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Timing the taking of cuttings of woody species to coincide
with their achieving maximum rooting potential is still one of
the goals of propagation research. Determining the physiologi-
cal status of the stock plant and/or its cuttings at these optimum
periods for root regeneration and developing means of physio-
logically conditioning the shoot before and during the rooting
process are providing refinements in vegetative propagation
techniques.

The rooting potential of Douglas fir stem cuttings has been
correlated with distinct phases of development, both in source
tree aging (11) and in annual shoot periodicity (9). Even phases
of adventitious root initiation and development after cutting ex-
cision respond to specific stimuli (12).

THE STOCK PLANT

Aging and flowering. The loss of rooting potential of cut-
tings with increasing plant age in many species has been attrib-
uted to phase changes during the transition from juvenile to
adult. Black (3) found that cuttings from juvenile Douglas fir
seedlings under 9 years of age had the potential for rooting 100
percent, but that there was a rapid decline in rootability after
this age to less than 5 percent between ages 14 and 24 years,
the implication being that the loss in rooting potential coin-
cided with vegetative maturity and the onset of flowering.
However, he found little or no difference in cutting rooting po-
tential in different crown levels of trees up to 24 years from
seed, as would be expected if the transition from juvenile to
adult was progressive from the base of the tree upward. Achter-
berg (1) reported that Douglas fir cuttings from the lower parts
of the crown rooted best. Roberts and Moeller (11) found no re-

duction in rooting potential of Douglas fir shoots from seedlings
up to 15 years of age, at which time they were considered to

have reached vegetative maturity since 4 out of 14 trees had
been cone bearing for 3 years. However, the cuttings were al-
ways taken from the lower one-third of the crown which was
possibly juvenile in character.

1978 Experiment. Cuttings from the above mentioned trees
were again taken in January, 1978, to determine any change in
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rooting potential with advancing age and/or increased tlowering
and cone production. Instead of taking all the cuttings from the
lower crown level, 40 cuttings were taken from the lower, mid,
and upper one-third of the crown of each of the 14 seedlings.
The cuttings were given a standard 5 sec. dip in a 10% Dip n
Grow- 95% ethanol solution (Dip 'n Grow is a commercial prep-
aration containing 1.0% 3-indolebutyric acid, 0.5% naphthalen-
eacetic acid, 0.0175% boron, 0.1% Phygon (Dichlone), and 20 %
methyl sulfoxide (DMSQ)). Twenty cuttings from each crown
level were rooted under open-bench misting and another 10

under poly-tent fogging.

RESULTS AND DISCUSSION

The average rooting percentage for cuttings taken from the
lower crown level of these trees during their 12th-16th year are
given in Table 1 along with the approximate number of cones
produced by each tree in 1978. Rooting potential of shoots in
the lower portion of the trees did not change significantly over
the first 16 years of their existence, although all but 3 of the
trees are now producing cones and 4 have produced cones for
the last 4 years. However, it appears that the rooting potential
of cuttings out of the upper two.thirds-of .these trees is signifi-
cantly less than in the lower one-third (Table '2). We have no
record of when this position advantage developed. It is evident,
however, that some trees in the population exhibit this relation-
ship more strongly than others, and that it is not dependent on
cone production for expression. This would suggest that loss in
cutting rooting potential in Douglas fir with increasing source
plant age.is not dependent on flowering, cone production or
loss of juvenility per se, but rather other factors related to
physiological maturity. It would appear also that this loss in
rooting potential is localized somewhat in certain parts of the
tree. This would seem to provide evidence that juvenility per-
sists in the lower parts of the tree, except that many of the
cones on the heavy bearing seedling 33 were on the lowest

.branch whorl and near the ground.

Physiological conditioning. Manipulating the stock plant
environment and/or otherwise physiologically conditioning the
source plant with chemicals or physical treatment have been
used to enhance cutting rootability in a number of species.
Light and temperature modifications, as well as feeding organic
and inorganic nutrients prior to cutting excision have had sig-
nificant effects on subsequent rooting. Shoot girdling is another
example of attempts used to control movement or accumulation
of rooting factors at rooting sites. Whether cuttings are taken
when the growth phase and environment interact to produce
shoots of high rooting potential, or the stock plant is artificially
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manipulated to bring about the optimum physiological condi-
tion for rooting, it appears that stock plant treatment may be
more effective or at least as effective as cutting treatment in
bringing about root regeneration in cuttings (4).

Table 1. Changes in rooting potential (rooting percentage) of Douglas fir cut-
tings with increasing age of source trees and onset of flowering. Cut-
tings taken from lower crown level.

Seedling Tree Age in Years

12 13 14 15 16

22 —% 100% 85% 65% 85%

30 100 100 595 87 95*
31 — a5 80 68 83
32 — 100* 00 79 100
33 90 79 55 78 85

34 90 80 80 87 85*

35 100 45 35 60 73*

36 25 10 40 49 30*

37 85 DD o0 46 80*

38 65 79 60 68 73*

39 — 25 o0 81 37*
106 85 45 80 09 53
107 80 85* 95 66 95
109 29 5* o 32 15
Average 75 64 63 66 71

* First year of cone production.

Table 2. Effect of cutting source (crown level) on rooting potential of Douglas
fir stem cuttings from 16-year-old trees. 1978

”C.mw'n Level

Seedling - Number

Number Upper ¥ Middle V5 Lowerls Cones/Tree
22 63% 95% 85% 0
30 83 78 95 17
31 60 48 83 0
32 40 55 100 625
33 65 60 85 540
34 03 79 85 90
39 08 40 73 1
36 18 35 30 150
37 73 47 80 7
38 63 85 73 1
39 45 39 37 300
106 39 65 53 0
107 60 00 95 425
109 3 3 15 360

Average 51% 53% 71%

Means of 2 replications of 20 cuttings each or total of 560 cuttings per source.

Whitehill, et al (13), working with Pinus sylvestris, demon-
strated that rooting potential of cuttings was determined largely
by growth phase of the stock plant. He found stock plants sub-

jected to short days (SD) and cold stored for 60 days at 0°C be-
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fore excision and then rooted under a 17-hour photoperiod (LD)
rooted significantly better (85%) than those under LD (5%) and
actively growing at time of excision and cold stored. Rooting
Ilex crenata ‘Hetzii’ cuttings was improved by increasing the
number of SD given the stock plants during the summer grow-
ing period over that of stock plants under LD (6). The opposite
results have been obtained with Salix undulata (7) and Populus
canadensis (8), where LD treatment of stock plants has favored

the subsequent rooting of cuttings.

1970 Experiment. To determine the effect of stock plant
lighting on the rootability of shoots subsequently used for cut-
tings, trees of several Douglas fir clones were moved into
growth chambers for two months under continuous, 16-hour
(LD) or 9-hour (SD) illumination. Two trees of each cultivar
were given the three light regimes. During the first 5 weeks the
air temperature in the chambers was 5°C both day and night
and the light intensity during the light periods was 1186
uwcm-2 nm-1. Ten shoots to be used as cuttings were girdled at
the future cutting base to determine if rooting factors would ac-
cumulate above the girdle and favor subsequent rooting. The 10
girdled cuttings and 10 not girdled were taken from the trees at
the end of 5 weeks, given a standard 5 sec dip treatment in 10%
Jiffy Grow- 95% ethanol solution (Jiffy Grow is a commercial
preparation containing 0.5% 2-naphthaleneacetic acid, 0.5%
3-indolebutyric acid, and 0.0175% boron), and rooted under
open-bed intermittent misting with 21 * 3°C bottom heat, in a
5:1 (volume) washed sphagnum moss peat mixture. Room tem-
perature was near 10-15°C.

During the second 4-week period, the air temperature was
raised to 15°C and held constant where lighting was continu-
ous. The air temperature for the SD and LD treatments was 10°C
during the dark period and 15°C during the light period. Ten
cuttings from girdled and non-girdled shoots were again taken
for rooting tests. Rooting percentage was determined after 120
days in the rooting bench.

RESULTS AND DISCUSSION

The data presented in Table 3 suggests that stock plant
lighting can significantly affect the rooting potential of cuttings
subsequently taken from these plants. However, further study is
needed to determine whether this rooting response is a photo-
periodic one or related to photosynthesis and net assimilation
or other physiological processes. The results are similar to those
obtained by Whitehill (13) with Pinus sylvestris and Kelly (6)
with Ilex crenata. It is interesting in these experiments, as well
as our own, to note that the stock plant SD treatment enhanced
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the rooting of cuttings taken from these plants, while it has
been established that LD or additional light favors rooting of
cuttings after excision and during the rooting process in Doug-
las fir (2). We have never been able to establish a consistent
rooting response from girdling in this species.

Table 3. Effect of stock plant lighting and shoot girdling on rooting of Doug-
las fir stem cuttings excised from these plants after one month’s

treatment, 1970.

