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ALTERNATIVE CROP ROTATIONS IN THE SEMI-ARID CENTRAL GREAT PLAINS REGION HOW
MUCH FALLOW? EVALUATING THE ECONOMICS

Merle F. Vigil, Maysoon Mikha, David C. Nielsen, Joe Benjamin, Francisco Calderon.
Central Great Plains Research Station, Akron, CO

Abstract

The traditional crop production system in the semi-arid Central Great Plains Region (CGPR) of the U.S.A. is
winter wheat (7riticum aestivum L.)-summer fallow (WF) or one crop every two years. This system is not a
long-term sustainable dryland system. It is conducive to soil degradation and provides minimal returns on
investment in the CGPR. Recently utilizing no-till and more intensive cropping, we have shown several
alternative rotations as superior to WF. Our objectives here are to evaluate several of these alternative rotations
for economic yield, changes in soil quality, and economic returns. The economics returns to land labor and
capital of 7 alternative rotation sequences (established in 1991) is compared and we report some of the effects of
rotation intensity on changes in soil organic matter, soil aggregate stability. Specifically we evaluate how far we
can push the system to eliminate fallow. Grain yields were measured in each rotation over an 11-year period
starting 4 years after rotation establishment (1994-2004). The grain yield data was used to develop rules of
thumb regarding long term average yields as affected by rotation sequence and then an economic analysis of net
returns to land labor and capital was generated for the 7 rotations. That analysis indicated the most favorable
sequences were wheat-millet (Panicum miliacium 1..)-fallow (WMF) wheat-corn (Zea mays L.)-millet-fallow
{WCMF) and wheat-millet (WM). The poorest performance was measured with WF and WCM. With respect to
soil quality enhancement the best rotations were the continuously cropped WCM followed by WCMF and WCF
and the poorest were with WF.

Materials and Methods

The experiment was established in 1990 with the first crop harvested in 1991at the USDA-ARS Central Great
Plains Research Station in Akron Colorado. Detailed descriptions of the experiment can be found in Anderson
et al 1999 and in Nielsen et al 2002. Akron is at 1420 m above sea level (40° 09 ‘N, 103° 09 W). The mean
annual temperature is 9.2°C but ranges between —40°C to 43°C. The long-term annual precipitation for the
location is 420-mm but ranges between 240 and 670-mm. Most of the annual precipitation (82%) comes in the
spring and summer, Winter precipitation is less than 18% of the total precipitation. Evaporative demand is
between 6 and 8 times the amount of precipitation. These climatic conditions help to explain how dry and
difficult it is to farm in the CGPR. The first two replications of the experiment are established in a Weld
silt-loam soil (fine smectic, mesic, Aridic, Argiustolls) the last replication grades into a Norca-Colby Complex
(fine, silty, mixed mesic Aridic Argiustolls-fine, silty, mixed (calcarcous) mesic Ustic Torrriorthents). The
experiment includes 16 fixed crop rotations for which only 7 will be emphasized here. The 7 selected are those
that over the years have been consistent performers economically some of which have soil enhancing benefits.
All crop phases in a given rotation appear each year and all rotation sequences and phases are replicated three
times. All crops are planted no-till into previous years stubble except in the WF plots that are managed with
conventional sweep tillage (WF-ct). Weeds in no-till fallow and between crops are controlled with standard
herbicide rates and practices. This includes pre-plant applications of atrazine for corn followed by in crop
applications for late season broadleaf control with 2,4-D and dicamba. Glyphosate or paraquat is used to control
weeds just prior to planting or during fallow periods. Crops are fertilized using regional university soil fertility
recommendations based on soil tests. Grain and biomass yield is measured in each plot. To evaluate rotation
sequence effects on yields and economics, we considered it more correct to complete one cycle of the four-year
rotations before making comparisons among the treatments. And so, here we evaluate data collected in 1994
through 2004. All comparisons of the rotation yields are compared back to WF-nt. We felt that WF-nt was a
fairer comparison than WF-ct which has always yielded less than WF-nt. Yield comparisons are made with the
rotations: wheat-corn-millet-fallow (WCMF), wheat-corn-fallow (WCF), wheat-millet-fallow (WMF),
wheat-corn-sunflower (Helianthus annuus L.)-fallow (WCSF), wheat-sunflower-fallow (WSF),
wheat-corn-millet (WCM), wheat-millet (WM), WF-nt and WF-ct. For the economic analysis 7 rotations are
evaluated these are: wheat-corn-millet-fallow (WCMF), wheat-corn-fallow (WCF), wheat-millet-fallow
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(WMF), wheat-corn-millet (WCM), wheat-millet (WM), WE-nt and WF-ct. Production costs were tallied and 5
year and 10 year average commodity prices are used to calculate net returns from the long term average yields.
All calculations were based on a 65 ha sized farm (160 acre farm). Petiodic soil sampling of the surface 0-10 cm
of the soil has been done to monitor changes in soil quality parameters in these plots these include soil organic
matter (SOM) and particulate organic Matter (POM) and aggregate stability.

Results and Discussion

Wheat yields are significantly affected by rotation sequence (Table 1). Corn and millet yields (in general) are
not affected by rotation sequence (Table 2). Because winter wheat is very dependant upon stored soil water that
accumulates during the 14 month summer fallow period we see a large yield enhancement for wheat in rotations
that have summer fallow. The surnmer crops corn and millet have only a short (9-10 month) winter fallow
period before they are planted. Also corn and millet yields tend to be more dependant upon precipitation
amounts received during the summer months. They are particularly sensitive to precipitation received during
the eritical flowering period in July and August. These differences in how winter wheat and the summer crops
are impacted by summer versus winter fallow may partially explain the importance of rotation sequence on
wheat as compared to corn and millet. The greatest wheat yields are measured in WCF and WCMF. In 1994,
through 1998 (the first 5 years of the 11 years presented here) and in 2002 and 2003 the rotations WCMF and
WCF had a positive effect on wheat yields (relative to WF-nt). In 1999, 2000 and 2001 these same rotations
reduced wheat yields (Table 1). The key point is that in WCF and WCMF, wheat comes after fallow and so soil
moisture storage should be similar to WF-nt. We evaluated in-season-precipitation and precipitation received
during fallow and found no reasonable or consistent relationship between wheat yield increases i
WCF/WCMF that could be explained by precipitation timing or amounts received. It seems plausible that
WCF/WCMF may have stored more soil moisture than the other rotations with fallow but why the effect
happens the first five years and for a total of 7 of the 11 years, and not in other years is not clear. Further
analysis of pre-plant available stored water in these rotations may explain the effect. In any case, these rotations
appear to significantly increase wheat yields above that measured in WE-nt and that effect happens 64% of the
time. Other rotations (WSF, WCSF, WM, WCM) always reduce wheat yields. With these 4 rotations, the effect
has been shown (in earlier work) as the result of less stored soil water. Sunflowers are efficient at extracting soil
water to levels that are lower than other crops and continuous cropping doesn’t allow any soil water recharge.
For WCF and WCMF we suspect that the measured wheat yield advantage is a sort of “rotation effect”. Perhaps
being out of wheat for 2 or 3 years (a long break in weed, insect and disease cycles for winter wheat}) is helping
wheat do well in WCF and WCMEF. There is evidence that corn serves as a better host for mycorrhizal infection
then the other crops grown in these rotations. One could speculate that corn might increase mycorrhizae
inoculum levels in the soil. The increased inoculum could benefit the subsequent wheat crop via more complete
mycorrhizal infection. At this point we really do not know what the cause for better wheat yields in these
rotations with corn.

We used the 1994 to 2004 average yields to develop the following grain yield performance “Rules of thumb™.
These are:

Millet after corn (with or with out fallow in the rotation) averages 1910 kg ha™ (34 bw/acre).
Millet after wheat (with or without fallow in the rotation) averages 2190 kg ha™ (39 bu/acre).

o  Corn after wheat with fallow in the rotation averages 2950 kg ha™ (47 bu/acre).
e Corn in continuous rotations averages 2570 kg ha™ (41 bu/acre).

»  Wheat after fallow with corn in the rotation averages 3030 kg ha™ (45 bu/acre).
o Wheat after fallow with just millet averages 2760 kg ha™ (41 bu/acre).
e Wheat in continuous rotations after millet averages 1550 kg ha™ (23 bu/acre).

From these rules we generated economic returns from the rotation data. The rotations that produced the greatest

returns to land labor and capital in this analysis were WM, WMF and WCMEF (Table 2). Rotations that were
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less favorable were WEF-ct, WF-nt, WCF and WCM, It was interesting to see that a continuous crop rotation
ended up in both the favorable and unfavorable economic categories.

Using the “rules of thumb” listed above, we developed a theoretical rotation of wheat-millet-corn-millet-fallow
{WMCMEF, 4 crops in 5 years). Using this theoretical rotation we calculated net returns of $6670 based on the
last 10-year average prices for a 65 ha (160 acre) farm. Net returns were $10297 based on the last 5-year
average prices for corn and wheat and millet. These net return values are within $60 of the returns calculated for
the WM rotation. The big advantage would be in the greater diversity with the WMCMF sequence compared to
the WM rotation. The risk is spread over more enterprises than just wheat or millet.

Table 1. Wheat yicld percentage increase/decrease as influenced by rotation sequence (1994-2001) in 9 rotations at
USDA-ARS-CGPRS, Akron, Colorado relative to wheat fallow no-till (WF-nf).

WCMF +8 +18 I | +3 +40 -3 -11 -6 +9 +8 25 +5
WCF -6 +19 +3 +13 +24 -3 +2 -7 <3 +8 ~15 +
WMF -8 +7 +7 -2 -2 9 -7 -11 -8 +1 5 -3
WCSF -6 +28 +2 -15 -37 -12 54 -28 -4 -6 25 -21
WSF -21 -6 =37 -23 -40 -45 29 -32 27 -5 +18 22
WCM =22 -18 -06 40 56 -64 -47 -45 -60 -1 -97 -47
WM -51 -34 ~66 =512 -46 -68 -49 =37 -71 -1 -85 =51
‘WEF-nt -—— --- --- - -—— - e B I B A ks -
-60 -23

We also measured improvements in soil organic carbon, and aggregate stability in the surface 10 cm of the soils
in these plots. The best rotations for improving or maintaining soil quality are WCM>WCMFE> WCE>
Whnt>WFct. The greater total biomass production with greater cropping intensity combined with no tillage is
suspected as being the explanation for improvements in measured soil quality parameters. Statistically
significant increases in aggregate stability and increases in SOM and POM have been measured with increasing
cropping intensity in these plots. We have also documented statistically significant increases in the plant
availability of P, Zn, Cu and Fe in these plots with an increase in cropping intensity. These increases in
availability are linked to reductions in soil pH that are the result of continued soil-surface applications of
ammoniacal fertilizer in these no-till managed plots.

Conclusions

Increasing rotation intensity from 1 crop in 2 years to 2 crops in three years or to three crops in four years
enhances economic returns for farmers in the CGPR. Not all rotations that are best for the soil are necessarily
best for the farmers return on investment. For example WCM is a good rotation for the soil but performs poorly
when we consider economic returns. Wheat is highly responsive to stored moisture during the long summer
fallow period. And the greatest wheat yields are in rotations that have summer fallow. However, the long fallow
period is expensive to manage and the increased cost of managing summer fallow reduces overall economic
returns in WEnt and WFct. The greatest economic returns are found with WM, WMF and with WCMF.,

Table 2. Ten-year average yields (1994-2004) and net returns for corn, millet and wheat in seven ACR rotations at Akron,
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Colorado. Commodity prices used in the calculations are the last 5-year averages (2003-2008) of® April corn at $3.42/by;
January wheat at $5.52/bu wheat and November millet at $4.32/bu. Values in parenthesis are the returns based on the 10

year average prices of $3.72 January wheat, $_2 59 April corn and $3.36 November millet (1994-2004).

2960
3090 8837 (4960)
2186 2757
2573 1906 1547 8173 (5133)
2130 1480
2892 8544 (5540)
2018 4180 (2650)
0.54 0.35 0.0001%**

References cited

#%% P> This ndicates statistical significance. Values smaller than 0.05 are considered statistically significant.

Anderson, R.L. , R.A. Bowman, D.C. Nielsen MLF. VigilR.M Aiken and J.G. Benjamin 1999, Alternative crop
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on planting water content and yield of winter wheat. Agron. J. 94:962-967.
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Dryland and Limited Irrigation Fertility Management
Nitrogen and Phosphorus Fertilization of Irrigated Corn and Grain Sorghum
A. Schlegel and H.D. Bond

Summary

Long-term research shows that phosphorus (P) and nitrogen (N) fertilizer must be applied to
optimize production of irrigated corn and grain sorghum in western Kansas. In 2013, N applied
alone to corn increased yields 69 bu/a, whereas P applied alone increased yields 21 bu/a.
Nitrogen and P applied together increased yields up to 150 bu/a. This is similar to the 10 year
average, where N and P fertilization increased corn yields up to 147 bu/a. Application of 120 Ib/a
N (with P) produced about 92% of maximum corn yield in 2013, which was similar to the 10-
year average. Application of 80 instead of 40 Ib P,Os/a increased average yields 3 bu/a. In 2013,
N applied alone to grain sorghum increased yields 57 bu/a, whereas N and P applied together
increased yields up to 84 bu/a. Averaged across the past 10 years, N and P fertilization increased
sorghum yields up to 70 bu/a. Application of 40 1b/a N (with P} was sufficient to produce about
80% of maximum sorghum yield in 2013 which was slightly less than the 10-yr average.
Application of potassium (K) has had no effect on sorghum yield throughout the study period.

Procedures

This study was initiated in 1961 to determine responses of continuous corn and grain sorghum
grown under flood irrigation to N, P, and K fertilization. This field study is conducted at the
Tribune Unit of the Southwest Research-Extension Center. Fertilizer treatments initiated in 1961
were N rates of 0, 40, 80, 120, 160, and 200 Ib/a without P and K; with 40 Ib/a P,0O5 and zero K;
and with 40 Ib/a P05 and 40 1b/a K;0. No yield benefit to corn from K fertilization was
observed in 30 years, and soil K levels remained high, so the K treatment for corn was
discontinued in 1992 and replaced with a higher P rate (80 b/a P,Os). All fertilizers are
broadcast by hand in the spring and incorporated before planting. The soil is a Ulysses silt loam.
The corn hybrids [Pioneer 34N45 (2004 and 2005}, Pioneer 34N50 (2006), Pioneer 33B54
(2007), Pioneer 34B99 (2008), DeKalb 61-69 (2009), Pioneer 1173H (2010}, Pioneer 1151XR
(2011), and Pioneer 0832 (2012-2013)] were planted at about 32,000 seeds/a in late April or
carly May. Sorghum (Pioneer 8500/8505 from 20032007, Pioneer 85G46 in 20082011, and
Pioneer 84G62 in 2012-2013) was planted in late May or early June. Hail damaged the 2005 and
2010 crops. Irrigation is used to minimize water stress. Sprinkler irrigation has been used since
2001. The center two rows of each plot are machine harvested after physiological maturity. Grain
yields are adjusted to 15.5% moisture for corn and 12.5% moisture for grain sorghum.

Results

Corn yields in 2013 were greater than the 10-year average (Table 1). Nitrogen alone increased
yields 69 bu/a, whereas P alone increased yields 21 bu/a. However, N'and P applied together
increased corn yields up to 150 bu/a. While maximum yield was obtained with the highest N and
P rate, 160 Ib/a N with 80 Ib/a P»Os caused less than a 2% yield reduction. Corn yields in 2013
(averaged across all N rates) were 3 bu/a greater with 80 than with 40 ]b/a P,Os, which is less
than the 10-year average of 6 bu/a,
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Grain sorghum yields in 2013 were similar to the 10-year average yields (Table 2). Nitrogen
alone increased yields 57 bu/a while P alone increased yields 15 bu/a. However, N and P applied
together increased yields up to 84 bu/a. Averaged across the past 10 years, N and P applied
together increased yields up to 70 bu/a. In 2013, 40 Ib/a N (with P) produced about 78% of
maxinmum yield, which is slightly less than the 10-year average of 85%. Sorghum yields were not
affected by K fertilization, which has been the case throughout the study petiod.
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pics in Corn Pest Management
Current Disease Management Issues

Doug Jardine
Extension Plant Pathologist
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“Dark greeh ta black,
“water-soaked, Ifregular
‘spots {freckles) usually
i "appear and are an

: ‘excellent diagnostic
“symptom

* Scald qa_n_'lodkfike
Goss’s wilt, It results
from conditions of

. high heat (> 100 F),

low soil moisture, and

“hot, dry winds
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and/or bacterial
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Goss’s Wilt Management

he best management program begins with
‘the: most tolerant hybrids

Companies are actively screening their germplasm
“and hybrids for resistance

Q'S'D_ far, the best would be rated as moderately

: resistant

'+ .Control grassy weeds that may be alternate
o 'hbS_tS : :
- Green foxtail, barnyardgrass, shattercane and

-Goss’s wilt Management

Reduce corn residue
Crop rotati'on will have some effect

‘. -+ Less Goss's wilt is abserved in corn planted into wheat
residue than in corn planted into corn residue

..... = While tillage is an option farther east, it would not
be recommended in the western corn growing
areas

= Fungicides are NOT EFFECTIVE against
- “bacterial diseases so spraying is not currently
ian thion_

being evaluated but so far they have not given
consistent results

~ Gray Leaf Spot
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EhYs_i_o]d’g_’it_ﬁé! effects of strobilurins

% Increases the activity of the nitrogen
- feductase enzyme {nitrate == nitrite)
- =This repe_rtedly increases the efficiency of nitrogen
" usage

Physiological effects of strobilu rins

s Increases the production of abcissic acid (ABA)
o = Méy decreases transpiration losses

© + Acts as an antioxidant (ties up free radicals)
o — May be the basis for the claim of ozone damage
reduction
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¢ “The plant health benefits may include
- limproved host plant tolerance to yield-robbing
. _environmental stresses, such as drought, heat,
‘Headline can improve plant utilization of
nitrogen and can increase tolerance to bacterial
and viral infections.”

