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INTRODUCTION

Agriculture simulation models are an important tool for

evaluating the relationships which determine water quality in the

agroecosystem. While models are a simplification of real world

phenomena, they still permit an understanding of the components of

this system and their dynamic interactions. In addition, computer

models extend the use of field data by allowing the data to be

interpolated across a range of different conditions. Because of

this, simulation models are commonly used to determine the response

of the system to alterations in crop management systems. From this

response, best management practices (BMPs) for the enhancement of

water quality can be recommended.

In the past twenty years, numerous models have been suggested

which describe the processes involved in the transport of sediment,

nutrients, and pesticides in the agroecosystem. The number of

models reflects the diversity among the objectives and

conceptualization of each of the developers. Ultimately, the

potential user of these models must select the appropriate model

based on the objective of the study to which it is being applied.

DeCoursey (1985) outlined four criteria to use in the model

selection process: (1) What are the specific objectives of the

exercise? (2) What is the area of land to which the problem is

being applied? (3) What is the time scale to be considered? (4)

What data is available to drive the model?

The purpose of this work is to identify simulation models

which are appropriate for use in predicting the fate of nitrogen



fertilizer and herbicides which are directly or inadvertently

applied to switchgrass and hybrid poplars grown for energy

production. The scope of this paper is restricted to consider only

field-scale models. At this scale, models are able to include a

significant amount of site specific information in estimating

chemical movement. The results of these simulations can be linked

to models which are capable of evaluating water quality over larger

land areas if necessary. The models must be able to estimate

chemical movement on an annual basis. The rate of chemical

movement in the agroecosystem varies significantly throughout the

year. A comprehensive evaluation of crop management strategies

should consider the impacts of these practices over an extended

period of time. Finally, the models under consideration must be

able to function with available data. While extensive data sets

exist which describe climatic and soil conditions, comparatively

little data is available which describes the physiological

characteristics of hybrid poplars and switchgrass. This work will

include a review of the literature concerning the growth parameters

of poplars and switchgrass which could be used in the simulation

models.

SIMULATION MODELS

One of the earliest attempts to develop a relatively simple,

cost-effective computer model to evaluate nonpoint source pollution

resulted in the CREAMS (Chemicals, Runoff, and Erosion from

Agricultural Management Systems) model (Knisel, 1980). CREAMS is

a physically based model designed to reflect the effects of



different management practices on water, sediment, and chemical

responses on a field-scale. The model estimates the loss of

nitrogen and pesticides attached to eroded soil particles as well

as soluble forms of these chemicals which are carried in the

surface runoff. Furthermore, nitrate loss due to leaching,

denitrification and plant uptake are included in the estimate.

A major utility of CREAMS is the evaluation of alternative

management practices to control or minimize the runoff of sediment

and chemicals. Hamlett and Brannan (1991) used CREAMS to estimate

the impact on water quality of a winter rye cover crop combined

with various conservation practices and nutrient management

programs (Fig. 1). The results indicated that improved nutrient

management offered the greatest degree of control in this system,

but that the use of rye cover crops and soil conservation practices

also made important contributions, especially on steep slopes. The

authors concluded that CREAMS was a useful tool in evaluating the

relative effectiveness of the management alternatives.

0 Improved NMP with rye cover
• Improved NMP no cover crop
• Typical NMP with rye cover
• Typical NMP no cover crop

SO 100 ISO
Nitrogen Loss (lb/ac/yr)

200

Figure 1. CREAMS estimates of total N losses under various
conservation practices and nutrient management programs (NMP) with
and without rye cover at Union, PA (from Hamlett and Brannan,
1991).



Growing concern over the potential contamination of

groundwater by agricultural chemicals led to modifications of the

original CREAMS model. Because CREAMS had been validated

extensively and was well accepted by many users, it was decided to

simply extend the model's capability to estimate the effect of

agricultural management systems on groundwater loading rather than

to develop an entirely new model (Leonard et al, 1987). The new

model, GLEAMS (Groundwater Loading Effects of Agricultural

Management Systems), was developed specifically to evaluate the

movement of agriculture chemicals through the root zone and into

the groundwater.

Truman and Leonard (1991) used GLEAMS to investigate relative

differences in pesticide losses from the root zone by percolation

due to variations in pesticide, soil, and rainfall characteristics.

