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F looding of agricultural lands after 
a natural or human-induced levee 
breach can have large and persis-

tent effects on soils, crop productivity, and 
water quality, with negative economic, 
social, and ecological consequences. Many 
US water management strategies associ-
ated with levee-protected agricultural 
systems are dominated by policies that 
focus on engineered solutions designed to 
minimize short-term risk of flooding and 
breaching while overlooking resilience 
of the agroecosystem as a whole (Mor-
ton and Olson 2014; Park et al. 2013). A 
federal damage assessment of the effects 
of levee breaches and flooding on public 
and agricultural lands is needed each time 
a levee fails. Most federal damage assess-
ments only include the levee itself and the 
adjacent crater lakes, gullies, and sand del-
taic deposits but not the remaining flooded 
areas. Land scouring, sediment deposition 
in drainage and road ditches, and soil pro-
ductivity loss are the most severe damages 
to soils on agricultural lands. 

Levee breaches on the Mississippi River 
in the US interior have occurred since 
the Great Flood of 1927 (Barry 1997). 
The Flood of 2011 (Camillo 2012) on 
the Mississippi River well illustrates the 
impacts of flooding and levee breach-
ing on agricultural soil conditions and 
productivity. The area of study for this 
paper is a 78 ha (195 ac) field on O’Bryan 
Ridge (35°51’09” N, 89°11’03” W) 
owned by Levee District Number 3 that 

was impacted when the US Army Corps 
of Engineers (USACE) opened the New 
Madrid Floodway in Missouri by induc-
ing a breach in the Birds Point fuse plug 
levee on May 2, 2011 (figure 1). An unin-
tended conversion of agricultural land to 
wetlands and ponds occurred within the 
land scoured bottomlands (figures 2 and 
3) in the O’Bryan Ridge field. These gully 
lands have since been partially regraded 
and reshaped in an effort to return the 
agricultural land to production.

The dramatic changes in land use from 
levee breaching demonstrate the need for 
a land scouring and deposition survey, an 
updated soil survey, and a soil and water 
conservation plan to reduce further soil 
loss and gully formation on reclaimed 
lands. An updated soil survey map with 
eroded and deposition phases of previ-
ously existing soils and new soil series can 
be used to estimate and compare the crop 
yields and production levels before levee 
breaching and after gully field creation and 
to guide the periodic reshaping and res-
toration of the gully fields. Further, gully 

fields within the New Madrid Floodway 
are likely to remain vulnerable to the 
next induced levee breach and subsequent 
flooding if a revised plan to protect the 
area is not developed.

GULLY FIELDS ON O’BRYAN RIDGE IN 
NEW MADRID FLOODWAY

On May 2, 2011, the Cairo flood gage 
reached a record 18.7 m (61.7 ft), and for 
the first time in 74 years, at 10:00 p.m. 
the USACE opened the New Madrid 
Floodway (figure 1) using 240 t (265 tn) 
of trinitrotoluene (TNT). Approximately, 
2 km (1.2 mi) of the fuse plug was blown 
up simultaneously in six places in the 
front line levee with one-fourth of the 
Mississippi River entering the 56 km 
(35 mi) long and 6.4 to 16 km (4 to 10 
mi) wide New Madrid Floodway. The 
Mississippi River floodwaters were 4 
m (13.2 ft) above the base of the Birds 
Point fuse plug levee and adjacent bot-
tomlands when the human-induced 
breach occurred. After the Floodway was 
opened, the floodwaters poured through 
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Figure 1
Location of O’Bryan Ridge gully fields in New Madrid Floodway. Map created by 
Mic Greenberg.

Missouri

Legend N

Kentucky

Illinois

Floodway

Interstate highway

City or village

County seat

Levee
Blast site
Drainage ditches

4 km

Rivers

Roads

Charleston

Wyatt

East
Prairie

Anniston

Wilson City

Mississippi
County

O'Bryan 
Ridge
study 
site

Birds Point

Cairo

Floodway

Latitude 37°0'

Longitude 8°7'30"

1

C
opyright ©

 2015 Soil and W
ater C

onservation Society. A
ll rights reserved.

 
w

w
w

.sw
cs.org

 70(1):5A
-11A

 
Journal of Soil and W

ater C
onservation

http://www.swcs.org


6A JOURNAL OF SOIL AND WATER CONSERVATIONJAN/FEB 2015—VOL. 70, NO. 1

the levee breach and dropped onto the 
protected bottomlands creating a crater 
and then spread out into the 8 km (5 mi) 
wide Floodway. Since the Floodway was 
four times wider than the induced levee 
breach, the water level quickly dropped by 
a factor of four to an approximate average 
1 to 2 m (3.3 to 6.6 ft) depth, depending 
on the elevation of the bottomland sur-
face. The drainage ditches and road ditches 

had a greater depth of water (Olson and 
Morton 2012a).

