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Crop Rotations with Limited Irrigation

Alan Schiegel, Loyd Stone, and Troy Dumler
Kansas State University

Abstract. Research was initiated in 2001 and conducted through 2010 under sprinkler irriga-
tion in western Kansas to evaluate limited irrigation in several no-till crop rotations on grain
yield, water use, and profitability. Crop rotations were 1) continuous corn, 2) corn-winter
wheat, 3) corn-wheat-grain sorghum, and 4) corn-wheat-grain sorghum-soybean. Irrigation
was limited to 10 inches annually with 5 inches applied to wheat, 15 inches to corn (when in
rotation with wheat), and 10 inches to grain sorghum, soybean, and continuous corn. Crop wa-
ter productivity and yield of corn was greater when grown in rotation than with continuous com.
The length of the rotation did not affect grain yield or crop water productivity of grain sorghum
or winter wheat. Continuous corn was generally the most profitable cropping system. How-
ever, relatively small changes in prices or yields could result in multi-crop rotations being more
profitable, indicating the potential for alternate crop rotations to reduce risk under fimited irriga-
tion. . '

Introduction

Irrigated crop production is an important component of agriculture in western Kansas. How-
ever, with declining water levels in the Ogallala Aquifer and high energy costs, optimal utiliza-
tion of limited irrigation water is required. Precipitation is limited and sporadic in the region with
annual precipitation supplying about 60-90% of the seasonal water requirement for grain sor-
ghum and only 50-75% for corn (Doorenbos and Kassam, 1979). While crop rotations have
been used extensively in many dryland systems, the most common crop grown under irrigation
in western Kansas is corn {about 50% of the irrigated acres), often in a continuous corn sys-
tem. While corn responds well to irrigation, it also requires substantial amounts of water to
maximize production. Almost all of the groundwater pumped from the High Plains (Ogallala)
Aquifer is used for irrigation (97% of the groundwater pumped in western Kansas in 1995
[Kansas Department of Agriculture, 1997} with 57% applied to corn (Kansas Water Office,
1997). This amount of water withdrawal from the aquifer has reduced saturated thickness in
some areas up to 150 ft. Although crops other than corn are grown under irrigation, they have
not been grown as extensively because of relatively inexpensive water and a ready market for
corn to the livestock feeding industry in the area. The trend in western Kansas during the
1990s has been towards increasing acreage of irrigated corn (665,000 acres in 1990 compared
with 1.2 million acres in 2000) with corresponding reductions in grain sorghum (326,000 acres
in 1990 compared with 71,000 acres in 2000) and winter wheat (692,000 acres in 1990 com-
pared with 455,000 acres in 2000) (Kansas Farm Facts, 1991 and 2001). Although corn is ex-
pected to remain the dominant irrigated grain crop (especially in areas with abundant ground-
water), the need exists to develop strategies to more effectively utilize limited irrigation water
for corn. While there have been increases in irrigated soybean acreage (71,000 acres in 1990
compared with 134,000 acres in 2000), there has been limited research on water use charac-
teristics in western Kansas.

Alternative crop management practices are needed to reduce the amount of irrigation water
required while striving to maintain economic returns sufficient for producer sustainability. To
prepare for less water available for irrigation in the future, whether from physical constraints
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(lower well capacities and declining water tables) or from regulatory limitations, information on
crop productivity and profitability with less irrigation water will be beneficial for agncultural Sus-
tainability.

Materials and Methods

A field study was conducted at the Kansas State University Southwest Research-Extension
Center near Tribune, KS from 2001 to 2010 on a deep silt loam soil (Ulysses silt loam [fine-
silty, mixed, superactive, mesic Aridic Haplustolis]). Only data collected beginning in 2003 are
presented to allow time for establishment of the crop rotations. The region is semi arid with a
summer precipitation pattern and an average annual precipitation of 440 mm. The study con-
sisted of four crop rotations; continuous corn (CC), corn-winter wheat (CW), corn-winter wheat-
grain sorghum (CWS), and corn-winter wheat-grain-sorghum-soybean (CWSB). Each phase of
each rotation was present each year and replicated four times. The plots were approximately
60 ft wide and 120 ft long. lrrigations were scheduled to supply water at the most critical stress
periods (near flowering) for the specific crop and were limited to 1.5 inches per week. If pre-
cipitation was sufficient within a week, then irrigation was postponed. In some years, the maxi-
mum amount of irrigation was not applied because of above normal precipitation. The average
first irrigation was 14 June for comn in rotation, 23 June for continuous corn, and 4 July for sor-
ghum and soybean. The final irrigation averaged 28 August for corn in rotation, 15 August for
continuous corn, and 22 August for sorghum and soybean. If needed to aid emergence of
wheat, irrigation was initiated in the fall (four years) otherwise irrigation was reserved for spring
application with average final irrigation on 6 June.

Average plantings dates were 3 May for corn, 20 May for soybean, and 27 May for grain sor-
ghum. Winter wheat was planted after corn harvest (average of 1 October). Cultural practices
(e.g., pesticides, tillage, and fertilization) typical for the region were used in all years of the
study. The center portion of all plots was machine harvested with grain yields adjusted to
15.5% moisture (wet basis) for corn, 13% for soybean, and 12.5% for sorghum and wheat.
Plant densities were determined along with the other yield components (kernels/ear and kernel
mass).

The plots were irrigated with a linear move sprinkler irrigation system which had been modified
to aliow for water application from different span sections as needed to accomplish the ran-
domization of plots. Soil water measurements (8-ft depth in 1-ft increments) were taken
throughout the growing season using neutron attenuation. Available soil water was calculated
by subtracting unavailable water from measured soil water. All water inputs, precipitation and
irrigation, were measured. Crop water use was calculated by summing soil water depletion
(soil water near emergence less soil water at harvest) plus in-season irrigation and precipita-
tion. Non-growing season soil water accumulation was the increase in soil water from harvest
to the amount at emergence the following year. Precipitation storage efficiency was calculated
as non-growing season soil water accumulation divided by non-growmg season precipitation.
Crop water productivity (WP} was calculated as grain yield (bu acre™) divided by crop water
use (inches).

Statistical analyses were performed using the GLM procedure from SAS version 9.1 (SAS In-
stitute, Cary, North Carolina).

Local crop prices and input costs were used to perform an economic analysis to determine net
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return to land, management, and irrigation equipment for each treatment. Custom rates were
used for all machine operations. Harvest prices and input costs were kept uniform for all years
based on 2010 prices.

The objectives of this research were to determine the effect of limited irrigation on crop yield,
water use, and profitability in several crop rotations.

Results and Discussion

All rotations were limited to an average of 10 inches of irrigation annually; however, corn fol-
lowing wheat received 15 inches because the wheat received only 5 inches. This extra 5
inches of irrigation water increased the level of irrigation to nearly full and increased corn yields
" about 40 bu acre™ compared with continuous corn (Table 1). Thus, limited irrigated corn
yielded about 80% of full irrigation. Klocke et al. (2007) reported that limited irrigation {no more
than 6 in water) yields were 80 to 90% of fully irrigated yields. Corn yields in the muiti-crop ro-
tations were similar regardless of length of rotation. Wheat and grain sorghum yields were
similar in all rotations.

Table 1. Average grain yields of four crops as affected by crop rotation, KSU South-
west Research-Extension Center, Tribune, KS, 2003-2010.

Crop rotation’

Crop CC Cw CwsS = CWSB
bu acre™

Corn 163 bt 203 a 202 a 203 a

Wheat — 35a 36a 37 a

Sorghum : —_ — 134 a 138 a

Soybean —_ — — 43

TCC = continuous corn; CW = corn-wheat; CWS = corn-wheat-grain sorghum:;
CWSB = corn-wheat-grain sorghum-soybean.
* Means within a row with different letters are significantly different (P<0.05).

Crop water productivity was in the order of com>sorghum>wheat=soybean (Table 2). Crop wa-
ter productivity of corn was increased when irrigation was increased to 15 inches and grown in
rotation with other crops. Grain sorghum grown in 4-yr rotations had slightly greater crop water
productivity than grown in 3-yr rotations. The length of rotation had no effect on crop water
productivity of wheat.
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Table 2. Average crop water productivity of four crops as affected by crop rotation,
KSU Southwest Research-Extension Center, Tribune, KS, 2003-2010.

Crop rotation'

Crop CC CwW CWGS CWSB
Ib acre-inch™

Corn 377 b* 411 a 398 a 410 a

Wheat — 115 a 125 a 122 a

Sorghum e — 314 b 326 a

Soybean — — — 110

TCC = continuous corn; CW = corn-wheat; CWS = com—wheat-gra;n sorghum;
CWSB = corn-wheat-grain sorghum-soybean.
* Means within a row with different letters are significantly different (P<0.05).

An economic analysis (based on grain prices and input costs in 2010 with average crop vyields)
found that the most profitable crop was corn in rotation with other crops (Table 3). Profitability
was similar for grain sorghum and soybean in the 3- and 4-yr rotations. The least profitable
crop was wheat, primarily because of reduced yields caused by hail and spring freeze injury in
about 50% of the years. However, the most profltable crop rotation was continuous corn. All
multi-crop rotations had net returns of $57-69 acre™ less than CC. Lower returns in the multi-
crop rotations were due to low returns from wheat.

Table 3. Net return to land, irrigation equipment, and management from four crop ro-
tations, KSU Southwest Research-Extension Center, Tribune, KS, 2003-2010.

Crop rotation®

Crop CC CW CWS CWSB
$ acre™

Corn 237 332 326 321

Wheat — 4 1 5

Sorghum — — 189 198

Soybean — — — 198

Net for rotation 237 168 172 180

TCC = continuous corn; CW = corn-wheat; CWS = corn-wheat-grain sorghum;
CWSB = corn-wheat-grain sorghum-soybean.

Conclusions

With limited irrigation (10 inches annually), continuous corn has been more profitable than
multi-crop rotations including wheat, sorghum, and soybean primarily because of spring freeze
and hail damage to wheat in the multi-crop rotations. In multi-crop rotations, relatively poor re-
sults with one crop (in this case wheat) can reduce profitability compared with a monocuiture,
especially when the monoculture crop does well. However, the multi-crop rotation can reduce
economic risk when the monoculture crop does not perform as well. All multi-crop rotations had
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net returns only $12-24 acre™ Iess than continuous corn. Therefore, relatively small changes in
prices or yields could result in any of the rotations being more profitable than continuous corn,
indicating the potential for alternate crop rotations under limited irrigation.
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SF-1581

Nitrogen

- Extenders and Additives

FOR FIELD CROPS

D.W. Franzen
NDSU Extension Soil Specialist

NCERA-103 Committee
North Dakota State University

Nitrogen management continues to be
difficult due to transformations of nitrogen
fertilizers that are possible when applied
to soil and the uncertainties of weather
(Cabrera et al., 2008). Nitrogen (N) fertilizer
in the form of urea is subject to ammonia
volatilization through the activity of the
urease enzyme found ubiquitously in

soil (Kissel et al., 2008). Nitrate fertilizer

is subject to leaching (Randall et al., 2008)
or denitrification (Coyne, 2008); depending
on the water content of the soil and water
movement through the soil. Ammonium
forms of N can be fixed (Kissel et al.,

2008) or transformed to nitrate through

the activities of specific soil bacteria
(Norton, 2008). Because of these and other
processes, nitrogen use efficiency is low.

Nitrogen often is applied to crops in the
north-central region of the U.S. before
planting. During the first four to six weeks
after planting, corn will require only about
5 percent of the N applied. The following
two to four weeks of growth require a
large proportion of the total seasonal

N requirement.

NDSU

Extension Service
North Dakota State University

September 2011

In winter wheat, very low levels of N are
required for overwintering. However, once
wheat breaks dormancy, a large proportion
of N is required during the next few weeks.
In spring wheat, a small of amount of N is
required to establish the ¢rop during the
first two to four weeks after seeding;
however, most of the remaining N is
required during the next 30 days.

To address some of the delayed N require-
ment issues of winter wheat, much of the
crop is top-dressed in the spring. In corn,
some growers use side-dress applications;
however, spring preplant application is
most common, with fall application
preferred by growers in some Northern
states. In spring wheat in the northern
Plains, some post-IN applications are made.

Because of the lack of rain during the
growing seascn in many years, post-N
applications as a source of most of the N
requirement are discouraged except under
irrigation. To increase nitrogen use efficien-
cy and thereby increase yields or decrease
N rates, a number of products have been
developed to delay an N transformation
process so that the period of time in which
the N source is available for uptake is closer
to the time the crop needs the available N.
These products can be classified into the
following groups: nitrification inhibitors,
urease inhibitor additives, and nitrification
and urease inhibitors.

Nitrification Inhibitors

Nitrapyrin

N-Serve, or nitrapyrin {(2-chloro-
&-[trichloromethyl] pyridine) has been
studied and commercially used since

the late-1960s. Work by Janssen (1969),
summarized by Hergert and Wiese (1980),
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showed that nitrapyrin was active as a
nitrification inhibitor and that the degree

of nitrification was influenced by the
nitrapyrin rate as a ratio of nitrapyrin o
anhydrous ammonia. Greater N recovery
with nitrapyrin than anhydrous ammonia
alone was measured in April (190 days after
application), June (230 days) and July (280
days) when anhydrous ammonia was ap-
plied from late October to early November.

Nlinois studies in the mid-1970s showed
that when injected into anhydrous ammeo-
nia or applied with urea, the rate of nitrifi-
cation decreased (Figures 1 and 2) (Touch-
ton et al., 1978a, 1978b; Touchton et al.,
1979a); however, rainfall during the years of
the experiments did not result in consistent
increases in corn N uptake or corn yield

in Illinois (Touchton et al., 1979%). Lack of
yield response from the use of nitrapyrin
also was reported in Iowa by Blackmer and
Sanchez (1988); however, Stehouwer and
Johnson (1990) reported higher corn yield
from fall-applied N, with nitrapyrin related
to higher N availability later in the season.

Higher corn yield with nitrapyrin in fall-
applied N also was reported by Randall
et al. (2003) and Randall and Vetsch (2005)
in Minnesota; however, spring-applied N
was highest yielding with greatest N-use
efficiency. N-Serve is labeled for immediate
incorporation or injection and not as

a surface-applied product, Yield increases
during the seven Minnesota study years
were 15 bushels per acre more for fall
anhydrous ammonia + N-Serve versus
fall anhydrous ammonia alone, and

27 bushels per acre more for spring
anhydrous ammonia compared with fall
anhydrous ammonia (Randall et al., 2008).

