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The coacJusions given in this report are those considered ap-
propriate at the time of its preparation.
They may be modified in tho light of furthc?r knowledge gained at
subsequent stages of this project.
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2. PHYSICAL PROPERTIES OF SOILS

2.1 Materials and Methods
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Th ' 's units i I ded in are as follows:

C.,,tT 1. Arenoso \2 KS09
C.roy, 2. l41:\,Lsols:- All, D 107, 7(.1, G09, Gi0v,

SO7
Grup 3. Ll,ht A09d, 7.5a, Gl3a, W4a
Group 4. lievy Luvisols:- A07, A7, A16, A4,1, PO6c, 1307, G02e,

G09, Gina, G13, (',14

Group 5. Calcisols:- A04b, A04d, A09, L14
Group 6. Saline and Alkali soils:- A09, A5, A37, 1.O2A, [M5
Group 7. Vertisols:- A01, L25.2, L25.1)1
Group 8. Gleysols:- A31, A47, LO7
Croup 9. Regosols:- G02a

All profiles havin9 numbers in Lho 910 cr th;-, Botwano
(3,1) DataLase have been oharact2r)7ed Hleir physicat

pr,4)ortio. Some of tho reJevanL proportio5 to aLl
qilven in the appendix for Toady reference.
Resulto from moisture retention measurements wore statistically
analyzed to establish their best possible correlation with tex-
ture, bulk density and organic matter content. For this purpose,
the soil horizons were grouped into five categories based on tex-
ture and organic matter as follows:

All Soils
Light textured soils - clay 40%
Heavy textured soils - clay > 40%
Soils with high organic matter - org. carbon -ti.
Soils with low organic rqattet org. calThor tt O.
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Arenosols

Thf- r=u11 densities z1_ Arenosols vaTy betwecn 1.7, and 1 /cc,
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Luvisols heavy
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of the correlation coefticieot, tiald cepac'ity exp
gr,ivimet.ric moisture content correiat.es best with clay,
sity and organic matter.

Table 4. Multiple regression Analysis for Field
Capacity (g) with sand/clay, Bulk density
and organic carbon as independent variables
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Table 5 shows the results of regression analysis of wilting point
with the selected soil physical properties similar to the
analysis on field capacity. Here again the results lead to the
same conclusion as for field capacity in that, grouping horizons
into different categories did not improve the correlation sig-
nificantly. The best and the most convenient correlation of wilt-
ing point expressed in gravimetric moisture content was with clay
and organic matter when all the horizons were considered
together. Thus, it is seen from the above analysis that a single
equation can be established for each, field capacity and wilting
point separately, to cover most of the soils of Botswana. The
necessary inputs are percentage clay, percentage organic carbon
and bulk density. The bulk density values are not required for
the wilting point. The equations-are

FC (g) - 51.04 + 0.31CL - 28.9BD 4 3.540C

Standard error = 5.24, correlation coef = 0.90

Soil Category Independent variable Corr. Coef R

Tot.sand bul dens Org.0 Clay

All Soils x x x O. 0
do - x x x 0.90

Org. C.> 0.5% x x x 0.89

- do - x x x 0.90

Org. C.< 0.5% x x 0.57

do - x x x 0.67

Clay > 40% x x x 0.86

- do - x x x 0.86

Clay < 40% x x 0.47

- do - x x 0.66



WP(g) -0.64 + 0.32CL + 2.060C

Standard error = 2.77, correlation coef = 0.90

FC(g) - gravimetric niisture percent of soil at field capacity

WP(g) gravimetric moisture percent of soil at wilting point

CL - weight percent of clay fraction

OC - percentage of organic carbon

BD - bulk density in gmVcc

Using the above relationships for field capacity and wilting
point, the available moisture can be calculated from the follow-
ing equation.

Available moisture = [FC(g) - WP(g)] x BD

Where the available moisture is in volumetric moisture percent.

18

Table 5. Multiple regression Analysis for wilting
point (g) with sand/clay, and organic carbon
as independent variables

Soil Category Independent Variables

Clay

Corr.Coef R

Tot.sand Org. C.

