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This study compared three nursery handling processes from

the time just before lifting to the time seedlings are placed

in cold storage after grading, sorting, and packing at the nur-

sery. The seedlings handled in these different ways were com-

pared first in terms of the temperature and plant moisture stresses

they experienced during nursery handling. A second study of their

growth and survival in a plantation and in an irrigation experiment

was undertaken.

The three treatments were: (1) conventional nursery hand-

ling with seedlings held for 48 hours in a cool, humid room (about

40°F and 80-90% relative humidity) between lifting and grading;

(2) conventional nursery handling with seedlings held outdoors on

a covered dock for 48 hours between lifting and grading; and (3)

bedpacking, where seedlings are lifted and taken directly to cold

storage without the extra handling involved in grading, sorting,

and packing.

The comparison of temperature and plant moisture stress at

the nursery showed no difference in plant moisture stress (PMS)

during the holding period for treatments (1) and (2). Treatment

(1) however did keep the seedlings at a lower temperature than (2).

Treatment (3) had the lowest PMS and temperature during the holding

period.



Seedlings planted in a plowed field in a split-plot design

showed no significant differences in budbreak, rate of height

growth, or survival due to handling treatment after one growing

season, but bedpack seedlings showed significantly larger (p0.O1)

new terminal length and dry weight than the other two treatments.

Though not significant, the same trend occurred for dry weight of

new laterals and total shoot dry weight. Seedlings planted in

the irrigation study showed significant differences in budbreak,

height growth, survival, and final morphology due primarily to the

level of irrigation.

More work at different nurseries and in different outplanting

environments is needed before strong recommendations can be made

about bedpacking versus conventional handling. Greater attention

to the management of temperature and plant moisture stress during

nursery handling may eliminate differences between conventional

handling and bedpacking.
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IMPACTS OF NURSERY PROCESSING
ON ThE SURVIVAL, GROWTH AND PHYSIOLOGY

OF 2+0 DOUGLAS-FIR SEEDLINGS

I. A Comparison of Water and Temperature Stresses Experienced by
2+0 Douglas-fir Seedlings during Three Types of Nursery Handling

INTRODUCTION

A desire to obtain seedlings that resume growth more vigorously

after outplanting has fostered an interest in using plant moisture

stress (PMS) and temperature to monitor seedling handling. These

two measurements do not provide a direct indication of the ability

of a seedling to grow, but their use in monitoring seedling handling

could provide an impetus to water seedlings or to move them to a

cooler location to help maintain seedling quality. Monitoring of

seedlings during handling could also provide information that

could be used to interpret plantation success or failure.

Guidelines for interpreting PMS of nursery seedlings are more

established than guidelines for interpreting temperature measure-

ments. For PMS, work by Daniels (1979) on 2+0 Douglas-fir seed-

lings recommends that in general , PMS be kept at less than 5 bars1

at all times between undercutting and planting. A more specialized

guide for the D.L. Phipps Nursery in Elkton, Oregon was developed

by Cleary (personal communication) to indicate when to water once

PMS reaches levels greater than 5 bars. This guide integrates

measured PMS and elapsed time from undercutting to delivery at

the back dock of the grading shed to determine: (1) where water

should be applied, or, (2) if undercutting should be halted until

PMS declines to a certain level (Table 1-1).

For temperature, the guidelines are based more on general bio-

chemical knowledge of the effect of temperature on essential plant

1For ease of understanding, plant moisture stress is expressed
as the absolute value of the plant water potential. The correspond-
ing plant water potential would be the negative of the stated value.



Winter PMS Guidelines

Average Measurements Elapsed Response
PMS Made Before Time
in or After from
Bars Undercutting Undercutting (1) (2) (3) (4) (5)

to Back Dock

1-5 Before or
After

9-12 Before or Less than
After 1 hour

6-12 Before or More than
After 1 hour

13-20 Before or Less than
After ½ hour

13-20 Before or More than
After ½ hour

21-25 After
21-25 Before
25+ Before

Responses: (1) No response needed.
Apply water at the back dock.
Apply water at the nursery bed to tubs of seedlings
Stop undercutting and finish the current under-
cutting.

Do not initiate undercutting.

Table 1-1. Plant moisture stress guidelines developed for seed-
lings at the D.L. Phipps State Forest Nursery (Cleary,
personal communication).

x

x

x

x

x

x

x

x
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enzyme systems (i.e. the enzyme systems of photosynthesis and res-

piration). Time is important here too, as the greater the time at a

given temperature, the greater the risk of incurring damage to

tissues or to enzyme systems and the more rapid the loss of carbo-

hydrate reserves due to respiration. A tentative temperature guide-

line for tree seedlings can be found in Cleary and DeYoe (1981)

(Table 1-2). The fluctuation of temperature is also important to

note, as repeated fluctuations can dehydrate seedlings.

For this study, PMS and temperature were used to compare three

different handling processes in a study of the effects of nursery

handling on seedling growth, survival, and physiology. The PMS

and temperature information can also be used to interpret growth

and physiological information collected from planted seedlings

subjected to these different treatments.

