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INERODICTION

This Training Manual has grown from a series of Training
courses run for planning staff. The first courses were on
general planning for the staff of the Zentral Province, and
were held in 1976 and 1977.

Tn early 1978 7 was regquested to travel to other Pro-
vinces to hold courses in land capability techniques. It was
realised that a complete course had to cover not only the
actual soil and land appreciation, but also map reading, air
photo work, field techniques, and all the other related techni-
ques that a surveyor must be familiar withs This manual is an
edited version of the lecture notes used in the courses,

The subjectscovered are aimed at training planning staff
to plan semidetailed land capability surveye,carry out the
fisld worlt and plot their findings accurately onto air photos.
Air photo interpretation and soil mapping are not covered in
this manual, other than a simple description of air photo
interpretation necessary for traverse planning and field navi-
gation. No mention of the recording of parent material in
the LUS code is made, as this is something requiring training
beyond the level of this manual.

Tt is hoped that the manual will be a useful reference
work Tor both planning and soil survey staff of all levels.,

P.R, WOODE.
SUIL SURVEYOR.
CENTRAL, PROVINCE,.

MARCI, 1980
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CHAPTER 1

WHAT IS SOIL?

Soil consists of a mixture of mineral matter, organic
matter, water, and air. In an arable soil the volume occupied
by each of these will be approximately 49% mineral matter, 1%
organic matter, 25% water, and 25% air. It is interesting to
note that about half the volume is pore space filled with
either air on water,

Tach soil occupies space. It covers a certain area of
land and has a certain depth. Tach soil is a natural body
which is surrcunded by other soils with different properties.
The area of an individual soil may vary from less than a
hectare to more than a hundred hectares.

The soils on the earths surface are undergoing continual
change., Weathering of rock produces unconsolidated debris
that serves as the parent material of the soil. The effects
of climate, relief and living matter, acting over a period of
time upon the parent material produce the soil. Present day
soils are continuously evolving into soils which will have
completely different properties. Only a very few soils appear
to have reached an end point in their development.

Thus we can see that there are five factors in soil for-
mation. ™Mhese are climate, relief, parent material, living
natter, and time, The influence on soil behaviour of any of
these factors, or the influence of a variation in any one of
these factors, depends upon the others in combination,

Trom this we can give a definition of the word “SOIL‘:=
Soil is the collection of natural bodies occupying portions of the
earth's surface that support plants and have properties due
to the intergrated effect of climate and living matter, acting
upon parent material, as conditioned by relief, over periods

of time,
30IL AS A ]TIDIUM FOR PLANT CROWTH

Soil is important to man in many ways. It is used as the
foundation for buildings. It is used as the foundation for
tar roads, and both the foundation and the surface for gravel
roads. It is used for brick making. sSandy soils are used
for cement and concrete,; and even in glass making, 3But the
most important use of soil is in agriculture as a medium for
plant growth,

The growth of plants depends on the soil for certain
factors. These are support, a supply of nutrients, a supply of
water and a satisfactory environment for the roots. '

Support

This is the most obvious function of the soil. ﬁoots
anchored in the soil enable growing plants to remain upright.

Nutrients

About 16 different elements are considered necessary for
plant growth. Carbon, Hydrogen and Oxygen are obtained from
air and water. These comprise 90% of the dry matter weight
of plants. The remaining 104 of the weight of a plant is
made up of j3 elements which are obtained from the soil.

i = : s
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Nitrogen, 2hos norous, Pobassiun, o lejiun, rgnesiw and
Sulphur axre ““GUlP“d in rother lorge quentitics and are
referréd to as the npojor cchLntw. Hutrients requircd in
gnall guantities are called trace elerments ond inelude
Moangonese, Iron, Doron, Zinc, Copper, Melybdenum and Chlorine.

Mest of the nutrients exist in mineral ond osrecnic
naviker in forms thnt ~rc insosluble in water ond ave therefore
unavallable to plante, Tutrients become availcble through
rineral weathering and crgnnic natter dcocemposition,

It requires about 500kg. of watcr (500 litres or 2%
drums) to preduce 1 kg. ¢f dry plant nnterial, Only abouts 1%
of this water beccnes ; art of the plant, The rest posses

through The plent and is lost thrjdgﬂ the loavoes.

Sinece the growth of virtually 2ll plonts will be affected
when & shortage ¢f water ccecurs, even though it nny be tone
porary oand the plonts are not in donger of dying, the qm.lltv
of the 801l to hold wotcr cgainet the forece of sravity becones
very inportant uniesgs roainricll or irrigotion is 1““quuﬂt.

iuot anLronl nt

Roots have holcs through which they breath oxygen.
Some plants (c.g. rice) grow in stonding woater boeouse they
have structures thot Tllow oxygen to ueve down to the roots

naide the plant, However, most plants must have a supply
of oxygen evailable to the roots from the soil,

Mony wicro=organisns, bacteria ond fungi live in the
soil, Theso require oxygen to survive., They arc irportont
bﬂﬁ,us they break down orgonic matter ond releasc plunt

g into the soil in o form available to plants,

L soil sheuld provide on environnent frec of inhibiting
factors such ns extrerie ccidity or nlxsllv*t39 dlu\“sb orgoni-
sns, toxic substances, cxcess salts, or inpenctrable layers.

Physicel Properties of the sail

The physical properties of a soil have mmich to do with
ite suitability for the nany uses to which man puts it.
The suppowrting vower, droinage moisturc-storage capacity,
“1<ut101uy, enge ol *enctr&tion by roots, ceration ond
retention of plant nutrients arc 2ll connected with the phy-~
slcal condition of the mOil.

