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Abstract. A pot experiment was conducted to determine the effect of foliar applied glycinebetaine (GB) 

against cadmium (Cd) stress tolerance in spinach. The study consisted of three concentrations of Cd i.e., 

0, 25 and 50 mg kg-1 and foliar application of GB glycinebetaine i.e., 0 and 25 mM. The results indicated 

that Cd stress considerably reduced the root growth, shoot growth, fresh biomass, dry biomass, 

chlorophyll a and b contents. Moreover, the foliar application of GB under Cd stress considerably 

increased the root and shoot growth, fresh and dry biomass production, chlorophyll a and b contents and 

activity of anti-oxidant enzymes i.e., malondialdehyde (MDA) and ascorbate per oxidase (APX) and 

reduced the accumulation of Cd in the roots and leaves of spinach. In conclusion, foliar application of GB 

alleviates the Cd toxicity in spinach through reduction in Cd uptake and improvement in anti-oxidant 

defensive system under Cd stress. 
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Introduction 

Heavy metals enter into our environment thorough human activities, deposition of 

atmospheric volcanic eruptions and weathering of parent material (Wagner, 1993). 

These heavy metals are hazardous for the crops and they enter into the human food 

chain through eating these crops (Adrees et al., 2015). Amongst heavy metals, Cd is the 

most injurious for the crops and Cd toxicity is considerably reducing the food and soil 

quality globally (Rehman et al., 2015). 

Cd stress caused various physiological and morphological disorders in the crop 

plants (Farooq et al., 2016). Likewise, it reduced plant growth, biomass production, rate 

of photosynthesis, and uptake of water and nutrients (Choppala et al., 2014). Moreover, 

Cd stress produced free radicals and caused oxidative damage in plants through 

production of ROS which imparts the negative effects on the proteins, amino acids and 

other molecules (Rizwan et al., 2016). Additionally, Cd stress also disrupts the electron 

transport chain, integrity of enzymatic activities and caused alterations in the DNA 

(Choppala et al., 2014). 
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Different strategies are being used globally in order to reduce the uptake and toxicity 

of heavy metals. Amongst these strategies, use of osmo-protectants is one of the 

promising approach which considerably reduced the heavy metal toxicity in plants. 

Glycinebetaine (GB) is ammonium compound which is found in the plants as well as 

the animals however, its concentration may vary among the plant species (Chen and 

Murata, 2011). GB is environmental friendly, soluble in water and it has no toxic effects 

(Makela et al., 1996) and its concentration in plants considerably increased under the 

various kind of abiotic stresses (Dhir et al., 2012). In spinach GB is detectable in normal 

as well as the stress conditions however, its accumulation is not enough to protect plants 

from abiotic stresses (Sulpice et al., 1996). Therefore, the exogenous application of GB 

can ameliorate the adverse effects of different abiotic stress (Islam et al., 2010; Giri, 

2011). Recently, Hasanuzzaman et al. (2014) reported that GB increased the salt 

tolerance in the rice plants through improving anti-oxidant enzymes activities. Likewise, 

foliage feeding of GB increased the drought tolerance in wheat by improving water 

uptake and rate of photosynthesis and transpiration (Raza et al., 2014). In another study, 

Molla et al. (2014) noticed that GB considerably decreased the oxidative stress in lentil 

(lens culinaris) through reduction in production of ROS. Moreover, Cao et al. (2013) 

and Rasheed et al. (2014) observed substantial improvement against the Cd stress 

tolerance in rice (Oryza Sativa) and wheat (Triticum aestivum) with the foliar applied 

GB. 

Vegetables grown in pre-urban areas are highly contaminated with the heavy metals 

owing to application of city effluents (Liu et al., 2016). These vegetables contaminated 

with the heavy metals including Cd, enters into human food chain and caused serious 

problems in human body. Spinach (Spinacia oleracea) is leafy vegetable with large leaf 

surface area and it has greater ability to accumulate heavy metals (Bagheri et al., 2013) 

and thus it increased the risks of human food chain contamination. Therefore, present 

investigation was conducted to determine the impact of foliar applied GB on spinach 

growth, biomass production, photosynthetic pigments and anti-oxidant defense system 

under Cd stress. 

 

 

Materials and Methods 

Experimental site and growth conditions 

The current study was conducted at Research Center on Ecological Sciences, Jiangxi 

Agricultural University, Nanchang, Jiangxi in 2018. The pots having capacity of 5 kg 

were filled with the soil, and after that 10 spinach seeds were sown in each pot. The 

depth and diameter of pot was 16.5 and 20 cm respectively. In total 18 pots were used 

for experiment and three pots 6 for each treatment. After germination 3 spinach plants 

were left in the pot and rest of the pulled carefully. Each pot was fertilized with 250 ml 

solution contained 0.84 g l-1 N (NH2)2CO), 0.18 g l-1 P (NH4)2HPO4), and 0.86 g l-1 K 

(K2SO4) after 10 days of germination. 

