
76   May, 2021                        Int J Agric & Biol Eng      Open Access at https://www.ijabe.org                           Vol. 14 No. 3    

 

Changes in photosynthesis and chlorophyll fluorescence in two soybean 

(Glycine max) varieties under NaCl stress 

 
Bin Luo1,2

, Cheng Wang1,2
, Xiaodong Wang1,2

, Han Zhang1,2
, Yanan Zhou1,2

,  

Wensen Wang1,3*
, Peng Song4* 

(1. Beijing Research Center for Information Technology in Agriculture, Beijing Academy of Agriculture and Forestry Sciences,  

Beijing 100097, China;   

2. National Engineering Research Center for Information Technology in Agriculture, Beijing 100097, China; 

3. State Grid Shenyang Electric Power Supply Company, Shenyang 110866, China; 

4. College of Plant Science and Technology, Huazhong Agricultural University, Wuhan 430074, China) 

 

Abstract: Traditional detection methods of crop information are often destructive and low efficiency.  In this study, a new 

evaluation method was developed based on photosynthesis and chlorophyll fluorescence.  Via analysis of the changes under 

NaCl stress during the seedling stage of two varieties, the salt resistance mechanism of soybeans was explored and a 

non-destructive stress-recognition method was developed.  In this experiment, two soybean varieties were treated with one of 

four levels of NaCl stress: CK (0 mmol/L), LS (50 mmol/L), MS (100 mmol/L), and HS (150 mmol/L), for 15 d.  The normal 

functions of the photosynthetic system of soybeans were enhanced under LS NaCl stress, but were inhibited under HS NaCl 

stress.  Biomass, net leaf photosynthetic rate (Pn), stomatal conductance (gs), intercellular carbon dioxide concentration (Ci), 

transpiration rate (Tr), chlorophyll fluorescence parameters Y(II) and PSII decreased.  However, in contrast to the findings of 

other studies on the influence of severe drought stress on soybean for long periods in which non-photochemical quenching 

coefficient (qN) decreased, this parameter increased under salt stress in soybean.  The results demonstrate that the method 

developed is a promising tool for rapid and non-destructive detection of soybean photosynthetic responses under salt stress in 

the field. 
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1  Introduction

 

Soybean (Glycine max) is a major source of high-quality 

protein and oil for human consumption[1].  Soybean production 

may be limited by environmental stress factors, such as soil 

salinity[2].  It is well known that salt stress can cause marked 

inhibition of photosynthetic efficiency and restrict crop survival 

rate, yield, while degrading the quality of agricultural products[3-6]. 

In recent years, soil salinization has become a growing global 

trend[7,8], especially in Asia and Africa, thereby posing a serious 

threat to crop yields and ecological environments in these 

regions[9,10].  Therefore, improvement and utilization of soil 
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salinity can effectively relieve problems such as low grain 

productivity, crop species restrictions, and ecosystem damage 

caused by world population growth and the concomitant reduction 

of arable land[11].  China is subject to a considerable land 

salinization problem and a high growth rate of land salinization.  

The area of saline land is currently about 100 million hm2[12].  Soil 

salinization has occurred in major soybean-producing areas of 

China at different degrees of severity.  Since ancient times, 

soybeans have been an important grain and oil crop, as well as an 

industrial raw material rich in protein and unsaturated fatty acids in 

China[13].  Soybean is a moderately salt-tolerant crop, and NaCl 

stress will exert a certain influence on the survival of soybean 

plants and soybean yield[14].  Therefore, an understanding of how 

to select salt-tolerant soybean varieties and how to predict salt 

stress can facilitate increases in soybean yield effectively in saline 

and alkaline areas. 

Preceding reports have laid a certain research foundation on 

the influence of salt stress on plants—research carried out by Liu et 

al.[15] indicated that salt stress would influence plant root growth 

and restrict biomass growth.  Research implemented by Cayuela 

et al.[16] showed that NaCl stress could cause physiological 

alterations in seeds.  The findings of Porgali and Yurekli[17] 

proved that salt stress would degrade leaf enzymatic activity.  

