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11.1. 

1959/60 and 1960/61 seasons 

measurements were made various of erosion, Ilsing the methods 

described in 

methods 

10, and of rainfall characteristics, using the 

II. In this there were·15 rain 

were recorded as there of which 

was insufficient between showers. In 

some cases data is mi from one or more of the owing 

to electrical power in severe thunderstorms, or other 

mechanical or human faults. Showers when the rain was les's 

than 0.05 inches were from the net number 

of rs of observations for comparison is from 30-50 in 

cases, and all of storms. 

consisted of trial and error correlation between 

the recorded erosion and the , but with 

rather than on the search for 

tical associations. For example, it is conceivable that in such a 

mass of data a mathematical could occur between amount 

of erosion and w:Lnd but this would be unless 

it could also be shown that the wind caused the erosion. If the 

high winds were recorded in severe storms, such an association could 

occur, but the essential is what of the 

storm caused tho 

In such the arises of of 

correlation two independent variables m~ be as an 

explanation of the 

exercise the control 

additional are 

between them. In the 

are 

so the variation 

relaxed as 

tend to 

increase. No hard and fast rules may be laid down but it was 

considered that in the case of the splash cups, with strict 

a on should account for at least 80% of variation 

it could be as the 

i.e. in linear coefficient should 

be than 0.9. At the othor of the scale i.e. 

with many variables, multiple are to be one 
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which accounts for 50- 60% of the variation would be 

The followed was to 

loss against each of the 

least squares was 

form 

Y (soil lOss) = a + b X1 
After factor been i if the r 

was variables were tested in 

Y = a + b or 

Y c X2 

ry. 

variation 

forms 

In numeri cal ( ) were used, and 

cal methods of (173) • 

• 2. 

of the cups 

was corrected in Chapter 10, and 

all reasonable for same storm. 

the association was strong,loast squares were 

and the are shown in 11.1. 

trial and error at the end of 

season, and a very positive result was obtained, full 

s was second season 

the 

The first index the total amount of 1 in the 

heavy falls and 

of 

the 

as would be an 

losses, but correlation 

on, r, is 0.75 which 

conditions of the experiment. 

The second storm ected was total 

by of storm. for 

from the 

various levels of 

of I energy per 

record the amounts of rain falling at 

e.nd 

from 8. is 

considerably improved wi th r 0.856 showing that the total energy 

of the rain measure of its to cause 

erosion than of rain does, 

It is to expect when rain falls at low 

with would have 

sand out of the cups. When obse 

confirmed this, a seriasof tests were carried out to study 

this effect. cups were for 2 minute in low 

rains with drop sizes, and whenever the intensity 

, or 
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Y (sand splash in gms.) = 

n "" 20 

a + b X n 

n "" 31 n = 

Soil 

K.E. 

X
3 

K.E. > 1 

X
4 

K.E.) 0.5 

K.E. ). 1.5 

RAIN >1 

X
7 

K.E. > 1 + WIND 

xa (K.E.) 1) x 

X9 • > 1) x 

(K.E.) 1) x 

~1 (TOTAL K.E.) x 12 
(Tar . .u.. K.E.) x 

K.E.) x 

of r 

n = 

n "" 

0.939 
0.868 

0.841 

0.874 

0.955 
0.906 

o. 
0.900 

0.895 

0.875 

0.68 

o. o. 
0.68 o. 

20 (0 0.939 -~ o. (p = o. ) 
(0.. ~ 0.939 - o. (p "" 0.01) 

31 (0.914 ~-0.958 ~ 0.980 (p '" 0.05) 
(0.8914!--- 0.958 -, 0.984 (p '" 0.01) 

is 4 x tho maximum amount of rain in any-

130 is 2 x the maximum amount of rain in 2ny 

160 is 1 x the maximum amount rain in any 60 minute period. 

.; c' .... , 
is 

maximum 

maximum 

sustained for a 

sustained for a 

of 2 

of 3 minutes. 

is maximum intensity sustained for a period of 5 minutes. 

65 
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remained throughout the exposure period was 

me asuI'€: d. The are in 11.1. and it is clear that 

is is that 

re is a threshold level of intensity at which rain becomes erosive. 

is 

y := o. I - 0 
I 

giving an average value of I 0.85 at Y :::: 0, Le. the 

of is 0 inche's per soa.tter to 

because it was shown earlier that at low intensities is 

in size and hence in 

level dividing erosive and rain 

will vary from storm to storm. It will 

of sands or soils is or if the surface 

conditions Meteorological data on the .of rain at 

is in than 0.1, 

0.1 to O. ,0. to 0.5, 0.5 to 1.0, 1.0 to 2.0 and more 2.0 inches 

per hour, so it would not be 0.85 inches 

per hour. The of 1 and 

kinetic energy computed amount of each storm which fell at 

This gave a 

that a good measure cause 

erosion is which for convenience in 

to it be K.E.> l. the 

the choice of 1.0 instead of 0.85 

accuracy, similar calculations were K.E. > 0.5 and K.E. ) 1.5 

i.e. energy at less 0.5 

1.5 inches/hour respectivel~. For K.E. > 0.5 I' ::: 0.868, and 

K.E.) 1.5 I' '" 0 level of as 

the level is not ver.y critical, and that 1.0 per hour 

is the best of 

a level, below rain is 

not erosive, does not appear to have been 

theI'€: is some the work of (202) • 

of deduced extra-

polation that drops smaller would not cause splash 

of size would have a 

energy of which is 

to that of natural rain at 0.85 per hour. Undue 

be 

with in the , because s 

2 mm. diameter was only an estimate obtained extrapolation, 

sizes of 2.1 and 1.9 mm. to 1.0 and 

0.7 The value of the threshold energy 

for 1'£ of loss th.:m t 
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FIG. 11.1. CRITICAL INTENSITY RA~N. 
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• 

ands erosion is more 

part rain is excluded from the 

• 
K <> 1 a and 

and for 88% of in 

as the answer 

some other should be explored. 

Since of energy of which 

falls • less than 1 inch per hour 

the correlation with splash loss, it is the same 

of X as of rain 

at more 1 inch per r == 0.874. is a 

imp rovemen t on r '" 0 .. 75 for total rain, but significantly 

than for (K.E. 1) , and so confinns at less 

1 inch per hour is , and that is a better 

mGasure 

rain is by vand is 

increased, and hence the kinetic also increased. A 

amount of sand. will be s out of cups. To 

eliminate factor in the comparison of Band 

and kinetic the measured values must be adjusted to a oommon 

Thu mean of tho rain was 

measured as in Chapter so an adjustment may be made. 

rain ha8 a whioh is than the still 

air velocity the factor , where cos fJ 

with the 

factor -~-. 

, and the 

this correction 

valuGs of (K.E. > 1) for oach and 

loss on this value, correlation 

is 

the angle of 

by the 

calculated 

of 

is improved to 

It was 6 that this of 

is not very , as only 

is throe gauge instrument. 

weaknoss, the partia,l of 

the of the of 

There romains one further 

because it has been found be of 

"30 the 

Although is quito empirical, 

by the introduction of 11 second of this 

of 

due to wind does increase 

which should be 

in America. This is 

will be improved 

or 

but how much of tho 

bo detenninod by 11 

soil is washed away will 

amount of 

of' energy, 

volume or of run-off. A which some 

of of the storm may 
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be to the prediction of field erosion from rainfall data. 

In Wischmeier's studies in all measures of intensity/ 

were and for the field scale erosion 

which he was tho index was found to im9rove considerably on 

the estimate based on energy values alone. At this 

present experiments, deal with 

that a run-off factor will be 1 but in 

of the. 

it is not 

indices of the 

field scale erosion. 

were tested at all 

In the present. 

a.ll 

from 

the 

maximum fall in any thirty minute period of' each storm was calculated 

and converted to units of inch8s per hour. 

were dso obtained for 15 and 60 minute 

tested ? 130 and 160 in turn as a 

correlation 

the method was 

> 1). 

0.900. 
thus appoars to be the bost, but in all cases the correlation is 

reduced to less that with (K.E. > 1) alone. Thore is thus no 

advantage in introducing a factor at this , but the method 

will be tested 

run-off. 

when soil in 

A marked fO<lturo of the thunderstorm rain of Central Africa 

is the large variations in intensity over short time It 

was that these variations were 

, ,30 and 

was tested - the maximum 

minute and so another characteristic 

sustained for periods of 2, 3 and 5 
minutes. wore each combined with ille total kinetic energy, but 

the correlation was not better with total kinetic 

energy , so this was not with more 

1) and (K.E. '). 1 + 

All the calculations wore carried out the 

results of first season only, and since it is very cloar that the 

best estimators are (K.E. > 1) and (K.E. > 1 with wind correction) the 

calculations were on these, additional data from tho 

Tho dak and are in 

8 t and shown in 11.2. correlc~t:ion is by 

the additional data in each c(1se; for (K.E. > 1) r increases from 

O. to O. ,and for (K.E. > 1 + wind) from O. to 0.977. The 

improved officiency clue to applying the wind correction is not quito 

at tho 5% levol when moasured 'by tho coefficient, 

but it does ruduce the from 0.65 which is 

, to 0 which is not. Since the on (K.E • .> 1) 

without the wind correction accounts for this is 

very and while recognising that there is a slight 

ment when due to wind are it not be worth-

to do so in calculations of (; It was shown 

in 8 that both momentllia and kinetic enorgy have very similar 
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FIG_ 11.2 RELATION BETWEEN SPLASH EROSION & (KE.> I). 
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relationships with intensity, and so momentum ~ould be 

as the from link 

(176) also out some of these calculations on the 

obtained from his soil pans 9 B.nd the are 

nhown in 11.1. those indices is very 

so it is not 

possible to test whether the correlation would have been improved by 

the 

his data to the 

minimum energy 

form and on was 

t Tr EO. 9 f d d K E 1.46f . 1 b t o .1':>.. "0 or san, an". • or so~, u no 

arguments are for 

To summarise the 

characteristics which might be 

this form of 

of this 

to influence splash erosion 

have been t~sted as alone 

and in (in fact cill 

are the best of these, which a 

very fi t t a the experimental is kinetic energy of 

the rain at than one per hour. The next 

this when erosion is combined with surface flow. 

11.3. 

in from the to 

is to consider soil and water losses from the 

run-off plots or soil • It Vlould be preferable 

to one at a time i. e. to make only one --.---c,~, but 

ro this would 

In the soil there are in 

substituted for the sand, and 

area is increased from 7 square inches to 

loss is a combination of 

th2.t the amount of soil 

while amount of 

number of 

9 soil is 

the size of the 

square inches. 

on 

soil 

in 

carried off will depend on 

• 

the surface soil loss to scour of the run-off 

water will be small in comparison with erosion. 

is from theoretical c VU'''..I.I..L'''' .... of energy values 

as was discussed 8Jlrlier, has been u.<:;;,.llV.= in 

previous Free (150) found the ratio of wash-off to 

~1".-~~'~ varied between. 1 to and 1 to 90, and Mihara (21) 
by two or more orders of m'-"C;.~ 

between two processes and see 

wheth0r they m2¥ be described quantitatively. trays were 

to storms cups and rainfall studies, so 

the same rainfall may be wi bh the s oil and water 

losses. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

11.3.1. 

of the is held , the 

volume of run-off should be a linear of volume of rain. 

is by the data shown in 11.). and 

the least squares re§ression. 

