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R – red light; R:FR – red to far-red light ratio; ФPSII – actual electron transport operating efficiency.
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Secondary soil salinization causes plant stress, which can be relieved by different ratios of red to far-red light 
(R:FR). Our study aimed to elucidate the role of low R:FR ratios treatments on photosynthesis and growth of tomato 
seedlings in salinized soils. Tomato seedlings were treated under three R:FR ratios and calcium nitrate was applied 
simultaneously. The results showed that the treatments under low R:FR ratios stimulated growth parameters of tomato 
seedlings under calcium nitrate stress, the best impact being achieved at the R:FR ratio of 0.7 in this experiment. 
Low R:FR ratios treatments increased proline content as well as PSII maximum efficiency, actual electron transport 
operating efficiency, and photochemical quenching of tomato seedlings under calcium nitrate stress but decreased 
the value of nonphotochemical quenching. Moreover, low R:FR ratios treatments promoted net photosynthetic rate 
and increased the expression of a Rubisco gene. In conclusion, low R:FR ratios treatments could improve the salt 
resistance of greenhouse tomato plants.

Highlights

● LED was used to set the light environment at different R:FR 
    ratio treatments
● The photosynthesis capacity of tomato was improved under 
    a low R:FR ratio treatment
● Salt tolerance of tomato seedlings improved under a low R:FR
    ratio treatment

Introduction

Recently, intensive management practices for growing 
vegetables subjected to protected horticulture have 
increased the degree of secondary soil salinization. 
Excessive tillage, large quantities of fertilizers, and lack of 

rainwater have aggravated the degree of soil salinization 
occurring during this process (Rozema and Flowers 
2008). Salinization can cause soil compaction and fertility 
declines, which impedes the yields and quality of plants 
(Ors et al. 2021). Furthermore, the excessive accumulation 
of salt ions primarily causes ion toxicity, osmotic stress, and 
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physiological metabolic disorders, affecting components 
in photosynthetic organs, such as enzymes, thylakoid 
membrane proteins, and membrane lipids (Lakshmi et al. 
1996, Misra et al. 1997). In the greenhouse soil in China, 
a study reported that Ca2+ was the primary cation, whereas 
NO3

– was the primary anion (Yuan et al. 2012), which 
further establishes the effect of protected horticulture on 
soils. 

Plants sense changes in light quality through several 
light signal receptors (phytochrome, cryptochrome, UV 
receptor uvr8, etc.). These signals are then transmitted 
to various downstream light signal transduction factors. 
Among the light receptors, phytochrome is a red/far-red 
light-sensing plant pigment protein that plays an important 
role in adaptive responses of seed germination, flowering, 
developmental transformation, phototaxis, and shade 
response (Quail 2002). Moreover, it carries corresponding 
signals to influence gene expression (Craig and Runkle 
2013, Possart et al. 2017). Phytochrome can exist in two 
configurations – red light absorption and far-red light 
absorption. Driven by red (R) and far-red (FR) light, 
the two configurations can be interconverted (Franklin 
and Quail 2010). The ratio of red to far-red light (R:FR) 
is an important parameter that affects phytochromes (Li 
et al. 2011). Both phytochromes and their interacting 
transcription factors can therefore constitute a functional 
signal-regulation and transduction system in plants, being 
involved in plant regulation of pathogenic microorganisms 
(Wang et al. 2010) and pests (Yang et al. 2015). Moreover, 
phytochromes are involved in regulating plant resistance to 
abiotic stresses, such as shade response (Martínez-García 
et al. 2014), drought (Boggs et al. 2010), and temperature 
stress (Kim et al. 2002, Wang et al. 2018). 

