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Due to both anthropogenic and natural causes, the number of Horsfieldia hainanensis
has been decreasing each year in the Tongza Branch nursery (109.534 525◦E, 18.763
516◦N) of the Hainan Academy of Forestry, China. Consequently, the protection of
H. hainanensis is urgent, as is that of most rare tree species. To develop a more
comprehensive understanding of the H. hainanensis growth environment, we took
3-year-old H. hainanensis saplings as the research object. We controlled the light
intensity by setting different shade amounts to explore the growth and photosynthetic
characteristics of H. hainanensis under different light intensities. We found that
shade can promote growth and increase the contents of certain substances. Light
transmittance of 44.41% can increase plant height (by 29.545%) and biomass (by
66.676%). Light transmittance of 16.19% can increase the pigment content; Chl
increased by 40.864%, Chl a increased by 38.031%, and Chl b increased by 48.412%.
Light transmittance of 7.30% can increase the soil plant analysis development (SPAD)
value of each part of the leaf; the leaf base increased by 41.000%, the leaf margin
increased by 32.574%, the blade tip increased by 49.003%, and the leaf average
increased by 40.466%. The specific leaf area can reduce the specific leaf weight. We
also found that compared to full light, reducing the light transmittance can increase
the total chlorophyll (Chl), chlorophyll A (Chl a), and chlorophyll B (Chl b) contents, and
the Chl-SPAD-leaf base, leaf edge, leaf tip, average content, and light-saturated net
photosynthetic rate. This can in turn reduce the apparent quantum efficiency (AQY),
light compensation point (LCP), and dark respiration rate (Rd). In addition, we found a
strong correlation between seven of the photosynthetic pigment indicators (Chl, Chla,
Chl b, Chl-SPAD-leaf base, leaf margin, leaf tip, and mean) and the three photosynthesis
physiological parameters (AQY, LCP, and Rd). The light transmittance of 44.41% (one
layer of shading net) treatment group was conducive to the growth of H. hainanensis and
photosynthetic characteristic improvement. Therefore, our light transmittance selection
of approximately 44.4% is significant for the natural return of H. hainanensis.

Keywords: Horsfieldia hainanensis, illumination intensity, growth, photosynthetic physiology, photosynthetic
pigment
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INTRODUCTION

Horsfieldia hainanensis belongs to the Myristicaceae family and
Horsfieldia Willd genus. The species is commonly known as
Hainan horsfieldia, false jade fruit, Hainan huoerfei, water loquat,
and mieus. In China, they are primarily distributed in southern
Yunnan, western Guangxi, and southwestern Hainan. Because
they are one of the most iconic humid tropical rainforest
plants, they exhibit high reference value for studying the
flora, geographical distribution, and ecological characteristics of
tropical rainforests (Editorial Committee of Chinese Flora of
Chinese Academy of Sciences, 1977; Xu et al., 2012). Due to their
small distribution area and number, the excessive destruction of
rainforests, the anthropogenic destruction and hacking of the
plant, and their extremely poor natural regeneration capacity,
Horsfieldia hainanensis are on the verge of extinction of China.
In 1999, they were listed as nationally second-level protected wild
plants (Jiang et al., 2016, 2018) in China. In recent years, many
research studies have focused on H. hainanensis breeding (Liu
et al., 2019), fertilizer management (Wang, 2017), community
composition (Zhong et al., 2018), chemical composition (Liu
et al., 2010), stress response (Huang et al., 2019), and genes
(Jiang, 2018; Yang et al., 2019). However, research is lacking on
the effect of shading on the physiology and photosynthesis of
H. hainanensis that provides a theoretical basis for the selection
of an appropriate light intensity for seedling breeding and natural
return planting of H. hainanensis.

Shading is a common approach for exploring how weak
light stress influences seedling photosynthesis. Scientific research
and plant production in recent years has illustrated that the
chloroplast structure, enzymatic activity, osmotic adjustment,
and endogenous hormones are key elements for adapting to low-
light conditions. Many experiments have demonstrated that plant
vegetative growth under low-light treatments varies according
to the variety and can cause morphological reconstruction (El-
Gizawy et al., 1993; Ayuko et al., 2008; Kruse et al., 2008).
Bepetel and Lakso (1998) found that under less than 40% low-
light conditions, the accumulation of assimilate decreases due to
photosynthetic inhibition, and the products distributed to the
leaves increase, causing the proportion of distribution to the
fruit to decrease, which leads to a 25% drop in fruit growth.
Ishida (1989) found that eggplants exhibited slow reproductive
growth, insufficient dry matter accumulation, and delayed flower
bud differentiation under low-light conditions. Therefore, weak
light is a key factor in plant photochemical efficiency and exerts
various influences on leaf chlorophyll contents. These significant
differences in leaf characteristics and photochemical efficiency
can be viewed as adaptations to weak light.

