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ABSTRACT Waterfowl frequently acquire high-energy agricultural seeds in harvested and unharvested croplands during migration and

winter. Estimates of agricultural seed biomass in harvested and unharvested corn, soybean, and grain sorghum fields do not exist or are outdated

for the southeastern United States. Therefore, we estimated seed biomass in 105 harvested and 59 unharvested corn, soybean, and grain

sorghum fields across 4 climate regions in Tennessee, USA, from September through January 2006 and 2007. We also used estimates of seed

biomass to calculate duck-energy days (DEDs) in December and January when migratory waterfowl abundance peaks in the southeastern

United States. Mean biomass of corn, soybean, and grain sorghum seed in harvested fields declined 239 kg/ha to 39 kg/ha, 118 kg/ha to 26 kg/

ha, and 392 kg/ha to 19 kg/ha, respectively, from postharvest to January. Continuous monthly rates of decline were 64% for corn, 84% for

soybean, and 74% for grain sorghum. Agricultural seed biomass in harvested corn and grain sorghum fields dropped below the waterfowl

giving-up density (i.e., 50 kg/ha) in 3 months; soybean dropped below this threshold 1 month postharvest. Mean DEDs/ha in harvested corn,

soybean, and grain sorghum fields were low (274, 90, and 27, respectively) in January, and DEDs were zero in .85% of fields. In unharvested

corn, soybean, and grain sorghum fields, mean DEDs/ha in January were high (69,000, 18,000, and 26,000, respectively), and continuous rates

of decline (3%, 7%, and 18%, respectively) were much lower than for harvested crops. Waterfowl biologists in the Southeast should use our

estimates of agricultural seed biomass in DED calculations. We also recommend that biologists provide unharvested grain fields and natural

wetlands for migrating and wintering waterfowl because seed resources are low in harvested agricultural fields.

KEY WORDS agriculture, carrying capacity, cropland, duck-use day, energy, foraging, seed, Tennessee, waste grain, waterfowl.

North American waterfowl populations declined to record
lows in the mid-1980s, prompting enactment of the North
American Waterfowl Management Plan (NAWMP; U.S.
Department of the Interior and Environment Canada
[1986]). The NAWMP functions through regional joint
ventures that focus on conserving, restoring, and managing
habitat to maintain waterfowl populations at levels existing
during the 1970s (U.S. Department of the Interior and
Environment Canada 1986). To evaluate if NAWMP goals
are being met, biologists annually estimate the number of
nonbreeding waterfowl that can be sustained energetically in
migrating and wintering regions of North America. The
standard procedure for this evaluation is calculation of duck-
energy days (DEDs). Duck-energy days are equivalent to
duck-use days in Reinecke and Loesch (1996) and require
accurate estimates of available food for waterfowl (Reinecke
et al. 1989).

Many waterfowl species have adapted to historic
increases in cropland and feed commonly on agricultural
seeds (Baldassarre and Bolen 1984, Delnicki and Reinecke
1986, Combs and Fredrickson 1996). Waterfowl also
consume natural foods including moist-soil seeds, tubers,
acorns (Quercus spp.), and aquatic invertebrates (Reinecke
et al. 1989). Generally, agricultural seed contains greater
true metabolizable energy than moist-soil seed or acorns
(Petrie et al. 1998, Checkett et al. 2002, Kaminski et al.

2003). In addition, yield per unit area for agricultural
crops is greater than for wetland plants (Kross et al.
2008b, National Agricultural Statistics Service [NASS]
2008). Thus, biologists frequently incorporate agricultural
fields into management of migratory waterfowl (Reinecke
et al. 1989).

To calculate DEDs in agricultural fields, waterfowl
managers generally used seed biomass data in Reinecke et
al. (1989). However, contemporary studies conducted in rice
fields suggest these earlier estimates are greater than seed
biomass that is currently available in harvested fields
(Manley et al. 2004, Stafford et al. 2006, Kross et al.
2008a). Decreased rice biomass may be attributable to
earlier harvest dates, which increase exposure time for seed
loss, and to advances in combine harvest efficiency (Manley
et al. 2004, Stafford et al. 2006).