However, most studies have used biochemical indicators, spectral 

information, biomass information, and photosynthetic parameters, 

whereas few studies have used chlorophyll fluorescence kinetics to 

analyze the influence of salt stress on plants.  Chlorophyll 
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fluorescence kinetics refers to the technical means to analyze light 

energy distribution information of plant leaves through chlorophyll 

fluorescence and makes rapid, non-destructive, and accurate 

detection and analysis of photosynthetic organs and even the health 

status of the plant itself[18-20]. 

Therefore, soybean seedlings of salt-tolerant and salt-sensitive 

cultivars were grown in potted medium culture under four 

salinity-stress levels.  Calculation and analysis of trends and 

differential relationships of biomass information, photosynthetic 

indicators, and fluorescence parameters were conducted to provide 

a data base foundation for salt stress and plant photosynthesis.  

The salt-tolerant mechanism of salt-tolerant cultivars was analyzed.  

Finally, a drought versus salt stress identification method was 

proposed. 

2  Materials and methods  

2.1  Experimental materials and processing 

This experiment was implemented in Xiaotangshan National 

Precision Agricultural Research and Demonstration Base (40°18′N, 

116°45′E) in December 2016.  Sunshine duration was from   

8:00 am to 5:00 pm, the maximum temperature in daytime was 

30°C, and the minimum temperature at night was 18°C.  The soil 

type used in the experiment was ordinary seedling medium, which 

contains nutrients as follows: organic matter content at 8.76%, total 

nitrogen content at 0.31%, available potassium content at      

110 mg/kg, available phosphorus content at 34.1 mg/kg, pH 7.4, 

and maximum moisture content at 80%.  Plastic pots with 11 cm 

inner diameters, 25 cm height, and holes in the bottom were used; 

the dry weight of the soil in each pot was 2 kg.  Soybean cultivars 

used in the experiment were salt-sensitive “Qihuang 35” and 

salt-tolerant “Xudou 14” provided by Shandong Shofine Seedling 

Technology Co., Ltd (Figure 1). 
 

 
Figure 1  Potted experiment samples of soybean 

 

The experiment was carried out in a greenhouse.  Seedlings 

were sown in five holes in each pot (two seedlings in each hole), at 

a depth of 2.5 cm.  After 15 d, three healthy soybean seedlings in 

each pot with uniform growth were selected for culture under NaCl 

stress treatment and under non-saline control conditions.  The four 

NaCl levels of stress applied include: CK (0 mmol/L), LS      

(50 mmol/L), MS (100 mmol/L), and HS (150 mmol/L)[21].  Water 

of the above salinities was used to wash seedlings five times on the 

first day of stress treatment.  To prevent salt content loss and any 

salinity changes, trays were placed at the bottom of these pots, 

water was replenished every day, to maintain maximum moisture 

content at 80%, and water of each corresponding concentration was 

used for washing every 5 d.  The first set of data was obtained on 

day 0 after stress; subsequently, data acquisition was conducted 

every 5 d, stress treatment lasted 15 d, and a total of four groups of 

data were collected.  

2.2  Measuring items and methods 

2.2.1  Biomass measurement 

On the 16th day of salt stress treatment at the seedling stage,  

water was used to repeatedly wash the soil in the pots, and roots 

were completely drawn out of the pots and rapidly brought to the 

lab in a cooler.  Tap water was used to wash the shoot part and 

underground parts, and the moisture was wiped to dry off the plant 

body surface.  Four complete plants of each variety under each 

stress treatment were selected to measure fresh weights of shoot 

part.  Afterward, samples were de-enzymized by steaming at 

105°C for 40 min and then dried to constant weight at 75°C for  

12 h.  Then, root dry weights of the shoot parts were measured.  

A scale was used to measure seedling biomass.  

