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ABSTRACT  
 
Aims: Conservation agriculture have been recommended as an option to mitigate climate 
change impact when practicing conventional, to ensure sustainability and food security This 
study examined the effect of conventional tillage (CT) and no tillage (NT) on mineral 
elements uptake, total phenolic content (TPC) and total flavonoid content (TFC) of barley 
Study design:  Split-plot design was applied for this study. 
Place and Duration of Study: The experiment was conducted in ESAK station (Boulifa, kef, 
North West Tunisia) during 2016/2017 cultivation year. 
Methodology: Mineral elements uptake, total phenolic content (TPC) and total flavonoid 
content (TFC) of barley were studied as affected by conventional tillage (CT) and no tillage 
(NT) for tillering and grain filling stages. 
Results: The results showed that tillage practices (T) had no significant effect on mineral 
uptake, total phenolic content and total flavonoids content under rainfed conditions. The 
stage (S) had showed significant effects on P, Ca and N amounts for both tillage practices 
when it had no effect on K amount. The interaction T x S had no significant effect on mineral 
elements concentrations and TFC. However, this interaction had affected TPC significantly. 
Phosphorous (P) showed high significant positive correlations with Ca and Na. In addition, P 
presented high significant negative correlations with TPC and TFC. For partial correlation 
based on Tillage practices, similar correlations values were noted.  Considering the partial 
correlation based on plant stages, none significant correlations had been noted.  
Conclusion: This work enlarges our knowledge on barley mineral elements uptake, TPC 
and TFC as influenced by tillage practices aiding decision makers in increasing no tillage 
adoption in Tunisia under rainfed conditions. 
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1. INTRODUCTION  
 
World population increase and food global demand evolution requires a satisfying and 
sustainable crop production. In the Mediterranean area, one of the oldest and main 
cultivated crops is barley (Hordeum vulgare L.). It is one of the most cultivated cereal in 
Tunisia, Africa and World occupying respectively 544000 ha, 5514379 ha and 4787057 ha 
and producing 478000 tonnes, 6566569 tonnes and 148478878 tonnes [1]. In Tunisia, barley 



 

  

is essentially cultivated in regions with arid and semiarid climates that present annually less 
than 400 mm of rainfall [2]. As winter fast-growing cereal, barley could be cultivated as cover 
crop for soil preservation and as a forage plant [3]. Its resistance to drought and various 
environmental stresses result in its worldwide cultivation [4]. Only 2% of cultivated barley is 
directly consumed by humans, about 65% are used for animal feed and 33% for malting [5]. 
Barley regular consumption has been related to the risk reduction of certain diseases such 
as high blood pressure [6], heart problems [7], and colonic cancer [8]. Barley mineral 
elements, proteins and fiber component are mainly recognized for barley’s health 
advantages [9].   
Besides, different classes of phytochemicals have been known in barley, and their activities 
have been noted [10]. Some of barley phytochemicals have presented health benefits such 
as flavonoids, phenolic acids, lignans, folates and sterols [11]. Phenolic compounds 
contribute to essential functions in plant reproduction and growth, and to plant defense 
system against insects, fungi and nematodes [12]. However, all along its growth, plant 
chemical and biochemical composition could fluctuate as affected by environments factors. 
Management practices such as tillage influenced nutrient content [13]. Cereals antioxidants 
contents could differ according to the environment, the genotype and probably genotype-
environment interactions [14-15]. As well, climates changes added to the problems of 
cultivars adaptation to agro-ecological zones and unbalanced socio-economic conditions 
threaten barley production sustainability. 
Commonly, farmers till their soils before sowing cereals in conventional agriculture to deal 
with weed, to prepare seedbed and to avoid crust formation Nevertheless, these practices 
added to climate change and monocultures lead to soil moisture loss and soil organic matter 
reduction [16] and erosion [17].    
Consequently, conservation agriculture emerged as a substitution to conventional 
agriculture. Then, no tillage was adopted for the first time in 1999 in North West Tunisia 
under rainfed conditions [17]. About 260000 ha of agricultural area have been designed as a 
priority for conservation agriculture adoption in Tunisian semi-arid and sub-humid regions 
[18]. 
Since the worldwide adoption of conservation agriculture, research focused on its effect on 
soil organic matter, soil physical properties, soil moisture and yield [19].  This effect is related 
to weather conditions, rainfall, crop sequence, and the interaction between many others 
factors [20-21]. These interactions could result in stability, decrease or increase of grain yield 
[22]. As well, no tillage is recognized to ameliorate soil moisture, soil physico-chemical 
properties, soil organic matter, and soil biological processes [17,19]. In contrast, few 
research activities have treated the tillage effects on grain mineral elements, total phenolic 
content and total flavonoids content. This is despite of the tillage effects remarked on protein 
and gluten content [23], hormone activity [24] and sucrose content [19] 
The main objective of this study was to determine the effect of tillage practices on some 
minerals elements uptake, total phenolic content and total flavonoid content of barley during 
tillering and grain filling stages in North West Tunisia under rainfed conditions. 
 

