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Abstract: 

The lake Macatawa watershed in Holland, MI, is known to be hypereutrophic. In order to 
reduce this hypereutrophicity, conservation methods such as no till fanning should be 
explored specifically in this watershed. Studies involving the geology, nitrate and 
phosphorus concentrations, and sediment erosion were perfonned in a test sample site 
which contained a section that was tilled and a section that was not tilled, or a no till 
section. The results of the study showed that the geology of the site was a loamy sand. 
The nitrate concentrations naturally vary with depth and indicated that a no till practice 
would be beneficial. The phosphorus study showed no significant difference between a 
no till or till practice. The sediment erosion study proved to be inconclusive as 
statistically the same amount of soil moved in both the till and no till sections. Further 
study is needed to conclusively show that a no till or a till practice is beneficial in the 
Macatawa watershed. 

Introduction: 

In the Macatawa watershed (174 mi2
) more than 50% of the land is used for 

farming and studies have shown that most of the phosphorus load in this hypereutrophic 
watershed comes from non-point sources (MACe 1998). Fanning is one potential source 
of th is non-point pollution, and therefore finding farming methods that prevent excess 
sediment and nutrients from entering the surface water would be beneficial. It is essential 
to retain nutrients, such as phosphorus and nitrates, in the soi l as they are necessary for 
crops. Therefore, it is important to find a soil management practice that benefits both the 
farmers and the environment. 

One type of soi l management practice that exists is no-till fanning, which is when 
the soil is left undisturbed from harvest to planting except for nutrient injection; this is 
the conservation practice of interest in thi s study. The soi l quality ofa fann area that has 
used no-till farming was compared to an area that has used conventional tillage methods 
where plows are used to remove plant residue. Some of the benefits of no-till fanning on 
the soil quality have been shown through many studies. No-till methods have reduced 
the effects of wind erosion and the kinetic energy impact of rainfall (Edwards 1995). It 
was also found that no-till increased water infiltration and moisture retention as well as 
reduced surface sediment and water runoff (Edwards 1995). Surface residue benefited 
the soil by retaining nutrients and chemicals until they are consumed by the crop or break 
down into hannless parts (Dick and Daniel 1987). Also, leaving the crops in the field 
benefits the water quality in lakes and streams since an increase in the amount of organic 
matter produces cleaner runoff by reducing contaminants such as sediment and adsorbed 
or dissolved chemicals (CTIC 1996). These benefits would seem to attract fanners to the 
no-till method. Reasons for reluctance on the farmer's part to change to the no-till 
method may be caused by challenges with higher residue such as disease, insect or weed 
problems as well as requiring more attention to proper timing and placement of nutrients 
and pesticides (USDA). Also, it may take years for long tenn benefits such as soil 
quality to be achieved (USDA). 

The three parameters of soi l quality that were tested in this study were soil 
erosion, and nitrate and phosphorus concentrations. Sheet erosion was the main type of 
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erosion that was measured; it occurs when water moves relatively thin layers of soil from 
the land and happens at high rates on land devoid of vegetation such as a tilled farm field 
(Batie 1983). The second parameter, nitrate, is a plant nutrient that is commonly used by 
farmers as a fertilizer because it causes greater protein synthesis and thus an increase in 
vegetative growth (McLaren and Cameron 1996). Phosphorus is another plant nutrient 
that is involved in cell division, stimulation of root growth, flowering, and fruiting and 
seed formation (McLaren and Cameron 1996). These two important nutrients for crop 
growth were tested to examine if the tilling affects the levels of these nutrients in the soil. 

The Macatawa watershed was an ideal place for conservation practices due to its 
hypereutrophic nature. Conservation practices such as no-till farming have been shown 
to be effective in other geographic locations. Therefore, this study will attempt to show 
any difference in soil erosion and commonly used fertilizer nutrients between the 
conventionally tilled area and the non-till area and its affect on soil quality as it directly 
appl ies to this locale. If no till practices are found to be effective and beneficial in this 
watershed. then more fanners may take an interest in practicing no till conservation. The 
motivation for this study was to help farmers of the Macatawa watershed find a method 
that would help decrease with the hypereutrophic nature of the watershed. 
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Figure I. Lake Macatawa Watershed. 

