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Yield and �uality responses to soybean planting 
date have been extensively evaluated for more than 
a century in Tennessee (Mooers, 1908; Cartter and 

Hartwig, 1963). Planting date is one of the most important 
and least expensive production decisions aff ecting soybean 
seed yields and quality, so it still receives considerable attention 
from soybean researchers in the southern United States (Egli 
and Cornelius, 2009; Hu and Wiatrak, 2012). Farmers in the 
upper mid-southern region have become increasingly interested 
in the early soybean production system where short-season 
maturity soybean is planted early to avoid frequent mid- or 
late-season droughts and to take advantage of abundant soil 
moisture available earlier in the growing season (Walker et al., 
2010). Th is system may be particularly suitable for the roll-
ing uplands of Kentucky, Tennessee, eastern Mississippi, and 
northern Alabama, where fi eld sizes are relatively small and 
irrigation is less feasible (Walker et al., 2010). Th us, several 
related factors such as location, year-to-year climate conditions, 
and maturity group (MG) selection make decisions regard-
ing the optimum planting date for soybean complex (Egli and 
Cornelius, 2009; Hu and Wiatrak, 2012).

Egli and Cornelius (2009) used data from 28 experiments 
located across the United States to analyze regional weather 
and soil type impacts on yield-maximizing planting dates. 
Th ey reviewed soybean planting date studies undertaken in the 
Midwest (Iowa, Illinois, Indiana, North Dakota, Nebraska, 
and Ohio), Upper South (Arkansas, Kentucky, Missouri, and 
Tennessee), and Deep South (Alabama, Florida, Georgia, 
Louisiana, Mississippi, and South Carolina) and found that 
yield potential decreased when soybean was planted aft er late 
May in the Midwest and Deep South and aft er early June in 
the Upper South. Yields decreased at a faster rate in the Deep 
South and Upper South than in the Midwest aft er the optimal 
planting date, primarily because of decreased vegetative and 
reproductive growth that reduced the number of branches and 
pods, decreased plant height, and reduced photosynthesis (Popp 
et al., 2002; Pedersen and Lauer, 2003; Bastidas et al., 2008; De 
Bruin and Pedersen, 2008). Photoperiod, temperature, and pre-
cipitation were the primary factors responsible for reduced yield 
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aBstraCt
Limited knowledge exists regarding the yield response of soy-
bean [Glycine max (L.) Merr.] from diff erent maturity groups 
(MGs) to planting date in the southern United States. Th is 
information is needed to determine optimal planting dates for 
each MG. Our objective was to determine the optimum plant-
ing date for soybean in MG II, III, IV, and V in western Tennes-
see while considering producers’ risk preference. Net returns for 
each MG with four revenue protection (RP) insurance coverage 
levels were simulated using planting date–yield response func-
tions for each MG. A multiyear experiment (2008–2010) was 
conducted on MG II, III, IV, and V planted at diff erent dates in 
Milan, TN. Th e profi t-maximizing planting dates for soybean 
in western Tennessee were 24 May, 16 May, 13 May, and 22 May 
for MG II, III, IV, and V, respectively. Th e confi dence intervals 
for the expected profi t-maximizing planting dates across MGs 
overlapped, suggesting that Tennessee producers have a long 
period for planting. Risk-neutral to slightly risk-averse produc-
ers would prefer MG III with no RP, but as the risk aversion 
increased, the preferred management strategy was MG III with 
80% RP. Th ese results will help producers determine optimum 
planting windows and crop insurance options for soybean pro-
duction in West Tennessee based on their risk preferences.
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with delayed planting (Popp et al., 2002; Pedersen and Lauer, 
2003; Bastidas et al., 2008; De Bruin and Pedersen, 2008; Egli 
and Cornelius, 2009; Chen and Wiatrak, 2010).

Planting soybean early allows longer vegetative and repro-
ductive periods (Hu and Wiatrak, 2012), which can reduce 
insect and disease pressures and circumvent late-summer 
drought (Salmeron et al., 2014). However, planting soybean 
too early has been shown to decrease yields through reduced 
canopy development (Steele and Grabau, 1997) and delayed 
seedling emergence (Andales et al., 2000) if the soil is too cold 
or wet. Early planting of soybean can also expose the crop to 
late frosts, negatively impacting yields (Meyer and Badaruddin, 
2001; De Bruin and Pedersen, 2008). Logan et al. (1998) found 
that soybean yields in Tennessee were lower when planted 
between March and April than between April and June 
because early-planted soybean was exposed to cooler and wetter 
conditions than soybean planted later in the year.

Cultivar maturity is another important factor influencing 
the optimum planting date for soybean (Boquet, 1998; Egli 
and Bruening, 2000; Egli and Cornelius, 2009; Chen and 
Wiatrak, 2010; Salmeron et al., 2014). Chen and Wiatrak 
(2010) found that the yield-maximizing planting date was 
mid-May for MG IV and early May to mid-June for MG V in 
South Carolina. Salmeron et al. (2014) analyzed 2 yr of data 
from 10 locations in the Mid-South (Arkansas, Louisiana, 
Missouri, Mississippi, Tennessee, and Texas) to determine the 
relationship between MG and planting date. When soybean 
was planted later (May–June), yields decreased by 7% for MG 
III, 12% for MG IV, 18% for MG V, and 11% for MG VI 
relative to planting early (March–April). Generally, soybean 
yields were maximized for MGs III through V (i.e., earlier 
MGs) when planted in April, and yields were maximized for 
MGs V through VII (later MGs) planted in May and June for 
the southern United States (Heatherly, 1999; Heatherly and 
Elmore, 2004; Egli and Cornelius, 2009), but this relation-
ship between planting date and MG does not hold in northern 
climates (Kane et al., 1997). Overall, research indicates that 
a yield-maximizing planting date depends on many regional 
environmental factors as well as MG (Egli and Cornelius, 
2009; Chen and Wiatrak, 2010).

