
The location of the study site was chosen
because it represents the potential of agro-
forestry in an active floodplain that is subject
to periodic flooding. Much of the Missouri River
floodplain is in fact not subject to flooding
because it is on the protected side of the U.S.
Corps of Engineers and privately owned and
maintained levee systems. The research site was
subject to inundation during flood events. There-
fore, it provided an excellent demonstration of how
the integration of trees with traditional agronomic
cropping practices could help reclaim and protect
potentially productive farm ground. 

Floodplains are areas adjacent to major water-
ways that are subject to periodic flooding. These
areas have traditionally provided some of the
most fertile and productive farmland through-
out the United States and are therefore often
subject to clearing. The floods that occurred
throughout the Midwestern United States dur-
ing 1993 were of historic (500-year) proportions
(Hanback 1994). Because of the duration, veloc-
ity, and extent of floodwater, levee failures
resulted in extensive damage to agricultural
land, water quality, wetland ecosystems, rural
and urban infrastructures, and human
resources (Scott 1993). In Missouri alone

crop losses exceeded $235 million on
approximately 1.2 million acres (Center for
National Food and Agriculture Policy 1994). 

Past research has shown that floodplain corridors
with woody trees will slow floodwater velocities,
dissipate energy, reduce scouring potential and
increase soil shear strengths (Scheifele 1928,
Shields and Gray 1993, Young 1994). A study of
primary levees along the Missouri River follow-
ing the 1993 flood showed that, as the width of
the woody corridor between the river bank and
primary levee increased, the damage both in
numbers and size of levee failures decreased
(Dwyer and others 1997). Therefore, if trees
could be reintroduced to farm landscapes prone
to flooding, many benefits can be realized. Trees
protect the land and its soil from the erosional
effects of water. Benefits from roots include
increases in soil stability and increased water
infiltration rates (Brooks and others 1991).
Leaves, twigs, branches, and trunks, serve to
intercept rainfall and slow surface flows prior to
the rains’ impact on the soil. One mechanism
for the reintroduction of trees into traditional
agriculture settings is termed agroforestry. 
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ABSTRACT.—A factor essential to successful tree planting in unprotected floodplain
environments is survival. Two-year survival results from tree planting in an unprotected
floodplain adjacent to the Missouri River are presented. Species planted included silver
maple, locally collected cottonwood, and a superior cottonwood selection from Westvaco
Corporation. Two spacings, 4 x 4 feet and 8 x 8 feet, were established to evaluate mor-
tality for each species. As a result of recurrent flooding, mortality was high for all tree
species. At the end of both the first and second year silver maple had the best survival,
averaging 85 and 27.5 percent, respectively. Lessons learned take into account the need
to understand the dynamics of floodplain properties prior to reclamation and establish-
ment. These dynamics include the relationship of changes in elevation that result not only
in soil depth changes, but also duration of submersion during flood events. Intensive site
preparation, as well as documenting the history of flood events, should precede the estab-
lishment of tree crops in floodplain environments.
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Agroforestry is defined as “an intensive land-
management system that optimizes the benefits
from the biological interactions created when
trees and/or shrubs are deliberately combined
with crops (Garrett and others 1994, 2000).”
Agroforestry provides the means of incorporat-
ing intensively managed trees and crops on the
same land for mutual benefits while at the same
time diversifying income opportunities. The pur-
pose of this study was to investigate the poten-
tial of Short Rotation Woody Crops (SRWC) as
the forestry component in a floodplain agro-
forestry practice. SRWC, also called short-rota-
tion intensive culture, is a descriptive term for
the intensive planting, at close spacings, of fast
growing trees to be harvested on short-rotations
of 2 to 10 years (Perlack and Geyer 1987,
Ranney and others 1987, Colletti and others
1991). Because the harvesting time frame and
establishment practices are more similar to
agronomic systems than traditional forestry,
SRWC is a viable enterprise for incorporation
into an agroforestry practice with all the associ-
ated benefits. This paper focuses on establish-
ment and survival of trees planted in an active
floodplain.

