
_____________________________________________________________________________________________________ 
 
*Corresponding author: E-mail: chaiebnadiat@gmail.com; 
 
 
 

Asian Research Journal of Agriculture 
 
13(3): 43-51, 2020; Article no.ARJA.63706 
ISSN: 2456-561X 

 
 

 

 

Effects of Tillage System and Cultivation Year on 
Secondary Metabolites and Antioxidant Capacity of 

Durum Wheat under Rainfed Conditions 
 

Nadia Chaieb1,2*, Sonia Labidi3, Sourour Ayed4, Lassaad Mdellel5,  
Abdelkarim Chiab5, Faysal Ben Jeddi3 and Moncef Ben-Hammouda5 

 
1
University of Carthage, Laboratory of Agronomy, National Institute for Agronomic Research in 

Tunisia, Hedi Karray Street, 2049 Ariana, Tunisia. 
2
On Transfer from Regional Office of Agriculture Development Research Semi-Arid North West,  

B.P. 221-7100 Le Kef, Tunisia to Regional Research Centre on Horticulture and Organic Agriculture 
(CRRHAB), University of Sousse, Chott Mariem 4042, Tunisia. 

3
Laboratory of Horticultural Sciences, LR13AGR01, Carthage University, National Agronomic Institute 

of Tunisia, 43 Ave Charles Nicolle, 1082 Tunis, Mahrajène, Tunisia. 
4
University of Carthage, Laboratory of Field Crop, National Agricultural Research Institute of Tunisia, 

Hedi Karray Street,2049 Ariana, Tunisia. 
5
University of Jendouba, Laboratory of Physiology of Cereal Production, Agriculture High Graduate 

School of Kef, Boulifa, 7100 Le Kef, Tunisia. 
 

Authors’ contributions  
 

This work was carried out in collaboration among all authors. Authors NC, SL, SA, FBJ and MBH 
designed the study, performed the statistical analysis and wrote the protocol. Authors NC, SL and SA 

wrote the manuscript. Authors LM and AC installed the trials and applied necessary management 
practices. All authors read and approved the final manuscript. 

 
Article Information 

 
DOI: 10.9734/ARJA/2020/v13i330107 

Editor(s): 
(1) Dr. Afroz Alam, Banasthali University, India. 

Reviewers: 
(1) Alice Teresa Valduga, Universidade Regional Integrada do Alto Uruguai e das Missões, Brazil. 

(2) Ahmed Marroki, University of Djillali Liabes of Sidi Bel Abbès, Algeria. 
Complete Peer review History: http://www.sdiarticle4.com/review-history/63706 

 
 
 

Received 29 September 2020  
Accepted 05 December 2020 

Published 15 December 2020 
 

 

ABSTRACT 
 

One of the proposed solutions to face climate change impact and to maintain food production 
sustainability is conservation agriculture. This study tries to determinate the effect of conventional 
tillage (CT) and no tillage (NT) on secondary metabolites such as total phenolics content (TPC), 
total flavonoids content (TFC) and antioxidants capacity (DPPH %) in relation to natural 
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mycorrhization of durum wheat during the tillering stage for three cultivation years. The experiment 
was conducted in a referential farm (Krib, Siliana, North West Tunisia). The results showed that 
TPC, TFC and DPPH% were not influenced by tillage system (T). However, cultivation year (Y) had 
a significant effect on the studied parameters independently of tillage system. In addition, for the first 
cultivation year, tillage system (T) had significantly influenced the mycorrhization rate (MR%) and 
NT presented the highest mycorrhization rate (24%). DPPH% showed high significant positive 
correlations with MR% and TPC. For partial correlation based on Tillage system, high positive 
correlations were noted between DPPH%, MR% and TPC.  Considering the partial correlation 
based on cultivation year, only a significant positive correlation between TPC and TFC was 
observed. In conclusion, durum wheat quality was not affected by tillage system and there are not 
reasons against no tillage adoption in this region for a sustainable wheat production. 
 

 
Keywords:  Tillage system; cultivation year; durum wheat; secondary metabolites, antioxidants 

capacity. 
 

1. INTRODUCTION  
 

Durum wheat (Triticum turgidum Desf.) is the 
main cultivated and consumed cereal crop in 
Mediterranean area, covering up to 2/3 of total 
world production [1]. Fiber, proteins and mineral 
elements high contents of durum wheat is in 
favor of considering it as main staple food in 
human diet [2]. As well, durum wheat is the main 
ingredient to prepare the Tunisian dish 
“couscous”. However, country demand far 
exceeds the production which satisfies just 30% 
of demand. Durum wheat production is about 
68% of cereal production obtained from 46% of 
the cereal area [3]. In addition, cereal 
monoculture practices in conventional agriculture 
threaten wheat production sustainability. 
 

