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Nitrogen-Fixing Winter Cover Crops and
Production Risk: A Case Study for

No-Tillage Corn

James A. Larson, Roland K. Roberts, Donald D. Tyler,
Bob N. Duck, and Stephen P. Slinsky

ABSTRACT

Winter legumes can substitute for applied nitrogen fertilization of corn. Stochastic domi-
nance was used to order net revenues from legume and applied nitrogen alternatives.
Stochastic dominance orderings indicate that systems combining vetch with low applied
nitrogen fertilization (50 and 100 pounds/acre, respectively) were risk inefficient. By con-
trast, vetch and 150 pounds/acre applied nitrogen maximized expected net revenue and
was risk efficient for a wide range of risk-averse and risk-seeking behavior. Farmers with
these risk attitudes may not reduce applied nitrogen if they switch to a vetch cover. Ex-
tremely risk-averse or risk-seeking farmers would not prefer winter legumes.

Key Words: legume winter crops, nitrogen, risk premiums, stochastic dominance.

Corn is an important production alternative for
farmers in West Tennessee (Tennessee De-
partment of Agriculture). Relative to other
crops, the corn plant requires a large amount
of nitrogen to maximize expected net revenue.
Farmers are concerned about the uncertain
cost of providing nitrogen to the crop through
petroleum-based nitrogen fertilizers. Factors
beyond the control of a producer, such as a
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tightening in the world supply and demand for
petroleum products, embargos, or other polit-
ical events, may significantly increase com-
mercial nitrogen prices and reduce corn prof-
itability. In addition, the soils on which corn
is row-cropped in West Tennessee are highly
erodible and subject to surface and ground-
water pollution (Bradley and Tyler). The pub-
lic has become more concerned about the po-
tential for off-farm pollution caused by
agricultural production (Keeney and Follett).
The possibility of taxes or restrictions on com-
mercial nitrogen that are designed to decrease
its use may also significantly impact profit-
ability (Choi and Feinerman; Chowdhury and
Lacewell; Huang, Shank, and Hewitt).

Given these concerns, researchers at the
University of Tennessee have recommended
that farmers consider winter cover crops and
no-tillage practices for row-crop production
(Duck and Tyler). Cover crops and no-tillage
practices can benefit soils by reducing soil ero-
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sion, improving soil physical characteristics,
and conserving soil nutrients (Duck and Tyler;
Meisinger et al.). Moreover, winter legumes
can provide 36 to 110 pounds/acre of nitrogen
to the next crop (Decker et al.). Notwithstand-
ing these benefits, no-tillage and legume cov-
ers may increase production risk by increasing
variability in corn yields (Ebelhar, Frye, and
Blevins; Decker et al.; Holderbaum et al.;
Reeves, Wood, and Touchton) and net reve-
nues. In addition, the effects of legume cover
crops on nitrate leaching are uncertain (Meis-
inger et al.).

The impact of using winter legumes as an
alternative to commercial nitrogen has not
been evaluated with respect to the expected
value and variability of net revenues for no-
tillage corn production in Tennessee. The ob-
jectives of this study are: (a) to evaluate how
alternative legume cover crops and applied ni-
trogen rates affect the expected value and vari-
ability of net revenues from no-tillage corn
production, and (b) to perform a limited risk
analysis of the potential impacts of legume
cover and applied nitrogen fertilization sys-
tems on nitrate leaching.

Methods and Data
Stochastic Dominance

Stochastic dominance is used to accomplish
the objectives of this study. This method has
been used to order many kinds of farm man-
agement decisions (Giesler, Paxton, and Mill-
hollon). The procedure is based on the theory
of expected utility and involves a pairwise
comparison of expected utilities derived by
decision makers from a set of risky alterna-
tives. Assume a group of decision makers (one
or more) has utility for income (x) defined by
the monotonically increasing function u(x).
These decision makers must decide between
two risky alternatives, A, and A,, with cumu-
lative outcome probability distribution func-
tions (CDFs) given by G(x) and F(x), respec-
tively. If the expected utility of F(x) is greater
than the expected utility of G(x), then A, sto-
chastically dominates A, and is preferred by
these individuals. Through this pairwise com-
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parison procedure, stochastic dominance pro-
vides an ordering of alternatives by dividing
them into two mutually exclusive sets: the
risk-efficient set and the risk-inefficient set.
Strategies in the efficient set unambiguously
provide higher expected utilities for all deci-
sion makers than alternatives in the inefficient
set.