Photosynthesis is the basic plant physiological and
biochemical process and one of the main chemical reactions
that provide plants with energy. It also determines plant growth
and dry matter accumulation. The plant net photosynthetic
rate (Pn), transpiration rate (Tr), stomatal conductance (Gs),
and intercellular CO2 concentration (Ci) change according to
changes in environmental factors such as light, moisture, and
temperature (Krause and Weis, 1991; Lore et al., 2020; Mansoure
et al., 2020). The photosynthesis–light intensity response curve

has long been used to evaluate the photosynthetic rates of
plants and their related photosynthetic characteristics (Platt
et al., 1980; Harrison and Platt, 1986), illustrating their potential
photosynthetic capacity under a certain light intensity range
(Falkowski and Raven, 1997) and growth and development
status. It can be used as a critical indicator for breeding and
identifying excellent varieties with high light efficiency and
strong light resistance. However, studies on the response of plant
photosynthesis to weak light conditions have predominately
focused on crop plants (Li et al., 2020) and non-endangered
species (Leite et al., 2019). Little is known about the responses of
endangered species to weak light conditions, and the field should
place greater emphasis on the scientific questions underlying
the physiology of rare species such as H. hainanensis. Therefore,
endangered plants should be studied under different light
conditions, which can help us to protect natural resources.

In summary, to analyze the influence of different light
intensities on H. hainanensis, this study controls the light
intensity to compare the effects of various intensities on the
growth indicators, photosynthesis, and photosynthetic pigments
of its 3-year-old seedlings to reveal the response mechanism
to different light intensities of H. hainanensis. The response
mechanism to different light intensities can provide a theoretical
basis for the selection of canopy closure in a nursery and for
natural return planting of H. hainanensis.

MATERIALS AND METHODS

Plant Materials and Experimental
Location
Wind blew the 3-year-old H. hainanensis phoebe seedlings, and
the seeds were collected from the same tree. The experiment
was conducted in the Tongza Branch nursery (109.534 525◦E,
18.763 516◦N) of the Hainan Academy of Forestry, China. The
average altitude of the area is 300 m, and the annual average
temperature is 22.4◦C. The average temperature in January is
17.0◦C, the average temperature in July is 26.0◦C, and the
maximum temperature is 35.9◦C. The annual average rainfall
is 1,690 mm, the maximum annual rainfall is 2,810.4 mm, the
minimum annual rainfall is 1,055.5 mm, and the annual average
relative humidity is 84%. Potting was conducted in November
2019. All test seedlings grew vigorously and consistently and then
were moved to the specified location. The average plant height
of the seedlings was 47.6 cm. Only seedlings with no diseases or
insect pests were selected. Loess soil was used for bagging. The
dimensions of each soil bag were 30 cm (w)× 30 cm (d)× 25 cm
(h). Each bag weighed 10± 0.5 kg per seedling. The soil contents
were as follows: organic matter, 52.89 g/kg; alkali-hydrolyzable
nitrogen, 237.01 mg/kg; available phosphorous, 40.41 mg/kg;
available potassium, 84.29 mg/kg; total nitrogen, 1.02 g/kg; total
phosphorus, 0.05 g/kg; and total potassium, 18.14 g/kg. The
soil pH was 7.18.

Experimental Design
Random sample plots were used in the study. Each plot was
1.8 m × 3.0 m, row, and plant spacing were both 60 cm,
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and the plant density was 27,780 plants/ha. Three treatment
groups were set up using 1, 2, or 3 layers of shading net to
control the light intensity, with full illumination (no shading
net) as the control treatment group (CK). Each treatment was
repeated three times for 5 plants each, with 60 plants in total.
A digital illuminance meter (VICTOR 1010D, Shenzhen Yisheng
Shengli Technology Co., Ltd., China) was used to measure the
light intensity at 10:00, 12:00, and 14:00 (east eight districts)
in fine weather conditions for 3 consecutive days, and then
the average was determined. The specific experimental design
and the light intensity used in each treatment are illustrated in
Table 1.

Growth Index Determination
In July 2020, three plants were selected from each replicate for
growth index determination. The plant height (H) and ground
diameter (D) were measured using a tape measure and vernier
caliper, respectively, and the H/D ratio was calculated. The
biomass model D2H was used to compare the biomass differences
of the seedlings under different treatments (Hanson, 1975; Hase
et al., 1985).

Determination of Leaf Morphology and
Traits
On July 24, 2020, a hand-held leaf area meter (YMJ-B, Zhejiang
Top Yunnong Technology Service Co., Ltd., China) was used
to determine the leaf length (L), leaf width (W), leaf area
(A), and aspect ratio (B). The leaf water content (CLWC) was
measured using the drying method (Cornelissen et al., 2003).
One functional leaf was cut from each seedling, and three plants
were used as replicates. First, we used an analytical balance to
weigh the fresh weight (FW) of the leaf, to three decimal places,
and then placed the leaf in an oven at 100◦C for 1 h. Then,
we adjusted the temperature to 85◦C until a constant weight
was obtained. Finally, the dry weight (DW) of the leaves was
measured using an analytical balance, to four decimal places, and
the following formulas were used to, respectively, calculate the
water content (CLWC), specific leaf area (SLAM), and specific leaf
weight (mLMA): CLWC = 1 - DW/FW × 100%, SLAM = A/DW, and
mLMA = DW/A.