By the time the leading edge of the 
floodwater reached the widest part of the 
Floodway, the water had traveled approx-
imately 16 km (10 mi), and the average 
depth was further reduced by a factor of 
two to approximately 0.5 to 1 m (1.7 to 
3.3 ft). As the water from the induced 
breach flowed south 32 km (20 mi), it 
merged with Mississippi River flood-

water that had backed up into the lower 
third of the Floodway through the open 
gap between the frontline and set back 
levee at New Madrid. As a result, there 
was little land scouring in the southern 
part of the Floodway. 

The floodwater eventually covered 
53,200 ha (133,000 ac). Along the way, 
80 farmsteads and homes were inundated 
by 1 m (3.3 ft) of floodwater and severely 
damaged. The floodwaters ponded in front 
of O’Bryan Ridge, an old Mississippi 
River meander bank or natural levee, 
which was about 2 to 2.5 m (6.6 to 8.3 ft) 
higher than the alluvial bottomlands and 
approximately 10 km (6 mi) long and 1 
km (0.6 m) wide. Once the ponded flood-
water reached 2 to 2.5 m (6.6 to 8.3 ft), 
the water began to flow rapidly over the 
soybean (Glycine max L.) field on O’Bryan 
Ridge. As the floodwater dropped off the 
ridge it concentrated in old drainage areas 
and waterways (figures 3 and 4), cut gullies 
into the alluvial bottomland (Sharkey soils) 
on the west side of O’Bryan Ridge due to 
hydraulic jumping, and created canyon-
sized gullies (figure 3) up to 1 km (0.6 mi) 
in length through the entire width of the 
ridge (Olson and Morton 2012a). 

Three major gully fields were cre-
ated on O’Bryan Ridge as a result of the 
induced breach (Londono and Hart 2013; 
Goodwell et al. 2014).Two of the gully 
fields were reclaimed in 2011 and 2012 
by the land owners. In this paper we focus 
on the third major gully field (figures 2, 
3, and 4) to assess the effects of gullies on 
soil properties, soils, soil productivity, land 
use change, and agricultural production. 
This gully field was located 8 km (5 mi) 
away from the Birds Point levee breach 
and apparently did not qualify as a prior-
ity area identified by USACE as needing 
immediate restoration and repairs. All the 
priority areas including levee, crater lakes, 
and roads were restored by the fall of 2012. 

The disastrous consequences of severe 
erosion from the induced breach were 
probably not anticipated by landowners 
since the Floodway had not been used 
since 1937 (or in most landowners’ life-
times). The bottom of the trenches eroded 
more than 1 m (3.3 ft) below the bottom-
land surface (figure 4) and 3.6 m (12 ft) 
below the surface of the O’Bryan Ridge 

Figure 2
June 15, 2011, land scouring of the bottomland located below the gully fields.

Figure 3
May of 2011 aerial view of O’Bryan Ridge gully fields.

C
opyright ©

 2015 Soil and W
ater C

onservation Society. A
ll rights reserved.

 
w

w
w

.sw
cs.org

 70(1):5A
-11A

 
Journal of Soil and W

ater C
onservation

http://www.swcs.org


7AJAN/FEB 2015—VOL. 70, NO. 1JOURNAL OF SOIL AND WATER CONSERVATION

(Londono and Hart 2013; Goodwell et al. 
2014). A channel was created 1 km (0.6 
mi) from west to east (figure 3), which 
undercut the gravel road (County Road 
[CR] 310) and extended into the wooded 
bottomland border area. A series of can-
yon-sized gullies cut into the O’Bryan 
Ridge in a dendritic pattern (figure 3). 
Some did not cross the entire 1 km (0.6 
mi) ridge. Other gullies cut through the 
tree line on the south side of the gully 
field, dissected CR 312 on the south of 
O’Bryan Ridge, and nearly reached a sec-
tion of the adjacent frontline levee. The 
gullies between CR 312 and frontline 
levee did qualify as a USACE priority area 
and were reclaimed in fall of 2011 and 
spring of 2012.