Meyer developed a computer algorithm to
identify risk-efficient strategies for alternative
stochastic dominance criteria. The generalized
stochastic dominance procedure establishes
the necessary and sufficient conditions for
F(x) to be preferred to G(x) by individuals
with coefficients of absolute risk aversion
[r(x)] in the interval r,(x), r,(x). Mathemati-
cally, the absolute risk-aversion coefficient is
defined as r(x) = —u"(x)/u’'(x), where u'(x) and
u"(x) are the first and second derivatives of
u(x). A value of r(x) can be viewed as the
percentage change in marginal utility per dol-
lar of additional income (Raskin and Coch-
ran).

The Meyer algorithm is limited to model-
ing decision makers with constant absolute
risk-aversion functions, i.e., r(x) does not
change with the level of income. For the utility
function, u(x), the following expression is
minimized:

1 f [Gx) — F()]u'(x) dx

subject to

_ull(x)
u'(x)

rx = = ry(x).

If the minimum of the difference in expected
utility between F(x) and G(x) in (1) is positive,
then A, is unanimously preferred by all indi-
viduals to A,. If the difference is zero, then the
decision makers are indifferent between A,
and A,. When the expected utility difference
is negative, then F(x) is not unanimously pre-
ferred to G(x). For the case of a negative dif-
ference, G(x) and F(x) are switched in (1) and
the expression is minimized to determine if A,
is unanimously preferred to A,.
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The bounds of r(x) between positive infin-
ity and negative infinity include the risk atti-
tudes of all decision makers. Different levels
of risk attitude are modeled by varying r(x).
Positive values of r(x) imply risk-averse be-
havior, with decision-maker utility increasing
with income but at a decreasing rate, i.e., u'(x)
> 0, and u"(x) < 0. In general terms, a risk
averter may be willing to accept lower mean
income in exchange for a less risky (variable)
distribution of income. The degree of risk-
averse behavior increases with larger positive
values of r(x). When r(x) = 0, utility increases
at a constant rate as income increases and the
individual is risk neutral, i.e., #'(x) > 0, and
u'(x) = 0. Risk-neutral decision makers only
consider expected income when ranking risky
management choices. Negative values of r(x)
imply risk-seeking behavior, i.e., u'(x) > 0,
and u"(x) > 0, utility increases at an increasing
rate as income increases. A risk seeker may
be willing to accept lower mean income in ex-
change for a riskier distribution of income.
The degree of risk-seeking behavior increases
as values of r(x) become more negative.

The three most common stochastic domi-
nance criteria modeled with the Meyer algo-
rithm are first-degree stochastic dominance
(FSD), second-degree stochastic dominance
(SSD), and generalized stochastic dominance
(GSD). FSD imposes the single restriction,
u'(x) > 0, on decision-maker preferences re-
gardless of risk attitude [ri(x) = —%; ry(x) =
+]. For all levels of cumulative probability,
an alternative in the FSD set produces income
equal to or higher than income from an alter-
native in the inefficient set. The SSD criterion
places the additional restriction on decision-
maker preferences of risk-averse behavior
[71(x) = 05 ry(x) = +]. GSD is more flexible
than FSD or SSD because specific levels of
risk attitude, including risk-seeking behavior,
can be modeled by varying r,(x) and ry(x).

Yield Data

This research uses 1986 through 1995 yield
data from a winter cover crop experiment for
no-tillage corn at the Milan Experiment Sta-
tion, Milan, Tennessee. The two legume cover
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crops in the experiment that were evaluated in
this analysis were vetch (hairy vetch) and clo-
ver (crimson clover). Plots with no winter cov-
er crop also were analyzed. The experimental
design was a randomized complete block de-
sign with split plots and four replications per
year. Applied nitrogen fertilizer rates were var-
ied in the main plots, and the winter cover
crops were varied in the split plots. To eval-
uate the long-term effects of covers on soils,
plots received the same cover crop and applied
nitrogen rate in each year.

The cover crops were established in the fall
after corn harvest. Before corn planting each
spring, the no-cover and legume cover plots
were sprayed with a “burndown” herbicide to
control weeds or kill the cover crop. The ap-
plication rate of the herbicide did not vary
among cover crop treatments. Ammonium ni-
trate was the applied nitrogen source and was
surface broadcast after planting. The rates of
commercial nitrogen applied to the plots were
0, 50, 100, 150, and 200 pounds/acre. After
corn plant emergence, plant populations were
thinned to uniform adequate stands in all plots.

Selected plots also were used to study ni-
trate leaching. Tyler et al. measured nitrate
leaching for no-cover and 100 pounds/acre ap-
plied nitrogen, and vetch cover and 100
pounds/acre applied nitrogen between May
1990 and February 1992. They monitored sea-
sonal movement of nitrate-nitrogen concentra-
tions of leachate into the soil below the root
zone following rainfall events. Even though
the leaching study was limited, the data pro-
vide some information on the impact of vetch
covers on the probability of nitrate leaching
exceeding the maximum contamination level
of 10 mg/L.