2. MATERIAL AND METHODS  
 
2.1 Trial Description  
 
This trial was installed at the ESAK farm (Boulifa, Kef) situated in northwestern Tunisia 
(36°07'15.50"N ; 8°43'24"E ; altitude = 524 m). Boulifa is characterized by annual 
precipitation of about 427 mm. It had a Semi arid climate. For cultivation year 2016/2017, the 
annual means of temperatures and rainfalls of the experimental site are showed in Figure 1. 
The soil was alkaline (pH=8.3) and sandy clay and relatively poor in organic matter (1.8%).  
The trial have been installed since 2010-2011 growing season and the sampling was 
achieved in tillering and grain filling stages for the cultivation year 2016-2017. The biannual 



 

  

crop-rotation was barley (Hordeum vulgare L.) cultivar ‘Rihane’ and durum wheat (Triticum 
durum L.) cultivar ‘Razzek’. 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 and barley were respectively 140 kg.ha-1 and 130 kg.ha-1. At sowing, 
cultivation received 100 kg.ha-

1
 of Di-Ammonium Phosphate. Then, ammonium nitrate (75 

kg.ha-1) was used at early tillering and (75 kg.ha-1) at stem elongation stages.  
 
2.2. Sampling and Measurements  
 
For the cultivation years 2016-2017, a sampling was performed during tillering and grain 
filling stages. Areal parts were dried, milled, sieved and stored for mineral contents, TPC and 
TFC.  
 
2.7. Mineral elements determination  
 
For mineral elements analysis,  1 g of dry sample were ashed in a muffle oven  at 600 °C for 
6h, and mineralized with HCl. Mineral elements concentrations were determinated in 
quadruplicate. Potassium, calcium and sodium concentrations were estimated using the 
flame photometry. Spectrophotometery was used to determine phosphorus concentrations 
[25]. 
 
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 removed 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, recommended by Singleton and Rossi [26] was 
used for TPC quantification. At 720 nm, the spectrophotometer was used to determinate 
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.  
 
2.5. Estimation of Total Flavonoid Content (TFC) 
 
The colorimetric method recommended by Zhishen et al. [27] and modified by Chaieb et al. 
[28] was used to measure 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. 
 
2.8. 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 =.05. 
 



 

  

3. RESULTS AND DISCUSSION 
 
3.1 Mineral Elements Contents 
 
Minerals in plant serve to sustain many phytochemical processes. Mactronutrients, such 
phosphorus, calcium and potassium are components of nucleic acids, proteins, hormones, 
phospholipids, coenzymes, adenosine triphosphate (ATP) and chlorophylls etc.  
The plant contents of phosphorus, potassium, calcium and sodium are showed in Figure 1. 
Analysis of variance revealed that tillage (T) had no significant effect on plant mineral 
composition in tillering stage neither in grain filling stage. However, higher contents of 
phosphorus, calcium and potassium were noted under NT. Plant stage (S) presented 
significant effects on P, Ca and Na contents. The interaction T x S had no significant effect 
on mineral elements contents.   
These results are in accordance with those of Chaieb et al. [29] who studied the effect of 
tillage practices on nutrient uptake and demonstrated that P, K, Ca and Na contents in 
durum wheat did not depend on tillage practices. Likewise, a study conducted by Ishaq et al. 
[30] revealed that P and K in wheat did not vary in relation to tillage practices. Besides, 
similar effects were noted for corn P and K concentrations [31].    
In contrast, Chaieb et al [32] noticed a significant effect of tillage practices on durum wheat 
mineral contents at maturity stage under semi-arid conditions. In addition, corn mineral 
contents were affected by tillage and lower concentrations were noted under NT compared 
to CT [33]. Guan et al. [34] studied maize mineral contents and found lower values for NT 
compared to CT.  
As a result of fertilizer management, nutrients low movement and crop residue, NT causes 
nutrients accumulation in the top few centimetres of soil and wherefore, a reduction of the 
plant nutrients availability [35]. 
 
