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OVERLAND FLOW AND SOIL AND NUTRIENT LOSSES FROM Eucalyptus
PLANTATIONS
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ABSTRACT - Overland flaw, and soil and nutrient losses were assessed during 4 years in
5 1/10 ha runoff plots in an area of sandy soils in the county of São Simão, State of São
Paulo. One of the runoff plots was maintained without vegetation throughout the study
period, as a control, while the other four were planted with Eucalyptus grandis, according
to treatments that differed in soil preparation, spacing, and silvicultural treatments. In the
first year, in January 1983, all runoff plots were submitted to the soil preparation, followed
by the planting in the four reforested plots. The average results showed a very high value of
overland flaw and soil loss during this first year, ranging, respectively from 1.7 to .3.2
percent of the precipitation and from 1.0 to 10.4 ton/ha of soil loss. As the trees grew, both
overland flow and soil loss decreased markedly in the planted plots, achieving the over land
flaw average value of 0.5% of rainfall at the 4th year, whilst soil loss decreasing
proportionally to values ranging from 0.01 to 0.1 ton/ha. In the control plot, overland flaw
and soil loss were higher throughout, with values of 3.2, 11.3 and 9.2 ton/ha of soil losses
in the 2nd, 3rd and 4th years, respectively. Soil losses were highly related to precipitation
depth and with overland flaw. Rainfall added a significant amount of nutrients and this
input was higher than the losses through over land flaw in the plots. Nutrient losses were
related to overland flaw, and they decreased markedly with the growth of the trees. The loss
of nutrients was in the order: Ca > K > NO3 > Mg. Comparatively, the loss of nutrients
from the control plot was higher than that of the planted plots only in regards to the NO3 .
INTRODUCTION
Extensive areas of soils classed as quartzipsammente soils, unsuited for agriculture
mainly due to problems of low fertility, erosion and unfavorable conditions of water
retention, have been utilized for industrial Eucalyptus plantations.
It the State of São Paulo, such soils occupy an approximate area of 2063 km2,
distributed along 27 counties (BRASIL, 1960).
In most of these areas, the original vegetation of “cerrado” is being continuously
cut for firewood and charcoal production, which results in a well degraded remaining
vegetation cover. In a sense, using such areas for reforestation programs can, with time, be
conducive to a gradual improvement of their soil conditions and to a better protection
against erosion. In the case of industrial, fast-growing trees plantations, however usually of
short rotation, the need for soil preparation, the occurrence of a period of seedling growth,
when the soil remains practically unprotected, and also the clear cutting regime at the end
of the rotation are all factors that can result in considerable erosional soil losses. Such soil
and nutrient losses can be critical to the maintenance of the productivity of these areas,
alreadry marginal in regards to soil fertility.
How much soil and nutrient is lost through erosion in such situations? What are the
factors involved in these losses? How do these losses compare with the natural erosion rates

