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ABSTRACT

The effects of straw removal from fields undergated wheat and barley on soil
properties has become a potential concern in Iddte. demand of straw for animal bedding
and feed, and the potential development of celiclethanol production will likely increase in
the future. This paper reviews published reseassiessing the effects of wheat and barley straw
removal on soil organic carbon (SOC), and analgh@siges in nutrient cycling within wheat
and barley production systems. Six studies congp&@C changes with time in irrigated
systems in which wheat was removed or retainecesé@Istudies indicate that reductions in SOC
due to removal may not be a concern. Soil OC eitiweased with time or remained constant
when residues were removed. It is possible thatvimgiound biomass is supplying C to soils at a
rate sufficient to maintain or in some cases, sjJantrease SOC with time. A separate research
review calculated the minimum aboveground resiéggired to maintain SOC levels from nine
wheat system studies. Eight of the studies weykand production systems. The grain yields
required to produce sufficient above ground biontageaintain SOC levels ranged from 9 to
122 bu acré for wheat and 14 to 185 bu acrr barley. Wheat straw contains approximately
15, 3.4, and 33 Ibs nitrogen (N), phosphorugp and potassium (O) tor’, respectively.
Barley straw contains approximately 12, 3.9, andb38\, ROs, and KO ton?, respectively.

The calculated total economic value of the pDF and KO in one ton of wheat and barley
straw is $17.91 and $18.18, respectively, baseaverage nutrient costs in the Pacific
Northwest in 2007. Rotations including wheat aaddy in the irrigated agriculture of Idaho
and many other states in the Pacific Northwestrareh different than what was reported in the
reported studies. There is very little reportethdhat can be directly related the irrigated
rotations in Idaho that include wheat or barley filly understand the impacts of crop residue
removal from soils in Idaho, research projects rtedak conducted on crop rotations that
include wheat and barley under irrigated conditionslaho. Otherwise the best data available
for dissemination is from research conducted ifedght environments and systems.

INTRODUCTION

Several factors have led to concerns regardinggdsaim residue cycling in some crop
production systems. These factors include remaivsiraw from grain fields for animal bedding
and feed, increased costs of fertilizers and fuad, the potential development of cellulosic-based
ethanol production. Crop residue cycling in s@lsnportant because residues are a major
supply of nutrients (N, P, and K) and organic carf@C) to soils. A plethora of reported
research demonstrates the role of SOC in the plaihsystem. Organic C positively impacts
soil fertility, soil structure, water infiltratiorwater holding capacity, reduces compaction, and
sustains microbial life in soils (Wilhelm et alQ@7; Tisdale et al., 1993).

Idaho produces 4.5% (8.33 million tons) and 20.8%8& million tons) of the total wheat
and barley straw in the U.S., respectively. Thaaled for straw in Idaho and neighboring states
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for animal bedding is great and the potential tdufe cellulosic ethanol production will increase
the demand. Understanding the effects of stravovatron SOC and nutrient dynamics in soil
systems is important in assessing the sustainabflithese systems where residues are removed.
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However, when comparing the SOC over time, SOC
in both the Rl and RR treatments tended to increasetime.



In the study conducted by Bahrani et al. (200rdtwas a trend for higher SOC in the 0
to 12 in soil depth under the RI treatment thanRRetreatment three years after initiation of the
study. The SOC did not decline over time regardiéssesidue management treatment.

Undersander and Reiger (1985) did not show angmdifice in SOC between residue
management treatments (residue burned [RB], RRR&nth 1967, 1973, or 1980. The average
SOC for all treatments in 1967, 1973, or 1980 was I1.4, and 12.2 g Kgn the 0 to 6 in
depth, and 6.6, 7.1, and 6.6 g'kig the 6 to 12 in soil depth, respectively. le thto 6 in soil
depth, the averaged SOC across all residue managéneatments in 1973 and 1980 (11.1 and
12.2 g kg, respectively) were significantly higher than 8@C in 1967 (7.5 g k). However,
in the 6 to 12 in depth there was no increase i€ $@r time.

Curtin and Fraser (2003) showed no difference tal t8OC between residue
management treatments at the end of their 6-yadystFollett et al. (2005) found an increase in
SOC inthe 0 to 12 in depth over 5 years for alhtments at an optimum N application rate. The
SOC in the WC-RI (wheat corn rotation, residue mpooated) and WC-RB (wheat corn rotation,
residue burned) treatments were not different.

The maintenance and increases in SOC over time ves&iue was removed in these
studies are noteworthy and likely result from bedosund plant and microbial biomass
contributions. The contribution of belowground glaiomass to SOC was not measured in these
studies. Understanding the contribution of belawagd biomass to SOC is hard to quantify and
this can be seen by the variation of values redarte¢he literature. However, the literature
agrees that underground biomass is a significanteaf OC to soils. Molina et al. (2001)
estimated that 24% of the net C fixed by corn igad@ted in the soil from belowground biomass.
Kmock et al. (1957) reported that the mass of bglownd root biomass from plants is similar to
the aboveground residue. Gale and Cambardell@®§2060nd that roots contribute a greater
amount of C to the soil C pool than abovegroundites.