The study was done at the D.L. Phipps State Forest Nursery in

Elkton, Oregon. This nursery was selected because tt has a rela-

tively unique cold storage and grading facility that was completed

in 1979. The building features a layout with separate cooling rooms

for processed (graded and packed) and unprocessed seedlings. Before

the new facility was built, unprocessed seedlings were held outside

on a covered dock that was enclosed on two sides. In some cases,

seedlings were held on the dock for three to four days before being

pro ces s e d.

Two of the handling treatments compared for this study then,

involved holding unprocessed seedlings either outside on the old

dock (the "outdoors" treatment) or in the new "pre-processing cooler"

(the "indoors" treatment) for 48 hours after lifting. The third

treatment used is known as "bedpacking." For this treatment, seed-

lings are packed into storage boxes at the nursery bed immediately

after lifting, then they are shilpped out for planting or held in a

cooler. These seedlings do not experience the extra handling

involved in grading and packing. Work in New Zealand with radiata

pine (Pinus radiata) has shown an increase in growth and survival

when this method of handling is used (Trewin, 1978). Another part

of this study determined if similar increases would occur with



4

Short Term Storage Guidelines (1-5 hours)

Ideal 34° to 36°F

Tolerable (no damage likely) 36° to 50°F

Risk Zone 400 to 68°F

Damage probable if heat builds up 68° to 86°F

Respiration damage occurring 86°F+

Long Term Storage Guidelines (5+ hours)

Sub-freezing (the rate of freezing and thawing
is also critical) 26 to 28 F

Ideal 34° to 36°F

Tolerable 36° to 42°F

Risk Zone 42° to 50°F

Damage occurring from increased use of food
reserves,greater risk from desiccation,

0and respiration damage 50 F+

Table 1-2. Temperature guidelines for dormant bare root seedlings
(from Cleary and DeYoe, 1982).
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Douglas-fir seedlings handled in this manner. The purpose of this
chapter however, is to document the PMS and the temperature of
seedlings handled in these three different ways.



PROCEDURES

To aid in monitoring the handling process, it was broken down

into a series of easily identified steps (Figure 1-1). To determine

the length of time seedlings would spend between steps and to deter-

mine other conditions for the experiment, regular nursery operations

were observed and monitored. The resulting experimental procedure

was based on 22 seedling lots observed on nine different dates dur-

ing January and February of 1981. It was desired to test the dif-

ferent handling treatments under the most extreme conditiloris found

during this time at the nursery. During the handling, P1'IS was moni-

tored with a pressure chamber (PMS Instrument Company) and tempera-

ture was monitored with an eight-inch-long stem dial thermometer

(Weston Co., calibrated from 25 to 125°F).

The handling treatments were repeated on three different dates--

4 February, 10 February, and 25 February 1981. All treatments used

the same seed lot from the same nursery bed. A 60-foot-long section

of the bed was harvested in three 20-foot segments. Seedlings were

from a 2500 foot elevation in seed zone 072. Approximately 2000

trees were lifted on each date.

Undercutting was initiated only if PMS was 10 bars or more.

After undercutting, 1½ hours was allowed to elapse before lifting

began. Seedlings for the indoors and the outdoors treatments were

lifted first. They were lifted into plastic tubs that held about

300 seedlings. The tubs were then covered with wet burlap, as is

the standard procedure at this nursery. The bedpack seedlings were

lifted last and were placed in cardboard shipping boxes.

After lifting, the seedlings were delivered to their respec-

tive holding places--indoors seedlings to the pre-processing cooler,

outdoors seedlings to the outside dock, and bedpack seedlings to

the shipping cooler. After 48 hours, the seedlings in the indoors

and the outdoors treatments were moved from their holding places

onto the grading room floor for a 20 minute delay before grading.

The seedlings were then graded by nursery graders to a minimum 3 un

caliper and 6 inch shoot length. They were bundled in groups of 50
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Prelifting X

1..

Undercutting X

1

Lifting X

1

On Trailer

'I,
On Dock

In Pre-Processing Cooler X

1

Waiting to be Graded X

(in grading room)

1

On Grading Table

1

Roots Pruned

1..

Packed in Boxes X

1

Wai ti ng on Pal lets X

(in grading room)

4..
In Shipping Storage x

Figure 1-.1. Steps in nursery handling at the D.L. Phipps Nursery.
An "Xt' indicates steps where monitoring of PMS and
temperature occurred for this study.



8

before the roots were pruned to 9 inches (22.9 cm). The seedlings

were packed in boxes and placed in cold storage.



RESULTS AND DISCUSSION

PLANT MOISTURE STRESS

A comparison of the results in terms of PMS is shown in Figure

1-2.