METHODOLOGY

Site Location and Description
The Missouri Department of Conservation
(MDC) granted permission to use 20 acres of
floodplain ground along the Missouri River in
Eagle Bluffs Conservation Area located in Boone
County, 6 miles southwest of Columbia near
McBaine, Missouri. The study site occupies
approximately 18 acres of the piece of land for-
merly known as the Holiman tract. The location
is on the unprotected side of the main levee. 

The natural levees, formed from years of sand
and silt deposited adjacent to river channels,
were broken by the flooding that occurred in
1993. Movement of water and debris in the
floodwaters of 1993 and 1995 eroded gaps in
the natural levee and resulted in sand splays
onto portions of the study site. Those same
levee gaps have since allowed annual flood
waters (often several times per year) to enter
onto the Holiman tract, now an active flood-
plain. This alluvial floodplain is lower in eleva-
tion than the natural levee gap and thus water
backs onto the site and ponds. 

Deposition affecting this study is predominantly
a result of backswamp and overbank flooding.
Waters which either overflow river banks or
back fill onto lower lying areas (backswamps),

resulting in little or no water movement, create
situations where overbank deposits form
(Schmudde 1963). Thus, periodic flooding creates
multiple layered soils of varied depth and differ-
ing texture according to duration and movement
of floodwaters. Often abrupt soil variation makes
soil predictions within small floodplains difficult
(Daniels and Hammer 1992). 

Soils Information 
Ten-baseline soil samples were taken from two
transects by extracting soil to a depth of 60
inches. From these samples of the soil horizons,
their structure and texture were identified, as
well as the depth of the perched water table.
Except for the northeastern corner where slope
can be closer to 2 percent, the site has a slope
of 1 percent or less. In the absence of water
current, the only erosion that results is in the
form of wind-wave action. Consequently, these
soils are mostly depositional material. In gener-
al, the soil profile is as follows:
1) AP horizon: 0 to 7 inches, 10YR 3/2, silt

loam, 18 percent clay;
2) Bg1: 7 to 24 inches, 2.5Y 3/2, silty clay

loam, 32 percent clay;
3) Bg2: 24 to 38 inches, 2.5Y 4/2, silty clay

loam, 30 percent clay;
4) Bg3: 38 to 48 inches, 2.5Y 4/2, silty clay

loam, 34 percent clay;
5) 2C1: 48 to 54 inches, 2.5Y 5/3, sandy clay

loam, 28 percent clay; and
6) 2C2: 54 to 60 inches, 2.5Y 6/3, very fine

sandy loam, 19 percent clay.  
Across the site the depth of perched water table
varied from 34 to 46 inches beneath the sur-
face. This may represent water perched from
above or below. Redoximorphic features, indicat-
ed in part by the presence of oxidized iron, typi-
cally identified these areas.

Study Design 
A Complete Randomized Block Design (CRBD)
was chosen for tree planting design. This allows
for the comparison of three tree species planted
at two spacing treatments. The tree species cho-
sen were local cottonwood (Populus deltoides
Bartr.), a superior cottonwood clone donated by
Westvaco Corporation, and silver maple (Acer
saccharinum L.). Seedlings of these species were
each planted at two spacings of 4 x 4 feet and 8
x 8 feet. Each treatment plot measured 96 x 72
feet. These plots, representing each species at
one of the two spacings, were randomly placed
in larger blocks of 96 x 504 feet (figs. 1 and 2).
These larger blocks were replicated four times.
Each replication contains a control where the
naturally occurring regeneration was recorded.
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The total acreage of the four replications that
were planted in trees was 4.4 acres. Between
each replication was a 300 x 504 feet alley (fig.
1). Within this alley the crop component of the
agroforestry system was planted. The species
chosen were switchgrass (Panicum virgatum L.),
alsike clover (Trifolium hybridum L.), and redtop
grass (Agrostis stolonifera L.). 

