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ABSTRACT

A three vear study was conducted to determine the effects of
agricultural drainags and development on hydrology and runcff water
quality on high organic soils in the North Carolina Tidewater Region.
Experiments were conducted on paired developed and undeveloped
sites of three different soils that span the range of soils being
developed in the Tidewater Region. ZEach of the six sites (three
developed, three undeveloped) were instrumented to continuously
measure the rate of runcff, to sample for water quality and pesticide
analyses, and to determine other wvariables such as rainfall and
water table depth.

Peak runoff rates occur earlier and are three to four times
higher on developed than on similiar undeveloped lands. However,
because of limited capacity of current canals, there may be little
difference between runoff rates from developed and undeveloped lands
during the largest runoff events. In general, development causes &
decrease in evapotranspiration (ET) with a consequent small increase
in annual outflows.

There is a small but significant increase in inorganic nitrogen
in drainage water as a result of agricultural development of these
organic rich soils., However, the true organic soils which are developed
lose considerably more phosphorus to drainage waters. Development of
the mineral soil has a very small effect on phosphorus losses.

Agricultural develcpment results in a small increase in sediment
load of drainage waters and turbidity also increases, particularly
during the developmental phase. Dissolved oxygen, biochemical oxygen
demand, temperature, pH, and other water quality parameters are measur-
ably affected by development, but the changes are relatively small.
Other parameters that change but have no apparent effect on water qua-
lity are Ca, Mg, K, Na, and Cl concentrations.

One potential water quality problem is the movement of fecal
organisms from grazed pastures into drainage waters. A significant
increase in the loss of fecal and total coliform bacteria was observed
from the pastured site. Pasture sites in this study are located

several miles from estuarine waters and transport of the coliform
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organisms was not examined in sufficient detail to determine if they
cause water quality problems in receiving estuaries.

The distribution and persistence of alachlor in high organic
soils of the Tidewater Region of North Carolina and the contamination
of drainage water were investigated over a 3-year period. Alachlor
disappears rapidly from soil during the first 4 weeks after applica-
tion; but low, nonphytotoxic concentrations persist from one
season to’the next. Concentrations of alachlor in water from drainage
ditches interspersed in treated fields vary greatly among sites and.
years. High concentrations (ppm levels) appear to be caused by
direct spraying of the ditches or by drift of sprays into the ditches.
Movement in surface runoff does not appear to be a major route of
water contamination.

Drainage systems currently installed in the organic and high
organic mineral soils provide mostly surface rather than subsurface
drainage. "~ Water tables are usually close to the surface during the
winter and change continuously with ET and rainfall during the growing
season.

The major effects .of agricultural development on soil properties
involve the surface horizon (20 cm). Subsidence of the organic soils
is greatest directly after.development because of irreversible drying
and shrinkage of soil in the root zone. After this initial period,
subsidence :on the deep organic pasture site is less than 1 mm/year for

a three year period.
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SUMMARY AND CONCLUSIONS

A three year study was conducted to determine the effects of
agricultural drainage and development on hydrology and runoff water
quality on solls with high organic contents in the North Carclina
Tidewater Région (the Blacklands). Experiments were conducted on
paired developed and undeveloped sites of three different soils that
span the range of soils being developed in the Tidewater Region
(Blacklands). Each of the six sites (three developed, three undeavelop-
ed) were instrumented to continuously measure the rate of runocff, to
sample for water quality and pesticide analyses and to determine other
variables such as rainfall and water table depth.

Peak runcff rates occur earlier and are three to four times high-
er on dewveloped than on similar undeveloped lands. As presently de-
signed, the drainage canal network, with pump assisted outlets in some
cases, does not have the capacity to remove the water at the rate that
it can drain from developed fields. As a result there may be littlie
difference between runoff rates from developed and undeveloped lands
during the largest runcff events.

Total annual outflows from the developed sites were seomewhat
higher than from undeveloped sites during certain years of the study,
but about. the same in others. In general, however, development
will cause a decrease in ET with a consequent increase in annual
runoff during years in which drought periods occur. The increase
in total runoff will usually be small but will depend on the number
of drought periods that are followed by runoff producing rainfall
events.

Drainage'systems‘currently installed in the organic and high
organic mineral soils provide mostly surface rather than subsurface
drainage. Water tables are usually close tc the surface during
the winter and change continuously with ET and rainfall during the
growing season. Average water table depths were about 22 cm deseper
on the developed than on the undeveloped deep organic soil. Be-
cause of the influence of the root mat, water tables were actually

deeper on ditched, but undeveloped mineral and shallow organic soils.




The composition of drainage water from agricultural fields in
the organic and high organic soils of the Blacklands is somewhat
different from other agricultural areas of North Carolina. Conse~
quently, the effect of development cf natural areas for agricultural
production is different, Ilfuch less inorganic nitrogen is found in
drainage water frem developed fields in the Blacklands as compared to
most fields further inland. This is a vesult of the very low nitrate
levels in drainége waters from these organic rich soils. The inecrganic
nitrogen losses to drainage water from developed areas are greater
than from natural areas, but the increase in nitrogen concentration is
not as large as might be predicted based on data from other agricultural
areas.

The largest potential eutrophication hazard resulting from develop-
ment may be the increase in phosphorus in drainage waters. The effect
cf development upon phosphorus losses in drainage waters is very
dependent upon soil type. Inorganic soils react with fertilizer
phosphorus to prevent its less. The solubility of phosphorus in shallow
and deep organic scils is much greater than in inorganic soils, so
much ¢f the added phosphorus can be lost te drainage water. The
weighted average concentraticn in drainage waters from the two
develcped organic soils was 1-2.5mg/1 for a total phosphorus efflux
of 7-10 kg/ha/vyr. The amount of this phosphorus which reaches
major stream or estuaries will depend on distance the water must
travel to reach the cutlet, the type of sediment in the collector
ditches, and the soil material in the banks. If the sediments
are from inorganic soils or the canals are cut into mineral layers,
much of the inorganic orthophosphate may be removed from solution
by these sediments. Fortunately, much of the current agricultural
development is on mineral soils where P losses are small. However,
it should be recognized that agricultural development of organic
soils low in mineral content immediately adjacent to estuaries or
major streams will very significantly increase the entry of phosphorus

intc these waters,
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The Blackland soils are very flat so erosion is not a problem,
but development does cause a small  increase in sediment load of
drainage waters. This increase is particularly apparent during the
developmental phase. Turbidity of the drainage water is increased
during clearing and land shaping. Once initial development is
completed, erosion and turbidity  during normal agricultural produc-
tion is not likely tc cause a water quality problem.

There are several water quality parameters which are measurably
affected by develepment, but the change is relatively small. For
example, D.0., B.0.D., temperature,and pH, are all slightly higher
in drainage water from developed areas. Other parameters which
change: upon development but gre not generally considered critical
in ‘evaluation of water quality in this region 'are: Ca, Mg, Cl,

Na, and K. There is wvery little effect of development upcn efflux
of the metals Cu, Zn, Mn, and Fe.

One potential problem with develepment of the organic soils
for pastures near shell fishing waters 1s the loss of fecal organisms
in drainage waters. The counts of fecal and total coliform bacteria
in drainage water from the pastured site were considersably greater
than from natural areas. This increase in coliform bacteria from
grazed lands is common thrcughcut the U.S. and apparently causes
few problems. However, a problem could result if grazed land is
located immediately adjacent to shellfish waters. Development also
caused an increase in coliform bacteria from the cropped shallow
organic soil even though no domestic animals were ever kept on this
site,

Comparison of elemental deposition from the atmosphere,as
compared to losses in drainage waters from the natural areas, showed
that there was 3 to 4 times as much N and P deposited as was lost in
drainage waters. The deposition of other elements (Na, Cl, K, Ca, Mg,
Cu, Mn, and Zn) was approximately the same as removal in drainage
waters. There was a net loss of Fe from the natural areas.

The high organic matter content soils in eastern North Carolina
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require specigl sampling techaiques to provide relisble estimates

of the amount of pesticides applied. The most effective method of
confirming the rate of deposition of thevherbicide alachlor was the
use of filter paper discs lzid on the scil surface during application.

Alachlor residues among individusl soil samples taken after
applicaticon of alachlor were highly wariable, but an average of seven
or more samples within a plot or anslysis of a composite sample
from seven sites within a plect appeared to provide a reliable estimate
of the residue level.

Residues of alachlor (parent compound) disappeared rapidly after
application to the organic soil; however, low levels of "apparent"
alachlor persisted from one season to the next in g biclogically
inactive form. There was no significant accumulation of alachlor
residue above the detectable, but very low concentrations, that
carried over.

Concentrations of alachlor in dralnage water after application
suggested that some applicatcrs were careful to avoid spraying the
V-ditches draining the fields but that some may have sprayed directly
over them, or so close that heavy drift of sprays occurred, causing
excessively high concentraticns of herbicide in drainage water during
the first few days after some application. More diligence and care
during application cf all pesticides used on many farms in the Tidewater
Region of North Caroclina, where ecolcgically sensitive areas exist
in close proximity to large agricultural areas, would reduce or even
eliminate significant hazards causedvby direct spraying of, or drift
onto water in drainage canals.

Transport of alachlor and probably other pesticides as well in
surface runoff from the high-organic scils of the Tidewater Region
of eastern North Carclina and similar areas elsewhere does not appear
to pose a significant hazard to aquatic life. However, it appears
that some hazard from cverspraying of or drift intc drainage ditches
exists in ecologically sensitive areas which the experimental sites
represent. . Most likely, more diligence and care during application

would greatly reduce such hazards.




The major effects of agricultural development on soil properties
involved the surface horizon. Development removed the root mat and
decreased the surface elevation. The bulk density of the surface
horizon is increased and the porosity decreased. Both hydraulic
conductivity and drainable pecrosity are decreased during the
developmental process. The effects of development on all soil
properties increased with the depth of the organic layer.

Subsidence of the organic soils is greatest directly after
development because of irreversible drying and shrinkage of soil
in the root zone. After this initial period, subsidence on the
deep organic pasture site was less than 1 mm/year for a three

year period.




RECOMMENDAT IONS

Mineral and shallow organic soils should be identified and given
first priority in any plan to develop high organic soils in the
Tidewater Region of North Carolina. These soils are more agri-
culturally productive and have fewer problems with P runoff and
subsidence. Although inorganic nitrogen efflux is greater for
mineral than for organic soils, other problems associated with
their development, both environmentally and agriculturally, are

not as severe as with the deep organic soils.

With few exceptions, agricultural development of deep organic soils
has not been successful. Problems with buried wood, low bearing
strength of the soil mass, etc., cause development costs to be high
and management for row crop production to be extremely difficult.
Thus, it is recommended that these soils be given a very low priori-
ty for development for both environmental and agricultural manage-
ment reasons. Any development scheme should start with a good soil
map so that both the best soils and the problem soils can be iden-
tified and assigned appropriate priorities in the developmental
process.