By sensing environmental changes in the R:FR ratio, 
plants can detect changes in shade state, seasonal light 
cycle, and temperature changes (Hendricks and Borthwick 
1967, Hertel et al. 2011). Moreover, low R:FR ratios are 
involved in abiotic stress tolerance. Research by Arico 
et al. (2019) found that phyB was crucial to the heat 
tolerance of Arabidopsis thaliana plants under low R:FR 
ratios treatments. In the same research, reduced phyB 
were found to decrease the transcriptome levels of several 
fatty acid desaturases and that of unsaturated fatty acids. 
Furthermore, Ahres et al. (2020) found that reduction in 
R:FR ratios positively affected the frost resistance of barley. 
Alternatively, phyB mutants were unable to alleviate the 
growth inhibition caused by salt stress in tomato seedlings, 
whereas this inhibition was prevalent in the wild type (Cao 
et al. 2018). According to these studies, phytochromes 
influenced the regulation of hormone production in plants 

exposed to varying R:FR ratios, including their salt 
tolerance (Franklin and Quail 2010, Fahad et al. 2015). 
Moreover, phytochromes can regulate the expression 
of several proteins that mediate resistance to salt stress 
(Indorf et al. 2007). Based on these findings, salt tolerance 
and photosensitivity were established to be interconnected 
via complicated signalling networks. Hence, under low 
R:FR ratios, plants can readjust and balance growth to 
enhance salt resistance. Nevertheless, the mechanism by 
which this occurs needs to be explored further.

Tomato (Solanum lycopersicum L.) is the most widely 
grown vegetable globally (Bergougnoux 2014) and is 
among the most extensively grown vegetables in protected 
horticulture. In this study, the effects of different R:FR 
ratios treatments on growth, salinity, photosynthesis, and 
chlorophyll fluorescence were investigated in tomato 
seedlings under saline stress conditions. By describing the 
interaction between R:FR ratios and salinity, we should 
be able to provide more evidence for the reason behind 
low R:FR ratios observed during tomato tolerance to 
salinization. 

Materials and methods

Plant materials and treatment: As plant material, the 
tomato variety ‘Jinpeng No. 1’ was used. The experiments 
were carried out at Sichuan Agricultural University from 
May to December 2020. Seeds were sterilized, imbibed, 
and germinated and the obtained seedlings were grown 
in a growth chamber (Sichuan Agricultural University, 
Chengdu, China), at 26 ± 1°C during the day and 18 ± 1°C 
during the night, under light/dark cycle of 16/8 h, 
relative humidity of 70%, and light intensity of 200 ± 
25 μmol(photon) m−2 s−1. After the development of the 
first three true leaves, healthy seedlings in the same 
growth stage were transplanted into a matrix culture bowl  
(15 × 13 cm) and grown in a greenhouse. The cultivation 
substrate contained peat, vermiculite, and perlite in a ratio 
of 3:1:1. The seedlings were irrigated with 1/2 Hoagland 
nutrient solution once every three days. Six different 
treatments were set in this experiment (see the text table 
below).

The treatment period with the light of different R:FR 
ratios was 16 h (8:00–24:00 h) per day for both treatment 
and control groups. However, the R:FR ratio of the white 
LED light used in the growth chamber was about 4.2. For 
the R:FR ratio calculation, the ratio of the total red light 
radiation intensity (655–665 nm) to the total far-red light 
radiation intensity (725–735 nm) was used. Then, PPFD 
was measured using the OHSP-350P spectrum analyzer 

Treatment Light source Nutrient solution

S salt stress white LED (R:FR = 4.2) 160 mmol L−1 Ca(NO3)2

L1 normal nutrient solution + 1.0 R:FR white LED + far-red LED (R:FR ratio = 1.0) normal nutrient solution
SL1 salt stress + 1.0 R:FR white LED + far-red LED (R:FR ratio = 1.0) 160 mmol L−1 Ca(NO3)2

L2 normal nutrient solution + 0.7 R:FR white LED + far-red LED (R:FR ratio = 0.7) normal nutrient solution
SL2 salt stress + 0.7 R:FR white LED + far-red LED (R:FR ratio = 0.7) 160 mmol L−1 Ca(NO3)2

CK control white LED (R:FR = 4.2) normal nutrient solution
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(Hopoocolor, China), whereas low R:FR treatment was 
achieved using full spectrum led plus far-red LED (Lmax = 
735 nm; Philips, The Netherlands).

