growth 
regulators (3) are frequently used to 
encourage early flower bud formation 
and fruit set. Although treatments 

often increase flower bud formation, 

increased fruit set does not always 

follow (3). There are relatively few 
techniques that effectively increase 
fruit set on apple trees especially 
those just coming into bearing. This 
investigation was undertaken to de 

termine if increased fruit set and crop 
ping could be realized on young 
oearing apple trees in the spring by 
applying daminozide after normal 

harvest the previous fall. 

Materials and Methods 

All trees used in this investigation 
were growing at the Horticultural 
Research Center in Belchertown, MA. 

Mutsu, Cortland, and Spencer were 

planted in 1964 on Mailing 7 (M7) 
rootstock. Mclntosh and Double Red 
Delicious (nonspur) were planted in 

1970 on Mailing Merton 106 (MM106) 

rootstock. Treatments were replicated 

7-9 times in a randomized block de 
sign. Daminozide treatments were 

applied to whole trees as a dilute 

spray. Fall treatments were applied 
before appreciable foliar frost damage 

occurred. 
The year following late summer or 

early fall treatments and during the 
year of postbloom treatments, bloom 
and fruit set was taken on 2 limbs per 

tree that were 10-15 cm in diameter. 
Terminal growth was taken on 20 

shoots/tree in the fall when terminal 
growth had ceased. Thirty fruit per 
tree were randomly harvested and 
weighed. Fruit size on Mclntosh and 

Delicious was determined by measur 
ing 30 fruit on the tree on August 20. 

Fruit was harvested at the normal 
time for control fruit (Sept. 25-Oct. 
12). Flesh firmness was determined 

on 10 fruit using a Magness Taylor 
penetrometer. Soluble solids were 
determined with a hand ref ractometer 

from juice collected while pressure 
testing. Seed number and L/D ratios 
were determined on 30 fruit. All data 
was subjected to analyses of variance 
and where appropriate means were 
separated at the 5% level with Duncan's 
multiple range test. 

Results and Discussion 

Application of daminozide at 1500-
3000 ppm in late summer or early fall 

increased fruit set the following year 
on Cortland (Table 1), Delicious 
(Table 2), Mutsu (Tables 1 and 3), 
and Spencer (Table 4) apple trees. 
Increased fruit set has been previously 
reported on apples when daminozide 
was applied late in the season (1, 5, 8, 
12, 13). This has been attributed to 
delayed bloom which avoided frost 
(1, 13) or to restricted shoot growth 
which reduced competition between 
fruit and shoots (5, 8). Daminozide 
delayed bloom in this investigation 
from less than one day to 3 days (data 
not shown). Since no frost occurred 
during the years of this investigation, 
the effect on set can't be attributed to 
avoiding frost damage. Daminozide 
increased fruit set on Delicious only 

slightly (Table 2). We believe that 
this was due to inadequate pollination 
because of delayed bloom there was 
poor bloom overlap with pollinizers. 
Daminozide application as a post-

bloom spray in the spring increased 
fruit set on Mclntosh only when ex 
pressed as fruit/cm limb circum. 

(Table 2) and not on Mutsu (Table 3), 
or Spencer (Table 4). Thus, it appears 
that the greatest effect on fruit set 

occurs when daminozide is applied in 
late September to mid-October. Gen 

erally, daminozide effects on fruit set 
do not occur the year of application 

(14). 

Terminal growth on Mutsu and 
Cortland was reduced the year fol 
lowing the fall application of damino 

zide (Table 1). These treatments 
appeared as effective as postbloom 
sprays for reducing terminal growth 

(Tables 2 and 4). 
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Table 1. Effect of daminozide applied as a postharvest spray the previous fall 
on fruit set, fruit weight and terminal growth of Mutsu and Cortland apple 
trees in 1976. 

z(ttO) significant at .01% level and (NS) nonsignificant. 

