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Abstract. The photosynthetic daily light integral (DLI) dramatically increases during the 
spring when the majority of bedding plants are commercially produced. However, the 
effects of DLI on seedling growth and development have not been well characterized for 
most bedding plant species. Our objectives were to quantify the effects of DLI on growth 
and development of Celosia, Impatiens, Salvia, Tagetes, and Viola during the seedling stage 
and determine whether there were any residual effects of DLI on subsequent growth and 
development after transplant. Seedlings were grown in growth chambers for 18 to 26 
days at 21 °C with a DLI ranging from 4.1 to 14.2 mol·m–2·d–1. Average seedling shoot dry 
weight per internode (a measure of quality) increased linearly 64%, 47%, 64%, and 68% 
within this DLI range in Celosia, Impatiens, Tagetes, and Viola, respectively. Seedlings were 
then transplanted to 10-cm containers and grown in a common environment (average 
daily temperature of 22 °C and DLI of 8.5 mol·m–2·d–1) to determine subsequent effects on 
plant growth and development. Flowering of Celosia, Impatiens, Salvia, Tagetes, and Viola 
occurred 10, 12, 11, 4, and 12 days earlier, respectively, when seedlings were previously 
grown under the highest DLI compared with the lowest. Except for Viola, earlier fl ower-
ing corresponded with the development of fewer nodes below the fi rst fl ower. Flower bud 
number and plant shoot dry weight at fi rst fl owering (plant quality parameters) decreased 
as the seedling DLI increased in all species except for fl ower number of Tagetes. Therefore, 
seedlings grown under a greater DLI fl owered earlier, but plant quality at fi rst fl owering 
was generally reduced compared with that of seedlings grown under a lower DLI.

Annual bedding plants are collectively the 
largest segment of fl oriculture crop production 
in the United States, and in 2003 the reported 
wholesale value was more than $1.8 billion 
(USDA, 2004). Bedding plants are propagated 
by seeds or cuttings in trays that have small 
soil volumes and closely spaced growing 
cells, which creates a high plant density. Once 
seedlings or cuttings have an established root 
system and adequate vegetative development, 
they are transplanted into a larger container and 
grown until they are marketed. Plants are often 
exposed to different environmental conditions 
during these two distinct growing stages.

In northern latitudes (e.g., the United States, 
Canada, and Europe), the majority of bedding 
plants are commercially produced in green-
houses from January through May for sales to 
consumers in spring and early summer. During 
this production time, the integrated photosyn-
thetic photon fl ux (daily light integral, or DLI) 
changes dramatically, depending on time of year, 
latitude, and weather patterns. For example, 
the mean outdoor DLI ranges from 5 to 10 
mol·m–2·d–1 across the northern United States 

et al., 1997; Armitage and Wetzstein, 1984; 
Carpenter and Rodriquiz, 1971; Dansereau et 
al., 1998; Erickson et al., 1981; Kacsperski et 
al., 1991). However, plant temperature has not 
been measured in many DLI studies, and the 
acceleration of fl owering from a high DLI can 
often be at least partly attributed to an increase 
in plant temperature from increased radiation. 

Few DLI studies have been published on 
some of the most economically valuable bedding 
plant genera, including Viola, Impatiens, and 
Tagetes. We performed experiments to quantify 
the effects of DLI on growth, development, and 
quality of fi ve popular bedding plant species 
during the seedling stage and to determine 
whether there were any residual effects of DLI 
on subsequent growth and development after 
transplant. Air temperatures and long-wave 
radiation from lamps were adjusted so that 
plant temperatures were similar among DLI 
treatments, so that treatment differences could 
be primarily attributed to changes in DLI and 
not temperature.

Materials and Methods

Initial DLI treatments. Seeds of Celosia 
argentea var. plumosa L. ‘Gloria Mix’, Impa-
tiens wallerana Hook. ‘Accent Red’, Salvia 
splendens Sell ex Roem. & Schult. ‘Vista Red’, 
Tagetes patula L. ‘Bonanza Yellow’, and Viola 
‘Crystal Bowl Yellow’ were sown into 288-cell 
trays at a commercial greenhouse (Raker’s 
Acres, Inc. Litchfi eld, Mich). Five days after 
sowing, trays were delivered and cut in half, 
and two half-trays (blocks) of each species 
were randomly placed in three growth chambers 
(Conviron E15, Winnipeg, Canada).