While these studies are informative for choosing optimum 
planting dates for a given MG, most of these studies evaluated 
soybean yield response by testing for mean yield differences 
(e.g., Logan et al., 1998; Popp et al., 2002; Pedersen and Lauer, 
2003; Bastidas et al., 2008; De Bruin and Pedersen, 2008; 
Salmeron et al., 2014). Estimating a yield response function 
would improve predictions of the optimum planting date by 
MG. Previous studies have estimated corn (Zea mays L.) (Lauer 
et al., 1999; Darby and Lauer, 2002) and wheat (Triticum 
aestivum L.) (Epplin et al., 2000; Hossain et al., 2003) yield 
response to planting date, but limited knowledge exists regard-
ing yield response functions for soybean in the southern 
United States.

Furthermore, little is known about the profit-maximizing 
planting date for soybean in the southern United States. As the 
planting window for soybean is widened in a given year, pro-
duction costs and soybean prices do not change across months 
if inputs are forward contracted. Therefore, yield-maximizing 
soybean planting dates could also be profit-maximizing planting 

dates. However, net returns to planting dates have rarely been 
reported (Popp et al., 2002). Popp et al. (2002) estimated the 
profit-maximizing planting date for soybean in Arkansas as 
being between May and June using an analysis of variance. In 
our review of the literature, we found no study that had esti-
mated the soybean yield response to planting date to determine 
the profit-maximizing planting date for soybean by MG.

We hypothesized that the variability of net returns in 
response to planting date could differ for each MG. Salmeron 
et al. (2014) showed that early (March and April) and late 
(May and June) planting can have a substantial impact on the 
yield variability of different soybean MGs and thus impact 
net returns. They found that yields were more stable for MGs 
IV and V when planted early (March and April) and for MGs 
III and IV when planted late (May and June). Salmeron et al. 
(2014) stated that economic and risk analyses are needed to 
provide producers with a MG recommendation for a given 
planting date window. A key component that needs to be con-
sidered in economic and risk analyses would be the protection 
provided to producers by the purchase of crop insurance. In 
2013, soybean was planted on >630,000 ha in Tennessee, mak-
ing soybean the number one planted crop in the state (USDA 
Risk Management Agency, 2014a). Crop insurance was pur-
chased for 84% of the soybean area in Tennessee in 2013, and 
of the ensured lands, revenue protection (RP) was purchased 
for 72% of the ensured soybean area (USDA Risk Management 
Agency, 2014a).

Determining the optimal MG for different planting win-
dows while considering the variability of net returns in the 
Upper South United States would provide useful information 
to farmers and contribute new information to the literature 
regarding planting date for soybean. Hence, our objectives 
were: (i) to determine the optimal planting date to maximize 
soybean net returns considering cultivar maturity, and (ii) to 
assess the risk (i.e., variability) and expected net return trad-
eoffs due to planting date, MG, and crop insurance coverage.

Material and Methods
experimental data

Soybean yield data were collected from a planting date 
experiment conducted at the University of Tennessee Research 
and Education Center, Milan, TN (35°56¢ N, 88°43¢ W) from 
2008 to 2010. Unirrigated soybean was grown on a Falaya 
silt loam soil (a coarse-silty, mixed, active, acid, thermic Aeric 
Fluvaquent), which is well suited for soybean production 
in Tennessee (Soil Survey Staff, 1999). The crop was no-till 
planted in 38.1-cm rows on plots that were 3.48 m wide and 
9.144 m long, with seven rows per plot. Lime was applied to the 
plots in 2010 at 5 Mg ha–1. Soil tests indicated that the P and 
K levels were within optimal ranges, thus N, P, and K were not 
applied during the experiment. The plots received burn-down 
applications of generic glyphosate [N-(phosphonomethyl)
glycine] and dicamba (3,6-dichloro-2-methoxybenzoic acid), 
but to avoid any potential injury to soybean, no pre-emergence 
herbicides were applied. All plantings received two applications 
of glyphosate after emergence. Table 1 shows the average tem-
perature and precipitation by month and year at Milan, TN.

The experimental design was a split-split-plot design with 
four replications. The main-plot treatments were four MGs 
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(II, III, IV, and V), the subplots were two seeding rates, and 
sub-subplots were seven planting dates. Therefore, a total 
of 224 experimental units were studied for each year of the 
experiment. Four MGs were planted in the experiment: MG 
II (Pioneer 92780, Asgrow 2909, Asgrow 2802, and Pioneer 
92M61), MG III (Pioneer 93Y92, Asgrow 3803, Asgrow 3906, 
Pioneer 93M90, and Pioneer 93Y90), MG IV (Pioneer 94Y60, 
Asgrow 4903, and Pioneer 94B73), and MG V (Asgrow 5567, 
Armor 53Z4, Armor 5567, and Pioneer 95Y70). The seeding 
rates were 140,000 and 180,000 seeds ha–1. In 2008, soybean 
was planted on 3 and 13 May, 3 and 17 June, and 2 , 15, and 29 
July. The planting dates for 2009 were 17 April, 13 May, 1 and 
23 June, 7 and 27 July, and 10 August. Soybean was planted in 
2010 on 21 April, 7 and 24 May, 2  and 16 June, and 6 and 19 
July. Figure 1 shows soybean yields by planting date as Day of 
the Year (DOY) by MG. Seeding rate was not considered in the 
analysis because yields were not impacted by seeding rates and 
soybean did not respond to various seeding rates in Tennessee 
(Thompson et al., 2015). There were a few observations for each 
of the MGs with near-zero yields, which were probably due to 
late planting and wildlife damage.