Around the world, conventional agriculture 
requires soils tillage twice a year before cereals 
sowing to control weed and to prevent crust 
formation. However, these practices added to 
climate change and soils vulnerability 
engendered erosion [4], soil moisture loss and 
soil organic matter reduction [5]. Consequently, 
conservation agriculture appeared such an 
alternative to conventional agriculture. Then, no 
tillage was adopted for the first time in 1999 in 
north west Tunisia under rainfed conditions.  A 
recent study of Bahri et al. [6] tried to map 
priorities zones for conventional agriculture 
adoption and designated 260000 ha of Tunisian 
agricultural area characterized by semi-arid and 
sub-humid climate.  
 
The adoption of conservation agriculture has 
resulted research to focus on its effect on several 
parameters such as growth and yield parameters 
of sowing species. A variation of no tillage effect 
on grain yield was observed [7]. Furthermore, 
research on soil demonstrated that tillage system 
could affect soil moisture, physical properties and 

organic matter [8].  Previous works related the 
tillage system effect to considered species, 
cultural practices, rainfall, environmental 
conditions and several others parameters 
interactions on the interaction between many 
others parameters [9-10]. As well, no tillage is 
acknowledged to recover soil organic matter and 
moisture, to improve soil physico-chemical 
properties and to boost biological processes 
[5,7]. Nevertheless, few research activities have 
considered the tillage effects on plant 
antioxidants composition and mycorrhization. 
This is in spite of the tillage effects observed on 
protein and gluten content [11], sucrose content 
[8] and hormone activity [12].  
 

Under normal growth conditions, oxidative stress 
is very low, while biotic and abiotic stresses 
result in an increase of oxidative stress in plant 
cells. To confront oxidative stress, plants develop 
a complex defense system based on antioxidant 
[13]. Antioxidants are substances capable of 
delaying, retarding or preventing oxidation 
processes [14]. Two classes of antioxidants were 
identified by Amarowicza and Pegg [15], primary 
antioxidants which are responsible of oxidation 
reactions inhibition and secondary antioxidants 
which react in indirect way. Phenolic compounds 
are primary antioxidants that gathered phenolic 
acids, flavonoids, lignans, stilbenes and tannins. 
Cereals antioxidants contents could vary 
according to the genotype, the environment and 
possibly genotype-environment interactions [16-
17]. Several studies tried to determinate total 
phenolics content and total flavonoids content in 
wheat due their capacity to inhibit herbivory, to 
act against UV radiation, and to reinforce plant 
defense system against insects and microbes 
[18-19]. 
 

Furthermore, no tillage system under semi-arid 
conditions results in an increase of arbuscular 
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mycorrhizal fungi (AMF) spores in soil [20]. 
Actually, a stimulation of roots-fungi symbiotic 
reaction was observed for cereals cultivated 
under no-tillage [21-23]. Thus, fungus contributes 
to water and nutrients uptake of the host plant 
whilst plant provides carbon matter [24]. 
 

This study aims to determine the effect of tillage 
system and cultivation year on total phenolic 
content, total flavonoids content and antioxidant 
capacity of durum wheat in relation to 
mycorhization during tillering stage in North West 
Tunisia. 
 

2. MATERIALS AND METHODS 
 

2.1 Trials Description 
 

This trial was installed at the referential farm for 
direct drilling (Krib, Siliana) situated in 
northwestern Tunisia (36°22'24"N; 9°10'26"E; 
elevation = 460m). Krib is characterized by 
annual precipitation of about 450 mm. It had a 
specific microclimate ranged between superior 
semi arid and sub-humid. For cultivation years, 
the annual means of temperatures and rainfall of 
the experimental site are showed in Fig. 1. The 
soil was sandy clay and relatively poor in organic 
matter (2.1%) and slightly alkaline (pH=7.6). The 
trial was installed since 1999-2000 growing 
season and the sampling was achieved in 
tillering stage for the three cultivation years 2015-
2018. The biannual crop-rotation was durum 
wheat (Triticum turgidum Desf.) cultivar ‘Karim’ 
with seeding rates (160 kg.ha-1) and faba bean 
(Vicia faba L. minor). Two tillage systems were 
tested: conventional tillage (CT) versus no-tillage 
(NT). For CT, reversible moldboard ploughing to 
30-40 cm depth was applied followed by 
secondary tillage with offset 15-20 cm and a 

direct driller was used for NT plots. For NT, 
glyphosate (3 l.ha

-1
) was applied to control 

weeds. The seeding rates of durum wheat were 
160 kg.ha-1. At sowing, durum wheat received 
100 kg.ha-1 of Di-Ammonium Phosphate. Then, 
ammonium nitrate (150 kg.ha-1) was used at 
early tillering and (150 kg.ha-1) at stem 
elongation stages. 
 