Peak runoff could be reduced by improving the subsurface drainage.
This could be done on the mineral soils by installing drain tubes
to increase the rate of water table drawdown. Lower water tables
would increase storage available for infiltrating rainfall and
reduce runoff rates. This would not decrease the total amount of
runoff from a given storm, but subsurface drainage would occur

over a longer period of time and the peak outflow rates would be
reduced. Another effect of improved subsurface drainage would

be to increase .the time available to the farmer for seedbed
preparation and planting in the spring. Where pumped drainage
outlets are used, better. subsurface drainage would make it possible
to initiate pumping at a later time in the spring and still meet
the farmer's drainage requirements during the planting period.
Although improved subsurface drainage would probably increase in-
organic nitrogen movement from cultivated fields during the grow-

ing season, this effect could be reduced by controlling the out-

xix




lets during the winter and early spring months.
It should be recognized that organic soils which are developed for:
agriculture will lose much more phosphorus tec drainage water than
mineral soils. It is possible that some of the phosphorus lost
from the organic socils can be removed from the drainsge waters by
sediments in ditches or by inorgaﬁic materials in the ditchbank.
The greater the distance between the field and the outlet, the
greater the potential for this reduction to ocecur. This factor
should be considered in planning agricultural development of
organic soils.

Fecal organisms in drainage waters from grazed organic soils
constitutes a potential problem which should be examined more
thoroughly. Pastured lands in the study area are far removed
from shellfish areas and will probably not cause a problem.
However, the potential for problems would be higher for pastures
developed on organic soils immediately adjacent to shellfish
waters.

Educational programs should be directed to farm managers and
pesticide. applicators operating in the Tidewater Region to

call attention to the probable illegality of direct spraying

of water in drainage ditches and canals with pesticides used

in weed and insect management in row crops. The hazard of

such practices to aquatic animals should be stressed. Use

of ground equipment for application of pesticides in fields
interspersed with drainage ditches could reduce contamination

of water by spray.drift and overspraying. Pesticide drift and
how to reduce it should be an integral part of the educational
effort. The education could be a part of continuing educational

programs for recertifying and relicensing pesticide applicators.
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EFFECTS OF LARGE SCALE AGRICULTURAL LAND
DEVELOPMENT ON WATER RESOURCES

INTRODUCT ION

Land in the Tidewater Region of North Carolina is flat with surface
elevations of only a few meters above sea level. The water table is
close to surface and, under natural conditions, large areas of the re-
gion are swampy (Heath, 1975). Many of the soils are organic or have .
high organic surface layers. These soils, which are referred to cumula-
tively as the Blacklands, present several specific and unique agricul-
tural problems. Drainage is essential for agricultural production in the
region and was first initiated in the late 1600's. A large scale drain-
age project on organic soils occurred in the 1790's (Ruffin, 1861).

Since that time there have been periods of clearing and development fol-
lowed by longer periods of inactivity (Lilly, 1980).

The latest period of increased drainage activity began in the early
1970's when several large corporations became involved in clearing and
developing thousands of hectares of land in eastern North Carolina.

First Colony Farms in Washington, Tyrrell, Dare and Hyde Counties was the
largest of these operations with total holdings of 150,000 hectares and
plans in 1973, to clear over 40 thousand hectares by 1981. Three other
large operations (Mattamuskeet Farms in Hyde County, Open Grounds Farms
in Carteret County and Shima American Corp. in Washington County) plan-
ned to develop a total of nearly 40 thousand additional hectares in the
Tidewater Region. This planned developmental activity coincided with the
large algae bloom problems in the Chowan River and the general awareness
that development of any type results in some environmental changes. Con-
sequently, it is natural and appropriate that questions were raised by
the scientific community (Science 139:271-275, 1975), by various state
and federal agencies and by the general public about the effect that
massive land ghanges would have upon the environment.

There werz.many specific concerns gbout the effects of land clearing
and development. One was the effect of land development on the rate and
time distribution of runoff with some apprehensions that peak rates would
be greatly increased surpassing the capacity of existing outlet canals
and rivers. The land under development lies between the Albemarle and

Pamlico estuaries which are important for both commercial and sport-




fisheries. State agencies were concerned that these estuaries might be

damaged through increased sedimentation from the developing lands, in-

creased nutrient flux into the estuary causing algal blooms, a change in
organic matter entry into estuary, pesticide movement into the water, in-
creased input of fecal organisms from pasture lands, increased heavy-
metal concentrations, and a change in the fresh water distribution result-
ing in detrimental effects on salt water organisms because of decreased
salinity. Other individuals expressed the concern that clearing and
drainage would cause a large increase in oxidation of the organic matter
in the soils resulting in a general lowering of land level. Another con-
cern of some was that the increased ditching for drainage would generally
lower the water table and significantly reduce recharge to ground water
aquifers.

In attempting to address the potential problems and assess the
environmental impact of the planned activities, it was recognized that
there was a voild in basic scientific information concerning the effects
of clearing and developing on the hydrology and quality of the drainage
waters from organic and high organic mineral soils. This report presents
the results of a research project initiated in 1975 to determine the
effects of drainage and land development on the hydroleogy and water
quality of drainage waters leaving the area.

OBJECTIVES

1. To analyze drainage waters from three paired sites on First Colony
Farms to determine the effects of land development on hydrology and
water quality parameters, the seasonal variation of these effects,
and the total nutrient and sediment load leaving the areas.

2. To analyze drainage water for selected herbicides and insecticides
used in the production of corn and soybeans and to determine the
potential for polluting estuarine ecosystems from the pesticides
used on the organic and high organic mineral soils in the Blacklands.

3. To determine the effects of land development on water table eleva-
tions, seepage to underlying aquifers and soil subsidence and the
variation of these effects over time.

4, To evaluate existing hydrologic and nutrient transport models for
Blackland conditions, to use these models to extrapolate measured

effects of land development for standard events, such as a 25 year




storm, and to predict the effects of land development for ungauged
watersheds.
; Procedures and results of the study pertaining to objectives 1, 2
and 3 are discussed in this report. Objective 4 is the subiect of Ph.D.
thesis research by Ms. Pitsamai Purisinsit. The thesis will be filed as
an addendum to this report when it is completed in the fall bf 1980.
PROCEDURES

Site Selection .

The land currently under development in eastern North Carclina is
generally flat with surface slopes of less than 0.02 percent. The surface
elevation ranges from approximately 0.5 to 5 m above mean sea level, and
the water table is frequently within 30 to 60 cm of the surface.

The best approach for determining the influence of land development
upon water flow and quality characteristics is to compare drainage water
quantity and quality from relatively large areas of similar soil types in
developed and undeveloped areas. However, it is extremely difficult to
define the drainage area accurately, particularly for undeveloped lands,
in most of the low-lying areas of the Tidewater Region. Furthermore, it
is difficult to measure the flow rate and water quality parameters in such
large flat areas where even minor modifications in the outlet channel to
facilitate measurement may cause changes in flow direction and effectively
reduce the drainage area. After initial attempts to identify such large
areas, it was concluded that a more realistic approach would be to study
relatively small areas of developed and undeveloped land where the drain-
age area could be defined adequately and where outflow rates and water
qualit§ parameters could be measured accurately.

Three paired areas (six sites) of developed and undeveloped land on
the property of First Colony Farms were selected for the study. Locations
of the six sites are shown on a general map of the area in Figure 1.

These stﬁdy areas were chosen to represent the three edaphic groups in
the region which largely influence development and management. - Although
modern soil survey recognizes approximately 40 different soils in the
region, the three sites chosen generally span the full range of the
region's potentially developable soils. The three major edaphic groups

and the experimental sites representing those groups are:
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1. Mineral soils with a histic epipedon (Histic Humaquepts) - this
group of soils is characterized by a surface horizon with a high organic
matter content which does not extend deep enough in the soil profile
(< 40 cm) for the soils to be classified as organic seoils. The mineral
contact below the organic horizon may be either sand or clay. In the
region being discussed, this type of soil is the easiest to prepare for
cultivated land and is the most productive after clearing.

The paired sites for this soil group were located in Tyrrell County
about six miles west of the Alligator River. The land elevation iz
about 1.8 m above sea level and the soil has about 35 cm of organic
matter over a clay loam subsoil. The developed site is identified as
site 101 and the undeveloped site as 102 in Figure 1. Site 10Z had a
stand of harvestable timber during the study. The drainage area for
both sites was approximately 7.4 ha drained by a single field ditch.

2. Shallow organic scils (Terric Medisaprist) - these are soils
which have a high organic matter surface which extends to depths of 40
to 130 cm below the surface before contacting a mineral layer. This is
the second most productive group of soils in the region. The percentage
of the soils of this type that are cleared for agricultural purposes
depends largely upon the amount of buried wood within the profile.

Sites 106 and 107 (Figure 1) represent, respectively, the developed
and undeveloped sites for this scil. The land elevation (0.9 to 1.5 m)
is marginal for gravity flow drainage on the sites and flow measurements
in a major collection ditch was not possible. The drainage area for each
site was also the 7.4 ha drained by a single field ditch. The soils had
about 60 cm of organic matter over a sandy lcam subscil. The amount of
buried wood was relatively small.

3. Deep colloidal organic (Typic Medisaprist) ~ this group of soils
is characterized by having colloidal organic matter horizons which extend
deep (> 130 cm) into the soil profile. These are the least productive of
the soils that may be cleared for agricultural production. They usually
contain large amounts of buried wood which is a problem both in the
initial land preparation and during cultural operations for several
years after clearing. Cleared land of this type is most likely to be

used for pasture and forage production.




Sites 103 and 104 (Figure 1) represent the developed and undeveloped
sites, respectively, for this soil. The developed site (103) was planted
to fescue and was under grazing management during the study. The un-
developed site (104) had a cover of small pond pines and small native
shrubs which have been almost completely unaffected by man's activities.
Each site had a well-defined drainage area of 130 ha which was the area
draining into a collector ditch. The collector ditches were about 1690 m
(one-mile) long and spaced 800.m (0.5 mile) apart. The developed site
(103) had field ditches spaced 100 m apart that emptied into the collec-
tor canal; there were no field ditches in the undeveloped site.

A summary of the characteristics of the research sites, including
the crops grown in the different years, is given in Table 1. Detailed
soil profile descriptions were made, to a depth of about 12 m, for each
site and are given in Appendix A.

Hydrologic Measurements

Flash-board riser structures with welrs were installed at the drainage
outlets at each of the six experimental sites (Figure 2). Schematics of
the experimental sites showing the drainage patterns and the placement of
instruments and equipment are given in Figure 3. The triangular weirs
were calibrated in place and outflow rates were continuously measured by
recording the stage on the upstream side of the weirs with type F water
level recorders. The weirs were submerged during some periods of high
rainfall when the water backed up in the outlet drainage canals. This
was caused by inadequate capacity of the outlets and occurred at some
sites more than others. WMethods for correcting the flow volumes for the
period of submergence will be discussed in a subsequent section. The
outflow was sampled continuously at each outlet by a semi-proportional
automatic water sampler. The stage recorders were serviced weekly, and
water samples were collected at the same time for laboratory analyses.

