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Effect of cultivar and soil characteristics on nutritional value in
organic and conventional wheat
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Abstract

Evidence of greater nutritional value in organic crops is currently a subject of intense
debate. Our objectives in this study were to test for grain mineral concentration in 35
winter wheat cultivars in paired organic and conventional systems, and to determine
the influence of cultivar, soil characteristics and farming system on mineral
concentration. Here we report preliminary results that show that the grain mineral
concentration in organic wheat was higher for copper (Cu), magnesium (Mg),
manganese (Mn), phosphorus (P) and zinc (Zn) and lower in calcium (Ca), than the
grain mineral concentration in conventional wheat. No difference was found between
systems for iron (Fe) concentration. Cultivar was significant in determining mineral
concentration for Ca, Cu, Mg, Mn and P. Soil mineral concentration was not
responsible for grain mineral concentration, with the exception of P. The organic
wheat farming systems had higher grain mineral concentrations of Cu, Mg, Mn, P and
Zn than the conventional systems, possibly due in part to increased soil organic matter
and pH in the organic systems. Growing specific cultivars capable of exploiting
particular soil conditions may be necessary in order to optimize the nutritional value in
organic farming systems.

Introduction

While global cereal grain yields have increased dramatically since the Green
Revolution (Borlaug 1983), global food systems are not providing sufficient
micronutrients to consumers (Welch 2002). Over 40% of the world’s population is
currently micronutrient deficient, resulting in numerous health problems, inflated
economic costs borne by society, and learning disabilities for children (Sanchez and
Swaminathan 2005). Though a diversification of diet to include micronutrient rich
traditional foods is a preferred solution to these challenges, staple cereal grains are
the primary dietary source of micronutrients for much of the world’s population without
access to varied food crops (Bouis 2003).

Genetic variation among wheat cultivars have been shown to be responsible for
considerable differences in both mineral content and grain yield (Garvin et al. 2006,
Murphy et al. in review). Cropping system can also have an impact on grain mineral
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concentration and yield among wheat cultivars (L-Baeckstrom et al. 2006; Murphy et
al. 2007). We are conducting a study that compares the mineral nutrient
concentration of calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg), manganese
(Mn), phosphorus, (P), and zinc (Zn) among 35 wheat cultivars grown in both organic
and conventional systems. The objectives of this study are to compare the mineral
concentration of wheat in organic and conventional systems and to estimate the
variation in mineral content due to cultivar, soil characteristics and cropping system.

Materials and methods

Thirty-five soft white winter wheat cultivars were grown in side-by-side organic and
conventional fields in Pullman, Washington (latitude 46°73'N, longitude 117°18'W) in
the 2004-2005 and 2005-2006 growing seasons on a Palouse silt loam soil. Annual
precipitation is approximately 500 mm/year. The organic and conventional fields were
separated by buffer strips (7m minimum), though otherwise located in similar
microclimatic conditions with comparable soil properties. Cultivars were grown in a
randomized complete block design with four replicates. Samples were analyzed
simultaneously for Ca, Cu, Fe, Mg, Mn, P, and Zn using Inductively Coupled Argon
Plasma techniques. Four NIST (National Institute of Standards and Technology,
Gaithersburg, MD, USA) durum wheat standards and four acid blanks were run with
each batch of samples. Twenty soil samples from each field in each system were
randomly collected to a depth of 18-cm and pooled for analysis. Soil organic matter,
pH, and available Cu, Fe, Mg, P and Zn were determined by the University of Idaho
soil lab (additional replicates of soil samples are currently being analyzed). This study
was expanded to two locations in 2006-2007 and 2007-2008 (results not yet available)
to strengthen the statistical power of the data and increase the geographical scope of
the results to include a larger area of the wheat growing region of the Pacific
Northwest (PNW) in the US.

The organic fields in Pullman have been certified organic since 2002. The two-year
rotation in the organic systems was winter wheat/winter pea plowdown. The organic
fields were fertilized with ~40 kg/ha of N from the winter pea plowdown and
supplemented with certified organic PerfectBlend® fertilizer at the rate of 6 kg/ha each
of N, P, and K, drilled with the seed at planting. This management practice was
intended to reflect low-input, organic soft white winter wheat production in the PNW.
The conventional fields were fertilized with 100, 23 and 17 kg/ha of nitrogen,
phosphate and sulphur, respectively, and managed as a 2-year winter wheat/fallow
rotation. Seed was treated with fungicide and insecticide before planting and weed
control was accomplished with herbicide and hand weeding throughout the growing
season in the conventional systems. All plots were harvested with a Hege plot
combine with stainless steel sieves and cleaned with a Hege seed cleaner with
stainless steel sieves.