 
 
 
 
 
 
 

 

 



 

  

  
 
 
Fig.1. Effect of conventionnal tillage and No tillage on phosphorus (P), potassium (K), 
calcium (Ca) and sodium (Na) contents of barley in Boulifa during 2016-2017 
cultivation year. 

 
3.2 Total Phenolic Content (TPC) 
 
Phenolic compounds have a main role in plant metabolisme and plant defense system as 
they react against nemtodes, fungi and insects attacks. As shown in figure 2, analysis of 
variance revealed that tillage did not affect significantly TPC. However, significant variability 
was noted for TPC according to growth stage and grain filling stage showed the highest 
TPC.  
These results are in accoradance with those of Chaieb et al [32] and Chaieb et al. [36] who 
studied durum wheat TPC respectively at maturity satge and tillering stage as affected by 
tillage systems and found that no significant effects were noted. In similar, Stake et al. [37] 
recorded that mangement operations did not influence wheat phytochemicals 
concentrations. In contrast, some studies reported that mangement practices influenced 
wheat TPC [38] and maize TPC [39].  
 
 



 

  

 
 
Fig.2. Effect of conventionnal tillage and No tillage on TPC of barley in Boulifa during  
2016-2017 cultivation year. 

 
3.3 Total Flavonoids Content (TFC) 
 
In cereal, flavonoids are one of the major groups of phenolic compounds [40]. Thus, analysis 
of variance of TFC found that the effect of tillage is no significant. While, growth stage 
presented a significant effect on this parameter, and grain filling stage showed the highest 
TFC.  
These results are in accoradance with those of Chaieb et al. [32] and Chaieb et al. [36] who 
studied durum wheat TFC respectively at maturity satge and tillering stage as affected by 
tillage systems and found that no significant effects were noted. In similar, Stracke et al. [37] 
recorded that mangement operations did not influence wheat phytochemicals 
concentrations. In contrast, Asami et al. [38] reported that mangement practices influenced 
wheat TFC.  



 

  

 
 
Fig.3. Effect of conventionnal tillage and No tillage on TFC of barley in Boulifa during  
2016-2017 cultivation year. 

 
3.4 Correlation among mineral contents, TPC and TFC 
 
As shown in Table 1, phosphorus (P%) showed high positive significant correlation with 
Calcium (Ca%) and sodium (Na%) respectively (r=0.902) and (r=0.935) and high negative 
significant correlation with TPC and TFC respectively (r=-0.710) and (r=-0.638). Calcium 
(Ca%) showed significant correlation with sodium (Na%), TPC and TFC respectively 
(r=0.949), (r=-0.710) and (r=-0.618). Although, significant correlations were noted among 
sodium (Na%) with TPC and TFC. Furthermore, a significant positive correlation was noted 
among TPC and TFC (r=0.593). Partial correlations presented in Table 1 (a) and Table 1 (b) 
revealed that tillage system had the main part of these correlations.   
These results are similar to those of Chaieb et al. [29] who found that P% had positive 
correlation with K% and that based on tillage practices P% presented positive significant 
correlations with Ca% and Na% for durum wheat during tillering stage. However, durum 
wheat grain had not presented any significant correlations for these parameters [32]. 
 
 
 
 
 
 
 
 



 

  

Table 1. Correlation coefficients among mineral concentrations, total phenolic content 
and total flavonoids content of barley conventional tillage versus no tillage in Boulifa 
for 2016-2017 cultivation year.   

 

 P%
a
 K% Ca% Na% TPC TFC 

P% 1      

K% .136 1     

Ca% .902
**
 .199 1    

Na% .935
**
 .220 .949

**
 1   

TPC -.710
**
 -.150 -.710

**
 -.729

**
 1  

TFC -.638
**
 -.124 -.618

*
 -.555

*
 .593

*
 1 

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

P%, phosphorus; K%, potassium; Ca%, calcium; Na%, Sodium; TPC, Total Phenolic Content; TFC, 
Total Flavonoids Content 

 
Table 2. Partial correlation based on tillage practices (part a) and growth stages (part 
b) among mineral concentrations, total phenolic content and total flavonoids content 
of barley conventional tillage versus no tillage in Boulifa for 2016-2017 cultivation 
year.   