A recording rain gauge was located on .each paired site to measure the
amount and temporal distribution of rainfall events. A class A evapora-
tion pan was installed near site 103 and instrumented to continuously re-
cord pan evaporation during 1976 and 1977. Similar pans were installed
on site 103 énd at the U.S. Forest Service fire tower about 4 km from '
site 106 during the summer of 1979. Solar radiation, wind speed, daily
maximum and minimum temperatures and relative humidity data were available

- for the period June, 1977 through 1979 from an experimental peat harvest-
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Figure 2.

Deep Organic
Site (104)

Mineral
Site (102)

Installation of flash~board riser structures and equipment
at the deep organic soil site and at the inorganic soil site
for the continuous measurement of outflows and water sample
collection. Notice difference between native vegetation as
a result of soil differences.
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ing site about 4 km from site 103. These data were used to estimate
daily potential evapotranspiration.

Water table evaluations were continuously recorded on each site by
installing 10-cm diameter observation wells and type F water level record-
ers, Site 104 did not have field ditches and a single water level record-
er was placed near the center cof the 130 ha area (Figure 3). All other
sites had field ditches spaced either 90 or 100 m apart and at least two
recorders were placed in each site. Water level recorders were placed 7.5
m from the field ditch draining the area and at 45 or 50 m fyrom the.drain,
which was midway between adjacent ditches (Figure 3). The recorders were
located beyond the zone of influence of the deeper collector canal at the
end of each site. An additional recorder was placed midway between field
ditches and 30 m from the collector canal in site 103 (Figure 3). The
purpose of this recorder was to determine the effect of the deeper collec-
tor canal on water table drawdown near the end of the site and for use in
determining the hydraulic conductivity of the profile. Additicnal water
level recorders were installed during 1979 to better define the variation
of water table within the field. Piezometers (5-cm diameter) were install-
ed on all sites except 101l at depths of 3.0, 6.1, 9.1, and 12.2 m tc deter-
mine vertical gradients controlling water movement to (or from) underlying
aquifers. Water levels in the piezometers were manually determined at
unequal time increments during the study.

Water Quality Measurements

Sampling

A flow—proportional* automatic composite water sampler was located
at each site for collection of water sampMes. These composite samples
were collected weekly for laboratory analyseéa In & previous project, we
had determined that chemical changes in the field collector over a two-
week period were insignificant, so no preservative was used in the
collection bottle. When the samples reached the laboratory, they were
maintained at 4°C until analyses were completed. These weekly composite
samples were analyzed for total P, total N, nitrate-nitrogen, ammonium-
nitrogen, total organic C, and Cl. The composite samples collected the
first week of each month were analyzed for Ca,Mg,N,K,Fe,Mn,Zn,Cu, and Cd.

Field measurements of conductivity, salinity, dissolved ORygen,

temperature, and pH were made on grab samples tzken from water flowing
*
Actually was only semi-~proportional.
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through the weir at the weekly sampling times. Filterable solids
and turbidity were also run on the weekly grab samples. Fecal and
coliform bacteria were run.on grab samples taken bi-weekly.

Analytical Methods

Temperature, conductivity and salinity were measured with =z
Model 33 portable S-C-T meter manufactured by Yellow Springs Instru-
ment Company. Initially pH was measured in the field with a portable
pH meter .and the grab sample was also analyzed in the laboratory. No
differences were noted between the two measurement techniques during
the first few months, so all subsequent pH measurements were made on
grab samples brought to the laboratory. Dissolved oxygen was deter-
mined in the field dufing the "Azide modification of iodometric
method" (Standard Methods, 1965, pg. 406).

Turbidity was determined using a candle turbidimeter (Standard

Methods, 1965) until 6-14-77; subsequently, all turbidity analyses
were done on a Model DRT 100 HG Instruments Turbidity Instrument.
Suspended solids (sediment) were determined using the Millipore Sus-
pended Solids Analysis System (> .45 um diameter).

Total and feéal coliforms were run using the membrane filter
technique (Standard Methods, 1965, pg. 610). Gelman GN-6 filters
were used and the medium used contained no agar. Results were report-
ed as colonies per 100 ml of sample. Water samples collected for coli- ‘
form analysis were immediately placed on ice and the analysis proce- ‘
dures were initiated within 24-hours of sample collection.

Nitrate was determined using the Lowe and Hamilton (1967) bac-
terial technique for reduction to nitrite and the nitrite was deter-
mined by the procedure described in Standard Methods, 1965, pg. 205.
An ammonium electrode was used for ammonium determination. Total
Kjeldahl N and total P were analyzed by the procedures described on
pages 208 and 232, respectively, of Standard Methods, 1965.

The ampule techniqué_of Oceanographic International Imstrument
Co. was used for the analysis of total organic C. Biological oxygen
demand (5~day) was determined by the North Carclins Department of Natural
and Econbmic Resources Water Laboratory using EPA approved procedures.

The analytical technique used for chloride determinations was
that described by Gilliam (1971) except that the water samples were

mixed with the extraction solution described.
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Metallic cations were determined on a 50 ml aliquot which was
evaporated to dryness, dissolved in 10 ml of 2.5N HCl and again evapo-
rated to dryness and dissolved in 10 ml of 2.5N HCL and diluted to 50
ml. A flame photometer was used for Na and K and atomic absorption
spectroscopy was used for all other metallic cations.

Laboratory techniques were checked using Quality Control Samples
obtained from EPA for all parameters possible. These reference: samples
were alsc frequently included with routine samples as a blind check to
ensure reésonable analytical accuracy and precision.

All nutrient concentrations and effluxes are expressed on an
elemental basis.

Field Work

All developed areas sampled were managed by local farmers over whom
we had no control. They were generally very cooperative and informed
us in advance of any major planned activities. They also prévided infor-
mation as to fertilizer, pesticide and lime rates used. Details of farm—
ing activities, planting dates and fertilizer application are given in
Table 2.

Because others have noted large losses of both pesticides 'and ferti-
lizer nutrients in the first runocff events after application of these
chemicals, we had an intensive sampling program for the cultivated fields
for the first one or two runcff events after planting and fertilization.
Rainfall events immediately following spring fertilization and planting
during cur investigation tended to be small and widely scattered. This
resulted in a smaller loss of nutrients, pesticides, and sediment thén
weuld have occurred for more frequent and intensive rainfall. It alse
increased the cost of the data collection phase of the project as a tech-
nician had to stayAin the area for several weeks in some cases, until
rainfall occurred.

Rainfall Ccllection

Rainfall and other atmospheric depositicnwere collected at four of
the six experimental sites. The collector was constructed using a 23 cm
length of nominal 10 cm diameter PVC pipe. The top edge of the pipe was
ground toc z sharp edge with the bevel to the ocutside. The internal dia-
meter was 10.48 cm. The bottom of the pipe was sealed with a standard
PVC end cap which was solveni welded tc the pipe. A 1.25 cm hole was
drilled in the center of the end cap and a 15 cm piece of 1.25 cm (0.D.)

PVC pipe was welded intc this hole. The PVC collector was placed on top
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Table 2.

Site
0.

102

101

101
101
101

104

103

107

106

106

106

106

So1

Mineral-histic
epipedion

Mineral-histic
epipedion

Typic Medisaprist
> 130 cm of organic
matter

Typic Medisaprist
> 130 cm of organic
matter

Terric Medisaprist

-70-130 cm of organic

matter

Terric Medisaprist
70-130 cm of organic
matter

Terric Medisaprist
70-130 cm of organic
matter

Terric Medisaprist
70-130 em of

organic matter

*estimate

Year

1975-79
1976

1977
1978
1979

1975-79

1974
1974
1975
1975
1976
1976
1976

1978
1979

1975-79
1976
1977
1978

1979

Crop

Planted

Good stand of pine, no chemicals added

Natural, clearing began in 6-77

Soybeans

Soybeans

Corn

Native vegetation of gallberry and poor quality pine.

cuts

1-8 millet

cuts 9-16 sudan, sorghum

rye grass

cuts

1-8 Lespedeza

& Dallas grass

cuts

9-16 wheat

fescue, clover

cuts
cuts
cuts

cuts

Native vegetation of pine and gallberr

Corn

7-8 Dallas grass
9-10 fescue, clover
1-8

1-8

Soybeans

Soybeans

Soybeans

7-19

«6-28, 6-29

5-7, 5-8

spring
fall
spring
fall
spring

spring
summer

-

A detailed summary of the crops planted and fertilizer and lime applied to each site.

Fertilizer Lime
Date TFRate (N-P-K) Date Rate
(kg/ha) (T/ha)

7-1 36-48-89 741 13.4
5.6 Cu

6-28  24-3}-1V7
5.6 Cu

5-7 34-45-167 5-7 4.5
Cu,Mn,Zn(3.5)

6-26 190-0-0

5-8

6-21

5-21

No chemicals added.

56-25-46 13.4
56-25-46

56-25-46

56-25-46

56-0-0 13.4
56-0-0 6.7
56-0-0

67.2-24.5-46

170-56-56*

0-25-46 6-21 6.72

17.9-15.7-3.3
B-.6, Cuy 1.12

17,9-15.7-33.1



of a 15 x 20 x‘25 cm box open on one side and with a 1.25 cm hole in the
top.. The 1.25 cm pipe from the collector passed through the hole in top
of the box and protruded into a 0.5 L polyethylene bottle with hole in
the top just large enough to accomodate the 1.25 cm pipe from PVC collec-
tor. The box was placed on a stand 30 cm from the soil surface. Samples
were removed from the collector weekly when rainfall occurred. This sys-
tem was placed next to the recording rain gauge at each site which was
used for measuring the quantity of rainfall.

Rainfall samples were transported to the laboratory and were analyzed
for pH, NOS—N, NH4—N, TKN, P, Ca, Mg, Na, K, Cu, Fe, Mn, Zn, Cd, and CL.

The procedures used for these analyses were the same as those used for

analysis of runoff water samples.
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Application, Pesticide Sampling, and Analysis

General

The project was designed to study those pesticides used by the
cooperating farm for weed and insect control. Initially, we envisioned
that the growers WOuld use as many as three herbicides in the production
of soybeans, corn, and forage grass. In the course of the 3-year study,
normal cropping sequences in both developed areas used for row crops
(Sites 101 and 106) would consist of altermate crops of corn and sovbeans
(i.e., corn one year and soybeans the next). Soybeans were planted on
both sites in 1977. As a result of unfavorable weather during the corn-
planting season in 1978 and 1979, soybeans were planted in Site 106 both
years and in 101 in 1978. Corn was planted in Site 101 in 1979. Under
normal conditiocns, corn would have been planted in at least 1 of the 3
years at both sites.

