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Risk Effects of Alternative Winter Cover
Crop, Tillage, and Nitrogen Fertilization
Systems in Cotton Production

James A. Larson, Edward C. Jaenicke, Roland K. Roberts,

and Donald D. Tyler

ABSTRACT

A Just-Pope model was developed to assess tillage, nitrogen, weather, and pest effects on
risk for cotton grown after alternative winter cover crops. Yield risk for cotton afler hairy
vetch was less than for cotton with no winter cover when no nitrogen fertilizer was used
to supplement the vetch nitrogen. However, because cotton after vetch has a higher pro-
duction cost, farmers growing conventionally tilled cotton may be slow w adopt because
risk-return tradeoffs may be unacceptable under risk neutrality and risk aversion. For risk-
averse farmers who have already adopted no tillage, cotton grown after hairy vetch is risk

efficient.

Key Words: cover crops, Just-Pope production function, risk, tilluge.

Many of the soils on which cotton i8 row-
cropped in West Tennessee are highly erodible
and subject to surface water and groundwater
pollution (Bradley and Tyler). Tilled conven-
tionally, cotton leaves minimal crop residue on
the soil surface, thereby exacerbating soil ero-
sion and nutrient runoff on erodible soils. For
example, crop residues after planting averages
3 percent for cotton compared with 29 percent
for corn (U.S. Department of Agriculture). To
mitigate soil erosion and runoff problems, re-
searchers at the University of Tennessee rec-
ommend farmers use winter cover crops and
no tillage practices (Duck and Tyler). Cover
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crops and no tillage can benefit soils by re-
ducing erosion, improving soil characteristics,
and conserving soil nuotrients (Meisinger et
al.). Legume covers can provide nitrogen to
the next crop and reduce nitrogen fertilizer re-
quirements. (Grass covers can immobilize ex-
cess nitrogen in the soil during winter and pre-
vent nitrogen leaching into groundwater.
Conservation practices such as no tillage and
winter covers have not been as widely adopted
in cotton as in other crops. In 1999, about 40
percent of cotton in Tennessee was managed
using conservation tillage compared with 73
percent for soybeans and 82 percent for corn
(Temmessee Department of Agriculture).

A number of management considerations
may make no tillage and winter covers more
risky for cotton production, thereby impeding
their adoption by farmers (Meisinger et al.;
Triplet, Dabney, and Sietker). Planting a win-
ter cover crop increases cost of production be-
cause of outlays to establish the cover in the



446

fall and kill it in the spring and because of
changes in nitrogen fertilizer requirements.
Cool and wet springs combined with no tillage
and heavy crop residues may negatively im-
pact cotton yields because of lower germina-
tion, slower plant growth, and reduced nutrient
uptake. Winter cover crops also may reduce
soil water reserves for the next crop. On the
other hand, by increasing surface residue and
improving soil water holding capacity over
time, winter covers and no tillage may help
preserve moisture during droughts.

Additionally, no tillage may cause stratifi-
cation of nutrients near the soil surface, a
problem that may decrease nutrient availabil-
ity. Soil acidity may also stratify under no tili-
age, especially at high nitrogen fertilizer lev-
els. Decaying winter cover crop restdues can
also tie up nutrients, making them less avail-
able to the growing crop. For the nitrogen-
fixing winter covers, the release of legume ni-
trogen through decay of the cover is
influenced by weather and may not be syn-
chronized with peak nitrogen demand by the
growing cotton crop. Finally, weed control is
more difficult with no tillage and winter cov-
ers. These and other poiential consequences of
conservation practices on cotton may increase
yield and net revenue variability.

Giesler, Paxton, and Millhollon found that
a hairy vetch winter cover followed by cotton
wilh no nitrogen fertilizer was risk efficient for
a wide range of absolute risk aversion. How-
ever, the data for their study did not contain
information on alternative tillage practices and
had a limited number of nitrogen fertilizer lev-
els. Other than the Giesler, Paxton, and Mill-
hollon results, knowledge of how cover crops,
tillage, and nitrogen fertilizer influence risk for
cotton is limited. The objectives of this study
are {«) to assess the effects of alternative win-
ter cover crop, tillage, and nitrogen fertiliza-
tion systems on yield risk in cotton and (k) to
evaluate the risk and return tradeotfs among
these systems.

Analytical Framework

A Just-Pope (1978 and 1979) econometric
model was developed to evaluate the marginal

Journal of Agricultural and Applied Economics, December 2001

risk effects of tillage and nitrogen fertilizer on
cotton grown after three separate winter cover
crops and a baseline no-winter-cover situation.

The Just-Pope model has the following func-
tional form:

(1 Y: = f(Xv B) + h(Zu 0‘)61.»

where Y, 1s cotton lint yield for cotton grown
after one of the four winter cover crop alter-
natives, X, and Z, are matrices of explanatory
variables, t is a year subscript, B and « are
parameter vectors, and € is a random variable
with mean zero. The production function,
f(X,, B), relates management variables to
mean yields. The variance function, h(Z, o),
associates explanatory variables to the vari-
ance of yields.

Estimation of the variance of yields func-
tion provides a method for evaluating the mar-
ginal risk effects of tillage and nitrogen fertil-
izer in the presence of alternative winter cover
crops. However, the agronomic literature in-
dicates that cotton yield variability with winter
cover crops and no tillage may also be influ-
enced by weather and pest events (Meisinger
et al.; Triplet, Dabney, and Siefker). Theretore,
variance of lint yields was specified as a func-
tion of management, weather, and pests in this
analysis. Explanatory variables in the Just-
Pope model do not have to be identical be-
tween the mean and variance functions, so X,
need not equal Z, (Smale et al.}. The Just-Pope
approach enables direct statistical testing of
hypotheses about how management and grow-
ing environment factors interact to influence
risk for cotton grown after alternative winter
covers.