Soybean cash prices for Tennessee were collected for 1990 to 
2013 from the National Agricultural Statistic Service (2014) 
to calculate net returns for selling on the cash market. These 
prices were converted into 2013 US dollars using the season-
ally adjusted annual Gross Domestic Product Implicit Price 
Deflator (Federal Reserve Bank of St. Louis, 2013). Prices were 
collected for the harvest months of September, October, and 
November. There was no difference in the real soybean price 
across the harvest months, and the price ranged from US$0.19 
to US$0.52 kg–1, with an average price of US$0.33 kg–1 dur-
ing the time period (Fig. 2). Production costs of US$816 ha–1 
were assumed from the University of Tennessee crop bud-
gets for unirrigated, no-till soybean production (University 
of Tennessee Department of Agricultural and Resource 
Economics, 2014).

Crop insurance premiums for producers were found using 
the online cost calculator (USDA Risk Management Agency, 
2014b). This is an online tool commonly used in the literature 
to estimate a general premium cost for RP by the producer 
(Dalton et al., 2004; Wilson et al., 2009; Barham et al., 2011). 
The premium costs were calculated for RP with 60, 70, and 
80% coverage. Gibson County was selected, which is the loca-
tion of the experiment. The base yield was assumed to be 2757 
kg ha–1, which is the average soybean yield in Gibson County 
from 2008 to 2010 (National Agricultural Statistics Service, 
2014), and the Risk Management Agency cost calculator 
assumed a 2013 projected price of US$0.42 kg–1, which was 
used to determine indemnity payments. Producer premium 
amounts were US$22.24, US$39.54, and US$71.66 ha–1 
for 60, 70, and 80% coverage levels, respectively. Maximum 
indemnity payments were estimated as US$689, US$805, and 
US$922 kg–1 for 60, 70, and 80% coverage levels, respectively.

economic and statistical Model

Enterprise budgets for soybean production were developed 
to determine the optimal planting date by MG. The net returns 
were calculated as

( )m mR py D C= -  [1]

where Rm is the net returns (in US$ ha–1) for the mth MG; p 
is the cash price of soybean (in US$ kg–1); ym is the yield (in kg 
ha–1), which is a function of D, the planting date; and C is the 
cost of production (in US$ ha–1).

Yield response to planting DOY (starting at 1 January of 
each year) was estimated for each MG following previous 
research (Lauer et al., 1999; Epplin et al., 2000; Darby and 
Lauer, 2002; Hossain et al., 2003). A quadratic response func-
tion was estimated because this functional form best repre-
sented these data (see Fig. 1). The yield response to DOY for 
each of the MGs was specified as

2
0 1 2tm t t t tmy D D v e= b +b +b + +  [2]

where ytm is the soybean yield (in kg ha–1) in the tth year for 
the mth MG, Dt is the day of the year (starting at 1 January 
of each year); b0, b1, and b2 are coefficients; vt ? N(0,sv

2) 
is a year random effect; and etm ? N(0,se

2) is the random 
error term. The model was estimated using MIXED pro-
cedure in SAS 9.2 (SAS Institute, 2004). Equation [2] was 
substituted into Eq. [1], and the first-order condition of Eq. 
[1] was taken with respect to planting date (D). The first-
order condition was solved for the profit-maximizing plant-
ing date (D*) for each MG as D* = (–b1)/2b2. Standard 
errors for the expected profit-maximizing planting date 
were calculated using the delta method and were used to 
estimate confidence intervals for the expected profit-maxi-
mizing planting date (Greene, 2008, p. 69). The profit-max-
imizing yield for each MG was determined by substituting 
D* into Eq. [2].

Table	1.	Summary	of	growing-season	precipitation	and	tempera-
ture	as	recorded	by	the	NOAA	weather	station	at	Milan,	TN,	
2008	to	2010.
Month 2008 2009 2010 30-yr	avg.

Precipitation,	cm
Apr. 0.56 3.45 9.53 12.28
May 23.77 22.96 53.42 16.12
June 3.86 5.64 8.20 11.00
July 7.92 20.09 15.06 11.18
Aug. 1.88 5.66 5.00 7.21
Sept. 1.09 11.23 0.91 10.86
Oct. 6.50 20.78 0.46 9.47
Nov. 0.00 3.38 –† 12.39
Total 45.67 93.73 92.63 90.51

Temperature,	°C
Apr. 10.46 19.14 16.88 14.84
May 19.15 19.93 21.77 19.73
June 25.25 25.99 27.54 24.07
July 26.61 24.57 27.58 26.00
Aug. 25.14 24.48 27.84 25.45
Sept. 22.69 22.41 23.10 21.35
Oct. 15.06 13.90 16.24 14.85
Nov. 15.06 11.07 – 9.69
Avg. 21.83 20.26 24.16 19.49
†	Not	applicable.
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Simulation was used to determine the 
optimal MG and RP coverage level that is 
preferred by risk-averse producers under 
two planting windows. Stochastic net 
returns were simulated using

( )jm m m j j jR py D C w I= - - +l 

  [3]

where jmR  is the uncertain net returns 
(in US$ ha–1) for the jth coverage level; 
p  is the uncertain cash price of soybean 

(in US$ kg–1); ym is the yield (in kg ha–1); 
mD  is the uncertain planting date for a 

given MG; C is the cost of soybean pro-
duction; wj is the premium (in US$ ha–1) 
for crop insurance; Ij is the indemnity 
payment (in US$ ha–1); and lj is a binary 
variable that is 1 when crop insurance is 
triggered for the jth coverage level.