Due to these unforeseen circumstances, pesticide use was restricted
almost entirely to alachlor [2—chloro—2',6'—diethyl—ﬁf(methoxymethyl)
efcetanilide]e Thus, we investigated intensively the distribution of
alachlor in the organic soils and in the drainage water from the devel-
oped Sites 101 and 106,

Application of pesticides other than alachlor on Sites 101 and 106
by the farm operators was sporatic and unpredictable. Generally, we
could not prepare for such applications in advance; hence it was diffi-
cult to attempt to study movement of pesticides other than alachlor. We
did anticipate application of terbufos [0,0-diethyl-S-(((1,l-dimethylethyl)
thio)methyl)phosphorodithioic acid] to corn on Site 101 in 1979 by a few
weeks, and some attention was directed to study of this pesticide.

In 1978, 2,4-D [2,4-dichlorophenoxy)acetic acid] was applied to the
third developed site (Site 103) on August 14, 1978 for the purpose of
obtaining data on herbicide transport in surface runoff frem pastures.
This herbicide is often used in such areas to contrel broadleaf weeds and
woody 'species. In recent years interest in the movement of the phenoxy
herbicides in the environment has expanded as dioxin contaminanté in
formulations of 2,4,5-T has been confirmed and their presence in 2,4-D
formulations alleged by those unfamiliar with this herbicide.

Land preparation in these recently cleared and drained lands is far

less uniform than on land that has been in production for long periods.
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Secondary objectives were to confirm the amount of alachlor applied, to
determine the uniformity of application, and to estimate the variation

in the alachlor level among soil samples obtained from the large fields.

Land Prepavaticn and Pesticide Application

The soils are described in detail elsewhere in the report. In pre-
paration for planting soybeans and corn, fertilizer was applied on Sites
101 and 106 and the fields disked and dragged. The planting date for
soybeans varied from early June to mid July. The pesticides applied,
the dates, rates, and methods of application, and related information
for Sites 101 and 106 are shown in Table 3. Alachlor was applied by
ground equipment to Sites 101 and 106 in 1977 and to Site 106 in 1979. »
The herbicide was applied by air to Sites 101 and 106 in 1978 and to Site

101 in 1979. The rate of application of alachlor as reported by the

farm manager was 4.48 kg/ha in all cases.

The developed pasﬁure included as a study area, Site 103, was
aerially sprayed with 2,4-D as the alkanolamine salt at a rate of 1.12
kg/ha on August 14, 1978. The application was delayed for several weeks
because frequent rains interfered with scheduling the applicatiomns.
However, a drought followed application, and no significant runoff
cccurred at Site 103 for about 5 months. Considerable time was expended
in order to be prepared to collect runoff samples, should rain have
occurred. However, because of the long absence of rain, we were unable
to obtain runoff data for 2,4-D. Rapid degradation of 2,4-D précluded

continuing this phase of the study.
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Table 3, Planting dates and pesticide applications.'-El
Year Site 101 Site 106
1977 Crop Soybeans Soybeans
Planting date July 19 June 21
Alachlor applied July 20 June 21
Equipment used to
apply alachlor Ground Ground

1978

1979

Rate of application
Type of application

" Volume of solution

Crop
Planting date
Alachlor applied

Equipment used to
apply alachlor
Rate of application
Type of application
Volume of solution

Crop
Planting date
Alachlor applied
Equipment used to
apply alachlor
Rate of alachlor
Type of application
Volume of solution
Terbufos (CounterR)
applied
Rate of terbufos
Type of treatment
Dicamba (BanvelR)
Rate of application

Type of application

4,48 kg/ha (ai)
Broadcast, surface
190 liters/ha

Soybeans
June 28-29
June 29

Aerial

4,48 kg/ha (ai)
Broadcast, surface
v

Corn
May 7-8
May 11

Aerial

4.48 kg/ha (ai)
Broadcast, surface
LV

May 7-8

1.3 kg/ha (ai)

In furrow

June 26

0.4 kg/ha in 30%
nitrogen solution

Postemergence, broadcast

4.48 kg/ha {(ai)
Broadcast, surface
190 liters/ha

Soybeans

July 1 and 3

July 1 (Reps II & IV)
July 3 (Reps I & III)

Aerial

4.48 kg/ha (ai)
Broadcast, surface
v

Soybeans
June 3
June-5

Ground .

4,48 kg/ha (ai)
Broadcast, surface
190 liters/ha

i/Site 103 ‘was sprayed with 2,4-D on August 14, 1978 at a rate of
1.12 kg/ha.
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Scil Sampling

In 1977, four plots, each 0.4 ha in size, were estgblished at each
of the two 7.4-ha sites (101 and 106). Sites 101 and 106 were each about
90 m wide, with a drainage V-ditch splitting the field and parallel to
the long axis of the sites. Two of the samll plots at each site were‘on
one side of the V-ditch and two were on the other side. Soil samples
were collected in 1977 from each plot in a line perpendicular to the
V-ditch. On successive sampling dates, samples were collected in a line
approximately 5 meters farther into the plot, thus agvoiding the sampling
of the same spot on different dates.

Samples of surface soil were taken for the firsﬁ 4 weeks after
application (28 and 29 days for Sites 101 and 106, respectively). The
sampler was patterned after the Smith Surface Soil Samplerl/ and was
fabricated from a 20.4-cm (diam) aluminum desiccator. At both sites
seven surface samples were collected from each plot on each sampling date
in 1977. At Site 101 surface soil samples were taken to a depth of 5 cm
imﬁediately after spraying and at 1 and 5 days after spraying. Fourteen
and twenty-eight days after treatment, surface samples were taken to a
depth of 7.5 cm. Surface soil at Site 106 was sampled to depth of 5 cm
immediately after herbicide application and at 1 and 7 days after appli~
cation., Twenty-nine days after spraying, surface samples were taken to
a depth of 7.5 cm. The seven individual samples taken from each\plofﬂ
during the first 4 weeks after application in 1977 were analyzed sepa-
rately to obtain an estimate of the variation in spray distribution over
the fields.

Subsurface soil samples were taken with a split-tube sampler (2 cm
diameter) to a depth of 30 cm. Fifteen soil cores were collected
randomly from each plot and divided into depth increments. The samples
were composited by depth increments to give omne sample for each depth
range from each plot. These subsurface samples were collected 14, 28,
56, and 248 days after treatment at Site 101, and 29, 56, and 307 days
aftef treatment at Site 106. All soil samples (surface and subsurface)

were placed in polyethylene bags and frozen until analyzed. Insulated

1/05 N. Smith. 1975. U.S. Environmental Protection Agency, Athens, Ga.

Unpublished report.
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boxes with solid carbon dioxide were used during collection and transport
of the samples to the laboratory. Check samples were collected from
untreated sites.

Soil samples were collected again in 1978 and 1979. Sampling times
varied in different years and experimental sites due to weather conditions,
wet soil, and difficulties in scheduling sampling. Sampling methods were
identical to those reported for 1977 except that the individual samples
for each plot, taken with the Smith Surface Soil Sampler or with the
split-tube sampler, were composited by plots so that a single composite
soil sample was analyzed for each plot at each site and date.

In 1979, 15 diécs of Whatman number 1 filter paper (12.5 cm diameter)
were placed in each 0.4-ha plot immediately before application of alachlor.
The paper discs were recovered immediétely after application, placed in
small glass jars, refrigerated, and transported to the laboratory for

analysis.

Water Sampling

Runoff samples were collected during and after two rainfall events
at both sites in 1977. 1In 1978 and 1979, runocff samples were taken
during and after four or five rainfall events at each site. Times of
sampling and flow conditions through the weirs are recorded in the tables.

Alachlor residues were separated from drainage water samples in the
field by the use of XAD=2§/ macroreticular resin in order to facilitate
storage and transfer to the laboratory (Schnare et al. 1979). One-liter
grab samples taken from the weirs and occasional composite samples from
the automatic samplers were each passed through tubes containing 3 to 5 g
of resin. The tubes were placed in polyethylene bags and kept on ice
until arrival at the laboratory, where they were stored at -18 to -20 C

until analysis.

Soil Analysis for Alachlor in 1977

The methods of analysis employed in this study were extentions of

previous work conducted by Hunt (1979}.

2/

— Amberlite XAD-2, a nonionic polymeric adsorbent, Mallinckrodt, Inc.

19




In the laboratory, soil samples were thawed, air-dried, thoroughly
mixed, and passed through a 4.75-mm sieve. TIn 1977 the analytical method
consisted of shaking 25 g of soil four times for 15 min with n-hexane on
a mechanical shaker. The extracts were then combined and concentrated in
a rotary-vacuum evaporator. The concentrated extracts were analyzed by
gas chromatography on a Micro-Tek 220 instrument equipped with an electron-
capture (63Ni) detector. The step-wise procedure used for determining

alachlor in the organic soils was as follows:

Extraction:

1. Place 25 g of soil in a 475-ml glass jar. Add 100 ml of n-hexane to
the sample in the jar and secure the lid. (A polyethylene liner was
placed under the 1id).

2. With mechanical shaker, extract for 15 min.

3. Allow a few minutes for settling; then decant the n-hexane into a
l-liter-evaporating flask, filtering through anhydrous sodium sulfate.

4. Repeat the extraction with three 50-ml portions n~-hexane, adding the
n-hexane extracts to the evaporating flask.

5. Using a rotary evaporator, evaporate solvent to dryness.

6. Dissolve and adjust the volume with n-hexane for gas chromatographic
-analysis. When soil is very wet,: ethyl acetate should be substituted

for n-hexane in the extraction procedure.

Cleanup:

Cleanup of n-hexane extracts was unnecessary. Cleanup of ethyl
acetate extracts‘was accomplished on a Florisil column as follows:
1. Evaporate the ethyl acetate extract to dryness on a rotary flash

evaporator.
2, Diésolve the residues in 10 ml of n-hexane. .
3. Prepare a 2 by 20-cm column as follows:
(a) Reduce activity of Florisil by addition of water (2% w/w) to
‘Florisil activated for 24 hr at 140 C.

(b)  Plug the column with glass wool.

(¢) Add 2 cm of anhydrous sodium sulfate to column.

(d) Add 5 cm of deactivated Florisil to columnm.

{(e) Add 2 cm of anhydrous sodium sulfate to column.

(f) Wet.column with n~hexane

4. Add the 10 ml of n-hexane extract onto the column.
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5. Wash the flask twice with 10 ml of hexane, and add each wash to
column.

6. Add 100 ml of 6% diethyl ether-petroleum ether (addition of 100 ml
of 15% diethyl ether-petroleum ether is sometimes necessary).