A Wisconsin study (Hendrickson et al.,1978)
found that on May 6, 1976, followinggan




Oct. 6, 1975, application of anhydrous
ammonia, 53 percent of the recoverable

N was ammonium-N with nitrapyrin

(0.5 pound/acre active ingredient)
compared with 11 percent ammonium-N
without nitrapyrin. Nitrapyrin also in-
creased the ammonium-N concentration in
Minnesota research (Malzer, 1977) through
June 8 of the following spring. In North
Dakota (Moraghan and Albus, 1979), greater
ammonium-N following fall anhydrous
ammonia application was present through
July 5 of the following spring.

Grain yield increases with the use of a

. nitrification inhibitor have been inconsistent
i due to the variability of rainfall necessary

to lead to nitrate leaching in sandier soils

or denitrification in high-clay soils. Malzer
et al. (1979) recorded a corn yield increase
with the optimum N rate in fall anhydrous
ammonia application with nitrapyrin, but

a split application of N resulted in similar

yield with nitrapyrin as without it.

Hergert et al. (1978) showed that the benefit
of nitrapyrin use under irrigated sands
increased as the irrigation water as a
percent of evapotranspiration increased.

Instinct is an encapsulated nitrapyrin
formulation that can be applied to fertil-
izer left on the soil surface for up to 10 days
for delay of ammonium fertilizer nitrifica-
tion. Tt received its label in 2009. Research
is ongoing at a number of universities.
University of Nebraska studies in 2008 and
2009 (Ferguson et al., 2008, 2009) showed
no yield benefits to the use of nitrapyrin
(GP-2017, Instinct); however, the plots were
hampered by heavy rainfall in June (2008)
and spatial variability (2009).

In Wisconsin, two years of work with
Instinct resulted in corn yield increases in
2008 but not in 2009 (Laboski, unpublished
data). In fllinois, yield did not increase due

400
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300 -y 0:002 32w 120N A-260:82
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Figure 2.

Ammonium-N concentration in soil after
120 pounds/acre of N as anhydrous
ammonia was applied April 5, 1976,

with and without 1 pound/acre of active

ingredient {two times labeled rate}
N-Serve®/nitrapyrin {N-S). Differences
between treatments were significant
at alt sampling dates through day 114
{Touchton et al., 1978).

D .

to the use of Instinct with urea ammonium
nitrate (UAN) during six site-years (Fernan-
dez, 2010). lowa (Killorn, unpublished data)
and Minnesota (Randall, unpublished data)
research also showed no yield increase with
Instinct compared with N fertilizer alone.

Field and laboratory studies show that
nitrapyrin effectively reduces the rate of
nitrification. However, these same studies
show an inconsistency in yield increases
due to the use of the product. The inconsis-
tency is related to rainfall patterns within
the experiment. Predicting the profitability
of the use of nitrapyrin is therefore very
difficult. The use of nitrapyrin to reduce N
losses “needs to be considered at the scale
of a sensitive region, such as a watershed,
over a prolonged period of use as well as
within the context of overall goals for abate-
ment of N losses from the agroecosystem to
the environment.” {(Wolt, 2004).

Figure 1,

Ammonium-N concentration in soil after
120 pounds/acre of N as anhydrous
ammonia was applied Oct. 14, 1975,
with and without 1 pound/acre of active
ingredient (two times laheled rate)
N-Serve®/nitrapyrin (N-S). Differences
between treatments were significant

at all sampling dates through day 239
(Touchton et al., 1978).
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Z
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Research on DCI) (dicyandiamide or
cyanoguanidine} has shown that it can be
used as a nitrification inhibitor, although
research generally has shown that its
activity is shorter than nitrapyrin (Bronson
et al., 1989). Products that contain DCD in
the U.S. include Super-U (IMC Phosphate
Co., licensed exclusively to Agrotain
International LLC) and Guardian fertilizer
additive (Conklin Co. Inc.). DCD contains
about 67 percent N and was examined

as an N source early in the last century
{Reeves and Touchton, 1986}. It was found
to decrease crop yield when rates exceeded
about 36 pounds/acre {Cowie, 1918).

The Guardian label recommends a

2 percent addition to fertilizer. The content
of PCD in Super-UJ is not stated. Growers
likely wotdd not overapply either product
to the point of crop phytotoxicity.

A review of north-central states’ research
on DCD was published by Malzer et al.
{1989). The review concluded that DCD
was similar to nitrapyrin in its nitrification
inthibition. Yield differences between
fertilizer treated with DCD and fertilizer
alone were inconsistent and limited to
those soils and conditions where nitrate

was lost through leaching or denitrification.

The greatest value of either nitrification
inhibitor would be in soils where nitrate
loss through leaching or denitrification is
more likely. A summary by Malzer et al.
(1989) is reproduced in Table 1.

In contrast to the relatively low frequency
of corn responses in the Midwest, potato
responses were more consistently positive

(Table 2).

The ammonium-N remaining in the soil
following ammonia application with both
nitrapyrin and DCD treatments was ex-
plored at four Illinois locations by Sawyer
(1985). Within 30 days of a fall application,
no differences were found between the
control and the DCD and nitrapyrin
freatments in the percentage of remaining
ammonium-N. In the spring, the DCD and
nitrapyrin treatments provided a greater
percentage of remaining ammonium-N
compared with the control at three of four
locations. The differences are presented

in Figure 3 for the Urbana and Dekalb
locations. Spring application of DCD and
nitrapyrin were even more effective at
some sites (Figure 4).

The use of nitrification inhibitors with
liquid manure applications has generated

Table 1. Summary of corn grain yield respenses to DCD and nitrapyrin
at N rates equal to or less than optimum for fine-textured Midwest soils.

(From Malzer et al., 1989.)

DCD Nitrapyrin
No. of comparisons No. of comparisons
With significant  Average With significant  Average
Total advantage  response Total advantage  response
% %

Timing
Fall 4 1 +1.6 2 0 -0.2
Spring 15 +3.4 - 7 1 -0.4
Sidedress ‘3 1 +1.4 3 +8.1
N Source o '
Ammonium sulfate 2 0 -1.0 0 0 -
Anhydrous ammonia 6 1 +3.6 6 1 -1.8
Urea 4 4 +2.2 6 2 _ +1.1

Table 2. Relative effect of dicyandiamide (DCD) used with three nitrogen
sources on potato yield, % Grade A US1A tubers, and apparent N recovery

in tubers at Hancock, Wis., 1984-1986. (From Malzer et al., 1989.)

Numbetr of positive Average relative
significant responses response to DCD
Number of % Grade  Tuber N % Grade Tuber N
N Source comparisons Yield A Recovery Yield A Recovery
Ammonium nitrate 9 3 1 4 +2.0 -3.6 +6.5
Urea-ammonium sulfate 6 3 0 4 +5.1 -10.8  +23.7
Urea-ammonium
nitrate solution 9 2 2 6 +4.0 5.1 +27.6

considerable interest. In response to reports
of peor corn growth due to injected liquid
manure in Blinois, placement studies with
and without nitrapyrin were conducted

on similar soils. The results of one study
showed that the use of nitrapyrin increased
corn plant and grain N concentrations

but did not translate into a yield increase
{Sawyer et al., 1991). In another study,

the use of nitrapyrin was useful in lower-
ing soil nitrite levels in the liquid manure
band, which was one reason why poor corn
growth was observed in the banded liquid
manure fields (Sawyer et al., 1990).

Urease Inhibitors

The compound that most consistently has
decreased urea volatilization when mixed
with urea or urea-ammonium nitrate
solutions is NBPT (N-{n-butyl) thiophos-
pheric acid triamide). NBPT is marketed
as Agrotain (Agrotain International LLC).
The mechanism for NBPT is to lock onto
the urease enzyme-binding sites, prevent-

.ing the enzyme from reacting to the urease

{Manunza et al., 1999). Agrotain has at least
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two possible uses in crop production:

One is to protect against seed injury for
growers, especially in the northern Plains,
who apply urea with small-grain seed at
planting. Use of Agrotain has increased the
rate of urea that can be applied safely with
small-grain seed in some studies (Table 3).

Agrotain also decreases the rate of
ammonia volatilization from urea

applied to the surface as dry urea or
urea-ammonium nitrate solutions (Brouder,
1996, Table 4). Ammonia volatilization
losses from urea at Brandon, Manitoba,
decreased from 40 milligrams (mg) to 2 mg
and from 88 mg to 12 mg with Agrotain in
two separate studies for a seven-day period
after application (Grant, 2004).

In a recent Kansas study (Weber and
Mengel, 2009), urea was applied in three
site-years to the soil surface after corn
emergence using a number of nitrogen-
extending additives, including Agrotain.
The Agrotain treatment was superior to
urea alone by 25 bushels per acre in one of
the three site-years. The two locations that
received significant rainfall immediaéely

www.agndsuedu + 3
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Figure 4. Percent NH4-N remaining after spring NH3 application at Monmouth (left) and Brownstown (right}. From Sawyer, 1985,

following applications did not receive a
yield benefit from the Agrotain treatment.
In sorghum, urea + Agrotain and urea +
SuperU were 11 and 12 bushels per acre,
respectively, greater in yield than with
urea broadcast alone (Weber et al., 2009a).
At two drier locations, no yield differences
occurred between urea + Agrotain and
urea alone.

A 14-year study in southern Illinois
(Ebelhar et al., 2010) showed a 3-bushel
corn yield advantage of urea + Agrotain
compared with urea broadcast in conven-
tional till surface and incorporated during
12 years of treatments. In no-till, urea +
Agrotain held an 11 bushel/acre advantage
over urea surface applied during four

years of treatments. Similar results were
demonstration by Varsa etal 1995 (Table 5).

In Kentucky, 50 pounds of N/acre was
applied preplant to all corn plots (Schwab
and Murdock, 2009). Side-dress applications
of urea and UAN with several additives

or formulations were applied to the soil
surface at the six-leaf stage. Higher yields
than urea alone were achieved with urea +
Agrotain and SuperU. Higher yields than
TJAN alone were achieved with UAN +
Agrotain and UAN + Agrotain Plus
{combination of NBPT and DCD
formulated for use with UAN) (Table 6).
Also notable: The ammonium nitrate
treatment was the highest yiclding treat-
ment, suggesting that some loss of N was
realized with the Agrotain treatments.

4 + SF1581 Nitrogen Extenders and Additives for Field Crops
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Nitrification and

Urease Inhibitors

Ammonium thiosulfate (ATS) and several
additional commercial thiosulfates have ni-
trification- (Goos, 1985; Janzen and Bettany,
1986) and soil urease-inhibiting properties
{Goos, 1985). In the process of identifica-
tion of thiosulfates as nitrification and soil
urease inhibitors, researchers noted that
the compounds would not be expected to
perform as well as some other alternative
nitrification and urease inhibitors due to
the shorter decomposition period for ATS
compared with nitrapyrin (Goos, 1985).

One study was unable to duplicate urease
inhibition results, but it used different
methods than originally presented aié




Table 3. Effect of seed-placed urea with and without
Agrotain on stand density and grain yield of barley
on a fine sandy loam soil, 1994-96. (From Grant, 2004.)

Table 5. No-till corn yield as affected by N fertilizer sources,
Agrotain and placement in lllinois. (From Varsa et al., 1999.)

Treatment Belleville Dixon Springs
Stand, plantsffoot Yield, bufacre Yield, bufacre ‘

N rate No Agrotain Agrotain No Agrotain Agrotain Control {ON) 34 53 62 73
tblacre Urea 106 120 98 100
Urea + Agrotain 134 143 112 112
0 78 7.6 50 50 UAN, surface 123 137 103 107
18 7.9 8.2 55 52 UAN + Agrotain, surface 128 145 107 114
36 7.3 77 53 62 UAN, dribble 139 137 108 112
54 6.0 71 59 57 UAN + Agrotain, dribble 143 152 110 120
72 5.7 7.1 63 61 UAN injected 172 176 123 121
89 4.7 7.1 57 65 Anhydrous ammonia 158 166 122 130

Table 4. Mean corn yield from Purdue Agronomy
Farm, SEPAC, Pinney Purdue and Kosciusko locations
with urea and UAN alone and treated with NBPT.
(From Brouder, 1996, citing work by Phillips, Menge!

and Walker, 1988, unpublished work, Purdue University.)

Table 6. Yield for side-dressed no-till corn in Hardin County,
Ky. (From Schwab and Murdock, 2009.)

Treatment

Yield, bushels per acre

Fertilizer treatment

Control (20 Ib N/acre in starter only)
Urea broadcast, surface

Urea + NBPT broadcast, surface
UAN broadcast, surface

UAN + NBPT broadcast, surface
UAN dribbled, surface

UAN spoke injected

UAN coulter injected

UAN knife injected

rates of ATS from 3.3 to 33 times the
rates of Goos, 1985 (McCarty et al., 1990).
Thiosulfate activity is regulated by its
concentration {effective at S rates of

25 mg kg™, Goos and Johnson, 2001).

Thiosulfate readily breaks down rapidly in-
temperatures of 15 C, In a laboratory study
at 15 C, AT5 essentially was mineralized in
about a week. Under cooler temperatures,
however, significant thiosulfate remained
after two weeks in two of three soils, with
mineralization complete in all soils by
week three. When thiosulfate was placed
in a band with aqua ammonia in the fall

in North Dakota (Oct. 3, 1996), thiosulfate
resulted in similar spring (May 12, 1997)
ammonium and nitrate levels as aqua
ammonia treated with nitrapyrin (Goos
and Johnson, 1999). Spring wheat yields

of aqua ammonia treated with thiosulfate
and nitrapyrin were similar, and both

were greater than aqua ammonia alene.

Janzen and Bettany {1986} expressed
cautions on high rates of banded ATS (in
excess of 100 parts per million, or ppm) due
tonitrite accumulation from ATS inhibition
of not only the ammonium to nitrite
process, but the nitrite to nitrate process.

The rate used by Goos (1985) was about

43 ppm if expressed as a band with a radius
of 2 inches, which did not accumulate
nitrite in the Janzen/Bettany (1986) study.

Recently, the use of thiosulfate has been
re-examined. In Kansas, the application
in the spring of a 5 and 10 percent calcium
thiosulfate by volume solution with UAN
had similar yield as urea broadcast in
no-till {Tucker and Mengel, 2007).