Physiological effects of strobilurins

L . Inhlblts the bibsynthesis of ethylene

. _5.—_ Ethylene is involved in flowering, fruit ripening
‘= “and plant senescence

~ Ethylene production can be stimulated by stresses
including flooding, heat or cold stress, lesion
production by diseases, and drought

* Decreasing ethylene can increase photosynthesis by
prolonging the fme tissue stays green

wysiological effects of strobilurins

~ " Possibly turns on the plants own natural
- defense mechanisms (systemic acquired
~ resistance) -
... .. =This is the basis for the claims of an effect on
+ - bactérial and virus diseases




Data from Pioneer Hybrid
(2 )

- S0, do these physiological benefits
resuft in economic yield increase in the
' absence of disease?
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. .= Scout just prior to tassel emergence
" Consider spraying when:
" = Susceptible hybrids

+ Disease symptoms are present on the third leaf below the
- ear or higher on 50% of the plants

" _ intermediate hybrids

+ Disease symptoms are present on the third leaf below the
ear or higher on 50% of the plants AND there is surface
residue present from a previous corn crop

— Resistant hybrids

* Fungicide applications are generaily not recommended
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Current Insect Pest Management Issues in Corn
Sara Zukoff, Entomologist
Southwest Research-Extension Center — Garden City

snzukoff@ksu.edu

www . highplainsbuzz.com

This presentation covers a review of common insect pests of corn and an emerging issue

involving western corn rootworm control in corn. A brief summary is below.
Western bean cutworms

¢ Occasional problem in western Kansas. Begin field scouting at the first sign of tasseling
and continue until silks turn brown. Look for round, white eggs in groups of 5 to 200 on
the upper surface of upper leaves. Eggs gradually become darker in color, hatching in
five to seven days. An average of eight plants with eggs or small larvae per 100 plants
(when corn is 95 percent tasseled) is required to justify control measures. Control will be
reduced if applications are delayed until all silks have emerged or if larvae have entered
the ear tips. Typically, scouting should be concentrated between July 18 and 30 in
southwest Kansas and about a week later in northwest Kansas. Some of the new Bt corn
hybrids have some resistance to the western bean cutworm so take this into account when

selecting hybrid seed.
Corn earworm

e Infestations can occur from June until frost. Insecticidal control is usually considered
| impractical in field corn. Current Bt corn hybrids provide some suppression of corn

earworm feeding
Southwestern com borer & European corn borer

e Larvae feed in corn stalks and can cause significant yield losses. Bt corn hybrids that are
resistant to corn borer feeding are currently the primary means of preventing damage by

this pest.
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‘Western corn rootworm

¢ Corn rootworm larvae may be a pest where corn is planted continuously for three or more
years. Corn rootworm beetles lay most of their eggs in corn fields from late summer
through early fall. If corn is planted in the same fields the following spring some type of
management often will be needed to avoid serious root injury. Planting time options for
confroi ling corn rootworm larvae include planting resistant corn hybrids and applying

soil insecticides at planting,
Corn rootworm issues

* The adoption of Integrated Pest Management (IPM) in the United States was facilitated
by a common goal of reducing pesticide exposure to the environment and humans by
using an integrated approach to control pests. This combined approach uses knowledge of
the biology of the pest as well as knowledge of all control methods to create a plan that i:s
both economically sound and minimizes the hazardous substance exposure to the
environment.

e Insect Resistance Management (IRM) plans are used to maintain insects susceptible to
management tactics and to further the longevity of the management tactic for future use.
Hybrid corn incorporating genes from Bacillus thuringiensis (Bt) were introduced to
control target pests and have been widely accepted because they were highly effective,
brought value to the grower, reduced the need for pesticides, and limited harm to non-
target species and the environment. The U.S. Environmental Protection Agency (EPA)
requires IRM plans with each Bt hybrid registered for commercial sale and this involves
planting a certain percentage of the Bt field or nearby fields with refuge or non-Bt plants.
The theory behind the refuge use is based on a high-dose refuge strategy where resistance
alleles are assumed to be recessive, and the rare resistant insect that survives the Bt will
mate with those more abundant susceptible insects from the refuge to create susceptible
offspring and thereby inhibit the evolution of resistance.

¢ In high dose Bt corn, such as those that target European corn borer, the mortality rate is
neatly 100%, therefore survivors from the Bt crop are extremely rare. The rootworm-

targeted Bt hybrids currently on the market are all low to moderate dose, so some WCR
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Iarvae are expected to survive. Populations of rootworms resistant to Bt have been
fairly established in laboratory experiments within just a few generations and resistance
has been documented in fields in several states across the corn belt including Iowa,
Illinois, Minnesota, Nebraska, and South Dakota. Field failures in Colorado and Kansas
have been documented for several years in some areas however resistance has not been
confirmed for sure.

o The occurrence of WCR resistance to Bt has been attributed, in part, to possible refuge
compliance issues and the repetitive use of the same management tactics.

¢ Using an integrated approach to control the WCR is essential to slow the evolution of

resistance to Bt corn
“kitchen sink” approach

¢ Soil insecticides are being used at a greater rate in conjunction with Bt, due to the
Cry3Bb1 resistance problem. Prophylactic use of soil insecticides is occurring where
rootworm infestations may not be high enough to warrant the application of insecticides.
Insecticides are being applied on top of pyramided Bt hybrids in areas where rootworm
pressure may be high, however the Bt proteins alone should be enough to reduce
rootworm populations to acceptable levels.

» IS rootworm thresholds being met before control tactics are applied?

s What rootworm pressure is actually present in a field?

e A major benefit of the adoption of Bt is the reduced use of insecticides, but with soil and
foliar insecticides being used in conjunction with Bt, these benefits essentially disappear.
The goal of IPM is to use management options in an integrated manner, not all at the

same time as what some are calling the “kitchen sink”™ approach.
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Improving efficiency of erop production with no-till
in a semi-arid climate

Randy Anderson,
USDA-ARS, Brookings, South Dakota
Randy.anderson@ars.usda.gov

No-till has dramatically improved land productivity in central South Dakota. One no-till
producer, Ralph Holzworth, Gettysburg SD, recently summarized his yield levels (see
Leading Edge 2010, volume 8, issue 3, page 548). For the past 6 years, his corn yields have
averaged 150 bu/ac. We were surprised with this yield level, as corn yields in eastern South
Dakota (Brookings County) averaged 140 bu/ac during this same time interval. One reason
for our surprise is that yearly precipitation in Gettysburg is 5 inches less than in Brookings
County (Table 1). Secondly, Ralph plants corn at 22,000 plants/ac, contrasting with a
common density of 32,000 plants/ac in Brookings County. Corn fields in Gettysburg
produce 7% more grain with 5 inches less water and 10,000 fewer plants/ac. An individual
corn plant in Ralph’s fields produces 45% more grain than a corn plant in Brookings
County.

We discussed possible reasons for these seemingly anomalous yields with Ralph. Previous
to adopting no-till, Ralph followed a winter wheat-corn-fallow rotation where corn yielded
near 70 bu/ac. He noticed an immediate jump in corn yield when he started no-till practices
20 years ago, because no-till and residue preservation on the soil surface increase water
supply for crop growth. A second gain in corn yield occurred when Ralph diversified his
rotations to reduce plant diseases. His rotations now include four to six crops; one typical
rotation is winter wheat-corn-dry pea-corn-soybean-oat (Table 1). In contrast, producers in
Brookings County grow only corn and soybean in a tillage-based system.

Table 1. Yield of corn at Ralph Holzworth's farm compared with corn production in
Brookings County, eastern South Dakota. Abbreviations are W, winter wheat; C, corn;
P, dry pea; SB soybean; and O, oat. Source: NASS 2012.

Holzworth Brookings County
Corn Yield (bu/ac) 150 140
Precipitation (inches}) 18 23
Com Population (plants/ac) 22,000 32,000
Management
Tillage No-Till (20+ years) Chisel Plow, Disking
Rotation W-C-P-C-SB-O C-SB
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However, we speculate that additional factors may be involved in these yield gains. For
example, growing dry pea in front of corn caused another jump in yield. Furthermore, corn
yields are higher than expected based on nutrient and water supply. We suggest that these
further gains in crop yield involve synergism among crops and changes with the soil
microbial community, We viewed improved corn yields in no-till systems resulting from
steps of yield advancement across time (Figure 1), where no-till and crop diversity lead fo
further biological benefits. Our reasoning for this perspective is based on recent research
with soil biology in no-till cropping systems.

Figure 1. Steps in yield advancement in no-till cropping systems as observed by
producers and scientists in the Great Plains.

Steps of Yield Advancement

‘Microbial

Synergism I

Crop Diversity I

Y

No-Till

No-till; preserving crop residue on the soil surface

Crop yield increased rapidly during the initial phases of no-till systems because mote water
is available for crop growth. Crop residue cover on the soil surface increases the efficiency
of precipitation storage in the soil; in some cases, the quantity of precipitation stored can be
almost doubled (Peterson et al. 1996).

A further benefit of no-till and maintaining crop residue on the soil surface is improved soil
porosity; precipitation infiltrates soil of no-till systems more readily than tilled soils (Shaver
et al. 2002). One long-term study found that infiltration at a no-till (17 years) site with
continuous cropping was 3-fold higher than a tilled, wheat-fallow rotation (Liebig et al.
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2004). This gain in soil porosity is related to two factors. First, higher levels of organic
matter develop in the top 5 cm of soil with no-till; organic matter levels have increased 35 to
50% after 15 years of no-till and continuous cropping (Liebig et al. 2004). Second, no-till
favors the fungi community in soil, such as mycorrhizae and basidiomycetes (Carter-2002).
Fungi interact with OM to build soil aggregates and increase porosity (Rillig 2004). Shaver-
et al. (2002) found that a direct relationship exists between crop residue quantity on the soil
sutface and improved soil porosity.

Crop diversity: increasing yield with the rotation effect

When producers first started no-till, they used their conventional rotations of one or two
crops. Crop yield was often reduced because of plant diseases (Seymour et al. 2012).
Adding alternative crops to the rotation reduced the frequency a crop is grown and the
antecedent plant diseases, thereby incredsing crop yield.  For example, winter wheat yields
70% more when grown once every four years compared to continuous wheat (Figure 2).
Similarly, grain yield of corn is 43% higher when corn is grown once every four years
compared to monoculture corn. Corn residue is toxic to corn seedlings grown the following
year; suppressed seedling growth leads to lower yields.

Figure 2. Response of winter wheat or corn to frequency of cropping in rotations.
Yield expressed as a percentage of the highest yield within a crop. Bars within a
crop with an identical letter are not significantly different at the 5% level of
probability. Crop frequency is defined as how often a crop is grown in sequence:
1/1 means the crop is grown every year, whereas 1/4 means the crop is grown once
every four years. Source: Anderson 2008.

Yield
Potential (%)
100 - b
RS
<<
75 - ::: Crop Frequency
553
585
538 1 1/1
50 - <3S — 1/2
:;: == 13
::: wmmEm /4
25 22
55
55
(55
525
o | K52

Winter Wheat Corn

Cover Your Acres Winter Conference. 2014. Vol. 11. Oberlin, KS
41. -




Crop plants are healthier when the crop is not grown so frequently in the rotation. Healthy
plants are more effective in using resources such as water to produce grain (Angus and van
Herwaarden 2001).

Synergism: improving crop efficiency in using resources

Yield gains due to crop diversity (rotation effect) and improved water relations with no-till
were expected by producers. However, a surprising gain in corn yield occurred when dry
pea was grown before corn in the rotation. To understand this unexpected trend, we
compared five preceding crops for impact on corn yield (Anderson 2011). Corn yield was
reduced 43% following itself due to root diseases and mycotoxins (Figure 3). Growing any
crop other than corn, such as spring wheat, soybean, canola, or dry pea, increased corn yield
by eliminating the negative effect of growing cor on corn, i.e. the rotation effect. But,
corn yielded 12 to 15% more following dry pea than wheat, soybean, or canola. Fertility
levels and water supply for corn did not differ among preceding crops; dry pea provided an
additional benefit beyond the rotation effect by improving corn response to the same
resource supply. We refer to this trend as synergism,

Figure 3. Impact of preceding crop on corn yield potential. Yield expressed as a
percentage of the highest yielding treatment. Study was conducted with no-till
practices in Brookings County, South Dakota. Data collected across 4 years; bars
with an identical letter are not significantly different at the 5% level of probability.
Source: Anderson 2011.
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A further benefit of dry pea synergism to corn is that corn yields more at lower plant
densities (Anderson 2011). Com yielded the same at 21,000 plants/ac following dry pea as
at 30,000 plants/ac following soybean or spring wheat; individual corn plants were more
productive following dry pea than the other crops. In some way, dry pea improves growth
efficiency of corn, as this yield gain could not be attributed to increased plant size or greater
nutrient use.

Dry pea also improves growth efficiency of winter wheat. Compared with several other
crops, winter wheat is 10 to 25% more efficient in using water following dry pea (Anderson
2011; Seymour et al. 2012).

Resource-use-efficiency by crops also improves with changes in soils due to no-till. Lafond
et al. (2011) found that spring wheat used N more efficiently in no-till soil compared with
tilled soil. Comparing two sites with different tillage history (23 years of no-till versus tilled
cropping), spring wheat produced approximately 15% more yield at the same fertilizer rate
in no-till (Figure 4). Adding more N fertilizer to the tilled site did not compensate for this
yield benefit with no-till. Spring wheat uses N more efficiently because of improved soil
health and functioning.

Figure 4. Spring wheat yield as affected by N fertilizer rate and tillage history. The
study compared a field in no-till for 23 years to a field in conventional tillage for the
same interval. In the 24" year, a no-till spring wheat-canola rotation was
established in both fields, with both crops present in each year. Means averaged
across 8 years following initiation of study in the 24" year. Study conducted in
Saskatchewan, Canada. Source: LaFond et al. 2011.
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Microbial ecology: enhancing the microbial impact on crop growth

The beneficial effect of dry pea on following crops is attributed to rhizobacteria, a class of
bacteria associating with crop roots. Lupwayi et al. (2004a) found that density of
rhizobactetia on spring wheat roots was 700-fold higher following dry pea than following
wheat, Corn yield also increases with higher densities of rhizobacteria on its roots (Riggs et
al. 2001). Yield is higher because rhizobacteria improve resource-use-efficiency of crops.
For example, photosynthetic efficiency of rice was 12% higher when rice roots were
inoculated with rhizobacteria (Peng et al. 2002).

We noted carlier that mycorrhizae density in soil increases with no-till. Crops such as dry
pea and corn respond favorably to mycorrhizal colonization of roots because mycorthizae
improve nutrient uptake and stress tolerance in crops (Auge 2001). A further benefit for
producers, however, is that synergy between mycorrhizae and rhizobacteria can enhance
their effect. In one experiment, crop biomass increased 28% due to synergism between
mycorrhizae and rhizobacteria (Paula et al. 1992).

Ralph is hoping to further increase the soil microbial impact on crop growth in his fields.
He is now examining cover crops as ‘primer plants’, to condition the soil for ‘microbial-
induced promotion’ of crop growth,

A Growing Awareness of Systems Benefits

We presented yield gain advancements in a step-like fashion because no-till and crop
diversity are needed first to accrue the benefits of synergism and microbial changes. For
example, density of mycorrhizae increases in soil with no-till. Crop diversity also enhances
the benefits of mycorrhizae, as Johnson et al. (1992) showed that monoculture cropping of
either corn or soybean favored populations of mycotrhizae that were less beneficial or even
detrimental to the crop in which they proliferate. Including dry pea in the rotation not only
increased rhizobacteria density in soil, but also enhanced the opportunity for synergism
between mycorrhizae and rhizobacteria to further improve yield.

Earlier, we noted that corn yields approximately 45% more per plant in Ralph’s no-till,
diverse rotation compared with corn-soybean in a tilled system (Table 1). We attribute this
improved plant yield to the complex interactions among no-till, crop diversity, crop
synergism, soil microbial community, and soil functioning improving resource-use-
efficiency. Thus, producers with no-till systems are increasing crop yield without
necessarily adding more inputs such as fertilizer. This improvement in crop yield with
complex systems has been observed elsewhere. In Australia, Watt et al. (2006) noted that
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major gains in crop productivity often result from synergistic interactions among many
factors working together, but seldom when management emphasizes one factor,

Contact information for Ralph Holzwarth
16332 SD Highway 1804

Gettysburg, SD 57742

605-765-9552
bholzwarth@venturecomm.net

References

Anderson R.L. (2008) Crop diversity and no-till: keys for pest management in the U.S.
Great Plains. Weed Science 56, 141-145.

