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ABSTRACT

Runoff studies were initiated in May 1984 on an erodible soil with slopes
ranging from 4.6 to 13.8%, 100 ft2 plots were divided into two tillage
treatments: 1) no~till and 2} conventional plow system. Within each tillage
treatment, three nitrogen application techniques were used: 1} surface
application of ammonium nitrate pellets (33.52 MY, 2} injected anhydrous
ammonia, and 3) injected anhydrous ammonia stabilized with the nitrification
inhibitor nitrapyrin. A fourth set of plots was left unfertilized. All
application rates were at 200 lbs nitrogen per acre. Two light rainfalls of 1.4
inch and'G,z inch were followed a month later by a heavier rainfall of 2.5
incges.

Runoff of water from the plots was related more closely to tillage system
tﬁan to either % slope or nitrogen application technique. Runoff of water,
NH3~N, and NO3-N was greater from the no-till plots than from the
conventional till plots during the first rainfall event (1.5 inch). More
nitrogen was lost ffom the conventional till plots than the no-till plots during
the later, heavier rainfall event of 2.5 inches. This also concided with a
significantly greater loss of filterable solids from the conventional till
plots. The only significant effect of nitrogen application technique on
nitrogen runoff was a greater amount of NH,;-N in the runoff from surface
applications (in both conventional and no-till plots) at the 2.5 inch rainfall
date. No differences could be detected in the runoff of RH3-N or NO5-N
from untreéted control, injected nitrogen, or stabilized injected nitrogen

plots,
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Calculations of nutrient loading in Surrey Lake, Indiasna based on the
runcff data suggest that conversion of the agricultural land in the watershed
from a conventional till, ambydrous ammonia injected management system to a
no-till system with either anhydrous ammonia injected alone or injected with
nitrapyrin should lead to a reduction (4671 and 49%, respectively) in
concentrations of inorganic nitrogen. Simulations using a computer model for
growth of the nuisance filamentous alga Pithophora in Surrey Lake show that
nitrogen reductions of this magnitude would result in noticeable reductions
(approximately 40%) in Pithophora biomass production over a growing season. The
analysis further suggests that use of conventional tillage in combination with
injected smmonla with nitrapyrin or surface applications of ammonium nitrate
would lead to increased growth of Pithophora.

Studies on the response of Pithqphara to the algicide copper sulfate
suggest that the tolerance of the zlga to midsummer applications is due
partially to lack of copper pemetration into the thick mats. FEvidence is
presented suggesting that early season treatments at water temperatures of 10 C

and when biomass is low would be efficacious at high copper doses.




INTRODUCTION

One of the major consequences of nutrisnt inputs into lakes and streams ig
the excessive growth of algae and other agquatic weeds. These plants in turn
cause fish kills and limit or prevent the use of water for recreation, fish
culture, irrigation, and many other purposes. One of the most s&rious.weeds in
Indiana and the midwest is Pithophora, a green alga that forms thick fleating
mats of filaments. This organism is of concern because of its reported
resistance to standard algicides. We became involved in Pithophora research
several years ago when the property owners associations of Lakes Wawasee and
Syracuse, major recreational areas in northeastern Indiana, found that they
could not comtrel the alga using standard technigques. Lake owners and
commercial applicators from Obio, Michigan, and Wisconsin have alsc reported
serious and uncontrollable infestations of Pithophora in their areas.

Most of these lakes as well as ponds and streams throughout the region arve
impacted by nonpoint scurces of nutrients, primarily from runcff from
agricultural land, which promote algal growth. Much recent emphasis has been
placed in evaluating and developing land use practices to reduce the movement
of sediment into these waters., No-till and other conservation tillage practices
have been shown to reduce soil erosion thereby decreasing the total amount of
nutrient entering the water. However, nitrogen fertilizers in no-till are
frequentiy applied to the seil.surface as broadcast treatments of ammonia
compounds and ureaz., Nitrogen applied in this manner is susceptible to surface
runcff with the first heavy rain. An alternative method of handling nitrogen in
no~till is to imject it (in the form of anhydrous emmonia) into the soil. This

technique theoretically should reduce nitrogen runcff. Injection equipment for




no-till has recently been developed aﬁd interest in the technique appears to he
insreszsing. A relatively recent modification in injection on both conventional
tillage and no-till has been to "stabilize™ the nitrogen by adding nitrification
inhibitors. These compounds reduce the loss of nitrogen from the crop root zone
by preventing the conversion of ammonis to nitrate, the form most susceptible to
goil leaching. Because of the longer persistance of ammonia when npitrification
inhibitors are added, the potential exists for more nitrogen to enter runcff
when soil erodes than there would be if the ammonia had been coaverted to
nitrate and leachad into the soil.

The impact of each of these relatively new technologies on receiving waters
and algal growth has not yet been evaluated. Sigce nutrient contrel offers the
most consistent, long—term control for nuisamce algae, ivr is important to
determine the relative value of these agricultural management practices in
reduciag autrient input into receiving waters. The significance of using
Pithophora to evaluate the impact of tillage systems and nitrogen application
technique on receiving waters is due to the potential of the alga te be nitrogen
limited in the open waters of shallow lakes (Spencer and Lembi, 1981)., Thus, in
areas receiving large inputs of nitrogen frow agricultural practices, Pithophora
growth is likely to occcur. The availability of a computer model for Pithophora
growth that incorporates responses to nitrogen and phosphorus inmputs and
evaluates them on the basis of runoff data provides a unique opportunity to
predict the impact of land management practices on algal growth.

The other approach to algal control is through the use of algicides.

Although providing only tewporary solutions to the problem, algicides are often
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the only means by which lake and pond owners can seek immediate relief f?Om
algal infestations. Copper sulfate is effective in controlling most species of
filamentous algae. Pithophora, however, appears té be tolerant to the compound.
Studies in our laboratory show that the susceptibility of the slga to copper
varies according to the stage in the life cyele. Field testing in which copper
treatments are applied to coincide with life cycle stages and certain
environmental parameters offers another approach to the control of this sveisance
alga.

The mzajor portion of thiz report is devoted to the sznalysis of tests of
runcff from plots comparing tillape tveatments {conventionzl and no-till) and
nitrogen application techniques (surface-applied, injected, snd stabilized
injected). A description of how runoff data can be used in the Pithophora
growth model to predict the impact of watershed management strategies is given,
The last section eof the report is a description of labovatory and field
experiments on efficacy of copper treatments when made -zt different life cycle

stages and water temperatures.

RUNCFF STUDIES

Materials and Methods. ¥Field plots for runoff tests were established on

the Agnes Demaree farm east of Madision, IN on land leased for a USDA
cooperative project with Purdue University to study integrated pest management
systems. The major soil type on this farw is a Ryker =ilt loswm, a highly
erodible soil. A total of 64 runoiff plots were established on slopes ranging

from 4.6 to 13,8%.
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Each plot consisted of a 100 £t2 Bloek borderad by 2 X 4 X 10 inch wood
planks anchoved with metal rods intoe the gzround. Soil was tapped along the
cutside edges to prevent entry of runoff water from sutside the plot. Gullies
zlso were dug arcund each enclesure te divert outside runcff away from
the plot area. Four ioch dismeter PVC pipe was used to direct runoff water from
ingide the plot area to a 5 foot diameter plastic pool sunk into the ground
(Figure 1J. The pipe was placed at the lowest point in the enclosure to insure
collection and movement of runcff toward the pool.

The plots were divided inte two tillage treatmenta: 1) nmo~till and 2}
conventional plow system. Within sach tillage treatment, three nitrogen
applicaticn methods were used: 1) surface application of ammonium nitrate
peliets (33.57 W), 2} injected anhydrous awmonia, and 3) injected anhydrous
ammonia stabilized with the nitrification iphibitor aitrapyrin., A fourth set of
plots was left vnfertilized., ALl application vrates were at 200 1bs nitrogen per
acre. FEach combination of gillage treatwent and nitrogen application methed was
replicated & times {see Figure 7 for plot layout), A separate pool was set out
to collect rainwater for background concentrations of mutrients. Four rain
gauges were also placed in the plot area,

Replicates | to 5 were established in corn stubble fallowed for one vear.
Replicates & te B were established in no-till wheat stubble following
conventional tilled corn., In all replicate sefs except 8, the corn or wheat
rows wevre at right angles to the slope., The conventional tillage plots were
moldboard plowed once followed by & single pass with a disk. The tillage and
nitrogen injection equipment also was operated at right angles to the slope.