Chlorophyll (Chl) fluorescence parameters: The second 
functionally developed leaf from the top down was selected 
15 d after the treatment and Chl fluorescence parameters 
were measured using a PAM-2500 chlorophyll fluorometer 
(Walz, Germany). After 30 min of full dark adaptation, 
leaves were irradiated with the measuring light to obtain 
the minimal fluorescence from dark-adapted leaves (F0). 
Then, the maximal fluorescence from dark-adapted leaves 
(Fm) was measured using a saturating flash. Subsequently, 
actinic light [300 μmol(photon) m−2 s−1] was turned on 
to measure the photosynthetic steady-state fluorescence 
(Fs), and the saturated pulse light was turned on again 
to get the maximal fluorescence from light-adapted  
leaves (Fm'). Afterward, the actinic light was turned off 
and far-red light was immediately turned on to get the 
minimal fluorescence from light-adapted leaves (F0'). 
Based on the index above, maximum quantum efficiency 
of PSII photochemistry (Fv/Fm), PSII maximum efficiency 
(Fv'/Fm'), actual electron transport operating efficiency 
(ФPSII), photochemical quenching (qP), nonphotochemical 
quenching (NPQ), antenna heat dissipation (D), reduced 
PSII photochemistry (P), and excess energy in the reaction 
centre during the photochemical reaction (Ex) were 
calculated (Baker 2008).

Gas exchange parameters: After 15 d of treatments,  
a LI-6400 portable photosynthesis instrument (Li-COR, 
USA) was used to measure the net photosynthetic rate (PN), 
stomatal conductance (gs), intercellular CO2 concentration 
(Ci), and transpiration rate (E) in the third functional 
leaf from the top. The parameters were determined 
between 9:00 and 11:00 h. In the assimilation chamber, 
ambient CO2 concentration was 400 ± 10 ppm and 
photosynthetic photon flux density (PPFD) was 1,000 μmol 
m–2·s–1. Quantification was repeated thrice. 

Expression levels of a Rubisco gene: Total RNA was 
isolated from leaves using the E.Z.N.A. Plant RNA Kit 
(Omega Bio-tek, Doraville, GA, USA) according to the 

manufacturer's instructions. FastKing one-step method 
(Tiangen, Beijing, China) was then used to remove 
DNA contamination and perform reverse transcription. 
Subsequently, real-time PCR was conducted on a CFX96TM 
real-time PCR cycler (Bio-Rad, Hercules, CA, USA). 
Then, the fluorescence real-time quantitative dye from the 
SYBR Premix Ex TaqTM II (Tli RNaseH Plus) kit (Takara, 
Japan) was used. Gene amplification primers, specific to 
the desired reaction design, were adopted from Primer 
Premier 5.0.0. RBCS (Rubisco small subunit). Primer 
sequences were: F: 5'-TTGAGACTGAGCACGGATTT-3' 
and R: 5'-GCTTGTGGGTATGCCTTT-3'. Tomato's actin 
was used as an internal reference. Actin's primer sequences 
were F: 5'-TGGTCGGAATGGGACAGAAG-3' and 
R: 5'-CTCAGTCAGGAGAACAGGGT-3'. The 2−ΔΔCT 
method was used to calculate the relative expression of 
genes (Livak and Schmittgen 2001). Quantification was 
repeated thrice.

Leaf proline content: After 15 d of treatment, we selected 
fully expanded leaves for measurement and measured 
their proline contents using the ninhydrin assay (Alves  
et al. 2020). Fresh leaves samples (0.5 g) were 
homogenized in 3% sulphosalicylic acid and filtered. 
The mixture filtrate was added with 1 mL each of acid 
ninhydrin and glacial acetic acid and was placed in boiling 
water for 1 h. Toluene (4 mL) was added to the mixture, 
and the absorbance was measured spectrophotometrically 
at 520 nm. Quantification was repeated thrice.

Determination of tomato plant growth index: On the 
15th d of the treatment, plants were harvested and washed. 
After absorbing water with absorbent paper, plant height, 
stem thickness, and fresh mass were measured. The whole 
plant was then dried at 105°C for 30 min and dried again 
at 60°C to a constant mass, after which the dry mass was 
determined.