2.2 Sampling and Measurements  
 

For three cultivation years 2015-2018, a 
sampling was performed during tillering stage. 
Areal parts were dried, milled, sieved and stored 
for TPC, TFC and DPPH scavenging effects 
determination. After cleaning, roots were 
conserved in ethanol 50% to trypan blue 
coloration.  
 

2.3 Extraction 
 

Ground plant material (0.5 g) were put in 25 ml of 
methanol (80%) then shaken during 2 h and the 
solid phase was discarded using a Whatman 
filter paper. For each treatment, four extracts 
were prepared and stored until analysis. 
 
2.4 Determination of Total Phenolic 

Content (TPC) 
 
A method based on Folin–Ciocalteu reagent, 
proposed by Singleton and Rossi [25] was used 
for TPC quantification. At 720 nm, the 
spectrophotometer was used to measure 
absorbance of different extract and a blank after 
1 h. Gallic acid (GA) was used for the standard 
curve (0–1000 ppm) and TPC was expressed as 
milligram of gallic acid equivalent (GAE) per 
gram of dry weight.  

 

 
 

Fig. 1. Temperatures (°C) and rainfall (mm) recorded in the region of Krib from October to June 
during the cultvation year 2015-2018 
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2.5 Estimation of Total Flavonoid Content 
(TFC) 

 
The colorimetric method proposed by Zhishen et 
al. [26] and modified by Chaieb et al. [27] was 
used to determine TFC of durum wheat samples 
at 510 nm against a blank. Rutin was used for 
the calibration curve and TFC was expressed as 
milligram of rutin equivalents (RE) per gram of 
dry weight. 
 

2.6 DPPH Scavenging Effect 
 
Samples antiradical capacity estimation is     
based on the DPPH reduction. As DPPH is 
stable, it is generally used for samples free 
radical-scavenging ability evaluation. Thus, the 
method of Chen et al. [28] with some 
modifications was used for DPPH      
determination. For each sample, the     
methanolic extract (10 µL) was mixed with 3 mL 
of 0.06 mM DPPH in methanol. After the 
incubation step in darkness (30 min), the 
absorbance was measured at 517 nm against 
methanol blank. The DPPH radical inhibition 
percentage was calculated based on the 
expression of Maisuthisakul et al. [29], that 
below:  
 

DPPH radical scavenging capacity (%) = 
[A0-(A1-As)]/A0*100] 

 
2.7 Trypan Blue Coloration  
 
To evaluate Arbuscular Mycorrhizal Fungi (AMF) 
root colonization, for three cultivation years: from 
2015 to 2018 during tillering, 3 plants/plot were 
sampled. A KOH solution (5%) was used to 
clarify wheat roots at 90°C during 20 minutes. To 
facilitate colorant fixation, HCl (2%) solution was 
used to emerge roots during 5 min. After 
filtration, Trypan blue was used to stain roots 
based on the method described by Phillips and 
Hayman [30]. For mycorrhization rates 
calculation the method of Mc Gonigle et al. [31] 
was used. 
 

2.8 Statistical Analysis 
 
The results were statistically analysed by     
Social Sciences software (SPSS 20.0, SPSS 
Inc., Chicago, IL, USA) to identify            
treatment effects and interactions (Two-way 
MANOVA and PEARSON correlation). DUNCAN 
post hoc test was used to check differences 
between variables at the level of significance P = 
0.05. 

3. RESULTS AND DISCUSSION 
 

3.1 Secondary Metabolites 
 
3.1.1 Total phenolic content (TPC) 
 
Phenolic compounds play a major role in plant 
resistance, as they have nematicide, fungicide 
and insecticide effects. Analysis of variance of 
TPC showed that the effect of tillage system is 
no significant. While cultivation year had a 
significant effect on this parameter and the 
highest TPC was noted for the first cultivation 
year (Y1). 
 
These results are in accordance with those of 
Chaieb et al. [32] who studied two durum     
wheat genotypes under semi-arid conditions and 
found that neither tillage systems nor crop 
rotation had significant effects on TPC. In   
similar, Strake et al. [33] reported that 
management practices did not affect 
phytochemicals concentrations of wheat. On the 
contrary, Asami et al. [34] noted that 
management practices affected TPC of wheat. 
Simić et al., 2020 [35] tried to test the effect of 
tillage and cultivation year on maize and found  
that, phenolic content showed significant 
variations according to tillage system and 
growing season.  
 