IPEF International, (1), Piracicaba: p.35-44, 1990.
of this type of soil? Are there alternatives of soil preparations, plantation spacing and tree
arrangement which could result in decreased erosional losses in the industrial silvicultural
scheme? Does erosion diminish as the trees grow? Does a fully developed Eucalyptus
plantation offer an adequate protection against soil erosion? This paper is intended to
provide information related with these basic questions. After all, for the control of erosion
that can result from these silvicultural practices, thus avoiding sedimentation and increased
nutrient concentrations in stream water, with negative effects on water quality and site
productivity, we can adopt either of two alternatives. First, silvicultural practices that are
affectively prone to result in small rates of erosion. Secondly, we can prevent sedment to
reach the stream through adequate land use planning which includes practices such buffer
strips, terracing, strip cropping and other related prevention measures. An effective control
can perhaps be better achieved as a result of the combination of both, but the best
alternative is, of course, to prevent the occurrence of erosion (ROTACHER, 1953), (TVA,
1962), (ROBINSON, 1971), (LAFAYETTE, 1977), (O’LOUGHLIN, 1977), (WILLIAMS
et alii, 1981), (EVANS, 1988), (SHARPLEY, 1985), (MCCLURKIN et alii, 1985).
An appraisal of such aspects based on experimental results will help to adequately
equate the problem. thus, the clear cut of the forest increases soil and nutrient losses from
the site as has been found repeateddy (TAYLLOR et alii, 1971), (PANDEY et alii,
1983/84), (MILLER, 1984), (ROGERSON, 1985), (FEARNSIDE et alii, 1986). However,
MEUUWIG (1970), studying sheet erosion in mountainous areas observed that, among
several variables, the proportion of soil cover with ground vegetation or littler was the
variables that best contributed to the control of soil losses.
The use of prescribed burning as a silvicultural practice, for instance, can destroy
this organic, protective layer, as observed by HUDSON et alii (1983a) in pine plantations in
Honduras. The authors measured an increase in sediment loss from 80kg/ha, in unburned
plots, to 1732 kg/ha after burning. Nutrient losses were also increased in the burned plots
(HUDSON et alii, 1983b). In Manaus, Amazon, FEARNSIDE et alii (1986) also observed
that deforestation of tropical forest followed by burning for pasture growth resulted in an
increase of 4341% of soil losses, which passed from 158 kg/ha/yr, in forested plot, to 6858
kg/ha/yr after deforestation and burning.
FREDRIKSEN (1970) and VERSFELD (1981), on the other brand, verified that it
is not the silvicultural practice itself (i.e. the clear cut, the thinning, etc.) the sole cause of a
higher rate of overland flow and erosion. These processes are, in reality, of local
occurrence, being generated mainly along roads and areas heavily compacted. The refore, a
good planning of these silvicultural practices plus measures of adequate protection of the
critical source areas and maintenance of a good organic layer on the surface are all
conducive to achieving an effective control of erosion.
Is evident, finnaly, that erosion does not depend on these factors only, but is also
related with rainfall erosivity, which depends on rainfall characteristics such as intensity,
duration, kinetic energy, etc. thus, it is frequent to occur that the greatest proportion of the
annual soil loss results from one or a few individual storms 9BERTONI & PESTANA,
1964), (GREER, 1971), (YOUNG & WIERSMA, 1973), (EWELL & STOCKING, 1975),
(MILLER, 1984). Knowing these rainfall characteristics and their distribution along the
year is, thus, also important for the establishment of predictive models for the control of
erosion in different soil conditions.
An interesting example of on experimental approach along this line of erosion
prediction and control in eucalypt plantations was carried out by AVOLIO et alii (1980) in
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Italy. Using the universal soil loss equation (WISCHMEIER & SMITH, 1960), and making
the field measurements in small catchments, the authors obtained interesting responses.
Based on a preliminary, two-year, field data, they determined the maximum size of clear
cut areas which would not result in an increase in the risk of erosion in the studied area.
THE EXPERIMENTAL AREA
The experiment was installed in the municipality of São Simão, State of São Paulo
(21 29’ S, 47o 33’W), at an area belonging to “Champion Papel e Celulose” forest
company.
The climate, according to Koppen’s classification is of the Cwa type, with average
annual precipitation of 1400 mm, seasonally distributed in a rainy summer (1200 mm) and
a dry winter (200 mm). The average monthly precipitation of the driest month is under 30
mm. The average annual temperature is around 22oC, with the coldest month presenting
average temperature under 18oC. Figure 1 depicts the Thornthwaite water balance for the
area of São Simão, where one can see the occurrence of a period with slight water deficit
(52 mm) during the months of June through September. In spite of that, it can also be
observed that the annual water surplus is around 7.5 times higher than the water deficit.
Another aspect of interest in regards to climate is related to the fact that rainfall is
concentrated in the peak of the summer season, with normal monthly values greater tham
250 mm occurring in the months of December and January, when heavy thundershowers, of
high erosivity, can normally occur.
o
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The soil type in the experiment area is referred to quartzipsamment. It is of low
fertility, very deep, friable, acid, sandy (sand fraction is over 90%), well drained, originated
from sandstone. Profile horizons are separated mainly by color, for the variation in
morphologic characteristics is minimal. Bulk density determination in the experimental
plots reviewed values fo 1.6, 1.6, 1.5 and 1.6 g/cm3 for the soil depths of 0, 50, 100 and 150
cm, respectively.
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METHODS
Five adjacent runoff plots (HARROLD & KRIMGOLD, 1943), (BERTONI, 1949)
were constructed in an area of uniform terrain with an average slope of approximately 7%.
Each runoff plot had an area of 1000 m2, with dimensions of 25 m in width and 40 m in
length. The blak and lateral borders were made of earth mound. The frontal wall was made
of masonry in such a way to conduct the overland flow to a 6 m3 collecting tank. From this
main tank, the excess flow was sampled through a Geib type (HARROLD & KRIMGOLD,
1943) to a 1000 1 tank (Figure 2).