With the Just-Pope model, variance of the
production function error term is assumed to
be a function of the level of one or more in-
puts. This assumption, which can be tested,
implies a model with multiplicative hetero-
scedasticity. The multiplicative heteroscedas-
tic model for each winter cover was estimated
using the three-step procedure outlined in
Judge et al. (1985).
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Data and Methods
Yield Data

Cotton yield data for 1981 through 1997 were
obtained from a winter cover crop experiment
at the West Tennessee Experiment Station,
Jackson, TN. Tillage and nitrogen fertilizer
were also varied in the study. The experimen-
tal design was a randomized complete block
with split-plots and four replications per year.
Nitrogen fertilizer was varied in the main plots
with winter cover and tillage being varied in
the split plots. The same plots received the
same nitrogen fertilizer rate, cover crop, and
tillage treatment each year.

Cotton was planted on conventional-tillage
and no-tillage plots after winter wheat, hairy
vetch, crimson clover, and no-winter-cover
crop alternatives. A burn-down herbicide was
used to kill the cover crop before planting cot-
ton in the no tillage plots. Conventional tillage
plots were disked to destroy the cover crop
before planting. Winter covers were reestab-
lished each season after cotton harvest. Broad-
cast ammonium nitrate was the nitrogen
source applied after planting. Rates of nitrogen
fertilizer applied to the plots were 0, 30, 60,
and 90 Ib/acre. :

The purpose of the risk analysis was to
evaluate temporal variation in yields and net
revenues caused by weather and pests for al-
ternative winter cover and tillage systems.
Therefore, lint yields from the four replica-
tions for each treatment in each year were av-
eraged to approximate the field level yields
generally observed by farmers. From a risk
perspective, farmers are usually most con-
cerned with the impact of temporal variation
on overall yields and profits for the field, and
not whether those yields and profits were pro-
duced uniformly across the field or research
plots (Lowenberg-DeBoer). In addition, the
study started with rye and vetch-rye covers
that were switched to winter wheat and crim-
son clover in the fourth year of the experi-
ment. Therefore, the first three years of data
from the experiment (1981-1983) were ex-
cluded, leaving a total of 448 observations
(112 for each cover).
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Two important events in the experiment
complicated the analysis of the yield data. Re-
searchers experienced increasing ditficulty
with controlling weeds over time. Pigweed
was especially prevalent in the no tillage and
legume winter cover plots. Researchers were
better able to control pigweed with the avail-
ability of prythiobac sodium (Staple) herbicide
in 1995. Researchers also conducted a lime
recommendation study. After letting pH dete-
riorate by delaying the regular application of
lime for several years, they split the plots and
applied different lime rates——the tull extension
service recommended rate and half the rec-
ommended rate—in 1995. Declining soil pH
may have negatively impacted yields over
time, especially at the higher nitrogen fertilizer
rates. Plots receiving half the recommended
lime rate were excluded from this analysis.,

Weather and pest data for the variance of
yield model came from several sources. Pre-
cipitation and temperature data were from a
weather station at the West Tennessee Exper-
iment Station (U.S. Department of Com-
merce). Because direct estimates of insect and
weed damage were not available from the
plots, two proxy variables were created to ex-
plain potential yield variance due to these
pests. Cotton insect damage, CID, and pig-
weed damage, PWD, were both created using
statewide average percentage yield damage es-
timates (Head; Williams; Byrd, Jr.).

Empirical Model

In the first step of the Just-Pope approach,
mean yields for each winter cover crop alter-
native were estimated with the following func-
tion:

(2) Y, =Bo+ BN+ BN+ BTM, + BT,

T BN X TM, + BN, X T,

+ (3, TM, X T, + BypH, + e
where N = applied ammonium nitrate (nitro-
gen Ib/acre); TM = tillage binary variable (no
tillage = 1, conventional tillage = 0); T =

time trend index (1 = 1984, 2 = 1985, ...,
14 = 1997, N X TM, N X T, and TM X T
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are interactions between the respective vari-
ables; pH = soil pH experiment binary vari-
able where pH = 1 for 1995 through 1997, 0
otherwise; ¢ = a subscript indicating year of
the experiment; B, (i = 0, |, ..., 8) = param-
eters to be estimated; and e is a random error
term.

The explanatory variables were included in
equation (2) for various reasons. N was mod-
eled to allow for diminishing marginal pro-
ductivity of nitrogen fertilizer (3, > 0, B, <
0). Triplet, Dabney, and Siefker indicate that
no tillage yields may initially be lower than
conventional tillage yields but those yields
may eventually exceed conventional tillage
yields in succeeding years. Nevertheless, the
expected sign of the coefficient for TM was
uncertain because of the TM interactions and
the potential negative impact of the weed con-
trol problems and the pH study described ear-
lier. T was included to capture the expected
long-term benefits of no tillage and a winter
cover crop on soil quality and lint yields. Not-
withstanding the potential benefits, the sign of
the coefficient for T was uncertain because of
the 7 interactions terms and because of the
potential negative etffects on yields caused by
weed problems and the pH study described
previously. The coefficient for N X TM was
expected to be positive because nitrogen fer-
tilizer was broadcast on the soil surface and
not incorporated into the soil under no-tillage.
The sign for N X T was hypothesized to be
positive because of the expected increase in
the marginal physical product of nitrogen fer-
tilizer as soil guality increases over time with
no tillage and winter covers. The coefficient
for TM X T was expected to be positive be-
cause soil productivity was expected to in-
crease over time under no tillage. Finally, the
coefficient for the pH binary variable was ex-
pected to be positive after the application of
lime in spring 1995. However, the pH variable
may also reflect the effects of using prythiobac
sodium herbicide beginning in 1995,