A high light (HL) chamber was fi tted with 
six 160-W fl uorescent tubes and ten 25-W incan-
descent bulbs; the medium light (ML) chamber 
contained eight fl uorescent tubes (four painted 
black) and 10 incandescent bulbs (four painted 
black); and the low light (LL) chamber contained 
10 fl uorescent tubes (eight painted black), and 
six incandescent bulbs (three painted black). 
Bulbs were painted black so that they emitted 
long-wave but not photosynthetic radiation. The 
photometric red (600 to 700 nm) to far-red (700 
to 800 nm) ratio was measured in each chamber 
with a spectroradiometer (LI-1800; LI-COR, 
Lincoln, Nebr.) and was 3.56, 3.56, and 3.58 
for the HL, ML, and LL chambers, respectively. 
Each chamber was initially set at about 21 °C, 
but minor set point adjustments were made so 
that plant temperature was about 21 °C. A vapor 
pressure defi cit (VPD) of 0.6 kPa was maintained 
and the photoperiod was 16 h.

In each chamber, air temperature was moni-

in December to 55 to 60 mol·m–2·d–1 in the 
southwestern United States in May (Korczynski 
et al., 2002). The amount of light that plants 
receive in a greenhouse is reduced by 40% or 
more by shading from greenhouse glazing and 
structures (Hanan, 1998). Therefore, bedding 
plant crops are commercially grown under an 
average DLI of <5 mol·m–2·d–1 (e.g., in January 
in Michigan) to more than 25 mol·m–2·d–1 (e.g., 
in April in      Arizona).

For many fl oriculture crops, plant quality 
and mass generally increase with DLI. For 
example, fl ower size and number of geranium 
(Pelargonium ×hortorum L.H. Bail.), petunia 
(Petunia ×hybrida Vilm.-Andr.), vinca (Cathar-
anthus roseus L.), and bellfl ower (Campanula 
carpatica Jacq.) increased as DLI increased 
(Armitage and Wetzstein, 1984; Graper and 
Healy, 1991; Niu et al., 2001a, 2001b; Pietsch et 
al., 1995). In addition, fl owering time decreased 
as DLI increased in several species, including 
geranium, pansy (Viola ×wittrockiana Gams.), 
stock (Matthiola incana L.), and petunia (Adams 

Table 1. The actual average daily light integral (DLI), air temperature, plant shoot-tip temperature, and 
vapor pressure defi cit (VPD) measured inside growth chambers with three DLI treatments during two 
experimental repetitions (R). LL = low light; ML = moderate light; HL = high light.

  Avg Avg air     Avg
  DLI temp  Avg shoot-tip temp(°C)  VPD
R Treatment (mol·m–2·d–1) (°C) Salvia Impatiens Celosia Tagetes (kPa)
1 LL 4.5 21.0 21.1 21.7 21.5 20.5 0.6
 ML 7.2 21.4 21.6 21.9 21.6 21.2 0.6
2 HL 14.2 21.0 21.3 21.6 21.4 20.7 0.6
 LL 4.1 20.8 21.6 20.8 21.5 20.6 0.7
 ML 7.1 21.4 21.5 21.9 21.7 21.3 0.6
 HL 12.3 21.4 21.4 21.6 21.1 20.6 0.6
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tored by an aspirated thermocouple, and plant 
shoot-tip temperatures were monitored by type 
E thermocouples (TT-E-40; Omega Engineering 
Inc., Stamford, Conn.) inserted ≤0.5 cm below 
shoot apices. Light intensity was monitored 
in each chamber with a line quantum sensor 
(Apogee Instruments, Inc., Logan, Utah) and a 
quantum sensor (LI-COR). A datalogger (CR10; 
Campbell Scientifi c, Logan, Utah) recorded 
the environmental data every 10 s, and hourly 
averages were recorded. Actual average DLI, 
air temperature, shoot-tip temperature, and 
VPD from the start of treatments to the end of 
the seedling stage were calculated (Table 1). In 
addition, canopy temperature was monitored 
on each crop for 24 h by an infrared sensor 
(IRt/c.01; Exergen Corp., Watertown, Mass.) 
placed about 20 cm above the canopy at a 45° 
angle. The difference between average plant 

canopy temperature and average air temperature 
was between 0.1 and 1.6 °C for all species and 
DLI treatments (data not shown).