7. Discard the washes.

8. Add 100 ml of 9:1 petroleum ether:acetone to the column and save
the eluate,

9. Reduce the eluate volume to 10 ml on water bath for gas chromato-
'graphy@

Detection:

1. Instrument: Micro-Tek 220 gas chromatograph

2. Detector: Electron capture (63Ni)

3. Column: 183 by 0.64-cm glass; 4% SE-30 + 6% QF~1 on Gas Chrom Q

(60/80 mesh)

4. Operating parameters:

Injection port temperature 205 C
Column temperature © 195 ¢
Detector temperature 265 C
Nitrogen flow rate 100 mi/min
Nitrogen purge 15 ml/min
Attenuation 102 x 32
Chart speed 1.3 em/min
Retention time : @ 4 min

Soil Analysis for Alachlor in 1978 and 1979

In 1978 and 1979 the analytical method was modified to improve the

extraction efficiency. Extraction studies showed that ethyl acetate was
more efficient than E}hexane for extracting alachler from the organic
soil. The recovery was further improved by Soxhlet extraction. There~
fore, the extraction procedure was changed to an ethyl acetate Soxhlet
extraction, using 25 g of soil; The ethyl acetate extracts were concen-
trated on a rotary evaporatcr. Low residue samples required cleanup on
a Florisil column. The extracts were analyzed by gas chromatography
using a Micro-Tek 220 instrument equipped with an electron~capture (63Ni)
detector. The step-wise procedure for determining alachlor in the organ-

ic soils was as follows:
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Extraction:

1. Weigh 25 g of soil into a Soxhlet thimble (33 mm id by 80 mm length);
place a piece of glass wool on the top of the soil.

2. Add 200 ml of ethyl acetate and 5 or 6 boiling chips to a 500-ml
flat bottom flask. |

3. Place the extraction thimble in a Soxhlet extractor and attach the
extractor to the flask. _

4. Bring the ethyl acetate to a boil and let the extraction continue
for 5 hr.

5. Allow the extract to cool; then rinse the thimble with 25 ml of
ethyl acetate.

Cleanup:

Samples with high residues did not require cleanup on a column.
These samples were concentrated, using a rotary evaporator (40 C), to
approximately 2 ml and were then transferred to concentration tubes
using thexanee The extract and n-hexane rinses were passed through a
small pad of sodium sulfate as they were being transferred to the con-
centration tubes.

Low residue samples were processed as follows:

1. Evaporate each sample just to dryness. Care should be taken not to
go beyond dryness; otherwise, the samples will not redissolve in
n-hexane (step 2 immediately below).

2. Redissolve residue in 50 ml of n-hexane.

3. Prepare a 2 by 200-cm column as follows:

(a) Reduce activity of Florisil by addition of water (2% w/w) to

Florisil activated for 24 hr at 140 C.
(b) Plug column with glass wool.
(c) AddAZ cm of anhydrous sodium sulfate to the column.
(d) Add 5 cm of deactivated Florisil to column.

(e) Add 2 cm of anhydrous sodium sulfate to column.

(f) Place a glass wool plug at the top of the column.

(g) Wet the column using 50 ml of n-hexane.

4, Add thé 50 ml of n-hexane extract onto the column.

5. Discard the n-hexane eluate. |

6. After the n-hexane eluant has entered the column, add 150 ml of 6%

anhydrous ethyl ether in petroleum ether. Discard this eluate.
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7. Add 150 ml of 15% anhydrous ethyl ether in petroleum ether and save
the eluate.

8. Concentrate the ethyl ether:petroleum ether (15:85) eluate on a
rotary evaporator (40 C) to 2 to 3 ml, and transfer it to concentra-~
tion tubes using n-hexane.

9. Adjust the volume for gas chromatography.

Detection:

1. Instrument: Micro-Tek 220 gas chromatograph

2. vDetector: Electron capture (63Ni)

3. Column: 122 by 0.64-cm glass; 4% SE-30 + 6% QF-1 on Gas Chrom
(60/80 mesh)

4, Operating parameters:

Injection port temperature 210 C

‘Column temperature 180 C

Detector temperature 300.C

Nitrogen flow rate 100 ml/min
Nitrogen purge 15 ml/min
Attenuation lO2 x 8, lO2 x 16
Chart speed 1 em/min

Water Analysis for Alachlor

Tubes of XAD~2 resin containing alachlor residues were thawed, and
the resin in each tube was transferred to a glass chromatographic celumn.
Alachlor was eluted from the resin with ethyl acetate. The eluate was
evaporated just to dryness on a rotary-vacuum evaporator, and the residue
was dissolved in n-hexane. Analysis was performed on the n-hexane solu-

tion with the same instrument used for the soil analyses,

Cleanup of XAD~2 Resin:

1. Fill a Soxhlet thimble (33 mm id by 80 mm length) with XAD-2 resin
(Amberlite nonionic polymeric adsorbent), and place a piece of glass
wool on top.

2. Add 250 ml of methanol and 5 to 6 boiling chips to a 500-ml flat
bot tom flask.

3. Place the thimble in a Soxhlet extractor and attach to the flask.
Bring the methanol to a boil, and let the extraction continue for
8 hr.
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12.

Preparation of XAD-2 Resin Tubes:

Allow the methanol to cool and discard it, and replace it with 250 ml
of acetonitrile; extract for 8 hr.

Drain the excess acetonitrile from thimbie and pour the XAD-2 resin
in a beaker.

Add 250 ml of diethyl ether to beaker and stir for 1 hr (with a
magnetic stirrer).

Repeat Step 7 two more times.

Drain the diethyl ether from resin.

Rinse the XAD-2 resin with 250 ml of methanol.

Repeat Step 9 until all traces of ethyl ether are removed (usually
4 to 5 rinses).

Store XAD-2 resin in methanol.

3

In 1977 and 1978 the procedure for preparing the XAD-2 resin tubes

in the field was as follows:

1. Stopper one end of a 10 by 0.5-cm gas drying tube with glass wool.
Add a methanol slurry containing 3 to 4 g of XAD-2 resin to the
tube. Stopper the other end with glass wool and fit the nipple ends
to the tube.

2. Connect the tube containing resin to a sampling jar'(a 1-liter glass
jar with a drainage port in the center of the bottom) using a 5-cm
length of Tygon tubing. To the other end of the tube, attach
another piece of tubing and attach a screw-type pinch clamp to this
piece of tubing.

3. Pasé two 150-ml portions of distilled water through the tube.

In 1979 the XAD-2 resin tubes were prepared in the laboratory as
follows:

1. Stopper one end’of a 10 by 0.5-cm gas drying tube with glass wool.

' A4dd the methanol slurry of XAD-2 resin to a height of 3.5 cm. Place
a glass wocl plug on top and cap the drying tube.

2. Connect the drying tube to a 500-ml separatory fumnel with a 6 to
8-cm length of Tygon tubing. Add 300 ml of distilled water to the
separatory funnel, and let it drip through the XAD-2 resin.

3. Seal each end of the drying tube and store it in freezer until

ready to use.
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Transfer of Alachleor from Water to Resin Tubes in the Field:

1.

Connect the tube containing resin to the sampling jar using a 5-cm
length of Tygon tubing. To the other end of the tube attasch another
plece of tubing, and attach a screw-type pinch clamp to this piece
of tubing.

Add a 1-liter water sample to the sampling jar. Allow the water to
pass through the XAD-2 resin. Using the pinch clamp, 1imit the rate
of flow to less than 50 ml/min.

Rinse the sampling jar with 150 ml of distilled water, and pass the
rinse through the tube.

Remove the tube containing resin and pesticide, and place it in a

plastic bag; freeze the sample until analysis.

Extraction of Alachlor from XAD-2 Resin:

1.

Transfer the rvesin using distilled water to a glass chromatographic
column {1 cm diam id) fitted with a Teflon stopcock and plugged with
glass wool. Place a glass wool plug at the top of the resin.

Drain the water from the column. A small amount of pressure is
needed to remove the last traces of water.

Add 10 ml of ethyl acetate to the column. Using a small amount of
pressure,. allow about 5 ml of ethyl acetate and any remaining water
to pass through the resin. Collect eluting water and ethyl acetate
in a 125-ml separateory funnel. 1In 1978 and 1979, the amount of ethyl
acetate used in this step was changed to 20 ml.

Allow the remaining ethyl acetate to equilibrate in the column for

30 to 45 min.

Drain the remaining ethyl acetate into the separatory funnel until

it reaches the top of the resin,

Add a 10-ml portion of ethyl acetate, drain about 5 ml intc the
separatory funnel, and allow remainder to equilibrate for 30 to 45 min.

Drain the remaining ethyl acetate into the separatory funnel until

it reaches the top of the resin.

Repeat Steps 6 and 7 above with another 10 ml of ethyl acetate.
Shake the separatory funnel containing the combined ethyl acetate
extracts and allow layers to separate. Drain aquecus layer into
another separatory’funnel and reextract with 10 ml of ethyl acetate.

Add this ethyl acetate wash to the ethyl acetate extract.
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10.

11.

12,

Transfer the combined ethyl acetate extract to an evaporation flask,
filtering through a pad of scdium sulfate.
Concentrate to 3 to 5 ml using a rotary evaporator (40 C) and trans-
fer to concentration tubes using n-hexane,

Adjust volume for gas chromatography.

Checks and Recoveries:

1. Add 6 cm of the XAD-2 resin, contained in a methanol slurry, to a
glass chromatographic column (1 cm id) fitted with a Teflon stopcock
and plugged with glass ﬁoolt Place a glass wool plug at the top of
the resin.

2. Allow methanol to drain from column.

3. Add 300 ml of distilled water to resin and let it drip through column.

. The check and recoveries are added to the column in 1 liter of
distilled water. (The recoveries are obtained by fortifying dry
‘flasks, letting them air dry, and then redissolving the alachlor in
1 liter volumes of distilled water).

5. When drainage of the 1 liter from the column stops, a little pressure
is used to remove any remaining water.

6. Continue as in Steps 3 through 12 under "Extraction of Alachlor from
XAD-2 Resin'" above.

Detections:

1. Instrument: Micro-Tek 220 gas chromatograph

2. Detectér: Electron capture (63Ni)

3. Column: 122 x 0.64-cm glass; 4% SE-30 + 6% QF-1 on Gas Chrom Q
; (60/80 mesh) ’

4, Operating parameters:

Injection port temperature 210 C

Column temperature 180 ¢C

Detector temperature 300 ¢C

Nitrogen flow rate 100 ml/min
Nitrogen purge ‘15 ml/min
Attenuation lO2 x 8, lO2 x 16
Chart speed ‘ 1 cm/min




Filter Paper Analysis for Alachlor

In the laboratory, the filter papers were thawed and subsampled.
Representative subsamples were extracted twice in a Soxhlet extractor
containing a 1:1 mixture of methanol:ethyl acetate. The extracts were
combined and diluted to volume. Gas chromatographic analysis was per-
formed on the extracts with the same instrument used for the soil

analyses. The step-wise procedure for filter papers was as follows:

Extraction:

1. Fifteen filter paper samples were collected from each plot. The
filter papers were quartered, and one~fourth taken from each and
combined (3.75 filter papers). The combined quarters were placed
in a Soxhlet thimble (33 mm id by 8 mm length).