SOTL TEXPHRE

The relative size of soll particles is cxpressed by
the tern t Xthre which refers Lu the fineness or coarscness
of the 3011. o;o 87 CClllCcllj, texture is deternined:by
the relﬂulV“ 3”0“ ~tions ol sllt and elay. She rate and
extent of mony 1%90f+“it physical and chemicrl recctions in
soll are goerned by texture because it determined the
anount of surface on which the reactions con cecur,

Thic soil p_rtl zles are divided into groups entirely
on the basis of sizec without regard to their chenical
composition, col ur, weight or other properties. The basic
groups are soand, silt end clay, nlthough the sand fraetion
is subdivided into coarse, nedium and fine sand, The par-
ticle sizes are given below,
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Coarse gand - 2.0 = 0,5mm diameter
ifedium sand - 0.5 = 0.25mm i
Fine sand . 0.25= 0.05mm i
S5ilt - 0.05-= 0,002mm
Olay - less than 0,002mm diameter
Most soils consist of mixtures of different proportions
these

icle sizes. These mixtures are given names
relative ammounts of the bas
iscussed more fully in chapter 16,

]

3ic groups. These

jand particles are of reletively large size and hence
expose little surface compared to that exposed by an equal
weight of silt or clay particles, DBecause of the small sur-
face of the sand particles, the part they play in the chemical
and physical activities of a socil is z2lmost negligible. The
chief function of sand is to serve as a frame work around
which the more active part of the soil i associated, ‘nless
present in too small proportion, the sands increase the size
of spaces between particles, thus helping the movement of air

and drainage watei:.

Send and 5ilt consist mainly of particles resulting from

the breakdown of rocks and minerals. 1In a given soil they
differ culy in size. 'The clay fraction in most soils, however,
s composcd of minerals that differ greatly in composition

and properties from gand and silt.

This 13 becauce chemical weathering on the surface of
rocks, sand and silt particles results in the solution of
chemicals that regroup or recombine to form particles of new
minerals of clay size., @&ince a large part of the water in +the
s0il is held as a film on the surface of the clay particles,
the amount ol clay in the soil has a great influence on its
water holding capacity. In addition, certain available nutrients
are held on the surface of clay particles. Therefore clay
acts as a storage resovoir for both water and nutrients.

Soil structure

Structure refers to the aggregation (gticking together)
of sand, silt or clay particles into compound particles (lumps
or peds), which are separated from the adjoining peds by

e -

surfaces c¢f weakness,

Structure modifies the influence of texture in regard
to moisture and air relationships, availabllity of nlant
nutrients, action of micro organisms, and root growth,

I@;@Kspgpg

Pore space is important because soil pores are largely
filled with water and air. Water and air also move through
pore spaces., Thus, the supply of water and oxygen for plant
growth and the rate of water movement through the soil are
related to the amount and size of soil pores.



CHAPTER 2

SOIL TORMATION

There are five main ractors in scil formation: climate,
relief, parent material, organiswms and time. “he action of
these factors cause several phfsiﬂal and cnewmical processes

to take place., These will now be seussed LT,
Tfhe influence of Climate on Soil Tormation

Climete is considered by many to be the most important
factor in determining the properties of scils. Toisture
(rainfall) and temperature are the two arrects af glimste
most impoxtant in contrciling soll propertiecs Moigture 18
important because watier is 'nvnlauu in most o¢vtho physical,

chemicel and bio-chenicel processes that go on in a soil,
Temperature influences the rate of chemical and biochemical
processes (and tvhervefore the rate and degree of weathering).

;_4

Althousnh in tx ge}e sical latitudes, the te“fcratu“eq in Zambia
are tempered by altituds. There is one long d»v season and one
short rainy season. This is called a modified Judan type
climate.

The temperatures in Zambia are high enough to cause the
rapid oxidation of soil organic matter, so that the soils
typically are low in organic matter,

There is a general decrease in rainfall from north to
fouth, Torthern Zam:ia averages about 1,000-1,500mm (40-60%),
and southern Zambia averages 600~1,000mm (25-40%),

Evaporation is high in Zambia, averaging arcund 2,150mm
(over G feet) in Central Province. The alternate wet and dry
seasons, coupled with the high rate of evaporation, causes
alternate vetting and drying regimes in the scil., ™his is
responsible for the precipitation of iron in +he soil and
the development of red iron-rich profiles,

The lack of organic matter mentioned earlizr coupled
with a heavy seasonal rainf fall, is responsible for much soil
erosion witin the freguzsnt ren oval of the topsoil or even
the subsoll and their deposition further downslope, JHush fires
also reduce the scil organic matter and remove the protective
bush coveyr, thus further increasing the risk of 20il erosion.

The decisive climatic factor in soil horizon development
in Zambia is rainfall. This affects the degrece of soil wea-
thering and leaching. (see page 10). In southern Zambia,
where annusl rainrfall is under 1,000mm per annum, these
processes are glower than in the ralnlor north, The elfects
of increasing rainfall on the extent of leaching are modi-
fied by parent-material, which influences soil texture,
colour, structure, ete,

Discounting the valley and rocky escarpment soils along
the south eastern side of the country (both of which are
expressions of topography), the noui wides spread soils in
Zambia are the sandveldt soils. "hese are light textured
plateau soils (typically loamy sand or sandy loam over sandy

clay loam) dQVrlop=0 over acid and intermediate rocks. The
Tvplwal vegetaticn is Miombo woodland. Pockets of red clays
Tormed over sedimencary and metamorphic rocks cceur within
the areas of sandveldt,as determianed by parent material,
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L line approx1h5¢uly following the 1,000mm isohyet marks
a significant boundary in Zambia. “outh of tlhis line, the
effects of parent material are dominant; the red clays being
only moderately leached and 1ncompAeu@1" weathered, providing
good agricultural soils, The sandveldt soils have lower
mineral rescrvea and are more hea flly leached, butv are still
reasonable agricultural soils,

