
© 2012 "Capturing Opportunities and Overcoming Obstacles in Australian Agronomy" 
Proceedings of the 16th ASA Conference, 14-18 October  2012, Armidale, Australia. Web site www.agronomy.org.au 

1

Effects of elevated CO2 on vitamin E concentrations in grains of two wheat 
cultivars – A FACE study 
 
Sabine Tausz-Posch1, Violace A. Putri1, Saman Seneweera1, Robert Norton1, 2, Glenn Fitzgerald3, Michael 
Tausz4 

 
1 Department of Agriculture and Food Systems, The University of Melbourne, Private Bag 260, Horsham VIC 3401, Australia, Email 
sposch@unimelb.edu.au 

2 International Plant Nutrition Institute, 54 Florence St, Horsham VIC 3401, Australia 
3 Victorian Department of Primary Industries, Private Bag 260, Horsham VIC 3401, Australia 
4 Department of Forest and Ecosystem Science, The University of Melbourne, Water St, Creswick VIC 3363, Australia 
 

 
Abstract 
Vitamin E is essential for the human diet. Wheat (Triticum aestivum L.), as a basic food staple for the human 
diet, supplies not only significant amounts of dietary carbohydrates and proteins, but is also abundant in 
structurally related vitamin E compounds called tocols. While it has been shown that rising atmospheric CO2 
[CO2] decreases protein as well as macro- and micro nutrients in wheat grains, possible effects of elevated 
[CO2] (e[CO2]) on tocols have received little attention. This study compares the tocols 
(tocopherols and tocotrienol) of two wheat cultivars (Janz and Zebu) under two CO2 
levels (ambient a[CO2] ~390 ppm, e[CO2] ~550 ppm) in order to study intra-specific variability of responses 
to e[CO2]. Plants were grown within the Australian Grains Free Air Carbon Dioxide Enrichment (AGFACE) 
facility, Horsham (Victoria). Tocols of grains were analysed three weeks before and at maturity. Tocol 
concentrations were not affected by CO2 treatment. Cultivar specific differences were only found for 
tocotrienols but not for tocopherols with Zebu having significantly greater tocotrienol 
concentrations than Janz. Also, tocol concentrations decreased from early to late sampling date, except for -
tocotrienol, which increased, and -tocopherol, which did not change between sampling dates. Based on 
these findings our data suggest that rising CO2 concentrations do not impact tocol concentrations in wheat 
grains, which has positive implications for the food quality of a future climate. 
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Introduction 
Wheat is one of the three major cereal crops and provides one fifth of the total caloric input of the world’s 
population. Wheat is not only is a source of carbohydrates but it is also a significant source of proteins and 
antioxidative compounds such as Vitamin E (Shewry 2009).  
 
Vitamin E is a fat-soluble vitamin and is essential for human health (Colombo 2010).  It is exclusively 
produced by photosynthetic organisms and is therefore an essential dietary component for humans and 
animals (Hidalgo et al. 2006). Vitamin E comprises a family of structurally related compounds, called tocols, 
which are  and tocopherol and  and tocotrienol. Out of the eight tocols, -
tocopherol has the highest vitamin E activity (Hidalgo et al. 2006). It has been shown that -tocopherol from 
wheat bread and wheat germ has high bio-availability, indicating that wheat and wheat products are 
important sources of -tocopherol (Lampi et al. 2008). In fact, Gao et al. (2004) suggested increasing the 
consumption of bread and other cereal servings to six a day to meet the intake recommendations of Vitamin 
E without increasing the amount of oils and fats in the diet.  
 
The most certain factor of climate change is the rapid increase in atmospheric CO2 concentration [CO2]. 
Given that [CO2] plays a significant role for the primary metabolism of plants, direct effects of elevated 
[CO2] on plant performance have been reported. For example, it has been shown that elevated [CO2] 
enhances growth and yield of crop plants (Ainsworth and Long 2005). However, increase in biomass 
production and yield is associated with changes in the chemical composition in plants. For example, wheat 
grown under elevated [CO2], had significantly lower macro and micro nutrient concentrations as well as less 
protein concentrations in vegetative plant parts (Fangmeier et al. 1999) and in the grain (Fangmeier et al. 
1999, Erbs et al. 2010) compared to their ambient [CO2] grown counterparts. To our knowledge, there is no 
information available on how elevated CO2 affects Vitamin E in wheat grains.  
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In order to study intra-specific variability of responses to elevated [CO2] (e[CO2]),  we  compared tocol 
concentrations (tocopherols and tocotrienols) of two wheat cultivars (‘Janz’ and ‘Zebu’) under two CO2 
levels (ambient a[CO2] ~390 ppm, e[CO2] ~550 ppm). A major focus was laid on -tocopherol as it has the 
highest Vitamin E activity within the tocols. Plants were grown at the Australian Grains Free Air Carbon 
dioxide Enrichment (AGFACE) facility, Horsham (Victoria), within the Australian wheat belt. Tocols of 
grains were analysed three weeks before and at maturity. The aim of our work was to identify variation in 
Vitamin E concentrations (1) among wheat cultivars and (2) how they are affected by increased [CO2].  
 
