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1. Introduction 
According to Dominika and Barbara [1], biological systems stress can be defined as an adverse force, effect, or 

influence that trends to inhibit normal systems from functioning. It has been noted that a wide range of unfavourable 

environmental conditions may induce stresses in plants, which can alter their growth, development, metabolism, and 

even may lead to death Dominika and Barbara [1]. Plants react to environmental stresses on various levels including 

biochemical, cellular and morphological scales depending on type of species or population [2-5]. Abiotic stress is 

defined as the negative impact of non-living factors on living organisms in a specific environment [6]. Basically, 

reaction of plants to abiotic stresses depends on type of plant species due to fundamental differences in development 

and anatomy as well as environmental limiting factors [7]. 

Water stress is among the abiotic stresses that affect plants [2]. This type of stress could be generated by drought 

or flooding [2]. According to Bartels and Souer [8], water deficit, caused by “lack of water” has been among the 

problems for agriculture, affecting virtually every aspect of plant physiology and metabolism. The mechanisms of 

abiotic stress effect on plants have been reported by different authors [9-11], and have been linked to generation of 

reactive oxygen species (ROS), which include O2
-
, H2O2, and OH

-
. These molecules are highly reactive and can alert 

normal cellular metabolism through oxidative damage to membranes, proteins and nucleic acids [10]. Reactive 

oxygen species can also cause lipid peroxidation, protein denaturation and DNA mutation [12]. 

Generally, to prevent the damage inherent from reactive oxygen species (ROS) on cellular components, plants 

have developed a complex antioxidant system[10]. According to Rahimizadeh, et al. [10], the primary components 

of this system include carotenoids, ascorbate, glutathione and tocopherols.  Others are superoxide dismutase (SOD; 

Abstract: Effect of seasonal water fluctuation of a water body on antioxidant activity of selected plants of 

lower phylum using Nche stream as a case study was investigated using standard methods. Three plants of 

lower phylum (watercress, moss plant, and spirogyra) were selected and studied for both enzymatic and non-

enzymatic antioxidants. Results obtained for levels of ascorbic acid (0.81-11.87 µmoles/g DW), glutathione 

(1.47-3.01µmoles/g DW) and proline (1.27-3.01 g/100g) non-enzymatic antioxidants and those of superoxide 

dismutase (289.19-615.85 µg/g protein), peroxidase (32.56-52.79 µg/g protein), and catalase (57.80-

73.20µmoles/g DW) of enzymatic antioxidants were higher in dry season against rainy season. It has been noted 

that a slit difference in these indicators could be as result of enormous stress.  The reduction in volume of water 

of the host stream in dry season may have resulted in increased concentration of the pollutants in the water body 

hence, inducing the plants to absorb more of the pollutants. This may have triggered more stress on the plants, 

which reflected on the levels of the observed stress indicators when compared to the indicators as observed in 

rainy season. This study has shown the seasonal water fluctuation of a water body on antioxidant activity of 

selected plants of lower phylum. 
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EC 1.15.1.1), catalase (CAT; EC 1.11.1.6), perioxidase (POX; EC 1.11.1.7) and glutathione reductase (GR; EC 

1.1.4.2) [12]. The antioxidant enzymes play key role in defense against oxidative damage [9-11].  

Nche stream is among the natural water bodies that supply domestic water to the people of Umunchi. Umunchi 

is among the communities found in Isiala Mbano L.G.A of Imo State, Nigeria. Water level of the stream is known to 

increase in rainy season, and decrease during dry season. Apart from domestic water supply, the stream houses other 

organisms that depend on it. An earlier study on the water by Duru, et al. [13], ascertained the seasonal water quality 

assessment of the water body. There is need to extend the study on the water body to accommodate lower organisms 

that depend on water from the water body.  

Different studies have investigated the effect of water stress on plants, but most of the studies were centered on 

drought stress [14-19] through isolated observations.  The present study investigated the seasonal water fluctuation 

of a water body on antioxidant activity of selected plants of lower phylum, with a view to ascertain the stress 

induced by such fluctuation, using Nche steam as a case study. 

 

2. Materials and Methods 
2.1. Location of Nche Stream 

Isiala Mbano L.G.A lies within latitude 5°40´ 3.6´´ (5.6677°) north and longitude 7 ° 12´ 22.2´´ (7.2034°) east 

with an average elevation of 149 meters (about 489 feet). Within these latitude and longitude lies Umunchi 

community, and hence Nche stream.  