North of the 1,000mm isohyet, the influence of geclogy
becomes less important., Toth the red clays and the sandveldt
soils are strongly weathered and deeplv leached. “They have

very low minerdl resorves and ave strongly acid, 1In geners
o because of their low capa-

these are poor agricultural eol
city to relain nutrients and t

The inFfluence of Relief on So0il Formation

The effects of clevation (altitude) have ulr ady been

mentioned. At a local level the most inportant effects in
the field are exhibited by the fatensa. Any group of soils
of the same age, derived froit similar parent naterialz, under

the same climatic conditions will show progressive variations
as one moves from valley or dambo bottom, up the slope, over
the ridge, and back to the next valley. ™The complete group
of soils found in suchh 2 seguence is called a Catena. In
practice a Gatena is taken on soils over a related group

of parent materials. This sequence is very well exhibited

in Zambia,

The usual changes in soil characteristics relatved to a
catenary seguence are changes in drainage, texture and depth.
The drainage Oha”aCtGTlelCu are reflected in the soil colour
and occurence of mottling. Changes in texture and depih
across a Tatena are usually due to illuvietion znd grosion

downslope,

Changes in so 11 type often occur where there is a change
in slope or physiography.

“teep slopes tend to be more heavily eroded than gentle
slopes, and dembos tend te accumulate eroded material from the
higher ground. ‘andy textbtured soils on a given slope are
more prone to erosion than finer textured soils on the same
slope.

D T e T I

The Influcnce of Parent material on “oil Tormation

The propertiec of parent materials which are most impor-
tant in coll development are texture and mineralogical compo-
gition. Different rocks weather and erode at diffevent rates.
Thus soils are developed more rapidly from permeable or
readily decomposed rocks than frocm those that are ““lhulveij
impermeable or resistant to decay. The texture of the parent
material can have divect influence on the texture of the

resulting u0¢lu. Thus granites, which are coarse textured,
tend to weather to sandy soils with a low clay content,

Although clay is defiined by its particle 'iét, it ig
made of mineralis that are different from the parent material.
They are formed by chemicel processes during the weathering
process, rhemical w_at13 ing of the DQ“OPL material produces
iron in solution. fFhese re-combine to form the new minerals

called clay mlnn"””ﬁ. It is from theses clay minerels that
the ¢lay in the coil is formed,
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quartz., MThis mineral docs not weather und al soil
forming conditions, so sgoils from such rocks are vsually
snndy° some are gravelly or stoney as well. However, most
of these rocks do contain some weatherable 1s which
b”LQL duwr 0 uce some clay and iron. Toil% over gra-

Cranites, gneicsses and sandstones consisst ”17h1 of
F i
g

nites, gneiss sendstones range from pale coloured sands
to red sandy according to the amount of weatherable
minerals in nt rock,

Timestones and other basic rocks (e.g. basalt, gabbro,
calcusilic'*c schist) weather Lo produce large amounts of clay
and iron., TUnder well drained conditions these rockc provide
dark red clmyu. veathering is sometimes 1rcepulaL and some
such soils have frequent rock outcrops. 7dver and dambo
alluvium derived from basic rocks may be dark-coloured
cracking clays.

mhe Influence of

living natter on Soil Formation

Biological agents modify the material produced by rock

weathering in several ways. The addition of orgenic watter
by decay of qunt remeins is an obvious exampls. Most solls
are darker and have more orgenic matter in the topsoil, since

there are more roots in this layer and it is nearest the
ground surface on which leaves fall and decay.

g rs to microscopic
creatures a ~¢ important in mixing the soil material so that
the original rock structure JlSdeeaiu. To t important in
this respect are termites, both those which prodtoe mounds

and those which mercly make covered channels on the ground
surface and on tree trunks,

f0il animels ranging in size from ant-bea

I—j or}

Termites bring material from deep layers to the ground

aurface. Over a pericd of many Vears this material 1s gra-
dually washed over the ground surface. fincce termites can
only carry material of up to about me in diameter, their

activity leads to a Oorf4ng of gcil material. In most upland
sollse, this is the reason for the ubparuulon of an upper scil
layer containing only fine earth (sand, silt, and clay) from
a lower laver containing gravel and stones over rocks which
produce gravel and stones when weathered.

n the relations between vegetation and soil, there is
more two~way interaction than with the other 011—40rulng
factors. Soil iype has a strong influence on the vegetation
typc, while at the same time the vegetation type has a strong
influence on the scil type.

The %jor inTluence of vegetation on soils is caused
by the rate of supply of dead plant material. This includes
dezsd leaves and wood which fall onto the soil surface, and
dead roots within the soil.

Under Zambian corr‘.z 1ioi the amount of plant material

anges from 30-100 tonnes he ct arc. Most of this is actual
11v1ng matte"(tr ces, pr?T“, etc,) but it is constantly
circulating through the soil as thr dead materisl enters
the soil, rots, becomes plant nutrients and is again talken up
by the plants, Ilowever, it is not the total amount of plant
material that is “1guliicant in coil fornatior, hut the rate
of growth and decay. An imPO’uaut pwrt of the influence of
egetation is it's effect on soil moisture., A light tree



cover gives a greater CXpOosSurc
heavy tree cover. Also, & 13
leaf-fall and therelore a lrur
heavy tree cover., Thus a soil 1
dries out more readily, and 1o

heavy treo cover tends to conse

than a
> CcoVer
whilst &
Since nost
epend on the

chemical soil ferming processars
101l wa e 25T o L
HD AL Wa Ll il &3 (I )

Soils gqre consiantly undergel .
+hat none gegur, Fareny

place slowly, and nany people

material may be transliormed n inmature or young soil
in a relatively short period of time 1if porditions axe
favourable., This ‘¢ ig charscterised by orgenic - matter

sccumulation in the surface soil and by little weathering
or leaching. OCnly the £ and C herigons are presen The

mature stage 1g rcached with the development of & B horizon.
An o0ld soil has very greav differcnces between the A and B
horizonsz.

wot all soils have been developing for the same length
of time., Some horizons develop before othexs, o**ncielly
those at the surface which may take less than 100 years to
develop. Ilorizons Tormed from rock weathering may uano more
than a million years to develop.

