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Abstract To explore the effect of salt-alkaline stress on the growth and chlorophyll fluorescence characteristics of Chieh-qua
seedlings, the Chieh-qua inbred line "C-39" was used as the experimental material, nutrient solution culture was used for the
experiment, and different concentrations of alkaline salts NaHCO3 (0, 25, 50, 75, 100, 125 mmol/L) were used for gradient treatment.
The results showed that the biomass, plant height and stem thickness of the seedlings showed a decreasing trend with the increase of
NaHCO3 concentration, which means that the salt stress seriously inhibited the growth of the seedlings. High concentration of
NaHCO3 significantly inhibited the activity of PSII, when the concentration of NaHCO3 reached 75 mmol/L, Fv/Fm and PIabs were
significantly lower than CK, while low concentration of NaHCO3 treatment had no significant effect on the activity of PSII. Analysis
of JIP-test showed that the relative variable fluorescence VL, VK, VJ and VI at 0.15, 0.3, 2 and 30 ms on the OJIP curve were
significantly higher than CK when the concentration of NaHCO3 reached 75 mmol/L, but there were no significant differences
between low concentrations. It was explained that high concentration of NaHCO3 treatment inhibited the electron transport of PSII.
The increase of VJ was greater than that of VK, indicating that the damage caused by NaHCO3 stress on the donor side was greater
than that in the receptor side of the Chieh-qua seedlings. Moreover, the optical energy absorption and distribution in leaves of
Chieh-qua seedlings were significantly influenced by high NaHCO3 concentrations treatment. The concentration of reaction centers
RC/CSm (Expressed as per unit leaf area) and the proportion of absorbed light energy used for electron transport were decreased. In
summary, NaHCO3 treatment inhibited the growth of Chieh-qua seedlings and high-concentration NaHCO3 treatment severely
inhibited the Chieh-qua seedlings’ photosynthesis. This study provides a theoretical basis for the creation of salt-tolerant Chieh-qua
germplasm resources by studying the effects of different concentrations of alkaline salt stress on the growth and photosynthetic
performance of seedlings.
Keywords Chieh-qua; Salt-alkaline stress; Chlorophyll fluorescence; PSII

Soil salinization has become one of the main factors restricting sustainable agricultural development in China, and
salt-alkali stress is one of the main abiotic stresses that cause crop yield reduction and quality decline (Chen et al.,
2014). Chieh-qua (Benincasa hispida), also known as hairy gourd, is a one-year-old climbing herbaceous plant
belonging to the family Cucurbitaceae and is a variation of wax gourd (Yao and Yang, 2018). Currently, research
on Chieh-qua mainly focuses on the breeding of new varieties, identification and evaluation of germplasm
resources, and response to high temperature and drought stress etc (Wang et al., 2019a; Wang et al., 2019b; He et
al., 2020). However, there are few reports on the study of salt-alkali stress-related to Chieh-qua. It is therefore
necessary to carry out research on salt-alkali tolerance in Chieh-qua, which is of great significance to improve its
salt tolerance and to improve saline-alkali land.

Photosynthesis is the basis of plant growth and development and is sensitive to abiotic stress. Alkaline salt stress,
severely affects plant photosynthesis, which is more harmful to plants than neutral salt stress (Liu et al., 2015).
Alkaline salt stress damages the photosynthetic system of plants, and the greater the salt concentration, the more
serious the damage. High-concentration stress seriously destroyed the PSII reaction center and reduced the rate of
electron transfer (Zhou et al., 2021). Changes in chlorophyll fluorescence directly reflect the status of plant

mailto:yyliuna@163.com
https://doi.org/10.5376/bm.2023.14.0005
https://doi.org/10.5376/bm.2023.14.0005


Bioscience Method 2023, Vol.14, No.5, 1-8
http://bioscipublisher.com/index.php/bm

2

photosynthesis, rapid fluorescence kinetics can determine the extent of damage to plant photosynthetic organs
without destroying the plants. Chlorophyll fluorescence determination and JIP-test analysis can systematically
analyze photosynthetic parameters and have been widely used in the study of plant response mechanisms to the
environment (Song et al., 2011). Zhou et al. (2021) showed that chlorophyll fluorescence kinetic parameters can
be used as an important indicator for judging the damage of plants under alkaline salt stress. In this study,
Chieh-qua inbred line "C-39" was used to study the effect of different concentrations of NaHCO3 on the growth
and chlorophyll fluorescence induction dynamics of Chieh-qua seedlings, in order to explore the physiological
mechanism of salt-alkali tolerance in Chieh-qua and provide a theoretical basis for the creation of salt-tolerant
Chieh-qua germplasm resources and breeding of new varieties.

