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Abstract
The native population of Manglietia patungensis exhibits poor natural regenera-
tion, with few regenerated seedlings or saplings observed in the understory. To
investigate the tolerance of its seed germination and seedlings to drought stress
during the growth period, this study used Manglietia patungensis seeds as ex-
perimental material and employed different mass concentrations of polyethylene
glycol (PEG-6000) to simulate drought stress, analyzing the effects on seed ger-
mination, seedling growth, and related physiological and biochemical indices.
The results showed that different mass concentrations of PEG solution exerted
significant effects on seed germination and seedling growth of Manglietia patun-
gensis (P<0.05), with germination rate and survival rate gradually decreasing
as PEG mass concentration increased; when PEG mass concentration $�$301
g・L-1, seed germination was inhibited and germination time was significantly
delayed. With increasing drought stress intensity, chlorophyll content in Man-
glietia patungensis seedlings gradually decreased; soluble protein content and
superoxide dismutase (SOD) activity exhibited varying degrees of initial in-
crease followed by decreasing trends; while proline (Pro) and malondialdehyde
(MDA) contents and peroxidase (POD) and ascorbate peroxidase (APX) activi-
ties showed gradually increasing trends. Based on comprehensive analysis, seed
germination and seedling growth of Manglietia patungensis have obvious water
requirements, and although they can adapt to a certain degree of drought stress
through osmotic adjustment and enhanced protective enzyme activity, drought
damage should be prevented during the cultivation process. The research results
can provide a theoretical basis for seed breeding and regeneration of Manglietia
patungensis, contributing to its population expansion.
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Abstract
The native populations of Manglietia patungensis exhibit poor natural regener-
ation, with few seedlings or saplings observed in the understory. To investigate
the tolerance of its seed germination and seedling growth to drought stress,
this study utilized M. patungensis seeds exposed to different concentrations of
polyethylene glycol (PEG-6000) to simulate drought conditions, analyzing the
effects on seed germination, seedling growth, and related physiological and bio-
chemical indicators. The results demonstrated that PEG solutions at various
concentrations significantly affected seed germination and seedling growth of
M. patungensis (P < 0.05). Both germination rate and survival rate decreased
progressively with increasing PEG concentration; seed germination was inhib-
ited when PEG concentration reached $�301𝑔 · 𝐿^{-1}$, and germination time
was significantly delayed. As drought stress intensified, chlorophyll content in
seedlings gradually decreased; soluble protein content and superoxide dismutase
(SOD) activity showed initial increases followed by decreases, while proline (Pro)
and malondialdehyde (MDA) contents and peroxidase (POD) and ascorbate per-
oxidase (APX) activities increased progressively. In summary, M. patungensis
seeds and seedlings have a clear water requirement. Although they can adapt
to moderate drought stress through osmotic adjustment and enhanced protec-
tive enzyme activity, drought damage must be prevented during cultivation.
These findings provide a theoretical basis for seed propagation and population
restoration of M. patungensis, contributing to population expansion.
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Introduction
Seed germination and seedling growth represent the initial stages of a plant’s life
cycle, profoundly influencing its overall fitness and adaptive capacity (Donohue
et al., 2010). During these early developmental phases, seeds lack fully devel-
oped systems for acquiring and utilizing resources, making them particularly
vulnerable to environmental stresses (James et al., 2011; Larson et al., 2015).
Water is essential for seed germination and plays a critical role in seedling estab-
lishment. Research indicates that drought stress disrupts seed metabolism, re-
duces root activity, soluble sugar content, and respiration, leading to insufficient
energy production for germination and negatively impacting both germination
and early seedling survival (Doupis et al., 2011). Under drought conditions,
germination rate and vigor decrease significantly (Wu et al., 2019; He et al.,
2019), while prolonged drought severely inhibits seedling growth (Peng et al.,
2018), causing water loss and inducing osmotic stress and reactive oxygen species
damage.

However, some plants have evolved strategies to cope with drought through
physiological adaptations such as reducing cellular osmotic potential and al-
tering enzyme synthesis in protective systems. Polyethylene glycol (PEG) is
an ideal high-molecular-weight organic compound for simulating drought envi-
ronments and is widely used in experiments investigating osmotic and drought
stress effects on seeds and seedlings (Muscolo & Iglesias, 2014).