Statistical analysis: SPSS data-processing software was 
used to calculate the variance of the experimental data and 
to test for significance (p<0.05) of the differences between 
values. Data were given as mean ± standard error. Origin 
2018 (OriginLab, USA) was used to construct the graphs.

Table 1. Effects of red:far-red (R:FR) ratio on growth parameters and proline content in tomato seedlings under calcium nitrate stress. 
CK – 0 mM Ca(NO3)2 + 4.2 R:FR; S – 160 mM Ca(NO3)2 + 4.2 R:FR; L1 – 0 mM Ca(NO3)2 + 1.0 R:FR; SL1 – 160 mM Ca(NO3)2 + 
1.0 R:FR; L2 – 0 mM Ca(NO3)2 + 0.7 R:FR; SL2 – 160 mM Ca(NO3)2 + 0.7 R:FR. Values represent means ± SE, n = 3. Means denoted 
by the same letter did not differ significantly at p<0.05 according to Duncan's multiple range test. DM – dry mass; FM – fresh mass.

Treatment Plant height Stem diameter FM [g] DM [g] Leaf proline content
[cm] [mm] Shoot Root Shoot Root [μg g–1(FM)]

CK 26.87 ± 0.19d 4.13 ± 0.10b   6.21 ± 0.59d 2.92 ± 0.23bc 0.76 ± 0.01c 0.21 ± 0.01bc   26.93 ± 2.03d

S 20.47 ± 0.59e 3.59 ± 0.11c   3.29 ± 0.50e 1.62 ± 0.18d 0.49 ± 0.04d 0.15 ± 0.01c 153.04 ± 30.57c

L1 39.80 ± 1.25b 4.19 ± 0.05b 10.30 ± 0.70b 3.43 ± 0.06ab 1.03 ± 0.03b 0.28 ± 0.01b   27.90 ± 1.20d

SL1 29.23 ± 0.88cd 3.57 ± 0.11c   6.47 ± 0.14d 1.82 ± 0.04d 0.85 ± 0.03c 0.18 ± 0.01bc 260.93 ± 22.38b

L2 52.40 ± 1.99a 4.64 ± 0.06a 14.27 ± 0.95a 4.12 ± 0.48a 1.68 ± 0.06a 0.41 ± 0.05a   27.35 ± 0.73d

SL2 33.90 ± 1.81c 3.61 ± 0.04c   8.28 ± 0.18c 2.15 ± 0.25cd 1.08 ± 0.08b 0.25 ± 0.04bc 415.87 ± 20.16a
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Results

Tomato plant growth index: Tomato seedlings grown 
under calcium nitrate stress (S) for 15 d had significantly 
lower plant height, stem diameter, and dry and fresh 
shoot mass than the control (CK) (Table 1). Treatments 
of lower R:FR ratio under calcium nitrate stress (SL1 and 
SL2) significantly reduced the indices mentioned above, 
except for the stem diameter. However, when low R:FR 
ratios treatments were applied without saline, higher plant 
heights, fresh mass, and dry mass were obtained when 
compared with CK.

Leaf proline content: Applying calcium nitrate increased 
the proline content in seedlings' leaves (treatments S, SL1, 
and SL2) (Table 1). From Table 1, it is evident that a higher 
proline content was present in SL2 (R:FR = 0.7) than that 
in SL1 (R:FR = 1.0). However, when subjected to normal 
nutrient solutions, no significant difference between the 
R:FR ratio treatments was observed.

Chl fluorescence parameters: Calcium nitrate stress 
significantly reduced Fv'/Fm', ФPSII, and qP of tomato 
leaves but increased NPQ (Table 2). However, Fv/Fm of 
tomato leaves was not changed significantly (Table 2). 
With reduced R:FR ratios under stress conditions, the 
photosynthetic efficiency increased with an increase in  
Fv'/Fm', ФPSII, qP, and a decrease in NPQ (Table 2). Calcium 
nitrate stress also decreased PSII photochemistry (P) and 
increased the antenna heat dissipation (D) (Fig. 1A,B).  
The results also showed that under stress conditions, low 
F:FR ratios treatments increased the proportions of P and 
D, whereas it decreased the amount of excess energy at the 
reaction centre (Ex) (Fig. 1C). Low F:FR ratios treatments 
also led to a decrease in Chl fluorescence parameters while 
simultaneously increasing P levels during unstressed 
conditions.