Period I. Air temp. 5°C day and night, Jan. 6-Feb. 14. Light intensity
1187 uwcm 2% nm~—1. ‘

Lighting Regime

Clone 40 Continuous 16-hours 9-hours
Replication Girdled Not-girdled Girdled Not-girdled Girdled Not-girdled
1 0% 8% 40% 60% 80% 100%
2 0 0 60 20 100 80
AV, 0 4 50 4(} gg 90

Period II. Air temp. 15°C with continuous lighting and 10°C during dark
period and 15°C during light period for long and short day treatment, FEb.
14-Mar. 14. Light intensity was 2723uwcm =2 nm~1,

Lighting Regime

Clone 40 Continuous 16-hours 9-hours
Replication Girdled Not-girdled Girdled Not-girdled Girdled Not-girdled
1 0 0 0 60 4() 100
2 0 0 20 40 40 60
Av. O 0 10 50 40 80

THE CUTTING

Shoot’s seasonal periodicity and rooting. The shoot apex of
Douglas fir is characterized by a remarkable growth periodicity.
The close relationship of this periodicity to the rooting poten-
tial of stem cuttings has been established (9). No treatment has
been effective in rooting Douglas fir cuttings during maximum
bud dormancy (rest) which coincides with the cessation of in-
itiatory activity of the apex (10). Cutting rooting potential in-
creases progressively in the shoot from this peak of rest (based
on speed of bud break) to a maximum in January and February
when the chilling requirement of the buds has been tully met.
At mid-rest (November) the shoot has reached the physiologi-
cal-morphological state at which exogenous auxin treatment
will promote rooting of excised cuttings. At the end of rest
(January) cuttings will root in fair percentage without added
auxin.

Rooting environment. Within limits rooting can also be en-
hanced by environmental manipulations during the rooting
process. Responses to rooting temperature, photoperiod, light
energy, misting, aeration have been reported for a number of

36



species of woody plants and the requirements are quite specific
for a given species. A number of these treatments have been
used with Douglas fir to change the physiological status ot the
cutting during rooting and thus further enhance rooting per-
centage and quality of roots. Bhella and Roberts (2) found that
an 18-hour photoperiod (LD) significantly increased cambial ac-
tivity, rooting, bud respiration, and also hastened bud break of
stem cuttings as compared with similar cuttings propagated
under a 9-hour photoperiod (SD). Rooting response was mod-
ified by stage of rest at which the cutting was taken and by the
temperature of the rooting medium. Daylength response was
greatest in December. Optimum rooting temperature was 26°C
during early rest (September-November) but shifted to 18°C to-
ward the end of rest (December-January).

1974 Experiment. It appeared in Bhella and Roberts’ exper-
iments that the LD enhancement of rooting was related to rest,
because cuttings taken from September 15 to December 15 ini-
tiated significantly more roots under LD than SD, but those
taken at the end of rest (January 15) showed no response to
photoperiod. Since this was considered an important point in
elucidating the nature of the LD effect on rooting, we essen-
tially repeated Bhella and Roberts’ experiment in 1974 taking
cuttings in October, December, and January for rooting. We are
reporting here only the results for cuttings taken in January.

Cuttings from clones 45, 48, 111, and 150 were taken on
January 24 from the field and given the standard cutting treat-
ments reported earlier in this paper. After treatment, 10 cuttings
of each cultivar were placed in growth chamber rooting trays
(2) maintained at 10°, 16°, 21°, and 27°C rooting temperatures.
On series of trays were placed in a growth chamber under LD
conditions (18-hour photoperiod with light intensity at 8 klx or
750 ft-¢) and another in a chamber under SD conditions (9-hour
photoperiod at 16 klx or 1500 ft-c). Half of the cuttings were
harvested at the end of 120 days to determine rooting percent-
age. At that time the air temperature in the chambers was raised
from 10°C to 16°C for the next 80 days, after which the remain-
ing cuttings were harvested for evaluation of rooting. These re-
sults are presented in Table 4.

RESULTS AND DISCUSSION

Contrary to Bhella and Roberts’ earlier results, there was
increased rooting in this experiment with LD or increased light-
ing even after rest (January) and this has been verified more re-
cently by Haugh (5), who has also demonstrated that it is not a
photoperiodic response but one related to light energy levels
and carbohydrate status in the cutting. As observed by Bhella,
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Table 4. Effect of daylength and rooting temperature on rooting percentage of
Douglas fir stem cuttings after 120 and 200 days in rooting trays.
1974,

Series 1. 1/24 - 5/24, 10°C air temp., 120 days in rooting tray.
Cutting base temp.

27°C 21°C 16°C 10°C
Clone SD LD SD LD SD LD SD LD
45 0% 0% 30% 20% 20% 20% 0% 0%
48 0 0 0 50 0 10 0O 0
111 0 20 10 30 0 20 0 0
150 o0 10 0 30 0 2 0 0
Av, 0 7.5 10 - 33 5 18 0 0

Series 2. 1/24 - 8/14, 10°C air temp from 1/24 - 5/24 and 16°C from 5/24 - 8/14;
200 days in rooting tray |

27°C 21°C 16°C 10°C
Clone SD LD SD- LLD SD LD SD LD
45 0% 0% 0% 10% 30% 90°%; 0% 40%
18 0 0 40 . 10 10 60 0 0
111 0 0 10 10 10 90 0 10
150 0 0 20 30 10 40 0 0O
Av. 0 0 18 15 15 70 0 13

the rooting response to lighting in this experiment showed an
interaction with rooting temperature.

One should not try to explain what physiological changes are
taking place with such environmental manipulations without
~ in-depth studies, but they do illustrate what can be done in
conditioning cuttings during the rooting process. Hansen, et al.
(4) and Haugh (5) have shown that carbohydrate status and
carbohydrate-auxin balance may be the mechanisms by which
increased light energy increases root initiation and development
in the cutting bench.

CONCLUSIONS

Evidence continues to accumulate that the current season’s
shoot, that we excise for vegetative propagation of woody
species, has a predetermined potential for rooting that may far
outweigh any after-the-fact chemical stimulant we might give
for predisposing it to root. The shifting physiological balances
occurring during stock plant aging and in the seasonal periodic-
ity of shoot development seem to have controlling influence
over root regeneration potential. Our ability to identify the
morphological stages and the physiological status of these
shoots at time of maximum rooting potential and to manipulate
the stock plant and cutting toward these optimum balances is
one of the challenges of propagation research. When we fully
understand these developmental stages and how to physiologi-
cally condition them, then we will be in a position to produce
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two or three generations of rooted cuttings a year in growth
chambers as an assembly line.

10.

11.

12.

13.
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ever, a definite seasonal periodicity in rooting was found for all species
studied except for Prunus laurocerasus ‘Otto Luyken’ which rooted relatively
well throughout the sampling periods. All species rooted well during the July
harvest period, and all but Rhododendron ‘Mrs. G.W, Leak’ and Picea jezoen-
sis rooted well at the December harvest date. Generally, poor rooting was
found among most species between the August through November harvest
periods. Auxin and night interrupt with incandescent light treatments did not
influence the rooting pattern. Root regeneration was significantly reduced in
the 6- and 8-year-old versus the 4-year-old Abies procera plants, but n o dif-
ference in rooting was found among 4- and 6-year-old Picea pungens plants.

INTRODUCTION AND LITERATURE REVIEW

Relatively large evergreen plants are ‘‘balled-and-bur-
lapped’” at harvesting to insure maximum transplanting survi-
val. This practice is costly, time consuming, and requires
skilled labor and/or expensive equipment. The work involved is
heavy and difficult, making it unattractive to laborers which has
resulted in nurserymen having difficulty in obtaining the re-
quired personnel. If this situation continues, nurserymen must
either find a better alternative to produce these plants, or har-
vest them by a less expensive procedure. Because of this prob-
lem, the primary objective of this study was to determine
whether bare-rooted evergreens could regenerate new roots
under the natural conditions of Corvallis, Oregon.

Generally, it is agreed that root regeneration tollowing har-
vesting is necessary for transplant survival (43). Failure to pro-
duce new roots results in a retardation of plant growth or even
death. Because of this fact, one of the criteria ftor this study was
to determine whether it was possible to regenerate new roots
from bare-rooted evergreens.

From literature, there is general agreement that the impor-
tant factors influencing root regeneration are the physiological
condition of the plant at harvesting and the environment to
which the plants are exposed during the root regeneration pro-
cess. It is well known that rooting of transplants are periodic,
and the exact nature of this periodicity in rooting is unclear
(2,14,15,24,25,26,41,42). Most researchers believe that periodic-
ity arises as a result of two low temperatures, moisture stress,
poor aeration, and low light intensities (10,11,17,21,27,28
31,34). Others, however, believe that periodicity is caused
by the physiological status of the plant (14,24,25,26,41,42].

Of the environmental factors, temperature, moisture, aera-
tion and light intensity were found to be most important for
root generation. Generally, relatively warm soil temperatures
(1,12,17,22,27,28,43), prevention of water stress (11,12,14,
31,32), good soil aeration (18,19,29,30,35), and relatively high
light intensity (7,20) are beneficial to rooting.

Physiologically, the plant’s age and developmental status
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are important in the root regeneration of transplants. The influ-
ence of tree age on root regeneration potential is not well un-
derstood. Most of the reported work has been done on plants
less than 3 years of age. Generally, the older the plant, the less
root regeneration potential it has, and thus the greater the risk
of transplanting.