Nitrogen injection was with standard anhydrous knives on 30 inch centers at an
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Figure 1. Runoff collection system (pipe not drawn to scale).




Legend for Figure 2

Conventional Till Plots

¢C = unfertilized control

£8 = surface application of nitrogen
CI = intected nitrogen

CI$ = injected stabilized nitrogen

No-£i1ill Plots

BC = uynfertilized control

NS = gurface application of nitrogen
NI = injected nitrogen

NIS = injected stabilized nitrogen




cC Cs | Ci Cis
1
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Figure 2.

Plot design.

Numbers indicate replicates,




injection depth of 8 inches. Injection slits (but no nitrogen) were also made
in the control (unfertilized) plots and the plots receiving surface applied
pellets.

A1l collection pools were set in place between May 15 and 16, The plowing
of the conventional tillage areas was done on May 17. All nitrogen applications
were made on May 18. The boards to enclose the 100 ft2 plot areas in the
trested and control areas were set in place on May 19 and 20,

Runoff samples were collected from each pool within 24 hours after a
measureable raic. Four collections were made: 1) May 23 following a 1.4 inch
rain, 2) May 26 following a 0.5 inch rain, 3) May 30 following a 0.2 inch rain,
and 4) June 25 following a 2.5 inch rain. Water was also collected from the
rainwater pool. The water in each pool was vigorously stirred to suspend
sediments during collection. Polyethylene bottles were used to collect a one
liter sample from esch pool. The samples were iced immediately, returned to the
tazboratory, and frozen. Foilaﬁing sample collection, the amount of runoff water
in each pool (including the rainwater poul) was measured and then discarded,

Runcff and rainwater samples were analyzed for suspended (filterable)
solids by filtering 50 ml samples on preweigbed Whatman #1 filter paper (pore
size 10 uM), drying the samples to constant weight at 105 C, and weighing.
Total mitrogen and total phosphorus were determined for unfiltered and filtered
(0.44 um Milipore fiiter ) samples. A}l otherlanalyses were conducted on
Millipore filtered samples. NHy-N, NO,~H, soluble reactive PO,~P(SRP},
and total phosphorus were determined sccording to methods described in Wetzel .
and Likens (1983). NO4~N was measured using an Orion NO4 ion electrode,

Model 93-07. Total nitrogen was determined using the persulfate digestion




method of Raveh and Avnimelech (1979).
Unless otherwise indicated, all data are expressed as mg/plet (plot = 100
ft and were obtained using the following formulas:
Rainwater: Amt. water in rainwater pool (1) % mg/l nubtrient = total
mg nubrient
Runoff: Amt. water in runoff pool (1) x mg/l nutrient = total mg
nutrient

Total mg (runoff) -~ Total mg (rainwater) = mg nutrient/plot

Results

Data from three of the four runoff collection dates (23 May, 1.4 inch; 30
May, 0.2 inch; and 25 Jun, 2.5 inch) are summarized here. All original data are
presented in Appendices A and B,

Slope varied from 4.6 to 13.8%, with a mean of 8.4% (8D = 2.17%). Analysis
of variance revealed that slope did not differ significantly among treatments
(P>0.05).

All data discussed below are presented as treatment means using only those
plots in which the amount of water collected in the runoff pool was greater than
that collected in the rainwater pool for that date.

A summary of a two-way analysis of variance is presented in Table 1. The
most significant effects {PL0.05) were those of £illage system on runoff water,
NHqo~N, total filteréd and unfiltered N, and total unfiltered P at the 23 May
date and on runcff water, NH4-N, NO4-N, total filtered and unfiltered N, and
filterable solids on the 25 Jume date. An effect of nitrogen application method

e

was detected on total unfiltered P om 23 May and on NH3-N on 25 Jun. No
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TABLE 1. Summary of two—way ANOVA comparing measured variables with tillage
system apd nitrogen application method.

Date Variable ‘Tillage svst, W-appl, Tillage X N-appl.

23 May Rupoff (L) R HS Bs
NH 4N * i NG
NGZ“N. NE NS NE
N0 ~H NG NS NS
Toral N (F) * HE NS
Total N (U} # HE NS
Total P (¥) NS HE NS
Total P (U) % # NS
SR¥F Hs Ha NS
Filt. S5glids NS NE& RE

30 May Runoff (1} RS HE NS
W 5~ N& NS NS
ﬂ@2*ﬂ N& Jib NS
NOENN i ¥S NS
Total N (F) NS NS NS
Total N (U) NS Ne NS
Total ¥ (F) NS 1S NS
Totai P (1) WS g NS
SRP Na Hu NS
Filt. Bolids NS N NE

25 Jun Runoff (1) Tk W& NS
NH 5N e * NS
HO 5N NS NS NS
NO 4N ek NS NS
Total N (F) ¥ NS NS
Total N (U) ¥ NG NS
Total P (F) NS NS NS
Total P (U) NS NS NS
SRP N5 NG NE
Filt. Scolids wA NS NE

* = PL0L05; %% = pL0,01; wFk = PO, 001

U= unfiltered; ¥ =

filterved
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¢ignificant interactions between tillage system and nitrogen application method
were found.

Means of water ruﬁoff, NHq-N, NO3-N, total filtered and unfiltered
phosphorus, soluble reactive phosphorus (SRP), and filterable solids for the two
tillage systems are presented in Table 2. The amcunt of runoff water per plot
was significantly greater on the no-till plots than the conventional till plots
at the first collection date. The same trend was noted at the 30 May date.
However, on 25 Jun, the trend was reversed, with more runoff water being
collected from the comventional till plots than the no-till plots. Another
indication of this general pattern was the number of plots from which runoff in
excess of rainwater was collected. On 23 May, runoff was collected from only 10
of 32 conventional till plots but from 18 of 32 no-till plots. On 30 May,
runoff was collected again from 10 of 32 conventignal till plots but from twice
as many no~till plots (20 ef 32). Om 25 Jun, with the heavier rainfall, the
number of plots with runoff was about even with runcff being collected on Z8 of
32 conventional till plets and 26 of 32 no-£111l plots. .The total amount of
‘runoff was highest at the 25 Jun date for both mo-till and conventional plots.

The same trend was observed for NH4-N and NO4-N runoff: higher amounts
were found in the runoff from the no-till plots than from the conventional plots
on the first two collection dates. On the 25 June date, significantly higher
values of NHq~N and NO3-N were monitoved in the runoff from the conventional
till plots than in the runcff from the no-till plots. Although both NH,;-N and
NO3-N runoff was higher in the conveutional till plots on 25 Jun, thelamount

per plot (45.34 mg and 58.91 mg, respectively) was generally lower than the
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TABLE 2, Means of gselected variables for runoff from conventional rill and

no-till svatems,

A

Convent ional
No-til1l

Conventional
No—-till

Convent ional
Now-tipll

Conventional
No-t1ll

Convent ional
Mo—-til}l

Conventional
Ho-rill

Conventional
No-till

till

till

£till

vill

gill

£ill

£ill

23 MAY

5.50
191.19

5. 80
327.80

£8.50
63.73

30 May 25 JUN

--Runoff (L/plot)--

0.79 29,21
3.23 11.51

—NHy-H {(mg/plot)--

3.93 45.34%
36.16 18.88

~~NO3-N {mg/plot)--

11.60 58.91
273,30 21.30

~~Total P filt., (mg/plot)~-

.11 0.65
G.05 0.89

-~Tatal P unfilt. (mg/plot)~-

G.17 3.19
U.42 7.43

~-=8oluble reactive P (mg/plot)--

.00 0.39
0.09 0.86

-~Filterable solids (g/plot)~—-

16.19 165.24
11.35 70.55
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amount that ran off the no-till plots on 23 May (191.19 mg NH3-N and 327.80 mg
NO3"N)n

.Means of NH,-N and NO4~N runoff at the three dates according to
nitrogen application method are shown in Table 3., Surface applications of
ammonium nitrate resultred in the highest runoff levels at all three dates.
NH4-N runoff from surface applications was significantly higher than from
other application methods on the 25 Jun date {(P<0.05). Although tillage system
had no statistically significant effect on the amount of runoff from surface
nitrogen applications, the means of no-till surface applications at both the 23
May and 30 May dates were considerably higher than the means of the conventional
till surface applications (Table 4) although considerable variation exists in
the data for these dates,

Phosphorus was not applied to any of the plote in 1984 and was detected
only at very low levels in the runoff. In general, it appeared as though
slightly more of the phosphorus present moved off the no-till plots than the
conventional till plots (Table 2} although statistically, tillage system had a
significant effect only on unfiltered total phosphorus at the 23 May date.

