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Abstract. To effectively manage crop production in a greenhouse, it is essential to un-
derstand the natural light environment and physiological responses of the plants to
light. This study investigated the dynamics of photosynthetic photon flux densities
(PPFD) and light quality within the canopies of greenhouse-grown eggplant (Solanum
melongena) and the photosynthetic capacities of leaves at different locations within
the canopies. The light environment was quantified at 0.2-m intervals within (intra-
canopy) and adjacent to (extra-canopy) the crop canopy on both sunny and cloudy
days within a commercial greenhouse located in Leamington, Ontario, Canada. Our
results indicated a linear decline in extra-canopy PPFD on both sunny and cloudy
days, but an exponential decrease in intra-canopy PPFD. The intra-canopy PPFD de-
creased by 91% and 76% between 0 m and 0.4 m from the canopy apex on sunny
and cloudy days, respectively. The lower canopy (0.6-1.2 m) light spectrum consisted
largely of far-red light, equal amounts of red light and green light, with a lower per-
centage of blue light. Parameters derived from leaf-level light response curves indi-
cated that the light-saturated net carbon exchange rate, light saturation point, and
light compensation point decreased as the distance from canopy apex increased,
whereas quantum yield was unaffected. Thus, leaves in the lower canopy were less ef-
ficient at using high PPFD, but they displayed no deterioration of photosynthetic ma-
chinery. Based solely on photosynthetic capabilities, leaves between 0 and 1.0 m from
the canopy apex should not be removed to decrease the total plant sink strength.

Winter production of vegetables in green-
houses located in northern latitudes is limited
by the amount, of solar radiation present, at-
tributable to shorter days and a lower sun an-
gle (Korczynski et al. 2002). The use of
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supplemental lighting in greenhouses during
the winter months has been shown to signifi-
cantly increase crop yield through the utiliza-
tion of artificial light to enhance low natural
light levels (Hao et al. 2018; Lanoue et al.
2021, 2018b; Olle and Virsile 2013). How-
ever, to optimize supplemental light use effi-
ciency, it is important to understand the
existing natural light environment. This dis-
cussion should incorporate an approach to
improve the existing light environment and
overall light use efficiency by characterizing
light gradients throughout the crop canopy.
Research of the light environment within
a greenhouse has mainly focused on leaf-
level measurements (Massa et al. 2015; Para-
diso et al. 2011; Sun et al. 1998) or was based
on computer-generated models that aimed to
predict how light can traverse the crop can-
opy (Pao et al. 2021; Schipper et al. 2023;
Wiechers et al. 2011; Zhang et al. 2020). Al-
though commercial vegetable greenhouses

attempt to grow plants as uniformly as possi-
ble, there is still substantial variability among
individual plants. Light variation caused by
structural shading also exists, which is diffi-
cult to account for using logistical formulas
or software (Kittas et al. 1999). There is a
lack of research considering real-world plant
variations, leaf angles, mutual shading, or
reflectance.

Both light photosynthetic photon flux den-
sity (PPFD) and spectral quality play important
roles in plant activities such as photosynthesis,
plant morphology, and overall yield (Zheng
and Llewellyn 2022). Therefore, all aspects of
transmitted light through the plant canopy
are important to note while characterizing
the whole-canopy light environment. Although
existing literature is focused on how light is al-
tered through transmission of a single leaf
(Massa et al. 2015; Paradiso et al. 2011), light
transmission was determined in an artificial
environment where natural factors like leaf an-
gle, leaf arrangements, or leaf maturity were
disregarded.

