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Abstract: The effects of salicylic acid treatment on photosynthetic characteristics of 
orychophragmus violaceus seedlings were studied under different salt stress. The results showed 
that the content of nitrogen and chlorophyll, net photosynthetic rate, transpiration rate and stomatal 
conductance were significantly reduced in orychophragmus violaceus seedlings under salt stress. 
The intercellular carbon dioxide concentration was increased under salt stress. Under salt 
concentration of 0.03%, 0.20%, 0.35% and 0.50%, net photosynthetic rate of seedlings treated with 
salicylic acid were increased by 17.29%, 13.37%, 21.34% and 21.48% respectively compared with 
those without SA. The stomatal conductance and transpiration rate were increased with salicylic 
acid treatment under salt stress, and the intercellular carbon dioxide concentration was significantly 
reduced with salicylic acid treatment under certain salt stress degree. The content of nitrogen and 
chlorophyll could be significantly increased by salicylic acid treatment under low salt stress. 
Exogenous SA could change the photosynthetic characteristics and increase the salt tolerance of the 
orychophragmus violaceus seedlings under salt stress. 

1. Introduction 

In 2000, the area of salinized farmland and salt wasteland in China was 8.67×107 hm2, accounted 
for to 25% of the arable land area [1]. Under the influence of human cultivation and natural 
conditions, the area of soil salinization and secondary salinization is increasing year by year [2], 
which seriously affects the growth of plants and crop production. Salt stress can further affect the 
growth and development of plants by harming their photosynthetic system [3]. Improving 
photosynthetic capacity and salt resistance of plants in salinized soil is one of the main research 
contents of scientific researchers at present [4]. 

Orychophragmus violaceus is a biennial herb. It has good flower shape, color and high 
ornamental value. It plays a very important role in improving urban greening environment [5]. It 
can be used as green manure in the dry land of North China, because it can safely overwinter in 
North China [6]. As green fertilizer, orychophragmus violaceus can reduce salt content in soil, and 
increase organic matter content in soil. It has better effect on fertilizing salinized soil [7]. Therefore, 
it is of great significance to study the salt-tolerance of orychophragmus violaceus and the measures 
to enhance salt-tolerance for making full use of salinized soil. Salicylic Acid (SA) is considered as a 
phenolic compound that can activate plant allergic reaction and obtain systemic resistance in 
response to environmental stress. And SA can induce the expression of related protein genes in 
plants to produce salt resistance and drought resistance [8]. Exogenous SA soaking can effectively 
regulate the photosynthetic structure and stomatal opening, promote the accumulation of 
photosynthetic pigment, and alleviate the damage of salt stress to cotton [9]. Studies have been 
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reported that SA can improve the salt tolerance of alfalfa [10], maize[11], wheat[12], Chinese 
cabbage[13] and pepper[14]. Exogenous SA can also promote photosynthetic efficiency, and thus 
improve salt tolerance of plants [9, 15-17]. The effect of SA on the seed germination and seedling 
physiological characteristics of orychophragmus violaceus under NaCl stress was also reported 
[18]. However, the effects of exogenous SA on photosynthetic characteristics of orychophragmus 
violaceus seedlings under salt stress have not been reported. 

In this experiment, the effects of SA on photosynthetic characteristics of orychophragmus 
violaceus seedlings in soils of different salt content were studied. The effect of SA on salt tolerance 
of orychophragmus violaceus seedlings were probed from the perspective of photosynthetic 
characteristics, in order to provide theoretical basis for studying the regulation mechanism of SA on 
crop growth and development, and provide technical support for planting orychophragmus 
violaceus on salinized soil. 

2. Materials and Methods 

2.1 Experimental Materials 
The test material of orychophragmus violaceus seed was provided by Tianjin Institute of 

Agricultural Resources and Environment. 