Root to shoot ratio = Root dry weight/Shoot part dry weight  (1) 

Salt sensitivity index = (Plant dry weight under stress 

− Dry weight of control plant) 

/Plant dry weight under stress × 100[22]  (2) 

2.2.2  Measurement of gas exchange parameters  

The Li-6400 Portable Photosynthesis System (LICOR Inc., 

USA) was used to determine gas exchange parameters starting 

from 9:00 am to 10:00 am on each measurement day[23].  Four 

pots were included in each group under stress treatment; one leaf of 

the second layer was randomly selected from each pot for 

measurement.  Measurement values of gas exchange parameters 

were recorded five times every 2 s.  The measurement was 

repeated 20 times.  The concentration of carbon dioxide used   

in the measurement was 0.69 mg/L, light intensity was       

1000 μmol/(m2·s), leaf chamber temperature was set to 22°C, and 

measurement area was 6 cm2.  Determination parameters included: 

net photosynthetic rate of leaf (Pn), stomatal conductance (gs), 

intercellular carbon dioxide concentration (Ci), and transpiration 

rate (Tr).  

2.2.3  Measurement and acquisition of chlorophyll fluorescence 

parameters 

Self-developed fluorescence detection equipment was adopted, 

the excitation light source is blue LED array, power is more than 

180 W, fluorescence imaging resolution is superior 640×480, the 

sampling rate is greater than 12 frames/s.  Determination on each 

measurement day started from 8:00 pm to 12:00 am (dark 

adaptation duration was more than 2 h), leaves at the second layer 

of soybean seedlings were picked to gauge, which was repeated 

five times.  The measurement mode is that after sufficient dark 

adaptation, minimum fluorescence Fo was recorded.  Saturated 

fluorescence of 400 μmol/(m2·s) was used to excite and record 

maximum fluorescence Fm in dark adaptation.  Actinic light of 

800 μmol/(m2·s) was used, saturated flash was applied every 5 s, 

after pulse measurement was performed 15 times, and maximum 

fluorescence (averaging the last three times) Fm′ and steady-state 

fluorescence Fs under light adaptation were recorded.  Actinic 

light was closed, and minimum fluorescence Fo′ was recorded 

under light adaptation.  

Fluorescence parameters were calculated according to the 

following equations:  

PSII transformation efficiency of primary light energy, 

Fv/Fm = (Fm − Fo)/Fm               (3) 

PSII Actual photochemical quantum yield,  

Y(II) =ΦPSII = (Fm′− Fs)/Fm′            (4) 

Photochemical quenching coefficient,  

qP = 1 − (Fs − Fo′)/(Fm′− Fo′)            (5) 

Non-photochemical quenching coefficient,  

qN = 1 − (Fm′ − Fo′)/(Fm − Fo)            (6) 
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where, Fv is the variable fluorescence; PS(II) is Photosystem II. 

2.2.4  Data arrangement and analysis 

Microsoft Excel 2016 was used to conduct statistical data  

analysis; Origin 9.1 was used to make function plots, and Microsoft 

Word 2007 was used to elaborate the tables. 

3  Results  

3.1  Effects of salt stress of soybean on biomass 

As shown in Table 1, the seedling-stage biomass of the two 

soybean cultivars under 50 mmol/L (LS) stress exceeded those 

under 0 mmol/L (CK).  However, as stress level increased, 

biomass decreased.  Under 150 mmol/L (HS) salt stress, total 

biomass reached 90.5% (Qihuang 35) and 89.1% (Xudou 14) of 

CK values.  Although the total biomass of the two cultivars 

showed an increasing trend under salt stress, their energy and 

biomass distribution modes were entirely different.  There was a 

significant increase in the root:shoot ratio of Qihuang 35, and after 

salinity reached 177.0% of CK under 100 mmol/L (MS) NaCl 

stress, it declined to 139.2% under HS stress.  In contrast, 

root:shoot ratio of Xudou 14 basically maintained an insignificant 

difference with CK under salt stress with NaCl at different 

concentrations (p≤0.05). 
 

Table 1  Biomass of Qihuang 35 and Xudou 14 after salt stress (p≤0.05) 

Varieties Treat Stalk fresh weight Root fresh weight Total fresh weight Stalk dry weight Root dry weight Total dry weight Root to shoot ratio 

