(Table 9). Fewer eggs, less plant damage, and fewer larvae were
found on them. No differences occurred among the commercial
cultivars and progenies of the ‘Slobolt’ selections.

In summary, our survey of a broad sample of the gene pool
of L. sativa, L. serriola, and L. saligna for plants unattractive to
the cabbage looper for oviposition revealed 29 entries on which
the moths deposited significantly fewer eggs when they were
allowed a choice in screenhouse tests.

Oviposition varied on any 1 entry when the entry was
compared with a standard. Plant age influenced oviposition and
interfered with genetic tests and selections. Progeny tests of
‘Slobolt’ selections were inconclusive, although 1 selection
showed higher oviposition in the screenhouse. However, as a
majority of the plants from ‘Slobolt’ had low oviposition as
evidenced by the average eggs/plant from 100-plant blocks
(Table7), it may be difficult to select for lower oviposition.

Progenies from many more selections would be required to
yield conclusive evidence on heritability. Differences among
cultivars observed in the screenhouse did not seem effective in
the field, but 1 Plant Introduction collection, each, of L.
serriola and L. saligna were less attractive to looper moths in the

field. These species may be valuable sources of looper resistance
if it can be transferred to cultivars of L. sativa without their
numerous, undesirable characters.
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Comparative Growth of Birch Seedlings Grown in the
Greenhouse and Growth Chamber!: 4

Donald T. Krizek? and Richard H. Zimmerman3
Agricultural Research Center, Agricultural Research Service,
U.S. Department of Agriculture, Beltsville, Maryland

Abstract. The growth of paper birch (Betula papyrifera Marsh) seedlings was greatly accelerated by high
light intensity applied in a growth chamber at the cotyledon stage and continued for the next 8 weeks. At
the end of the 8-week period, seedlings grown in a growth chamber under 2500 ft-c (26.9 klx) of cool-white
fluorescent and supplemental incandescent light, a 16-hour photoperiod, and 25/18°C day/night
temperature weighed over 40 times more than those grown in the greenhouse under natural daylight
supplemented by 200 ft-c (2.16 klx) of cool-white fluorescent light, a 16-hour photoperiod, and 24/18°C
day/night temperature. Compared with plants grown under low light intensity, plants grown for 8 weeks
under high light intensity were 6 times taller, had twice as many leaves, and produced lateral shoots
containing 17 times as much dry matter. These findings indicate the feasibility of using high light intensity
alone at the seedling stage in the commercial production of planting stock of this species.

The feasibility of using controlled environments to accelerate
the seedling growth of selected woody plants has been reported
in several studies (1, 2, 7, 8, 9, 11). Relatively few detailed
studies have been conducted, however, on the comparative
growth of woody plants under greenhouse and growth chamber
conditions (4).

In a preliminary experiment Krizek et al. (7) found that the
growth of European white birch seedlings (Betula pendula
Roth) was greatly stimulated by growing them for 4 weeks from
seed in a growth chamber at elevated day/night temp

1Received for publication January 31, 1973.

2Plant Physiologist, Plant Stress Laboratory, Plant Physiology Institute.
3Plant Physiologist, Fruit Laboratory, Plant Genetics and Germplasm
Institute.
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Agricultural Research Center, for their assistance.
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(30/249C), high light intensity (2500 ft-c) (26.9 klx), and
CO9-enriched atmospheres (400 and 2000 ppm). After 4 weeks,
seedlings grown under controlled environmental conditions were
nearly twice as tall, had several more leaves, and had many more
lateral shoots than those grown under greenhouse conditions.
Subsequent experiments conducted in a custom-designed
propagation unit (3) with high light intensity and only modest
control of the environment (Krizek et al., unpublished results)
revealed that careful control of all of the environmental factors
used previously is not needed to accelerate the growth of paper
birch seedlings.

The present study was conducted to determine the growth of
young paper birch seedlings after 2, 4, 6, and 8 weeks of high
light intensity in the growth chamber as compared with growth
of plants in the greenhouse under natural days and supplemental
low light intensity for 16 hr a day.

