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Wheat (Triticum aestivum L.) is one of the most significant food cereal in the 

world. Under natural conditions, biotic and abiotic stress factors can seriously 

endanger the plant growth and development. Fusarium head blight (FHB), 

mainly caused by F. graminearum and F. culmorum, is a disease that has 

negative effects on economy, namely on the yield and the quality of the grain. 

In this research, the activities of guaiacol peroxidase (POD), catalase (CAT), 

ascorbate peroxidase (APX) and polyphenol oxidase (PPO), as well as H2O2 

concentration and malonedialdehyde (MDA) content, were determined in 

three wheat genotypes of various resistance to FHB (“Super Žitarka”- 

sensitive; “Lucija”- moderately resistant, and “Apache”- resistant) after the 2
nd

 

and the 4
th
 day of infestation. The infected plants of “Lucija” showed higher 

POD activity compared to control after the 4
th
 day, and increased POD activity 

compared to the 2
nd

 day of infection. On the 2
nd

 day, “Apache” responded to 

pathogen by the enhanced APX activity, and higher MDA level, compared to 

the 4
th
 day of treatment when it started to decrease. Moreover, the treated 

plants of the same genotype showed the increased MDA level on the 2
nd

 day, 

unlike the untreated plants. Contrarily, H2O2 concentration in “Apache” 

showed the tendency to increase with the time of Fusarium-exposure. In 

comparison to the 2
nd

 day of treatment, PPO activity decreased in “Super 

Žitarka” on the 4
th
 day. In all genotypes at both sampling points, CAT activity 

did not change significantly under the pathogen attack. Overproduction of 

H2O2 accompanied with the increased APX activity 2 days after infection may 

lead to the conclusion that FHB tolerance of “Apache” is ensured by the earlier 

activation of the defence mechanisms. 
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Introduction 

 

Fusarium head blight (FHB) caused by Fusarium 

species is an economically important wheat 

(Triticum aestivum L.) disease that has a negative 

impact on the yield and grain quality. Moderate to 

warm temperatures in conjunction with high 

humidity during the stage of anthesis and early 

kernel development increase the possibility of 

infection (Gilbert and Tekauz, 2000). Infected 

kernels become bleached, while contaminated grains  
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are often shrivelled with the presence of mycotoxins 

that have a harmful effect on human and animal 

health (Bai and Shaner, 2004).   

In nature, plant copes with a numerous biotic and 

abiotic stresses. Biotic stresses include plant 

infestation by different pathogen elicitors or insects. 

Exposure of plants to Fusarium infection results in 

the activation of plant defence mechanisms (Nanda 

et al., 2010). These mechanisms can provide the 

efficient protection for the plant against reactive 

oxygen species (ROS) in the manner they remove 

them. ROS pool consists of H2O2, singlet oxygen 

(
1
O2), superoxide (O2

.-
) and hydroxyl (OH

.
) radicals 
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and their generation in plant cell depends on the 

environmental conditions (Thannickal and Fanburg, 

2000). Overaccumulation of ROS in plant leads to a 

disruption of the membranes’ phospholipid bilayer, 

DNA damages and protein denaturation, thereby 

affecting the physiological processes in plants 

(Dat et al., 2000; García-Limones et al., 2002). 

Under the stress exposure, plant activates an 

enzymatic antioxidative system, which includes 

catalase (CAT), ascorbate peroxidase (APX) and 

non-specific peroxidase (POD), as well as 

nonenzymatic antioxidative detoxifying enzymes 

such as polyphenol oxidase (PPO). Major role of 

PPO is to eliminate ROS using flavonoids and 

phenolics as substrates (Boeckx et al., 2015; Mayer, 

2006). There is a growing body of evidence 

suggesting that high induction of antioxidative 

enzymes in plants contributes to the pathogen 

resistance (Madadkhah et al., 2012; Racchi, 2013; 

Shahbazi et al., 2010; Sorahinobar et al., 2015). 