Methods: 

Erosion Methods: 

A soybean field in the Macatawa Watershed owned by Bob Dykhuis in Overeisel, 
MI, was used for of the site of the study. The site was prepared by placing silt fence 
around each 25 x 50 ft section as diagrammed in Figure 2. 

3 



f- Top 

Till No Till 

~_ . _ Woli ~I!,,! ~t 1I!ilt a"l f- Rottom 
Figure 2. Schematic of the sampling site (each green rectangle 15 a seaiment catch). 

The silt fence was used to try to reduce wind effects and to help remove external erosion 
from arcas outside of the site. Next, 12 holes were dug (3 at the top of the no till, 3 at the 
bottom of the no till, 3 at the top of the till, and 3 at the bottom of the till) such that 40 L 
Rubbennaid clear plastic totes were placed flush with the top of the sediment. These 
totes were used to 'catch' the sediment that moves due to rain events. Rain gauges were 
placed in the centcr of each side of the field. Pictures of the site are located in Appendix 
A in Figures 1-5. After a significant rain event, the site was sampled by transferring the 
wet sediment into I L Nalgene® bottles. These samples were brought back to lab where 
the water content was removed by a conventional oven at a temperature greater than 110 
·C. The resultant soil sample was weighed using an analytical balance. Pictures of the 
site are located in the Apendix. Over half of the samples were also placed in a muffle 
oven (> 400 ·C) for at least 3 hrs which removed the organic content of the soil. 

Slope Profile Method: 

A tripod and compass was placcd at the center baseline of the site. One person 
stood at the tripod with a level and sited the change in elevation while the other person 
went around the site at various locations. The change in distance and height was 
detennined between all seven locations by finding the angles using the equation below: 

Tan e = /). Height + Distance 

The inverse of tangent was then taken to find the slop angle at each location. 

Soil Analysis Method: 

Eight samples were taken, three from the non-tilled site and three from the tilled 
site. The samples were collected at the top/center, middle/center, and bottom/center of 
each site. The other two samples were collected directly below the non-tilled and tilled 
site near the riverbank., extending approximately 35 feet below the actual site. 
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ill the lab the soil samples were placed in weight boats and dried in the drying 
oven. Because they dried in firm peds. they were ground with a mortar and pestle. Each 
sample was then placed in a standard sieve stack and shaken for approximately 10 
minutes. The sieves were stacked in accordance to the Wentworth Scale. Each sample 
separated ranging from cobbles, pebbles, granules, very coarse sand, coarse sand, 
medium sand, fine sand, very fine sand. silt and clay. The silt and clay was unable to 
separate by the sieve stack method and thus had to be collected and transferred to a 
centrifuge. 

The silt and clay of each sample was placed in 15 milli liter tubes and saturated 
with water to inhibit suspension and settling of the particles. The tubes were placed in a 
centrifuge and spun for approximately 15 minutes. They remained in the centrifuge 
overnight, allowing the clay layer to form a fine light-gray layer on the surface. The 
relative proportions of sand, silt and clay could then be calculated and a Ternary Diagram 
was used to determine the relative soil classification. 