For all treatments, PMS tended only to decline after undercut-

ting. The reason why PMS declined for the indoors and the outdoors

treatments on the first lifting date and then started to increase

again, peaking at about six to eight hours after undercutting, is

unknown. The increase in PMS after grading for the first lifting

date may be due to a more gradual drying-out over the 48 hour hold-

ing period than to drying during th.e grading itself. The monitoring

for this study was not intensive enough during grading to determine

what, if any, drying occurs during grading. The increase in PMS for

the indoors treatment during the third lifting date occurred as the

seedlings dried out after being watered and serves as an illustra-

tion that water loss can occur in the pre-processing cooler.

It is interesting to note the similar PMS measurements for the

indoors and the outdoors treatments. However, fog often is present

until 11 a.m. or noon in this part of Oregon, and this may be the

reason for the similarity. For nurseries in drier climates (i.e.

on the east side of the Cascades) there may indeed be a difference

in PMS for these two types of handling.

The most rapid decline in PMS for all treatments occurs once

they are placed in the shipping boxes. A relative humidity of close

to 100% inside the boxes is probably partly responsible for this

decline. A comparison of the rates of PMS decline for the different

handling treatments is shown in Figure 1-3. The rates were calcu-

1 ated for the first two to three hours after the seedlings were

placed in a box. For the indoors and the outdoors seedlings, the

rate of PMS decline was much slower versus the rate of PMS decline

for the bedpack seedlings. This study was not designed to investi-

gate this particular question, but these results do suggest that the

indoors and the outdoors seedlings have lost some of their capacity

to internally adjust their PMS, perhaps due to lower moisture con-

9
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Outdoors, B=Bedpack. Each point is the mean of three
to four seedlings.
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tents after 48 hours of holding in an environment that allows water
loss from the seedling

In terms of Table 1-1, PMS for the bedpack treatment was not a
cause for concern, except at the time of lifting. The duration of
PMS greater than 5 bars at this time called for the seedlings to be
watered, but for this study, they were not watered. PMS for the out-
doors and the indoors treatments stayed near 5 bars for most of the
holding period.

TEMPE RATU RE

A comparison of the results in terms of temperature is shown
in Figure 1-4.

The course of temperature for the three treatments is fairly
close to what might be predicted. Inconsistencies in the graphs
were probably due to dead air spots in the pre-processing and the
storage coolers.

The most important differences in temperature occurred at the
time of packing, about 45 hours after undercutting. The temperature

inside the box tends to rise due to warm air (55-62°F) being "packed's
in with the seedlings. The indoors treatment however, tended to
have a higher absolute temperature increase versus the outdoors
treatment, probably because the indoors trees are cooler to start
with. This lower initial temperature may also cause the indoors
seedlings to reach room temperature more rapidly if they are left
at a warmer temperature for a longer period of time (i.e. if they
spend a longer time in the grading room before being packed).

According to Table 1-2, temperature was not a problem for the
bedpack seedlings. Temperatures for the outdoors and the indoors
treatments however, occurred in the risk and danger zones, and the
outdoors seedlings spent more time at these higher temperatures than
seedlings in the other treatments.
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5 15 25 35 45

TiME SINCE UNDERCUTTiNG (HRs)

Figure 1-4. Temperature of Doualas-f-ir seedlings with time for the
handlina treatments: indoors - - - , outdoors
bedpack.-- - Each Doint is the temperature of one
box or tub of seedlinos.



CONCLUS I ONS

The pre-processing cooler appeared to be primarily useful for

keeping the temperature lower than the old method 0f handling. This

may be especially important for trees that will be fteld for more

than two to three days, because if these trees were kept outside for

that much time, they might experience temperatures that could lead

to dehydration and increased loss of carbohydrate reserves.

As could be expected for a nursery in this climate, the pre-

processing cooler was not especially useful in keeping PMS lower

versus the old method of handling. This may not be the case in

drier climates or if a drier winter occurs at this nursery. Con-

sistent monitoring of PMS of stock being held in the pre-processing

cooler and the application of water when needed to keep PMS under

5 bars is suggested.

14



IMPACTS OF NURSERY PROCESSING
ON THE SURVIVAL, GROWTH AND PHYSIOLOGY

OF 2+0 DOUGLAS-FIR SEEDLINGS

II. The Effects of Nursery Handling on First-Year Outplanting
Performance of 2+0 Douglas-fir

INTRODUCTION

This project studied the seedling production process from the
time just before undercutting in the nursery bed to the time that
graded seedlings are placed in cold storage at the nursery. This is
a period in seedling production at the nursery when most of the
physical handling of seedlings occurs. During this time, seedlings
may experience not only physical abuse, but also stresses that may
result from temperature extremes or from internal water deficits.
Monitoring temperature and plant moisture stress (PMS) can indicate
potential stresses so that action can be taken to mininize stress-
related damage. Currently however, there is no method of quantify-
ing or monitoring physical handling damage before seedlings are
outplanted. Prevention of physical abuse then, involves care in
handling at all times and/or minimal handling of seedlings.

