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1. SUMMARY
The unusually wet winter of 1983 caused erosion in the cultivation furrows on

carried out to measure the amounts of soil lost to erosion and to relate the
losses to particular site factors,

S0il losses (average depth over the whole plots) over a three month period
varied from 10 to 49 mm. These measurements did not include inter-rill
erosion, erosion prior to hilling of the potatoes or post-harvest erosion.
S0il loss was most highly correlated with length of slope of the plots., Other
important (but not statistically significant) factors appeared to be slope
angle and soil textures (particularly the amounts of sand and gravel).

Grade furrows appear to be the best method of breaking-up long slope lengths.
The low capacity of the furrows requires them to be on grades of about 4 to 5%
to prevent siltation and overtopping during high intensity storms. Lower

| grades would be adequate for larger capacity furrows and during years of

! average rainfall. Appropriate grades and spacings for grade furrows require
further investigation.

The development of an empirical equation for predicting soil loss from row
crops on sloping land is possible if sufficent data is collected on soil loss,
site factors and rainfall intensity. Modification /calibration of the
Universal Soil Loss Equation would achieve this aim. Further work is also
required on post-harvest erosion of later-sown crops and the effects of soil

loss on productivity.

2, INTRODUCTION

2.1 Background

About 125 ha were planted to potatoes in the Donnybrook area during
June 1983 (Pool 1). In the June to September period, Donnybrook
received 828 mm of rain, which was 28% above average. More than 25mm
fell on each of 10 days during this period, including 91 mm over two
days at the end of June (Appendix 1). The August and September
rainfall totals would only be exceeded one year in five.

The heavy rain resulted in furrow rilling of potato plots planted on
hillslopes. Traditionally, potatoes are planted up and down the
hillslopes to facilitate seeding and harvesting operations, as well
as ensuring adequate drainage. Planting on flat lands in the valley
bottoms is not possible due to the risk of frost damage.

After visiting the Donnybrook area in September 1983, Mr B. a'B.
Marsh wrote a report (File No. 639/82) outlining a four-pronged
approach to the problem of erocsion on vegetable land. The approaches
weres~

i) Farmers need to modify their direction of cultivation,

ii) Constraints to cross—-slope cultivation require investigation,

| iii) The magnitude of soil loss needs to be assessed, and

“potato plotS'plaﬁted“onfhillsideS'in the-Donnybrook--area.—A pilot-survey. -was ..



ivy The effect of soil loss on productivity needs to be assessed.

Marsh recommended that a survey (with seven objectives) be carried
cut on erosion of potato land. The aims of this investigation
meet most of these objectives.

2.2 Aims
1. To measure soil loss by rilling on selected potato plots.
2. To relate soil loss to controlling site factors (i.e. slope
length, slope angle, soil type, cultivation history and the
presence or absence of grade furrows).
3. To ascertain side-slope gradients which are acceptable to
the farmer.
4. - To determine the‘efficacy of grade furrows. If efficacious,
to determine optimal furrow spacings and grades.
5. To test the usefulness of the Universal Soil Loss Equation
(USLE} for predicting seasonal soil losses on potato plots.
METHODS

A sample of potato plots, located on representative hillslopes and soil
types was chosen by the District Horticultural Officer, Mr H. Gratte. 1In
all, 18 plots on 11 farms were surveyed by a team of four people over a
five-day period in late October. The total area surveyed (4.24 ha) was
over three percent of the total area planted to potatoes.

At each plot, gqualitative information was recorded on soil texture,
cultivation history, the presence of erosional breakthrough of ridges,
sedimentation within cultivation furrows and overall severity of erosion
(i.e. none, mild, moderate, high or severe). '

Quantitative information on soil loss was determined by surveying and the
use of a pin profile meter as described below. Survey pins were located
so as to form a grid over the plot. Generally three or four cultivation
furrows were selected across the plot (usually every eighth furrow) and
pins located every 10 or 20 metres down each furrow, depending upon the
length of the plot. The dimensions of the grid were noted to enable it to
be drawn up at a later date.

At each survey pin, levels were taken of two cultivation ridges and the
intervening furrow. By carrying the levels over the whole plot, the
slopes of the hillside and the cultivation furrows were determined. It
was assumed that little soil loss had taken place from the top of the
cultivation ridges and also from the cultivation furrows at the top of
each plot. These sites were taken as datums and any increase in furrow
amplitude down the cultivation furrow was taken as a measure of soil
loss. Using this method, inter-rill (sheet) erosional losses from the
cultivation ridges and from cultivation furrows at the top of the slope

- were not measured.



Turrow profiles were measured at selected sites using a pin profile
meter. The following relationship between average furrow depth (from the

profile meter) and maximum furrow depth (from the level) was determined.
AVERAGE DEPTH (cm) = 5.02 + 0.293 MAXIMUM DEPTH (ci)
r=0,707, n = 249, P <0,001

This relationship was used to estimate average furrow depths for about 30%
of survey pin sites for which only level data has been taken. Fitting a
polynomial function to the data failed to significantly improve the
correlation. This indicates that rill depths increased with little
increase or decrease in rill width.