Physical Processes ~in soil Formation

mhe moat inpoitant physical processcs in secil formation
are mecnsn;gul weathering, vlbv1a+L0ﬂ, erosion, and the
aTTocts of biological agents such as oots, termiftes, etc.,

as alrcady discussed.

Physio 1 weahering occuwrc when rocks from deep in the
e eoxposed due bto the removal of overlying layers.

T ase in pressure results in expansion and cracking

of the rock. Strains from temperature changes, freezing

of water, and the errosive action of water and wind slowly

break up the hard roclk,

PMluviation is the pro Ja 17, egpeclially in
high reinfall areas. It re-a "ke downward movement ol
fin s0il fractions and of 1o I y dron and calcium),
carried by the porCOJau'q~ rainwater., It often results in
illuviation (the formation of & zZone of deposition of leached
material), or the “omwl te removal of the matter in the
drainag: water. atrongly leached soils tend to be acidic
and of a ]ow fertility due to low cation exchange capacity
and low base satturaticn. '

3]

Tpoaion iz a guriface DroceEs. It iz very impO“tant in
the tropics. ©On a micro “aié it is partly responsible for
the formation of ﬂvllijn‘ dzposits such as piedmonts of
hills, which have markedly different proﬁilc“ to surrounding
land, due %o e trarsfer of material from above. On a
large scale it ig the first suage in the transport of soil

materials to form alluvial desposits

Che hLCul Processes in goil -Grmr”lO“

.--u.a-_-...-- R e L -

~hemical wealhering occurs because rocks and minerals
are seldom in equilib?ium with near-surface temperatures,
pressures, water, and atmospherec, fhe rocks and minerals

11
Th 1

e ™y
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therefore change inlo products that are nore atable wnder

the near-surface conditiens. JIIL, 28 b;qu goes on, the so0i
enviornnent changes, so teoo will the products of weathering.

Hydrolysis

Hydre ljuL 1“ the most inportant yrocess in The “hcniﬁal
weathering of the soi. water, in which & .t varicty of
ions can be ﬁLL5cni, ;,;Cbn Wlul minerals. 12 ustial reaction
ig that of woater and acid (HfCO3 fron atuospherie 00,) on the
minerals. ther r“ief such “as”thosc occuring frenm “the decay

1|-—‘

alac occur. QOations can rencin in the soil
solution as mart o¢f the structure of clay

wengeable icns on the surfoces of L ToR )
& a2 eycled thrdugh plonts frem the soil
ars 1u“010d ot

Iu ig the fornntion of conmplexes between orgonlc aatter
and wmetallic Lons 1% i we ;wﬂ"’"ﬁ‘)l( for e ’“f“"“J.dt,‘_'_‘.".a';l(? ancunt
5f weathers ‘P\l”:'nﬁ agents arc formed by biol ieanl

8

en <

solution the chelate nay be
T

s h
procgsses scil. Once in
a which the ion would ordinarily

atable ot pH cendivicng unde
precipitate out.

Oxideation

It is tlc procegs by which on clement loses on clectron.
Iron is the elenent most cormonly oxidised in o 85il, nnd the
oxidation products give the soill the cha rocberistic yellowish
brown to red cclours., In scils the most_cormon o3 xidising ocgent
is oxygen dissolved in the soil water.

Aro Yo
fron o ninernl, The result oy be
mifieral,

ig added to or renoved
the formntion of ~ now

Ton cX chan i)

Ion exchnnge fron within the crys “13 of alsy chinerals
(ns oppescd Tc ion exchicnge fron t1L uuml ce of oloy or
organic uarticles) con couse the alt *”tlon QI onc cloy
nineral to ancthor,

THE DRVELOPIENT OF S014 PROPILES
The foruntd ) il 7 “Iilvﬁ ig the coribined offeet
of the factors and 7xoce casos discussced above, It can be
swmorised as the conbined cffe ct of additions to the surface
(mincrels from wind ond rain woltor, biological material and
nlluvial material), transfermations within the goil (physierl,
chemical and biocherierl), v*r11<al transfers within the
soil (eluviation, leaching, enoration, and biological
tronsport) nd renecvels fron the soil (Jlolorlu.l lenching,
and OrUSluﬂ Tor any onc soil thu relotive irnpertonce of
these pro ﬁss 5 varies.

A soil usuclly ccnsists of loyers (huTiZOﬂu) of mineral
and/or orgaonic 1ﬁtb:iﬂl which differ froa the porent moterial
in their pn;ula.h, mineralogical and biological
properties. A 01; 3 7 gonsists o: the vertﬁC“l arrange-—
rment of oll the soil horizons down tc the parent moterial.




mhere are scven differe
which ia identified by a letter
7, The most usucl horizons found apre ©thd
1’10 "'J ZOYE o

nt horizons defined, each of
re #,0,4,7,73,0 and

mhe A horizon is a predominantly mineral horizon
formed at or near the ¢ rface that usually shows an
b 5 iod orsenic matter mixed with the
a dynamic equilibriuwm with
of orgenic matter., imnder condi-

of organic matter, the A horizon

tions of rapid oxide tion

may be very slight. here surface erosion is congtantly
occuring, the A horizon may never have chance to form properly,
as it will be rermoved as fast as it forms, This is often

the situation in Zambia,

mhe B horizon is a mineral horizon priterly characte rised
by an illuvizl concentration of clay, iron zluminium or
humis and the formation of structure.