Photosynthetic Light Response Curve
Determination
On a sunny day in September 2020, Photosynthetic light
response curve determination was conducted from 8:30 to 11:30.

Each selection of three functional leaves from the top of an
H. hainanensis was fully tested, using the LI-6800 portable
photosynthesis system (LI- COR, United States), using a light-
emitting diode acted as the red and blue light source. We selected
90% red light and a 3 cm × 3 cm red and blue leaf chamber
to measure the Pn, Tr, Gs, and Ci indicators and draw the
corresponding light response curve. We set 12 intensity gradients
of photosynthetic active radiation (PAR): 1,800, 1,500, 1,200,
1,000, 800, 600, 400, 200, 150, 100, 50, and 0 µmol·m−2

·s−1.
The CO2 concentration was set to 400 µmol·m−2

·s−1 (provided
by the CO2 cylinder), the temperature was set to 27◦C, the
relative humidity was set to 65%, the gas flow rate was set to
500 µmol·s−1, and before measurement 1,800 µmol·m−2

·s−1

strong light was induced for at least 15 min until the data
were stable. During measurement, the data were recorded after
stabilizing for at least 2 min under each PAR. Then, using the
leaf floating photosynthesis calculation method, the right-angle
hyperbolic correction model (Ye and Zhao, 2010) was used to
calculate the light-saturated net photosynthetic rate (Pnmax),
AQY, LCP, light saturation point (LSP), Rd, and coefficient of
determination (R2).

P(I) = α
1−βI

1+ γI
I-Rd (1)

where α is the initial slope of the light response curve, β and γ are
coefficients, I is PAR, and Rd is the dark respiration rate.

Determination of Photosynthetic
Pigment Content
The photosynthetic pigment content and SPAD value were
determined on July 22, 2020. The photosynthetic pigment
content was determined using the 95% ethanol extraction method
(Gu et al., 2017). Three plants were randomly selected from
each treatment group, and one mature functional leaf was cut
from each seedling. A total of 0.200 g of fresh leaves per
sample were weighed using an analytical balance, cut, and
immersed in 20.0 ml of 95% ethanol plastic tubes. The samples
underwent dark treatment of 72 h until the leaves faded from
their original green color, the absorbance (A) was measured at
470, 649, and 665 nm using an ultraviolet spectrophotometer
(UV-2400, Shanghai Sunny Hengping Scientific Instruments Co.,
Ltd., China). The following formulas were used to calculate the

TABLE 1 | Different light test treatment table.

Group Numbering Shade net Light intensity (100 lux) Transmittance (%)

10:00 12:00 14:00 Mean

CK 11 No 852.67 ± 89.50 1, 121.00 ± 16.37 926.35 ± 35.63 996.67 ± 138.63 100.00

1 12 Layer 413.00 ± 36.66 439.00 ± 32.14 435.83 ± 45.81 429.28 ± 14.18 44.41

2 14 Two layers 137.00 ± 12.29 189.667 ± 5.15 142.73 ± 32.56 156.47 ± 28.90 16.19

3 13 Three layers 64.33 ± 2.52 78.33 ± 11.93 68.94 ± 3.79 70.53 ± 7.13 7.30
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Chl, Chl a, Chl b, Chl a/b, and carotenoid (Caro) content.

Chl mg/g =

13.95× A665 − 6.88× A649 + 24.96
×A649 − 7.32× A665 × V× n

SW
(2)

Chl a mg/g =
13.95× A665 − 6.88× A649 × V× n

SW
(3)

Chl b mg/g =
24.96× A649 − 7.32× A665 × V× n

SW
(4)

Caro mg/g =

1000× A470 + 811.7385× A665
−2851.304× A649 × V× n

245× SW
(5)

where V is the extract volume (ml), n is the dilution factor, and
SW is the fresh weight of the leaf sample (g).

Three parts near the main leaf (leaf base), away from the
petiole (leaf tip) and the middle part (leaf margin), were selected
for analysis using the SPAD-502 chlorophyll content analyzer
(SPAD-502 Plus, Konica Minoltia, Japan) to determine the Chl-
SPAD value. Three plants were selected for each treatment
group, and the measurement for each part was repeated times
to calculate the average value of each part and then the average
SPAD value of the entire leaf.

Data Analysis
The hyperbolic correction model of the Ye and Zhao (2010)
software was first used to calculate the photosynthetic
parameters (AQY, Pnmax, LSP, LCP, Rd, and R2), and then
to target the growth indicators (H, D, H/D, and D2H), leaf
morphology and traits (L, W, A, B, CLWC, SLAM, and mLMA),
photosynthetic parameters (AQY, Pnmax, LSP, LCP, Rd and
R2), and photosynthetic pigments (Chl, Chl A, Chl B, Chl
A/B, Caro, and SPAD), We used IBM SPSS 26.0 for descriptive
statistical analysis, followed by the Duncan test, with multiple
comparisons at the 0.05 and 0.01 levels. IBM SPSS 26.0 was
used to analyze the correlation between the photosynthetic
physiological parameters and photosynthetic pigments. The
results are expressed as mean ± SD. All statistical analysis and
graphs were prepared using Excel 2016, IBM SPSS 26.0, and
OriginPro 2021 software.