All Soils x x 0.87

- do - x x 0.90

Org. C.> 0.5% x x 0.92

- do - x x 0.94

Org. C < 0.5% x x 0.76

- do - x x 0.72

Clay > 40% x x 0.81

x x 0.72

Clay < 40% x x 0.54

- do - x x 0.70

Where



Very often quantitative data on organic carbon and bulk density
are not available in respect of soils for which available mois
ture is to be estimated. The information on soil that is commonly
available is either the quantitative data on particle size frac-
tions or the textural class to which the soil belongs. In the
latter case, the clay content can be approximated. Under such
circumstances, the only possible way to estimate available mois-
ture very approximately, is through a functional relationship of
field capacity and wilting point with either the clay or the to-
tal sand content. In order to derive such a relationship, linear
regression analysis was carried out on the available data using
clay content as independent variable with field capacity and
wilting point as dependent variable separately. The following
results were obtained.

FC(v) = 9.64 + 0.57 CL

standared error = 6.8, correlation coefficient = 0.80

WP(v) = 1.68 + 0.40 CL

standar d error = 3.3, correlation Coefficient = 0.89

where

FC(v) = Volumetric moisture percent of soil at field capacity
WP(v) = Volumetric moisture percent of soil at wilting point
CL = Weight percent of clay fraction

The available moisture in volumetric percent is given by

available moisture = FC(v) - WP(v)

In general, the available moisture of similar soil units fall
within a characteristic range of moisture contents. The general
trends in the values of available moisture of the different
categories of soils that were grouped together are discussed
below. Table 6 gives the mean values and the range of the
measured field capacity, wilting point and available moisture in
volumetric moisture percent for the different groups of soil
units.

19



Table 6. Average and range of field capacity,
Wilting point and available moisture
for the different soil groups.

Number in parentheses gives the range of values

Arenosols

The Arenosols have very low amount of available moisture due to
their predominantly sandy texture. The available moisture con-
tents vary between 5 and 10 percent by volume and seldom exceed
10%. The surface horizons have slightly higher available moisture
of about 8% compared to that of sub-surface horizons which is
usually in the range of 3 -6 percent.

Crop production will be very limited in these soils due to mois-
ture stress. Plants can survive only with very frequent rains,
even if it is in small amounts.

Luvisols - ferric

The modal value of the available moisture for ferric Luvisol was
about 10% by volume. More than 80% of the soil samples of ferric
Luvisol analyzed had available moisture between 7.5 and 12.5 per-.

20

Luvisol - light

(10.21 - 27.18)

18.09

(12.84 - 25.52)

(4.00 - 16.90)

8.08

(4.78 - 17.12)

(5.43 - 16.92)

10.01

(6.79 - 18.02)

Luvisol - heavy 34.16 17.67 16.79

(12.46 - 50.47) (6.82 - 32.59) (6.56 - 31 60)

Calcisol 26.36 11.12 15.55

(12.46 - 53.92) (5.78 - 17.50) (5.39 - 39.76)

Vertisol 46.32 32.79 13.53

(39.34 - 55.84) (28.38 - 38.45) (10.8 - 16.6)

Gleysol 43.18 22.71 19.59

Soil group Field Capacity % V Wilting point % V Av. Moisture % V

Arenosol 9.74 3.23 6.51

(5.1 - 12.1) (1.6 - 5.0) (3.2 - 8.4)

Luvisol - ferric 18.96 8.96 10.06

(29.81 - 53.99) (15.36 - 30.80) (10.04 - 35.42)
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Luvisols - light

The estimation of available moisture made on the light textured
Luvisol showed that they were almost identical to those of ferric
Luvisols. These soils too have an avenu - alue of 10% I)Ni volume

of available moisture.

Luvisol - heavy

The heavy textured Luvisols are by far the hest soils in Botswana
for their moisture retention properties and moisture
availability. On an average they have about 18% by volume of
available moisture and the modal value is about 15. Onlike the
Arenosols and ferric Luvisols which can reach field capacity wi,l)
less amount of rain, the heavy textured Luvisols wculd require
more rain to bring the moisture content from air-dry to withia
available range. Thus, these soils would h,ive tower planting op-
portunities during the growing season. But nc. the sell moisture
storage becomes adequate for planting, pluat growth can be suF,-
tained for longer period without rain, thereby reducing
chances of crop failure comparod to other

Calcisols

The available moisture holding capacity ot the Calcisols are cc;0-
parable to that of the heavy textured Luvisols. Although, both
the field capacity and the wilting point are lower in the Cal-
cisols, the relative increase in the pores sizes in the available
range is such that the available moisture in both these soiJs are
similar. The field capacity and the wilting point are of the or-
der of 26 percent and 11 percent by volume respectively. The
ava _Liable moisture is about 16 percent by volume.