 

2.2. Collection and Preparation of Samples 
Three plants of lower phylum were used for this study. The plants were spirogyra (seaweed), watercress (Nasturtium 

sp.) and mosses. Spirogyra (seaweed) sampling was done using the method described by Okafor [20] for 

phytoplankton. Coned-shaped, silk plankton net was employed. At each free-flowing part of the water body, a net 

was used by sinking and drawing it against the water current.  Those found on hard surfaces such as the walls built 

by local population to safe-guide the stream were collected with the help of sterile scraper. Watercress (Nasturtium 

sp.) samples were collected from banks of the stream. Moss plants used in this study were collected from the walls as 

built by the local population to protect the stream, making sure that they receive water from the stream both at high 

tide and low tide. The samples were transported to the laboratory in a cold condition (container packed with ice). At 

the laboratory, the sampled plants were prepared for further studies.  The sampling was done at peak of the two 

seasons.  

 

3. Determination of Non-Enzymatic Antioxidants 
The titrimetric method described by Conklin [21] was used to determined ascorbic acid. Glutathione and phenol 

were determined as described by Muruganand and Harish [22]. Carotene was determined with the method as 

described by Dere, et al. [23]. Speckman, et al. [24] method was used for proline while flavonoid was determined 

using AOAC [25] method. 

 

4. Estimation of Enzymatic Antioxidants 
The method as described by Lowry, et al. [26] was used for protein assays. Measurement of superoxide 

dismutase enzyme activity was done using the method of Misra and Fridorich [27]. Peroxidase enzyme activity was 

estimated using the method as described by AOAC [25]. Catalase activity was measured using Paglia and Valentine 

[28] method. Activity of Glutathione reductase (GR) was estimated using the method of Foyer and Halliwell [29], as  
modified by Rao [30]. 

 

5. Results and Discussion 
 

                                  Fig-1. Ascorbic acid levels of the plants.                                             Fig-2. Glutathione levels of the plants. 
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                                  Fig-3. Phenol levels of the plants.                                                    Fig-4. Carotene levels of the plants. 

 
 
                                         Fig-5. Flavonoid levels of the plants.                                               Fig-6. Proline levels of the plants. 

 
 

 

Figures 1-6 show the presence of non-enzymatic antioxidants found in the studied plants. Ascorbic acid, also 

known as vitamin C is the most abundant, powerful and water soluble antioxidant which minimizes or prevents 

damage caused by reactive oxygen species (ROS) in plants. Ascorbic acid (AA) is one of the most studied and has 

been detected in majority of plant cell types, organelles and appoplast [31]. Wu, et al. [32] noted that ascorbic acid 

reacts not only with H2O2, but also with O2
-
, OH and lipid hydroperoxidases. Ascorbic acid can also directly 

scavenge 1O2, O2
-
and HO. and regenerate tocopherol from tocopheroxyl radicals providing membrane protection [1]. 

Smirnoff and Wheeler [31] summarized that ascorbic acid reacts non-enzymatically with superoxide, hydrogen 

peroxide and singlet oxygen. Ascorbic acid levels of the studied plants were between 10.12-11.87 µmoles/g DW in 

watercress; 1.02-1.32 µmoles/g DW in moss plant and 0.81-0.84 µmoles/g DW in spirogyra (Figure 1). Glutathione 

(GSH) is a tripeptide (α-glutamyl-cysteinyl-glycine), which is considered as the most important intracellular defense 

against ROS-induced oxidative damage [1]. Glutathione is important in plant chloroplasts because it helps to protect 

the photosynthetic apparatus from oxidative damage [33]. Glutathione levels of the present study ranged from 1.15-

1.20 µmoles/g DW in watercress; 1.79-1.88 µmoles/g DW moss plant; and 2.58-2.60 µmoles/g DW in spirogyra 

(Figure 2). It has been noted that phenols are aromatic secondary metabolites broadly distributed in plant kingdom 

[34]. They are essential to physiology and cellular metabolism [35]. Phenolic compounds play a role of protection 

against insects and other animals to the plants. The antioxidant activity of phenolic compounds depends largely on 

their chemical structures. Among the phenolic compounds with known antioxidant activity are flavonoids, tannins 

chalcones and coumarins as well as phenolic acids [35, 36]. According to Dai and Mumper [37], phenolics have 

been considered as great antioxidants and proved to be more effective than Vitamin C, E and carotenoids in recent 

times. Phenolic levels of the present study were between 1.47-1.58 µ equ. of Gal/g in watercress; 2.58-3.01 µ equ. of 

Gal/g in moss plants; and 1.79-1 88 µ equ. of Gal/g in spirogyra (Figure 3). Carotenoids are lipid soluble 

antioxidants pigments that play multitude of function in plant metabolism including oxidative stress tolerance [1]. 