RESULTS

The various shade intensity treatment groups exhibited
significant differences (P < 0.05) in their growth indicators
(Figure 1). Maximum values of 76.00 cm, 14.47 mm, 53.75,
and D2H 154.37 kg were found in treatment group 1 for H, D,
H/D, and D2H, respectively. There are significant differences
(P < 0.01) in H and D2H between that of treatment group
1 and the CK group, while D and H/D are not significantly
different between these two groups. The H in treatment group
2 is significantly lower (P < 0.05) than that in treatment group
1, while D2H is significantly smaller in treatment group 2 than
in treatment group 1. For treatment group 1, the H is 1.90 times
that of treatment group 3, D is 1.54 times that of treatment

group 3, H/D is 1.27 times that of treatment group 3, and D2H
is 4.06 times that of treatment group 3, with significance at the
P < 0.01 level. This demonstrates that light shade is beneficial
to the growth of the H, D, and H/D of H. hainanensis and in
increasing its biomass.

It can be seen from Figure 1 that the increase in D and
H (29.55 cm and 5.32 mm, respectively), in treatment group
1 was the largest of the treatment groups. The increase in
D was significantly (P < 0.05) greater than that in the other
treatment groups, and it reached a greater significance level
(P < 0.01) l when compared to that of the CK group and
treatment group 3. The increase in D in treatment groups 2 and
3 was also significant. The increase in H in treatment group
1 was significantly (P < 0.01) larger than that in the other
treatment groups, while there was no significant difference in
H among the other treatment groups. These results indicate
that light shade promotes H and D growth in H. hainanensis
(Figures 1E,F).

The effects of different light intensities on the leaf morphology
and characteristics of H. hainanensis are displayed in Figure 2.
The values of S (31,296.48 mm2), L (201.99 mm), W (100.62 mm),
CLWC (79.01%), and SLAM (238.55 cm2/g) in the CK group
are the smallest, and they are significantly smaller (P < 0.01)
than those in treatment group 2. S and L are both significantly
smaller in the CK group (P < 0.01) than in treatment
groups 1, 2, and 3 (P < 0.05). W is significantly smaller
(P < 0.05) in the CK group than in treatment groups 1 and
2 (Figure 2C). There are no significant differences in B among
the treatment groups. CLWC displays significant differences
among the treatment groups; only treatment groups 2 and
3 did not reach an extremely significant (P < 0.01) level
(Figure 2D). The SLAM of treatment group 2 is 1.40 times
that of the CK group, 1.18 times that of treatment group
1, and 1.28 times that of treatment group 3, all of which
exhibit significant differences (P < 0.05), including a particularly
significant difference level (P < 0.01) between the SLAM of the
CK group and that of treatment group 3 (Figure 2E). mLMA
(30.06 g/m2) in treatment group 2 is the smallest, and its
difference with the CK group is extremely significant (P < 0.01)
(Figure 2F). These results indicate that proper shading can
increase the S, L, W, CLWC, and SLAM of H. hainanensis, but not
those of mLMA.

It can be seen from Figure 3 that under different treatments,
Tr, Pn, and Gs gradually increase with increasing light intensity,
while Pn light suppression is not apparent. Under the same
light intensity, Tr, Pn, and Gs display a decreasing trend with
increased shading. Pn under full light is the lowest, Tr and
Gs under heavy shading are the lowest, and Ci increases with
an increase in light intensity. A decrease in shading results in
the opposite patterns for Tr, Pn, and Gs. Ci and intercellular
CO2 concentration are greatest under heavy shade. These results
suggest that light shading is beneficial to increasing the Tr, Pn,
and Gs of H. hainanensis but not the Ci.

It can be seen from Figure 4 that different light intensities
exhibit different effects on the photosynthetic parameter
characteristics of H. hainanensis. No significant difference
between treatments was found for the LSP and R2. For
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FIGURE 1 | The effect of different treatments on the growth index of Horsfieldia hainanmensis The uppercase letters in the figure indicate P < 0.01, and the
lowercase letters indicate P < 0.05, which respective indicate extremely significant and significant differences (A–D), respectively, represent the influence of different
light transmittance on the plant height, ground diameter, height to diameter ratio, and biomass of Horsfieldia hainanmensis (E,F) represent the influence of different
light transmittance on the growth of plant height and ground diameter of Horsfieldia hainanmensis.
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FIGURE 2 | The effect of different treatments on the leaf properties of Horsfieldia hainanmensis The uppercase letters in the figure indicate P < 0.01, and the
lowercase letters indicate P < 0.05, which, respectively, indicate extremely significant and significant differences (A–F), respectively, represent the different light
transmittance to Horsfieldia hainanmensis the leaves A (Leaf area). L (Leaf long) W (Leaf width) CLWC (Leaf water content) SLAM (Specific leaf) and mLAM (Specific leaf
height).