The second step in the Just-Pope approach
was to estimate the variance of yield function
using residuals obtained from the mean yield
model. Variance of lint yield for each winter
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cover was specified as a function of manage-
ment, weather, and pests such that

{3 Iné?=oay+ N + a,TM, + a,T,
+ o, N, X TM, + aN, X T,
+ agTM, X T, + o, PPT, + a, DD60,

+ o, CID, + o, (PWD, + .,

where €2 = natural log of the squared residu-
alss N, TM, TN X TM, N X T, and TM X T
were defined previously; PPT = cumulative
inches of rainfall between July 15 and August
31; DDo0 = cumulative daily temperature
units above 60°F between May 1 and October
31; CID = estimated annual yield losses to all
cofton insects (percent); PWD = estimated an-
nual yield losses to pig weed (percent); «, (¢
=0,1,...,10) = parameters to be estimated;
and p = random error term.

While substantial literature exists on the
risk effects of nitrogen fertilizer on crop pro-
duction (Roumasset et al.,, Antle and Criss-
man, Lambert, Traxler et al.}, little information
is available about the specific form of the in-
put-output relationship beiween N and yield
variance. Given the lack of knowledge about
the nitrogen-variance relationship, nitrogen
fertilizer was modeled as a linear function in
the variance equation. Many of the previous
nitrogen fertilizer studies have indicated that
applied nitrogen is moderately risk increasing
{Roumasset et al.). However, some studies
have found that nitrogen fertilizer reduces risk
(e.g., Antle and Crissman, Lambert). The po-
tential impact of nitrogen fertilizer on yield
variability is influenced by the crop production
system (e.g., dryland production versus irri-
gated producticn) and other management fac-
tors. Therefore, the hypothesized sign for N
was uncertain. As indicated before, no tillage
(TM) may positively or negatively affect yield
variance depending on weather and pest
events that occur during cotton plant growth
and development. The cumulative effects of
these events on yield variability are difficult
to discern; therefore, the sign for the TM co-
efficient was uncertain. Because no tillage and
winter covers are expected to improve soil
quality over time, thereby decreasing yield
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variability, the coefficient for T was hypothe-
sized to have a negative sign.

The July 15 through August 31 period is a
critical period for cotton. Low rainfall at this
stage is stressful to the plant and causes grow-
ing bolls to be shed and reduces vields. Suor-
face residues and improved soil-water holding
capacity with winter covers may help preserve
soil moisture during drought. The coefficient
for PPT was expected to be positive in the
presence of winter covers. Available growing
season as measured by D60 may impact the
variability of yields under alternative cover
crops. However, the direction of the impact of
DD60 on yield variability is unknown. The co-
efficients for yield damage from insects and
pigweed are hypothesized to have a positive
sign. However, winter covers may provide
habitat for insects and may cause larger yield
losses because of higher insect populations in
cotton. Consequently, the coefficient for CID
was hypothesized to have a larger value in the
presence of a winter cover. Legume winter
covers provide additional nitrogen to growing
plants which may exacerbate weed problems.
Accordingly, the coefficient for PWD was ex-
pected to have a large value for cotton grown
after legumes than for cotton after wheat or no
cover.

The third step of the Just-Pope approach
was to use the predicted values from the var-
iance model (equation 3) as weights for pro-
ducing generalized least squares (GLS) esti-
mators for the mean yield equation for each
winter cover. With the GLS procedure, effi-
ciency gains in parameter estimates are pos-
sible when the assumption of multiplicative
heteroscedasticity holds.

Analysis

To achieve the first objective, equations (2)
and (3) were estimated for the four winter cov-
er systems. Using the residuals from the esti-
mated ordinary least squares (OLS) mean
yield equations, the null hypothesis of homo-
scedasticity was tested against the alternate
hypothesis of general heteroscedasticity using
the Breusch-Pagen test and multiplicative het-
eroscedasticity using the model f-tests from
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the individual winter cover crop variance
equations (Judge et al., 1982). The error sums
of squares from the estimated OLS mean yield
equations were used to test the null hypothesis
that variance estimates were identical for pair-
wise comparisons of winter cover systems. Es-
timated coefficients from the variance of yvield
model were used to evaluate how nitrogen fer-
tilizer, tillage, time, weather, and pests influ-
enced yield risk in the presence of a winter
cover crop.

To accomplish the second objective, the
GLS mean yield function and the variance
function for each winter cover were used to
predict certainty equivalent maximizing ap-
plied nitrogen rates, yields, costs, and net rev-
enues above variable, fixed equipment, and
overhead costs. Certainty equivalent (CE) of
per-acre profit was approximated by (Robison
and Barry):

(4) CE = E(NR) — N2 Var(NR),

where E(NR) 1s expected net revenue, A is the
value of the Pratt-Arrow absolute risk aversion
function, and V(NR) is the variance of net rev-
enue. Variance of net revenue for each winter
cover was calculated assuming that lint prices
and yields are random and independent
{Bohmstedt and Goldberger). Certainty equiv-
alent maximizing nitrogen fertilizer levels for
each winter cover and tillage alternative were
found by solving;

(3) max CE = E(NR) — M2 Var(NR),

N

subject to 0 = N = 90. Equation (5) was
solved for risk neutrality (A = 0) and two lev-
els of risk aversion, A = 0.01 and A = 0.02,
consistent with the range of risk aversion eval-
uated by Lambert.