Anderson R.L. (2011) Synergism: a rotational effect of improved growth efficiency.

* Advances in Agronomy 112, 205-226. :

Angus J.F¥., van Herwaarden A F. (2001) Increasing water use and water use efficiency in
dryland winter wheat. Agronomy Journal 93, 290-298.

Auge R.M. (2001) Water relations, drought and vesicular-arbuscular mycorrhizal symbiosis.
Mycorrhiza 11, 3-42,

Carter MLR. (2002) Soil quality for sustainable land management: organic matter and
aggregation interactions that maintain soil functions. Agronomy Journal 94, 38-47,

Johnson N.C., Copeland P.J., Crookston R.K., Pfleger F.L. (1992) Mycorrhizae: possible
explanation for yield decline with continuous corn and soybean. Agronomy Journal 84,
387-390.

Lafond G.P., Walley F., May W.E., Holzapfel C.B. (2011) Long term impact of no-till on
soil properties and crop productivity on the Canadian prairies. Soil & Tillage Research
117, 110-123. '

Liebig M.A., Tanaka D.L., Wienhold B.J. (2004) Tillage and cropping effects on soil quality
indicators in the northern Great Plains. Soil & Tillage Research 78, 131-141,

Lupwayi N.Z., Clayton G.W., Hanson K.G., Rice W.A., Biederbeck V.O. (2004)
Endophytic thizobia in barley, wheat and canola roots. Canadian Journal of Plant
Science 84, 37-45,

[NASS] Nattonal Agricultural Statistics Service (2012) South Dakota web page.
www.nass.usda.gov/statistics by _state/South_Dakota/Publications/County Estimates.
Accessed August 3, 2012.

Paula MLA., Urquiaga S., Siqueira J.0., Dobereiner J, (1992} Synergistic effects of
vesicular-arbuscular mycorrhizal fimgi and diazotrophic bacteria on nutrition and
growth of sweet potato (Ipomoea batatas). Biology and Fertility of Soils 14, 61-66

Cover Your Acres Winter Conference. 2014. Vol. 11. Oberlin, KS
45




Peng S., Biswas J.C., Ladha J. K., Cyaneshwar P., Chen, Y. (2002) Influence of thizobial
inoculation on photosynthesis and grain yield of rice. Agronomy Journal 94, 925-929.

Peterson G.A., Schlegel A L., Tanaka D.L., Jones O.R. (1996) Precipitation use efficiency
as affected by cropping and tillage system. Journal of Production Agriculture 9, 180-
186.

Riggs P.J., Chelius M.K., Iniguez A.L., Kaeppler S.M., Triplett E'W. (2001) Enhanced
maize productivity by inoculation with diazotrophic bacteria. Australian Journal of
Plant Physiology 28, 829-836. '

Rillig M.C. (2004) Arbuscular mycorrhizae, glomalin, and soil aggregation. Canadian

Journal of Soil Science 84, 355-363.

Seymour M., Kirkegaard J.A., Peoples M.B., White P.F., French R.J. (2012) Break-crop
benefits to wheat in Western Australia-insights from other three decades of research.
Crop and Pasture Science 63, 1-16.

Shaver T.M., Peterson G.A., Ahuja L.R., Westfall D.G., Sherrod L.A., Dunn G. (2002)
Surface soil physical properties after twelve years of dryland no-till management. Soil
Science Society of America Journal 66, 1296-1303.

Watt M., Kirkegaard J.A., Passioura J.B. (2006} Rhizosphere biology and crop productivity
—areview. Australian Journal of Soil Research 44, 299-317.

Cover Your Acres Winter Conference. 2014. Vol. 11. Oberlin, KS
46




ACEBPSRS @ Uossapue ApUe s
VSN "MOAR( (PNOG *SBIO0IG “IRUIAY AP £76Z VASH
(=) uosmapuy 1y

- Aousponre-gsn-pomosay] - HB-0N - Ausieaip dory - uoireroisar 1105 spaomday

: ‘uonessier
it0s Jo Tends = pejentul sey jm-ow Y Suiddos snonunucry “wonendward mof
30 1edun oy Sunvionewe snp ‘4%ce-07 Aq sdoxs Fawmotjoy oy jo Kouerogps-asn
~soyerms eaoatury sdors SWOS "HONOUR]. [108 SHIUBYUS IOWHINS OTYM ‘SJEti]o PLIeTLIS
SI) Uz saumBs] 30y eyt doto € sepiaoid uSisep:moj-jo-a[oko s ‘0STY Piok-04y
paseatour sey Ananoupoad 108 Apuenbesucy Aiqess ayeSerdse pue Asozod foz
posoxdur OSfE pUE 108 Jo uw ¢ doj oy ur 207 Aq usSomw pue 9 /¢ Aguogms
o1eSio [1os PaseoIonT sIEok 7} 10} SurddoIo snonunuoy) “suseysAs TRUCTUSAHOD A
pareduiod 9506 JsUIaSPURY PasA JO 1500 O _mﬁuﬂmmu, DMIGM. PIOJ-INOT STINGSY 8
soseaoul ‘sdoro o ANSIGAIP B I I00J-J0-0(03 B UF SUOYEI0L FuuSiseq “Surddoxn
SNOTUIIOD YILiA SS900nS 107 [EORIID ST d.mmm.mu wopeiox ‘Supiw Sutaq weygo Addns
TR I “IOAAMOLY “STe0T IN0J 0seyy sndoe Wed [[-on yis Suxddoxs snonunuos
Yeus mous addars oy uy satprys toTEIOl ULIe}-S00r] "SIZI{NI0] pue seponsed se gons
sndul [eHINIXS 10 PISUOY) 9oNPaI pue ‘Lousioyye-asti-a0Inosal anoxdulr *yifeay Jios
Qusojser *eiqeis Ajfednuouoos o el sweisé Smddons Yass o1 sxeonpoid pay sey
swened Surddoro 1 afuweyo sy "uonel0L MO[[BI-JRSYM. JIGIM 91) O] PppPE 2q UEH
4019 210U JBY oS SUONBIAI Tajem anordur , ‘Fosamoy ‘seonoexd (10 Z. UOTRIOT
ST JO- AfIqeurelsns 2Imny oY) INOGE PAUIIOU0I are UOLBs1 s143 W sreonpoxd “nyT,
"%00ISOWIE PIUNISP DAY SIOSULSOAS] Jopyeiu kB0 sajRlS pallur) oy 30 2ddais
PUBIUIGS UJU] SSPROSP'I0} PIST Ueaq Sey aSe[[n Yim AMOJEI-(] WS W)
TeoyAL oML ‘BdUIRXS 10, “UONEPRIBSP. 108 OF Pes] Saseyd MOfjE] JoASMOR] uone)
-M&.um..& oy 10y syesuaduios o3 sigonpoid Bunqeus “prcm .oﬁ w.o suotdal pLppies

ur 0hop) JuswaSeus Jusuiwold v usaq sey «MOBY, Fo: 1denuon o] Pensqy

UosIOpIY *y Apuey

MITAY V oyl
PHEBIIRS © Ul Gononpoiy dox)) ajqeure)sng 1oj
10308 [edNLL) Y (USISI(] UOLRI0Y

Cover Your Acres Winter Conference. 2014. Vol. 11. Oberlin, KS

47



SWOY M PI[GNOP. 180T 30 URD BoIe Pire] sd E@&.gumﬁﬂﬁ _,mﬂﬁmxm 307 A¥AR
_.o_._moﬁm PUEB[ SISERIOUL MOJTEI-1eaYM ISIULM. 01 “UI0D 52 (fans: ‘gdozm _umﬁgm..wa%vﬁ

SOTUOU0IH pup L1AuINpoL puvy 1°7

swesAs Suiddors puenies s AI[IqEUTRISnS JOAR] I8} $32I0YD UOT)

-onpoad Ajnuspr o1 suoneindod 1sad pure ‘seSueyo (105 ‘pleIk poUTTEXe 9 ‘SAIPTIS
2591Y JO sreak TeIsASS 1oy Apris Yord Ul PODNIOUL 215M UONRIOF Y38 JO saseyd
I oddos sse18 oYy JO-STIOS. [OSTIIOIN UT PousIIqelss a1om saipnis 2y ], (o (D
Yot surdz0). weaghds pue (1 wmuipLm 1017)) eadiorys Gemoyuns e[ osoid
“wr0oorom ‘Sunp 10 Kepy U potueld ‘sd0Io TOSLRs-THIBA “UOTRIAL.O1R] 10 tequieydeg m

sy .wﬁnmﬁ.uww sty “ead L1p pire Seorm Sunds Tesym ISNm 3Tom sdord 1oseas
100D)° *sdo1o wosees-mTeM piE ~JO0D YJOq PopmIouL suomeioy “powed moiIel giton
41 01 -7} B eprpoupiou pip Surddors snonunuoo yim suoneos uddory snonunuon
01 MO[eJ-Tesys IojuiA woly SurSues ‘sdoso Jo SUOTIPUIqUIOS SNOLTeA Paredion sat
-pras- 9SO, *(L00T “Te 17 WOTMAIS 1007 W99E) BWONR@ WIMOS UI SIS 04 pue
(6661 "Te1° HOSISPUY ‘€66 T8 19 UOSIANRJ) OPRIOIO,) UL SIS 93 18 SARIS PTIury
o 30 oddans [phiien o4 UL PIjIvIs Slom $IIPAIS. UONRIOY WIN-FUO] SOR6T 94} UT

stsAg Surddo) [I-ON Ypis SPUS.Y, [eaEoolg ¢

PROMA

aip o suorSel preles o0 W osTe Jng ‘addes g7y #Y UE A[U0 10U SweIsAs Sqe

-ureisas 3o rusmdopeasp oy Joj 1yBisuy apiacid Aeui JUSTISSRSSE () “SAPMS Lon

-£101 95U} YILA Spuan. Sunen[ess uaym uFISep. UOLRI0L ISPISU0D OS[E oM “JI0JRISYT, -

“uSisap uoneraroy prefar moyam sdow 3o Amanonpoid oy Suiziseydne J0 sanoads
~Tod JECUIOISTY SR HIM SISEOU0D- numo&mm.mEH “uFisep ey uyia L1agonpord doxo
TO YOreesal S0y Uyl pue ‘SHIRISAS (qrureisns Jo uSisep oy eznuoud of sispue
-19§t paBernooue (S66T) TOUMIGIg "SnssT oiroeds ¥ 0) osuodsar up mE&m\ﬂm Bupsixa
Sukppow ey reyrer sepdvand 1eorBo1oos To paseq SwdisAs Suiddoro SuniSisepar
poiseBEns “swresAs s[qeuieisns o3 sagorodde snoweA Surzdeiz {GHET) uyoRIN pue
THEL ANTIGeUIRIsns 0} PRSI SUCISSNOSID ._muﬁmomownm £q penSiou O5]E 918 oM 1840
.?om “speod. moy @w@ﬁ hS%Eom 103 ﬁoﬂmE o@;oa %mﬁ Spu2is wwon...r ‘peyyoenb
ummm QI UL n&a&mmﬁ E_. @o:mmﬂﬁmu useq P&s SeIpms aowﬁop_ E.ﬁ.o.:ﬁ Mﬁoﬁm
o “S[EonsyLoiSe uo wapuedep
08 10U 9xe yen) swsKs Surddolo oy pinoa osfe Loy “sdoIo Jo: AOUSIOTIe-asn-Tajem
2y aaoxdwt 0] oI p[nom sisonpoid “upiBat ﬂ.mﬁaom styy ut peyrual 81 Ajddns 1o7em
23neoeg (F66] NOTIY PUE Ieneg) S[AAR] Ienetu J1ueSIc JI0S O] poelal ADYalp useq
sey. Apaponpoxd og (1661 “Sw{jop pue ussstwusey 7007 10MeD) Sumonoung [e1q
-OIOTUL {108, pue ‘6FeI0Is Tojem ‘uotenyyur uonendised ‘toneSersse Tros-“8tjoxo e
-nna sasoxdurt Apusnbesqns Ter xeyew SieSio go Aipwedb sy 9searsur o3 sryifeey
1108 JO. 808 ¥ “sindur [RUIe)XS 10} PISU-SDApeI pue H£2UITO1JO-98 =30 MOsAT 90 duI

607 UBISH( UomeIoy

‘gifeal [10S Q038 18y ‘SHONBIOL SJqelas A}[ROTUIONDS 1s[e0T Inoy oaey oddas oy
i s1e0npoxd Jng ‘GAISNIS 1BGMOIOS Useq SBY ANjIqRURISES Suiiye swesks Suid
~doxo siqeureisns parejdurnquoo aapy stednpoid pue sisnuetos ‘Sresk 1006l UY

“#0fTR]-IBSTM IaTRIM Aq POSTIED S[0S 03 o8purep ot Jiedax O3 jueMm oste sxsonposd nq,
(9661 “Te 10 ToN2AANY(T) I[JBIOAR] U92q JARY SUOHRIOL SSISALD SIOUI JO SHIIOU0DY
‘swaisAs Suruire] M Sj20f uie-Suol ey sumueXs O} swonposd DABMUILS SEY
‘soopoerd Suiddorr ut sSuryo ST, "SPIol MO[[E] PUB 18U JONITM s 20udnbaes ul

UMOIS MOU e (] wrtdnws wnstd) esd AIp pive ‘(] SAMVUY SHYIUDIIAE ) J9MOPUNS,

(] wmBOVIIU WHOIUD ) IR [H osoxd ‘(7 sl pa7) uI0)) (9661 1810 wosIs )

UOWEIOT MO][BI-TeayM. I0JULM 91 01 SdoIo aTowk ppy 03 steonpoxd SulLmolle *suolefar

seyess encidunt pire 201INS [0S 91 wo enpisar doro saxssaid seonoexd [I-ON
(8661 “T¢ 10 IUeyere,]) Su0Z JUB00T
doro ot soj2q Suiyoes] Jo ‘go-unt ‘voneIodeAs 0f 1S0] St ISAT A1) YeoyM ISIUIM Aq
posn st s1ak om] St Suunp peatasel nonzndioord sip yrey usyy sso] oS doto
303 nopendooid Fuisn m LSUSISIISUT ST ST AO[[e)-1esAL IoMIIA JO 10odse JapmE Yy
(€661 “[= 10 mos1oteg) spotrad Mmo|pEy Buimp uoso1s pulam o) suoad Ajersadsas sij1os
pue {0561 “IBI0 URIEMOE) 1507 US9q SBY [0S o up Juesend JapEui oeSIo TemSo

A1) JO 9509 ISOWY “UOHRPRIFIP (108 SAISUAIXD 0). Pa] S8Y MO[[RIAESUM IOJUIM Iy

'553018 YBNOIp 03 onp-550] dolo pue: AIigeleA ploik
soonpas spotied moj[el Surmp peutes Isiem (10§ 08 U1 pasols st uonerdisaid sxoy
-ale ‘eseyd mojye; o Bunmnp. #018 0] PAMO[[e 218 spaam Tot sdoxd IoITeN] 1snsNY
yEnong, (udy wolf A[uretl smMo00 PUB W (G 03 OS¢ WO} SeSuRT YoM ‘UoKHEl
-diverd mo] 107 15THpe 01 UONLIOT MOT[RI-IESY A ITUIM B T BA0IBISLIT "RI0NR(] YIN0S
DUE “BYSRIQON ‘SBSURY WINSoM PuE SUNMOAA, PUE OPRIO[O,) LIJSES Ul Bale UE SAJRlS
panuf 5t Jo addas fenueo oty Ul waodd doxo yuvurmopeid oy St eALM IOIWM

uonnposuy |

GI1 ~me e e e e PR e e e e . . saoueIsjey
GIT Tttt rrmmrse e e b =onm,$=ubn.m~8mw3§am< i
LIT mmsmmm s e e :maum INO=3o-a[040) S WM SUODRISY JO Siyauag. 7'
oIp vt R {OICIND) PLIRISS ST 1)
do1n vy swpl sofed eopidsy o UeD [
WHH - n s e s h m e e e m e w e w e W e a - bm—ﬁﬂdﬂaﬂmsw mucd ﬁbﬂmuﬁ— EOEEO.MH, m.
R e e O
{2 S P N A B AoUSIOIIH-25)-00IM0SIY 7
O[Tttt W e s s i e e e e e . -+ nomeIoNSey [0S, 77
T rT S Moss o S A e e s e e s SSHIIOUOOH PUT ANALSRPOL PURT [T
601 A A Ewuummwacauau :ﬁ;oz M SpUSl]; TesIB00Ig ¢
801 C e e e i e e e e et e e e e ey e e e YOmAOpONu] |
SIURIUO )

