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ABSTRACT 6 

The sunflower has a fundamental role in the global economy, being one of the most important 7 

crops for oil production. The plants have a short growing season and it adapts well to 8 

different soil conditions and unfavorable weather. The present study aimed to evaluate the 9 

impact of drought on leaf water potential, content of photosynthetic pigments and antioxidant 10 

responses in two cultivars of sunflower. Seeds of the M735 cv. and MG2 cv. were sown in 11 

pots and four plants were maintained per pot that was arranged randomly. Plants were grown 12 

in a greenhouse, and two months after sowing, subjected to water stress: Irrigated and not 13 

irrigated. Evaluations were performed after 1, 5 and 12 days of induction the stress treatment. 14 

Significant reduction in leaf water potential at 5 and 12 days in M735 cv. and 12 days for 15 

MG2 cv., were observed. The pigment content did not differ between treatments. There was 16 

no change in antioxidant enzyme activity for the M735 cv., though the levels of H2O2 17 

increased in non-irrigated plants after 12 days. The SOD and CAT activities increased in the 18 

MG2 cv. as a function of water deficit at five and 12 days of water stress. In MG2 cv. was 19 

also observed increased levels of H2O2 and lipid peroxidation after 12 days of drought. These 20 

results suggest that the major effect of water stress can vary with sunflower cultivars. 21 

 22 
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1. INTRODUCTION 26 

Sunflower (Helianthus annuus L.) is one of the oilseed crop cultivated in different parts 27 

of the world. Moreover, its cultivation has intensified with the use of this species as raw 28 

material for biofuel production, driven by the creation of the National Biodiesel Program that 29 

has as goals the inclusion of family farming in the production of agrofuels [1]. In addition, 30 

sunflower use, due to the increase in domestic demand for edible vegetable oils of good 31 

quality and the possibility of its cultivation as the succeeding crop after corn or soybeans, 32 

allows greater use of land, machinery, and labor [2]. 33 

Despite the favorable outlook for the sunflower crop in Brazil, the occurrence of adverse 34 

weather is still a risk factor and failure, especially when grown in the off-season, more 35 

subject to variations period at edaphoclimatic conditions, in particular the soil water 36 

availability [3] and may lead to loss of production and quality grains/sunflower seeds [4]. 37 

According to Reddy et al. [5], the drought during the growing season can lead to a reduction 38 

of achenes production in the range of 15 to 25% and water stress during flowering can 39 

increase this decline upto 50%. 40 

In addition, water stress leads to changes in both morphological and physiological 41 

characteristics, such as reduction in cell growth and leaf area, increase in leaf abscission, 42 

reduced relationship between the biomass of the root to shoot, stomatal closure and reduction 43 

in net photosynthesis [6]. Depending on the intensity and duration, water deficit can induce 44 

metabolic changes, such as increased production of reactive oxygen species (ROS). Under 45 

normal conditions ROS such as superoxide anion (O2
•-), hydroxyl radical (OH•), hydrogen 46 

peroxide (H2O2) and singlet oxygen (1O2) can be produced without causing any cellular 47 

damage to the plant as intermediates in a series of metabolic reactions (signaling) and then, 48 

they are eliminated by specific agents of the antioxidant system. However, its accumulation is 49 

potentially harmful to the plant cells, causing damage to biomolecules such as DNA, RNA, 50 
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proteins and cell membranes [7]. The intensity of cell damage is determined by the ability of 51 

plants to remove ROS or minimize its effects through an antioxidant defense system, 52 

including non-enzyme compounds such as ascorbate, glutathione, flavonoids as well as 53 

enzymes such as superoxide dismutase (SOD), catalase (CAT), peroxidases (POX), ascorbate 54 

peroxidase (APX) and glutathione reductase (GR) [8,9]. 55 

One of the key points of the plants in drought conditions is the knowledge of their 56 

dependence severity of stress and tolerance of each genotype. Thus, this study was aimed to 57 

evaluate the effect of drought on leaf water potential, the content of photosynthetic pigments, 58 

and the activity of enzymes involved in the removal of ROS and cell damage in two 59 

sunflower cultivars in early stages of development for identifying possible physiological and 60 

biochemical mechanisms in response to drought. 61 

 62 

2. MATERIALS AND METHODS 63 

2.1. Plant material and growth conditions 64 

Sunflower cultivars (M735 and MG2), provided by Embrapa (Brazilian Agricultural 65 