2. Add 250 ml 1:1 methanol:ethyl acetate and some boiling chips to a
500-ml flat-bottom flask.

3. Place the thimble in a Soxhlet extractor, and attach the extractor
to the flask.

4. Bring the methanol:ethyl acetate (1:1) to a boil, and let the
extraction continue for 2 hr.

5. Allow the extract tc cool and remove the flask.

6. Reextract the filter papers for an additional 2 hr using another
250 ml of 1:1 (v/v) methanol:ethyl acetate.

7. Allow the second extract to cool and then combine the two extracts.

8. Dilute the combined extracts to an appropriate volume with 1:1

methancl:ethyl acetate for gas chromatographic determination.

Detection:

1. 1Instrument: Micro~Tek 220 gas chromatograph

2. Detector: Electron capture (63Ni)

3. Columns: 122 by 0.64-cm glass; 4% SE-30 + 67 0V-210on Gas Chrom Q
(60/80 mesh)
183 by 0.64-cm glass; 4% SE-30 + 6% 0V-210on Gas Chrom Q
(80/100 mesh)
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4, Operating parameters:

122-cm 183-cm

column column
Injection port temperature 215 C 205 ¢
Column temperature ' 190 ¢ 165 C
Detector temperature 285 C 300 ¢C
Nitrogen flow rate 100 ml/min 100 ml/min
Nitrogen purge 15 ml/min. 15 ml/min
Attenuation 1 x 1024 102 x 16
Chart speed 1 em/min 1 em/min

Analytical Procedure for 2,4-D in Water

Extraction:

1. Place 500 ml of sample water in a l-liter separatory funnel.

2. Acidify to pH < 2.0 (alkacid paper test) using conecn HZSO4 (about
2 ml).

3. Add 250 ml of ethyl ether to the flask.

4. Stopper the flask and shake the contents for 1 min with frequent
veﬁtings

5. Allow layers to separate, and drain aqueous portion into a. second
separatory flask.

6. Extract with 100 ml of ethyl ether as in Steps 4 and 5.

7. Extract with 100 ml of ethyl ether as in Steps 4 and 5 5nce more.

8. Combine the ether extracts (a total of three extractions), and pass
the combined extract through anhydrous sodium sulfate into l-liter
Kuderna Danish flask fitted with a 15-ml concentration tube.

9. Reduce the volume on water bath.

Esterification:

1. Blowthe 2,4-D extract in the concentration tubes to dryness (hot
HZO bath ca 60.C).

2. Add 0.5 ml okaF3

3. Rinse the sides of tube with 1-butancl (ca 1 to 2 ml).

~-butanol (147%) reagent to the tube.

4. Place tube on 50 to 60 .C water bath under a gentle stream of .air for
about 10 min,

5. When the volume is 0.5 ml, remove the tube and allow it to cool.

6. Transfer the residue to a 125-ml1 separatory funnel using 10 ml of

n~hexane.
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7. Add 0.5 ml of water saturated with NaCl and 15 ml of water saturated
with NaHCO3 to the funnel.

8. Shake gently with frequent venting for a total of about 1 min.

9. Drain the aquecus layer into a second funnel, and extract the aqueocus
solution with ancther 10 ml of n-hexane.

10. Combine the n-hexane extracts in an evaporating flask; wash the
funnels with 5 ml of thexane and add the washes to the flask.

11. Reduce the volume as necessary for gas chromatography on a rotary

evaporator at or below room temperature.

Detection:

1. TInstrument: Micro-Tek 220 gas chromatograph

2. Detector: Electron capture (63Ni)

3. Column: 183 by 0.64-cm glass; 4% SE-30 + 67 QF-1 on Gas Chrom Q
(60/80 mesh) .

4, Operating parameters:

Injection port temperature ' 205 ¢
Column temperature 195 C
Detector oven temperature 265 C
Nitrogen flow rate 110 ml/min
Nitrogen purge 15 ml/min
Chart speed 1.3 cm/min

Analysis of Water for Terbufos

A modest amount of time was devoted to adapting a method for deter-
mining residues of terbufos in runoff. The approach involved use of the
XAD-2 resin and direct injection of the ethyl acetate eluate from the
resin columns into an electron~capture gas chromatograph. The terbufos

and interferences did nct separate, and this effort was discontinued.
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Soil Properties

The processes of land clearing and development are usually perform-
ed with heavy machinery and the associated scraping, shaping and grading
may cause dramatic changes in the soil properties, particularly near the
surface. Soil properties may continue to be changed as the soils are
limed, tilled and farmed over subsequent years. In order to determine
the effects that agricultural land development has on the hydrology of
this area, it is necessary to characterize the changes in soil properties
that result from such development. A study of the physical properties of
the organic soils was conducted by Badr (1978) and is discussed in detail
in his M.S. thesis. Properties of the soils in their natural states were
determined for each of the paired sites and compared with the results for
the respective developed sites. Special attention was given to hydraulic
conductivity and water yield relationships, as it is these properties
that govern the rate that water drains from soils and the amount that
will remain in the profile after drainage.

Undisturbed soil samples were obtained from each site using a core
method similar to that described by Blake (1965). Size of the cores was
7.6 cm in diameter and 7.6 cm in length. Prior to sampling, the profiles
were examined to identify soil layers on each site, then samples were
taken to represent each soil layer. Samples were collected from random
locations on each site. All samples and measurements were replicated at
least 3 times. The samples were trimmed in the field, placed in waxed
cardboard boxes and sealed in plastic bags to prevent drying. They were
trimmed again in the lab and saturated before the measurements. For soil
water characteristic measurements, .a system was set up to use the same’
soil sample for all pressure steps by initially saturating the sample and
measuring the outflow after each increase in pressure. Air pressure was
applied at nine steps corresponding to pressure heads of 0, 2, 19, 25, 50,
75, 100, 150, and 200 cm of water. The water content for all pressure
steps in the drainage branch was calculated on the wet volume basis as
suggested by Boelter (1972). The water content at the 15 bar wilting
point was determined on separate samples. These samples were placed on a
pressure plate, saturated and then subjected to an air pressure of 15 bars
for 48 hours. Then the samples were dried and the water content calculat-

ed on a wet volume basis.




Saturated hydraulic conductivity was measured by maintaining a pond-
ed surface of constant depth on the surface of the 7.5 cm cores and
measuring the ocutflow rate after conditions had been maintained for six
hours or more. Then the saturated K value was calculated directly from
Darcy's law. Bulk density and shrinkage percent were determined by care-
fully trimming the core samples, . drying and measuring the dry volume and
weight according to the methods described by Blake (1965) and Holtz (1975).

Organic matter content was measured by.estimating the carbon content
in the soil samples using the ignition method described by Ball (1964).
This method involves igniting the samples in a muffle oven at 375°C for
16 hours. Organic matter content was calculated as the ratio of the dif-
ference between the oven dry weight and weight of the residue after igni-
tion. The relationships between drainage volume or water yieid and water
table depth for each profile were calculated from the soil water character-
istics by methods described by Skaggs et al. (1978).

Soil Subsidence

Field elevation surveys were conducted on each site to determine the
effect of land drainage and development on subsidence. Surveys were con-
ducted in 1977 and at the end of the project in 1980; additional surveys
were conducted on some sites in 1976. The bottom of the flash-board riser
structure served as a bench mark for the developed sites. For the mineral
and shallow organic sites (10l and 106), elevations were determined at
approximately 1 m intervals for transects extending from the middie of
the field on one side. of the ditch, across the ditch to the middle of the
field on the other side. Elevation measurements were made on five tran~
sects between adjacent field ditches on the deep organic site 103. This
pasture site had a gentle slope from the middle of field to the ditches
and measurements were made at 16.7 m intervals across each transect. A
bench; mark was established on each undeveloped site by driving a galvaniz-
ed pipe well into the mineral layer.. Stakes were placed at 5 to 10 posi-
tions on a transect perpendicular to the drainage ditches, and on another
transect parallel to the ditch. . Surface elevations next to the stakes
were determined during each survey.

Soil subsidence normally refers to.the lowering of the soil surface
elevation due to oxidation of organic matter or the shrinkage of soils

due to the loss of water. However, there are additional factors that
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cause the reduction of surface elevations during clearing and development
of these soils. During development the roct mat is removed, buried wood
is extracted and burned or otherwise discarded, the surface soil is some-
what compacted and earth is moved to shape the fields for surface drain-
age. Elevation surveys were conducted on fields near sites 101 and 106
to determine the effect ¢f various stages of development on the shape and
relative roughness of the.surface and on the surface elevation. It was
not possible to make "before' and "after'" surveys to determine these
effects directly. However, surveys were made on fields in the "rough
cleared" condition after trees and other vegetation had been pushed into
a windrow midway between field ditches; on adjacent fields that had been
root-raked and smoothed; and on fields that had been shaped for surface
drainage in the "turtle back" fashion with slopes of approximately 0.5%
to 1% from the middle of the field toward the field ditches. Crops were
planted after the latter stage. Row crops were planted on beds - one row
per bed - constructed parallel to the field ditches and about 0.3 to 0.45
m high. All elevations in planted fields were taken at the bottom of the
furrow between rows.

Timber from the undeveloped site 102 was harvested in the winter of
1979-80 after field observations .in this study were complete. Elevation
surveys on the site in the "rough cleared” condition were conducted in
1980 and compared to conditions prior to harvesting of the site.

Hydrologic Analyses to Correct for Submerged Weirs

Outflow rates from each site were determined by measuring the stage
upstream from triangular weirs as discussed previously. These methods
worked satisfactorily when the outlet canal had sufficient capacity to
remove the water from the area without an excessive rise in the canal
water level. However the outlet water level did rise, during several
extended wet periods and large rainfall events, to a level that submerg-

ed the weirs and invalidated the procedures used tc measure outflow,

These conditions occurred on sites 106 and 101 more frequently than

others but affected all sites.

A computer simulatién drainage model developed for shallow water
table soils was used to estimate outflow volumes for the period of sub-
mergence. The model, DRAINMOD . (Skaggs, 1978), uses measured climatolo-

gical and soil property data to predict water table elevation, surface
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and subsurface runoff. In this application, input data for drainage sys-
tem parameters and measured soil properties were compiled for each site.
Then the model was used with measured rainfall data to predict outflows
for a submergence-free calibration period of at least six months. Pre-
dicted outflows were compared to the observed and, when necessary,
adjustments were made in the model parameters to fit the measured out-
flows. An example of predicted and measured cumulative runoff for the
calibration pericd is given.in Figure 4. Observed and predicted water
tables were also compared for the calibration.period.

Simulations were conducted for periods of weir submergence. Water
table records were normally valid for that period so predicted and measur-
ed water table elevations were compared and additional adjustments made
when necessary. The total predicted outflow for the storm causing sub-
mergence was assumed to be correct. Measured runoff for the storm prior
to submergence was subtracted from the total predicted and the remainder
was substituted for the submerged period. An example of predicted and

observed water table elevations is given in Figure 5.
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RESULTS AND DISCUSSLON
Hydrology
The most dramatic effect of agricultural land development on
hydrology is the increase in peak runoff rates from field size units.
Examples of the effects of development on outflow rates from paired sites
on the mineral, shallow organic and deep organic soils are given in
Figures 6, 7 and 8, respectively. Examples were chosen that had equal
rainfall and significant runoff from both developed and undeveloped
sites. It should be noted that the flow measurements included both sur-
face runoff and subsurface drainage to the outlet ditch or canal. This
quantity is referred to herein as runoff, but is understood to include
the total outflow from the site.