Vertisols

Moisture retention in Vertisols is very high but much (

water is in the unavailable form. The available moisture of the
Vertisols is about 10 to 13 perCent by volume. Due to the high
field capacity of these soils, the soil moisture can reach the
available range only after large amount of rain if the soil is
initially at air dry moisture content. The cracking nature of the
dry Vertisols aggravate the problem as all the initial rains Mow
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Gieyso

The average available moisture of 19-20 percent by volume for the
Gleysols is the highest as compared to other soils. However, the
high moisture contents of 40-45 percent by volume at field
capacity in relation to a total porosity of 50755 percent can
cause poor aeration to inhibit plant growth. Thus, the Gleysols
have to dry sufficiently below field capacity for any crop
production to be successful. In reality therefore, the available
moisture for plant growth will be lower than the value that is
obtained by moisture retention procedures.

2.2.6. Structural Stability

egree to which the soil aggregates withstand the disinter-
grating effect of water and mechanical agitation is referred as
structural stability. The relative stability of soil aggregates
to wetting is assessed by comparing the degree of collapse of
air-dried soil aggregates when rapidly wetted as opposed to slow
wetting under a tension. When wetted slowly, soil aggregates do
not collapse while under fast wetting they collapse and slake ac-
cording to their degree of stability. The degree of collapse of
the fast wetted aggregates is estimated by a measure of the ratio
of pore size distribution of the large pores in the two samples
which had undeigone the two types of wetting. The pore size dis-
tribution in turn is measured by the moisture release charac-
teristics of the two samples at low tensions. If the soil ag-
gregates are fully stable and do not collapse on fast wetting,
the pore size distribution in the fast and the slow wetted
samples will be nearly equal and their ratio will be close to
unity. If the soil aggregates are completely unstable, then they
will fully collapse on fast wetting and the ratio will be almost
zero. Any intermediate value in the ratio indicates an inter-
mediate level in the aggregate stability between the two ex-
tremes. Thus, the ratio of the pores size distribution of the
fast wetted to the slow wetted aggregates is a measure of
stability and is referred to as the structural stability index of

the soil. Structural stability indices are measured on soil
samples in the size range between 1 and 2mm.

The structural stability index measured by the above method has
to be interpreted in relation to the proportion of single grains
of sizes between 1 and 2mm that are present in the soil sample.
In soil samples having both soil aggregates and single grains,
only the soil aggregates undergo disintegration on fast wetting
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Only wit.h few exceptions, all the sofl untt., for which struc-
tural stability was measured, had structural indices less than
0.5. Surface soils on only three profiles showed good aggregate
stability with indices between 0.60 and 0.65. These soils were
high in organic matter content without any single grains in tho
1-2mm size range. All the soils which showed high aggregate
stability indices above 0.70 were, without exc,,rption, sandy soils
with high percentage of single grains in the 1 -2mm size range.
All the results of structural stability index measutements aro
stored in the soil data base with other soil physi(:al properties.
The structural stability of most of the soils ol Botswana can Lw
considered poor with the attendant erosion and surfaco
under rainfall. However the soils with very .iandy surface sil,
although do not have any aggregation, can be considored somewhat
like a structurally stable soil. They do rot develop surface soil
crusts beca uso of the loose sands and also do not produce much
run-oft due to their high infiltration rates. Thus, the soils
showing very high apparent structural stabili,.:y index due to the
presence of high proportion of I - 2mm single grains, in fact,
behave like structurally stable soils under rainfall. Arenosos,
some ferric Luvisols and light textured Luvisols belong to class
of soils where the surface soils are sandy and show apparently
high structural stability index.
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MA0904 A 6.30 0.0 1.10 14 0 0.2552 1.14.0 11.28
MA0904 B 7.50 0.0 1.66 9.0 0.2103 0.1712 3.91
MA0904 C 7.30 0.0 1.63 18.0 0.2448 0.1059 13.89
MC0901 A 6.90 0.5 1.70 12.0 0.2397 0.0595 18.02
MC0901 B 6.70 0.2 1.70 14.0 0.2108 0.0595 15.13
MC0901 6.50 .0 1.63 15.0 0.1907 0.0880 10.27
MC0901 6.70 ..7 1.59 22.0 0.2115 0.0875 12.40
PN0902 5.70 1.44 18.9 0.1343 0.0727 6.21
PN0902 6.90 0.0 1.51 19.2 0,1666 0.0933 7.32
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The results.[incw that although there is no difference in the maximum rooting
depth, there is a slight increase in root proliferation in the rip line.
However this differencP may be either due to lower bulk densities and soil
strength in the rip lines or simply due to crop differences. In any case, tne
differences are not very large. Definite conclusions on rooting differences
between treatments can be obtained only if the control is located in the same
field as the other treatments and with the same crop.