Net revenues were calculated using a con-
stant lint price of $0.73/lb (19841997 aver-
age) and a constant ammoniwm nitrate price of
$0.34/1b {1984-1997 average) of pure nitro-
gen (Tennessee Department of Agriculture).
These prices were inflated to 1999 dollars by
the Implicit Gross Domestic Product Price De-
flator before averaging (Congress of the U.S.,
Council of Economic Advisors). The cost for
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Table 1. Estimated Cotton Lint Yield Response Functions for Alternative Winter Cover Crops®

Winter Cover Crop

Variabie® No Cover Winter Wheat Hairy Vetch Crimson Clover
Intercept 1010.36%%%¢ 1040.69%#** 1150.31%** [137.57%%%
(13.99 (18.15) (14.94) (18.21)

N 4.25%% 4, 11+% 0.33 —0.21
(2.24) (2.71) (0.16) (0.13)

N? —0.04%* —0.03%* —0.02 =591 x 10
(2.10) (2.40) ((0.82) (0.39)

™ —127.45 —218.86%** —87.09 —170.83%*
(1.63) (3.50) (1.04) (2.47)

T —57.40%*# —55.94 %= —58.39% %% —61.23%k**
(6.72) (8.20) (6.47) (8.17)

N X TM 0.95 1 4G —1.05 0.41
(1.03) (2.00) (1.07) (0.50)

NXT .02 0.01 0.08 0.06
(0.20) 0.15) (0.68) ((1.58)

T™ X T —-0.37 12,50%* 5.50 17.66%%*
(0.05) (1.99) (0.66) (2.56)

pH 463.48%** 368.7(yrw* 452 53%%* 384,777
(8.69) (8.63) (8.02) (8.03)

Adjusted R? 0.53 0.59 0.44 0.48

R 112 112 112 112

*Weighted least square results.

? Cotton lint yield (Ib/acre) is the dependent variable, N = applied ammonium nitrate (nitrogen lb/acre), TM = tillage
method binary variable (no tillage = 1, conventional tillage = 0) T = time trend index {1l = 1984 (o 14 = 1997), and
pH = soil pH experiment binary variable where pH = 1 for 1995 through 1997, 00 otherwise.

¢ Numbers in parenthesis are t-statistics.

wAok ek Significantly different from zero at the 1-, 5-, or 10-percent level. respectively.

ginning and handling was $0.13/Ib of lint.
Cotton seed revenues were calculated by mul-
tiplying lint yield by 1.6 and then multiplying
that product by the 1984-1997 average real
cottonseed price of $0.05/1b (Tennessee De-
partment of Agriculture). Estimated materials,
equipment, labor, and interest costs for each
winter cover were $25/acre for wheat, $34/
acre for vetch, and $25/acre for clover. Other
costs of production that did not vary in this
analysis were from enterprise budgets for con-
ventional-tillage and no-tillage cotton (Ger-
lott).

Results and Discussion
Mean Yields
Weighted least square mean yield response

functions for each winter cover crop are pre-
sented in Table 1. The nitrogen fertilizer re-

sponse coefficients, N and N2, in the cotton
after winter wheat and cotton after no-winter-
cover equations were significantly different
from zero (p = 0.05) and had the hypothe-
sized signs. Nitrogen fertilizer coefficients in
the cotton after hairy vetch and cotton after
crimson clover equations were not significant-
ly different from zero. Cotton yields after
vetch or clover were not responsive because
the marginal physical product of nitrogen fer-
tilizer was essentially driven to zero or nega-
tive in the presence of legume nitrogen.
Evaluation of the mean yield equations
with respect to TM and its interactions (with
other variables set at their means) indicates
that no-tillage yields were lower than conven-
tional-tillage yields for all four winter covers.
The estimated TM coefficients were signifi-
cantly different from zero for cotton after win-
ter wheat (p = 0.01) and cotton after crimson
clover {p = 0.05). Difficulty controlling pig-
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Table 2. Winter Cover Crop Model Heteroscedasticity Test Results and OLS Error Sums of

Squares Results

Winter Cover Crop

Variable

No Cover Winter Wheat Hairy Vetch Crimson Clover
Breusch-Pagan Statistic 15.56%* 10.79 24 .25 17.22%%*
Yield Variance Equa- 0.97 1.66* 297 2.30%*
tion F-statistic
Error Sums of Squares 2,873,289 1,881,768 3,401,130 2,235,916

waE |k * Significantly different from zero at the 1-, 5-, or {0-percent level respectively.