Qihuang35 

CK 1.175
b
 2.825

b
 4.000

c
 0.299

b
 0.076

b
 0.376

b
 0.255

c
 

LS 2.250
a
 4.025

a
 6.275

a
 0.466

a
 0.129

a
 0.596

a
 0.279

c
 

MS 2.125
a
 2.625

b
 4.750

b
 0.267

c
 0.122

a
 0.389

b
 0.455

a
 

HS 1.950
a
 2.425

b
 4.375

b
 0.254

c
 0.087

b
 0.341

c
 0.356

b
 

Xudou14 

CK 2.475
a
 4.400

a
 6.875

a
 0.422

b
 0.178

b
 0.600

b
 0.427

a
 

LS 2.875
a
 4.100

b
 6.975

a
 0.48675

a
 0.221

a
 0.708

a
 0.453

a
 

MS 2.450
a
 3.525

c
 5.975

b
 0.374

c
 0.165

bc
 0.539

c
 0.445

a
 

HS 2.025
b
 3.075

d
 5.100

c
 0.37875

c
 0.156

c
 0.535

c
 0.418

a
 

Note: Different lowercase letters indicate significant differences among treatments. 
 

As shown in Table 2, sensitivities of biomass of both cultivars 

under LS stress increased to some extent.  However, this 

sensitivity declined with the increase of salt stress.  The degree of 

salt sensitivity of the underground part of Qihuang 35 was under 

low concentration and gradually decreased under MS and HS 

treatments, but this was higher than CK as salt concentration 

increased.  Differences in sensitivities between MS and HS 

treatments and CK of the underground part and the shoot part of 

Xudou 14 were basically minor, and sensitivity of the root and the 

stalk of Xudou 14 basically kept within 15 d under MS and HS 

treatments.  The yield of soybean is defined by the shoot part; salt 

sensitivity in this passage is based on the shoot part salt sensitivity 

index. 
 

Table 2  Salt sensitivity index of Qihuang 35 and Xudou 14 

after salt stress 

Varieties Treat 
Stalk salt 

sensitivity index 

Root salt 

sensitivity index 

Total salt 

sensitivity index 

Qihuang 35 

LS 35.71046 40.84778 36.82886 

MS −12.0561 37.09016 3.337612 

HS −18.0118 11.80695 −10.4025 

Xudou 14 

LS 13.30252 19.43503 15.21893 

MS −12.8342 −7.54148 −11.2089 

HS −11.4191 −13.8978 −12.1439 
 

3.2  Effects of salt stress on the soybean gas exchange 

parameters  

Seedling-stage soybeans under NaCl stress and changes of Pn 

of different cultivars under different levels of NaCl stress were 

inconsistent.  Under 100 mmol/L and 150 mmol/L (HS) treatments, 

Pn of Qihuang 35 decreased with the increase of NaCl stress since 

the 5th day under stress.  However, Pn of Xudou 14 was higher 

than that of CK under MS and HS stress treatments since the 10th 

day.  Under HS treatment, Pn values of Qihuang 35 and Xudou 14 

were lower than that in CK since the 5th day, and since the 10th 

day, Pn values of Qihuang 35 were significantly lower than that of  

CK plants.  Under the 15-day HS treatment, Pn of salt-sensitive 

Qihuang 35 decreased by 47.3%, whereas that of salt-tolerant 

species, Xudou 14, decreased by 6.9%, only.  Thus, Pn of 

Qihuang 35 seedlings was much more significantly affected by 

NaCl stress than that of Xudou 14 seedlings (Figure 2a).   

Under LS treatment, gs of Qihuang 35 and Xudou 14 were 

basically consistent with CK, namely, both initially increased and 

then declined with time.  However, with the increase of NaCl 

stress (MS and HS), gs of the two cultivars significantly decreased 

with the increase of stress magnitude.  Moreover, after the 5th day 

from stress treatment initiation, gs of seedlings of the two cultivars 

under study changed relatively steadily under HS treatment.  gs on 

the 5th day was reduced by 76.4% and 72.3% when compared with 

CK; however, gs only decreased by 77.3% and 53.4% on the 15th 

day (Figure 2b).  

Under MS and HS treatments, concentration trend of 

intercellular carbon dioxide of the two species was basically 

consistent with the trends in Pn described above.  However, under 

HS treatment, Ci of Qihuang 35 seedlings on the 15th day after 

stress was slightly higher than that on the 5th day, whereas 

intracellular Ci change trend of Xudou 14 was basically consistent 

with Pn change rate (Figure 2c).  The influence of NaCl stress on 

Tr of seedlings of the two cultivars was basically consistent with 

the effects described for gs (Figure 2d).  