2.2 Experimental Method  
Soak the seeds in 1% sodium hypochlorite solution for 10 minutes, and then rinse with clean 

water. The test was divided into control group and treatment group. Seeds were soaked with water 
for 12 h in the control group and seeds were soaked was soaked with 1 mmol/L SA for 12 h in the 
treatment group. Two kinds of treated seeds were sown in five salt content soil in the basin, and 
each basin was evenly seeded with 15 grains and repeated for 3 times. The salt contents of the five 
soils were 0.03%, 0.20%, 0.35%, 0.50% and 0.65%, which were adjusted with 0, 40, 80, 120 and 
160 mmol/L NaCl solutions, respectively. When the seedling height reached 2 cm, each basin of the 
treatment group was sprayed with 3 ml of 1 mmol/L SA, each basin of the control group was 
sprayed with 3 ml of water. The contents of chlorophyll and nitrogen, net photosynthetic rate, 
stomatal conductance, intercellular carbon dioxide(CO2) concentration and transpiration rate of the 
leaves were measured when the seedlings grew to 12 cm. 

2.3 Determine Items and Measurement Methods 
Chlorophyll content (SPAD value) and nitrogen content (mg/g) were measured using plant 

nutrition analyzer(TYS-3N). Net photosynthetic rate (Pn), intercellular CO2 concentration 
(INT_CO2), transpiration rate (E) and stomatal conductance (C) were measured using CI-340 
Hand-Held System (USA CID, Inc.) from 9:00 am to 11:30 am. Each test was repeated ten times. 

2.4 Data Processing 
Data processing and draw graphs were performed by using Excel 2013, and data statistical 

analysis was used by SPSS 25 software. 

3. Results and Analysis 

3.1 Effects of SA on the Net Photosynthetic Rate and the Stomatal Conductance of 
Orychophragmus Violaceus Seedlings under Different Salt Stress 
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Fig 1. Changes of the net photosynthetic rate and the stomatal conductance in orychophragmus 
violaceus seedlings treated with SA under different salt stress 

Different lower-case letters above the bar mean significant difference at the 0.05 probability 
leve1, the same below. 

As can be seen in figure 1, the net photosynthetic rate of both the control group and the treatment 
group did not change significantly under the low salt content (within 0.20%), and the net 
photosynthetic rate of orychophragmus violaceus seedlings decreased significantly with the increase 
of salt content in the range of 0.20%-0.65%. In the range of 0.03%-0.50% soil salt content, the net 
photosynthetic rate of orychophragmus violaceus seedlings could be increased significantly after 
SA treatment. Under the salt concentration of 0.03%, 0.20%, 0.35% and 0.50%, net photosynthetic 
rate of orychophragmus violaceus seedlings treated with SA were increased by 17.29%, 13.37%, 
21.34% and 21.48%, respectively, compared with the control group. The net photosynthetic rate 
also increased by 1.79% at high salt content of 0.65%, but it did not reach the significant level. 

The stomatal conductance of orychophragmus violaceus seedlings in both the control group and 
the treatment group decreased significantly with the increase of salt content under salt stress.Under 
the salt concentration of 0.03%, 0.20%, 0.35%, 0.50% and 0.65%, the stomatal conductance of 
orychophragmus violaceus seedlings were increased by 1.20%, 9.20%, 12.46%, 6.02% and 7.47% 
after SA treatment, respectively, compared with the control group, but did not reach the significant 
level. 

3.2 Effects of SA on the Intercellular CO2 Concentration and the Transpiration Rate of 
Orychophragmus Violaceus Seedlings under Different Salt Stress 

e d b c a a

e d c d b b

0.03 0.20 0.35 0.50 0.65
0.0

200.0

400.0

600.0

800.0

1000.0 ck SA treatment

salt content (%)

In
te

rc
el

lu
la

r C
O

2 
co

nc
en

tra
tio

n
 (

μm
ol

 C
O

2·
m

ol
-1

)

        

a b a b

c d
d e e

a b
a

b c
d e

e

0.03 0.20 0.35 0.50 0.65
0.00

0.20

0.40

0.60

0.80

1.00
ck SA treatment

salt content (%)