Nutrisphere-N is a product marketed by
SFP (Specialty Fertilizer Products) LLC,
Leawood, Kan. The formulation for dry
fertilizer is a 30 to 60 percent maleic itaconic
co-polymer calcium salt. The pH of the

dry formulation is between 2.5 and 5,
according to the label. The rate of use is

0.5 gallon per ton of urea/ammonium
sulfate. The formulation for liquid fertilizer
is a 40 percent minimum maleic-itaconic
co-polymer. The pH of the liquid product
is between 1 and 2, according to the label.
The rate of mixing with liquid N products
is 0.5 gallon Nutrisphere-N per 99.5 gallons
of fertilizer solution. A gallon of Nutri-
sphere-N liquid or dry formulation weighs
9.6 pounds per gallon.
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Check {50 I N/acre preplant N only) Hrd*
- Urea 158¢
Yield, bu/acre Urea + Agrotain 201b
99 Superl 201b
130 UAN 150¢
143 UAN + Agrotain 17%¢c
135 UAN + Agrotain Plus 175be
140 Ammonium nitrate 23%a
}ig * Numbers followed by the same letter are not significantly different (5%)
147
145

Nutrisphere-N is marketed as both a
urease inhibitor and a nitrification inhibi-
tor. Marketing literature explains that the
activity of Nutrisphere-N on nitrification

is related to ifs binding to copper ions
necessary for the nitrification process in
scil bacteria. The activity of the product on
urease is based on its binding to nickel ions
necessary for the formation and function of
the enzyme. Also, the product Avail, which
is marketed as a phosphate-enhancing
product by SFP, contains the same active
ingredient as Nutrisphere-N.

The Avail activity Is attributed to bind-

ing of calcium or iron ions in the soil that
normally might bind phosphate. Based on
the mode of action of the active ingredient
of Nutrisphere-N/Avail, the compound is
highly negatively charged and would tend
to bind with any compound with a positive
charge, not distinguishing one ion from
another.

The most consistent yield increases and
crop uptake of N from the use of Nutri-
sphere-N has been through work by
Gordon (2008). In two years of corn at
Scandia, Kan., and two years of grain
sorghum at Belleville, Kan., yield iricaeases
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from the use of Nutrisphere-N were similar
to those achieved with urea-Agrotain and
ESN (Environmentatly Smart Nitrogen,
Agrium Inc.) (Tables 7 and 8).

The consistent results from Gordon (2008)
are very curious, considering that careful
laboratory experiments by Goos (2608) and
Norman (Franzen et al., 2011) have shown
that Nuirisphere-N has no nitrification or
urease inhibitor ability (Figures 5 and 6,
Table 9).

Laboratory experiments clearly show

that no nitrification inhibition or urease
inhibition occurs by Nutrisphere when
used at Jabel rates. Goos has observed
some small nitrification inhibition when
the Nutrisphere for liquid fertilizer is ap-
plied in a concentrated band. He attributes
this to the strong acidity of the liquid
formulation and not to the Nutrisphere
itself (Goos, personal communication,
2010). Acid conditions are known to inhibit
nitrification bacteria (Schmidt, 1982).

Urea concentration in soil, mg N k™!

Table 7. Effects of N additive,
averaged over source {UAN and

urea) and N rate on corn grain yield,
earleaf-N and grain-N, Scandia, Kan.
(2-year average). {(From Gordon, 2008.}

Yield EarleafN Grain N
% %
1.72 1.13
2.57
2.96
2.96
2.98
0.09

Treatment

bufacre

152
168
185

Check
Urea/UAN
ESN
Nutrisphere-N 183
Agrotain 183
LSD 5% 6

Table 8. Effects of N source and rate
on grain sorghum yield, Belleville
(2-year average). (From Gordon, 2008.)

Treatment N-Rate Yield
Ib/acra bu/acre
Check 0 71
Urea 40 108
80 - 122
120 128
ESN 40 120
80 130
120 132
Urea + Agrotain 40 116
80 129
120 133
Urea+ Nutrisphere 40 120
80 133
120 132
LSD 5% ' 5

6 = SF1581 Nitrogen Extenders and Additives for Field Crops
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Table 9. Cumulative ammeonia volatilization fosses for

urea, ammonium sulfate, urea + NBPT and urea + 0.25%
Nutrisphere (NSN) from a Dewitt silt loam soil during a

15-day laboratory incubation at 25 C. Norman data,

University of Arkansas, Fayetteville. (From Franzen et al., 2011.)

Days after N source application

3 1 15

~ N sources Cumulative NH3 loss, % of N applied
Urea 14.5 35.9 51.8 56.9
Ammonium sulfate 01 0.2 0.5 0.6
Urea + NBPTt 0.006 2.7 12.9 18.3
Urea + 0.25% NSN 17.6 42.2 57.8 62.7
LSD{0.05)t 12.2
LSD(0.05)§ 9.6

1 NBPT= N-{n-butyl) thiophosphoric triamide

+ LSD fo compare means between N sources within the same sampling time.
§ LSD 1o compare means between sampling time within the same N source.
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In the field, consistently finding yield or
quality responses to the use of Nutrisphere
at the labeled rate is uncornmon. In North
Dakota studies on spring wheat at eight
locations, no yield increases or grain N
‘uptake increases were found with Nutri-
sphere compared with urea (Franzen et al.,
2011). In Kansas (Tucker and Mengel, 2008),
no increases occurred due to Nutrisphere
with UAN versus UAN surface banded or
injected in grain sorghum in 2007.

In two years of corn in Kansas, no yield
increases were found from the use of
Nutrisphere-N UAN compared with
surface-applied UAN at three total sites
(Weber and Mengel, 2009). In 2009, no
response was found to Nutrisphere + UAN
broadcast on grain sorghum compared with
broadcast UAN alone in Kansas at three
locations (Weber and Mengel, 2010).

One sorghum yield increase cccurred

with surface-banded Nutrisphere + UAN
compared with UAN surface banded alone,
and two sites were nonresponsive. The
yield increase with surface band but not
broadcast suggests that perhaps the acidity
of the Nutrisphere may have delayed
nitrification at this site (Schmidt, 1982).

At Waseca, Minn., in 2009, no corn yield
difference was found between urea and urea
with Nutrisphere applied in the fall (Randall
and Vetsch, 2009). Grain and stover N
between urea and urea with Nutrisphere
were similar. In llinois at two locations in
2008, Nutrisphere-urea was lower in yield
than urea and similar in yield at the two
locations with UAN and Nutrisphere-UUAN
{Ebelhar and Hart, 2009). At Dixon Springs
in 2009, Nutrisphere urea, UAN and
ammonium sulfate treatments did not result
in higher corn yield than the N sources with
Nutrisphere-N (Ebelhar and Hart, 2010),
although the main effects for Nutrisphere-N
on corn yield were significant. :

In Arkansas and Mississippi, Nutrisphere-
N had no effect on rice yields in three field
studies compared with urea (Franzen et al,,
2011). In South Dakota, Nutrisphere-N did
not result in higher corn yield in 2007 (Bly
and Woodard, 2007), 2008 (Bly et al., 2008)
or 2009 at two sites (Bly et al., 2009).

In Idaho, no spring wheat yield increases
were found with Nutrisphere during two
years (Jeffrey Stark, personal communica-
tion, Aug. 23, 2010). In barley, however,
yield increases occurred in 2008 and 2009
with Nutrisphere, but no increase occurred

in grain protein versus similar rates of
urea. Plant N uptake with Nuirisphere
was similar to urea without Nutrisphere,
suggesting that the yield increase in barley
came from some response other than
enhanced N nutrition (Stark, 2008; 2009).

Laboratory studies with Nutrisphere-N
show no effect on nitrification or urease
activity. Therefore, the findings that the
great majority of studies with Nutrisphere
show no yield effects are not surprising.
What is surprising is that some studies
show yield effects, but not from increased
N nutrition. The results from Gordon

(2008) suggest that under some conditions,
Nutrisphere may have some effect on plant
growth and development, and even N nutri-
tion not related directly to urease inhibition
or nitrification. However, the company may
need to re-examine its label as a nitrification
irthibitor and urease inhibitor.

Summary

Certain nitrogen additives provide grow-
ers with options for extended activity of
nitrogen nutrition for their crops. Their
economics depends on rainfall following ap-
plication, application methods, timing and
soil characteristics, especially soil {exture.
Nitrapyrin has been effective in delaying
nitrification. Dicyandiamide also has been
shown to be effective in delaying nitrifica-
tion. Thiosulfates have been shown to

delay nitrification, but the body of literature
to support their use is much smaller than
that of nitrapyrin. NBPT {Agrotain) is an
effective urease inhibitor. Thiosulfates

have shown some urease inhibition
characteristics, but again, the body of
literature that supports their use is small.

Nutrisphere has been shown to be ineffective
as both a nitrification and urease inhibitor.
The data that support the use of Nutrisphere
is small in comparison with the data that
does not support its use. If one accepts

that the laboratory studies, conducted in

a similar manner to those used to evalu-

ate products such as Agrotain, show that
Nutrisphere is not a nitrification or a urease
inhibitor, then the small number the field
studies that show a yield benefit to the use of
the product, and in some circumstances even
show an accumulation of N, must have other
explanations. The very acidic nature of the
liquid formulation of Nutrisphere suggests
that in banded applications, the nitrification
delay may be associated with the acidity of
the solution more than the Nutrisphere itself.
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Kochia — Growth Regulator Resistance
Dr. Phil Westra — Colorado State University

One of the most common weeds in all major crops in the Central Great Plains is kochia which has
proven to be a potent adversary for sustainable crop production for crop producers. As a C4 plant, it is
not surprising that kochia is heat and drought tolerant, but what is surprising is its ability to germinate
and begin growth as early as February when nights are cold and snow is still likely. Kochia is highly
competitive in a wide variety of crops causing yield reductions of 90% or more if not controlled. Well
watered and fertilized kochia plants along the edge of com fields can grow 8’ tall with woody stems over
1” in diameter. Since kochia seeds exhibit little dormancy, most seeds germinate the year following
their production on a mother plant. In addition, as a tumble weed, kochia plants rolling across the land-
scape in strong winds shed their seeds as they bounce along, thus spreading their genes across long dis-
tances. ' '

 Anecdotal evidence from senior weed scientists suggest that when 2,4-D was first released as an herbi-
cide, it did exhibit moderate to good control of kochia. Today, most weed scientists, crop consultants,
and growers would rate 2,4-D as poor to ineffective for kochia control, although 2,4-D is still a frequent
tank mix partner because it is cheap and it still controls many other broadleaf weeds. It is hard to deter-
mine if the current general poor kochia control with 2,4-D is a result of resistance that is wide spread, or
if kochia was never controlled very well by 2,4-D. Some more recent research suggests that new acid
forms of 2,4-D can be effective for kochia control.

For more than 25 years, growers have frequently turned to dicamba to control kochia in crops or field
situations where dicamba is labeled. When applied at higher labeled rates, dicamba provides the added
benefit of a moderate amount of soil residual activity for several weeks. Beginning in the 1980s, how-
ever, evidence began to mount that some central great plains accessions of kochia had developed resis-
tance to dicamba. Scientists at Montana State University documented dicamba resistant kochia that ex-
hibitied some unusual growth characteristics. In Colorado, research focused on kochia collected from
“lack of control” (LOC) sites primarily in irrigated corn fields. Kochia in these fields were frequently
heavily damaged by dicamba with the damage often manifest as death of the primary kochia growing
points. After some time, however, axillary buds would begin to grow and the plants would survive and
produce seed even at the highest labeled rates for dicamba. Detailed genetic research at CSU suggested
that dicamba resistance in kochia appears to be controlled by a single allele with a high degree of domi-
nance. In spite of this discovery, it has always been a mystery as to why dicamba resistance never seem
to rise to a very high level in any part of the central great plains. It has been speculated that this resis-
tance trait was rapidly swamped out by pollen from the many susceptible plants still present in most eco-
systems.

Perhaps the development and labeling of fluroxypyr indirectly helped in the management of dicamba
resistant kochia since there appears to be little if any cross resistance in kochia to these two herbicides.
Fluroxypyr became a popular kochia herbicide due to its effectiveness and to the generally good crop
safety exhibited by fluroxypyr. The one drawback for fluroxypyr was its sometimes poor level of con-
trol of many other broadleaf weeds commonly found growing with kochia. There have been sporadic
reports of fluroxypyr resistance in kochia, but once again, this has never blown up to be a major issue.
New herbicides such as Huskie, Laudis, Callisto, and Impact have shown good to excellent kochia con-
trol when used in labeled crops based on extensive research over the past several years. Although these
products are sometimes more expensive, they at least offer reasonable alternatives for kochia control.
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Finally, it must be emphasized that since the introduction of herbicides a major weed control tools used
by most crop producers, kochia has demonstrated an amazing ability to develop resistance to

1)2,4-D 2)triazine herbicides 3) ALS herbicides 4) Dicamba 5) Fluroxypyr 6) Glyphosate.

1t is incumbent on all of us; scientists, crop consultants, growers, etc. to be vigilant when scouting for
kochia problems in fields and possible new resistance issues as they develop. Contact your extension
agents or state weed scientists if you suspect an herbicide resistance problem with kochia.
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Kochia History, Biology, and Implications
Phil Stahlman® and Anita Dille?
'Agricultural Research Center-Hays and *Department of Agronomy
Kansas State University

Origin, Biology, and Distribution

Introduction and spread. Kochia (Kochia scoparia L.) is an annual forb (broadleaf plant) with a deep
taproot typically penetrating to depths of 6 to 8 ft (as deep as 16 ft during severe drought) and many
erect branched stems extending upward 2 to 3 ft in dry or infertile conditions but may reach up 7 ft un-
der favorable conditions. Leaves are simple with alternate arrangement along stems; linear to lanceo-
late in shape and typically range from about 3/16-inch to 5/16-inch wide and 2 to 3 inches long; and
lime-green to grayish-green in color, but often change to shades of yellow, red, and brown as plants
mature. Stems usuaily are similarly colored as the leaves but stem color may be solid or stripped. Ko-
chia is highly adaptable, drought tolerant, and grows on many soil types including saline/alkaline soils,
but does not tolerate spring flooding. '

Other common nahﬁé_s for kochia include fireweed, Mexican fireweed, burning bush, summer-cypress,
and tumbleweed. The species is native to southern and eastern Russia and was introduced to North
American from Europe in the late 1800's for use in ornamental plantings. Kochia naturalized in the cen-
tral and northern Great Plains where it flourished during periods of drought during the 1930’s. It spread
rapidly westward and currently is a competitive weed in cropland, rangeland and pastures, road sides,
and waste areas throughout the western United States and Canada. it is one of the top 10 most-
abundant agricultural weeds in the Canadian prairies and western United States. It is present through-
out Kansas but is far more common and troublesome in the dryer western half of the state.