Uasapuy T 801

Cover Your Acres Winter Conference. 2014. Vol. 11. Oberlin, KS 48



e 9p% IO OF pareduros se SSOT 9407 ﬁmﬁﬁﬁo&g«iﬁ M PUR -0 W
Swes oy a1em POIA PUB A IGYIIW 0S0IT T[N 0soid puE BIO0 TI0MIEq UOLIE
=1o1U ‘SASIEIoNAS SI PoTRUIEY? SPOrrad MOJIE] Jeul Sem ISA9MOY ‘puen Bugsudms
VOIAAL WP pareduion se DAL UL 98N I57eM SUTes o1 Wl TTRI8 SI0UI 355707
*so0upoad osoxd ‘Yo asoad sopeoeld w100 LM SINSDO HY A UE UeS T[S Y
, (€ 8id) A UL BB OF6°T 9q 11l PIOIA oI Sealota “SSN ISJRM JO TR ()E
Y g-O-M, U1 B/ 0E6°E PISIA [ T2y 1A STAUTeXS SO A 10 JI-T-M, 0
paredwo T-3-p U1 980 JoJei DUIRS SUF YIIA UIRIS. 210U 946007 soonpoid Jestsm
T, (Q5007 “U0SIPUY) 40107 Jein sdoxo ogr JO (HA) munﬂoﬁu SSN-TIEM,
anorduy sdofo owos fost 1aveM 105 Jyousq reucnuippe 1w sepiacid Lisyearp doxn
“spottsd 4ofjey 30 fousogeur ot
SmZIUIUTUL Aq eles uoIsIeAUcd o1 saaoxdu Binddors snonupuey “g46/ st Smddoern
SNOAUNGEOD Yl UOISIOAUOS SRaTaym ‘Uresd ojur wonelidiosid o040 1S0TITE 119AT00
- ANEDM S8 YOS SUOREIOr 5RRU00 UL (3661 “T¢ 3 TURRIR) UReid Ojut tORwOL
s1y! Jo 5xeak om 213 Burmp peateoar uoneypdioad jo %SP—(F SHAAI0D MOTTel-TeayM

T pIeIA doto oauy pejiaatios wopendioaid 30 jUnoUre o) ssealoul i rialing

doto 9SIeAIp puw [[n-ou ‘spousd amofrey Surmp gSq Suynordioy o woBIPPE UL
(8661 “Fe10 THEYRIRT) 25(S Ut SIOUI 01 STRAX)U
MO[[e] 1eI0YS ot Sunmp ggd seroldurt wioo i sdo1y VOSEoS-ULIeM Swppy (L66T
‘BOSISpUY pUR. BIEUL] ) SIBUOUY JOURINS S SULMP jSeMO] ING ‘ISIRM Sl JoA0 150
~B1y st Aousioyys 9F8I0Ns TRl S1SpIoy Mof[ey [n-0T U8 ST LA pUan. LYoy
(9661 “T¢ 10 nosI;maed) 90d 01 HSd seacadun S0BHNS JIOS Ay UO UONEASHId
onprsar. doxs pue yn-ou sesioum ‘%0¢ ueyY $59] St S ‘SWNSAS PSI[IIM “spo
-wrad mojey Fuunp (ggy) Lowswouye uuﬁsméomﬁﬂ&uua daoxdui seonpoexd fu-on

BreM T'ET

Kouatotffi-a83~024n083Y €7

«(S00T 18 30 PIoIRYS) I AL TR, perediaos ¥ Surddor snonmmnoo

U1 FYSTY 95()/, St 1Y SSLHIOI [RIGOTIIUL [Tos os[e [eod sty Sutaetyoe oe sddeis-otp w

surayeAs Suiddorn [1B-0N] “[eMaUal T10S JoAR] [[LA4 ANUTIIIICH [eqoors s 3o Somuon
-OuTly S SoURYUS.0) pauSisep swasks Supddois reyy paisaSEns (opp7) uosxeys

"UORBIOISDX 108 IO JRTINSSSa Sea 9UBJINS [0S offy U0 Senpss:

Swiazsserd pue vononpoxd snpisal doto Suseasout ‘seIpins Tfe Ul "sTeof 1tog U1 soud

AJUO. PALINOO0: SPIeY MOf[EY JE USAS ‘sporiad MmOf[ey Aq pareunmie sem SIMOTTS 108

-ut yuotuaacidur yag -sdord 30j Anpiqeireas ejem pre nonen[ger uonendped Sm

-aqxdun. Apuenbesqns “ALysoiod ros pupjuswdoressp s1eSe185e poseatout mﬁmmoﬁ

STORUNUOS (ApTys Youyioue Ul pieX.Ie[IUls B Puncy. (Z00Z) Te: 1 Iaaeys TIN-O-M

ST ons SUGKEION USA2 SpIaly O[S PIPAJOLI T8yl HOREIOL.ATTe TR SACId J0W pIp

Ajiqeis 21efe1d8e S0aomox (0007 ‘HOSISpUY PR WiIA) Apris O oDy o

o A ﬁws peredwon AnIqess oleFe1Sse posealour: OSTE Suiddozo snonuywe)
“Butddoo snonuniuos 494 HOS Uy ued ouy wogmg TOQRIOI AUp

ur SPISL MOEY SIIPRIS 110G IV (007 “1¢ 30 PICIIAYS) J-pM 03 pemedinog se g;/¢

111 uSsr vonmoy

uopeoy ﬁm.mm.ﬂma._« «w UBIMOY

L , i wory paidepy) OpEIOIOD
Wil FNOM M A *BODY 38 APIS UONRIOL
) . Jo read guSie o ul paIoafoo

BB FIR-0U 28 DAL
PUE S JARDA S0,
syorafA “PBeiin pepRioT
(-Ab) OISR STY UL HOPRI0X
[BHOHHIAUO BT, “J9][Ha
050Id== JA] SUI05 5= 23 “MOo[[el
= o “YeQUM JqUL. = AN 1212
mnoﬁgﬁpﬂq o8 06 ﬁmuﬁ
mo_m wo ?ﬁ 383@5
uSwop wopRIcY TS

(ewySg)

uodges aueblo jog

£q DOS pesearout Burddors snonupuos Jo sresk 71 ‘uoiSal sy U APmS puUoses B

uf "poLisd MO[[E] B 210J8q U035 2tom $A0I0 99IY) UL TSAS ‘TONEIOL B UL PIphjon]

sz pOLad MO[IR] IUOTI-§ O -Z] & JI 958a10UI JOU PIP DOS I9asmor (1 -Sup) m&ﬁ
it pereduon ‘Fugddoro snontnuo yna jtos Jo mo ¢ do. 3ty UY 957 PISLRION
(DOS) uoqTes: SRSI0 {105 ApmIs opero]o) ‘uon(y o M szeed 1B Ioyy

UOYDLOISOY 1108 L

st jeroueuy
peonpel 0s[e Suohelod uL Ansmealp dory “(geg] “Ie 10 Bapeakny) oddes [erus
3y NOYBHOIY J-A\ YA peredinos FOUSIY 95¢7 SXoM SUOKRIOL SSIOATD JOT SUIMat
1eN “sonmonocos asoxdiur-osfe Suwin mopey ssof put sdoro srour 1R mnowﬁoﬁ
(L00T “1% 32 1591415 {661 10 t0sI9)0g) sdoxs
[e9Aas J0. pesiadiion SEOITIOL Yim PIOJ-0M] paseatous Aranonpord puel soddars oy
Ul SSIPAJS 11RO 1 1B PIRNOO0 SHASST JR[IUNS -4y URY) SJOW PI0J-0M) POP[RIA
os[e ‘IW-O-M ‘Surddoro snontpuoo Jey sem puen. SumSinut wy %6 30 Ssealom
we—ey/B §16°] Suronposd 3D 1w Sunsenuoo u/BY 046 Ser T4 30 PRIK,
pezinuue a3 ‘ojdurexs 10,1 "(3-M) MO[[E)-1RaYM IJUlM, UBYY 301813 PIOJ-0M] SeMm
(AEDp4)- 0TI 080Xd-UI00-JERUM. JpUTA IO -(F-A=D-M): MO][e)-191[1ix 0$03d-1100
JERUMIRIHIM (I-DM) MOTIRI-IIO0-TeoTM .HE:S Jo Qransnpoid ‘Opeiclen ‘Uoryy
Teau Apuis oNeI0r ¥ 3y "uononpoad doxo ur-spotied moel JO JUSULISSAL 9] SSpn[oul
PnfeA SIYT, “UOREIOLAYY U] STe9A 10 I3quint U} £q SUIPIAIP usyy ‘eaf uoatd v 1oy uon

“7101 2 ur-sdoI0 [fe JO SPIOIA a2 Suippe. Aq pare[noles 51 PIOIA PeZIenuIy “SUONEION.

uosISpUY TH 011

49

Cover Your Acres Winter Conference. 2014. Vol. 11. Oberlin, KS



{0500z "uosRpLY 0y
paldepy) “OpRIGIOD “UOINY 18 pEONpUeS Apmg s1Esk o) 10 fonanbay Suiddors-e woyy paseyp
sdoao-jeso swealy (SO0} ST PeIogleids L JUSLT UG paseq ausisnp ApueotiuSs jou-oxe dow e
BHLM, JS3S] JEORUSPE R ﬁrs 1B “£5UR4 INOJ-ES0I0E peBelsie BEQ: uonRIt Jeek-om 1 11 dogo
aU1.0) uu.anEoo Ui WS peif 10afen sitsaly TOMOLHINE = URg PUE; JnEE asoxd = 1 fan0s = e}

0[e] = o JOuM JRUEIM T M 208 SYOHEIAMIGAY “(I-URS-D-M, PUBH-Ung-\ SUNS-IAD Jomopiins
10 PUR S{:I-IN-DAL DI 2=, 07 ALY 1100 303 Hd--D-M, PR -0 o) Teots 107 paredwoa
SUOnEIOY; "sivak oM JoAT F0U0 :Ew.?qo:wuﬁ $59] UM0I3 91 douo B UoyM SISERIAM] PISIA, €8

._maoun.‘.m «mm::».mmu.c.g
. ) . , 5
: - | ® 4
: q y
r 82
19 A~y g
T IEOA-C mamme
9 S
AKousnbaay ﬁ
~SL
(%) ueb praty

*suaSoyzed Jo soruretAp uonejndod oy Sundrusip Aq s959STD 1001 0
Rusaog 91 ssonpal uonele! Ut sdoI 30: AISWALT (¢ “B14) sreek om 30 fouanbay.
Buiddoro. e pim paredos se ‘sreak 0} A¥9As $0u0 umoIS waysm JYSHY 90911
S TEIYM JOULM PUR: “WI0D Semopiuns JO pietk urelD) (05007 ﬁmoﬁ%aﬂ ubireos
uy umoI8 sem dozo omp %wcomwuﬁ ;oY 0} poje[er sem piatk doxo ‘Apms opeio(o]
‘aon(y 241 uy (0661 “oep) addes o vl paik doro conpar KO0 SeLeaSIp J00Y

SISTIIA 100 THT

oW SHUDY 1820 T

d 30-9seyd onredio syp.10arz Surddoso snonunuos vl sseutolg
juepd o suenngrOuOD Alresd Searsym ‘sired 103 9{qISSA00R SS3] L TRYY SULIOY DHIES
=YOUL-ORL J 1ISATOD: 105 111 SHONOROY [EOTIAYD “SAtl MOT{e] SUMng “fenetl omesio
1o sseworq Jueld gy oseqd HUESIo o1 m axeydn jueld 10} S[qe[rEAR SIOWE ST g
‘onpise Jueyd ySnouy J Jo Supjokost oY) 03 PANGITIR Sea PUSH, STYT, porad Mo
-{B} [IUOW-$1 0 -7} ¥ PIpuloui jeys suonejel o3 vostreduron ut Surddoss snonuy

U090 UL IAPAIE GHOC-CT SEA JEAUA JUIM U1 J JO NOLBIecUOD TRy puney (£661)

UCSIOA[EH] pUfe elmog Aouatdyse asn-snioydsoyd syosyre oste.uBisep uoneoy

Eit uE1sa(] tonmoy

doxo sl Aq exfeidn N pore voneZiEIUIUL Aq aSERfAr N eamIeq AUONYD
=ufs rereard oy Buddosw snonunuos ui Sulyses] s59] peanduie ATy, sporsd moire}
1A SUCHEION 0F paredwios: se [108 Uy Suigoes] Emu.m.m paonper Surddors snonunuos
‘epeuen) o addes puermss o) up syRsel Tepuns peuodar (ZO0T) e 17 BOUIZ
(35007, ‘dostepuy) eygoxd 110s sy ul Suljoes] PUR UCHE[NUGOIE SIBLIT Daioss)
QU MOJ[RF LM SUCTIEOX {Fe “senuos m ‘Surddors snonupues Aq paonper BN
sea L0S oy w1 Linuenb sjentu Aprys opeIoo VO #4I UT - TR peredurao.
SE J-A-DM U1 §39] 957 Ses 108 30w 7 Jeddn oy uy Aipuenb sjemm oy mojtey
$$5] YILM SUOTRIOL [ 19MO] 218 [10S SU3 W) S[9AS] STENIU 381D PUnoy (0661). T8 1 1)
-1eay 291g01d 1108 9 UL seyenin Jo.Juryoest sp useq S8y ;J+M JO scusnbasncoy
"pesn 52181 Jezi[Ie) N SY) JO $So[preSal PaurRuIal 20USIALIP PIRI 940] SY) ST uI00
10 Kousioige. [ImOTE 1 pasearour Apusredde jusumean NOS USIg SUT; ez} N
arenbope YA U ‘Apnis anpisat doxo uuol-Suo| B N1 jusuneay NOS #480] B uita
pareduIos se JusunEen NOS YSIY UL 510U 9501 peplals wod el puncy ($661) T8 10
BURSEIA “Aoustoge asn-p dolo asoxduwt NOS 12yS1y Wi addes sy vy spo§
"HOSERS AMO][RE 2Uo: pire. sdord sy m_.o. pasidurod SUOReIos INim 12Ae ‘NOS
m uied s1y pajeunul]e poad MO[R} YlUOW-p] O} 7| B WY pUNOY SUIER) Yoreesal
mI0q ‘0STY W-m. Yt pereduwos se Swmddors snontpuod wim %07-G} posesiour
NOS U0 paoder(£007) Te1e DIOXRYS PUe (4667) T2 1o WMo oY "SU A0
seA9] (NOIS) N otwredio ros sesearour Surddoro snonupuoo H0S THIM punoy 8y

snxoydsoyq pue WBoNIN 7ET

-sdom JoWe JO TN M A sexcduy
U0HEI01AY) I 1102 Burpmon Ing f$1M000 pUaR USISINUAS S Aym repdxe o 3jqeumn.

. (85007 ‘vosiapuy

{luw) 1eeym Jopnm Ag osn Jejem Buds wosypadepy) .“omEMHoU“
. : LoD pAvnpRoes Lpms

o@w , omm ..on_um amw .om.N\,. oz _w_.._o " {81004 22113 SSOIOT PRSRIoAT
e TEQOg0+ o MELET-XEL

FRONEISHIIY Osol-TEBYM JSJUSA oV " I oost T A SEAY JLAMOT[RSIS[ I

T ’ ’ ozoxd-qeoym 1antm o)

L O00T pue L9 Q= = WY b 's 4
= X SEM MOJ[R)-ili0o-jealm
| oosz 83U 30] HomEnDe
noissaiBay “(puy] paysep pue

Fe
4\

v  ooge  S219uDLe B moleraR
0soId-qEgM IoIEM

Vy L oges  PRei(eun pros pive saSupna

M\\ _ FoD1q) MO} [Bf-UI00-TEIYM

y - L 000t po_....ﬁ_&. AE.EEE

e 4 _ . o SUOLEIOL OMY, TEILM
g MOUEIUIO-IRSIM IS | oSy FuLA 10} drysuapnial asn

Ioyesm<pialf uress e saoidiy
{eyBx) pjatA

uosIpuY “Td Aty

imogouenbas doxy 7By

Cover Your Acres Winter Conference. 2014. Vol. 11. Oberlin, KS 50



{eg00T ‘vosIpuY *y By
§)809 JUSIAFEULUL SOLBATINT PUR ‘W3- PUE JN-AA HIA OWHT JoA0 Sope[eose Astap
Paa ‘IOURRYINL (6661 “T¢ 12 UOSISPUY) 998LINS [0S SU Uo Sonnuenb anpisor.aof
LM STOHRTRT 107eAs STqRI0ART SSOf JO. 95TB05q, J-IAL-D-A THM UoSyRdmes 1y WO
UL $53] 95C] SPIRLA WIOD) Yeak BUIMOOY o) Ut PJeIA TI0D SEONpaY HOIgM Ya0] St
JBoUN 1o A momomwo,a anprsar doIo 81 SLIAD M Ui UONRLIL] OI0wy
“(2g007 ‘uos1epUY)
018 doko ojut- pelieation o oF woneIdbald 0 gcy =0nbsI pinom spioif oEeiaae
TEDM PR LA WA, (8661 “T8 10 YueyeTes) QJRWD PHEISS SIOL ML MG
do oym uonendioaxd Jo 1955/, TR SI0TL LOAUOD O} IMOLELLP- 5111 12U} ST HOSESI pUO
-395 & J0q ‘P[OIA 40] JO ISTIRD SUO ATE $0SLRSIP: 100y spotad moffel ke splaik
30 %05 ey 5897 usy0 st j0[frx 0s0xd ey Plolf yeayMm JSIULA IuseSeUem J5od
- pue ‘wononpoxd stipisax ‘pietd doxo gy Ajreradse ‘suopemmy Joleur sivy suonEiox
9834} IRASMORY “AOTRIOLS 9$N-00INO0SAL PUE UONRIOISST 1108 J0) [GRIOAR] 81 L-D-M
10 JN-M. Se yons “Fmddois snonuguon) “ANQIqeuIEsSnS 10} SJEOS Steoupoxd o1 woy
-B[e¥ T UBISSD BOWEIOI ISPISUOD O Ser JUSWISSISSE ST I $9A1109[g0 10 0 BuQ.