3.1.2 Total flavonoid content (TFC)  
 
In cereal, flavonoids are one of the main     
groups of phenolic compounds [15].      
Therefore, analysis of variance of TFC       
showed that the effect of tillage system is no 
significant. While cultivation year had a 
significant effect on this parameter and the 
highest TPC was noted for the first cultivation 
year (Y1). 
 
These results are in agreement with those noted 
by Chaieb et al. [32] who noted that neither 
tillage system nor crop rotation had significant 
effects on TFC of two durum wheat genotypes 
cultivated under semi-arid conditions. Likewise, 
management practices did not show any 
significant effect on phytochemicals 
concentrations of wheat [33]. In contrast, others 
studies reported that management practices 
affected TFC of wheat [34].  
 

3.2 Antioxidant Capacity (DPPH) 
 
Phenolic compounds act in plant as     
antioxidants to face biotic and abiotic attacks. 
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Then, we estimated the antiradical capacity of 
the samples based on the reduction of         
DPPH. For all cultivation years, tillage         
system had no showed significant effect on 
DPPH. However, this parameter presented    
significant difference according the         
cultivation year (Y). For CT and NT, the first 
cultivation year (Y1) showed higher DPPH % 
than Y2 and Y3. 
 
In agreement to our results, Costanzo et al. [36] 
found that tillage system had no significant     
effect on antioxidants capacity of wheat. In 
contrast, many results reported that antioxidants 
capacity depends on many factors such 
environment, genotype, management practices 
and their interactions, in addition to the applied 
test and the extraction solvents [37-38]. 
Huseynova [39] reported that under stress 
conditions, an increase of antioxidants 
concentration is observed and antioxidants play 
a determinant role to protect plant against 
oxidative stress. In addition, Hai-cheng et al. [40] 
found that antioxidants concentration of winter 
wheat tillers could vary even according to tiller 
position.    
 

3.3 Mycorrhization Rate 
 
Mycorrhization is commonly known to affect    
plant chemical and biochemical composition.  
Consequently, this study tried to elucidate its 
relationship with antioxidants in durum wheat as 

affected by tillage system and    cultivation year. 
Results of durum wheat mycorrhization are 
showed in Table 1. Both tillage system (T) and 
cultivation year (Y)     had affected significantly 
mycorrhization rate (MR%). For the first 
cultivation year, CT and NT showed high 
significant difference and the highest 
mycorrhization rate was observed          for NT 
with a value of 24%. Despite of the fact that 
tillage system did no present significant effect on 
MR for the second and the third cultivation years, 
higher rates were noted for NT compared to CT. 
Negative effect of soil disturbance on MR% was 
also noted by Kabir [41]. In similar, Roldan et al. 
[42] found that NT resulted in higher level of 
mycorrhizal   propagules in the soil for maize and 
bean compared to tilled soils. Furthermore, 
mycorrhization rate of durum spring wheat       
was investigated under different tillage      
systems in Chile by Curaqueo et al. [43]. They 
noted that despite of the fact that tillage system 
had not significant effects on MR%, higher 
values were presented by NT compared to CT. In 
Algeria, an increase of durum wheat 
mycorrhization rate was observed after          
three years of NT adoption Hadj Youcef Taibi et 
al. [44]. Several studies revealed that tillage 
disturbs soils and slows their biological 
processes such as mycorrhization under CT 
versus NT [5]. Besides, climate conditions could 
affect the establishment plant-fungi symbiosis 
[45]. 

 
Table 1. Effects of tillage system on total phenolic content (TPC), total flavonoids content 

(TFC), antioxidant capacity (DPPH%) and mycorrhization rate (MR%) of durum wheat in Krib 
during 2015-2018 cultivation years 

 

 Tillage 
System 

TPC 
(mg/g–MS) 

TFC 
(mg/g–MS) 

DPPH (%) MR (%) 

CT NT CT NT CT NT CT NT 

Cultivation 
Year 

         

