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EFFECT QF COLD STORAGE ON DEVELOPMENT OF SUCKERS ON ASPEN ROOT CUTTINGS

George A. Schier and Robert B. Campbell!l
ABSTRACT

The effect of cold storage on suckering ability of
excizsed roots was determined for 10 aspen clones. Root
cuttings were collected in June, August, and October and
storved for from 7 to 42 days at 2°C. In additiom, cuttings
from dormant trees were stored for 176 doys to determine
if they had cold requirements for suckering. Among clones,
there were large differences in capacity to produce root
suckers. Cold storage had a small but significant effect
on the formation and growth of suckers on root cuttings
collected in June and August. As a rule, clones responded
similarly to cold storage. Sucker production by root seg-
ments from dormant trees was relatively high and was not
inereased significantly by storage. Incidence of callus
formation at the ends of root segments tended to inerease
with time in cold storage.

- KEYWORDS: Populue itremuloides, quaking aspen, aspen root
cuttings, sucker development, adventitious shoots,
chilling requirements.

Aspen (Populus tremiloides Michaux) is vegetatively propagated by rooting cuttings
taken from adventitious shoots (suckers) arising on excised roots. Roots are often
stored at low temperature before culturing root suckers (Benson and Schwalbach 1970;
Sandberg 1951; Starr 1971}, However, no information is available as to the effect of
cold storage on sucker production.

The shoots of physiologically dormant trees generally require a cold period before
they resume growth. Under field conditions this requirement is satisfied by natural
chilling during the winter months. Roots collected from dormant trees many also have
cold requirements that have to be satisfied before they will sucker.

plant Physiclogist and Biological Technician, respectively, stationed at the Forestry
Sciences Laboratory, Logan, Utah,



_ This study was to determine the effect of cold storage on sucker production from
root cuttings taken from 10 aspen clones. Roots were collected in spring, summer, and

fall and stored for various periods in a cold room. Suckering from stored roots was
compared with suckering from roots planted immediately after they were collected.

METHODS

Root segments were collected from 10 clones in Logan Canyon, . east of Logan, Utah,
on June 1 (2 weeks after bud break), August 9, and October 12 (after leaf fall), 1976.
After the roots were collected they were rinsed, cut into 8 by 1 to 2 cm segments, and
soaked for 30 minutes in an aqueous slurry of 0.1 percent benomyl, a systemic fungicide.
Segments from each clone were randomly divided into five groups of eight segments each.
One group (control) was planted immediately, and the other four groups were wrapped in 5
moist paper toweling, placed in plastic bags, and stored in the dark at 2°C for 7, 14, i
28, and 42 days before planting. Segments were planted horizontally 1.5 cm deep in
moistened vermiculite in plastic trays (19.5 by 27.5 cm) with adequate drainage. Each
group (eight segments from each clone) was subdivided into four lots of two segments,
These were distributed among four plant trays so that each tray contained two segments
from each clone. The trays were placed in a growth chamber maintained at a 25°/15°C,
12/12 hour temperature regimen and a 12/12 hour photoperiod and were lightly watered
each day. When new trays were added to the growth chamber, they were randomly placed
among those already present. Six weeks after the root segments were planted, they were
lifted and the number of suckers recorded. The height of the tallest sucker per seg-
ment was also noted, along with the occurrence of callus at the ends of the segments.

The storage periods used may not have been long encugh to satisfy chilling re-
quirements of root cuttings from dormant trees. Dormant stems generally require more
than 2 months of continuous chilling before normal bud break will occur {Barry 1972;
Farmer 1968). To make sure that chilling requirements were met, segments from the
October collection were also stored for 175 days (October 12 to April 15) and then
planted.

RESULTS

The effect of storing aspen roots at low temperatures on subsequent sucker pro-
duction is shown in table 1. Storage time had a significant effect on suckering f£rom
roots collected in June and August, but not on suckering from those collected in
October. Storing June roots for 1 week caused a significant increase (30 percent) in
sucker production., Thereafter, increased storage time resulted in only minor changes.
Sucker production from August roots significantly decreased (34 percent) during the
first 2 weeks of storage and then showed little change with an increcase in storage time.
Differences among clones were highly significant for all three collection dates. Com-
parisons among clones are shown in table 2. A nomsignificant clone-storage interaction
indicated that the clones responded similarly to treatments. When the analysis was i
limited to sucker production by the controls, there were significant differences between 8
dates, However, when data from all treatmeﬁtS-were-included in a single analysis,
differences between dates were not significant.- Thus, cold storage generally had an
equalizing effect on the number of suckers produced at different seasons, that is, it
reduced the seasonal variation in sucker production.. Nevertheless, a 31gn1f1cant T
clone~date interaction indicated that SOme clones showed considerable seasonal varia-
tion in sucker production. - e T : T