A portion of their findings, showing simulated runoff, percolation,

sediment loss, and pesticide loss by leaching, are given in Table

1. The results demonstrated that the pesticide loss by leaching

was much higher in the sandy Lakeland soil compared to the

Greenville sandy clay loam. In contrast, more pesticide was lost

through surface runoff in the less permeable Greenville soil

compared to the Lakeland sand. By using the GLEAMS model in this

way, the authors were able to estimate the potential fate of

pesticides across a range of conditions. It would have been

virtually impossible to perform such extensive evaluation in field

or lysimeter studies. *



TABLE 1. GLEAMS simulation of runoff, percolation, sediment yield,
and pesticide losses due to percolation for a Lakeland sand, Tifton
loamy sand, and Greenville sandy clay loam. Values represent 50-
year means (adapted from Truman and Leonard, 1991).

PESTICIDELOSS
SOIL RUNOFF PERCOLATION SEDIMENT BY LEACHING

-mm-
Lakeland
Tifton
Greenville

627
2799
4804

15,139
12,564
10,232

Mg ha
12

334
1123

•i
%applied

2.7
0.9
0.09

1 Pesticide half-life in soil surface and subsurface is 15 days.
2 K (adsorption coefficient) = 10

One important application of agricultural simulation models is

to evaluate the potential effects of alternative policy decisions

made at local, state, and federal levels of government. Diebel et

al. (1992) used results from simulations by CREAMS and GLEAMS to

perform an economic analysis of policy scenarios which provided

farmers with the opportunity to choose between low-input production

activities and conventional practices. Total net returns, nitrogen

contamination, and selected chemical contaminant levels over a

fifteen year period for various policy scenarios are presented in

Table 2. The results illustrate the potential to use CREAMS and

GLEAMS in predicting not only water quality, but also the economic

implications of alternative governmental policies.

The EPIC (Erosion-Productivity Impact Calculator) model

combines the hydrologic and water erosion components of CREAMS with

the potential to predict crop growth (Williams et al., 1984) . The

EPIC model was developed by a multidisciplinary team to quantify

the costs of soil erosion and calculate the cost benefit of erosion



reducing management techniques. Since its introduction however,

EPIC has demonstrated that it is flexible enough to be applied to

numerous problems. EPIC has been used to estimate crop

productivity, monitor degradation of the soil, and predict the

impacts of management practices on water quality (Jones et al.,

1991).

TABLE 2. Results of simulations predicting the change in potential
groundwater pollution at the county level over a 15 year period
under alternative policy scenarios (adapted from Diebel et al.,
1992) .

Policy

Base Policy1

Cost Share2

Taxation8

CRP*

Buffer Strip6

Net
Returns
($1000)

31,199

+413

-12,659

-1,800

-600

Change in Potential Ground
from Current Practices over

Nitrogen
(1000 lbs)

7,024

+1,751

+2,374

-1,619

-129,468

Water Pollution
15 Years (lbsi

Atrazine Chlorimuron

253

-39

-253

-58

-5

50

-39

-50

-11

-1

1 Base Policy reflects current practices of Richmond County, VA.
2 Cost Share consists of a 100% subsidy to cover establishment of

a green manure cover crop.
s Chemical Taxation effectively bans all chemical use through a

300% chemical tax.
4 Conservation Reserve Program enrolls all eligible cropland in the

county at the average county bid rate.
6 Buffer strip program mandates that 760 acres near to tributaries

of the Chesapeake Bay are idle.

Among other functions, EPIC simulates the movement of nitrogen

and phosphorus in water which deep percolates, runs off, or moves

laterally below the soil surface. Meisinger et al. (1991) used



EPIC to estimate the effect of v-i :ter cover crops on groundwater

quality in three distinct climatic, regions of the U.S. (Table 3).

The model demonstrated the potential of cover crops to reduce

nitrate leaching by as much as 100%. Furthermore, the model was

especially valuable in helping to identify those regions of the

U.S. where cover crops would be most effective in improving water

quality.

TABLE 3. EPIC simulations of the average annual effect of cover
crops on leachate water quality under a continuous corn system
(adapted from Meisinger et al., 1991)

Location/
Precip.

