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Abstract 
 

Enhancement in vegetable cultivation technologies remarkably popularized the construction and use of energy-saving 

sunlight greenhouses.  Ten tomato cultivars in Central Plain of China were used as experimental materials. The effects of 

weak light stress (50% of normal light density) on the activities of SOD, POD and CAT were determined. Its effect on 

chlorophyll contents, soluble sugar, soluble protein, proline, and MDA were detected. Dry matter accumulation, fruit setting 

rate, average fruit weight/fruit and average yield per plant were also measured to observe their changes due to weak light 

stress. Correlation analysis and main factor analysis were conducted on the coefficients for weak light tolerance of all 

individual indices using DPS software. The D value of weak light tolerance of cultivar “Xinfen No. 8” (cultivar 5) was 

maximum, and that of “Jinguan No. 5” (cultivar 7) was minimum. Tomato cultivar “Xinfen No. 8” exhibited the strongest 

weak-light tolerance, whereas cultivar “Jinguan No. 5” (cultivar 7) showed the weakest weak-light tolerance. This research 

provides necessary reference for tomato breeding under weak light conditions.  
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Introduction 

 

As an agriculturally economic area, Central Plain of 

China bears a long history of crop cultivation. With the 

rapid worldwide technological development and 

enhancement in technologies for vegetable cultivation, the 

construction and use of energy-saving sunlight greenhouses 

has been remarkably popularized especially in Central 

Plain of China. Sunlight greenhouses can be used in cold 

seasons for vegetable cultivation. In recent years, 

technologies for the establishment of such greenhouses 

have been increasingly upgraded and perfected in Central 

Plain of China, generating huge amounts of economic and 

social benefits (Cockshull, 1992; Afshari et al., 2011).  

Tomato (Solanum Lycopersicum L.), one of the most 

widely used edible vegetables and useful for stomach 

invigoration, blood pressure reduction, diuresis, anti-

inflammation and detoxification, is abundant in vitamin A 

& C, carotene and lycopene, which are beneficial for the 

prevention of vascular aging. In addition, tomato is also 

rich in anti-oxidants, which are beneficial for facial 

beautification (Garcia et al., 2004; Estan et al., 2005). 

Recently, it has been widely cultivated and generated huge 

economic benefits. As a common food rich in nutrition, 

tomato generates huge economic potentials in vegetable 

markets of Central Plain of China and represents one of the 

main vegetables for cultivation in greenhouses (Flores et 

al., 2010). 

Tomato, a light-requiring crop originating from 

tropical and sub-tropical areas, needs relatively high 

amount of illumination (Lazar et al., 2006; Huang et al., 

2009). Whereas mulching materials and dusts cause light 

shortage and shading, which adversely affect planting and 

growing conditions of tomato in Central Plain of China, 

weak light stress also limits enhancement in crops’ yields 

and their commodity qualities (Kim et al., 2004; Li et al., 

2013). Therefore, researches concerning tomato’s weak-

light and low-temperature tolerances are of great 

importance and a variety of indices for the identification of 

weak-light tolerance have been proposed in recent years 

(Kim et al., 2001; Shao et al., 2005). However, no 

individual reliable trait of crop has been utilized for the 

identification of weak-light tolerance. Therefore, this paper 

aims to: 1) determine changes in physiological and 

biochemical indices, and weak light characteristics under 

weak light stress in 10 recent tomato cultivars grown in 

Central Plain of China, 2) sort quantitative indices for the 

identification of weak-light tolerance of these cultivars , 

and 3) explore rapid and effective approaches for the 

identification of their weak-light tolerances. These will 

provide theoretical basis for tomato breeding under weak 

light conditions.  

 

Materials and Methods 

 

Plant material and experimental treatments: Ten 

commonly-used tomato cultivars in Central Plain of 

China were applied as experimental plant materials, 

which included “Baiguo Qiangfeng” (cultivar 1), “Fendu 

No.79” (cultivar 2), “Jin Nabao” (cultivar 3), “Fendu 

No.80” (cultivar 4), “Xinfen No.8” (cultivar 5), “Fendu 

Liren No.2” (cultivar 6), “Jinguan No.5” (cultivar 7), 

“Fendu Queen” (cultivar 8), “Zhongza Fenguo 106” 

(cultivar 9), and “Asian Fen King” (cultivar 10).  