FIGURE 2 – A view of the experimental runoff plots.
The five experimental runoff plots were distant 5 meters from one another and the
experimental treatments varied according to vegetal cover, soil preparation, planting
spacing and silvicultural treatments, as detailed in Table 1.
TABLE 1 – Experimental treatments applied to the five runoff plots.
Variable
Harrowings
Species
Spacing
Silvicultural
treatments

1
2
E. grandis
3,0 x 2,0 m
normal

2
2
E. grandis
3,0 x 2,0 m
absent

Runoff Plot
3
2
E. grandis
4,0 x 2,0 x 1,5 m**
in lines

4
2
control (*)
-

5
1
E. grandis
3,0 x 2,0 m
normal

(*) Plot no 4 was used as a control and was kept without vegetation cover throughout the
experimental period.
(**) Non-conventional planting, with two lines of trees in the spacing of 2 x 1.5 m
separated by a retention strip of 4 m.
Soil preparation and tree planting were carried out in January 1983.

IPEF International, (1), Piracicaba: p.35-44, 1990.
Overland flow was measured weekly in the main collecting tank. After the
collection of a water sample for chemical analysis, the tank was emptied and the soil
deposited in the floor was weighed.
Rainfall was measured in a recording raingange installed close to the plots.
Rainwater samples for chemical analysis were taken weedly from acrylic collectors
installed close to the raingange.
The weekly sample were stored in refrigerator up to the end of each month, when
they were transported to the Department of Forest Science of ESALQ/USP, in Piracicaba,
for chemical and physical analyses (APHA, 1975).
Field sampling lasted from January 1983 through July 1986.
RESULTS AND DISCUSSION
The average and maximum weekly values of overland flow and soil loss for
experimental plots are given in Table 2. For most of the 131 weekly samples, the values
represent averages of more than one single storm. Plot number 4, as stated, was used as a
control and was kept without vegetation throughout the period. The effects of this condition
on overland flow and soil loss, as compared with the results obtained in the planted plots,
are evident in Table 2, mainly in regards to soil losses, which were 4 to 25 times higher in
the control plot.
TABLE 2 – Average and maximum weekly values of overland flow and soil loss for the
experimental plots. (Average of 131 weekly samples).

Overland flow (mm)
- wekly average
- wekly maximum

1

2

Plot
3

4

5

0.58
7.00

1.03
9.90

0.87
11.50

1.81
15.10

0.93
13.50

Soil loss (kg)
- weekly average
- weekly maximum

1.07
30.00

2.75
120.00

2.74
90.00

26.16
300.00

5.78
160.00

Variable

Another interesting finding was in relation to the trend observed in overland flow
and soil losses along the period, that is, in association with the growth of the plantation in
the treated plots, which is shown in Table 3, which also contains the values of annual
precipitation measured in the plots.

IPEF International, (1), Piracicaba: p.35-44, 1990.
TABLE 3 – Annual precipitation, overland flow and soil losses in the experimental plots.
Year

Precipitation
(mm)

1983

2283

1984

1025.6

1985

1557.8

1986(*)

732.2

Variable
Overland flow (mm)
Soil loss (kg)
Overland flow (mm)
Soil loss (kg)
Overland flow (mm)
Soil loss (kg)
Overland flow (mm)
Soil loss (kg)

1
57.4
129.2
12.6
10.0
5.1
0.0
1.1
1.0

2
68.8
326.8
27.0
20.0
32.1
5.0
6.6
9.1

Plot
3
67.3
311.2
20.5
15.0
19.4
18.0
7.0
14.4

4
111.3
1051.14
42.4
320.0
64.2
1132.0
18.9
920.0

(*) For the period January through July of 1986 only.
It can be seen in Table 3 that the annual rainfall varied significantly during the study
period. In 1983, the year of the study commencement, which included the process of soil
preparation in the plots, the yearly total was well above the annual average. In this initial
phase all experimental plots were experiencing identical cover conditions, that is, they were
all without vegetation cover. Together with the higher rainfall, this should be considered
when comparing the higher rates of overland flow and soil losses from all plots. In the
subsequent years, with the growth of the Eucalyptus plantations, the values in Table 3
show a decreasing trend in both overland flow and soil loss in the treated plots, in
comparison with the values of the control plot number 4, which continued to be
comparatively higher through the years. The 1986 data are parcial as a result of the
premature cessation of the experiment.
The growth of the plantations in the treated plots can be evaluated with the results
show in Table 4, obtained from measuration carried out in April 1987.
TABLE 4 – Average d.b.h., height and basal area of the Eucalyptus plantations in the
experimental plots.
Plot
1
2
3(*)
5