It is common practice in commercial
greenhouses to remove senescing lower can-
opy leaves because of an increased risk of
disease (Thakur et al. 2018). These lower
canopy leaves are removed when signs of
damage or senescence are apparent. Pruning
in greenhouse vegetable crops is also used to
balance the source and sink strength of the
plant (Gifford and Evans 1981; Smith and
Stitt 2007; Wardlaw 1990). Li et al. (2015)
found that tomato plants are source-limited
during fruiting; therefore, removing sink tis-
sue during this period can benefit net photo-
synthate production and fruit yield. Leaves
are often considered sources of carbohydrates
when fully emerged, but they can also in-
crease sink strength and compete for carbo-
hydrates if they receive irradiances below
their light compensation point (LCP) (Igbal
et al. 2012). Therefore, measurements of light
transmission and LCP of leaves throughout
the canopy can aid in the development of
pruning practices that remove unproductive
leaves to balance source—sink strength.

Intra-canopy and dynamic lighting strate-
gies are being developed to optimize energy
use for crop production. Intra-canopy lighting
refers to the use of supplemental lights within
the crop canopy, and dynamic lighting strate-
gies involve the use of multiple photon flux
densities (PFDs) and/or spectra that are al-
tered based on environmental conditions to
improve crop growth and energy efficiency
(Hao et al. 2012; Kalaitzoglou et al. 2019;
Kumar et al. 2016; Pinho et al. 2013). Under-
standing the relationship between the natural
light environment and leaf physiological re-
sponses can help develop a baseline for these
types of lighting strategies; therefore, they
can be implemented more efficiently.

To diversify their crop portfolio, Canadian
greenhouses are growing new fruit and vege-
table crops, such as eggplant (Solanum mel-
ongena). However, previous research has
mostly targeted tomatoes, cucumbers, and
peppers. Therefore, this research intended to
add to our limited knowledge of ideal light
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conditions for greenhouse eggplant while
providing growers with guidance related to
the optimization of canopy structure, particu-
larly pertaining to the optimization of light
for winter eggplant production.

The objectives of this study were to charac-
terize the intra-canopy and extra-canopy light
environment of eggplant in a commercial
greenhouse in Ontario, Canada, to characterize
leaf photosynthetic capabilities and their re-
sponses to light at different locations through-
out the plant canopy, and to generate data to
provide preliminary scientific guidance for crop
management such as de-leafing and intra-canopy
lighting.

Materials and Methods

Plant culture. This study was conducted in
a commercial glass greenhouse (lat. 42.07°N,
long. 82.58°W, elevation 173 m) with a single
layer of polyethylene suspended at gutter
height (~2.5 m). Eggplant cv. Jaylo seedlings
(65 days old) were transplanted on 29 Dec
2021, with a planting density of 4.1 plants/m>
into inground troughs filled with a proprietary
growing medium consisting of mainly coconut
coir and peat. The glasshouse contained six
rows of plants with 478 m? of total growing
area. The plants were trimmed to two main
stems per plant, and sucker branches were
pruned to one fruit cluster per branch. Each
main stem was supported by twine to a top
wire at a height of 2 m from the surface of the
growing media. Twine supports were shifted
along the top wire, and plants were simulta-
neously tilted/lowered every 2 weeks to allow
for plant stems to grow longer than the 2-m-tall
top wire. Dead and old leaves were removed
every 3 weeks, and all leaves within 0.5 m
from the growing media surface were removed
on 10 Apr 2022 [102 d after transplanting
(DAT)]. Side shoots were pruned just beyond
the first cluster of flowers to support one fruit
set, and eggplant fruits were harvested every
other day when they reached 250 g. The aver-
age temperatures within the greenhouse were
22.5°C (18.9-26.7°C) during the day and
19.7°C (18.2-23.4°C) at night. The average
greenhouse relative humidity levels were
69.3% (50%—83%) during the day and 74.4%
(58%-90%) at night. Greenhouse CO, was
maintained between 344 to 828 wL-L~". Plants
were fertigated with an organic nutrient solu-
tion depending on daily solar radiation and de-
livered through drip spikes at the base of each
plant. The pH and electrical conductivity (EC)
of fertigation were maintained at 5.50 and
0.20 S-m™ ", respectively.