weed in the no tillage plots likely explains the
lower yields. On the other hand, the interac-
tion of nitrogen and no-tillage (N X TM) for
cotion after wheat was statistically significant
{p = 0.05) and had the expected positive sign.
The significant and positive relationship for ¥
X TM indicates that more nitrogen fertilizer is
required for winter wheat followed by no-till-
age cotton when compared with conventional-
tillage cotton. The no tillage-time trend inter-
action term (TM X T) for the cotton after
wheat and cotton after clover had statistically
significant (p = 0.05) and positive coeffi-
cients. The significant and positive tillage-time
interaction term indicated that no tillage yields
for wheat and clover increased over time when
compared with conventional tillage yields.
Coefficients for the time-trend variables in
all four winter cover equations were statisti-
cally significant (p = (1.01) and had negative
signs. However, because of the interaction of
time with other variables in the model, the net
impact of time on yields was not clear, An
evaluvation of changes in yields with respect to
the 7 and its interactions indicated that yields
declined over time for all four cover crops. As
discussed previously, problems controlling
pigweed and deteriorating soil pH induced by
delaying lime applications likely caused the
downward trend in yields. Pigweed infesta-
tions coupled with low rainfall during the crit-
ical growth period (July 15 through August
31) contributed to lower lint yields between
1989 and 1993, especially in the no-tillage
plots with a winter cover. Soil acidity mea-
sured in the experimental plots increased over
time. Problems with soil acidity were more
prevalent at the high nitrogen fertilizer rates

and in the no-tillage plots. These negative in-
fluences on yields more than offset any posi-
tive long-term benefits of winter covers and
no tillage on soil quality.

Variance of Yields

Breusch-Pagen tests reported in Table 2 indi-
cate evidence of general heteroscedasticity for
the no-cover (p = (.05), hairy vetch (p =
0.01), and crimson clover (p = 0.05) equa-
tions but not for the winter wheat equation.
The yield variance model F-tests reported in
Table 2 indicate evidence of multiplicative
heteroscedasticity for the winter wheat (p =
0.10), hairy vetch (p = 0.05), and crimson
clover (p = 0.05) equations but not for the
no-cover equation. While the two tests give
conflicting results, taken together they suggest
evidence of heteroscedasticity in all four cover
crop equations,

Error sums of squares from the first-step,
OLS regressions are reported in Table 2 and
indicate the relative yield variance ranking for
each winter cover, all other factors being
equal. Cotton after winter wheat produced the
least variable lint yields followed in ascending
order by cotton after clover, cotton after no
cover, and cotton after vetch. F-tests construct-
ed using the error sums of squares for each
cover crop to evaluate whether one cover crop
produced yield variance that was significantly
different from another cover crop are present-
ed in Table 3. Variability of lint yield for win-
ter wheat was significantly different from the
variability for no cover (p = 0.05) and hairy
vetch ((p = 0.01) but not significantly different
from the variability for crimson clover. Lint
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Table 3. Results of Pair-Wise Comparisons of
Winter Cover Crop Yield Risk Hypothesis
Tests

Winter Cover Crop Comparisons F-statistic*

No Cover vs Hairy Vetch 1.18
No Cover vs Winter Wheat 1.53%*
No Cover vs Crimson Clover 1.27
Hairy Vetch Cover vs Winter Wheat 1.8 ***
Hairy Vetch Cover vs Crimson Clover  |.50%*
Winter Wheat Cover vs Crimson Clover  1.20

4 F-test degrees of freedom was 103 in the numerator and
103 in a denominator.

FakwE O Significantly different from zero at the [-, 5-,
or 10-percent level, respectively.

yield variability for crimson clover was also
significantly different from the variability for
hairy vetch (p = .05) but was not signifi-
cantly different from the variation observed
for no cover and winter wheat,

Pair-wise comparisons of winter cover sys-
tem results indicate that cotton after vetch pro-
duced the most yield variability while cotton
after winter wheat produced the least risky
yields, all other factors being equal. However,
yield risk for cotton after a winter cover may
also be influenced by the level of nitrogen fer-
tilizer, tillage, time, weather, and pests. The
risk-reducing and risk-increasing impacts of
these specific factors on yields in the presence
of a winter cover were evaluated using the
variance of yield equation results presented in
Table 4.

None of the management or growing en-
vironment variables was statistically signifi-
cant in explaining yield variability for cotton
after no winter cover. For cotton after a winter
wheat cover, the coeftficients for nitrogen fer-
tilizer (V), the nitrogen-time interaction (N X
T), and July—August precipitation (PPT) were
statistically significant (p = 0.05) in explain-
ing yield risk. An evaluation of yield vari-
ability with respect to N and its interactions
indicated that a higher level of nitrogen fertil-
izer increased yield risk for both conventional
and no-tillage cotton grown after winter
wheat. The estimated coetficient for & had a
positive sign and the estimated coefficient for
N X T had a negative sign. The two significant
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nitrogen fertilizer coefficients (N and ¥ X T)
indicate that a higher level of N increased lint
vield variability in the presence of a winter
wheat cover but yield risk at a given level of
N declined with the passage of time. July—Au-
gust precipitation also increased variability of
yields, a finding consistent with a priori ex-
pectations. Results indicated that lint yields
were less variable during drought periods for
cotton after winter wheat. Consequently, the
winter wheat cover reduces yield risk for cot-
ton during drought conditions.

Coefficients for nitrogen fertilizer, time,
and pigweed damage were statistically signif-
icant in explaining yield variation for cotton
following vetch. Nitrogen fertilizer had a pos-
itive sign (p = 0.10), indicating that higher
nitrogen levels increased yield risk (see also
Figure 1). The time-trend coefficient in the
cotton after vetch variance equation had a neg-
ative sign (p = 0.01). However, because of
the interaction of time with other variables in
the model, the net impact of time on yields
was not clear. An evaluation of the cotton after
vetch variance equation with respect to 7" and
its interactions indicated that yield variance
declined over time under both conventional
tillage and no tillage. Improved soil quality
with the vetch winter cover may explain the
reduced yield risk with the passage of time.
The coefficient for pigweed damage had a pos-
itive sign (p = 0.05) in the vetch variance
equation. Additional nitrogen to growing
plants provided by vetch exacerbated weed
problems and yield losses, thereby increasing
risk. With the introduction of more effective
herbicides (Staple) and glyphosate-tolerant
{(Roundup Ready) cotton, this source of yield
risk may be less of a problem in the future for
cotton grown after a legume cover.