Parameter estimates for the yield response function in Eq. 
[2] were substituted into the simulation model (Eq. [3]), with 
planting date being randomly drawn from a GRKS distribu-
tion for two planting windows. A planting-date window was 
defined as the days available for the producer to plant in a pro-
duction year. The GRKS distribution is useful when minimal 
information is available about the distribution, requiring only 
minimum, midpoint, and maximum values as the bounds for 
the distribution (Richardson, 2006). The GRKS distribution 
is a two-piece normal distribution with 50% of the observa-
tions below the midpoint and 2.5% below the minimum value, 
while 50% of the observations are above the midpoint and 
2.5% above the maximum value (Richardson, 2006). The first 
planting date window ranged between 1 and 31 May, with the 
midpoint at the optimal planting date D* for each MG. The 
second planting date window ranged between 1 May and 15 
June (the cutoff date for crop insurance), with the midpoint 
at the optimal planting date D* for each MG. The purpose 
of the wider planting date window was to show how added 
planting variability impacts expected net returns. The soybean 
cash price was randomly drawn from an empirical distribution 
derived from the historical real price data (1990–2013 price 
data, adjusted to 2013 US dollars).The four management strate-
gies for RP crop insurance were: (i) no crop insurance; (ii) 60% 
coverage; (iii) 70% coverage; and (iv) 80% coverage. Production 
costs, crop insurance premiums for the producer, and indem-
nity payments were deterministic.

Simulation and Econometrics to Analyze Risk (SIMETAR) 
was used to develop the distributions and perform the simula-
tions (Richardson et al., 2008). Net returns for each of the four 
MGs and four crop insurance options were simulated for each 
of the two planting windows. Therefore, we simulated a total of 
16 net return probability distributions for each of the planting-
date windows. A total of 5000 observations were simulated for 
each of the management strategies per planting date.

risk analysis

Incorporating risk into the decision-making framework 
changes the producers’ preferences by considering the vari-
ability of net returns along with the expected net returns. A 

common approach to comparing management strategies is to 
use stochastic dominance, which compares the cumulative dis-
tribution function (CDF) of net returns for each of the man-
agement strategies (Chavas, 2004). In first-degree stochastic 
dominance, the management strategy with CDF F dominates 
another management strategy with CDF G if F(R) £ G(R) 
" R. First-degree stochastic dominance often does not find 
one management strategy to clearly be preferred to another; 
therefore, second-degree stochastic dominance adds the restric-
tion that producers are risk averse, which increases the chance 
of finding a preferable management strategy (Chavas, 2004). 
Second-degree stochastic dominance states that the manage-
ment strategy with CDF F dominates another management 
strategy with CDF G if òF(R)dR £ òG(R)dRG(R) " R. More 
detailed explanation can be found on first- and second-degree 
stochastic dominance in Chavas (2004), and a graphical expres-
sion of the mathematics is shown in Stanger et al. (2008).

If there was not a clear dominant management strategy 
for MG and RP coverage level using first- and second-degree 
stochastic dominance, stochastic efficiency with respect to a 
function (SERF) was used to rank the management strategies 
across a range of absolute risk aversion coefficients (Hardaker 
et al., 2004). A SERF analysis requires the specification of a 
utility function ( , )jmU R r , which is a function of the distribu-
tion of net returns for each crop insurance coverage level and 
MG along with an absolute risk-preference level r. The utility 
function was used to find the certainty equivalent (CE), which 
is defined as the guaranteed return that a person is willing to 
receive rather than taking a gamble for a higher but uncertain 
return. The MG and RP management strategy with the highest 
CE at a given level of risk is preferred by producers. The CEs are 
compared at various levels of risk to determine the optimal MG 
and RP management strategy as a producer’s risk preferences 
change. Risk-averse producers are willing to take smaller net 
returns with certainty than the greater expected value of the 
net returns with uncertainty.

A negative exponential utility function was used in this 
analysis, which specifies a constant absolute risk-aversion coef-
ficient (ARAC) to calculate the CE (Pratt, 1964). The ARAC 
represents the ratio of derivatives of the person’s utility func-
tion r(R) = –U²(R)/U¢(R). Following Hardaker et al. (2004), a 

Fig.	2.	Tennessee	soybean	prices	from	1990	to	2013	by	year.
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vector of CEs was derived bounded by a low and high ARAC. 
The lower bound ARAC was zero, meaning the producer was 
risk neutral and the management strategy with the highest 
expected net returns was preferred. The upper bound ARAC 
was found by dividing four by the average net returns for all the 
management strategies, which was proposed by Hardaker et 
al. (2004) to find the extremely risk-averse decision-maker. In 
our analysis, ARACs ranged from 0.0 as risk neutral to 0.03 as 
extremely risk averse. This means that as the ARAC increases, 
the decision-maker is becoming more risk averse. Taking the 
difference between CEs of any two alternatives is defined as the 
risk premium. The risk premium is the minimum amount of 
money a decision-maker would have to be paid to switch from 
the management strategy with the greatest CE to the alterna-
tive management strategy with the lesser CE. For example, if 
the CE for MG III was US$55 ha–1 and the CE for MG V was 
US$50 ha–1, the producer would need to be paid US$5 ha–1 to 
switch from growing MG III to grow MG V. The SERF analy-
sis was also conducted in SIMETAR (Richardson et al., 2008). 
The SERF analysis is a common method used in agronomic 
research on risk assessment of row crop production (Archer 
and Reicosky, 2009; Williams et al., 2010; Barham et al., 2011; 
Varner et al., 2011).

results and disCussion
optimal Planting date

Table 2 shows the results of the yield response function 
(Eq. [2]) to planting date by MG. The linear and the quadratic 
parameter estimates for planting date were significant at the 
0.01 level for each of the MGs. The quadratic shape of the 
response function indicates that soybean yields were increas-
ing at a decreasing rate as the planting date was extended. This 
matches previous research that soybean yields may not be maxi-
mized by planting too early (Steele and Grabau, 1997; Logan et 
al., 1998; Andales et al., 2000; Meyer and Badaruddin, 2001; 
De Bruin and Pedersen, 2008) and decrease after a certain 
planting date (Popp et al., 2002; Pedersen and Lauer, 2003; 
Bastidas et al., 2008; De Bruin and Pedersen, 2008; Egli and 
Cornelius, 2009).