Light environment. To characterize both
PPFD and spectral quality of natural light under
direct and diffuse ambient light conditions,
measurements were performed on both sunny
and cloudy days. Cloudy was defined as over-
cast conditions, and sunny measurements were
performed when the sun was unobstructed by
clouds. Both measurements were repeated three
times throughout the eggplant growth period
from 8 Mar to 21 May 2022 (69—143 DAT) in
five randomly chosen locations among six plant
rows (Supplemental Fig. 1). The average stem
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lengths were 1.22 + 0.01 m, 1.62 + 0.04 m, and
2.00 £ 0.04 m at the time of each measurement.
To characterize all possible shaded/unshaded
conditions, a spectroradiometer (Li-180; LI-
COR Biosciences, Lincoln, NE, USA) was
pointed

upward, and three repeated measurements were
performed at 0.20-m intervals from the top to
bottom of the plant canopy (Supplemental Fig. 1).
These measurements were performed both
within (intra-canopy) and beside (extra-canopy)
the crop to develop a range of light settings at
any given distance from the canopy apex
(DFA) to which a leaf may be exposed. Aver-
age intra-canopy and extra-canopy PPFDs
(400-700 nm) were plotted against the DFA.
Light spectral quality was defined as follows:
blue, 400 to 499 nm; green, 500 to 599 nm; red,
600 to 699 nm; and far-red, 700—780 nm. These
spectra were divided by the total light PPFD
(400-700 nm), plotted against DFA, and fitted
with second-order polynomial regressions: Y =
a+ b*X + c¢*X?, where Y and X represent the
spectral ratio and DFA, respectively.

Plant morphology and leaf chlorophyll.
Plant morphology measurements and leaf
chlorophyll readings were performed imme-
diately after the light environment readings.
These measurements included stem length
from the growing media surface and number
of leaves between each 0.2-m vertical inter-
val. Individual leaf chlorophyll contents were
recorded by averaging 10 relative chlorophyll
readings per leaf with a portable chlorophyll
meter (SPAD-502plus; Konica Minolta,
Chiyoda City, Tokyo, Japan). Leaf tempera-
ture was measured using an infrared ther-
mometer (Lasergrip 774; Elekcity, Anaheim,
CA, USA) pointed at the adaxial surface of
the leaf at ~0.1 m away. Ten chlorophyll and
five leaf temperature measurements were
performed for one random leaf per 0.2-m in-
terval along the entire length of each main
stem.

Leaf light response curve. Leaf light re-
sponse curves [net carbon exchange rate
(NCER) responses to PPFD] were generated
in the same locations as the light environment
measurements on 26 Apr and 1 May 2022
(118 DAT and 123 DAT). One light response
curve was generated per leaf at 0.2-m vertical
intervals within the plant canopy using a por-
table photosynthesis system (LI-6400XT;
LI-COR Biosciences, Lincoln, NE, USA).
Chamber CO, was set to 1000 de-Lfl, with
a block temperature of 23 °C, relative hu-
midity of 60% to 70%, and PPFDs of 0,
5, 10, 15, 25, 50, 75, 100, 250, 500, or
750 wmolm 2-s~'. The maximum PPFD
was determined based on pretrials in which
most leaves had a light saturation point be-
low 750 wmol-m2s~'. The NCERs were
measured at increasing PPFDs to maintain accu-
rate readings at low PPFDs. Before beginning
each light curve, leaves were placed into the
LI-6400XT unlit chamber until a steady
NCER was observed. While generating the
light curve, measurements were recorded
when a steady NCER was perceived for
each PPFD. The NCER was plotted against
the PPFD and fitted to an asymptotic