Seeds of 10 tomato cultivars were sterilized, soaked 

and sown in trays for further breeding. During seedling 

growth period, seedlings with 8 true leaves were ridge-

cultivated in the fields with a row distance of 55 cm and a 

plant distance of 35 cm (55 cm ×35 cm), and 24oC in the 

day time was set. During the experimental period, 

illumination and temperature were measured at 10-11 

o’clock every morning on clear days. Average illumination 
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intensity ranged 950-1120 μmol/ (m2.s), and average day 

temperature was 24oC and that of night 15oC. The control 

plants (CK) were under 100 % natural light. Weak light 

stress (50 % natural light) was applied under average 

illumination intensities of 465.5-621 μmol/ (m2.s) through 

utilizing black sun shading nets with a sun-shading rate of 

50%. Agronomic, temperature, moisture/ water and 

manure/nutrition managements were kept uniform for both 

treatments. For each cultivar, data measurement was 

conducted in 6 randomly-selected plants. 

On the 10th day of weak-light stress, healthy leaves of 

the third leaf position were sampled separately from 

randomly selected CK and treated seedlings. For each 

cultivar, some parts of leaf samples were randomly 

chosen for the measurement of dry matter and chlorophyll 

contents and others were stored at -80oC for further use to 

determine relevant physiological and biochemical indices 

after major-vein elimination and liquid nitrogen fixation. 
 

Measurement of anti-oxidative enzymatic activities: 

Activities of such anti-oxidative enzymes as superoxide 

dismutase (SOD), peroxidase (POD) and catalase (CAT) 

were measured according to the following procedures.  

SOD, POD and CAT activities were measured 

following nitrotetrazolium blue chloride (NBT) 

photochemical reduction method described by Shao et al. 

(2005) with a little modification.  
For SOD activity measurement, seedling leaf samples 

of different tomato cultivars were taken 0.1 g for each 
measurement. Phosphate buffer saline (PBS) reactive 
solution (pH = 7, containing 13 mM methionine, 75 mM 
NBT and 0.1 mM Na2EDTA) was added with 50 µL 
enzymatic solution. The measurement reaction was 
initiated through addition of 2 µM riboflavin. The mixed 
solution was illuminated at 25oC for 5 min with an 
intensity of 4000 lx and the absorbance values at 
wavelength of 560 nm were measured using ultraviolet-
visible spectrophotometer (manufactured by Shanghai 
Yuanxi Instrument Corporation, Shanghai, P. R. C). The 
un-illuminated solution was used as blank.  The unit of 
SOD activity was represented by 50% a unit of enzymatic 
activity for inhibiting NBT photochemical reduction and 
was calculated according to the methods described Song 
et al. (a and b) and Zhu et al. (2005). 

For POD activity measurement, 5 µL enzymatic 
solution was added with 3 mL of 50 mM PBS reactive 
solution (pH = 7, containing 20 mM guaigcol). The 
reaction measurement was initiated with the addition of 6 
µM H2O2. Absorbance was measured at every 20 s 
interval for 2 min at wavelength of 470 nm. POD activity 
was represented by change in absorbance of every minute, 
namely ΔA470/ [min．g (fresh weight)]. POD activity was 
calculated according to the methods described by Song et 
al. (2012) and Zhu et al. (2005). 

For CAT activity measurement, 100 µL enzymatic 
solution was added with 3 mL of 50 mM PBS solution 
(pH = 7). The mixed solution was incubated at 25oC for 
5 min. The reaction measurement was initiated with the 
addition of 6 µM H2O2. Absorbance was measured at 
every 20 s interval for 2 min at wavelength of 240 nm. 
A unit of CAT activity was represented by enzymatic 
amount when A240 reduced by 0.1 within 1 min and 
calculated according to the methods described by Song 
et al. (2012).  