CROPS AND VEGETATION ON O’BRYAN 
RIDGE AFTER FLOODING

The O’Bryan Ridge field with slightly 
eroded soils (figure 5a) had been planted to 
soybeans in 2010. It was returned to soy-
bean production by July of 2011, but 24 ha 
(60 ac) of the 78 ha (195 ac) field could 
not be farmed as a result of the deep gullies 
(figures 3 and 5b). Farm equipment had to 
be kept back from the 3.6 m (12 ft) high 
vertical edges of the gullies, and the land 
between the gullies could not be culti-

vated (Olson and Morton 2012a). In June 
of 2011, the farmers needed access to their 
fields and USACE had to get to their levees 
for maintenance, so CR 310, on the east 
side of the gully field, was reconstructed by 
partially filling in a 3.6 m (12 ft) deep and 
33 to 55 m (100 to 160 ft) wide gully (fig-
ures 3 and 4). The field was again planted 
to soybeans in 2012, 2013, and 2014. No 
attempt was made to reclaim the gully fields 
until the spring of 2013, or two years after 
Floodway use by USACE. 

Ponds and herbaceous wetlands spon-
taneously developed in the gullies by 
2013. The ponds that formed in the gully 
bottoms were 1 m (3.3 ft) below the first 
bottomlands and 3.6 m (12 ft) below the 
ridgetops. These deep gullies trapped 
water as well as whatever nutrients, pollut-
ants, and contaminants the waters carried. 
The ponds and wetlands were partially 
filled in 2013 when the gully edges were 
bulldozed into the gullies to reshape and 
regrade the sides of the gullies (figure 6a). 
Once a soybean crop was planted on the 
Udifluvents sloping soils (figure 6a), sheet, 
rill and gully erosion occurred, and the 
sediment was transported by runoff water 
into the ponds and surrounding wetlands. 
In 2014, the remaining wetlands were 
dominated by early successional, herba-

ceous plant species. Species accounting 
for the greatest cover at the site included 
hog peanut (Amphicarpa bracteata), a legu-
minous vine; giant foxtail (Setaria faberi), 
an annual grass; tall boneset (Eupatorium 
serotinum); and beggar’s ticks (Bidens fron-
dosa). In addition to these early colonizing 
herbaceous species, several seedlings and 
saplings of early colonizing wetland trees 
and shrubs, particularly eastern cotton-
wood (Populus deltoides) and willows 
(Salix nigra and Salix interior), were noted. 
If left unchanged, the gully wetlands 
would likely become forested wetlands 
on the gully slopes, and the shallow bot-
toms become semipermanently inundated 
ponds in the deeper gullies.

ASSESSMENT OF THE RESULTING 
AGRICULTURAL PRODUCTIVITY CHANGE 
Prior to 2011 Floodway use, the entire 78 
ha (195 ac) O’Bryan Ridge field owned by 
Levee District Number 3 was in soybean 
production with no wetlands or ponds. 
The soybean crop averaged approximately 
3 t ha–1 (44 bu ac–1) with a total average 
of approximately 233 t (8,550 bu) of soy-
beans per year. After creation of the gully 
field and scouring of the bottomlands and 
ridge, 20 ha (50 ac) of the field became 
gullies and could not be farmed, and 
approximately 12 ha (30 ac) between or 
adjacent to the deep gullies was not able 
to be planted. The remaining 46 ha (115 
ac) were land scoured including the bot-
tomland west of the O’Bryan Ridge. Thus, 
after the gully fields were created, a total 
of 50 ha (124 ac) were in agricultural pro-
duction and 28.4 ha (71 ac) were wetlands 
and ponds (figure 5b). In 2013, 24 ha (60 
ac) of sloping madeland or Udifluvents, 
was returned to soybean production from 
regrading 12 ha (30 ac) of nearly level 
ridge land and 12 ha (30 ac) of the gully 
bottoms with ponds (figure 6a). In the 
gully bottoms, approximately 16 ha (40 
ac) became wetlands and ponds. The 30 
ha (60 ac) of the Dubbs soil, 5.6 ha (14 
ac) of Sharkey soils, and 24 ha (60 ac) of 
Udifluvents remained in agriculture—a 
total of 54 ha (134 ac). In sum, even after 
2013 land regrading, approximately 24 ha 
(60 ac), or 31%, of the land had been unin-
tentionally converted from agricultural 

Figure 4
May of 2011 trees falling into channel and undercutting County Road 310.
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lands to wetlands and ponds as a result of 
Floodway use.