Nitrate Methods: 

Twelve soil samples were taken, three at a depth of O~4 inches and three at a depth 
of 5-8 inches for both the till and no-till plots. In the lab the soil samples of 40 mL were 
weighted with an analytical balance, and then dried in a conventional oven at a 
temperature of approximately 110' C for approximately three hours. The samples were 
then weighed again. The bulk density of the soil and the soil water content was then 
calculated. To each of the dried soil samples 45 mL of deionized water were added. The 
soiVwater mixture was then shaken vigorously for 3 minutes. A vacuum filter was then 
used to filter each of the soiVwater mixtures and put in 50 mL Erlenmeyer flasks. Then 
0.4250 g of sodium nitrate was weighed in a beaker and 30 mL of deionized water and a 
stir bar wcre added to dissolvc the solids. This solution was transferred into a 50mL 
volumetric flask and diluted with deionized water (10.1 M NaNO) Solution). Then 5 mL 
of the 10-1 Solution was transferred to a 50 mL Erlenmeyer flask, 45 mL of deionized 
water was then added and mixed (10.2 M NaND3 Solution). This procedure was repeated 
to obtain 10.3, 10-4, 10.5 and 10-6 M NaND) solutions. Next, 13.214 g of ammonium 
sulfate was weighed in a beaker. 30 mL of deionized water were then added. The 
solution was then dissolved with a stir bar. The solution was then transferred to a 50 mL 
volumetric flask and diluted with deionized water. Then I mL of the resultant solution 
was then added to each nitrate standard solution and each sample solution. 

Each standard and sample solution were mixed vigorously using a stir bar as the 
tip of a nitrate electrode probe was put into the solution to obtain a reading in millivolts 
(mV). After the mV reading had stabilized the value was recorded. The known 
concentrations of the standards were plotted against its correspondi~ mV reading. A 
linear trend line was used to fit the points excluding the 10.5 and 10M NaND3 points 
because they did not fit well with the trend line. The equation of the trend line was then 
use to solve for the unknown concentrations of the samples. Using the bulk density, the 
soil water content, the volume of water used, and the ppm ofNitrate~Nitrogen. the lbs 
Nitrate~Nitrogeniper acre were found for each of the soil samples. The equations used 
are below. 
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Bulk Density = dry weight of soil 
Volume of soil 

Soil Water Content = moist weight of soil· dry weight of soil 
Dry weight of soil 

Volume water used = volume H20 added + (dry weight of soil x soil water content) 

Ibs N03·N/acre = [(ppm extract N03-N) x (volume water used) x (depth of soil 
sampled, em) x bulk density x 89216.4 I x IO-6]/(dry weight of soil) 

The mean nitrate concentrations were compared using a two·sample Hest. 

Phosphorns Methods: 

Samples were taken from both the till and no till sides of the sampling site in the 
top 1-2 cm of soil before and after the site was tilled for study. The samplcs were placed 
in a conventional oven for approximately 1 hr at > 1 00 °C. Next two 0.5 g of soil from 
each sample were placed into 2 different 50 mL centrifuge tubes with 25 mL of 1 M 
ammonium chloride. The samples were then vigorously shaken for 30 minutes. Next, 
the samples were centrifuged and the soil was discarded after the liquid was decanted. 
Suspended particulate matter was removed via gravimetric filtration using a 0.45 ~m 
filter. The method of standards additions was employed using a range 0[0 - 5000 ppb. 
An lnductively Coupled Plasma - Optical Emission Spectrometer (ICP - OES) was used 
to measure the phosphorus concentration using a Beer's Law plot. 

Results: 

Slope Profile Results: 

A contour map (Figure 3) was created using the collected data and slope angles. 
The map reveals a slightly steeper slope in the Southeast direction reaching about 7 
degrees which could possibly cause the flow of water and sediment to flow towards the 
center base. 
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Tilled Non Tilled 

O ft 20 ft 

Figure 3. Contour map of the sampling site. 

Soil Analysis Results: 

The soil classification of each sample , which was detennincd by the use of the 
Ternary Diagram, revealed that all six samples collected on the site consisted of a Loamy 
Sand. Both samples collected ncar the river bank wefe classified as a Sandy Loam as the 
soil contained a higher percentage of clay. Therefore, as the soil approaches the 
riverbank, the amount of clay begins to increase while the sand decreases. This can be 
best understood visually by Figure 4. 