 
 Table 2. (Part a)  

 P%
a
 K% Ca% Na% TPC TFC 

P% 1      

K% .153 1     

Ca% .902 .219 1    

Na% .935 .240 .949 1   

TPC -.750 -.096 -.753 -.771 1  

TFC -.673 -.072 -.654 -.588 .566 1 
* Significant correlation p=.05. 
** High Significant correlation p=.01. 
a
 P%, phosphorus; K%, potassium; Ca%, calcium; Na%, Sodium; TPC, Total Phenolic Content; TFC, 

Total Flavonoids Content 

 
Table 2. (Part b) 

 P%
a
 K% Ca% Na% TPC TFC 

P% 1      

K% -.138 1     

Ca% -.198 .037 1    

Na% .378 .115 .240 1   

TPC .033 -.001 .272 .011 1  

TFC -.026 .010 .258 .409 .164 1 
* Significant correlation p=.05. 
** High Significant correlation p=.01. 
a
 P%, phosphorus; K%, potassium; Ca%, calcium; Na%, Sodium; TPC, Total Phenolic Content; TFC, 

Total Flavonoids Content 



 

  

4. CONCLUSION 
 
This work is a contribution to discern the effect of tillage on mineral elements uptake, total 
phenolic content and total flavonoid content in relation to growth stage. The results revealed 
that under rainfed conditions in North West Tunisia, plant mineral uptake were more affected 
with plant stage than tillage practice. Moreover, tillage had no significant effect on total 
phenolic content and total flavonoids content which presented significant variability 
according to plant stage. These results should encourage farmers in North West Tunisia to 
adopt No tillage for barley cultivation. These practices permit to limit soil erosion in this 
region and enhance the sustainability of cereal production. 
 
 

CONSENT (WHERE EVER APPLICABLE) 
 
No applicable 
 

ETHICAL APPROVAL (WHERE EVER APPLICABLE) 
 
No applicable 

 
REFERENCES 
 
1. [1] (FAOSTAT, 2017) 
2. [2] Marzougui S, 2020. Genotype by environment interactions for yield-Related Traits in 

Tunisian Barley (Hordeum vulgare L.) accessions under a semiarid climate. Acta 
Agrobotanica. 2020; 73(4): 7344.  

3. [3] Naeem M, Mehboob N, Farooq M, Farooq S, Hussain S, Ali HM, Fussain M. Impact 
of different barley-based cropping systems on soil physicochemical properties and 
barley growth under conventional and conservation tillage systems. Agronomy. 
2021;11:8. 

4. [4] Cook AH. Barley and malt : biology, biochemistry, technology. New York: Academic 
Press. 2013. 

5. [5] Sullivan P, Arendt E, Gallagher E. The increasing use of barley and barley by-
products in the production of healthier baked goods. Trends in Food Science 
and Technology. 2013; 29:124-134. 

6. [6] Behall KM, Scholfield DJ, Hallfrisch J. Whole-grain diets reduce blood pressure in 
mildly hypercholesterolemic men and women. Journal of the American Dietetic 
Association. 2006; 106: 1445-1449. 

7. [7] Bays H, Frestedt JL, Bell M, Williams C, Kolberg L, Schmelzer W, Anderson  JW. 
Reduced viscosity Barley β-Glucan versus placebo: a randomized controlled trial of the 
effects on insulin sensitivity for individuals at risk for diabetes mellitus. Nutrition 
Metabolism 2011;8:1. 

8. [8] Finn OJ. Cancer immunology. The New England Journal of Medicine. 2008; 358: 
2704-2715. 

9. [9] Agostini S, Chiavacci E, Matteucci M, Torelli M, Pitto L, Lionetti, V. Barley beta-
glucan promotes MnSOD expression and enhances angiogenesis under oxidative 
microenvironment. Journal of Cellular and Molecular Medicine. 2015; 19:227-238. 

10. [10] Idehen E, Tang Y, Sang S. Bioactive phytochemicals in barley. Journal of food and 
drug analysis. 2017;25:148-161. 