The nutritional level of kochia in early vegetative growth stages is sufficient to satisfy the requirements
of most livestock. However, nutritional content decreases with age. During periods of drought and
shortages of grass and cultivated forage, kochia has been used for livestock feed as a portion of the
diet, but plants contain high levels of oxalates, alkaloids, and nitrates that can be toxic if large amounts
are consumed. A related but improved perennial semi-shrub species (Kochia prostrata) is promoted as
a drought tolerant, high-quality forage kochia for winter livestock grazing in intermountain and semi-
desert habitats. This species facks weedy characteristics and should not be confused with the annual,
weedy species.

Reproduction. Kochia reproduces by seed that disperse as mature plants break off at the base and are
blown by wind as tumbleweeds scattering seed and resulting in a high rate of spread over long dis-
tances. In the Pacific Northwest, plants were observed moving nearly 2.5 miles in 6 weeks. Plants typi-
cally produce about 15,000 seed per year; however, plants have extreme reproductive plasticity. Se-
verely stressed plants may produce few seed and plants growing under favorable conditions may pro-
duce as many as 50,000 seeds. Seed is produced in clusters of small green flowers lacking petals lo-
cated in the axis of upper leaves and terminal spikes in late summer (Aug-Sept). Flowering is tempera-
ture sensitive and does not occur until mean temperature is greater than ~60 F. Kochia will self-
pollinate but flower stigmas {female structure) mature sooner and are receptive to pollen from other
flowers on the same or different plants in advance of pollen shed from anthers (male structure) of the
same flower. This helps ensure cross pollination and genetic diversity within the population. Pollen can
move up to 500 ft.
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Seedling emergence. Kochia seeds have a dormancy period of 2 to 3 months, but once dormancy is
broken seeds will germinate over an extremely wide range of temperatures (~40 to 100° F). Few an-
hual weeds emerge in spring as early as kochia. Seedlings are frost tolerant and frequently can be
found along edges of melting snow in fence rows and other non-disturbed areas. Emergence in culti-
vated fields typically occurs several days later than in non-tilled areas. Studies indicate that fewer
growing-degree days (cumulative heat units) are needed to initiate germination and cumulative grow-
ing-degree-days for the entire period of emergence are fewer in colder northern latitudes compared to
warmer southern latitudes. At multiple sites in Kansas in 2010, emergence began after March 15,
whereas emergence in western Nebraska and eastern Wyoming began after the first week of April. Ap-
proximately 70 to 90% of seedlings emerged within the first two weeks after first emergence, but at
most sites a few seedlings continued to emerge as late as mid-July. The same general trend also oc-
curred in 2011, but with longer periods of peak emergence, probably because of dryer spring condi-
tions than in 2010. This and other evidence indicates that current farming practices are selecting or fa-
vor plants capable of germinating at higher temperatures, thus extending the period of usual emer-
gence. Seeds have little or no seedbank viability; they either germinate or decay in 1 year.

Seedlings emerging in early spring frequently emerge in great density and form dense mats of vegeta-
tion. Before plant internodes begin to elongate, multiple ranks of compressed leaves form compact ro-
settes. Overlapping hairs on the margins of leaves intercept spray droplets and interfere with wetting

~of leaf surfaces from herbicide applications. Plants are more easily wetted and susceptible to most her-
bicides when they are about 2 to 6 inches tall and become more difficult to control as they grow larger,
especially when stressed.

intraspecific diversity. Kochia morphology is highly variable, likely due to high genetic variation and
phenotypic plasticity. Within-population genetic diversity may equal or exceed levels of genetic diver-
sity seen among kochia populations. Natural selection coupled with cross pollination, prolific seed pro-
duction, and profuse seed dispersal over long distances contributes to the genetic diversity of kochia.
Adaptation to agronomic practices including selection of herbicide-resistant variants has added to this
diversity. Hybridization with related Kochia species does not appear to be a source of genetic diversity
due to genomic differences that prohibit introgression.

Response to Herbicides

The genetic diversity within kochia populations contributes to the presence of biotypes with mutant
alleles known to confer herbicide resistance. Few weed species have developed resistance to as many
herbicide families as kochia. Populations of kochia resistant to triazine and acetolactate-synthase
(ALS)-inhibiting herbicides are widespread, there are documented cases of resistance to synthetic auxin
herbicides (2,4-D and dicamba), and resistance to glyphosate occurs throughout western Kansas and
eastern Colorado. These four herbicide modes-of-action are among the most widely used herbicide
groups in agricultural production systems in the United States and Canada. Loss of the use of each of
these herbicide groups, especially glyphosate, for kochia control poses significant challenges in one or
more major field crops and will require less simple and cost effective management strategies.

The first case of triazine resistance in kochia was documented in Idaho in 1976 and ALS herbicide resis-
tant kochia was discovered in 1987 in wheat fields in Kansas and North Dakota, and in a non-crop area
in Colorado. Triazine and ALS resistance is caused by a a single amino acid change in the protein target
site. The mutation changes the shape of the binding site so the herbicide can no longer bind. Plants

with the mutation are not affected by any rate of the herbicide. Lack of kochia control with dicamba in
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eastern Colorado and western Nebraska in the early 1990’s prompted studies at Colorado State Univer-
sity that confirmed the presence of dicamba-resistant kochia. See Phil Westra’s report for more infor-
mation on dicamba-resistant kochia.

Lack of kochia control with glyphosate not due to application or abiotic reasons was first observed in
southwest Kansas in 2005. Studies indicated slightly elevated tolerance to glyphosate, but could not yet
be called a resistant population. However, glyphosate resistance was confirmed in four geographically-
dispersed kochia populations in 2007. By 2011, glyphosate resistance was common throughout the
western one-third of Kansas and present in bordering counties of Colorado and Nebraska.

Glyphoste resistance is unlike triazine or ALS resistance in that it is not due to an altered target site and
plant response to glyphosate is rate dependent. This type of resistance is often called “creeping resis-
tance” and refers to the fact that the level or degree of resistance increases in successive generations
with continued selection (spraying with glyphosate). The main mechanism of resistance appears to be
a process called gene amplification, in which resistant plants have muitiple copies of the gene that pro-
duces an enzyme to which glyphosate binds and prevents production of essential amino acids, thereby
causing plant death. Resistant plants are simply able to produce more enzyme than glyphosate can dis-
rupt.

Major implications of glyphosate resistance in kochia are that growers must use more costly and often
less effective herbicides to control kochia in crops and fallow than previously possible using glyphosate.
Also, there is evidence that growers in western Kansas used more tillage than normal in 2011 to control
kochia after wheat harvest. Research is ongoing to evaluate alternative (to glyphosate) kochia manage-
ment strategies. Refer to contributions of other conference presenters for the latest updates.
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Kochia Control in Wheat and Fallow
Phil Stahlman
Agricultural Research Center-Hays
Kansas State University

The most sustainable weed control programs integrate the use of herbicides with other crop and solil
management practices that include crop and herbicide rotation, use of competitive cultivars/hybrids,
precision fertilizer placement, optimum planting dates and rates, and planting arrangements that maxi-
mize crop competitiveness with weeds. These are core principles of Integrated Weed Management
(IWM).

Tillage is an ancient method of weed control and has been an integral part of crop production since the
beginning of farming with simple tools. The science of modern weed control began with the discovery
of 2,4-D in the early 1940’s and probably has advanced more in the past 70 years than in previous re-
corded history. Herbicides have gradually replaced, but not eliminated, tillage for the purpose of weed
control to the extent that today tillage is used as much for seedbed preparation as for weed control.
Herbicides have proven so effective that other aspects of IWM are not utilized as often as in the past.

Selection pressure applied to weed populations for a long enough period of time will inevitably resultin
changes in weed communities favoring those species best adapted to the resulting habitat. The selec-
tive force or management practice could be herbicide, tillage, crop rotation, or other agronomic fac-
tors. However, frequent use of the same herbicide program changes the spectrum of weed populations
more quickly than most other selective forces because of the greater selection herbicides impose on
weed populations.

Weed species have developed resistance to several herbicide families. Those of most importance in this
geography include triazine, sulfonylurea {ALS-inhibitors), and synthetic auxin herbicides (dicamba and
2,4-D) herbicides, and more recently glyphosate. The widespread presence of glyphosate-resistant ko-
chia in the western one-third of Kansas and adjacent counties in Colorado and Nebraska pose signifi-
cant challenges to current production systems throughout semi-arid regions. The purpose of this arti-
cleis to briefly review various herbicide recommendations for control of kochia in winter wheat and dis-
cuss alternative herbicide options (to glyphosate) for kochia control in fallow.

Kochia control in wheat

One of the better ways to control of kochia in wheat is to establish a full stand of vigorously-growing
wheat that canopies between-row spaces quickly in spring and shades kochia seedlings; they do not
grow well in shaded environments. Kochia is seldom a problem in winter wheat except when wheat
stand is thin, patchy, or wheat growth is slowed by disease, low fertility, or limited moisture. Narrow
row spacing, optimum seeding dates, enhanced wheat seeding rates, and in-furrow starter fertilizer
increase wheat competitiveness with all weeds, not just kochia. Several herhicides registered for use in
wheat have both soil and foliar activity and can be applied in late-fall or early-spring before kochia
seeds germinate, Many of the same and additional herbicides can be applied to wheat and weeds in
spring, but the application window for crop safety is narrow for some herbicides and postemergence
application may not contact seeding kochia or other weeds protected by wheat foliage.

Kochia resistant to ALS-inhibiting herbicides (sulfonylurea and imidazolinone familes) was found in Kan-
sas, Idaho, and North Dakota in 1987. ALS resistance is still present throughout the state. Many regis-
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tered wheat herbicides are ALS-inhibitors. Thus, numerous ALS-inhibiting herbicides including Affinity
Broadspec®, Agility SG®, Ally®, Ally Extra®, Amber®, Express TS, Finesse®, Harmony Extra®, and several
generic ALS-inhibiting products may not control kochia effectively unless a herbicide of another mode
of action is tank mixed with those herbicides. Auxinic herbicides such as 2,4-D, MCPA, or occasionally
dicamba are popular choices for tank mix partners with sulfonylurea herbicides.

Rave® is a mixture of triasulfuron (the active ingredient in Amber) and dicamba and is a popular wheat
herbicide. However, Colorado State University weed scientists have documented dicamba resistance in
kochia populations in eastern Colorado and southwest Nebraska and there have been numerous com-
plaints that dicamba is not as effective as it was in the past. Most weed scientists agree that resistant
weeds evolve more quickly when low, often sub-optimal herbicide rates are used than when higher
rates are used. It is possible the low amount of dicamba in recommend rates of Rave may be slowly se-
tecting for resistance to dicamba. Other herbicides that are effective on kochia that are not ALS-
inhibitors include Huskie®, Pulsar®, Starane Ultra®, and Starane Plus Salvo®.

Additional information and more detailed use recommendations can be found on individual product
labels and in print copies of the K-State 2012 Chemical Weed Control Guide found online at htip://
www.ksre. ksu.edu/library/crps|2/srp1063.pdf.

Kochia control in early spring, preplant and fallow

Because kochia emerges as early as March there is need for control measures in early spring either
prior to emergence or as preplant burndown treatments. Two standardized experiments
(preemergence and postemergence applications) were conducted at several sites in Kansas and at least
one site each in Colorado, Nebraska, Montana, and Wyoming to evailuate the effectiveness of various
herbicide treatments for control of kochia. In preemergence experiments, atrazine was a component of
ohly one treatment (Harness Xtra) so as not to limit cropping options.

Preemergence experiments. Table 1 shows the results of four experiments conducted in Kansas near
Gorham, Hays, Scott City, and Tribune in which evaluation times were similar. The mean column shows
the percentage weed control averaged across experiments, the median column is the percentage at
which half the control ratings were greater and the other half less than the shown percentage, and the
range column reports the low and high control ratings; this is a measure of variability among experi-
ments. The approximate costs of treatments varied from $11.77 to $30.00 per acre. There was poor
correlation between treatment cost and control effectiveness.

Control ratings generally were lower at Scott City {the driest location) than the three other locations.
However, the two most cost-effective preemergence treatments by a wide margin at each location
were the Clarity plus 2,4-D LV4 treatments. The higher rates of Clarity and 2,4-D provided no advan-
tage over the lower rates at 5-6 weeks after treatment, but the higher rate treatment was advanta-
geous at later evaluations {data not shown). The 6 oz/A Spartan treatment was effective at 3 of 4 loca-
tions, but was unexpiainably mediocre at Hays. Verdict was effective for 3-4 weeks but control de-
clined rapidly thereafter. Others experiment not reported here confirm that the effectiveness of Bal-
ance Flexx is considerably improved when tank mixed with atrazine. Similar enhancement of Verdict
would be expected. ' '
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Table 1. Kochia control 5-6 weeks after preemergence herbicide application averaged across four

experiments conducted in Kansas, 2011.

Approximate

Mean

Herbicide treatment Rate/ac cost/act Median Range
%

Verdict i50z $30.00 59 62 23-89
Balance Flexx 50z $29.13 71 70 53-92
Harness Xtra 23qt $19.53 72 70 46— 100
Warrant 2 qt $17.00 23 23 20-25
Valor SX 3oz $22.23 29 29 16— 40
TripleFlex 1qt $24.72 16 38 15-93
Spartan 4F 60z $19.77 79 83 55—100
Clarity + 2,4-D LV4 8o0z+8o0z $11.77 97 97 95— 100
Clarity + 2,4-D Lv4 160z+ 160z §$18.41 98 99 95 — 100

YIncludes application ($5.13) based on Kansas Custom Rates but does not reflect program discounts or
rebates. Thus, most indicated costs are probably high and are intended to show approximate costs for

comparative purposes.

Postemergence experiments. Mean results of eight experiments are shown in Table 2. Format of the
table is the same as Table 1. The approximate costs of treatments varied from $10.93 to $25.72 per
acre. Much like the preemergence experiments, there was poor correlation between treatment cost

and control effectiveness.

The effectiveness of most herbicide treatments varied widely among experiments; however, not

Gramoxone + Atrazine + COC at the rates indicated in the table. The effectiveness of Roundup Power-

Max in individual experiments clearly indicated that kochia populations in the Nebraska, Montana, and
one of two Colorado experiments were glyphosate-susceptible while populations in all four of the Kan-
sas experiments and one Colorado experiment were glyphosate-resistant. This is reflected in the range
column. Only the Gramoxone Inteon +Atrazine 4L + COC treatment controlled kochia greater than
95% when averaged across all eight locations. Other effective treatments for which control percentage
in individual experiments was always 65% or higher {range column} included Sharpen + Atrazine + MSO

and Laudis + Atrazine + MSO. Huskie + NIS and Impact + Atrazine + MSO were moderately effective.
Linex 4L + Atrazine 4L + COC was effective at all but the Montana location, where it performed poorly.

