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MINIMUM LIGHT INTENSITIES FOR THREE FOLIAGE
PLANTS'

R.G. Pass and David E. Hartley?

Increased use of foliage plants for interiors has intensified
concern for proper acclimatization to enhance their
survival in new environments. Acclimatization refers to the
climatic adaptation of an organism (plant) to a new
environment (5); specifically, moving a foliage plant from
the optimum conditions of greenhouse production to the
limiting conditions of an interior environment. Research
(3, 4) has shown that acclimatization prior to placement
indoors is beneficial to most foliage plants. The length of
acclimatization as well as the type of acclimatization
varies for specific foliage plants.

Photosynthetically active radiation (PAR) in the 400-700
nm region is the most important factor in foliage pilant
acclimatization. Interior environments have low light
intensities which places limitations on plants, both
physiologically and metabolically (7). In order to survive
these limitations, plants must adapt to these low PAR
levels (1).

Previous work at Colorado State University, DePauw &
DePauw (Unpublished data 1975), has shown that there is
marked variation among plants within a species which can
be attributed to the previous history of the plants.
Secondly, plants grown under high levels of PAR have
higher light compensation points than plants grown low
PAR levels. And thirdly, if plants are moved from high PAR
to low PAR, a period of time is required for acclimatization
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before a new and lower light compensation point is
reached, the light compensation point being the PAR level
at which there is no net exchange of CO., or the point at
which photosynthesis and respiration are essentially
equal (13).

This study was undertaken to determine the rate and
extent to which foliage plants grown in a greenhouse
environment adapt to low PAR levels of interior en-
vironments.

Materials and Methods

Commercially salable plantsin 15.2 cm pots were received
March, 1977. Vegetatively produced Nephrolepis exaltata
‘Bostoniensis’ (Boston fern) and Epipremnan aureum and
seed propagated Brassaia actinophylla (umbrella tree)
were selected for their economic importance and tax-
onomic diversity. The potting media consisted of 1 part
Canadian peat and 1 part #8 perlite. Each plantreceived a
top dressing of 14g of a siow release fertilizer (14N—
6.0P—11.6K) upon arrival. All plants were grown in a
fiberglass-covered, air cooled greenhouse until the start
of the light acclimatization experiments on July 7, 1977.
The mean of maximum irradiation during this pretreat-
ment period was 931 uE-m~2-sec™".

Twelve plants of each species were selected for uniformity
at experiment initiation. All remnants of slow-release
fertilizer applied in March were removed, pots leached
thoroughly and no additional fertilizer supplied to plants
through the duration of the experiment.

A system to measure the rate of net CO, exchange for
whole plants was designed to determine light compensa-
tion points and acclimatization rates. The system con-
sisted of 2 distinct parts: 1) lightacclimatization chambers
which contained the foliage plants and their replicates,
and sample chambers (Fig. 1) and 2) the infrared gas
analysis system.
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A closed system sample chamber within a light
acclimatization chamber for the measurement
of net CO, exchange rates for whole plants
under low irradiation levels.

Figure 1:

Walk-in light acclimatization chambers were built to
create an isolated, fixed irradiation level, and to accom-
modate 9 whole plants (3 replications of 3 species) and the
sample chamber. The irradiation source consisted of 4
double-tubed 40 Watt, Cool White, fluorescent fixtures
and one 250 Watt, high pressure sodium lamp. Different
irradiation levels in the chambers were accomplished by
raising and lowering the fixtures and covering them with
cheese cloth screens. Irradiation levels of 14, 29, 38, and
70 L E-m2-sec™ PAR were maintained for 14 hr daily.
Chamber temperatures were maintained at 25°C £ 2.
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Figure 2. Rates of acclimatization for Brassala ac-
tinophylla, Nephrofepis exaltata ‘Bostonien-
sis’, and Epipremnum aureurn.

The closed system sample chambers were constructed to
obtain net CO, exchange rate for whole plants. Twosmall
fans were mounted on different planes on adjacent sides
of the sample chamber to create a homogenous CO,
concentration. Ambient air temperatures within the light
acclimatization chambers were responsible for
temperature control of the sample chambers.