Seedlings were subirrigated with well water 
containing (mg·L–1): 95, 34, and 29 Ca, Mg, 
and S, and supplemented with a water-soluble 
fertilizer to provide the following (mg·L–1): 40 
N, 4 P, 40 K, 5 Ca, 0.3 Fe, 0.03 B, and Mo, 
and 0.2 Mn, Zn, Cu (MSU Special; Greencare 
Fertilizers, Chicago, Ill.). The water was also 
acidifi ed with H

2
SO

4
 to a titratable alkalinity of 

CaCO
3
 at about 140 mg·L–1.

Tagetes, Celosia, Impatiens, Salvia, and 
Viola were transplanted (the end of the seedling 
stage) after 18, 19, 22, 22, and 26 d under the 
initial DLI treatments, respectively. Plant height 
from soil level to shoot apex, node number, 
shoot (stems and leaves) dry weight (after ≥3 
d at about 60 °C), and the presence of visible 

fl ower bud were recorded for eight seedlings 
from each block of each species at transplant. 
Plant height of Viola was not measured because 
seedlings develop as rosettes.

Common environment. At transplant, 16 
seedlings (eight from each block) of each spe-
cies were potted into 10-cm pots containing a 
70% peatmoss, 21% perlite, and 9% vermiculite 
potting media (SUREMIX, Michigan Grower 
Products, Inc., Galesburg, Mich.) and randomly 
placed in a common growth chamber (TC-2; 
Environmental Growth Chambers, Chagrin 
Falls, Ohio). Plants were top irrigated with 
acidifi ed water with a water-soluble fertilizer 
(as described above) to provide (mg·L–1): 125 
N, 13 P, 125 K, 110 Ca, 34 Mg, 29 S, 1 Fe, 0.1 
B and Mo, and 0.5 Mn, Zn, Cu.

The growth chamber was set at 21 °C, 
and a DLI of 8.5 mol·m–2·d–1 was provided by 
fl uorescent and incandescent lamps with a 16-h 

Table 2. The effect of daily light integral (DLI) during the seedling stage on node number and stem length 
of seedlings at transplant and on subsequent fl ower size at fi rst fl owering (n = 16).

Avg DLI Avg node Avg stem Avg fl ower
(mol·m–2·d–1) no. length (cm) size (cm)
Celosia
 4.1 4.3 2.4 ---z

 4.5 4.6 2.7 ---
 7.1 4.9 2.5 ---
 7.2 5.3 2.9 ---
 12.3 5.0 2.6 ---
 14.2 5.2 2.7 ---
 Signifi cance *** *** ---
 P

Linear 
*** NS ---

 P
Quadratic 

** * ---
Impatiens
 4.1 4.0 3.0 5.0
 4.5 4.7 3.3 4.8
 7.1 5.1 2.7 4.6
 7.2 5.5 2.9 4.6
 12.3 4.9 2.1 4.2
 14.2 5.7 2.6 4.5
 Signifi cance *** *** ***
 P

Linear 
*** *** ***

 P
Quadratic 

** *** **
Salvia
 4.1 2.9 3.9 4.1
 4.5 3.0 4.1 4.0
 7.1 3.0 3.4 4.1
 7.2 3.0 3.9 3.4
 12.3 3.0 2.3 3.8
 14.2 3.0 2.8 3.1
 Signifi cance NS *** ***
 P

Linear 
NS *** ***

 P
Quadratic 

NS NS NS

Tagetes
 4.1 2.8 2.8 4.0
 4.5 3.1 3.5 4.0
 7.1 3.4 3.4 4.1
 7.2 4.0 4.0 4.4
 12.3 3.1 3.4 4.3
 14.2 3.8 3.7 4.3
 Signifi cance *** *** ***
 P

Linear 
*** *** ***

 P
Quadratic 

NS *** **
Vola
 4.1 3.9 --- 3.1
 4.5 3.8 --- 3.0
 7.1 4.6 --- 3.0
 7.2 5.1 --- 3.2
 12.3 5.3 --- 2.9
 14.2 5.6 --- 3.1
 Signifi cance *** --- NS

 P
Linear 

*** --- NS

 P
Quadratic 

*** --- NS
zDash indicates data not recorded.
NS,*,**,***Nonsignifi cant or signifi cant at P ≤ 0.05, 0.01, or 0.001, respectively.