Ave d.b.h. (cm)
10.0
9.9
9.3
10.1

Ave. Height (m)
13.2
12.8
12.8
13.1

Basal Area (m2/ha)
23.1
23.0
25.5
26.0

(*) non-conventional planting.
The already mentioned trends of decreasing overland flow and soil loss in the
treated plots through the years can best be observed in Figures 3 and 4. Figure 3 shows the
average values of overland flow as a percentage of rainfall for each year and for all plots.
Figure 4 shows rates of soil loss in tons per ha per year or each plot.
It can be observed that the percentage of overland flow in relation to rainfall is
normally small, even in the control plot 4. In the forested plots these percentages decrease

5
75.5
652.6
25.0
100.0
19.2
3.0
1.5
1.0
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markedly after the end of the first year, as a result of the better protection afforded by the
growth of the forest, attaining values low than 0.5% at the third year of forest growth.
Similar trends can be observed in relation to the annual rates of soil loss, as shown
in Figure 4. Beginning with higher rates during the first year, such losses decreased
markedly thereafter. Even for the vegetationless plot 4, the annual rates of soil losses are
lower than the rates accepted as normals for the sandy type of soils of the study site
(LOMBARDI NETO & BERTONI, 1975).

The comparison of the results of the four treated plots does not reveal any
outstanding effect among the different treatments; the only fact in that they collectively
presented lower rates of overland flow and soil loss as compared to the control plot.
Due to the fact that the field data was acquired weekly results represent, for the
most part, accumulated results of more than one rainfall. Therefore, even though
recognizing that the best parameters that correlates with rainfall erosivity are based on
rainfall energy, it was not possible to correlate soil losses with classical parameters such as
rain drops energy, momentum and other similar indexes (MORGAN, 1980).
WISCHMEIER & SMITH (1958), on the other hand, observed that soil losses can
be related to an index that takes into account the energy and maximum intensity for a 30
minutes duration of the rainfall, referred to as EI30 index. For the same reason, this index
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could not be calculated with the available data. Nevertheless, an attempt has been made to
estimate an approximate values of the maximum 30 minutes intensity for the individual
rains of each week, and these estimates were used as independent variable in a correlation
analysis with the weekly values of overland flow and soil loss. Another tye of model used
was the relation between the weekly rainfall values against overland flow and soil losses.
For all experimental plots Table 5 summarizes the best equations found in these analyses.
As is shown in Table 5, the weekly value of precipitation depth (mm) was the
variable most adequate for the estimation of overland flow and soil losses in all plots,
except plot number 1, where rainfall intensity gave better results. EWELL & STOCKING
(1975), analyzing results of overland flow and soil losses of small runoff plots in Rodesia,
included in their comparisons, as independent variables, the energy, momentum and depth
of rainfall for the estimation of soil losses. Although the energy parameters presented high
correlation, the authors observed that such parameters (energy and momentum) did not give
any additional gain in relation to rainfall depth. Thus, simply using the easily obtainable
value of rainfall depth can be a practical way of estimating soil losses in their studied
conditions.
TABLE 5 – Relationships between weekly precipitation depth (P) and the maximum 30
minutes intensity (I30) versus the weekly values of overland flow (FS) and rates of soil
losses (SOLO).
Plot
1