Y (run-off in inches) = 0.78 X in 

is ver,y good at r ::::: O. 

logically The amount of 

rain because some rain is as surface 

and both constants may be 

is less than the total 

and some is absorbed 

by the soil. is naturally proportional to the amount of 

rain, hence the constant 0.78 i.e. 22% is 78% measured 

as run-off. The absorbed is 

value ma;y be The volume of soil a~ove 

an 

water 

is 0.25 cu1:li.c assuming a specific or macro-pore

space of 10% the this (i.e. to soil 

from field is to a depth ove r 

soil surface of 0.1 }nch, agrees ver,y well with value of 0.07 

obtained 

11.3.2. 

is influenced by 

the introduction of run-off as the 

soil. the sequence used in the 

from the sand cups, regressions were calculated on the total 

amount of and on the of rain than 

one inch par hour 11.2. ). For total co-

is 0.790 (corresponding with 0.750 for only), and for 

(Rain> 1) r 0.845 ( wi th 0.856). The is V9r./ 

and a threshold non-erosive and erosive rain is 

Using the estimator total kinetic energy, r becomes 

0.860, and for (K.E. > 1) r ::::: 0.919. amount of soil 

by action is still the 

amount of soil washed off. 

It was ei'rlier that the value 1.0 inches/hour which 

was as threshold which rain becomes erosive ma;y be on 

the as was O. 

would be some contribution to erosion from that 

at of 

were c 

than one inch per hour. 

of the 

To 

is so 

of the rain 

this~multiple 

Y (soil loss) ::::: a + bXl + cX2 where Xl is the main factor 

Le. (K.E.> 1), and X2 is a to rain at less 

than one were the amount of such the 

kinetic energy of such rain, and the amount as a percentage of 

In none of these is 

confi the 

i~ not introducing any error. 

this choice 

improved, 

threshold value 
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Y (soil loss in gms.) ::: a + b X n 

x 

Rain 1 

X3 K.E. 
X
4 

K.E. > I' 

(K.E .. > 1) + wind 

X6 (K.E. > 1) x 

iU.t-111Lie: limits of r 

Y 

X 

n ::: o. 

r (n ::: 29) 

o. 
0.845 

0.860 

0.919 

0.891 

0.867 

~ 0.919----7 0.970 

o. 9 ~ 0.962 

Correlation Coefficient. 

a) all where run-off occurred (n::: ) 

0.809 

Rain> 0 

X3 > 1.0 
X
4 

>1 

0.892 

0.858 

o 

b) storms when the ground was saturated at the 

.... l;!i",iUU .. Ult:, of the storm (n 8) 

rain 0.968 

X6 Rain> 0.5 0.981 

X
1 

Rain) 1.0 O. 

X8 >1.5 0.915 



Univ
ers

ity
 of

 C
ap

e T
ow

n

-201-

Next applying correction which eliminates variation due 

to inclination of the rain caused this reduces 

of estimator at r = 0 are 
y '" o. Xl + 22. and (1) 
y ::: 0·557 X2 + 21.24 

where (K.E. ) 1) the wind and is with the 

wind correction. is tabulated in 

graphically in . 11.4. The difference is not 

while it is 

in the case of splash 

in the case of 

less (r == 0.91 

because the 

plus 

wind effects do not 

of the best so far 

than for alone (r ::: 0.977). 

conditions are less exact, or may 

9 and shown 

and 

makes a 

deterioration 

conclusion is 

the 

This may be 

there is a work which is to surface flow. 

The introduction of the I30 index as a multiplier (K.E.) 1) reduces 

the (r :::: ) as it did for alone. the 

influence (if it exists) is more 

flow than to the rainfall, it should be 

related to surface 

independent, 

and so a search was for a second to to model 

Y (soil loss) :::: a + b (K.E.> 1) + eX 
n 

's method was used in which the possible s 
iI 

are - y, difference 

measured value and the value 

association between and the values of any index shows 

that is worth as a in 

this way included the average energy of the the average 

the 15, and 60 minute 'intensities ' , the quantity of run-off 7 

of the effect of 

of erosive rain to total 

, the proportion 

of non-erosive rain to total 

several combinations of factors. In none cases 

was any that the on (K.E. > 1) would be 

the introduction of a second 

The conclusion is that for the miniature run-off 

amount of erosion is mainly determined by the erosion, 

is in turn determined by energy of the rain. The 

of the influences of run-off better 

at the next stage which is consideration of and water 

from size run-off 

in the sequence there are again two 

in tho control conditions. used was much (approximately 

450 square feet), and the water of soil was not controlled. 
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of the was same as that of field scale 

used for crop , that is the distance between "n,"nr<"Ti .l.'J~~O''''' 

contour on this soil and , (in ), so 

no is to results to farmed land. The 

soil was similar to that of the run-off with an loose 

surface, 1 by the free from 

the absence of any moisture control tbe soil dried out between 

storms to a varying on the amount rain the 

intervals 

run-off and 

(Table 11.3.). 

of rain on of the when 

between 

occurred 

At r = 0.809 there were obviously other factors 

which 

soil 

be considered. 

each and 

rain below various intensity levels. 

was tho best (r = 0.892) 
than 0.5 inches per hour. 

rate of infiltration is 0.5 
remains that this is not 

rain will 

was tested the 

In each case the correlation 

rain at intensities 

This cd that the average 

variation 

tests were made on tbose run-offs which after a 

run-off 

o. 
variation in 

stOrID, i.e. those when the soil was or 

was very 

the 

values of r better 

that the unaccounted 

of saturation when 

OGcurred between rains. 

ar 

different 

measures of this such as whether rain fell on the 

day, two days? three 

reduce the 

moisture status wa~; 

devel by 

(A.S .M.) from 

and 204) • 
methods. 

rainfall to date9 with 

and total on the 

etc., but the inclusion of these did not 

and a more 

re 

measure of tho 

methods have been 

for calculating an "antecedent soil 

records (Hartman et al. 203, Thames 

used in this case uses 

is to carry a 

from 

of 

subtracted to allow for evaporation 

and between rains. When this index rises above a 

certain level, ~off should and of run-off is a 

function of surplus, or the rise above this level. The 

of three above 

which the 

shape of the curve for losses between 

rains~ and the proportion of tho surplus ~hich becomes 
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The 

of 

of best depIction curve doponds 

a 

upon the type 

will be more 

and a no!:.; constant rate of 

is suitabl vdth an initial loss due to interception. In this case 9 

with occurs, and 

an surfaco will after a day or two. 

Flhe evaporation CUNO which by trial and error was found to be most 

sui table is shown in 11.5., losses 

between rains, level of A.S.M. occurs 

is 200 (units are hundredths of an inch)o calculated .J..U"''-V'''' of 

moisture is the season in 11.6. After each 

run-off the index starts again at 200. Al though this is 

somowhat empirical it is evidently ver,y accurate since there is 

one ca.se run-off occurs and is not 
. 

one CRse 

run-off is but does not occur, and in 

cases run-off occurs when from the A.S.M. index. 

the the I squares 

was calcul ) of the recorded of run-

off on the ' , . 
~.e. the value of A.S.M. minus 200. The 

is 
y = 0.61 X ( - 0.04 (inches) 

The 'b' value is lower, as there is more 

on plots than on the small ones with a water table 

below surfr',ce. The small are not 

in either case. high correlation (r 0.948) shows 

this method a very estimate may be 

records of both when run-off would occur, and tho The 

amounts of run-off by applying this on are also 

tabulated in Appendix 10 and shovm 11. 7. in 

with the recorded values. 

As an enti check the the 

of the first of the 1961/62 season. running plot of the soil 

moisture index is shown in 

off and predicted run-off in 

11.8. and the 

• 11. 9. There are 

of actual run-

for 

first few weoks of the season when run-off did not occur j but 

this was to the been before the rains, 

the loose texture ~llowed abnormally on 

Once had been oompacted -0----- the predicted 

wi th the actual On nIl 17 occasions when is 

it did occur j and the total amounts are 4.64 inches actual 

and 3.84 inches this additional data (Appendix 11) 
of run-off on A.S.M. is 
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• y ::: o. x- 0.005 ( ) 

agrees very s 

Y III 0.61 X - 0.04 (inches) 

The from data of both years 

Y ::: O. X - 0.02 (inches) 

When 

curve, and to 

surplus and run-off, the method allows fairly 

occurcnce and of from 

(r=0.938) 

(r "" 0.948) 

is 

(r 0.948) 

a 

estimation 

case of pure splash, 

both 

for combined 

main 

is the obvious 

and wash-off erosion on 

on is the 

starting pOint 

soil trays, that 

(I{ > 1), this 

soil loss from the 

field in .10. and 

squares 

y = O. X - 2.6 (r = 0.943) 

where Y is soil 106s in lb., and X is .E. > 1) in ergs x 103/cm2• 

The so that is sufficiently 

the of to estimate soil loss, 

from subsidiary variables was c closely related 

to energy, and so as , the the 

amount of 

duration the 

at intensities 

none 

It was found in the 

than one inch per hour, and 

the 

run-off was 

only by the amount of rain, but the 1, and so 

as run-off is to some 

storm, it was combined in a 

y ( 

of rain in a 

regression of the form 

) = f (energy) + f ( 

Listing from the 

of run-off, average rate 

as the secondary variable. fS method of 

) was used obtain a correction term 

• > 1) 
both 

factors •. are shown in . ll.ll. 11.12. and are of very 

nature correction E 

the quantity of run-off, or rate run-off, is 

the storm is not 

of soil loss. When the , or rate, is 

the run-off acts as an agent and picks up extra soil as 

as that the process. or 

of is equally cient as an of this 
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effect. 

(Fig. 11. 

is made for the run-off regressions 

and Appendix ) 

Yl = 0.0775 - 1.0 (r = O. ) (run-off 

Y2 = 0.0774 - 0.1 (r = 0.982) (run-off rate). 

The are not a 

of the 

ments, this method of introducing an allowance for the secondary 

of run-off is than 

's "I II 
30 

An interesting variation of the run-off effect during 

the 1961/62 season. 

on the bare plot (Plate 11.1.). 

run-off and increased its velocity scouring action. 

effect of loss scour was 

more than when rUlI}-C)!'!' was in form of sheet flow in 

previous years. 

(K.E. ). .. 1) was 

However, relationship between soil loss 

conclusion is that soil loss from the plot is very 

w ...... ,,,,,u. by the (K.E. > 1) with a secondary variable~ 

of which upon con-

trolling surface flow. This secondary variable only has a significant 

effect in the cases is so little flow that the 

soil is not all and b) when surface flow is 

canalised 

action. 

surface conditions so that is has scouring 

11.5. 

of establishing a IIdesign 

for a simulator by the type of r 

in the long term, causes most erosion. A tentative solution to this 

problem is shown in Fig. 11. 

per unit 

(Fig. A from • 11.2. and 11 

and intensity rises 

• B from 

to 

8.1Q.). 

A linear 

energy 

relation 

been established 

(K.E. > 1). 

(K.E. > 1) 

3 inches/hour and then levels 

of per unit 

rainfall to intensity therefore has the same form (Fig. C). 
records show that the r 

of form shown 

erosion for ~ intensity (Fig. E). 
increase (K.E. > 1) is 

so E x Q increas€s. At 

of r 

C 

At low int 

D 

and intensity is 

total 

of rain, 

occurs 

and E x Q decreasos. The peak of E x Q determines the critical 

at which most erosion occurs. The value depends 

upon the s of D, and may'\8ry slightly, it will be close to 

the point at which the (K.E. > l)/intensity relationship , i.e. 
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Plat o ll.l. 

-215-

The ba re soil plot of the mosquito gauze expe riment. 

(Plot 20, Experiment 1/3). The small gully formed 

during November 19619 after consider <,.ble erosion in 

the previous eight seasons. The soil l evel is 

about 6 inches below the original l8vel. 
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about 3 inches/hour (Fig. 8. . ). 

11. 

The sequence of shown that 

from the s case of of 

the mechanical process is essentially same. The effect 

described as the , 
or is agent in erosion process, -

primar,y both in time and in importance. extent to which rainfall 

has power to cause as the of 

and may be 

kinetic energy of the rain. This is a step forward means 

erosion can be from .I:d.I.HJL>d..L 

once relationship is established between this potential 

to Cause erosion, and the actual erosion which occurs for a particular 

set of soil ons or soil 

mathematically, it has now been shown that 

== b (K.E. > 1) + a 

been for the and 

conditions in expe riments 0 As these conditions range 

from <;:;.1.. IJe.l.VH it (though not 

form of the to 

all conditions 1 that is all erodi bili ties. But the consta.nts will be 

for ever,y of soil , and 

caused by a erosive power different soil 

9 or vegetative covers. 