Movement of filterable solids in the runoff was generally greater from the
converttional till plots than the no-till plots {Table 2). A highly significant
difference was noted at the 25 Jun date.

A4 summary of the means of selected variables for each tillage treatment and
nitrogen application method at the three collection dates is provided in
Table 4,

Phosphorus was not applied fo any of the plots in 1984 and was detected

only at very low levels in the runoff. In general, it appeared as though
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TABLE 3. Means of NHq-N and NO3-N¥ in runoff from pleots with different

nitrogen application methods.

23 MAY 30 MAY

~~NH5-N (mg/plot)--

Surface application 326,10 86.99
Injected 135.40 9.07
Injected stabilized 60.10 10.40
Unfertilized control 5.20 0,24

~~NO3-N (mg/plot)~--

Surface application 857,10 737.00
Injected 64,70 23.80
Injected stabilized 41,50 21.30
Uafertilized control 0.90 7.70

25 10N

55.38
18.45
40.89
17.80

59.43
37.55
40.79
26.76




15

TABLE 4, Means of selected varisbles for runoff from each combination of tillage

system and nitrogen application method.

mg/plot
NH 3-N NO 4~N TP §£{m}i
23 MAY
Conventional
Surface 1.45 0.00 0.00 .00
Injected 4,20 0.00 2.43 0.00
Injected~st. 7.59 - 19019 0.83 0. 00
Control 6.06 0.00 0.62 .00
No-till
Sur face 361.07 1028.56 4,35 0.67
Injected 214,04 103,51 7.00 0.14
Injected—st., 89,49 58,29 2,23 0.05
Control 447 1.65 0.32 0.00
30 MAY
Conventional
Sur face 10. 38 15,30 0.47 0.00
Injected 0.82 3.18 G.12 ¢.00
Injected-st. 11,97 41,74 0.25 0.00
Control 0.55 1.80 0.08 0.00
Ho-till
Surface 99,76 857,26 0.51 0.08
Injected 13,79 35,52 (.37 0.09
injected=st, 9,36 8.06 0.61 0.00
Control G.01 12,20 0.23 0.19
25 JUN
Conventional
Sur face 72,83 77.69 8.18 8. 00
Injected 25.17 6. 12 5. 74 0.84
Injected—-st, 60,15 b4, 89 12,067 G.37
Control 16.38 30,42 6.45 0.46
No~t1ll
Sur face 27.46 30.23 7.52 0.18
Injected 13,40 20.63 6,99 1.04
Injected-st, 18.42 12.67 12,86 1.5
0. 54

Control 19.41 23.10 4,51

g/

plot

Filt.

Solids

47.
119.
79.
80,

65.
68,
34.
a5,

20.
17.
11.

i3.
il.

L1

177,
185.
170.
127.

123.
51.
46,

75

34
39
84
a1

25
21
92
03

. 81
79
88
35

43
95
.52
19

6]
4
97
81

30
12
75
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etightly wore of the phosphorus present moved off the no-till plots than the
conventional till plots (Table 2} although statisticallv, tillage system had a
significant effect only on unfiltered total phosphorus at the 23 May date.

Movement of filterable solids in the runcff was generally pgreater from the
conventional tiil plots than the mo~till plots {Table 2). A highly significant
difference was noted at the 25 Jun date.

A summary of the means of selected varisbles for each tillage treatment and
nitrogen application method at the three collection dates is provided in

Table 4.

Digcussion

Runoff of water from the plots was related more closely to tillage system
than to either % slope or nitrogen application method. Initial runoff was
greater from no-till plets than coonventional till plots following light rains of
1.4 and (.2 inches. "This was probablv due to the greater firmness of the
no~till soil surface in comparison to the recently plowed and upturned surface
of the conventional till plets. A later heavier rain of 2.5 inches resulted in
significantly greater runoff from the conventional till plots than from the
no-till plets, This is probably a consequence in part of the erodibility of the
water saburated plowed ground and was also reflected in the significantly
greater loss of seil from the conventional till plots than the no-till plots on
this date. |

funoff of NH4-N and NO4-N following the two light rains was also
considerably greater from the no~till plots tham the conventional till plots.

The trend was reversed at the 75 Jun date after the heavy 2.5 inch rain with
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means of 45.34 mg and 38.91 mg NH4-N and NO4—HN, respectively, in runcff from
the conventional till plots and 18°88 mg and 21.30 mg, respectively, in runocff
from the no-till plots. Ammonia tie-up te soil colleids probably accounts for
the fact that ammonia did not move off the conventiomal till plots until
considerable soil loss had also occurred. Additiocnally, nitrate would tend to
be leached in to plowéd, loose soil with light rains and alsc would not move off
conventionally tilled ground until significant soil movement occurred. It is.
interesting that the NO;-¥ appeared to remain on the soil surface in the
no-till plots through both the 23 May and 30 May dates. It was nof until a
heavy rain occurred that the nitrate apparently was able to leach inte the soil
in these plots. Soil samples prior to and after each rain event were taken for
NHq~N and NO3-N analyses to determine nitrogen distribution and loss, but
the results were not yet available at the time of this writing.

Amounts of NHq-N and NO_N in the runoff from the conventional till
plots on 25 Jun were lower than the amounts that moved from the no-till plots on
the first two dates, even though water runoff was greater on the 25 June date.
Since the highest initial nitrogen levels as well as greatest loss over time was
from surface application of ammonium nitrate to no-till plots, the values over
the three dates probably reflect the gradual loss of nitrogen from the surface,
either through leaching or initial runoff.

NHq-N and NO4-N runoff from the unfertilized control plots and the
phosphorus runoff in general appeared to be more directly related to vainfall
and the amount of water runoff over the three dates (e.g., see total unfiltered

phosphorus in Table 2). Residual N and P in untreated soils and plant residuesy
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would be more likely to move off plots proportionally to rainfall and runoff
fluctuations than would N and P from surface treated plots.

No significant difference waes noted in NH4-N and NO4~N runoff from
unfertilized control, nitrogen injected, and stabilized nitrogen injected plots.
An examination of the means from the no-till plots on 23 May and 30 May (Table
4} suggests that more rumoff may have occurred from the nitrogen injected and
gstabilired nitvogen injected plots than from the unfertilized controls; however,
by the 25 Jun date ne differences between controls and injected treatments were
vigible in the no-till plots, By this date, levels of NHq-N and NO3-N
runoff in general appeaved to be slightly higher from the conventional eill
piots than from the mo-till plots, again probably reflective of the greater

water and soil vuncff from the conventional plots on this date.

PITHOPHORA GROWIH MODEL

Description of the Model
The growth model dezcribed heve is based on modificatiouns to the Monod
function described hy O'Brien (1974). O'Brien stated that growth of a number of

algal species could be described by the Mored equation:

CE | (1)

oo+ KS

where g = the growth rate
Gy = the maximum growth rate
C = the concentraztion of the nutrient limiting growth
Kg = the half zaturation constant, the concentration of nutrient at

which the growth rate equals one-half the maxiumum growth rate
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0'Brien modified this equation by including a term, d, to account for algal
mortality (eq. 2) and by incorporating a second equation (eq. 3) to describe

nutrient dynamics as growth cccurred,

g = G, c -4 (23
C + KS

Eg_—“waDbé’g (3)

dt

it

where N = algal biomass
R = the rate of replacement of the limiting nutrient
D = the depletion factor or percent cell composition of the limiting
nutrient
O'Brien suggested that equations 2 and 3 constituted the simplest set.of
equations that could be used to desribe many observed growth characteristics of
phytoplankton species,

Our initial attempts to model Pithophora growth were based on equations 2
and 3., However, these equations do not take into account temporal changes in
the nutrient that is limiting gro&th. Since cur previous studies (Spencer and
Lembi, 1981) indicated that nitrogen limitation can play as important a role in
regulating the spatial distribution of Pithophora as phosphorus, a method was

developed to determine when nitrogen or phesphorus is limiting growth and was

incorporated into the model.
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A flow diagram of the model is shown in Figure 3. An importent feature is
the method for determining whether N or P limits growth for a given time
intexval, This is done by calculating the appropriate temperature dependent
Ky and 6 (umax) values {predetermined in the laboratory on algal cultures}
for N- and P-limited growth., WNext, the vatic of N/P in the lake water is
- determined. Tilman (1977) suggested that in a chemostat at steady state an alga
would be limited by two nutrients when the ratio of the nutrient conceﬁtrations

is equal to the ratio of the Ks values for those nutrients:
N/E = Ko(w)Ms(p)

LE, however, N/P > KS(N)IKS(P}y then P is the limiting nutrient.