The productivity of all the eroded 
Dubbs, Dundee, and Sharkey soils was 
lowered. Soybean production was reduced 
from 3.1 t ha–1 (45 bu ac–1) to 2.7 t ha–1 (40 
bu ac–1) on the Dubbs and Dundee soils 
and from 2.7 to 1.9 t (40 to 30 bu) on the 
Sharkey soils based on soil properties and 
erosion phase changes on the remaining 
30 ha (74 ac) of nearly level land either on 
ridge or bottomland scoured area (figure 

2). The 20 ha (50 ac) of ridgetop that was 
pushed into the gullies and the 4 ha (10 ac) 
reclaimed from the gullies, yielded about 
2.3 t ha–1 (35 bu ac–1) for the 24 ha (60 ac) 
of Udifluvents (figure 6a). In 2013, the 24 
ha (60 ac) of wetlands and ponds produced 
0 bu ac–1 of soybeans. 

In the spring of 2014, deep ditches 
were dug to drain the ponds and were 
connected to a culvert under CR 312 and 
at the southwest corner of the O’Bryan 
Ridge gully field (figures 3 and 6b). Two 

bulldozers pushed massive amounts of 
topsoil and subsoil from ridge tops into 
the gully bottoms, which eliminated 
most of the wetlands and ponds. This land 
redistribution continued until there was 
almost no topsoil and subsoil left on the 
ridgetops (figure 6b). This process of land 
reshaping reduced the slope from strongly 
sloping to gently sloping and reduced the 
erosion hazard. However, the filled in gul-
lies are still lower than adjacent ridges and 
will remain vulnerable to the next use of 
the Floodway. This reclamation changed 
the land use again leaving only 10 ha (25 
ac) remaining in wetlands and ponds and 
increased the agricultural land to 68 ha 
(170 ac). The soil productive capacity of 
the O’Bryan gully field tract was raised to 
163 t (6,000 bu), reducing the permanent 
soil productive capacity loss to 30% from 
the 44% loss that occurred in 2011, the 
year the gully field was created. 

Much of this loss of soil productivity and 
yield capacity on the land scoured, reshaped 
area, and the wetlands area was permanent. 
Even extensive reclamation efforts in the 
spring of 2014 (figure 6b) could only miti-
gate and restore part of the soil productivity 
and yield capacity loss. The land use change 
to wetlands appears to be temporary with 
the land being returned to agricultural use 
through grading and reshaping. The 78 ha 
(195 ac) Levee District field, which formerly 
produced an average of 233 t y–1 (8,550 
bu yr–1) of soybeans in 2010, produced an 
average of 131 t (4,820 bu) in 2011 and 
2012—a loss of 44% or 102 t (3,730 bu) 
after gully field creation (figure 5b). After 
reclamation in spring 2013 and spring of 
2014, the land produced 163 t (6,000 bu), a 
loss of 30% or 70 t (2,565 bu) of soybeans 
(figures 6a and 6b). In 2015, Levee District 
Number 3 plans additional earth moving 
in an attempt to further mitigate this per-
manent soil productivity and yield capacity 
loss. The source of the needed soil materials 
has not yet been identified, and there are 
only 15 ha (37 ac) of topsoil and subsoil 
materials left on the tract (figure 6b).

CONSERVATION RECOMMENDATIONS 
TO IMPROVE PRODUCTIVITY

The attempt to reshape the gullies by 
regrading and filling with soil increased 
soybean production but had the unin-

Figure 5
(a) March of 2011 soils prior to levee breaching in the Floodway on O’Bryan Ridge. 
Cultivated Dubbs and Dundee soils form a natural levee to the east of Sharkey bot-
tomlands. (b) May of 2011 soil eroded phases of O’Bryan Ridge showing soil loss and 
degradation with the creation of gully fields during the Floodway use and flooding. 
Maps created by Mic Greenberg.
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tended outcome of creating rills (figure 7). 
The negative impacts of the cutting and 
filling operations on soil productivity will 
need to be remediated by restoring natural 
ecological functions to the affected soils. 
Organic matter additions to the soil, such 
as biosolids and composts, decrease the 
bulk density of soils, increase infiltration 
rates and porosity, and contribute to better 
soil structure (Ruehlmann and Körschens 
2009; Sloan and Cawthon 2003; White et 
al. 1997). The use of cover crops can also 
be an important management tool for pro-
tecting soils from erosion during dormant 
seasons and for reestablishing key soil qual-
ity indicators (Abdollahi and Munkholm 
2014; Stavi et al. 2012).

