Table 1. Seed germination of crosses of selected inbred and noninbred strawberry selections.2

Type of Mean Germination

Cross progeny germination (%) index
4509 x 4519 Sy xSy 79.2aY 17.7a
4509 x 4515 S1 xS 74.0ab 14.7b
4515 x 4426 Sy xN 70.0b 14.4bc
4509 x self S, 66.2bc 12.7bc
4355 x 4426% N x N 66.2bc 12.4¢
4426 x self Sy 59.6cd 12.4¢
4520 x 4519 Sy x Sy 58.2cd 12.6¢
4520 x 4426 Sy x N 55.6d 11.1cd
4520 x self S3 53.6d 10.0d

250 seeds germinated per plot with 8 replications. Correlation coefficient between germination

% and germination index was +0.9.

YMean separation in columns by Duncan’s multiple range test, 5% level.

XControl, cross between 2 vigorous noninbred clones.

Table 2. Mean vigor of strawberry seedlings from crosses of inbreds and noninbreds expressed

as mean dry or fresh weights of plant parts.?

Shoot Shoot Root
Type of dry wt fresh wt dry wt
Cross progeny (mg) (mg) (mg)
4355 x 4426% N x N 88aY 533a 14ab
4520 x 4426 Sy x N 86a 522a 11abc
4520 x 4519 Sy xSy 82ab 503ab 13abc
4515 x 4426 S; xN 78ab 484ab 14a
4509 x 4519 S1 xS, 75ab 478ab 12abce
4426 x self Sy 71b 380c¢ 10cd
4509 x 4515 S| xSy 70b 445b 11bc
4520 x self S3 49¢ 263d 6¢
4509 x self Sy 47c 299d 8de

2Tops of 720 plants and roots of 360 plants were weighed to estimate vigor.
YMean separation in columns by Duncan’s multiple range test, 5% level.
XControl or check cross between 2 vigorous noninbred clones.

4509) or low (Md-US 4520) germination
percentage. In thisstudy the germination
index was highly and positively corre-
lated with total germination. This
correlation may reflect the more rapid
germination of viable seeds following
stratification.

Selfed progenies from inbred and
noninbred parents showed less early
shoot growth or root growth than did
the control cross (Table 2). Selfing
for 2 or 3 generations (Md-US 4509 or
4520) depressed early seedling growth
compared to that of cross-pollinated
progenies or to selfing or a vigorous
clone for 1 generation. Most inbred x
inbred and inbred x noninbred crosses
recovered vigor equivalent to that of
the control, indicating that vigor was
largely restored by hybridization or
outcrossing, even between full sibs.
However, note that the control progeny
showed the most vigor, even though the
other crosses did not differ significantly.
The better early growth of outcrossed
seedlings compared to that of crosses
among inbreds was often visible in young
seedlings in the greenhouse. The shoot
growth of cross 4509 x 4515 (S| x S;)
was apparently poorer than that of the
control, but root growth was apparently
equal.

Correlation coefficients among shoot
fresh and dry weight and root dry weight
were all highly significant. Correlation
coefficients were: shoot dry weight with
shoot fresh weight, r = .73; shoot dry
weight with root dry weight, r = .72;
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shoot fresh weight with root dry weight,
r = .74. However, the germination index
was not correlated with any of the plant

weight measures. This result indicated
that any one of the growth criteria
except the germination index could be
used as a measure of strawberry seedling
vigor.
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Abstract. Low temperature was not a requirement for flowering in ‘Heritage’, a primocane-
fruiting red raspberry, as non-cold treated primocanes flowered at about 80 nodes. The amount
of growth before flowering was inversely related to the amount of growth before cold exposure.
Cold exposure (7°C) for 25 days at the 10-12 or 14-16 nodes stages of growth was followed by
flowering at 32 and 28 nodes, respectively. Winter cold exposure until mid-December at the
stage of adventitious buds on the root resulted in flowering at 41 nodes. Cold treatment did
not influence the number of nodes that developed inflorescences on any one primocane.

In primocane-fruiting red raspberry
cultivars flowering occurs in the apical
region of the primocane during summer.
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All buds are potentially flower buds (2)
but all do not become flower buds in
the first year. Buds below the fall-
fruiting region become flower buds on
the floricane during late fall and winter.
Flower induction in mature canes of
‘Heritage’ is temperature independent
(1), but flower bud differentiation is
influenced by low temperature. Williams
and Hudson (3) showed that flowering
could be induced on elongated canes of
‘Lloyd George’ a primocane-fruiting cul-
tivar by a cold treatment of 2.54.5°C
for periods up to 6 weeks. In contrast
flowering could not be induced by
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low temperature on canes with fewer
than 12 nodes. The present study was
designed to establish the effects of low
temperatures on flowering of ‘Heritage’
primocanes.