Similar to rice, estimates for corn, soybean, and grain
sorghum in Reinecke et al. (1989) may be greater than what
is currently available. Estimates of seed biomass in harvested
fields for these crops are from studies conducted in Illinois,
Nebraska, or Texas, USA, during the 1980s (Reinecke et al.
1989). Two of the above studies were conducted in the
northern United States, which differs in climate from the
southeastern United States where most North American
waterfowl spend winter. Additionally, few estimates exist for
seed biomass in unharvested croplands managed for
waterfowl. Biologists have assumed that 15–20% of
unharvested crop is lost to decomposition and granivory1 E-mail: mgray11@utk.edu
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before waterfowl arrive (U.S. Fish and Wildlife Service
[USFWS] 2005), but this assumption has not been tested.

Contemporary estimates of available corn, soybean, and
grain sorghum are needed for the southeastern United States
because 1) previous estimates may be unreliable due to
advances in harvesting technology and yields, 2) most
published estimates are not from the Southeast, 3) estimates
of seed loss in unharvested fields are based on untested
assumptions, and 4) estimates of rate of seed loss in harvested
fields for these crops do not exist. Given uncertainty in the
amount of corn, soybean, and grain sorghum in agricultural
fields available for waterfowl in the southeastern United
States, our objective was to estimate biomass of these seeds in
harvested and unharvested fields. We also sought to model
rate of seed loss using exponential decay functions.

STUDY AREA

We conducted our study on federal, state, and private lands
across the 4 climate regions of Tennessee, USA (35u159–
36u599N and 82u219–90u049W; U.S. Department of Com-
merce 1968; Fig. 1), from autumn through early winter
2006 and 2007. We sampled on the 10,820-ha Duck River
Unit of Tennessee National Wildlife Refuge (NWR) near
New Johnsonville, Tennessee. We sampled 4 corn and 4
soybean fields on Tennessee NWR in 2006 and 2007 that
were harvested in a strip-split-plot design (Montgomery
2000). Each field contained 2 harvested and 2 unharvested
0.202-ha plots, totaling 16 plots each for corn and soybean
per year. We also sampled 4 grain sorghum fields in 2006,
but these were not harvested because the farmer decided not
to sell the crop. Four sorghum fields also were planted in
2007, but drought decimated the crop (National Climactic
Data Center [NCDC] 2008).

We also sampled agricultural fields on state and private
lands that were not flooded, disked, or replanted posthar-
vest. Approximately 50% of the fields per region were
located on state land and 50% on private land. Corn and
soybean production occurs statewide in Tennessee (NASS
2008). Thus, we sampled 4 harvested corn and soybean
fields in each region and year. Grain sorghum production
occurs primarily in western Tennessee (NASS 2008).
Therefore, we limited sampling of harvested grain sorghum
to this region and sampled 5 fields on private land each year.
Additionally, we sampled 4 unharvested cornfields in 3
regions (W, middle, and E TN) on state wildlife
management areas (n 5 12/yr).

METHODS

In each field on federal, state, and private land, we randomly
located 0.202-ha plots L10 m from field edges to reduce
possible bias due to edge effects. For each plot, we randomly
selected and sampled 3 subplots monthly from immediately
postharvest (i.e., within 3 weeks) through January 2006 and
2007. Month of harvest (Sep–Dec) varied among fields. We
based dimensions of subplots on sampling protocol for
harvested corn fields (Frederick et al. 1984). We collected
whole or partially intact corn, soybean, and grain sorghum
seeds by hand in a 0.3 3 4.57-m subplot oriented with
width perpendicular to crop rows. For corn and grain
sorghum fields, this subplot was contained within an 8.84 3

4.57-m subplot, where we collected seed aggregates (i.e.,
corn ears containing .10 seeds or sorghum seed heads
.5 cm in length; Frederick et al. 1984). We did not collect
soybeans in a larger subplot because the seeds are not
contained in dense aggregates. We also collected corn,
soybean, and grain sorghum seed from 0.3 3 4.57-m
subplots in unharvested plots following plant drydown (i.e.,
seed ,25% moisture; Nielsen 2005). Month of drydown
(Sep–Dec) varied among fields. We removed all seed on
stalks and also collected any whole or partial agricultural
seed on the ground.