There is good evidence suggesting that the observed sea-
sonal periodicity in rooting is a result of the physiological
status of the plant at the time of harvesting and during the root-
ing period. Some researchers believe that roots become dormant
and in this physiological condition rooting is nil (16). Others do
not follow this belief and claim that root growth can occur at
any time (10,11,13,17,21,27,28,31,34,37).

Recently, Veerkamp (unpublished data) at Oregon State
University and others (40,41,42) have reported that seasonal
periodicity in root regeneration does occur in coniters. Plants
harvested at periodic times throughout the year and trans-
planted under several controlled controlled environmental con-
ditions suggest that rooting was best after January until spring
growth began at which time rooting dropped slightly. After the
spring vegetative flush of growth ceased, rooting potential again
increased for several weeks. Later, duriné the summer and fall
period, rooting was nil or very poor. The fact that the environ-
ment during the rooting period was kept constant throughout
the sampling period suggests that the physiological status of the
plant at harvesting was important in regeneration of new roots.

Attempts to explain the rooting periodicity on the basis of
the chemical makeup of plants were not well established. Nutri-
tional (3), carbohydrate and hormonal (4,5,6,33,34) relationships
have been associated with the potential of root regeneration.

Physical methods to increase the root surtace area prior to
transplanting is commonly done and generally this procedure
improves transplanting survival. Undercutting, root pruning,
and wrenching practices are designed to provide planting
stocks with compact, fibrous root systems with low shoot/root
ratios (9,23). In such situations, as much as 50% of the root sys-
tem may be severed without causing detrimental etfects to the
growth and transplantability of most plants studied (9,23,38).

Another factor that should be considered in root regenera-
tion studies is the ditferences that may exist between different
genetic materials. Although this is considered to be important,
little research has been designed to show this relationship.

In order to partially satisfy the primary objective mentioned
earlier, the following experiments were designed to determine
whether 1) it is possible to regenerate roots from bare-rooted
evergreen plants under natural conditions in Oregon, 2) the age
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of plants influences rootability, and 3) different plant types
have similar root regeneration potentials.

MATERIALS AND METHODS

The plants used in these studies were dug with shovels and
the majority of the soil remaining on the root system was re-
moved by vigorous shaking. They were then placed in an open
pickup bed, watered, and transported to the rooting area (ap-
proximately 2 hours away, Portland and vicinity to Corvallis,
Oregon. At Corvallis, the roots were immediately washed of re-
maining soil with a high pressure water stream, root pruned to
approximately 25 cms, and transplanted into approximately
1-year-old Douglas fir, Pseudotsuga menziesii, sawdust con-
tained in a 8 m X 4 m X 50 cm raised bed. The plants were
then watered manually until the sawdust was completely
soaked, after which time an automatic irrigation system was
turned on for 5 minutes every 2 hours between 6 am and 6 pm.
Low angle pulsating Rainbird sprinklers with a 7/e4” orifice were
placed 2 meters above the top of each corner of the raised bed.
Each sprinkler watered a 90° area from one side of the raised
bed to the other side. Preliminary testing by spacing 250 ml
beakers spaced 1 meter apart throughout the surface of the saw-
dust suggested that the distribution of water throughout the
area was relatively equal.

Three separate experiments were conducted. In the first
study, the objectives were to determine the relationship of har-
vest dates, auxin, and night interrupt treatments on root regen-
eration of bare-rooted evergreen plant. To answer these objec-
tives, twenty each 7-year-old Picea jezoensis unpruned seed-
lings were bare-rooted on 7-19-71, 8-20-71, 9-21-71, 10-27-71,
12-8-71, 2-25-72, and 3-21-72. On each sample date, the plants
were cleaned and root pruned as described previously and di-
vided equally into the following treatments: 1) control (C); 2) 4
hr night interrupt (NI) between 10 pm - 2 am with incandescent
light providing approximately 63 uw/cm? of irradiance; 3} roots
sprayed until run-off with a 10% Jiffy Grow treatment. The
plants were transplanted into the sawdust beds, and 3 months
later the data on new root development were determined.

The second study was designed to determine the relation-
ship of harvest dates on rootability of 3 broadleaf evergreen
plant species, Rhododendron, ‘Mrs. G.W. Leak’ (8-years-old
from cuttings); Prunus laurocerasus ‘Otto Luykens’ (5-years-old
from cutting); and Mahonia aquifolium (4-years-old from cut-
ting). Forty plants of each species were harvested on 7-19, 8-8,
8-29, 9-19, 10-10, 10-31, 11-21, and 12-12-73. The numbers of
new roots produced were determined 3 months after planting in
the sawdust beds.
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The objectives of the final study were designed to deter-
mine the relationship of harvest dates and age on root regenera-
tion of 120 Abies procera (4-, 6-, and 8-years-old) and 80 Picea
pungens (4- and 6-years-old) seedlings. Plants were harvested
on 7-10, 7-31, 8-23, 9-12, 10-1, 10-22, 11-12, and 12-3-73, and
placed in the sawdust beds for 3 months before determining the
number of roots produced. -

The temperature 75 cm and 2.5 cm above the sawdust sur-
face and 25 cm within the sawdust bed was monitored with a
- Weather Measure thermograph from September 15 to December
9. The daily maximum and minimum temperatures were plotted
(Figure 1).

The data were analyzed statistically by analysis of variance
and the difference between the means was determined by
Snedecor’s planned comparison test (39).
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Figure 1. Daily maximum and minimum temperatures (°F) at 3 positions: A.
75 cm above the sawdust, B. 2.5 cm above the sawdust, and C. 25
cm below the sawdust surface.

RESULTS AND DISCUSSION

Seasonal periodicity in root regeneration was established
for nearly all plants studied (Figures 2,3,4). The only exception
occurred in Prunus laurocerasus ‘Otto Luyken’ which regener-
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ated new roots relatively uniformly throughout the sampling
period (Figure 3). In all other plants studied, generally good re-
generation of roots occurred in plants sampled during July. In-
addition, Abies procera, Picea pungens and Mahonia aquifo-
lium rooted well in the December sampling period. Generally,
these results are in agreement with those reported by others.
One exception to previous findings is the consistently good
rooting observed on all plants studied during the July samp-
ling date. Prior studies have shown this to be a poor time for
root regeneration to occur. Although an explanation for this dif-
ference is not possible, we do know that the plants and the en-
vironmental conditions studied were different from those used
by others. The fact that all the plants rooted well during the
July sampling period suggests that the environment could be a

24
*
21
18
O
>
15
5
O
45
L
pd
L
9
O
o
w
m
> 6
=)
pd
3
\_______..—-—C‘
0 y T errr
7-21-71 8-20 9-21 10-27 12-8 2-25

HARVEST DATE

Figure 2. Numbers of new roots produced on 7-year-old seedling of Picea

| jezoensis transplants treated with either 1) 10% Jiffy Grow (*-----%]),
2) 4 hrs night interrupt (0—-0), and 3) natural conditions (&——ae)
at 6 harvest dates 3 months after transplanting in a raised Douglas-
tir sawdust bed.
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primary factor responsible for the good rooting. In Oregon, this
period usually has warm temperatures and high light inten-
sity. These factors, in addition to good aeration (provided by
the sawdust beds), and adequate water to reduce water stress
(over-

head irrigation) are considered to be important environment-
al factors essential to root regeneration (1,7,8,11,12,14,17,
18,20,22,27,28,29,30,31,32,35,36,37,43). The explanation for the
results at the other sampling periods could be due either to the
unfavorable environmental or physiological conditions.

The relatively good regeneration of roots observed through-
out the sampling period in Prunus laurocerasus ‘Otto Luyken’
suggests that its root regeneration potential is less sensitive to
either environmental or physiological influences as compared to
that of the other plants studied. This finding is an exception to
that reported by others (16,41,42,43).
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Figure 3. Numbers of new roots produced on bare-rooted 4- and 6-year-old
Picea pungens and 4-, 6-, and 8-year-old Abies procera at 8 harvest
dates 3 months after transplanting in a raised Douglas-fir sawdust
bed. Harvest date: (1) 7-10, (2) 7-31, (3) 8-23, (4) 9-12, (5) 10-1, (6)
10-22, (7) 11-12, (8) 12-3-73.

In Picea jezoensis, no significant differences in rooting
were found among the auxin (Jiffy Grow), NI and the control
treatments (Figure 2). The rooting pattern was similar through-
out the sampling period. Best rooting occurred during July, fol-
lowed by a significant decrease during August. No rooting oc-

curred during the September and October sampling dates and
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Figure 4. Numbers of new roots produced on bare-rooted 8-year-old
Rhododendron ‘Mrs. G.W. Leak’, 5-year-old Prunus laurocerasus
‘Otto Luyken’ and 4-year-old Mahonia aquifolium at 8 harvest
dates 3 months after transplanting in a raised Douglas-fir sawdust
bed. Harvest dates: (1) 7-19, (2) 8-8, (3} 8-29, (4} 9-19, (5) 10-10, {6)
10-31, (7) 11-21, (8) 12-12-73.

only marginal but non-significant rooting occurred in the De-
cember and February sampling periods. As with the other
studies, these results are preliminary and only suggest that
auxin and NI treatments have no effect on root regeneration
under the conditions studied.