Parameter estimates from Eq. [2] were substituted into Eq. 
[1] to find the profit-maximizing planting date. The profit-
maximizing planting date for soybean ranged between 13 and 
24 May for all MGs. Egli and Cornelius (2009) found that 
yields decreased when soybean was planted after early June in 
the Upper South region, which includes Tennessee. The profit-
maximizing planting dates for soybean in this study also fell 

within the range reported by Popp et al. (2002) for Arkansas. 
The profit-maximizing planting dates were 24 May, 16 May, 
13 May, and 22 May for MGs II, III, IV, and V, respectively. 
The profit-maximizing planting date for MG II occurring 
later in the growing season than the other MGs and the profit-
maximizing planting date for MG IV occurring earlier in the 
growing season than all other MGs were unanticipated results. 
Typically, early MGs need earlier planting dates than later 
MGs, but the logical order of optimum planting date by MG 
has not always been found, especially for US Southeast soybean 
production (Chen and Wiatrak, 2010; Salmeron et al., 2014). 
The 90% confidence intervals for the expected profit-maximiz-
ing planting dates overlap, indicating that there was no differ-
ence in profit-maximizing planting date across MGs. Producers 
were found to have a long period for planting in Tennessee, 
which has also been found for other southeastern states (Egli 
and Cornelius, 2009; Chen and Wiatrak, 2010).

The profit-maximizing yields were 3399 kg ha–1 for MG 
II, 3569 kg ha–1 for MG III, 2448 kg ha–1 for MG IV, and 
3535 kg ha–1 for MG V (Table 2). These profit-maximizing 
yields were higher than the average county yields where the 
experiment occurred (National Agricultural Statistics Service, 
2014). Expected net returns were the highest for MG III 
because MG III had the highest expected profit-maximizing 
yield (Table 2). The average price of soybean of US$0.33 kg–1 
was used to find the profit-maximizing net returns (Table 2). 
The profit-maximizing net returns were US$305 ha–1 for MG 
II, US$361 ha–1 for MG III, US$321 ha–1 for MG IV, and 
US$350 ha–1 for MG V (Table 2). At the optimal planting 
date, the net returns were maximized using MG III.

simulated net returns

Parameter estimates for the yield response function in Eq. 
[2] were substituted into the simulation model (Eq. [3]) to 
find the net returns for a given planting window. Table 3 
presents the summary statistics of the simulated net returns 
for soybean planted between 1 and 31 May by MG and RP 
coverage level. By purchasing RP, a producer can reduce the 
variation in net returns and increase the minimum possible 
net returns. Conversely, purchasing RP decreases the maxi-
mum possible net returns relative to not purchasing RP for 
the producer. With a planting window between 1 and 31 
May, the highest expected net returns were found for MG 
III with no RP coverage (Table 3). A profit-maximizing, 
risk-neutral producer would grow MG III soybean and 
not purchase RP crop insurance. However, the highest 

Table	2.	Estimates	for	soybean	yield	response	to	planting	date	by	maturity	group	(MG)	in	Tennessee.
Parameter MG	II MG	III MG	IV MG	V

Intercept	(b0) –5790.38 –3467.8 –2361.79 –4740.73

D	(b1) 127.04** 103.30** 87.43** 117.48**

D2	(b2) –0.471** –0.404** –0.336** –0.404**
Optimal	date 24	May 16	May 13	May 22	May
90%	confidence	interval 20	Apr.–25	June 13	Apr.–16	June 7	Apr.–15	June 19	Apr.–19	June
Optimal	yield,	kg	ha–1 3399.54 3569.01 3447.96 3535.39
Optimal	net	returns,	US$	ha–1† 305.97 361.73 321.79 350.71
**	Significant	at	the	0.01	level.
†	Optimal	net	returns	were	calculated	using	the	average	price	for	soybean	of	US$0.33	kg–1	and	production	costs	of	US$816	ha–1.
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variability of net returns was found for MG III; thus, MG 
III has the highest expected net returns but also the high-
est risk (Table 3). Across all RP coverage levels, MG III had 
the highest expected net returns (Table 3), although the 
returns decreased as RP coverage increased. As anticipated, 
the variability of net returns also decreased as RP coverage 
increased (Table 3).

When the planting window was widened from 1 to 31 May 
to be between 1 May and 15 June, the highest expected net 
returns and highest variability for those net returns were still 
found for MG III at all RP coverage levels (Table 4). A profit-
maximizing, risk-neutral producer would still choose MG 
III soybean and not purchase crop insurance. Relative to the 
shorter planting period, the expected net returns decreased on 
average when the planting window was widened. This occurred 
because more dates beyond the profit-maximizing ones were 
included in the distribution.

risk analysis

The CDFs of the 16 management strategies with the 1 to 
31 May planting window and the CDFs of the 16 management 
strategies with the 1 May to 15 June planting window crossed mul-
tiple times, meaning that first- and second-degree stochastic domi-
nance did not indicate a clear preferable management strategy.