Measurement of chlorophyll content: Chlorophyll 
content was measured according to spectrophotometry 
method (Madrid et al., 2009). Three samples of tomato 
leaves, each sample of 0.3 g weight were cut and placed 
into test tubes. Then, 10 mL leaching liquor (a mixture of 
acetone: ethanol: water in a proportion of 4.5:4.5:1, 
respectively) was added in the test tubes and incubated in 
the dark at room temperature for more than 24 hours 
before extraction., The test tubes were shaken several 
times to make the leaves completely leached and obtain 
chlorophyll extract. The samples of extracted chlorophyll 
were used to determine optical density (OD) at 663 nm 
and 645 nm wave lengths in a spectrophotometer. 
Chlorophyll a & b contents were calculated according to 
the methods described by Song et al. (2012).  

The measurement was repeated six times and 
averaged for each sample. 
 

Measurement of other physiological indices: Soluble 
protein, MDA, soluble sugar and proline contents were 
measured according to the methods described by Shao et 
al. (2005) with slight modifications.  

For measurement of soluble protein, method of 
coomassie blue staining was applied and the standard curve 
was constructed, and soluble protein was calculated methods 
described by Song et al. (a and b) and Zhu et al. (2005). 

For measurement of MDA, the fresh leaves of tomato 
seedlings weighing 0.1 g for each sample were ground in 
5 mL of 0.25% thiobarbituric acid. Ground leaves were 
incubated in the test tubes placed in a water bath at 98oC 
for 30 min. After the cooling of test tubes, the materials 
were centrifuged at 10000 rpm for 10 min. The 
supernatant was used to measure absorbance values at 
wavelengths of 450 nm, 532 nm, and 600 nm. MDA 
content was calculated according to methods described by 
Song et al. (2012) and Zhu et al. (2005). 

For measurement of soluble sugar content, 0.1 g fresh 
leaves of tomato seedlings of different genotypes were 
ground in 4 mL 80% ethanol. The ground samples were 
incubated in water bath set at 75oC for 10 min. After 
incubation, samples were centrifuged at 5000 rpm for 10 
min. The extracted, for each measurement 4 µL 
supernatant was taken, and100 µL 80% phenol and 4 mL 
concentrated sulfuric acid (H2SO4) were added into the 
supernatant. Absorbance values were recorded at 490 nm 
of wavelength. The standard curve was constructed, and 
the unit of soluble sugar content was presented as mg. 
mL-1 and calculated according to methods described Song 
et al. (2012) and Zhu et al. (2005). 

For measurement of proline content, 0.1g fresh leaves 
of tomato seedlings were ground in 2 mL 3% 
sulfosalicylic acid. The ground samples were incubated 
into a boiling water bath for 10 min. After incubation, the 
samples were centrifuged at 15000 rpm for 15 min, and 
0.25 mL of supernatant was taken for each measurement. 
After adding 0.75 mL of 3% sulfosalicylic acid, 1 mL of 
glacial acetic acid and 2 mL of 2.5% ninhydrin, the 
supernatant was incubated into a water bath at 95oC for 60 
min. The incubated supernatant was extracted utilizing 4 
mL toluene. Absorbance values of toluene-extracted 
solutions were measured through applying visible 
spectrophotometer with a wavelength range of 320-
1020nm. The standard curve was constructed and proline 
content was calculated according to methods described by 
Song et al. (a and b) and Zhu et al. (2005). 
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Observing flowering rate, fruit setting rate, weight per 

fruit and yield per plant: For each treatment, 15 plants 

were randomly chosen for observing flowering rate, fruit 

setting rate, weight per fruit and yield per plant were 

recorded. Average fruit yield per plant of the first three 

fruits was also recorded for further analysis. 

 

Main factor analysis and membership function 

calculation: The originally-acquired data were 

statistically analyzed based on relative indices following 

Cockshull’s method (Cockshull, 1992). Weak-light 

tolerance coefficients (α) of all physiological and 

biochemical indices were calculated using following 

function.  