Farmers are most concerned with the im-
pact of weather on net revenues. For this rea-
son, yields from the four replications were av-
eraged within year before estimating net
revenues. Experimental error measured from
the replications in small-plot, controlled re-
search was not considered relevant for this
study.

Net Revenues

Enterprise budgets were constructed for each
treatment to reflect the cultural practices spe-



166

cific to the Milan experiment and the study
area. To isolate the effects of stochastic yields
on net revenues, a constant corn price of
$2.72/bushel and a constant commercial nitro-
gen fertilizer cost of $0.31/pound of pure ni-
trogen were used to calculate net revenues.
These prices are the means of 1986-95 annual
Tennessee prices inflated to 1995 dollars using
the Implicit Gross Domestic Product Price De-
flator Index (Tennessee Department of Agri-
culture; Congress of the U.S., Council of Eco-
nomic Advisors). In addition to the materials,
labor, and equipment expenditures for applied
nitrogen, the costs that varied among treat-
ments were those required to establish the
winter cover crop. The estimated materials,
equipment, labor, and interest costs were $24/
acre for vetch and $27/acre for clover.

Yield data were entered into the Agricul-
tural Policy Analysis Center Budgeting Sys-
tem (Slinsky, Ray, and De La Torre Ugarte)
to generate the distribution of net revenues
(over variable costs, fixed equipment costs,
and overhead) for each treatment, with each
distribution including 10 observations. Fifteen
distributions were generated, one for each ap-
plied nitrogen fertilization rate for the no-cov-
er, hairy vetch, and crimson clover treatments.
These distributions then were analyzed using
stochastic dominance criteria.

Risk-Efficient Systems

Risk-aversion coefficients can be elicited from
individuals (Robison et al.) or numerically de-
termined from net revenue data (McCarl
1990). Because we did not have information
about the risk preferences of West Tennessee
farmers, the following numerical procedures
were used to determine r(x) values and order
legume cover and applied nitrogen systems.
The generalized stochastic dominance com-
puter program developed by Goh et al. was
used to identify the first-degree stochastic
dominance systems from the 15 net revenue
distributions. Alternatives in the FSD set were
systematically ordered from ‘‘best” to
“worst” for different r(x) levels using the
Riskroot computer program (McCarl 1988).
This program is a modification of Meyer’s
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GSD algorithm and numerically searches for
the breakeven r(x) value where dominance
switches between CDF pairs under constant
absolute risk aversion. This breakeven risk-
aversion coefficient (BRAC) is the point
where the expected utility difference between
two alternatives is zero. For decision makers
with risk-aversion coefficients above the
BRAC, one distribution will dominate, while
below the BRAC, the other will dominate.
This procedure was used to enumerate all pos-
sible 7(x) levels that influence the ordering of
systems in the FSD set. At the extremes of risk
attitudes, the systems in the FSD set include
the strategies which maximize the minimum
net revenue (a maximin strategy) and maxi-
mize the maximum net revenue (a maximax
strategy). Maximin and maximax decision cri-
teria are consistent with extreme risk aversion
and extreme risk preference (Grube).

Risk Premiums

Risk premiums were calculated to provide an
economic measure of the tradeoffs among the
benefits of legume cover crops, production
risk, and nitrate leaching risk. The Goh et al.
program was used to calculate these risk pre-
miums, or the amounts that farmers would be
willing to pay to maintain the dominant dis-
tribution over the comparison distribution.
They were calculated using the following
mathematical formulas:

?) min 3 EU(F ~ w) — EU(G) < 0
Yue U,

and

3) min w 3 EU(F — m) — EU(G) =0

for at least one u € U,

where = is the risk premium, F' is the domi-
nant CDE G is the comparison CDE EU =
expected utility, U = admissible set of utility
functions, and » = individuals’ utility function
(Cochran and Raskin). Equation (2) gives the
lower-bound 7 that all individuals in the in-
terval r(x), ry(x) are willing to pay for the
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Table 1. Yield Statistics for Legume Winter Cover Crop and Applied Nitrogen Systems for

No-Tillage Corn, Milan, Tennessee, 198695

Corn Yield (bu./acre)

Standard
System? Mean Deviation Maximum Minimum Skewness
NO 29 17 72 6 1.56
NsO 62 18 92 37 0.12
N100 104 22 133 69 -0.27
N150 115 27 148 70 0.64
N200 116 42 174 38 —0.65
Vo 74 19 101 50 0.04
V50 102 19 124 71 —0.54
V100 117 31 154 60 -0.72
V150 125 30 168 82 -0.42
V200 127 33 170 78 -0.33
Co 57 16 90 39 0.91
C50 88 23 115 43 =0.77
C100 100 32 142 44 —0.38
C150 116 37 173 52 -0.10
C200 120 36 167 55 -0.67

2 This column identifies the legume cover and applied nitrogen system, where the capital letters denote the cover crop
treatment (N = no cover, V = vetch cover, and C = clover cover), and the numbers denote the applied nitrogen rate

(pounds/acre).

dominant strategy. Equation (3) gives the up-
per-bound  that at least one person is willing
to pay.