AQY, the CK group displays the smallest value (0.047),
which is significantly smaller than that of the other treatment
groups. The Pnmax of treatment group 1 was the largest
(7.854 µmol·m−2

·s−1) and is significantly larger than that of

the CK group and treatment group 3 (1.64 times and 1.62 times
greater, respectively; Figure 4B). The LCP and Rd in the CK
group are 5.42, 4.65, and 6.75 times greater and 2.77, 2.51,
and 3.73 times greater than treatment groups 1–3, respectively,
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FIGURE 3 | The effect of different treatments on the Photosynthetic characteristics Horsfieldia hainanmensis (A–D), respectively, represent the Ci (Intercellular CO2

concentration), Tr (Transpiration rate), Gs (Stomatal Conductance), and Pn (Net Photosynthetic rate) of the influence of different light transmittance to Horsfieldia
hainanmensis the light response curve.

and demonstrated extremely significant differences (P < 0.01).
These results indicate that shading did not affect LSP and R2.
Shading helps to increase AQY and Pnmax but is not conducive
to increasing LCP or Rd.

Differing light intensities exhibited little effect on the
photosynthetic pigments of H. hainanensis. From Figure 5A,
we can see that there are no significant differences among the
photosynthetic pigments of treatment groups 1, 2, and 3. The
Chl, Chla, and Chl b contents of the CK group (0.810, 0.589, and
0.221 mg/g, respectively), are significantly smaller (P < 0.05) than
those of treatment group 3. The Chl a/b value of treatment group
2 was significantly lower (p < 0.05) than that of treatment group
3. There was no significant difference in the Caro level among
treatment groups. These results indicate that shading can increase
the Chl, Chl a, and Chl b contents in H. hainanensis leaves.

It can be seen from Figure 5B that the Chl-SPAD value of each
leaf part in treatment group 3 is significantly greater than that of
the CK group. The Chl-SPAD of the leaf tip (Chl-SPAD-leaf tip)
of treatment group 2 exhibits a significant difference compared
with that of treatment group 3. The mean value of the Chl-SPAD
of the leaf base (Chl-SPAD-leaf base) of treatment group 2 was
significantly greater than that of the CK group and significantly
smaller than that of treatment group 3. The Chl-SPAD-leaf tip of
treatment group 1 was significantly different compared to that
of treatment group 3. These results indicate that shading can
increase the Chl-SPAD value of each leaf part.

Based on Table 2, the photosynthetic physiological
parameters of H. hainanensis display a sufficient
correlation. AQY has a particularly significant negative
correlation with LCP and Rd (P < 0.01) and a
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FIGURE 4 | The effect of different treatments on the Photosynthetic parameters of Horsfieldia hainanmensis The uppercase letters in the figure indicate P < 0.01,
and the lowercase letters indicate P < 0.05, which, respectively, indicate extremely significant and significant differences (A–F), respectively, represent. The apparent
quantum efficiency (AQY) Light -saturated net Photosynthetic rate (Pnmax) light saturation point (LPS) compensation point (LCP), dark respiration rate (Rd) and
coefficient of determination (R2) of the influence of different light transmittance on Horsfieldia hainanmensis.

significant negative correlation with LSP (P < 0.05),
while LCP exhibits a very significant positive
correlation with Rd.

The photosynthetic pigments of H. hainanensis display a
strong correlation (Table 2). Chl demonstrates an extremely

significant positive correlation with Chl a and Chl b (P < 0.01),
and Chl-SPAD-leaf base and Chl-SPAD-mean exhibit a
significant positive correlation (P < 0.05). Chl a has a particularly
significant positive correlation with Chl b and Chl-SPAD-leaf
base (P < 0.01) and a significant positive correlation with the
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FIGURE 5 | The effect of different treatments on the Photosynthetic pigment content of Horsfieldia hainanmensis. The uppercase letters in the figure indicate
P < 0.01, and the lowercase letters indicate P < 0.05, which, respectively, indicate extremely significant and significant differences (A) shows the influence of
different light transmittance on Horsfieldia hainanmensis ChlorphyII, Chol a (ChlorphyII A) Chol b (ChlorphyII B), Chol a/b (ChlorphyII A/B), and Caro (carotenoid).
(B) Represents the influences of different transmittance on the SPAD value of different position of the blades of Horsfieldia hainanmensis.

Chl-SPAD-leaf margin, Chl-SPAD-leaf tip, and Chl-SPAD-mean
(P < 0.05). Caro only exhibits a significant negative correlation
with the Chl-SPAD-leaf tip (P < 0.05). The Chl-SPAD-leaf base,
Chl-SPAD-leaf margin, Chl-SPAD-leaf tip, and Chl-SPAD-mean
all demonstrate significant positive correlations (P < 0.01).