The effect of cold storage of aspen roots on subsequent helght growth of root
suckers 1s shown in table 3. Storage only had a.significant effect on suckor growth
" ‘on roots collected in June and August. = Sucker”he _tts-oniJune roots werd’ sllghtly
-creased by 2 weeks of storage. . ' & '
~cent reduction in growth.
' he1ghts dccreased by 15 percent after 1”week'of o




Table 1.--Effect of time in cold storage on mean number of suckers produced
from aspen root cuttings (8 by 1 4o 2 om)

: Cione
Days : 1« 23 : 4 5 6 7 : 8 : 9 : 10 : Mean

June Collection

0 7.4 18.8 9.1 4.2 2.5 9.5 4,5 2.8 4.1 3.1 l6.8600b
7 7.4 24,9 11.0 4.5 2.8 10.4 6.6 4,9 5.8 7.4 8.55 a
14 9.4 20.0 10.6 7.1 2.0 9.1 7.8 3.0 2.9 6.9 7.87 ab
28 6.9 24.6 9.5 4.8 2.8 8.2 7.0 5.5 8.9 5.9 §.40 a
472 4.0 22.4 10.5 3.1 1.1 11.9 4.6 3.8 4.0 8.5 7.39 ab

Mean 7,05 22.20 10.20 4.80 2.30 9.85 6.00 3,80 S5.10 6.45 7.78
August Collection
0 i6.1 27.9 13.2 5.9 2.1 14.1 8.1 1.8 4,2 9.1 10.26 a
7 4.6 21.9 10.2 3.8 2.6 13.8 6.5 1.8 6.6 6.6 8.84 ab
14 8.6 20.2 10.1 3.9 1.5 10.9 4.6 1.4 2.0 3.9 6.81 b
28 14.9 16.0 13.0 3.4 1.6 11.1 3.5 2.6 5.0 ;751:"7.82 b
42 13.2 18.0 9.6 3.9 3.6 7.4 5.2 2.0 6.5 4.1 7.36 b
Mean 13.50 20.75 11.20 4,10 2,35 11.35 5.45 1.85 5,15 6,20 -8.19
October Collection SR
0 20.4 16.6 17.2 2,9 2.2 7.8 7.9 2.1 7.4 3,5 . B.80 a
7 14.0 22.0 21.6 £,4 2.2 11.2 7.0 2.1 7.1 0.8 .9.25 a
14 18.8 20.4 15.4 2.5 3.0 9.1 5.6 4.0 6.8 2.9 8,84 a
28 13.8 18.4 20.2 3.4 3.9 7.1 5.0 5.0 241 23,0 .8.39 a
42 14,0 18.0 22.6 8.2 4.2 8.8 4.5 4.0 :.7.8 2.0 . 9.41 a
Mean 16.15 19.05 19.50 4,30 3.20 8.85 5.95 3,55 6.65 2.60 '8.98°

1 Treatments with no common letter are significantly diffeféﬁfﬂéfithe'

Table 2.--Compariscns among aspen clomes in mean number of -suckers per cutting.
Clone numbers are in parentheses. Clones are rdnked in order of de-
creasing sucker production. Underlined means were not significantly -
different (5 percent tevel) from each other. .. ... Cini

JUNE
(2) (3) (6) (1) (10) (7)
22.2 10.2 9.8 7.1 6.4 6.0
AUGUST _
(2) (1) (6) (3) (10) (M.
20.8 13.5 11.4 11,2 6.2 5;% ;
OCTOBEanf
(3) (2) (1) O) (9 (7
19.5 15.1 16.2 8.8 6.6 -6iQ




Table 3.--Effect of time in cold storage on mean heééht of tallest sucker
per aspen root cutting (8 by 1 tc 2 om).

Days o2 0 3 4 5 6 17 o8 9 ¢ 10 ¢ Mean

JUNE COLLECTICN

27.6 127,29

0 15.6  21.0 20.8 47.1 33.7 27.0 21,2 31.9 28.0 a

7 19.¢ 17.1 20.2  38.1 25.4  31.0 25.8 37.4 27.2 27.0 26.97 a
14 17.6  17.8 18,2 34.5 34.7 24,2 28.2 49.2 37.7  29.6 29.0% a
28 18.9  16.0 18.8 31.4 28.5 27,9 22.1 28.9 23,6 27.2 24.41 b
42 18.8 13.9 13.8 30.% 32.4  22.8 22.2 31.7 28,5 26,2 23,89 b
Mean 17.80 17.20 18.35 36.65 30.70 26.70 23.85 35.35 29.40 27.95 24.08