 

α= (determined value of treated group/determined value 

of CK) × 100    (1) 

 

Experimental data were analyzed using DPS 6.55 

software, and the correlation coefficients were obtained 

for correlation and main factor analyses (Mukherjee et al., 

2010). Comprehensive analysis of weak-light tolerance 

was conducted on 10 tomato cultivars through the 

adoption of fuzzy mathematic method for acquiring the 

values of membership function (Mukherjee et al., 2010). 

Membership function values (U(x) values) were 

calculated according to calculation method of 

membership function (Nobuoka et al., 2005; Raines, 

2011). The value of comprehensive evaluation for weak-

light tolerance was marked as D value. D values of all 

cultivars were obtained according to Cockshull’s method 

(Mukherjee et al., 2010). Relevant values can be obtained 

according to methods described by Shao et al. 

 

Results 

 

All individual indices (α values) of weak-light 

tolerance are listed in Table 1. Different tomato cultivars 

exhibited different changing trends for different indices of 

weak-light tolerances. SOD activity, MDA, proline and 

chlorophyll contents increased significantly compared to 

those of CK (α>100). However, CAT and POD activities, 

soluble protein, soluble sugar and dry matter contents, and 

fruit setting rate, average per fruit weight and average per 

plant yield decreased considerably compared with those 

of CK (α<100). 

Multivariate correlation coefficients for all 

determined indices are presented in Table 2. Various 

physiological and biochemical indices exhibited different 

degrees of correlations among themselves. Indices of 

SOD, SPC, MC and FSR showed significant correlation 

coefficients with indices of both APFW and APPY, 

among them only MC was negatively correlated. POD, 

PC and DC indices showed significant positive 

association with indices of APFW only while index of 

APFW was significantly correlated with index of APPY.   

 
Table 1 The α values of various indices for weak light tolerance of tomato cultivars. 

Cultivars SOD POD CAT SPC SSC PC MC CC DC FSR APFW APPY 

Cultivar 1 189.91 82.48 47.37 99.82 60.96 96.24 155.82 106.44 39.64 74.11 73.91 73.65 

Cultivar 2 537.70 123.56 103.98 119.83 77.68 131.15 114.62 163.90 89.61 99.45 93.49 91.28 

Cultivar 3 353.47 77.15 99.57 70.70 26.73 99.34 205.47 81.73 84.46 74.21 82.49 51.22 

Cultivar 4 252.26 74.16 75.25 86.70 45.89 93.88 154.80 100.50 58.73 70.46 68.92 74.15 

Cultivar 5 440.65 86.59 122.30 75.48 60.25 116.20 263.40 104.12 88.14 83.79 78.44 53.79 

Cultivar 6 263.33 72.42 51.41 97.08 30.43 96.71 220.88 133.09 86.83 73.37 78.01 79.65 

Cultivar 7 398.12 79.50 80.34 81.20 74.83 107.15 186.95 123.34 78.61 74.54 64.50 79.41 

Cultivar 8 510.35 120.99 124.17 126.59 74.97 152.44 133.45 136.49 93.42 98.97 91.19 87.16 

Cultivar 9 44.13 39.15 96.45 69.81 43.85 93.44 297.86 118.40 53.45 44.08 40.36 38.30 

Cultivar 10 73.91 99.70 93.52 73.85 40.30 89.64 240.20 130.88 52.08 5.95 54.65 34.87 
Note: superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT), soluble protein content (SPC), soluble sugar content (SSC), proline content 

(PC), MDA content (MC), chlorophyll content (CC), dry matter content (DC), fruit setting rate (FSR), average per fruit weight (APFW) and average 

per plant yield (APPY) 

 

Table 2 Correlation matrix of indices of various traits. 