Four explanatory variables in the crimson
clover vartance equation were significantly
different from zero (Table 3). The time-trend
coefficient had a negative sign (p = 0.035).
Evaluation of the variance equation with re-
spect to T and its interactions indicated that
yield risk decreased with time for cotton
grown after a clover winter cover. As with the
vetch winter cover, enhanced soil quality with
the clover cover may explain the reduced cot-
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Table 4. Estimated Variance of Cotton Lint Yield Functions for Alternative Winter Cover

Crops
Winter Cover Crop

Variable? No Cover Winter Wheat Hairy Vetch Crimson Clover

Intercept 14,1 2%%* 7.80% 13.72%* 6.46
(2.59) (1.66) (2.44) (1.35)

N 0.02 0.03%= 0.028% 9.46 x 10-3
(1.18) (1.98) (1.74) (0.69)

™ -0.54 —0.45 —-0.68 1.57
(0.48) (0.46) (0.59) (1.59)

T -0.18 0.12 —(.58%** —0.40%*
(0.92) (0.68) (2.85) (2.30)

NXTM 339 X 107 5.19 X 101 —527 X 10 ? —0.03**
(0.25) (0.05) (0.38) (2.33)

NXT —1.90 X 103 —2.98 X 10 ¥** —1.46 x 107 345 x 10~
(1.14) (2.08) (0.85) (0.24)

TM X T 0.06 0.05 0.15 =0.10
(0.56) (0.54) {1.29) (1.03)

PPT 4.83 X 1073 0.14%* —0.02 7.50 X 107F
(0.06) (1.97) (0.28) 0.1

DD60 -193 x 107 —2.99 X 10+ —2.07 X 103 525 x 10-¢%
(1.03) (0.19) (1.09) (0.03)

CiD —0.05 —0.04 0.04 0.06%*
(1.38) (1.41) (1.09) (1.95)

PWD 0.12 ~0.11 (0.30%=* 0.45%%*
(0.68) (0.73) (2.21) (3.01)

* The natural log of the squared residuals (e?) is the dependent variable, N = applied ammonium nitrate (nitrogen b/
acre), TM = tillage method binary variable (no tillage = 1, conventional tillage = 0), T = time trend index (1 = 1984
to 14 = 1997), PPT = cumulative inches of rainfall between July 15 and August 31, DD60 = cumulative daily
temperature units above 60°F between May 1 and October 31, CID = estimated annual yield losses to all cotton insect
damage (percent), and PWD = estimated annual yield losses to pig weed damage (percent).

b Numbers in parentheses are t-statistics.

A %% Significantly different from zero at the 1-, 3-, or 10-percent level, respectively.

ton yield variability over time. The nitrogen-
tillage interaction term had a negative sign (p
= (.05) indicating that yield risk decreased
under no tillage when compared with conven-
tional tillage, holding nitrogen fertilizer con-
stant (see also Figure 1). The coefficients for
cotton insect (p = 0.05) and pigweed (p =
0.01) damage had the hypothesized positive
signs. Results indicated that cotton grown after
a winter legume had increased yield risk be-
cause it was more susceptible to pest damage.
Nitrogen fixing covers may create a more fa-
vorable environment for these pests to flour-
ish, causing higher yield risk in cotton.
Variance equation results indicate that
higher nitrogen fertilization rates increase
yield risk for cotton grown after vetch. How-

ever, Figure 1 illustrates that yield risk for cot-
ton after vetch with no nitrogen fertilization
compared favorably with cotton grown after
wheat with nitrogen fertilizer, which had the
lowest overall yield variability among the win-
ter covers evaluated (Table 3). Under conven-
tional tillage, yield variability (standard devi-
ation} for cotton after vetch with no applied
nitrogen was less than the yield risk for wheat
grown with more than 40 Ib/acre of applied
nitrogen. With no tillage, cotton yields after
vetch with no applied nitrogen were less var-
iable than cotton yields after wheat grown
with more than 80 Ib/acre of nitrogen fertilizer.
When compared with the yield variability for
cotton grown without a winter cover, hairy
vetch reduced yield risk when no nitrogen fer-
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Figure 1. Standard deviation of cotton lint
yield with respect to tillage, nitrogen fertilizer,
and winter cover

tilizer was applied to supplement the nitrogen
fixed by the vetch winter cover. Yield risk for
both conventional and no-tillage cotton grown
after vetch with no nitrogen fertilization was
less than the yield risk for cotton produced
without a winter cover at all nitrogen fertilizer
levels examined in this analysis.

Journal of Agricultural and Applied Economics, December 2001

Risk-Return Tradeoffs

The optimal nitrogen fertilization rates and net
revenues for each winter cover and tillage
combination under the assumption of risk neu-
trality (A = Q) are reported in Table 5. For all
four winter covers, no-tillage net revenues
were lower than conventional-tillage net rev-
enues primarily because of smaller yields. For
both conventional-tillage and no-tillage sys-
tems, cotton without a winter cover provided
the largest net revenues followed in descend-
ing order by cotton after vetch, cotton after
wheat, and cotton after clover. Cotton follow-
ing vetch produced the largest profit-maximiz-
ing yields; however, higher revenues and low-
er nitrogen fertilizer costs for cotton after
vetch were more than offset by the cost of
establishing and killing the vetch cover. Cot-
ton after wheat or clover produced lower
yields and had higher production costs when
compared with cotton without a winter cover.
The above results indicate that risk-neutral
farmers may have little profit incentive to
adopt winter cover crops and no tillage in cot-
ton production.