H2O2 has the poorest reactivity and ability to diffuse 

easily across the membranes, which distinguishes it 

from other ROS particles. One of the roles of H2O2 

under pathogen attack is to reduce the growth and 

viability of pathogen in order to restrict its entrance 

into plant (Kuźniak and Urbanek, 2000).  

The aim of this research was to explore the effect of 

Fusarium spp. in three wheat genotypes with 

different FHB resistance (“Super Žitarka”- 

sensitive; “Lucija”- moderately resistant, and 

“Apache”- resistant) after the 2
nd

 and the 4
th
 day of 

infestation by determining the activity of the 

antioxidative enzymes (APX, CAT, and POD), lipid 

peroxidation content, H2O2 level and PPO activity. 

  

Materials and methods  
 

Field trials and pathogen inoculum preparation 

 

The experiment was carried out under field conditions. 

Wheat spikes of the wheat genotypes (“Super Žitarka”, 

“Apache” and “Lucija”) were treated with a mixture of 

Fusarium graminearum and Fusarium culmorum 

(stressed plants), while the second group of plants 

were left to natural infection (control). Fusarium 

treatment was performed by spraying the spikes at 

flowering (Zadok’s scale 65) (Zadoks et al., 1974) 

using a tractor back sprinkler in the afternoon hours. 

The plants were irrigated few times during the day in 

order to maintain moisture on the ears. 

After the 2
nd

 and 4
th
 day of Fusarium treatment, 

spikes were collected and stored at -80 °C prior to 

analyses. For the antioxidative enzymes activity, 

fresh tissue (200 mg) was ground into fine powder 

by using pestle and mortar, homogenized in  

50 mmol/dm
3 

potassium phosphate buffer (pH 7.0) by 

adding 0.1 mmol/dm
3
 of ethylenediaminetetraacetic 

acid, 5 mmol/dm
3
 of ascorbate acid and 

polyvinylpolypyrrolidone (PVP), centrifuged at 

14 000 rcf for 30 min at 4 °C. From the obtained 

supernatants, the enzyme activity and the total protein 

content (Bradford, 1976) were measured. The activity 

of enzymes was expressed as  

units (U) per milligram of proteins [U mg 
-1
 proteins].  

 

Activity of antioxidative enzymes 

 

The POD activity was assayed at 470 nm following the 

method by Siegel and Galson (1967) as peroxidation of 

hydrogen peroxide with guaiacol as an electron donor. 

CAT activity was determined by the decline in 

absorbance at 240 nm (Aebi, 1984). APX activity was 

analysed by tracking the decline in absorbance of 

ascorbate at 290 nm (Nakano and Asada, 1981). PPO 

activity was estimated at 430 nm as a rate of oxidation 

of pyrogallol by the increase in absorbance  

(Raymond et al., 1993). Enzymes’ activity was 

presented as units (U) of enzyme activity per milligram 

of protein [µmol min/mg/proteins]. 

 

MDA content and H2O2 concentration 

 

For the MDA and H2O2 determination, the spikes  

(400 mg) were homogenized in 0.1%  (w/v) 

trichloroacetic acid (TCA) and centrifuged at 12 000 rcf 

for 15 min at 4 °C. The MDA content, final product of 

the lipid peroxidation, was determined according to 

protocol by Verma and Dubey (2003). 

5 % TBA in 20% TCA was added to 0.5 mL of 

supernatant, heated at 95 °C for 30 min and cooled in an 

ice bath. After centrifugation (14 000 rcf for 15 min at 

4°C), absorbance of supernatant was measured at 

532 nm and 600 nm. The data for non-specific 

absorption at 600 nm was subtracted. As a blank, the 

0.5 % TBA in 20 % TCA solution was used. The MDA 

content was calculated using the molar extinction 

coefficient as 155 mmol/dm
3
/cm. 

H2O2 concentration was determined using the protocol 

by Velikova et al. (2000).The 0.5 mL of extract was 

added to the mixture of 10 mmol/dm
3
 potassium 

phosphate buffer (pH 7.0) and 1 mol/dm
3
 KI and kept in 

darkness for 20 min. Absorbance of the mixture was 

read at 390 nm. H2O2 content was defined using a 

calibration curve obtained with H2O2 solutions ranging 

from 20 to 700 µmol/dm
3
 and expressed as millimoles 

per gram of fresh weight [mmol/gFW]. 