Statistical ditferences in root regeneration were tound be-
tween plant ages in Abies procera but not in Picea pungens.
Generally, good rooting was found during the july, August, and
December sampling dates in 4-year-old Abies procera and poor
to no rooting at the other sampling periods. Poor rooting was
observed for the 6- and 8-year-old at all sampling dates. In
Picea pungens no ditferences between the 4- and 6-year-old
plants were found at all sampling dates studied. Generally, root-
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ing during the July and December sampling periods was good
~and poor rooting at the other times.

Although the differences observed for the different age
groups in Abies procera may be a result of age effects per se, it
should be pointed out that plant size (increasing with age) may
have imposed a different stress level on the plants, thus atfect-
ing rooting. The 6- and 8-year-old plants were at least 1.5 and
2.5 times the size of the 4-year-old plants, respectively. Since
no tests were conducted to measure stress conditions, these ob-
servations are speculative. Strangely, although the 4- and
6-year-old Picea pungens plants were of different size {approx.
1.5 x) no differences in rooting were observed. It's possible that
in this species either age differences may not have an etfect on
rootability or their capacity to tolerate stress conditions may be

better.

As stated previously, the overall objectives of these studies
were to determine whether root regeneration was possible
under the natural environment of Corvallis, Oregon. From these
studies we can conclude that root regeneration of evergreens is
possible. In addition, these studies suggest that successtul root-
ing may depend on the sampling and rooting period, genetics
of the plant, and the age or size of the plant. Auxin (Jifty Grow)
and NI treatments were not found to influence rooting. Better
controlled studies are in progress to determine the influence of
specific environmental factors and the physiological condition
of the plant on the root regeneration of evergreen plants.
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Abstract. Periodic moisture stress of up to -16 bars prior to irrigation was

not effective in inducing vegetative bud set in Douglas fir seedlings. Increas-
ing stress decreased terminal bud dimensions, root weight and shoot weight
and caused slight increases in shoot/root ratio but did not result in reduced
shoot growth after outplanting.

49



30.

31.

32.

33.

34.

35.

30.

37.

38.

39.

4(}.

41.

42.

43.

Phillips, I1.D.]J. 1964b. Root-shoot hormone relations. II. Changes in en-
dogenous auxin concentration produced by flooding of the root system in

Helianthus annuus. Ann. Bot., Lond. 28:37-45,

Reed, J.F. 1939. Root and shoot growth of shortleaf and loblolly pines in
relation to certain environmental conditions. Bul. Duke Univ. Sch. For.
No. 4, pp. 52.

Richard, F., ]J.S. Chausson, and E. Surber. 1958. The influence of soil

moisture tension and soil structure on the growth of young spruce seed-
lings. Mitt. Schweiz. Anst. Forstl. Versuchsw. 34(1}; 1-34.

Richardson, S.D. 1956¢. Studies of root growth in Acer saccharinum L. V.
The effect of a long-term limitation of photosynthesis on root growth rate
in first-year seedlings. Proc. Ned. Akad. Wet. 59:694-701.

Richardson, S.D. 1958a. Bud dormancy and root development. In the
physiology of forest trees. (Ed. K.B. Thimann) Ronald Press, New York,

pp. 409-425.

Rickman, R.W., J. Letey, and L.H. Stolzy. 1966. Plant responses to oxygen
supply and physical resistance in the root environment. Proc. Soil Sci.

Soc. Amer. 30:304-307.

Rogers, W.S. 1939b. Root studies. IX. the effect of light on growing apple
roots: a trial with root observation boxes. Journal of Pomology and Hor-
ticultural Science, Maidstone 17:131-140. (Cited by Rogers and Head,

1962).

Romberger, ].A. 1963. Meristems, growth, and development in woody
plants. Tech. Bul. U.S. Dept. Agric. No. 1293, pp. 214.

Shoulders, E. 1959. Root pruning boosts longleaf pine survival. Tree
Plant. Notes No. 36:15-19.

Snedecor, G.W. 1962. Statistical methods. The lowa State University
Press, Ames, lowa, 534 pp.

Stone, E.C. 1955. Poor survival and the physiological condition of plant-
ing stock. For. Sci. 1:90-94.

Stone, E.C. and G.H. Schubert. 1959a. Seasonal periodicity in root regen-
eration on ponderosa pine transplants — a physiological condition. Proc.

Soc. Amer. For. 1958:154-155.

Stone, E.C. and G.H. Schubert. 1959b. Root regeneration of ponderosa
pine seedlings lifted at different times of the year. For. Sci. 5:322-332.

Sutton, R.F. 1969. Form and development of conifer root systems. Canada
Dept. of Fisheries and Forestry Tech. Comm. No. 7, pp. 131.

THE USE OF PERIODIC MOISTURE STESS TO INDUCE
VEGETATIVE BUD SET IN DOUGLAS FIR SEEDLINGS

WILLIAM C. CARLSON

Forestry Research Division
Crown Zellerbach Corporation
Wilsonville, Oregon 97070

Abstract. Periodic moisture stress of up to -16 bars prior to irrigation was

not effective in inducing vegetative bud set in Douglas fir seedlings. Increas-
ing stress decreased terminal bud dimensions, root weight and shoot weight
and caused slight increases in shoot/root ratio but did not result in reduced
shoot growth after outplanting.

49



An additional -8 bar stress treatment with 8-hour photoperiod and low
nitrogen nutritional regime showed the smallest bud size, root and shoot
weight, and root collar diameter in the experiment; however, no practical ef-

fect on shoot growth was observed.

REVIEW OF LITERATURE

The induction of vegetative bud set in the production of
containerized Douglas fir (Pseudotsuga menziesii (Mirb.) Fran-
co) seedlings is a means of regulating when the seedling enters
the first stage of dormancy, as well as controlling seedling
height and root development. Proper dormancy induction and
conditioning are tremendously important to the attainment of
high survival and growth potential, yet are often overlooked in
nursery cultural programs (6). One of the management proce-
dures most often used in inducing vegetative bud set in seed-
lings is reduction of irrigation to induce moisture stress. Short
photoperiods have been used experimentally but most nursery
managers regard shortening the photoperiod to be too expensive
for large scale usage. One commonly used procedure is to re-
move nitrogen from the nutritional schedule and to reduce the
amount of watering during the late summer. This creates a con-
dition of nitrogen level reduction and moisture stress during a
period of naturally shortening photoperiods.

The literature on control of shoot growth in temperate cli-
mate conifers suggests that moisture stress during the period ot
vegetative bud set can be correlated with reduced shoot growth
the following year (5,9). This raises the question whether mois-
ture stress is an advisable and effective management procedure
for the induction of vegetative bud set in order to condition
seedlings for high growth potential. What level of moisture
stress will effectively induce bud set without detrimentally at-
fecting shoot growth potential the following year? This study
was designed to quantitatively answer this question as a basis
for developing specific managerial procedures that would allow
the production of seedlings with a predictably high growth po-
tential.

MATERIALS AND METHODS

Two seedlots of coastal Douglas fir, one from 500 ft. eleva-
tion near Sekiu, Washington and one from 1000 tt. elevation
near Seaside, Oregon were sown into Styroblock 4 containers
filled with 1/1 peat/vermiculite in March, 1977. The seedling
containers were arranged in units 5.8 ft. X 6 ft. in size. Each of
four greenhouse benches contained five of these units, one unit
per bench receiving each of the five treatments. the assignment
of treatments to units on a bench was done at random. The
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units were separated by 3 feet of open bench to prevent acci-
dental overspray during treatment.

The seedlings were cultured until December, 1977, utilizing
the nutritional regime developed by the British Columbia Forest
Service (personal communication with Helmut Mueller, Kok-
silah Forest Nursery, Duncan, British Columbia). On August 1,
when seedling height over all the units reached approximately
18 cm. the moisture stress and photoperiod treatments were ini-
tiated. Prior to the initiation of the treatments the seedlings
were irrigated excessively with water to leach out excess fer-
tilizer salts. The first four treatments were -4, -8, -12, -16 bar
moisture stress, all on the 0-52-34 nutritional solution. The fitth
treatment was -8 bars moisture stress, an 8-hour photoperiod
and the 10-52-16 nutritional regime. Moisture stress treatments
consisted of monitoring the predawn moisture stress of each
unit of seedlings using a Scholander pressure bomb (PMS In-
struments, Corvallis, Oregon), sampling three seedlings per unit
per day. The operation of the pressure bomb has been described
by Waring and Cleary (11). When the mean predawn moisture
stress of all four replicate units reached the treatment level they
were watered to field capacity with the designated treatment so-
lution. Photoperiod adjustment was done by putting Simshade
fabric tents over the designated units late in the afterncon and
removing them in the morning to allow the 8 hour photoperiod.