In IV basis the 

of an ce which 

al':\Y erodi bi Ii ty under suitable constant erosivity. In Part V the 

to some of the 

to the 

crop conditions. 

from the 

of 

scale 

soil and 

of 
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12.1. IITSTOBICAL DEVELOPMENT. 

At an early 

it was 

in the histo.ry of erosion and run-off 

be 

that 

and 

of 

by 

rain, either in the field or in the laborator,t. 

nineteen thirties many have been developed 

and V,LJ.'.' .... "',Ll the more 

Since 

to the 

from 

and operation of simulators than to results obtained 

use, machines have been 

used for various purposes. interest in 

arose from their potential use as infiltrometers, i.e. to stu~ water 
I 

rates, to measure • of 

measured the of water enclosed in an 

cylinder pressed into the soil surface. (Musgrave Musgrave 

and 206). of this que included the use 

an cylinder to provide a buffer area (Nelson and ~w~~".~,~ 

devices to 

water ( 

a constant 

). 
head of 

method is still 

practical field tests of infiltration rates for irrigation studies 

• 209). an 

head is an condi tion, 

(210) applied water in the form of a thin laminar flow the 

top of a small and in a 

the lower the water 

is applied as falling drops the effects of soil structure 

are not infil-

rates may be obtained. In on ( 

Hendrickson ( ) showed that the turbid water from natural or 

has much lower than 

water normally used in ring infil trometers. The next in 

the development of infiltrometers was therefore to apply the water 

as after been it was 

that such a device COQld equally well be used to measure soil 

erosion The United Soil Conservation Service and 

), 
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Forest devol oped a number of 

of at known 

of water, others controllod both quantity and intensity, 

and this led to discussions of the merits (Kohnke ) 

the first in 1940 by Laws (13). thai 

the size and of a on 

e went on to his classi~ studies of drop 

(39) and of drop size distribution (119). Using knowledge 

of the characteristics of V.D. Young """"""'eiU"" 

F (Wilm) was used for many years, 

and only superseded a few Y8ars ago by the Meyer simulator (121, 
216, ) which is based not only on suitable drop size and 

velocity, on power. 

of 

mainly for field use, several other methods were introduced, usually 

for laborator.y studies, or purpose such as rapid 

tests of In the investi-

the object is to 

to design a general purpose 

the new knowledge of subtropical rain 

simulator forlocal use, (the design 

are 13) 9 but since of any 

simul ma,y be it is 

review the more important according to the method of 

production rather than by considering their purpose. 

12.2. 

12.2.1. 
of Ellison and ( 

ly for on nature of 

splash erosion, and enabled Ellison to carr.y out his 

in this field ( ). Water was allowed to drip (later 

onto a screen of 

each where the muslin 

wi th muslin. 

""""",,,Yo into the wi re mesh a 

of cotton yarn was underneath so that the water 

) 

At 

through muslin formed drops which fell Various 

thicknesses of.yarn , wool, and 

sizes, 

, were 

could be 

the 1 abo rat 0 r.y ceiling at any chosen height. To give a suitable 

distribution of rain on the soil samples at floor level, the drop-

was vibrated by a motor-driven rocker. fairly 

successful was used Woodburn (196) in 

studies of the effect of soil structure on splash erosion, and 

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

-220-

by ( ) to tho effect of chemical soil conditionors. 

A machine using this method of drop to rain onto 

soil tanks of 1/1,000 acre was used by and 

(220, ,), in s first simulator was 

"'"c"""'e;""'u. for laboratory he later ( ) designed a larger 

version mounted on a truck for use. A 

the shower hei-i.d and gave a fall of 

the rain could be to a plot 5 feet square. This 

design was successfully used in to test both erosion and 

infiltration ). (224) 

obtained new data on ground cover with an version the 

also in , and this same model was later t 

to Wyoming for infiltration studies of forest lands. ( and 

Zingg 225; 226). 
this , and of 

any which only on gravity to give veloci ty, 

is that it is seldom to use of of the order 

of 25 , as is to achieve terminal 

A second problem with field is 

that screens must be provided to avoid interference by windo 

.2.2. 

to on 

many worlcers used small diameter tubes or nozzles from which 

individual drops of constant are produced. 

variation consists of to 

simplest 

from a 

as used 

of structure. 

(227) and Rai at ale (228) in 

of the of 5 or 6 mm. 

diameter are formed and usually fall only a few feet. Vilensky 

a tests to assess both 

and a spray to measure To measure 

the breakdown of structure under conditions of 

tropical rainfall, Pereira (230) required a high impact effect, and 

allowed drops of 6 mm. to through 2 metres onto soil 

extra 

....... JCue ..... velocity would hSi.vO an e:ffect to 

falling at terminal velocity. Ten jets, made from thick walled 

capillary tubing, at the rate of 6 inches/hour for 

minutes test a inches across. A very 

was used by (,) a 

simula.tor designed for field tests of soil in 

undisturbed state. In this instrument one hundred nozzles in 

gave of 5 mm from capilla"-Y 
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tubes in which a wire was inserted to of 

so that each 

of 3.44 mm 

drop size. The of 

drop had a kinetic energy 

diameter 

applied at the rate of four 

A 

drops between 2.5 3.5 
233) on 

was 

that 

per hour 

rain were 

test areas 6 inches 

rly uniform 

has been used in 

of several square feet (0.6 sq. 

information on infiltration, permeability 

and run-off. 

to have a range sizes, as occurs in 

natural van Heerden (20) used a combination of draw.P out glass 

in a simulator 

on disturbed soil samples 6 ~ following the 

design of (65,202). Van 
of nozzles to 

of 29 feet. The by pulling on ropes to 

em of 

uniform distribution from a fixed shovler head onto a number of 

was overcome by 

in Uganda, by mounting 

shower head. 

by 

in ( 

soil samples on a revolving 

McIntyre used 5 mm 

sized 

), ( 

under a 

a short 

and 

), 

capillary tubing, was size and intensity as well as 

of fall up to a maximum of 20 feet. 

conditions of drops 

same 

were specifically 

established that 

of all is that 

terminal velOCity. 

s 

, it has 

soil is proportional to kinotic 

of conditions. is 

that Ekern ( ) extended this relationship the range of 

sizes in case of but many workers, particul 

McIntyre, on an 

aggregated soil with of various size is a 

process • thus no evidence 

the action of natural rain on a natural can be 

unnaturally low velocities. 

and splash erosion hold at all levels. Consider the extreme 

cases 117 10 mm. 
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drops at 1.3 Both 

energy as a 3 mil. rain drop at its terminal 

per second, the momentum is very rent and 

Vlould the same effect striking a 

of laboratory simulators above are 

tho same kinetic 

of 8 metres 

it is 

soil. Some 

for 

tests of , but it is that 

a simulator which is to be usod for conditions 

as as of 

rain, including size 

.3. 

cOrnr:1.orcial 

Sexton (235) 
the 

reproduce falling rain on 

nozzles. 

plots 

) and 

ld plots of 1/1,00 acres from 

with 

every foot. 

and although 

such as the 

High pressures were used, resul 

rated unknown results, 

of surface mulch, the were 

rather At the other extreme Duley ( 

cans. 

231) used unnaturally 

that suitable 

the 

programme of 

several simul~,tors 

would not be 

existing nozzles. 

by hit and miss 

to the 

a 

programme produced 

s, 

first of these was the D-l (Blaisdell a 

commercial i nozzle (Laws 239) was used field 

1 IS ( al ) . was 

followed and 241, 11), which was a 

five man days to 

feet of the effect of 

The F was, as mentioned first simulator based on the 

drop size distribution of rain (Wilm ) • 

was a of fixed Type F nozzles 

each side of thG plot, mounted a few feet above the ground 

an 

about ten feet. 

type 

size 

studies of 

of South 

(244) • The 

1 feet, so that t total 1 was 

pressures of t order of 20 - p.s.i. were 

for use were issued by the 

), the numerous 

appear to have followed their own 

of so on. 

were carried 

this 

as to 

and others (243) and of Utah by Woodward 

was also used Bureau of Reel ( ) 
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and the 

(247) on an 

regard to time 

Se (246). It was used 

plot study the 

concentration and surface 

and 

of run-off in 

and 

to methods of of and 

h;ydrographs 

(250). All of 

from small plots (248, 249) and from small watereheds 

were 

the instrument 

with relative 

not appear to have produced 

much information on rates of soil loss. 

F a number 

and plots up to feet x 6 , was rather cumbersome 

to , and several variations were 

F nozzles and smaller • 
Type FA of the Soil Conservation Service used three uV'U.J.L and a 

plot 12 (Diebold was 

F nozzles for nozzles in the 

earlier North of the ). 
intensities up 

per hour on inches x 30 inches but with ver,y small 

Other were the infil trometer ( 

256) also used three F nozzles on a inches 

by 30 inches, and Intermountain infiltrometer (Packer ), 

in which two banks of seven Type F nozzles onto an area 

9 square, which were , each 2 feet 

by 6 fe~t, allowing simultaneous 

of note are those ckson 

(212), who muddy water in order to assess sealing effects 

in from and 

of ( a novel idea for on 

large but temporary plots. A tractor-drawn mouldboard plough 

a roll of cotton which was a roll into the 

furrow so that lower half the belting was upper 

half was supported on was to avoid the 

by hand of plot of wood or 

This operation is normally ver,y tedious and 

plots are involved~ or large numbers of replications with small 

but no are known Kennedy's 

method. 

A technique used to apply water to large is 

the of the , with nozzles 

to distribute by 

rotating the whole , as is sometimes in 

was used in the laborator,y by Neal (161) 

on 3.63 by 2 with 
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4 above so that total drop fall was 8 
and very was used ten years later 

( ). idea of oscill pipes also been to 

1/200 acre 

(33 by • In all of thes(;; 

average intensity was controlled, and were small from high 

pressure nozzles. the 

used by Weeks and Colter ( ), with better nozzles, to 

of chemical 

machines are 

simulated rain over large areas. 

which are able to apply 

( 

was 

the 

) used 

i 

rain areas of acres, but were 

rather 

to apply 

concerned~with the 

, so even dis-

within the 

most recently d "'''' .... 6 .. ''' ... ) is constructed in 

units cove an area 15 up 

may be operated so that area of 

by foet. This was a design 

so that it could be used on large permanent plots, of which 

there arc very in the United , the 

was built for maximum portability it requires a 22 

trailer to the number of 

is not sufficient to 

to to areas with poor 

needs, but as it is the product of very 

not 

and 

research is 

of many of nozzle, Meyer 

commercially, which a flat dist a suitable 

size low pressure. 

tion was in excess of precipitation rates, intermittent 

since the 

localised, nozzles was necessary. , to 

weak at the fan the had 

overlap. These were overcome, 

consisted of an overhead framework 

on. The sprayed directly 

downwards to achiove suitable volocitios, and intermittent 

was controlled by solenoid valves, with intensity adjusted the 

1 

r 

No was at wind velocities 

of up to 10 m.p.h. A petrol provided power for 

movement, a 1 pump was re the water supplY9 
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and 12 volt for circui ts. The 

energy of rain was approximately 

ergs x 103/cm2/inch of rain applied. This is about 75% of 

value of natural rain at per hour (the used 

for most tests). simulator is excellcnt for the 

conditions it was 

and cumbersome, to 

12 

studies are 

to meet, but it is too 

with the 

simulators are c ri tically and quanti tati vely 

complicated, 

from 

under natural rain conditions, and to be seen to-what 

extent absolute 

established 

may be made. 