Georgia
46 inches

Iowa
32 inches

Texas
17 inches

Soil
Texture

Sandy

Clay
Loam

Sandy

Clay
Loam

Sandy

Clay
Loam

Cover
Crop

None
Barley
Clover

None
Barley
Clover

None
Barley
Clover

None
Barley
Clover

None
Barley
Clover

None
Barley
Clover

Runoff

0.1
0.1
0.1

3.2
3.1
0.1

0
0
0

1.8
1.7
1.7

0
0
0

0.7
0.6
0.6

Percolation

-inches

22.0
18.5
18.9

14.3
9.8
10.7

11.5
10.8
10.8

6.5
5.7
5.7

9.1
7.5
7.4

0.5
0.2
0.3

% Reduction due
to Cover Crop

Mass
of N

_____

77
47

90
64

64
45

67
33

56
50

100
100

NO3-N
Cone.

(%)

67
33

83
50

1 
0 

0
in

 
in

50
25

38
38

100
100



The original EPIC model has been used to assess the impact of

nutrients on water quality, but this version of EPIC has no

component which estimates the fate of pesticides. The need to

estimate the potential contamination of groundwater by pesticides

has led to further modification of EPIC. The modified version,

EPIC-PST, utilizes subroutines from GLEAMS, to simulate pesticide

losses by surface runoff, sediment movement, and leaching below the

rootzone (Sabbagh et al., 1991). The EPIC-PST model estimated

total losses of Atrazine and Metolachlor in runoff to within 8% of

values observed in a corresponding field experiment. The authors

concluded that the modified model accurately predicted patterns of

chemical distribution with time and therefore could be used to

assess the effect of different agricultural management practices on

pesticide losses. However, because these modifications are

relatively recent, no references could be found in the literature

which utilized EPIC-PST to make such evaluations.

In addition to the models already presented, several others

are noteworthy. LEACHMP, is a highly theoretical model which is

able to consider the fate of the transformation products of

pesticides as well as the parent compounds themselves (Wagenet and

Hutson, 1986). While LEACHMP is quite sophisticated in its

approach to pesticide metabolism in the soil and transport, it was

not designed to effectively evaluate the impacts of various

management practices on groundwater loading (Leonard et al., 1987).

PRZM (Pesticide Root Zone Model) was originally developed by Carsel

et al. (1985) for use in pesticide registration. PRZM is adequate

for evaluating potential leaching of pesticides under "worst case"



conditions, however it may not be accurate in assessing the effects

of management practices throughout the entire soil system (Leonard

et al., 1987). In addition to these difficulties, neither LEACHMP

or PRZM is capable of determining the fate of nitrogen in the

agroecosystem.

Finally, two models capable of simulating water quality within

the agroecosystem have been released recently. The root zone water

quality model (RZWQM) is specifically being developed as an aid in

studying alternatives to conventional agricultural practices

(DeCoursey and Rojas, 1990). The model simulates the movement of

water, nutrients, and pesticides over and through the root zone on

a field-scale. A second model, Opus, is a further improvement of

CREAMS (Ferreira and Smith, 1990). Major restructuring and

modification of CREAMS necessitated the new name. Opus is designed

to be more responsive to changes in management practices than

CREAMS. Because of the relative newness of RZWQM and Opus, no

studies could be found in the literature which used these models to

compare the effect of different crop management strategies on water

quality.

PHYSIOLOGY OF SWITCHGRASS AND HYBRID POPLARS

The use of simulation models to assess the potential movement

into water of nitrogen fertilizer and pesticides applied to

switchgrass and hybrid poplars requires knowledge about the

physiological characteristics of these plants. Among the models

previously discussed in detail, the crop growth component in EPIC

requires the most extensive input. Table 4 is a list of crop



Table 4. Crop parameters required by the EPIC model (from Williams
et al., 1988).
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crop takio) 10H.3
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OM.A
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CfT
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IK
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Optimal temperature for plant growth *C
Minimal teaporature for plant growth *C
NaxiauM potential leaf ar«a 1nde«
fraction of growing soaio* «A«n loaf aroa —

start* tfoclining
Two poiAtt ofi opttMl loaf aroa 4ovo1optwt *

curvo. Nua6or« bofort docioil »n parcont
of flrawiAo to*ao«. NuMbor* aftor 4oc1«at
Mf fractions of M*1«UB loaf aroa IMoa.

loaf arta iMoa doc 11 no rato aaraawtor - •
tioNass-onorgy ratio ««c11fto rato oaraattor
AIMMIMMB toioranco IMOM (1»soni1t1vo; —