Year 1 
2015/16 

 11.99 ± 
1.78 
a

1
 A

2
 

12.43 
± 1.78 
a A 

9.00 ± 
2.32 
a A 

6.36 ± 
2.50 
a A 

78.54 ± 
18.04 
a A 

67.40 ± 
22.12 
a A 

6.66 ± 
1.57 
b B 

24 ± 
6.74 
a A 

Year 2 
2016/17 

 3.30 ± 
.45 
b A 

4.51 ± 
1.95 
b A 

4.33 ± 
1.80 
b A 

8.17 ± 
4.56 
a A 

47.75 ± 
3.68 
b A 

51.68 ± 
3.40 
ab A 

20.44 
± 5.06 
a A 

25.77 
± 5.79 
a A 

Year 3 
2017/18 

 5.03 ± 
.66 
b A 

5.90 ± 
.36 
b A 

9.75 ± 
1.29 
a A 

10.16 
± .60 
a A 

38.63 ± 
11.05 
b A 

29.34 ± 
2.74 
b A 

30.22 
± 8.25 
a A 

35.11 
± 5.75 
a A 

1
 In each column, values not followed by the same minuscule letter for the same treatment are significantly 

different (p=.05). 
2
 In each line, values of the same parameter not followed by the same majuscule letter are significantly different 

(p=.05) 
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3.4 Correlation between Mycorrhization 
Rate, TPC, TFC and Antioxidants 
Capacity 

 

As shown in Table 2, mycorrhization rate (MR) 
showed high significant negative correlation with 
DPPH. TPC presented high significant positive 
correlation with DPPH%. For partial correlation 
based on tillage system (Table 3, a), other 
correlations were noted. MR% showed significant 
negative correlations with DPPH%.  Highly 
significant correlations were noted between 
DPPH% and TPC. Considering the partial 
correlation based on cultivation year (Table 3, b), 
MR% had no showed significant correlations with 
the studied parameters. Total phenolic content 
(TPC) had showed significant correlation with 

TFC (r=0.667). These results are in agreement 
with those of Jaroszewska et al. [46] who found 
that mycorrhization results indecrease of 
antioxidants compounds. In contrast, Kaur and 
Garg [47] reported that mycorrhization rate is 
positively correlated to antioxidants compounds. 
Our results could be explained by the fact that 
mycorrhization rate and    antioxidants correlation 
is influenced by the environment, management 
practices and their interactions [39-40].             
These results could be explained by the fact that 
rainfall and temperatures interact with other 
environmental factors and influences secondary 
metabolites concentrations. Then, TPC, TFC and 
antioxidants vary under abiotic and biotic stress 
and consequently their correlations. 

 

Table 2. Correlation coefficients among mycorrhization rate, total phenolic content, total 
flavonoids content and antioxidants capacity of durum wheat under two different tillage 

systems in Krib for three cultivation years 2015-2018 
 

 MR%
a
 TPC TFC DPPH% 

MR% 1    
TPC -.365 1   
TFC .196 .202 1  
DPPH% -.592** .619** -.213 1 

* Significant correlation p=.05. 
** High significant correlation p=.01. 

a
MR%, mycorrhization rate; DPPH%, Antioxidants Capacity; TFC, Total Flavonoids Content; TPC, Total Phenolic 

Content 
 
Table 3. Partial correlation based on tillage system (part a) and cultivation year (part b) among 

mycorrhization rate and Total Phenolic Content, total flavonoids content and antioxidants 
capacity of durum wheat 

 

Table 3. (Part a) 
 

Tillage System MR%
a
 TPC TFC DPPH% 

MR% 1    
TPC -.463 1   
TFC .173 .193 1  
DPPH% -.596* .645** -.203 1 

* Significant correlation p=.05. 
** High significant correlation p=.01. 

aMR%, mycorrhization rate; DPPH%, Antioxidants Capacity; TFC, Total Flavonoids Content; TPC, Total Phenolic 
Content 

 

Table 3. (Part b) 
 

Cultivation Year MR%
a
 TPC TFC DPPH% 

MR% 1    
TPC .124 1   
TFC .005 .667** 1  
DPPH% -.227 .074 .088 1 

* Significant correlation p=.05. 
** High significant correlation p=.01. 

a
MR%, mycorrhization rate; DPPH%, Antioxidants Capacity; TFC, Total Flavonoids Content; TPC, Total Phenolic 

Content 
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4. CONCLUSION 
 
In this study, we aim to understand the effect of 
tillage system and cultivation year under rainfed 
conditions on secondary metabolites and 
antioxidants capacity of durum wheat and their 
relation to natural mycorrhization. The results 
showed that tillage effect on TPC, TFC and 
DPPH% of wheat is dependent of cultivation 
year. In addition, tillage system did not affect 
antioxidants concentration of wheat then the 
capacity of plant to defend itself against biotic 
and abiotic stress. As no tillage adoption did not 
negatively affect durum wheat quality such as 
secondary metabolites and antioxidants capacity. 
Then, durum wheat quality will not be a limiting 
factor to no tillage adoption and upscaling in 
North West Tunisia. This practice will permit soil 
conservation and will reinforce wheat production 
sustainability. 
 