We threshed seed from seed heads, removed chaff, froze
samples at 220u C within 1 week after field collection and
dried all samples to constant biomass. Drying durations and
temperatures were 72 hours at 90u C for soybeans and grain
sorghum and 48 hours at 103u C for corn. We weighed
dried seed to the nearest 0.01 g.

Statistical Analyses
Two experimental fields were inadvertently mowed or
disked; hence, we deleted these fields from our analyses.
Overall, we analyzed data from 68 plots on federal land (i.e.,
16 corn 3 2 yr + 16 soybean 3 2 yr + 4 grain sorghum) and
96 fields on state and private land (i.e., 16 harvested corn 3

2 yr + 16 harvested soybean 3 2 yr + 5 harvested grain
sorghum in 2006 + 4 harvested grain sorghum in 2007 + 11
unharvested corn in 2006 + 12 unharvested corn in 2007).
We performed all analyses using the SASH system (SAS
Institute, Cary, NC) at a 5 0.05.

We used a 2-way repeated measures analysis of variance
(ANOVA) with Huynh–Feldt correction to test for
differences in biomass of seed in 0.202-ha plots among
months and between years (PROC GLM; SAS Institute
1999). The month effect was number of months postharvest
for harvested fields and number of months postdrydown for
unharvested fields. We tested for differences in biomass
among 0–3 months postharvest for corn and among 0–2
months postharvest for grain sorghum and soybean. For
unharvested fields, we tested for differences in biomass
among 0–3 months postdrydown for corn and grain
sorghum and among 0–2 months postdrydown for soybean.
The SASH procedure PROC GLM requires a balanced
design for repeated-measures ANOVA and deletes obser-
vations (i.e., fields) that do not have a response for all
months (SAS Institute 1999). Because fields were harvested

Figure 1. Four climate regions of Tennessee, USA (U.S. Department of
Commerce 1968, Redmond and Scott 1996). Circles and diamonds indicate
locations of fields sampled for agricultural seed on private and state land,
respectively. The Tennessee National Wildlife Refuge (star) is where fields
on federal land were located, September–January 2006 and 2007.
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or drydown occurred during different months, 6 fields for
harvested corn and soybean and one unharvested cornfield
were deleted. We also removed one harvested cornfield,
because distribution analyses suggested it was an influential
outlier (i.e., studentized residual .3; Myers 1990). We
included a month 3 year interaction term in the repeated-
measures ANOVA and performed analyses by year when the
interaction was significant. Because we did not sample
unharvested grain sorghum plots in 2007, we did not include
interaction and year effects in this analysis. When ANOVAs
were significant, we used Tukey’s Honestly Significant
Difference test for pair-wise comparisons of effect levels
(SAS Institute 1999). We also modeled the rate of seed loss
in 0.202-ha plots among months postharvest or postdry-
down using exponential decay functions (PROC NLIN;
SAS Institute 1999). We used all data, except the influential
outlier, for these analyses. When we detected a year effect in
the repeated-measures ANOVA, we constructed separate
exponential models for each year.

We calculated means and standard errors for seed biomass
(kg/ha) and DEDs for December and January estimates for
harvested and unharvested corn, soybean, and grain
sorghum using all of our data except the influential outlier.
We calculated December estimates because it represents the
month when substantial numbers of waterfowl begin
arriving at southern latitudes in the United States. We
calculated January estimates because it is the month when
waterfowl numbers generally peak in the Mississippi
Alluvial Valley and conservation agencies conduct mid-
winter inventories of waterfowl (Pearse et al. 2008; R.
Wheat, United States Fish and Wildlife Service, unpub-
lished data).

