
Table 4. Force (± 1 g) required to remove 
individual blue fruit from shoots.2 

Cultivar or 
selection 

Wolcott 
Croatan 
Morrow 
NC 697 
Murphy 
Collins 
NC 665 
Bluecrop 
Blueray 
Earliblue 
Berkeley 
NC 690 
Herbert 
Coville 

Pull force 

(g>y 

58a 
66a-b 
67a-b 
74a-c 
76a-c 
8 l a - d 
84b-d 
91c-e 
96d-e 
97d-f 

lOld-f 
103e-f 
109e-f 
120f 

zMeans of 10 berries from each of 2 harvest 
dates in 1969. 
yMean separation by Duncan's multiple range 
test, 5% level. 

Abstract. Twenty-two cultivars and three 
selections of red raspberry were evaluated for 
resistance to the aphids Amphorophora 
agathonica and Aphis rubicola in New York. 
'Canby\ 'Lloyd George' and 4NY 632' were 
immune to A. agathonica^ 'Washington' and 
'Mailing Exploit' demonstrated potentially 
useful levels of resistance. No immunity to 
Aphis rubicola was observed, but several 
cultivars manifest considerable resistance. 
Resistance to A. agathonica was not 
correlated with resistance to A. rubicola. 

The cultivation of red raspberries in 
New York State has been largely 
abandoned as a commercial enterprise. 
A major factor responsible for this 
decline is the complex of virus diseases 
known as raspberry mosaic (RM). Slate 
and Rankin (10) reported a 50% 
reduction in yield by mosaic-infected 
'Cuthbert' plants in New York. 
Converse (1 ) demonstrated that 
virus-free 'Newburgh' plants produced 
105% more canes and yielded 117% 
more fruit than diseased controls. 

The aphid Amphorophora agathonica 
Hottes is the principle vector of RM. 
Schwartze ahd Huber (9) reported that 
the cultivar 'Lloyd George' completely 
escaped mosaic infection by virtue of its 
resistance (=immunity) to A. rubi 
(^agathonica). The potential value of 
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clusters prevented their detachment, 
which is a serious problem with 
commercial over-the-row harvesters 
early in the season. The fruit-pedicel 
attachment of green berries must be 
stronger than ripe berry attachment for 
good differential separation from the 
plant. 

The ease of ripe fruit removal from 
'Croatan', 'Wolcott', 'Morrow' and 
'Murphy' was probably inherited from 
their common parents, 'Crabbe 4' and 
'Weymouth'. Although neither 'Crabbe 
4' or 'Weymouth' were included in these 
tests, their ripe fruit are easily removed. 

The negative correlation between 
ease of detachment by vibration and the 
force required to remove individual 
mature blueberry fruit should help the 
plant breeder evaluate suitability for 
mechanical harvesting and predict the 

this immunity for reducing losses to RM 
was further documented by Stace-Smith 
(11) who found that virus transmission 
from the infected aphid-immune 
cultivars 'Lloyd George' and 'St. 
Walfried' was extremely poor, while 
that from aphid-susceptible cultivars 
was, with some exceptions, relatively 
efficient. 

To date, a number of cultivars have 
been reported immune to A. agathonica 
(2, 4, 5, 6, 11). Most of this immunity 
appears to have been derived from 
'Lloyd George'. Including 'Lloyd 
George', 4 distinct sources of immunity 
to A. agathonica are recognized and the 
breeding behavior of at least 2 of these 
is understood (4). These other sources 
are 'Pyne's Royal', 'Bernetholm' and 
'LaFrance'. 

The virus disease raspberry leaf curl 
(LC) ranks second to RM as a raspberry 
virus problem in North America; it can 
reduce yields by 20-40% (12). The 
vector is the aphid Aphis rubicola 
Oestlund. The work described below 
represents an attempt to evaluate the 
relative resistance of a number of red 
raspberry cultivars to A. agathonica and 
A. rubicola in New York. 