Carotenoids observed in the present study were between 660.10 -671.60 µg/100g FW in watercress; 1870.13 to 

1920.24 µg/100g FW in moss plant; and 2310.00-2370.15 µg/100g FW in spirogyra as presented in Figure 4. 

Flavonoids are widely distributed in plants; and come in four classes depending on their structure; flavonols, 

flavones, isoflavones and anthocyanines [1].  Flavonoids belong to one of the most reactive secondary metabolites of 

plants [37], and play important role as reactive oxygen species (ROS) scavenger by locating and neutralizing radicals 

before they damage cell structure Dominika and Barbara [1]. It has been proved that they are involved in plant 

responses to both, biotic or abiotic stresses such as wounding, drought and metal toxicity [38].  Flavonoids level of 

the present study ranged from 0.53-0.58 mg/100g in watercress; 0.29-0.35 mg/100g in moss plant; and 1.03-1.18 

inspirogyra (Figure 5). Proline as α-amino acid, is an antioxidant and potential inhibitor of programmed cell 

death[1]. It has been suggested that free proline acts as osmoprotectant, a protein stabilizer, a metal chelator, an 
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inhibitor of lipid peroxidation and OH· and 1O2 scavenger [1]. Proline is not only an important signaling molecule, 

but also an effective reactive oxygen species (ROS) quencher [1, 39].  Levels of proline in the present study were 

between 2.26-3.01 g/100g protein in watercress; 1.27-1.40 in moss plant; and 1.79-1.85 inspirogyra (Figure 6). 

Trovato, et al. [40] reported increased proline accumulation during abiotic stresses. It has been found that the 

important role of proline is in potentiating pentose-phosphate pathway activity as important component of 

antioxidative defense mechanism [39]. Flavonoids are widely distributed in plants leaves, floral part and pollens. 

They often accumulate in the plant vacuole as glycosides or as exudates on the leaves surface and other aerial part of 

the plant. There are four flavonoid classes depending on their structure: flavonols, flavones, isoflavones and 

anthocyanines. Flavonoids belong to one of the most reactive secondary metabolites of plants [41]. Flavonoids play 

important role as ROS scavenger by locating and neutralizing radicals before they damage cell structure. Flavonoids 

have function as flowers, fruits and seed pigmentation, they play protective role before UV light, drought, cold, and 

defense against pathogens. Flavonoids play an important role in plant fertility and germination of pollen. They are 

involved in plant signaling with interaction with plant microbes [41, 42]. It has been proved that they are involved in 

plant responses to both, biotic or abiotic stresses such as wounding, drought and metal toxicity [38]. Proline, α-

amino acid is an antioxidant and potential inhibitor of programmed cell death. It has been suggested that free proline 

act as osmoprotectant, a protein stabilizer, a metal chelator, an inhibitor of lipid peroxidation and OH· and 1O2 

scavenger. Increased proline accumulation appears especially during salt, drought and metal stresses [40]. Therefore 

proline is not only an important signaling molecule, but also an effective ROS quencher. It has been found that the 

important role of proline is in potentiating pentose-phosphatase pathway activity as important component of 

antioxidative defense mechanism [39]. 

 
                                    Fig-7. Superoxide dismutase levels of the plants.                        Fig-8. Peroxidase levels of the plants. 

 
 

Fig-9. Catalase levels of the plants.                                       Fig-10. Glutathione reductase levels of the plants.