Materials and Methods
Plant material. Seeds of paper birch were planted on
September 7, 1971, in petri dishes under approximately 1000
ft-c (10.8 klx), cool-white fluorescent light at 25°C. Seven days
later, when the cotyledons were visible, the seedlings were
transferred to 7.5 cm plastic pots containing a peat-vermiculite
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mix (commercially available as Jiffy-Mix%) and allowed to
remain overnight in the laboratory under artificial light.

Experimental treatment began on September 15 and lasted 8
weeks. The newly potted plants were selected for uniformity
and divided at random into 8 groups of 4 plants each. Four
groups were grown under low light intensity in a greenhouse
with closely controlled temp for 2, 4, 6, or 8 weeks; the other 4
groups were grown under high light intensity in a growth
chamber. Temperature, CO7, moisture, and fertility conditions
were comparable in the 2 locations.

Environmental conditions. Plants in the greenhouse received
a 16-hr photoperiod supplementing natural daylight with 200
ft-c (2.16 kix) of cool-white fluorescent light from 4:00 AM to
8:00 PM; a day/night temp of approximately 24/18°C; and
ambient CO7 (about 350 ppm). The seedlings were watered and
fertilized automatically for 4 minutes, 3 to 5 times daily,
enough for the excess water or nutrient solution to drip from
the pots. The nutrient solution was a 20-20-20- water-soluble
fertilizer containing essential macronutrients and micronutrients
and was applied at a concn of 0.5 g/liter, for the first 4 weeks
and 1.0 g/liter for the next 4 weeks.

Plants in the growth chamber were grown under the
following conditions: 2500 ft-c (26.9 kIx) of light, provided by
1500 ma cool-white fluorescent lamps, and 60 watt (120 volt)
incandescent lamps, the latter providing about 20% of the input
wattage; a 16-hr photoperiod; day/night temp of 25/189C; 65%
relative humidity, day and night; air velocity across the chamber
at about 20 m/min; and ambient CO7 (about 350 ppm). The
plants were fertilized as described above. At least once a week
the soil was leached with distilled water to prevent excess salt
accumulation. After 4 weeks of treatment all plants were
transferred to 12.5-cm pots.

Environmental measurements. The CO72 levels in the
greenhouse and the growth chamber were monitored
periodically by means of a Beckman® model 215A infrared
analyzer but were not controlled. They remained near ambient
level of about 350 ppm. Light levels were set and measured at
plant height by means of a Weston® model 756 light meter.
Relative humidity was recorded by means of a hygrothermo-
graph. Air velocity was measured with an Anemotherm5 ane-
mometer. Total daily radiation in the growth chamber (ca 270
langleys/16 hr day), as measured by a Lintronic pyranometer,
was comparable to average daily solar radiation outdoors as
calculated for the months of September, October, and
November (295 langleys/11.24 hr day). For the same period,
however, the total radiation in the natural day greenhouse was
only ca 34.5 langleys/day on a basis of 6.6 hr of mean daily
sunshine and 58.7 langleys/day on a basis of 11.24 hr mean
daylength. (Liu et al., unpublished results).

Growth measurements. Stem growth above the cotyledonary
node and number of leaves were measured after 2, 4, 6, and 8
weeks of treatment from the time the seedlings were placed in
the greenhouse or growth chamber. Fresh and dry wt of the
main shoot and the roots were determined after 2, 4, 6, and 8
weeks and of the lateral shoots after 6 and 8 weeks. The
top-root ratio was calculated on the basis of dry-wt values.

Results

Overall growth. After 2 weeks of treatment, differences in
overall growth between greenhouse- and growth-chamber-grown
seedlings were discernible (Tables 1, 2). After 4 weeks, growth
differences were even more marked, especially in leaf size and in
the extent of lateral growth (Fig 1). After 8 weeks, the size of
growth-chamber-grown seedlings far surpassed that of
greenhouse-grown plants (Fig 2).