Cottonwood and silver maple were chosen
because they are both indigenous species of the
floodplain that also exhibit excellent growth
characteristics desirable for biomass and other
wood products. The total sample size of 2,168
bareroot seedlings and cuttings were comprised
of the following species: cuttings of a superior
cottonwood clone (Westvaco), cuttings of cotton-
wood collected adjacent to the site (local), and
silver maple bareroot seedlings. Numerous
studies have been done to compare various
spacings with densities as low as 1,000 trees
per acre and some as high as 43,500 trees per
acre, the effect on yield versus economic viabili-
ty (Elk and others 1983, Ranney and others
1987, Torreano and Frederick 1988, Geyer
1989). For comparison, the spacing treatments
of 4 x 4 feet and 8 x 8 feet were selected. These
two spacing treatments resulted in 425 and 117
trees in each plot, respectively. Tighter spacings
dictate earlier harvest or, at minimum, thinning
operations. Data on survival was measured by
species/spacing treatment. 

Treatment Establishment 
In preparation for spring planting we did fall
site preparation to control undesirable vegeta-
tion. This vegetation included willow, cotton-
wood, and vegetation such as cocklebur, sun-
flower, smartweed, ragweed, morning glory,

nutsedge, panicum grass, and johnson grass.
Because of the thickness of existing vegetation
we had initially planned to clear the site by con-
trolled burn, but the Missouri Department of
Conservation had reservations about burning
the area and this method of clearing was not
allowed. Our second option, to brush hog and
disc the site, was done the fall of 1997 and
winter (February) 1998. This resulted in good
organic matter incorporation into the soil and
initial site preparation was considered complete.

Studies have shown that the control of vegeta-
tive competition is essential for maximization of
biomass production in SRWC systems (Ranney
and others 1987, Torreano and Frederick 1988,
Mitchell 1995, Buhler and others 1998). During
the establishment phase, Mitchell (1995) points
out that survival and growth of unrooted cut-
tings will be affected by any competition. 

Following the planting of silver maple (May 5-
12, 1998) Scepter® (registered trademark of
American Cyanamid Company) was applied to
all tree planting treatments. Scepter is primarily
recognized as a pre-emergent herbicide, yet it
will control young weeds as a post-emergent if a
surfactant is used. Since some trees had broken
dormancy and begun to grow, Scepter was
applied without surfactant. Using a backpack
sprayer and a stovepipe section to cover
seedlings, Scepter was sprayed in a 2- to 3-foot
radius circle around each of the silver maple
seedlings. The cottonwood received a broadcast
spray application of Scepter between each row.
Though an effort was made to avoid emerging
leaves, Scepter has been approved for applica-
tion overtop of actively growing Populus species.
The application rate was 3.2 oz. per acre, and
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Figure 1.—Site layout, with tree replication and alley
crop areas identified. Figure 2.—CRBD layout of each replication by

species and spacing treatment location.



was well within the prescribed 2.8 to 5.6 oz. per
acre guidelines. 

Following flooding, at the end of June 1998, a
new crop of weeds began to grow. Some of the
weeds on the site included cocklebur, Johnson
grass, dogbane, water hemp, and ragweed. Thus,
from July 13 through August 4, Roundup® was
applied as a 2 percent mixture. The Roundup was
applied using a backpack sprayer and stovepipe
to insure no chemical contacted the seedlings and
rooted cuttings. Because of the height of some of
the cottonwood (over 3 feet tall) the stovepipe
could not be used to insure against herbicide
contact, so that cottonwood did not receive this
second herbicide application. 

In addition to herbicide, we also tried to establish
a cover crop in order to control undesirable weed
growth. At the end of February 1999, we used
broadcast spreaders to frost-seed alsike clover into
all tree replications. Seeded at a rate of approxi-
mately 6 pounds per acre, we hoped to utilize the
clover’s nitrogen fixing capabilities for benefits to
the trees while creating a cover crop which would
out compete weeds yet be no taller than 3 feet. At
this height the cover crop should not over top the
trees.

Data Analysis
Survival of all live trees was recorded for each
species and treatment. The presence of dead or
not yet fallen leaves, and stem flexibility and
color were used as indicators of a potential live
tree. To test whether replication, species, or
spacing influenced survival a Chi-square test
was used on a random sample of 30 trees from
each species/spacing treatment. Statistical
analysis was performed using SAS (SAS
Institute, Inc., Cary, NC) with all significance
tests performed at a confidence level of 95 per-
cent, or P=0.05. The row-by-column Chi-square
test on survival was used to test the following
hypothesis: 
1) Ho: Number of live trees does not vary by

replicate, species, or spacing; and 
2) Ha: Number of live trees does vary by   repli-

cate, species, or spacing.