Table 1. Nutrition Schedule

Nutrition
Plant Condition Week Schedule, NPK g/1000 liters
Use Until Roots
Well Developed 4-5 10-52-16* 625
Rapid Shoot
Growth 6-16 20-20-20"* + 500
ferrous sulfate 155
Dormancy
Induction*** 17-18 0-52-34 625
Root Growth and
Stem Diameter
Development 19-Shipping  10-52-16 + 625
ferrous sulfate 155

*  Contains microelements.
**  (Occasionally replaced by 12-0-0 at 500 g/100 liters.
*** Except for short photoperiod -8 bar stress treatment which was given 10-

02-16.

When vegetative bud set was completed (September 9), the
moisture stress and photoperiod treatments were stopped and
the seedlings were irrigated as needed with the 10-52-16 nutri-
tional regime. The first week of October, 25 seedlings of the
Seaside seed source were sampled from each replicate of the -12
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bar treatments and put into 2°C storage as a test of the effects of
early storage on shoot growth the following year. The second
week of December, 12 seedlings to be used for measurement
were selected at random from each seed source in each repli-
cate, totalling 48 seedlings per treatment per seed source. The
four rows of seedlings closest to the edge of each unit were
eliminated from sampling to reduce edge effects. Height, root
collar diamete, length and diameter of the terminal bud, and
dry weight of the shoot and root were measured on each seedl-
ing. Twenty-five seedlings of each seed source to be used for
field tests were selected at random from each of the four repli-
cates of each treatment. These seedlings were tagged, placed in
polyethylene lined boxes, and stored at 2°C until randomization
just prior to outplanting.

Field plantations were installed in February near Sekiu,
Washington and near Seaside, Oregon. At each location 100 re-
plicate single tree plots of each treatment were installed in a to-
tally randomized design. In the plantation near Seaside each
seedling was surrounded with Vexar tubing to prevent animal
damage. The site index (a productivity index consisting of
height at age 100 years) of the Seaside plantation is 160 and the
index of the Sekiu plantation is 155.

In September, 1978, after vegetative bud set, the total
height and 1978 height growth was measured on each tree in
each plantation. Seedlings damaged by animals were eliminated
from growth measurements.

The data were subjected to analysis of variance procedures
utilizing the Statistical Analysis System Version 76.6 program
(SAS Institute, Box 10066, Raleigh, North Carolina 27605).

RESULTS

The analysis of variance of seedling size parameters (Table
2) indicates that differences in all of the characteristics mea-
sured before planting except height were related to treatment

(Figure 1).

There was a reduction in root weight with increased mois-
ture stress during vegetative bud set (Figure 2). There was also
an overall reduction of shoot weight with increasing stress;
however, there was not a definite trend due to a decreased
shoot weight in the -8 bar treatments. The shorter photoperiod-
low nitrogen treatment had lower shoot and root weights than
the same moisture treatment with natural photoperiod and

without nitrogen in the nutritional solution.

The shoot/root ratio was lower for the low moisture stress
treatments than for the higher stress levels (Figure 3). This was
due to the pronounced trend toward reduced root weight at
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Table 2. Analysis of Variance Calculations.

Error Error Treatment Probability of
Variable N Mean Square DF DF F a Greater F
Shoot Weight 480 0.1393 27 4 2.4570 0.0689
Root Weight 480 1.0378 27 4 6.9422 0.0008
Shoot/Root
Ratio 480 1.0435 27 4 1.7782 0.1617
Root Caollar
Diameter 480 0.0918 27 4 4.0024 0.0113
Bud Diameter 480 0.1686 27 4 11.3224 0.0001
Bud Length 480 0.4151 27 4 5.9422 0.0008
1978 Height
Growth — Sekiu 480 21.9500 328 4 1.1800 0.3190
Total Height
1978 — Sekiu 480 29.8518 328 4 2.110 0.0791
1978 Height
Growth — Seaside 480 62.7400 553 5 1.0400 0.3956
Total Height
1978 — Seaside 480 77.1290 553 D 2.3300 0.0407
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Figure 1. The total height of seedlings from Seaside, Oregon,
and Sekiu, Washington, ------ -. Seed sources after nursery culture

(lower lines) and after one year in the field {upper linesj.
Treatment during vegetative bud set: four levels of moisture
stress + a 0-52-34 nutritional regime, Seaside, ® ; Sekiu, = ; -8 bar
moisture stress, 8-hour photoperiod - 10-52-16 nutritional regime,

Seaside, © ; Sekiu,

b

: -12 bar moisture stress, 0-52-34 nutritional

and early storage treatment on the Seaside seed source, *
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higher stress levels (Figure 2). The 8-hour photoperiod-low nit-
rogen treatment had the highest shoot/root ratio.

Root collar diameter followed the same trend as shoot dry
weight (Figures 4 and 2). The -8 and -16 bar treatments had the
lowest diameters in the moisture stress treatments, and the
8-hour photoperiod-low nitrogen treatment had the lowest di-
ameter over all treatments.

Terminal bud dimensions decreased with increasing stress
with the exception that the -8 bar stress-low nitrogen treatment
had the smallest buds overall (Figure 5).

Periodic moisture stress during vegetative bud set had no
practically important effect on height growth the following year
in the field (Figure 1). In both locations the -12 bar treatments
had the greatest mean height and the early stored seedlings had
the smallest mean height in the Seaside plantation (Figure 1).

DISCUSSION

The results of this study suggest that periodic moisture
stress of up to -16 bars has little or no effect on bud set in the
nursery. Perhaps higher stress levels would be more etiective in
that regard. Hahn (2) has recently suggested that withholding
water until the seedling wilts then watering it back to field ca-
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pacity with cledr water is an effective technique. Our results in

recent unpublished tests indicate that Douglas fir seedlings that

have wilted for one day have a predawn stress of -22 bars.

Our tests up to -16 bars show only a small detrimental et-
fect of stress on height growth the succeeding year. It is possi-
ble but in light of the data presented here not probable, that
sustained stress leading to higher stress levels such as -22 bars
at wilting could cause detrimental effects not observed up to

-16 bars.

Hahn (2) suggests that reduced photoperiod makes moisture
stress more effective in inducing bud set in Douglas fir. The
data presented here indicate that while the -8 bar stress, 8-hour
photoperiod-low nitrogen treatment did result in shorter seed-
lings the effect was small. It is possible that some low intensity
light leaks reduced the effectiveness of our treatment (8).

Terminal bud size, shoot and root weight and root collar
diameter were reduced by the -8 bar stress, 8-hour
photoperiod-low nitrogen treatment. Reduced production of
photosynthate due to decreased energy input could explain the
general size reduction. Shoot weight was reduced considerably
less than root weight. Timmis (10) noted increased root weights
in seedlings deprived of nitrogen during bud set. It is possible
that the low nitrogen level added to the -8 bar stress, 8-hour
photoperiod treatment changed the allocation of photosynthate
toward the shoot thus reducing root weight proportionately.

Terminal bud size was reduced by the moisture stress-no
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nitrogen and the -8 bar stress, 8-hour photoperiod-low nitrogen
treatments; however, this was not reflected in a similar trend in
reduced height growth. Perhaps the treatments atfected reduced
cellular elongation but did not otherwise alter bud develop-
ment. This hypothesis is supported by the fact that the mitotic
index! in the bud was not adversely affected by the stress

treatments, whereas early cold storage, which caused cell divi-
sion in the bud to be reduced to the December level in early

October, did reduce shoot elongation the following spring. If
stress treatments only reduced cellular elongation, then the
shoot elongation rate in the next growing season would be ex-
pected to be similar in all of treatments because the small dif-
ferences in bud size would be undetectable in the elongated

shoot.

The Seaside plot in which each seedling was surrounded
by Vexar tubing showed considerably more growth than the
Sekiu plots even though all animal damaged seedlings were
eliminated from the measurement group. The productivity
index of the two areas is very similar. It is possible that the
shade provided by the Vexar tubing allowed additional growth;
however, other factors such as short term weather trends could
be involved,

Root collar diameter, shoot/root ratio, and size of the root
system are often used as quality parameters in culling seedlings
on shlpment from the nursery. The ranges of these parameters
found in this study were small; however there was no detecta-
ble effect of their variation on shoot growth. Others have found
that over a moderate range of shoot/root ratios, other quality pa-
rameters are more important indicators of shoot growth poten-
tial (4,7). Root growth potential is probably poorly described by
root mass at time of planting. Hahn and Hutchinson (3) have
suggested that with high quality container seedlings the root
mass increases considerably prior to bud break. Large increases
in root mass prior to shoot growth would probably minimize
the effects of small differences in root mass at time of planting
on shoot growth.

1 The mitotic index portion of the study is to be published elsewhere after
further work,
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Horticulturists have known for a long time that circling
roots can stunt growth and increase susceptibility to wind
breakage and blowdown. Whenever container trees or shrubs
are outplanted, it is standard practice to dig a larger hole than
the rootball and then straighten the roots before planting. Alter-
natively, the circling roots at the bottom are pruned off and
shallow slices made in the sides of the rootball to cut circling
roots and to stimulate development of new lateral roots.

What can happen if trees are allowed to grow to large size
with roots circling the main axis has been vividly documented
at the symposium: ‘“Root Form of Planted Trees.”’?