Treatments and experimental design 

The experiment was comprised of different cadmium concentrations i.e., 0, 25 and 

50 mg kg-1 of soil and foliar application of glycinebetaine i.e., 0 and 25 mM. Soil was 

spiked with Cd(NO3)2 according to the treatments four weeks before sowing of seeds in 

pots. The GB was applied as foliar spray in 0.1% Tween-20 solution at the rate of 0 and 
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25 mM until after 15 days of sowing. The experiment was performed in the completely 

randomized in factorial arrangement. 

Plant sampling 

The harvesting was done after 45 days of germination. Three plants were uprooted 

and plant roots were washed with distilled water to remove the soil deposition. After 

that root and shoot length were measured with the scale and average was taken. The 

same plants were weighed to determine the fresh biomass yield per plot. After that these 

plants were cut into pieces and dried in oven until constant weight achieved to 

determine the dry biomass per plot. 

Biochemical analysis 

The root and shoot dried samples were taken and grinded with the help of grinder. 1 

g of each sample of root and shoot was taken in conical flask. After that samples were 

digested by adding the HNO3 and HClO4 (3:1 ratio) on hot plate. The concentration of 

Cd in root and shoot samples were determined by atomic absorption spectrophotometer 

(PerkinElmer, Analyst 100, Waltham, USA) after calibrating the instrument using 

standard solution of Cd. For determination of chlorophyll contents, 0.2 g of plant 

samples were extracted overnight with 80% acetone solution after that they were 

grinded and homogenized. The mixture was filtered, and the filtrates volume was made 

up to 25 ml by adding the 80% acetone solution. Chlorophyll a and b contents were 

determined using the standard formula as described by the Arnon (1949). Likewise, the 

activities of MDA in root and leaf samples were measured by the standard procedures of 

the Bailly et al. (1996). 

Statistical analysis 

The data on growth, biomass, photosynthetic pigments and antioxidant enzymes 

were analyzed by Fisher’s analysis of variance technique and difference amongst 

treatment means were compared using LSD at 5% probability level. 

 

Results 

Growth and biomass attributes 

Cadmium (Cd) stress significantly decreased root and shoot length of spinach (Fig. 1 

A, B). Nonetheless maximum reduction in root and shoot length was noted in higher Cd 

stress (50 mg kg-1 soil) as compared to control. Furthermore, foliar application of 

glycinebetaine (GB) considerably improved the root and shoot length under different 

concentrations of Cd stress. Moreover, in control conditions foliar applied GB slight 

decreased the root length of spinach plant as compared to the Cd stress (Fig. 1 A). 

Foliage feeding of GB shows a significant impact on the biomass productivity. 

Maximum fresh and dry biomass was recorded with the foliar application of GB under 

no Cd, stress, whilst minimum fresh and dry biomass was noticed in higher Cd stress 

(50 mg kg-1 soil) without the foliar applied GB (Fig. 1 C, D). 
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Figure 1. Effect of foliar applied GB on the root length (A), shoot length (B), fresh biomass (C) 

and dry biomass (D) of spinach grown in different levels of Cd stress. Bars represents the SE of 

three replications. -: No GB application, +: GB application 
 

 

Photosynthetic pigments 

Cd stress significantly decreased the chlorophyll contents as compared to no Cd 

stress (Fig. 2 A, B). The maximum reduction in chlorophyll a and chlorophyll b contents 

was noted in soil spiked with the Cd at 50 mg kg-1, as compared to the lower Cd stress 

(Fig. 2 A, B). Foliar application of GB significantly increased the chlorophyll a and 

chlorophyll b contents under normal as well as the Cd stress conditions. 

Cadmium concentration in plant roots and leaf 

The results indicated that Cd concentration in plant roots and leaves was significantly 

increased with increasing in the Cd in the soil (Fig. 3 A, B). Generally, Cd concentration 

was higher in the plant roots as compared to leaf. Foliar application of GB considerably 

decreased the Cd concentration in roots and leaves as compared to Cd stress conditions 

only (Fig. 3 A, B). 
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Figure 2. Effect of foliar applied GB on the chlorophyll a contents (A) and chlorophyll b 

contents (B) of spinach grown in different levels of Cd stress. Bars represents the SE of three 

replications. -: No GB application, +: GB application 

 

 

 

Figure 3. Effect of foliar applied GB on the root Cd concentration (A) and leaf Cd 

concentration (B) of spinach grown in different levels of Cd stress. Bars represents the SE of 

three replications. -: No GB application, +: GB application 
 

 

Antioxidant enzyme activities 

Cadmium stress led to significant alteration in activities of anti-oxidant enzymes in 

root and leaves of spinach plants (Fig. 4). The results indicated that as compared to the 

control the root and leaf APX and MDA activities significantly increased in response to 

Cd stress; give a clear indication of increase in activity of anti-oxidant enzymes under 

stress conditions. Furthermore, foliar applied GB clearly improved the root and leaf 