ACKNOWLEDGEMENTS 
 
This research was realized with the collaboration 
of INGC (Institut National des Grandes Cultures, 
Tunisia). We fully thank the owner of the 
referential farm, Mr. Adnene ABDRABBOU. We 
fully acknowledge the help of Dr. Messaoud 
MARS and Dr. Faten ZAOUAY for biochemical 
analysis. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Habash DZ, Kehel Z, Nachit M. Genomic 
approaches for designing durum wheat 
ready for climate change with a focus on 
drought. Journal of Experimental Botany. 
2009;60(10):2805-2815. 

2. Buri RC, Von Reding W, Gavin MH. 
Description and characterization of wheat 
aleurone. Cereal Foods World. 2004;49: 
274-282.  

3. ONAGRI Observatoire National de 
l’Agriculture (2018).  
Available:http://www.onagri.nat.tn/uploads/
statistiques/annuaire-stat-2018.pdf 

4. Lagacherie P, Álvaro-Fuentes J, Annabi M, 
Bernoux M, Bouarfa S, Douaoui A, 
Grünberger O, Hammani A, Montanarella 
L, Mrabet R, Sabir M, Raclot D. Managing 
Med soil resources under global change: 
Expected trends and mitigation strategies. 

Regional Environmental Change. 2018;18: 
663-675. 

5. Ben-Hammouda M, M’Hedhbi K, Nasr K, 
Kammassi M. Agriculture de conservation 
et semis direct: Zone du Kef. Actes des 
12emes Journées Scientifiques sur les 
Résultats de la Recherche Agricoles. 
Hammamet-Tunisie. 2005;145-155. 

6. Bahri H, Annabi M, Cheikh M'Hamed H, 
Frija A. Assessing the long-term impact of 
conservation agriculture on wheat-based 
systems in Tunisia using APSIM 
simulations under a climate change 
context. Science of the Total Environment. 
2019;692:1223-1233. 

7. Hao X, Chang C, Conner RL, Bergen P. 
Effect of minimum tillage and crop 
sequence on crop yield and quality under 
irrigation in a southern Alberta clay loam 
soil. Soil and Tillage Research. 2001;59: 
45-55.  

8. Alvarez R, Steinbach HS. A review of the 
effects of tillage systems on some soil 
physical properties, water content, nitrate 
availability and crops yield in the Argentine 
Pampas. Soil and Tillage Research. 2009; 
104:1-15. 

9. Brennan J, Hackett R, McCabe T, Grant J, 
Fortune RA, Forristal PD. The effect of 
tillage system and residue management on 
grain yield and nitrogen use efficiency in 
winter wheat in a cool Atlantic climate. 
European Journal of Agronomy. 2014;54: 
61-69. 

10. Ercoli L, Masoni A, Mariotti M, Pampana S, 
Pellegrino E, Arduini I. Effect of preceding 
crop on the agronomic and economic 
performance of durum wheat in the 
transition from conventional to reduced 
tillage. European Journal of Agronomy. 
2017;82(Part A):125-133. 

11. Šíp V, Vavera R, Chrpová J, Kusá H, 
Růžek P. Winter wheat yield and quality 
related to tillage practice, input level and 
environmental conditions. Soil and Tillage 
Research. 2013;132:77-85. 

12. Liu Y, Sui Y, Gu D X, Chen Y, Li C, Liao Y. 
Effects of conservation tillage on grain 
filling and hormonal changes in wheat 
under simulated rainfall conditions. Field 
Crops Research. 2013;144:43-51.  

13. Shakir SK, Irfan S, Akthar  B, Rehman SU,  
Daud MK, Taimur N, Azizullah A. 
Pesticide-induced oxidative stress and 
antioxidant responses in tomato (Solanum 
lycopersicum) seedlings. Ecotoxicology. 
2018;27:919-935. 



 
 
 
 

Chaieb et al.; ARJA, 13(3): 43-51, 2020; Article no.ARJA.63706 
 
 

 
50 

 

14. Schuler P. Natural antioxidants exploited 
commercially. In: Hudson BJF, editor. 
Food antioxidants. Elsevier applied 
science London & New York; 1990. 

15. Amarowicza R, Pegg RB. Natural 
antioxidants of plant origin. In: Advances in 
Food and Nutrition Research. Elsevier Inc. 
2019;90:1-81. 