- ... 
,- " 

- 19.60 17.25 
'Yo $ih '" Si~ ---, - Loamy Loamy - So'" s,,'" s."", s."", - LOlm '~m 

-- 78.17 79.21 76.36 19.09 ---j % So.., s"" S,.., - ."~"'" 

- I 
oK ,, _1) .' 
ft 

~ A " " A 
Tiled T;"<.I Billow Tiled Below Non 

Figure 4. Average sand, clay, and silt proportions of the samples. 
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Nitrate Results: 

Figure 5 shows that the no till nitrate concentration is higher than the till nitrate 
concentration. There was a significant difference between the mean nitrate concentrates 
of the till and no till plots in 0-4 inches deep. 

Till vs. No Till Nitrates 
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Figure 5. No Till vs. till nitrate concentrations (0-4 in.). 

Figure 6 shows that the nitrate concentrations of the till and no till sections are similar. 
There is no significant difference between the mean nitrate concentrations of till and no 
till plots in 5-8 inches deep. 

Till vs. No Till Soil Type 
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Figure 6. No till vs. till nitrate concentrations (5-8 in.). 

8 



1~IIrales In Ilileo "Oil 'vompareo oy ueptn 

0-4 5.8 
Depth in inches 

Figure 7 shows similar nitrate concentrations for the tilled section with respect to depth. 
There is no significant difference between the 0-4 inch depth and the 5-8 inch depth mean 
nitrate concentrations in the tilled soil plot. 
Figure 7. Till comparison of nitrate concentrations at different depths. 

Figure 8 shows different nitrate concentrations for the no tilled section with respect to 
depth. There is a significant difference between the 0-4 inch depth and the 5-8 inch depth 
mean nitrate concentrations in the no-till plot and the 0-4 inch depth nitrate concentration 
is higher. 

Nitrates in No Till Depending on Depth 

0-4 5-8 
Depth in Inches 

Figure 8. No till depth comparison of nitrate concentrations. 

Therefore, the tilled soil has a homogenous nitrate concentration and the no-ti ll soil has a 
much higher concentration of nitrates in the top layer ofsoil than the tilled soil. Table 1 
shows the average nitrate concentrations. Note that the no till (0-4 in) shows an increased 
concentration as compared to the other samples. 
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Soil Tvne Oenth inches' Number of SamDles Mean nitrate cDncentration SD 
Till 0-4 3 1.048 0.292 

No Till 0-4 3 3.181 0.755 
Till 5-8 . 3 1.079 0.124 

No Till 5-8 3 1.325 0.382 
Table I . Mean mtrate concentratIOns. 

Phosphorus Results: 

The phosphorus concentrations obtained from the Beer's law plots were averaged 
according to location and if they were collected before and after the site was tilled. The 
averages are shown in Figure 9 and Table 2. 
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Figure 9. Average phosphorus concentrations before and after tilling. 

A t-test was performed which showed that the only statistically different sample was the 
no till after compared to the no till before. This may have been due to 'drift' in the rep 
OES measurements. Tilling does not affect the phosphorus concentrations as the samples 
are statistically similar. Table 2 gives the average phosphorus concentrations. 

Sample Average Phosphorus Average Standard 
Concentration (ppb) Deviation (DDti) 

Till Before 2.9 1.4 
No Till Before 2.6 1.5 

Till After 5.0 1.5 
No Till After 6.5 1.5 

Table 2. Average phosphorus concentrations before and after tIllIng. 

Erosion Results: 

The organic content of the soil obtained from the muffle oven measurement showed that 
most samples were approximately 1-3% organic. Figure 10 shows the average rainfall 
for each sample date collected. 
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Figure 10. Average rainfall (in.) for each sample date collected. 