The Udifluvents slope had little soil 
organic carbon (C) and aggregation in the 
surface layer. These madeland soils are now 
on 2% to 6% slope with an erosion rate 
above 66 t ha–1 (30 tn ac–1). Many rills were 
created in 2013 as a result of soybean pro-
duction on these sloping soils (figure 7). A 
conservation plan is needed for the entire 
78 ha (195 ac) area but has not been created 
as of 2014. The new sloping land created 
in spring of 2013 (figure 6a) is too erosive 
and no longer suited to continuous soybean 
production without conservation practices. 
A terrace system and contour farming with 
grassed waterways will likely be needed to 
retain production under continuous soy-
bean. No-till management does not provide 
a mechanical method to eliminate annual 
rills, which can quickly turn into new gul-
lies. Alternatively, continuous soybean could 
be modified in favor of a rotation with corn 
(Zea mays L.), forages and wheat (Triticum 
aestivum L.), which could make the soil less 
vulnerable to erosion. Had the 78 ha (195 
ac) field had grassed waterways and been 
planted to winter wheat or had a cover 
crop and/or forages when the flooding 
occurred, the land scouring and gully for-
mation would have been diminished. The 
middle and lowest parts of the gullies are no 
longer suitable for row crops and represent 
a significant land use change to wetlands 
and ponds.

ROAD INFRASTRUCTURE
The main 1 km (0.6 mi) gully remains 
partially open for future New Madrid 
Floodway use. However CR 310 was 

reconstructed across the largest gully 
without a culvert (figure 3). This road 
again will block future floodwaters until 
they flow over the road and with high 
probability convert the waterways into 
another gully field. This would dissect 
CR 310 in many more places. Future rec-
lamation efforts would then be required 
and result in even more conversion of 
agricultural lands to wetlands and ponds. 
It is recommended that a set of large 
culverts be placed in the main chan-
nel to permit future floodwaters to flow 
through the partially filled in channel.

DISCUSSION
The USACE manages more than 22,000 
km (14,000 mi) of levees protecting 
Mississippi River and tributary bottom-
lands in river plains, four floodways, and 
19,000 km (12,000 mi) of river navigation 
channel and control structures (Morton 
and Olson 2014) with goals that include 
supporting flood risk management activi-
ties in communities and restoring aquatic 
ecosystems (NRC 2012). Many of these 
levees and floodways are financed, built, 
and maintained cooperatively at the 
watershed level by local farmers and 

Figure 6
 (a) October of 2013 moderately eroded soils of O’Bryan Ridge after and shaping 
and grading of gully field to return more of the land to cultivation. (b) April of 2014 
ponds drained and wetland areas partially filled with topsoil and subsoil from the 
Dubbs silty loam to create more cultivated land. Maps created by Mic Greenberg. 
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communities to protect their livelihoods 
and shared community infrastructures. 
Extreme flooding events, such as the 1927, 
1937, 1993, 2002, 2008, and 2011 floods 
along the Mississippi River and its tribu-
taries, illustrate the continuing challenges 
for river communities, industry, and agri-
culture. These complex issues are related 
to evolving natural disasters, downstream 
flooding, and increased water pressure on 
levee protected bottomlands (Lowery et 
al. 2009; Olson 2009; Olson and Morton 
2012a, 2012b, 2013a, 2013b; Morton and 
Olson 2013, 2014; Londono and Hart 
2013; Goodwell et al. 2014). Of particular 
concern are the vulnerability of low-lying 
environments that rely on levee protection 
and the direct impacts of levee breaching 
on hydrologic patterns, sediment transport 
and distribution, soil erosion, and land 
scouring, as well as the indirect impacts on 
socioeconomic activities, especially agri-
culture, of flooded areas.

Leveed river bottomlands are designed 
to protect human populations and vari-
ous land uses including agriculture from 
flooding. When a levee fails, the damage 
caused by floodwaters and contamination 
of water and land is significant. Water-
borne organo-clay sediments often cover 
plants and soils and fill in road ditches, 
drainage ditches, and waterways or re-

enter water in rivers, streams, and lakes. 
Usually there are crater lakes created by 
floodwaters either topping or pouring 
through the levee breach and substantive 
gully development (Londono and Hart 
2013; Goodwell et al. 2014). These gullies 
and land scour areas can extend into the 
floodplain such as the O’Bryan Ridge field 
site several kilometers (miles) beyond the 
breach into fields or along ridges (Olson 
and Morton 2012a).