I s simulator on 

plots which have many years' records. Hovlever, 

have shown 

of soil are obtainable 

be 

both 

and field studios. Simili:?rly, infiltration properties 

assessed by (), Reid 

) and 

measurements using other techniques. The only known 

report of serious from a simulator with 

from natural rain is that of 

but ( ) has shown that this 

errors in Gxporimental techniquos. 

tests of nozzle 

and (198) , 

for by 

types' of Simulators, 

of 

Type As soon as several models using F nozzles were in 

use, (264) carried out a comparison of 

and North Fork, in 

(210). 

number of t 

of "them, 

with the 

careful 

that in at different S~",~_~,.""" sites 

for more variation errors due to the or 

and that all the machines tested could 

estimates of relative infiltration rates. also it 

was important to accurate control of variables such as 

moisture, or wher0 control is not 

to record all data on such , so that by errors 

so introduced me.y be mduced. 
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Another subject wbich has aroused '-'\..I'"'''''"'''"''' 

is the effect of the size of test is 

the 

With 

of a buffer area 1s desirable round the 

there is obviously a 

with 

without a buffer strip some of the water will spread out in a cone 

below the 

(265) 

into drier areas. and Domingo 

could be as much 

as on buffered but felt 

buffering small plots would give results as satisfactor,y as those 

from large plots. Marshall and Stirk (266), reviewing opinion on 

the , quote several other workers who areas, 

267, 268; 269; Cox 208). Others felt 

adequate comparative results could be obtained without them 

(Lewis 270; and). ,To resolve 

of plot size and 

carried out 

areas, 

and spray of water, 

each and without areas. Their conclusions were 

without buffer zones, the minimum infiltration rate decreased as 

plot size inc a correction 

on the amount of ""'J.U<;;u. below the 

be based 

of 

the - in effect by loss due to 

this involves extensive soil sampling it would be inconvenient 

to apply. They found zones round flooded plots reduced 

lateral movement, but were ~nCOlnVElne , did not 

between - i.e. as many were 

However, with sprayed plots a buffer zone was simple to apply, 

reduced lateral movement, and improved the consistency of the 

were only to arise in soils with soil 

of 

areas were as 

Small 

as large 

with 

, and gave 

least variation of all the combinations~ 

Two features of operating technique are the measurement 

of the rainfall and the moisture conditions • Some 

small simulators have had a pan was 

whole of the test area, so that could be measured before 

and after the test run. Tbis obviously not allow for 

checks. 

The 

the run, nor is it desirable to interupt the run for spot 

is one w:lich allows continuous sampling. 

a of one inch 

diameter raingauges over the square they 

were suspended from wires on a frame, so that using two inteI'

sets an almost continuous sampling was possible during 

five or ten minute • also allowed 



Univ
ers

ity
 of

 C
ap

e T
ow

n

checks of over plot. continuous s 

was Type F infiltrometer by narrow trough rain-

of plot on The 

mothod, that different in the centre 

of the plot will not be is overcome in the simulator 

the ly -across the 

appears to be the best solution although a point which to , 
must be to 

of 1 channel 

must allow considerable losses from splashing drops, and a section 

the 

of a 

i.e. 4 inch 

rain gauge seem to be 

sides above a 900 v. 
second point, that is the best initial moisture 

,is not in t on 

show variation between 

materially reduced by some of 

test runs is 

Two common 

are to saturate the soil 24 hours before the test, which 

then takes 

to apply a 

1 inch at 4 

at something like field capacity, or 

at a fixed time before 

per hour, four hours before 

has shown (230) that few soil techniques 

the soils of climates are for t 

of the techni que for 

soils must certainly be established locally. 

e.g. 

) . 
for 

soils, 

I 
i 

of 
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13.1. 

The a for use in 

mentioned earlier, and the design 

of an • It is 

intention that the machine will be in as 

on s es are usually les8 9 and 

the major use will be to d~termine, on as quantitative a as 

the of various 

b) the of 

tillage operations on the erodibility of 

soil 

c) It is that a simulator 

these re 

e the characteristics of 

types, 

, and 

as 

will also at same time provide information on 

of the soils 

1. it been established the erosi vi ty of 

rain is a of 

reproduce as as kinetic energy of 

rain. 

energy should correspond to the of 

3. reI 

has only been 

also 

to 3 

is an int of about 3!1/hour. 

e 

within 

in natural 

as closely as possible. 

requirements of 1, 2 and 3 above 

of 3 

the average 

energy 

size and 

must 

be 

but be as near 



Univ
ers

ity
 of

 C
ap

e T
ow

n

continuous as (It is most probable that drop size 

and velocity of natural rain at 3 inches/hour can only be 

achieved of 

rain should be as uniform as 

. ) 
plot in r~"dJ·l1. to drop size, velocity, kinetic 

and intensity .. 

over 

6. Since for maximum utilisation several instruments will be 

8. 

9. 

10. 

must be in 

the machine will be used inmmote and 

areas, it must be as light as possible, and capable of easy 

erection and assembly. 

Since water may not be available at some~sites, the 

instrument must use small 

it ma;y be in remote areas 

or rs, the must be as simple, 

robust, and :reliable, as possihle. 

For in remote areas it must be with its 

own 

2) 

source of any power 

these 

rain should be uniform, and have the drop size, 

velocity, and kinetic energy, of natural rain at 

3 inches/hour. 

The be small~ , simple, 

robust, reliable, self-sufficient in power. 

design of the instrument involved a great deal of trial 

and error experimentation, and included many trials of methods and ideas 

which were found to be icable or in wi th some of 

the To detail all the cul-ds-sacs 

but later abandoned, would serve little purpose, and instead only the 

positive which led to an adequate design be described. 

13.3.1. 

terminal are 

to achieve 

in the 

droppers are excluded, and some type of pressure spra;y directed 

downwards "till be used. Explorator'J tests showed that irrespective 

of the pressure or type of nozzle, drops of 4 - 5 mm. 

diameter can only be from nozzles orifices 

or , and that such nozzles pass such 

vlater that very of rain are produced. This means that 
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some of 

is confirmed by the work of 

is 

(121). 

This conclusion 

Three methods of achieving 

this are possible; rotar,y movement of nozzle, 

movement of nozzle, and intermittent flow 

nozzle. The method rotar,y movement of 

on and was to be 

of a commercial 

sprayer turned down, so that the spray has a downward initial 

velocity before accelerating and the component 

of velocity a reaction which the nozzle arm round. 

sizes 

nozzle was used instead of the standard form of. one ~t each 

end of arm. 

workers have out tests 

of commercially available nozzles, particularly Blaisdell (238) and 

Meyer (121), but in both cases the drop size distribution of the 

selected nozzle did not follow that of natural as closely as 

, 

the ty lack in the 

range 4.0 - 6.0 mm. diameter. In the 

man;r noz~les gave the same 

nozzle was designed which can be 

tests of 

a 

in 

an;y workshop. 

diameter 

This nozzle is made from a short length of inch 

rod, and some of the main variationR tested are shown 

in Fig. .1. A jet, an axial t inch hole, 

on a flat out in a 

were tested (numbers 1 on 13.1.), and 

was found to give results. 

face beyond the hole (No.3) caused a rough uneven edge on 

fan, a chamfer as in No. 4 had no effect. 

t inch gap (No.5), before the jot 

smoother more 

the rotar,y spray so that of 

The addition of a 

on the flat gave a 

was selected. 

was mounted on arm of 

be 

made. The variable quantities, an;y of which could 

of the rain produced area 

some 

1) pressure, 

a 
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height of fall, 

rain, 

fJ and f . 
A is 

To 

would be 

angle of in the 

of 

so a 

in a progressive s 

runs, of 

a) intensity of rain, 

b) 

c) erosivity, and 

d) 

D-D about the axis A-A. 

variables in a 

range of values was 

of tests. 

, ten minute 

was a 6 ft. square shallow on 

floor, could be centred under rotating 

sprcw, and on which were lines with fixed 

numbered 0 to 7 six inch increments each radius. 13.1.) 

a) 

vvas by reco the volume of 

3 at 

position along the line. The volume in cc. c 

the in per hour. 

When distribution is not uniform average intensity is computed 

by recorded for segment according 

to 

central has 

, a 

average intensity over 

whole area as area of the 6 inch 

0.6% of the whole area, but of t outer annulus radius 

there 3' to 31 9" is of whole, so a 

is much more important. The results show both the actual 

of the average amount 

over progressively areas. 

b) 

technique 

in the calculation of 

pans were radial positions while 

of pressures. The were 

dried and sieved, and mass (volume) water in each of ten 

cal This was plotted 

as a curve, which was read off 

for class intervals 0.25 mm. diameter. This gives a 24 
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PI 0. te 13 .1. 

Pla te 13.2. 

Plate 13.3. 

-234-

Moasuring tho dis tribution of both quantity 

of a rti f ici ctl r ain, and its ero s ivity. 

A tost rig for measuri ng th , eff ect of alternative heights. 

A test rig for trying out o.ltornative nozzles and 

spro.ying hends. 
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on is drawn a smooth curve. 

tribution curves for a given nozzle pressure vary slightly 

The dis

different 

as shown in .3. so to a 

of the overall averages were calculated for each pressure, 

weighted area as in the case of 

in shows at all 

pressures, the drop sizes produced all fall within the range of 

and that all the drop are ud, 

5 p.s .. i ... the drops of 5.4 - 6.0 rom. diameter 

are In the low size the that 

up rom. are not 

as contribute nothing to erosivity, and quaDtities 

(In 

are 

sieve used.) At any of pressures the drop sizes are 

therefore because conform to the of sizes 

occurring in natural rain .. At around 5 p.s.i. the con-

of 1.5 2.5 rom. diameter is than is 

,and 3 p.s 

3 inches/hour rain. In 

os est to that of 

2 p.s.i. range there is an unduly 

, (3.5 - 5.5 rom. 

the general tendency of all artificial rains in 

and low values of 

will 

, but 

trials 

it is 

·If the design s of drop size dis

and are of 

to 

erosivity is over-riding, provided that mnge of sizes agrees 

the range 

c) 

Erosivity was measured using the standard cups 

technique in 11. 

radial positions corresponding to t 

cups were 

used for the 

but on a radius so that there would be no interference. 

allowing areas 

size distribution. 

a ve rage was c 

as in the case 

calculation of the 

at 

various intensities is shown in Table .1. 

13 .3. 

hav0 interacting and sometimes conflicting 

main results of were 

1) pressure was by of 
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University of Cape Town

I 

I 

2 

3 
4 
5 

• 

2 3 4 5 6 7 
in in Corrected Corrected 

mins. (ins.) in 
x mins. . ) jars in 10 

mine. (cc) 

O. 2. .4 11.9 

o. 4. .8 12 .. 6 

0·5 7.12 .4 12.6 

o. 9. .7 12.9 

600 11. .2 .6 

Col. 2 from Col. 6 is • 3 x .4 (vol. in cc of 1 inch in 

Col. 3 is .. 6 Col. 7 is • 5 .. Col. 6) x 100 

Col. 4 is Col. 2 x Col. 3. Col. 8 from 5 
Col. 5 11.2. Col. 9 is (Col. 8 .. Col. 6) x 

in Col. 7 could also be derived from the 

x 10) = K.E. + 

and (ergs x 

which combine to 

( in == -
between values from this and those of 

of the in 8 

11.2. ) 

8.7.) 

7 are to 

8 9 

22 

.2 

11.0 

5 .6 

17.2 

2. ins. dia..) 

8.7. is an 
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a pressure mains measured on a 

gauge mounted immediately above the head. Increase of 

pressure, with 

and 

hence a 

constant, causes a 

, and a 

intensity. The drop size distribution indicate 

that is 0 - 5 pos.i., 2 - 3 p.s.i. as 

values. 

