30.

31.

32.

33.

34.

35.

30.

37.

38.

39.

4(}.

41.

42.

43.

Phillips, 1.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
refation to certain environmental conditions. Bul. Duke Univ. Sch. For.
No. 4, pp. 52.

Richard, F., ].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.
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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 fter-
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 afternoon 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.
**  QOccasionally replaced by 12-0-0 at 500 g/100 liters.
*** Except for short photoperiod -8 bar stress treatment which was given 10-

502-16.

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 ot the -12

o1l



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 .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 6.9422 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 J 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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Figure 2. The shoot weight, -----, and root weight, , of seedlings re-
ceiving various moisture stress - 0-52-34 nutritional regime treat-
ments, ® . Shoot weight, O, and root weight, 8, of seedlings receiv-

ing -8 bar moisture stress, 8-hour photoperiod and 10-52-16 nutri-
tional regime treatment.

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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Figure 3. The mean shoot/root ratios of seedlings treated with one of four
moisture stress levels and an 0-52-34 nutritional regime, @ ; treated
with a -8 bar moisture stress, 8-hour photoperiod and 10-52-16 nu-
tritional regime, ® .
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Figure 4. The effects of various moisture stress treatments and a 0-52-34 nu-
tritional regime, ® | or an -8 bar stress, 8-hour photoperiod and 10-
52-16 nutritional regime, © , during vegetative bud set on the root
collar diameter of the seedlings.
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Figure 5. Terminal bud dimensions of Douglas fir seedlings treated with var-
ious levels of moistures stress and 0-52-34 nutritional solution, bud
length, ------ . bud diameter, . Bud length, © , and bud di-
ameter, m , of seedlings treated with -8 bar moisture stress, 8-hour
photoperiod and 10-52-16 nutritional solution.

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.

QOur tests up to -16 bars show only a small detrimental ef-
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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ROOT SYSTEM CONFIGURATION IS IMPORTANT TO LONG

TREE LIFE
RICHARD W. TINUS!

Rocky Mountain Forest and Range Experiment Station
U.S. Forest Service Shelterbelt Laboratory
Bottineau, North Dakota

Abstract. Circling roots can stunt growth or increase susceptibility to

wind breakage and blowdown. The problem can be largely avoided by grow-
ing tree seedlings in containers with vertical ribs or grooves, without sharp
horizontal corners, and with an egress hole at the bottom for air pruning
roots. Root configuration control is standard forest nursery practice in 30- to
700-m] containers, but now has been demonstrated in 10-liter containers in-
tended to produce potted trees for the retail market. Additional egress holes
near the pot surface may correct insufficient root production of outplanted
irees.
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