Research Corporation) and widely grown in several regions of Brazil were used in the 66 

experiment. Seeds were sown in plastic pots with a capacity of 10 L containing soil (Planosol 67 

Haplic) as a substrate. The physicochemical characteristics of the soil were: water pH: 5.0; 68 

O.M.: 1.7%; K: 55.5 mg dm-3; P: 1.8 mg dm-3; Al: 0.9 cmolc dm-3, Ca: 1.3 cmolc dm-3; Mg: 69 

1.3 cmolc dm-3; and clay content: 18%. 70 

 After germination, the seedlings were thinned to four plants per pot, with a total of 18 71 

pots for each cultivar. Plants were watered daily and supplied with a nutrient solution 72 

containing nitrogen once per week [10] at half strength in the first two weeks, followed by the 73 

full strength at the remaining period until the beginning of the treatments. 74 
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The plants were subjected to two water regimes  at 60 days after sowing (DAS): Irrigated 75 

(I); the plants were kept irrigated daily with soil near to field capacity (10 kPa) and Not 76 

Irrigated (NI), with total suspension of irrigation. The plant cultivars were grown in a 77 

greenhouse with a mean temperature of 28.6ºC and a relative humidity of 82.3%. At harvest 78 

with 1, 5 and 12 days under water stress, three biological replicates for each cultivar in each  79 

drought treatment were taken randomly for evaluation and kept frozen (-80 ºC) until analysis. 80 

 81 

2.2. Leaf water potential  82 

The leaf water potential (ΨW maximum) was evaluated before dawn using a pressure 83 

pump type Scholander (Soilmoisture 3000 model) in a fully expanded 4th leaf from the top of 84 

each plant (three pots per treatment and cultivars).  85 

 86 

2.3. Photosynthetic pigments  87 

Chlorophyll content (a, b, and total) and carotenoids were quantified from approximately 88 

200 mg of leaf tissue after extraction with 80% acetone, as methods described by 89 

Lichtenthaler [11]. 90 

 91 

2.4. Antioxidative enzyme activity 92 

The antioxidative enzyme activities of superoxide dismutase (SOD), catalase (CAT), 93 

ascorbate peroxidase (APX) and peroxidase (POX) were determined in leaf and root tissues. 94 

Plant material (~200 mg) was ground to a powder in liquid nitrogen using a pestle and mortar 95 

with 20% polyvinylpolypyrrolidone (PVPP). The powder was homogenized in 100 mM 96 

potassium phosphate buffer (pH 7.8) containing 0.1 mM EDTA and 10 mM ascorbic acid. 97 

The homogenate was centrifuged at 12 000 g for 15 min at 4 ºC. The supernatant was 98 
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collected and used for both antioxidative enzyme activity and total protein quantification 99 

[12]. 100 

The SOD activity was estimated by enzyme's ability to inhibit the photoreduction of 101 

nitroblue tetrazolium (NBT) [13] in a reaction medium containing 100 mM potassium 102 

phosphate buffer (pH.7,8), 14 mM methionine, 0.1 uM EDTA, 75 μM NBT and 2 μM 103 

riboflavin. The absorbance was read at 560 nm in a spectrophotometer, and one unit (U) of 104 

SOD was defined as the amount of enzyme required to inhibit 50% of the NBT 105 

photoreduction. The CAT activity was monitored by the decrease in absorbance at 240 nm for 106 

2 min at 10 s intervals in a reaction medium containing 100 mM potassium phosphate buffer 107 

(pH 7.0) and 12.5 mM H2O2, incubated at 28 °C [14]. The APX activity was monitored by 108 

ascorbate oxidation rate at 290 nm for 2 min in reaction medium composed of 100 mM 109 

potassium phosphate buffer (pH 7.0), 0.5 mM ascorbic acid and 0.1 mM H2O2 incubated at 110 

28 °C [15]. The POX activity was determined according to Chance and Maehly [16], in 111 

reaction medium composed of 100 mM potassium phosphate buffer (pH 6.8), 30 mM H2O2, 112 

30 mM guaiacol and the extract enzymatic. The increase in absorbance was recorded at 420 113 

nm for 2 min. 114 

 115 

2.5. Cellular damage and oxidative metabolites 116 

Cellular damage and oxidative metabolites were estimated by measuring the levels of 117 

lipid peroxidation and hydrogen peroxide (H2O2), respectively. Extracts were obtained from 118 