2) 

to be o - 16 feet. Increased height of 

causes a greater impact velocity, 

Since area 

from a , but this effect is sl~ght above 

head 

when 

about 6 as they are 

from 6 

almost • • The probable 

it about t 

speed of revolution for a given water 

of thin 

axis C - C 13.2.). 
was 

was merely a device, and a desired of rotation would be 

on a model by· a value of arm R 

to the necessary In the model, R was 

from 4 - 8 inches fit of two concentric tubes. The 

of is by of 

but net horizontal component is initial the 

the jet minus the velocity of the the rotary 

was of pressure, out 

farther and cover~d a area. However, very low rotary 

gave even a 

small number of bursts of rain. The range for further 

was found to from .M. 

were taken over a area of 7 
diameter, and the measurements relative any smaller area could be 

area rained on 

and the average erosivity, but the critical 

average 

of erosivity per 

the order of 3 - 7 

area is usually 

bends back 

13.2.) so 45 0 would 

area. 

affected. Areas of 

over the small 

, and so thi s area should be a small 

.1; (see Fig. .2.) is , 
of rain is nearly vertical. 

the flat face of t he nozzle (c>( in 

a fan with an outward a 

few u.." •. n-,.., 

4 - 8 inches, the 

nozzle is mounted at a 

:~ , necessary to 

of from 

to the 

radial distance of the test area, is tan where R is 
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(4 - 8 fall. 

Thus 

ranges from values of R H, and ex varies 

from 2
0 

- with variations in pressure. The of 500 

for ~ was found to be 

val ue, vii th no 

ranges, and was as a 

Adjustments to the e were made by 

nozzle about the axis A - A and 

• the 

water fan 

I S reaction, 

and so speed of revolution. Explorator,y showed 

the value of e was not ver,y critical and optimum range 
o was 20 - 40 • 

be overcome by 

precisely. 

• 
of exact 

an 

The of main seq~ence of tests d 

of the 

to the selection of the final 

range of each variable, and 

.2. -

will 

those tests led to been 

included, as no useful purpose would be mass 

of from which were , or 

of variables which were later found to be out of the question. 

positions 0 to 7 of the cans and the jars for 

are of 6 from the of the 

test area. The amount of rain is volume in cc. 

caught test, the aimed for is 

3 or .4 cc. 

The is the weight in grams of oven dr,y sand 

cups in 10 with the 

as developed in Chapter 10 • 10.8. and 

measured (7.1. gm. corrected) 
'by of t inch of rain ( 

;df 3 inches per hour)as computed in 

for would be 7.8 gm. (measured) at 2 inches/hour, and 

8.4 gm. ( 4 for minutes duration. 

erosivity is sand splashed in gms. per 100 cc. of rain 

the is 20 gm. is only slightly 

influenced by intensity as shown in 13.1. The 
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".-.. 

• 
-.-1 
• 

-:;:;' fIl 

Ii) 
Ii) 1'-" 
~ ~ 
+" ~ .I:V::l.L T"l U.N (X 6 HIl;.I:i~::l) tb fIl 

~ fIl 
0 -..-I ~ 0 1 2 3 4 5 6 7 Ii) • 

l:I:1 p... p::; 

5 6 2 24 30 

~l 
10 210 170 240 100 50 30 20 

13.2 .0 .8 .8 5.4 
6.3 7.2 9.9 10.8 

~~ 10 180 . 180 120 .~ 98 80 
6.3 6.9 8.4 10.1 10.8 

6 6 5 41 30 .~~ 675 340 190 170 120 60 50 40 
.1 5.1 2.7 2.1 

~~ 3.6 3.0 2.2 3.5 
675 400 198 165 :1 

7 6 8 50 30 

~l 
650 405 70 50 40 

8.1 4.3 2.0 
2.1 2.3 2·9 

4) 650 450 320 200 104 

8 8 2 24 30 1 50 190 110 145 120 6J 40 20 
2 2.8 11.8 20.0 6.2 
3 1.5 8.1 16.6 15.5 
4 50 145 145 no 80 
5 1.5 6.4 n.5 .2 

IO 8 3 31 30 1 155 115 120 no 60 40 30 
2 .8 8.4 8.4 4.9 
3 10.2 5 7.6 8.2 
4 140 122 83 70 
5 10.2 1.5 7.5 7.8 

11 8 3 20 ~~ 100 260 175 80 50 40 30 
.5 10.8 1.3 4.1 

~l 
6.8 7.0 9.1 8.2 

198 138 . 88 74 
6.8 7.0 8.0 .1 

12 8 2 19 20 1 10 160 180 90 50 30 10 
2( 2.1 19 0 0 19.1 8.8 
3( 0.9 .5 .1 .6 
4( 10 202 175 112 88 69 
5 0.9 .1 .6 15.8 

rows: 

1) Amount of rain (cc) 55.4 
2) (gm) 11.0 

3) Measured (gm/100 co.) 

4) Weighted average amount of rain over whole 
area up to eaoh radial position .4 

5) Similar average 11.0 
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are c 

individual 

6 inch 

mean radius, the 

for central circle 

the 

over progressively areas when 

the areas of 

each band is a function 

numbers, 

ch has a 

of tests 5 - 8 ~2.) it 

of 

tha 

1) is a marked dec rease in increases. 

2) 

1) 

is to be in view sizes at 

pressures, as establi drop size 

Even the lowest pressure (2 p.s.i.) the is too low 

5), but as it is the 

even more is indicated. 

is too much concentration of with 

intensi ties too at the centre, too low the • 
by height ( tests 5 8) This 

and lower rotation 6 and 7). 
The next group of tests 8 - 12 used low pressures 

8 ft. values of Q were 

Q have on erosivity, 

If this continues 350 or would be 

2) reduces 

still. 

the 

12 

both should go The 

is increased, for the time to values above the 

but due to 

low speed of revolution (Test 12). 

led to 13 -
pressures of and p.s.i. 

and p.s .. i. ( ) 

requi .. 

s 

of 10 and 12 feet, 

13.3.) show 

a result very close t a the 

were then made to see whether 

8) , 

the same could be achieved 

at lower rotation 

2 p.s.i. 

and to test-the 

of 1.5 p.s.i. 

between 

45 R.P .. M .. raises the 

low. 

rement is 

runs agree 

too much 

7), and so 

the 

of 

is1Do 

erosivity is on the low side. 

more pressures 

of the 

Obviously the 

below 2 p.s 

with heights 12 feet will obviously be considerable, 

so tests were 

design was accepted as the 

the r ofihe 

1.5 p.s.i. 25). This 

combination of 

runs are shown in Table 13.4. 
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~~l Amount of rain «(~) 
(gm/lOOcc) 

Weighted average amount rain over 
up to eaoh radial position 

e 

(x 6 INCHES) 

4 5 6 

.0 
area 

55 
11.0 

7 

40 

45 

50 
62 
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• 

s:l .,.., 
cO 

r.t: 
Cj..j 
0 

~ 
.~ 
.,.., 
ro 

~ 

Height 12 

1. Amount of rain 
(ce in 10 mins) 

2. Mean intensity 
(ins/hr) 

of intensi-

areas 

7. of 

8. 

(gm. in 
10 mins) 

ce) 

erosi-

areas 
cc) 

design 

1) Amount 

2) 

15 
24 

7) Amount of 

8) 

-244-

.M. 

POSITION 

6 7 

40 50 

55.4 ce. 

(moasured) 11.0 gm. 
per ce.) 20 gmt 
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be 

area will 

this best area have the 

specifications been adequately met?!! best area m~ be determined 

.5. which the of lines 4 from 

of 13.4. 5.5. feet to 7.5 feet diameter is 

the optimum, and has average and average erosivity of the 

order of 97 - 99% - 90% of the 

4.5 - 5.5 diameter the values are 91% and 83%, and the 

conclusion is that 6 or 7 feet diameter test areas be best, 

but could be to 4 , if convenienco 

9 

the slight reduction in efficiency. 

establish within this 

tests will be required to 

, and also whether circular 

or square plots are most 

Considering whether the design specifications have been 

met, 

The a very 

duct ion of kinetic energy of 3 inch/hour rain, 

over 

of distribution will be considered later. 

repro

of 

of 

2. distribution of drop sizes not exactly follow 

that of 3 in that a 

is produced, but this is inevitable the primary requirement 

of kinetic 

of .. in 

that it includes all, and only, the size range of Il2tural rain. 

various sizes 

could be 

but approximate values m~ be calculated. At 1.5 - 2 p.s 

the drops leave nozzle with 

upwards. 

an 

2.75 feet 

Neglecting the effect 

of 

some are 

to rise 

spray is di ve 

air resistance, this means 

per In the 

the i nai de the some in the middle of the fan 

the , on the outer at 700 from 

vertical. The vertical of will 

the inside per second 

at the centre cos 350 or .7 
at the outer cas 700 or 4.5 feet per 

on 

( 8 ) 

the 

be 

To this is the velocity due to during 

the fall of 12 may be read off data curves 

of Laws ( ) for drops of various sizes and the results are shown in 
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DESIGN mt:IlIDlf 

I 

I 

~ 

• 

• • 
2 4 , 8 

TEST AREA DIAMETER w FEET 

1fM:!1II:IIf 

, 

I 

I 

• • • 
24' 8 

TEST AREA DIAMETER - FEET. 

FIG.l3. S.IEFFECT OF SIZE OF TEST AREA. 
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.5. is a small of at the 

of impact so actual velocity, quite , is only 

velocity. This is 

excess of 4 - 5.mm. drops 13.4.), so that the 

kinetic energy is ver,y close to of rain. 

It has been necessar,y to invoke 

3 inches/hour may be achieved 

of time 

rain is as the 

or 25 
the rate of one per 2.4 3 seconds. 

of rain are 

Changes in the soil 

relations at surface are to occur in time, i.e. soil 

to 

to have an 

5. 
for 

clear 

The 

to of 

, so this method of application may' be 

be 

the mechanical 

head consists of 

and 

but it is alrea~ 

have been ve:"!Y 

standard 

met. 

and a 

nozzle which can be made 

of many instruments can be easily 

light and robust, and the only 

The apparatus 

to wear are 

extremely 

inter-

The apparatus is and erected. It 

uses small of and the is to provide 

a 15 foot of water. 

6. only re 

test area. Both the 

met 

of 

rain and the 

siderably over the 

power per unit of rain var,y con-

Tho extI~mely low on 

area of 1 

a 

and e 

may be as this con-

portion of total area, but 

up to 6" diameter are too 

this 

the outer 

up to G'6" diameter has values , and the 

extreme (Position 7 or up to 7 feet is slightly 

below average. It is to on this di ribution 

as in any of the variable adjustments introduce more 

undesirable It is the.t in this 

is not 3.11 

will not of a measure of erosion under uniform a 

measure of erosion under sl 

As there is to be an interaction between the 

soil characteristics and 

range by the simulator, which is still relatively 

the 

), 
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DROP VELOCITIES IN RAIN SIMULATOR. 

IMP ACT VELOCITY AFTER • FALL (FT/SEC) 
FOR DROP LAWS 39) 

Initial Vertical 1.0 mm 2.0 mm 3.0 mm 4JO mm 5.0 nun (ft/soc) 

4.5 .0 22.0 24.2 .0 

10.7 14.2 19.5 .5 26.5 
~l 27.8 
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measurements should be e valid. of 

soil m~ of course occur on test plots, but 

the chance of such 

In order to 

area which are ected to 

a 

fol 

res1..'U ts will 

cture of 

int 

areas covered . 

in • 6. 

class groups of intensity wore cal 

An intensity distribution curve 

drawn from the (line 2 in e 

nay be 

be prejudiced. 

of the test 

a radius was 

) the 

radial limits of intonsi~ groups are carried to cumulative age 

of area curves dr::'cwn on the same base line 

5, 6 and 7 A similar exeroise was 

and the results arc in Table .6. 
quantitative measure of the lack of 

information on the test area. 

test areas of 

out for e 

From these ts a 

emerges, and further 

distribution 

of , between 2.5 and 3.5 inches per hour is received 

48% of a 7 foot test are"" and diameter. 

the n8xt class groups of on are more 

at 7 feet ( and 28%) than at 5 feet ( and 5%), which 

reduced the that a 5 foot area is better. 