RESULTS

Available Seed Postharvest and Postdrydown
Month and year effects interacted for harvested corn (F3,114

5 5.7, P 5 0.01). Biomass of harvested corn decreased with
increasing time postharvest in 2006 and 2007 (F3,51

L

16.6,
P , 0.001), but monthly patterns of decline differed
between years (Table 1). We did not detect differences in
corn biomass in harvested fields between years for any
month postharvest (F1,44

M

2.8, P

L

0.10). Biomass of seed
in harvested soybean fields differed among months post-
harvest (F2,80 5 69.8, P , 0.001) but not between years
(F1,40 5 0.19, P 5 0.66). Soybean biomass immediately
postharvest was 3–4 times greater than 1 or 2 months
postharvest (Table 1). We detected a marginal difference in
biomass of grain sorghum among months postharvest (F2,14

5 4.9, P 5 0.05), but we did not detect any pair-wise
differences among months (Table 1). We also did not detect
differences in grain sorghum biomass in harvested fields
between years (F1,7 5 1.3, P 5 0.29).

Exponential decay functions for corn, soybean, and grain
sorghum explained 46–66% of the variation in the rate of
seed loss in harvested fields (P , 0.001; Table 2). Our
models predicted a continuous rate of seed loss between 64%
and 84% for corn, soybean, and grain sorghum among
consecutive months postharvest. For corn and grain T
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sorghum, our models predict that seed biomass will drop
below 50 kg/ha (i.e., food density at which waterfowl
abandon feeding sites [giving-up density]; Reinecke et al.
1989, Rutka 2004) within 3 months postharvest (Fig. 2).
For soybean, our models predict that seed biomass will drop
below 50 kg/ha within 1 month postharvest (Fig. 2).
Exponential decay functions for corn, soybean, and grain
sorghum also explained variation in the rate of seed loss in
unharvested fields (R2 5 0.63–0.98, P , 0.001; Table 2).
Our equations predicted a continuous rate of seed loss 0.3–
18% among consecutive months postdrydown (Table 2).

Biomass of corn in unharvested fields differed among
number of months postdrydown (F3,108 5 4.2, P , 0.001),

but we did not detect any pair-wise differences between
months (Table 1). Unharvested corn biomass was 2 times
greater (F1,36 5 15.8, P , 0.001) in 2006 (x̄ 5 8,419 kg/ha,
SE 5 389) than in 2007 (x̄ 5 4,686 kg/ha, SE 5 325). We
did not detect differences in biomass of seed in unharvested
soybean fields among months postdrydown (F2,28 5 0.43, P
5 0.65; Table 1). Similar to corn, biomass of unharvested
soybeans differed between years (F1,14 5 462.3, P , 0.001),
with biomass in 2006 (x̄ 5 3,909 kg/ha, SE 5 127) 9 times
greater than in 2007 (x̄ 5 420 kg/ha, SE 5 68). Biomass of
grain in unharvested grain sorghum fields did not differ
among months postdrydown (F3,9 5 6.4, P 5 0.08;
Table 1).

Duck-Energy Days
In December 2006 and 2007, mean corn and soybean
biomass was ,100 kg/ha and the greatest seed biomass (x̄ 5

156 kg/ha) was in harvested grain sorghum fields (Table 3).
By January, there was a 48%, 42%, and 88% decrease in
biomass of corn, soybean, and grain sorghum in harvested
fields, respectively. January biomasses equated to 274
DEDs/ha, 90 DEDs/ha, and 27 DEDs/ha for corn,
soybean, and grain sorghum, respectively (Table 3). Ap-
proximately 55% of harvested cornfields in December and
87% in January contained ,50 kg/ha of seed. Similarly, 71%
of harvested soybean fields in December and 85% in January
contained ,50 kg/ha of seed. Finally, 33% of harvested
grain sorghum fields in December and 89% of fields in
January contained ,50 kg/ha of seed.