Comversely, N limits growth whea W/P < K (ny/Kgo(py. While it is

untikely that steady state growth of algae occurs in nature, there is aﬁple
evidence that this approach may be useful in predicting nutrient limitation for
Pithophora (Spencer and Lembi, 1981) and other algal species (Tilman, 1977).
The model caleulates the appropriate ratios and uses the equation for N~ or
Pelimited growth as indicated,

Since Pithophora is a free-floating alga, it is susceptible to loss of
biomass from washout in shallow lake basins, a condition that often occurs with
heavy rainfall. Thus, the model includes modifications for washout effects.
This was done by using the Soil Conservation Service runnoff equation (USDA,
1975} to calculate the amount of runoff that would result for a given amount of
rainfall in the lake drainage area. The vainfall data {cumulative totals for 15

day periods} are normalized to 2 year 24 hour rainfall by assuming that the
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NUTRIENT, TEMPERATURE, AND
RAINFALL DATA

¢

CALCULATE Kg AND pmax FOR THIS
TEMPERATURE

4
CALCULATE N:P AND KS(N)  Ks(p)
4

IS N LIMITING G S R S

4
+
i

USE N-L.IMITED EQUATION USE P-LIMITED
EQUATION
4 oy

CALCULATE NEW GROWTH = <« <+ <« <« =
¥

CALCULATE RUNOFF VOLUME
+

CALCULATE BIOMASS LOSS
DUE TC WASHOUT

¥
PRINT BIOMASS
¥

NEXT ELEMENT

Figure 3. Flow diagram of Pithophora growth model. .
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highest value measured during the year was the 2 vear 24 hour rainfall., The
value for each 15 day period was divided by the maximum value and the resulting
fraction multiplied by the 2 year 24 hour rainfall to give the relative rainfall
during a 2 week interval.

The model has been run to simulate Pithophora biomass production in Surrey
TLake, our study lake in central Indiana. The model predictions and actual
measured biomass values are shown for two years, 1979 (Figure 4} and 1981
(Figure 5). The sharp decline in midswmmer, 1979 in actual biomass (and as
predicted by the model) was due to the washout phenomenon mentioned sbove.,

The growth model not only appears to be generally capable of simulating the
production of Pithophora biomass but can also be used to assess Pithophora
response to reduced nutrient concentrations. Simulations in which either
NOs~H or total P were reduced by 507 were executed, The results (Figure 6)
show that a greater reduction in biomass would result if NO3-N were reduced by
50% than for a similar reduction in total P. These results suggest that
management actions designed to prevent entry of nitrate {or ammonia) into Surrey
Lake would lead to the greatest decrease in Pithophora growth and underscore the
importance of seeking tillage systems that would prevent the downslope movement

of these nutrients.

Predicted Growth of Pithophora under Different Management Systems
The potential impact of the use of different combinations of tillage system
and nitrogen application technique on the growth of Pithophora can be assessed
as a first approximation by combining the results of the runoff study with the
model for Pithophora growth in Surrey Lake. The following assumptions are

implicit in this analysis:
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1} that all of the agricultural land (699 hgctares) in the Surrey Lake
waterahed was subjected to conventiconal tillage and fertilized with
injected nitrogen during 1979.

23 that runeff was the only source of inorganic nitrogen (NH3_N plus
WO4-N) intc the lake.

3} that the nitrogen loading for the no-till control treatment in the
current study approximates the runoff of other land use types (e.g.,
woosdland) in the Surrey Lake watershed during 1979 (approximately 429
hectares in a total watershed of 1128 hectares).

Under these assumptions, the relative input of inorganic nitregen into
Surrey Lake ¢an be estimated for several scemarios. The basic procedure is to
calculate the amount of inorganic nitrogen from each of the twe land use
categories in the watershed assuming that different combinations of tillage
system and nitrogen application techniques are applied ko the entirve area of
agricultural land in the watershed.

Table % summsarizes these caleculatlons using the data from the 25 Jun runcff
samples. The column labelled "% of asswumed 1979 load" shows the estimated level
of inorganic nitrogen for Surrey Lake under the varicus management systems.
Inorganic nitrogen would be reduced by 25 to 49% for the no-till scenarios with
the greatest reduction asscociated with no-till and the use of injected
stabilized nitrogen.

Figure 6 shows predictions for Pithophora growth using 1979 Surrey Lake
data and also predictions for growth assuming a2 307 reduction in nitrogen or
phosphorus. This suggests that conversion of the agricultural land in the

Surrey Lake watershed to no-till with the use of injected stabilized nitrogen or
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TABLE 5. Hypothetical total scluble inorganic nitrogen (TSIN) loading for the
Surrey Lake watershed under different combinations of tillage system and

nitrogen application methad.

TSIN load 4 of

Mgmt . TSIN yield! Area TSIN for mgmt?Z for each 1974
System (kg/ha) (ha) system (kg) scenaric (kg) assumed load
Conv., inj. 0.0918 699,36 64,2 83.8 100
Conv. inj.

stabilized 0.1346 699.36 94,1 113.7 136
Conv. surface 0.1620 699.36 113.3 132.9 159
No-till

surface 0.0621 699.36 43.4 63.0 75
Bo~till inj. 0.0366 699.36 25.6 45.2 54
No~till inj.

stabilized 0.0335 699.36 23.4 43.0 51
No-till

control 0.0458 428,64 19.56 - —~
! 7SIN = nitrate-N plus ammonia-Bi
2 gcenario calculated by adding TSIN for each management system to the no-till

control (19.6 kg).
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injected nitrogen should lead toc a noticeable reduction (approximately 407 of
maximum attainable growth in 1979) in Pithophora growth. Since there is very
little difference between the stabilized or unstabilized nitrogen results, the
benefits of stabilizing anhydrous ammonia with nitrapyrin to the crop plant can
be realized while still reducing growth of Pithophors in the lake. On the other
hand, the analysis sugzests that use of copventional tillage wethods in
combination with injected stabilized nitrogen or surface applied nitregen would
probably lead to increased growth of Pithophora in Surrey Lake,

POTENTIAL OF COPPER SULFATE 7O REDUCE PITHOPHORA CROWTH WHEN

e bdtkrit
APPLIED AT SUBCEPTIBLE STACES IN THE LIFE CYCLE.

Previous studiee in this laboratoryv (O'Neal et al, 1983) suggested that the
effect of the algicide copper sulfate in reducing Pithophora growth was
dependent on the growth stage of the alga. Germinating akinetes (spores) showed
the greatest tolerance, akinetes were medium in their response, and vegetative
Filaments were the most susceptible te gopper treatments. Our observations of
Pithophora in the field clearly showed s seasonszlity in the appearance of these
growth stages. Akinetes are produced in the early fall, overwinter, and
germinate in the spring in response to an increase in water temperature.

Akinete germinarion occurs as water Lemperature increases from 15 to 20 C,
Filament growth and mat formesfion cccurs in the summer and is a linear function
of increasing water temperatures Lo at least 26 O,

Although filaments ave the wost susceptible of the growth stages te copper,

the alga ie difficult to control. Algicides such as copper sulfate are usually

applied in the summer when the mats begin to appear. At a typical dosage of 1
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ppm copper sulfate (4 uM cu™) an 80% reduction of mat material should be
expected (Figure 7; see O'Neal et al. 1983 for methods). However, this seldom
occurs in the field. Other than a brief browning of the filaments at the
surface of the mats, little effect is noted on the alga and recovery is almost
immediate (Crance, 1974; Eipper, 1959).