Lpqeuteisag pue uSsaq uonejoy ¢

"(RG00T ‘vosIapuy)
5dox0 Yomo) JO SUOTRION 03 UOSLIBAIIOD U £J800 $59 850G UM Speas SuSeusur

T PE-D-A-eed s Yons: ‘sdoro uosess-tiiem omy AQ poamofioy sdoro u0sEIS-1002
O3 JO suOTEII Buisn SIeOnpold "LRISSP UoHEIOI A4 PRIDRIE JINS SBM AJISUSP Doom
124 “sopiciqiay Emm;bﬁcoamﬂ&ou PRPIOUL SATPUIS 25011 Ul JusuSeURIy poajy

sdoso. (4} uoseas-waem
pue (o) uoseas:ous jo oney

MZIOT  MEIOZ MEEDL MEIOL

) QQON

o fUOSIPIY W01 PerdEpY)
_ (500} ASTPA0AN0
o S AAUSLY U0 POSB WRIIYID
¥ AptresyiuSts 10uare 1ana]
o9 [BonUap!t T pim sreg “oddes
S "§70) 941 UL s Ipngs uLey-Sop
L og © gaIy ssompe poBuiens

] , “ISROPUDS Joyrt osoxd
7 o2t 1107336 $3010 TOSEIS-TIIEA
! eed Aip pue eoym

£d010 uosEAs-[06r) STowmaI

B gt ug sdoro Uosess-tLeA
- 3 UOSes-1000 10

{puysiueld) otiexsiy £4 patoapre sy Asusp
5P PosM. Ao pasy 48

SIT HBI93( BOBHOY

#e(] “wesqios pue ‘eadyogo

r0gE  Sundseeysm ImuLM pIpRIoUl,

“TeAISIUT OSEES-TIEM S SuLmp Alsioaip do1y pis poures

S§1RUSq FRJIIS Y Ijuim 1940 BuiBiouse swoiq Aumop [onuoo o3 Aunuoddo. ve

sopraoad Yoty ‘gorepy o1¢] vy pojueid st ad L1 Qoom “18 12 HOSIPUY) Jeoym
1yu pire wad A1p Jo sousnbes v taia suonwion o3 parediiioo se Jesysm IoWIA JO
SI85K OM3 UM SUCHEIOI Teak-Iriog T IoySTy sowy )10} seM L3rsusp QuIoxq Ausmop
Kpmys atio uy “Aipides PoYR[EOSS (] wndog0s] suutodg) 90X Aumop. o} $a85BiE:
[enute 151Ul Jo: Asusp Sip ‘TBAISOT HOSEOS-[O0D ¥ J0¥ BOISSa0ons 1 om{ds Slom.
sdoto Jeatm UM M JT ‘o[dtmexe 04 "$UOITEIO TeaA-IRCT JO [RAJSIUY BUOSESS B
UM JagIp 0) peet osfe sdoIo 18y} S1 SAIpMIS 989U 1M PSIOU pUSH PUODIS ¥
% SUOTIRIOT
doao-mog yiim wey) 1ayB1y osfe seas suonwor dox-earyy ut Asusp pasp, ~( “Sid)
sdo1o uoseas-we 0 £Q: pamof[o} sdod uosess-{00s oMl Jo pasuduios SuomEIs.
i paredmod se suongios doro-omy UL Jo1e1S PloJ-XIs Seam LISUSp Poom ‘Seipms:
UOTIB]OI 931Y] SS0I0R. SPU mcmmmﬁo_u N4 Se yons ‘doa uoseas-uiiem 210 Aq
PAMOI{0]. dOTO UOSESS-]00D U0 JO 1SISU0D SUCIEIOT USY/M Sasealsu] Kususp. peom
‘Isenuos 0] “(£00T Yood pue NOSISPIY 807 “U0SIpUY) sdoxo uoseas-unem om Lq
oMo} 5d0I0 UOSESS-[000 ] JO-pasLidiios: a1e SUONEIOT H2YM SUIL 140 S30H[09p
fsuop poopy “pusn Surstdms © moys 2ddes 9l ur ssIpms UolRIOX ..BSBom
“[I08 91 07
pappe Sureq W spass mou Supusasid £§ OUIM 1940 SPIVS POOM JO S5O} TRMIey-2i
Joae} 03 8¥20npoId $31qRUR $O10A0-9JI] Tueremip ik sdoto Surymoy steek 0 raige
QAI[E 278 SPOSS.IISU) JO 95C URY; SSO] SRS POYS PIos Jo1Je Teak 000 SALE sle Sposs
213 30 9407 Alereuincordde “spapm [ENUUE 1RIAL TIOS UL [PATAINS D3OS DIOM -0} DAL
St ABojens Sl JO JaUsq Y, "Speem Aq aonoavca pees 1o Jusuysigelse jueid
Japte asaxd o sepruryoddo spiaoid sdoto esoys Buowe serep 1searey pue Buguerd
JuRISYIp osMeDeq usureSeue o sdijsy sdoxo nosess-uLem pire -[ooo Fupeoy

JUSIAZRURIA] PIOM, THT

“(LO0T T8 19 3591A1S) [eAtopul Teak-oADS B $SQI0€. 9557 AQ Platk veaym. Jejuim
PeseaIout HOEILI IN-0)-p, 9Y1 UT (suinSo) 10y-tow &) vado1yo i 39[ it 0soid Sut
-aejday] "TBey/M I9JUIM SHOBUNNOS O} JEjIUNS S1I9fji 0soxd SUIMOTIO) JEayM JoTuIM
Ul 110408 JO1' 3001 UOWIWOY ‘sopads $#10gaz30r DUR MMLIDSH,T AU 10L 150 © §1
1IN 0501 oY) PUROY ({661) CIRHENDJA PUR [INUNISDIAL (6661, T8 19 UOSISpUY)
FI-D-M UL TMOIE J20UM IAIULM 10 9508 AJUO BUIPTALK “JA-D)-AA SO JAT-AN UBIA J8][TL

0s01d FUIMOTIO] A0] 3 SpIalh Jeatm 1ot “s1diurexs Jog "1Bung snjoqglipyoo): pue

wimst A pOsnEo 1011001 GOURLIOD ST 1RITM INUIM JO 9SSR J001 Jusjerard v
'sreek moj.
1943 eouo sdoao peasyio Su1A0IS popUSHIIOoaT als lepeuwey) 3o oddys pienwss

ap ur Buiddom yo Aouanbelp ous 03 SpoSSTC foy1o. Jo -esuodsey TeHis ¥ pUROY.
9661) Lafreq “Supsoatey ologeq SuiBpof werd Susnes usjpo. pire Jued a1 ur
MISTUSAOW JUSLINY PUe 351t/ SUISAPRT ‘WISIS JoMmO] OY) PHE SI001 SIOSJUL BUIOYg

(6661 “IB 19 UOSIOPIY) [108 Ul jussand 15uny B—(RULOL nprouapIDil DHGYL)
zuoyd 01 NP SLIDMORUNS JO Aouanba XY S YA PIRIA U SOOUSIRIIIP DBSEIp SYT,

losiepuy T3 U1

Cover Your Acres Winter Conference. 2014. Vol. 11. Oberlin, KS 51



01 pasoxdin -0s[e T8 AOUSIOWS SSR-IUSLUNU PUe JUSWeReue jSod ~urerd o tors
~rpauos gonendiosad poe g facidunt 0F Affeisadse usmreleteu topek. 30T Ates
~ga0an 81 Ausmearp doxDy “spoued. ypmors pue iusurarmbar ek JHNIDIND. WA
sdoIo Jo ANSISAID B OIS, 01 S1onpold sAMOoTe IN0J-Jo-0[04s & 1 suonwior Surumely

u1saqq wnop-fo-27940 2153 ynm _mwgom Jo spfpuag ¢

"TOXRIONSAI [I0S 2JRIs[o00% Pue ploth
doid saordiny 03 uOLBal prreruIas Sy ut senSay 103 eyony © sepraoxd uSsep moj-go
91343 YL, "HOLIOI JIN-D-A4 9 UL WISISISNAS TN M, ST SOTRUITHS soffed (05007
“uosIepuY) spietd osoxd Sursearoti musosgwnco Jemm osoxd pue U100 UeemISg
HOM, I WSISIOULS 1) sopzasard os[e. MO[[E] USaIS 1o -oFe0y se vad AX

*sdoro [esrso Jo Adustogye
sisaguisoroyd ayy saoiduwr zed AIp JO SO1RpNN 3001 TBTY PUNAT (€86T) 9Ty ‘OsTY
"SJUSLYNY GIOSqeR:0] PUE sSensIySnoap pumsyiLe 03 Lijiqe § jue(d oy saoxdu swon
~BI0O0SSE TRIGOIOIE QSO “P1G0ZHEI onkydopus 210U TIRIN00 pUE BZIqooLuI itk
‘peziuo]0o Ajipea: atow axe pad A1p BUIMOo) $1003 Tedtm IIM (1007 Apounsy
pue Kemdnry) Jeots 1L i STONDRIIE] TeIqoson Bupoaey pue (06T “100D)
seseasip joox Surssarddns: Aq JeouMm INUIM JO GRAL of Seaoxduy zad £y -dom Sm
-peoaxd e se ead AIp yim pareduros se ‘Keanoedssr Yarinur osord pue yeaym IoTaTs

{95007 wostepuy woy padepy) hmo 0 (BS71 PSI0N0LY §10UST U0 PIsRe JUSIEID
AuenyIusis 100U 278 JoNS] [SORUSPE UE QI STeg-iS1ead 0M) SS0I08 paBeriae BIR(] "(UORORIXS Jatem
jros snpilwonmidioord Burmois) oem Jovem Te03 £G PopTAID POTA Eﬁm SBPOUGSD SEM HITM “AO0TEY
= J pue.laBrsopog ved £Ip == vog YN 0801 == P 46102 = 75 uaUM TajUIm. = A4 T9TE SHONEIA
=QIGQY “OPRIOIOD WODLY T8 A-JA-D-M PUC LTAO-M. BRI-IN-DM JO-soouonbas [RuoneIo: Woy
PMORN00 BB TeatA 1IN0 (HIM) Kwsogga-asn-aares o Joape sdom Smpesery  § 4Sup

moffey. o dois Buiposolg
0504 jeeum  moped  eediig

- 9¢
- 08

- L.

- 001

(W reyBy)
Aousoe-esn-Iste

£11 _ USISA( YOTIOY.

SO0 $89] % SE PUR %7 $138aYM TolUl, JO T(LAM 9. IsERU00 U] (S B1) owm |

AOffe} Yiim pateduros se ead L1p Sumollof RYS1g 9571 S1IBOYM INUIM 3O HNA S
9SNEOA] SISLOIOUT PIRLL “(£00T 0o POLIad MO} . 10Je Jeays JONILM. il pared.
WD 956 ~5Kq PRIk Jeaym Inulm pesestourvad £L1p ‘oddeys agy up Apras uoneil.
ouo uy "sdoin § nEkozo« JO-spietd 1oySyy st sswmSa] YIiM JYoUSq RUONIPPE Uy
. (S00E “Te ¥ yoaqiepaig
W00 IR 19 oW T) ANANDR [BIGOISINT [HOS PUE NS OIS SSTaIouL [jus sotnds]
10130 20 ead A3p “EM0IS JO STEAISIN JI0YS I USAS 39X "95(/ 129U ST yimoIs doro
Ioy asn uonendioaid ‘nonelot s Ul Aolfey 1ee1s sg umess steed A1p usyp (8661
“re 1o [ueyeE,]) wordas sip uf Suiddoin SNONUHUOD. YILMA PIAISSGO JUIT| BOISISAUOD:
511 Test {06007, ‘uosIopuY) mao1d doo Jof sreek moy ssome uonedioord pieX: A
Aprewrxzordde sasn nonelol (95e103 107} Bed-TA-D-M. W Alddns xoves xo3 asafpe o
(Y1018 30 sream YSTO 01 XIS JoYe PoreUIUESY) AO][E] uSaIS 10 98eI05 10} HM6IS 0g
‘ued Loy asnedaq JusmeSelpil 1oTeM 10T AU{IQINaY op1A0ad sdmnBe] ‘prouieyim,]
"SISZINAS JO] Paok SUF SAonpaT
pue sdois Suimorioy £g sxedn N o seacadun NOS JO [949] 1YSTY 9171 (108 UL NOS'
PUE DO JO UOHENILNI0E Y3 AEI[I08] SoumBa] ‘SUONIRI0l poseq-[ealan uf e pajou’
(1007) ddeug pue JoRAULICY "SER1e0 Qe umoid sdom jsow se.‘eddas g7 eqim

sjqenfes Ajeioadse st Gorgm ‘uonosnpoid onoIGuIAS S)L 1M, N SINQIGUoS somnde]

"UOHRIOISE J108 10§ Afferoadse ‘fuopdo o|qesdae] Siowt v opracid sowngey
(L0GZ 12 10 nOsIPUY ) ATPIdRT SeTe1es2 oot IoidIm UL (JISUSD Poam Jeip
s1 sousnbas s Jo 9dusnbesuod ORI ¥ (LH07 18 10 1S9NUAS 25007, “WOSIOPITY)
157esm SrenbopRUL PUR $9523SIP 1001 10 9STIR0Sq MOTTE] J91JE TRt/ Uel]) I9M0] %05—C7
st sdoxo Tesym I930L4 oq Jo uoponpord oupisal pue PISIA nreid I9AMOE] TMOI
e ul sTeak om) patgeld og ued TeayM Ietums “o[durexs 10 “A[ddns Joem sy poued.
AO[E] YIHOULH] 01 -Z] 2y Sunsunye pue Surddo1o snonuREOd PIM WIROUCD Y

SPDULL) PLIDIUDS, STY) U3
doiDy vy suLy soyn 2on]dady ap uvy '€

*sporsed moljey SepRour
Teyy GOIRION Alre: UiiA UOISel STl U DIASLIOR 2q Ueo AJIGROTEISNS DUE TOHBIISSX
105 Joypota vonssab op (95007 “BOSIOPUY {9661 ¢ 10 [BHSOM) 108 Ul Busoee|
Jehin 03 Speal FWN MO[[R] ﬁo£< (€007 “Ie 12 PIOXIOYS STOOT “T8 39 ARYS ‘000T
UOSIOPUY P WBLIA 16661 e 19 urtumog) Ausorod [10s pue KQrqes oardfe
“aesdn snaoydsoyd ‘NOS *DOS P Suiddoro snonunuod Aq pourzd siyousy Sunelr
~IIES “UORICISII {108 J0F [eIuaunyap st poriad moyfey o 01 -z1 941, Smddox
snonupEeo 30§ padereasp oq wed Surouenbes dod J1 A[uo g SONIGELTEISHS J0 5208
IN03 100 FUIASTYOR 10} 0.389& 180U 9 A8l wmomﬁﬁ g&u&s& ey .umomm:m o
wﬁoﬁuoa a:mnrumu mnmwov In0j mo-@m_ﬁno A YHIM SIUOP _@mwnﬁu m@@ﬁ o ?.ﬁmﬁ.
191e238. proj-om st Aianonpoid puey ses1otm ‘(¢ “S1Y) st 1007 £1040 S0U0 UMOIS
ragm 18USIg o1 sdoro 1souwr Jo spletd uresn). juseSenrur 153d pue Kanonpord
PUB{ IO} 2[qeI0AR] L -IN-D-A S8 YonS UNoI-Jo-s[oAs B Ul suoneior Suudsa

BOsIapuY .x._tww . 9Ft

Cover Your Acres Winter Conference. 2014. Vol. 11. Oberlin, KS 52



E8ST-6LLT ‘26 fuosBy supnElO:
doso ut somuendp uenendod pesm oFeuei of goeordde sgoes-timu v (Bo0Z) Y asIapiY

"LOS-E09 P 0UYoa], Peasy JoyfI osbad
puertrog: it mumn.s._oa A0 peau sy ssppuRue yoeoxdde SWMSAS [InNg W (000T) " wostapiny

SA0UBIIYIY

“soonoedd 08e][-ou ysnqelse pue $doss eI [e1sARs Jo pasudoy SUOLEION
I SIYSURq 3O Avire Tepuns € uled 01 S]qe 9q ABUL PIIOM S JO SUCIEST AIp 100
ur sreonpoad pue sisnusios yei 15339ns o sevEIg peuury 3y jo oddas prreruies ey
uj sxeonpoad doj SPIUeq snompumi apinold 1n03-Jo-010ko B U1 SUOEIOY Sinunerg

"PRRIIUSPL O e AUAIDLIS I$N-00IN0SAL.I0) onsifreuts om
yeyi‘ssousnbes doxo siour £l Areadsa ‘suopziox jo udisep e oq [[im Aoy v Ajddns
e 01 30 10vdur oy SimeTA(e ofiym UOnNRISHASAI 1108 O Tends s1y syenjuecor
YLy 01 9[qe a4 AWt am “Fuguonouny (10§ paacidult pue ‘sdoio Suowe suoporiaym
[eroyausq 10 aSpajmouy arot ued SM Y ~UOLRIISHT [0S 103 Sunenyedied-yes &
weysAs syj “snyy, “swek Supmo][of ul slour uass sppIk do. 2SBAIOUY O] SUOTRLAI
Jorem sanoxdu Apuenbsesqns gorym ‘uononpod. anpisay doo esealoul ose ae(in
-OU pue suolEIor doso~1n0] HItm SpLotk. T4 (900T UOSIPUY) Uiesy Jios Sui
~JerousBer ore pue ends siy pasioier ahey addes g o uy surelsAs: oEﬁEo.a
oSen-0N "uopepeidop jlos Jor ?ﬂ% 2 S)Iels wWoysAs Suwmief om WOl senpsal
dozo Butacuwer Tey) porow (£007) 187 "Pelolser Suteq ST eey {I0s ‘lounsuing’