5 -toiarant)
Critical aoration factor
Soodina rato kg na'1
MasiaMR sroft noight «
Ntninwa root 4o»tl» m
Niniawi valoo of C factor for wator orotion
fraction of nitrogon In yioid kg kg
Fraction of pnosphorat 1n yiold kg kg'1

Mator ttros* --crop yield factor
Past (Insocts. wtrds, and disoaso) factor —
Sood cost * kg'1

prico for yiaid U ' 1

fraction «Mtor In yiotd
Nitrogon wpUko para«ot«r (N fraction In plant

at omergonco)
Hitrogon uptako paraawtor (N fraction In plant

at O.S taaturity)
Nttrogon Mptako para«otor (N fraction In plant

at Mtwrtty)
Pttosphoms «ptako paroaotor <P fraction In plant

at oawrgonco)
Pnospnoms uptako paraaotor (P fraction In plant —

at 0.9 Mt«r1ty)
Phosphorus wtako pafanotor (P fraction In plant —

at Mt«r1ty)
Hind orosion factor for standing Iivo
Mind orosion factor for standing doad
Mind oro*1on factor for f lat rosldwo
Crop catogory wwbir p-*am soason annual

1og«M>; 2-cold soason annwa) loowto; 3 parannial
logvao; 4-«MrM soason annual; S-cotd soason
annwat; 4-poronn1at; 7-troas)

Two points on frost damago curvo. Wuaoors oofora *C
dttiMti art Ain1*M dally tonptratwra *C.
NiMoors aftor dcciMt trn fractions of yU»d - •

0.01 0.9)
10-30
0-1?

0.4-10
0.4-0.99

0-100
0-1

0-10
0-10
1-4

O.TS-1.0
3-100

0.1-3
O.S-3

0.001-0.4
0.01ft-0.MS
0.00? 0.009)

0-0.7
0.04-1.0
0.1-100
10. -1000.

0.0)0.tO
0.04-0.04

0.01) 0.03

0.01-0.??

0.004-0.009

0.00?-0.00)

O.0O»-O.OO34

0.4-3.)
0.4-3.)
0.7-3.)
1-7

-30-0

0 1

Ta»t# 111.1

laklo III
laklo III
1a»1« til
!«»>• Ill
laal* III

tit

til
1a»>« III.

IMlt I I I .
U»lo I I I .
laolo I I I .

Taolo I I I .
Taolo HI.
Tafrto I I I .
Ia»lo I I I .
takl* I I I .
ta»>o I I I .
ia»l* I I I .
taftto I I I .
laklo I I I .
laklo I I I .
laklo I I I .
Takto 111.
laklo I I I .

ttkli III.I

Taoto III.I

Uftlo 111.1

laklo I I I . I

laklo I I I . I

laklo I I I . I
laklo 111.1
laklo I I I . I
laklo t i l . I

laklo I I I . I

Taklo I I I . I



parameters which are required to run the EPIC model. The table

includes a range of typical values for each parameter. Where crop

specific information is unavailable, values must be assumed for the

crop or interpolated from other crops. For example, where actual

measurements from switchgrass are lacking, parameters must be

interpolated from other grasses with similar growth characteristics

(ie. other Panicum species, Indiangrass, or big bluestem) for which

the values are known.

Switchgrass is a warm season perennial which may reach a

height of 1.5 m. Weaver (1968) reported that the roots of

switchgrass may extend as much as 2.4 m deep into the soil profile.

Leaf growth usually begins in early May in southern Iowa and by mid

May in northern Iowa (Barnhart and Hintz, 1989) . The greatest

growth of switchgrass occurs from June through September. In the

fall, growth slows and completely stops after the first killing

frost.

The general plant growth model, GROWIT was used to estimate

the yield of switchgrass (Lowenberg-Deboer and Cherney, 1989).

That model required nine physiological parameters to estimate

biomass production (Table 5). The parameters for switchgrass were

found in published literature or derived by consensus opinion among

the authors. The GROWIT model predicted biomass production to

within 10% of actual yields measured in the field.

Hybrid poplars are among the fastest growing trees in

temperate latitudes. For example, Zsuffa et al. (1977) reported

that under favorable conditions in the Northeastern U.S., poplars

increased in height from 1 to 2 m annually during the early years



of growth. Ek (1983) projected poplar yields to be as high as 10.2

metric tons/hectare/year after three years of growth.

TABLE 5. Parameter values used in the growth model GROWIT to
estimate biomass production in switchgrass (from Lowenberg-DeBoer
and Cherney, 1989).