The SERF was used to determine the preferred MG and RP 
management strategy by decision-makers with different levels 
of absolute risk aversion. Figure 3 shows the SERF ranking of 
the 16 management strategies for the 1 to 31 May planting win-
dow. The figure shows the risk premiums for all 16 management 
strategies relative to MG III without RP for a wide range of risk 
aversion behavior by farmers, i.e., 0 £ ARAC £ 0.03. For a given 
ARAC level, the planting strategy with the highest RP value 
is preferred by a risk-averse decision-maker. If a producer has a 
planting window between 1 and 31 May, MG III with no RP 
was preferred for 0 £ ARAC £ 0.0075. Producers with more 
risk-averse preferences, as indicated by 0.0075 < ARAC £ 0.03, 

would prefer MG III with the purchase of RP coverage of 80%. 
The second most preferred combination was MG V without RP 
for 0 £ ARAC £ 0.009; then, the producer would prefer MG V 
with the purchase of RP coverage of 80% for 0.009 < ARAC £ 
0.03. Figure 4 shows the SERF ranking of the 16 management 
strategies for the 1 May to 15 June planting window. Similarly, 
MG III with no RP was preferred for 0 £ ARAC £ 0.0063; 
then, producers would prefer MG III with the purchase of RP 
coverage of 80% for 0.0063 < ARAC £ 0.03.

The results can be interpreted as less risk-averse and risk-
neutral producers would prefer to not purchase RP insurance. 
As the producer became more risk averse, 80% RP coverage 
was preferred over no crop insurance or other coverage levels. 
While 80% RP coverage is the most expensive policy to pur-
chase, this level ensured that producers, in this analysis, would 
always have a positive net return.

ConClusions
Planting date and cultivar maturity are important deci-

sions that affect soybean production profitability, risk, and 
subsequent crop insurance choices for farmers in the southern 
United States. This study evaluated (i) the optimal planting 
date to maximize soybean net returns considering cultivar 
maturity, and (ii) the risk and expected net return tradeoffs 
among different soybean planting date windows, cultivar 
maturities, and crop insurance coverage options. Data were 
collected from a soybean planting date experiment for MGs 
II, III, IV, and V in Milan, TN, from 2008 to 2010. Soybean 
yield response as a function of planting date was estimated for 
each cultivar maturity. Net returns for the four MGs with four 
RP insurance coverage levels were simulated to determine the 
optimal maturity and coverage level that is preferred by risk-
averse producers under two planting date windows. The results 
can assist producers in determining the optimal planting win-
dows and crop insurance options for soybean production in 
Tennessee based on their risk preferences.

Table	3.	Simulated	net	returns	for	soybean	planted	between	1	
and	31	May	by	maturity	group	(MG)	and	revenue	protection	(RP)	
coverage	level	in	Tennessee.

Option Statistic
Net	return

MG	II MG	III MG	IV MG	V
——————	US$	ha–1 ——————

No	crop	
insurance

avg. 282.92 342.49 303.82 329.92
SD 315.51 331.70 320.43 328.71
min. (259.42) (151.51) (179.27) (220.61)
max. 1040.66 1132.80 1066.90 1114.80

60%	RP avg. 262.16 320.28 282.22 307.85
SD 313.48 331.65 319.56 328.43
min. (148.27) (148.27) (148.27) (148.27)
max. 1018.42 1110.56 1044.66 1092.56

70%	RP avg. 261.27 313.41 279.31 302.44
SD 294.58 318.82 302.54 314.0
min. (49.42) (49.42) (49.42) (49.42)
max. 1001.12 1093.26 1027.36 1075.26

80%	RP avg. 259.49 307.11 275.73 297.00
SD 265.96 292.38 274.71 287.09
min. $34.60 $34.60 $34.60 $34.60
max. 969.00 1061.14 995.23 1043.14

Table	4.	Simulated	net	returns	for	soybean	planted	between	1	
May	and	15	June	by	maturity	group	(MG)	and	revenue	protection	
(RP)	coverage	level	in	Tennessee.

Option Statistic
Net	return

MG	II MG	III MG	IV MG	V
——————	US$	ha–1 ——————

No	crop	
insurance

avg. 276.17 332.51 293.76 321.19
SD 314.18 329.47 318.55 325.89
min. (256.56) (285.54) (229.22) (255.70)
max. 1040.74 1132.92 1066.78 1114.54

60%	RP avg. 255.86 310.54 272.59 299.32
SD 311.56 329.05 317.12 325.37
min. (148.26) (148.26) (148.26) (148.26)
max. 1018.50 1110.68 1044.54 1092.30

70%	RP avg. 255.64 304.64 270.68 294.65
SD 292.03 315.19 299.13 310.15
min. (49.42) (49.42) (49.42) (49.42)
max. 1001.20 1093.38 1027.25 1075.01

80%	RP avg. 254.47 $299.13 268.09 289.93
SD 263.15 288.28 270.83 282.84
min. 34.59 34.59 34.59 34.59
max. 969.08 1061.26 995.12 1042.88
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Fig.	3.	Stochastic	efficiency	with	respect	to	a	function	under	a	negative	utility	exponential	utility	function	for	soybean	planted	between	
1	May	and	31	May	by	maturity	group	(MG)	and	revenue	protection	(RP)	coverage	level.

Fig.	4.	Stochastic	efficiency	with	respect	to	a	function	under	a	negative	utility	exponential	utility	function	for	soybean	planted	between	
1	May	and	15	June	by	maturity	group	(MG)	and	revenue	protection	(RP)	coverage	level.