AUGUST COLLECTION

0 23.8 21.2 27.7 39,0 44,0 32.5 26.1 34.8 28.5 24.4 29.83 s

7 20,4 20.4 19.6 31.4 38.5 23.9  20.6 40.4 24.3 22.0 25.32 b
14 24,72 17.9  29.7  31.3 35.8 26,2 31.8  40.3 26.7 25.8 28.49 a
28 21.6  19.4  21.9 33.1 45.4 32,0 30.8 46.4 29.3 27.6 29.72 a
42 24.5 le.5 20,7 23,1 31.89 29,9 27.6¢ 30.6 32.1 25.3 26.11 a
Mean 22.75 19,05 25,15 31.10  39.95 28.95 27.40 39.1% 28.25 25.00 26.25

OCTOBER COLLECTION

G 24,2 18.6  30.1 35.4 45.0 29.9 25,1 37.8 29.2 Z8.1 30.2% a

7 24.4  23.2 25,1  27.3 44.4 35.2 28,0 41.2 32.0 36.7 31.18 a
14 26.9  24.3 28,2 37.0 . 43.9 36.6 28.9 44.1 35.7 34.3 34.20 a
28 25.6  19.0 24.9 33.3 44,1 40.4  26.4  45.3 30.2 24.6 31.54 a
42 28.7  23.2 27.9  29.0 42.9 36.1 31.0  36.9 32.4 27.8 32.09 a
Mean 26.25 20.95 27.20 32.75 44,40 35.60 27.95 40.40 31.60 30.05 21.70

! Treatments with no common letter are significantly different at the 5 percent level.

and fell again after 6 weeks. Height differences among clones were significant for all
three collection dates. Comparisons among clones are shown in table 4. The only roots
to show significant clonal differences in response to cold storage were those collected
in June. There were significant differences between dates when the anaiysis was limited
to controls. Differences increased when all treatments were included in the analysis.

A comparison between mean heights showed an increase with cach succeeding collection
date from spring to fall. However, a significant clone-date interaction indicated that
not all clones follow this general trend,

The effect of cold storage on callus formation at the ends of root segments is
shown in table 5. Storage time significantly affected callus growth at the ends of
root segments collected in June and October. Numbers of root ends with callus in-
creased with increasing length of storage time to a peak of 28 days and then decreased.
A significant clone-storage interaction was only evident for June roots. Differences
among clones were highly significant for each of the three collection dates. Compar-
isons among clones are shown in table 6. There was little difference between June and
August roots in the occurrence of callus. However, on October roots, callus was seven
times more frequent than on roots collected earlier.

4



Table 4.--Comparisons awong aspen clones in mean hetght of tallest sucker per cutting.
Clone numbers are in parentheses. Clones are ranked in order of decreasing
sucker heights. Underlined means were not significantly diffevent (5 per-
cent Level) from each other.

JUNE
4) (8) (5] (9) (10 (6) (73 (3) {1} (2
36.6 35.4 30.7 29.4 28.0 26,7  23.8 18,4 17.8 17.2
AUGUST
(5) (8} 4 (6) (9) (N (3} (10) (1) (2)
40.0 39.2 31.1 29.0 28.2 27.4 25.2 25,0 22.8 19.0
OCTOBER
(5) (8 (6) (4) (9) (103 {7 (3) (1 (2)
44,4 40.4 35.6 32.8 31.6 30,0 28.0  27.2 26,2 21.0

Table 5.--Effect of tima in cold storage on the number of severed ends of aspen root
cuttings (8 by 1 to 2 em) showing callus formation (maximum of 16 ends per
treatment per clone)

Clone

Days:‘lz2:3:4:5:6:7:8:9:10:Tota1

JUNE COLLECTION

0 0 0 0 0 0 1 0 0 0 0 1] ¢
7 0 0 0 1 3 1 0 0 0 0 5 be
14 0 0 1 2 3 3 0 1 0 0 10 ab
28 0 0 1 5 0 7 0 2 2 0 17 a
42 G 0 1 4 1 2 0 0 0 0 R abc
Total 0 0 3 12 7 14 0 3 2 o 41
AUGUST COLLECTION

0 1 0 1 4 1 3 6 0 0 o 16 a

7 0 1 0 1 2 6 0 0 0 0 10 a
14 1 0 0 1 2 2 0 0 0 0 6 a
28 1 0 0 3 1 3 0 0 0 0 8 a
42 0 0 0 1 0 1 0 0 0 0 2.
Total 3 1 1 10 6 15 0 a 0 0 36

QCTOBER COLLECTION

0 0 2 7 7 3 13 1 0 0 0

7 0 2 3 5 1 14 0 0 L

14 1 2 5 10 10 14 1 3 0o 0

28 5 3 9 7 10 13 3 6 0 0

42 3 3 4 10 9 15 0 2 0. -0
Total 9 12 28 39 33 69 5 i1 0 0

1 Treatments with no common letter are significantly different a_‘_t:: ;1;_@




Table 6.--Comparisons anong aspen clones in mean percentage of cutting ends that
Clones are

showed callus formation.
ranked in order of decreasing callus formation.

are not significantly different from each other.