The 7 horizon is a mineral horizon from which the soil
hos formed but which does not show properties of the other

horizons., ™This includes gravel layers.
The 2 horizon is coniinuous rock.

and the sccompanying low oxygen
reducing conditions,., The result
ig that iron & are in a reduced state, and the
compounds foru : characteristic grey and bluish
colours, 1f conditions are part OX1dlSlnﬁ and part reducing
due to fluctuating water content or water table, some of the
iron will be oxidised, and compounds with brown and red
colour will be formed. Quite commonliy, under such conditions,
part of the matrix is reduced and part oxidised, and the
characteristic colours are mixed., This is called mottling,
and is a very important diagnestic feature in Zambia. It is
how secasonal waterlegging of a perticular horizon can Dbe
recogniscd when surveying in the dry season,

Poor wate
content in a s

=

It must be remembered that each soll typs covers a
particular type of lands cape. It is defined by both it's
land form and it's profile characteristics. An individual
s0il profile occup1~ a very smell area, essen ;;.1V a point.
Thus, a given tynpe may Lon,hin reny different p“o. 11les.
mowever, all the profiles within a given soil type have
certain differentiating characteristics in cormon,

|,..

In other wordaz, the so0il is not only a vertical body, as
observed in a profile, but also a horxizontal body as part of
the landscape. Just as there is = range in characteristics
from the gurfece down 1To the parent material, so there is a
laterel wange in characteristics from place to place. A soil
type within any classification system is defined by human
Logic, But soil ig a natural bko and may vary widely within

the limits we arbitarily set to define it. Tach soil must
therefore, be examined at several points before any conclusions

mey be drawn.
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LAND CAPABILITY SURVEYS
#Tand? consists of all the aspects of the physical

environmens hio il is ouly one, A 9land unit®
comprises limate, the geology, the hydrology
(dralhag"), the n, the existing land use, and other

Tfactors menviohed

iTend capability® is the capability of a unit to be used
for & given purvott. A land papablility survey is thus notb
guite the came Thw z ag a2 soil survey. 1In a soll survey we
look only at the ll and classify it (give it & name), S0
that any 1l s Le;Ll“* rcaﬁiﬂg the map or report should be
able to it and understand it's ioaturea.

A land capability survey, however, looks at the soil at
the same time 23 @il the other Ifeatures ol the area, an
what tnw* gsoll is capable of unde those conditions. A single
ity unit may therefore include morc than one soil
type. o qui capahiliﬁy survey is the first stege in the
planning of the future land use cof any arca,

The function ol lond use planning i o 3iidc decisions
on land usc in such a way that th available are put
to the best use, whilst at the se cor serving those

-

d use planning can
or ¢rops the land
2 s0il depends
les even
characterisi-
tics. A complete plan mast also take account the size of
acts of land, th,+r relation to water, other land, transport
q011 ties, and markets. Preference of the owner or land user,
and his ?Dsource: in capital and ,ﬁlll, alsc play a big part
in the gelection of lond uses, cropping systems, or soil
managemnent practices.

‘39

regources for the future, ﬁu"ce.uill Ll
only ".:alf_e pl... e when 1t is known what L
is capable of suppogiting. The best woy of usi
on meny economic, social, po“ tlpdl, and somet
religious considerations, in addition to the

Natur 1 s0lls differ preatly from place Yo nlace, Yields
of crops a Out everywhere can be imDBO‘cd THPOY belver

soil management, but the pru“u*“;: neaded pend thie kKind
gf soll. *ina capnu¢111y surve Lrg is concerned with the
examinaticn of the soil and the surrounding land to determine
what the land is physicaelly capable of supporti Only

when that has been decided is it possible to consider the
other factors.

r#ﬁ

f_n)

e

(2]
Ko
C

4 soil or land capability map has little value unloss

the information from it ig used in farming or in gone othor
goll managing activivy. A yooa survey must be ho.r practical
in it's purpose, and scientific in it's construction. 1mless
the map serves & p‘“Cth purpose there is no use in wasting
time and money on it's pvoductlon. {nl?‘ﬁ the manping units
are scientifically conceived, the map is almost sure to lose
itts usefullness as t;chnlones advance and choange,.

Soils are three-~dimensignal indi$idual pioces of lands-
capes. A soil has depth and a;gu, and it occupies a slope
or pattern of slopes. Tach soil has nany Lharaﬁtv_latlug,
and in one way or another it's characteristics reflect 1it's
entire history. PBach scoll evolved in and with iv's c:-nvironmcn"t,
and it interacts in many ways with its present environment.
The jeb of the surveyor is %o predlot how the s¢ils of a given
kind will respond when used for a given purpose,
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for easy reference
and use by the P¢¢uVi1;;.Juh_q. il map chows the loca-
tion and extent of each kind of soil, The units of classifi-
cation should tell the planner the main characteristics and

osponqes of the soils that are important for his work., The
s50il user generally wents to apply the most profitable manage-
ment on e\ch kind of so0il and good land capability interpreta-
tions should help him do that.

Survey results should be arranged
30

gtafft Mhe

mhe physical factors that determine the capability of a
socil for a given sgricultural use are:=-

M

1 nffective depuh° +h1, ig the thickness of soill available
for satisfactory root development.

—h

2 Texture: the different proportion of different sized

groups of soil grains, This affects ease of cultivation,
drainage, drought risk, crosion ris amount of fertili-
zer needed, suitability for diffaroz crops and many

other a“to =

S Hindrance Vo Cultivation: Gravel, stones, rocks or
Anthi11s thiat oceur inm sufficient guantities to hinder
the farmer in his cultivations.

4o Iimiting Faterial: If there is a limitation in the
e Hbfiv th, the nature of 1he limiting material
Cup be hecause roots may penetrate one type of

maxarlal (e.b. gravel) and not others e.g. rocks,

D c'10];,@: A land with a steep slope is more liable to have
soil erosion wher cleared thun a land with a gentle
slope,

64 Frosion: wvidence of existing erosion can indicate if
the land is suiteble for clearing, or if soil conser-—
vation measures are needsd. Slope, toprtoil texture,
rainfall, and veg ~tation coversge are also important

considerations ir assessing the erosion hazard under a
proposed aysten of land use.