As a tree seedling grows, root deformity develops in the
following manner. Roots tend to grow in the same general di-
rection until the growing tips strike an impenetrable object.
When growing tips encounter the container wall, they turn and
grow along it. If the container is circular, the roots may make
one or more complete horizontal revolutions around the stem
axis. After the tree is outplanted, the circling roots continue to
grow in diameter until they contact the taproot, if there is one,
or completely fill the volume they once surrounded (Figure 1).

F

Figure 1. Growth of a root that circles the stem and taproot.

Sometimes the circling root may strangle the taproot, and
the tree will become stunted or die. In other cases, the circling
root grafts to the taproot and the tree continues to grow. The
stem above the circling root continues to increase in diameter,
but the taproot inside the circling root cannot increase in diam-
eter. As a result, the core of vertical wood fiber of constant di-
ameter is surrounded by an enlarging doughnut of horizontal
fibers which do not increase in strength in proportion to the
size of the above ground stem (Figure 2). Although fusion of the
encircling root with the main stem and taproot ‘appears com-
plete and sturdy from the outside, a weak spot susceptible to

2 Kinghorn, James, and Evert van Eerden (eds.) 1978. Root Form of Planted
Trees. Pac. For. Res. Cent., 506 Burnside Rd., Victoria, B.C. V8Z 1MS5 (in
press). [Symposium held in Victoria, B.C., May 16,19, 1978.]
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Figure 2. Further growth of a circled root may fuse it with the taproot. The
graft may appear healed (A), but in cross-section (B) shows struc-
tural weakness. Dashes are vertical grain, and dots are horizontal

grain.

wind breakage remains, right where the tree needs to be the
strongest. |

In addition, a balled root system tends to remain self-
contained after outplanting. Few lateral roots emerge, and a tap-
root may not develop. The tree does not have adequate access to
water and mineral nutrients and becomes stunted. The tree is

also susceptible to windthrow, because it lacks surface lateral
roots to adequately anchor it.

As mentioned, horticulturists have found ways to prevent
these disasters, but foresters cannot afford the individual tree
care needed. Instead, forest tree seedlings are grown in spe-
cially designed containers in such a way that most roots are
oriented vertically and none circle horizontally. The seedlings
are removed from the container and planted with the rootball
intact. No extra large planting hole, or hand modification of the

shape of the root system is needed.

How is this done? First, containers with impenetrable walls
are made with vertical ribs or grooves. When lateral roots en-
counter them, the roots are directed downward and prevented
from circling. Second, there are no sharp horizontal corners, as
there are in conventional pots where the sides meet the bottom;
instead, the container walls gently taper to the bottom. Such
corners have the same root-directing properties as the vertical
ribs or grooves, but cause the roots to circle. Third, the roots are
directed to a relatively large egress hole at the bottom of the
container. Roots must find a way out of the container, otherwise
they either ball up or grow upwards again. Fourth, the contain-
ers rest on open benches or racks so that their egress holes are
open to the air with enough ventilation so that the root tips de-
siccate and stop growing, a process called “‘air pruning”. New
root tips are then produced higher in the root ball.
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Another way to keep the roots from balling up is to grow
the seedlings in containers with walls permeable to roots or
media blocks without any walls. If there is an air space between
containers, the roots emerge from the sides and bottom, and
they are air pruned. If the containers are adjacent and the roots
pass from one container to the next, these roots will be broken
when the containers are separated for planting. However, this is
permissible only when the roots broken are small and unlig-
nified, otherwise the seedling will be heavily damaged and
much of the advantage of growing the seedling in a container is

lost.

There is a wide variety of containers on the market for rais-
ing forest tree seedlings, but the largest of them is only about
700 ml. I have fabricated several prototypes ot a 10-liter con-
tainer which have all of the root control features described
above for impenetrable wall containers. Ten-month-old seed-
lings of Scots pine and Siberian larch grown in 400-m! contain-
ers were transplanted into these 10-liter containers and grown
for another season in the greenhouse. They are now 76 and 102
cm in height and 1.5 and 1.8 cm in caliper, respectively, and
probably suitable for retail sale. Estimated production cost is
about $3 per tree. It should be possible to simply lift these trees
from their containers and plant them without having to man-
ipulate or prune the root systems in any way. The trees should
grow root systems that will not be defective; trees with intact
root systems at outplanting should result in better top growth
than from trees whose roots have been pruned. Vigorous top
growth is something every buyer likes to see.

Does that mean we have in hand the ultimate tree growing
container? No. The containers I have described have two de-
ficiencies. Even with a large egress opening at the bottom, large
numbers of root tips may accumulate, blocking the opening and
reducing drainage. Waterlogging and root rot may result. The
already large opening on many containers cannot be enlarged
further without losing too much growing medium. Second, new
root development after outplanting develops mostly from the
air-pruned root tips at the bottom of the rootball. There are few
laterals near the surface, which is likely to reduce the wind-

firmness of the tree (Figure 3).

We are currently testing the addition of holes or slits in
the upper sides of containers to see if seedlings will produce
growing points that will develop into surface laterals after out-
planting (Figure 4). If they do, we may have solved the
windfirmness problem. Also, fewer root tips may accumulate at
the bottom, which should reduce obstruction of drainage. How-
ever, we have found already that more exposure of the rootball
to air requires more careful control of humidity and air flow. It
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‘Figure 3. Root configuration commonly produced by currently used forest
tree seedling containers (A) in the container, and (B) one season
after outplanting.

will probably take another 2 years to work out the remainder of
the problems with container design and greenhouse culture of
the trees. -

Figure 4. Anticipated root configuration to be produced by forest tree seed-
ling containers with holes in the upper sides to promote growth of
surface lateral roots.
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SUMMER ROOTING OF STONE FRUIT UNDERSTOCK
CUTTINGS

RICHARD BUSH

Richard Bush’s Nursery
Canby, Oregon 97013

Where we have had success in rooting, I think the key is
the taking of a butter-soft cutting in summer and propagating in
an air-conditioned environment.

We will consider specifically mahaleb Mazzard crosses —
called MxM. The mahaleb x Mazzard (MxM) stocks are as-

sumed to be natural hybrids resulting from open pollination (1).
The optimum time for taking cuttings in Canby, Oregon is in
July to the middle of August. The percentage of success drops
after the third week in August and in September. As the cut-
tings are so soft, we like to take them early in the morning. The
wood is cut 12 to 14 inches in length, the bottom 3 inches is
stripped of leaves, and a 12" diagonal bottom cut is used with a
short back cut to keep the end from being too pointed. We soak
the cuttings in a solution of Diazinon and Benlate for 15 min-
utes; when damp dry the cutting is dusted with Hormodin #3.
We have tried many types and combinations of rooting media
but for dependability and ease of use, we use straight perlite.
We insert the cuttings into a 5" deep, 2%" square, slightly ta-
pered open bottom pot or band. A Portland flat will handle 48
of these pots.

These flats are set under intermittent mist. Even though it
is summer we maintain 70°F bottom heat. The first few days,
the cuttings take a severe wilt. In the afternoon 2 to 3 inches of
the tips will droop. After a few days those tips which are not
erect in the morning are cut off although the percentage is low.
Roots start appearing in about 4 weeks. Then we start feeding
with a full NPK fertilizer in the water. In another week or two,
misting is discontinued and the flats are kept on bottom heat in
this condition until October, when they are put outside under
lath.

In summer our greenhouse is shaded externally with quick
lime and, inside over propagating benches, a 55% shade Saran
cloth is hung above misting nozzles. We used to cool with ver-
tical excelsior pads, but now thanks to an article in the IPPS
Proceedings (Volume 26), we have converted to horizontal cool-
ing pads of excelsior, 4” thick. No more dry spots, and even on
those days over 90°F we are able to keep inside temperature in
the low 80°F range. Most of the summer we hold the maximum
inside temperature at 78°F.

We have had good results in summer rooting of Prunus
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besseyi. Marianna plum (Prunus cerasifera X P. miunsoniana?)
and myrobalan plum (Prunus cerasifera) root easily as hard-
wood cuttings directly in the field row so we don’t use green-

house space for these.

One might ask why go to all this trouble to root MXM in
the summer. We do this because it is a root we like to use and
we are unable to obtain it elsewhere. We have seen no crown
gall on MXM and haven’t inoculated with an antagonist when
planting in the field. It is compatible with all the cherry cul-
tivars we use. We are able to bench graft these newly-rooted
cuttings by bringing the flats back in to the greenhouse in late
January. We force root activity with bottom heat and graft using

the chip bud and the whip graft.

When all danger of frost is past, we plant directly in the
field with actively-growing scion and rootstock. All of this pro-
cess has taken only seven months starting from scratch, as op-
posed to the conventional method of two or three years.

LITERATURE CITED

1. Westwood, M.N., A.N. Roberts, and H.O. Bjornstad. 1976. Comparison of
mazzard, mahaleb and hybrid rootstocks. J. Amer. Soc. Hort. Sci. 101(3)

268-269.