3.3  Effects of salt stress on soybean chlorophyll fluorescence 

parameters 

Transformation efficiencies of PSII primary light energy 

(Fv/Fm) in the two cultivars under 100 mmol/L and 150 mmol/L 

(HS), were insignificantly lower than for CKs on the 5th day and 

maintained a consistent trend thereafter.  Under 150 mmol/L 

treatment, Fv/Fm of non-salt-tolerant Qihuang 35 was 

insignificantly lower than for CKs on the 5th day, abruptly declined 

after, was significantly higher than for CKs on the 10th day, and 

significantly decreased below CK levels on the 15th day.  

Salt-tolerant species, Xudou 14, started being either significantly or 

insignificantly higher than for CKs on the 5th day, it slowly 

decreased after the 10th day and was insignificantly lower than in 

CKs on the 15th day (Figure 3a).  PSII actual photochemical quantum 

yields Y(II) of basically all soybean seedlings were significantly 
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lower than for CKs under LS, MS, and HS treatments, and their 

increase amplitudes were magnified with increasing stress magnitude 

and respectively reached 27.9% (Qihuang 35) and 23.6% (Xudou 

14) of CK on the 15th day under HS treatment (Figure 3b).  

qP of Qihuang 35 increased with increasing stress in the initial 

stage (i.e., 5th day); however, with time, qPs under MS and HS 

treatments on the 5th day increased compared with CKs, whereas 

qP under HS treatment was significantly lower than under CK and 

MS treatments.  qP of Xudou 14 seedlings was higher than that 

under CK treatment with increasing stress 5 d before stress 

treatment and after the 10th day.  The difference was smaller than 

for CKs as stress level remained unchanged (Figure 3c).  qN of 

seedlings of the two species increased with increasing stress level 

(HS>MS>LS).  14th day after stress treatment, qN of Qihuang 35 

under HS treatment was lower than that under LS and MS 

treatments.  However, qN of Xudou 14 remained higher than that 

under LS and MS treatments (Figure 3d). 

From the chlorophyll fluorescence imaging of two soybean 

varieties (Figure 4), the chlorophyll fluorescence parameters were 

significantly different under different treatments.  

 
a.  b. 

 
c.  d. 

 

Figure 2  Effects of salt stress on Pn, gs, Ci, and Tr 
 

 
a.  b. 

 
c.  d. 

 

Figure 3  Effects of salt stress on Fv/Fm, Y(II), qP and qN 
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Figure 4  Chlorophyll fluorescence imaging of two soybean 

varieties 

4  Discussion 

Both biomass change and partitioning are the important 

features of plant stress-tolerant performance[24].  Results of many 

experiments have indicated that a certain concentration of NaCl can 

boost the increase of plant biomass[25-27].  In this experiment, a 

low-concentration of Na+ and Cl− ions (50-100 mmol/L) promoted 

biomass growth in the two soybean varieties at seedling stage.  

The biomass of salt-sensitive Qihuang 35 was increased by 58.3%, 

and the biomass of salt-tolerant Xudou 14 was increased by 17%.  