]

Ta Wetness: This relers to the degrce of wetness within the
rooting range during the wet season (the grow1n9 season).
A poowly drained so0il will remain fully or partially
water legged in “he roct region for long periods. This
restricts the amount of air around the roots, and results
in poor growth., since most surveying is dene in the dry
season, the heighit of water table canrot be observed
direcetly. Thug the degrese of wetne is determined by
the subsoil colour,; degree and dﬁp*h of mottling,
occurence of rus.y root channels, vegetation, topographic
position, subsoil texture, and limiting layers,

When all of the above factors have been recorded, we have
carried out a simple basic soil survey. From those factors
we can now determine the characteristics of the soil, and then

.

from the results interpret the land capability classification,

The basic soil curvey is what you have carried out when
you have been in the field and recorded all the observed
features. These results can then be interpreted in many ways.
You may want to produze a map of the suitability of the soils
for road foundations, or for forestrv., A planner might want
a map of the erodibility of the land so that he can plan
major conservation wo ks, You may want a map showing the



guitability of land {or irrigation, or citrus production,
or many other uses. You may alsc want a map 'b(Wlmf the
difrerent types of soil based on one of the nany classifl-
catlion systems, In Zambia the soil survey wnit produces both
goils maps, which do mot directly tell you about the potential
uge of the seoil, and maps showing an interpretation ol the
oapcbil1ty of the gpil to produce geritain crops. Thess are
all land capability maps.

¥ind of Zurvey

To make & survev, the surveyor exemines ond classifies
the soils in the field, locates the soil boundaries and plots
these on a map, describes the soils shown on che map, and
finally interprets the mapping units to serve the purpose for

o 3 b 1 R et S o S e T ] Ay ol
which the survey wnzs mado.
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Most map users will realise that an arca demarcated on
a 'm,ll scale map must contain varistion within it, because
of the large ground arca represented. Iowever, on a large
scale map there is ling that as topogrephic and other
physical features & own in great detail (ox at ks,
be), then mo must be s0il or land feal The secale of
the map therciore, acts as an unwritton ation to map the
user of tne accuracy of the map.,. A laree ’;15 implies great
accuracy, whilst & small scale implits 1»3 accuracy,

The map user cen assume that the surveycr hag mapped a
scale commengurate with the survey in,e_,lty and methods. It
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regions. Map scales vary from
17 2 000,000 to 1:250,000, They
are duu* for feasibility studies
in order to arcas for
further studies.

Reconnaissance Surveys: These are the smallest scale of
"""""" S survey to achieve coverage of the

whole survey area. Tn} usual map
scales are from 1:250,000 to 1:100,
000, but maps f:om 1 JOO 000 (T&plu
reoonnalsuanvea 18 1250, 000 {(detailed
reconnaissances) are 1nuludcd They
are used for Yational and Provin-

ial development planning,
Semi=-Detalled Surveyss These cover the whole area by air
photowruph interpretation combined

with a substantial amount of field
survey ‘ap gealeg range from

+60,000 to 1: ?O 000, They are used
for farw plans and catchment con-
servation plans

Detailed Surveys: These are produced mainly by field
B i survey. Soil boundaries are
“followed®™ and plottcd on the ground,
Map scales range from 1:30,000 to
1:20,000, They are used for irri-
W;tion schemes and other high cost
projecta,
Intensive “urveys: These are produced in ths same
I . manner as detailed suxveys, and are
mapped at scaleg larger than 1:10,
000. They are usecd for irrigation
schemes and rescarch plots,

The land Capability system is degigned to indicate the
relative suitability of land for rainfed, medium and large
scale commevcial farming Tor arable land maize, tobacco,
soya=beans, sunflowecr & arA groundnuts are the mein crops con-—

sidered. TUse 0of o0xX or tractor cultivatlons, adeguate use of
fertilizers, pe“ticidou and weed control measures are assumed,
tooo*h*M with a high level of management or technical super-
vigion. For non~1?107e land, it is assumed that grezing will

be the major use

It will be noted that chemical analysis has not been
mentionsd, I!'sually we consider only those factors that the
farmer has no control over. A poor nutrient supply or high
acidity can be corrected by the use of fertilizer or lime.
mhey do not therefore, enter our land capability classifi-
cation. However, Uomc soils are unable to store plant
nutrients even when added as fertiligers. This results in
a low fertility that the farmer cannot correct, and in this
cege it should be recorded in the land capability classifi-
cation. Towever, at the time of writing the recording of
thie factor is under review, and it will not therefore be
considered further in this manual,
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JHAPTER 4
VAP PRCIBCTIONS

MAGNETIC, GRID & TRUE FORTH

R e T S ¥,

VAP PROJECTIONS

The earth is 2 sphere; a ball. 7The surface of the earth
i1s therefore continuously curving in all direcctions. The
problem facing a map maker is to accurately draw a represen=
tation of the spherical surface of the earth onte a flat piece
of paper, )

In vou consider a cone, it can be cut and unrolled to
a flat surfoce. Similarly, agylinder may be cut and
rolWLﬂ flat. In Lotk these cases, no distortion would be
caused to the features on the surfaces of these shapes when
they were conve fb““ £ a solid body to a plane, Iowever,
there iz no way that a sphere may be cutbt and converted to a

to

=

flat surface. In order ;0 represent the surface ol a sphere on
a flat surface the features on the surface of the sphere must
be distorted on the flat surface, ‘ome parts must be stret-
ched and others compressed. Whatever you do, it is impossible
to accurately represent distances, directions {bearings),

shape and arca on the flat surface.