200 mg of leaf and root tissues in liquid N2 and homogenized in 0.1% trichloroacetic acid 119 

(TCA) (w/v). The homogenate was centrifuged at 12 000 g for 15 min at 4 ºC. 120 

The lipid peroxidation is an indicator of oxidative stress, determined by measuring the 121 

concentration of thiobarbituric acid reactive species (TBARS) [17]. The crude extract 122 

obtained above was added to 0.5% (w/v) thiobarbituric acid (TBA) and 10% (w/v) TCA. The 123 
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TBA form red-colored complexes with low molecular weight aldehydes, such as 124 

malondialdehyde (MDA), a secondary product of the peroxidation process. The reaction 125 

medium was incubated at 95°C for 30 min followed by a rapid cooling in an ice bath and 126 

water to stop the reaction. The absorbance of TBARS formed was determined by a 127 

spectrophotometer at 535nm and 600nm and the level of peroxidation of lipids expressed in 128 

nmoles using the molar extinction coefficient of MDA (1,55 mM-1 cm-1). 129 

The H2O2 content was estimated using methods described by Sinha et al. [18]. The crude 130 

extract was added to 10 mM potassium phosphate buffer (pH 7.0) and 1M potassium iodide. 131 

Readings were taken spectrophotometry at 390 nm and H2O2 content calculated by comparing 132 

the readings with a standard curve obtained using different known concentrations of H2O2. 133 

 134 

2.6. Statistical analysis 135 

The experimental design was completely randomized with three biological replicates and 136 

the experimental unit consisted of four plants per pot, the data were interpreted independently 137 

for each cultivar comparing the water regimes in the three periods. The data were analyzed by 138 

one-way analysis of variance (ANOVA). When F was significant, the treatment means for 139 

each cultivar were compared by Tukey test (p ≤ 0.05).  140 

 141 

3. RESULTS AND DISCUSSION 142 

The suspension of irrigation induced a significant reduction in leaf water potential (ΨW) 143 

of sunflower plants (Fig. 1). For M735 cv. there was difference between irrigated treatments 144 

(I) and non-irrigated (NI) at 5 and 12 days after submission to stress (Fig. 1A), and only 12 145 

days for MG2 cv. (Fig. 1B). In the last analysis period (12 days), the ΨW for non-irrigated 146 

plants of M735 cv. reduced to -1.20 MPa, approximately 54% lower than that observed in the 147 

irrigated plants. For MG2 cv., this reduction was even greater, with ΨW of -1.72 MPa for non-148 
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irrigated plants, close to 133% lower in comparison to their control, showing greater stress on 149 

this cultivar.  150 

 151 

 152 

 153 

 154 

 155 

 156 

 157 

 158 

 159 

Figure 1. Leaf water potential (ΨW) in sunflower plants, M735 cv. (A) and MG2 cv. (B), 160 

assessed after 1, 5 and 12 days of water stress (Irrigated (I) and Non-Irrigated (NI)). Bars 161 

bearing same letter comparing the water regimes (irrigated and non-irrigated) in each period of stress do not 162 

differ by Tukey’s test (p ≤ 0.05). Values represent the mean ± SE (n=3). 163 

 164 

Evaluating drought stress in sunflower plants [19] observed similar behavior, with a 165 

proportional reduction in ΨW with increasing water stress after six days. According to Silva et 166 

al. [6], one of the first strategies to minimize water loss due to transpiration under low water 167 

potential is the stomatal closure. However, this process causes a reduction in the 168 

photosynthetic assimilation of CO2 and growth, and plant adaptation to different 169 

environmental conditions are related to photosynthetic efficiency which, in turn, is associated 170 

with the pigment content in the leaves [20].  171 

Chlorophylls and carotenoids can be used as indicative of the level of damage to plants 172 

when grown under adverse conditions, varying with the species and cultivar studied and 173 

exposure time, resulting in the loss of these pigments during stress [21]. In this study, the 174 

chlorophyll a, b and total contents did not differ significantly between treatments for M735 175 

cv. in the periods studied. For MG2 cv., differences were observed only in the first 176 
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evaluation. The carotenoid content, in turn, showed no significant variation in both sunflower 177 

cultivars (Table 1).  178 

 179 

Table 1. Levels of chlorophyll and carotenoids in sunflower plants, M735, and MG2 180 

cultivars, subjected to two water regimes: Irrigated (I) and Non-Irrigated (NI). 181 

 Period 
of 

stress 
(days) 

  Chlorophyll a   Chlorophyll b    Total chlorophyll   Carotenoids 
   .....................................................µg mg-1 MF.............................................................. 