Height of the main shoot. Birch seedlings grown in the
growth chamber for 8 weeks elongated at an average rate of 1.2
cm/day; those grown in the greenhouse elongated at an average
rate of approximately 0.2 cm/day (Table 1). The greatest

1973.
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increase in plant height was between week 6 and week 8. During
this period, seedlings in the growth chamber elongated at an
average of 2.7 cm/day; those in the greenhouse at an average of
0.6 cm/day. At all harvests, seedlings grown in the growth
chamber were at least 6 times taller than those grown in the
greenhouse. The greatest difference in rate of stem growth
between plants in the greenhouse and those in the growth
chamber was between week 4 and week 6 (Table 1).

Number of leaves. The rate of leaf initiation was greatly
increased by high light intensity (Table 2), but not as markedly
as the rate of stem elongation (Table 1). At all harvests,
seedlings grown in the growth chamber had at least twice as
many leaves as seedlings grown in the greenhouse. During the
8-week period, plants in the growth chamber produced an
average of 3.5 leaves per week, whereas comparable plants in the
greenhouse produced an average of 1.6 leaves per week (Table
2). The greatest difference in rate of leaf production between
plants in the greenhouse and those in the growth chamber
occurred between week 2 and week 4.

Fresh and dry wt. Differences in fresh wt of tops between
greenhouse- and growth-chamber-grown seedlings were nearly
10-fold after 2 weeks of treatment and increased to over 40-fold
after 8 weeks of treatment (Fig 3). Similar differences were
found in dry wt of tops. Fresh and dry wt of roots were also 10
times greater after 2 weeks and were over 40 times greater after
4 to 6 weeks. In general, the rate of dry-matter accumulation in
growth-chamber-grown seedlings was much more rapid than that

Fig. 1, 2. Comparative growth of paper birch seedlings after 4 weeks (Fig
1) or 8 weeks (Fig 2) of treatment in greenhouse (left) and growth
chamber (right). Seedlings in Fig 1 are in 7.5-cm pots; those in Fig 2
are in 12.5-cm pots.
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Table 1. Stem growth produced by paper

birch seedlings during 8 weeks of treatment in the greenhouse and growth

chamber.
Environmental Stem growth (cm)

treatment Week/0-2 Week/2-4 Week/4-6 Week/6-8 Week/0-8
Greenhouse 0 0.9 1.9 8.1 10.9 f 0.5%
Growth chamber 0.3 6.0 24.6 37.5 68.4 ¥ 8.6

Ratio — 6.6 13.0 4.6 6.3

ZMean * standard deviation.

of greenhouse-grown seedlings (Fig 3).

Relative distribution of dry matter. The most striking
difference in dry-matter distribution observed between birch
seedlings grown in the greenhouse and those in the growth

after 6 weeks of treatment. After 6 weeks, lateral shoots of
seedlings grown in the growth chamber had 10 times as much
dry matter as that of seedlings grown in the greenhouse under
long-day conditions. After 8 weeks, this difference was 17-fold.

Table 2. Number of leaves produced by paper birch seedlings during 8 weeks of treatment in the greenhouse and growth

chamber.
Environmental Number of leaves produced

treatment Week/0-2 Week/2-4 Week/4-6 Week/6-8 Week/0-8
Greenhouse 2 2 3.5 5.3 12.8 £ 1.0%
Growth chamber 3.8 7.2 7.8 9.7 28.5 * 0.6

Ratio 1.9 3.6 2.2 1.8 2.2

ZMean * standard deviation.

chamber was in the relative amount of dry matter of the lateral
shoots as compared with that of the main shoot (Table 3).
Lateral shoots were visible after 4 weeks of treatment in the
growth chamber but were not large enough to be harvested until

FRESH WEIGHT 3
0%k 3

DRY WEIGHT
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t s 2 O 3 8
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Fig 3. Fresh and dry wt of tops and roots of paper birch seedlings after 2,
4, 6, and 8 weeks of treatment in greenhouse and growth chamber.
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The ratio of dry matter in the lateral shoots to that in the
main shoot after 6 weeks in the growth chamber was 1:1.25,
whereas the ratio in the greenhouse was approximately 1:22.
After 8 weeks of treatment, these differences were even more
pronounced; for example, growth chamber-grown plants had
nearly twice as much dry matter in the lateral shoots as in the
rest of the tops. The top-root ratio increased after 6 and 8
weeks of treatment in the growth chamber (Table 3).