If a map 1s produced with thg direction of all points
from all othurs accurately represented, it will be found that
the shapes of features :cen on uh, surface of the earth (a

sphere) are distorted on the map (a flat surface). If the

shapes and areas arc correct, distances and direction will
oecomc inaccurate., All maps are ithereforc a comnpromise,

Over & small area of land, the inaccuracies on a map
are so small as to be insignificamt because the sarth is 8o
very large that the curvature is slight over small arcas,
Thus with the maps in common ugse in Zambia at scales of
1:250,000 and 1:50,000 the distances, bearings, shapes and
arcas are accurate enough for normal useage. In fact, the

crrors on o gingle map are smaller than can be measured,

ITowever, over a large area, the inaccuracies between two
digtantly spaced maps can be large. Thus a type of 'projectiont
is used over a limited area of the carths surface, so that
within that area, the errors from map to unap are minimal,

The type of projection used in Zambia Lor the produ-
ction of 1:;250,000 and 1:50,000 topographical maps is called
the WDlVC“”Wl ? ransverse Mercator projection.

1 of the earths surface is taken, and drawn
in W t o line on the ground following a constant
bearing fro

S

m one point to another, will appear as a straight
line on % p In fact, a line of constant bearing on the
ground follows a curved, not a straight line, but over small
distances the curve is so glight tha it ,hnnot be noticed,
“ince a line of constant bearing is a st raight line on the
map, the map may he covered by a resular grid of lines
crossing aﬁ right angles, and the angles between any grid

line and any line of a given bearing will be the same,

However, when an area is mapped in this way, we come
back to the problem of the earth being spherical and the
map being flat, By taking only a small area of the earths
surface, vhe problems within the area mappcd are minimised,



but difficulties arisc where we try teoc re peint within
pour to son

one peint cutside tha This is
inpo

L]
ren we want to calculate the bearing of one
point from ancther,

In order to define any point in the weorld, geographers

have inarined o systoem of lines which form a grid over the
surface of the varth, One sct of lincs crcse at two points
called the north pole and south pele respectively. These are
called noridians or lines of longituda. The other lines go

round the earth parallel to each cther. Mhese arc called
line of lotitude. “he lines of latitude and the nmeridians

cross each other ot right angles, and would be soen as
strolsht linegas dlicong the sphericel surface of the carth,.

Thug, any liac that is parallel with o line of longitude
3 3 - [ =y v e 134 Frme=T i = Tl i *
is rumning from thoe gouth pole to the nerth pele. I 12 soid
te have o hearing of true north.

But such & straight line clong the gpherical surfoce of
the carth apoears o5 o curved line on our flot nap. We have

thus go he situstion whers our nmop shows Lhe correct dis-—
ftances; directions, shopes and erces and is covered ¥y &

grid with o constrnt relationship to bearings, but the
dircction of truc ncrth from any point follows a curved path
across the map. Thus the difference in angle between the
vertical grid lines {(cnlled “grid northi) znd the dircction
of true noxth voarics fron place tec place within the mopped

GIres,

-+

; Irom anether,
the direction

L beoring is the direction pi one pein

indicated as on angle neasured clockwisce frov
of nortii,

©

7 Rt T g SO
IT_O\"A"EL;;.‘, S R0

woe cnn stert nessuring the cngle clocke—
wize from north, we 10

shat is rweant by north.
things, There is

oot Nerth !"r.*(’.z

— k.

gt first know
fret, “noxrith’™ con teon three different
) ‘ w tho direction of the b

AT ths which we us

" t :
¥ point. There are also twe othoer nort

f On topogrophic maps we have the systernt of grid lines
govaring the area, The vertical grid lines rTun opproxinetely
north=gouth, so that they can be used to show “grid north®,
grid north is the direction of the wvertical grid lince al any
point.  THis is very convenient as any point on the nap is
close to one of the grid lines for easy reference. As
explained cbove, the direction of the vertical grid lines
variecs fron true north from place to place. The differcnce
between t ¢ north aond grid north is usuael’y printed on the

Mo
. .(.,LL.

However, when we are in the field, we have no way of
mepsuring c¢ither true north or grid north, In the field,
therefore, we usc what is ealled "nmagnetic north®, lMognetic
north is the direction in which a compass ncedle points at
any vlace. This is not usually the direction of true or
grid north.
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variation® or 2¥ic declinationv, !
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printed on the nap, with the anount snd direction

‘“’Tual deeclination will change each ysar from
= 7} .

IOL.k,

Thereiore, fron the map we can find out

(1) what was the nagnetic voriantion ot the tine *he
map wos drawng

(2) The longth of tine fron when the map was drawn to
1 e

ange in the declination.

. a5 ¢ caleulate the present variantion as the
originel variation plus the nunber of yea gince the nap
roduced, timcs the annual change,

Pregent Origingl - (Yeare since . frnunal)
variation variation droawn change
however, ~the magnetic

In Zénbia gt the dine of A
) nops he®  been found to be

4
declination given on nony of
inaccurate. It ig better, ¢

lination yourseli. Tor
tic=to~grid and not the ;
ﬂ; 50 wo can then use the grid lines for nll ncasure-
: che map,, The rniethod ie dcseribed loter in the
seetion on “ltraverse plonningd
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The scale of a map is probably its most important
eature. Iy choosing a suitable scale we can determine

e space available on the map for the represcntation of
q1l The scale is the ratio of the distance between
two points shown on the map and the distance between the
same two points on the ground. Thus the scale enables us
to calculate distances on the ground from the map and
conversely to plot distances measured on the ground onto
the map.