Cultivar    I   NI    I    NI    I    NI     I     NI 

M735 

1 1,05a*   1,15a   0,35a  0,36a   1,39a   1,50a   76,89a   82,89a 

5 0,97a    0,92a   0,36a  0,33a   1,47a  1,33a   85,72a   78,17a 

12 1,11a    1,00a   0,30a  0,35a   1,26a   1,20a   74,49a   69,81a 

MG2 

1 0,91b    1,30a   0,30a  0,17b   1,21b   1,47a   68,76a   69,35a 

5 0,97a    0,92a 0,31a  0,29a   1,28a   1,21a   71,90a   70,80a 

12 0,84a    0,86a   0,29a  0,30a   1,13a   1,16a   66,99a   67,46a 

* Means followed by the same letter comparing the water regimes (irrigated and non-irrigated) in each period of 182 

stress do not differ by Tukey’s test (p ≤ 0.05). Values represent the mean ± SE (n=3). 183 

 184 

Corroborating these results, previous studies [21, 22] found that the chlorophyll content 185 

did not differ significantly in Allium schoenoprosum and sugarcane when exposed to drought, 186 

which according to the authors, indicates the absence of oxidative stress. However, in severe 187 

drought conditions, plants can present destruction of photosynthetic pigments due to 188 

oxidative damage. On the other hand, plants can protect themselves by synthesizing 189 

antioxidants compounds such as ascorbate, α-tocopherol, glutathione, and flavonoid, or by 190 

increasing antioxidant enzymes activities [22]. If the antioxidant defense mechanisms do not 191 

operate efficiently in severe stress conditions, ROS accumulation is intensified and can 192 

promote the oxidation of photosynthetic pigments, membrane lipids, proteins and nucleic 193 

acids [23]. 194 

In sunflower plants of the present study, the activity of antioxidant enzymes in leaves, for 195 

the M735 cv., did not differ significantly between irrigated and non-irrigated treatments 196 
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(Figs. 2A, C, E, and G). Although ΨW showed significant variation, reaching about 54% of 197 

reduction at 12 days in plants under water deficit in relation to irrigated (Fig. 1A), it did not 198 

reflect in an increase in antioxidant enzymes activities. Plants from MG2 cv., showed a 199 

significant difference in SOD (Fig. 2B) and CAT (Fig. 2D) activity when subjected to water 200 

stress in 5 and 12 days, with the highest activity observed in non-irrigated plants. The APX 201 

(Fig. 2F) and POX (Fig. 2H) activities showed no difference. The increased SOD and CAT 202 

enzymes activities can be justified by the significant reduction in ΨW suffered by these plants 203 

to 12 days of stress (Fig. 1B). 204 

Manivannan et al. [24] while evaluating the water stress in sunflower plants at intervals 205 

of three, six and nine days observed an increase in the SOD, CAT and APX activities in 206 

leaves and roots. We also performed antioxidative enzymes activity measurements in roots of 207 

both M375 and MG2 sunflower cultivars, however, no statistical differences were found in 208 

this tissues under water stress (data not shown).  209 

Among the enzymes involved in the removal of ROS, SOD is considered a key enzyme 210 

and generally the first line in the defense mechanism against oxidative stress [25], which 211 

catalyzes the dismutation of O2
•- into H2O2 which is the central mechanism of defense needed 212 

to prevent the formation of OH• radicals [26], known to confer tolerance to oxidative stress. 213 

The CAT is abundant in peroxisomes of C3 plants and breaks down H2O2 into H2O and O2 214 

produced mainly during photorespiration via glycolate oxidase (GO) [26]. GO may increase 215 

its activity in leaves of stressed plants to adapt themselves to water stress [27]. Thus, for 216 

sunflower plants MG2 cv. submitted to drought, the highest CAT activity can be justified for 217 

removal the H2O2 produced by SOD activity and also a possible induction of photorespiration 218 

rate occurred in these plants. 219 

Other studies have also reported an increase in the activity of antioxidant enzymes, 220 

especially SOD, CAT and APX, due to the drought, as Olea europaea [27], Carapa 221 
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guianensis [28] and Coffea arabica plants [29], featuring an efficient defense system against 222 