Twenty-one raspberry cultivars were 
planted in 1969 at Geneva and each was 
replicated 3 times in a completely 
randomized design. In addition, there 
were included 2 replicates of 'Lloyd 
George', 'Puyallup' and 'NY 359', and a 
single replicate of 'Milton'. A replicate 
consisted of a 4.6 m row of plants. No 
pesticides were applied to the planting. 

Counts of the no. of apterous A. 
agathonica and A. rubicola present on 

l ikely inc idence of undesirable 
peduncle-pedicel detachment on young 
plants. 
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each cultivar were made on July 7 and 
August 13, 1970. Weekly counts were 
made between June 9 and August 18, 
1971. On each date the samples 
consisted of 5 vigorously-growing shoot 
tips per replicate during 1970 and 6 per 
replicate during 1971. These were 
randomly selected. A shoot tip was 
defined as the apical group of immature 
leaves and the next 4 subapical leaves. 

Only the data gathered during 1971 
were considered extensive enough to 
merit statistical analysis. For each 
cultivar the counts taken on each 
replicate were summed over all sample 
dates. Replicate totals were transformed 
to Logio (X+l) and the transformed 
data subjected to analysis by Duncan's 
multiple range test. Since the validity of 
this test for use with unequal replication 
has not been verified, those cultivars 
replicated fewer than 3 times were not 
included in this analysis. A. agathonica 
was more abundant during 1970 than 
1971. This difference in abundance 
from year to year combined with the 
effects of sampling error may help 
account for some of the apparent year 
to year changes in the relative levels of 
resistance among the cultivars (Tables 1 
and 2). 

The cultivars 'Canby' and 'Lloyd 
George' appeared immune to A. 
agathonica as did 'NY 632' (Tables 1 
and 2). The 3 aphids observed on this 
latter se lec t ion were apparently 
transients, since no infestation 
developed. 'Mailing Exploit' and 
' W a s h i n g t o n ' b o t h m a n i f e s t 
considerably higher levels of resistance. 
It is apparent that there is an almost 
continuous gradation between the high 
resistance of 'Mailing Exploit' and the 
extreme susceptibility of 'Latham' and 
'Sentinel'. 

Aphis rubicola was not present in 
great abundance during the 1971 
season. Despite this, the results (Table 
3) indicate that there were no escapes 
and that none of the cultivars listed here 
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Table 1. Relative abundance of A. agathonica 
on red raspberry cultivars in 1971 at 
Geneva (Ontario County), N.Y. 

Table 2. Relative abundance of A. agathonica 
on red raspberry cultivars during 1970 at 
Geneva (Ontario County), N.Y. 

Table 3. Relative abundance of Aphis rubicola 
on red raspberry cultivars in 1971 at 
Geneva (Ontario County), N.Y. 

Cultivar Avg no. aphids2 Cultivar 1970 (5 tips/rep.) Cultivar Avg no. aphids/rep.2 

Canby 
NY 632 
Mailing Exploit 
Fairview 
Washington 
Sumner 
New Hampshire 
Willamette 
Marcy 
NY 471 
Newburgh 
Fall Red 
Taylor 
Sceptor 
Heritage 
Durham 
Viking 
Cuthbert 
September 
Latham 
Sentinel 
Lloyd Georgey 

Puyallupy 

Miltonx 

0 a 
1 a 
7 

44 
4 5 . 6 7 
63 
77 
69 .33 
82.67 
88.67 
92.67 

112.67 
111.33 
132.67 
149.67 
165.00 
201 .67 
249 .00 
331 .33 
4 0 3 . 3 3 
4 6 0 . 0 0 

0 
34.5 

162 

b 
c 
c 
cd 
cde 
cdef 
cdef 
cdef 
cdefg 

defgh 
defgh 
defgh 

efghi 
fghi 
ghij 
ghijk 

hijk 
ijk 
jk 

Canby 
Lloyd George** 
NY 632 
Mailing Exploit 
Taylor 
Marcy 
Washington 
Viking 
Willamette 
NY 471 
Puyallupy 