Figure 11 shows the average sediment collected in all 12 totes regardless of till or no till 
location. When the average rainfall is compared to the average sediment collected, there 
is some correlation. Generally, the more rainfall received caused more sediment to be 
collected. 
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Figure 11 . Average sediment collected for each sample date. 
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The totes at the bottom each section were initially predicted to collect more sediment than 
the top toles. Statistical t-tests were pcrfonned between the bottom sediment co llected 
and the top sediment collected which shoed that half of the sampling days were 
statistically different at a 95% confidence level. This prediction was inconclusive as only 
half of the sample dates reflected this trend. 
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The till totes were initially predicted to collect more sediment than the no till 
totes. However, whcn statistical t-tests were perfonned between the two sections, less 
than half of the samples were statistically different at a 95% confidence interval. This 
showed that for the sampling site, on average, there was no difference in the amount of 
sediment collected in the tilled section verses the no tilled section. 

Conclusions: 

Although there was a slight increase in the slope of the Southeast comer of the 
non-tilled site, it did not seem to affect the mode of transport of the sediment. The tilled 
site slope was almost perfectly unifonn. The soil analysis results were compared to the 
Allegan County USDA Soil Survey analysis of that same location. The USDA classified 
the research site as a Capac Series, comprising of poorly drained, moderately slowly 
penneable soils fanned in loamy glacial tills on moraines and till plains. The soil near 
the riverbank was classified as a Pewamo Series. comprising of poorly drained, 
moderately slowly penneable soil fonned in silty glacial till or lacustrine material. The 
USDA soil classification reaffinned the results conducted in the lab. The research site is 
located on a mound which could possibly be detennined as a moraine formed during 
glaciation. Furthermore, it is a Loamy soil being comprised of sand with some silt and a 
smaller proportion of elay. The Pewamo Series most likely fonned as a result of glacial 
outwash which explains the fonnation of the nearby stream. It is therefore, lacustrine 
sediment with higher proportions of clay. Ifmorc samples had been collected near the 
riverbank, it could be determined whether or not the amount of silt does increase with an 
increase in clay. 

Our results point [0 the act of till ing as the cause of the difference in nitrate 
concentration, since the Rota-till that was used mixed the first 8 inches of soil. Based on 
our results the practice of no till farming would be more beneficial than till farming due 
to the higher concentration of N02-N in the top layer of soil where the roots of the crops 
are in no till areas. In order to reach a clearer understanding for the difference in nitrate 
concentration between ti lled and no tilled fanning other factors such as runoff, leaching, 
and soil erosion should also be tested. Perfonning this experiment on a larger scale using 
commercial tillers would help clarify our conclusions, 

The phosphorus data showed that there was no statistical difference between the 
till section before and after tilling. This indicated that tilling had no affect on the 
phosphorus concentrations. The no till section after tilling was stati stically different from 
the no till section before tilling, indicating that a higher concentration of phosphorus was 
observed after the till section was tilled. This could mean that phosphorus is accumulated 
in the no till section, or perhaps some 'drift' was observed during analysis, which is 
likely. In order to be confident of the results, another phosphorus extraction following 
the same parameters would be beneficial. 

For this study's parameters, the tilled section did not show a conclusive statistical 
difference from the no till section with respect to the amount of sediment collected. 
Thus, from the results, the no till practice is not statistically better than the till practice 
with respect to erosion. To better understand the mechanism for sediment movement in 
the watershed it would be beneficial to perform another study controlling parameters such 
as rain amount and rain intensity using sprinklers. However, these results did show that 
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there was a substantial amount of sediment moving regardless of whether the section was 
tilled or not. Overall there was 9.88 g of sediment collected in each tote for 1 rain event. 
Assuming the watershed is 174 mi' and 50% agriculture, 2.54 x 1010 g of sediment are 
moving in the fields at anyone rain event throughout the watershed. There is a 
substantial amount of sediment that is eroding from fields, which will negatively impact 
the water quality of the watershed. Thus, further study is needed to conclusively prove 
these results and to explore olher fonTIS of conservation which may reduce the amount of 
eroding soil. 
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Appendices: 

Figure 1. No till field in the Lake Macatawa Watershed. 
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Figure 4. Tilled side of the sampling site. 
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Figure 5. No till side of the sampling site. 
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