ROS produced in these conditions. 223 

Another important factor in antioxidant capacity is the affinity of the enzyme for the 224 

substrate. CAT has a low affinity for H2O2, being activated only when it is present at high 225 

concentrations and APX and peroxidases have a high affinity, removing it when in low 226 

concentrations in the tissues. In addition, CAT acts in peroxisomes, while APX and POX 227 

basically act in chloroplasts and cell walls, respectively [8]. 228 

 229 
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Figure 2. Antioxidant enzyme activity in leaves of sunflower cultivars M735 (A, C, E, and 277 

G) and MG2 (B, D, F and H), assessed after 1, 5 and 12 days of water stress (Irrigated (I) and 278 
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Non-Irrigated (NI)). SOD – superoxide dismutase; CAT – catalase; APX – ascorbate 279 

peroxidase; POX – peroxidases. Bars bearing the same letter comparing the water regimes (irrigated and 280 

non-irrigated) in each period of stress do not differ by Tukey’s test (p ≤ 0.05). Values represent the mean ± SE 281 

(n=3). 282 

 283 

The higher CAT activity can be related to a high concentration of H2O2 in the plant cells. 284 

When analyzing the content of this compound in the leaves of sunflower plants, we observed 285 

an increase in the production along with the period of water stress, however, a significant 286 

difference between treatments was obtained only at 12 days in the two cultivars (Fig. 3). It is 287 

noteworthy that the difference was more significant in MG2 cv. (Fig. 3B), where H2O2 288 

content in the non-irrigated plants was approximately 67% higher than irrigated plants, 289 

compared to approximately 51% between treatments in M735 cv. (Fig. 3A). These results 290 

suggest that the sunflower plants, and in particular MG2 cv. might show a high rate of 291 

photorespiration besides the H2O2 produced by the activity of SOD, leading to increased 292 

H2O2 levels, since the APX and POX enzymes did not differ between treatments.  293 

 294 
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 319 

Figure 3. Hydrogen peroxide content (H2O2) and lipid peroxidation (MDA - 320 

malondialdehyde) in leaves of sunflower cultivars M735 (A, C) and MG2 (B, D), assessed 321 

after 1, 5 and 12 days of water stress (Irrigated (I) and Non-Irrigated (NI)). Bars bearing the same 322 

letter comparing the water regimes (irrigated and non-irrigated) in each period of stress do not differ by Tukey’s 323 

test (p ≤ 0.05). Values represent the mean ± SE (n=3). 324 

  325 

 The ability to maintain the activity of SOD, CAT, and APX at high levels in 326 

environmental stress conditions is essential to keep the balance between the formation and 327 

removal of H2O2 intracellular to avoid oxidative stress [30]. If the ROS levels are not kept 328 

low, they can cause damage to cell membranes due to lipid peroxidation. The 329 

malondialdehyde (MDA) is a by-product of the peroxidation process and its accumulation is 330 

often used as an indicator of oxidative stress [31]. Although in the leaves of the M735 cv., the 331 

H2O2 content has shown significant change after 12 days, this compound did not induce 332 
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increases in lipid peroxidation in the cells during water stress (Fig. 3C). On the other hand, in 333 

MG2 cv. (Fig. 3D) was a significant increase in the MDA levels with 12 days in non-irrigated 334 

plants, which may be related to increased H2O2 content. In roots, the H2O2 levels and lipid 335 

peroxidation did not differ under water stress (data not shown). 336 

The MDA content was efficiently controlled by maintaining the SOD, CAT and APX 337 

activities under water deficit in Poa pratensis plants [32] and Cechin et al. [19] observed an 338 

increase in MDA content in young and adult plants of leaves of sunflower, also under water 339 

deficit. These authors reported that the increase in MDA levels can be correlated with an 340 

inadequate antioxidant enzymes activity of SOD and CAT, which may explain the high levels 341 

of H2O2 and lipid peroxidation observed in MG2 cv. 342 

 343 

4. CONCLUSION 344 

Water stress alters the metabolism of sunflower cultivars (M735 and MG2). However, 345 

the effect is more severe on the MG2 cv., showing to be more sensitive to 12 days of water 346 

restriction, which, even with the increase of antioxidant enzymes activities, stress leads to 347 