Newburgh 
Cuthbert 
Fairview 
Sumner 
Miltonx 

New Hampshire 
Durham 
Sceptor 
Fall Red 
Heritage 
September 
Latham 
Sentinel 
NY 359V 

zEach value is the average of the total no. of 
aphids observed on each replicate for 9 sample 
dates with 6 stem tips/replicate. Mean separa
tion in column by Duncan's new multiple 
range test, 5% level. Only cultivars replicated 
3 times included in analysis. 
yReplicated twice. 
xUnreplicated. 

are immune. It is possible that the single 
specimen observed on 'Willamette' was a 
transient, but this is unlikely in view of 
the sedentary nature of this aphid. 
There is also an apparent continuum 
between resistance and susceptibility to 
this aphid. The cultivars 'September' 
and 'Fall Red' are quite susceptible to 
A. rubicola, while 'Willamette' and 
'Latham' may possess sufficient 
resistance to be of use in reducing the 
incidence of LC. 

There appears to be no relationship 
between susceptibility to A. agathonica 
and that to A. rubicola (r = 0.048, 
P>0.5). 'Latham', which is one of the 
cultivars most susceptible to A. 
agathonica, appears to be one of the 
more resistant to A. ruibcola. Similary, 
'Canby', immune to A. agathonica, 
supported a moderate population of A. 
rubicola. 

The results obtained in this study, 
with regard to A. agathonica resistance 
are consistent with the reports of other 
workers (2, 5). Converse et al. (3) failed 
to demonstrate the existence of 
biotypes of A. agathonica capable of 
overcoming the immunity of 'Lloyd 
George'. The results of the present 
study are consistent with their finding. 

Knight et al. (7) and Williams (14) 
considered that only resistance 
approaching immunity would be of 
value in preventing virus spread in a 
crop. We disagree. Cultivars such as 
'Mailing Exploit' and 'Washington' 
possess some degree of resistance short 
of total immunity and although they 
would not provide complete protection 

o.ooz 
o.oo 
o.oo 

37.00 
50.00 
51.53 
63.67 
66.67 
77.67 
93.00 
94.00 
99.33 
104.00 
107.67 
109.33 
117.00 
122.33 
159.00 
162.67 
167.67 
211.33 
378.33 
298.5 
540.00 
537.67 

zEach value is the average of the total A. 
agathonica observed on each of 3 replicates on 
2 sample dates. 
yReplicated twice. 
xUnreplicated. 

against RM, they may still be of limited 
value in reducing its incidence. 
Cultivated widely, their effect would be 
to reduce the vector population. Any 
factor consistently reducing a vector 
population may be expected to have a 
similar or greater impact on virus spread 
(13). Thus the use of such highly 
resistant cultivars may prolong the 
bearing life of a commercial planting 
and they should be used in preference 
to the more susceptible ones whenever 
the horticultural characteristics are 
suitable. 

Painter (8) stresses the importance of 
combining several genes conferring 
resistance in the same cultivars to 
minimize the development of insect 
b iotypes able to overcome the 
resistance. The combination of genes 
conferring high levels of resistance with 
those conferring immunity, where 
feasible, could provide an effective 
defense against the development of such 
biotypes in A. agathonica. 

Several of the cultivars evaluated 
supported reduced populations of A. 
rubicola; none were immune. Should 
subsequent work substantiate these 
findings, the more resistant cultivars 
may be of some use in reducing the 
incidence of LC. The potential impact 
of the widespread cultivation of such 
resistant cultivars is a matter of 
conjecture at the present time. Further 
work is needed to verify the presence of 
resistance to A. rubicola and to 
characterize its influence on the 
incidence of LC. 