Fig. 1. Relationships between daily light integral and 
average shoot dry weight per average internode 
number in Celosia, Impatiens, Salvia, Tagetes, 
and Viola at seedling transplant. Each symbol 
represents the average of 16 plants, and error 
bars represent 95% confi dence intervals. Equa-
tions for regression lines are presented with 
corresponding r2 or R2 values.
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photoperiod. The VPD was maintained at 0.7 
kPa. DLI was monitored with a LI-COR quan-
tum sensor, and air temperature was monitored 
by an aspirated thermocouple (as described 
above). Temperature and light values were 
recorded by a CR10 datalogger every 10 s, and 
hourly averages were recorded. The actual air 
temperature averaged 21.9 °C. When each plant 
fl owered, date of fi rst open fl ower, plant height, 
node number below the fi rst fl ower, fl ower or 
infl orescence number, fl ower size, and shoot 
dry weight (after ≥3 d at about 60 °C) were 
recorded. Salvia and Celosia were considered 
in fl ower when the bottom fl ower on the spike 
opened and when the infl orescence reached 4 
cm in length, respectively.

The experiment was performed twice, and 
data were analyzed using SAS (SAS Institute 
Inc., Cary, N.C.) general linear model (GLM 
procedure). Regression procedures were per-
formed in SigmaPlot (SPSS, Chicago, Ill.). 
Average shoot dry weight per average internode 
number was calculated for each species and used 
as an indication of seedling quality.

Results

Seedling stage. Node number increased 
as DLI increased from 4.1 to 14.2 mol·m–2·d–1 

in all species except for Salvia (Table 2). In 
Celosia, Impatiens, Tagetes, and Viola, aver-
age shoot dry weight per internode increased 
linearly 64%, 47%, 64%, and 68%, respectively, 
as DLI increased from 4.1 to 14.2 mol·m–2·d–1 
(Fig. 1). Salvia shoot dry weight per internode 
increased from 6.4 to 14.4 mg/internode as DLI 
increased until reaching a maximum at about 
12 mol·m–2·d–1.

Quadratic or linear relationships relating 
DLI to seedling stem length (plant height) 
were observed in all species measured (Table 
2). Height of Impatiens and Salvia decreased 
by 27% and 37%, respectively, whereas plant 
height of Tagetes and Celosia increased by 10% 
and 12%, respectively, as DLI increased from 
4.1 to 14.2 mol·m–2·d–1.

Impatiens and Tagetes were the only plants 
studied to have visible fl ower buds at transplant, 
and as DLI increased, the percentage of seedlings 
at visible bud generally increased (data not 
shown). Flower buds were visible in ≥38% of 
Impatiens seedlings under a DLI ≥12.3 mol·m–

2·d–1, whereas seedlings grown under 4.1 or 4.5 
mol·m–2·d–1 had no visible fl ower buds. All Tagetes 
seedlings grown under a DLI ≥7.2 mol·m–2·d–1 
were visibly reproductive at transplant, whereas 
only 56% of plants had visible fl ower buds when 
grown under 4.1 mol·m–2·d–1.

Subsequent growth and development
Celosia. Time to fl ower decreased by 10 days 

as DLI during the seedling stage increased from 
4.1 to 14.2 mol·m–2·d–1 (Fig. 2A). Correspond-
ingly, node number below the fi rst infl orescence 
decreased by seven as the initial DLI increased 
from 4.1 to 14.2 mol·m–2·d–1 (Fig. 2B). Flower 
number and shoot dry weight at fi rst fl owering 
decreased linearly (by 61% and 31%, respec-
tively) as the initial DLI increased within the 
range studied (Fig. 2C and D). Plant height at 
fl owering also decreased linearly (from 22.2 to 
18.7 cm) as initial DLI increased from 4.1 to 
14.2 mol·m–2·d–1 (Fig. 2E). 

Impatiens. The relationship between days to 
fl ower after transplant and DLI was quadratic; 
days to fl ower decreased from 36 to a minimum 
of 24 d as the initial DLI increased from 4.1 to 
about 12 mol·m–2·d–1 (Fig. 2F). Additionally, 
node number below the fi rst open fl ower de-
creased linearly from 7 to 4 (Fig. 2G). Flower 
number and fl ower diameter decreased linearly 
from 49 to 20 (Fig. 2H) and from 5.0 to 4.5 
cm, respectively (Table 2). As the initial DLI 
increased from 4.1 to 14.2 mol·m–2·d–1, shoot 
dry weight and height at fi rst fl ower decreased 
linearly by 59% and 24%, respectively (Fig. 
2I and 2J).