1 Results and Analysis
1.1 Effect of NaHCO3 on the growth of seedlings of Chieh-qua
With the increase of NaHCO3 concentration, the dry and fresh weight, plant height and stem diameter of the
seedlings decreased (Table 1), and there were significant differences among each treatments. Compared with CK,
the shoot fresh weight of T1, T2, T3, T4 and T5 was decreased 15.92%, 45.28%, 53.61%, 62.22% and 71.46%,
respectively; Root fresh weight was decreased 23.35%, 26.00%, 53.67%, 68.10% and 71.24%, respectively; Shoot
dry weight was decreased 18.38%, 30.14%, 33.33%, 35.05% and 37.62%, respectively; Root dry weight was
decreased 8.54%, 19.09%, 23.23%, 39.89% and 61.93%, respectively; Plant height weight was decreased 13.39%,
8.21%, 19.64%, 28.21% and 37.86%, respectively; Stem thickness was decreased 8.29%, 10.46%, 31.50%,
48.03% and 50.47%, respectively. In summary, NaHCO3 treatment significantly inhibited the growth of
Chieh-qua.

Table 1 Effect of NaHCO3 on the growth of seedlings of Chieh-qua

Treatment Shoot fresh weight (g) Root fresh weight (g) Shoot dry weight (mg) Root dry weight (mg) Plant height
(cm)

Stem thickness
(mm)

CK 10.93±0.74a 2.59±0.25a 1070±69.76a 132.67±9.50a 14±0.78a 5.64±0.70a
T1 9.19±1.18b 1.99±0.10b 873.33±41.63b 121.33±3.21ab 12.13±1.33abc 5.18±0.50a
T2 5.98±0.83c 1.92±0.07b 747.5±28.72bc 107.33±10.41b 12.85±0.66ab 5.05±0.28a
T3 5.07±0.58cd 1.2±0.09c 713.33±90.18c 101.67±13.87bc 11.25±0.65bc 3.87±0.36b
T4 4.13±0.36de 0.96±0.07cd 695±62.45c 79.75±6.80c 10.05±1.14cd 2.93±0.22bc
T5 3.12±0.35e 0.69±0.07d 667.5±56.20c 50.5±5.32d 8.7±0.88d 2.80±0.49c

1.2 Effects of NaHCO3 treatment on Fv/Fm (A) and PIabs (B) of Chieh-qua seedlings
As the concentration of NaHCO3 increased, Fv/Fm and PIabs of the seedlings showed a decreasing trend, with the
change in PIabs being significantly greater than that of Fv/Fm (Figure 1). The Fv/Fm and PIabs values of the T3, T4
and T5 treatments were significantly lower than those of CK, T1 and T2. In addition, there was no significant
difference between CK, T1 and T2. Moreover, the Fv/Fm value of T5 was significantly lower than that of T3 and
T4. Compared with CK, the Fv/Fm values of T3, T4 and T5 were decreased by 10.51%, 6.12%, and 15.78%,
respectively, and the PIabs values of T3, T4 and T5 were decreased by 57.10%, 57.82% and 63.21%, respectively.
Therefore, NaHCO3 treatment reduced the overall activity of PSII in Chieh-qua seedlings, and when the
concentration reached 75 mmol/L, the PSII activity was significantly reduced.