A differential infrared gas analyzer (IRGA) was used for all
measurements of CO, exchange. Calibration checks were
made at regular intervals using standard CO; in nitrogen.
A flow rate of 420 mi/min was maintained from the sample
chamber to the IRGA. The air sample from the sample
chamber passed through a condensation trap, dew point
sensor and dryer before analysis by the IRGA and
returned to the same chamber. Chambers were connected
to a solenoid valve system allowing sample gas from the
appropriate sample chamber to be removed and returned
on a timed basis.

Rates of net CO, exchange were measured by placing the
replicated species in the closed system sample chamber in
each of the light acclimatization chambers. The rate of
CO, exchange was determined from the CO; increase or
decrease in concentration for each chamber. Net CO,
measurements were made on each plant 3 times a week for
the 7 week duration of the experiment. The 3 weekly CO,
measurements were averaged to give a mean net CO,
exchange rate for weeks 1, 3, 5, and 7.

An attempt was made to measure root and soil respiration.
Three replications of each species with all the
photosynthetic area removed, were utilized for these
measurements. The mean rate of respiration for the 3
species was about 0.03 mg CO.pot™ hr''. An HSD mean
separation test for these means showed no significant
differences (P=5%).

Total leaf area was determined for each plant utilizing a
portable leaf area meter. This permitted non-destructive,
intact leaf area measurements.

All photosynthetic and respiratory rates determined for
the experiment were computed by the equation (2):

Pn or Rd = ((MVT,P/LTP,) (ppm/hr x107€))/LA

where: Pn = net photosynthesis (mg CO,-dmi?-hr")
Rd = dark respiration (mg CO,-dmi?-hf’
M = mole weight of CO, (44,010 mg)
V = volume of closed system (804.2 1)
T,= 273°K
P, = average barometric pressure (635
mg Hg)
L = mole volume of CO, (22.414 1)
T= 398°K
P, = standard barometric pressure (760
mg Hg)
ppm/hr = CO, exchange rate in parts per million
per hr converted to the volume
fraction of CO, by muitiplying by 10°°
LA = leaf area of one side (dm?)

Computed net CO, exchange rates at the 4 irradiation
levels were subjected to linear regression analysis by
species and an equation for each resulting line was
obtained using the formula (7):

y = B+ B, where:
y = net CO, exchange rate
x = irradiance

B, = slope

B, = y-intercept
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Light compensation points were computed by sub-
stituting y = 0 into the equation and solving for x, the
resulting formula for the light compensation points being
x = By/B, (7).

The experiment was treated as a split plot in design with
species being main plots and acclimatization time as
subplots. Analysis of variance was then performed on the
net CO, exchange rates. When significant F-values were
found, a Tukey’s HSD mean separation test was used to
determine significant differences (P=5%) among means.

Results

All 3 species exhibited net CO, exchange rates that
decreased with decreasing levels of PAR (Table 1). At 70
wE-m2sec™ of PAR there was always net CO,uptake over
the 7 week period. However, the net amount of CO, fixed
consistently decreased over the 7 weeks. At the lowest
PAR level, 14 uE-m2sec™, the CO, evolution diminished
over the duration of the experiment. The CO, fixation, CO,
evolution, and dark respiration rates were always greater
during the first week of acclimatization (Tables 1 & 2).

Net CO,; uptake for Brassaia actinophylla occurred at all
PAR levels except for week one at 14 wE-m™-sec”™ (Table
1}. Although CO, uptake decreased over the course of the
experiment, the rates were greater during the first week
than during the foliowing weeks. Dark respiration and
consequential CO,; evolution also diminished at all PAR
levels during the experiment (Table 2). Dark CO,evolution
decreased during weeks 1, 3 and 5 but no reduction
occurred during the seventh week.

Net CO, uptake for Nephrolepis exaltata ‘Bostoniensis’
occurred at70 pE-m™2sec”' PAR CO,evolution took place
atthe lower PAR leveis and was greater for weeks 1 and 3.
CO; evolution decreased to week 5 and then leveled off. A
large reduction in dark respiration occurred between
weeks 1 and 3 but did not change for the rest of the
experiment (Table 2).

CO, fixation for Epipremnum aureum took place at a
diminishing rate for PAR levels 29,38,and 70 4 E-m™2sec™
(Table 1). CO; evolution resulted at the lowest irradiation
level, 14 E-m™2.sec™. Less CO,was evolved during weeks
3, 5 and 7 than during week one. Dark respiration rates
were lower for this species during week one, but, like the

other species, also decreased during weeks 3 and 5 at all
PAR levels (Table 2).