H2O2 accumulation and to cell membrane damage. 348 

 349 

REFERENCES 350 

1. Silva, S.S., Wanderley, J.A., Bezerra, J.M., Chaves, L.H.G., Silva, A.A.R., 2014a. 351 

Sunflower growth with levels of fluid replacement and potassium fertilization. 352 

Agropecuária Científica no Semi-Árido. 10, 104-110. 353 

2. Zobiole, L.H., Saes, C.C., Oliveira, F.A., Oliveira Júnior, A., Moreira, A., 2010. Curve of 354 

growth, nutritional status, oil content and yield of hybrid sunflower brs 191, cultivated in 355 

state of parana. Revista Brasileira de Oleaginosas e Fibrosas. 14, 55-62. 356 



15 
 

3. Backes, R. L., Souza, A.M., Balbinot Junior A.A., Gallotti, G.J.M., Bavaresco A., 2008. 357 

Agronomic performance of sunflower cultivars in two planting dates in the north plateau 358 

of Santa Catarina State. Scientia Agrária.  9, 41-48. 359 

4. Rauf, S., 2008. Breeding sunflower (Helianthus annuus L.) for drought tolerance. 360 

Communications in Biometry and Crop Science. 3, 29-44. 361 

5. Reddy, G.K.M., Dangi, K.S., Kumar, S.S., Reddy, A.V., 2003. Effect of moisture stress on 362 

seed yield and quality in sunflower, Helianthus annuus L. Journal of Oilseeds Research. 363 

20, 282-283. 364 

6. Silva, A.R.A., Bezerra, F.M.L., Lacerda, C.F., Filho, J.V.P., Freitas, C.A.S., 2013. Gas 365 

exchange in sunflower plants subjected to water deficit at different stages of growth. 366 

Revista Ciência Agronômica. 44, 86-93. 367 

7. Garg, N., Manchanda, G., 2009. ROS generation in plants: Boon or bane? Plant 368 

Biosystems. 143, 1-96. 369 

8. Jaleel, C.A., Riadh, K., Gopi, R., Manivannan, P., Ines, J., Al-Juburi, H.J., Chang-Xing, 370 

Z.,  Hong-Bo, S., Panneerselvam, R., 2009. Antioxidant defense responses: Physiological 371 

plasticity in higher plants under abiotic constraints. Acta Physiologiae Plantarum. 31, 427-372 

436. 373 

9. Cia, M.C., Guimarães, A.C.R.; Medici, L.O., Chabregas, S.M., Azevedo, R.A., 2012. 374 

Antioxidant responses to water deficit by drought-tolerant and sensitive sugarcane 375 

varieties. Annals of Applied Biology. 161, 313-324. 376 

10. Hoagland, D. R., Arnon, D. I., 1950. The water culture method of growing plants without 377 

soil. Berkeley, University of California. 378 

11. Lichtenthaler, H. K., 1987. Chlorophylls and carotenoids: Pigments of photosynthetic 379 

biomembranes. In: Packer, L.; Douce, R. Eds. Methods in Enzimology 148, 350-381. 380 



16 
 

12. Bradford, M., 1976. A rapid and sensitive method for the quantitation of microgram 381 

quantities of protein utilizing the principle of protein-dye binding. Analytical 382 

Biochemistry. 72, 248-254. 383 

13. Giannopolitis, C. N., Ries, S. K., 1977. Superoxide dismutases. I. Occurrence in higher 384 

plants. Plant Physiology. 59, 309-314. 385 

14. Azevedo, R.A., Alas, R.M., Smith, R.J., Lea, P.J., 1998. Response of antioxidant 386 

enzymes to transfer from elevated carbon dioxide to air and ozone fumigation, in the 387 

leaves and roots of wild-type and a catalase-deficient mutant of barley. Plant Physiol. 104, 388 

280-292. 389 

15. Nakano, Y., Asada, K., 1981. Hydrogen peroxide is scavenged by ascorbate specific 390 

peroxidase in spinach chloroplasts. Plant and Cell Physiology. 22, 867-880. 391 

16. Chance, B., Maehly, A. C., 1955.  Assay of catalases and peroxidases. Methods in 392 

Enzymology. 2, 764-775. 393 

17. Cakmak, I., Dragana, S., Horst, M., 1993. Activities of hydrogen peroxide-scavenging 394 

enzymes in germinating wheat seeds. Journal of Experimental Botany. 44, 127-132. 395 