Differences in seedling handling that may cause differences in
plantation performance can be very subtle, yet produce rather pro-
nounced effects. Mullin (1974) studied a red pine (Pinus resinosa)
plantation in Ontario, Canada for 20 years. This plantation was
established for a study that compared two different planting crews,
two types of packaging (open-ended bales versus crates), and dif-
ferent lengths of unrefrigerated storage (zero to three and one-half
weeks, with trees planted at one-half week intervals). Mullin
found that it took 20 years for a difference in planting crews to be
significant. This difference amounted to 14% greater volume per
acre for one of the crews, and was due to a difference in handling,
not a difference in survival. After one year, it was apparent that
trees held for a longer period in unrefrigerated storage had a lower
survival. After five years, height growth was also significantly
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affected by the length of the unrefrigerated storage. After 20

years, a one-half week storage resulted in nearly a 6% drop in vol-

ume per acre and one week of storage yielded about 12% less volume

per acre at age 20. These volume differences were due primarily to

the early differences in survival. Mullin also found that the sur-

vival and volume of trees stored in crates was greater, possibly due

- to less moisture loss between packaging and planting.

Other work in Canada has also noted a difference between p1 ant-

ing crews. Pierpoint et al (1977, 1978, 1981) compared research

planting crews to regular planting crews for red pine at 12 differ-

ent locations. After the first year, the research crew plots had

better survival , growth, and leader quality (assessed primarily by

needle length). These differences have become even more apparent

after the fifth-year measurements and are due primarily to handling

and planting techniques.

Again with red pine, Cooley (1974) studied the effects of

stock size, packing procedure, distribution procedure, and planters

on first-year growth and survival. The different packing procedures

involved either sorting, grading, and packing in a cooler or in a

relatively warm.,dry area (i.e. the grading shed). The distribu-

tion procedures involved a comparison of keeping seedlings at the

nursery until planting or keeping them in temporary storage else-

where for two to seven days before planting. Cooley found no dif-

ferences due to stock size or packing procedure, but some trees sus-

tained damage due to possible temperature or moisture stress during

shipping. The most important influence on survival was the effect

due to individual tree planters.

Albert et al (1980) also looked at the effect of packing, only

they studied radiata pine (Pinus radiata). They broke down the

packing/shipping process into five steps: (1) lifting; (2) trans-

porting to the packing shed; (3) grading and packing seedlings into

boxes; (4) packing boxes into crates for shipping; and (5) trans-

ferring seedlings to planting bags at the planting site. The growth

and survival of seedlings removed from the process after completing

(1), (1) through (4), and (1) through (5) was compared. First-year
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mortality increased from 0.6% if removed after (1) to 1.6% after

(4) to 7% if removed after (5). Mean height after one year decreased

from 71 cm if removed after (1) to 50 cm after (5). Third-year

results maintained these differences and also showed a decrease in

caliper from 28 mm after (1) to 21 mm after (5). Values for height

and caliper for trees removed after (4) were about midway between

the mentioned figures.

Trewin (1978) also looked at radiata pine in terms of reducing

damage by eliminating steps in the handling process. A system was

devised where seedlings are lifted directly into boxes that also

serve as tree planting "bags". The result has been greater survi-

val and growth.

The two studies cited here with radiata pine show that the

handling of seedlings at the nursery plays a role in decreasing the

ability of a seedling to grow vigorously after outplanting. These

studies and the other cited here also show that handling after the

seedlings leave the nursery is also important in this respect. The

physiological reasons for the differences found here were not inves-

tigated. Some other studies however, have attempted to explain how

and why such differences may occur. Most of these studies are not

conducted under operational or semi-operational nursery handling

conditions. Instead, the nursery handling is simulated by exposing

seedlings to extreme conditions.

It is thought that the decreased growth rate after outplariting

(sometimes referred to as transplant shock or planting check) is

due to the inability of the roots of newly planted trees to take

up enough water to satisfy the atmospheric demand exerted on the

shoot. This inability to take up water may be due to impairment

of root water uptake, poor soil-root contact, lack of inlluediate

root growth after planting, and/or some other unknown reasons.

Because of the internal water deficit that may develop, the plant

becomes water-stressed and may close its stomates, which not only

prevents further water loss from the leaves, but also the gas

exchange needed to carry out photosynthesis. This combination of

water stress and lack of photosynthesis may lead to reduced growth,
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often for several years after planting until an adequate root system

develops. It may also lead to seedling mortality.

Hal iman et al (1979) studied the effect of transplant shock on

the transpiration rate of five-year-old Scots pine seedlings (Pinus

sylvestris). There were three treatments: (1) plants left in pots

with roots undisturbed, (2) plants dug out of their pots and

replanted back in them immediately, and (3) plants dug out of their

pots and replanted after being exposed to the sun with uncovered

roots for 20 minutes. Results showed that the repotted trees had

less gross transpiration and that their transpiration rate did not

recover to the level of the undisturbed trees during the two month

measurement period. The exposed trees showed the greatest decline

in transpiration after repotting, but they did have some recovery

five weeks after repotting. This recovery is thought to occur at

the same time as the renewal of rapid root growth that occurs after

the cessation of height growth in Scots pine.