Manglietia patungensis is an evergreen tree species in the Magnoliaceae family,
sporadically distributed in Hubei, Chongqing, and Hunan provinces. Due to
its narrow distribution and small population size, it is considered endangered
(IUCN, 2015). As the northernmost species in the Manglietia genus, M. patun-
gensis holds significant value for research on the phylogeny and evolution of Mag-
noliaceae, as well as for ornamental and medicinal applications (Ge et al., 2009;
Li et al., 2004). Natural regeneration is poor in native populations, with few
seedlings or saplings observed in the understory, suggesting that soil moisture
may be a primary factor limiting seed germination (Li et al., 2006). Previous
studies on M. patungensis seed biology indicate that under artificial conditions,
optimal germination occurs at 20–30 °C with rates reaching 100%, whereas
natural germination rates are extremely low, with moisture likely being a key
limiting factor (Chen et al., 2007; Chen et al., 2012). Therefore, investigating
the drought tolerance of M. patungensis seed germination and seedling growth
is crucial for population recovery. This study employs artificial drought simula-
tion to examine the relationship between seed germination, seedling growth, and
soil moisture, providing a scientific basis for seedling cultivation and population
restoration of M. patungensis.
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Materials and Methods
1.1 Experimental Materials

Manglietia patungensis seeds were collected on October 5, 2016, from Xiaoxi Na-
tional Nature Reserve in Hunan Province. After removing the outer seed coat,
seeds were stored in sand at 4 °C. In March of the following year, PEG-simulated
drought stress experiments were conducted at the Biotechnology Research Cen-
ter of China Three Gorges University.

1.2 Experimental Design

Distilled water served as the control (CK). Seven PEG-6000 solutions were pre-
pared at concentrations of 95, 140, 170, 221, 250, 301, and 345 g・L−1 (Mai et
al., 2009). Two layers of filter paper were placed in petri dishes as germination
beds, moistened with different PEG solutions. Sterilized M. patungensis seeds
were evenly distributed on the germination beds (30 seeds per dish, four repli-
cates). Dishes were incubated at 25 °C in darkness for 25 days, then transferred
to light conditions (2,000 lx, 16 h/d).

1.3 Measurement Indicators

1.3.1 Seed Germination and Growth Indices Germination was defined as
radicle emergence through the seed coat. Germinated seed counts and seedling
growth status were recorded every 3 days. Germination was considered complete
when no seeds germinated for 5 consecutive days, and germination rate was
calculated. Embryonic axis and radicle lengths were measured with a ruler for
each germinated seed. Survival rate was determined on day 55. Germination
rate = (number of germinated seeds / total seeds tested) × 100%; Survival rate
= (number of surviving seedlings / total seedlings) × 100%.

1.3.2 Seedling Physiological Indices On day 55, 10 g of cotyledons and
true leaves were collected from each treatment group, snap-frozen in liquid ni-
trogen, and stored at –80 °C. Soluble protein content was determined using the
Coomassie brilliant blue method (Qu et al., 2006). Proline (Pro) content was
measured via ninhydrin colorimetry (Zhang et al., 1990; Li et al., 2005). Mal-
ondialdehyde (MDA) content was assessed using the thiobarbituric acid (TBA)
method (Wang et al., 2013). Chlorophyll content was determined by UV spec-
trophotometry (Li, 2006). Superoxide dismutase (SOD) activity was measured
using the nitroblue tetrazolium (NBT) reduction method (Li, 2006). Peroxidase
(POD) activity was quantified via guaiacol colorimetry (Zheng et al., 2010).
Ascorbate peroxidase (APX) activity was determined by UV spectrophotome-
try (Song et al., 2011).
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1.4 Data Analysis

Data processing and graphing were performed using Excel. Statistical analysis
was conducted with SPSS 21.0 software, with significance set at P < 0.05.

Results
2.1 Effects of Drought Stress on Seed Germination

Germination results [Figure 1: see original paper] showed that control group
seeds initiated germination at day 10. Germination onset in treatment groups
was progressively delayed with increasing PEG concentration: 15, 20, 20, 28,
and 40 days for concentrations of 95, 140, 170, 221, and 250 g・L−1, respectively.
No germination occurred at PEG concentrations $�301𝑔 ·𝐿^{-1}$. These results
indicate that low PEG concentrations delayed germination, with more severe
drought stress causing significant germination postponement.

As shown in Table 1 , both germination rate and survival rate of M. patun-
gensis seeds decreased significantly with increasing PEG concentration (P <
0.05). At 250 g・L−1 PEG, germination and survival rates were only 21.67%
and 17.50% of control values, respectively, demonstrating that high PEG concen-
trations inhibited seed germination. Although germination rate declined with
PEG concentration, some seeds still germinated and grew at concentrations
$�250𝑔 · 𝐿^{-1}$, indicating that M. patungensis seeds possess certain drought
resistance capabilities.