 SOD POD CAT SPC SSC PC MC CC DC FSR APFW APPY 

SOD 1.00            

POD 0.67* 1.00           

CAT 0.47 0.40 1.00          

SPC 0.59 0.72* 0.06 1.00         

SSC 0.61* 0.58 0.32 0.61* 1.00        

PC 0.83** 0.74** 0.63* 0.76** 0.72* 1.00       

MC -0.59 -0.69* 0.09 -0.80** -0.54 -0.53 1.00      

CC 0.28 0.56 0.12 0.65* 0.52 0.49 -0.33 1.00     

DC 0.84** 0.45 0.52 0.37 0.23 0.68* -0.21 0.28 1.00    

FSR 0.86** 0.38 0.18 0.65* 0.53 0.70* -0.61* 0.13 0.65* 1.00   

APFW 0.86** 0.73* 0.21 0.71* 0.35 0.69* -0.71* 0.21 0.69* 0.81** 1.00  

APPY 0.69* 0.51 -0.18 0.83** 0.59 0.59 -0.83** 0.45 0.45 0.80** 0.71* 1.00 
* p<0.05 ** p<0.01  

Note: superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT), soluble protein content (SPC), soluble sugar content 

(SSC), proline content (PC), MDA content (MC), chlorophyll content (CC), dry matter content (DC), fruit setting rate (FSR), 

average per fruit weight (APFW) and average per plant yield (APPY). “* p<0.05” and “** p<0.01” represent significant correlation 

and extremely significant correlation, respectively 
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Table 3. Coefficients and contribution (p) of comprehensive indices [Z(x)]. 

Main 

factor 
SOD POD CAT SPC SSC PC MC CC DC FSR APFW APPY ACR 

1 0.912 0.808 0.346 0.864 0.714 0.903 -0.774 0.525 0.686 0.826 0.866 0.833 0.5955 

2 0.275 0.025 0.855 -0.354 -0.069 0.291 0.487 -0.190 0.517 0.008 0.023 -0.455 0.743 

3 -0.228 0.319 0.281 0.167 0.386 0.178 0.072 0.673 -0.261 -0.456 -0.359 -0.192 0.8547 

4 -0.062 0.272 -0.100 0.096 -0.545 -0.104 0.005 0.258 0.261 -0.242 0.249 -0.067 0.9101 
Note: superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT), soluble protein content (SPC), soluble sugar content (SSC), proline 
content (PC), MDA content (MC), chlorophyll content (CC), dry matter content (DC), fruit setting rate (FSR), average per fruit weight (APFW), 

average per plant yield (APPY) and accumulative contributive rate (ACR)  
 

Table 4.Component score, index weights, subordinate and comprehensive evaluation of  

D values of various tomato cultivars. 

Cultivars C(1) C(2) C(3) C(4) U(1) U(2) U(3) U(4) D value 

Cultivar 1 6.0326 -7.6132 2.6804 -3.9773 0.673 0.268 0.581 0.084 0.560 

Cultivar 2 -0.1835 2.2751 -11.4623 2.6474 0.374 0.486 0.000 0.600 0.360 

Cultivar 3 -4.1625 -19.7973 0.1647 -0.8593 0.183 0.000 0.478 0.327 0.198 

Cultivar 4 0.3998 25.6294 -9.5160 7.7911 0.402 1.000 0.080 1.000 0.496 

Cultivar 5 12.8532 23.3528 -3.5451 0.4561 1.000 0.950 0.325 0.429 0.875 

Cultivar 6 3.0497 4.0281 3.8256 0.3999 0.529 0.524 0.628 0.425 0.534 

Cultivar 7 -7.9815 -14.0369 7.4394 -3.6484 0.000 0.127 0.776 0.110 0.123 

Cultivar 8 0.2107 -6.0316 12.8848 -5.0569 0.393 0.303 1.000 0.000 0.429 

Cultivar 9 -5.4120 -6.6763 -4.4860 0.4133 0.123 0.289 0.287 0.426 0.188 

Cultivar 10 -4.8064 -1.1301 2.0144 1.8340 0.152 0.411 0.554 0.536 0.267 

Contributive rate 0.596 0.148 0.112 0.055      

Index weight     0.654 0.163 0.123 0.060  
Note: C(1), C(2), C(3) and C(4) represent comprehensive indices; U(1), U(2), U(3) and U(4) refer to member functions; D values 

represent values of comprehensive evaluation 

 

Main factor analysis 

 

Main factor analyses of different tomato cultivars 

were conducted on α value of 12 physiological and 

biochemical indices, and transformed into 4 new inter-

independent comprehensive indices using DPS software 

(Table 3) with contributive rates of 0.595, 0.148, 0.112 

and 0.055, respectively, and an accumulative contributive 

rate of 0.9101.  