Salvia. Time to fl ower decreased by 11 

Fig. 2. The effect of daily light integral during the seedling stage on subsequent days to fl ower, node number, fl ower number, shoot dry weight, and height in 
Celosia, Impatiens, Salvia, Tagetes, and Viola. Each symbol represents the average of 16 plants, and error bars represent 95% confi dence intervals. L = 
linear and Q = quadratic. NS,*,**,***Nonsignifi cant or signifi cant at P ≤ 0.05, 0.01, or 0.001, respectively. Equations for regression lines are presented with 
corresponding r2 or R2 values.
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days as initial DLI increased from 4.1 to 14.2 
mol·m–2·d–1 (Fig. 2K). Plants developed two 
fewer nodes below the infl orescence when 
seedlings were grown under the higher DLIs 
compared with the lowest DLI (Fig. 2L). Sig-
nifi cant linear relationships were also observed 
between initial DLI and fl ower number, fl ower 
size, shoot dry weight, and height (Fig. 2M, N, 
and O; Table 2). As initial DLI increased from 
4.1 to 14.2 mol·m–2·d–1, average infl orescence 
number decreased from 2 to 1 and fl ower size 
decreased from 4.1 to 3.1 cm. Shoot dry weight 
and height at fl owering decreased with increas-
ing DLI by 62% and 25%, respectively.

Tagetes. Time to fl ower decreased by only 
4 days and average node number decreased 
slightly (from 4.3 to 3.5) as initial DLI in-
creased from 4.1 to about 11 mol·m–2·d–1 (Fig. 
2P and Q). Flower number was not infl uenced 
by the initial DLI treatments, although fl ower 
size decreased slightly (from 4.3 to 4.0 cm) as 
DLI decreased from 14.2 to 4.1 mol·m–2·d–1 
(Fig. 2R; Table 2). Shoot dry weight at fi rst 
fl owering decreased linearly as DLI during the 
seedling stage increased (Fig. 2S). Plant height 
at fl owering was quadratically related to the 
initial DLI (Fig. 2T). 

Viola. Time to fl ower was hastened by 12 
days, whereas fl ower number and shoot dry 
weight decreased linearly from 11 to 7 and 
by 26%, respectively, as initial DLI increased 
from 4.1 to about 11 mol·m–2·d–1 (Fig. 2U, V, 
and W). Node number, fl ower size, and height 
at fl owering were not signifi cantly infl uenced 
by the initial DLI treatments (Fig. 2X and Y, 
Table 2). 

Discussion

For many commercial growers, a high-qual-
ity bedding plant seedling has a large dry mass 
per internode (i.e., thick stems) and is relatively 
compact, which facilitates ease of shipping and 
transplanting. With these parameters for plant 
quality at transplant, the quality of all species 
increased as average DLI increased (Fig. 1). Av-
erage shoot dry weight per internode continued 
to increase linearly as initial DLI increased from 
4.1 to 14.2 mol·m–2·d–1 for all species except Sal-
via. The average shoot dry weight per internode 
of Salvia appeared to reach a maximum when 
the DLI was about 12 mol·m–2·d–1. Additionally, 
increasing the DLI decreased seedling height 
at transplant in Celosia, Impatiens, and Salvia, 
resulting in a more compact seedling.

Subsequent time to fl ower of all fi ve species 
decreased as the DLI under which seedlings were 
grown increased within the DLI range studied. 
Time to fl ower of Celosia and Salvia decreased 
linearly by 24% and 41% as DLI increased 
from 4.1 to 14.2 mol·m–2·d–1. Flowering of 
Tagetes, Viola, and Impatiens was accelerated 
by 19%, 28%, and 33%, respectively, as DLI 
during the seedling stage increased to about 
11 to 13 mol·m–2·d–1. Thus, these data indicate 
that when the ambient DLI is low (e.g., <8 
mol·m–2·d–1), supplemental photosynthetic 
lighting would increase seedling quality and 
accelerate fl owering.