(95002 *UOSISPUY) (00T Lt
¥ Q00"SO1 UBHY 210U 03 066 1 1 ¥ (00T WO PeseaItl 0peIofoD) utoFererasy wioo
puejip ‘sidurexs 1o ‘pafueys sey ospe uoaer e ur suteped Swddexy -spousd
MOTE]. 10} POSl 9y} Sulonpal pue faragonpoxd pue; Suyqnop- “addeis prietues oy
ur nononpoid doxo pAUIO}SUEK, SARy JueteBeurtl InpIsal pue smesAs aSefin-oN

uoyeIonaSey fiog jo pands v b

"Spasm M ssaueanados s3taonpal
pue ‘(gael ‘uolsoo) yuwois Sulpess 0o oBeuwsep JBlp SUIXol oskoar sanpisal
WIOT) "SUOHIPUOY 2911-DIaM Ui UIOD SHONUNUGD. Ul S8 SUOHIPUOD PAISJUL-PIas 1
Junowre aures 9t poplaIA Yoty ‘ead L1p Fupmol1o] wios seia puen SumSmur oy
“SUORIPHOD PIISAJUL-DIdM UL Ugaghos Mim pareduioy seesd Lip § Sumoroy ﬁ.ﬁﬁ
PIOJ-0M) OS2 sear PIAIA uie) (9 By} amimoouow wios v 03 paredwoo se wed
A1p Bursofjoy ustm Joyesis PloJ-oAlf ST %ﬂﬁ.a: UL SPSa/ OF 90URISI0) U107 "0y
~ISJIAUT Paam o} sourIs(o; doxd ssouenpur doxo Burpesord i ey ponoy Apuesar
oM “ofdutrexa 104 “sjysusq [euonippe ap1aocid few Asioarp doro yum SuoneIoy

. “(L66) “[2 30 STmerT) STezny
~13 pue seplousad ﬁ_a sindut Buronpal sjym preik-doxs sssearour uSisep puonEIcL
ST (00T B8 1epjog) sdoo moJ 1589 38 JO ISISUOT SUOMEI0L TalM SINOT0 JUSUL
-enoaduwl WwnuiXeur {7661 Ueyfiozan) Supis welynu- pue “yjesy fros Juswsie
-gpursad: QSEEH o] mﬁ:«moﬁoz 513 UF POSN 218'SUONEIOT [RUGHOUNRInu “ydurexa
10,1 "SUOISaX SIRUNID IORO: U1 9ARO9GS Os{E st sA0I IN0Y I SUCHTI0H mﬁmnﬂm

611 uFIsa( toneoy

{ssaaBond

U1 gaaeasel iy uoessapuy), (S00) 48 vBuBEm $39YsT] 0O paseq Justemp ApueoyreSis jou

R 1010t TeORUAR] Ve Ui STeq fsivak 0M] $5000% PeSuical UIBQ (w0 U ANUGHNUIOD Poss O
pajasaadar ya[[ur [feIXo) 70 puels wiojiun v eddels =g 2t UL [[U-OU Bl pRiSHATISS St Apmg
"SEOIDPUCD PIISIIU-Paom PUR JAI-pasM MIOG BT 100 JU PIRIA $ebusngui doro B Supazald 9 b3 i

PRSAUU-PISAN  Seu-pISp

o) 0
@
B - 0008
;
3 .
0008
WO% mxrma - 5009
uesqACS mmemm
vad Aig =
- goog
doxd Buppoeid (2w/B>) pioix wop

“#0] 0 81 A)[SESP Poam 95M1829q
SIPIIGISY INOUII mamoom ‘UOSIBPUY) JesyM JoULA PR (0007 “UOSIOPUY) Je][Iu

- 0soxd Suiword ol SHOREIOT INOJ-JO-3[OAD Wi SIOONPOIT H-A, UL $poam, JONUOD O3

steonpord £ jusds Byyc/$ ik Funsenuos “moy-§o-910K0 21y Ul paBirers SUOHEIOL
Sepu-0u U1 ey/3E$ 1800 spaem SuiBeuepy meursFeueur poss I0F $IS0D-13460] puE
Anaponpoid puef reySny moq 109 soymiouoos peacidi) “ey/H0TS pIeIk Airsiealp

daxd YA SuONRIOr 958][I-0U SESEUM BY/C7E ST JM 10) 3GOLT (/60T “UOSIPI) -

suoneior do1s a2{{h-0u PIM Iajeeid ploj-mo) 8t wimex 100 MON (9861 “le
TePeAANQ) T-AR Y pareduwtos se ANSIDATD dOXo Yiim SUOREION L JOYSN 94 CT Ser
BINAL J3U 91y “28e[{n-0u Jo s1eak A{Tes oYy U ToYSIY OS[e Ie SISl OIWOn0Ig

. "WASAS
Teor8o01q oy Jo Abuapyie pescidury Surunsuowsp. ‘spuduy .ﬁom:auﬁ pue Aiddns
em U0 paseq spratd pejoeiord sy pasoxs. Apwsis SONEIOT am«:ﬁén 1 SPIOLA,
"BU/3 (00’7 UBYS 2IOUL SPIRA Aerer 0s0xd WBeln UM A U Seoloym ‘a8erm
OU A SUOUTION Jeak-Inof Ul BY/SY QOC'p Spoedxs sreed swos wi etk jepnw
osoxd “ApeIUng ‘SHORLIOY IN0j-JO~3[040 pue ofen-0u P, SEIA 9[qeroAg]. Su1
~Inp eyyBs QOp°S Ueys alour spieIA Woym “senuod up B (09T Spesoxs Kferel

Pletdjeaym Iojiim a5ern pue J-pm UIA. (39007 ‘uosIspuUY) suoneIo S8e][u-0u U}

1oyS1Y PIoj-0M) ST TESUM JoJuki 3O FenIsIod praik o3 ‘1ol (0661 BRUS) SweysAs
PO U4 paredwion s 940607 Aq Posearaut plaiA 1eoym Joyim ‘eddes s ur pesn,
1T sem OER{IL-OU USAY 'UONRIONSSI 1108 Il SIN000 pielf-ut aSueno Supiys v
-Suiddolo. snonunuos 4y
~B10)S93 1108 20Teyns pie poited MO[[e} PUOLI-H] 0F -7 B -10) PISKE oY) o“aEE:o uBY

ABIoAID dom ym wfisop moj Jo-e10ko- a1y *Apuenrodury -s)soo woonposd agupar

uoSIBPIY T 811

GOH..—

o

[{e)

Cover Your Acres Wmter Conference. 2014. Vol. 11. Oberlm, KS



TE-T Y8 08 el *f "B WU0Z ¥ Py ul Jueesejdar
#oppe 10¥ dozo aumuewr 0elf swmSal [entene e Jo JusyeSetent 30, JIATIESAssE T0I-5u0]
(P00 K Teey “Ord MOSIAPRE Y ST o SIS “ONMDSGIPAE VD eadwED g Iwuey
OET-0TE b6
+¢ worBy sempexd gerpenery oy wp senmumaoddo pnamm MSm pue gopesysizagy dow. 30
8&%8@ g& vd Eﬁsm WY Bosulel “d'D E@J "Y§ IpURRE O RO
"y feqdure) “¥d WIEN “TaA Bmox, “OE |ug “WD AN Yad IeM. LY ez
*CCTEYT “1E SHOS T[iad 101g "Suld 18NI0 enue oip d0p
swomeior doto SAHRUISTE W URwolE pue Aiqes SSasty {000y 1y tossepuy g 1B
“Oal—6LL ﬂﬁv. wQM dﬂn&. T .Hmw:q. ..wwoﬁ?? X0 303 3001 mbﬁwﬁou pue Bﬂﬁﬁ&mkn.m Ly2ic
-odig 30 mcoaﬂamom j108 o bemﬁ Surddory. 3o wapg £ 166 1) g Y BIRIENOTAL 4 (RAURSPILAL
*GE1-T6T “6 ouBY poIf [ mﬁsmmw Bud
~do1o pueifiip ey ustraSndem GaE0DYN (S661) WA UNEY “A D ISR T EHARH G ITRBSOM
"ETT607 O S
SRV 1 SpURERIRN (Swepsds SUULIE] S[qRIRISNS 10 01 ABM OIPOTIML Y (Z661) "8 pesiiich
L9E~EDE TS AISEO
uﬁmab. gt wgw%m o&aﬁu noneALIsoo W mbﬁéwm ISEAHOS mhma mv ...M.Mm mo_mwuﬁa,«. {M.Q .@M&ﬁmxw
1007, 1 TqUisose] Pesseny npa-orelspyonisy/diy efed qap 101Ua) LSV JeANY 1894
KIULY 1§ BOR(] [pRog Wodel Horessal jenkay {Z007) W' LeSERTY “yH Sens “E D oS
CTE-H1E T8 T uody
m‘_n:wﬂm hiznly) Eugmu uﬂu ﬂ.n dDBUBUP.a 1eangm uom. wounoﬁm gnuEuWﬁﬂﬁE Bom.mm Aomm mv m Q dxgm
“BOST-000] ‘68 'f "WV 908 155 {10§ “Sura1sA30290 5 PRI R-ON. O]
$Teal 7T 303 STo0d SUEEIC Hog {O007) T By “O CLHEPSaM “ VD wesierd ¢y PIOTIyS
CHSI-EEST L0 Tf 1Y 008 108 HOS "gisfsnoscrfe -0 £ 1 uaSOnTE pu HoqIes oMRE0
o saoueyue Aseenn Suiddon) (£00Z) " Einyy o Q) HERSSAL Yy D TosI8Ia] "] REE%
m.?m ‘gz, el "EENg wody
‘wapoedsiod JUsIaINp BI08 PUR IEM ﬁcﬁﬁv 30 UOTEATISIOD ot SRINUER-5Y (0007) L Hosyens
L0167 09
[ Y *90g 10§ Hog “omalene [iR-GU PUBLAIp Jo sTeak aalomg Taye sapsidond jromsdyd ftos
sompng (7007) "D wang, Yy PIOFeUs COr ((eRsem “Hl By =y 0 Hosaled “JL Tanyg
com7g A sealy emolRiiG. mun HROTIISNO $ 3NEY YL OGS 380 mmmma T ey
BETEG ‘G BOIBY APY ‘SHOEa) plie-es eqereduey o JaTiEuL O1UEEI0 [108
2O 2pISey no,.a pue eznELy ‘9FeEn Jo wpommmh WE-SUOTY {166 1) LH SURIOD FHE usssnusey
S9I-08) .6 Uy posg m zshs ?EE pue: Smddoay S patoape
sz _mu%mommu asn wonEpdion1y (9861} WO IWCL “T(T WRVRL TV [F5RS “YD nosengd

121 _ uBiseql uonmoy

DYEI~PSET "LE [ WY "008 “IDg HOS HOIReIar I

~oBemewws dous pie fros oy ysesidde wepsds0000aBy (E661) 'A D P10 DL TERseA Y HoRIIeg
095 I-5CHT LS T UrY 208 o8 1108 “axEidn veBomU pire plord uioh ¢ SPNpSEL

doze. [-0u Jo 309102 (BRpISey (€661) M WSUIIAL “ACH URIOQ 0T 3em0d "SI BURERIA
"GOLI-O0L] ‘66 ] "uosBy "sessanond qros jeaiBisig

paI0sles B0 SITBAUIL [SUIRLY 7810, UIARION, BESslnSe| Uear) (L007) "0y Apauusy 71y iHesdn
RYTEIERTTT Y6 YN 108 vﬁ«, “IeN a0k pustmeBeue jsed sgeureisns

o yogostde Wasds 0ICY ¥ (£L661) W[ SOSHIRURE *0'S HumRld “D'f B0 WA AL ShaaT]

B~ A7 ABCTUIRISNS NOITY Wa1AS B remginouSe SjqeNLRISRS pue IS {L00T) W1t
"18~18 4, LRy TmuIsng “f I RoLIEE sqeures

~S0S 07 JEUORUSAUOS WIOL UOLISUEY 91-103 Momsmrey peradeouo)y (SAET) T S0y “9'S HIH
4 ETT~L5T o oIy “Apy wonmidiasd Jo asn uatoie o3 BORR[RS TEy

-paurepuEny ¥ uoprolseau Smddors puelAIq (36613 0"CLITBNSSA V"D BOSIaRg [ eteiny

"081~£91 28 .E&ﬁ.%« “wiipesed ~

wourefeutn o Supier tuelsAsoo0015e 1 SEoImaN (L00Z) '§'5 ddeug v mereaciuiT
CLC-9 1T DUBY POIY [ MOTASI B ISUIR]] JESID) A UL swaysds Fuiddoss:

PUBLASD 30 sapuonoog (9851 TV aoﬁozmm YTy POORION “WD :ommﬁomem O depaainY g
0SSy VPRAL PISE ULONSUYY "SEET W() L9 JUO0D). 59y BIAYRIOR LI ) BTy

Wog 0014 (PE) UeSISNILA A B “GTZ~107 "d W00 B Jo3ge voneiol oYY, (GA6T) "M 'Y U0ISe0I)
GECS LT EIRS

[0g APy emynotde. prelip v suefouyred SuRoairac0r 4G posned soseasiq) (066 [N 400D
"Li-8E i f "UOEY SUONouNg {108 MrEMIED Jotg SeoloeR

uopeSersse pure ey oyieSo nusweSemew pire] Sjgenivisns o3 Qb 108 (2007 W B

21 06 "1 *uo:By wImynouBe testioury Sfqeumsns pre SKuiqes Kasead (R661) D H Pwmng
_mTwwm g WY 008 108 108 "SwAsAs pueAp w»um.ohu Alanisuattr

1 saSuvyp, seyny opeesie (108 {6661) ~TH aaﬁuﬁmf G USSEIN I TEIA Y ewamog
“TTSO1S D6 "PS 1108 TOWRARING 3O

_mkmmm 09 PUE 07 ¢ e senrdod 1108 uf safiay) (06611 "M 39G0T ~O{ Jopasy “ Y UBUIMNCE

TCYI=RIPT 15 [ Y 008 08 {08 “SUIRL 1ROID JBNULD) S o
ropaquIstp stroydsoyd uo spoapge SERN pUL-uchvio: doX (£861) (Y UosoAlky ¢ ¢ vewisog B

“6y-1 “LTUneImY S¥dM/IGO!L Semepinn [eogoay, pue ﬁ&uﬁ& “uen

~anpoad pariBan] (4007) ' Breltsy D spusnBiy, <O mieaRIe “F Sxe0f “refy MTEIeR0g
FOLI-SLLTE
‘weysolg jorg Io§ ajpluls: PUeNURS B Ul MOTY uesdd swmFe) Lq Eumoﬁuﬁ st sany

-Apor pue swopepndod feiqoIl 110§ {SO07) v HeqdumD gy oSy “OrA MeSgRpALY
EHUT G AGIIeda(] Passacdy wod soRimoep Ay toed gam ey

yoressey] SR TIONE( "SUIRL] BISULION DUY [RNUNC) SR I0] 11-0U Wysseodng-(£007) TT.Q H0dg

_ "EEI-$RT 88 T W 005 WETIog Aianonpord -

[0S U0 JUSIUCO ISR JIUREI0 [10S JO 1081 Ay} JO HONBIYRUEND) (YAGL) TV ARG Ty eneg

"6EDSED DL TogIueld " uRD, 'swasks sBelIl UOHEAISSHOD JApUR S9SRASI(] @mmc TN Aajteg
SE-1E] Y17 TouER, PO TEIONEQ WINOS W ML stiogeios dom

01 $33500488) AUNOIUCD Peapt {(Z00T) "WT USMISNONY Vg WeAS VHID WermAg Ty UCSIopUY:
6656 ‘T1 “OHBY PO [ "SULRld TeSIE) TRNUSD QU 105 SHONRIOA0IS sAnER

Yy (66617 "D unefuog I By N IIBIA <D ueslen “yd ooy ST HOSTEpu Y
) "GO 1T IONY0AY, THAL RO IBRGS IR

] SUONTIOT Snofiea Suowle sonunmtsos peam Suzuesereys (/007) *T°Q Yoog T HUsHpuY
CHI-ERTI0C 108 PRSA, Sutelg,

3T SNY SR UT uetuaBEue 35ed 10y 849y qip-ou pue Qustealp doiny (8007} T wosiapuy
*BI-E1 "7 #OQ "UIISNG 0By Matas

¥ Jonu00 pre uonwasgxd 30 yoeosdde opsienp v Wmim speas SuFtueiy (2007) I UoSIapUY
P46 DT OHSY HTEISHG °f

Sufeld TS0 eRea]) 41 un swesds Buddom jo Smguumnens Swiacday (ag00z) ~T7d Bosiapuy

314 L6 f w0y pedorn Sunmo(iol 01 onstwuks sdeld oo any {45007y 1Ty vosiopuy

UOSIIpUY TH gzl

Cover Your Acres-Winter Conference. 2014. Vol. 11. Oberlin, KS



Sulfur and micronutrient fertilization
for wheat in Kansas

Dorivar Ruiz Diaz, Aaron Widmar,
Randall Nelson, and James Shroyer

Dep. of Agronomy
Kansas State University

Presented at Cover Your Acres 20114 by Lucas Haag,

Northwest Area Agronomist, NWREC-Colby

GHIVERSLTY

Soil and tissue for micronutrients

+ 14 locations for wheat {strip trial and small
plot).
* Fertilizer treatments:

— Seven treatments: 5 individual nutrients, a mix,
and a control.