A STUDY OF POTTING MIXES
RICHARD G. MAIRE

Cooperative Extension

University of California

County of Los Angeles
Los Angeles, California 90015

At the request of the California State Department of Food
and Agriculture a study was made of commercial potting mixes
available on nursery shelves for purchase by the general public.
This request was made because of complaints from consumers
based on the performance of some of the mixes.

Twenty-nine potting mixes were purchased off the shelves
of all type nursery outlets. The following are the mixes that
were tested and these include the U.C. mix which was used as a

standard or check, since knowledge of its pertormance was well
known.

APG Potting Soil Best Potting Soil
Angel City Potting Soil Black Magic Complete House Plant Mix
B's Worm Castings, an Organic Planting Eager Beaver Potting Soi!l

Mix Earth and Sea Brand Live Earth Potting
Bandini Potting Soil Soil
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Envee Extra Rich Potting Soil Potting Soil

49'er Gold Strike Potting Soil Queen Turf Indoor Outdoor Potting Soil
Garden Potting Soil Rescue Planter Mix
Greenall Potting Mix Roger’s Potting Soil Mix
Jungle Growth Enriched Organic Potting  Sierra Potting Soil

Soil Soil-Prep Potting Mix
Kellogg’s Indoor and Outdoor Potting Soil Super Blue Tag Potting Mix
K-Mart Potting Soil Super Earth Enriched Potting Soil
Nurseryman’s Potting Soil Superior Potting Soil
Original Supersoil Steam Sterilized Sur-Gro

Potting Mix Vigoro Potting Mix
Payless Potting Soil U.C. Mix (Check]}

We did not attempt to determine the components in the
mixes. Information on the bags ranged from simple ‘“Potting
Mix” to a very long list of ingredients. It was obvious from the
wide range of colors and textures that the mixes contained a
variety of ingredients.

All the mixes were tested for pH., salinity, boron, chloride
and heavy metals prior to planting. Most of the mixes were in a
satisfactory range with respect to these analyses but there were
exceptions. All had adequate to excellent drainage.

In the plant growth tests all mixes were irrigated regularly
with water containing 150 pm nitrogen and 150 pm potassium.
They were also rotated daily on the bench to avoid mi-
croclimate efiects in the greenhouse.

During the progress of the tests it became suspect that some
of the plants were showing phosphorus deficiency symptoms so
additional tests were made adding 2%2# single super phosphate
per cubic yard of mix. In some cases this application of phos-
phorus made a dramatic change in plant growth, in others no
response was observed. This informed us that some of the for-

mulators were not incorporating phosphorus in their mix.

Another observation was an extreme drop in pH. during the
three months of plant growth in some of the mixes. This was
positively correlated with the concentration of ammonium nit-
rate in the saturation extract of the initial mix. Some mix for-
mulators add an ammonium form of nitrogen as a preplant fer-
tilizer. This is a desirable practice; however, it can be over

done.

Toxicity, due to a very high concentration of heavy metals
was a problem in several of the mixes. The source of these toxic
materials was suspected to be sludge which was incorporated as
part of the mix ingredents.

Each formulator has been contacted by Dr. Branson, Dr. Ri-
ble, Dick Maire and Ralph Strohman to inform them of the tests
— what was done — how it was done — how their mix per-
formed in relation to other mixes — what the problem was if
we could determine the cause, and what they could do to cor-

65



rect it. Reception by the tformulators has been most gratifying,
each welcomed our report and our suggestions for improvement
in formulation where advisable.

Through these tests and our work with the formulators it is
hoped that the industry will regulate itself so that all mixes

produced are high quality and are consistent.

PEAT, PESTS, AND PROPAGATION
WILBUR L. BLUHM!

Oregon State University
Salem, Oregon 97301

Peat has been a standard component of propagation and
growing media for many years. Bunt (3) describes peat as by far
the most widely used material for making plant growing media.
Its water-holding capacity is valued in propagation. In growing
media, its nutrient holding capacity, ‘““butfering’’ capacity
against rapid pH changes and excessive soluble salts accumula-
tion, and ability to improve aeration are additionally useful.

Peat is far from being a uniform product (3,11). Nursery
and greenhouse growers experience variable performances with
use of different peat sources.

Varying physical and ‘chemical properties of peat depend
primarily on the nature and origin of the plant remains of
which it is composed and their degree of decomposition (14).
Commonly used peats consist mostly of decayed sedges, mos-
ses, reeds, and grasses. Ditferent types of peat, in varying states
of decomposition, occur at specific locations throughout the
world, mostly in the boreal climates of the Northern Hemis-
phere — Canada, Scandinavia, and Russia.
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Through these tests and our work with the formulators it is
hoped that the industry will regulate itself so that all mixes

produced are high quality and are consistent.

PEAT, PESTS, AND PROPAGATION
WILBUR L. BLUHM!

Oregon State University
Salem, Oregon 97301
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about its possible contamination. Others suggests peat be
sterilized prior to use for propagating and growing plants
(4,5,10,13).

Only weed, insect, and nematode problems with peat will
be further discussed here since pathogenic fungi are presented
in another discussion.

Weeds Associated With Peat. A group of weeds is consis-
tently observed in Western Oregon nursery and greenhouse op-
erations when peat is used. While peat cannot positively be
identified as the source, circumstantial evidence indicates 1t is
the source for at least some of them.

Most common of this group are common chickweed (Stel-
laria media (L.) Cyrill.), sheep sorrel (Rumex acetosella L.), yel-
low wood-sorrel (Oxalis stricta L.), and several grasses, includ-
ing annual bluegrass (Poa annua L.).

Several other weeds are found in media made with peat,
and are suspected as often coming from the peat. Included are
little western-bittercress (Cardamine oligosperma Nutt. var.
oligosperma), red dead-nettle or henbit (Lamium purpureum L.),
and speedwell (Veronica L. spp.). Common groundsel (Senecio
vulgaris L.) may be among these, but this is difficult to ascer-
tain because of wind distribution of its seed. Pearlwort (Sagina
L. spp.) is reported as probably coming from peat by a Califor-
nia nurseryman (1). Willow (Salix L. sp.) seedlings were re-
ported by an Oregon nursery grower as probably coming from
the peat in which rhododendron liners were propagated. Kim
(7) has found weed seeds in peat, but has not identified the

Specles.

All of these weeds are widespread in their distribution.
Some are of European origin and have become widely distrib-
uted throughout North America. Others are native to the Pacific
Northwest or the larger Pacific Coastal region. Much of the peat
used by Western Oregon growers comes from British Columbia
bogs. These weeds are common to the Canadian province as
well (6), making infestation at the source site a possibility.

Actual number of weed seeds in a bale of peat appears to
be relatively small. The problem increases as these few seeds
germinate, grow, reproduce, and increase the seed supply. Nur-
sery and greenhouse conditions are nearly ideal for growth and
increase of these weeds.

Insects and Peat. Few, if any, reports implicate peat with
insect problems. Heller (5) is concerned with the potential for
infestation of fungus gnats (Mycetophilidae) in peat and peat
mixes in open storage. Fungus gnats are attracted to moist or-
ganic media. He suggests sterilization of peat prior to use. Fun-
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gus gnat larvae, feeding on plant roots, can be a serious prob-
lem, particularly with greenhouse crops. They are capable of
rapid reproduction and population growth. Their control re-
quires persistent effort. Fungus gnats are common, often
numerous, in Western Oregon greenhouses. It is likely that a
peat medium could quickly become infested, even with gnat-
free peat.

The Nematode Potential. Free-living non-parasitic nema-
todes have been found in peat (8). While these were not consid-
ered a potential problem, perhaps they serve as a warning that
peat might be a source of parasitic nematodes.

Possible Sources of Contamination. Any time peat is ex-
posed to wind, water, or soil, contamination is possible. There
are numerous possibilities during the harvesting, distribution,
and use of peat for this to occur.

Peat removal methods have changed considerably in recent
years (3,9,14). From the hand methods of earlier years, excava-
tion of peat became mechanized with use of draglines, scoops
running on endless cables, power shovels, clamshell dredges,
and specialized equipment. Bogs were first drained, a process
requiring up to five years. Occasionally the equipment was on
scows floating on a lake or pond, in which case the bog was not
drained.

The long time needed to drain a bog, and other factors,
caused further changes in harvesting many Canadian peat bogs
- (9). “Hoverbarges,” supported by an air cushion above the bog
surface and with a large clamshell crane mounted on each,
scoop out bites of peat from the bog. The peat is dropped into
hoppers on the barge where peat and debris are separated with
water pressure. Peat is then piped from barge in form of a slurry
to a dewatering station at the edge of a bog, dewatered, and
trucked to a nearby processing plant. The peat is stockpiled,
dried, sometimes ground, and bagged at the processing plant.

The many opportunities for contamination during these
harvesting processes are apparent. There is some speculation
that newer wet harvesting methods may increase the potential
or infestation of pathogenic fungi. Contaminants may possibly
enter bogs prior to peat removal. Wind and water-distributed
weed seeds, fungal spores, nematodes, and insects could be
present in peat before harvest. From this it seems logical that
peat from deeper in the bog may be more free of contamination
than that from surface layers.