For the purpose of estimating risk premi-
ums, a systematic iterative procedure was em-
ployed to search for the widest r (x), r,(x) in-
terval just above the BRAC that ordered all
distributions in the FSD set without question.!
The GSD program was then used to calculate
risk premiums for the identified r,(x), 7,(x) in-
tervals. The lower-bound risk premiums just
above the BRACs are reported in the results.

To accomplish the first objective, the sys-
tem that maximized expected net revenue was
compared with selected systems which include
those that depended on legumes for all or part
of their nitrogen requirement. The estimated
risk premiums were used to evaluate farmer

! The relative rankings of alternatives in the FSD
set do not change between BRACs; however, one or
more intervals of varying width where all of the alter-
natives are ranked without question may be found be-
tween BRACs (McCarl 1990). These sub-intervals oc-
cur because one or more alternatives cannot be
unambiguously ranked when a wider interval is used.

willingness to pay for legume nitrogen as an
alternative to commercial nitrogen at different
levels of absolute risk aversion. To accomplish
the second objective, risk premiums for the
system that maximized expected net revenue
were compared with systems for which we had
nitrate leaching data (no cover and 100
pounds/acre applied nitrogen, and vetch cover
and 100 pounds/acre applied nitrogen) (Tyler
et al.).

Results and Discussion

Yields for the 15 winter cover crop treatments
are summarized in table 1 and net revenues
are summarized in table 2. Corn yields showed
a large positive response to clover and vetch
covers with no applied nitrogen when com-
pared with the no-cover system. The vetch
cover produced the highest mean yields for all
five applied nitrogen levels. In order of de-
scending mean yields, the top five systems are
V200, V150, C200, V100, and N200 (table 1).
The top five systems in order of descending
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Table 2. Net Revenue Statistics for Legume Winter Cover Crop and Applied Nitrogen Systems
for No-Tillage Corn, Milan, Tennessee, 1986-95

Net Revenue ($/acre)

Risk Efficiency Standard
System? Criteria Met® Mean Deviation Maximum  Minimum Skewness
NO -51 47 68 -111 1.59
NS50 25 49 105 —44 0.11
N100 FSD, SSD, maximin 121 61 201 27 0.28
N150 FSD, SSD 135 74 226 13 0.64
N200 FSD, maximax 122 114 280 -89 0.65
Vo 49 50 121 —16 0.04
V50 FSD 108 53 170 24 —-0.54
V100 FSD 133 84 235 -21 -0.70
V150 FSD, SSD, max EV 138 82 256 23 -0.41
V200 FSD 128 89 245 -3 -0.33
Co -1 43 93 —48 0.92
C50 68 63 143 —54 -0.77
C100 86 87 200 -67 —0.38
C150 FSD 113 100 268 -60 -0.07
C200 108 98 234 —68 -0.67

# Refer to table 1 footnote.

b FSD = first-degree stochastic dominance set, SSD = second-degree stochastic dominance set, maximin = maximized
minimum net revenue, max EV = maximized expected net revenue, and maximax = maximized maximum net revenue.

mean net revenues are V150, N150, V100,
V200, and N200 (table 2).

Risk-Efficient Systems

Analysis of net revenues found eight of the 15
distributions in the FSD set (table 2). The
three FSD risk-efficient no-cover systems are
N100, N150, and N200. The N100 and N150
systems are also SSD risk efficient, i.e., pre-
ferred by risk-averse individuals. N100 pro-
duced the largest minimum net revenue ($27/
acre) and is preferred by extremely risk-averse
individuals (maximin strategy). N150 maxi-
mized expected net revenue ($135/acre) for
the no-cover systems. By contrast, N200 max-
imized maximum net revenue ($280/acre,
maximax strategy) and is preferred by extreme
risk-seeking individuals.

The four vetch cover crop systems in the
FSD efficient set are V50, V100, V150, and
V200. V150 produced the maximum expected
net revenue among all treatments in the ex-
periment ($138/acre) (table 2). The V150 sys-
tem is also the only legume cover to be SSD

risk efficient. V100 was the only legume sys-
tem with an applied nitrogen rate less than 150
pounds/acre that produced an expected net
revenue ($133/acre) similar to N150 and
V150. The single crimson clover cover crop
strategy in the FSD set is C150.