Seedling radicle and hypocotyl lengths decreased with increasing PEG stress.
Control seedlings exhibited the best growth, with average hypocotyl and radicle
lengths of 6.88 cm and 5.44 cm, respectively. At 250 g・L−1 PEG, these values
decreased to 0.14 cm and 0.65 cm, with significant differences observed among
all treatments (P < 0.05). As drought stress intensified, some seedling root tips
exhibited blackening, root rot, and mortality, indicating that drought stress
inhibits M. patungensis seedling growth in a concentration-dependent manner.

2.2 Effects of Drought Stress on Seedling Physiological Indices

No physiological measurements were conducted for the 301 and 345 g・L−1 treat-
ments as seeds failed to germinate at these concentrations.

2.2.1 Effects on Chlorophyll Content Chlorophyll content in M. patungen-
sis seedlings decreased progressively with increasing PEG concentration [Figure
2: see original paper]. The control group showed the highest chlorophyll con-
tent at 0.026 mg・g−1, while the 250 g・L−1 treatment exhibited the lowest value
at only 27% of the control. Significant differences were observed between the
control and all treatment groups. No significant difference was found between
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the 95 and 140 g・L−1 treatments, nor between the 221 and 250 g・L−1 treat-
ments; however, the 170 g・L−1 treatment differed significantly from both the
221 and 250 g・L−1 treatments (P < 0.05). These results demonstrate that
drought stress impairs chlorophyll synthesis in M. patungensis seedlings, with
increasing PEG concentrations reducing chlorophyll content and consequently
affecting photosynthesis and normal growth.

2.2.2 Effects on Osmotic Regulation Soluble protein content initially in-
creased then decreased with intensifying drought stress [Figure 3A: see original
paper]. Content rose gradually from 0 to 221 g・L−1 PEG, reaching a maximum
of 3.93 mg・g−1, then declined at 250 g・L−1. The control group showed the
lowest soluble protein content at 1.00 mg・g−1. All treatments differed signifi-
cantly except between the 170 and 250 g・L−1 treatments (P < 0.05). Proline
(Pro) content increased progressively with PEG concentration [Figure 3B: see
original paper]. Pro content remained low at $�95𝑔 · 𝐿^{-1}$ PEG, increased
slowly at 140, 170, and 221 g・L−1 (all higher than control), and reached its
maximum of 0.19 �mol・g−1 at 250 g・L−1 (approximately 3.3 times the control
value). The 250 g・L−1 treatment differed significantly from all other groups (P
< 0.05), while other treatments showed no significant differences among them-
selves. These findings indicate that M. patungensis seedlings employ osmotic
adjustment by accumulating soluble proteins and proline to enhance cellular
water retention and mitigate drought damage.

2.2.3 Effects on Cell Plasma Membrane Malondialdehyde (MDA) con-
tent correlated positively with PEG concentration, increasing progressively with
drought stress [Figure 4: see original paper]. At $�95𝑔 · 𝐿^{-1}$ PEG, MDA
content increased slowly without significant difference from the control. From
140 to 221 g・L−1, MDA content increased gradually with no significant differ-
ences among these treatments. At 250 g・L−1, MDA content reached 0.37 �g・
g−1, approximately 2.2 times the control value, showing a sharp increase that
differed significantly from all other treatments (P < 0.05). These results suggest
that M. patungensis seedlings can resist membrane lipid peroxidation damage
from moderate drought stress, but severe drought causes substantial plasma
membrane injury, impairing normal growth.

2.2.4 Effects on Protective Enzyme Activity Superoxide dismutase
(SOD) activity initially increased then decreased with PEG stress [Figure 5A:
see original paper]. Activity increased sharply at 95 g・L−1 PEG, reaching its
maximum of 0.34 U・g−1, then declined with further stress intensification. No
significant difference was observed between the 95 and 140 g・L−1 treatments,
nor between the 170 and 221 g・L−1 treatments. At 250 g・L−1, SOD activity
fell below control levels, showing no significant difference from the control but
differing significantly from other treatments (P < 0.05). Peroxidase (POD)
activity increased overall with PEG concentration [Figure 5B: see original
paper], rising gradually initially then increasing rapidly at 250 g・L−1 to 2.48 U・
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g−1, which differed significantly from all other groups (P < 0.05). The control
showed the lowest POD activity at 0.81 U・g−1, not significantly different from
the 95 g・L−1 treatment but differing significantly from 140, 170, and 221 g・
L−1 treatments (P < 0.05). Ascorbate peroxidase (APX) activity increased
progressively with PEG concentration [Figure 5C: see original paper], with all
treatments showing higher activity than the control. All treatments differed
significantly except between the 140 and 170 g・L−1 treatments (P < 0.05).
These findings indicate that under low PEG concentrations, M. patungensis
seedlings cope with stress through elevated SOD activity. As stress intensifies,
SOD activity is suppressed while POD and APX activities increase and remain
high, with these protective enzymes scavenging reactive oxygen species to
mitigate drought-induced damage.