Breeding for immunity or resistance 
to A. agathonica has become one of the 

Willamette 
NY 632 
Latham 
Newburgh 
Washington 
Fairview 
Mailing Exploit 
Heritage 
Marcy 
Canby 
Taylor 
Cuthbert 
Sceptor 
New Hampshire 
Viking 
Sentinel 
Durham 
NY 471 
September 
Sumner 
Fall Red 

0.33 J i 

1.67 ab 
1.33 abc 
2.00 abc 
4 .33 abed 
4 .00 abede 
4.67 abede 
5.00 
6.66 
7.00 
8.00 
7.67 

11.00 
11.00 

9.67 
8.00 

19.33 
32 .33 
20 .33 
13.00 
4 4 . 3 3 

bedef 
bedefg 
bedefg 
bedefg 
bedefg 

cdefg 
cdefg 

defgh 
defgh 

efgh 
efgh 

fgh 
gh 

h 

zEach value is the average of the total A. 
rubicola observed on each of 3 replicates for 
9 sample dates with 6 stem tips/replicate/ 
sample date. Mean separation in column by 
Duncan's new multiple range test, 5% level. 

major considerations in the raspberry 
program at Geneva. All Rubus cultivars, 
selections and accessions available are 
being screened for immunity. Several 
diverse sources of immunity have been 
found. The mode of inheritance in some 
cases has yet to be established. 'Canby' 
is the only commercial red raspberry 
cultivar available to date, which is 
immune; but performance in New York 
has been variable, thus eliminating it 
from the recommended list. It is 
basically less winter-hardy, but the 
fruits are fair sized, very light red in 
color and of suitable quality. Since no 
other immune cultivar is available, 
'Canby' may be tried on a small scale. 
'NY 632' (Cumberland x Newburgh) x 
(Newburgh x Indian Summer) is a 
promising reddish-purple selection 
showing immunity to A. agathonica. 
Because of its immunity and 
commercial potential, stock is being 
increased for release. 
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Response of 'Trent' and 4Canby' Red 
Raspberry to SADH Applications1 

D. L. Craig and L. E. Aalders 
Canada Department of Agriculture, Kentville, Nova Scotia 

Abstract. Succinic acid-2,2-dimethylhy-
drazide (SADH) applied as 1000 and 2000 
ppm sprays to Trent' and 'Canby' red 
raspberries on 4 dates during the 1970 and 
the 1971 growing seasons did not effect bud 
survival, yield, or number of flowers per 
lateral. Inconsistent reductions occurred in 
berry weight, number of flowering laterals, 
and buds per cane diameter. In all instances 
cane height was reduced. 

Winter injury to canes is the principal 
factor limiting red raspberry production 
in Nova Scotia. The coldest month is 
February; the percent of years in which 
the minimum February temperature at 
Kentville was as low or lower than 
-17.8, -20.6, -23.3, -26.1, -28.9 and 
-31.7°C was 81 , 71 , 38, 15, 7 and 0% 
respec t ive ly . Cul t iva rs such as 
'Willamette', 'Viking', 'Newburgh' and 
'Canby' rarely survive a winter without 
injury. The possibility of improving the 
tolerance of fruit crops to winter cold 
by applying SADH was suggested by 
Mitlehner (5) in 1968. Since then, there 
have been numerous reports that SADH 
improves plant hardiness ( 1 , 3 and 4). 

Six blocks each of 'Canby' and 
'Trent' were planted at Kentville in 
1968 to evaluate their response to 
SADH2. The 12 plants in each block 
were spaced 1.5 m apart in the row and 
3 m between rows. Treatments were 
randomized in each block. Eight of the 
12 plants in each block received SADH, 
4 served as checks. Plants received a 
single application of 1000 or 2000 ppm 
of SADH on either June 29, July 22, 
August 13 or Sept. 3, 1970. The same 
plants were retreated at the same rates 
on either July 2, July 22, August 13 or 
August 30, 1971. Tween 80 (300 ppm) 
spreader-sticker was used and the foliage 
sprayed until run-off; no rainfall 
occurred in the ensuing 24 hr periods. 

The characters shown in Table 1 
were observed the year following the 
SADH applications. Cane height and 
cane diam (measured at 30 cm above 
ground level) is the average of 6 canes 
per treatment in each block. Three 

canes per treatment in each block were 
examined for bud survival, no. of buds, 
fruiting laterals, and flowers per lateral. 
Weight of 25 berries from each replicate 
was obtained at 3 harvest dates. 