The above results for N150 and V150 have
implications for farmers not currently using le-
gume covers who maximize expected net rev-
enue. If these risk-neutral farmers switch to a
vetch cover system, they may be able to slight-
ly increase expected net revenue by adopting
V150. Therefore, risk-neutral farmers may
have little incentive to reduce applied nitrogen
when they adopt a vetch cover.

Ordering of Systems

The Riskroot computer program identified 27
breakeven risk-aversion coefficients for the
strategies in the FSD set. Because of limited
space, the BRACs reported in table 3 are for
the maximum and minimum r(x) values influ-
encing the ordering of strategies, the r(x) val-
ues where the number one ranking changes,
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Table 3. Selected Breakeven Risk-Aversion Coefficients (BRACs) and Ordering of Legume
Cover and Applied Nitrogen Systems in the FSD Risk-Efficient Set

Ordering of Systems Above the BRAC®

No. BRAC? 1 2 3 4 5 6 7 8
1 0.024714 N100 V50 V150° N150 V200 V100 C150 N200
5 0.012975 N100 N150 V150 V50 V100 V200 C150 N200
9 0.008170 N150 V150 N100 V100 V200 V50 C150 N200
15 0.000142 V150 N150 V100 V200 N100 N200 C150 V50
16 —0.002924 V150 N150 V100 V200 N200 N100 C150 V50
22 —0.008322 V150 N200 V100 V200 N150 C150 N100 V50
27 —0.017035 N200 V150 C150 V200 V100 N150 N100 V50

* Rounded to six decimal places.
b Refer to table 1 footnote.

¢ Boldface denotes the strategies (two in each row) where dominance switches at the BRAC.

and the r(x) values where preferences change
from risk averse to risk seeking. The ordering
of systems from “best” to “worst” for r(x)
values between the BRACs is greatly influ-
enced by the level of absolute risk aversion.
Three of the no-cover strategies and one vetch
cover strategy are ranked first depending on
the level of absolute risk aversion: N100,
N150, N200, and V150. The V150 system is
ranked first most often for a wide range of
risk-averse and risk-seeking behavior (be-
tween BRACs 9 and 22). Farmers preferring
V150 may be able to take advantage of im-
proved soil quality, reduced erosion, and other
long-term soil improvements associated with
winter covers without lowering expected net
revenue. N150 is preferred by farmers who are
more risk averse than those who rank V150
first (above BRAC 9), while extremely risk-
averse farmers (above BRAC 5) would rank
N100 first. By contrast, extremely risk-seeking
decision makers (below BRAC 22) prefer the
N200 system.

The orderings in table 3 have implications
for farmers who are not currently using le-
gume covers and wish to reduce applied nitro-
gen from the expected net revenue-maximiz-
ing V150 system. Risk averters above BRAC
9 who prefer N150 have little incentive to
switch to a vetch system to provide nitrogen
or to improve soil quality. However, farmers
who are extremely risk averse would prefer to
reduce applied nitrogen by 50 pounds/acre
from the expected value-maximizing rate. In-

dividuals who are less risk averse may prefer
switching to a vetch cover system. These in-
dividuals may choose not to reduce applied
nitrogen when they adopt a vetch cover. By
contrast, extremely risk-seeking farmers
would not adopt a vetch system to provide ni-
trogen or improve soil quality, but would have
incentive to increase applied nitrogen by 50
pounds/acre above the expected value-maxi-
mizing rate.

Risk Premiums

Risk premiums for N150 compared with V150
are shown in figure 1A. These systems were
compared to evaluate switching from the no-
cover/net revenue-maximizing strategy to the
vetch cover/net revenue-maximizing strategy.
The premiums are presented as positive num-
bers when V150 is preferred to N150 between
BRACS, and as negative numbers when N150
is preferred to V150. The risk premiums vary
by less than $3/acre for different levels of
farmer risk-aversion behavior (BRACs 1-15).
At lower levels of cumulative probability, the
two CDFs are very similar, resulting in the
very small risk premiums shown in figure 1B.
However, the premiums for risk seekers rise
from $3.47/acre (BRAC 16) to $10.21/acre
(BRAC 27). For risk seekers, V150 has a
somewhat more favorable distribution of net
revenue at higher cumulative probability lev-
els (figure 1B). A factor that may explain this
distribution of risk premiums is the ability of
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Figure 1. Lower-bound risk premiums and cumulative frequency distributions of net revenue

for no cover, 150 lbs./acre applied nitrogen (N150) and vetch cover, 100 lbs./acre applied
nitrogen (V100) compared with vetch cover, 150 1bs./acre applied nitrogen (V150)

legumes to be net producers or net consumers
of nitrogen depending on available soil nitro-
gen and weather (Meisinger et al.). In years
with good growing conditions, the V150 sys-
tem may have provided additional nitrogen to
the corn plant that resulted in higher yields
and net revenues. In other years, vetch may
have fixed little nitrogen or may have been a
net consumer of nitrogen.