Agronomy	 Journa l 	 • 	 Volume	107,	 Issue	6	 • 	 2015	 2261

The profit-maximizing planting date for soybean in 
Tennessee ranged between 13 and 24 May for all the MGs, 
and specifically, the profit-maximizing planting date was 24 
May, 16 May, 13 May, and 22 May for MGs II, III, IV, and V, 
respectively. The 90% confidence intervals for the expected 
profit-maximizing planting dates overlapped, indicating that 
there was no difference in the profit-maximizing planting date 
across MGs and that producers have a long period for plant-
ing in Tennessee, which has also been found for other south-
eastern states (Egli and Cornelius, 2009; Chen and Wiatrak, 
2010). The SERF analysis showed that a risk-neutral to slightly 
risk-averse decision-maker would prefer MG III with no RP; 
however, as risk aversion increased, the preferred management 
strategy was MG III with 80% RP.

aCKnoWledGMents

We thank Chris Street, USDA–ARS Southeast Area, Biological 
Science Technician, for his assistance in maintaining plots and 
collecting data for the test. This research was funded by the 
USDA–ARS Project no. 6402-21220-011-00D and the USDA. 
Mention of trade names or commercial products is solely for the 
purpose of providing specific information and does not imply rec-
ommendation or endorsement the USDA. The USDA is an equal 
opportunity provider and employer. Support was also provided by 
the Tennessee Soybean Promotion Board (Project no. 15-103-P) 
and from the USDA National Institute of Food and Agriculture 
Hatch Project TEN00248.

reFerenCes

Andales, A.A., W.D. Batchelor, and C.E. Anderson. 2000. Modi-
fication of a soybean model to improve soil temperature 
and emergence date prediction. Trans. ASAE 43:121–129. 
doi:10.13031/2013.2693

Archer, D.W., and D.C. Reicosky. 2009. Economic performance of 
alternative tillage systems in the northern Corn Belt. Agron. J. 
101:296–304. doi:10.2134/agronj2008.0090x

Bastidas, A.M., T.D. Setiyono, A. Dobermann, K.G. Cassman, R.W. 
Elmore, G.L. Graef, and J.E. Specht. 2008. Soybean sowing date: 
The vegetative, reproductive, and agronomic impacts. Crop Sci. 
48:727–740. doi:10.2135/cropsci2006.05.0292

Barham, E.H.B., J.R.C. Robinson, J.W. Richardson, and M.E. Rister. 
2011. Mitigating cotton revenue risk through irrigation, insur-
ance, and hedging. J. Agric. Appl. Econ. 43:529–540.

Boquet, D.J. 1998. Yield and risk utilizing short-season soybean pro-
duction in the mid-southern USA. Crop Sci. 38:1004–1011. 
doi:10.2135/cropsci1998.0011183X003800040020x

Cartter, J., and E.E. Hartwig. 1963. The management of soybeans. In: 
A.G. Norman, editor, The soybean: Genetics, breeding, physi-
ology, nutrition, management. Academic Press, New York. p. 
161–226.

Chavas, J.-P. 2004. Risk analysis in theory and practice. Academic 
Press, San Diego.

Chen, G., and P. Wiatrak. 2010. Soybean development and yield are 
influenced by planting date and environmental conditions in the 
southeastern Coastal Plain, United States. Agron. J. 102:1731–
1737. doi:10.2134/agronj2010.0219

Dalton, T.J., G.A. Porter, and N.G. Winslow. 2004. Risk management 
strategies in humid production regions: A comparison of supple-
mental irrigation and crop insurance. Agric. Resour. Econ. Rev. 
33:220–232.

Darby, H.M., and J.G. Lauer. 2002. Planting date and hybrid influ-
ence on corn forage yield and quality. Agron. J. 94:281–289. 
doi:10.2134/agronj2002.0281

De Bruin, J.L., and P. Pedersen. 2008. Soybean seed yield response to 
planting date and seeding rate in the Upper Midwest. Agron. J. 
100:696–703. doi:10.2134/agronj2007.0115

Egli, D.B., and W.P. Bruening. 2000. Potential of early-maturing 
soybean cultivars in late plantings. Agron. J. 92:532–537. 
doi:10.2134/agronj2000.923532x

Egli, D.B., and P.L. Cornelius. 2009. A regional analysis of response 
of soybean yield to planting date. Agron. J. 101:330–335. 
doi:10.2134/agronj2008.0148

Epplin, F.M., I. Hossain, and E.G. Krenzer, Jr. 2000. Winter wheat 
fall–winter forage yield and grain yield response to planting date 
in a dual-purpose system. Agric. Syst. 63:161–173. doi:10.1016/
S0308-521X(00)00004-4

Federal Reserve Bank of St. Louis. 2013. Gross domestic product: 
Implicit price deflator. Federal Reserve Bank of St. Louis, 
St. Louis, MO. http://research.stlouisfed.org/fred2/series/
GDPDEF/.

Greene, W.H. 2008. Econometric analysis. 6th ed. Prentice Hall, 
Upper Saddle River, NJ.

Hardaker, B.H, J.W. Richardson, G. Lien., and K.D. Schumann. 
2004. Stochastic efficiency analysis with risk aversion bounds: A 
simplified approach. Aust. J. Agric. Resour. Econ. 48:253–270. 
doi:10.1111/j.1467-8489.2004.00239.x

Heatherly, L.G. 1999. Early soybean production system (ESPS). In: 
L.G. Heatherly and H.F. Hodges, editors, Soybean production in 
the Mid-South. CRC Press, Boca Raton, FL. p. 103–118.