RESULTS
At the end of the first and second growing
seasons a complete survey was done of all trees
growing within the control treatments. The only
control treatment in which natural regeneration
occurred was in replication one. By the end of
the first growing season, three cottonwoods had
become established. Their diameters for the first
year were 0.44, 0.56, and 0.42 inches. The

same trees had heights of 5.17, 6.25, and 6.0
feet, respectively. By the end of year 2 only two
of these trees had survived. Each measured 8.0
feet in height and had diameters of 1.43 and
1.49 inches.

Analysis of Survival
I found no published research to document
seedling survival of plantings in active flood-
plains. Other studies have shown that survival
will vary by site. From uplands to riparian zones
survival typically falls in the range of 70 to 100
percent for both cottonwood and silver maple
(Geyer 1989, Schultz and others 1995, DeBell
and others 1996, Geyer and Walawender 1997).
In addition to the key role survival plays in the
creation of a demonstration site, it is also one of
the keys to maximizing production of biomass on
a given area, and the other is fast growth. At the
end of both the first and second growing seasons
survival was measured.

The total number of trees (all species combined)
that survived in each replication was low. Of the
total 180-tree sample (3 species x 2 spacings x 30
trees sampled per treatment) first year survival
from replications 1, 2, 3, and 4 was 32, 28, 32,
and 37 percent, respectively (fig. 3). The Chi-square
test did not indicate significant differences (P=0.05)
in survival between replications.

By the end of the second year, survival percentages
by replication had decreased. Figure 3 shows
the decrease in survival for each replication,
and the tests of second year survival by repli-
cation were significantly different. Replication 2,
having the lowest percentage survival (2 per-
cent), and replication 4 with the highest percent
survival (almost 23 percent) were significantly
different. Replications 1 and 3 were statistically
similar having survival of 15 and 12 percent,
respectively. 

When survival within each replication was tested
by individual species group, there were signifi-
cant differences. Across all replications first
year survival was significantly higher for silver
maple (fig. 4). Comparisons between replications
of silver maple showed replication 1, with 97 per-
cent survival, to be significantly higher than repli-
cations 2, 3, and 4. Survival of silver maple with-
in the replications was significantly higher than
either cottonwood variety. The test between repli-
cations of survival within each cottonwood variety
showed that the local cottonwood in replication 1,
with no surviving trees, was significantly different
than replications 2, 3, and 4, which were tested
as not statistically different. For the Westvaco
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cottonwood that only had surviving trees in
replication 4, there was a significant difference
between the other replications. Yet, comparing
the survival of both local and Westvaco cotton-
wood in replication 4, it was found that they
were not statistically different.

By the end of year 2, survival comparisons by
species across replication and species-to-species
comparisons within replications had decreased
(fig. 5). While silver maple still had higher sur-
vival in each replication, the number of surviv-
ing trees in replications 1, 3, and 4 were not
significantly different. To summarize, in both
years 1 and 2 silver maple had significantly
better survival than either cottonwood selection,
but the difference in percent survival had
decreased by the end of year 2.

Species and Spacings Analysis
The hypothesis that survival did not change
from year 1 to year 2 for each species was test-
ed, and silver maple was the only species that
had a statistically significant reduction in sur-
vival, from 85 percent in year 1 to 27.5 percent
in year 2 (fig. 6). Though having low overall sur-
vival percentages, neither local nor Westvaco
cottonwood varieties experienced a significant
change in total survival between years 1 and 2.

First year survival comparisons between the
4 x 4 feet and 8 x 8 feet spacings showed a
significant difference within both local and
Westvaco cottonwood. Survival for local
cottonwood showed a statistically significant
increase from 5 percent on the 4 x 4 foot spacing
to 13.3 percent on the 8 x 8 foot spacing (fig. 7).
Although identified as significant, the trend was
reversed for the Westvaco cottonwood that had
7.5 percent survival on the 4 x 4 foot spacing and
0 percent on the 8 x 8 foot spacing. Though not

significant, the silver maple survival decreased
from 85.8 percent (4 x 4 foot spacing) to 84.2
percent (8 x 8 foot spacing).