Also, the Rage D-Tech + MSO performed much worse at the Nebraska location than at other locations.
~ Distinct and Distinct + 2,4-D performed similarly with a wide range of performance among experi-

ments.
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Table 2. Kochia control 3-4 weeks after postemergence herbicide application averaged across eight ex-

periments conducted in Kansas (4), Colorado {2), Montana (1) and Nebraska (1), 2011.

Approxi- .
Rate mate cost/  Mean Median  Range
Herbicide treatment ac’

oz/ac + % vol:vol
Distinct + NIS 4 +2% $20.20 67 75 27-94
Distinct + 2,4-D LV4 + NIS 44+8+2% $21.34 69 74 32-99
Sharpen + LV4 + MSO 1+8+1% $15.12 79 84 55-96
Sharpen + Atrazine 4L+ MSO - 1+12+1% $15.07 86 90 65-99
Laudis + MSO 3+1% $24.30 83 87 58-97
Laudis + Atrazine 4L + MSO 3+8+1% $25.72 89 93 65 - 100
Caliisto + Atrazine 4L + COC 3+8+1% $22.66 73 80 35-G8
Impact + Atrazine 4L + MSO 0.75+8 +1.5% $14.86 86 89 56-98
Starane NXT + NIS 14 + 0.5% $13.94 63 62 18-99
Huskie + NIS 15+1% $17.87 82 88 59-97 -
Rage D-Tech + MSO 32+ 2% $17.30 59 61 0-93
Gram. + Atrazine 4L + COC 48+ 16+ 1% 520.04 96 99 87-100
Linex 41 + Atrazine 4L + COC 24+ 16+ 1% $21.82 - 83 96 35-100
RU PowerMax 32 $10.93 49 34 14 -96

‘Al treatments except Gramaxone Inteon + Atrazine 4L and Linex 4L + Atrazine 4L also included dry
ammonium sulfate at 17 1b/100 gal (2% w/v). NIS, non-ionic surfactant; COC, crop oil concentrate;

and MSO, methylated seed oil.

“Includes application ($5.13) based on Kansas Custom Rates but does not reflect program discounts
or rebates. Thus, most indicated costs are probably high and are intended to show approximate

costs for comparative purposes.

It is well known that kochia plants that survive a glyphosate application are very difficult to control by
respraying, even with higher rates. This is was the case in an experiment near Monument, KS in a field
of failed winter wheat which was terminated in spring by spraying with glyphosate. The wheat and
weeds other than kochia were killed. We established a trial in this field and applied the herbicide treat-
ments listed in Table 3 on June 15 when kochia plants were 3-8 inches tall. Roundup PowerMax at 32
oz/A plus Banvel at 16 oz/A and 0.5% non-ionic surfactant controlled kochia less than 50% at 21 days
after treatment (DAT). Roundup PowerMax at 32 oz/A plus Sharpen at 1 oz/A and 1% MSO was simi-
larly ineffective. No treatment controlled kochia completely and few treatments provided greater than

90% kochia control at 21 DAT.
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Table 3. Kochia control in failed winter wheat 7, 14, and 21 days after treatment, Monument,

KS, 2011,

‘ Days after treatment
Herbicides® Rate 7 14 21

oz/A or % v/v %

RU PowerMax + Banvel + NIS 32 +16 +0.5% 26e 30f 48 ¢
Sharpen + Linex 4L + MSO 1+2442% 91a 89 ab 86 a-c
Sharpen + Atrazine 4L + MSO 1+8+1% 91a 85b 80 b-d
Sharpen + Gram. Inteon + MSO 1+48+ 1% Na 84b 73 de
Sharpen + RU PowerMax + MSO 1+324+1% 69 be 418 e 53 fg
Laudis + Banvel 4 + MSO 3+16+ 1% 454 58d 83 a-d
Laudis + Banvel 4 + Sencor DF + MSO | 3+ 16+ 12+ 1% 6lc 86b 92 ab
Laudis + Starane NXT + MSO 3+14+ 1% 75b 89 ab 90 ab
Impact + Atrazine 4L + M5S0 1+8+1% 65¢ 74c 74 c-e
Impact + RU PowerMax + MSO 1+32+1% 45d 55 de 65 ef
Gramoxone Inteon + Linex 4L + NIS 48 + 24 + 0.5% 88a 85b 84 a-d
Gramoxone Inteon + Linex 4L + 483+24+ 12+ 9l1a 953 95a
Sencor DF + NIS 0.5%

'All treatments included dry ammonium sulfate at 17 1b/100 gal {2% w/v).
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University of Nebraska-Lincoln Extension, institute of Agriculture and Natural Resources

Know how. Know now.

G2091

Spray Boom Set-up on Field Sprayers

Robert N. Klein, Extension Western Nebraska Crops Specialist
Greg R. Kruger, Extension Cropping Systems Specialist

Design attributes and expected costs of dry and
wet field sprayer booms are compared and illustrated.

Field sprayerbooms are an important part of the pesticide
delivery system and can influence application accuracy and
efficiency. Booms come in all shapes and sizes, depending
on their use, and deliver the spray solution to the nozzles
and tips at the desired pressure for the target. A small hand
boom may be only a single nozzle while a large field sprayer
could have a 120-foot or wider boom.

Neozzle Spacing

Themost common nozzle spacings are 20 and 30 inches.
Many sprayers are now being converted from 30 inch to 15
inch spacings. The 30-inch spacing is used for the lower
application rates (7 to 10 gallons per acre) and the 15-inch
spacing for the higher application rates (14 gallons per acre
and higher). For most applications, the 30-inch spacing
(adding I5-inch spacing if desired) works best since most
row crops are in 30-inch rows. For those in 20- and 22-inch

Figure 1.  Sections of twe boems — dry boom on fop, wet boom on bottom.
Cover Your Acres Winter Conference. 2012. Vol. 9. Oberlin, KS

rows you may wish to have nozzle spacing the same as row
width. Having nozzles spaced the same as the row width
enables you to easily use drop nozzles, although with row
spacing less than 30 inches it is usually difficult to use drop
nozzles. The recommendation is to use 80-degree nozzles in
20-inch or narrower spacing, and to use 100-degree nozzles
with 30-inch nozzle spacing. Many new nozzles are only
availablein 1 10 degrees. The 30-inch nozzle spacing also lets
the applicator use a larger nozzle tip that permits use of 50
mesh nozzle screens. If possible, use 0.25 gallons per minute
(GPM)} nozzle tips or larger. A .20 GPM nozzle tip may be

-used with a 50 mesh nozzle screen but is just on the border

of what is recommended to prevent plugging. The particle
size of a 110 degree nozzle tip that is 50 percent larger (used
in 30-inch spacing) and an 80-degree nozzle used in 20-inch
spacing (0.3 GPM vs 0.2 GPM) is almost the same size as
you do not increase the potential spray drift problem going
to 30-inch nozzle spacing and 110-degree nozzles.

Stability and Strength — Boom Features

Two attributes to look for when selecting a boom are
stability and strength. Sta-
bility, the most important
factor, ensures thattheboom
maihtains a constant orienta-
tion to the target. Field con-
ditions may vary widely, but
if a spray boom is expected
to provide a uniform ap-
plication, stability must be
maintained, Also important
is a boom’s strength or its
ability to withstand oper-
ating conditions without
becoming damaged.

Two systems are used to
control boom stability. Pas-
sive systems, whichinclude
trapeze suspensions, center
pivots, and dampening sus-
pensions, all use balance.
They minimize the amount
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of deflection transferred
from the sprayer to the
boom through various
linkage designs. Active
systems, on the other
hand, use sensors and
actuators in stabilizing the
boom. An active system
will usually have a sen-
sor on the boom which
is set to distinguish any
fluctuation in distance
between the target and
the boom. If a difference
in height is observed, the
sensor signals the actuator
on the boom linkage and
it makes the appropriate
adjustment. This usually
means raising or lowering
the boom inrelation to the
original setting,

Wet and Dry Booms

There are two types of booms: wet and dry. A
boom is considered a wet boom (Figure 1, bottom) if
the pipe span is not only used as a support mechanism
for the spray nozzles but delivers spray solution to
them as well, hence the name “wet boom.” A boom that
is used merely as.a span along which to space the nozzles,
but which does not deliver the spray solution, is considered
a dry boom (Figure 1, top). The solution is delivered to the
nozzles via a separate hose line that runs along the boom
span using it as a support mechanism to mount each nozzle,

The advantages of a wet boom are less plugging
of nozzle tips since there is less area where particles
could build up and the ease of flushing the boom. On
the dry boom, hose and nozzle assemblies are much
more subject to being contaminated with residues than
stainless steel tubing or pipe. Some adjuvants used with
pesticides provide excellent cleaning of the tank, hose, etc.,
and may cause the spray solution to become contaminated.
Even though the tank has been cleaned, the spray booms
often have not been cleaned. _

As more glyphosate-resistant weeds appear, use of prod-
ucts with greater residual activity or different modes of action
will increase. As this occurs, greater attention is going to
need to be given to flushing the system before moving on to
other crops or on to crops without the appropriate resistance
traits. Because of this, wet booms are going to become more
practical because of the ease of cleaning,

Unless the boom is really long or a small size pipe is
used, the spray boom on a wet boom needs only to be fed
with the spray solution on the end. Since the nozzle assem-
blies on a dry boom greatly restrict the flow rate, the boom
must be fed every few nozzles to prevent a pressure drop.

Another advantage of a wet boom is that the angle of
the boom can be changed (Figure 2) and in most situations
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Figure 2, Angle of boom can be changed by rotating the boom within the clamps.

it is easier to change the height of a wet boom than a dry
boom. Additional nozzle assemblies to accommodate vari-
ous row spacings on a wet boom do not restrict the flow rate
(Figure 3) nearly as much as additional nozzle assemblies
on & dry boom.

The two main disadvantages of a wet boom are initial
cost and its potential for damage. If the boom contacts a
non-moveable object, it may break or bend, destroying part
of the boom.

Table I. Comparison of wet and dry beom costs.

20-foot wet boom:
20 feet of 1-inch OD 16-gauge stainless

steel tubing - $6.75/foot =$135.00
2 nipples - $6 each =§ 12.00
Welding 2 nipples - $4 each =$ 8.00
Total $155.00
20-foot dry boom: :
20 feet of 3/4-inch braided hose - $0.95/foot =$19.00
If 30-inch nozzle spacing, 16 stainless steel clamps -
$0.80 cach =$12.80

To keep from losing pressure, cach 10-foot section
of hose is fed in the middle
Extra hose is 7 feet + 17 feet =24 x $0.95= $22.80

4 more clamps at $0.80 cach =% 3.20
Two fittings at approximately $7 each = $14.00
$71.80

Cost Comparison

The costs of a modern wet boom design versus a dry
boom are summarized in Table I, The cost of 1-inch outside
diameter 16-gauge stainless steel tubing is approximately
$6.75 per foot. The ends of the tubing are compressed and
1-inch stainless steel pipe nipples are welded to each end
of the stainless steel tubing. The nipples cost approximat:;?l?r




Figure 4. The bracket to hold the wet boom. The rubber hose protects
theboeom and the stainless steel hose clamps hold the wet boom
in place. :

Figure 3, Nozzle assemblies for dry {Iefi) and wet (right) booms.

Figure 5. How dry boom is fed — note restriction fo flow rate, Figure 6. How wet boom is fed.

Figure 7. End cap on wet boom to drain and flush boom. Figure8. 'Wet boom nozzle body on and off boom.
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Figare 9, Multiple nozzle body on wet boom.

$6.00 and welding each one costs about $4. The hose that
feeds the boom and the plug can be attached to these nipples.
Both are quick attach couplers. Holes on the boom need to be
precisely drilled at the nozzle spacing being used.

This example assumes the conmectors and nozzle
assemblics for the hose and stainless steel tubing will be about
equal to the additional hose and fittings needed on the dry boom.

If the dry boom is left outside and unprotected, the hose
may need to be replaced every two or three years. The stainless
steel tubing should last for many years if not damaged.

Figures 3-10 help illustrate differences between wet and
dry booms.

Figure 10. Gauge to check spray pressure on a wet boom,
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www,agmanager.info

Introduction

» Types of leases

> Principles of leases
— Technological changes
— Tenant/Landowner communications

» Information and decision tools:
www.agmanager.info

Over the years, the majority of leasing
questions received pertain to:

» Impact of adopting new technologies
» Cash renting
» “Non-traditional” leases
— Net share rent
— Flexible cash rent
— Bushel rent
- Combination cash/cropshare
> Terminating leases

...regardless of topic pertaining to lease terms, method
of addressing questions does not change

Types of Leases on Crop Land

» Crop share lease

- Landowner receives a share annual revenues hased
(grain saies and government payments) and typically
shares certain production costs

» Cash lease

-- Landowner receives a fixed annual payment in
exchange for use of land

» Variations of crop share and cash ieases

=
Non-irrigated Lease Types in Kansas
Distriet - -* /- Fived Cash - o Crop Share: - - "Other
N - 362% 54.6% . 10.2%
we 1.3% 58.5% 20.2%
SW 20.8% 78.1% 3%
NC 41.3% 54.8% 3.9%
c 32.8% 53.8% 13.4%
sC 34.0% 63.0% 3.0%
NE 48.7% 424% 8.9%
EC 50.9% 39.6% 8.5%
SE 35.9% 58.2% 5.9%
Stata 35.9% 5.7% 8.6%
Source: KSU, Schilegel and Teoodle, 2011. %

Determining the terms of a lease ...

» How are cash lease rates or the terms of share
leases established?
— Short answer is “the market”

L
> While landowners and tenants (i.e., the market)
uitimately determine terms of share and cash
leases, we use the eguifable concept fo arrive at a
starting point for negotiations.
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E le of market established crop shares,
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54 of Leates Shoring Fertifiosr Costs o0 Responses Responses b
% of Leases Shating Hedbicide Costs 68400 Q0%
% of Lesses Shoring Fasectichle Casts 2LH0% N S0.U0%

- Lorp £y es] i
%o of Tolad Jeascs in Leuso Arrangeman) 1000075 Na Ne Na
[ o 1z25¢5 Shoring Pertilizer Costs 90900 Responses. Hesponses. Rosponses
% of Leusas Shoring Hedbioide Casts #30%
44 of Leases Sharing Insepticila Costs SL50%

Sorchem {0 Lrasrak 7
% of Total Leases in Lease Ammangermnt. 18000 Na N Na
% of Linses Staring ForBier Costa 16000 Rospouses Responses Responses
3 of Leases Shoring HerbicMo Costs STIES
%4 of Leases Shoring Waretieids Casts 20004
T in s s hazing ih ofcosts as they shire

of the crop. Foremmrpks, 65.4% oCbndionts receiving 3% ofthawhient emp poil 10% of herbicile exgenses.

e

Problem:

The market equitibrium prices we observe {when
they are availabie) often de not reflect individual
situations.