Part of the reason for the lack of activity is probably due to loss of
copper ion in alkaline, enriched waters with high concentrations of anions and
colloidal particles. However, since sufficient copper usually remains in
solution to kill other types of algae, this explanation is net.sufficieat,
Another possibility is related to the wmorphology of thé free-flozting mats
which, in Pithophora, are extremely dense, tightly woven clumps. This growth
form is unlike that of other mat-forming algae in which the mats are looser and
appear to contain more interstitial water., Thus, copper applied in the summer
to Pithophora mats may not be able to penetrate to the interior of the clump
and/or may be absorbed by the outermost filaments so that less copper is
available for penetratiomn. |

A laboratory experiment was designed to test for copper penetration through
Pithophora mats. Mats collected from the field were placed at one end of a vat
containing 1.5 1 lake water, Copper was introduced in the open liquid at the
other end of the vat. One ml of a solution containing 2.25 mg Cu** per ml
was used to produce a final concentration of 1.5 mg cut+ per 1 (approx. 24 pM
cu**) in the vat liquid. Air was bubbled at the introduction point to
insure that the copper would move throughout the vat. Liquid samples were

removed at distances from the introduction point (0 ¢m} and analyzed for copper




Y% OF CONTROL

£
O

100 |

80 ;

h
QO

20

30

Figure 7.

[Cu] um

germinating akinetes (¢} Lo copper.

akinetes f{o),

and




31

removed at distances from the introduction point (0 cwm) and analyzed for copper
using a colerimetric technique descyibed by St. Grys (1976). As shown in Figure
8, the copper concentration in vats without Pithophora mats remained stable over
the 48 hour test period. The copper was evenly dispersed across the vat. In
the vats with Pithophora mats, a decrease in movement of the copper 2 cm into
the mat was noted 2 hours after copper introduction. Very little copper
penetration into the mat was noted at 24 and 48 hours after introduction. In
fact, a significant loss of copper throughout the vat, even in the open water
portion at 24 and 48 hours suggests that much of the copper may have bern taken
up by the filaments that it first came in contact with, Mat material at each
centimeter interval has been collected and frozen for internsl copper analysis.

The results of this experiment support the hypothesis that summer copper
treatments are ineffective because éf the bulk of vegetation that ig pressakt,

In contrast to midsummer biomass figures of 150 to 200 g/m2 present in the
field, vegetation biomass in winter and early sprimg can be as low as 10 g/m?,
At this stage, the bulk of the vepetation consists primarily of akinetes.
Although somewhat more tolerant of copper than the filaments they do appear to
be more susceptible as ungerminated than as germinating akinetes (Figure 7).

The potential thus exists for effective copper treatments of Pithophora at water
temperatures below 15 € (optimum for.akinete germination) .

The results of a laboratory experiment to test the effect of water
tempefature on the efficacy of copper on akinetes are illustrated in Figure 9.
Three treatments were used: 1) 24 h copper exposure followed by a two week
recovery period in copper free medium at 20 C {akinetes were not germinating at
the time of copper exposure), 2) copper exposure at 10 C and a two week recovery

at 20 C, and 3) copper exposure and a 1 day recovery at 10 € followed by
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recovery at 20 €. The 20 € pericd is rvequired sometime during the recovery
pericd in order to allow surviving akinetee to germinate and be measured for
chlorophyil. Although in general, activiety of the copper was reduced at 10 C,
the effect appeared to be negated at the higher copper concentrations.

Te test the copper susceptibility of Pithophora growth stages under field
conditions, arrangements were made to use a pond with a long history of
Pithophora infestation at the Grassy Forks Goldfish Hatchery at Martinsville,
Indiana. Enclosures, approximately 1.1 m in diameter and 1.3 m long, were
coustructed of fiberglass sheets bolted topgether over (.6 m conduit rod.
Conduits were also used te support the fiberglass sheets at 1.6 m intervals.
Twelve 1/4" holes in the fibevglass (below the waterline) were drilled and
covered with duct tape prior to placement in the pond. The enclosures were
placed in the pond at least one week prior to copper treatment to allow
suspended sediment to sertle., One week following treatment, the tape over the
holes was removed fo z2llow free circulation of fresh pond water,

For each trestment time, & enclosures were imserted into the pond. Three
enclosures were nontreated controls; 3 were treated with copper to achieve a
concentration of 1 mg/l (15.8 uM). This high dose was chosen to insure that an
¢ffect would be obtained and that differences in responses would be due to
Ereatment time and not to water chemistry or other parameter. Treatment dates
and water femperatures were as follows:

74 August, L1983 {28 0
18 April, 1984 ( 9 Q)
14 May, 1984 (20 ¢}
11 Jume, 1984 {32 ¢y

Figure 10 shows the first set of enclosures at the rime of treatment on
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August 24, The pond was severely infested with Pithophora (floating mats
visible between and behind the eunclosures): in fact, we were able to insure that
each enclosure had approximately an equal amount of Pithophora mat prior to
treatment. The enclosures survived a heavy ice cover during the winter. On the
April 18 treatment date, very lititle Pithophora, either in the form of mats or
akinete clumps on the bottom sediments could be detected anywhere in the pond
(Figure 11). This unfortunately remained true through the remainder of the
treatment times., For unexplained reasons, the Pithophora in our test pond
disappeared and had not reappeared through October, 1984 when we planned to take

efficacy readings. A possible explanation is that the low water level in the

it for renovation purposes) caused significant Pirhophora kill. We do not think
this is very likely because our previous research has shown Pithophora to be
relatively tolerant to freezing and thawing. ¥t is unfortunate that this
experiment could not be successfully concluded because we believe our
experimental set up was a good ome and would have yielded valuable information.
It is unlikely that we will vepeat this field experiment in the near
future, because of the time, effort, and risk involved. We still believe there
is potential in early treatment for Pithophora, but this may have to be
demonstrated using wore laboratory experiments rather tham relying primarily on