There are ample opportunities, and concerns, for contami-

nation of peat at the nursery and greenhouse sites where it is
used (12). Broken bags, open storage, unsanitary conditions,
and other situations may contribute to this problem. Commer-
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cial growing mixes containing peat and sold by many industry
supply firms are reported to often contain pathogens, appar-
ently contaminated during the mixing progress (7).

CONCLUSIONS

[t should not be implied from the foregoing that peat is an
inferior material or inferior to other materials as a propagating
or growing medium or medium component. Peat continues to
be an important and useful product to the nursery and green-
house industry. The growing concern with peat quality may, in
part, be due to more available information and higher produc-
tion standards than in earlier years.

Most reports indicate relatively low levels of contaminants
when they do occur. This, however, does not eliminate the need
for concern. A low level of contamination may grow into a seri-
ous problem. |

[t is important that peat be properly handled and used to
avoid contamination. Sterilization of peat may be beneficial and
economical for many production operations. Without steriliza-
tion, peat can be a source of disease, weed, and insect prob-

lems.
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PATHOGENS ASSOCIATED WITH PEAT MOSS USED FOR
PROPAGATION?

DUANE L. COYIER?
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Corvallis, Oregon 97330

The use of peat moss as a constituent of media for growing
and propagating plants is an old and well accepted practice. Al-
though its properties may vary slightly, depending on its origin,
peat moss generally has a high moisture-holding capacity, a low
pH and contains a small amount of nitrogen (3). Its primary
function as an additive to propagation media is to increase
moisture-holding capacity.

Introduction of plant pathogens in peat moss has received
little attention among plant propagators. Kim, et al. (4) isolated
several pathogenic fungi from foreign and domestic sources of
peat moss and stated that peat may serve as a vehicle for the
entry of plant pathogens tfrom foreign countries. Their observa-
tions also suggest that plant propagators might introduce
pathogenic organisms into cutting beds, seed flats, etc. through
the use of contaminated peat moss.

An example of such contamination occurred several years
ago in Oregon when Penicillium spp. infected the basal portion
of rhododendron cuttings and caused serious losses. Infected
cuttings developed dark brown discoloration of the wood at the
base of the cutting (Figure 1). Sporulation of the fungus on the
decayed wood produced a powdery, bluish-green deposit.

1 Mention of a trademark or proprietary product does not constitute a guaran-
tee or warranty of the product by the U.S. Department of Agriculture and
does not imply its approval to the exclusion of other products that may also

be suitable.
2 Research Plant Pathologist
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Figure 1. Basal decay of rhododendron cutting caused by Penicillium sp.
A = Entire cutting showing decay of basal portion.
B = Enlargement of decayed section.

In order to determine the source of infection, peat moss and
perlite samples used in preparation of the propagation beds
were collected and assayed for the presence of Penicillium sp.
Contamination from the cuttings by epiphytic Penicillium

spores appeared unlikely because the cuttings were immersed
in a solution of 5% Clorox (5.25% sodium hypochlorite) for sur-

face de-contamination before planting.

No Penicillium sp. or other fungus propagules were re-
covered from perlite samples. However, peat moss samples con-
tained propagules of Penicillium sp., many other fungi (both
pathogens and non-pathogens) and bacteria (Table 1). The
amount of contamination varied widely among the samples as-
sayed., but Penicillium sp. were detected in every sample.

Table 1. Fungal and bacterial propagules isolated from several sources of peat

moss?)
Colony Counts®
Sample No. Penicillium sp. Other Fungi Bacteria®)
(Thousands) (Thousands) (Thousands)

1 100 19,900 D

2 3 3,197 83

3 10 9,990 100

4 41 3,909 1

5 12 15.998 Trace

1) Assaved by planting on potato dextrose agar.
b) Counts are the average of three replicates and represent numbers of colonies

per gram of peat moss.
¢) Counts include bacteria and yeast-like colonies.

Strict sanitation procedures are followed by most successtul
plant propagators; however, the most stringent sanitation pro-
cedures will not provide satisfactory results if contaminated
peat is not treated to destroy plant pathogens. Heat or chemical
treatment of peat mixtures is recommended in California when
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such mixtures are to be used for plant propagation (6). Other
sources suggest that steam sterilization of peat mixtures used
for seeding bedding plants is not beneficial and may even cause
undesirable results (2,5); however, no data were provided, nor
were details of the sterilization process given. Total sterilization
is not necessary for the control of most plant pathogenic tfungi
and bacteria (1). Pasteurization of the propagating medium with
aerated steam at 60°C (140°F) provides satisfactory results and
eliminates all but the most resistant fungi and bacteria.

Chemical fumigation is frequently employed to eliminate
pathogens from propagation media, particularly in locations
where steam is not available. Satistactory results are often
achieved when label directions are carefully followed. Special
attention must be given to completely eliminate all chemical
residue following treatment to prevent injury of sensitive crops.

While many plant propagators have overlooked the poten-
tial of peat moss as a carrier of disease organisms in the past,
more attention should be given to this possibility. Peat moss is
a valuable additive for mixtures used to propagate and grow a
wide variety of plants and should not be discarded. Rather,
elimination of the pathogens should become a routine part of

the sanitation program.
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Abstract. Phytophthora cinnamomi root rot of avocado is biologically
controlled in Queensland, Australia by intensive cover cropping and applica-
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tion of chicken manure and dolomite limestone. This is now standard practice
there. Root rot of pineapple in Queensland, caused by the same fungus, is
now commercially controlled by a preplanting application of sulfur to lower
the soil pH below 3.8 Root rot of eucalyptus in Western Australia forests,
caused by P. cinnamomi has been experimentally controlled by changing the
understory from highly susceptible Banksia spp. to highly resistant Acacia
spp. through controlled burning. All of these successful procedures involve
both biological and ecological control by mechanisms not yet fully under-
stood, but under further investigation.

In August 1969 I gave a lecture before the Australian Nur-
serymen’s Association in Queensland, Australia, and included
my usual request for growers and others closely associated with
a given crop to tell investigators of areas where the pathogen is
thought to be, but the disease is not (1). One nurseryman then
told me of a healthy 30-year-old avocado grove on Tamborine
Mt. surrounded by groves sustaining severe losses from root rot
caused by Phytophthora cinnamomi. The grower had followed
an unusual cultural regimen from the beginning and had one of
the most productive groves in Queensland. The next day we
went there and found a beautiful grove well protected by clouds
of mosquitos. Root root was essentially non-existent, but was
prevalent in nearby severely diseased groves. Soil samples were
collected and baited with white pineapple leat bases. The typi-
cal fruity odor of pineapple invaded by P. cinnamomi devel-
oped, but the fungus could not be cultured until a selective
medium was used that inhibited bacterial growth. The pathogen
was present, but the disease on the highly susceptible crop was
not. Why?

Sterile alfalfa stem baits were placed in this soil and in soil
from a badly diseased grove. One inch of the stem from the soil
of the diseased grove developed an average of 311 sporangia;
that from the healthy grove developed only 10. Mycelial mats
placed in extracts of these soils gave similar results, and there
was considerable mycelial endolysis in the suppressive soil. Fil-
trates from suppressive and conducive soils passed through
Millipore filters to remove microorganisms gave no endolysis of
P. cinnamomi mats placed in them, indicating an active mi-
crobiological relationship. Dilution plates of soils showed sup-
pressive soils to have more pseudomonad bacteria and ac-
tinomycetes than conducive soils. After treatment with aerated
steam at 140°F/30 min. and reinoculation with the fungus the
soil was still suppressive, but after a 212° treatment it had com-
pletely lost its suppressiveness. This was confirmed by growing
susceptible jacaranda seedlings in nontreated suppressive soil
and that treated at 140° and 212°F, all inoculated unitormly
with P. cinnamomi. The fungus grew through 134 in. of sup-
pressive soil treated at 212°F/30 min. and survived there for 6
weeks; there was little survival in such soil treated at 140°F/30
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min. Antagonists were diminished, but survived the 140° treat-
ment. Disease incidence paralleled the results with mycelial
mats. Suppression of the pathogen by antagonists had been pro-
tecting this grove for 30 years, and the etfective biocontrol ap-
parently was. due to heat-tolerant bacteria and actinomycetes (2,
3).

Thus began a study that is still continuing to clarify the
many fascinating angles of this problem. I have returned to Au-
stralia three times for a total of 23 months studying it, and it
has been continuously studied there by P. Broadbent in New
South Wales, K.G. Pegg in Queensland, and N. Malajczuk in
Western Australia. The complex story is being clarified, but the
application of the biocontrol has far outstripped our under-
standing of the mechanisms involved. Most of the avocado
growers of Queensland and New South Wales now use this so-
called ‘““Ashburner system’ and the disease losses have been
greatly reduced (7). The sequence of the system: New Zealand
blue lupine is planted in the fall (March-April). This is disced
down in spring (October-November) when in flower, and
chicken manure (2 tons/acre) broadcast, plus an NPK f{ertilizer
(1 lb. per tree). A mixture of Lablab purpureus and corn or sor-
ghum is immediately thickly planted. This is disced