Work by Williams (1975) with Pinus caribaea also showed that

potted, undisturbed stock transpired more than bare-root stock for

about 40 days when placed in an environment with no water stress.

After 40 days, the bare-root stock transpiration rate had

increased to the rate of the potted stock.

New ways to imporve and maintain seedling physiological pro-

cesses at vigorous levels are still being tested. In the area of

seedling handling, the work cited earlier by Trewin (1978) has led

to a new handling system that eliminates the packing shed and sub-

stitutes packing at the nursery bed. This system not only elimi-

nates much seedling handling and potential exposure, but also

increases growth and survival after outplanting.

Another relatively new idea in stock handling is the inclu-

sion of a "pre-processing cooler" in the packing shed at the D.L.

Phipps State Forest Nursery near Elkton, Oregon. The building

features a separate room for holding the unprocessed seedlings

between lifting and grading. The temperature is maintained at

about 40°F and the relative humidity is kept between 80 and 90%.

Before the new facility was built, the unprocessed seedlings were
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held outside on a covered dock. The pre-processing cooler offers a

possible improvement by keeping the seedlings at a fairly constant

temperature in a high humidity environment.

The differences between seedlings packed in a packing shed and

seedlings packed at the nursery bed have not been studied for

Douglas-fir, nor has a comparison been made of seedlings stored out-

doors between lifting and grading and seedlings stored during this

same time in a facility that maintains a fairly constant cool tem-

perature and high humidity. Answering these questions could be

important in determining the design of future seedling processing

facilities, as well as in improving the physiological condition of

outplanted seedlings.



PROCEDURES

The seedlings were lifted at the D.L. Phipps State Forest

Nursery in Elkton, Oregon in February of 1981. Three types of

handling were compared:

The "indoors" treatment where seedlings were lifted, then

held for 48 hours in a "pre-processing cooler" before

grading, sorting, and packing. The trees were kept in

plastic tubs covered by wet burlap prior to processing.

The "outdoors" treatment was similar to the indoors one,

only the seedlings were held outside on a covered dock for

48 hours.

The "bedpack" treatment was similar to the New Zealand

approach of Trewin (1978). Seedlings were lifted

directly into shipping boxes and taken to cold storage.

The shipping box did not serve as the planting bag.

A diagram of the handling and planting is shown in Figure 2-1.

This process was repeated on 4, 10, and 25 Feburary 1981.

The seedlings were from a 2500 foot elevation in seed zone 072.

Twenty feet of a 60-foot section of the nursery bed was lifted on

each date. Undercutting occurred if PMS was greater than 10 bars.

The seedlings were lifted into either plastic tubs (for the indoors

and the outdoors treatments) or cardboard shipping boxes (for the

bedpack treatment) after a 1½ hour wait. The trees were then deliv-

ered to their respective holding places. Forty-eight hours later,

the seedlings from the indoors and the outdoors treatments were

brought into the grading room for a 20 minute delay before proces-

sing. The seedlings were graded by nursery graders to a minimum

3 m caliper and 6 inch shoot length. They were bundled in groups

of 50 before the roots were pruned to 9 inches (22.9 cm). Seedlings

were then packed in boxes and placed in cold storage. The bedpack

seedlings were graded and root-pruned at the time of planting.

A sample of 25 trees from each lifting date and handling treat-

ment combination was taken to determine the initial morphology of

the seedlings. Seedling caliper, shoot length, root length, shoot

20



1/3 BEDPACK

LIFT SEEDLINGS

COLD-STORE ONE MONTH

1/3 INDOORS 1/3 OUTDOORS

21

IRRIGATION PLANTATION IRRIGATION PLANTATION IRRIGATION PLANTATION

Figure 2-i. A diagram of the experimental procedure. This was
repeated on 4, 10, and 25 February 1981.
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dry weight, and root dry weight were measured. This information was

analyzed by treatment and lifting date combinations.

Half of the seedlings from each treatment on each date were

outplanted in an irrigation experiment and the other half were out-

planted in a plantation.

PLANTATION STUDY

The plantation was a split-plot design with four replications.

Whole plots were lifting dates, and sub-plots were handling treat-

ments. Fifty trees were planted per handling treatment per lifting

date per replication for a total of 1800 trees. Trees were planted

on a 2 x 2 foot spacing on a slightly east-facing aspect. The site

was a former grassy field that was plowed about one month before

planting. This site is part of the Oregon State University Northwest

Forest Genetics Nursery, located about 10 miles north of Corvallis,

Oregon. The seedlings were planted with a shovel, and all trees

were planted by the same person.

Plant moisture stress, budbreak, height growth, survival, and

morphological characteristics at the end of one growing season were

measured. The procedures used to obtain these measurements are

explained below.

Plant Moisture Stress

Pre-dawn plant moisture stress was measured periodically with

a pressure chamber (PMS Instrument Company). One tree was randomly

selected from each row on each sample date.