Discussion

The importance of starting woody plants under a
CO9-enriched atmosphere in a controlled environment to
accelerate seedling development has been shown in earlier
studies with crabapple (7, 8, 9. 11) and European white birch
(7). The present study demonstrates that the growth of paper
birch seedlings may be greatly accelerated merely by using high
light intensity alone during the first 8 weeks of the life of the
seedlings.

Pinney and Peotter (10) have reported that under the best
growing conditions outdoors in Wisconsin in mid-August, Betula
papyrifera stems grew at a rate of 0.5 inches/day (1.2 cm/day),
with an average rate at approximately 0.3 inches/day (0.8
cm/day). In the present study, we obtained a maximum rate of
stem elongation of 2.7 cm/day during the 6th to 8th week of
treatment and an average rate of 1.2 cm/day for the entire
8-week period. These values are considerably greater than those
Pinney and Peotter reported for seedlings of the same age or the
same size. It is possible that the total radiation that our
seedlings received in the growth chamber was greater than that
obtained under natural conditions in Wisconsin in the Pinney
and Peotter studies.

Pinney and Peotter (10) reported that it took 4 months for
paper birch seedlings to reach a height of 12 inches (30.5 c¢m)
and nearly 6 months to reach a height of 30 inches (76.2 cm)
under their conditions. In the present study and in other
experiments conducted with this species under 2500 ft-c (26.9
kix) of light (Krizek et. al., unpublished results), comparable
growth was obtained in less than 1/2 that time.

The stimulation of lateral growth was the most marked
influence of high light intensity in the growth chamber. This is
similar to the response obtained with herbaceous plants (5, 6)

J. Amer. Soc. Hort. Sci. 98(4):370-373. 1973.
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Table 3. Relative distribution of dry matter in main shoot, lateral shoots, tops, and roots of paper birch seedlings grown for
2, 4, 6, and 8 weeks under greenhouse and growth chamber conditions.

% Distribution of dry matter

Time of Tops Roots Top
Environmental treatment Main Lateral root
treatment weeks shoot shoots Total ratio?
Greenhouse 2 87.5 — 87.5 12.5 6.1 + 3.2Y
4 80.6 — 80.6 19.4 44 + 1.7
6 77.9 3.8 81.7 18.3 45 + 2.8
8 77.7 3.5 81.2 18.8 44 + 0.7
Growth chamber 2 81.0 - 81.0 19.0 46 * 1.7
4 78.7 — 78.7 21.3 37 £ 04
6 53.3 40. 94.1 5.9 179 £ 94
8 28.7 61.3 90.0 9.9 9.1 + 1.3
ZTop/root ratio based on dry wt.
YMean + standard deviation.
Literature Cited
1. Funsch, R. W., R. H. Mattson, and G. R. Mowry. 1970.

when high light intensity was used in combination with elevated
temp (30/24°C, day/night) and CO9-enriched atmospheres
(2000 ppm).

The large increase in dry-matter production as a consequence
of controlled-environment treatment is consistent with prior
results obtained under controlled environments with petunia
and other herbaceous plants (5, 6).

Total radiation was apparently the chief determinant of the
difference in growth observed because photoperiod, temp, CO2,
nutrition, and moisture status were comparable in the
greenhouse and the growth chamber.
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method of accelerating seedling growth of this tree species is
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From our work, seedling growth of birch can be accelerated
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16 hr per day, using a day/night temp of at least 25/18°C, and
maintaining adequate levels of moisture and nutrition.
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tory to vegetative growth.
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