2

3

4

5

Model
ES = -0,73 + 0,09.I30
SOLO = -0.0009 + 0.002.I30
ln ES = -7.59 + 1.83.lnP
ln SOLO = -6.69 + 0.80.1nP
ES = -0,92 + 0,11.I30
ln SOLO = -4.74 + 0.61.ln I30
ln ES = -7.67 + 1.92.lnP
ln SOLO = -7.47 + 1.14.1nP
ln ES = -4,16 + 1,33.ln I30
ln SOLO = -5.34 + 0.75.ln I30
ln ES = -6.57 + 1.65.lnP
ln SOLO = -9.76 + 1.67.1nP
ln ES = -3,86 + 1,41.ln I30
ln SOLO = -6.02 + 1.40.1n I30
ln ES = -5.79 + 1.62.lnP
SOLO = 0.01 + 0.009.P
ES = -1,39 + 0,14.I30
ln Solo = -7.04 + 1.45.ln I30
ln ES = -6.07 + 1.58.ln P
SOLO = -0.15 + 0.006 : P

r2
0.49
0.56
0.69
0.34
0.47
0.12
0.70
0.33
0.43
0.11
0.57
0.46
0.50
0.25
0.57
0.32
0.55
0.34
0.64
0.39

P>F
0.0008
0.0002
0.0001
0.009
0.0003
0.10ns
0.0001
0.003
0.0009
0.13ns
0.0001
0.0005
0.0001
0.002
0.0001
0.0004
0.0001
0.004
0.0001
0.002

In relation to the qualitative aspects of the overland flow, Table 6 summarizes, for
the study period, the average values of turbidity, color, conductivity, pH and alkalinity of
both rain water and runoff water collected in the five experimental plots. Commenting only
some aspects in Table 6, it can be observed, firstly, an increase of the average values of the
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studied parameters in runoff water samples, in comparison with the values measured in rain
water samples. Secondly, a very small difference among the average values of the five
plots; the values of the control plot 4, for example, differ from the treated plots only in
regards to turbidity and color. The conductivity values, finally, as a measure of the ionic
concentration of the samples, indicate that the process of overland flow from the plots is
enriched by nutrients and other elements taken from the surface.
TABLE 6 – Average annual values of quality parameters of rain water samples (c) and
overland flow samples from plots 1 to 5. Weekly values represent average of the weekly
values of each year.
Plot

C

1

2

3

4

5

Year
1983
1984
1985
1986
1983
1984
1985
1986
1983
1984
1985
1986
1983
1984
1985
1986
1983
1984
1985
1986
1983
1984
1985
1986

Turbidity
(FIU)
4.3
5.6
3.9
3.6

Color (Platinum
– Co)

Conductivit
y ( mol)

pH

Alkalinity
(mg/1CaO3)