field fests.
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SAS
nES DATE 3LCPE TILSYS WTERT REP oL RUNOFF
1 ZEMAYEL 7.3 cony cont 1 0.0C0 £.0C00
& LEMLY RS 11.3 conv cont ? C.0CLo g.ocop
3 ZIMAYEL 10.2 COnY cont 3 9.000 L. ooon
4 ZAMAYR 4 Tl sony cont & C.000C C.CCoe
3 ZIMAYS 4 Tk cony cont 5 0.330 1. 8500
& CEIMAYE 4 173 cony cont & §.00C 0.0C000
7 SIMAYRL S5aé conv cont 7 1200 L.4¢40
b LIMAYRS 5.7 cony cont # C.25 D.9300
& 2OMAY 34 . Tony surfepp 1 D.D0o 2. 0000
1o 23MAYB4 1%2.5 conv surfepo P 0.0C0 0.23004
11 ZIMAYGA 2.4 conv surfzen 2 0.00C 0.¢o0e
1z FAMAYRS 7.x cery surfepn 4 0.00cC C.0CG0
13 ZIMLYES 7.1 conv surfepp 5 0.00C 0.000¢
14 SEMAYRS 11.7 cony surfzpp € 0.00C 0.0060
15 LEMAYRG 5Lb cony surfzpp 7 1.00C 2.7z200
Té ZIMAYAL Lok oy surfepp 3 L.C0C0 0.0con
37 SEIMATL 4 7.5 cony inject 1 D.0D0 D.00ce
18 EEMBYEB 4 10. 4 Conv injfect 2 0D.0CG6 g.coLo
i ZEIMAY RS A7 conv inject 3 £.000 £.0000
20 SAMAYEL £.73 cony inject 4 1.250 4£.6500
£ ZIMAYRG 2.1 TOnY indect 5 1.30C 4L . 8360
27 SIMAYES 2.3 ooty inject ) D.DCC 0.00600
23 ZIMAYRL 7.3 conw inject 7 J.125 0.4650
24 ZAMAYRL 2,3 rony inject E C.Z230 0.9200
25 ZAMAYERS F.0 R RaRY) inisibp 3 0.00C D.0000
PR ZIMEYE 4 9.8 conv inisthb 2 2.500 1.3400
27 2OMEYBL 15. 8 Lony injst 2 G.00C G.0000
28 ZIMAYEL .7 cony inisth 4 0.000 C.0000
£9 EEAMEYRG 2.1 cany indsth 5 G.006 3.0000
34 CAMEYARL 5.3 Conv injsih & 0.25¢C 0.9200
34 ZIMAYEL 6.3 cony insstk 7 0.330 12276
3z E3MAYS4 ¥ cony inisip 2 2.500 $.3008
i3 ZIMAYERL 9.8 netil coat 1 0.0C0 2.00GC0
34 2AMAYES T i netil cont Z 0.00C 0.0000
35 ZIMAYEY 2.8 notil sont x 0.250 0.%9300
35 LIMAYERL 5.5 netil comnt & 1. 600 2,700
57 2IMAYES 7.0 notil cont 3 L.300 T.23400
33 23MAY R4 7.9 notil cont 4 £.000 C.oCon
39 ZEMAYRL Y.l notil cont 7 0.23¢0 0.%300
44 EIRATERL Yl netil cont 3 1.5300 5.58200
41 2IMLYES 15.2 notil surfzg 1 0.30C 0.0C00
&2 2IMLYEL 10.2 notil surfzpp P4 4000 14.8800
43 ERMLYEL F.h netil surfepp 3 C.750 2.TI00
Lé Z3MAYRY 2.1 notil surfzop 4 1.730 5.51C0
&5 EAMAYRAL 7.3 notil surfzpp 3 £.00C ¢.0000
L CIMAYEL £.3 retil surfepp 5 £.000 0.0000
47 Z3IWAY S 4 ol petil surfzpp 7 g8.020 29.7800 -
L& CIMAYEL 7.1 notil surfaop G 17.00C £3.2400
49 ZIMAYR L 108 rotil irmdect 1 1.750 £.5100
30 ZEMAYEBL 5.8 netil inject P C.ooo 0.0000
51 CEIMATYR 4 7.9 notil inject 3 9.5720 38.3400
52 ZEIMAYE L 11.5 notil iedeot A 17.1000 EX.24600
5% ZEMAYR 4 .0 noatil inject 5 2.50C PL.ECCO
G4 cIMAYR 6.3 notil indect & 0.000 G.OL00
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DLbdtd
G. 0000
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Dubdta
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C.ooen
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U.4d46é
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Cakbdd
C.0DCe
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L.2300
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Coddtsg
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C.Donc
0.0000
C.0000
Gab&Edh
0. 0o
0.00C0
C.dbcd
0.00C0
O-4454
C.00C0
5. 58400




Appendix A. g5
c8% LATE SLCPE TILSEYS NTRY FEPR GAL BUKOFF
109 COHMAY D4 7.3 ratil surftanp 3 0.0¢C C.0000
110 2EMAT L 5ok rotil surtapp & 0.00 £.0000
111 ZEMAY S4 E. rnotil surfaoo 7 2.50 93600
112 SEMEYEL N rnoetil surtzop G E.50 24 .TBOC
13 ZHEMAY &4 o rotil inject 1 .25 FE00
1Y ZeMAYES T notyl inject Z .00 £.00C0
1E ZHMEYE 4 7.5 rotil inject 2 1.5C T.EECD
1o ZEMAY L T5a5 notil inject 4 2.00 11.71400
117 SEMAYESL . notil inject 5 .17 «A4LE4
118 SOMEY B4 5.3 netil inject & 0.00 .00
114 ZEMAY o d 5. & notol inject 7 .25 C.9308
120 2oMLY R4 0.z netil injsget # .00 0.0000
127 ERMLY 44 T3,k notil injstp 1 C.00 C.oaen
i2Z ZoMiy R 8.1 notil injsts z 0.00 C.ocud
123 ZHMAY L4 T’ no*i inisth 3 0.00 0. 0000
14 ZEMAY 24 et Aaotil irietb 4 0.00 0.0C00
Z5 ZoMAY R4 £a5 notil indztb 5 0.00 C.0Co0
126 2oMay g 1oLt noftil injeib 4 Sa12 Dodbed
Yo7 2EMAY AL Euf netil injethp 7 D.25 0.9300
TEE ZEMAY 34 2.k notil injsth 7 C.o0 0.0000
12y ESﬁAYbé 7.3 conw cont 1 0.00 £.00co
130 ITMAY B4 11.3 Cor cont 2 0.00 C.0CG0
131 3dwa¥ué 0.2 cony tont 3 G.00 0.0C60
132 SOMAY 2L P Conv cont & .00 £.0800
1353 JUMAYBAL Fak Loty cont 5 .25 0.9300
134 BOMAYSL T1.5 cony cont & G.75 2.7900
133 SCMAY 84 5. £ cony cont 7 0.25 La%300
134 ICMAY 44 Sad conv cont 8 g.00 0.90000
137 IOMEY RS 7es cony surfzpp 3 G.00 C.0000
T3z SEMAYES 1%2.5 cony surfapp Z 0.00 C. 0000
139 IO0MAY &4 2.4 conw surfapp 3 0.00 £.00co
140 FOMLAY RS Tl cony sur fapp L (.00 G. o000
141 SOMEYES 7. conv surfapp 5 0.00 £.00C0
142 IDMAY R4 11.7 cony surfapp £ 1.0 X.T200
143 UMY 54 St Cony surfanpp F C.0C C.0000
144 IOMAY 8L LA convy surfapp B .00 £.00C0
145 SUMAY 24 7.5 cony inject 1 .00 U060
A IOMAY RS 10.4 CoOnV inject 2 0.20 C.ooon
147 ZLUMAY R4 Catf cony infect X 0.00 C.D00D0
TAE AOMAYEL £a3 conv inject & .25 £.9300
147 I0MAY EL Bol zonv injfect 3 0.75 2.79{0
150 ILHMAYS 4 £.3 cony inject £ 0.25 £.9%0
151 ILMAY E4 Teb conv irject 7 0.753 2.79L0C
152 J0may 24 2.3 cony inject £ 2.00 £.0040
1553 IORKAY 34 Gl SOV inj=sth 1 0.00 L.0000
13 I0MAY 84 9.8 meny injeth z 0.CC . 0000
155 ZO0HMAYEL 1.2 corwy irnjets 2 0.4cC £.0000
156 ZOMAY L Eul cony injsit & D.0C C.0000
157 IOMAYRG £.1 con indzth 5 .00 L. 0Gco
155 ZOMAEYE 4 5.E cony injsth & g.7s 27900
159 ICMEY 54 Gel conv indstn 7 0.0¢C C.C0Co
FEU TOMEYES 5. ¥ COomW injsth 2 1.75 £.3700
T ALMAY EL Yo notil cont 4 .00 L.0000
1ol JGRAY B Y uk motil seny 2 GC.oo C.0CoC
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Appendix A. S5AS
Ga3 CaTe SLORE TILSYS NTRT REP GaL RUNUOFF
17 23 JUNESL S Wl conv injsth 1 26.25 G748
238 5 JUNS4 Fa b cony injzik 2 .00 TR.&C
21% Z3JUNEL TGz cony injeth 3 1C.2C i7.20
220 2SAdUNEL b.7 convy irjsth A 4.00 1488
221 25 JUN B 2.1 canwy irnje*b 5 4 .06 Th,BE
£z 2HAUNS G 3.8 convy injstn 5 .25 12.0%
£23% Z23JUNES £l convy injets ? 2.5C .20
224 SSIUNSL Eo¥ cony imiztn g .75 12.0%
£Z25 SEIUNRS §.£ notil cont 1 4. 50 1674
ado 25JdUNSG %t rotil conz Z GO0 £0.00
227 23JUNS L LT notil cont X 4,08 14,88
28 23JUNG4L Bwl netil zont 4 4. 00 146,.8%
21% Z50UNZL Gl notil coant 5 T+25 25.97
£3G Z33UNS4L 7a% notil sont £ 1.00 3.72
231 25JUNSS Fal notil cont 7 223 B.37
iz 23JUNBL Yok notil cont £ 4. 00 146 .88
£33 ZRJUNEL 1C.7 rotil surfepp 1 Ca0C (.00
L3 Z5JUNEL 1C.2 notil surftepp 2 I.0C T71.1¢4
235 Z2E5JUNSG Yaed notil surtann 3 4o 00 14 .88
ERY! Z2JUNEL 13.1 notil surfsop Z I.3C 13.07
£37 Z5JUNBL V.3 notil surfzpr bt 5.C0 TELEL
238 Z5JUNEL 5.3 notil surfapp £ C.0C 0.0¢
£35 ST dUNaL 2.1 rnotil surfapp 7 1.00 3.72
£40 Z5JUNB4 7a notil surfann ¥ £.5C 24.18
247 Zh5JUNBL o E notil irject 1 3.00 12.8C
247 23JUNEL 5.% rotil inject 2 1.50 S.58
243 Z5JUNE4L TS notil inject z 10.00 ir.20
244 Z5JUNE4 11.5 rmotil inject & 275 21.32%
245 25 JUNES £ai notil injesct 5 ba50 T6.74
£4 o SBIUNSYG L notil injsct £ 1.50 5.58
247 ZRIUNSS Eai notil inject 7 Te?5 £.91
£4d 25JUNSS 1C.7 notil inject bl 0.5G 1.8¢
L4 23SUNEL T3.8 notil injesth 1 7.00 246.04
£33 25 JUNAL 2.1 notil indistb Z .00 g.00
251 Z5JUNGS 7.7 netil inisth X .50 12.07
25 Z5JUNGS P noti injeth & 3.00 11.16
253 23 HUNZS4 Eal notil injsth 5 .00 7 o dady
234 2SJUNGA 0 .s retil inieth & 2,300 Tebld
235 25JUNZS 2.k notil imizsth 7 1.0C 3.72
230 JE5JUNSL Z.5 notil injsth B 0.00 0.0¢
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Nutrient ansliysis for tiilsoe system veoe
mitrogen spoidcsticon method study
Appendixz B. May 23, 1984
Das TILS5YS WNTRY REP WH3 KGZ W3 TiF TRUF TPF TFUF SRF  FILTLD
1 conv cont % T2.19 DLCE .0 5289 04,30 UL00 1.88 C.00 110.54
2 tonw cont 7 J3.00 D.:e8 J.00 .0 C.O0 C.00  G.0D 0.0C #0.48
S conv cont 3 .00 0.00 DL.06 C.0C C.00 .80 C.00 D.00  25.8F
H zony surapn 7 Tead L0 0.0l C.0O0 .00 0.0 .00 C.00C &7.354
5 conv injezt 4 C.21 C.CC TaGU L. 00 .64 Cod Z.08 0L.00 190,79
5 cany inject 3 12430 G329 DLU0 ThDudy Z32.48 CL.00 35.06 €00 159,121
7 conv inject 3 2,00 CLEC0 Ve GO C.0E C.00 0.6 .14 0,00 107,57
& cony injsth 2 Seil Ja.UC CL00 404,07 2,17 .00 C.00 C.00 572016
J conv injsth ¢ C.D0 C.L02 .60 3558 113.046 D00 C.00 .00 3F.uE
10 ceny injstbk 8 c .73 Lo42 57.5% 15Z.2€ 0.00 0.00 2.48 .00 149.3%8
11 nmetil cont 3 C.0C 427 D.05 SR04 1534.¢2 000 4.00 B.OD &£2.%%
12 netil cont 3 .00 Z.00 0,00 Br.o04 T1153.74 D.00 $.00 .00 45,434
153 notii cont 715305 DLy B 20 L4453 115.93 0.0C  1.15 0,00 9?.F88
T4 notil  cont & .71 L.0Z £.5%  13Z.05  15.84 §5.00 .12 €.D0 433083
15 notil swurapp 20 £171.3%1 TLL0¥ B175.37 0 33%.10 3eé.ta 0.00 0.3% C.O0 143,47
76 netil surapp I OT1E2.8T t.oV  734.5%  £27.483 233,98 4,32 5.71 Z.&8% iV LAL
17 notzl surspp < 35.%8 D.0C LaBE CLO00 1E.81 CLO0 s.2% 4,000 FeL,EE
18 notil surapp 7 407.0« 5023 1968%9.02  33%.486 £35.%4 0.12  6.31 L.00 44,57
17 notil surapp 8 T25.24 7.43 I9.26 1060.56 571,08 1.0% 3.91 C.¥1 24,15
£2¢ notil  inject 1 8.0 0.0 25.5% .00 15.7¢ 0.00 ®B.8% 0,00 S0.7%
21 notzl dinject 3 31Z2.%8 7.48 202.c2 487.67 S5TELTS L33 Z2.48% [L.0O0 S7.36
22 netil inject 4 75078 £.34  271.58 o0T.84 £493.57 T.469 14.05 0,71 E7.71
23 notil irdect 5 S1. 50 CDLo8 17.77  179.54 254.%16 CL00 7.5 C.00 90,03
24 notil ingject 7 T7.2% Qagé Gaof Le8.52 132.24 0.0 2.0 .00 60.06
€5 metil anjdstd Y 367.87 F.4l 14713 362,085 BELLT 3,35 3.31 £.19 EELEE
23 nectil Iinjstib 3 c2.75 0.00 BHa.01 C.GC C.00 C.0C C.00 ¢.00 35.44
E7 notrl ingstbhb & .21 0.00. 0.0 127.%0 120.71 C.0C 3.03 C.00 20.7%
25 netil dimZstb 7 3.17 0.GC E.00 402.87 197.44 [0.00 C.38 C.00  &7.%5