The second comparison illustrated in figure
1A is between V100 and V150. This compar-
ison addresses the hypothesis that vetch may

be more efficient at fixing nitrogen by reduc-
ing the applied nitrogen rate by 50 pounds/
acre. V100 produced higher risk premiums for
risk-averse farmers than for risk-seeking farm-
ers. The premiums for risk-aversion behavior
vary from $5.30/acre (BRAC 15) to $18.04/
acre (BRAC 1). Net revenues for V100 were
more variable at lower cumulative probability
levels (figure 1B). By contrast, the risk pre-
miums required to make risk-seeking individ-
uals indifferent vary from $4.85/acre (BRAC
16) to $6.76/acre (BRAC 27). At higher levels
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of cumulative probability, V100 produced net
revenues more similar to N150 and V150,
Several factors may explain why V100 was
risk inefficient even though it produced similar
expected net revenue to V150 and N150. The
availability of legume nitrogen is dependent
on cover crop biomass production and the de-
cay rate of the cover after it is killed, both of
which are affected by weather. Harsh winters
may decrease the winter cover stand and result
in less nitrogen being available. Reducing ap-
plied nitrogen may also cause a more variable
winter cover crop stand and growth after the
stand is established, and will carry over into
more variable corn yields. In addition, the crop
decay and nitrogen release in a dry year may
not be synchronized with the highest nitrogen
requirement of the corn crop, thus increasing
yield variability. The cover crop may compete
for soil water in a dry year and reduce the
amount available to the corn crop. In other
years with favorable growing conditions,
V100 may produce net revenues similar to
N150 and V150.

The final two comparisons are between
V50 and V150, and N100 and V150 (figure
2). These systems were compared to evaluate
farmer willingness to pay for a reduced nitro-
gen system (legume and applied) using either
a vetch cover or no cover. In contrast to V100,
using the V50 system to reduce applied nitro-
gen by 100 pounds/acre from the expected net
revenue-maximizing level produced a distri-
bution of net revenue preferred by extremely
risk-averse individuals (figure 2A). Extremely
risk-averse farmers would be willing to pay a
small risk premium varying from $0/acre to
$2.34/acre for V50 (figure 2B). These risk pre-
miums compare with $7.78/acre to $9.58/acre
for N100 maximin strategy. At lower cumu-
lative probability levels, net revenues are sim-
ilar between V50 and N100; however, N100
produces larger net revenues at higher levels
of cumulative probability. V50 may not be
providing the same amount of nitrogen to the
corn crop as N100 in some years because of
weather. Risk premiums required to maintain
indifference with V150 for farmers less risk
averse than BRAC 5 are much larger for V50
when compared with N100. The premiums for
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V50 rise to a maximum of $48.44/acre com-
pared with $30.06/acre for N100 (BRAC 27).

Nitrate Leaching Risk

For V100, the maximum nitrate contamination
level of 10 mg/L. was exceeded 17% of the
time compared with 4% of the time for N100
(table 4). These results indicate that V100 may
be risk inefficient in terms of both net revenue
and nitrate leaching. N100 was more effective
than V100 because of reduced nitrate-nitrogen
levels between corn harvest in the fall and
corn planting in the spring, which is the period
of high leaching risk (Tyler et al.). At 100
pounds/acre applied nitrogen, the vetch cover
may be fixing its own nitrogen during periods
of high leaching risk.

If a farmer is interested in legume covers
and reducing nitrate leaching, applying less
than 100 pounds/acre nitrogen may be re-
quired for the vetch cover to achieve the same
frequency of not exceeding the 10 mg/L. max-
imum as for N100. Unfortunately, the impact
of the V50 system on nitrate leaching risk was
not quantified in the cover crop experiment.
Notwithstanding the absence of leaching data
for V50, the analysis of net revenues found
that N100 was ranked above V50 for all risk-
aversion coefficient levels (table 3). Farmers
require much larger risk premiums for V50
compared with N100 to be indifferent with
V150 (figure 2B). For farmers more risk
averse than BRAC 6, N100 dominates V150,
and reducing nitrate leaching may be compat-
ible with risk attitude. Conversely, farmers
who are less risk averse prefer V150 to N100,
and limiting nitrate leaching may not be com-
patible with risk preferences. The impact of
the V150 system on nitrate leaching risk also
was not guantified in the cover crop experi-
ment. As with V100, the V150 system may
increase the frequency of nitrate concentra-
tions above the maximum of 10 mg/L de-
pending on whether vetch is a net provider or
net consumer of nitrogen at 150 pounds/acre
of applied nitrogen. Because V150 is risk ef-
ficient for a wide range of risk attitudes, the
nitrate leaching risk for this legume cover
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for no cover, 100 Ibs./acre applied nitrogen (N100) and vetch cover, 50 Ibs./acre applied nitrogen
(V50) compared with vetch cover, 150 Ibs./acre nitrogen (V150)

strategy should be quantified before making a
recommendation to farmers.