Heatherly, L.G., and R.W. Elmore. 2004. Managing inputs for peak 
production. In: H.R. Boerma and J.E. Specht, editors, Soybeans: 
Improvement, production, and uses. Agron. Monogr. 16. 3rd ed. 
ASA, CSSA, and SSSA, Madison, WI. p. 451–536. doi:10.2134/
agronmonogr16.3ed.c10

Hossain, I., F.M. Epplin, and E.G. Krenzer, Jr. 2003. Planting date 
influence on dual purpose winter wheat forage yield, grain 
yield, and test weight. Agron. J. 95:1179–1188. doi:10.2134/
agronj2003.1179

Hu, M., and P. Wiatrak. 2012. Effect of planting date on soybean 
growth, yield, and grain quality: A review. Agron. J. 104:785–
790. doi:10.2134/agronj2011.0382

Kane, M.V., C.C. Steele, and L.J. Grabau. 1997. Early-maturing soy-
bean cropping system: I. Yield responses to planting date. Agron. 
J. 89:454–458. doi:10.2134/agronj1997.000219620089000300
14x

Lauer, J.G., P.R. Carter, T.M. Wood, G. Diesel, D.W. Wiersma, R.E. 
Rand, and M.J. Mlynarek. 1999. Corn hybrid response to plant-
ing date in the Northern Corn Belt. Agron. J. 91:834–839. 
doi:10.2134/agronj1999.915834x

Logan, J., M.A. Mueller, and C.R. Graves. 1998. A comparison of early 
and recommended soybean production systems in Tennessee. J. 
Prod. Agric. 11:319–325. doi:10.2134/jpa1998.0319

Meyer, D.W., and M. Badaruddin. 2001. Frost tolerance of ten seedling 
legume species at four growth stages. Crop Sci. 41:1838–1842. 
doi:10.2135/cropsci2001.1838

Mooers, C.A. 1908. The soybean: A comparison with cowpea. Bull. 82 
Tennessee Agric. Exp. Stn., Knoxville.

National Agricultural Statistics Service. 2014. Quick Stats. USDA–
NASS, Washington, DC. http://quickstats.nass.usda.gov.

Pedersen, P., and J.G. Lauer. 2003. Soybean agronomic response to 
management systems in the Upper Midwest. Agron. J. 95:1146–
1151. doi:10.2134/agronj2003.1146



2262	 Agronomy	 Journa l 	 • 	 Volume	107,	 Issue	6	 • 	 2015

Popp, M.P., T.C. Keisling, R.W. McNew, L.R. Oliver, C.R. Dillion, 
and R.W. Wallace. 2002. Planting date, cultivar, and tillage sys-
tem effects on dryland soybean production. Agron. J. 94:81–88. 
doi:10.2134/agronj2002.0081

Pratt, J.W. 1964. Risk aversion in the small and in the large. Economet-
rica 32:122–136. doi:10.2307/1913738

Richardson, J.W. 2006. Simulation for applied risk management. Staff 
Rep. Dep. of Agric. Econ., Agric. and Food Policy Ctr., Texas 
A&M Univ., College Station.

Richardson, J.W., K.D. Schumann, and P.A. Feldman. 2008. SIM-
ETAR: Simulation for Excel to Analyze Risk. Dep. of Agric. 
Econ., Agric. and Food Policy Ctr., Texas A&M Univ., College 
Station.

Salmeron, M., E.E. Gbur, F.M. Bourland, N.W. Buehring, L. Earnest, 
F.B. Fritschi, et al. 2014. Soybean maturity group choices for early 
and late planting in the Midsouth. Agron. J. 106:1893–1901. 
doi:10.2134/agronj14.0222

SAS Institute. 2004. SAS OnlineDoc 9.1. SAS Inst., Cary, NC.
Soil Survey Staff. 1999. Soil taxonomy: A basic system of soil classifi-

cation for making and interpreting soil surveys. Agric. Handbk. 
436. 2nd ed. U.S. Gov. Print. Office, Washington, DC.

Stanger, T.F., J. Lauer, and J.P. Chavas. 2008. Long-term cropping 
systems: The profitability and risk of cropping systems featuring 
different rotations and nitrogen rates. Agron. J. 100:105–113. 
doi:10.2134/agrojnl2006.0322

Steele, C.C., and L.J. Grabau. 1997. Planting dates for early-maturing 
soybean cultivars. Agron. J. 89:449–453. doi:10.2134/agronj199
7.00021962008900030013x

Thompson, N.M., J.A. Larson, D.M. Lambert, R.K. Roberts, A. Men-
gistu, N. Bellaloui, and E.R. Walker. 2015. Mid-South soybean 
yield and net return as affected by plant population and row spac-
ing. Agron. J. 107:979–989. doi:10.2134/agronj14.0453

University of Tennessee Department of Agricultural and Resource 
Economics. 2014. Field crop budgets. Univ. of Tennessee, Knox-
ville. http://economics.ag.utk.edu/budgets.html.

USDA Risk Management Agency. 2014a. 2013 Tennessee crop insur-
ance profile. RMA, Jackson Regional Office, Flowood, MS. 
http://www.rma.usda.gov/pubs/2014/stateprofiles/tennessee13.
pdf.

USDA Risk Management Agency. 2014b. Cost estimator. RMA, 
Washington, DC. https://ewebapp.rma.usda.gov/apps/costesti-
mator/Default.aspx.

Varner, B.T., F.M. Epplin, and G.L. Strickland. 2011. Economics of 
no-till versus tilled dryland cotton, grain sorghum, and wheat. 
Agron. J. 103:1329–1338. doi:10.2134/agronj2011.0063

Walker, E.R., A. Mengistu, N. Bellaloui, C.H. Koger, R.K. Rob-
erts, and J.A. Larson. 2010. Plant population and row-spacing 
effects on Maturity Group III soybean. Agron. J. 102:821–826. 
doi:10.2134/agronj2009.0219

Williams, J.R., R.V. Llewelyn, D.L. Pendell, A. Schlegel, and T. Dum-
ler. 2010. A risk analysis of converting Conservation Reserve 
Program acres to a wheat–sorghum–fallow rotation. Agron. J. 
102:612–622. doi:10.2134/agronj2009.0142

Wilson, W., C. Gustafson, and B. Dahl. 2009. Crop insurance in malt-
ing barley: A stochastic dominance analysis. Agric. Finance Rev. 
69:98–112. doi:10.1108/00021460910960499