Parameter Value

Maximum Growth Rate
Minimum Temperature At Which Growth Occurs
Maximum Temperature At Which Growth Occurs
Optimal Temperature for Growth
Dry Matter for Full Utilization of Sunlight
Percentage of Optimal Growth at Nitrogen-0
Nitrogen Fertilizer for Maximum Growth
Senescence Onset
Half-life of Senescent Material

13.5 kg/ha/h
8°C

60°C
32°C

900 kg/ha
75%
224 kg/ha

1 July
30 days

Only a few studies have reported leaf development of poplars

grown under different tree spacings. Isebrands et al. (1977)

reported that leaf initiation in poplars occurred around May 15 at

Ames, IA and around May 8 at Rhinelander, WI. At Ames, leaf area

index (LAI) ranged from 1.12 m2/m2 at a tree spacing of 1.4 x 1.4

m to an LAI of 7.46 m2/m2 at a spacing of 0.82 x 0.82 m. In

contrast, different hybrid clones grown at Rhinelander had a much

higher LAI. At that location, clones grown at a spacing of 0.61 x

0.61 m had LAIs of 15.64 m2/m2 while trees grown at .23 x 0.23 m

spacing reached an LAI as high as 44.78 m2/m2. These results

demonstrate that leaf growth is affected substantially by various

management strategies. The development of leaf surface area under

different conditions must be understood if one wants to accurately

model the uptake of agricultural chemicals.



Poplars require high levels of fertility in order to attain

maximum growth rates. Blackmon (1976) has prepared an extensive

review concerning the effects of fertilization on poplar growth.

In almost all cases, nitrogen is the nutrient most limiting to

growth. Fertilization with nitrogen almost always stimulates

growth substantially. Additions of phosphorus and potassium have

been beneficial as well.

The rooting depth of poplars is significantly affected by the

planting technique used in their culture. For example, Licht

(1990) reported that the when 30 cm poplar cuttings were planted 25

cm deep, root growth occurred primarily within the top 45 cm of the

soil profile. However, when 180 cm cuttings were deep-planted to

depths of 150 cm, viable roots developed along the entire length of

the buried cutting. This has the potential to significantly

influence the ability of poplars to absorb nitrogen and herbicides

from the soil profile. Licht (1992) found that the deep poplar root

systems significantly reduced the nitrate-nitrogen concentration in

the soil profile compared to the poplars planted 25 cm deep.

Because of their rapid growth rate and the ability to

reproduce vegetatively, poplars are often grown for biomass under

a short-rotation, intensive-cropping system (SRIC). In this model,

tree spacing is as small as 0.09 m /tree. Trees are harvested at

six to eight years of age. Several models have been proposed to

describe poplar growth (Promnitz and Rose, 1974 19; Ek and Dawson,

1976; Papadopol and Zsuffa, 1987; Landsberg and Wright, 1991;

Rauscher et al., 1990). At the present time, however, none of

these models is developed sufficiently to predict the growth of



poplars throughout the six to eight years between planting and

harvest in the SRIC system. Furthermore, none of these models

provides enough information to adequately assess the interaction of

poplars with nitrogen and pesticides in the environment.

CONCLUSION

The three models described in this paper CREAMS, GLEAMS, and

EPIC, are applicable across a broad range of conditions. For

example, test simulations of the original EPIC model were conducted

at 150 sites in the continental U.S. and 13 sites in Hawaii

(Williams et al., 1984). The simulations included over 12,000

combinations of crop, soil, tillage, and conservation practices,

thus demonstrating the tremendous flexibility of EPIC. In addition

to the extensive evaluation of the models, careful validation of

the individual components within each model has occurred as well.

All three models have significant input requirements including

climatological data, a detailed description of the physical and

chemical properties of the soil, and numerous crop and management

parameters. Among other data, output files include the loss of

nutrients and pesticides in runoff water, on eroded soil particles,

and through percolation. Thus these models are a valuable tool for

studying the fate of nutrients and pesticides in the agroecosystem.

The case studies presented above demonstrate the utility of these

simulation models in evaluating the potential impact of alternative

crop management practices. Furthermore, the models may be used to

evaluate changes in water quality under different agricultural



policy scenarios.