Tr
an

sp
ira

tio
n 

ra
te

 (m
m

ol
 

H
2O

·m
-2

·s
-1

)

 

Fig 2. Changes of the intercellular CO2 concentration and the transpiration rate in orychophragmus 
violaceus seedlings treated with SA under different salt stress 

As can be seen from figure 2, with the increase of salt stress, the intercellular CO2 concentration 
of orychophragmus violaceus seedlings showed a trend of gradual increase. Under salt content of 
0.03%, 0.20% and 0.35%, intercellular CO2 concentration of orychophragmus violaceus seedlings 
treated with SA decreased by 0.87%, 1.73% and 2.90%, respectively, compared with the control 
group, but no at a significant level. Under the high salt content of 0.50% and 0.65%, the 
intercellular CO2 concentration of orychophragmus violaceus seedlings treated with SA was 
significantly reduced by 5.92% and 6.59%, respectively, compared with that without SA treatment.  

With the increase of salt stress, the transpiration rate of both control group and treatment group 
showed a trend of increasing first and then decreasing. The transpiration rate was significantly 
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decreased at salt content of 0.20% and 0.35% in the control group, and at 0.20%, 0.35% and 0.50% 
in the treatment group. The transpiration rate of orychophragmus violaceus seedlings were 
increased after SA treatment compared with that without SA treatment at all kinds of salt stress, but 
it did not reach the significant level. SA increased the transpiration rate by 11.32% compared with 
the control group at 0.35% salt content. 

3.3 Effects of SA on the SPAD Value and the Nitrogen Content of Orychophragmus Violaceus 
Seedlings under Different Salt Stress 
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Fig 3. Changes of the SPAD value and the nitrogen content in orychophragmus violaceus seedlings 
treated with SA under different salt stress 

The chlorophyll content with SA treatment was increased compared with the control (figure 3). 
With SA treatment, the chlorophyll content were significantly increased by 1.02%, 4.85% and 
11.48% at the salt content of 0.03%, 0.20% and 0.35% respectively compared with those without 
SA. Under the high salt stress of 0.50% and 0.65%, the chlorophyll content of seedlings treated 
with SA increased by 0.49% and 0.52%, respectively, compared with control, but did not reach the 
significant level. The results showed that SA treatment could alleviate the effect of low salt stress 
on chlorophyll formation of orychophragmus violaceus seedlings, and then reduce the inhibition of 
salt stress on photosynthesis of seedlings. 

As can be seen from figure 3, the nitrogen content of orychophragmus violaceus seedlings 
showed a trend of gradual decrease along with the increase of salt content in the control group, 
while it showed a trend of first increase and then decrease along with the increase of salt content in 
the SA treatment group. With SA treatment, the nitrogen content were significantly increased by 
5.05% and 12.63% at salt content of 0.20% and 0.35% respectively compared with the control 
group. The nitrogen content were increased compared with the control group at the other salt 
contents, but not significant. The results indicated that SA treatment could alleviate the effect of salt 
stress on photosynthesis of orychophragmus violaceus seedlings, and also had a stable effect on 
nitrogen accumulation in seedling. 

4. Discussion 

Chlorophyll directly affects the rate of photosynthesis and the formation of photosynthetic 
products in plants, and the reduction of its content will have a significant impact on the 
photosynthesis of plants [19]. Salt stress will reduce the chlorophyll content of grape rootstocks, 
thus affecting their growth [20]. The results of this study showed that SA treatment could alleviate 
the effect of salt stress on chlorophyll formation of orychophragmus violaceus seedlings, which was 
similar to the result that exogenous H2S could inhibit the decrease of chlorophyll content in tomato 
seedlings under salt stress [21]. The main way to obtain nitrogen in plants is to absorb nitrogen 
from soil. Salt stress affects the absorption of nitrogen from soil, and reduces the content of nitrate 
nitrogen (NO-3-N) in plants. Some studies [22] have reported that exogenous nitric oxide (NO) can 
alleviate the inhibitory effect of NaCl Stress on nitrogen metabolism of reaumuria soongorica 
seedlings, and this result is similar to the results of this study. SA treatment can alleviate the effect 
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of nitrate nitrogen absorption on orychophragmus violaceus seedlings under salt stress. Compared 
with control treatment, SA treatment can ensure the accumulation of nitrogen content in the 
orychophragmus violaceus seedlings under salt stress, which is beneficial to the growth of seedlings 
under salt stress. 