Seed biomass and DEDs remained high in unharvested
corn, soybean, and grain sorghum fields in December and
January (Table 3). Unharvested corn, soybean, and grain
sorghum fields provided 12%, 9%, and 27% fewer DEDs in
January than in December, respectively (Table 3). Five and
10% of unharvested cornfields in December and January,
respectively, contained ,50 kg/ha of agricultural seed.
Unharvested soybean and grain sorghum fields always
contained .50 kg/ha of seed in December and January.

DISCUSSION

Available Seed Postharvest and Postdrydown
Mean biomass of corn, soybean, and grain sorghum seed
immediately postharvest in Tennessee was 239 kg/ha,
118 kg/ha, and 392 kg/ha, respectively. Available seed
postharvest in cornfields has decreased since the late 1970s
and mid-1980s when average postharvest biomass in areas of

Figure 2. Predicted biomass of seed for waterfowl in harvested (a) corn,
(b) soybean, and (c) grain sorghum fields in Tennessee, USA, 2006–2007.
Error bars represent standard error about the mean, and dashed lines are
upper and lower 95% confidence intervals for the model.

Table 2. Exponential decay functions relating biomass (kg/ha) of seed (BMASS) for waterfowl in agricultural fields to number of months postharvest
(TIME), Tennessee, USA, 2006 and 2007.

Crop Manipulation Yra n Model F R2

Corn Harvested ND 189 BMASS 5 241.1 3 e (20.637 3 TIME) 95.5 0.51
Soybean Harvested ND 159 BMASS 5 116.2 3 e (20.844 3 TIME) 155.1 0.66
Grain sorghum Harvested ND 35 BMASS 5 369.8 3 e (20.737 3 TIME) 13.8 0.46
Corn Unharvested 2006 85 BMASS 5 8,621.5 3 e (20.003 3 TIME) 323.8 0.89

2007 86 BMASS 5 5,081.8 3 e (20.051 3 TIME) 101.1 0.71
Soybean Unharvested 2006 32 BMASS 5 4,018.8 3 e (20.029 3 TIME) 606.4 0.98

2007 24 BMASS 5 468.0 3 e (20.113 3 TIME) 18.8 0.63
Grain sorghum Unharvested 2006 16 BMASS 5 4,034.9 3 e (20.183 3 TIME) 80.3 0.92

a ND 5 no difference between yr by repeated-measures analysis of variance.
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the Midwest and Texas ranged 312–353 kg/ha (Baldassarre
et al. 1983, Warner et al. 1989, Krapu et al. 2004). Similarly,
soybean biomass in harvested fields (118 kg/ha) was 30%
less than estimates from Illinois in the early 1980s (i.e.,
172 kg/ha; Warner et al. 1989). No past estimates of
postharvest grain sorghum were available for comparison.
However, Iverson et al. (1985) reported average grain
sorghum biomass in harvested fields was 292 kg/ha in
January, which was 15 times greater than our January
estimate (19 kg/ha). Despite increased crop yields since the
1980s (NASS 2008), improvements in harvesting technol-
ogy may be resulting in less grain deposited by combines,
hence available for waterfowl (Krapu et al. 2004, Manley et
al. 2004).

Our estimate of corn biomass immediately postharvest in
Tennessee (239 kg/ha) was comparable to recent postharvest
estimates from Nebraska (i.e., 177 kg/ha and 254 kg/ha;
Krapu et al. [2004]) and Ontario, Canada (i.e., 188 kg/ha;
Barney 2008). Additionally, Frederick et al. (1984) reported
no differences in abundance of corn postharvest existed
among study sites in Texas, Nebraska, and Iowa, USA.
Thus, grain estimates immediately postharvest from our
study, Krapu et al. (2004), and Barney (2008) seem
consistent over large geographic areas.