The greatest difficulty in using these models to assess the

fate of nitrogen and pesticides applied to switchgrass and poplars

lies in the ability to predict the growth of these crops and their

interaction with the chemicals. For example, a knowledge of leaf

development patterns throughout the growing season is critical in

predicting photosynthetic rates, water use, and the potential

uptake of nitrogen and pesticides. The EPIC model requires

extensive input regarding the physiological characteristics of the

crop under consideration. Comparatively, CREAMS and GLEAMS require

somewhat less information.

The satisfactory performance of the general plant growth

model, GROWIT, in estimating biomass production in switchgrass

indicates that it is reasonable to assume that other models,

including the detailed plant growth component of EPIC, should be

able to predict the response of switchgrass to the management

factors under consideration. Still, numerous assumptions and

interpolations must be made in using the EPIC model in evaluating

switchgrass.

In comparison, no presently available models are able to

simulate accurately the growth of poplars in SRIC systems. CREAMS

has been used successfully for evaluating forest management

practices in pesticide usage (Nutter et al., 1986). In addition,

both GLEAMS and EPIC include parameters for trees among the choices

built into the crop growth components of their models. However,

the SRIC system for poplar cultivation is really quite different

from conditions found in the natural temperate zone forest. LAIs



in poplars under SRIC are five to six times greater than those

found in natural stands (Isebrands and Larson, 1976).

Both switchgrass and hybrid poplars have the potential to

improve water quality within the agroecosystem. Both crops have

the capacity to adsorb and store significant quantities of nitrogen

and pesticides which might otherwise contaminate surface or

subsurface water supplies. Hybrid poplars and switchgrass pose

special problems to simulation models such as CREAMS, GLEAMS, and

EPIC. Because no growth models exist for those crops, it is

difficult to predict their impact on the agroecosystem with

certainty. Still, as a tool to make initial evaluations and

determine future directions for research using these biomass crops,

the agriculture simulation models discussed in this paper hold

great promise.
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Energy Crops as Part of a Sustainable Landscape
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Abstract

Energy crops can be a productive part of the landscape through their effect on mitigating
offsite impacts, improving the soil resource, and providing an alternative crop for farmers.
There is little information about the effect of grass crops, e.g., switchgrass, on soil quality
or their effectiveness as a vegetative filter strip material. There are some generalizations that
can be made, however, that show energy crops have a high productivity rate, high nutrient
use rate, a deep rooting depth, and a high rate of soil organic matter input. These factors
can lead to increased soil quality and a sustainable soil resource. If the soil resource is
enhanced, there will be a minimal offsite impact from portions of the landscape.
Management of the overall landscape can be improved through the use of filter strips, and
buffer strips that enhance the soil and energy crops can be a valuable part of the landscape.

Introduction

Sustainable agriculture must be viewed from a concept of a total landscape rather than
a collection of individual fields. Nonpoint source pollution from agriculture is due to the
offsite movement of sediment, nutrients, and pesticides. However, to achieve a more
sustainable system requires that there be both a reduction in the onsite impact of our current
practices and the use of measures that would minimize the offsite movement.

Hatfield (1993) detailed the changes that occur in a soil because of management
changes and their linkage to nonpoint source pollution. Practices that increase soil organic
matter, increase infiltration, and maintain soil cover will have a positive impact on soil
quality and reduce the probability of offsite movement. For example, increasing the portion
of the season with the soil covered with vegetation or crop residue leads to an increase in the
soil organic matter which in turn leads to an increase in the stable soil aggregates. Stable
soil aggregates allow more infiltration, which reduces the chance of surface runoff and leads
to more soil water available to the plant. Increased soil water alleviates the potential for
water stress which in turn increases plant growth and a further increase in soil organic matter
(Hatfield, 1993). This simple example is illustrative of the concept of linking the aspects of
management changes to nonpoint source pollution.

In this overview, concepts of landscape management and the potential for energy
crops as part of the landscape will be discussed. There is little evidence to guide the
approach other than what has been gleaned from other associated research on grass crops and
filter strips. This paper is designed to offer some approaches for consideration that should
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enhance our understanding and desire to understand more about landscape management and
the linkage among agricultural practices and environmental quality.