Summary

This study evaluated the risk efficiency of le-
gume winter cover crops as a substitute for
applied nitrogen for no-tillage corn produc-
tion. The strategy that maximized expected net
revenue was the vetch cover and 150 pounds/
acre applied nitrogen. The expected net reve-
nue was $138/acre compared with $135/acre
for no cover and 150 pounds/acre applied ni-

trogen, and $133/acre for vetch cover and 100
pounds/acre applied nitrogen. Stochastic dom-
inance ordering of net revenues indicates that
vetch and 150 pounds/acre applied nitrogen is
risk efficient for a wide range of risk-aversion
and risk-seeking behavior. Farmers with these
risk attitudes may choose not to reduce applied
nitrogen when they adopt a vetch cover. Farm-
ers who are moderately to extremely risk
averse prefer either no cover and 150 pounds/
acre applied nitrogen, or no cover and 100
pounds/acre applied nitrogen. These risk av-
erters have little incentive to switch to a vetch
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Table 4. Percentage of Samples with Nitrate-
Nitrogen Concentrations Above 1, 5, and 10
mg/L for No-Tillage Corn, Milan, Tennessee

Percent Winter

Nitrate-

Nitrogen Cover Crop*
Concentration N100 V100
1 mg/L 65 70
5 mg/L 12 33

10 mg/L 4 17

Source: Tyler et al., p. 2.

*N100 = no cover and 100 pounds/acre applied nitrogen;
V100 = vetch cover and 100 pounds/acre applied nitro-
gen.

system to provide nitrogen or to improve soil
quality. However, farmers who are extremely
risk averse may prefer to reduce applied nitro-
gen by 50 pounds/acre from the expected val-
ue-maximizing rate. In contrast, no cover and
200 pounds/acre applied nitrogen is risk effi-
cient for extremely risk-seeking individuals.
These individuals may prefer to increase ap-
plied nitrogen but would not use a vetch cover
to provide nitrogen or to improve soil quality.

The systems combining vetch covers with
lower applied nitrogen fertilization (50 and
100 pounds/acre, respectively) produced risk-
inefficient distributions of net revenue at all
risk attitude levels. Farmers may not be will-
ing to adopt legume winter crops as a method
to reduce applied nitrogen because these crops
produce risk-inefficient distributions of net
revenues. The potential for increased nitrate
leaching with vetch and 100 pounds/acre ap-
plied nitrogen may also increase environmen-
tal risk. Of the two systems studied, no cover
and 100 pounds/acre applied nitrogen was bet-
ter than vetch and 100 pounds/acre applied ni-
trogen at reducing nitrate leaching risk, and is
preferred by extremely risk-averse decision
makers. On the other hand, farmers who are
less risk averse prefer vetch and 150 pounds/
acre applied nitrogen, which may potentially
increase nitrate leaching risk. However, the
impact of this system on nitrate leaching risk
was not measured in the cover crop experi-
ment and should be quantified before making
a recommendation to farmers about risk-effi-
cient legume systems.

173

References

Bradley, I.E, and D.D. Tyler. ““No-Till: Sparing the
Plow to Save the Soil.”” Tennessee Agri-Science
179(1996):7-11.

Choi, E.K., and E. Feinerman. ‘“Regulation of Ni-
trogen Pollution: Taxes vs. Quotas.” J. Agr. and
Resour. Econ. 20(July 1995):122-34.

Chowdhury, M.E., and R.D. Lacewell. “Implica-
tions of Alternative Policies on Nitrate Contam-
ination of Groundwater.” J. Agr. and Resour.
Econ. 21(July 1996):82-95.

Cochran, M.J,, and R. Raskin. “A User’s Guide to
the Generalized Stochastic Dominance Program
for the IBM PC Version GSD 2.1.”” Pub. No.
SPO688, Dept. Agr. Econ. and Rural Soc., Uni-
versity of Arkansas, April 1988.

Congress of the U.S., Council of Economic Advi-
sors. Economic Report of the President. Wash-
ington DC: U.S. Government Printing Office,
February 1997.