Plants that develop fewer nodes before 
fl ower initiation from an increase in DLI have 

been described as having a facultative irradiance 
response (Erwin et al., 2004). For example, three 
Hibiscus spp. fl owered earlier and developed 
fewer nodes below the fi rst fl ower as DLI in-
creased (Warner and Erwin, 2003). Here, node 
number below the fi rst open fl ower decreased 
in Celosia, Impatiens, Salvia, and Tagetes as 
the initial DLI increased. Thus, these plants 
can be described as having a facultative irradi-
ance response.

Erwin et al. (2004) reported that Viola 
‘Delta Pure White’ had a facultative irradiance 
response, which is not in agreement with this 
study on Viola ‘Crystal Bowl Yellow’. Unpub-
lished research indicates that ‘Crystal Bowl 
Yellow’ is less responsive to irradiance than 
‘Delta Pure White’ (J. Erwin, personal com-
munication), which could explain the difference 
in responses. We exposed Viola seedlings to 
different DLI treatments for 26 d, while Erwin 
et al. (2004) grew Viola plants under different 
DLI treatments from transplant until fl ower-
ing. These longer DLI treatments on ‘Delta 
Pure White’ could have magnifi ed DLI effects 
on fl owering. To our knowledge, similar DLI 
studies with Impatiens, Salvia, and Tagetes have 
not been published.

An increase in DLI during the fi nish stage 
increased fl ower number in several garden plant 
species (Armitage and Wetzstein, 1984; Niu et 
al., 2001b; Pietsch et al., 1995). An increase in 
DLI can also increase fl ower size, as reported in 
pansy ‘Universal Violet’ (Adams et al., 1997). 
This study demonstrates how the DLI during 
the seedling stage infl uences subsequent fl ow-
ering independent of the DLI during the fi nish 
stage. Our results indicate that fl ower number 
and plant mass (expressed as plant shoot dry 
weight) at fi rst fl owering decreased as the initial 
DLI increased for all species except fl ower 
number of Tagetes (Fig. 2). Seedlings grown 
under the lower DLI treatments took longer to 
fl ower, and thus they had more time to harvest 
light and develop additional leaves in the sub-
sequent common environment. Therefore, since 
vegetative phase length increased under low 
DLI conditions, plants were able to direct more 
growth to photosynthetic tissues that ultimately 
resulted in greater fl ower and plant mass when 
fl owering occurred.

This study quantifi es the consequences of 
growing seedlings under a range of DLIs that 
are common to commercial greenhouses during 
late winter and early spring in northern latitudes 
(e.g., >40 °N). Early fl owering of Celosia, 
Impatiens, Salvia, and Tagetes in this study 
can be primarily attributed to the increased 
DLI during the seedling stage because average 
plant shoot-tip temperatures were within 0.7 
°C among DLI treatments (Table 1) and plants 
developed fewer nodes before fl ower initiation 
with increasing DLI. Although fi nal plant qual-
ity (fl ower number, fl ower size, and shoot dry 
weight) was higher when seedlings were initially 
grown under a low DLI, fl owering was delayed 
compared with that under a higher DLI.

These results indicate that greenhouse grow-
ers could manipulate DLI during the seedling 
stage to accelerate or delay subsequent fl ower-
ing, but the desired response may depend on 
the fi nal container size. Earlier fl owering of 

these species could be achieved by providing 
supplemental lighting to seedlings when the 
ambient DLI is low (e.g., <8 mol·m–2·d–1). Rapid 
fl owering and lower plant quality (fewer fl ower 
buds) at fi rst fl owering could be desirable when 
seedlings are transplanted into small fi nish 
containers (i.e., cell packs). In contrast, delayed 
fl owering may be desired when seedlings are 
transplanted into larger fi nish containers (i.e., 
10-cm pots or hanging baskets). In this scenario, 
a larger plant could be needed to adequately fi ll 
the fi nish container, and although fl owering 
would be delayed, plants would be of higher 
quality (greater mass and more fl owers) at 
fi rst fl owering.

Future research is warranted to determine 
how exposure to a high DLI at different stages 
of seedling development influences plant 
quality and subsequent fl owering. In addition, 
the interaction of photoperiod and DLI on 
photoperiodic species needs to be described. 
Finally, the interaction of DLI with growing 
temperature has not been described for most 
bedding plant species.
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