regression model Y = a + b*e“™® using
Prism (version 9.5; GraphPad Software, San
Diego, CA, USA), where Y, X, a, and e rep-
resent NCER, PPFD, light-saturated NCER
(Amax), and Euler’s constant, respectively
(Delgado et al. 1993). The A.x and light
saturation point (LSP) were determined by
extracting the maximum NCER and lowest
PPFD value at which a change in the NCER
is no longer observed. A linear regression,
Y = m-X + b, was plotted on the measured
NCER at 0, 5, 10, and 15 meolm_zAS_l to
calculate the LCP and quantum yield (QY),
where LCP is equal to the lowest PPFD re-
quired to reach a zero NCER (x-intercept).
The QY is equal to the slope of the line (m),
which is the molar ratio between the net
carbon assimilated and photons absorbed
(®). Then, Ay, LSP, QY, and LCP were
plotted against DFA. The A, and LSP
were fitted with an exponential decay re-
gression Y = Yo*efk*X, where Y represents
the NCER and PPFD, respectively, and X, e,
and k represent DFA, Euler’s constant, and
growth rate respectively. The LCP was fit-
ted with a linear regression.

Statistical analysis. The trial was designed
as a factorial with two fixed factors: DFA and
the ambient light condition. Outliers within
each DFA interval and ambient light condi-
tion were assessed and removed using the in-
terquartile range exclusive method in Excel
(Microsoft Office version 16.66.1; Microsoft,
Redmond, WA, USA). All data were checked
for normality, homogeneity, and heteroske-
dasticity using RStudio (RStudio version
1.4.1717; Boston, MA, USA). The number of
leaves and soil plant analysis development
(SPAD) values were statistically analyzed using
RStudio by an analysis of variance, followed by
an estimated marginal means fixed effects
model with a Tukey adjustment to test for sig-
nificant differences between all DFA values
(o = 0.05). Regression lines were generated for
the parameters of PPFD, light spectrum, and
photosynthetic capacity using graphing soft-
ware (Prism version 9.5; GraphPad Software,
San Diego, CA, USA) and plotted when signifi-
cant (P < 0.05) (Supplemental Table 1).

Results

Photosynthetic photon flux density. The
spatial distribution of PPFD trends remained
consistent throughout the growth of eggplant
plants. Figure 1 displays a representative distri-
bution of PPFD throughout the crop canopy
measured at 105 and 106 DAT. Both extra-canopy
and intra-canopy PPFDs decreased as DFA in-
creased. Extra-canopy PPFDs followed a linear re-
gression in relation to DFA, whereas intra-canopy
PPFDs followed an exponential regression. The
greatest decrease in intra-canopy PPFD was
between 0 and 0.2 m DFA under both sunny
and cloudy conditions. Intra-canopy light
reached a minimum PPFD at a DFA of
0.4t00.6m.

Light spectrum. The spectral distribution
of intra-canopy light followed a similar trend
throughout eggplant growth under both sunny
and cloudy conditions. Although the spectral
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Fig. 1. Typical photosynthetic photon flux density

[PPFD (400-700 nm)] measured at 0.2-m vertical in-

tervals directly within (intra-canopy) and beside (extra-canopy) the Solanum melongena cv. Jaylo
canopy. Measurements were obtained on a cloudy day [13 Apr 2021; 105 days after transplanting

(DAT)] (A) and a sunny day (14 Apr 2021; 1

06 DAT) (B). The data points represent the means of

replicates (n = 15), and the bars represent +SE. A line indicates significant regression (P < 0.05).

distribution is relatively even above the canopy
(Supplemental Fig. 2), Fig. 2 exhibits a rep-
resentation of how the spectral ratio of red,
green, and blue lights decreased similarly
as DFA increased. It was also apparent that
as DFA increased, we observed an in-
creased ratio of far-red light to the total
PPFD (400-780 nm), and the ratio peaked
ata DFA of 0.8 m.

Photosynthetic capacity assessment. The
parameters derived from leaf light response
curves (Supplemental Fig. 3) assisted in the
assessment of photosynthetic capacity of in-
dividual leaves within the eggplant canopy.
These parameters demonstrated similar trends
throughout the growth of eggplant and are
represented in Fig. 3. The A, LSP, and
LCP decreased as DFA increased, whereas
QY was not significantly affected by DFA.