The case of the O’Bryan Ridge site 
revealed that 31% of the land use was 
changed from agricultural use to wetlands 
and 44% of the agricultural produc-
tive capacity was lost as of 2013 due to 
erosion phase changes and reshaping of 
the gully sideslopes and soil reconstruc-
tion. Additional regrading efforts in 2014 
affected the land use and restored some of 
the soil productivity and yield capacity of 
the tract to 70%, but there was still a 30% 
permanent productivity loss. Further, little 
has been done to prepare the land for the 
next Floodway use.

The land scouring and erosional pro-
cesses remove topsoil, create eroded phases 
and depositional phases on a soil and 
sometimes subsoil, and result in less pro-
ductive soils even if land is reshaped and 
reclaimed (Olson and Lang 2000). The 
effects of sediment deposition and land 
scouring on soil profiles and productivity 
need to be determined so agency tech-
nical staff, local leadership, and farmers 
have information to guide decision mak-
ing in order to effectively return lands to 
agricultural production and put in place 
strategies and infrastructure to address 
future flood events. Findings from the 
mapping of hydrogeologic patterns, char-
acterization, and measurement of soils 
and water after being affected by erosion, 
transport, and sediment deposition as a 
result of flooding with or without natu-
ral and human-induced levee breaches can 
offer valuable guidance to the restoration 
of flooded areas and improve decision 
making, risk analysis, and remedial effec-
tiveness as well as future planning.

The type of vegetation present in the 
floodplain can have a significant influence 
on the scouring, transport, and deposition 
of sediments during a flood event, espe-
cially when the floodwater carries a large 

amount of energy (Bruneta and Astin 
2008). For example, during the 2011 flood 
and induced breach of the Birds Point fuse 
plug levee system, the field closest to the 
breach contained grassed waterways and 
a healthy stand of winter wheat, and the 
soil was mostly protected from scour-
ing, whereas an adjacent recently tilled 
field further from the breach was severely 
impacted by scouring and loss of topsoil 
(Olson and Morton 2012a). The wheat 
residue fields also trapped more sediments 
than the soybean stubble fields. Feedbacks 
also exist between natural vegetation and 
hydrology in floodplains. Floods strongly 
influence the structure and composi-
tion of the vegetation, but vegetation 
contributes to hydraulic roughness and 
influences patterns of sediment deposi-
tion. As a consequence of these feedbacks, 
human-caused changes in river hydrology 
have complex effects on both natural and 
planted vegetation.

CONCLUSIONS
Levees protect public and private lands 
from the consequences of periodic flood-
ing. However, when they fail naturally or 
as a result of human induced breaches the 
consequences are disastrous and can take 
different forms. The damages include crop 
loss; levee damage; crater lakes; gullies; 
thick sand deltaic deposits; land scouring; 
irrigation equipment destruction; soil 
and water degradation; building structure 
and farmstead damage; filling and block-
ing of drainage and road ditches; road 
deterioration; and ecological damage 
to forests, parklands, and wetlands. The 
effects of levee breaches and flooding 
on soils and soil productivity are seldom 
determined since updated soil surveys are 
not routinely made in response to levee 
breach and flooding. In the case of the 
O’Bryan Ridge gully field, the dam-
age to soils included the permanent loss 
of 30% of the agricultural productive 
capacity as result of land use conversion, 
land scouring, water erosion, and gully 
field formation with little deposition of 
sediments since the rushing floodwaters 
drained quickly from the field except for 
8.4 ha (21 ac) of ponds at the bottom of 
the deep gullies.

Figure 7
Rill and gully erosion after soybeans 
planted in 2013 on regraded slopes and 
filled land. 
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RECOMMENDATIONS
The USACE, the Mississippi River 
Commission, and the USDA Natural 
Resource Conservation Service should 
develop an agreement to immediately 
update the soil survey maps, conduct a 
land scouring and deposition survey, and 
create a soil conservation plan to ensure 
a rapid federal response after every levee 
breach and subsequent flooding event. 
This should be part of the federal govern-
ment emergency response to a disaster, 
which provides funds for restoration and 
repair work, including opening drainage 
ditches, levee repairs, crater lake filling, 
gully repairs, restoration of land-scoured 
areas, and sand deposit removal.
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