Soil Moisture

One of the important otjectives of the investigations was to measure the

changes in moisture contents in the rip line, traffic line and control and
compare with the amount of rainfall. This data was necessary to check whether
the increase in moisture content in the rip line is greater than the other two
treatments as well as the amount of rainfall, as expected. Unfortunately, the
rainfall during the season was far too excessive and masked the difference be-
tween treatment by wetting the soil profile equally. However, one set of
moisute content measurements by neutron probe was possible at the beginning of
the season after a heavy rainfall of 84mm (Table 4b). At the end of the
season gravimetric sampling was done at 15cms intervals to a depth of 60cms in
the rip line and traffic line (Table 4a).

Table 4a

MOISTURE CONTENT AT
END OF SEASONS

Depth Moisture Content g/g
cms-_-_----- ........ -_-----

Rip-line Traffic line
"*.no**....4W.* ..... 11WW.mmemmsoom
0-15 0.067
15-30 0.073
30-45 0.12
45-60

0,063
0.074
0.11
0.14

....... -------

Treatment Mn(Rture
Iorrenl. cm

Rip line
Traffic line
Control

Table 4b

MOISTURE INCREMENT IN 45CMS OF
SOIL DEPTH AFTER 84 MM R/FALL

3.5

1.9
2.3

From Table 4b, it is seen that there has been an increase in moisture content
in the rip line as compared to the traffic line and control. Apparently the'a
is some run-off from the traffic line on to the rip line because the incre
is more than the control. The result from one set of data cannot be tak,!- as
conclusive. Further, the increase in moisture is far less than the ,tal
rainfall which would also suggest that the moisture increment can be 'hie to

the incident rainfall alone without the effect of run-off. At the end the
season, the moisture contents of soil in rip line and traffic line ar lmost
identical (Table 4a) showing that the rains wetted both the soil ,,zofiles

equally thereby masking the effect of the two treatments. Therefore n order
3 evaluate the beneficial effect of rip line - traffic line treatrnt, it is

necessary to repeat the experiment for another season with ade.» measure-
ment in the control plo': for better comparison.



SutmwLry ai unclusion

The physical properties of soils that - ripped or t d consecu-
tively for three years of the graying measured.

The infiltration in the ripped lines was higher than the normal soil in the
beginning of the season but became similar to that of normal soil at the end
of the season. The infiltration rates of the normal soil itself are high.
Compaction in the traffic lines reduced infiltration and increased bulk den-
sity and induced run-off during rainfall. The reduction in bulk density and
soil strength caused by ripping persisted even after the rainy season and also
increased rooting density of plants. The moisture contents in the rip lines
were higher than those of traffic lines and control plots after rainfall. But
the data are insufficient to conclude that there is definite rainfall run-off
from the traffic line into the rip line.



-41-ttfiR

,

Traffic I me

Pfgure 'APJATION OF SOIL STRENGTH WITH DEPTH

36

RID t ne



2v 2

AG: BOT/85/

Soil Mapping And Advisory Services

Botswana

PHYSICAL PROPERTIES OF VERTISOLS
AND ARENOSOLS OF PANDAMATENGA

^

37

Food and Auriculturak Organization Of The United Nations
United Nations Development Programne

Gaborone, November 1988



Introduction

The phva cal pronerlos of a typieal er J otiic or
determined for the purpose cf chafacteriLing those soils. Ilhe major r,Irt et

the Pandamatenga Plains cotsilt, of Vertisols. The data can L Esed aq a

for planning agricultural practices. Some physical property Inensutements were

also carried out on eze Arenosois which occur adjacent ti tne Vertisais on

topographically higher position in the landscape. The Vetrisols profile ha,

a high clay content (>76Z) and is classified as Pellic Vertisol (FAO) while
the Arenosoi which is very sandy (>90Z) is clas3ified as Ferral]x Areno