Biomass of agricultural seed declined rapidly following
harvest. Seed in harvested corn and grain sorghum fields
averaged 68 kg/ha and 63 kg/ha, respectively, by 2 months
postharvest and dropped below 50 kg/ha in 3 months.
Soybean biomass declined below 50 kg/ha only 1 month
postharvest. Similarly, postharvest rice biomass in the Lower
Mississippi Alluvial Valley declined from 271 kg/ha to
78 kg/ha between harvest and late November–early
December (Stafford et al. 2006). Given high rates of seed
loss following harvest and peak waterfowl abundance in
January (Pearse et al. 2008; R. Wheat, unpublished data),
our results suggest that harvested agricultural fields in the
southeastern United States provide limited food resources
for migrating and wintering waterfowl.

We characterized loss of agricultural seed in our fields
using an exponential decay function. For corn and soybean,
our rates of decline were faster than those documented
farther north. Studies in Illinois, Nebraska, and Ontario
reported that 55–67% of corn in harvested fields was lost
from late autumn to early spring (Warner et al. 1989;

Barney 2008; M. H. Sherfy, United States Geological
Survey, unpublished data). Warner et al. (1989) also
reported that 85% of soybean seeds in harvested fields were
lost from late autumn to early spring in Illinois. These
results correspond to continuous monthly loss rates of 19–
22% for corn and 38% for soybean, which is 2–3 times
slower than seed loss in our harvested fields. Differences in
rate of seed loss among these studies and ours likely are due
to climatic differences between southern and northern
regions of the United States. Seeds rapidly deteriorate in
the subtropical climate of the southeastern United States
(Stafford et al. 2006, Foster 2009). Given that Tennessee is
located north of most states in the Southeast, our estimates
of seed mass in harvested corn, soybean, and grain sorghum
fields probably are liberal for this region. Further, our
estimates of seed mass are for harvested fields without
postharvest treatment (e.g., grazing, tilling), which can
reduce seed abundance in harvested fields by 73–100%
(Frederick and Klaas 1982, Baldassarre et al. 1983, Iverson
et al. 1985, Warner et al. 1985).

Average biomass of corn, soybean, and grain sorghum
immediately postdrydown in unharvested fields was
6,924 kg/ha, 2,240 kg/ha, and 4,109 kg/ha, respectively.
Our values are similar to estimates from unharvested
cornfields in Illinois (5,008 kg/ha; J. Stafford, Illinois
Natural History Survey, unpublished data), and statewide
average yields for corn, soybean, and grain sorghum in
Tennessee (7,767 kg/ha, 1,917 kg/ha, and 5,548 kg/ha,
respectively; NASS 2008). Conservation planners assume
about a 15–20% loss of agricultural seed biomass in
unharvested fields before the arrival of waterfowl (USFWS
2005). Assuming an average duration of 2 months between
crop drydown and the arrival of waterfowl, our exponential
decay models predict about a 5%, 13%, and 30% loss of seed
in unharvested corn, soybean, and grain sorghum fields.
Thus, for our study, the 15–20% seed-loss assumption in
unharvested fields under- or overestimated biomass de-
pending on crop type, with the greatest loss rates in grain
sorghum fields. Unharvested grain sorghum may experience
greater loss than other crops because of depredation by other
wildlife. In particular, blackbirds (Agelaius spp., Euphagus

spp.) and sparrows (Passeriformes: Emberizidae) may
substantially reduce available seed in grain sorghum fields
(Atkeson and Givens 1952, Neely and Davison 1971).

Table 3. Biomass of agricultural seeds (kg/ha) for waterfowl and duck-energy days (DEDs) in harvested and unharvested fields in December and January
2006–2007, Tennessee, USA.