‘Heritage’ plants from root cuttings
were grown in 20 cm clay pots in a
greenhouse with 22-24°C and 16 hr
daylength. Selected plants were exposed
to low temperature regimes at stages
of growth as follows: 1) no temperature
below 22° from time of adventitious
shoot bud initiation on the root to
flowering, 2) exposure in the field until
December 5 of initiated shoot buds on
roots (such buds contain 4-5 nodes),
3) primocanes at 10-12 nodes of growth
exposed to 25 days of 7° and 16 hr
photoperiod in a controlled temperature
chamber, and 4) primocanes at 14-16
nodes of growth treated as 3 above.
The primocanes in the controlled tem-
perature chambers were lighted with a
combination of fluorescent and incan-
descent lights.

Plants grown from adventitious buds
without cold treatment flowered term-
nally and basipetally at 80 nodes of
growth. Plants from adventitious buds
exposed to low temperature until
mid-December flowered at 41 nodes of
growth. Primocanes cold treated (7°C)
for 25 days at the 10-12 or 14-16 node
stage of development flowered at 32
or 28 nodes, respectively. No relation-
ship was found between the number of
flowering nodes per primocane and the
time of low temperature exposure as
all plants produced 12 + 2 flowering
nodes.

‘Heritage’ primocanes flowered in the
absence of any temperatures below
22°C during the life of the cane. Expo-
sure of developing primocanes to
temperatures at 7° shortened the vege-
tative growth phase of the primocanes.
The extent of vegetative growth after
low temperature exposure was inversely
related to the extent of vegetative
growth before the low temperature
treatment. Low temperatures were not
obligatory for floral initiation but
influenced the time or growth stage
at which floral initiation occurred.

Low temperature, plant age, time of
flowering and the termination of the
primocane vegetative extension are
interrelated. The control of plant
development exercised by low tempera-
ture may result from a direct influence
on floral induction that, in turn, stops
vegetative extension (3), stage of plant
development being the limiting factor
for response. Alternatively, the primo-
cane may have an endogenously con-
trolled seasonal cycle in which flowering
is the final phase. Low temperature
exposure, at any stage of plant develop-
ment, shortens the seasonal cycle and
earlier flowering results. Because vegeta-
tive growth for several nodes follows
cold exposure before inflorescences

appear we hypothesize that floral
induction is not a direct response to
cold but rather follows after the impact
upon the endogenously controlled cycle.
This cycle may be analogous to the
juvenility /phase change cycle readily
observed in woody plants.

The extent of vegetative growth is
determined by low winter temperatures
in the field. Encouragement of growth
in spring and early summer should

advance the fall harvesting season.
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Abstract. p-Fluorophenylalanine reduced germination and growth of diploid seedlings of
grape (Vitis vinifera L. cv. Neo Muscat) and induced variation in chromosome numbers from
haploidy to tetraploidy including aneuploidy in root cells.

p-Fluorophenylalanine (PFP) is re-
ported (a) to alter amino acid metabolism
(6); (b) to inhibit growth of roots (5)
and callus (1); and (¢) toinduce haploids
(2, 3, 4). The original objective of the
present study was to induce haploidy
grape seedlings.

Seeds of ‘Neo Muscat’ grape (2n=38),
which were fully stratified in a refrigera-
tor, were germinated at 25°C in vermic-
ulite beds which were moistened with a
160, 80, 40, 20, 10, or 0 ppm PFP solu-
tion for the first 10 days and thereafter
with tap water. The germination test
was replicated 6 times with 10 seeds
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each time.

Seed germination was observed for
50 days after sowing and shoot and root
length was measured. Chromosome
numbers were counted in root tip cells
according to the following procedures:
pretreatment in distilled water at 2°C
for 24 hr, fixation with acetic-alcohol
(1:3), dissociation in 1N HCI at 60°C
for 30 sec, and staining with aceto-
orcein. In each tip, more than 10
mitotic figures were observed.

Although PFP did not decrease
total germination, it significantly re-
duced survival 50 days after sowing
(Table 1). Though shoot growth was not
appreciably affected, root growth was
significantly inhibited by PFP. Some
root tips became brown after treatment
with a high concentration of PFP
solution and this reaction appeared to
be correlated with the reduction of
survival. In these root tips, there were
some abnormal mitotic figures in which

Table 1. Seed germination, growth, and mitotic abnormalities of grape seedlings treated with

PFP at beginning of germination.

Seed Avg length, 50
germination (%) days (cm) Mitotic abnormalities
PFP TotalY No. No.
concn plants abnormal abnormal
(ppm) Total Survival? Shoot Root examined plants cells
0 63 60 31 155 26 0 0
10 73 60 35 164 27 4 4
20 57 48 34 182 22 4 8
40 67 45* 30 112* 21 2 2
80 57 32%* 25 83* 10 2 6
160 63 18** 23 12%* 5 1 2

%Seedlings surviving 50 days after sowing.

YTotal number of plants in which more than 10 mitotic figures were confirmed in roots.
* *xxGjgnificantly different from O ppm treatment as 5% (*) and 1% (**) level.
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