Consi distribution of a 

proportion of fue area is inol uded 7 foot diameter than at 5 
in both the case of the range 20 + 2 and 20 ± 4. 
is more than 

Since erosivi'iy 

is that a 

7 foot test arE>2 is unless, as mentioned 

from field 

practical 

otherwise. 

the 7 foot diameter receivo the intensi + 

+ 1.0 inches 

±. 10% and 

inches/hour 95% will receive the design 

per hour. Also 24% receive the e 

64% recei ve t he orosi vi ty 

conclusions are 1) that lack of uniformity 

the known weaknoss in this 

will introduce 

from the and 3) 

of will not mar 

field 

6. 

because the nozzle 

nozzles in 

in the is not 

r, 2) that measures to 

the hypothesis that the lack 

of the device should be 

is 

lawn 

of the 

the water 

and after extended use, wear 

5 
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10 

~----~----~----~----~------~----~----~70 o 2 3 4 6 
RADIAL POSITION - UNITS 6 INCHES. 

FIG.13.4CONSTRUCTION FOR TESTING UNIFORMITY: 
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% OF SUBJECT TO EACH v.I.J.tI.,JU Group OF 

OR .u~'V'''U .. 

IS 

5 6 feet 7 feet 

~ 

0-1 2 2 1 

1 - 2 9 7 4 

2.0 - 2.5 23 16 

5 - 3.0 
9 ~61 3g ~44 j48 3.0 - 3.5 

3.5 - 4.0 5 

100 100 100 

EROSIVITY GROUP 
(GMS/IOO CC) 

10 - 14 49 34 

- 16 

- 18 2 ) 1 ) 10 ) 

- 20 3 )10)32 2 )11 )51 11 )24) 
20 - 22 7 ) ) 9 ) ) ) ) 

22 - 20 ) ) ) 

100 100 100 
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might the friction and so alter the spe of rotation. 

To avoid on shown in .1. uses the 

irrigation where the seal and 

are p c "neoprene" washers, in bulk 

and in a matter seconds. The adjustable plate to 

control air resistance and speed is no IB 

aced a The nozzle soldered 

onto other a,rm, an assembly to ensure setting 

rol of pressure at the low ope pressure 

p.s.i. is by a constant head tank: which eliminates 

need for pressure gauges. A filter 

this 80 that water of poor quality ma;y be used in the 

but the 

very 

supply 

The 

sketched in 

of interference 

and 

and nozzle is 

gri tis remote as the b 

minimum internal diameter 

design for the whole field 

13.8. central 

in 

is 

or- in jointed 

both the constant head water 

for ease t carries 

and the arm the 

arm may be in a horizontal so 

several may be made in a circular each 

thus reducing movement and 

of water d for a area of 1 

only about I gallon/minute for ten minutes, so only a 

small constant tank: is requi and may be s from a 

mains 

1) 

2) 

where available, or if not 

dri ven pump. 

a hand pump or small 

The 

and colle 

Method of 

detai 

device. 

and 

run-off and soil loss. 

ques for 

Standard deviation in 

hence the of 

be determined field t 

of the plot boundaries 

the quantity of surface 

of during 

test area. 

of run-off and 

needed. 

and 
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BARREL OF 
IRRIGATION 

/~ 
IRAINBIRD' 

SPRAY. 

BRASS COUNTER'IIEIGHT BRAZED 
• ONTO ELBOW. 

II 
BRASS ELSON 

...... RUBBER WASHER 

-- SPRING WASHER 

WASHERS 

4IIIi- PIPE THREAD 

SCREWS INTO J.i DE.LIVERY PIPE. 

WASHER 
If 

% PIPE THREAD 
II .!:i 1.0. COPPER PIPE 

ELBOW, PIPE, AND NOZZLE, BRAlED UP 

AT CORRECT SETTING ANGLES IN 
PURPOSE MADE JIG. 

' .. -1 

FIG. I SKETCH OF PRODUCTION MODEL RAIN APPLICATOR. 

PURPOSE MADE 

BRASS 

N 
Ul 
cat 
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1. 

• In 1 the historical of field research 

how the first stations of the 

United 

to the 

Department of Agriculture established in 1930's led 

network of in America, and to similar field 

in other countries. be achieved by 

a and description of the number of stations now 

operating 9 but rather the used will be s-

cussed before the field now 

An important feature, common to all 

erosion expe is the difficulty 

field 

enough plots. In 

it is to use 

for accurate and statistical 

the rasul ta, and experiments with dozens or even 

are common. In this 

, in addition to of 

of 

of plots 

as in the agronomic experiments, there is also the large 

cost of the the labour requirement of 

erosion is that most are 

limited to 10 or 20 plots, only a handful of 

world have 50 or more plots. In most cases then, even the 

est formal as factorials or Latin squares are 

, and replication is usually either omitted 

or inadequate. 

excused 

show the 

is of no 

This lack of precision in 

that it needs 

between two 

impo rtance" - a 

is frequently 

to 

, then the difference 

argument which has led 

of 

e 
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(a) Small , usually of 1/200 to 1/50 acre, where 

(0) 

t (e.g. are not 

all the run-off and soil may be collected in 

or pits. 

sized , usual 1/20 to acre, where 

t 

run-off 

are applied as far as possible, and the 

soil loss are with 

a constant 

scale 

in tho 

stored. 

t to 4 acres, which are 

is recorded but 

108S is either not or limited to hoc 

All are used in the research programme now 
of 

used for small flows of 

are not s for use in erosion experiments. Any 

of notch which a and low velocity 

is to be silted up of the silt load. 

cal velocity flumes? such as the 

but are not ver,y sensitive at low flows. 

!lH" 

back on 

for erosion 

of the United 

all field 

and consist of 

so as to 

14.1. and 14.3.). 

~ avoid this problem 

A flume was refore 

Conservation 

, a.nd has been 

are known as 

cut 

action of t he outlet 

are t ha tit may be 

in sizes to measure flows from a trickle up to 100 cusecs, 

and if constructed to it not 

:rating, as tables have been from 

tests. flow the base of the flume 

deposition of silt or the t bed-load. 

s 

of the more frequent low 

to pass the 

A continuous 

fitt a 

low allows 

flows ~ while there is sufficient c 

flows. 

may be obtained from H flumes 

depth-of-flow recorder at a float~ 

well on one side of the flume. The curves allow for the 

draw·doVlll between and the In 

were so 

of flow was recorded as rate of flow in cusecs. 

3.2. 
When plot sizes r than 1/100 acre are 
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size of to catch the whole of the 

run-off becomes 

are 

ally when tropical storms 

and some method of sampling is required. 

1 have designed a suitable 

instrument called (Plate 14.1.). This 

of' a the run-off passes, and with 

a series of rectangular slots at the 

soil and \'i'ater through one slot is 

accurate constant fraction of thr. total. 

from 2 the total depending on 

end. 

s ampl e may be 

of slots, 

and two or more divisors may be used in ffiries for smaller 

d has been ve~ vddely used~ but in some 

difficulty was experienced in having the flumes madeWLth 

and alternative methods were used. One 

series of ten 0 90 V notchos which were bolted up machined to 

ensure uniformity, and then fixed to a flat pl8.te ( .2. ). 

A consistc:d of horizontal vertical rows of t inch 

holes drilled in a stainless steel plate from a master 

3.). 
In experiments using fiold , whGre th~ 

an 

are too to pass through Geib divisors, rs have 

drawn off a small at 

"Indiana" sampler hEs a vc 

side of an H flume, 

to 

circular drilled in 

larger 

a 

towards the 

stages. The 

to 

side of a rectangular flu.lle. 

constant flow at all 

notch in the 

in Rhodesia 

used a small notch to take a 

pond bohind the large notch. 

bed load and and in the 

across the flume or 

subject to crable error in __ ... ~ ___ ~ 

talCG a constant 

the 

With varidions in 

of these loads 

-"J~----~ methods are 
soil loss, even if they 

use has boen made of mechanical sampling 

devices which use the watGr to a tilting-bucket 

sampler~ or 

favour bocause of 

range of flows, and 

to all 

r. Such devices have found 

for a wide 

in a machine exposed 

is only to measure annual 

and soil loss, the emptying of the t~nks may be done on 

an ad hoc basis as when If individual for 
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each storm are the Ut'L~LU must allow for and 

emptying of all tanks. For annual recording the usual 

technique is to allow the soil to to pump out or drain 

out the and remove the soil to a common container for 

subsequent ;iihen a 

it is 

number of plots are 

to cable to s 

whole of the eroded soil, and some fcrm of 

technique developed for the 

is re red. 

was based 

on use of a flocculation 

which is added to each 

This is a 

tank 

after rain. suspendod soil , and wi thin 

an The is measured and 

and th.: s into metal drums, 

for the next storm. The 

taken for determination of 

accounts of 

, and of crop 

solids. 

and 

h20vc been 

writer as described on page XII. Tho present description is 

limited to which are reI evant to the 

discussions of 

off, 

of the 

Two sizes of are used, - small plots 

of 1/100 acre, known as the minor experiments, and 1/20 acro plots 

for the of are 

on each of four soil cle~, poorly drained 

shallow well sand. The of each site 

is shown in 14.1. 
For the major removable plot boundaries are 

used so 

run-off is in brick-lined 

tho s tanks • 

are used with Geib 

On th0 clay loam soil 

taking 1/7 s 

soil 

brick tanks and a ten divisor (Plate 

led to the used on the sand soils ( III 

and where the run-off is 

the tanks. 

with a 

of 

divisor ( 

which is to store an 

water from each plot. 

case two 

, and do not affect 

and known 

which houses all 

tc:nks are used 

variations are 

common 

of the soil and 
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Plato 

n a to 14, s. 

Pl a te 14.3. 

- 260-

The collecting t anks 
Gei b divisor. 

The collecting t anks of Series II un<icr cons truction. 

The ir:1provod t cmks n.nd eli visor use d on Se ries III and IV. 
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Pla te 14.5. 

-261-

The plot boundaries, of ~sbGstos cement pI nks, a re 

r cmov",blcfor tr:lctor c:ultive tion . 