Onsite versus Offsite Impacts

Consideration of change within a landscape invokes a discussion about the tradeoffs
between onsite and offsite impacts. We have assumed that if we manage the overall
landscape by utilizing methods that reduce the potential for offsite movement, there will be a
positive impact on the overall system. Obviously, this is a good first step toward reducing
the environmental impact and practices that reduce offsite movement that are also linked to
practices that potentially reduce onsite impact. There are some examples of how these
components are linked together. An increase in soil organic matter reduces the probability of
surface runoff through the increase in water filtration rate and also increases the degradation
process and adsorption of pesticides within the soil. Infiltration is increased through more
stable soil aggregates that do not change with increased water content and through the
protection of surface layer from the action of raindrops through the increased cover.
Increasing soil organic matter increases adsorption of pesticides and degradation rates
because of greater soil biological activity. Unfortunately, we have little evidence to evaluate
these changes across a range of soils and different landscape positions. There is no
information that has evaluated the changes across a landscape with different crops or
vegetative covers.

There are other factors that can be used to increase soil organic matter. The use of
animal manure as a soil organic matter amendment may offer a potential technology to help
enhance organic matter content and ultimately the soil resource.

Management practices that influence the movement of water will provide an effective
method of reducing the onsite impact and even more reduction in offsite impacts. However,
there are instances, sloping land, heavy rains, or crop and tillage sequences, that lead to
surface runoff. Even under the best possible management practices there are times in which
surface runoff occurs; however, these should not be considered to be a major problem in
management. The choice for landscape management is to provide a situation for the
lessening of these problems. Since sediment loss is the greatest component lost from
agricultural fields, any practice that reduces runoff will reduce sediment loss.

There are some tradeoffs between increasing infiltration and water storage within the
soil profile. Hudson (1994) showed that increasing soil organic matter content increased the
amount of water soil could potentially hold. This suggests that as we increase the organic
matter content and the soil water holding capacity, more of the infiltrated water should
become available to the growing crop. Hatfield and Prueger (unpublished data, 1995) have
shown that management practices, e.g., no-till and ridge-tillage, that have both increased
infiltration and higher organic matter content exhibit a higher available water and subsequent
water use by the crop. Without an increase in organic matter, infiltrated water often leaches
through the soil profile moving with it any soluble nutrients and pesticides. In order to
understand how offsite movement can be impacted by different management schemes it is
necessary to understand some of the basic principles involved in water movement. If we
consider an energy crop, e.g., switchgrass, which is a warm season perennial, then the peak
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water use rate would occur during early to late summer. This pattern of water use would
extract the available stored soil water at a maximum rate during this time period. Soil water
stored within the soil profile would contribute to an optimum growth rate during the summer
months when there is a greater likelihood of dry periods. Too often in the midwestern states
there are periods of deficit soil water storage for optimum growth during the summer. The
increase in stored soil water would mitigate this problem.

Landscape Positions of Energy Crops

It is difficult to assess the role of energy crops on the landscape without
understanding the topography and hydrology of the landscape. If we assume that warm
season perennial crops are placed as filter strips along the edge of fields bordering streams,
then there are certain properties that are evident. These crops will be placed in an area
along the stream that is an alluvial deposit and has a potentially deep rooting zone, a high
organic matter content, and increased available soil water because of runoff from the
surrounding area. However, if we place energy crops in the eroded waterways of the field
which have been previously degraded by erosion, then these areas will have low organic
matter, low water holding capacity, and a low nutrient supply. These two areas within a
landscape would require different management practices because of the soil differences but
could both yield potentially favorable results from energy crops.

Utilizing switchgrass as a filter strip crop along the stream edge would have potential
environmental quality benefits. Filter strips remove sediment, nutrients, and pesticides from
water moving through the filter strip. Hatfield (unpublished data, 1995) showed that
adsorption of pesticides occurs in the upper portion of the soil profile and is enhanced by
modifying the surface to increase the length of time that water is resident within the strip.
Switchgrass, with the bunch-like growth habit, would slow down the rate of water movement
to allow for more interaction of the water with the soil. The increased adsorption of water
would have three benefits: increased soil water for plant growth, removal of pesticides from
the water, and removal of sediment borne nutrients like phosphorus. There have not been
any evaluations of switchgrass in this role and this research needs to be conducted.