Crop Manipulation

Month

Dec Jan

Biomass DEDs/ha Biomass DEDs/ha

n x̄ SE x̄ SE x̄ SE x̄ SE

Corn Harvested 47 75 14 522 160 39 12 274 131
Soybean Harvested 48 45 8 164 55 26 6 90 39
Grain sorghum Harvested 9 156 83 1,381 970 19 7 27 27
Corn Unharvested 39 6,260 591 78,079 7,416 5,539 568 69,056 7,125
Soybean Unharvested 16 2,190 439 19,423 3,987 1,998 452 17,675 4,101
Grain sorghum Unharvested 4 3,051 601 35,874 7,183 2,243 766 26,212 9,155
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Biomass of unharvested corn and soybean was 2 and 9
times greater, respectively, in 2006 compared to 2007. Seed
production in unharvested grain sorghum fields was zero in
2007. Reduction in seed yield in 2007 was likely a result of
drought conditions in the southeastern United States
(NCDC 2008). Rainfall deficits between May and August
2007 ranged from 23 cm to 38 cm throughout Tennessee
(Fielder 2007), and the entire state was classified as
experiencing extreme or exceptional drought (i.e., D3–D4;
Heddinghaus 2007). Decreased yields in some of our
unharvested cornfields were exacerbated by subsequent
wildlife depredation. We observed substantial damage due
to foraging by white-tailed deer (Odocoileus virginianus) and
sandhill cranes (Grus canadensis), such that 4 unharvested
cornfields contained ,50 kg/ha in 2007. Fielder (2007)
estimated that 30–70% of planted agricultural crops in
Tennessee failed in 2007.

Duck-Energy Days
Seed biomass estimates were .50 kg/ha in harvested corn
and grain sorghum fields in December, with fields providing
an average of 522 DEDs/ha and 1,381 DEDs/ha,
respectively. Our DED estimates in December for harvested
corn and grain sorghum were 85% and 52% lower,
respectively, than those reported by Reinecke et al. (1989).
Mean seed biomass was ,50 kg/ha for soybean in
December and for all crops in January. In January, DEDs
were functionally zero in .85% of our agricultural fields.
Thus, harvested agricultural fields in the southeastern
United States provide limited amounts of food to North
American waterfowl.

Unharvested corn, soybean, and grain sorghum fields can
provide substantial seed biomass (.2,000 kg/ha). Unhar-
vested corn has the capability of energetically supporting the
greatest number of waterfowl followed by grain sorghum
(69,056 DEDs/ha and 26,212 DEDs/ha in Jan, respective-
ly). We do not recommend planting soybeans for waterfowl
because unharvested soybeans provided the least amount of
energy (17,675 DEDs/ha in Jan), and esophageal impaction
by soybeans can cause waterfowl mortality under dry
ambient conditions (Durant 1956, Jarvis 1969).

Our estimates for available agricultural seed in harvested
and unharvested fields can be used to calculate DEDs in the
southeastern United States by multiplying field area by our
DEDs/ha values (Table 3). Given that we sampled 164
fields across 4 climate and several physiographic regions in
Tennessee spanning approximately 450 longitudinal miles,
our estimates of seed mass likely are robust for the
southeastern United States. Our estimates are probably
most representative for southeastern states at the same
latitude as Tennessee. For states south of Tennessee, our
estimates may be liberal because moisture and temperature
typically are greater closer to the Gulf of Mexico, which can
accelerate seed loss (Foster 2009).

MANAGEMENT IMPLICATIONS

Waterfowl conservation efforts should continue to focus on
providing high-energy unharvested crops in addition to

natural (e.g., moist-soil) wetlands on public and private
lands (Kross et al. 2008a, b). We recommend that biologists
in the Southeast use our January biomass and DED
estimates (Table 3), because seed biomass declined rapidly
between December and January when waterfowl numbers
peak. Given between-year differences in unharvested seed
biomass that we documented, biologists might consider
using our equations (Table 2) to predict available biomass.
For more accurate estimates, yield data from combines that
harvest adjacent fields or annual commercial yields from the
NASS could be substituted for our intercepts (Table 2) and
the equations solved.
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