The assumption that furrows at the top of the plots were not eroded was
not valid for some plots, particularly when cut-off drains above the plots
had failed. When the pin profile measurements were made, notes were made
on the severity of erosion and/or the presence of sediment. From these
notes it was possible to select non-eroded and non-sedimented sites for
determining the average furrow depth before erosion. This average was
different for different plots, as would be expected for different soils
and different cultivation techniques. The error in estimating average
furrow depths (before erosion) would have been within + 10 mm in most, if
not all, cases.

RESULTS
4,1 General

Topographic and soil loss contours for each plot are shown in
Appendix 2. The plots are arranged in order of increasing soil loss
and with direction of cultivation down the page.

Generally, soil loss increases towards the bottom of each plot.
However there is appreciable variability in soil loss between
cultivation furrows, resulting in isolated highs and lows which
usually are not correlated with changes in topographic gradient.

This variability highlights the need to select cultivation furrows at
random for measuring purposes. In cases of large variability, a
sampling density greater than 12 1/2% (every eighth furrow) is
probably warranted.

Soil loss contours are generally disrupted around grade furrows. The
furrows are usually installed by a single disc mounted on a
three-point linkage. Where the furrows have been on an appreciable
grade, soil losses are lower below the furrows (e.g. Plot 4, lower
furrow)., However half of the ten furrows that were examined had
silted with sediment and overtopped. This resulted in a changed
pattern of soil loss below the furrow (e.g. Plot 9, lower furrow).

Table 1 shows average data for the plots. A general increase in
slope length (measured along the cultivation furrow) and slope angle
accompanies the increase in soil loss, as would be expected. In view
of the poor performance of the grade furrows, as installed, (only two
appear to have worked correctly) the slope lengths that are shown are
the lengths of each plot. A multiple regression carried out using
the Table 1 data, with the presence of the furrows included as a
dummy variable, showed there was no significant effect on soil loss
due to their presence.
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Table 2 shows the correlation matrix for each of the factors shown in
Table 1. Only slope length and slope angle are significantly
correlated with soil loss at P < 0,05, The longer slope lengths

are correlated with gravelly soils while steep slopes are a35001ated
with soils with a high very-fine-sand fraction and low,
medium-plus—coarse sand fraction . The more erodible, silt-plus-very
fine sand fraction of the soil (Wischmeier and Smith 1978) is
negatively correlated with the medium-plus—coarse sand fractlon but
positively correlated with the organic matter fraction

Table 3 gives the results of a step—-wise multiple regression of the
factors likely to affect soil loss., Although only slope length was
significant (P < 0.05) for the small data set that was collected,
the regression was continued to determine which factors most explain
any residual variability.
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TABLE 3: STEP-WISE MULTIPLE REGRESSION

Step Variable '~ Regression Equation ) " "Correlation
No Included Coefficient
1 Slope length (SL) Loss (mm) = 6 + 0,18 SL 0.655
2 Slope angle (SA) loss = -1 + 0,16 SL + 0,75 SA 0.716
3 Medium + Coarse Loss = =22 + 0,16 SL + 1.34 SA o
Sand (S) + 0.29 8 0.776
4 Gravel (G) Loss = =24 + 0,21 SL + 1,30 SA
+ 0.33 8 -0,22G 0.802
5 Silt (SI) Loss = =60 + 0,21 SL + 1,62 SA
+ 0,74 8 - 0.33 G + 0.83 sI 0.829
6 Grade furrow (F) Loss = -66 + 0,23 SL + 1,50 SA
(0 = absent, +0.84 5 - 0,39 G + 1,06 SI
1 = present) -5.8 F a 0.863
All the factors shown in Table 3 are included in the USLE equation
and would be expected to be significantly correlated with soil loss,
had the sample been large enough.
Each of the factors is examined in more detail in the following
sections.
4,2 Slope Length
Figure 1 shows that the correlation between soil loss and slope
length is linear (a quadratic function did not significantly improve
the correlation), Anomalous plots were number 6 (low soil loss,
length = 140 m) which contained 47% gravel and number 18 (very high
s0il loss, length = 130 m) which was a particularly sandy site (85%
of < 2 mm material being sand).
On average the potato plots were 100 m long and 25 m wide. The main
constraint to slope length was the length of the hillslope itself
(although fences occasionally terminated the plots).
Dividing the slope lengths to take account of grade furrows which had
not silted, decreased the correlation between slope length and soil
loss from 0.655 to 0,563, At the same time, the correlation between
slope angle and soil loss increased from 0.470 to 0.496,
4.3 Slope Angle

The correlation between soil loss and slope angle is significant at P
< 0.05. The fact that the correlation becomes non-significant once
slope length is accounted for, probably reflects the small number of
plots that were surveyed. Figure 2 shows the relationship between
s0il loss and slope angle (measured along the cultivation furrow) to
be approximately linear (a quadratic function did not significantly
improve the correlation). Djorovic (1980) reported a power function
between the two variables. Wischmeier and Smith (1978) noted that