Height Growth

The measurement of height was done once a week until the cessa-

tion of terminal shoot elongation. The measurement was made from

the bud scar of the two-year-old shoot to the new shoot tip. On each

measurement date, the same five randomly selected trees from each

row were measured.

Survi val

Survival was recorded at the end of the first growing season.
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Final Morphology

The five trees measured for height growth and five other ran-

domly selected trees from each row were dug up. Measurements of new

leader length, 2+0 shoot length, root length, caliper, new leader

dry weight, new lateral branch dry weight, 2+0 shoot dry weight, and

root dry weight were made.

Budbreak

Lateral and terminal budbreak were recorded. A bud was con-

sidered broken when the new needles were no longer enclosed by the

bud scales. Budbreak was recorded twice a week.

IRRIGATION STUDY

This experiment was done to study a possible interaction

between the handling treatment and different levels of plant mois-

ture stress. The study was a split-split plot design with four

replications. Whole plots were lifting dates, sub-plots were

handling treatments, and within each handling treatment there were

three levels of irrigation. The irrigation levels were defined in

terms of pre-dawn PMS. Minimum pre-dawn PMS for each level of irri-

gation is shown in Table 2-1.

Trees were planted five to a pot in 10 inch diameter 10 inch

deep pulp pots. The soil was a forest topsoil from the Oregon

Coast Range. Three pots were planted per irrigation level per

handling treatment per lifting date per replication for a total of
1620 seedlings. The pots were placed in a covered, shaded cold

frame.

The same measurements were taken as for the plantation and

the same procedures were followed with these exceptions:

Plant Moisture Stress

Pre-dawn PMS was measured on selected days for the purpose

of determining when to irrigate.
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Table 2-1. Minimum pre-dawn PMS levels for the irrigation
study.

IRRIGATION
LEVEL

6/15

DATE
(MINIMUM PRE-DAWN PMS)

7/1 7/15 8/1 8/15

Heavy 5 7 15 15 15

Medium 10 15 15 15 15

Light 20 20 20 20 20
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Height Growth

Height growth was measured for one pot of trees (five seed-

lings) per irrigation level per handling treatment per replication.

This pot of trees was not used for PMS determinations.

Survi val

Survival was recorded every week.

Final Morphology

All trees were harvested, including the dead ones. Measure-

ments of new leader length, 2+0 shoot length, root length, and

caliper were done for all seedlings. Only the five trees used for

height growth had dry weights determined.



RESULTS AND DISCUSSION

INITIAL MORPHOLOGY

An analysis of variance on the measured variables for each

treatment on each liftdate showed that there were significant

differences (p=O.05) in initial size between treatment-lifting date

combinations. The seedlings from the bedpack treatment on the third

lifting date were much larger in shoot length and weight than the

other treatment-lifting date samples.

Overall , caliper averaged 4.7 mm, the average shoot length

was 36.8 cm, shoot dry weight averaged 4.5 g, the average root

length was 31.1 cm, and root dry weight averaged 2.4 g. These

seedlings were well above the minimum grading standards of 3 mm

caliper and 15.2 cm shoot length.

PLANTATION STUDY

Budbreak

All seedlings burst their buds. A graphic analysis of days

to 50% budbreak showed no difference between treatments (i.e. the

difference in days to 50% budbreak was less than four days). Seed-

lings from the first lifting date had 50% budbreak 58 days after

planting, and it took 54 days for seedlings from the second lifting

date and 43 days for seedlings from the third lifting date to

reach 50% budbreak. Treatment means for days to 50% budbreak are

shown in Table 2-2.

Height Growth

Height growth means by treatment for the three lifting dates

are shown in Figure 2-2. A graphic analysis of height growth for

individual lifting dates also showed no significant differences

between treatments. The maximum rate of height growth averaged 2.0

cm per week. For newly planted seedlings, this is a good rate of

height growth.

26

Mortality

Mortality was very low and due primarily to rabiits. Maximum
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Table 2-2. Days to 50% budbreak by treatment-lifting date combi-
nation for the plantation.

LIFTING DATE
INDOORS

TREATMENT
(DAYS TO 50% BUDBREAK)

OUTDOORS BEDPACK

4 February 58 60 56

10 February 54 56 52

25 February 43 43 44
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Figure 2-2. Mean new height w'owth by treatment for the plan-
tation. Each point is the average of 60 seedlings
(20 per lifting date). The handling treatments
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mortality in any row due to causes other than rabbits was 6%. Treat-

ment means by lifting date are shown in Table 2-3.

All surviving trees did not appear vigorous at the end of the

first growing season. There will undoubtedly be more mortality in

future growing seasons. In addition, pre-dawn PMS never reached

levels greater than 8 bars. Zaerr and Lavender (1976) have reported

15 bars pre-dawn PMS for a nearby plowed site and 47 bars for a

nearby grassy site in August. Greater pre-dawn PMS due to a drier

year or more vegetation competition could have resulted in more

first-year mortality and could contribute to future mortality.

Final Morphology

Variables dealing with the roots--root length, root weight,

and shoot:root ratio were not analyzed because it was not possible

to excavate all the roots. Treatment means for the other variables

are summarized in Table 2-4.