 
 

According to Dominika and Barbara [1], superoxide dismutase (SOD) constitutes the first line of defense 

against reactive oxygen species (ROS). SODs are metalloproteins, and based on their metal cofactor, they are 

classified into three known types; the copper/zinc (Cu/Zn-SOD), the manganese (Mn-SOD) and the iron (Fe-SOD) 

that are localized in different cellular compartment [43]. Dominika and Barbara [1] noted that SODs remove O2
-
 by 

catalyzing its dismutation, one O2
-
 is reduced to H2O2 and another to O2. Superoxide dismutase of the present study 

ranged from 506.94-508.10 µg/g protein in watercress; 289.19-369.02 µg/g protein in moss plant; and 612.09-615.85 

µg/g protein in spirogyra (Figure 7). Peroxidase could be in the form of glutathione peroxidase, ascorbate peroxidase 

or guaiacol peroxidase [1].  According to Abdollah, et al. [11], the activity of peroxidases depends on plant species 

and stress condition. Peroxidase levels of the studied plants ranged from 32.56-34.67 µg/g protein in watercress; 

50.89-60.87 µg/g protein in moss plant; and 46.38-48.29 µg/g protein in spirogyra (Figure 8). Catalase is a light-

sensitive protein that has a high rate of turnover and environmental stresses which reduce the rate of protein 

turnover, such as salinity, heat shock or cold, cause the depletion of catalase activity [44, 45].  Dominika and 
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Barbara [1] noted that it remains unclear whether variability in catalase response to different unfavourable conditions 

may be of importance in plant stress tolerance level. Observed catalase levels as presented in Figure 9, ranged from 

57.80-59.21 µg/g protein in watercress; 58.90-60.87 µg/g protein in moss plant; and 73.20-76.14 µg/g protein in 

spirogyra. Glutathione reductase is a flavor-protein oxidoreductase that is thought to play an essential role in defense 

system against reactive oxygen species [42, 46]. Glutathione reductase levels of the present study ranged from 7.14-

9.04 µg/g protein in watercress; 6.20-8.18 µg/g protein in moss plant; and 6.16- 8.10 µg/g protein in spirogyra.  

All the antioxidants both the non-enzymatic and enzymatic of the investigated plants, increased in dry season 

than rainy season.  

 

6. Conclusion 
Since, it has been noted that a slit difference in antioxidant levels could be as a result of enormous stress. It 

therefore follows that the observed increase in antioxidant levels of the investigated plants in dry season could be as 

a result of increased concentration of pollutants found in the host stream due to reduction in volume (low tide) of the 

water body in dry season. The plants may have absorbed more of the pollutants in dry season, which may have 

stressed the plants hence, leading to increased levels of the antioxidants in dry season against those of the rainy 

season where dilution of the pollutants due to increase in level of water of the water body, and their reduced 

absorption, may have induced a reduced stress on the plants. This study has shown the effect of seasonal water 

fluctuation of a water body on antioxidant activity of selected plants of lower phylum. 

 

References 
[1] Dominika, B. and Barbara, Z., 2012. "ROS as signaling molecules and enzymes of plant response to 

unfavorable environmental conditions, oxidative stress - molecular mechanisms and biological effects, Dr. 

VolodymyrLushchak (Ed.)." Available: Available: http://www.intechopen.com/books/oxidative-stress-

molecular-mechanisms-and-biological-effects/ros-as-asignaling-molecules-and-enzymes-of-plant-response-

to-unfavorable-environmental-conditions 

[2] Mulder, C. H. and Breure, A. M., 2003. Plant biodiversity and environmental stress, In: Bioindicators and 

Biomonitors, Marker, B.A., Breure, A.M., & Zechmeister, H.G. Elsevier Science Ltd, pp. 501-525. 

[3] Jaleel, C. A., Manivannan, P., Wahid, A., Farooq, M., Al-Juburi, H. J., Somasundaramand, R., and 

Panneerselvam, R., 2009. "Drought stress in plants: A review on morphological characteristics and 

pigments composition." International Journal of Agriculture and Biology, vol. 11, pp. 100-105.  

[4] Ahmadi, A., Emam, Y., and Pessarakli, M., 2010. "Biochemical changes in maize seedlings exposed to 

drought stress conditions at different nitrogen levels." Journal of Plant Nutrition, vol. 33, pp. 541-556.  

[5] Harb, A., Krishnam, A., Ambavaram, M. M. R., and Pereira, A., 2010. "Molecular and physiological 

analysis of drought stress in arabidopsis reveals early responses leading to acclimation in plant growth." 

Plant Physiology, vol. 154, pp. 1254-1271.  

[6] Hemanthand, K. N. V. and Devaiah, K., 2011. Plants and environment. 2nd ed. Rijeka, Croatia, pp. 1-248. 

[7] Tester, M. and Bacic, A., 2005. "Abiotic stress tolerance in grasses. From model plants to crop plants." 