All results were expressed as means of five replicates 

with the corresponding standard errors. Differences 

between means were evaluated using the nonparametric 

Kruskal-Wallis test using Statistica 13 software. 
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Results and discussion 

 
In plants, increased POD and PPO activity are mostly 

related to the straightening of the cell wall in order to 

restrict the pathogen entrance (Mohammadi and Karr, 

2002; Morkunas and Gemerek, 2007). In stressed plants 

of “Apache”, POD activity increased over time  

(it was higher on the 4
th
 day  in comparison to the 2

nd
 

day of infection) (Fig. 1A). Such a delayed reaction 

could be the result of the stronger macroconidia 

colonization and penetration of the host plant cells. 

Similar result was observed in FHB-resistant wheat 

genotype “Vulkan”, in which Fusarium treated plant 

exhibited higher POD induction at a later point of 

collection (96 hai) than at 48 hai (Španić et al., 2017). 

The partially FHB-resistant genotype “Lucija” showed 

an increase in POD activity under Fusarium attack on 

the4
th
 day in regard to respective control group 

(Fig. 1A) suggesting that POD in “Lucija” is involved 

in overcoming stress injuries provoked by pathogen. 

The increase of POD activity after the 4
th
 day of 

infection was also described in tomato leaves exposed 

to Botrytis cinerea (Kużniak and Skłodowska, 2005).  

Apart from the involvement in ROS removal, the role of 

PPO is connected with non-enzymatic plant defence 

response against pathogen (Boeckx et al., 2015; 

Parveen et al., 2010; Thipyapong et al., 2004). In all 

tested genotypes, PPO activity did not show significant 

changes during time-course experiment (Fig. 1B). 

Exception was FHB-sensitive “Super Žitarka”, which 

responded to pathogen elicitor by an enhanced 

expression of PPO activity at an earlier time-point (2
nd

 

day) compared to later sampling time (4
th
 day), which 

lead us to conclusion that “Super Žitarka” activates the 

non-enzymatic antioxidative system in response 

reaction earlier. On the other hand, FHB-sensitive 

wheat cultivar “Falat” showed induction of PPO 

activity after 5 days of Fusarium stress 

(Sorahinobar et al., 2015). The same was noticed in 

roots of Fusarium-susceptible melon genotypes on the  

4
th
 day of exposure to F. oxysporum f. sp. melonis 

(Madadkhah et al., 2012).  

 

 

 

Fig. 1. Activity of POD (A), PPO (B) APX (C) and CAT (D) in ears of wheat genotypes (“Super Žitarka”, “Apache” and 

“Lucija”) infected with Fusarium spp. after 2
nd

 and 4
th

 day (C-control, T-treatment). Values are means of five replicates ±SE. 

Different capital letters indicate significantly different values (p < 0.05) among different time points and different genotypes 

under the same treatment, while different lower-case letters represent significantly different values (p < 0.05) within each 

genotype separately at same sampling point. 
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Fig. 2. H2O2 (A) and MDA content (B) in ears of wheat genotypes “Super Žitarka”, “Apache” and “Lucija”) infected with 

Fusarium spp. after 2
nd

 and 4
th

 day (C-control, T-treatment). Values are means of five replicates ±SE. Different capital letters 

indicate significantly different values (P < 0.05) among different time points and different genotypes under the same treatment, 

while different lower-case letters represent significantly different values (P < 0.05) within each genotype separately at same 

sampling point. 

 

In “Apache”, at an early time point (2
nd

 day) of 

infection, activity of APX was higher than on the 

4
th

 day (Fig. 1C) indicating that this genotype 

involved APX more in early response to Fusarium. 