Mutrient anslviis for ti1ilzge syztam VS,
nitregen applicetion method study
Appendixz B. May 30, 1684
T F
I i
L N T T L
G s T H N N N T N7 F S T
E Y 1% z H 8 ° N v o.e U L5 5
S5 05 H P 3 P 3 F FOF E P D
1 conv  ceont s Tt (L0227 Leth LLl72 5.74 1.07 £.12 0.00 14.490C
2 tonvy  cont 5 C.CL D.0lCs La92 2.3540 .00 €.0C .12 0.0 £2.12C0
3 convy  cont 7 .00 ©.059 1.5 A0.%50 11.c2 L0003 000 D.0C 11.5700
& ceonv  surepp o 10.3R 0,028 12.30  140.300 5.18 C.00 C.47 0.00 8.8100
5 cenv inject 4 C.00 CaC0oo 3.03 F0.E70  10.53 .00 C.0C G.CC  5.1300
o wonv indect 3 2.2% C.1230 560 5. €10 7.05 C.L00 Cud2 D.00 27.440C
Y renvy  inject 4 C.O0O 0.000 Tal4% Beinll 5.74 C.0C Z.0C 0.CL 13,1500
& cony  injesct 7 L.00 L3110 .93 30.I50  11.07 C.00 £.C7 0.00 2Z2.430C
¥ conv  inisth & C.CC £.C0CO 2. 3% C.CC0 .00 C.00 C.28 DLOD 18.1900
120 conv  ipdsth & 22.%4 [L178 PE.7e 23,950 25,23 LL0D C.22 U.00 17.5600C
1Y notil cont 5 .00 C.00C 5.21 0 120030 12.74 CL00 0.04 0.00 Z24.u700
12 notil cont & C.CO C.cC0 .00 25.88D G000 Z.62 C.B4 0.75 4.8700
13 notil zont 7 CLC3 Cullg b4 L2950 11.%¢4 CG.G0 C.C3 0.0 8.8CCO
T4 notil cont 3 C.CC G.C30 38.85%  13.950  11.27 C.00 C.0C 0.00  £.6400
35 notil surapp 1 4.95 C.00C la.bs T« 2810 C.C0 C.00 0.27 0.0C 18,8000
o notil suraps 2 21E.%5s CoT20 1052.8% 30,750 146.54 0,13 1.52 QoS 20.950¢C
17 netil surapp 4 C.CC D.L6C0 G.84  V4.320 15485 C.00. 0.11 0.0C 131200
1¢ notil surego 5 Ce5% (L3720 £ aied 3720 12.10 C.00 0.0C 0.CC 11.01C0
19 notil surepp 7 37.55 LD.470 135.54 cC. €60 1%.45 .00 C.59 0.0C 0,000C
¢G rotil surapp & 334,13 E.740 3E7Z.63 3574180 133,21 0.0C 0.74 0.0C 12.32C0
€7 notil inject 1 .08 C.C090 12.02 14.160 B.C0 €00 .18 0.CC 12.760C
£ motil dinject 3 27.07 Z.ETO .27 Z2%.178 396 L.00 0.3 0.55 31.%500
23 potil inject 4 F2.5T tal10 145.33 221.£580  4%.22 0,49 1.62 CLCE Z6.690C
24 notil dinject § 0,87 Q.250 .54 C.000 C.00 C.C0 0.21 C.00  5.510C
23 notil inject & U048 0.06( UaCU 73.700 14.33 £.0C C.06 D.CC  2.160C
2& notil inject 7 .00 C.C70 GO0 1%.%70 DLE4 C.00 G.00 Q.00 4.420C
27 noxil inject & C.C0 0.00C 0.33 L.400 C.CC C.O00 C.12 0.LC 2.19060C
28 motil inistb 1 T¢.37 L.370 21.13 G.00S 5.78 0.05 1.31 0.L0  9.0300
£% notil injstb & 11.7% [.:00 2aZr  10.&70 1.24 C.00 C.5¢ 0,00 C.C0CO
30 notil indstb 7 .0 2.0%C Cats 17.2130 £,7% CL.O0 C.00 0.0C -
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Nutrient enalysis for tilleiger system wve,
nitrcgen sppliceiiosn methoo siudy