Plant morphology and leaf chlorophyll.
Plant morphology patterns generally remained
constant as the plants grew and developed. Sig-
nificantly more leaves resided at the median
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DFA within the plant canopy. The highest den-
sities of leaves were observed at a DFA of 0.2
to 0.4 m after the first two measurements (Fig.
4A, B), and between 0.4 and 0.6 m in the last
readings (Fig. 4C). The leaf chlorophyll con-
tent decreased as DFA increased (Fig. 4D-F).
The greatest SPAD readings were found be-
tween 0 and 0.2 m in the initial measurements
(Fig. 4D), and between 0 and 0.4 m in the latter
readings (Fig. 4E, F). Generally, SPAD read-
ings remained higher at a lower DFA, espe-
cially during the latter readings. Leaf
temperature was not significantly different at
any DFA (data not shown), with means of 26.1
+0.2°C, 193 £3.2°C, and 23.9 = 4.0°C at
the time of each measurement.

Discussion

Light environment. Photosynthesis is
largely influenced by the light that a plant’s
leaves are exposed to; acclimation to long-
term light history shapes the photosynthetic

capacity and respiration rate, thus setting the
boundaries to which photosynthetic mecha-
nisms can respond to different light intensities
in the short term. Furthermore, the current light
exposure determines the current photosynthetic
rate. Because of Canada’s northern latitude,
light is often the defining factor that determines
the greenhouse crop yield during winter
months; this statement is also applicable to
many countries in northern latitudes (Korczyn-
ski et al. 2002). Therefore, quantifying how
light interacts with crop canopies can be funda-
mental to improving winter crop growth and
production among these regions.

Few studies have attempted to quantify
how much light is present throughout herba-
ceous plant canopies within a greenhouse en-
vironment (Kaiser et al. 2019; Kasperbauer
1971). Light absorption has often been char-
acterized through single leaves (Balegh and
Biddulph 1970; Inada 1976; Maas and Dun-
lap 1989; Paradiso et al. 2011), but the leaf
level results should not be used to predict the
whole-plant level of light transmission (Para-
diso et al. 2011). Although previous studies
have modeled plant canopies through predic-
tive computer generations (i.e., ray tracing
and three-dimensional modeling) (de Visser
et al. 2014; Dieleman et al. 2019; Hintz et al.
2019; Kim et al. 2020; Schipper et al. 2023),
it is difficult to accurately model the true light
environment because of the complex and vari-
able nature of canopy structures’ interactions
with light. Therefore, the physical data collected
throughout this study could be used in conjunc-
tion with predictive computer-generated models
to further understand plant-light interactions.

Each leaf in the eggplant canopy can experi-
ence a wide range of PPFDs, which rapidly
vary throughout the day and have pronounced
effects on leaf-level photosynthesis (van West-
reenen et al. 2023). In general, leaves at the top
of the canopy with a lower DFA received more
direct extra-canopy light with minor shading,
whereas leaves lower in the canopy experienced
mostly intra-canopy light that was transmitted
or reflected, with few sites of direct light. There-
fore, a leaf at a particular DFA may receive a
PPFD anywhere between the measured intra-
canopy and extra-canopy PPFDs, but leaves
lower in the canopy often received a greater
proportion of intra-canopy light. Under cloudy
conditions, intra-canopy PPFD in the lower
canopy closely followed the extra-canopy PPFD,
whereas the extra-canopy PPFD on sunny days is
much higher than the intra-canopy PPFD.
This increased variability on sunny days is most
likely caused by the increase in a strong mutual
shading effect; as natural light increases, a larger
discrepancy between intra-canopy PPFD and
extra-canopy PPFD is expected.