Plant Physiology, vol. 137, pp. 791-793.  

[8] Bartels, D. and Souer, E., 2004. Molecular responses of higher plants to dehydration. In: Plant Responses 

to Abiotic Stress, Hirt, H. & Shinozaki, K. (Eds). BerlinHeidelberg: Springer-Verlag. 

[9] Bartels, D. and Sunkar, R., 2005. "Drought and salt tolerance in plants." Critical Reviews in Plant Sciences, 

vol. 24, pp. 23-58.  

[10] Rahimizadeh, M., Habibi, D., Madani, H., Mohammadi, G. N., Mehraban, A., and Sabet, A. M., 2007. "The 

effect of micronutrients on antioxidant enzymes metabolism in sunflower (Helianthus annusL.) under 

drought stress." HELLIA, vol. 30, pp. 167-174.  

[11] Abdollah, M., Davood, H., Mahyor, R., and Saeed, M., 2011. "Effect of drought stress on antioxidant 

enzymes activity of some cultivars." American-Eurasion J. Agric and Environ. Sci, vol. 11, pp. 782-785.  

[12] Baby, J. and Jini, D., 2011. "Development of salt stress-tolerant plants by gene manipulation of antioxidant 

enzymes." Asian J. Agric. Res., vol. 5, pp. 17-27.  

[13] Duru, M. K. C., Ike, C. C., Alisa, C. O., Udoinyang, I. E., and Edeh, P. C., 2016. "Seasonal water quality 

assessment of Nche water body in Umunchi, Isiala Mbano L.G.A of Imo State, Nigeria."  

[14] Toker, C., Gorham, J., and Cagirgan, M. L., 1998. "Assessment of response to drought stress of chickpea 

(Cicerarietinum L) lines under rained conditions." Turkish J. Agriculture and Forestry, vol. 22, pp. 615-

621.  

[15] Kafiand, M. and Mahdavi, D., 2000. Mechanism of tolerance to environment stress in plant. Mashhad, Iran: 

Ferdowsi University. 

[16] Sairamand, R. C. and Sexena, D. C., 2000. "Oxidative stress and antioxidants in Wheat genotypes: Possible 

mechanism of water stress tolerance." J. Agronomy and Crop Sci., vol. 184, pp. 55-61.  

[17] Gorbani, M., Nojavan, M., Heidariand, R., and Farboodnia, T., 2001. "Changes in soluble sugars starch and 

proteins in two cultivars of Pea under drought stress." J. Teachers Training University, Tehran, vol. 1, pp. 

38-53.  



Academic Journal of Chemistry, 2017, 2(8): 90-95 

 

95 

[18] Zhuangand, L. and Chen, Y. N., 2006. "Physiological responses of three contrasting plant species of 

groundwater level changes in aria environment." J. Integrative Plant Biol, vol. 48, pp. 520--110.  

[19] NasreEsfahani, M., Mostajeran, A., and Emtiazi, G., 2010. "The effect of drought stress on nitrogenase and 

antioxidant in nodules formed from symbiosis of chickpea with two strain of Mesorhizobiumciiceri." World 

Applied Sciences Journal, vol. 10, pp. 621-626.  

[20] Okafor, N., 1985. Aquatic and waste microbiology. Enugu, Nigeria: Fourth dimension publishers Ltd. pp. 

43-95. 

[21] Conklin, P. I., 2001. "Recent advances in the role and biosynthesis of ascorbic acid in plants." Plant Cell 

and Environ, vol. 24, p. 383.  

[22] Muruganand, K. and Harish, S. R., 2007. "Antioxidant modulation in response to heavy metal induced 

oxidative stress in Cladophor aglomerata." Indian Journal of Experimetal Biology, vol. 45, pp. 980-983.  

[23] Dere, S., Gunes, T., and Sivaci, R., 1998. "Spectrophotometric determination of chlorophyll –a, b and total 

carotenoid contents of some algae species using different solvents." Tr. J. of Botany, vol. 22, pp. 13-17.  

[24] Speckman, D. E., Stem, E. H., and Moore, S., 1958. "Automatic recording apparatus for use in the 

chromatography of amino acids." Anal. Chem., pp. 1190-1191.  

[25] AOAC (Association of Official Analytical Chemicals), 2006. "Official Method of Analysis of the AOAC. 