Results

Grain grown in the organic system had significantly higher levels of Cu, Mg, Mn, P and
Zn than grain grown in the conventional system. In an analysis of variance for each
mineral, only P had a significant cultivar x system interaction. Grain Ca concentration
was significantly higher in the conventional system than in the organic systems; no
significant difference between systems was found for grain Fe concentration (Tab. 1).
Cultivar was a highly significant source of variation for Ca and Mg (P<0.001) and Cu,
Mn and P (P<0.01). There were no significant genotypic differences for Fe or Zn.



Tab. 1: Mean mineral concentration (mg/kg) between organic and conventional
systems

System Ca Cu Fe Mg Mn P Zn
Organic 339 2.78* 28.6 971* 45.1* 2845* 17.1*
Conventional 349* 2.40 29.2 929 43.6 2650 15.8

* significantly higher value (P<0.05)

Soil organic matter, pH, and available soil P and N (nitrate + nitrite) were greater in the
organic systems. Available N (ammonia) Cu, Fe, Mn and Zn were greater in the
conventional system (Tab. 2). Cation exchange capacity was similar in both systems.

Tab. 2: Soil characteristics between organic and conventional systems

- N
. Cation .
System Organic Exchange pH N . (Nitrate Cu Fe Mn P Zn
Matter . (Ammonia) +
Capacity Nitrite)
(%) cmol(+)/kg (ug/g)
Organic 3.4 24 6.1 14 12 2 54 61 11 0.8
Conventional 2.4 23 5.2 32 9 24 81 81 6 1.7
Discussion

The organic grain had slight, though statistically significant, increases in the levels of
Cu, Mn and Zn over the conventional grain, despite lower concentration of these
minerals in the organic soil. Only P had greater concentration in both the grain and
the soil. Concentrations of available Cu, Mn, Zn, and Fe in the soil were greater in the
conventional system. Micronutrient availability in the soil has been shown to increase
in more acidic soils (Fageria et al. 2002). The lower soil pH in the conventional fields
may be due to the higher applications of inorganic N fertilizer and higher levels of
available soil N in the form of ammonia.

How then does the lower soil micronutrient availability in organic soils translate into
higher micronutrient concentration in organic grain? Organic matter has been shown
to positively influence available soil micronutrients (Fageria et al. 2002; Wei et al.
2006) and the organic matter was 1.0% higher in the organic systems. Additionally,
root colonization by mycorrhizal fungi can improve acquisition of Cu, Zn, Mn, and Fe
(Marshner and Dell 1994), and has been found to be greater in organic as compared
to conventional wheat cropping systems (Ryan et al. 2004). Both the increased
organic matter and the potential for greater root colonization by mycorrhizal fungi may
have played a role in the greater nutrient concentrations in grain from the organic
system.

All cultivars used in this study were in the soft white market class. Soft white wheat
represents the most important market class in the PNW and is typically used for
products where high protein content is unnecessary, including steamed bread, cookies
and sponge cakes. Within each system, cultivar was important in determining Ca, Cu,
Mg, Mn and P concentrations. This suggests that certain cultivars may be optimally
adapted to organic farming systems in a way that allows for higher grain mineral
concentration. These cultivars are likely capable of exploiting the higher organic
matter in the organic systems to achieve higher nutritional value.



Our previous results have shown that a biological trade-off between yield and mineral
concentration likely does not exist (Murphy et al. in review). Our preliminary results
from this study show several cultivars with both high yields and high concentrations of
minerals, which suggests the potential for simultaneous selection of both grain yield
and nutritional value.

Conclusions

Grain mineral concentration was higher in organic systems than conventional systems
for Cu, Mg, Mn, P and Zn. Only Ca had a higher grain concentration in conventional
systems than in organic systems. It is plausible that increased root colonization by the
mycorrhizal fungi present in organic fields with higher percent organic matter may
have resulted in enhanced uptake of soil nutrients and higher grain nutrient
concentration. This hypothesis is currently being tested. Of further interest is the
apparent ability of certain cultivars to achieve both high yields and increased
nutritional value specifically within organic fields. Mechanisms for this evident
adaptation to organic systems will be explored in greater detain in an expanded, multi-
location, multi-year continuation of this trial.
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