At the profit maximizing nitrogen fertilizer
level, cotton managed with no tillage produced
more variable net returns than cotton managed
with conventional tillage for all four winter
covers. For both conventional-tillage and no-
tillage systems, cotton grown without a winter
cover produced the most variable net returns
followed in descending order by cotton after
clover, cotton after vetch, and cotton after
wheat.

Farmer willingness to accept lower net rev-
enue variability along with lower expected net
revenues in order to adopt winter covers and
no tillage may be influenced by risk-aversion
behavior. Optimal fertilizer nitrogen rates and
net returns for two levels of risk aversion (A
= 0.01 and A = 0.02) also are reported in Ta-
ble 5. Conventionally tilled cotton grown
without & winter cover produced the largest
certainty equivalent of net revenue in both
risk-aversion categories (A = 0.01 and A =
0.02). Certainty equivalent rankings indicate
that conventionally tilled cotton without a
winter cover was risk efficient and dominates
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Table 5. Winter Cover Crop, Tillage, and Nitrogen Fertilization System Risk and Return Com-

parisons

Coefficient of Absolute Risk Aversion

Conventional Tillage No Tillage
Winter Cover Crop/Item A=000 A=001 A=002 Xx=000 xA=001 Xx=002
No Cover
Nitrogen Fertilizer {(1b/acre) 54 49 42 67 60 51
Net Return Mean ($/acre) 491.75 491.24 488.43 450.97 44961 441.90
Net Return Std. Dev, ($/acre)  139.41 138.74 137.43 135,95 134.49 132.06
Certainty Equivalent ($/acre)  491.75 395.00 299.56 450.97 359.47 270.50
Winter Wheat
Nitrogen Fertilizer (lb/acre) 56 52 46 78 74 68
Net Return Mean ($/acre) 429.43 429.11 427.41 416.04 415.65 413.65
Net Return Std. Dev. ($/acre) 127,27 126.81 125.95 126.27 125.70 124.67
Certainty Equivalent ($/acre) 429,43 348.70 268.78 416.04 336.65 258.23
Hairy Vetch
Nitrogen Fertilizer (1b/acre) 14 2 0 0 0 0
Net Return Mean ($/acre) 470.85 469.39 468.93 444,32 444 .32 444 32
Net Return Std. Dev. ($/acre)  133.20 131.07 130.74 128.35 128.35 128.35
Certainty Equivalent ($/acre)  470.85 383.49 298.00 444.32 361.95 27958
Crimson Clover
Nitrogen Fertilizer (Ib/acre) 0 0 0 9 33 49
Net Return Mean ($/acre) 410.59 410.59 410.59 387.22 384.94 380.92
Net Return Std. Dev, ($/acre)  122.42 122.42 122.42 125.91 121.48 119.20
Certainty Equivalent ($/acre)  410.59 335.65 260.71 387.22 311.16 238.84

all the other winter cover and tillage combi-
nations. Risk-averse producers may not adopt
winter cover crops because these systems are
risk inefficient.

Conventionally tilled cotton following
vetch produced the second largest level of cer-
tainty equivalent of net revenue for both A =
0.01 and & = 0.02. Cotton after vetch was not
risk efficient using the costs assumed in this
analysis. When the cost of vetch seed was re-
duced from $1.22/1b to less than $1.14/1b, con-
ventional tillage cotton after vetch dominated
no winter cover when A = 0.02, The price of
vetch seed must drop to less than $0.64/1b
when A = 0.01 before vetch dominates no
cover.

The certainty equivalence results reported
in Table 5 also have implications for risk-
averse farmers who have adopted no tillage for
conservation compliance or other reasons.
Cotton grown after vetch produced the largest
certainty equivalent income among the no till-
age, winter cover systems for both A = 0.01

and A = (0.02. Results also indicate that risk-
averse farmers who use no tillage may have a
risk incentive to use no nitrogen fertilizer
when they adopt a vetch cover.

Summary

This study evaluated the risk efficiency of al-
ternative winter cover crop, tillage, and nitro-
gen fertilization systems in cotton. A Just-
Pope econometric model was developed to
analyze the marginal risk effects of alternative
systems and evaluate risk and return tradeoffs
among systems. In an evaluation of the yield
risk properties of alternative winter covers,
cotton after winter wheat produced the least
variable yields and cotton after hairy vetch
produced the most variable yields, all other
factors being equal. Higher levels of nitrogen
fertilizer increased yield risk for cotton grown
after winter wheat or hairy vetch covers. How-
ever, yield risk for cotton after hairy vetch was
less than for cotton with no winter cover when
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no nitrogen fertilizer was used to supplement
the vetch nitrogen. Moreover, yield risk for
cotton after hairy vetch or crimson clover de-
creased with the passage of time. Weather and
pests events also influenced yield risk in the
presence of winter cover crops. Yield risk due
to drought was reduced in the presence of a
winter wheat cover crop. Hairy vetch and
crimson clover covers increased yield risk
from pigweed damage. Yield risk from insect
damage was higher for cotton after clover.