W. Horwitz Editor Eighteen Edition, Washington; D. C."  

[26] Lowry, O., Rosebrough, A., Far, A., and Randall, R., 1951. "Protein measurement with folin phenol 

reagent." J. Biological Chemistry, vol. 193, pp. 680-685.  

[27] Misra, H. P. and Fridorich, I., 1972. "The generation of super oxide radical during auto oxidation." The J. 

Biological Chemistry, vol. 247, pp. 6960-6969.  

[28] Paglia, D. E. and Valentine, W. N., 1987. "Studies on the quantitative and qualities characterization of 

glutathione proxidase." J. Laboratory and Clinical, Medicine, vol. 70, pp. 158-165.  

[29] Foyer, C. N. and Halliwell, B., 1976. "The presence of glutathione and glutathione reductase in 

chloroplasts: a proposed role in ascorbic acid metabolism." Plants, vol. 133, pp. 21-25.  

[30] Rao, M. V., 1992. "Cellular detoxification mechanism to determine age dependent injury in tropical plant 

exposed to SO2." Journal of Plant Physiology, vol. 140, pp. 7328-7400.  

[31] Smirnoff, N. and Wheeler, G., 2000. "Metabolism and functions of a multi-faceted molecule." Current 

Opinion in Plant Biology, vol. 3, pp. 229-235.  

[32] Wu, G., Wei, Z. K., and Shao, H. B., 2007. "The mutual responses of higher plants to environment: 

physiological and microbiological aspects." Biointerferences, vol. 59, pp. 113-119.  

[33] Li, J. M. and Jin, H., 2007. "Regulation of brassinosteroidsignalling." Trends Plant Science, vol. 12, pp. 37-

41.  

[34] Tower, G. H. N. and Harborne, J. B., 1964. Biochemistry of phenolic compounds vol. 176. London UK: 

Academic Press. pp. 249–294. 

[35] Ellnain-Wojtaszek, K. M. and Kasprzak, Z., 2001. "Flavonoid and phenolic compounds: a review." Journal 

Acta Pol Pharm, vol. 58, pp. 205-209.  

[36] Zheng, W. and Wang, S. Y., 2001. "Chemistry of phenol." Jour Agric Food Chem, vol. 49, pp. 4977- 4982.  

[37] Dai, J. and Mumper, R., 2010. "Plant phenolics: extraction, analysis and their antioxidant and anticancer 

properties." Molecules, vol. 15, pp. 7313-7352.  

[38] Cle, D., 2008. "Modulation of chlorogenic acid biosynthesis in Solanumlycopersicum; consequences for 

phenolic accumulation and UV-tolerance." Phytochemistry, vol. 69, pp. 2149-2156.  

[39] Hare, P. D. and Cress, W. A., 1997. "Metabolic implications of stress-induced proline accumulation in 

plants." Plant Growth Regul, vol. 21, pp. 79-102.  

[40] Trovato, M., Mattioliand, R., and Costantino, R., 2008. "Multiple roles of proline in plant stress tolerance 

and development." RendicontiLincei, vol. 19, pp. 325-346.  

[41] Olsen, K. M., 2010. "Identification and characterization of CYP75A31, a new flavonoid 3’5’-hydrolase, 

isolated from Solanum lycopersicum." BMC Plant Biol, vol. 10, p. 21.  

[42] Gill, S. S. and Tuteja, N., 2010. "Reactive oxygen species and antioxidant machinery in abiotic stress 

tolerance in crop plants." Plant Physiology and Biochemistry, vol. 48, pp. 909-930.  

[43] Mittler, R., 2002. "Oxidative stress, antioxidants and stress tolerance." Trends in Plant Science, vol. 7, pp. 

405-410.  

[44] Boguszewska, D., Grudkowska, M., and Zagdańska, B., 2010. "Drought responsive antioxidant enzymes in 

potato (Solanum tuberosum L.)." Potato Research, vol. 53, pp. 373-382.  

[45] Mhamdi, A., 2010. "Catalase functions in plants: a focus on Arabidopsis mutants as stress-mimic models." 

Journal of Experimental Botany, vol. 61, pp. 4107-4320.  

[46] Noctor, C. and Foyer, C. F., 2010. "A re-evolution of the ATP: NADPH budget during C3 photosynthesis. 

A contribution from nitrate assimilation and its associated respiratory activity." Journal of Experimental 

Botany, vol. 49, pp. 1895-1908.  

 

View publication statsView publication stats