— 5= 15 |bs/acre

— Mn, Zn, Cu= 10 lbs/acre
—B=5 [bs/acre

— Mix

Soil test levels before fertilizer
application

Kawuas Stare

FRIVERETTY
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Introduction

* Frequent reports of sulfur deficiency
{wheat, more frequent in recent years).

* Interest in micronutrients to complement
fertility programs {especially for higher yield
environments),

* Use of tissue analysis as diagnostics tool for
micronutrients,

Hansas
GHRIVENGETY

Soil and tissue for micronutrients

Soil sampling: 0-6 in pre-plant from each plot.
— DTPA Zn, Mn, Cu. Hot water B. Ca-Phosphate S.

Tissue (Zn, Cu, B, Mn, and §) at time of flag-
leaf emergence for wheat; uppermost
trifoliate at R3 for soybean,

Yield,

Post-harvest soil sampling: 0-6 In from each
plot.

UNTTERSITY




Fertilizer to increase 1 ppm ST

: D dies; d Veps:

 Mebffeh3 30l 2 (5pce)

21 [DTFAY Thoias Co, G012

Cover Your Acres Winter Conference. 2014. Vol. 11. Oberlin, KS
56




Cover Your Acres Winter Conference. 2014. Vol. 11. Oberlin, KS
57

Critical tissue S in alfalfa

£ s
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LIpesrploed MH
SRR =052

* Yisd increago o 5 Fortifizer
2

161} 45 L+ 146 [F LE0 EL 25

Plasit Analysts, % §

Eawsas Srare
FHivERIITY




Bag .14
Good | 109 [ oz |

Plant sampling and analysis

* Any plant stress (drought, heat, soil compaction
etc) can have a serious impact on nutrient
uptake and plant tissue nutrient
concentrations.

» Alow value in the plant doesn't always mean
the nutrient is low in the soil and the plant wiil
respond to fertilizer,

Tissue data interpretation can be more

challenging for some nutrients.

Kansas STarE
DRIVERSITY
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Wheat yield response across
locations
70
60
% 56 A
& 401
0
g 20 4
=
10
. = £
Mix ] Mn Zn B Conwol Cu
Treatment
Kanons 81 1
Mix-Cu= 3 bufacre WETYERSITY




Wheat yield at one responsive
location

50

Y W s
(=3 = =)

Wheat vield (bwacre)

>

£

Mix Mo Cu B Zn S Coatol

Treaiment
Mix-Control= 6 bufacre Low OM, sandy soil EREVEBBITY
Summary

* Potential response at sites with sandy soil with
low OM.

*» Soil test methods {DTPA vs Mehlich-3)
correlate well for Zn.

+ Significant variability within-field for soil test
micros.

— Starter or varlable rate micros?

CHrVERALTE

Tissue analysis

+ Combination of soil + tissue analysis useful for
diagnostic purpose.

* Tissue test for some secondary and micros are
good and currently used (sulfur, chloride}.

* Can be useful as “guality controf” and
monitoring purpese,

Kinsas STate

FHTVERSTTY
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Summary

Scit applied Cu, Zn and B fertilizer generated
significant increase in tissue concentrations.

— Tissue S and Mn response different for wheat and
soybean.

The responsive wheat site showed the highest
yield with the “mix” treatment.

Post harvest soil analysis showed significant
Increase of soil test Zn, B, Mn with fertilizer
application. Average increase in soll 5.

Correlation-calibration for micros?

Response is uncommeon and highly variable,

Lab analysis methods (for soil and tissue)
should be evaluated.

Poor correlation between soil and tissue
values with current test methods.

* Tissue analysis show high variability {many
factors influencing concentration?)

Kansae Seare

Bttt

Secondary and micronutrients for
wheat: On-farm research

High yield potential and effect on uptake of
secondary-micronutrients.

Nutrient demand may limit yields under some

conditions,

* Supplementary micronutrients for high-yielding

wheat crops may help to enhance yields.

The objective of this study was to evaluate

wheat response to secondary and

micronutrient fertilizers to maximize yields.
Eansas Stare

FHEIVERETEY




Secondary and micronutrients for
wheat: On-farm research
Access to combine with yield monitor.

Strip trial approach: > 1200 ft fong and 40-60 ft wide
for each strip.

Two treatments, with and without fertilizer,

The fertilizer treatment include a mix of §, Zn, Mn,
Cu, B.

Value as fleld demonstration for the producer in the
farm.

Replication of strip trials

One rep (side by side}:
8 bufacre Increase

181 29190425 - 45556158
1- With fertilizer treatment [ 45466154 - 62110263
2- W/o fertilizer treatment TZI62110154 - 54.393343
FER60.309344 - 73165008
B 72165601 - 20282408

STATE
Jewell Co, producer’s fleld, 2032 ¥R IV ER ST

Tissue Zn and S

TR des
R A8 1L
S - S,

peprat huag ST
o URI¥YERSFITTYT
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Field scale variability

On-farm strip trials

2121121

3- With fertillzer treatment
2- W/o fertilizer treatment

1200 R

# 29.450425 - 45565150
TGS - 2118163
162150064 - 82303343
5369303334 - TALE5000
2 7365001 - BL.2EIATY

TATE

% Jewell Co, producer’s field, 2012 MAIYEREITY

Soil pH and yield




oil pH and micronutrient availability

am
64 Lt
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. -
. 63 "W 3 a0 §
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3
@ 065 =
52 s 8 &
B0
&1 =]
0ss
" om
a 20 anh &0 L] 1003
Cistance {leety
UHIVERSLEY

Average yield of 6 locations

Check Fertliizer mix

No statistically significant difference

On-farm strip trials

On-farm trials should be kept as simple as
possible.

Replicated trials should have all variables well
controlled and results statistically repeatable.

Three replications of the treated and check
strips in each field or farm allow for a
statistical analysis.

Kanuas Soare

UHIFERSET ¥
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Response by yield level

Lawer e erea Higher yeidera

Kangas Srate
MEIVERSITY

On-farm strip trials

Should ideally have previously met the rigors
of research testing on small plot.

Strip trial can help growers evaluate new
practice/products on their farms.

The primary purpose of on-farm strip tests is
to give the grower an opportunity to try these
hew practice/product and to find response
areas within a field.

YHIXERDITY

Summary-micronutrients for
wheat

Wheat yield response vary by soil type {(across
the field).
- Sandy areas may show respanse,
— May provide an “insurance” for highly variable
fields — perhaps capture some yield response.
Yield potential and response to treatments
should be evaluated.

— Higher yield fevel would show more response to
micronutrients?

K anman Starn

FREEARS




A quick look at the Relationship between N fertility and Wheat Protein

Merle F. Vigil., Susan Latshaw, Scott Haley and D. J. Poss

Introduction
To make bread rise when mixed with yeast water and sugar (for quality bread making), the wheat flour
must have adequate amounts of gluten (a sticky protein complex). Bakers prefer wheat protein
contents higher than 12 % to obtain enough gluten so the bread will rise. In our rescarch at
USDA-ARS we have been able to show that wheat protein content is directly related to fertilizer
nitrogen (N) rate and to yield potential. The question that we are commonly asked is “what is the
actual relationship between N fertilizer and wheat protein content?”

The relationship
Nitrogen is a major component in amino acids and amino acids are the primary component in wheat
proteins. Wheat proteins including the protein components in wheat gluten (glutenin and gliadin) are
made up of a combination of several amino acids. Below is one example of the amino acid arginine:

2 H

Fig 1. The amino acid arginine (CsH14N4O2)

In the structure of the amino acid arginine there are 4, N amino groups. The N is 32 % of the total
weight of this amino acid. Wheat gluten is made of several amino acids including arginine. The point
is, wheat protein is made up of amino acids containing N, and so making lots of N available to the
wheat plant theoretically should increase N content in the grain, Multiple years of field plot research
at Akron shows that greater N application (making more N available to the plant) increases wheat
grain protein contents. The relationship between N availability and wheat protein content is a positive
correlation. In other words increases in N availability result in increases in wheat protein content.

Research results at USDA-ARS Akron, Colorado

A look at Figure 2 shows some typical wheat yields in a replicated wheat-summer fallow, reduce-till
fertilizer N rate experiment. The plots were fertilized at 0, 30, 60 and 90 Ibs of N per acre on the station
over a 6 year period. All of the N fertilizer was top dressed just prior to planting in the fall as either dry
urea or as ammonium nitrate. We are showing you this data to make a few important points. First, in a
poor yielding year (1998) at all N rates the protein levels are elevated (the 11.6 and 13.2 numbers are
grain protein contents associated with the 0 and 30 Ib N rates). In 1998, wheat proteins as high as 17.2
% were measured at the highest N rate of 90 Ibs/acre. Also in Fig 2, we observe a bump up in wheat
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protein of at least 1% as we increased the N rate from 0 to 30 lbs of N per acre. The 1% bump up in
wheat protein with each 30 Ib increase in N rate is especially apparent in 1996, That relationship
between protein and fertilizer rate tends to hold. As we increased the N rate another 30 Ibs from 30 to
60 Ibs of N per acre we got another increase in wheat protein of about 1 % in 1996. We went from
12.5% at the 30 1b N rate to 13.6% protein at the 60 1b N rate. As you increase the N rate the protein
contents tend to go up. In 1998 the increase in wheat protein with N rate is even greater than the 1%
bump up seen in 1996 with each 30 Ib N rate. In fact it is almost a 2% increase in protein with each 30
Ib increase in N rate. This is becuasel1998 was a dry low yielding year, This is an example of the
“dilution effect”. That is in dry years when yields are low protein levels are elevated and in wet years
when yields are high protein levels are less or are “diluted out” by the high yields.

Fertilizer was applied preplant as a surface broadcast. Ammonium nitrate and top dressed dry urea was
the N source.

90 T T 1 T 1 T [ T T TT
o : ]
[&] - i
S g0l 1996 Lo
% 3 O (3§3§ """ o 4.8
@ I 12.5 " ]
§ 70 .
o o
> 60t g3 - 1997
AN T 1995
[ i e
§ 50 r////’/,*\.
G [
- - 16.8 .
gaol e B2 W 1998 _ 172
30'. SR BRI T S S T SR AT SR
0 20 40 60 80 100

N rate lbs/acre

Fig2. Wheat grain yields and protein contents as a function of N rate in 1995, 1996, 1997 and 1998
(associated wheat grain protein contents are placed near the symbols (triangles and circles in red).

_ Summary Statements
The actual relationship between fertilizer N applied and wheat protein that you observe on your farm
depends on your residual soil N levels, the inherent N fertility of the soil (how much organic matter
you have), the weather you get in a given year, and most importantly how much N is applied on your
fields.

Soil testing and grain protein testing gives a farmer wonderful feedback on a field’s N status.
Specifically soil testing and grain protein testing can tell a farmer if a field has had enough available N
ot not. If your wheat proteins are consistently coming back from testing at less than 11.5% protein you
need more fertilizer N in your wheat enterprise. This is especially true if low proteins are measured in
a dry year when wheat proteins tend to be naturally elevated.

In Susan Latshaw’s research (harvested in 2011-2012) we evaluated 20 different wheat cultivars (new
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and old cultivars) at 5 N rates, In all cases for all 20 wheat varieties, as we increased the N rate the
wheat proteins increased. In the second year (2012) we looked specifically at two cultivars Snowmass
and Byrd. The magnitude of the protein content increase was slightly different for each of the
cultivars. However, the same trend for increased protein content with an increase in N rate was
observed for both varieties. In both years the lowest proteins were at the zero N rate and the highest
proteins were at the high N rates. Wheat proteins were all above 12% at the 751b N rate in both years
the study was conducted. However, in the low yielding year just 25 lbs of N'was enough to get all 18
of the 20 varieties to proteins above 12%.
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Kansas State University Agricultural Experiment Station and Cooperative Extension Service

K ANsaAas CrRoP

History

The wheat stem sawdly, Cephus cinctus Norton (Hyme-
noptera: Cephidae), is a herbivorous wasp that attacks a
number of native grass species in North America. It was
first reported attacking wheat in Canada in 1896 and soon
spread to become a serious pest of spring wheat through-
out the Dakotas, Montana, and Wyoming. The wheat stem
sawifly has long been present in wild grass species over

a much broader range, including Nebraska and Kansas,
although neighboring wheat fields were unaffected.

Historically, only spring wheat was attacked. It was not
until the 1980s that infestations were observed in winter
wheat. By 1996, scientists working in Montana deter-
mined that the pest had evolved faster development and
was emerging some 20 days earlier than it previously had,
enabling it to survive in early-maturing winter wheat.
Recent observations in Nebraska (2012) indicate that

50 percent of adults emerged by May 22, although this
was a particularly early spring.

Collectively, research suggests that attacks on winter wheat
may have been occurring for some time but went unno-
ticed because larvae did not complete development and
cut stems. This may be the case in Kansas currently, with
populations under strong selection to evolve faster develop-
ment. It is not yet clear if recent winter wheat infestations
in the Nebraska panhandle and northeastern Colorado
result from local populations evolving to exploit winter
wheat, or the southerly range expansion of an adapted
strain, Local populations express significant variation in
biology, behavior, and genetics that suggest regional adap-
tations. Presently, Kansas is on the southeastern boundary
of the region experiencing wheat stem sawfly problems in
winter wheat.

Figure 1. Adult wheat stem sawflies
mating (above)

Figure 2. Female wasp ovipositing (right)
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Tdentification

The adult wasp is about
half an inch long with a
black body and three broad,
transverse yellow bands

on the abdomen. Legs are
yellow and wings are a
dark, smoky grey. Females
are significantly larger than
males (Figure 1) with a
short, curved ovipositor
that is externally visible
(Figure 2). Eggs are whit-
ish and elongate, difficult
to observe, and usually laid
in the uppermost portions g igure 4. First instar larva
of the stem (Figure 3).
Larvae are initially color-
less (Figure 4), soon turn-
ing cream-colored with

a dark head capsule; they
feed inside stems, moving
to the base of the plant as
they mature. Infested stems
typically contain abundant
frass that looks like sawdust, Figure 5. Mature larva in stem
and larvae wriggle into

a characteristic S-shape
when removed (Figure 5).
Another insect commonly
occurring in wheat stems

is the wheat stem maggot,
Meromyza americana Fitch.
Its larvae are smaller and
legless. Cleanly severed
stems and stubble ends
packed with frass (Figure
6) indicate the presence of
wheat stem sawily.

Figure 3. Eggs

Figure 6. Stubble cut by wheat stem
sagfTies

Biology and Behavior

The wheat stem sawfly has only one generation per year.
Adults emerge from the previous year’s stubble over a
period of three to five weeks in spring. As with most
insects, the emergence timetable is dictated by temperature
and varies with latitade and among regional populations.
Males emerge slightly ahead of females and mating takes
place as soon as fernales emerge, unless severe weather




delays activity. Adults do not feed and live only about a
week, but each female emerges with a full complement of
up to 50 eggs. Like many other wasps, mothers can con-
trol the sex of their offspring. Fertilized eggs develop into
daughters and unfertilized eggs, into sons. Females are
more sensitive to host plant quality than males because
body size is correlated with stem diameter and larger
females emerge with more eggs. Consequently, females
tend to lay fertilized eggs in larger diameter stems.

Taller, more developmentally advanced, plants tend to be
preferred for oviposition. There is a strong edge effect;
field margins sustain higher infestation levels when wheat
stem sawflys immigrate from adjacent fields, Notably,
females do not avoid laying eggs in plants already infested,
even though larvae cannibalize cach other until only one
remains, usually the first to hatch. Western wheatgrass is

a preferred host among wild grasses; smooth brome and
quackgrass are also infested. Emergence from wild grasses
occurs later than eroergence from wheat, so wild hosts do
not appear to serve as a major soutce of wheat infestation
and probably support a different host race. Barley is a poor
host relative to wheat; rye and oats are accepted for ovi-
position but do not support complete larval development.
Recent research has shown that specific volatile chemicals
emitted by host plants influence the oviposition prefer-
ences of the female and account for differences in attrac-
tiveness among some wheat varieties.

After feeding for about a month and passing through five
instars, mature larvae descend to the base of the plant
where they may girdle the stem (Figure 7), plugging the
lumen of the stem with frass and overwintering in a silken
. coccoon in the chamber beneath. Although stem cutting
tends to be associated with drying of the wheat, the behav-
ior is variable and may interact with other environmental
factors. Stems are not cut unless larvae complete develop-
ment; a significant proportion of stubs may be cut at, or
just below, ground level, and some larvae may mature with-
out cutting at all. Significant variation in cutting propen-
sity exists among regional populations, and the proportion
of infested plants that are cut can vary greatly from site

to site and year to year. Complete development requires a

Figure 7. Cuf stubble showing frass plug (left) and emergence hole (right)
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90-day period of larval diapanse under cold temperature
conditions, followed by a pupation period that lasts up to
three weeks. Pupation occurs within the stem {Figure 8)
and adults emerge in mid to late spring. Although adults
have been known to disperse as far as one mile, they are
relatively weak fliers and tend to orient to the nearest suit-
able host plants.