28.7
22.5
25.0
5.0

59.9
65.9
61.8
74.4

6.2
6.3
6.0
6.6

10.9
11.1
9.7
21.0

8.2
3.9
4.5
2.2

46.7
38.1
43.6
5.0

115.4
105.0
106.1
91.0

7.4
7.3
6.4
6.6

30.5
28.5
25.0
19.0

7.3
3.3
3.1
3.9

45.0
34.0
29.4
30.0

139.1
138.7
109.2
127.6

7.2
7.4
6.7
6.9

39.3
37.1
26.0
32.0

8.9
2.8
2.7
10.4

44.4
30.0
30.3
51.0

106.9
153.4
119.1
85.4

7.3
7.4
6.8
6.5

28.3
39.5
27.4
16.0

16.2
10.1
12.4
2.6

79.8
68.7
59.2
40.0

91.8
105.6
86.2
148.8

6.8
6.8
6.4
7.1

24.8
28.9
20.0
42.7

15.9
4.4
8.8
11.9

71.8
43.4
57.5
30.0

99.3
132.1
65.6
77.5

7.0
7.3
6.4
6.4

27.1
42.6
13.2
16.9

This enrichment in nutrient concentration is illustrated in Figures 5, 6, 7 and 8,
which show, respectively, the annual average values the NO3, Ca, K and Mg fluxes, in
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kg/ha, comparatively between rain water (nutrient inputs) and overland flow water of each
plot (nutrient inputs) and overland flow water of each plot (nutrient losses by erosion and
leaching). Figures 5 to 8 shows interesting aspects. The input of nutrients by rain, for
instance, was greater than the losses measured in overland flow and erosion in the plots.
Similar results have been found in other studies (TAYLOR et alii, 1971). (PANDEY et alii,
1983/1984), (MCCLURKIN et alii, 1985). It can also be observed in these figures that the
losses of nutrients from the treated plots decrease markedly through the years.
Comparatively,plot 4 also shows a decreasing trend in relation to the first year result, when
soil preparation was carried out. If we add the annual losses for the whole period of study,
the loss from plot 4 was higher from the treated plots only in relation to NO3. As to
potassium for example, the total losses of plots 4 and 5 were equal, and higher
comparatively to the total losses of the other plots. The losses of calcim, on the other hand,
higher than all other studied nutrients, plots 2, 3 and 4 presented similar losses, all of them
higher than the ones observed in plots 1 and 5. As for magnesium, there were no difference
among the total losses of the plots.
The observed total losses of nutrients followed the order: Ca > K > NO3 > Mg. A
similar order was also found by PANDEY et alii (1983/1984).
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A regression analysis was made using rates of soil loss and overland flow as
independent variables against nutrient losses, with results shown in Table 7.
TABLE 7 – Values of r2 of the regression equations between losses of NO3, Ca, K and Mg
and overland flow ® and rate of soil loss (SOLO) for the studies plots.
Dependent Independent
variable
variable
R
NO3
SOLO
R
K
SOLO
R
Ca
SOLO
R
Mg
SOLO

1
0.75
0.61
0.55
0.29
0.74
0.26
0.18
0.13

2
0.55
0.44
0.05
0.11
0.75
0.23
0.68
0.00

r2
3
0.66
0.60
0.12
0.09
0.74
0.86
0.71
0.23

4
0.34
0.22
0.05
0.01
0.56
0.31
0.32
0.06

5
0.69
0.37
0.32
0.27
0.78
0.44
0.27
0.23

NO3 and calcium losses were highly correlated with overland flow in all plots. As
for K and Mg, although with good correlation with overland flow in some plots, results did
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not show any consistency. The soils of the study area are normally very poor in Ca, K and
Mg, and are very well drained, what accounts for the normally loss concentrations of these
nutrients in overland flow, in relation to the concentrations measured in rain water, as has
been observed in other similar investigations (VERSFELD, 1981), (PANDEY et alii,
1983/1984).
As argued by O’LOUGHLIN (1981), the correct interpretation of nutrient losses
from catchments, which is very important to understand the process of maintenance of site
productivity, has to be based in the study of the mechanisms of generation of direct runoff
from a storm. Thus, organic compounds, potassium and phosphorus losses are normally
associated with overland flow. More soluble elements, on the other hand, are usually
associated with subsurface flow.
In the study area, most of the storm runoff is originated from subsurface flow, with
overland flow being concentrated in parts of the catchment where the permeability is
normally low, as in compacted areas (Hortonian surface runoff) or in wet areas (overland
flow from saturated areas), as along the streams network. Therefore, the control of overland
flow in such areas and, as a result, the control of soil and nutrient losses from the
catchment, can be better achieved by a management plan which includes the maintenance
of buffer strip of natural vegetation along such critical areas (LIMA, 1987).
CONCLUSIONS
For the soil conditions and rainfall regime of the experimental site, overland flow
comprises just a small percentage of the storm, even in conditions of low vegetative
protection of the surface. Most of the rain infiltrates and thus most of the stormflow
originates from subsurface processes. As the eucalypt plantation grew in the treated plots,
overland flow decreased even further, indicating that eucalypt plantations can, in such
conditions, have an important role in the control of overland flow and soil losses.
Soil losses are in general related to the occurrence of overland flow. However, even
in the control plot, purposely maintained without vegetation cover, the observed soil losses,
although significant from the standpoint of site productivity maintenance occurred at rates
smaller than the rates of erosion considered as tolerable for the studied type of soil. On the
other hand, parallel to the decreasing overland flow, soil losses were observed to diminish
significantly with forest growth in all experimental plots. As has been observed in other
similar works, this beneficial effect is a result of the very presence of the vegetation cover;
that is, it is related with the percentage of soil cover.
Overland flow and soil losses showed to be very related to rainfall depth. In the
absence of more sophisticated parameters related with rainfall energy, an approximate
estimation of erosion potential could be simply obtained by the values of rainfall depth, as
restricted to the physical conditions of the study area.
Comaparatively, the concentrations of NO3, Ca, K and Mg in overland flow were
higher than those observed in rain water samples, as a result of nutrient scavenging from
surface. In relation to nutrient flux, however, the average annual results showed higher
nutrient inputs from rainfall in relation to nutrient losses from the plots.
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