16. Yu L, Perret J, Harris M, Wilson J, Haley S. 
Antioxidant properties of bran extracts from 
“Akron” wheat grown at different locations. 
Journal of Agricultural and Food 
Chemistry. 2003;51:1566-1570. 

17. Beta T, Nam S, Dexter JE, Sapirstein HD. 
Phenolic content and antioxidant activity of 
pearled wheat and rollermilled fractions. 
Cereal Chemistry. 2005;82:390-393. 

18. Daniel O, Meier MS, Schlatter J, 
Frischknecht P. Selected phenolic 
compounds in cultivated plants: Ecologic 
functions, health implications, and 
modulation by pesticides. Environ. Health 
Perspect. 1999;107:109-114. 

19. Abdel-Aal ESM, Hucl P, Sosulski FW, Graf 
R, Gillott C, Pietrzak L. Screening spring 
wheat for midge resistance in relation to 
ferulic acid content. Journal of Agricultural 
and Food Chemistry. 2001;49:3559-3566. 

20. Celik I, Barut ZB, Ortas I, Gok M, 
Demirbas A, Tulun Y, Akpinar C. Impacts 
of differenttillage practices on some soil 
microbiological properties and crop yield 
under semi-arid Mediterranean conditions. 
International Journal of Plant Production. 
2011;5(3):237-254. 

21. Schalamuk S, Velazquez S, Chidichimo H, 
Cabello M. Fungal spore diversity of 
arbuscular Mycorrhizal fungi associated 
with spring wheat: Effects of tillage. 
Mycologia. 2006;98(1):16-22. 

22. Jansa J, Wiemken A, Frossard E. The 
effects of agricultural practices on 
arbuscular Mycorrhizalfungi. The 
Geological Society of London, Special 
Publications. 2006;266:89-115. 

23. Duponnois R, Hafidi M, Wahbi S, Sanon A, 
Galiana A, Baudoin E, Bally R. La 
symbiose mycorhizienne et la fertilité des 
sols dans les zones arides: Un outil 
biologique sous-exploité dans la 
gestiondes terres de la zone sahélo-
saharienne. In A. Dia & D. Robin (Eds.), La 
Grande Muraille Verte: Capitalisation des 
recherches et valorisation des savoirs 
locaux. Marseille: IRD. 2012;351-369. 

24. Wu QS. Arbuscular mycorrhizas and   
stress tolerance of plants                   

(Library of Congress Control Number. 
2017;936364. 

25. Singleton VL, Rossi JA. Colorimetry of total 
phenolic with phosphor-molybbdic-
phosphotungstic acid reagent. American 
Journal of Enology and Viticulture. 1965; 
16(3):144-158. 

26. Zhishen J, Mengchen T, Jiamming W. The 
determination of flavonoid contents in 
mulberry and their scavenging effects on 
superoxide radicals. Food Chemistry. 
1999;64(4):555-559. 

27. Chaieb N, González JL, López-Mesas M, 
Bouslama M, Valiente M. Polyphenols 
content and antioxidant capacity of thirteen 
faba bean (Vicia faba L.) genotypes 
cultivated in Tunisia. Food Research 
International. 2011;44:970-977. 

28. Chen Y, Wang M, Rosen RT, Ho CT. 2,2-
Diphenyl-1-picrylhydrazyl radical-
scavenging active components from 
polygonum multiflorum thunb. Journal of 
Agricultural and Food Chemistry. 1999; 
47(6):2226−2228.  

29. Maisuthisakul P, Suttajit M, 
Pongsawatmanit R. Assessment of 
phenolic content and free radical-
scavenging capacity of some Thai 
indigenous plants. Food Chemistry. 2007; 
100(4):1409−1418. 

30. Phillips JM, Hayman DS. Improved 
procedures for clearing roots and staining 
parasitic and vesicular-arbuscular 
rnycorrhizal fungi for rapid assessment of 
infection. Transactions of the British 
Mycological Society.1970;55:158-161. 

31. Mc Gonigle TP, Miller MH, Evans DG, 
Fairchild GL, Swan J. A new method which 
gives and objective measure of 
colonization of roots by vesicular 
arbuscular fungi. New Phytologist. 1990; 
115:1569-1574. 

32. Chaieb N, Rezgui M, Ayed S, Bahri H, 
Cheikh-M’hamed H, Rezgui M, Annabi M.. 
Effects of tillage and crop rotation on yield 
and quality parameters of durum wheat in 
Tunisia. Journal of Animal & Plant 
Sciences. 2020;44(2):7654-7676. 