18. Sinha, S., Saxena, R., Singh, S., 2005. Chromium induced lipid peroxidation the plants of 396 

Pistia stratiotes L.: Role of antioxidants and antioxidant enzymes. Chemosphere. 58, 595-397 

604. 398 

19. Cechin, I., Corniani, N., Fumis, T.F., Cataneo, A.C., 2010. Differential responses between 399 

mature and young leaves of sunflower plants to oxidative stress caused by water deficit. 400 

Ciência Rural. 40, 1290-1294. 401 

20. Ebrahimi, M., Khajehpour, M.R., Naderi, A., Majde Nassiri, B., 2014. Physiological 402 

responses of sunflower to water stress under different levels of zinc fertilizer. International 403 

Journal of Plant Production. 8, 483-504. 404 



17 
 

21. Silva, M.A., Santos, C.M., Vitorino, H.S., Rhein, A.F.L., 2014b. Photosynthetic 405 

pigments and SPAD index as descriptors of water deficit stress intensity in sugar cane. 406 

Bioscience Journal. 30, 173-181. 407 

22. Egert, M., Tevini, M., 2002. Influence of drought on some physiological parameters 408 

symptomatic for oxidative stress in leaves of chives (Allium schoenoprasum). 409 

Environmental and Experimental Botany. 48, 43-49. 410 

23. Miller, G., Suzuki, N., Ciftci-Yilmaz, S., Mittler, R., 2010. Reactive oxygen species 411 

homeostasis and signalling during drought and salinity stresses. Plant, Cell & 412 

Environment. 33, 453-67. 413 

24. Manivannan, P., Jaleel, C.A., Somasundaram, R., Panneerselvam, R., 2008.  414 

Osmoregulation and antioxidant metabolism in drought-stressed Helianthus annuus under 415 

triadimefon drenching. Comptes Rendus Biologies. 331, 418-425.   416 

25. Pompeu, G.B., Gratão, P.L., Vitorello, V.A., Azevedo, R.A., 2008. Antioxidant 417 

isoenzyme responses to nickel-induced stress in tobacco cell suspension culture. Scientia 418 

Agricola. 65, 548-552. 419 

26. Barbosa, M. R., Silva, M.M.A., Willadino, L., Ulisses, C., Camara, T.R., 2014. Plant 420 

generation and enzymatic detoxifi cation of reactive oxygen species. Ciência Rural. 44, 421 

453-460. 422 

27. Ben Ahmed, C., Ben Rouina, B., Sensoy, S., Boukhris, M., Ben Abdallah, F., 2009. 423 

Changes in gas exchange, proline accumulation and antioxidative enzyme activities in 424 

three olive cultivars under contrasting water availability regimes. Environmental and 425 

Experimental Botany. 67, 345-352. 426 

28. Costa, M. A., Pinheiro, H. A., Shimizu, E. S. C., Fonseca, F. T., Santos Filho, B.G., 427 

Moraes, F. K. C., Figueiredo, D. M., 2010. Lipid peroxidation, chloroplastic pigments and 428 



18 
 

antioxidant strategies in Carapa guianensis (Aubl.) subjected to water-deficit and short-429 

term rewetting. Trees. 24, 275-283. 430 

29. Deuner, S., Zanandrea, I., Silveira, N.M., Mesquita, A.C.; Goulart, P.F.P., Alves, J.D., 431 

2011. Stomatal behavior and components of the antioxidative system in coffee plants 432 

under water stress. Scientia Agrícola. 68, 77-85. 433 

30. Silva, E.N., Ferreira-Silva, S.L., Fontenele, A.V., Ribeiro, R.V., Viégas, R.A., Silveira, 434 

J.A.G., 2010. Photosynthetic changes and protective mechanisms against oxidative 435 

damage subjected to isolated and combined drought and heat stresses in Jatropha curcas 436 

plants. Journal of Plant Physiology. 167, 1157-1164. 437 

31. Del Rio, D., Stewart, A. J., Pellegrini, N., 2005. A review of recent studies on 438 

malondialdehyde as toxic molecule and biological marker of oxidative stress. Nutrition, 439 

Metabolism & Cardiovascular Diseases. 15, 316-328. 440 

32. Bian, S., Jiang, Y., 2009. Reactive oxygen species, antioxidant enzyme activities and gene 441 

expression patterns in leaves and roots of Kentucky bluegrass in response to drought stress 442 

and recovery. Science Horticulture. 120, 264-270. 443 