Leaf photosynthetic characteristics: Under calcium 
nitrate stress, PN, gs, E, and Ci of tomato leaves significantly 
decreased when compared to CK. In contrast, PN and Ci 

Table 2. Effects of different red:far-red (R:FR) ratios on chlorophyll fluorescence parameters of tomato seedlings under calcium nitrate 
stress. Fv/Fm – maximum quantum efficiency of PSII photochemistry; Fv'/Fm' – PSII maximum efficiency; ФPSII – actual photochemical 
efficiency of PSII; qP – photochemical quenching; NPQ – nonphotochemical quenching. The plants were subjected to the same treatments 
as in Table 1. Values represent means ± SE, n = 5. Means denoted by the same letter did not differ significantly at p<0.05 according to 
Duncan's multiple range test.

Treatment Fv/Fm Fv'/Fm' ФPSII qP NPQ

CK 0.788 ± 0.006a 0.65 ± 0.01bc 0.47 ± 0.02b 0.72 ± 0.02b 0.56 ± 0.03c

S 0.787 ± 0.004a 0.55 ± 0.01e 0.26 ± 0.01c 0.46 ± 0.01c 0.90 ± 0.03a

L1 0.793 ± 0.002a 0.65 ± 0.01b 0.53 ± 0.02a 0.82 ± 0.02a 0.59 ± 0.04c

SL1 0.793 ± 0.003a 0.61 ± 0.01d 0.43 ± 0.02b 0.71 ± 0.03b 0.77 ± 0.03b

L2 0.792 ± 0.003a 0.68 ± 0.01a 0.56 ± 0.01a 0.83 ± 0.02a 0.47 ± 0.02d

SL2 0.799 ± 0.004a 0.63 ± 0.01c 0.46 ± 0.01b 0.73 ± 0.02b 0.73 ± 0.02b

Fig. 1. Partitioning of the absorbed light energy in tomato leaves.  
(A) Antenna heat dissipation (D); (B) reduced PSII photochemistry 
(P); (C) excess energy in the reaction centre during the photochemical 
reaction (Ex). CK – 0 mM Ca(NO3)2 + 4.2 R:FR; S – 160 mM 
Ca(NO3)2 + 4.2 R:FR; L1 – 0 mM Ca(NO3)2 + 1.0 R:FR; SL1 –  
160 mM Ca(NO3)2 + 1.0 R:FR; L2 – 0 mM Ca(NO3)2 + 0.7 R:FR;  
SL2 – 160 mM Ca(NO3)2 + 0.7 R:FR. Values represent means ± SE, 
n = 5. Means denoted by the same letter did not differ significantly at 
p<0.05 according to Duncan's multiple range test.
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significantly increased under SL1 and SL2 treatments 
compared to S (Fig. 2). The results also showed that SL2 
significantly increased gs compared with S. Moreover, 
both L1 and L2 increased PN, gs, E, and Ci of tomato leaves 
when compared with CK.

Expression level of a Rubisco gene: Under calcium 
nitrate stress, the expression of RBCS in leaves decreased 
significantly on the 1st and 5th d after the treatments, 
respectively (Fig. 3). However, the RBCS gene expression 

increased significantly when low R:FR ratios were applied 
under calcium nitrate stress conditions. Moreover, a rise in 
RBCS gene expression of leaves under L1 was observed on 
the 5th day after treatment when compared with CK.

Discussion

Both growth and development of the tomato seedlings 
were slowed down by salt stress. However, these seedlings 
coped with the stress in various ways. By increasing the 

Fig. 2. Effects of different red:far-red (R:FR) ratios on gas-exchange parameters of tomato seedlings' leaves under calcium nitrate stress. 
(A) Net photosynthetic rate (PN); (B) stomatal conductance (gs); (C) intercellular CO2 concentration (Ci); (D) transpiration rate (E).  
The plants were subjected to the same treatments as in Fig. 1. Values represent means ± SE, n = 4. Means denoted by the same letter did 
not differ significantly at p<0.05 according to Duncan's multiple range test.