Clone numbers are in parentheses.

Underlined percentages

JUNE
(6) (4 (5) (3) (8) (9) (1) (2) (73 (103
17.5 15.0 8.8 3.8 3.8 0.1 0 0 0 0
AUGUST
(6) (4) (5) (1) (2) (3) (7) (8) oy Q0
18.8 12.5 7.5 3.8 1.2 1.2 0 0 0 0
OCTOBER
(6) (4) (5) (3) (8) (23 (1) (7) (¢)  (10)
40.8 25.4 19.2 13,3 5.8 5.4 5.0 2.1 0.8 0

The effect of 175 days of cold storage on subsequent sucker production by root

segments collected in October is shown in table 7.

were used in this experiment,

different from those planted immediately after they were collected.

Cuttings from only seven clones
Sucker production from stored roots was not significantly

Table 7,--Effect of 175 days' cold storage on mean number of suckers per aspen root
cutting (8 by 1 to & em) for cuttings collected on Qctober 12, 1976, when

trees were dormant.

: Clone
Days : 2 : 4 6 : 7 : 8 : 9 10 Mean
0 16.6 2,9 7.8 7.9 2.1 7.4 3.5 6.88
175 16.8 5.5 8.5 7.1 5.7 10.4 1.6 7.94




DISCUSSION

This study showed that the relative suckering capacity of different aspen clones
determined from stored root cuttings is similar to that determined from fresh cuttings.
Although cold storage significantly altered the number of suckers produced on cuttings
collected on two dates, clones responded similarly te the treatments and therefore
the relative differences between clones were not appreciably changed.

Clonal ranking in sucker production showed considerable stability from one date
to another (table 2), because most clones showed little seasonal variation in sucker
production. However, sucker numbers on the roots of a few clones showed changes of as
much as 50 percent from cne date to another. Large seasonal variations in sucker
production have been reported (Schier 1973b; Tew 1970). Therefore, timing could be
critical when evaluating the relative suckering capacities of clones.

During cold storage, sucker production from root segments increased in June and
decreased in August; so the seasonal differences between collection dates became insig-
nificant. Inactivation of endogenous growth regulators (inhibitors in June, promoters
in August) may be responsible for these changes. The absence of any difference in
sucker production between stored and fresh roots in October could mean that hormone
concentration in freshly cellected roots were at low levels. Schier (1973h) failed to
detect auxin, an inhibitor of suckering, in aspen roots collected in Cctober,

Sucker heights showed greater clonal and temporal variation in response to cold
storage than sucker numbers, This may have been because numbers of suckers were to a
great extent predetermined by the numbers of preexisting shoot primordia (Schier 1973a),
whereas sucker growth was affected by the current physiological conditions of the root.
The increase in mean sucker height from June to October is probably caused by the
accumulation of carbohydrate reserves in roots that occurs during this period (Schier
and Zasada 1973). In spite of clone-storage and clone-date interactions, the rankings
of the clones were fairly stable among the three collections.

Callus formation was another index of the effect of cold storage on the physiolog-
ical conditions of root segments. The frequency of the cccurrence of callus at the
ends of root segments was more closely related to sucker height than to sucker numbers.
The most prolific growth of callus occurred on root segments collected in October when
maximum sucker height was also recorded. Clones in which callus formation was common
were clones that produced large suckers, The relatively close relationship between
sucker height growth and callus development probably was the result of both being depend-
ent on the level of carbohydrate reserves. Significant increase of callus with time in
storage suggests that hydrolysis of polysaccharides occurred during cold storage, with
corresponding increases in readily available sugars (Robinson and Schwabe 1977;
Rutherford and Sewell 1972),

There was no evidence that adventitious shoot development was inhibited in excised
roots of dormant trees. Root cuttings collected in October had a relatively high
suckering capacity compared to cuttings collected in June and August and cold storage
did not result in a significant increase in sucker production. Schier (in press),
however, found that intact roots of dormant trees had cold requirements. When young
dormant trees were girdled or decapitated, they produced few suckers. Suckering was
prolific in the spring after cold requirements were satisfied by low winter temperatures.

For the person interested in vegetatively propagating aspen, the results of this
study indicate that root cuttings from most clones can be safely held for prolonged
periods in cold storage. Being able to store roots gives a great deal of flexibility
to the propagation of rooted sucker cuttings. For example, zoots from a large number



of clones can be collected at different times, stored, and later planted at the same
time, Also, roots can be collected in the fall before snow falls, and stored until
February or March when the roots are planted. An early start in propagation makes 3t
possible to grow large aspen plants in a single growlng season.
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