The eggplant canopy structure exhibited
the highest density of leaves between 0.2 and
0.6 m. This elevated leaf density increased
mutual leaf shading and likely explains why
the intra-canopy PPFD decreased by more
than 80% at DFA values more than 0.4 m.
The eggplants may also acclimatize for this
decreased PPFD in the lower canopy because
we observed significantly lower chlorophyll
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Fig. 2. Spectral ratio of blue light (400-499 nm),
green light (500-599 nm), red light (600699
nm), and far-red light (700-780 nm) relative
to the total photosynthetic photon flux density
(PPFD) (400-780 nm). Measurements were
obtained at 0.2-m vertical intervals within
(intra-canopy) the Solanum melongena cv.
Jaylo canopy. Measurements were obtained
on a cloudy day [13 Apr 2021; 105 days after
transplanting (DAT)] (A) and a sunny day
(14 Apr 2021; 106 DAT) (B). The data points
represent the means of replicates (n = 15),
and the bars represent +SE. A line indicates
significant regression (P < 0.05).

concentrations at DFA values more than 0.4
to 0.8 m.

Because light-emitting diode supplemen-
tal lighting is generally used in greenhouses
to compensate for the low natural PPFD
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during winter, growers and light manufac-
turers must consider which specific wave-
lengths or combination of wavelengths are
best for their crop and environment. Single
leaf studies that evaluated photosynthetically
active radiation (PAR) absorption in green
leaves have determined that red light and
blue light are well-absorbed, whereas the ab-
sorption of green light is considerably lower
(Dieleman et al. 2019; Hogewoning et al.
2012; Inada 1976; McCree 1971; Paradiso
et al. 2011). Although green light is not ab-
sorbed as readily as other wavelengths at the
leaf level, it is not valid to assume that green
light is in abundance within the lower can-
opy. Our results indicated no significant dif-
ference in green light transmission relative
to blue and red wavelengths (Fig. 2). This
differs from the results of Smith et al.
(2017), who found higher green light ratios
relative to blue light and red light within
oat and broad bean canopies.

Intra-canopy lighting strategies are often
used within vegetable crop greenhouses to im-
prove the lower canopy light environment.
Intra-canopy lighting promotes a more uniform
light environment that can benefit crop biomass
and fruit production (Kumar et al. 2016; Schip-
per et al. 2023; Trouwborst et al. 2011b). Our
data demonstrate the greatest decline in intra-
canopy PPFD from a DFA of 0 to 0.6 m,
whereas no significant decline in the QY was
recorded (Figs. 1 and 3C). This portion of the
plant canopy (0.4-0.6 m) also had the greatest
density of leaves (Fig. 4A—C). Therefore, intra-
canopy lighting positioned at a DFA of 0.6 m
may be an optimal position to improve light
capture and uniformity because this region of
the canopy includes the most drastic decrease
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Fig. 3. Light-saturated net CO, exchange rate (An.x) (A), light saturation point (LSP) (B), light com-
pensation point (LCP) (C), and quantum yield (QY) (D) of individual leaves obtained at 0.2-m
vertical intervals directly within the canopy (intra-canopy) of Solanum melongena cv. Jaylo.
Measurements were obtained on a cloudy day (26 Apr 2022; 118 days after transplanting). The
data points represent the mean of replicates (n = 5), and the bars represent +SE. A line indicates

significant regression (P < 0.05).
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in PPFD while containing the greatest leaf
density.

Photosynthesis and leaf location. Produc-
tivity of fruiting crops relies on the plant’s
ability to photosynthesize and translocate pho-
tosynthetic assimilates to actively growing fruit
(Igbal et al. 2012; Lanoue et al. 2018a). When
focusing solely on crop photosynthesis and fruit
growth, achieving a steady yield is possible
only through the continuous preservation of a
balanced sink—source strength (Marcelis et al.
2004). Therefore, it is important for growers to
identify the source—sink strength of their crop.
Artificial adjustment to this relationship can be
achieved through plant pruning or introduction
of intra-canopy lighting to regulate source/sink
homeostasis, growth, and yield.