Brassaia actinophylla exhibited the most dramatic reduc-
tion in light compensation points of the 3 species tested
(Fig. 2) where a 5-fold reduction in the light compensation
point between week 1 and 7 occurred. Nephrolepis
exaltata ‘Bostoniensis’ exhibited the highest light com-
pensation points with a 1.4 fold reduction from week 1 to
week 7 and the slowest rate of acclimatization.
Epipremnum aureum was intermediate in acclimatization
rate with a 1.7 foid reduction in light compensation points
from week 1to 7.

Discussion

Results of net CO, exchange and dark respiration
demonstrated that Brassaia actinophylla was capable of
the greatest photosynthetic efficiency at low PAR;
Epipremnum aureum was intermediate, and Nephrolepis
exaltata ‘Bostoniensis’ had the lowest photosynthetic
efficiency. The changes that occurred during the process
of acclimatization appeared to be caused by the plants’
ability to photosynthesize more efficiently, with a reduc-
tion in respiration rates.

Increased photosynthetic efficiency may in part have
resulted from changes in leaf morphology (6, 13). Older
leaves of some species produced under high PAR may
have improved photosynthetic efficiency at low PAR by
increased chlorophyll production or reorientation of
chloroplasts. New leaves produced under low PAR levels
may have been larger, providing more surface area for
maximum energy interception or chloroplasts might have
oriented for maximum energy capture.

CO;evolution in the dark for the 3 species was significant-
ly reduced during the 7 weeks of acclimatization. Reports
in the literature indicate that plants grown in shade have
lower respiration rates than those grown in exposed
habitats (7, 8,9, 10, 11,12). McCree (10, 11) suggested that
dark respiration could be characterized as having both
maintenance and growth components. During
acclimatization, the evident reduction in dark respiration
may result from the change in relative importance of its 2
components, where the lower maintenance component
was responsible for greater efficiency at the lower irradia-
tion levels.

Table 1: Mean net CO, uptake or evolution at four PAR levels for plants acclimatized after 1, 3, 5 and 7 weeks.

CO, uptake (+) or evolution (-)
(mg CO,-dm*hr)

PAR levels ( wE-ni?.sec’)

Species Weeks 14 29 38 70
Brassaia actinophylla 1 -0.85aZ +1.11a +1.80a +8.11a
3 +0.15b +0.45b +0.95b +2.70b
5 +0.20b +0.48b +0.82b +1.96b
7 +0.15b +0.38b +0.65b +1.40b
Nephrolepis exaltata 1 -3.00a -2.28a -1.70a +0.82a
‘Bostoniensis’ 3 -2.01a -1.21a ~-1.03a +0.67a
5 -0.64b -0.57b -0.32b +0.10b
7 -0.13b -0.07b +0.03b +0.10b
Epipremnum aureum 1 -1.27a +0.62a +1.56a +4.81a
3 -0.17b +0.58b +1.24b +3.26b
5 -0.15b +0.44b +0.98b +1.02b
7 -0.04b +0.13b +0.19b +0.79b

“Mean separation for species in columns by Tukey's MSD test, 5% level.




Table 2: Mean dark respiration rates which represents CO, evolution in mg CO,-dni2-hi" at four PAR levels for plants

acclimatized after 1, 3, 5 and 7 weeks.

CO; evolution (mg CO.-dmi?-hr)

PAR levels ( pE-ni2-sec™)

Species Weeks 29 38 70
Brassaia actinophylla 1 -5.61a% -6.24a -6.46a -6.00a
3 -1.97b -2.77b -2.93b -3.83b
5 -1.25¢ -1.16¢ -1.31c -1.74c
7 -1.20c -0.98¢c -1.17¢ -0.86¢
Nephrolepis exaltata 1 -5.47a -5.30a -5.60a -5.74a
‘Bostoniensis’ 3 -1.95b -2.20b -2.22b -2.11b
5 -1.30b -1.47b -1.38b -1.79b
7 -1.18b -1.19b -1.03b -1.13b
Epipremnum aureum 1 -3.19a -3.21z -4.00a -4.42a
3 -2.90b -2.39b -2.41b -3.52b
5 -1.12¢ -1.15¢ -1.74c -2.59c
7 ) -1.09¢ -1.04c -1.13¢ -1.44c
ZMean separation for species in columns by Tukey’s HSD test, 5% level.
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