APX and MDA activities under the Cd stress conditions. 
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Figure 4. Effect of foliar applied GB on the root and leaf APX and MDA activities of spinach 

grown in different levels of Cd stress. Bars represents the SE of three replications. -: No GB 

application, +: GB application 

Discussion 

The present study was conducted to determine the impact of foliar applied GB on the 

spinach against Cd stress. The results indicated that Cd stress considerably decreased 

the growth and biomass production of spinach. However, the more reduction in both 

growth and biomass characters was observed under higher Cd stress. In present study 

Cd stress considerably reduced the root and shoot growth of spinach. The reduction in 

root can be due to the Cd accumulation in the roots as well as the negative impact of Cd  

on  root tip which resulted in poor root growth. Moreover, the reduction in shoot growth 

might be due the changes in cell structures and oxidative damage caused by the Cd. 

These results are in consistence with the outcomes of Liu et al. (2004) and Sana et al. 

(2014) they reported that Cd stress reduced the root and shoot growth through inhibition 

of cell division and production of ROS in garlic and wheat. The reduction in the fresh 

and dry mass by the Cd stress might be due to oxidative stress and less root growth, 

which resulted in poor water and nutrients uptake and therefore led to less biomass 

production. Earlier, Agami and Mohamed (2013) reported that Cd stress considerably 
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reduced the biomass production owing to reduction in root growth and water uptake. In 

present study foliar applied GB reduced the toxic effects of Cd stress and led to a 

significant improvement in plant growth and biomass production. The improvement in 

growth and biomass by the foliar applied GB might be due to increase in nutrients 

uptake which resulted in more biomass production under the stress conditions (Shahbaz 

et al., 2011). Moreover, foliar GB also improved the activities of antioxidant enzymes 

(Fig. 4) and reduced the uptake of Cd and therefore, led to a significant increase in the 

growth and biomass production under the Cd stress (Einset et al., 2008). 

In addition, to growth and biomass, Cd stress also considerably reduced the 

chlorophyll a and b contents. However, increase in Cd stress linearly decreased the 

concentration of both the chlorophyll a and b contents. The reduction in chlorophyll a 

and b contents by the Cd stress might be due to changes in the chlorophyll structure, and 

inhibition of pigment synthesis which led to reduction in the chlorophyll a and b 

contents. Another possible reason for the reduction of chlorophyll a and b contents was 

production of reactive oxygen species (ROS). These findings are comparable with the 

outcomes of Rasheed et al. (2014) they concluded that Cd stress considerably reduced 

the chlorophyll contents in wheat owing to changes in chlorophyll structure and 

production of ROS. The results indicated that foliar applied GB improved the 

concentration of chlorophyll contents under the Cd stress. The increase in chlorophyll 

contents by foliar applied GB might be due to reduction in the Cd uptake and 

improvement in the activities of anti-oxidant enzymes by the GB which resulted in more 

chlorophyll a and b contents. Likewise, Wang et al. (2010) noted that foliar application 

of GB improved the chlorophyll contents under stress conditions. 

In present study Cd concentration in plant parts including roots and leaves was 

increased with increase in Cd stress. Cd concentration was higher in the spinach roots as 

compared to the leaves. The increase in the Cd concentration in roots can be due to 

precipitation of Cd into insoluble salts or due to Cd compartmentalization in root 

vacuoles. On the other hand, foliar application of GB considerably reduced the 

concentration of Cd in the roots and leaves of the spinach. Previously reduction in the 

heavy metal i.e., Cd and Pb in plant parts by foliar applied GB has been also reported by 

the Islam et al. (2010) and Hossain et al. (2010). Foliar applied GB protects the cell 

membrane and prevents the entry of Cd in the cytoplasm and therefore, led to less 

concentration of Cd in plant parts. Earlier, Duman et al. (2011) noticed that foliar 

applied GB considerably reduced the uptake and accumulation of Cd in the plant parts. 

The results indicated that activities of antioxidant enzymes, i.e., APX and MDA in roots 

and leaves were increased in response to Cd stress. Moreover, foliar applied GB further 

improved the activities of anti-oxidant enzymes under the Cd stress. In present study the 

increase in activities of anti-oxidant enzymes by the foliar applied GB can be attributed 

to reduction in uptake of Cd and detoxification of reactive oxygen species which 

resulted in more activities of the anti-oxidant enzymes. Likewise, in another study Ali et 

al. (2015) noted that exogenous GB improved the activities of APX under different 

abiotic stresses. 

 

Conclusion 

In conclusion, Cd stress considerably reduced the plant growth, biomass production 

and photosynthetic pigments, and leads to significant Cd accumulation in plant parts 

through decreasing the activities of anti-oxidant enzymes. Foliar applied GB improved 
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the plant growth and biomass production through reduction in Cd accumulation and 

improvement in the activities of anti-oxidant enzymes. Therefore, the foliar applied GB 

can minimize the health risk by preventing Cd accumulation in the spinach. 
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