There is also a correlation between the photosynthetic
physiological parameters of H. hainanensis and the

photosynthetic pigments (Table 2). AQY is significantly
positively correlated with Chl, Chl a, and Chl-SPAD-mean
(P < 0.05); it is also extremely significantly positively
correlated with the Chl-SPAD-leaf base (P < 0.01).
LCP and Rd are highly negatively correlated with
Chl, Chla, Chl-SPAD-leaf base, Chl-SPAD-leaf margin,
Chl-SPAD-tip, and Chl-SPAD-mean (P < 0.01), and

Frontiers in Ecology and Evolution | www.frontiersin.org 9 March 2021 | Volume 9 | Article 636804

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles


fevo-09-636804 March 8, 2021 Time: 17:12 # 10

Wang et al. The Effect of Light on Horsfieldia hainanensis

TA
B

LE
2

|P
ea

rs
on

co
rr

el
at

io
n

an
al

ys
is

of
ph

ot
os

yn
th

et
ic

ph
ys

io
lo

gi
ca

la
nd

bi
oc

he
m

ic
al

pa
ra

m
et

er
s

an
d

ch
lo

ro
ph

yl
la

nd
ot

he
r

pa
ra

m
et

er
s.

A
Q

Y
P

nm
ax

LS
P

LC
P

R
d

R
2

C
hl

C
hl

a
C

hl
b

C
hl

a/
b

C
ar

o
C

hl
-S

PA
D

-l
ea

f
b

as
e

C
hl

-S
PA

D
-l

ea
f

m
ar

g
in

C
hl

-S
PA

D
-t

ip
C

hl
-S

PA
D

-
m

ea
n

A
Q

Y
1

P
nm

ax
0.

51
9

1

LS
P

−
0.

69
2*
−

0.
43

2
1

LC
P

−
0.

87
3*

*
−

0.
38

9
0.

46
6

1

R
d

−
0.

72
8*

*
−

0.
19

2
0.

24
1

0.
95

4*
*

1

R
2

−
0.

05
3

0.
26

2
0.

02
1

0.
35

2
0.

45
8

1

C
hl

0.
58

8*
0.

10
9
−

0.
13

3
−

0.
73

4*
*
−

0.
76

1*
*
−

0.
07

6
1

C
hl

a
0.

62
9*

0.
13

9
−

0.
14

8
−

0.
77

4*
*
−

0.
80

1*
*
−

0.
11

7
0.

99
4*

*
1

C
hl

b
0.

47
3

0.
03

9
−

0.
09

5
−

0.
61

2*
−

0.
63

9*
0.

01
7

0.
97

0*
*

0.
93

7*
*

1

C
hl

a/
b

0.
17

1
0.

29
1
−

0.
11

2
−

0.
12

0
−

0.
09

3
−

0.
31

5
−

0.
39

4
−

0.
29

1
−

0.
60

3*
1

C
ar

o
−

0.
48

5
0.

13
6

0.
61

1*
0.

39
1

0.
27

8
0.

18
1
−

0.
42

5
−

0.
42

7
−

0.
40

1
0.

16
2

1

C
hl

-S
PA

D
-le

af
ba

se
0.

71
6*

*
0.

13
5
−

0.
23

2
−

0.
86

8*
*
−

0.
88

8*
*
−

0.
36

1
0.

67
1*

0.
73

1*
*

0.
50

8
0.

26
3
−

0.
46

5
1

C
hl

-S
PA

D
-le

af
m

ar
gi

n
0.

54
2
−

0.
00

9
−

0.
10

9
−

0.
72

0*
*
−

0.
77

5*
*
−

0.
46

3
0.

57
5

0.
63

7*
0.

41
4

0.
28

5
−

0.
50

7
0.

94
5*

*
1

C
hl

-S
PA

D
-t

ip
0.

53
1
−

0.
10

4
−

0.
17

9
−

0.
70

3*
−

0.
75

1*
*
−

0.
44

9
0.

55
2

0.
60

4*
0.

41
2

0.
20

4
−

0.
59

1*
0.

92
0*

*
0.

97
6*

*
1

C
hl

-S
PA

D
-m

ea
n

0.
61

0*
0.

00
7
−

0.
18

−
0.

77
9*

*
−

0.
82

1*
*
−

0.
43

0.
61

1*
0.

67
0*

0.
45

4
0.

25
3
−

0.
53

2
0.

97
3*

*
0.

99
0*

*
0.

98
3*

*
1

A
Q

Y,
Th

e
ap

pa
re

nt
qu

an
tu

m
ef

fic
ie

nc
y;

P
nm

ax
,

Li
gh

t-
sa

tu
ra

te
d

ne
t

ph
ot

os
yn

th
et

ic
ra

te
;

LS
P

,
lig

ht
sa

tu
ra

tio
n

po
in

t;
LC

P
,

lig
ht

co
m

pe
ns

at
io

n
po

in
;

R
d,

da
rk

re
sp

ira
tio

n
ra

te
;

R
2
,

co
ef

fic
ie

nt
of

de
te

rm
in

at
io

n;
C

hl
,

ch
lo

ro
ph

yl
l;

C
hl

a,
ch

lo
ro

ph
yl

lA
;C

hl
b,

ch
lo

ro
ph

yl
lB

;C
hl

a/
b,

ch
lo

ro
ph

yl
lA

/B
;C

ar
o,

ca
ro

te
no

id
.