Minimum Aboveground Crop Residue Inputs to Maintain Soil Organic Carbon

Johnson et al (2006) determined the minimum ab@uegt crop residue requirements to
maintain SOC levels (MSC) in soils from severarhiture reports. Most of these studies were
conducted under rain-fed systems in environmentr@tater inputs from precipitation are
variable. Under irrigation, above and belowgrourahiass production is stabilized at a high
level as long as other management practices (iteent and pest management) are adequate.
Because of the potential variation in crop bionm@ssluction under a rain-fed environment,
changes in SOC and other soil properties undeffegienvironments can be different than
under irrigation.

The MSC values from Johnson et al. (2006) for wineat utilized to determine the
amount of residue that could be harvested at vaileels of grain yield (Figure 1).

Nutrient Content and Economic Value of Wheat and Barley Straw
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Comparisons of the nutrient content per unit massraw between values calculated for
Idaho using the USDA-NASS and the NRCS Plant Natrizatabase (2008) and an extension
article authored by Greg Schwab (Washington Staigdydsity) are shown in Table 2. The
differences in values are due to differences iratlerage nutrient contents of the straws used in
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Figure 1. Estimated quantities of wheat and badsjdue that could be harvested while

the calculations. The economic
values are based on average N,
P,Os, and KO fertilizer costs of
$0.53, $0.45, and $0.26 per Ib,
respectively (average costs for
these nutrients in 2007). This
gives a nutrient value of $17.91
and $18.18 per ton of straw for
wheat and barley, respectively
(Table 3). Itis important that
people using the values in Tables
2 and 3 understand that the values
are based on estimated production
and average nutrient contents over
a wide range of wheat and barley
varieties. Actual nutrient
concentrations in wheat and
barley may vary from the
calculated values presented in this
review. However, the table

values are a good tool for an

initial assessment of potential
nutrient removal.

Nutrient mass and
economic value estimates from
Tables 2 and 3 are based on 100%
straw removal. When straw is
baled and removed, lower
amounts of straw and nutrients
will be exported from the field.

To determine the actual amount and

maintaining soil organic carbon level as a furrctid grain yield from various published economic value of the nutrients
MSC values [A = Black (1973); B and C = Folleta&t(1997); D = Horner et al. (1960), d. th | . f
Rasmussen et al. (1980); E = Follett et al. (2085);Paustian et al. (1992); G = Horner exporte ' the total estimates frrom
et al. (1960), Paustin et al. (1997), Hobbs andMBr{l965), Rasmussen et al._ (1980); HTables 2 and 3 will need to be

= Horner et al. (1960), Rasmussen et al. (1988)}brner et al. (1960), Paustin et al. .- .

1997)]. Lines represent linear regression relatiggsbetween grain yield and multiplied by the fraction of straw
harvestable straw. Data points were not showmderdo make the graphs less cluttere i

(Graph based on method used by Wilhelm et al., 2007 cbemg removed.



Table 2. Average nutrient content in straw pet arass of straw calculated from data from the NRCS
Plant Nutrient Content Database and data repontead/Vashington State University Extension publaati
authored by Greg Schwab.

Crop  Source Ib N/ton Ib BOs/ton Ib K;O/ton

Wheat NRCS Plant Nutrient Content Database 15 3.4 3 3
Schwab (Washington State University 12 3.7 20
Extension)

Barley NRCS Plant Nutrient Content Database 12 3.9 38
Schwab (Washington State University 15 4.1 41
Extension)

Table 3. Average value of nutrients in wheat aaddy straw.

Crop N ROs K,0 Totaf
------------------------------------ T L e —

Wheat 8.66 (7.86) 1.68 (1.53) 9.40 (8.53) 19.7591)y

Barley 7.11 (6.45) 1.93 (1.75) 10.99 (9.97) 20.18.18)

t Straw production was calculated from grain daiagiequation (1), grain test weights of 60 andb4®bu® and harvest index values of 0.45
and 0.5 for wheat and barley, respectively. Agjmately one ton of straw per 27.3 and 41.7 burafrgfor wheat and barley, respectively.
¥ Based on plant nutrient content values from tRES Plant Nutrient Content Database
(http://www.nrcs.usda.gov/TECHNICAL/ECS/nutrientitbhtml). Values from Table 9 were used in the dalions.

8 Nutrient values of $0.53, 0.45, and 0.26 werel ysr Ib of N, POs, and K0. Values were based on data from the USDA-NASS an
represented average fertilizer prices in the Noggti.S. in 2007. (http://www.nass.usda.gov/Quiats?}.

Conclusions

The limited data from research evaluated in thgepassessing residue management of
wheat and other small grains under irrigated caomstindicate that reductions in SOC due to
removal may not be a concern. However, thereng Nitle reported data that directly relates to
irrigated rotations in Idaho that include wheabarley. To fully understand the impacts of crop
residues on soils in Idaho, research projects teebd conducted that account for the major crop
rotations that include wheat and barley underated conditions. Otherwise, the best data
available for dissemination is from research combelin different environments and systems.

Nutrients are removed from the soil/plant systenenviktraw is harvested. Producers will
need to determine the cost of nutrients removea fiteeir systems to determine the value of the
straw.
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