11. [11] Malik AH. Governing grain protein concentration and composition in wheat and 
barley: use of genetic and envioronmental factors. Uppsala: Swedish University of 
Agricultural Sciences; 2012. Doctoral Thesis. 

https://www.google.tn/search?sxsrf=AOaemvIqxRi__7dMc7HaeWfa89EZil7Row:1638104739743&q=Trends+Food+Science+Technology&sa=X&ved=2ahUKEwj5pffYj7v0AhUpSfEDHT91CbcQ7xYoAHoECAIQOA
https://www.google.tn/search?sxsrf=AOaemvIqxRi__7dMc7HaeWfa89EZil7Row:1638104739743&q=Trends+Food+Science+Technology&sa=X&ved=2ahUKEwj5pffYj7v0AhUpSfEDHT91CbcQ7xYoAHoECAIQOA


 

  

12. [12] Mithöfer A, Boland W. Plant defense against herbivores: chemical aspects. Annual 
Review of Plant Biology 2012;63:431-450. 

13. [13] Buri RC, Von Reding W, Gavin MH. Description and characterization of wheat 
aleurone. Cereal Foods World. 2004;49: 274-282. 

14. [14] 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. 

15. [15] 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. 

16. [16] 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. 

17. [17] 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. 

18. [18] 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. 

19. [19] 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. 

20. [20] 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. 

21. [21] 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. 

22. [22] 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. 

23. [23] 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. 

24. [24] 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.  

25. [25] Murphy J, Riley JP. A modified single solution method for the determination of 
phosphate in natural waters. Analytica Chimica Acta. 1962;27:31-36. 

26. [26] Singleton VL, Rossi JA. (1965). Colorimetry of total phenolic with phosphor-
molybbdic-phosphotungstic acid reagent. American Journal of Enology and Viticulture. 
1965 ;16(3):144-158. 

27. [27] 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. 

28. [28] 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. 

29. [29] Chaieb N, Labidi S, Ayed S, Mdellel L, Chiab AK, Ben-Jeddi F, Ben-Hammouda M. 
Effect of tillage practicesand cultivation year on natural mycorrhization and mineral 

https://www.sciencedirect.com/science/article/pii/S0378429013000257#!
https://www.sciencedirect.com/science/article/pii/S0378429013000257#!
https://www.sciencedirect.com/science/article/pii/S0378429013000257#!


 

  

uptake of durum wheat during tillering stage under rainfed conditions. Asian Research 
Journal of Agriculture. 2020;13(3):34-42. 

30. [30] Ishaq M, Ibrahim M, Lal R. Tillage effect on nutrient uptake be wheat and cotton as 
influenced by fertilizer. Soil & Tillage Research. 2001;62:41-53. 

31. [31] Singer JW, Logsdon SD, Meek DW. Tillage and Compost Effects on Corn Growth, 
Nutrient Accumulation, and Grain Yield. Agronomy Journal. 2007;99:80-87.    

32. [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. [33]Khan AUH, Iqbal M, Islam KR. Dairy manure and tillage effects on soil fertility and 
corn yields. Bioresource Technology. 2007;98:1972-1979.  

34. [34] Guan D, Al-Kaisi MM, Zhanga Y,Duana L, Tana W, Zhanga M, Li Z. Tillage 
practices affect biomass and grain yield through regulating root growth, root-bleeding 
sap and nutrients uptake in summer maize. Field Crops Research. 2014;157:89-97.  

35. [35] Shipitalo MJ, Owens LB, Bonta JV, Edwards WM. Effect of no-till and extended 
rotation on nutrient losses in surface runoff. Soil Science Society of America Journal. 
2013;77:1329-1337. 

36. [36] Chaieb N, Labidi S, Ayed S, Mdellel L, Chiab AK, Ben-Jeddi F, Ben-Hammouda M. 
Effect of tillage system and cultivation year on secondary metabolites and antioxidant 
capacity of durum wheat under rainfed conditions. Asian Research Journal of 
Agriculture. 2020;13(3):43-51. 

37. [37] 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. 

38. [38] Asami DK, Hong YJ, Barrett DM, Mitchell AE. Comparison of the Total Phenolic 
and 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. 

39. [39] 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. 

40. [40] Amarowicza R, Pegg RB. Natural antioxidants of plant origin. In : Advances in Food 
and Nutrition Research. Elsevier Inc. 2019;90:1-81. 

 
 
 