33. Stracke BA, Eitel J, Watzl B, Mäder P, 
Rüfer CE. Influence of the production 
method on phytochemical concentrations 
in whole wheat (Triticum aestivum L.): A 
comparative study. Journal of Agricultural 
and Food Chemistry. 2009;57:10116-
10121. 

34. Asami DK, Hong YJ, Barrett DM, Mitchell 
AE. Comparison of the total phenolic and 



 
 
 
 

Chaieb et al.; ARJA, 13(3): 43-51, 2020; Article no.ARJA.63706 
 
 

 
51 

 

ascorbic acid content of freeze-dried and 
air-dried marionberry, strawberry, and corn 
grown using conventional, organic, and 
sustainable agricultural practices. Journal 
of Agricultural and Food Chemistry. 2003; 
51:1237-1241. 

35. Simić M, Dragĭcević V, Drinić SM, 
Vukadinović J, Kresović B, Tabaković M, 
Brankov M. The contribution of soil tillage 
and nitrogen rate to the quality of maize 
grain. Agronomy. 2020;10(976):1-14. 

36. Costanzo A, Amos DC, Dinelli G, 
Sferrazza RE, Accorsi G, Negri L, Bosi S. 
Performance and nutritional properties of 
einkorn, emmer and rivet wheat in 
response to different rotational position 
and soil tillage. Sustainability. 2019; 
11(6304):1-18. 

37. Mpofu A, Sapirstein HD, Beta T. Genotype 
and environmental variation in phenolic 
content, phenolic acid composition, and 
antioxidant activity of hard spring wheat. 
Journal of Agricultural and Food 
Chemistry. 2006;54:1265-1270. 

38. Zrcková M, Capouchová I, Eliášová M , 
Paznocht L, Pazderů K, Dvořák P, 
Konvalina P, Orsák M, Štěrba Z. The effect 
of genotype, weather conditions and 
cropping system on antioxidant activity and 
content of selected antioxidant compounds 
in wheat with coloured grain. Plant Soil and 
Environment. 2018;64(11):530-538. 

39. Huseynova IM. Photosynthetic 
characteristics and enzymatic antioxidant 
capacity of leaves from wheat cultivars 
exposed to drought. Biochimica et 
Biophysica Acta. 2012;1817:1516-1523.   

40. Hai-cheng X, Tie C, Zhen-lin W, Ming-rong 
H. Physiological basis for the differences of 
productive capacity among tillers in winter 
wheat. Journal of Integrative Agriculture. 
2015;14(10):1958-1970. 

41. Kabir Z. Tillage or no-tillage: Impact on 
mycorrhizae. Canadian Journal of Plant 
Science. 2004;85(1):23-29. 

42. Roldan A, Salinas-Garcia JR, Alguacil MM, 
Caravaca F. Changes in soil sustainability 
indicators following conservation tillage 
practices under subtropical maize and 
bean crops. Soil and Tillage Research. 
2007;93:273-282. 

43. Curaqueo G, Acevedo E, Cornejo P, 
Seguel A, Rubio R, Borie F. Tillage effect 
on soil organic matter mycorrhization 
hyphae and aggregates in a mediterranean 
agroecosystem. Journal of Soil Science 
and Plant Nutrition. 2010;10(1):12-21. 

44. Hadj-Youcef Taibi H, Smail-Saadoun N, 
Labidi S, Abdellaoui K, Makhlouf M, 
Laouar A, Benouaret Tagmount C, Rezki-
Sekhi L, Boukais-Belkebir A, Lounès-Hadj 
Sahraoui A. The influence of no-till farming 
on durum wheat mycorrhization in a semi-
arid region: A long-term field experiment. 
Journal of Agricultural Science. 2020; 
12(4);77-96. 

45. Nadji W, Belbekri N, Ykhlef N, Djekoun A. 
Diversity of arbuscular mycorrhizal fungi of 
durum wheat (Triticum durum Desf.) Fields 
of the East of Algeria. Journal of 
Agricultural Science. 2017;9(3):117-127. 

46. Jaroszewska A, Biel W, Telesiński A. 
Effect of mycorrhization and variety on the 
chemical composition and antioxidant 
activity of sea buckthorn berries. Journal of 
Elementology. 2018;23(2):673-684. 

47. Kaur H, Garg N. Zinc-arbuscular 
mycorrhizal interactions: Effecton     
nutrient pool, enzymatic antioxidants, and 
osmolyte synthesis in pigeonpea      
nodules subjected to Cd Stress. 
Communications in Soil Science and Plant 
Analysis; 2017. 
DOI: 10.1080/00103624.2017.1374400 

_________________________________________________________________________________ 
© 2020 Chaieb et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/63706 