The fall but not the spring applica 

tion of daminozide may reduce L/D 

ratio (6, 15). All concentrations of 

fall-applied daminozide reduced the 
L/D ratio on Mutsu (Table 3), Spencer 
(Table 5), and Delicious (data not 
shown). Pedicels on these fruit were 

also shortened and thickened. Some 
fruit flattening would be acceptable 

on cultivars that are not naturally 
elongated. However, flattening on 

Delicious would undoubtedly be un 

acceptable since effective marketing 
of this cultivar depends in part on 

long "typey" fruit. Perhaps part of 
this problem could be alleviated by 
an early bloom application of the 

proprietory mixture of gibberelhns 
A4+7 and 6-benzylaminopurine that is 
marketed by Abbott Laboratories as 
Promalin. 

Fruit weight was reduced by fall-
applied daminozide in most experi 
ments (Tables 1, 3, and 5). Damino-

Table 2. Effect of daminozide applied in the fall or spring on fruit set, fruit 
size and terminal growth of Mclntosh and Delicious apple trees, 1975. 

zPetal fall + 10 days was 6/2/75. 

yMean separation, within columns by Duncan's multiple range test, 5% level. 
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Table 3. Effect of daminozide applied either in the fall or spring on fruit set, 
fruit size and L/D ration of Mutsu apple trees, 1979. 

zSprays applied at petal fall. 
yMean separation within columns Duncan's multiple range test, 5% level. 

zide is known to reduce fruit size the 

year of application (6, 11) or from a 
carry-over effect from previous years 

application (4, 5, 6). Undoubtedly, 
some of the effect on reducing fruit 
size in this investigation is related to 

increased fruit set since all treatments 
where fruit size was reduced also had 
increased fruit set (Tables 1,3, and 5). 
The fall applications of daminozide 

on Spencer reduced the fruit L/D 
ratio and seed number the following 

year (Table 5). Both the spring and 
fall applications increased fruit flesh 
firmness, decreased fruit size, and 

lowered soluble solids comparably. 
Although these effects are well docu-
mentedf ollowing postbloom applica 

tions (4,5,6,11), there are usually few 
carry-over effects that influence fruit 
quality (5, 12). Daminozide was ap 
plied on October 15. The strong 
carry-over effect of daminozide on 

Spencer may have resulted from cold 

temperatures following treatment 

which restricted metabolism of da 
minozide. 

There are relatively few treatments 
available for increasing fruit set on 
young trees. This study showed that a 

postharvest application of daminozide 
had greater promise for increasing 
fruit set than did postbloom treat 
ments. Reduced terminal growth 
could be a beneficial effect, since it 
would encourage development of bet 
ter fruiting wood and reduce the 
amount of pruning required on young 

trees. Reduced fruit size and increased 
flesh firmness is desirable on young 
trees, since they frequently produce 
fruit that is too large. It may be 
necessary to have late blooming pol-

linizers near treated trees or to treat 
some pollinizers with daminozide to 
insure adequate flowers for pollin-
ization. 

Table 4. Effect of daminozide applied either in the fall or spring on fruit set, 
yield and terminal growth on Spencer apple trees, 1978. 

Sprays applied at petal fall. 

yMean separation within columns by Duncan's multiple range test, 5% level. 
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Table 5. Effect of daminozide applied either in the fall or spring on fruit size, 
shape and quality of Spencer apple trees, 1978. 

Treatment 

(ppm) 

Application 

date 

Fruit 

wt. 

(g) 

Flesh 

firmness 

(N) 

Soluble 

solids L/D 

ratio 

Seeds/ 

fruit 

zSprays applied at petal fall. 
yMean separation within columns by Duncan's multiple range test, 5% level. 

The daminozide label permits use 
of up to 2000 ppm when applied 

between petal fall + 10 days and 60 

days prior to normal harvest. The 
2000 ppm rate in most cases would be 
adequate so that a label change would 
not be necessary. However, the label 
would have to be amended to allow 
application after harvest. This should 

pose no residue problems since fruit 
would be harvested nearly a year 
after application. 
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