Along the edge of streams there would be sufficient volume of soil for maximum
rooting depth. Weaver (1968) reported that switchgrass roots could extend to depths up to
2.4 m and reach a height of 1.5 m. With this rooting depth and height, the crop would be
quite effective as a filter strip crop. The rooting depth and water use rates of this crop
would remove a large amount of soil water and along the stream would provide an area that
would have maximum potential for water adsorption. The only disadvantage of a warm
season crop as a filter strip is linked to the time in which most surface runoff events occur.
This time is in the spring for the Midwest. For the filter strip to be effective will require
that some plant material be present on the surface to slow the water movement through the
strip. Since the maximum growth rate of warm season grasses does not occur until
temperatures are near 30°C, we could assume that in the early spring the material within the
filter strip would be primarily leaves and stems from the previous season (Lowenberg-
DeBoer and Cherney, 1989).
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Planting switchgrass within waterways or areas subject to erosion within a field would
provide for both an adequate ground cover and a permanent vegetative area. Addition of a
permanent cover to eroded soils would begin the process of adding organic matter back to
the soil and restoring the soil by preventing more erosion from occurring. Productivity of
switchgrass from these more eroded areas would probably be reduced compared to the
stream area because of the lower fertility and more shallow rooting depth associated with
eroded soils. It is possible that over a short period of time there would be an increase in
growth due to improved soil condition. This crop cover would provide for adequate erosion
control because of the effect on removing sediment; however, until the crop becomes
established and the upper soil layer modified through the addition of organic matter, the
infiltration rate may not be increased.

Management of Energy Crops

One aspect of energy crops in landscape modifications that needs to be examined is
soil fertility. It is assumed that switchgrass will use large amounts of nitrogen and
phosphorus for optimal growth. Lowenberg-DeBoer and Cherney (1989) reported that
switchgrass required 224 kg/ha of nitrogen for maximum growth. We could assume that the
phosphorus requirement would be around 100 kg/ha and there may be an equal demand for
potassium from the soil for maximum growth. These fertility requirements are large, and
maintenance of these levels in the soil when the crop is removed for biomass use will require
a program to ensure adequate nutrient levels. The high fertility requirements for maximum
growth may provide a landscape area for the use of manure. One of the current limitations
for the effective use of manure is the high phosphorus content and the low use rates of most
crops. Switchgrass, as part of the landscape, will provide a crop that has high fertility
requirements. There is little data to guide the recommendation of manure usage on these
crops but they could potentially provide an area for manure use during the summer that is
lacking in agricultural crops.

Biomass crops are grown for maximum production of forage material. To maintain
this growth rate will require adequate nutrients and water. Placement of an energy crop
where it could intercept water from runoff should increase the water available to the crop.
Soil fertility requirements need to be addressed and evaluated before recommendations can be
made.

Advantages of Energy Crops on Environmental Quality

Production of energy crops will provide an environmental quality tool for use in
landscape management. Placement of energy crops as waterways or filter strips will provide
a permanent cover to areas that are subject to erosion or require a crop that will slow the
movement of any water leaving the edge of a field. Switchgrass could be a valuable
component of landscape management because of the deep rooting depth and high fertility
requirements. Both of these factors provide for the effectiveness of energy crops in
removing water and using nutrients that are transported into either the waterway or buffer
area.
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Energy crops will enhance the soil resource and as a result will provide for a more
effective management tool for environmental quality. An increase in the organic matter
within the grass area will lead to improved infiltration so the filter strip will remove more
water as any runoff moves through the strip. An increase in organic matter will also
promote greater degradation of pesticides that are adsorbed within the strip. The advantages
of using energy crops in this role have not been fully developed or investigated.

Placement of energy crops in landscape positions that are not profitable to farm
because of erosion potential or poor crop growth can offer a valuable economic alternative to
row crop production for the farmer. There has been little effort to evaluate the role, both
environmentally and economically, or energy crops as part of the overall farming system.
There are advantages from the soil management and environmental quality viewpoints, and
the economic analysis needs to be completed for a variety of locations and farming systems.
Adoption of energy crops as part of the landscape could lead to improved efficiency of the
overall farming operation and definitely to a positive impact on environmental quality.

References:

Hatfield, J.L. 1993. Sustainable agriculture: Impacts on nonpoint source pollution. Water
Sci. Tech. 28(3-5)-.415-424.

Hudson, B.D. 1994. Soil organic matter and available water capacity. J. Soil and Water
Cons. 49(2): 189-194.

Lowenberg-DeBoer, J. and J.H. Cherney. 1989. Biophysical simulation for evaluating new
crops: The case of switchgrass for biomass energy feedstock. Agric. Sys. 29:233-246.

Weaver, J.E. 1968. Prairie plants and their environment. University of Nebraska Press,
Lincoln, NE.

-5-