The rapid APX activity under Fusarium treatment 

was also noticed in FHB-resistant wheat genotype 

“Vulkan” (Španić et al., 2017). Moreover, in 

“Apache”, H2O2 concentration (Fig. 2A) was lower 

on the 2
nd

 day of infection compared to the 4
th

 day, 

which could be the result of an increased APX 

activity suggesting that APX had an important role 

in the early ROS decomposition. The same was 

found in pea (Pisum sativum L.) - Sclerotinia 

sclerotiorum interaction (Jain et al., 2013). The 

great importance of APX in ensuring the disease 

resistance was also noticed in Avena sativa 

subjected to Puccinia coronate stress 

(Figueiró et al., 2015).  

Considering H2O2 production under stressful 

environment, “Apache” exhibited overproduction 

of H2O2 on the 4
th

 day in comparison to the 2
nd

 day 

(Fig. 2A). Higher H2O2 accumulation was found 

72 h after the infection of Fusarium tolerant-iso 

banana genotype with Fusarium oxysporum (Li et 

al., 2011). In our study, overproduction of H2O2 in 

“Apache” under pathogen stress could be the result 

of its participation in plant defence mechanisms. 

Recent reports indicate that in response to elicitor, 

plant can increase H2O2 level in order to induce the 

defence (Vranova et al., 2002) and resistant 

regulatory genes (Mittler et al., 2004).  

MDA content, final product of lipid peroxidation, 

reached higher values in Fusarium exposed plants of 

“Apache” than control plants on the2
nd

 day (Fig. 2B).  

 

Our results are similar to research by El-Zahaby et 

al. (1995) who noted increased MDA content in 

resistant variety of barely after exposure to 

powdery mildew fungi. Furthermore, in “Apache”, 

MDA content showed decline after the 4
th

 day of 

infection in regard to the 2
nd

 day (Fig. 2B). Higher 

induction of POD activity (Fig. 1A), accompanied 

with the low MDA values (Fig. 2B) on the4
th

 day 

of treatment lead us to conclusion that POD in 

“Apache” plays an important role in maintaining 

the integrity of the membranes providing thus  

FHB-resistance. This is in accordance with the 

research by Zhang et al. (2013) where peroxidase 

increased remarkably in resistant wheat variety 

compared to susceptible one. 

 

Conclusion 
 

In “Apache”, Fusarium exposure caused the most 

notable changes in activity of the antioxidative 

enzymes. Atanearlier time-point of infection 

(2
nd

 day), the same genotype activates APX in 

response to Fusarium, while POD is a part of later 

defence strategies (4
th
 day). Based on this, we can 

conclude that in “Apache”, APX and POD are 

important enzymes in providing the FHB-resistance.  

Unlike FHB-resistant “Apache”, treated plants of 

FHB-susceptible “Super Žitarka” sooner displayed 

the higher PPO activity (2
nd

 day), which refers to the 

inclusion of non-enzymatic antioxidative as a 

reaction to Fusarium stress. In all tested genotypes, 

CAT did not show appreciable changes during 

Fusarium infection, which characterized it as  

a non-specific marker in screening the FHB disease. 

a 

B 

a 

A 
a 

A 

a 

A a 

B 
a 

B 

a 

A 

a 

A 
a 

A 

a 

A 

a 

A 

a 

A 

0

50

100

150

200

250
H

2
O

2
 c

o
n

te
n

t 

(n
m

o
l 

g
-1

F
W

) 

Wheat genotypes 

2nd day 4th dayA 

a 

B 

a 

A 

a 

A 

a 

A b 

B 

a 

A a 

A a 

A 

a 

A 
a 

A ab 

A ab 

B 

0

1

2

3

4

5

6

7

8

M
D

A
 c

o
n

te
n

t 

(n
m

o
l 

g
-1

F
W

) 

Wheat genotypes 

2nd day 4th dayB 



Tihana Marček et al., / Time-course experiment of Fusarium … / Croat. J. Food Sci. Technol. / (2018) 10 (1) 58-63 

62 

Acknowledgments 

 

This work has been supported in part by the Croatian 

Science Foundation within the project HRZZ-UIP-

2014-9188. 