Figure 1 Effects of NaHCO3 treatment on Fv/Fm (A) and PIabs (B) of Chieh-qua
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1.3 Effects of NaHCO3 on OJIP curve in the leaves of Chieh-qua seedling.
The effects of NaHCO3 treatment on the chlorophyll fluorescence induction kinetics (OJIP) curve of Chieh-qua
seedling leaves were significant (Figure 2A). Due to the high variability of the original OJIP curve under external
influences, the curves were standardized and the difference between the standardized curves for each treatment
and CK was calculated (Figure 2B; Figure 2C). As the treatment time increased, the relative fluorescence intensity
of T3, T4 and T5 was significantly higher than that of CK, T1 and T2 (Figure 2B; Figure 2C). Quantitative
analysis of VJ and VI revealed that the values for T3, T4 and T5 were significantly higher than those for CK, T1
and T2 (Figure 2D; Figure 2E). There was no significant difference between CK, T1 and T2, and the change in VJ

was greater than that of VI. High-concentration NaHCO3 treatment significantly increased the relative
fluorescence intensity at I and J points.

Figure 2 Effects of NaHCO3 on OJIP curve in the leaves of Chieh-qua
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1.4 Effects of NaHCO3 on standard O-K and O-J curve in the leaves of Chieh-qua seedling
The relative fluorescence intensity at J point (2.0 ms) and K point (0.3 ms) was defined as 1, and the curves were
standardized accordingly (Figure 3A; Figure 3C). It was observed that NaHCO3 treatment significantly affected
the standardized O-J and O-K curves. The difference between the two standardized curves for each treatment and
CK showed that the fluorescence intensity before K point was significantly higher in T3, T4 and T5 than in CK,
T1 and T2 as time elapsed (Figure 3B; Figure 3D). Quantitative analysis of VK and VL revealed that the value of
VL for T3, T4 and T5 was significantly higher than that of CK, T1 and T2. Moreover, the value of VK for T4 and
T5 was significantly higher than that of CK, T1 and T2, but there was no significant difference among T3, T4 and
T5. The change in VL was greater than that of VK. High-concentration NaHCO3 treatment significantly increased
the relative fluorescence intensity at L and K points.

Figure 3 Effects of NaHCO3 on standard O-K and O-J curve in the leaves of Chieh-qua
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1.5 Effects of NaHCO3 on energy distribution parameters and RC/CSm in the leaves of Chieh-qua
The changes in light absorption and distribution parameters of the PSII reaction center in the leaves of Chieh-qua
seedlings were significant under T3, T4 and T5 treatments (Figure 4A). As the concentration of NaHCO3

increased, ABS/CSm, TRo/CSm and ETo/CSm of the leaves showed a decreasing trend, while DIo/CSm showed an
increasing trend. ABS/RC and DIo/RC showed an increasing trend, with a significant increase observed in DIo/RC,
TRo/RC did not show significant changes, while ETo/RC showed a decreasing trend (Figure 4A).

As the concentration of NaHCO3 increased, RC/CSm of Chieh-qua seedling leaves showed a decreasing trend. The
values for CK, T1 and T2 were significantly higher than those for T3, T4 and T5, with no significant difference
observed among CK, T1 and T2. Compared with CK, T3, T4 and T5 decreased RC/CSm by 28.67%, 21.17% and
40.13%, respectively (Figure 4B).

Figure 4 Effects of NaHCO3 on energy distribution parameters and RC/CSm in the leaves of Chieh-qua

2 Discussion
Changes in biomass reflect the overall response of plants to salt stress, plants respond to salinity stress by slowing
growth, redistributing biomass and reducing energy consumption for growth, allowing them to survive under
saline conditions (Li et al., 2009). The results of this study showed that with increasing NaHCO3 concentration,
the biomass, plant height, and stem thickness of Chieh-qua seedlings decreased, indicating that NaHCO3 severely
inhibited their growth, consistent with the findings of Mao et al. (2017).

The fast chlorophyll fluorescence curve (OJIP) contains rich information on PSII photochemical reactions, which
can be used to directly analyze the damaged sites of photosynthesis under stress (Zhang et al., 2018). The
maximum photochemical efficiency of PSII (Fv/Fm) and the photochemical performance index based on light
absorption (PIabs) are important indicators reflecting the efficiency of photoconversion in reaction centers and the
degree of inhibition of photosynthetic electron transport (Zhang et al., 2021). The results of this study showed no
significant difference in Fv/Fm and PIabs between the low NaHCO3 concentration treatments and CK in the leaves
of Chieh-qua seedlings, while at a concentration of 75 mmol/L, both parameters significantly decreased. This
indicates that high-concentration NaHCO3 stress significantly reduced the activity of reaction centers and
inhibited the rate of photosynthetic electron transport, consistent with the findings of Zhou et al. (2021).