However, as salinity increased, biomass decreased.  The biomass 

of both cultivars under high NaCl concentration stress reached 90% 

of the control samples.  The two cultivars had different salt 

resistance mechanisms.  To guarantee normal growth of the shoot 

parts, the salt-sensitive species allocated more biomass or energy to 

the main organ and the roots under salt stress.  Under high salt 

stress, moisture could not be normally absorbed even with the 

distribution of an increasing amount of biomass, and biomass of the 

shoot part only reached 84.7%.  This compensation effect in the 

non-sensitive cultivar Xudou 14, under low salt concentration was 

lower than that of the sensitive cultivar Qihuang 35; the root:shoot 

ratio kept within 40%-45%, and stalk biomass was lower than that 

at 150 mmol/L (89.7% of the CK).  Root:shoot ratio was the 

corresponding strategy used by plants under stress to partition 

biomass so as to guarantee growth of the shoot part.  Moreover, 

the root salt-sensitive index of Qihuang 35 increased sharply at low 

NaCl concentration, but it sharply decreased under high NaCl 

concentration.  Conversely, the underground salt sensitive index 

of Xudou 14 was stable across treatments.  Therefore, Qihuang 35 

prevented the damage of salt stress by controlling root growth.  It 

has been also established that “reduced root growth under salinity 

stress is an adaptive mechanism of plant to reduce its root surface 

area to prevent excess sodium absorption/uptake”.  However, the 

root could not fully develop, and the total biomass was low under 

high salt stress.  Thus, plant salt tolerance might be contrary to its 

sensitivity degree to salt.  Local soil saline-alkali concentration 

should be taken into consideration to obtain maximum crop yield 

for the growth of agricultural crops in saline-alkali soil.  

Pn of plants is one of the important indicators of plant 

photosynthesis status.  Pn, gs, Ci, and Tr of soybean seedlings 

under high NaCl concentration stress decreased.  However, under 

low salt stress, the extent of reduction in Pn in NaCl-tolerant 

Xudou 14 was smaller than in non-NaCl-tolerant Qihuang 35.  

Under 100 mmol/L NaCl, indicators of Xudou 14 only kept 

insignificant differences relative to CK, but indicators of Qihuang 

35 under this stress started being significantly lower than CK since 

the 5th day.  Moreover, under NaCl stress, factors limiting Pn 

were different and were divided into stomatal and non-stomatal 

limitations[28].  The former refers to the mechanism which 

regulates stomatal size to reduce CO2 diffusion into the mesophyll, 

thus limiting Pn to avoid damage caused to photosynthetic organs.  

The latter refers to the mechanism regulating the effect of the 

photosynthetic system that could not yet completely evade damage 

caused by excessive photosynthesis to plant organs which will then 

lose partial photosynthetic capacity, whereby Pn decreased.  The 

method proposed by Farquhar and Sharkey[29] is commonly used to 

detect the reason for photosynthesis rate decline, namely, the trends 

in gs and Ci changes are monitored; if gs and Ci simultaneously 

decrease or rise when Pn decreases, then the reason for the decline 

of photosynthesis rate is a stomatal limitation.  On the other hand, 

if gs and Ci do not correlate linearly or if they correlate negatively, 

then the reason for a photosynthesis rate decline is likely a 

non-stomatal limitation.  Under NaCl treatment, gs and Ci trends 

in the two cultivars remained basically consistent.  Therefore, the 

general reason for the decline of photosynthesis rates of seedlings 

of the two cultivars under medium and low-NaCl-concentration 

stress was a stomatal limitation, while the photosynthetic system 

did not suffer any damage from NaCl stress.  However, under 

high-NaCl-concentration treatment, change trends of gs and Ci in 

non-NaCl-tolerant Qihuang 35 were contrary to previous results 

since the 5th day, but gs and Ci of NaCl-tolerant species did not 

change; thus, the main reason for the decline of Pn of Qihuang 35 

was a non-stomatal limitation, whereas the reason for the decline in 

Pn of Xudou 14 under any stress level was the same in all cases, 

namely, a non-stomatal limitation.  

In recent years, chlorophyll fluorescence kinetics has been 

applied and developed in the plant detection field because of its 

advantages such as non-destructive, rapid, and accurate[30,31].  

Chlorophyll fluorescence kinetics analyzes and reflects light energy 

transport and distribution information by analyzing light energy 

absorption by plant photosynthetic organs and the photosynthetic 

system, namely, chlorophyll fluorescence, photosynthetic electron 

transport, and heat consumption.  Fv/Fm and transformation 

efficiency of plant primary light energies reflect health conditions 

of the PSII system.  In plants under stress, Fv/Fm will initially rise 

and then decline by relying on the compensation effect of the plant 

itself with increasing stress over time.  In this experiment, under 

high-salt-concentration stress, Fv/Fm initially increased and then 

decreased.  Fv/Fm of the salt-tolerant cultivar experienced the 

compensation effect only under high-salt-concentration stress.  

However, the non-salt-tolerant cultivar experienced the 

compensation effect even under low-salt-concentration stress, 

which was basically consistent with its salt sensitivity indicator.  