Discussion and Conclusion
Drought stress affects not only seed vigor but also germination timing and rate.
Under simulated drought conditions, adverse effects on M. patungensis seed ger-
mination and seedling growth became evident at PEG concentrations between
140 and 250 g・L−1, with germination rates declining as PEG concentration
increased. Seeds lost viability and failed to germinate at concentrations >250
g・L−1, consistent with findings for Catalpa ovata (He et al., 2019). The study
also revealed that increasing stress severity not only reduced germination rates
but also significantly delayed germination onset, suggesting that M. patungensis
possesses adaptive mechanisms to cope with drought—an evolutionary response
to its native environment. This delayed germination strategy may disperse the
risks associated with drought stress, benefiting population persistence. Some
studies have reported that low PEG concentrations promote germination in
woody species such as Quercus variabilis (Li et al., 2013) and Metasequoia
glyptostroboides (Wu et al., 2019), possibly reflecting species-specific biological
characteristics.

Chlorophyll is fundamental to photosynthesis, and its content serves as an im-
portant indicator of plant drought tolerance (Sang et al., 2011). Drought stress
inhibits chlorophyll synthesis while accelerating chloroplast degradation, lead-
ing to significant chlorophyll reduction (Ma et al., 2018). This study corrobo-
rates these findings, showing that M. patungensis seedling chlorophyll content
decreased significantly with increasing PEG concentration, indicating severe
impairment of photosynthesis under high PEG stress.

Plants under drought stress accumulate compatible solutes such as soluble sug-
ars and proline to confer physiological protection and enhance drought tolerance
(Azmat & Moin, 2019; Muscolo & Iglesias, 2014). In this study, soluble protein
and free proline contents in M. patungensis seedlings increased with PEG con-
centration, suggesting that osmotic adjustment through solute accumulation
helps maintain cellular water potential and turgor, thereby reducing stress dam-
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age. These results align with drought responses reported for many plant species
(Wang et al., 2018; Wang et al., 2014). However, soluble protein content began
to decline at $�250𝑔 · 𝐿^{-1}$ PEG, likely because high PEG concentrations
denature protein synthesis enzymes, causing protein degradation to exceed syn-
thesis.

MDA serves as an indicator of cell membrane damage, with elevated levels
reflecting greater stress injury (Luo et al., 2017). This study found that MDA
content in M. patungensis seedlings increased with PEG concentration, rising
slowly at 0–221 g・L−1 but increasing sharply at 250 g・L−1, indicating severe
plasma membrane damage at this stress level. These results are consistent with
findings for Cercidiphyllum japonicum seedlings (Mai et al., 2009).

Plants have evolved protective enzymes including SOD, POD, and APX to com-
bat reactive oxygen species damage (Li et al., 2013; Zheng et al., 2018). This
study revealed that SOD activity in M. patungensis seedlings increased initially
then decreased under low PEG stress, while POD and APX activities continued
to rise. This suggests that under mild stress, seedlings enhance SOD, POD, and
APX activities to eliminate reactive oxygen species. At $�95𝑔 · 𝐿^{-1}$ PEG,
SOD primarily scavenged oxygen free radicals to protect membrane systems.
As PEG concentration increased, SOD activity declined while POD and APX
activities rose. At 95–250 g・L−1 PEG, POD catalyzed H2O2 degradation and
APX participated in the ascorbate-glutathione cycle to scavenge H2O2 from
chloroplasts, cytoplasm, and microbodies, thereby mitigating drought damage.
However, at $�250𝑔 · 𝐿^{-1}$ PEG, despite elevated POD and APX levels, ac-
cumulation of harmful substances exceeded the scavenging capacity, causing
seedling injury. These findings are similar to drought responses in Magnolia
wufengensis (Sang et al., 2011) and Polygala tenuifolia (Peng et al., 2018),
though protective enzymes could not completely eliminate drought effects.

In conclusion, M. patungensis seeds and seedlings have a clear water require-
ment. Under moderate drought stress (PEG 95–221 g・L−1), they can adapt
through osmotic adjustment and protective enzyme activity, minimizing dam-
age. However, severe drought stress (PEG $�250𝑔 · 𝐿^{-1}$) causes substantial
harm. Therefore, moisture management is critical during M. patungensis culti-
vation to improve germination rates and seedling survival. These findings were
obtained under specific experimental conditions and have certain limitations;
further investigation is needed to identify the barriers to natural regeneration
in native M. patungensis populations.
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