Btlik density
V:erriEols:- Due to tho Ihrink-swell and cracking nature or thesp uLls,

bulk density measuremerits by the core-sampling technique was rk)t. posible.
Instead, bulk donsitie% were estimated by asing saturated rNoisaure cont,nt

large natural clods and asEaming particle density of 2.65 gris Der cc. * 4)1,-e

these soils expand continuously from air-dryness to saturation, the bulk den-
sities thus obtained are that ,)f nearly saturated soils witit rho effect of
overburden pressure. Blk densities wero also estimated by 7be , q1..atLm iven

for Vertisols by Ausrralran workers (Shaw and Yule, 1_97S) laIng il hlT mclist-

ture content with allowance for overburden pressure. The la ter raPtai i3
oor-,s1dered by he ce workers aS most suitable for agricul:_1]7.7. plinhno pur-

pose.;. Tablo 1 ive ahu blilk density valn-, for th

timdted .))r both r.wtho,13.

Table 1

BULK DENSITIES OF VERTISOLS

Arenosols:- Bulk ders.ity measurements were made byth ecre-sampling

techniques at two the Arenosols. Although te=dra11y :hese soils

were very similar at both sites, the soils on the higher topographical posi-

tions were redder and the soils at slightly lower positions were yellowish.
The average of five replicate measurements for 0 - 18cms soil death at the up-

per and lower positions of the slope were 1.53gm per cc and 1.16gm per cc

res

Infiltration
(a) Vertisol,:- extensive wide cracks devel infIldni-

:to are measured in these .dt'izrdtdon dte,

,sumed to , very high due to the cracks when the are dry and very

as per clays) when the cracks close up in wet soils.

38

Soil Horizon Bulk density (gm/cc)
depths (cms) water saturation Australian method

5 - 23 1.30 1.30

23 - 50 1.33 1.35

50 - 85 + 1.32 1.37



ddn:loj j1dt C

,i!uaro, \L.;=nosol- i-o'Alodtc Lvo

, r eld-,:sed Lime or d g grLp;1 rnt n r'
straight line was drawn through the lana points r estimate tho infiltration
chaiacreristicfl, Figure I. and Table 2 show the -ele:ant characteristics.

Table 2

INFILTRATION RATE OF ARENOSOLS

The results clearly show that the infiltratio7
sandy soils Somewhat lower values of sites I ah:.

tiai variabil:ty the soils.

Ire

Soil Moisture Retention
7ertisol:- ,;oil moisture characteristics nriqtrre retos rros)

determined on :arge natural soil clods for at 0, .

and 1 bars. For 3, 5, and 15 bars, 2mm si ai. San

and pressure plate methods were used to -s-4 tension n the
soil samples. Separate samples from each hol..L
at each imposed tension. Figure 2 shows the rdtedtIon dor:s ror
horizons and Appendix Table Al gives the mean gr ric moisture content at
each respective tension.

Arencsols:- Soil moisture characteristics were not measured on the
Arenosols.

Moisture Availability
(a) Vertiscls:- Recent work on Vertisols has shown t}- able :leis-
ture estimated by the conventional method as the diff bai aud
15 bar moisture contents can be mislead: due to ' a=uie of
the soil. Although the wilting percent, t !ho 15

bar moisture content, the tension at which _ :Tpr,ximat,,s
the field capacity is very variable. Coi-le,1 oPsd'Te ri=-1d
measurement, Australian workers (Shaw and Yule,
tion using 15 bar'moisture content to estimate ihe it :u

field soils. Table 3 gives the :3ture availabi this
method.

1 14.7 90

2 41.3 48

3 44.8 60

44.4 54

5 41.2 6

6 22.5 96

Site No Basic Infiltration Time taken to reach
Rate (cm/hr) basic rate (mine)



2

TablE

MOISTURE AVAILABIL: VTRTISOLS

glg

Available moisture
cc/cc cms/m

lye struc .1 stAtlilit7Y r',oils to ,,etti7iF, wa,; ass. ssed by compar-

.e. detroo of ,,)11A-; LI of air drieL.. ,sui1 wettei

opposed t) siow wet,:ing uncie: a tension. The degree oi is es-

timate,: by t1.e relative change pore-size distribut2on which in turn is
':he moisture release characteristics of the samples which had

nciergone th nsa kinds of wetting. It is assumed that there will be :ittle

or no colla,Ise of any samole that is wetted under a tension. C,.

stable soi' will hve stability index of 1, whereas a totally unstab soil

n2ex of 0.