The influence of spacing treatment on species
survival was significant. Survival of local cotton-
wood at the end of year 2 underwent a signifi-
cant increase in survival, from 2.5 percent on
the 4 x 4 foot spacing to 14.2 percent on the 8 x
8 foot spacing (fig. 8). The Westvaco cottonwood
survival was significantly higher (7.5 percent)
on the 4 x 4 foot spacing than on the 8 x 8 foot
spacing (0 percent). By the end of year 2, silver
maple survival had decreased to 22.5 percent
on the 4 x 4 foot spacing and 32.5 percent on
the 8 x 8 foot spacing, a difference that was not
identified as significant. 
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Figure 3.—Percent survival of all species combined
by replication. 

Figure 4.—Percent survival for year 1 by replication
and species. Different capital letters indicate   signifi-
cant differences (P=0.05) between percentage sur-
vival by species over replications; different lower
case letters indicate significant differences between
survival of species within replications. 

Figure 5.—Percent survival for year 2 by replication
and species. Different capital letters indicate signifi-
cant differences (P=0.05) between percentage sur-
vival by species over replications; different lower
case letters indicate significant differences between
survival of species within replications. 



DISCUSSION

Survival
One of the reasons to use both a locally selected
and superior cottonwood (Westvaco) was to pro-
vide a comparison based on the premise that
the superior cottonwood clone would have
greater growth than the local cottonwood.
Silver maple was also used as a species that
grows quickly and has the ability to coppice.
Symonette (1988) and others have noted its
potential for biomass utilization in products
that use small wood particles. Both species
should have been well matched to growing
conditions in a floodplain environment.

By the end of the second year, the percentage
survival by species and spacing was not high
enough for an effective demonstration. Survival
was at best poor. Silver maple had the best
overall survival, yet total survival was only
27.5 percent (fig. 6). The poorest survival was
Westvaco cottonwood at 3.75 percent and the
local cottonwood was only slightly better at
8.33 percent survival. 

In order to help understand the differences in
total survival (all species combined) from year
1 to year 2 it is useful to look at the percentage
survival by replication. The linear trend indicat-
ed that survival increased across the study site
from replication 1 to replication 4 (fig. 9). It is
likely that the survival trend lines in figure 9 are
indicative of an increasing change in elevation
from replication 1 to replication 4. Changes in
elevation across all but the northwestern corner
(fig. 2), were 1 percent or less. During the floods,
measured depths of water across the replications
indicated that the topography was hummocky
due to uneven silt deposition. Though not consis-
tent, these changes in elevation resulted in water
depths as much as 2 feet deeper on replication 1
compared to replication 4. 

The elevational change created a scenario
whereby portions of replication 1 emerged from
the floodwater as much as 2 weeks later than
replication 4 (dependant in part on wind, solar
radiation, and subsequent intervals between
precipitation events). Therefore, it is likely that
the trend in increased survival from replication
1 to replication 4 (fig. 9) reflects the difference
in duration of submersion. It is also likely that
submersion and the resultant decreased rates
of photosynthesis, caused stunted growth in all
tree species. Submersion of seedlings creates an
oxygen-limiting situation that not only hinders
their growth but may be fatal, also damage to
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Figure 6.—Percent survival of each species for years
1 and 2 Different capital letters indicate significant dif-
ferences (P=0.05) between year 1 and year 2 means
pooled over replications.

Figure 7.—Percent live trees at the end of year 1 by
species and spacing. Different capital letters indicate
significant differences (P=0.05) between spacings for
each species from means pooled over replications.

Figure 8.—Percent live trees by species and spacing
at the end of year 2. Different capital letters indicate
significant differences (P=0.05) between spacings for
each species from means pooled over replications.



the leaves and root structures in response to
flooding must affect tree growth (both height
and diameter) which is dependent on photosyn-
thesis and O2 exchange (Bratkovich and others
1993, Colbert 1998, Kozlowski and Pallardy
1997, Peterson and Bazzaz 1984). The early
emergence from floodwaters of replication 4,
compared to replication 1, improved the sur-
vival of its seedlings. 