Fig. 3. Effects of different red:far-red (R:FR) ratios on the expression level of the Rubisco small subunit (RBCS) gene of tomato under 
calcium nitrate stress. Expression level of RBCS on the 1st (A) and 5th (B) day of stress treatment. The plants were subjected to the same 
treatments as in Fig. 1. Values represent means ± SE, n = 3. Means denoted by the same letter did not differ significantly at p<0.05 
according to Duncan's multiple range test.
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R:FR ratio, the distance between stem nodes, plant height, 
and leaf area decreased. However, when the R:FR ratio 
is low, the distance between stem nodes becomes larger 
and a plant becomes elongated. In this scenario, more 
photosynthates are distributed in the stem (Li and Kubota 
2009). In this study, low R:FR ratio treatment increased 
the tomato seedling height under stress. A low R:FR ratio 
treatment also significantly increased both fresh and dry 
masses of shoots under calcium nitrate stress. Additionally, 
the stem diameter of the tomato plant increased under a 
low R:FR ratio treatment without salt stress. This result 
was consistent with that reported by Wang et al. (2021) but 
inconsistent with that of Cao et al. (2018). Reduced R:FR 
ratios under calcium nitrate stress promoted the growth of 
the aboveground part. 

Studies have shown that plant photosynthetic rate can 
be significantly reduced under high salt stress (Liang et al. 
2021, Liao and Zhang 2021). Results of the present study 
support this point. Under calcium nitrate stress, PN, gs, 
and Ci decreased simultaneously. However, under low 
R:FR ratios treatments, the photosynthetic gas-exchange 
parameters of both salt-stressed and nonstressed plants 
increased. Yang et al. (2020) reported a low R:FR light 
treatment increased the net photosynthetic rate of soybean 
leaves. Another report by Wang et al. (2021) showed that a 
low R:FR light treatment enhanced the net photosynthetic 
rate of tomato leaves under NaCl stress. In the present 
study, low R:FR ratios treatments alleviated the decrease 
of photosynthetic rate under calcium nitrate stress, which 
promoted tomato growth.

Using Chl fluorescence parameters, researchers can 
quickly, sensitively, and nondestructively determine the 
status of the PSII reaction centres (Li et al. 2004). Under 
stress conditions, Fv'/Fm', ФPSII, and qP in the leaves 
decreased, indicating that electron transport in PSII was 
blocked under salt stress. Moreover, the Chl fluorescence 
parameters of the tomato seedlings were altered when the 
low R:FR ratio was applied. Lower R:FR ratios treatments 
could improve Fv'/Fm', ФPSII, qP, and reduce NPQ under 
stress conditions. These results indicated that lower R:FR 
ratios treatments can decrease salt-induced inhibition of 
the PSII electron transport and improve salt tolerance of 
tomato seedlings, which is consistent with the results of 
Shu et al. (2013) and Wang et al. (2018). Similarly, Yang 
et al. (2020) also reported that under the same illumination 
conditions, a low R:FR ratio treatment significantly 
improved the quantum yield of PSⅡ, which was consistent 
with the results of this experiment.

In our study, low R:FR ratios treatments and calcium 
nitrate stress affected light energy allocation in chloroplasts 
and we used fluorescence parameters to divide the light 
energy absorbed by plant leaves into three parts (Demmig-
Adams et al. 1996): the first is the antenna heat dissipation 
energy part (D), the second is the excess energy in the 
reaction centre during the photochemical reaction part 
(Ex), and the third is the PSII's photochemistry part (P). 
The study showed that under calcium nitrate stress, P of 
tomato leaves decreased significantly, D increased, and Ex 
increased (Fig. 1). These results reflected a kind of plant's 
ability; increasing the excitation energy antenna heat 

dissipation can reduce the excessive reduction of PSII and 
electron transport chain. The change is related to the plant 
lutein cycle, which is the protective mechanism of plants 
against the destruction of the photosynthetic machinery. 
Meanwhile, the increase of Ex led to the increase of 
excitation pressure of PSII, which led to the temporary 
accumulation of 1Chl and might transfer energy to O2, 
forming the extremely destructive singlet oxygen (Asada 
1999, Zhou et al. 2004). Therefore, under calcium nitrate 
stress, whether the influence of low R:FR ratios treatments 
on PSII reaction center was related to the lutein cycle, the 
production and existence of singlet oxygen, and the change 
of reactive oxygen species remained to be further studied.