1 verti";ois,:- The ,1 stability index of the surface horizon of the
was d2tormined 1r; the above method in duplicate. The average struc-

tural staI).1a.Ly index was 0.4l_ ind±cating that the soil is sti:-turally

unstablt. woala easily a:120 an2er rainfall.
Arellos.,:- IIo measurements were done on as

soils wale 'Ioote).

, . D. F. 1978. "rho assosment of soil for irrigation

Emera' Qid. Technlaai, Report No 13. lt)partmens of Primary Industries

F.,:inbane AustraliJ

5 - 23 0.3641 0.2211 0.1859 18.59

23 - 50 0.3212 0.2268 0.1274 12.74

50 - 85+ 0.3135 0.2271 0.1201 12.01

On th lable the Vertisols can be approximated to

12 of soi

(10 Aucno-.Q1s:- No moisturo rel..t.tin measurements were n Arenosols.

ai on simi]at snit in

July .12467 e to be 0.0718 c- oT '!)11

sn,1

`7.4""';

Hor zon depth Upper storage Laver storage

(cms) Limit (g/g) Limit -15bar



ANN1

Appendix 1

Tension
(bars)

Table Al

MOISTURE CONTENTS AT IMPOSED TENSIONS - VERTISOLS

Moisture Content (gm/gm)

5 - 23cms 23 - 50cms 50 - 85+ ams

0.03 0.3790 0.3749 .0:3682
0.05 0.3511 0.3540 0.3567
0.1 0.3161 0.3160 0.3506
0.3 0.3060 0.3068 0.3044
1.0 0.2735 0.2755 0.2778
3.0 0.2425 0.2447 0.2425
5.0 0.2308 0.2365 0.2366
15.0 0.2211 0.2268 0.2271
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FEASIBILITY OF IRRIGATION DEVELOPMENT ON SELIPHIXWE SOILS
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(b)
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TA:
PHYSICAL r,rosr,;Cv..°1.70.;',7,;V:q SELEBI-PHIRWE SOILS

a) Profile No Sp11 ivic Xerosols - A37

31. tin

0.2167*

,

(c) Profile No SP143, Solonetz

,

noLizon Moisture Content g g Moisture Availability
deneity

1/10bar 1 3bar 15bar

r ° .

o'ks f r,)[... - 0,1

g

1 5

L

- ,

0.1967* 0.1706* 14, 0.0763 76* 1 63
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CTERISTIC VALUES OF T IL UNITS OF SELEBI-PHIRER

" CFAI Lurl
(111 nr.lo Lie 1 i\ Al6 'Y,"6voJot A6i

53

6 6! 6 Nil
.»)

7 Av )5 155 155

8 1:16,66 -.HP (basic)
40-50 5-10 5-10

9 661:66! 66
! !,)1.;;a ET = 4.5

on in, 616,!- t71
13

10 Ground water depth >150
(cms)

>150

11 St61..ctilral stability 0.64 0.39 0.39
Index

12 Slope of land Z 0-1 0-1 0-1

13 TexrA:e
6uttacc 0-236m6
3u0-6u6face 6-1006mo 3-L5
or heavier

(1!:: 66av6-6

14 Alkalinity pH <8.5
666 <6

15 S! <2 <2

1 depth >75

2 !6.666!!!
None

3 bulk
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Table 1. PHYSICAL CHARACTERISTICS OF FERRIC LIXISOI

(a) Moisture retention and Bulk density
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(F) liifilt!F&Fi.ca

and 'n' Are conants in the tquatiou F=atnweeFis the cumulative in-
filttat.ion in cms and t is the t.imt in minutes.

* Results of infiltration measurements done after removing surface soil
crusts.

stability

Str.- index = 0.40

62

1*

6

25,2
43

63,f,

34,2.

15.5
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U.92

0.81
0.91

Replicate No Initial Basic 'a' 'n'

Infiltration Itfiltration Value Value
mIhr
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