After standardizing the OJIP curve of Chieh-qua seedling leaves according to the O-P, O-J, and O-K parameters, it
was found that the L (0.15 ms), K (0.3 ms), J (2 ms), and I points (30 ms) were all significantly higher after
high-concentration NaHCO3 treatment compared to control and low-concentration treatment. The presence of the
K point indicates inhibition of water-splitting and Pheo (de-magnesiochlorophyll) to QA in the electron transfer
process, which is a hallmark of damage to the oxygen-evolving complex (OEC) on the PSII donor side (Strasser et
al., 2004; Dąbrowski et al., 2016). The results indicate that when NaHCO3 reached 75 mmol/L, a significant
increase in the K point was observed (Figure 3D; Figure 3F), indicating that high-concentration NaHCO3 stress
severely damaged OEC of PSII on the donor side. The J and I points on the OJIP curve are related to the state of
QA and plastoquinone (PQ) on the PSII acceptor side, respectively. The relative variable fluorescence of the J



Bioscience Method 2023, Vol.14, No.5, 1-8
http://bioscipublisher.com/index.php/bm

6

point reflects the reduction state of the reaction center or QA in PSII (Zhang et al., 2016). High-concentration
treatment significantly increased VJ compared to low-concentration treatment and CK, indicating a decrease in
electron transfer ability from QA to QB in the PSII reaction center on the acceptor side. The increase in VJ was
significantly greater than VK, indicating more severe damage on the acceptor side than on the donor side. The I
point appears due to the heterogeneity of the PQ pool during electron transfer from QA to QB (Feng et al., 2002; Li
et al., 2005). High-concentration NaHCO3 stress increased the I point, indicating a decrease in electron accepting
ability on the PSII acceptor side. This can lead to the accumulation of reactive oxygen species (ROS), which can
inhibit the activity of the PSII reaction center and cause photoinhibition (Ding et al., 2014). The rise of the L point
is an important sign of thylakoid detachment (Essemine et al., 2012), the behavior of VL, VK, VJ, and VI in
Chieh-qua seedling leaves showed a similar trend. When the NaHCO3 concentration reached 75 mmol/L, VL

significantly increased, indicating that high-concentration NaHCO3 stress severely damaged the stability of the
thylakoid membrane, leading to a decrease in the coherence of PSII units, disorder of the photosynthetic system,
and a reduction in photosynthesis. In summary, high-concentration salt-alkaine stress caused damage to PSII in
Chieh-qua seedling leaves, with both the donor and acceptor sides of electron transport inhibited, consistent with
the results of Zhang et al. (2022).

When plants encounter environmental stress, they adapt by regulating the allocation of energy, mainly by reducing
the absorption of light to prevent photoinhibition (Yin et al., 2019). Under normal growth and development
conditions, plants have high light absorption (ABS/CSm) and capture (TRo/CSm) abilities, electron transport rate
(ETo/CSm), and number of reaction centers (RC/CSm), and maintaining low thermal dissipation (DIo/CSm) (Lu et
al., 2022). In this study, increasing NaHCO3 concentration led to a decrease in leaf ABS/CSm, TRo/CSm, ETo/CSm,
ETo/RC, and RC/CSm for Chieh-qua seedlings, with an increase in DIo/CSm, ABS/RC and DIo/RC. Furthermore,
the high concentration stress treatment resulted in significantly higher DIo/RC compared to low concentration
stress and CK, while RC/CSm was significantly lower than low concentration stress and CK. This suggests that
salt-alkali stress reduces the ability of leaves per unit area to absorb and capture light energy and the number of
active reaction centers while increasing thermal dissipation, which seriously affects the ability of photosynthetic
carbon assimilation, consistent with results of Chen et al. (2022). High concentrations of salt-alkali stress cause
the deactivation of most PSII reaction centers in Chieh-qua seedling leaves, reducing the antenna pigment's ability
to capture light energy.