 

References 

 
Aebi, H. (1984): Catalase in vitro, Meth. Enzymol. 105, 

121-126. https://doi.org/10.1016/s0076-

6879(84)05016-3. 

Bai, G., Shaner, G. (2004): Management and resistance in 

wheat and barley to Fusarium head blight 1.  

Annu. Rev. Phytopathol. 42, 135–161. 

https://doi.org/10.1146/annurev.phyto.42.040803.140

340. 

Boeckx, T., Winters, A. L., Webb, K. J., Kingston-Smith, 

A. H. (2015): Polyphenol oxidase in leaves; is there 

any significance to the chloroplastic localization?  

J. Exp. Bot. 1–9. https://doi.org/10.1093/jxb/erv141. 

Bradford, M. M. (1976): A rapid and sensitive method for 

the quantitation of microgram quantities of protein 

utilizing the principle of protein-dye binding. Anal. 

Biochem. 72, 248–254. 

https://doi.org/10.1006/abio.1976.9999. 

Dat, J., Vandenabeele, S., Vranova´, E., Van Montagu, M., 

Inze´, D., Van Breusegem, F. (2000): Dual action of 

the active oxygen species during plant stress 

responses. Cell Mol. Life Sci. 57, 779–795. 

https://doi.org/10.1007/s000180050041. 

El-Zahaby, H. M., Gullner, G., Kiraly, Z. (1995): Effects 

of powdery mildew infection of barley on the 

ascorbate-glutathione cycle and other antioxidants in 

different host-pathogen interactions. Biochem. Cell 

Biol. 85, 1225–1230. https://doi.org/10.1094/phyto-

85-1225. 

Figueiró, A. A., Reese, N., Hernandez, J. L. G., Pacheco, 

M. T., Martinelli, J. A., Federizzi, L. C., Delatorre, C. 

A. (2015): Reactive oxygen species are not increased 

in resistant oat genotypes challenged by crown rust 

isolates. J. Phytopathol. 1–11. 

https://doi.org/10.1111/jph.12377. 

García-Limones, C., Hervás, A., Navas-Cortés, J. A., 

Jiménez-Díaz, R. M., Tena, M. (2002): Induction of 

an antioxidant enzyme system and other oxidative 

stress markers associated with compatible and 

incompatible interactions between chickpea (Cicer 

arietinum L.) and Fusarium oxysporum f. sp. ciceris. 

Physiol. Mol. Plant Pathol. 61, 325–337. 

https://doi.org/10.1006/pmpp.2003.0445. 

Gilbert, J., Tekauz, A. (2000): Review: recent 

developments in research on Fusarium head blight of 

wheat in Canada. Can. J. Plant. Pathol. 22(1), 1–8. 

https://doi.org/10.1080/07060660009501155. 

Jain, A., Singh, A., Singh, S., Singh, H. B. (2013): 

Microbial consortium-induced changes in oxidative 

stress markers in pea plants challenged with 

Sclerotinia sclerotiorum. J. Plant Growth Regul. 32, 

388–398. https://doi.org/10.1007/s00344-012-9307-3. 

Kużniak, E., Skłodowska, M. (2005): Fungal pathogen-

induced changes in the antioxidant systems of leaf 

peroxisomes from infected tomato plants. Planta 222, 

192–200. https://doi.org/10.1007/s00425-005-1514-8. 

Kuźniak, E., Urbanek, H. (2000): The involvement of 

hydrogen peroxide in plant responses to stresses. Acta 

Physiol. Plant. 22(2), 195–203. 

https://doi.org/10.1007/s11738-000-0076-4. 

Li, W. M., Qian, C. M., Mo, Y. W., Hu, Y. L., Xie, J. H. 

(2011): Tolerance of banana for Fusarium wilt is 

associated with early H2O2 accumulation in the roots. 

Afr. J. Biotechnol. 10, 11378–11387. 

https://doi.org/10.5897/ajmr11.298. 