That is, they reflect averages, but nobody is
average...

... 50 what can we do to arrive at a price that
reflects an equilibrium?

Crop Share Arrangements in Kansas

0.0% 0.0% D.0% 14% 0.8% 0.8% 0.0% 0.0% 0.0%

bo% 5% 14% 0.0% & 00% 5% $0%  0.0%
90.2%  QB.5% S5 B2YY%  BAS% 008  22ON TOT%  94.4%
00%  0.0% 14%  200%  121%  64%  Z7TH BA% 00%
0% 0.0% 2T% 6.3% &.7% 24%  MT% 1T2% 4%
£4.6% 0.0% 0.0% 0.0% 8.7% 06% 0.0% t.0% 0.0%
T5.0% 18% 0.0% 0.0% 0.0% 8.7% 00% £.0% 0.0% 0.0%
Ciher 198% 0.0% 0.0% 0.7% 4% 7% 0.0% 1.0% 14%
Totad 100%  100%  100%  100%  00% 100%  100% 100%  100%

Sowea: KSU, Schlaget and Tsoodle, 2011,

A good crop share lease should follow
five basic principles ...

1. Yield increasing inputs should be shared

2. Bhare arrangements should be adjusted as
technology changes

3. Tofal retums divided in same proportion as
resources contributed

4. Compensation for unused long-term
investments at termination

5. Good landlord/tenant communications %

Principle #1:
Yield increasing inputs should be shared

Example of vield increasing Inputs

« Fortilizer

* lrrigation water Py
* Herbicides ? Y w
» Seed? '3 TR ’

Sharisg yleld hereasing Inpuls in the same % as
income provides e econamic signa for the
econamic opimal amount of tha input to be
uaed.

[ PR

Principle #2: .
Technology may affect share arrangements

Examples of technological change
» Reduced-fno-tifl

> New crops and/for rotations

» Center pivot irrigation

» Bio-technology _

> Precision agriculture (GPS)

How does technology impact relative contributions?

=
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Principle #3:
Returns divided in same proportion as
resources contributed.

This requires annual contributions of
both parties to be kentified
{budgeting type approach),

Valuing Inputs can depend on whether
the lease being developed is a one-
vear lease versus muliiple-year
lease.

If the goal is te have an “equitable” lease ...

... then cropé should be divided in the same propertion
that inputs are provided, regardiess of whether or
not specific input costs are shared.

What is most important is communication.

Principle #4: Compensation for unused
long-term investments at termination.

» Itis generally recommended that landowner make
long-term investments such as terraces, imigation
well, lime, alfalfa seed, efc.

» Howaever, if the tenant either pays for these
investments, or shares them, he should be
compensated for his share of any value that remains
when the lease is terminated

Principle #5: Good communications between
the landlord and the tenant.

3 Because so many of the terms of the lease are
hased on negotiation between the landowner and
the tenant, goed communications are critical.

» Because a lease is a legal contract in Kansas, itis’
suggested that terms of the lease agreed upon by
both parties be put in writing.

Cash rents ...

» Reasonsto gotocashrent ..
- Steady source of income for landowners
— Increased planting flexibility
— Increased simplicity

» Potential consequences
~ land tends to change hands more ofien
— Relative risks change

Methods of Establishing Cash Rent Values

» Market going rate {if available)
» Landowner's cost

» Crop share {adjusted for risk?)
» Amount tenant can afford to pay

Cover Your Acres Winter Conference. 2012. Vol. 9. Oberlin, KS
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Kansas Nonirrigated Cash Rents, 2011*

Market going rate...
Kansas Non-itrigated Cash Rent
40
e
8o LT e =
“
E 25
=20
B
b RERE
i NW 8- WC - §W
10 : : . : . T T ; 1 :
2001 2002 2063 2004 2005 2008 2007 2008 2009 2010 2019
Beurce; Kansag Agricultural Stalistics and KSU %

Impact of commodity
prices and input costs
on leases
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Cropland Values and Rents

Value. . :  Rent |

- lerigated  Nondrrigated .. irrigated . Nop-rrigated.

2006 $1,200 $820 $74.00 $30.00

2007 $1,260 $880 $82.00 $41.00

2008 $1,450 $980 $92.00 $42.50

2008 $1,500 $1,000 $82.00 $43.50

2010 $1,600 $1,100 $05.00 $43.50

2011 $1,800 $1,250 $105.00 $44.00

s Change 12.8% 13.6% 10.5% 11%
Source: Kansas Agriculfural Siatlstics ?

Market going rate...

Kansas Irrigafed Cash Rent

-
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Y
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Cash rent, $facre
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Source: Kansas Agricuiturat Statistica and KSU %

Using “KSU-Lease.xls” to determine
equitable crop share and cash leases ...

Informationidata required:
1. Crop rotation/mix

2, Income information
3. Production inputs

4, Machinery costs

5. Land value

6. Irrigation equipment

7. Contributor of input
8. Risk adjustment

=
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Alternative Prices to Consider

B Sfzortun prlces)
o iB Long-run pricas
on Ids_

Comn Milo Soyheans

Lotgrin sind ahortth frein KSY MF-1013, nevr srop bids for KS A2}

2011 Estimated cash rents for
Western Kansas

Retursra 10 land - paah rent - high cost scenado

Tanand braakaven [
Crop share aquivalant

Landowner's cost £

o 20 40 o0 ] 10 120 140
Cach eont, $lacss

Baged on XS5U Farm Management Guidea {December 2011) and K511-Leaze.xis
{aval at woow, infa)

Non-traditional Leases

Flexible Cash Rents — WHAT?

> Flexible cash rents simply refer to land rental
arrangements where the amount of cash rent paid
({received) can vary based upon some pre-
determined formula (i.e., formalizes bonus rents)

> Methods of “flexing” rental rates, i.e., formulas are
based on:
- Yield {actual for producer, county average, eic.)
- Price (harvest, season average, actual)
— Revenue (yield x price, crop Insurance, residue)
— Costs
— Other...

Cover Your Acres Winter Conference. 2012. Vol. 9. Oberlin, KS

Fiexible Cash Rents - WHY?

» Method of allowing rents to vary from year-to-year
without having to renegotiate rents annually

» Trend in Kansas has been moving away from crop
share leases to more cash leases

» Volatility of last few years has significantly
increased the risk of fixed cash rents

> Way of sharing/managing risks associated with
volatile markets (without hassles of crop share lease)
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Flexibie Cash Rents — Why Not?

» Complex!

» Theory and intultion guide conceptual design, but littie
help with specific details

» Not needed if cash rents are renegotiated frequently

» Hard to think of everything, which means we might need
to be "tweaking” arrangement regularly

> If designed wrong, might increase risk

Flexible cash rents (method of formalizing bonuses)

1} Establish hase cash rent

2} Flex/modify base rent based on...
— price deviation from base {fixed bushel rent)

— yield deviation from base
— price and yield {revenue) deviation from base

— cost deviatlon from hase

» Communication and documentation are
important to ensure everybody understands

what it is they are agreeing to.

Bushel Rent

» Potential advantages versus fixed cash rent
— Allows landowner to take advantage of high prices
- Provides some protection for tenants when prices fall
» Must establish base vield and bushels landlord
receives
> If landlord does not share production risk, they are
ineligible for government subsidies

Net Share Rent

» Potential advantage
— Atows landowner to take advantage of high prices
- Provides some protecticn for tenants when prices fall
» Disadvantage
— Violates 1% principle of good crop share leases (share
yield Increasing inputs)
— Couid result in more frequent negotiations if input
costs are volatile

Other impertant considerations

» Written agreements are encouraged
» By law, oral leases are one-year leases that
automatically renew unless nofice of fermination is
given
» Termination requirements
— Proper notice must given to tenant 30 days prior fo
March 1 for both crop and pasture land unless a
written lease identifies another date for fermination

» Kansas Agricuitural Lease Law

Cover Your Acres Winter Conference. 2012. Vol. 9. Oberlin, KS
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Yield Monitoring — Concepts, Calibration, and Uses for Management
Lucas Haag, Research Assistant

K-State Research & Extension, Dept. of Agronomy

thaag@ksu.edu

Research and Extension

In this session we examine three areas of common questions regarding yield monitoring, including the
theory and operation of yield monitoring systems, data filtering, and potential uses of yield monitor data.

Why yield data?

Crop vyield, or yield potential is the basis of almost all agronomic decision making. Everything from
nitrogen rates to seeding rates are tied to yield potential either explicitly or implicitly. Yield is the result of
a combination of factors, some manageable, some not, but is the integration of everything that happens
to a crop over the course of the growing season. Yield varies spatially within a field. This is recognized
by all producers and yield monitor data is the only way to truly quantify spatial variability in crop vield
within a field.

Yield Monitoring Systems:

Yield monitoring systems work by measuring mass (weight) over a given area and assign that value to a
geographic location via GPS. Grain mass is measured by a mass flow sensor located at the top of the
clean grain elevator. Grain moisture is obtained by a capacitance type sensor that is placed in the flow
of clean grain somewhere on the combine. It is important to keep the top of the clean grain elevator
chain and paddies at the proper distance to the mass flow sensor. This affects the trajectory of grain into
the sensor’s strike plate. Any change in this distance must be accompanied by recalibration of the
monitor; distances outside of tolerance will result in reduced accuracy. Htis important that proper
calibration procedures are implemented so that the system can correlate a measured force to a known
mass. The type of calibration to be performed is dependent upon your yield monitoring system. A yield
monitor can either be a
single point or multi-point
calibration. The
differences between
calibrations are shown in
the figure.

(a) Example “near-straight” (near-linear) grain flow calibration curve.

® internal polnts that define
near-linear characteristics

O calibration point atsoms
harvest rate to ad|ust the
It is important to Internal pointe
remember that a yield
monitor is only as good
as the calibration
performed on it. Distance
should be calibrated first, _ “zéro”
followed by grain
moisture, and lastly grain

flow. A suggested

Grain Flow RATE

“zero” = that portion of the
Flow sensor signal not due
to actual grain flow

Flow Sensor SIGNAL

procedure for a multipoint
type monitor is
demonstrated below.
The full flow pass is done
with full width and while

“pushing” harvest speed. -

The resulting flows are
then accomplished by
traveling at a steady
speed while using

Grain Flow RATE

@ internal polnts that define
non-linear characteristics

© callbration points atvarious
harvest: rates to adjust the
internal points

“zera” = that partion of the
flow sensor signal notdue
}' to actual grain flow

« N Flow Sensor SIGNAL
2Er0
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fractions of the available header width. After completing calibration errors should be in the range of 1.5 —
2.5% and must be less than 3% if the data is to be used for RMA yield reporting purposes.

Full Flow

1/4 Full Flow"

1/2 Full Flow

3/4 Full Flow

Blank Area
Blank Area

Additional Pass As Needed

Yield Monitor Data:

It is good practice to keep a raw copy {both binary direct from the data card and in some export format)
before you perform any filtering or processing. Before filtering yield monitor data, it is important to
understand the potential sources of errors. The most notable sources of error include unknown header

* width, grain flow delay, and rapid changes in combine speed. Unknown header width can be handled by
newer yield monitors through autoswath technology if only one machine is running in the field.
Advancements in software will be needed to fix swath errors in other scenarios. Most other yield data
errors are caused by combine flow dynamics. The YieldEditor software offered by USDA-ARS (Google
search: USDA-ARS Yield Editor Download) provides a simple way to help filter these errors from the
data. The newest version 2.0 contains automated routines that greatly simplify the process and are
described in more detail in the software documentation.

The processing of yield data is an important step that offers a variety of options. Regardless of the
method used, yield monitor data is almost always processed into a grid of some form. In interpolation, a
relatively small grid is used. Data are created from estimations to fill in grid cells that do not have actual
combine data located within them. These procedures should be used with caution as they actually
create data that did not previously exist and errors in the data can be ampilified through the use of
interpolation. Other appropriate options for yield data include point average and potential mapping. In.
these scenarios, a larger grid is used, perhaps 90 ft. In potential mapping, the mass fiow values for
points within the cell are summed and divided by the area. This procedure can provide a better
representation of yield in fields where header width varies. The point yield procedure simply averages
the point yield data within a cell and assigns it to the grid. When generating yield maps for visual
interpretation, it's important to make sure the ranges and color schemes are selected to appropriately
represent yield variability.

Data to Decisions:

The largest challenge in the adoption of yield monitors has been the lack of clear uses for yield monitor
data. However, opportunities exist o make better agronomic, economic, and machinery management
-decisions. Yield monitor data can be used to analyze combine performance in the field, compare
harvesting methods, or the value of unloading on the go. In agronomics, yield monitor data can be
utilized in a variable rate phosphorus program whereby prescriptions are based on crop removal as
indicated by the previous crop yield data. Several reference points are established within the field for
annual sampling. With muitiple years of yield data, it is possible through analysis to determine areas of a
field that are stable high or stable low vielding, and then manage these field areas differently. '
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Some Opportunities to Utilize Yield Monitor Data

RMA Crop Insurance Documentation

Recent changes in RMA (Risk Management Agency) procedures regarding the use of precision ag
technology have opened up many opportunities. Yield monitor data can be used to document production
for APH reporting. Yield monitors data can be used to report production separately for different practices
even when they are planted and harvested together (e.g. pivot corners and irrigated). It is important to
note than in order fo meet RMA requirements, the producer must have GPS technology integrated into
the planter monitor, combine yield monitor, and yield mapping software. All three are required if
precision ag technology is to be used to provide information for RMA. Yield monitors used for RMA
reporting must be calibrated to less than 3% error and the calibration procedure be documented.

Multiple years of yield data — determining yield stability

A key component of determining spatial yield goals for a field, which could be used to drive variable rate
nitrogen or seeding recommendations, involves determining areas of yield stability. By analyzing
multiple years of yield data together, areas of the field can be classified into stable high yielding, stable
tow yielding, and unstable or average areas. These areas can be used to further guide management
strategies. Muitiple years of yield data can also be normalized. This process sets each year of yield data
on a relative scale by using the field average. For example, if a spot in a field yielded 112 bu/ac and the
field average was 100, then its normalized yield is 1.12. This process makes it easier to combine yield
maps from across years and even different crops. Multiple normalized yield maps can then be averaged
to generate spatial yield goals that could drive a variable rate seeding or nitrogen prescription.