Figure 8. Pupation ocours within the stem

Larval girdling severely weakens the stem and leads to
plants that lodge easily when stressed by wind. The main
economic impact of wheat stem sawily is lodged plants
that cannot be picked up by the combine, and reduced
harvest efficiency as slower combine speeds are required to
salvage girdled plants. In addition, larval feeding disrupts
translocating tissues and diminishes the photosynthetic
capacity of the plant during the critical period of grain

fill, reducing test weight and protein content. Both kernel
weight and the number of kernels per head are affected,
reducing grain weight by 10 to 25 percent and protein
content by around 1 percent. However, estimates of per-
plant yield reduction may underestimate yield impact at
field level because of
the tendency of larger
plants with greater
yield potential to

be preferentially
infested. Shriv-

eled and misshapen
kernels are another
indication of wheat
stem sawfly infesta-
tion (Figure 9), but
these symptoms also
may have other causes.

Figure 9. Skriveled and misshapen kernels
may indicate infestation

Management
Caltural Control

Various cultural tactics are essential components of an
effective wheat stem sawfly management strategy. It is
most important to avoid planting wheat continuously in
the same field once the wasp has been detected as this
can lead to a very rapid increase in populations. Non-host




grains such as oats and rye can be planted as trap crop
strips along field borders adjacent to last year’s stubble.
This approach can reduce infestation of wheat and
decrease wheat stem sawfly populations, but is not effective
when wheat stem sawfly is abundant or emerging from
stubble within the same field.

Increasing wheat stem sawfly problems have been attrib-
uted to adoption of no-till practices that favor overwin-
tering survival of immature stages. Thus, tillage has been
suggested as a control tactic. Shallow tillage can be used to
disturb and expose infested stubble on the surface, causing
larvae within to either desiccate in summer or freeze in
winter. Unfortunately, no-till is the most important means
of soil moisture conservation on rain-fed acreage, so tillage
is mot an acceptable control tactic for this region. Addition-
ally, tillage can yield inconsistent results in reducing adult
wheat stem sawfly populations, because of its dependence
on environmental factors to produce mortality. It also has
negative impacts on beneficial parasitoids. Burning of
stubble is also ineffective and associated with more nega-
tive (loss of organic matter) than positive impacts on the
cropping system.

Work in North Dakota suggests that early swathing of
wheat (once grain moisture drops below 40 percent) can
be used to salvage yield and is usually recommended if
infestation reaches or exceeds 15 percent of stems as the
crop approaches maturity, Swathing requires investment
in additional equipment and results in higher energy costs
than direct combining. Sampling should be conducted at
different places in the field — if the infestation is low, only
field borders may need to be swathed. Swathing at a high
cutting height (just below the heads) is recommended to
help preserve beneficial parasitoids that pupate higher up
in the stem.

Host plant resistance

Solid-stemmed (SS) wheat varieties have stems filed with
pith to varying degrees. The S8 trait presents mechanical
resistance to boring larvac and has been effective in reduc-
ing both yield losses and local wheat stem sawfly popula-
tions. Early solid-stemmed varieties, such as ‘Rescue’ were
developed in the 1950s and suffered from considerable
yield drag, but more recently developed varieties have yield
comparable with high-yielding, hollow-stemmed varieties.
Newer solid-stemmed varieties include Choteau, released
in 2003 from the Montana Agricultural Experiment Sta-
tion; AC Lillian, released in 2006 from Agriculture Can-
ada; and Mott released in 2009 from the North Dakota
Agricultural Experiment Station. However, because
expression of the SS trait interacts with environmental
factors such as sunlight and temperature, cloudy and rainy
weather can prevent the filling of the stem with pith and
render solid-stemmed varieties more susceptible. Larvae in
solid-stemmed plants have lower survival and less impact
on yield, although they remain equally susceptible to para-
sitism. If wheat stem sawfly infestation reaches or exceeds
15 percent of plants, a solid-stemmed variety is recom-
mended for planting in subsequent years. Although use of
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solid-stemmed varieties is currently a cornerstone of wheat
stem sawfly management in the northern Great Plains, no
such varieties have yet been developed for this region.

Chemical control

Insecticides are not recommended for wheat stem saw-
fly control for a variety of reasons. Wheat is a low-value
crop grown on large acreage, making pesticide applica-
tions relatively expensive, Immature stages of the pest are
all protected within the stem and trials indicate that seed
treatments are ineffective, so treatments must target adults
before eggs are laid. A number of insecticide labels claim
to “aid in control of adults,” but unfortunately, wheat stem
sawfly adults emerge over an extended period and do not
feed, substantially reducing their exposure. Adults must
come into direct contact with an insecticide to be killed
and are able to enter fields shortly after an insecticide
application with minimal knockdown, Some insecticide
trials timed sprays to target early, mid, and late emergence
of wheat stem sawily and found that as many as three
applications of a pyrethroid insecticide only reduced infes-
tation by half, a benefit that was far exceeded by applica-
tion costs. In addition, pesticides will reduce populations
of parasitoids and predators that will provide more cost
effective natural control, even if it is not complete.

Biological control

Various natural enemies attack the wheat stem sawfly in its
immature stages and help to suppress populations to vary-
ing degrees in different localities. The primary parasitoid of
wheat stem sawfly larvae is the wasp Bracon cephi (Gahan),
although B. fissogaster Muesebeck also contributes mortal-
ity in natural grassy areas. These wasps are ectoparasitoids
that lay their eggs on wheat stem sawfly larvae within the
stem (Figure 10), and then feed externally on their host.
Although the parasitized larva feeds for some time, it does
not survive to cut
the stem and as a
result, plant damage
and yield impact are
substantially dimin-
ished. Unlike the
wheat stem sawfly,
parasitoids have a
second generation
close to, or just after,
wheat harvest and
their effectiveness in
different localities
may partly depend
on their ability to find alternative hosts for overwintering.
Wheat should be harvested with a high cutting height (just -
below heads) to conserve parasitoids that pupate higher in
wheat stems. Parasitoids have tracked infestations of wheat
stem sawfly into Colorado and Nebraska, and they can be
expected to contribute to mortality in Kansas, although no
data is yet available.

Figure 10, Larva of Bracon cephi.
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Y
. 35 PIGRERR.

We've Got You Covered...From Start To Finish

We're Your No-Till Farming Headquarters!

SPRAYERS.......Self-Propelled and Puil-Type
Case |H Patriot 3330 & 4430 Self-Propelled with Exclusive AlM Command System
4| Schaben Pull-Type Sprayers-Several sizes available

Case IH Tractors.....Get The Job Donel
« Puma’s 130 HP-230 HP
+ Magnums's 235 HP-340 HP
« Steiger 4WD 350 HP-550 HP
+« Famall 95 HP-105 HP

No-Till Planters & Drills

for uniform stands & the best yields
Case IH—Kinze—Sunflower
Great Plains—Crustbhuster

Precision Fertilizer Placement

In No-Till Fields
DMI - Orthman - Yetter

And The Most Important Step...
Harvest every bushel with a Case IH Axial Flow Combine
and leave your field ready for next year with a
Shelbourne Stripper Header

Financing Available on All Equipment=Attractive Rates and Options!

Hoxie Implement Co., Inc. Hoxie, KS 785-675-3201 www.hoxieimplement.com
Colby Ag Center, L.C, Colby, KS 785-462-6132 www.colbyag.com
Oakley Ag Center, L.C. Oakley, KS 785-671-3264 www.cakleyag.com
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Hayss Smith.Canter # Colby» Ellitiwoods: sabethae Salfias H:Hsb_orq » Topeka w bzt & Gardei ity

';Your source to fmd up-to date lnformatlon on e
Roundup Ready PLUS™ recommendations and incentlves

Thank You for attending the
Cover Your Acres Winter Conference.

MONSANTO
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Fertilizer Application Solutions

SureFire Ag specializes in providing
wvariableé rate fertilizerapplication
systems for all makes and models
of planters, strip-till machines and
9904 Hwy 25 fertilizer applicators.
Atwood, KS 67730
{866) 626-3670 Speak with a SureFire Application
wwusurefireag.com Control Expert to learn more.

- Gold Sponsors

Your Local Outback Dealer: Golden Plains Outback, Colby KS.
Phone 800-255-8280  Cell 785-462-4120
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: rf‘ace-app!y ure'x more than 40% of
your natrocen can be lost as ammonia gas. That's
; : v»hy you need AGROTA!N ULTRA nitrogen
' ; : prodm,t i5 sc1entlf;ca|ly' 3
_ Jr_oven to |:>rov1cfe thﬂ type of enhanced -~
DIOtECt#OI‘I yqur crops demand.

AGROTAm

Fuil §W§§.‘e R&ffgﬁ & Precision Pimmg ﬁmiﬁr
Licensed & §§%§m_§f@£§

Shmply improving your position?

PLANTING

510 Main St + Morland KS
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»UPRATED DRIVE AND FULLY FLIGHTED AUGER AVAILABLES®
AVAILABLE FOR ALL CVS MODELS

CONTACT US FOR NEW MACHINE SPECIALS
(785)462-6299 | WWW.SHELBOURNE.COM

1006 Industrial Park Ave
Osborne, KS 67473

(785) 346-5681
www.simsfarm.com
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Ag Valley Coop
Christine O'Hare
cohare@agvalley.com
785-470-1085

Axis Seed/ Select Seeds
Rod Spencer
selectseeds(@gpcom.net
308-278-2160

Decatur Coop Association
Cody Stevenson
cstevenson@decaturcoop.net
785-475-2233

Farm Implement and Supply Co
Chadd Copeland
chaddc@ruraltel.net
785-434-4824

Great Plains Mfg
Dan Koerperich
dan koerperich@greatplainsmfg.com
785-577-9405

Helena Chemical Company
Bob Stewart
stewartj@helenachemical.com
785-899-2391

Kansas Corn Commission
shardman(@ksgrains.com
785-448-2626
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Silver Sponsors
AgXcel

Ramiro Trevino

joy@agxcel.com
877-218-1981

Crop Quest, In¢
Tracy Smith
tsmith@cropquest.com
620-225-2233

Exapta Solutions Inc
Leah Lanie
leah.lanie@exapta.com
785-820-8000

Frontier Ag Inc
Jayson Schoenfeld
jschoenfeld@frontieraginc.com
785-269-7319

Green Cover Seed
Keith Berns
keith@greencoverseed.com
402-469-6784

JD Skiles Co
Frank Miller
frank@jdskiles.com
785-626-9338

Kansas Soybean Commission
Dennis Hupe
hupe@kansassoybeans.org
785-271-1030




Silver Sponsors

Kauffman Sceds LG Seceds
todd@kauffmanseed.com Denton Bailey
785-465-2245 denton bailey@lgseeds.com

785-475-4447

McCook National Bank . Mycogen Seeds
Shelby Haag Bruce Keiser
shelby@mnbl.com bakeiser@dow.com
308-345-4240 785-443-1303
Northern Sun/ADM Ohlde Seed Farms

Joni Wilson Melissa Pachta
joni.wilson@adm.com mpachtal 3@gmail.com
785-899-6500 785-692-4555
Olsen's Ag Laboratory | Pacl.eader Technology
Christine Grooms Mike Frakes
christine@olsenlab.com pacleader@ruraltel net
308-345-3670 785-627-3100
Plains Equipment Group Quality Irrigation
Travis Rousselle Al Dunworth
trousselle@plainseg.com melbar@qualityirrigation.com
308-340-8880 308-345-2668
Red Willow Chemical and Fertilizer Renk Seed
Mark Vlasin Woody Morford
mvlasin@hotmail.com morford@renkseed.com
308-345-2362 308-340-3020
Sharp Bros. Seed Co Simplot Grower Solutions
Vaughn Sothman Josh Kastens
vsothman(@st-tel.net joshua kastens@simplot.com
620-397-3745 785-626-9609
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Sorghum Partners Star Seed Inc
Becky Vandike Joan Pool
bvandike@chromatininc.com joanie@gostarseed.com
785-728-7310 785-483-5001
Stine Seed Company SunOpta Grains and Foods Inc
Mike Smith Mike Bretz
mdsmith@stineseed.com mike.bretz@sunopta.com
417-392-0647 785-899-5607
The Home Agency - United Grain Sorghum Checkoff Program
Shannon Poggendorf Sarah Sexton-Bowser
spoggendorfi@thehomeagency.com sarahb@sorghumcheckoff.com
308-785-2803 785-477-6018
Ward Laboratories Inc ’ WinField
Al Baker Bob Germer
customerrep@wardlab.com regermer@landolakes.com
800-887-7645 620-804-2300
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Websites

Here are a few agronomy-related websites that you may find useful:

Weather:
National Weather Service
CoCoRahs
The Weather Channel
Weather Underground
Drought Monitor

Markets:
Chicago Board of Trade
DTN
Dow Jones

News:
Ag Web (Farm Journal)
Agriculture.com (Successful Farming)
Farm Progress (Kansas Farmer)
Grass and Grain
High Plains Journal

University:
K-State Research and Extension
K-State Department of Agronomy
K-State Ag Fconomics Extension
K-State Department of Entomology
K-State Department of Plant Pathology
K-State Department of Bio and Ag Engineering
K-State Mobile Irrigation Lab
K-State Western Kansas Ag Research Centers

Commodity Groups:
Kansas Corn Commission
Kansas Grain Sorghum Producers Association
Kansas Soybean Commission & Kansas Soybean Assoc
Kansas Sunflower Commission
Kansas Wheat (Kansas Wheat Commission &
Kansas Assoc of Wheat Growers)

Herbicide Labels:
Greenbook
CDMS

Discussion Boards:
New Ag Talk
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www.weather.gov
www.cocorahs.org
www.weather.com
www.wunderground.com
www.droughtmonitor.unl.edu

www.chot.com
www.dtnprogressivefarmer.com
www.dowjones.com

www.agweb.com
www.agriculture.com
www.farmprogress.com
www.grassandgrain.com
www.hpj.com

www.ksre ksu.edu
www.agronomy.ksu.edu
www.agmanager.info
www.entomology ksu.edu
www.plantpath.ksu.edu
www.bae.ksu.edu
www.mobileirrigationlab.com
www.wkarc.org

www.ksgrains.com/kec
www.ksgrains.com/sorghum
www.kansassoybeans.com
www .kssunflower.com
www.kswheat.com

www.greenbook net
www.cdms.net

www.newagtalk.com




The plan for the day..

Room 1 Room 2 Room 3 Room 4
745 815 Registration
8:15 820 Welcome
Weed Control Plan for ~ Steps of No-till Yield ~ Hot Topics on Corn : ,
8:30 9:20 Your Farm™ - Advancement* - Pest Mgmt"? gCS KCochtaSSc.ﬂunoni
(C. Thompson) (R. Anderson) (D. Jardine/S. Zukoff) (Bayer Crop Science) (1)
Pushing Wheat Yields ~ Cropping Intensity: ~ Dryland/Limited Irrg. AquaMAX Hybrid
030 1020  to the Next Level' Are there limits? Fertility Mgmt' Perform :
(. Shroyer) (M. Vigil) (A. Schlegel) (DuPont Crop Science) (1)
10:20 10:50 View Exhibits |
Ao Policy! Wheat Stem Sawfly & Steps of No-till Yield  Sunflower Production
10:50 11:40 (B F%inchbaz ) Wheat Pests™ Advancement' - Update
' g (J. Michaud) (R. Anderson) (Nat'l Sunflower Assoc) (I)
Hot Topicson Corn  Pushing Wheat Yields
11:50 12:40 Pest Mgmt™* to the Next I evel
(D. Jardine/S. Zukoff) (. Shroyer) Lunch
Dryland/Limited Irr.  Cropping Intensitlyz Are e
12:50 1:40 Fertility Mgmt' there limits?
(A. Schlegel) (M. Vigil)
150 740 ~ AgPolicy' \ﬁziiggsgaiﬁ% " Wheat Pertility Mgmt'  Resistant Weed Mgmt
<Y = (B Flinchbaugh) (C. Thompson) . (L. Haag/M. Vigil) (Monsanto) (T)
2140 310 View Exhibits
Producer Di : Wheat Stem Sawfly & 2014 Feedgrain & Strategies for Weed
310 400 O uc?):anficussmn Wheat Pests™ Wheat Markets' Control
: (J. Michaud) (D. O’Brien) (Sims Fertilizer) ()
2014 Feedgrain & 1 1 - Getting Started-
410 500  Wheat Markets' th“ﬁsg’;ﬂﬁ;}%m __ TNlirP%en 'Efﬁc;?cz @} Precision Ag
(D. O'Brien) ' - Vig echrologies (Koch) (1) (PacLeader Technology) ()

(D) indicate industry sessions.

"Indicate Certified Crop Advisor CEUs applied for.
?Indicate Commercial Applicator CEUs applied for.

This conference is organized by a comimittee of
producers and K-State Research & Extension person-
nel. Co-chairs of this committee are Lucas Haag,
K-State Northwest Area Agronomist and Jeanne Falk
Jones, K-State Multi-County Agronomist.

www.northwest. ksu.edu/CoverYourAcres
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