Weed Control 
In any agronomic system it is essential that
competition for nutrients and water be eliminat-
ed. Similarly, in order to maximize the growth
potential of a forest crop, competition must also
be controlled. Given flooding dynamics of the
area, the second year a cover crop was seeded
in an effort to control weed competition. Neither
accomplished the intended result. Herbicide
was only partially effective and survival of the
cover crop establishment was negatively affected
by fall flooding.

In one respect the herbicide worked as intended.
The silver maple had a good kill of the weeds
within an effective zone of approximately 3-feet
around each seedling. However, the weeds out-
side the spray zone grew so prolifically that they
overtopped the growing space of each seedling.
Also, by creating an open growing space around
each seedling, there may have been a tendency
to create a target for rodent damage. Many of
the silver maple suffered from substantial
rabbit damage, which resulted in a definite
setback in growth. 

The effectiveness of herbicide application was
compromised by flooding which occurred four
times during the establishment year (fig. 10). It
is likely that these floods either washed out or
diluted the preemergent herbicide from the soil.

Flooding served to reestablish the previously
eradicated weeds. Weed seed from areas adja-
cent to the site was visible, floating on top of
waters over the research site. Flooding reduced
our ability to control the weedy competition on
the study site, which impacted the survival and
ultimate biomass yield.

Flooding
Flooding was potentially the most influential
factor affecting survival. Yet, the study design
was not intended to test the effects of flooding.
Though the influence of flooding was recognized
at the onset of this project, the abnormal fre-
quency and duration of the multiple floods
could not have been foreseen as one of the
most critical factors in survival. 

During the establishment year the research site
flooded on four separate occasions. Similarly,
site flooding occurred in April, May, and the end
of June during the 1999 growing season. This
was documented using a river gauge located
at Boonville, Missouri, which is the closest
gauging station upriver from the research site.
I observed and documented that at a Boonville
river stage of 23 feet, water began to enter and
cover the site (fig. 10). The flooding was a direct
result of natural levee failures that occurred
during the flood of 1993 and 1995. One of the
main problems associated with this levee break
was its proximity to the research site. The break
is actually higher in elevation than the planting.
Therefore, when water entered the site, it did
not leave at the same rate. When water came
onto the study site, it remained for approxi-
mately 30 days, dependent on subsequent rain-
fall, seasonal temperatures, and wind.   

In retrospect then, one of the foremost
considerations prior to planting in a floodplain
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Figure 9.—Percent survival for each replication by
year with linear trend line plotted.

Figure 10.—History of actual flood events on the
Holiman tract for the calendar year 1998.



should be to document its history of flooding.
This should include the time of year and fre-
quency of flooding events, as well as the dura-
tion flood waters remain on a specific site.
Historic records were useful in determining the
frequency of flooding over the past 10 years.
Estimation of historic flooding was based on the
observed flood level for the study site of 23 feet
at Boonville and was used to create a history of
flooding based on current natural levee and site
conditions. Apart from the years 1993 and
1995, flooding most often occurred from
February through July. Based on this data it
might have been best to try fall planting on
this site, though, for this site and the years of
this study, that too would have failed. Raised-
bed plantings with tall seedlings might also
be a valid option to improve survival of trees
established in floodplains.

CONCLUSION
The primary influence that detracted from this
becoming an effective demonstration of the
potential of SRWCs was the flooding and the
associated mortality that took place. Yet, what
we have learned from efforts to establish this
agroforestry system in an unprotected flood-
plain will be useful in directing future attempts
to utilize similar ground. One lesson we learned
was that elevation plays an important role in
survival during establishment. Floodplains by
nature are relatively flat. But on large acreages
of land a 1 percent change in topography can
make a several foot difference in depth of flood-
waters. Also, this most often equates to a short-
er duration for submersion. Both depth and
duration may mean the difference between the
survival or death of a plantation. 

Second, we learned it is also important to
ascertain as much about the land and its flood
history as possible. Past flood history may iden-
tify certain times of the year in which it is more
likely that plantings will succeed. Finally, site
preparation a year in advance may be neces-
sary. The dynamics of these areas are so power-
ful that intensive work will be required far in
advance of plantation establishment in order to
successfully control competition. 
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