In the first main factor, nine indices characteristic 

vectors with relatively high absolute values included 

SOD, POD, soluble protein content, soluble sugar 

content, proline content, MDA content, fruit setting rate, 

average per fruit weight and average per plant yield. In 

the second main factor, CAT activity and dry matter 

content showed relatively high absolute values. In the 

third and fourth main factors, chlorophyll content and 

soluble sugar content showed relatively high absolute 

values respectively. Altogether, these 4 comprehensive 

factors accounted for 91.01% variation contained by the 

original 12 individual indices. Therefore, weak-light 

tolerance of tomato cultivars can be basically 

comprehensively evaluated using these four factors, and 

degrees of weak-light tolerances of different tomato 

cultivars can be reliably identified.  

 

Comprehensive evaluation: According to all the 

individual indices of weak-light tolerance coefficients 

(listed in Table 1) and all comprehensive indices listed in 

Table 3 and Table 4, 4 values of comprehensive indices 

(C(x) values) of tested tomato cultivars were obtained. , 

Of the, Weights (significance of given factors) of 4 

comprehensive indices were determined as 0.654, 0.163, 

0.123 and 0.060, respectively according to their 

contributive rates. D values are listed in Table 4, which 

indicate weak-light tolerance capacities of different tested 

cultivars. Higher D values suggested stronger weak-

tolerance capacities. D values representing weak-light 

tolerance capacities of different cultivars can be arranged 

in an order of: cultivar 5> cultivar 1> cultivar 6>cultivar 

4> cultivar 8> cultivar 2> cultivar 10> cultivar 3> cultivar 

9> cultivar 7. Among these 10 tomato cultivars, cultivar 5 

exhibited the maximum D value (0.875) indicating the 

maximum capacity for weak-light tolerance followed by 

D value of cultivar 1 (0.560), whereas cultivar 7 showed 

the minimum D value (0.123) indicating the minimum 

capacity for weak-light tolerance.  

 

Discussion 

 

The effects of such adverse environmental factors as 

weak light and low temperature on plant cells can lead to 

a series of unfavorable physiological reactions during the 

process of metabolism. Although under slight weak light 

stress, plant metabolism and growth may be reversibly 

inhibited, irreversible damages can be brought about by 

severe weak light stress, which is usually an important 

cause of the death of individual plants. As a response to 

weak light stress, plants generally produce a large amount 

of reactive oxygen species, which often cause direct 

damages to their cells. Under weak light stress, individual 

plants routinely witness unbalanced generation and 

elimination of active oxygen species by their cells, and 

the cellular over-accumulation of reactive oxygen species 

(ROS) can result in the peroxidation of membrane lipids 

and the loss of membrane permeability, thus resulting in a 

variety of physiological and biochemical changes in plant 

cells and disorders in their metabolism, which can bring 
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about immediate damages to individual plants (Song et 

al., 2012, 2014). It is an indisputable fact that oxidation 

stresses are among the secondary stresses generated by 

multiple environmental stresses and that under adverse 

stresses, the chloroplasts generate reactive oxygen 

species. An effective elimination system of these species 

constitutes an indispensable part in plants’ resistances or 

tolerances to adverse stresses, including weak light. 

Therefore, it is necessary to improve plants’ resistances or 

tolerances to adverse stresses by enhancing their 

resistances or tolerances to oxidation under weak light 

stresses (Bote & Struik, 2011; Brestic et al., 2014; 

Gratani, 2014; Zhu et al., 2005).  