A variable-rate seeding example

In this example, consider a field with a long term average of 190 bu/ac, the field has areas that are 30%
above and 30% below average (would show up as 1.3 and 0.7 on a normalized yield map). The producer
determines that at the high end to hit 247 bu/ac (a normalized yield of 1.3} a seeding rate of 36,000 is
necessary, meanwhile, to hit a yield of 133 bu/ac (a normalized yield of 0.7) a seeding rate 20,000 would
be appropriate. This would resuit in a population of 28,000 for the average yield of 190 bufac. So after
the bounds have been set, a relationship can be easily be determined and put into an equation using a
spreadsheet,

40,000
Seeding Rate = 26667 x Normalized Yield + 1333.3

ot

35,000 -
30,000 |- /
25,000 /

20,000 / e

A 4

Seeds/Acre

15,000 1 T T T : . T ; T
0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 15

Normalized Yield

The normalized yield layer and this equation could be used to generate a variable rate planting
prescription for the example field. The average normalized yield map could also be used in a similar way
to the VRT seeding example to create a variable rate nitrogen prescription.
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VRT of Phosphorus based on crop removal

Crop removal rates of phosphorus are fairly well established; ex. 0.50 Ib P;Os/bu wheat, 0.33 Ib P,Os/bu
corn, and 0.40 b P,Os/bu sorghum. We know that vields vary across a field, but yet we typically blanket
apply phosphorus based on average yields.. Over time, this results in areas of the field that are
consistently low yielding to build soil test P levels as we are applying more than we typically remove.
Additionally, areas of the field that are consistently high yielding have low soil test P levels as we are
applying less than removal. Multiple years of yield maps can be used to identify areas of the field for
targeted sampling that may be high or low in soil test P. Once a baseline has been determined for a
field, each years yield map could be used to generate a P removal map simply by multiplying yield by the
P removal rates for various grains. This P removal map, or a series of removal maps, could be used to
develop a VRT P application map.

4 Years of Phosphorus Removal

15 to 45
4% to b%
E5 to 8%
85 to 105
105 to 130

Who is going to take your data to the next level?

The process of utilizing yield data may seem daunting, but the good news is that precision ag software
has evolved a great deal of the past few years in terms of user friendliness. You as a producer, however,
have a range of options depending on your own comfort level and computer abilities. You may decide to
use your own on-farm research trials to develop your own recommendations and do all your own data
analysis, or you may decide to use a completely outsourced solution from a provider. Regardless of
which path you choose you must always ask yourself:

1. Does it make sense fechnically? - Is what I'm asking to be done physically possible by the
equipment I'm using? Can | expect my yield monitor to detect a treatment strip of less than 300" in size?
Can my VRT applicator really apply that rate, or change rates that quickly? We are capable of developing
many scenarios on the computer that we cannot actually accomplish in real life due to equipment
constraints.

2. Does it make sense agronomically? - What is the maximum or minimum seeding or fertility
rate that is acceptable or reasonable under any circumstance? Is what the map or recommendation
telling me relativistic in what | know about crop production? -

3. Does it make sense economically? - What is the maximum economic rate of phosphorus |
can apply to short-term rented ground? Should | adjust my variable rate recommendations based on
changes in crop prices or inputs? Does the time and cost involved in my precision ag program generate
a positive return? How to | quantify that what I'm doing is correct and profitable?

It's always appropriate to question, "Does this look right, do | believe that,
can | test that this is the right thing to do?".
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Using Yield Monitors for Demonstration or On-Farm Research Plots
o Lucas Haag, Research Assistant
E K-State Research & Extension, Dept. of Agronomy
thaag@ksu.edu

K-STA

Research and Extension

Yield monitors provide producers an excellent tool for conducting demonstration or research plots on
their farm. Using a properly calibrated yield monitor allows for faster harvesting of plots and through
GPS mapping provides a long-term method of storing results. However, like any tool, yield monitors
must be used properly in order to provide beneficial data. Users must understand that yields differing
by only several bushels, are likely not truly different as some error is inherent in data obtained from
yield monitors or weigh wagons, especially in un-replicated trials. Some tips for plot preparation and
harvest are outlined below.

Using Yield Monitors For Plot Harvesting - Checklist

Setting up a demonstration or on-farm research plot

o Demonstration plots are non-replicated, typically side-by-side plots, generally conducted
more for observational purposes than data (a traditional seed corn strip trial)

o On-Farm Research Plots are a replicated design for the purpose of testing some factor
(hybrid or variety, seeding rate, N rate, fungicide vs. untreated, etc.)

o Regardless of plot type, a plot should be of sufficient length (>300 ft., longer lengths
are preferred) for harvesting with a yield monitor. Lengths should be equal for all
treatments. '

Make sure your yield monitor is calibrated

o With the proper size of loads (typically 3,000 — 6,000 lbs)
Calibrations using semi-loads will seldom provide the accuracy needed for strip trials or on-
farm research plots.

o At atypical flow rate for single point calibration monitors
(Deere GreenStar and GreenStar2)

o Across several flow rates for multi-point calibration monitors
(all AgLeader and Case-IH systems)

o Moisture calibration — follow manufacturer guidelines. If confident in calibration, then use
dry weights as described below. If not confident, then use wet weights and your own
moisture tester.

If harvesting strips plots only use total dry weight data from the yield monitor

o DO operate the combine the same for each harvest strip, i.e. consistent ground
speed, do no unioad on the go

o DO separate plots or strips by using different yield monitor “loads” or “tanks”

o DO NOT use bu./acre as calculated by the yield monitor

o DO calculate your own area
Calculate your own area using traditional methods (e.g. measuring wheel or handheld
GPS). Differences in timing when raising or lowering header, errors in speed sensors, or
GPS errors can affect the yield calculated by your monitor over short distances. Using
total dry or wet weight with measured areas will provide better data.

Remember... Bad data is WORSE than NO DATA |
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Fallow Replacement in Western
Kansas

John Holman

Scott Maxwell & Tom Roberts

COLLEGE OF AGRICULTURE
(4 Kawsas Srare Universrry

Cover Crop Benefits

+ Improve soil quality
— Increase soil organic mattcy
— Reduge soil erosion i
— Reduce soil compaction
— Increase water infiltration

+ Decrease runoff

— Supply nitrogen

+ Suppress weeds S

+ Government programs (EQUIP & CREP)

+ Conserve soil moisture?

+ Reduce nitrate leaching?

» Impact yield of following crop?

Increase in Soil C

Sl Ozpacic Carbed (747

« e+ * s s

1 8oil C (0-3in})

1 Water infiltration

= Soil aggregate stability w/iN
= Soil compaction {0-3 in} w/N
1 Soit ag. and comp. wo/N

1 crop yield @ low N rate only

N . - Claassen- Hesston, KS
— Wheat/Cover-Sorghum,
2002-2010
— Residue: Sun hemp >
Soybean
&
*+@++ Suan Hemp
e, = Late-Slatitring Soyhesn
6 e No Cover Crop &a
NoCowrCrop  LateMaturing Sayhean Suna Hemp R

Cumulative Water Infiitration {nch)

Fallow Repiacement Study

+ Initiated in 2006 at KSU-Garden City

« Crop rotations:
— Wheat-Fallow, Wheat-Wheat, & Wheat-Cover Crop/Forage/Grain,

+ RCB design, 4 replications, each phase of the rotation present
each year

= Plots are 30° x 135', 224 plots total, 11 A study
+ Measuring:

— Cover crop water use

— Forage yield and nufritive value

— Water storage in seed zone and profile

— Wheat yield, test weight, and protein

— Profitabilityfioss of including cover crops in rotation

Fallow Treatments (Cover, Forage, Grain)

Senson Cover Crop Year Produced

w

i

m

L

wn

£

e

e

nn

nr

nn

ur

i

Winter Yellow sweat clover X X

Spring Spring lentil x

» Failow and cont. wheat, 16 freatments fotal

2007 2008 2009 2010 2011
Yellow sweet clover/Winter triticale X
Hairy vetch X %
Hairy vetch/Winter triticale X
‘Winter lentil
‘Winter lentil/Winter triticale
‘Winter pea (grain}
Winter pea x
‘Winter pea/Winter triticale
Winter triticale X

ECE A

Spring lentil/Spring triticale

Spring pea X
Spring pea (grain)

Spring pea/Spring titicale x
Spring triticale x

Mo oMM M H MK MM e

Mo oMo M M M

"
L B T

BoR o oK oMK K KK

»
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hairy vetch & triticale

51




Cover and Forage Crop Termination

« Winter terminated ~May 15 (winler triticale heads)
» Spring terminated ~June 1 (spring triticale heads)

« Plots split: 74 hayed & % sprayed out and left standing

Winter Peas

2008-2010, Crop Biomass Average

Sue S - i

M
H

Forage Xiekd (lbs’A) 700% Dy Matter

g

e

ANl CoverCrop Treatments

Teltieale Treatments onky

144t Treatmeats ooy

= Winter triticale vield > spring triticale

= lLegumes: spring yield > winter: winter injury
— Spring pea > winter pea
- Winter lentif = spring lentil
— Hairy vetch 1 year winter kill

Crude Protein (CP)

Cover Crop CP

30 28
3

Triticale [

Hairy
vetchTriticale

PealTriticale
LentiiTriticale

PealTriticale
LentiiTriticale £

* Microbial protein and amino acld production
* > 13% "premium” nutritive value
+ Alfalfa 18-24% CP
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2008-2010, Crop Biomass

Pea/Tritleale
Halry vetell
LanHiTriticale
vetelTriticale

Winter

» Winter fentil: 2009-2010

Residue or Forage Value?

Total Digestible Nutrients (TDN)

Cover Grop TON

Triticale

Hairy

vetchfTriticale
PeaTritizale

PeaiTriticale

LentilTriticale

LentilTriticale

Winter Spring

* Energy available
+ Alfalfa 61-67% TDN
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Wheat Following High Residue, 2007

Cover and Forage Crop
Impact on Winter Wheat

Wheat Following Low Residue, 2007 Western KS Moisture Results

+ Failow storage, 20-20% effective

= Growing cover crop used moisture
— Improves storage and may improve stand establishment

7000 ; 500

. s T 450 b
= soon (40§
Lo son0 ;330 2
2% a0 o
S ®/r 3T
g~ 2000 200 2
§ Too0 150 y
2 100 g

&
= Wheat Yisld  w Profife Voluawdtie Weter Content e Tenmlination Mushod

. . .
2008 Yield Results 2009 Yield Results
g 2098 Winter Wheat Yield following 2607 Caver Craps 2008 Winter Wheoat Yleld following 2008 Govar Grops
a r
&
P S E 1:: gGabc B7abe  _gau o meabeq OPAR D
3 < w0
= 20 3 nl
&g 2 en
= =
‘ﬁ 10 ; 50
3 2 40
S & ]
8 T 204
£ % |% elo gl 2 = a2l E
£ |2 ¥siala| 3 i 1|3 £
s B g8 z = = F=1 ] [ d
s |22 sEI €| 2 |pE £ 2L P
8 $EiE | 3|38 5 E s
2% 38 82| a |T5 8 = ]
3 ] .—3, -4 § -4 5 g
Wintor None| =
Hona

» Hail k prior to h t . -
al weex p anves « Only visual difference was cont. wheat

. i i n t. wheat
Only visual difference was con ¢ + No effect of residue management treatment
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2010 Yield Results

201D Wintar Whaoat Yield fofowing 2098 Cover Crops

WineerWhoat Yiuld {buld 13.5%)
=232 8238584d¢%8

7eb b T2

Onl

* Cover yielded 2.9 bu/A more than hay

ly visuat difference was cont. wheat

2009-2011 Yield Results

Vi hea Yio <tk {405,
RN R

= = 3 = =& = £ g =2 = H
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R g E 7 ¢ R :
5 £ 5 & P
= H H

H P
Wnkter Spnoeg vnrugm‘

Sprmg

08020711 Winter Whaal Yok Following Cover Craps

» 2 good years, 1 very poor year

* No

+ Winter triticale, grain pea, and cont. ww yields iess

effect of residue management treatment

Western KS Preliminary Resulis
Winter Sprir None:
I Lozl il Leeigit | T “Fallow
Exponses R - =
Brils Sia bl kL] 1 1 11 11 1 on LU LI LI (N |
Seed Ihh, 25 30 100 63 30 120 L]
Saed $Mb z3 0.4 3 02 04 -0z 02 A
Tolal soodcostSA 56 35 12 3 2 W W4 N 4 2 23 w7 0
Totaidriiling cost &7 46 n 24 3 ;W B N 2% E 3 M 0
Swatn gin 5 0 10 1 w1 0 e 10 0 w© @ 4 o
Baln & Stack $ton % 18 16 18 18 16 16 16 % 16 1§ @ o
Total hoy cost $IA 5 48 14 43 17 50 40 1§ 26 FL I -] [
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RT3, SIA 3 E] 3 3 3 3 a z 3 3 J J a
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AppileattonsiA 3 a 3 3 3 3 a 3 4
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Totat Expronise [covor) 50 57 5] ™ [] 59 55 73 67 46
Forl Expense dnay) 426 130 7 W07 B6 U5 108 9 99 a0 4@
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Yiatd fonlA 03 24 82 24 04 25 24 03 0 0E 13 11 00
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2011 Yield Results

T Winter Wneat Tieldd foliowing 2010 Eover Graps

i B 8 ¥

e AP VM e A
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3 % sislzistiglis]s
SRR LR R AR ER A RN SR AN
EHE - : BICURIED O ETE
H 3 I P
F H H P HE
VAT 3 Fprag I Meran

+ Very dry year, marginal wheat stands
* No effect of residue management treatment

* On average spring forage reduced yield 1.4 bu/A

Field Pea Yields

Western KS Cool-Season Crops

+ Legume
— Clover: biennial-slow growth, seed cost ($25/A)

— Vetch: hard seed, cattle-photosensitization and muscle
problems, winter injury, seed cost ($50/A)

~ Peas (W & S): winter injury, fair yield, seed cost ($25/A)
— Lentils {W & S}: hardy, low vield, seed cost ($11/A}

« Non-legume '
— Triticale (W & S): hardy, high yield, seed cost ($15/A)

* Mixtures

- Legumes survive better, high yield, seme N fixing,
reduce seed cost
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Future Direction

Wheat-grain sorghum-(fallow/aliow replacement)
Spring oats compared fo {riticale
Radishes and turnips: large taproot-reduce soil compaction?

Cocktaif mixes?

Crop Hay Cover Grain
Spring pea i x X
Spring pen/Spring Oat X X

Spring pea/Spring Tritieale X 3

Spuing Oat X X

Sywing Triticsle XX

Daikon radish & Shogein tursip - X

Cosktail mix X

{oai, miticale, pea, buckwheat, radish and turaip)
Fallovy

- Daikon Radish

2
3
4
H
(3
7
B
9

T =3

Weétem KS Warm-Season Crops

Legume _
— Oilseed: guar and soybean

— Forage: cowpea, lablab, mungbean, pigeon pea,
soybean .