Even though certain winter covers may re-
duce yield risk, the evaluation of risk and re-
turn tradeoffs suggests that farmers may be
slow to adopt winter cover crops and no tillage
because these systems may not be risk effi-
cient for risk-neutral and risk-averse decision
makers. A major factor influencing the unfa-
vorable risk rankings of winter covers is the
cost of establishing the cover crop in the fall.
From an environmental policy perspective,
subsidizing legume winter cover establishment
may be an effective policy option to reduce
nitrogen use in no-tillage cotton production.
While a substantial reduction in the nitrogen
fertilization rate for cotton is possible with le-
gume covers, the impact of reduced fertilizer
nitrogen use for the vetch system on nitrate
leaching is uncertain and is an empirical ques-
tion that should be examined. Finally, with the
availability of glyphosate-tolerant (Roundup
Ready) cotton and prythiobac sodium (Staple)
herbicide, weed control for no-tillage cotton
following vetch may be much less of a prob-
lem for farmers than indicated by the data ex-
amined in this study. These weed control tech-
nologies may provide a more favorable
risk-return tradeoff for cotton following a le-
gume winter cover when compared with the
no-cover system.

References

Antle, J. M., and C. C. Crissman. “Risk, Efficiency,
and the Adoption of Modern Crop Varieties:
Evidence from the Philippines.” Econ. Develop.
and Cultur. Change 38(1990): 517-30.

Bohrstedt, G.W., and A.S. Goldberger. “On the
Exact Covariance of Products of Random Var-

Journal of Agricultural and Applied Economics, December 2001

iables.” J. Amer. Star. Assoc. 64(1969): 439—
1442,

Bradiey, I. E, and D. D. Tyler. “No-Till: Sparing
the Plow to Save the So0il.” Tennessee Agri Sci-
ence 179(1996): 7-11.

Byrd, Jr., J. D. “Report of the Cotton Weed Loss
Committee.” In Proceedings-Beltwide Cotton
Conferences. Memphis, TN: National Cotton
Council of America. Various 1985 through 1998
Annual [ssues.

Congress of the U.S., Council of Economic Advi-
sors Economic Report of the President. Wash-
ington, D.C.: U.S. Govemnment Printing Office,
1999.

Duck, B. N., and D. D. Tyler. “No-Till Winter Cov-
er Crops: Management and Production.” Ten-
nessee Agri Science 179(1996): 12-16.

Gerloff, D. “Cotton Budgets for 2000.” The Uni-
versity of Tepnessee Agricultural Extension
Service, AE&RD No 42.

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

Head, R. B. “Cotton Insect Losses.” In Proceed-
ings—Beltwide Corton Conferences. Memphis,
TN: National Cotton Council of America. 1985
through 1992 Annual Issues,

Judge, G. G., R. C. Hill, W. E. Griffiths, H. Lut-
kepohl, and T. Lee. Introduction to The Theory
and Practice of Econometrics. New York: John
Wiley & Sons, 1982.

Judge, G. G. W.E. Griftiths, R. C. Hill, H. Lutke-
pohl, and T. Lee. The Theory and Practice of
Economerrics, 2™ ed. New York: John Wiley &
Sons, 1985,

Just, R., and R. D. Pope. “Stochastic Specification
of Production Functions and Econometric Im-
plications.” J. Econometrics 7(1978): 6786,

Just, R., and R. D, Pope. “Production Function Es-
timation and Related Risk Considerations.”
Amer. J. Agr. Econ. 61(1979): 276-84.

Lambert, D. “Risk Considerations in the Reduction
of Nitrogen Fertilizer Use in Agricultural Pro-
duction.” West, J. Agr. Econ. 15(1990): 234—
44,

Lowenberg-DeBoer, J. “Risk Management Poten-
tial of Precision Farming Technologies.” J. Agr.
and Applied Econ. 31(1999): 275-283.

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



Larson, et al.: Risk Effects in Cotton Production

Rebison, L. 1, and P J. Barry. “The Competitive
Firm’s Response to Risk.” New York, Macmil-
lan, 1987.

Roumasset, J. A., M. W. Rosengrant, U. N. Chak-
ravorty, and J. R. Anderson. “Fertilizer and
Crop Yield Variability: A Review.” In Vari-
ability in Grain Vields, JR. Anderson and
PB.R. Hazell, eds. pp. 223-33. Baltimore: John
Hopkins University Press, 1989,

Smale, M., I. Hartell, B W. Heisey, and B. Senauer.
“The Contribution of Genetic Resources and
Diversity to Wheat Production in the Punjab of
Pakistan.” Amer, J. Agr. Econ. B0{1998): 482—
493,

Tennessee Department of Agriculture. Tennessee
Agriculture. Nashville, TN: Tennessee Agricul-
tural Statistics Service. Various 1985 to 2000
Annual Issues,

Traxler, ., J. Falck-Zepeda, J. 1. Ortiz-Monasterio,

457

and K. Sayre. “Production Risk and the Evo-
lution of Varietal Technology.” Amer. J. Agr.
Econ. T7(1995): 1-7.

Triplet, G. B., S. M. Dabney, and J. H. Siefker.
“Tillage Systems for Cotton on Silty Upland
Soils.” Agron. J. 88(1996): 507-512.

U.S. Department of Agriculture. Agricultural Re-
sources and Environmental Indicators, 1996-
97. USDA-ERS. Agric. Handbook No. 712,
Washington DC: U.S. Department of Agricul-
ture, Economic Research Service, 1997,

U. S. Department of Commerce. Climatological
data, Tennessee. National Climatic Data Center.,
Asheville, N.C.: National Oceanic and Atmo-
spheric Administration.

Williams, M. R. “Cotton Insect Losses.” In Pro-
ceedings—Beltwide Cotton Conferences. Mem-
phis, TN: National Cotton Council of America.
Various 1993 through 1998 Annual Issues.