In general, peak outflow rates were three to four times higher for
the developed sites than for the undeveloped on all soil types. For
example,'the peak runoff rate for the 62 mm storm on day 213 (Aug. 1,
1978) was 11.6 L/sec for the developed site (101) versus 3.0 L/sec for
the undeveloped site (Figure 6a). The differences for smaller rainfall
events may not be as large, as shown by the results for storms on July
21 and 25 (days 203 and 206) in Figure 6a. Peak runoff rates from
developed and undeveloped sites were compared for storms occurring
throughout the study. The results for selected runoff events are sum—
marized in Table 4, Events were selected that produced a runoff hydro-
graph on both the developed and undeveloped sites; that were the result
of at least 15 mm of rainfall; and that did not involve periods of weir
submergence. Fewer events are given for the deep organic sites (103 and
104) than for the other soils because of frequent differences in rainfall
on the sites which were 8 km apart. Ratios between peak runoff rates from
developed and undeveloped sites ranged from 1 to 5.7 with the highest
values occurring for the mineral and shallow organic soils. The means of
the ratios were 3.0, 2.7, and 3.0 for the mineral, shallow organic and
deep organic soils, respectively.

In addition to higher rates, the peak runoff values usually occurred
sooner on the developed than on the undeveloped sites (Figures 6 - 8).
The time advance of the peak depends on characteristics of the rainfall
event, its direction of travel, etc., as well as the characteristics of

the site. Typically, the peak was advanced by 24 hours on the 130 ha
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Figure 7. Runoff hydrographs for developed and undeveloped
shallow organic sites.
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Table 4,

and undeveloped sites.

Peak outflow rates for selected runoff events from developed

Date Rainfall Peak Outflow Rate (L/s) Ratio
(cm) Developed Undeveloped
Mineral Soil
1977 Site 101 102
8-17, 18 11.8 16.6 3.7 4.5
9-8, 9 5.5 2.4 0.76 2.1
10-26 3.8 4.2 1.3 3.3
10-29 4.7 15.1 4.6 3.3
11-4, 5 1.6 4.5 1.4 3.2
12-15, 19 2.4 2.8 1.6 1.8
1978
3-3 zZ.7 15.2 4.4 3.4
3-2¢. 27 6.7 9.9 7.4 1.3
L-26 5.5 15.0 5.2 2.9
7-12 7.0 9.1 3.4 2.7
8-1 6.2 11.6 3.0 3.9
8-5 3.6 15.6 3.8 4.0
12-24 4.4 16.4 2.9 5.7
1979
6-1 2.7 2.8 2.8 1.0
6~4 1.6 3.1 2.7 1.2
7-19 5.3 4.2 1.4 2.9
Shallow Organic Soil
1977 Site 106 107
1-10 2.3 13.7 5.94 3.1
3-6, 7 3.9 18.69 5.66 3.3
3~-13 3.9 27.18 7.93 3.4
9-9 15.2 33.82 17.84 4.7
12-30 3.3 5.10 2,83 1.8
1978
3-26, 27 3.4 10.2 2.5 4.0
4~17 3.6 4,8 3.4 1.4
5—8 3.4 17.0 5.7 3.0
5~31 4.3 5.3 3.7 1.5
6~3 3.2 10.4 2.9 3.0




Table 4. (Continued)

Date Rainfall Peak Outflow Rate (L/s) Ratio
(cm) Developed Undeveloped
1979 Site 106 107
3-23 2.2 3.11 2.27 1.4
4-13 4.6 3.40 2.75 1.2

Deep Organic Soil

1976 Site 103 104
5-29 to 6-3 17 209 74 2.8
7-12 to 18 5.8 173 42 4,1
12-15 2.5 130 48 2.7
12-24 2.2 51 34 1.5
1977
5-8 3.5 102 28.3 3.6
5-25 9.5 543 142 3.2
1978
12-24 3.2 62 17 3.7

developed deep grganic gite (Figure 8) but by only 6 to 8 hours-fcf.the4q
smaller (7.4 ha) mineral and shallow organic sites (Figures 6 and 7).

It is not surprising that the peak outflow rates are higher and
occur earlier on the developed sites as the drainage system installed in
these areas provides mostly surface drainage. The fields are sloped to
ditches located 90 to 100 m apart so water that is not infiltrated moves
rapidly to the drainage outlet., The soils are poorly drained internally
with shallow water tables; although‘there are exceptions, runoff»does not
usually occur until the watetr table rises to near the surface. Oﬁ the
undeveloped sites, there is a thick root mat (10 to 45 cm deep composed
of leaves, twigs and both living and dead plant roots) through which sur-
face waters flow in tortuous paths before finally reaching the drainage
" outlet. Unlike conventional subsurface flow in soils, flow within the
root mat may be concentrated, entering the outlet channel at many dis-
tinct points along its length. As water is removed from the root mat and
the free surface approaches the interface with the soil mass, the flow

process is assumed to gradually change to that which is governed by Darcy's
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law for flow in porous media. Subsurface flow may continue for long
periods as shown by the recession limb of the hydrographs in Figure 8.
However, this flow is derived mostly from bank storage near the open
ditches. Even on developed lands where the ditches are 90 to 100 m
apart, subsurface drainage is very slow.

It should be obvious that the observed increase in outflow rates
for developed sites is only valid for situations in which the outlet
canal network, including pumping plants in some cases, has sufficient
capacity to move the drainage water away from the fields. Although the
canals serving these sites did not always have sufficient capacity to
prevent submergence of the weir, the analysis on peak yunoff rates was
conducted only for periods when the outlet was free and submergence did
not occur. Outlet capacity from the experimental sites was limited
during extended wet periods or periods of high rainfall. This was
especially a problem during the winter and early spring months. The
results show that approximately 50 percent of the total annual runoff
occurs during the months of December through March.

The effect of 11.9 cm of rainfall on Nov. 4 - 6, 1977 is shown in
Figure 9. The elevation of the water level in the field ditch at site
106 is plotted in Figure 10 for the flooded period. The event followed
8.5 cm of rain on Oct. 26-28 and resulted in flooding of the outlet
canals for about 8 days. During that period the water level was about
the same in the outlet canals as in the field ditches and even the
fields themselves. Clearly, the main drainage canal system, as present-—
ly designed, does not have sufficient capacity to remove water at the
rate that it could flow from developed lands during the larger runoff
events. As a result the water levels in the canals and field ditches
rise and drainage rates from both developed and undeveloped lands are
reduced., Under these circumstances, there will be very little differ-
ence in the rate of runoff from developed and natural areas during extend-
ed periods of high runoff when much of the annual outflow may occur.

Cumulative runoff and rainfall depths for 1977 and 1978 are plotted
in Figures 11 and 12 for the mineral soil; 13 and 14 for Ehe shallow
organics; and 15 and 16 for the deep organic. Monthly runoff and rain-
fall values are tabulated for all sites for the duration of the study in
Appendix Table B. While there were relatively large differences between

peak runoff rates, there was not much difference in cumulative outflow
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Figure 9.

The outlet canal at the developed, shallow organic site
(106) did not have sufficient capacity to remove 11.9 cm
of rainfall in November 1977. The event was preceeded by
heavy rainfall in late October (upper photograph). The

lower photograph shows similar flooding in the spring of
1979.
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Figure 11, Cumulative runoff and rainfall for developed and
undeveloped sites of the mineral soil during 1977.
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undeveloped sites of the mineral soil during 1978.
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Figure 14, Cumulative runoff and rainfall for developed and
undeveloped sites of the shallow organic soil
during 1978,
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from developed and undeveloped sites as shown in Figures 12 through 16.
The developed site for the mineral soil (site 101) was cleared and
developed in June, 1977, so the runoff curve in Figure 11 represents.
undeveloped conditions for the first six months and developed conditions
for the rest of the year. The runoff events in the latter half of the
yeaf are more abrupt, indicating higher runoff rates, than during the
first part of the year when the site was undeveloped and runoff charac-
teristics of the two sites were similar.

Total annual runoff from the developed site of the mineral soil was
slightly higher than from the undeveloped for both 1977 and 1978 (Figures
11 and 12). The difference was greater for the shallow organic soil in
1977 (Figure 11), but, in 1978, the undeveloped shallow organic site had
slightly more runoff than the developed (Figure 14). The largest dif-
ference in runoff between developed and undeveloped sites occurred in
1978 for the deep organic soils. In this case the natural site had 28 cm
more runoff than the developed site (Figure 16). The natural site also
had more rumoff in 1977 (Figure 15), although the difference was much
smaller (7.5 cm) than in 1978. The difference in total runoff in both
years is attributed to differences in the amount and temporal distribu-
tion of rainfall. Although the sites were only 8 km apart, there were 26
em and 40 cm more rainfall on the natural than on the developed site in
1977 and 1978, respectively.

In a conventional hydrologic analysis, surface runoff is assumed to
begin when the rainfall rate exceeds the infiltration capacity of the
soil and surface depressional storage has been filled. A frequently cited
effect of agricultural development is that cultivated soils are exposed
to the impact energy of rainfall which reduces the infiltration capacity
and increases runoff. However this effect does not appear to be impor=~
tant for the organic and high organic mineral soils of this study. The
organic soil surface is loose and the infiltration capacity is usually
high. The surface is not compacted by rainfall to the extent that it is
in most mineral soils. Furthermore the fields are flat and it takes a
relatively long time for water to run off of the field surface, Wwhich
extends the time available for infiltration. 1In most cases, infiltration
continues until the water table rises to the surface before surface run-

off starts. Surface runoff rarely occurs from developed sites of these
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soils before the water table has risen to the surface. . This. may be
observed by studying the runoff plots (Figures 11 - 16) in combination
with plots of the water table (Figures 17 - 19) and Appendix Figures
Al - AS8.

One of the primary factors affecting runoff from an individual
storm is the antecedent soil water‘condition. If the water table is
deep and soil conditions dry when rainfall occurs, a large portion of
the water may be stored in the profile rather than running directly off
the surface, or draining through the root mat on the natural sites. Be-
cause subsurface drainage is poor for the soils in this study,. the ante-
cedent soil water status is primarily affected by water lost by evapo-
transpiration (ET). In turm, ET is controlled by climatological factors,
soil water conditions, and the ability of the crop or native vegetation
to extract water from the soil profile.

Evapotranspiration from the experimental sites can be estimated
from a water balance as,

ET = R - RO - AS - DS,
where R is rainfall, RO is runoff, AS is the increase in soil water
stored in the profile and DS is deep seepage.