-- --- --~ 

In thE l a,s t experiments to bo instc 11 · d 9 the run-off 

from all t he plots i s piped to 2- centrel building1 

housiug all the coll ecting t eru{s . 
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I. DEMONSTRATION PLOTS. 
2. 8 COURSE ROTATION. 
3. OffiCE AND 
..... STORES AND WORKSHOPS. 
S. EXPERIMENT I ON 6~ Ofo SLOPE. 
6, II 3 
7. " 2. 
8, I. ,. 41" 
9. I. 3 P 

10. 4. 

~~~____ __::I 

o so ,-
SCRL~ - FEET 

- --

" ® 

FIG. 14.1. PLAN SERIES 

- ---

/I m 

------..J 

(i) 
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...., 
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FIG. PLAN SERIES m 
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I. EX PT. 10 ON 5; Ofo SLOPE~ 
2. • GRADED ROW PLOTS. 

3. - ANGLED ROW PlO'F5. 
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and 

been made 

For the 

losses were 

three years, - 1956, 

1956 

each storm which causes run-off. 

results vall be confined to or experiments, 

the annual soil 

measurements have 

The analysis of 

case 

of bare soil where is taken from the mosquito gauze 

described 
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CHAPTER 15. 

A amount of been recorded from the 

in the nine years of their operation. Much of this 

has been in the form for its 

in land use planning, and a detailed examination 

is outside s cope of t his thesis. 

by a few chosen 

the mechanics of erosion developed in III may be used 

as a 

storm may be from the 

t a extract from 

at various 

Any 

tests are not 

power of a 

When it is 

records the amounts of rain 

energy may be 

multiplying these amounts by the values of enorel 

per unit 

was 

of rain 

records of the years 

for each storm, 

at all intensities, but s 

result is 

is applied 

1 - 2 inches per 

calculations this are sho\vn in Table 

of t method 

from records, because much 

the 

2 inches per 

.1. greatly 

calcul 

is available in 

this 

Departments. 

the rain gauges of 

1.1. 

for storms 
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as by (K.E.> 1) was to soil 

loss from bare soil. the annual 

total annual soil loss an equally relationship holds (Fig. 15.1.). 

is of the 

energy of short duration 

becomes erosive but there is 

s 

no erosion 

when the 

effect was evaluated in 

due the 

momentarily 

to carr;'{ 

1:1, away the soil. 

compensation for 

known, but the 

can be made if volU1l1e or of :run-off is 

object is to see whether annual soil could be 

of di from rainfall records. 

Fig. 15.1. shows that for soil such WOUld be 

relation tot al annual of 

rainfall (fig. 15.2.) shows considerable variation in can 

occur for a annual rainfall, and tnat; e could not be pre-

dieted from the amount of annual 

of -the rain to cause 

occur from the 

a crop. ThiS is 

from a maize crop 

there are apparent 

or the 

loss does 

land carries 

the annual 

of seasonal 

in the season of .J..7J'+/.J H 

is not experimental error is shown that low soil 

loss was recorded from the crops •. 

is that the 1954/55 season had a erosivity, it was 

in occurred in the season. 

this tirle the maize crop wci.s well grown gave good protection to 

soil, hence a low soil loss, although the bare soil continued to erode. 

in a 

of the season Gi;i-VG a reI 

of interactions of rain, 

15.1.2. 

rologica1 stations in 

and 

firm conclusions, but the 

which may be 

from 

of e rosi ve m.in in 

soil loss. 

crop, will be 

years 

obtained from the 

at five 

nature 

later. 

Rhodesia and used compute monthly 

of yaars is too short to 

are us ed t as how the 

is available 

network of r,tin gauges. 
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Que Que Grand Reef Fort Bulawayo (UmtaU ) 

Annual 
( • 

a) 24 - - 32 - 24 
b) of 5 years .7 .9 31 .. 6 30 .. 75 

Total 

- 1956 
"950 49, 37,015 36 ,445 ergs x 

100 .8 ·9 74.7 63.6 

Erosi ve rain 51-56 (inches) 72.7 54.8 53.7 .2 

% rain 4 31.6 31.7 9 2 
erosivi ty 

( x ) 268 234 204 

March 

Salisbury 4,840 770 1 370 9, 6, 
Que 3, ,180 6,630 13, 2,440 

Reef 6, 11,140 10, 4,770 3,480 
5,550 10, 8,980 8,880 3, 
5,990 10,140 7,500 2, 
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The results are tabulated in .2. there is a ral 

association of e with , but of 

similar average rainfall amount can have considerable difference in 

seasonal of Erosivi ty. Comparing Salisbury 

that in this five year not 

rain is to be from 

but of erosive rain. This 

severe storms are 

and Bulawayo it is 

more 

tem averages) 

the 

rna re fre quent 

in 

misconception 

of lower , and in the months of 10Vler rainfall 

of the season. 

few heavy storms are more 

reason for this mista.ke is a 

, when are isol than a 

amount of nwnber of similar storms included in a tot 

rain. In gene of intensities increases as 

average annual increases, so the average 

to be higher in rainfall arean. There· 

may be 

probably be 

the mountainous in certain areas of a. For 

border has a very rainfall, but since much of this is 

either monsoon or the average e rosi vi ty may 

well be low-lying of 

low average rainfall, but rain does occur is 

associated wi tIl disturbances off the 

average may be unusually 

south-east have very 

isolated storms 

coast, and the 

The variations in seasonal distribution of erosivity 

shovm in .4. may also be 

appears to have 

if confirmed further 

data. low in 

the beginning of the season (Novembe~ and December). On 

at Grand (Umtali) is in 

but low 

such as 

and could be 

time to carry out those 

control~ which may be done either 

months 

works, 

the or 

the end of the season. conditions are enough rain 

to assist in 

rain and run-off. 

without excessive 

seasonal 

of the season would be better in Bulawayo, but 

seaSon in and Umtali. 

of land-use 

to its 

th2-t the 

end of the 

upon the 

to 

The modern 

classification of land 

This would be much more if allowance could also be made for 

the in climatic 

when sufficient information is 

to 

c;",; .... v • ...." and 

to map 

can now be done 

in addition 
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15.2. 

It has been shown (Hudson, 34) that small 

differences in the 

cause large 

of the cover of a 

in the amount of soil 

crop can 

com

average soil parisons of average and above average maize crops, 

loss was reduced the dense crop to a 

from the average crop. 

from bare s oil is of 

is the main cause of 

In mas gauze 

of 100 times that from soil with 

reason is that 

th€ extent to which the 

erosive power is allowed to its energy on the soil 

entirely dependent on extent to which the soil is covered. 

Although for convenience in the prevention of 

stress is put on the amount of erosion in 

fact depends not on the amount of soil covered, but amount 

of soil exposed to the s most 

crops the small 

covered soil. 

soil is less 

Vertical 

vdth 10,000 plants per acre 

maize showed 

60% of the ground is 

and 
.....o-~-'--_ 

With 1 000 plants per 

is and 10% soil loss is in the ratio of 

the soil i.e. 4 to 1 not soil, 1 to 

why lE:.rge 

relatively slight crop 

in erosion are caused by 

lfhe effect of 

the maize crop matures is 

storms from ihe 

against the energy 

years the storms have been 

or storms of the season, 

and "late" in 

appear. In the 

soil is dr-.t and 

during the Beason as 

The soil losses in 

maize 

1). 

are 

In each of six 

one 

to mid

Three different 

s loss is low 

giving low run-off. 

is a condi tion year to year, so there 

is no In December/Januar.y losses are much higher from 

storms of similar erosivity because the crop is only part grown, 

but initial conditions no • There is the 

in this group because the crop 

from year to year. Finally the end of 

lower soil loss because the crop is 

is reduced because there is less 

of the crop. 

in mid-season varies 

season storms give 

cover. The 

in the density 



Univ
ers

ity
 of

 C
ap

e T
ow

n
..J :; 
0 
~ 
0 
~ 

z -
UJ 
N 

j I 

~ 
OS 

en 
B 
..J 

..J 

~ 

277 

MID-SEASON 
STORMS • 

.. 

.. 

" 

01~------------8-------~------~----~-SO 100 SOO 1000 2000 
EROSIVITY OF INDIVIDUAL STORMS - X .03PER CM¥ 

FIG. 15.5. THE CHANGING EFFECT OF CROP 

COVER DURING THE SEASON. 
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15.3. 
on loam soil (Se I), 

crop treatments are to whose are 

4~5% 3%. as continuous 

maize at average the three 

maJr compared. Fig. .6. shows the losses from the two flatter 

plotted that from all 

in the last of season. Although there 

is considerable scatter, the general relation is clear. 

It is assumed (177) the may be 

assessed 

The 

for 

an 

Soil loss a :x: 
fom 

(% Slope)b 

a on crop treatment, and has the same value 

case. '. 
eQ.uation (1) and from Fig. .6. 

loss (4t% = O.:x: loss 
b 

= O. or b = 1. 

from (3%) c 0 :x: (Soil loss ~) 

b = 1. 

(2) and (3) 

Soil Loss (4*%) = loss 3%) 

Hence b I; 1. 

values of b, The close 

this is a evaluation for the of slope under these 

conditions. in mind the st of 

interactions between the , it is both 

the a and b constants would var,y for oth6r crops, or other soils. 

is one of the many cases, may be 

established from the field plots, but the rainfall simulator is 

to the answer which covers all variations. 

low value of b, (or I 

differeID es in soil loss over ~""'"'6'" ), is 

that in the plot design some allowance is 

made for t of different of s on 

each is the distance between conventional contour ridges, 

the formula 

between contours ::: __ ......... :::--"'-....."""""" (feet) 

a closer spacing and a s length of plot 

on , and less erosion per unit area 

as there is a shorter distance over which 

velocity. A precise evaluation of of of 

(1) , 

) 
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is not red as the use the contour formula is 

on all arable in Rhodesia. An was 

down to test the of and showed that 

it does in fact give good :results (Hudson, 

which occur. same crop t 

mo..""",,,,,, was grown on on the three 

soils of elaY loam~ poorly drained ow 

slope differed 

sites so the soil loss were all 

the relation of 

, average 

with 

and well 

on the 

a conunon 

i.e. erosion 'x 

annual soil annual 

15.7. and appears to indicate there is no 

the 

when the same is carried out 

soil loss from the plots carr,ying a ver~ poor maize 

appears be a considerable difference between 

.8.). there an inte 

two sand soils 

the variables; 

the diffe renee the two soil 

a bad maize crop but not for a 

is not the same for these two crops. 

the field plots or both, are 

On the evidence 

and 

and indications under conditions 

the r simulato r. 

it is a 

amount of 

subsoil 

top soil has been lost by the exposed 

be less erosion will 

in other soil conditions the lower soil 

harder and more Previously it was not 

these alternatives on 

storms and seasons can be assessed 

may be 

to 

now that 

for 

from 

per unit may be made. data from the bare clay loam 

soil because it showed 

and during inches of have been 

In and erosion are compared over eight 