Methods 
Plant material and growth conditions 
Janz and Zebu were grown within the 7.5 ha AGFACE facility 7 km west of Horsham, Victoria. A detailed 
description of the site and exposure set-up was provided by Mollah et al. (2009). In short, four ambient 
[CO2] and four elevated e[CO2] plots of 16 m diameter were used with elevated [CO2] plots fumigated to an 
elevated target CO2 of 550 mol mol-1. Within each plot, sub-plots (4 m x 1.5 m) of cultivars ‘Janz’ and 
‘Zebu’ were randomly allocated and sown onto flat beds on 0.27 m row spacing.  Sowing date was 27 May 
2010. Grains were sampled on 19 November 2010 and at maturity on 9 December 2010.     
 
Tocol analyses 
Tocopherols and tocotrienols were measured by HPLC according to a modified method of Tausz et al. 
(2003). 0.5±0.01 g of lyophilised and ground grain was shaken in 1ml ice-cold acetone and centrifuged at 
2°C for 2 minutes at maximum speed (10 000g; centrifuge 5415D; Eppendorf AG, Germany). The 
supernatant was collected in a cooled extra tube and the pellet was re-extracted twice for each sample. 20µl 
of the combined supernatant were subjected to an isocratic HPLC analysis using pure methanol as the 
solvent with 1ml min-1 flow. Tocopherols were detected directly by fluorometry (excitation 295 nm, 
emission 325 nm) using a Jasco FP-920 Intelligent Fluorescence Detector.   
 
Statistical analyses 
Data were analysed using SAS/STAT software. A split-plot ANOVA was conducted with CO2 treatment as 
main-plot factor as well as cultivar as sub-plot factor and time of sampling as sub-sub-plot factor. 
Homogeneity of variances was checked with the Levene’s test. Distribution of residuals was graphically 
checked for deviations from normality. 
 
Results and Discussion 
-Tocopherol, which has been related to the tocol with greatest vitamin E activity in humans (Hidalgo et al. 
2006), ranged in concentration from 10 to 16 g g-1 DW across treatments (Figure 1). This is within the 
reported range of 9.1 to 19.9 g g-1 DW of Lampi et al. (2008) who compared -tocopherol values of 130 
winter wheat cultivars.  
 
Sampling date had the greatest effect on -tocopherol, with concentrations decreasing ~20% from early 
sampling to maturity (Figure 1). Similarly, sampling date significantly affected other tocols with --
tocotrienols decreasing from early sampling date to maturity by ~30% and -tocotrienol increasing from 
early sampling date to maturity by ~50% (p-values in Table 1). These developmental-related changes were in 
good agreement with previous studies. For example, in barley, individual forms of tocopherols and 
tocotrienols accumulated with different dynamics during grain development (Falk et al. 2004) or Bramley et 
al. (2000) also reported of changing tocopherol concentrations up to 10fold for fruits and vegetables during 
the ripening process. These developmental related changes in tocols are related to their primary function to 
limit non-enzymatic lipid oxidation during seed storage, germination and early seedling development (Sattler 
et al 2004). 
 
Tocols were not affected by CO2 treatment or its interactions with cultivar or sampling date (except for a 
marginally significant CO2 effect on tocotrienol (p=0.073, data not shown) with e[CO2] grown plants 
having slightly decreased -tocotrienol values). Similarly, Tausz et al (2004) reported that -tocopherol 
concentrations in pine needles were not affected by increased [CO2]. To our knowledge, there are no studies 
available on the effects of elevated [CO2] on tocol concentrations in grains.  These results indicate that 
vitamin E supply may be maintained in a future climate with elevated [CO2].  
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Figure 1. -Tocopherol concentrations in grains of wheat cultivars ‘Zebu’ and ‘Janz’ when grown under 
elevated [CO2] or ambient [CO2]. Grains were harvested three weeks before (20/11/2010) and at maturity 
(9/12/2012). Black column: Zebu elevated [CO2], white column: Zebu ambient [CO2], grey column: Janz elevated 
[CO2], dashed column: Janz ambient [CO2]. Each column is the mean ± SE of 4 replicates.  
 
 
Table 1.  Various tocols measured in grains of two wheat cultivars when grown either at a[CO2] or e[CO2]. 
Grains were harvested three weeks prior to maturity and at maturity. Significance values for CO2, cultivar and 
sampling date and their interactions are shown. Significant effects are in bold type, ns stands for not significant.  
 
Tocols CO2  Cultivar Sampling date CO2 x 

Cultivar 
CO2 x 
Date 

Cultivar x 
Date  

CO2 x Cultivar 
x Date 

-Tocopherol ns ns 0.007 ns ns ns ns 
-Tocopherol ns ns <0.001 ns ns ns ns 
-Tocopherol ns ns ns ns ns ns ns 
Tocotrienol ns 0.004 <0.001 ns ns 0.039 ns 
ocotrienol ns 0.015 <0.001 ns ns ns ns 
 
 
Significant cultivar-specific responses were found for tocotrienols but not for tocopherols. In detail,  
tocotrienols were 15-25% greater in Zebu compared to Janz, with -tocotrienol being greatest in Zebu at 
maturity which resulted in a significant cultivar x sampling date interaction (Table 1). Large intra-specific 
variations in tocol concentrations were also found by Lampi et al. (2010) who suggested that tocopherol 
concentrations vary less among cultivars compared to tocotrienols.  
 
Conclusion 
Substantial differences in tocols between sampling dates and intra-specific variability between the studied 
cultivars were demonstrated. Elevated [CO2] marginally affected tocotrienol, whereas other measured 
tocols did not respond to elevated [CO2].  
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