Madadkhah, E., Lotfi, M., Nabipour, A., Rahmanpour, S., 

Banihashemi, Z., Shoorooei, M. (2012): Enzymatic 

activities in roots of melon genotypes infected with 

Fusarium oxysporum f. sp. melonis race 1. Sci. 

Hortic. 135, 171–176. 

https://doi.org/10.1016/j.scienta.2011.11.020. 

Mayer, A. M. (2006): Polyphenol oxidases in plants and 

fungi: going places? A review. Phytochemistry 67, 

2318–2331. 

https://doi.org/10.1016/j.phytochem.2006.08.006  

Mittler, R., Vanderauwera, S., Gollery, M., Van 

Breusegem, F. (2004): Reactive oxygen gene network 

of plant. Trends Plant Sci. 9, 490–498. 

https://doi.org/10.1016/j.tplants.2004.08.009. 

Mohammadi, M., Karr, A. (2002): α-1, 3-glucanase and 

chitinase activities in soybean root nodules. J. Plant 

Physiol. 159, 245–256. https://doi.org/10.1078/0176-

1617-00702. 

Morkunas, I., Gemerek, J. (2007): The possible 

involvement of peroxidase in defence of yellow lupin 

embryo axes against Fusarium oxysporum. Plant 

Physiol. 164, 497–506. 

https://doi.org/10.1016/j.jplph.2005.11.005. 

Nakano, Y., Asada, K. (1981): Hydrogen peroxide is 

scavenged by ascorbate - specific peroxidase in 

spinach chloroplasts. Plant Cell Physiol. 22, 867–

880. 

https://doi.org/10.1093/oxfordjournals.pcp.a076232. 

Nanda, A. K., Andrio, E. , Marino, D., Pauly, N., Dunand, 

C. (2010): Reactive oxygen species during plant-

microorganism early interactions. J. Integr. Plant 

Biol. 52 (2), 195–204. https://doi.org/10.1111/j.1744-

7909.2010.00933.x. 

Parveen, I., Threadgill, M. D., Moorby, J. M., Winters, A. 

(2010): Oxidative phenols in forage crops containing 

polyphenol oxidase enzymes. J. Agric. Food Chem. 

58, 1371–1382. https://doi.org/10.1021/jf9024294. 

Racchi, M. L. (2013): Antioxidative defenses in plants 

with attention to Prunus and 

Citrus spp.. Antioxidants 2, 340–369. 

https://doi.org/10.3390/antiox2040340. 

Raymond, J., Rakariyatham, N., Azanza, J. (1993): 

Purification and some properties of polyphenol 

oxidase from sunflower seeds.  

Phytochemistry 34 (4), 927–931. 

https://doi.org/10.1016/s0031-9422(00)90689-7. 

https://doi.org/10.1016/s0076-6879(84)05016-3
https://doi.org/10.1016/s0076-6879(84)05016-3
https://doi.org/10.1146/annurev.phyto.42.040803.140340
https://doi.org/10.1146/annurev.phyto.42.040803.140340
https://doi.org/10.1093/jxb/erv141
https://doi.org/10.1006/abio.1976.9999
https://doi.org/10.1007/s000180050041
https://doi.org/10.1094/phyto-85-1225
https://doi.org/10.1094/phyto-85-1225
https://doi.org/10.1111/jph.12377
https://doi.org/10.1006/pmpp.2003.0445
https://doi.org/10.1080/07060660009501155
https://doi.org/10.1007/s00344-012-9307-3
https://doi.org/10.1007/s00425-005-1514-8
https://doi.org/10.1007/s11738-000-0076-4
https://doi.org/10.5897/ajmr11.298
https://doi.org/10.1016/j.scienta.2011.11.020
https://doi.org/10.1016/j.phytochem.2006.08.006
https://doi.org/10.1016/j.tplants.2004.08.009
https://doi.org/10.1078/0176-1617-00702
https://doi.org/10.1078/0176-1617-00702
https://doi.org/10.1016/j.jplph.2005.11.005
https://doi.org/10.1093/oxfordjournals.pcp.a076232
https://doi.org/10.1111/j.1744-7909.2010.00933.x
https://doi.org/10.1111/j.1744-7909.2010.00933.x
https://doi.org/10.1021/jf9024294
https://doi.org/10.3390/antiox2040340
https://doi.org/10.1016/s0031-9422(00)90689-7


Tihana Marček et al., / Time-course experiment of Fusarium … / Croat. J. Food Sci. Technol. / (2018) 10 (1) 58-63 

63 

Shahbazi, H., Aminian, H., Sahebani, N., Halterman, D. A. 