Deep seepage was assumed negligible and ET calculated for each
calendar year of the study. AS was evaluated from the observed water
table depths at the beginning and end of the year by using the water
yield relationships for the appropriate soil (see the subsequent section
on soil properties). Results for rainfall, runoff, AS and ET are tabu-
lated in Tables 5, 6 and 7 for the mineral, shallow organic and. deep
organic soils, respectively. Except for the mineral soil in 1979 .
(Table 5), the computed ET values were always higher on the natural than
on the developed sites.

The availability of soil water to plants is strongly dependent on
the depth of the root zone. The unlimed organic soils have a low pH
(approx. 3.8) and crop rooting depths are limited to the. depth of.lime
incorporation, about 20 cm in most cases. While rooting depths of the
native trees and shrubs on natural sites may be somewhat greater than
agricultural crops, they are still limited by high water tables and acid
subsoils. Under the same rainfall conditions, the combination of im-

proved drainage and a shallow root zone on developed soils may cause a
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Table 5. Summary of rainfall, runoff and ET for developed (101 and
undeveloped (102)) mineral soil sites during each year of

the study.
Year Rainfall Runoff Change in profile ET
storage
(cm) (cm) (cm) (cm)
1977
101*  102.8 26.0 0.0 76.8
102 102.8 23.4 1.8 77.6
1978
101 130.8 57.2 -1.1 74.7
102 130.8 55.1 -4.0 79.7
1979 (Jan. 1 to Aug. 1)
101 90.38 34.9 -3.5 ' 59.4
102 90.8 34.9 -0.9 57.3

%
Site 101 was cleared and developed in June, 1977, so it was in the natu-
ral state for about one~half year and developed state for one-half year.

Table 6. Summary of rainfall, runoff and ET for developed (106) and un-
developed (107) shallow organic sites during each year of the

study.
Year Rainfall Runoff Change in profile ET
storage
(cm) {(cm) (cm) (em)
1976 (July 1 to Dec. 31)
106 63.6 28.3 0 35.3
107 63.6 21.0 0 42,6
1977
106 126.90 69.6 0.2 56.2
107 126.0 51.6 0.2 74.6
1978
106 104.0 55.0 -0.5 49.5
107 104.0 57.4 -5.1 51.7
1979 (Jan. 1 to Aug. 31)
106 79.8 38.5 -2.1 43.4
107 79.8 34.9 -1.0 45.9
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Table 7. Summary of rainfall, runoff and ET for developed (103) and
undeveloped (104) deep organic sites during each year of

the study.
Year Rainfall Runoff Change in profile ET
: storage
(cm) (cm) (cm) (em)
1976
103 53.1 11.6 : 0.7 40.8
104 58.8 8.7 2.4 47.7
1977
103 96.4 42.5 0.2 53.7
104 121.5 50.0 1.5 70.0
1978
103 88.1 36.9 -1.62 52.8
104 129.2 65.0 -6.5 70.7
1979 (Jan. 1 to Aug. 1)
103 62.8 28.7 ~0.5 34.6
104 72.2 38.0 -0.4 34.4

reduction 1in ET from that which would occur on natural sites, and a
consequent increase in outflow. This response would only occur during
yvears with dry periods of sufficient length to cause ET to be limited
by soil water deficiencies. This will not usually occur in the winter
and early spring months when water tables are high. Even though the
natural sites are often bare during. those months, the PET is low and ET
is usually limited by atmospheric variables. However, such conditions
may develop during the early part of the growing season before the root-
ing system are established, as well as after prolonged drought periods
later in the season. If the drought continues for a long enough.period,
ET on the natural site would also.be. limited by soil water conditions.
Subsequently, ET rates on both developed and natural sites would be
small. Thus, differences .in the.annual ET for developed and natural
conditions would be greater when several such dry periods occur. during a
season rather than a single drought.of longer duration. That is, a

single long drought would reduce ET from both sites but would temnd to
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cause smaller differences between ET (and runoff) from developed and
natural sites than would a series of shorter dry periods followed by
runoff producing storms.

The latter point is illustrated by the results for the shallow
organic sites in 1977 and 1978 (Table 6). In 1977 ET was about 18 cm
less for the developed (106) site than for the natural (107) site. This
was caused by several relatively dry periods during the iaterval March
21 to August 17 (days 80 to 227 in.Figure 13). Each dry period was
followed by storms that produced significant runoff (days 126, 144, 178
and 229) from the developed site but only barely measureable amounts
from the undeveloped site. The dry periods were. apparently of sufficient
length to reduce ET on the developed site but had a smaller effect on the
natural site. These results are in contrast to those for 1978 (Figure
14) where no runoff occurred from either site from June 10 to December
20 (days 160 to 355). 1In this case ET was limited by the lack of avail-
able soil water on both sites with an annual difference of only 2.5 cm.
Total ET was about 50 cm on the shallow organic soil in 1978 compared to
75 e¢m for the same year on.the mineral sites where rainfall was higher
(Table. 5). Therefore, the lack of sufficient soil water reduced ET by
about 25 cm on both developed and natural shallow organic sites during
1978.

Differences in ET were small for all years on the mineral sites
(Table 5). Although rainfall on the site was relatively low in 1977,
the dry periods occurred early in the year before the site was cleared.
Rainfall was sufficient to eliminate drought conditions during the re-
mainder of the vyear.

Although the natural deep organic site (104) had more runoff than
the developed site (103), it also had higher ET for all years (Table 7).
Rainfall was higher on the undeveloped site in every year, and particular-
ly in 1977 and. 1978 as shown .in Table 7. The smaller amount of rainfall
on site 103 caused ET to be limited more frequently than on the natural
site 104. The resulting ET on site 103 was about 25 percent less. than
on’ the site 104 for both 1977 and 1978. Rooting depth on this site is
totally limited to the depth of lime incorporation on this soil type.

Generally. the depth of lime incorporation is shallower in this soil than
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in others‘because of the large quantity of buried wood. Thus crcps on
the deep organic soil are susceptible to more frequent drought stress
during the year.

No explanation is given for the consistently smaller annual rain-
fall measured on site 103 as compared tc that on site 104. The rain
gauges were installed according to standard procedures and the calibra-
tion checked in 1976, 1977, and 1980. Since the rainfall from 103 was
lower than data from the other sites, it was compared to measurements
conducted at three additional sites located within 2.5 km .of the 103 'site.
Annual rainfall amounts from these sites were higher than measured at 103
but lower than that measured at 104. For example, in 1978, 95 cm of rain-
fall were measured at the old pasture research site 2 km north of 103 and
107 cm were obtained for the peat harvesting site 2.5 km north of 103. A
USGS station 2 km west of 103 showed 114 cm of rainfall for the same period.
These data may be compared to our measurements of 87 cm on site 103 and 128
cm on 104. At least part of the difference was due to July thunderstorms
which occurred on the surrounding sites but missed 103. Although the con-
sistently smaller rainfall amounts measured on site 103 is worrisome, we
can find no objective reason for rejecting these data.

The average rainfall amounts for the duration of the study were 126,
98, 124 and 121 cm/year for sites 101, 103, 104 and 106, respectively.
Except for site 103, these values compare well with the long term average
for the area of 127 cm/year. Thus hydrologic events and pollutional
loadings observed during the study should be typical of that expected over
the long term.

Water Table Depth

The effect of the drainage systems currently used in N. C. organic
soils on water table depth is often misunderstood. A popular misconcep-
tion is that field drainage ditches, usually placed 90 to 100 m apart in
these soils, lowers the water table to the level of the water in the ditches,
approkimately 1 to 1.5 m below the soil surface. In fact the water table
elevation changes continuously and rarely falls to the depth of the ditch.
The soils are tight with subsoil hydraulic condug¢tivities of about 0.02
m/day (c.f. subsequent section on soil prgperties) and the drainage systems
installed serve primarily for surface drainage. Some subsurface drainage is
obtained, but drains would have to be placed 10 to 15 m apart to provide sub~-
surface drainage comparable to conventional improved draiﬁage in mineral

soils. Even then the water table would not be drawn down to a constant
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Figure 17. Water table depths midway between drainage ditches on
developed and undeveloped deep organic sites during 1978,
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depth but would vary over time with rainfall and ET.

Water table depths measured near the center of the deep organmic,
mineral and shallow organic sites are plotted for 1978 in Figures 17, 18,
and 19, respectively. Plots for 1976, 1977 and 1979 are given in Appen-
dix Figures Al - A8. Note that, with the exception of the.undeveloped
shallow organic soil, the water tables on both developed and undeveloped
sites are close to the surface during the winter and early spring months
and have varying, but deeper depths during the summer and fall. Subsur-.
face drainage on all of the developed sites is slow and the primary mech-
anism causing water table4drawdown is ET. Good surface drainage on the
developed deep organic site (site 103, Figure 17) allows water table draw-
down to begin scon after rainfall ceases. Whereas, surface water is re-
moved much more slowly from site 104 and water table drawdown is delayed.
Furthermore, the drainable pordsity ig higher for natural than for develop-
ed soils (Table 46) so more water must be removed to lower the water
table on undeveloped than on developed sites. Average water table depths
are given for each year of the study in Table 8. 1In 1978, the average
depth to the water table on site 103 was 0.58 m as opposed to 0.33 m on
the natural site 104. Differences between these two sites were even less .
during the other three years of the study (Table 7). However this 0.25m
difference was not entirely due tc drainage, as site 104 had 41 cm more

rainfall in 1978 (Table 7) than did the developed site 103.

Table 8. Yearly average water table depths (m) near the center of
developed and undeveloped sites.

Year Mineral Deep organic Shallow organic
Dev. Undev. Dev. Undev. Dev. Undev.
(101) (102) (103) (104) (106) (107)
1976 (8-1
fo 12-31) - 0.63 0.44 0.28 0.87
1977 0.49 0.74 0.58 0.38 0.40 0.89
1978 0.52 0.73 0.58 0.33 0.66 1.18
1979 (1-1 * %
to 8-31) 0.50 0.48 0.51 0.29 0.835 1.14

%
Averages based on data from 3-5 to 8-31. Measurements on 106 were

not made during the first part of the year because of field grading
and shaping work.
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Table 29. Variance Ammv and. 2 + lo

810 of the variance for alachlor residues in samples of taken
within plots after application to Site 106 in 1977.
Sampling time Plot 12/ Plot IT Plot III Plot 1V
(days after - Avg
application) Var. -Logip Var. Logj g Var. Log;g Var. 0 Logjg
0 164.6438  4.2165 20.2110  3,3056 140.6223  4.1481 8.4173  2.,9252 3.6489
1 14,9485  3.1746 449,1889  4.,6524 9.0417  2.9563 4.9282  2.6927 3.3690
7 16.7865 3.2250 3.1620  2.5000 20.2529  3.3065 5.9551 2.7749 2.9516
29 1.0578  2.0244 0.6216 1.7935 0.9919 1.9965 0.8016  1.9040 1.9296
HmUA.omv for use with means for days after application expressed as Homwo 0.9416

a/

114

— Each variance 'was calculated from residue values for seven individual soil samples. For statistical
analysis the variances were transformed to logarithms, and all logarithms were made positive by adding

2 to each.
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