years, and is no 

However there are for that a 
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Seasonal Seasonal 
ErosiVi7c 2 Soil 

ergs x 103 em tons/acre ) erosivity 

1953/54 10,500 65 10.0 

1954/55 13,500 91 .. 2 9.6 

1955/56 10,100 60.5 6, 9.9 
1956/51 10,100 59·1 6,100 9.1 

6,000 .1 2 11.1 

12,500 90.1 8,500 16.5 
4,200 3.3 16.5 

1960/61 9,400 54.2 5, 10.0 
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result occur on the lighter sand soils. soils have 

a very low tbe silt and clay and 

it has been for some time is 

removed by erosion, leaving a soil which becomes 

poorer in these constituents. 

are 

their 

in together s oil into or crumbs, 

could to to 

Under crops it is not easy to test this because crop 

varies from year to but crops appear to be 

the cover is less 

soil loss from ~/O successive 

are mown in Fig. 15. 
of different seasons. 

in erodibility, as 

Com

crops on 

re is 

three times that 

comparison may be made of the losses 

second year tobacco is 

year tobacco. A 

from the s arne when tobacco was grown again 

years of g rase. losses in individual stonns from 

second and t 

degradation 

crops are shown in Fig. 15. 
the first c is marked, but less so 

when the crop was 

as the object of 

to erosion by 

slight increase in 

when tobacco is 

on land. This is 

under grass is to build up 

... "",.0-'.'",,,, the bulk organic matter. A 

appears to occur in the third season 

further 

15.6. CONCLUSIONS. 

In this 

quantitative measure of e 

from results of 

weaknesses of 

acting 

necessity of including so 

of the field 

field probloms, but by 

are trends 1'0 

are given of how a 

useful information to be 

plot experiments. The inhe 

are shown; there are too many 

abIes. 

which arises from 

The primary purpose 

practical answers to practical 

of the mechanics 

erosion, additional nnation may be which was previously 

conce&led among the mass of 

erosivi ty allows the design of a 

indications which emerge from the 

to detailed examination, in controlled expeLi.mOa 

maJr be subjected to proper 

of 

the trends and 

m~ be subjected 

resul ts 

• 
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2. 

5. 

6. 

Sill-iMARY OF THE.: NEW CONTRIBUTIONS TO THE KNOWLEDGE OF 

Chapter 5. 

Chapter 6. 

associated 

Chapter 8. 

of 

This 

between 

hour 

A study of the control conditions required for 

of the method to a new 

New data is presented to show the effects of wind 

In 
, 

are associated with more ve 
'. ' New data. is on size and distxibution 

rain at intensities not 

is used to sh new 

and kinotic energy. Above 3 or 4 inches per 

in drop size not 

the 

are in the 

of splash cups to measure erosive power rain. 

power. 

ll. 

-of 

erosion and 

A sequence of erosion 

particular case to the 

of simultaneous studies of rain-

are 

or indices of erosive 

progresses from the 

of variables. 

sequence it is found that erosion may be 

, 

from the parameter (K. E. > 1), or the 

of the rain 
energy of 

than one 

effect of run-off is also 
and an 

from 

but sa tisvacto:ry method for 

recorda is 

new knowledge of 

of erosion is used to design a 

for field use in 

stage of a 'VIC 

and 

repro ducing erosion effects of natural 

demonstra te the value of the 

arosi ve TV'\'w"' .... from 
to 

run-off 

and 

to 

the required 

accurately 
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a) indications of annual and variations in 

erosivity are 

b) from the of field erosion a first assess-

ment is made of the eff of some so il and crop 

The prototype rainfall s:imuJ.ator requires as a field 

instrument and The 

are a for ...... V.L ... A1U tho 

test plot, and for collecting the run-off from the test plot .. 

The are 

1) The the aroula ted 

rain, t:he run-off, and the soil 
4 

The best for a standard condition 

of soil 

stical tests of the reproaucibility 

of the 

a rui table, in all 

The "... ....... ,.,..." 

accuracy 

for field 

first 

the 

will be its results those of the 

by actua.lly using it on the field plots .. 

The indications SboVID of the effects of and 

and then in of 

which ~ll cover practical of each 

variable and s:> allow the assessment of all the interactionS:. 

be done on each of the s 

in and then vLN.v ...... to the other 

soils of Some care will be in 

the rainfall to other climatic regions .. 

The reported rainfall studies are relevant to central water-

shed of -which has a rainfall 

but before 

the erosive of rain in 

fall characteristics will be 

rainfall simulator ......... ,.., ... J" ..... "" 

SJme study of rain-

The lengthy sampling of 

size distribution may be avoided by ~.J""'l". the acoustic 

to test the 

from established 

detailed IS tudies be required.... 

Research using the simulator is a 1m required in other 

Measurements of rates are 

in 

management research, a nd the s tud;y of 
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M := a. 
p 

ratio 

IlfD!I!IX 3 .. 

d. ::: 

4.M := tilAd. + -l! Ap 
~d - )p 

~ .. d. + tl!.p 
~d. ~p 

(~)2 var.(d.) _ + 

~ :: ; 

2 
Puts = ~ 

or J( +..L (v. ~ !a\ - 'j:p2S2 -. ~Vd. - V
Vdp

2
) 

i-a; \. v ,"" -,(i-g) p p 

_~"",I. 18 -ecp.atian. 

"'. " '~r 

'. ,~<' 
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2 
g :II t Vp , where g 

p2 
ecpa:tica DIllY be simplified to 

K ~ tfi 
=~ fd + Op - 2WdpJ 

p 

In the present .calibration g decreases from 2 .. 5 :It 10-3 

for tha to 4..03 :It 10-5 the largest drop and 

. simplified equatim bas 'tieen used throughout .. 

. ' . 

. \ 

,;': 
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2) 

( 8) 

I X 

Average Intensity ( 10.I) Momentum ( 

( ) 

0.13 o. 
0.81 0.9395 
0.82 ~ 0.9138 
1 1.0601 t/ 

1 .. 20 1.0192 
1.30 1. 
1.43 1. 

1. 
1. 

1. 1.2095 
1 1.2612 
2 .. 13 1.3284 1194 

22 1. 1166 
2.19 1. 1385 

1 1 
3. 1.4997 
2 1.4249 
3.31 1. , 

.L 

2.17 1. 1485 
3·44 1. 1643 
3.11 1.5011 1501 
3.80 1.5198 

regression 
2 1.001463 o. x "" r 

LY 2 1. b 1. :::: 

'i '" 1. a ::: ·1.484845 
y 1. X + 1.484845 

MVA .538 IA1.15835 (IA 10 I 

.2 
J. 

~ 5,903,OQ4 
E mv.i:::: 10, .52 

of 

s.s. from eqn. 
S .S. from eqn. 

x 

r 

b = 541.04 
a .91 

Y 

MVA) 

2. 
2. 
2·5391 
2.1143 

2. 
2 
2.9020 
2.9165 
2.9365 
3 
3. 
3. 
3.2122 
3.2201 
3.1161 
3.2106 

logs 
) 

( ) 

) 
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(Chapter 8) 

<;' 
"-

::::: 4,024 r == 989 
2 ,942 b .882 'i.y '" 

z:x::f ::: 200,732 a 145 

y 49.882 X + (X 10 
MV

A 498.82 I + -2/ x 10 em 2 (8-3) 
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APPENDIX 4. 

(Chapter 8) 

1) Low (0 - 4 ins./hr.) 

2) 

at 

5, 
541.04 I -

004 

.97 
2.. mi 

M => 

High range int 
~ .2 40 
L. 1 == • 

M 

Pooled data, whole 
'c .• 2 _ 202 

4_ 1 - • 

(3 - 9 ins ./hr. ) 
"'. 2 8 ~ m = 10,25 ,942 

I + 145.15 

range 

::: 

M :::: .1 I -

_ 2 
Lm 

5,903,004 

10,258,942 

E mi 

n '" 22 

(8-2) 

.2 n:= 28 

(8-3) 

1.684 

9·451 
8.686 

30.091 

9.142 

equations for high and low range are not significantly di 

other. 

3. Efficioncy 

F '" 

2 

improved efficiency of the 

or a single combined e 

,48 @ 5% is 3.19 

is not quite 
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(Chapter 8) 

I X Y 

10 I K 

o. 64 1 
0.9395 118 2.0719 
0.9138 119 2.0756 
1.0607 185 1.1672 
1. 1.2833 

1. 1. 
1. 1.1553 "4 

1. 1.1875 213 2. 
1. 1.2148 280 2.4472 
1. 1 .. 2.4669 
1.85 1. 2.4814 
2.13 1. 494 2.6937 
2.22 1. 458 2.6609 
2. 1.4456 516 2. 
2. 1.4728 618 2.7910 
3. 1 .. 4997 678 2.8312 
2.66 1 608 2.7839 
3.37 1 
2.77 1.4425 
3. 1.5366 2. 
3 1·5011 531 2 
3 1.5798 882 2.9455 

1) 

1 r .. 0.970 
2 1.835836 b 1.30945 'ly :::: :::: 

?:.X:Y 1.319223 a 0.85139 
y 1..30945 X + 

7 IA 1. (IA 
:: 10 I) 

::: 144.819 ergs/cm2/sec. 

2) 

19- r o. 
L ,003 b = 221. 

ei 262.29 a ;::: 

::::: 221.8 I - .8 

3) Analysis of variance. 

dual S.S. 89,927 l Not 
dual S.S. from regression 
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( 8) 

KllOOIC ENERGY (A FORNI) AND INTENSITY 

x Y 
Intensity 

(ins/hr x 10) 
Kinetic Ener~ 
(ergs/ cm2 / sec 

36 885 

40 880 

48 

1158 

49 1028 

52 1056 

48 963 

45 840 

53 1070 

1130 

57 1150 

60 1192 
66 1300 

11 
1618 

80 

90 1110 

41 

44 
880 

50 1060 

1070 

1325 

'> L_ := 4,024 r == o. 
2 1, b 18.91 '2-:;r 

L =:: 1, .5 a == 71 
Y ;::: 18. x+ .71 

KEA = 189.1 I + • 
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• 1) Low 

l 

2) 

Pooled 

1 Low range 

2 High range 

3 
4 
5 
6 

7 
8 

Test 1) 

df' 

21 

48 

49 

F 

-311-

( 8) 

(0 - 4 ) 

:::: 1,022, ei = 

KEA ::: .797 I - 66. 

(3 - 9 ) 

whole range • 

• 93 Ee2 
c 9, 271 ~ ei '" 42, 

'" 7 I -

.,,2 
2:. ei ~ 

Reg. 
<- ~ Coef. 

1,022,033 
40. 7,682 1, 

,944 2,643,158 

202. 9, ,271 210.7 
2 

in 

::::: ::::: 2.50 N.S. @ 4. 

2) Difference elevation 

The 

F ::::: = 1.46 N • 

for high low range are not 

of 2 separate equations or a 

F = 10.059 ::::: 1.92 N • 
5.240 
efficiency two 

,48 @ 

is not 

( 

M.S. 

76.942 3.841 

.496 5.240 
20.119 10.059 

• 



Univ
ers

ity
 of

 C
ap

e T
ow

n

<0:-
"-

y 

(gm. ) 

0.) 
0.3 

.9 
1 
1 
1.2 
1.6 
1.6 
2.0 
2.2 
2. 
2 
3.0 
3.1 
4.0 
4.6 
5.9 
7 .. 0 

11.2 
.5 
.6 

3.6 
3.8 
5.2 
9 Q ./ 

5·4 
.4 
.7 

7.0 
14.8 
17·5 

833. 

~ 
(K.E 1) 

( 

x 103/cm2 

~ 

::::t 

28 

16 
88 

99 
113 

457 
407 
795 

211 
364 
218 
304 
697 

815 
913 

2 

x1Y 

0 

1, 

y ::::: 0186 

of intercept 

for t :::: 

t "" 

regres 

11) 

,969 

·9 

+ 0.645 

+ 432 

(K.E.> 1) with wind 

ergs x 103/cm2 

2 
x2 · 

"2-x~ 

(r := 

(r ::::t 

which is 

31 

40 
69 

97 
108 

550 
800 

224 
423 

824 
952 

2,286,880 

42, 

o. ) 

o. 

7 

c 2 @ 5%, 2.76 @ 1~) 

not significant. 

is not 
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n) 

218 227 
304 371 

438 697 894 
300 
502 
670 952 

z:y 2 853 '7 1,912, ::[ 
2 2, ,668 <-

x1Y . 1, 798 ~ 1,207,560 

Y c:: 0.612 + 22.96 (r c:: o. 9) 

y :::: o. X2 + 21- (r ::::: 0 ) 

of 

for t :::: == 1. not ( '" 2 @ 5%) 

for X2 t 21.2;;l :::: 1.42 not 
14.96 

Difference coeffici not 
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( 11) 

LY 2 86, 2. ,670 xy 

y ::::: 0.608X - 3.90 (inches x 100) r "" O. 

or Y ::;; 0.61 X - 0.04 (inches) 
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(1961/62) 
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Y 

soil loss 

(lb.) 

4.0 
1.2 
0·7 
0.5 
1.3 

3 
16.7 
17.6 
0.8 

13.7 
.6 

3.4 
6.1 
4.0 

.2 
5 

.5 
21 
11 
30.7 
29·2 
48.2 

>-.-

z.:xy 

~ 

11) 

y b X + a 

. (soil loss in Ib) (K.E. 1)' 

X . 
(K.El. > 1) 

ergs x 103/cm 

304 
264 

148 

204 
884 

90 

29 
488 

47 
285 

,754.08 

,195.4 
2 15,030 

.y 

== 

:::: 

Y + f ( 

Y + f ( 

Y1 

of run-off) 

loss corrected soil 
2 

of for 
run-off (lb.) 

.0 
8.7 

64.6 
4.4 
1.1 

.0 
100.0 

1.3 
.5 

6.5 
·7 
.2 

43.2 

LX 
2 2,423, i. 

2 

~: 187, .1 ~ 

0.0830 X - 2.6 (r == O. 

0 X - 1.0 (r '" o. 

8.7 
66.6 
7.4 
3.1 

.. 0 
99.0 
1.0 

·5 

4.5 
.2 
.7 
.2 

153, .1 

187,488;1 

) 
) 

0.0774 X - 0.1 (r :::: 0.982) 
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