(2010): Biochemical evaluation of resistance 

responses of potato to different isolates of Alternaria 

solani. Phytopathology 100, 454–459. 

https://doi.org/10.1094/phyto-100-5-0454. 

Siegel, B. Z., Galston, W. (1967): The isoperoxidases of 

Pisum sativum. Plant Physiol. 42, 221–226. 

https://doi.org/10.1104/pp.42.2.221. 

Sorahinobar, M., Niknamm, V., Ebrahimzadeh, H., 

Soltanloo, H. (2015): Differential antioxidative 

responses of susceptible and resistant wheat cultivars 

against Fusarium head blight, Intl. J. Farm. & Alli. 

Sci. 4 (3), 239–243. 

https://doi.org/10.1080/07060661.2017.1379442. 

Španić, V., Viljevac Vuletić, M., Abičić, I., Marček, T. 

(2017): Early response of wheat antioxidant system 

with special reference to Fusarium head blight stress. 

Plant Physiol. Biochem. 115, 34–43. 

https://doi.org/10.1016/j.plaphy.2017.03.010. 

Thannickal, V. J., Fanburg, B. L. (2000): Reactive oxygen 

species in cell signalling. Am. J. Physiol. 279 (6), 

1005–1028. https://doi.org/10.1007/0-306-48412-

9_16. 

Thipyapong, P., Hunt, M. D., Steffens, J. C. (2004): 

Antisense downregulation of polyphenol oxidase 

results in enhanced disease susceptibility. Planta 220, 

105–117. https://doi.org/10.1007/s00425-004-1330-6. 

Verma, S., Dubey, R. S. (2003): Leads toxicity induces 

lipid peroxidation and alters the activities of 

antioxidant enzymes in growing rice plants. Plant 

Sci. 164, 645–655. https://doi.org/10.1016/s0168-

9452(03)00022-0. 

Vranova, E., Inze, D., Van Breugsegem, F. (2002): Signal 

transduction during oxidative stress.  

J. Exp. Bot. 53, 1227–

1236.https://doi.org/10.1093/jexbot/53.372.1227. 

Zadoks, J. C., Chang, T. T., Konzac, F. C. (1974): A 

decimal code for the growth stages of cereals. Weed 

Res. 14, 415–421. https://doi.org/10.1111/j.1365-

3180.1974.tb01084.x. 

Zhang, P., Zhou, M. P., Zhang, X., Huo, Y., Ma, H. X. 

(2013): Change of defensive-related enzyme in wheat 

crown rot seedlings infected by Fusarium 

graminearum. Cereal Res. Commun. 41, 431–439. 

https://doi.org/10.1556/crc.2013.0014.

 

https://doi.org/10.1094/phyto-100-5-0454
https://doi.org/10.1104/pp.42.2.221
https://doi.org/10.1080/07060661.2017.1379442
https://doi.org/10.1016/j.plaphy.2017.03.010
https://doi.org/10.1007/0-306-48412-9_16
https://doi.org/10.1007/0-306-48412-9_16
https://doi.org/10.1007/s00425-004-1330-6
https://doi.org/10.1016/s0168-9452(03)00022-0
https://doi.org/10.1016/s0168-9452(03)00022-0
https://doi.org/10.1093/jexbot/53.372.1227
https://doi.org/10.1111/j.1365-3180.1974.tb01084.x
https://doi.org/10.1111/j.1365-3180.1974.tb01084.x
https://doi.org/10.1556/crc.2013.0014