Generally, a leaf that receives a PPFD be-
low its LCP facilitates net negative carbon pro-
duction; therefore, it should be pruned to
remove a competing, nonmarketable sink tis-
sue. Based on this, our data suggest that no
leaves should be pruned because the PPFD re-
mained above the LCP at each DFA. However,
this could be attributable to the greenhouse’s
existing pruning practice that involved remov-
ing the lower 0.5 m of leaves after 102 DAT. It
is also important to note that plant organs may
provide benefits to the plant in addition to pho-
tosynthetic products. Leaves act as sources of
mobile nutrients for the development of sink
tissue. Thus, pruning leaves should not solely
rely on photosynthetic efficiency; other factors
including nutrient storage, airflow restriction,
and impact on increased disease susceptibility
should also be considered.

We observed a decline in A, and LSP
values as DFA increased (Fig. 3), meaning
that leaves lower in the plant canopy have a
lower capacity for photosynthesis at elevated
PPFDs. Eggplants were grown unidirection-
ally, with all side shoots and suckers pruned,;
therefore, it is viable to correlate DFA to leaf
age. With this correlation, our results were
similar to those of Besford (1993), who also
found a decreased capacity for photosyn-
thesis in older tomato leaves. However, the
decrease in photosynthetic capacity cannot
be explained solely based on leaf age be-
cause older leaves with a greater DFA also
received a lower PPFD relative to the top of
the canopy. Burkey and Wells (1991), Pet-
tersen et al. (2010), and Trouwborst et al.
(2011a) provided evidence that leaf senescence
and decreased photosynthetic capacity are
more closely related to light conditions and
demonstrated how a poor light environment in-
itiates senescence. In a practical setting, it is
likely that both leaf age and a poor light envi-
ronment [lower PPFD levels deep within the
canopy] (Fig. 1) caused by mutual shading
within the plant canopy led to the reduced pho-
tosynthetic capacity and SPAD values (Figs. 3
and 4D-F) observed during this study.

Despite the decline in PPFDs relative to
the DFA, the QY was unaffected by the
DFA, and leaves with a greater DFA ex-
pressed a lower LCP (Fig. 3). Thus, leaves in
the lower canopy may have a lower capacity
for producing assimilates for the plant, but
they photosynthesize as efficiently as higher
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Fig. 4. Number of leaves and leaf chlorophyll content [soil plant analysis development (SPAD) value] recorded between each 0.2-m vertical level of Solanum
melongena cv. Jaylo on 8 Mar 2022 [69 days after transplanting (DAT)] (A, D), 13 Apr 2022 (105 DAT) (B, E), and 20 May 2022 (142 DAT) (C, F).
Data are the means of replicates (n = 5) +SE. Data with the same lowercase letters were not significantly different within each graph frame (P < 0.05).

canopy leaves at lower PPFDs. This does not
indicate breakdown of the photosynthetic ma-
chinery; instead, it indicates an inefficiency
to use higher PPFDs. Because the average
PPFD decreased drastically at a DFA more
than 0.2 m (Fig. 1), it may be possible to in-
crease overall plant productivity by improv-
ing the light environment within this portion
of the plant canopy. Therefore, we believe
that improving the light environment within
this region would provide increased whole-
plant photosynthesis, leading to increased
growth and yield.

Conclusion

Overall, this study presented the dynamics
of PPFDs and light quality throughout green-
house-grown eggplant canopies. We provided
evidence that does not support the notion that
green light exists in a higher concentration
within the lower plant canopy compared with
other photosynthetically active radiation wave-
lengths. We observed a steep decline in the
PPFD from a DFA of 0 m to 0.4 m; however,
the leaves between 0 and 1.0 m exhibited no dif-
ference in QY. Thus, providing supplemental
light to this region may improve whole-plant
photosynthesis. Based solely on photosynthetic
capabilities, we can also advise against remov-
ing healthy leaves within the lower canopy be-
cause these leaves never received PPFDs below
their LCP. Future research should consider
quantifying the intra-canopy light environment
of greenhouse crops with the addition of supp-
lemental light and assessing how supplemental
light impacts photosynthetic capabilities through-
out the canopy.
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