In conclusion, high concentrations of alkaline salt NaHCO3 stress severely inhibit the PSII electron transport
capacity of Chieh-qua seedling leaves. This is mainly manifested by damage to the donor-side oxygen-evolving
complex (OEC) and a blockade in the transfer of electrons from QA to QB on the acceptor side. Additionally, high
concentration salt-alkali stress disrupts the balance of light absorption and distribution in Chieh-qua seedling
leaves, reducing electron transfer energy while increasing the capacity for thermal dissipation, ultimately leading
to inhibited growth of Chieh-qua seedlings.

3 Materials and Methods
3.1 Plant material and growth conditions
The seeds of ‘C-39’, a inbred line, were provided by the Chieh-qua breeding team of Shanghai Academy of
Agricultural Sciences. The seedlings were first cultured in 50-well hole trays and cultured in a greenhouse at
25/20 °C (day/night) under light intensity 300 μmol·m-2·s-1. The photoperiod is 12/12 (day/night). After full
development of the second leaf, healthy seedlings of uniform size were selected and transferred into full-strength
Hoagland solution and continuously aerated using an air pump. When the third true leaf is fully unfolded, the
seedlings are treated as follows: CK: 0 mmol/L、T1: 25 mmol/L、T2: 50 mmol/L、T3: 75 mmol/L、T4: 100
mmol/L、T5: 125 mmol/L. The containers were arranged in a completely randomized block design with three
replicates (36 seedlings per treatment), Samples from healthy seedling were harvested after 3 days of treatment.
After three days of treatment, growth indexes and chlorophyll fluorescence induction kinetics parameters were
measured.
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3.2 Determination of growth index and rapid chlorophyll fluorescence kinetic curve
After three days of treatment, six uniform-sized Chieh-qua seedlings from each treatment were selected for
growth index measurements. Stem diameter was measured with a caliper, while plant height and root length were
measured with a ruler. The fresh weight of the shoots and roots of the plants were determined using a 0.01%
electronic scales, and the dry weight of the shoots and roots were determined using a 0.001% electronic scales
after drying in an oven.

The Handy-PEA fluorometer (Hansatech, UK) was used to measure the rapid chlorophyll fluorescence induction
kinetics curves of the third leaf of each Chieh-qua seedling after dark adaptation for 30 minutes. The OJIP curve
points O, L, K, J, I, and P corresponded to fluorescence intensities at 0, 0.15, 0.3, 2, 30, and 1000 ms, respectively.
JIP-test analysis was performed on the OJIP curve (Li et al., 2020), and the normalized O-P, O-J, and O-K curves
were obtained by subtracting the control (CK) curve, represented as ΔVO-P, ΔVO-J, and ΔVO-K, respectively. The
calculation formulas are as follows: VO-P = (Ft-Fo)/(FP-Fo), VO-J = (Ft-Fo)/(FJ-Fo), and VO-K = (Ft-Fo)/(FK-Fo), where
Ft represents the relative fluorescence intensity at different time points.

The JIP-test analysis of the OJIP curve was also used to obtain other fluorescence parameters, their specific
parameters and biological significance are shown in Table 2.

3.3 Data analyzing
Microsoft Excel 2019 was used for statistical processing and SPSS25.0 software was used for significance
analysis (P<0.05).

Table 2 Parameters used by JIP-test for the analysis of the fluorescence transient OJIP

Fluorescence parameters Biological significance
Fv/Fm The maximal PSII photochemical efficiencies
PI abs performance index on absorption basis
ABS/RC Absorption flux per RC
TRo /RC Trapped energy flux per RC
ETo /RC Electron transport flux per RC
DIo /RC Dissipated energy flux per RC
ABS /CSm Absorption of light energy per CS
TRo /CSm Trappingof excitation energy flux
ETo /CSm Electron transport flux per CS
DIo /CSm Dissipation energy flux perCS
RC/CSm Density of RCs per CS
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