Thus, it can be speculated that Fv/Fm sensitivity was consistent 

with salt sensitivity, as the compensation effect appearing under 

lower-salt-concentration stress makes this cultivar more sensitive to 

salt.  However, under high-salt-concentration stress, the 

compensation effect was much smaller than the damage caused by 

stress on the photosynthetic system of soybean seedlings and then 

abruptly decreased from significantly higher than CK to 

significantly lower than CK.  Y(II) is the actual photosynthesis 

rate of PSII.  In this experiment, Y(II)s of both cultivars tested 

under medium and high-NaCl-concentration stress decreased; salt 

stress would degrade actual photosynthetic capacity of soybean 

seedlings and influence dry matter accumulation of soybean plants.  
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These results are consistent with reports of the effects of 

heavy-metal stress[32] and drought stress[33] on soybean plants.   

Additionally, qP and qN represent transformation efficiency of 

light energy and heat consumption capacity of plants, respectively, 

and the sum of the two is inversely proportional to the damage 

caused to plants by light energy under stress[34].  Under medium 

and low salt-concentration stress, qP and qN of both soybean 

cultivars increased as salt stress increased.  However, under high 

salt concentration, qP and qN of Qihuang 35 were basically lower 

than that under CK and those under other stress conditions.  In 

contrast, qP and qN of Xudou 14 were basically higher than that 

under CK and other stress conditions.  Under medium and 

low-salt-concentration stress, plant compensation effect was higher 

than the obstruction degree of electron transport rate of the 

photosynthetic system.  Under severe salt stress, electron transport 

rate of photosynthetic system in non-salt-tolerant species was 

obstructed, thereby causing qP to decline to a large extent. 

Stress caused by soil abnormalities is the main reason for 

ecological imbalance and reduced crop yield.  Recognition and 

timely treatment of soil stress can improve ecological environment 

of crops.  A large number of research results have shown that 

drought stress for a certain period caused photosynthetic electron 

transport rate and heat consumption capacity of soybean plants to 

decrease (qP and qN, respectively)[35,36].  However, in this 

experiment, as stress time increased under medium- and 

low-salt-concentration conditions, heat consumption capacity of 

soybean plants increased.  Thus, using chlorophyll fluorescence 

parameters to judge whether the stress borne by plants is drought 

stress or salt stress is feasible.  The results in this study can 

provide a new theoretical foundation for preventing and 

discriminating between drought and salt stress.  

5  Conclusions 

1) High-NaCl-concentration stress inhibited dry matter 

accumulation of soybean seedlings, especially dry matter 

accumulation in the shoot part.  Change of distribution strategies 

of dry matter and energy of the salt-sensitive cultivar (Qihuang 35) 

was more significant than that of the salt-tolerant cultivar (Xudou 

14); more biomass was partitioned to the plant part experiencing 

the stress, namely, the roots.  

2) Under 50 mmol/L or 100 mmol/L NaCl stress, dry matter 

accumulation of the two cultivars was affected.  Hence, the main 

functions of the photosynthetic system were under a stomatal 

limitation, and as salt concentration increased, photosynthetic 

system or organs of the salt-sensitive species were damaged easily.  

The main factor restricting the photosynthetic system was changed 

into a non-stomatal limitation.  Under 150 mmol/L NaCl stress, 

the main factor affecting photosynthesis of the salt-tolerant cultivar 

was a stomatal limitation, whereas that affecting the salt-sensitive 

cultivar was a non-stomatal limitation.  

3) Under high-NaCl-concentration stress, transformation 

efficiency of PSII primary light energy and actual photochemical 

quantum yield of soybean seedlings significantly decreased.  qP 

and qN of the two cultivars increased under 50 mmol/L and    

100 mmol/L salt treatments increasing level of stress.  qP and qN 

of Xudou 14 increased with increasing stress even under       

150 mmol/L NaCl.  However, the opposite results were obtained 

for Qihuang 35.  Evaluation of salt tolerance of the two cultivars 

can be carried out by judging critical values of qP and qN with 

increased NaCl stress.  Drought and salt stress of soybeans can be 

differentiated through changes of qP and qN. 

4) The results demonstrate that the method is a promising tool 

for rapid and non-destructive diagnosis of soybean under salt stress 

in the field. 
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