Bud survival and yield were 
unaffected by SADH (Table 1). Average 
berry wt of both cultivars was reduced 
in 1971. The total no. of normally 
developed flowering laterals in 'Trent' 
was reduced in 1971 but there was no 
effect on the no. of flowers per lateral. 
The total no. of 'Trent' buds per cane 
was reduced in 1971 and in 1972. Cane 
height of both cultivars was reduced in 
both years. Although the data are not 
presented, there were no significant 
differences between dates or rates. Cane 
diam of 'Trent' was reduced in 1971, 
and of 'Canby ' in 1972. 

These trials showed that SADH at 

the rates and dates applied failed to 
bring about the desired improvement in 
raspberry bud survival. In this respect, 
the results differ from those reported by 
Granger & Hogue (3) and Mahadeva (4). 
The lack of an effect on yield is similar 
to the result reported by Crandall and 
Chamberlain (2). 

literature Cited 
1. Bruckel, D. W., and S. C. Wiggans. 1969. 

Effect of certain growth regulators on 
low temperature injury of cultivars of 
Chrysanthemum morifolium. HortScience 
4:220-221. 

2. Crandall, P. C , and J. D. Chamberlain. 
1972. Effect of water stress, cane size, 
and growth regulators on floral primordia 
development in red raspberries. / . Amer. 
Soc. Hort. Sci. 97:418-419. 

3. Granger, R. L., and E. J. Hogue. 1968. 
Effect of Alar on winter hardiness of 
rasp berries. Can. J. Plan t Sci. 48:100-101. 

4. Mahadeva, S. 1971. Effects of Alar 85 on 
winter injury and yield of Boyne and 
Latham cultivars of raspberry. Ann. Rpt., 
1971, Alberta Horticultural Research 
Center, Brooks, Alberta, p. 53-54. 

5. Mitlehner, A. W. 1968. Alar — a wonder 
chemical. Amer. Fruit Grower. February 
1968. p. 18-19. 

1 Received for publication March 9, 1973. 
Contribution No. 1489. 
^Alar-8 5 formulation, trade mark 
Naugatuck Chemicals, Elmira, Ontario. 

Table 1. Response of 
Scotia. 

Character 

Bud survival (%) 

Total yield (kg/plot) 

Berry wt (g) 

Total no. flowering 
laterals 

No. flowers/lateral 

No. of buds/cane 

Cane height (cm) 

Cane diam (cm) 

'Canby' and 'Trent' 

Cultivar 

Canby 

Trent 

Canby 

Trent 

Canby 

Trent 

Canby 

Trent 

Canby 

Trent 

Canby 

Trent 

Canby 

Trent 

Canby 

Trent 

red raspberry plants to 

Year 

1971 
1972 
1971 
1972 

1971 
1972 
1971 
1972 

1971 
1972 
1971 
1972 

1971 
1972 
1971 
1972 

1971 
1972 
1971 
1972 

1971 
1972 
1971 
1972 

1971 
1972 
1971 
1972 

1971 
1972 
1971 
1972 

Check 

86.3 
79.0 
90.9 
89.6 

2.20 
2.17 
1.01 
1.60 

2.50 
2.66 
2.13 
2.17 

19.0 
21.2 
16.6 
25.2 

13.4 
12.4 
11.5 
11.3 

32.1 
34.8 
31.0 
31.0 

132.8 
150.0 
101.1 
115.2 

1.08 
1.21 
0.95 
0.99 

SADH at Kentville, Nova 

SADH treated2 

87.3 
77.1 
90 .0 
90.4 

2.01 
1.90 
0.89 
1.61 

2 .40* 
2.76 
1.87* 
2.55 

18.3 
19.8 
14.9* 
24 .0 

13.4 
12.4 
10.8 
11.0 

30.4 
33.1 
2 8 . 6 * 
28 .9* 

121 .6** 
135 .5** 

8 8 . 5 * * 
109 .5* 

1.03 
1.14* 
0 .88* 
0.96 

of ••Significantly different from check at 1% level. ZSADH applied as 1000 or 2000 ppm sprays. 
•Significantly different from check at 5% level. 
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