Appendix B. June 2%, 1554
GRS TIL3YS NIRY REP NR3 ONCZ N3 THE THLUE TPF TPUF 3R¥E FILYED
i conv cont 1 11.72 G.Z0o O..00 B0 Gg.c? .00 2,863 C.LC 144,03
Z conv cont z .00 0.5% U.B0 G030 CLGC C.00 J.14 DLC3 4,43
3 zonwv cont 3 0.00 L. .04 S2.740 FELTYT LDLDD 0.74 DLLD T30V
4 conv cont 5 4% .10 DL00 10%.535  ZZ2.EZ 2,89 L.00 0.7 C.00 113.748
5 caonwv cont & 3.3 .00 30.5Z a0 2735 4018 PR.ET Z.%Z2 154,08
& conv cont 7 14,25 103 17.54 53.0& 22,51 C.06 D.4% [.d7 146,54
7 conv cont & TH.467 Q.00 380232 0.00 353 CL00 11.24 0.00 ¥1e.87
& conv srape 1 TE89.34 0.41 1% .37 1%d.l4 THELES .00 Z2LEF 0.0% 231,47
9 conv surapg £ 7920 Cudo TCELCE M05.50 12%.74 0.03 2.%4 D00 254.0¢
10 conv surzpp 3 SALES Te7L MLY% 27.07  79.45 CL9%  1TLEZ .00 120.71
11 conv surspn 4 te.32 D00 To.14 C.LC &f.36 D.00 D.L39 DL00 158,054
1¢ coanv surapp 5 £7.5% 0.00 323.11 0.03 .00 CL50 DLLOD Q.00 129,04
13 conv surapp 6 5492 0.00 63221 28045 B35,F2 DL83 35,10 C.00 1X9,9%4
4 conv surspp 7 L9.59 CLLY 49.47 32.%46 TR.92 [.00 1.34 D00 18F_%3
15 cony surapp 8 L7 .17 0.80  S7.08%  fs.31 ©£.3% 0,00 210,57 CL00 137.0¢8
16 cony inject 1 F4.18 0.7 47,17 116.505  91.99 5,31 755 4.95% TETL49
17 conv inject 7 LELDS De7E  30.7% Z45.82 257.%E C.06 0LE4 CLUL 15,48
16 conv inject 3 1015 0.53  5E5.47 .00 D.00 CL30 D.dé (0.00 146,21
17 coanv irMject & 32.5% 0.1 THRWLTS £.00 DD DL00 21.70 C.02 202,88
o cony inject & o B4 §.00 32.96 .00 waL0 £.80 0.00 0.00 1471.44
21 conw inject 7 21.e% Daotds  BE.5 FT.8% 93,17 C.0Z2 2.8 .02 450,95
22 conv injdsto b IGELLE 0L00 Z22%9.771 Tad.De Z231.00 1.94 39.69 000 273.04
g3 conv injsts 2 101.70 0,00 4%.97  I7.75 11t.3% 2033 25.9% 1.851 115.04
24 cony injistb 3 .00 1.34 516 .00 10.671 L2715 0.05% 2.00 151,37
25 conv injstb 5 F5.34 0.00 38,30 .00 0.00 0.17  1.%¢ 0.00 290.%%
26 coanv injstb & 15.04 0.00 25,16 U.430 CLU0 ©as80 D.65 0.7%  99.34
E¥ conv injstb 7 TALET D49 Le.58  50.39  e1.27 L.D0 1.00 0.29 252.57
23 conv injsth B ER.90 000 I7W.3Y D.00 2,539 1372 15.23% C.00 1C02.5¢C
29 notil cont 1 1586 CL13 0.CC .00 0.00 1.5 1.74 [.%9  16.67
30 notil cont 3 cekd 0.U5 C.00 Dol G.00 .00 0.00 .00 &5%.9%7
31 notil <cont & 22.20 0.00 58%.1¢& G.00 0.00 .00 - 54 D.D0  &£1.4E
32 neotil c¢cont 5 43,74 D.04  A7.97 B4 L.T72  B1.aB 0,00 0.29 L.00 109,30
23 notil cony & .00 D.00 13.2I% 0,00 CLOC £.D0 6.%9 D.050 30,5
34 notil cont 7 2215 0235 4,00 F2.589 TT7.4% 2.5 3,62 2.80 $85.1%
353 potil  cont 3 17 .68 0.00  3C.71 .06 .00 0.00 9.20 0D.00 144,74
30 notil sursapp 2 2945 0.T1 49,08 B1.28 S0.24 C.80 2.71% CL37  21.%1
37 notil suraspp 3 17.82 0.071 .03 6,717 ELLEY [.LCO 0DLZé D.CD 57F.8%
33 neotil surapp 4 T29 0.0 22.7¢€ D.00 Dal0 .00 29.22 D.28% &55,7F
3% notil surapp 7 54,02 0LBF 10.77  35.58% 335,31 Uuée 3035 DLEZ7 102.&%
40 notil surapp 2 ZRLFE DLO5  3E7.8% 400535 7I.¥3 C.O00 2.57 0.04 BT7RL3IZ
41 notil ingect .18 0.3 C.00 J.0C C.GC C.0C 0.C0 £.00 85,39
42 notil inject 2 C.CC D.48 .00 0,00 C.00 €.00 .00 Q.00 38.9%
L3 notil inject 3 13,781 D.00  31.01 O.DC DLGD 029 0.82 C.00 %2.571
b4 notil inject 4 53.85 .14 45.91 2.00 D.00 (%6 38,835 1.56 I5.43
45 notil injecy 3 J.78 Dule 23.%5 0.C0 .00 1.37 B.&F7 2.2% 20.9¢
Lo motil dinject 6 $.C00 009 J.4rC J.00 0.C0 C.%% 1.09 1.08 956
LY notil inject 7 31.83 0.4 LebhY  2hLET ZEL42 (.45 DL00 DLOT 164,63
48 notil inject & 0.00 0.CO Gk D.0C 000 &2 £330 3.28  271.45%
4% notil indjsto 1 15.68 057 0.006 431 L5.34 T.83  9.92 3.1& LB 4E
30 notil injstbt 2 5.%6 0.2 0.0C 0.0 Cuf0 Ca?78 LCL&7 .46 37,23
31 notil dinjstip 3 23,74 DL43 Z2.12 P20 12.74 0.59 Q.00 Q.79 26,04
32 netil injstc 4 LZ.60 0.3% 19045 Jedl 322037 LLE% Z2T7.87 C.00 23,64
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L35 TILSYS NYRT  REP  NK3I nDE NC3  TNF TNUF TPF TPUF  SRP  FILTSD

25 motil injstb 5 22,51 CL14 17.49 € J.00 0 31.74 C.00 50.580
54 netil Anmjstbd 7 U0 U.00 8.%3% L 32.87 (€ C.02 C.05 74,57
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