**
In

di
ca

te
s

th
at

th
e

co
rr

el
at

io
n

is
si

gn
ifi

ca
nt

at
0.

01
le

ve
l(

tw
o-

ta
ile

d)
,a

nd
∗

in
di

ca
te

s
th

at
th

e
co

rr
el

at
io

n
is

si
gn

ifi
ca

nt
at

0.
05

le
ve

l(
tw

o-
ta

ile
d)

.

there is a significant negative correlation with Chlb
(P < 0.05).

DISCUSSION

Light is one of the necessary conditions for plant growth and
development. Plants use photosynthetic pigments to capture
light energy to conduct photosynthesis. PAR size affects the
formation, content, and distribution of photosynthetic pigments,
which in turn effect photosynthesis and plant growth (Austin
et al., 1996; Blot et al., 2009; Han et al., 2020). The ability of
plants to utilize light energy is a direct manifestation of the level
and ratio of their chlorophyll content. Weak light transmittance
(shading) typically results in a decrease in the proportion of
red light absorbed by Chl a and an increase in the proportion
of blue light absorbed by Chl b (De Jesus Raposo et al., 2013;
Watanabe and Ikeuchi, 2013; Mulders et al., 2014). This study
found that the SPAD value of H. hainanensis is significantly
correlated with its chlorophyll content (Table 2). In addition,
we found that the Chl, Chl a, and Chl b contents of the CK
group were significantly smaller than those of the treatment
groups (Figure 5A), which may be due to the inhibition of
photosynthetic pigment formation under full light conditions.
Furthermore, the Chl-SPAD value of each leaf part in the CK
group was significantly lower than that of the other treatment
groups, while the SPAD values of the leaf parts demonstrated
the following order: leaf base > leaf edge > leaf tip (Figure 5B).
From this, we can conclude that H. hainanensis is not conducive
to the formation of photosynthetic pigments under full light,
and proper shading should be implemented during nursery and
return to planting.

Light is one of the most important environmental factors in
photosynthesis, which in turn affects the survival and growth
of plants (Nawaz et al., 2020). Studying the effects of different
levels of shade on plant physiological characteristics is conducive
to revealing plant growth patterns, while the light response
curve of plant photosynthesis particularly crucial for studying
the photochemical reaction process (Epila et al., 2018; Du et al.,
2020). The role of light in photosynthesis is primarily to provide
the energy required for the formation of the assimilation force,
activate certain enzymes involved in photosynthesis, promote
the opening of the stomata, and regulate the development of
photosynthetic machinery (Puji and Doland, 2017; Dörken and
Lepetit, 2018). Pn measures the photosynthetic physiological
stress ability of plants under adversity conditions (Farquhar and
Sharkey, 1982). We found that the Pn of each treatment group
gradually increased with an increase in PAR. Additionally, the
Pn of each treatment group was greater than that of the CK
group, and it continued to decrease as the shading level increased
(Figure 3D). The main influencing factors of Pn were Ci and
Gs (Zhang et al., 2017). Ci is indispensable for determining the
primary cause of the photosynthetic rate change and whether it
is a stomatal factor (Shubhangi et al., 2018). This study found
that Ci gradually decreased as the PAR increased, and the Ci
value of each treatment group was smaller than that of the CK
group (Figure 3A).
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The Ci size depends on four factors: the CO2 concentration of
the air around the leaves, Gs, mesophyll conductance (gm), and
the photosynthetic activity of the mesophyll cells (Januskaitiene,
2011). Gs represents the degree of stomatal opening, which is
the primary factor affecting plant photosynthesis and respiration,
with a direct impact on transpiration (Kinose et al., 2020;
Zhen and Bruce, 2020). This study found that the Gs of each
treatment group gradually increased with an increase in PAR.
When the PAR value was small, the Gs continued to decrease
as the shading degree increased (Figure 3C). When the PAR
value was greater than approximately 300 µmol·m−2

·s−1, the
Gs of treatment group 3 appeared to be smaller than that
of the CK group. Tr was the main driving force behind the
absorption and transportation of water. It can accelerate the
rate of inorganic salt transport to the above-ground part of
the plant, reduce the plant body temperature, and induce leaf
photosynthesis under strong light conditions without harming
the plant (Lapidot et al., 2019; Jafarikouhini et al., 2020).
We found that Tr gradually increased as PAR increased, and
the Tr value of each treatment group gradually decreased as
the shading degree increased. The Tr value of the CK group
was smaller than that of each treatment group and greater
than the maximum shading treatment group (Figure 3B). This
experiment demonstrates that under certain shade conditions,
the Tr, Pn, and Gs of H. hainanensis can be increased and the
Ci can be reduced.