The analysis of variance showed the length and the weight of

the new terminal to have been significantly affected by the hand-

ling treatment (p=O.O1). When the treatment means were compared

using Fisher's LSD (Ott, 1977), the bedpack trees were found to

have a longer new terminal (6.9 cm vs 6.1 cm) and a heavier new

terminal (0.51 g vs 0.41 g). The treatment means for the indoors

and the outdoors treatments were not significantly different. The

results were the same when initial height was used as a covariate

to help account for the initial differences in size.

Even though treatment was not significant for the other

dependent variables in Talbe 2-4, a trend is evident--the bedpack

seedlings tended to be larger at the end of the first growing

season, even when initial height was used as a covariate. The

next largest seedlings were from the indoors treatment, and the

smallest were from the outdoors treatment, but the difference

between the indoors and the outdoors treatments was small.
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Table 2-3. Per cent mortality by treatment-lifting date combi-
nation for the plantation.

LIFTING DATE
INDOORS

TREATMENT
(PER CENT MORTALITY)

OUTDOORS BEDPACK

4 February 1.5 1.0 1.0

10 February 1.0 1.0 2.0

25 February 0.5 0.0 LU
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T RE A TM E T

INDOORS OUTDOORS BEDPACK

Table 2-4. Treatment means for Douglas-fir seedlings in the plan-
tation study. For a given dependent variable, means
followed by the same letter are not significantly dif-
ferent at p=O.O1. Each mean is the average of 120
seedlings. Treatment means are unadjusted for initial
hei ght.

DEPENDENT VARIABLE

CALIPER (mm) 6.0 6.0 6.2

2+0 SHOOT WEIGHT (g) 5.75 5.55 6.16

NEW TERMINAL LENGTh (cm) 6.2 a 6.0 a 6.9 b

NEW TERMINAL WEIGHT (g) 0.42 a 0.41 a 0.51 b

NEW LATERAL WEIGHT (g) 2.72 2.55 3.07

TOTAL SHOOT WEIGHT (g) 8.89 8.51 9.74

NEW LATERAL PLUS
NEW TERMINAL WEIGHT (g) 3.15 2.96 3.58



IRRIGATION STUDY

B u db re ak

To compare the rates of budbreak for this experiment, a

graphic analysis was used. For the heavy and the medium irrigation

levels, the number of days to 50% budbreak was used, and for the

light irrigation, the number of days to 25% budbreak was used. Sig-

nificant differences (pO.O5) occurred between irrigation levels,

but not between handling treatments within an irrigation. An excep-

tion to this was the bedpack treatment from the third lifting date.

Due to a Botrytis problem in the center of the nursery bed, the

seedlings for all treatments on the third lifting date were taken

from the outer edges of the bed. Apparently, many of the trees in

the bedpack treatment had been damaged by a tractor that inadver-

tently drove over some seedlings before undercutting. Prior to

the resumption of shoot growth in the spring, this damage was not

readily apparent, but once shoot growth started, this damage mani-

fested itself as scarred and girdled shoots, delayed budbreak, and,

in some cases, death of the terminal. The damage was more apparent

in the medium and the light irrigation levels. For this reason, the

information on budbreak for these seedlings in the medium and light

irrigations is not included in any further analysis.

On the average, it took 49 days for the heavy irrigation seed-

lings and 66 days for the medium irrigation trees to reach 50% bud-

break. It took 69 days for the seedlings under the light irrigation

to reach 25% budbreak.

The final percentages of terminal budbreak were signifi-

cantly affected by irrigation (p=O.O5). Treatment was not a sig-

nificant effect. All trees under heavy irrigation broke bud,

87% of the trees under medium irrigation, and 51% of the trees under

light irrigation broke bud.

Height Growth

A graphic analysis of the rate of height growth also showed

that irrigation was the only effect that caused differences in

height growth. Growth rates for the heavy, medium, and light
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irrigations were 1.8 cm, 0.8 cm, and 0.2 cm per week, respectively.

This was the maximum rate of height growth observed. The 1.8 cm

compares well with the rate of height growth for the trees in the

plantation. The rates for the medium and the light irrigation are

poor in comparison to these more vigorous rates.

Mortality

The analysis of variance showed only irrigation to be sig-

nificant (p=0.05) for final mortality. Average mortality in the

heavy, medium, and light irrigation levels averaged 13, 54, and

88% respectively. The mortality in the medium and light irriga-

tions was severe and showed that the light irrigation in particu-

lar resulted in too much mortality to determine differences between

treatment-irrigation combinations in final morphology.

Final Morphology

The main reason for conducting this irrigation experiment

was to study the interaction of handling treatment and irrigation

level. As noted for budbreak, height growth, and mortality, this

interaction has not been significant. The same was also true for

the final morphological measurements. Irrigation was the only sig-

nificant effect in the analysis of variance for all dependent var-

iables. Treatment means are summarized in Table 2-5.