Under salt stress conditions, water potential decreased 
due to excessive ion concentration in the medium, thereby 
making it difficult for the plants to absorb water (Hasegawa 
et al. 2000). These plants, therefore, showed physiological 
drought. Many plants accumulated proline under salt 
stress conditions as a nontoxic protective osmoticum 
because it did not participate in the reactions associated 
with enzyme activity change, even at high concentrations 
(Parida and Das 2005). Proline plays an important role 
in stabilizing subcellular structures and scavenging free 
radicals (Gururani et al. 2016). In our study, we found 
that under low R:FR ratios treatments, proline content in 
tomato leaves increased under calcium nitrate stress. The 
treatment with the R:FR ratio of 1.0 and 0.7 significantly 
increased proline content in tomato leaves under calcium 
nitrate stress. Low R:FR ratios treatments increased the 
proline contents under calcium nitrate stress, thereby 
increasing the salt tolerance of tomato plants due to its 
osmotic protection and proposed participation in free-
radical scavenging.

The RBCS gene encodes for the small subunit of  
Rubisco, a key enzyme of the dark reaction of photo
synthesis. In the Calvin cycle, Rubisco is a rate-limiting 
enzyme for CO2 assimilation and its activity and gene 
expression can determine the ability of plants to assimilate 
CO2 in the dark reaction of photosynthesis (Karim et al. 
2003). Abiotic stress affects the expression and catalytic 
activity of this Rubisco enzyme as well as the photosynthetic 
rate of plants. Results of the present study showed that 
the expression level of RBCS in tomato seedlings' leaves 
decreased under calcium nitrate stress. The expression 
levels of RBCS in SL1 and SL2 significantly increased 
compared to S in the study. These results indicated that low 
R:FR ratios treatments reduced the inhibition of calcium 
nitrate stress during the dark photosynthesis stage, which 
improved the synthetic carbon uptake. 

Cao et al. (2018) found that plants under low R: FR 
ratios treatments were salt tolerant along with the fact that 
many indicator traits were improved, such as increased ROS 
scavenging activity (CAT, POD, and SOD) and decreased 
ROS content (superoxide anion and hydrogen peroxide). 
However, in tomato phyB1 mutants, salt tolerance induced 
by low R:FR ratios treatments disappeared, indicating 
that low R:FR ratios treatments improved salt tolerance 
and phyB1 played a very important role in this process. 
In our study, the upregulation of the RBCS gene in tomato 
leaves was observed under salt stress and low R:FR ratio 
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conditions. To explain this result, further research is 
needed on the effect of R:FR ratios and the phytochrome 
system on the photosynthetic pathway.

Our study also showed that low R:FR ratios treatments 
significantly affected the salinity tolerance of tomato 
seedlings. Under stress conditions, tomato plant height, 
fresh and dry mass, ΦPSII, and proline were significantly 
altered under low R:FR treatments. These results indicated 
that low R:FR ratios treatments improved tomato salinity 
stress tolerance and played an important role in this 
process.

Conclusions: Low R:FR ratios treatments increased the 
values of Fv'/Fm', ФPSII, and qP in tomato seedlings under 
calcium nitrate stress, lowered the value of NPQ, and 
increased the quantum yield of PSII. Under calcium nitrate 
stress, low R:FR ratios treatments had a significant effect 
on both the quantum yield of PSII and the expression of 
the Rubisco gene, which led to increased photosynthetic 
rates. Effects of promoting tomato growth and improving 
the quantum yield of PSII were most favourable when 
the R:FR ratio was set to 0.7 in this experiment. The 
findings also revealed that calcium nitrate stress caused 
peroxidative damage to tomatoes. Furthermore, reduced 
R:FR ratios led to an increase in the proline content in 
the tomato seedlings, in addition to improved osmotic 
adjustments and salt tolerance.
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