— Cover: sunhemp (toxic to cattle)

Brassicas )

— Soil & Cover: turnip, radish, and Ethiopian cabbage
Grasses

— Forage: forage sorghum, sorghum sudangrass, millet
Drought, Weeds & Rabbits (2011)

— Best: turnip, radish, guar, cowpea, lablab, Ethiopian
cabbage, and grasses

Cover Your Acres Winter Conference. 2012. Vol. 9. Oberlin, KS

Planting Spring Crops in the Fall

« Plant a mixiure of spring and winter crops for more fall
grazing
+ Plant a spring crop in the fall for feed in a drought

Winter triticale

pring triticale

Mixtures?

» Alot of interest in mixtures
+ Some species more competitive
« Select a mixture based on need, more is not necessarily hetter

— Spring forage: legume improving N content of forage and N
fixation, and grass for high biomass {ex: spring pea and
cat)

— Spring cover crop: large fapreot may help soil quality,
legume for N fixation, and iarge biomass crop {ex: daikon
radish, spring pea, and friticale)

— Summer grazing: large taproot for sofl quality and grazing,
legume, and high biomass (ex: dalkon radish & turnip,
cowpea, sorghum sudangrass)
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Eastern KS: Cover Crop Study

= Cover crop-grain sorghum rotation 3 site yrs (Manhattan &
Hutchinson) :

+ Cover crop biomass

12000
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_ 8000 - 1 et 08
'] &000 B Mt D
2 &Hot D9

2000

2000 _

/ 2 f"'"

Eastern KS: Cover Crop Study

= Cover crop N accumulation
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Eastern KS: Cover Crop Study

= Grain sorghum yield correlated to N in cover crop
* Correlation to flag leaf N, R2= 0.79

Western KS Results

+ Bale it, Graze it, or Combine it!

+ High seed cost, offsefs N contribution- grow own seed
— More economical to apply N

= Select fallow replacement crop adapted fo region
— Winter hardiness
- Many proposed cover crops will not perform

» Termminate cover crop prior fo June 1 for wheat

= if moisture Is available consider double-crop after wheat

+ Harvesting crop as forage or grain increased profitability

Cover Your Acres Winter Conference. 2012. Vol. 9. Oberlin, KS

Western KS Results

+ Impact en wheat vield and profitability?
— in wel years, little to no impact on yleld

— In drought years, all treatments reduced yield except some of the spring
crops

— On average spring crops reduced yield (1.5 bulA)
— 1 ton forage @ $100/on: net $40/A more than chem-faltow
vs.
— 1.5 bu/A @ $8.00/bu: §12.00/A {$28 less than spring forage)
— Averaged across years:
- Gont, WW reduced yiald 37% {25% more fotaf than W-F)
— Winter triticale reduced yield 9% or 5.5 bu/A
- Grain pea reduce yield 41% or 7 bu/A {11 bu/A less in drought)

~ No difference between cover or hay
~

Questions?
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Websites

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

Weather:

National Weather Service
The Weather Channel
Weather Underground
Drought Monitor

Markets:

News:

Chicago Board of Trade
Kansas City Board of Trade
DTN

Dow Jones

Ag Web (Farm Journal)
Agriculture.com (Successtul Farming)
Farm Progress (Kansas Farmer)

Grass and Grain
High Plains Journal

University:

K-State Research and FExtension

K-State Department of Agronomy

K-State Ag Economics Extension

K-State Department of Entomology

K-State Department of Plant Pathology
K-State Department of Bio and Ag Engineering

. 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:

Ag Talk
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www.weather.gov
www.weather.com
www.wunderground.com
www.droughtmonitor.unl.edu

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

www.greenbook.net
www.cdmsnet

www.newagtalk.com
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Platinum Sponsor

reryour grain fo:your chosen location:
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Platinum Sponsor

Case IH Tracfors.....Get The Job Donel!
Tin University Nebraska Tractor Tesis

Ra
Puma ;
Magn ums's:

Steiger 4WD

180 HP:340 HP
350 HP-600 HP:

No-Till Planters & Drills
for uniform stands & the best yields

Case IH—Kinze—Sunflower
Great Plains—Crustbuster

Preécision Fértilizer Placenient
-In No-Till Fields

DMI = :Orthman = Yetter

Vio "!Jmporfam Step... ,
Harvest every bushel with a Case IH Axial Flow
Comblne and Ieave your fleid ready for next
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Platinum Sponsor

;~- 'i‘_esewl- Ih

Corporate Office: Hays
1011 W. 27th St Ste F5
785-301-2426
785-301-2421 - fax

Sabetha

15 N. Old Hwy 75
785-284-3401
785-284-0042 - fax

Topeka

1200 NW Hwy 24
785-267-8137
785-267-8276 - Fax

Hays

1366 Toulon Ave.
785-735-2651
785-735-2656 - fax

‘Doing what it takes’

www.langdieselinc.com

Colby

1280 S County Club Dr
- 785-462-2412

785-462-8608 - fax

Chanute _
201 W. 35th Pkwy
620-431-6700
620-431-6705 - fax

Ellinwood

15 S.E. 90 Ave.
620-564-2255
620-564-2276 - fax

Salina

144 W. Farrelly Rd
785-825-8177
785-823-2281 - fax
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Garden City

4565 E Hwy 50 Plaza
620-260-9379
620-260-9826 fax

Smith Center

815 W. Hwy 36
785-282-6861
785-282-6576 - fax

Hillsboro

603 N. Ash St.
620-947-3182
620-947-3058 - fax
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Platinum Sponsor




Platinum Sponsor

withthe High Plains Sunflower Committee

Enhancing sunflower production through education, research
and promotion
Please take a moment and assess the financial advantages
sunflowers can provide your farming operation this next
growing summer. Whether it be oils or confections, out-
standing opportunities are available for sunflowers this next
year. To view the latest information on yield trials, revenue
assurance, market prices, elevators taking sunflowers,
chemical options, and other important topics, please view
the National Sunflower association web site:
http://www.sunflowersnsa.com/
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Platinum Sponsor
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Gold Sponsors

Good Seed
cmmes from

émd Soi!Sta'rts wsth Gmd Se@d

Ag producers are discovering the benefits of using cover crops between: crop-rotations to
 reduce erosion wincrease-water inﬁltratfon edecrease water runoff

wconsenve solf water wincrease orgamc matter wreduce: eompagtton
ueduce mtrate Ieacbmg .supply mtrogen to Stl ,sequent crops -suppress weeds

'Through ongoing re
de ‘

benefit: Gutof: yoursoil for thie hékt crop gmng i,

SoilBuilder™ Cover Crop Mixes are.only available from e
ARROW SEED dealers. " Broken How, NE:
To find the one nearest.you visit Www.ArrowSeed.com 800-622-4727

20125 W. 105th St.
Olathe, Kansas 66061

913-764-7766
913-764-7769 (fax)

www.evansenterprises.net

Cover Your Acres Winter Confgrence. 2012. Vol. 9. Oberlin, KS ¢




08¢8-6G2-008

10229 SY ‘AqIoD
auld 3 059
yosl by suield usp|oo

: Apuniioddo SIU] SEIUF 3,400 "HUN DD DISY BIGOW B3 BALD DU
- mﬁﬂvo._a xumﬁso % wcm_ iing ey ano An 013wy gmu @;@% 4,104 BHUM

ﬂuyno& mucmmnswm

. mcﬂwwcdq ﬁmmmm :..,ONN,Q mﬁu _u:_m m_..;._wmum mﬁﬂmmﬂ ma@ Emet.n_m By
Bl sphipul jeu sionpoad Dojsi3eid YorqIng MeU-iie vt PUBY 3511 SSSUIM

m_..:cs 333 mous peoy xumB:O mmmc._ouam 8. ﬁmwﬁm oum suid el

g@ @W%% & @% %@

Em»mkm mctwﬁw

72

TOO69 AN Ecguua gkix xog O4g + 9116°ShPo0g
ﬂace%gﬁaa%mwégﬂ « oD E@vﬁ%

WO NIXON MMM
12 S19ZYNISY 193]
INOQE Y2} 8IoMOI8 Teay pur 399G

-2d 43 831 yo uoneIOy

uaBoxyTur ases[a1 MOfs AU s — NIX-OX *18ny

moqe 3ulAeI 31 JISIMPIA] U3 SSOIDE SIPMOID)

Cover Your Acres Winter Conference. 2012. Vol. 9. Oberlin, KS



1006 Industrial Park Ave
Osborne, KS 67473

~ (785) 346-5681

www.simsfarm.com

Fertilizer Application Solutions

Agsysfems

SureFire Ag specializés in providing
variable rate fertilizer application
systems for all makes and models
of planters, strip-till machinesand
9904 Hwy 25 fertilizer applicators..
"Atwaod KS- 67730

6 Speak with a SureFire Application
;www sureﬁreag com Control Expert to learn more.
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Gold Sp onsors

Western Kansas Alliance of
| Community Foundations

In Partnership with the

Kansas Association of Community Foundations

At 10'-' 50 a.m.in Roum4 or at
2:50 pumi, in Room 3, visit

our session,

“Ag Estate Planning™
featuring, Mr. Keh Wasserman,.
Attorney-at-Law fromiSalina,
Kansas, who Will address?:

*Ag Producer
Succession
'Planﬁiﬁg’-

*Ag Producer
Estate Planning
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Exapta Solutions
(785) 820-8000
WWW.exapta.com

J.D. Skiles
1-800-626-9338
www.jdskiles.com

Shelbourne Reynolds
(785) 462-6299
www.shelbourne.com/

Ag Valley Coop
1-800-228-1352
www.agvalley.coop/

Axis Seed/Select Seeds
(308) 340-8720
www.axisseed.com

Bayer Crop Science
www.bayercropscience.com/

Crop Quest
(620) 408-6516
WWW.CTopuest.com

Dreamland Industries
(325) 513-4217
www.dreamlandusa.com/

DuPont
(620) 952-2807
www.dupont.com

Green Cover Seed
(402) 469-6784
www.greencoverseed.com/

Kauffman Seeds
620-465-2245

Kansas Corn Commission
www.ksgrains.com/kec/
(785) 448-2626

Kansas Soybean Commission
www.kansassoybeans.com/
1-800-328-7390

LG Seeds
(785) 475-4447
www.lgseeds.com/

Market Data Inc
1-800-867-8289
www . marketdatainc.com/

McCook National Bank
1-800-505-0286

-www.mnbl.com

Mycogen Seeds
(785) 443-1303
WWW.mycogen.com

. Northern Sun/ADM

(785) 899-6500
www.admworld.com

Novozymes BioAg Inc
(970) 371-9651
www.bioag.novozymes.com

NuTech Seed
1-800-942-6748
www.nutechseed.com

Olsen’s Ag Laboratory
(308) 345-3670
www.olsenlab.com/

Pioneer
www.pioneer.com
(785) 675-1302

Producer Hybrids
(785) 656-0467

- www.producershybrids.com

ProGreen Ag
(785) 249-5528
WWw.progreenag.com/
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Silver Sponsors

Red Willow Aviation
(308) 345-3635
WwWw.rwaviation.com/

Schaffert Manufacturing Co Inc
1-800-382-2607
www.schaffert.com/

SFP
1-800-446-GROW (4769)
www.slp.com/

Sharp Brothers Seed
1-800-462-8483
www.sharpseed.com/

United Sorghum Checkoff
1-877-643-USCP (8727)
www.sorghumcheckoff.com/

Sorghum Partners
1-800-645-7478
www.sorghum-partners.com/

Star Seed
www.gostarseed.com/
1-800-782-7311

Triumph Seed Company
(806) 253-2585
www.triumphseed.com/
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The plan for the day..

Room1 Room2 Room 3 Room4
745 815 Registration
815 820 Welcome
Kochia History, Bio & Utility of Enhanced Fertilizer Chloride: Wheat & Row
830 920  Glyph Resistance Cover Crops Products Crops-
(P. Stahlman)® (J. Holman)' (K. Martin)! Evans Enterprises (I)
Kochia Recomfor ~ Crop Rotations with ~ Vertical Tillage &  Add Profit w/ SoilBuilder
930 10:20 Row Crops Limited Irrigation Corn Production Cover Crops-
(C. Thompson)™ (A. Schlegel)! (D. Presley)’ Arrow Seed (1)
10:20 10:50 View Exhibits
Kochia Recom for Palmer and Marestail )
10:50 1140  Wheat & Fallow SPmVerl Set-up Control Ag Estate Planning -KS
(P. Stahlman)” (B. Klein) (D. Peterson)” Community Foundations (I)
Kochia: Growth Utilizing Yield
11:50 12:40 Regulator Resistance Monitor Data
P. Westrd)” L. Haag)'
(P Wes n.l) (L Haag) — Lunch
Trends in Enhanced Fertilizer
12:50 140 Crop Leases Products
(T. Dumler)’ (K. Martin)"
Palmer and Kochia History, Bio &
I50 2:40  Marestail Control Glyph Resistance Sp EY% S'et];up Mogsinthc:[ PrOd?CtIUp
(D. Peterson)” (P. Stahlman)"” Kleir) ate Monsanto (1)
Kochia Recom for ~ Ag Estate Planning -KS Strip-till: Seedbed Prep
Farmer Panel: : . 1
250 340 : Row Crops Community Foundations & Fextilizer-Brothers
Attacking Weeds o ]
(C. Thompson) (D Equip (1)
340 410 View Exhibits
Vertical Tillage & Kochia Recom for  Solutions for Managing Maximizing Your Yield
410 500  Corn Production Wheat & Fallow Weed Resistance - w/ Solutions -
(D. Presley)! (P. Stahlman)” BASF (1) Cargill (I)
Utilizing Yield Trends in Max Yields w/ KQ- Strategies for
510 6:00 Monitor Data Crop Leases XRN and KS Fert - Weed Control -
(L. Haag)’ (T. Dumler)* Kugler Co (1) Sims Fertilizer ()
6:00 Bull Session
(1) indicate industry sessions. This conference is organized by a committee of
g ¥

1o 15 o - . roducers and K-State Extension personnel. Chair of
Indicate Certified Crop Ad CEU lied for. P p
neteate Letttied Lrop Advisor s appiec ot this committee is Jeanne Falk, K-State Agronomist.

’Indicate Commercial Applicator CEUs applied for.
Please send your feedback to jfalk@k-state.edu

www.northwest.ksu.edu/coveryouracres
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