Photosynthesis is an important physiological process of plants. The decrease of photosynthesis 
can reflect the environmental stress on plants during their growth. Net photosynthetic rate, 
transpiration rate, stomatal conductance and intercellular CO2 concentration are all important 
parameters of photosynthetic characteristics. The net photosynthetic rate reflects the ability of 
plants to assimilate CO2 and the growth status of plants. The transpiration rate reflects the 
transpiration of plants. Stomatal conductance reflects the difficulty of CO2 and water vapor passing 
through leaf stomata. The intercellular CO2 concentration affects the photosynthesis of plants. Salt 
stress can inhibit the photosynthetic rate and transpiration rate of rice leaves [23]. The results of this 
study showed that salt stress inhibited the net photosynthetic rate, stomatal conductance and 
transpiration rate of orychophragmus violaceus seedlings, which was consistent with the results of 
rice [23] and cucumber [24]. The results of increasing intercellular CO2 concentration of February 
orchid seedlings under salt stress are different from those of cucumber [24], but consistent with the 
results of He Jun-yu et al. [15] and Bao Ying et al. [25]. That means it's complicated that the effect 
of salt stress on photosynthetic characteristics. Exogenous SA treatment increased the net 
photosynthetic rate, stomatal conductance and transpiration rate of lettuce seedlings under salt 
stress, and reduced the intercellular CO2 concentration of lettuce seedlings under salt stress [15], 
which was basically consistent with the results of this study. Exogenous SA increased the net 
photosynthetic rate, stomatal conductance and transpiration rate of orychophragmus violaceus 
seedlings under salt stress, and decreased the intercellular CO2 concentration. These test results 
indicate that exogenous SA could improve the photosynthesis of orychophragmus violaceus 
seedlings under salt stress, and could alleviate the damage of salt stress to seedlings. Salt stress can 
reduce the water absorption capacity of plants and lead to the loss of water, energy and electron 
transport of photosynthesis will be inhibited. Salt stress will further cause stomatal closure, stomatal 
conductance decrease, CO2 diffusion is limited, and transpiration rate will decrease, thus leading to 
the decrease of plant photosynthesis rate [26]. Exogenous SA improves salt tolerance of 
orychophragmus violaceus seedlings, mainly by increasing stomatal conductance and chlorophyll 
content, and then increasing net photosynthetic rate. The mechanism of effect of SA on the 
photosynthesis of orychophragmus violaceus under salt stress remains to be further studied. 

5. Conclusion 

Salt stress significantly reduced nitrogen and chlorophyll content, net photosynthetic rate, 
transpiration rate and stomatal conductance in orychophragmus violaceus seedlings. Salt stress 
increased intercellular CO2 concentration. SA treatment could significantly increase the net 
photosynthetic rate of orychophragmus violaceus seedlings under salt stress, and which could 
increase stomatal conductance and transpiration rate of orychophragmus violaceus seedlings under 
salt stress. SA treatment could significantly reduce the intercellular CO2 concentration at a certain 
degree of salt stress. SA treatment could significantly increase the nitrogen and chlorophyll content 
of orychophragmus violaceus seedlings at low salt stress. Exogenous SA can change the 
photosynthetic characteristics of orychophragmus violaceus seedlings at salt stress, and increase the 
content of chlorophyll and nitrogen, and reduce the damage of salt stress on photosynthesis, and 
thus increase the photosynthesis of seedlings under salt stress. The results showed that the salt 
tolerance for seedling could be improved by treating seed and seedling with exogenous SA. 
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