As for the plantation, it is possible that the bedpack trees

are larger at the end of one growing season, even when initial

height is used as a covariate. possible reasons for the lack of

significance of the effects due to treatment or the treatment by

irrigation interaction include the high mortality in the medium

irrigation and the possibility that initial height could not

account for all the variation in initial morphology. These prob-

lems could obscure any possible significance.
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Table 2-5. Treatment means for Douglas-fir seadlings in the. irriga-
tion study. Dependent variables followed by an asterisk
(*) have means adjusted for initial height. The number
in parentheses after the mean is the sample size.

DEPENDENT VARIABLE
JNDOORS

TREATMENT
OUTDOORS BEDPACK

CALIPER (mm) *

Heavy Irrigation 5.8 (161) 5.6 (164) 5.8 (146)
Medium Irrigation 5.1 (95) 5.1 (80) 5.3 (72)

2+0 SHOOT WEIGHT (g) *

Heavy Irrigation 4.90 (51) 5.10 (58) 5.31 (46)
Medium Irrigation 4.54 (34) 4.50 (25) 4.82 (23)

NEW TERMINAL LENGTH (cm)
Heavy Irrigation 8.0 (161) 7.6 (164) 8.2 (146)
Medium Irrigation 4.6 (95) 4.7 (80) 5.2 (72)

NEW TERMINAL WEIGHT (g)
Heavy Irrigation 0.43 (51) 0.42 (58) 0.42 (46)
Medium Irrigation 0.21 (34) 0.22 (25) 0.29 (23)

NEW LATERAL WEIGHT (g)
Heavy Irrigation 2.36 (51) 2.56 (58) 3.02 (46)
Medium Irrigation 1.47 (34) 1.30 (25) 1.73 (23)

TOTAL SHOOT WEIGHT (g) *

Heavy Irrigation 7.79 (51) 8.09 (58) 8.49 (46)
1edi um I rn gati on 6.34 (34) 6.05 (25) 6.74 (23)

ROOT LENGTh (cm)
Heavy Irrigation 40.0 (161) 39.7 (164) 39.6 (146)
Medium Irrigation 35.4 (95) 35.4 (80) 35.2 (72)

ROOT WEIGHT (g)
Heavy Irrigation 6.80 (51) 7.38 (58) 7.56 (46)
Medium Irrigation 4.51 (34) 4.06 (25) 4.45 (23)

SHOOT: ROOT

Heavy Irrigation 0.74 (51) 0.73 (58) 0.86 (46)
Medium Irrigation 0.93 (34) 1.01 (25) 1.08 (23)

NEW LATERAL PLUS
NEW TERMINAL WEIGHT (g)

Heavy Irrigation 2.79 (51) 2.99 (58) 3.44 (46)
Medium Irrigation 1.70 (34) 1.52 (25) 2.02 (23)



CONCLUSIONS

There were no significant differences between the indoors and

the outdoors treatments. This may not be the case at a nursery

in a drier climate. The high relative humidity and the fog at

Elkton during lifting probably helped to minimize any growth

differences between these two treatments due to plant moisture

stress. Also, daytime temperatures outdoors were not over 60°F

during the experimental lifting, and seedlings did not remain

at this temperature for a very long period of time (Figure 1-4).

Severe freezing temperatures at night also did not occur. This

does not mean that the pre-processing cooler is not needed at

Elkton, as warmer, drier lifting years have been known to occur.

The fact that the pre-processing cooler is there and the knowl-

edge that it is there for seedling protection will promote

better handling by nursery employees because they are more

aware of the need for care and attention to detail in seedling

handling. It may also be true that a one-year study is not

sufficient--differences may be apparent only after several

growing seasons.

Bedpacking may result in more seedling growth. Treatment

differences may become even more accentuated after several

growing seasons. Why might these differences occur? Certainly

there is less handling involved and the bedpack seedlings are

also exposed to less temperature and plant moisture stress

prior to planting. A longer term study and other changes in

nursery practice would be required before bedpacking is used

operationally, but its use may result in better seedling

growth.

More severe environmental conditions on the planting site may

have emphasized handling treatment differences more. The seed-

lings planted in the plowed field were not subjected to much

water stress (maximum pre-dawn PMS was 8 bars) and more stress
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may have provided larger differences between treatments. An

attempt to simulate this with the irrigation study was not

successful. A site with moderate competition (i.e. a grassy

field planted with seedlings one year after plowing) may pro-

vide a better environment to show any early differences. A

study of longer duration could also provide a better comparison.

4. Attention to details that affect temperature and plant moisture

stress during handling is important in preventing possible damage.

Control of temperature and plant moisture stress will help pro-

duce the best quality seedlings possible and may decrease any

differences between bedpacking and conventional handling. For

example, the lifting conditions for this study allowed PMS

levels to occur that, according to Table 1-1, should have been

alleviated by watering. If seedlings in the indoors and the

outdoors treatments had been watered to keep their PMS less

than 5 bars at all times between lifting and cold storage,

differences between treatments may not have been significant.
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