Plants’ tolerances to adverse environmental stresses 

are generally controlled and regulated by multi-genes. As 

a result, plants exhibit diverse adaptations to these 

adverse environmental stresses including weak light 

stress. Weak-light tolerance of tomato cultivars received 

great importance since 1960s and became a critical 

domain in tomato cultivation and breeding (Malash et al., 

2008; Simion et al., 2008). The botanical and 

physiological differences among different genotypes 

under weak light conditions were also extensively studied 

in tomato and other crops (Souza et al., 2004; Rahmatian 

et al., 2014). Majority of these reports focused on 

physiological indices of seedlings due to easy operations 

(Shao et al., 2005) and fewer reports focused on 

physiological indices of adult tomato plants (Malash et 

al., 2008; Madrid et al., 2009). A considerable differences 

existed between the identification indices of seedlings’ 

and adult plants’ weak-light tolerances (Yu & Ong, 2003; 

Rahmatian et al., 2014). In order find the accuracy of 

weak-light tolerances of tested materials, investigation on 

the identification of weak-light tolerance indexes should 

be more highly representative and provide higher 

referential and practical values for the selection and 

cultivation of weak-light tolerant tomato cultivars.  
Anti-oxidative enzymes can eliminate reactive oxygen 

species (ROS) generated in plant cells under adverse 
stresses, such as weak-light stresses, thus improving plants 
tolerances or resistances to these stresses, or relieving 
plants of both biotic and abiotic stresses. Under weak-light 
stresses or sun-shade effects, when the concentrations of 
cellular reactive oxygen species reached or exceeded the 
“critical value”, cellular membrane system was the first to 
be attacked by the generation of lipid free radicals, which 
on one hand combined to trigger a cascade of reactions in 
the peroxidation of membrane lipids under weak light 
stress or sun-shade effects, and on the other hand caused 
the formation of protein free radicals, thus producing more 
polymers of protein free radicals through additive reactions. 
Meanwhile, the creation of malondialdehyde (MDA) 
through peroxide splitting caused more MDA molecules to 
form intracellular or intercellular proteins’ cross links, 
which disrupted the structures and functions of cellular 
membranes (Song et al., 2012). Under weak light stresses, 
such anti-oxidative enzymes as superoxide dismutase 
(SOD), peroxidase (POD) and catalase (CAT) were 
favorable for the formation of a balanced metabolism 
process of cellular reactive oxygen species, and for the 
protection of the structures of cellular membrane structures, 
thereby enable individual plants to tolerate, relieve from or 
resist weak light stresses or sun-shade effects (Kalaji et al., 

2016; Liu et al., 2011; Repková et al., 2009; Zivcak et al., 
2014(a); Zhu et al., 2005). 

Tomato, a kind of warmth-liking and light-liking 

vegetable, needs plentiful of illumination during its plant 

growth and fruit formation. However, during the process 

of tomato’s protected cultivation, due to the adverse 

effects of such aspects as the ill-functions of old mulching 

materials, shading of Greenhouse skeleton structures and 

seasonally unfavorable climatic factors, in the 

greenhouses, adverse niches of weak light stresses often 

result from insufficient illumination, which exerts more 

severe disrupting effects especially during the most 

important growth periods. Activities of SOD, POD and 

CAT can serve as important gauges for the measurements 

of the effects exerted by weak light on individual tomato 

plants. (Cockshull, 1992; Zhu et al., 2005). Therefore, 

through the measurements of SOD, POD and CAT 

activities, the growth conditions of individual tomato 

plants can be directly analyzed, which will be favorable 

for the adjustment of surrounding environment for better 

tomato growth. The selection of low-temperature tolerant 

tomato cultivars can provide important referential values 

for the large-scale production of tomato by applying 

greenhouse technologies (Bote & Struik 2011; Kalaji et 

al., 2016; Liu et al., 2011; Repková et al., 2009; Zivcak et 

al., 2014 (a and b).  

Superoxide Dismutase (SOD), peroxidase (POD) and 

catalase (CAT) are important anti-oxidative enzymes 

which specialize in eliminating super-oxygen ions and 

balancing reactive oxygen species in plant cells, thus 

playing paramount roles in protecting these cells from 

being disrupted by such adverse environmental factors as 

weak light, toxic chemicals, radiations and ultraviolet. 