Decker, AM., AJ. Clark, J.J. Meisinger, ER. Mul-
ford, and M.S. McIntosh. “‘Legume Cover Crop
Contribution to No-Tillage Corn Production.”
Agronomy J. 86(1994):126-35.

Duck, B.N., and D.D. Tyler. “No-Till Winter Cover
Crops: Management and Production.” Tennes-
see Agri-Science 179(1996):12-16.

Ebelhar, S.A., W.W. Frye, and R.L. Blevins. “Ni-
trogen from Legume Crops for No-Tillage
Corn.” Agronomy J. 76(1984):51-55.

Giesler, G.G., K.W. Paxton, and E.P. Millhollon. “A
GSD Estimation of the Relative Worth of Cover
Crops in Cotton Production Systems.” J. Agr.
and Resour. Econ. 18(July 1993):47-56.

Goh, S., C. Shih, M.J. Cochran, and R. Raskin. “A
Generalized Stochastic Dominance Program for
the IBM PC.” S. J. Agr. Econ. 21(July 1989):
175-82.

Grube, A.H. “Participation in Farm Commodity
Programs: A Stochastic Dominance Analysis:
Comment.”” Amer. J. Agr. Econ. 68(1986):185—
88.

Holderbaum, J.E, A.M. Decker, J.J. Meisinger, ER.
Mulford, and L.R. Vough. “Fall Seeded Le-
gume Cover Crops for No-Tillage Corn in the
Humid East.” Agronomy J. 82(1990):117-24.

Huang, W., D. Shank, and T. Hewitt. ‘“On-Farm
Costs of Reducing Residual Nitrogen on Crop-
land Vulnerable to Nitrate Leaching.” Rev. Agr.
Econ. 18(1996):1-15.

Keeney, D.R., and R.E Follett. ‘““Managing Nitro-
gen for Groundwater Quality and Farm Profit-
ability: Overview and Introduction.” In Man-
aging Nitrogen for Groundwater Quality and



174

Farm Profitability, eds., R.E Follett, D.R. Kee-
ney, and R.M. Cruse, pp. 1-7. Madison WI: Soil
Science Society of America, 1991.

McCarl, B.A. “Generalized Stochastic Dominance:
An Empirical Examination.” S. J. Agr. Econ.
22(July 1990):49-55.

. “Riskroot Program Documentation.” Un-
pub. manu., Dept. Agr. Econ., Texas A&M Uni-
versity, College Station, 1988. [Computer pro-
gram and documentation available online at:
http://agrinet.tamu.edu/mccarl.]

Meisinger, J.J., W.L. Hargrove, R.L. Mikkelsen,
JR. Williams, and V.W. Benson. “Effects of
Cover Crops on Groundwater Quality.” In Cov-
er Crops for Clean Water, ed., W.L. Hargrove,
pp. 57-68. Ankeny IA: Soil and Water Conser-
vation Society, 1991.

Meyer, J. “Choice Among Distributions.” J. Econ.
Theory 14(1977):326-36.

Raskin, R., and M.J. Cochran. “Interpretations and
Transformations of Scale for the Pratt-Arrow
Absolute Risk-Aversion Coefficient: Implica-
tions for Generalized Stochastic Dominance.”
West. J. Agr. Econ. 11(December 1986):204—
10.

Journal of Agricultural and Applied Economics, July 1998

Reeves, D.W., C.W. Wood, and J.T. Touchton.
“Timing of Nitrogen Applications for Corn in
a Winter Legume Conservation-Tillage Sys-
tem.” Agronomy J. 85(1993):98-106.

Robison, L.J., PJ. Barry, J.B. Kliebenstein, and G.E
Patrick. “Risk Attitudes: Concepts and Mea-
surement Approaches.” In Risk Management in
Agriculture, ed., PJ. Barry, pp. 11-30. Ames
IA: Towa State University Press, 1984.

Slinsky, S.P,, D.E. Ray, D.G. De La Torre Ugarte.
“The APAC Budgeting System: A User’s Man-
val.” Unpub. manu., Agricultural Policy Anal-
ysis Center, The University of Tennessee, Knox-
ville, 1996.

Tennessee Department of Agriculture. Tennessee
Agriculture 1995. Nashville TN: Tennessee Ag-
ricultural Statistics Service, 1996.

Tyler, D.D., G.V. Wilson, J. Logan, G.W. Thomas,
R.L. Blevins, W.E. Caldwell, and M. Dravillis.
“Tillage and Cover Crop Effects on Nitrogen
Leaching.”” In Proceedings of the 1992
Southern Conservation Tillage Conference,
eds., M.D. Mullen and B.N. Duck, pp. 1-5.
Special Pub. No. 92-01, Tennessee Agr. Exp.
Sta., The University of Tennessee, Knoxville,
July 1992.