This study found that, compared with full light conditions,
light shading can increase the Pnmax of H. hainanensis. Excessive
shading exhibits no effect on the Pnmax of H. hainanensis
(Figure 4B). This may be due to increases in the chlorophyll
content per unit area (Figure 5A) and the Tr, Pn, and Gs
(Figure 3). The AQY measures the conversion efficiency of
light energy in photosynthesis under low light conditions.
The larger the AQY, the stronger the ability of plants to use
light energy, and the more pigment-protein complexes can
absorb and transform light energy (Liu et al., 2013). This
study found that the AQY values of H. hainanensis under
the shading treatments were significantly greater than that
of the CK group (P < 0.01; Figure 4A), indicating that
H. hainanensis light utilization is enhanced under shading
conditions. The LCP, LSP, and Rd reflect the ability of plants
to adapt to a light environment. Plants with lower LCP, LSP,
and Rd values can grow more efficiently in an environment
with lower light transmittance (Sobrado and Turner, 1983;
Dias-Filho, 2002; Iryna et al., 2004). In this study, the LCP,
LSP, and Rd of the CK group were significantly higher than
those of the treatment groups (P < 0.01; Figures 4C–E). We
also found that the AQY value significantly increased under
shading conditions (P < 0.01; Figure 4A). We speculate that
this occurred to allow H. hainanensis to enhance its light capture
ability under low light conditions. The lower levels of LCP,
LSP, and Rd ensure that H. hainanensis can more effectively
adapt to the decrease in light quantum density, reduce its loss
of photosynthetic products due to respiration, and maintain
a carbon metabolism balance and higher photosynthesis rate.
The environmental conditions of plant growth and the plant
physiological characteristics greatly impact the light response

characteristic parameters (Sun et al., 2009). The reason for this
can be discovered by studying the physiological activity of the
H. hainanensis leaves.

When the shading level was increased, the plants adjusted
through a series of growth and physiological responses, such as
increasing plant height, ground diameter, leaf area, leaf length,
leaf width, and specific leaf area to adapt to the environment
(Mirzaei et al., 2007; Cho et al., 2008). This study found that the
growth rates of H, H/D, and D in the 44.41% light transmittance
treatment groups were significantly higher than those in the CK
group (Figure 1). The weak light transmittance inhibited the
CK group (Figure 1). This may be because when the plants
are shaded, the assimilated carbon acts more on the vertical
plant growth to obtain the maximum amount of light for the
seedlings, thus reducing the carbon that acts on the growth
of the plant base diameter (Gao et al., 2019). Additionally,
low light adversely affects plant growth (Perrin and Mitchell,
2013). Leaves are one of the most sensitive and plastic plant
organs (Brown et al., 2014). We found that with a decrease in
the light transmittance (below 44.41%), the morphology and
traits of the leaves did not significantly decrease, but they were
significantly greater than those in the CK treatment group,
especially for A, L, W, CLWC, and SLAM (Figure 2). Thus,
under the condition of low light transmittance, H. hainanensis
can increase the leaf area and expand the light absorption
area to increase its photosynthetic efficiency to handle the
stress caused by low light transmittance (Song et al., 2015;
Konôpka et al., 2016).

In summary, the growth and development of H. hainanensis
under both full and low light are restricted. Thus, we can
infer why H. hainanensis development is rare under natural
conditions. First, it may be that the surrounding trees are
typically tall and dense, and the light under the forest is weak.
Therefore, the H. hainanensis seedlings cannot photosynthesize
during the growth and development process, and the energy
stored by the plant is lower, causing the plant to often
fail to grow and die. Second, the mother tree has fewer
accompanying species. If the light intensity is too high, the
photosynthetic rate can reach the maximum value, and a
vast amount of energy can be accumulated. However, during
the research process, it was found that full light can easily
cause leaf burns while the leaves are small, which greatly
reduces the energy available for plant growth and development,
causing the seedlings to die. Therefore, during the in situ
protection and natural return planting of H. hainanensis, we
must properly shade the seedlings under full light conditions,
and we must effectively cut down surrounding trees when
planting and protecting the tall and lush forests to increase
light intensity.

CONCLUSION

The results of this study impact two aspects of the H. hainanensis
and provide guidance for its local protection and return to
planting. First, full care and weak light restrict the growth of
H. hainanensis seedlings at different levels, which cause the
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seedlings of H. hainanensis to wither and die. Second, the
physiological response of H. hainanensis to light intensity is
interrelated with photosynthesis parameters and photosynthetic
pigments, which exhibit a very significant correlation (P < 0.01).
Therefore, we must control the light at approximately 44.4%
during in situ conservation and return planting of H. hainanensis.
However, due to the limited number of plant samples, there is
little research in this area. It is necessary to further increase the
number of plants through conservation and natural regression to
provide additional samples for research to reduce errors. In this
study, enzymes, minerals, and other related indicators were not
measured, and further research on these factors is required.
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