These anti-oxidative enzymes have been paid more 

attentions and widely investigated, because they are 

involved in a cascade of physiological reactions in plant 

cells. The results of this research showed that superoxide 

dismutase, one of the important protective enzymes, can 

directly eliminate reactive oxygen species in plant cells 

and play an important part in preventing the peroxidation 

of membrane lipids under weak light stress; and SOD, 

POD and CAT activities of some cultivars decreased to 

some extent, which was consistent with the results of the 

experimental researches conducted by Song et al., 2012. 

The results also showed that changes in activities were 

indirectly controlled by gene expression and interaction as 

an immediate response to weak-light stress. However, 

relative molecular mechanisms concerning the elaborate 

processes of this regard need to be further investigated 

and clarified.   

Selection and cultivation of weak-light tolerant 

tomato cultivars and other plants is required to obtain 

high yield in protective areas. Yield changes under weak-

light or sun-shade conditions reflect weak-light tolerance 

of a cultivar, and represents a crucial index for 

identification of that cultivar’s weak-light tolerance or 

tolerance or resistance to sun-shade effects (Bote & Struik 

2011; Brestic et al., 2014; Gratani 2014; Hartz & Bottoms 

2009; Kalaji et al., 2016; Liu et al., 2011; Repková et al., 

2009; Zivcak et al., 2014 (a and b)). Yield represents a 

comprehensive trait, which can be readily affected by 

many factors (Simonne et al., 2007; Patane et al., 2011). 

http://xueshu.baidu.com/s?wd=author%3A%28Marian%20Brestic%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
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http://link.springer.com/article/10.1007%2Fs11738-016-2113-y#author-details-1
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The effects of weak-light tolerance selection can be 

enhanced only through indirectly selecting relevant traits 

closely related to yield. Fruit setting rate can be used as an 

extremely important and credible index for the 

identification of tomato’s weak-light tolerance (Harmanto 

et al., 2005; Hanson and May, 2006), and considerably 

enhanced efficiency of tomato breeding. Results of some 

relevant researches indicated that different physiological 

and biochemical indexes play different roles in weak-light 

tolerance. Therefore, merely based on a few indexes, 

evaluation of weak-light tolerances of different tomato 

cultivars can not have easy access to objective and 

effective experimental results, and comprehensive 

analyses are needed for accurate identification of weak-

light tolerances of tomato cultivars. 

Weak-light tolerance or resistance of tomato is also 

controlled and regulated by complex quantitative traits. 

Under weak-light stress, the response of a certain index 

can be different in different cultivars or at different 

physiological periods in the same cultivar (Keiko et al., 

2007; Huang et al., 2009). Therefore, despite of relatively 

numerous previous physiological and biochemical studies 

conducted on weak-light tolerance of tomato, any 

individual physiological and biochemical index can not 

comprehensively reflect the degrees of tomato cultivars’ 

weak light tolerance. In recent years, many scholars used 

comprehensive analysis for the evaluation of stress 

tolerance of plants, and revealed better relationships 

between relevant traits and plants’ stress tolerance (Moon 

et al., 2006; Madrid et al., 2009). Few reports are focused 

on the identification of tomato’s weak-light tolerance. In 

this research, 10 commonly used tomato cultivars in 

Central Plain of China were chosen. Our experimental 

results showed that cultivar 5 possessed certain tolerance 

to weak-light stress indicating that this cultivar is adaptive 

to plantation under weak-light environment in 

greenhouses in winter and early spring. Cultivar 7 

exhibited the minimum capacity for weak-light tolerance 

showing that this cultivar needed adequate illumination 

during greenhouse cultivation under weak-light 

environment. Comprehensive evaluation of weak-light 

tolerance of tomato cultivars can be systematically 

acquired through measuring different physiological and 

biochemical indices of tomato cultivars and transforming 

quantitative indices of their weak-light tolerance into 

comprehensive evaluative indices. It is favorable for the 

rapid and effective exploration of identification 

technologies for weak-light tolerance of tomato cultivars, 

and beneficial for providing scientific basis for the 

regional selection and cultivation of these cultivars. 

However, the detail physiological, biochemical and 

molecular mechanisms for the cultivation of weak-light 

tolerant tomato cultivars still need to be further explored 

and clarified through successive studies in future.   
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