The scale of a mep is therefore 2 way of ex asing the
amount by which distance on the ground has been Te JCCd when
drawing the map. If a map has been drawn so that distance

on the ground has been reduced 1,000 times then the scale
of the map is 1:1,000. 1If the reduction is 100,000 times,
then the scale is 1:100,000. These figures may also be
shown a3z & fraction:

B e L
T:DOD

In Zambia the two most common scales are 1:50,000 and
1:250,000.,

Iet us look at a map with a scale of 1:50,000., This
scale tells us that onc unit on the map is tQUlJ&lJ 1t to
50,000 units on the ground. The most important thing to

note here is that units used on each side of the equation
st be the same. We can therefore, say that:

lcm on the map is equivalent to 50,000cm on the ground.
or that

1 metre on the map is equivalent to 50,000 metres on

the ground

or that
1 inch on the map is equivalent to 50,000 inches on the
ground

or that
1 of any unit on the map is equivalent to 50,000 of the
same units on the ground,

=

The map scale is neither metric nor imperisl. You choose
whatever units you want to measure in. The scale merely tells
us the relationship between those units on the map and the
same units in the field,

In Zambla we use the metric system. This has the advan-~
tage that it is very easy to convert one unit to another.
Bach unit 1s ten, a hundred or a thousand times bigger or
smaller than the next uvnit in the metric system. To multi-
ply by ten, we simply add an extra nought onto our number,
or move the decimal point one place to the right. To divide
by ten we remove a nought, or move the decimal point one
place to the left. ‘

The metric units of distance

L

are as follows: =

|
—

1 milliretre (mm) centimetre (cm)



1 centimetre (cm) = 1 metre (m)
100 -
1 metre (m) = N kilometre (km)
T,000 »

or

10 millimetres (mm) = 1 centimetre (cm)

100 centimetres (cm) = 1 metre (m)

1,000 metres (m) = 1 kilometre (km)
=

Tmm x 10 = 1em; 1em x 100 = 1m; 1m x 1,000 = 1km;

Therefore, on our 1:50,000 map, wé can say that one
unit on the map is equivalent to 50,000 units on the ground.
Using centimetres as units we can say that one centimetre on
the ﬂap is egquivalent to 50,000 centimetres on the ground.
To convert this to metres wb divide by 100, or move the decimal
point two places to the left Thus we can say that one
centimetre on the map is -qulvalent to 500 metres on the

§4)
ground.,

ice that the 1:50,000 map is marked off in 2 centi-
metrea squares. ”“’ﬁk this with your ruler. “herefore,

e of square is 2 centimetres on the map. This is
equivalent to 100 OOO centimetres on the ground or to make
it eagiex netres on the ground (remembering to mark
off 2 places from the right) or even easier, 2 centimetres
on the map is equivalent to 1 kilometre on the ground.

Phig disg tho hruic “UlL bout any map that you use., Mhe
seale ig the by a it of measure on the
map and that ame unlt of measure on the ground,
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CONTUNRS

Contours are the most common method of representing
relief., A contour iu & line drawn cn a map Passing through
points of equal elevation or height above sea level., Oontours
HEver crosg ohe aﬁodh 2 but on very steep land they will be
quite cloge On the 1:50,000 map used most frequently, the
contour lﬂb al is ﬁltnor 50 feet or 20 metres. The most

rccenilj 1is suod maps have a 20 metre contour interval. The
contour lines are uvsually brown in colour.

The differcnce in height between contours is called the

contour interval, ?0:dﬁlﬁuu; to make the contours casier to
rbhdi cvery fl‘th, tenth, or even twenty-fifth contour is
made thicker then the others. This is called the index con-

tour,

Note that on all maps contours give the following
information about relief.

]
}

F

te The distribution of high and low ground and the
aerial outline of hills, which is their extent
when viewed directly from sbove.

2. An indiecation of thec steepness of slope clearly
defining rather flat or gently rolling areas from
Yery stlegp scarps and hills,

3. The contours help to tell what direction o river
s ¢101Lug in and they show the boundary between

e}

onb catehment and another

STOPES, AND. EADIT,

There are three Aiffor nt ways of cxp
They are all different ways of saying the

A slope 2y be expressed og:e-

1. A ratio slope (gradient)
2. A percentage slope
3. Degrees of slope (angle from the horizontal)

1. Zetio slopes (gradients)
Gradicenty means the amount of slope. This is the
normal way of ecxpreszsing a slope in leveling surveys. To
galcula b'*hc gradient between two points, ftwo things must
be known:--

s T.c vertical ifterval (VI)
2. The horizontal interval (HI)

The vertic interval is the vertical difference in
t'b\'v*on two points

The horizontal 1ntLrV'l is the horizontal (level)
distance hOLWL@n the two points.
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(v1) . e
Horigzontal interval (HI)
The gradient is the ratio of the vertical interval
to the horigzontal interval., This is expressed as a

raction with a numerator of one.

Gradient = VI
HL
A gradient of 1J,(al 50 written 1:100) means the ground
rises 1 metre for Tﬁp very 100 metres travelled horizontaly.
In fact, it does not matter what units are used,; so long as
both © vertical interval and the horizontal 1nterval are
expreased in the same units,

c.gs If the vertical interval is 3 metres and the
horizontal interval is 150 metres:-

Gradient = VI = 35 = (or 1:50),
i s T 5Aso

2. Perceniage slopes

These are really ratio slopes written the other round.
With a gradient we answer the question, "How many metres
must I go along, to rise up onec metre?®

"percent® means “for every 100%, With o percentage
slope we ~nswer the question, “How rany metres up will I rise
if I go along 100 nétreseon,

Pecrcentage slope = ¥l == 100
HT

Agein,; the units must be the same for both the hori-
zontal and vertical intervals.

a4

[

If the vertical interval is 3 mectres, and the
horizontal interval 150 metres:-

Ceile

% slope = VI x 100 = 3 x 100 = 300 = 2
HT 150 150

To convert a gradient to a percentage slope, multiply
by 100 and solve the equation.

To convert a percentage slope to a gradient, divide by
100 and express 1t is a fraction with a mcrﬁtO“ of 1,

3. Degrees oI slope
The steepness of a slope may also be expressed in
egrees. This refers to the angle between the slope and the
horizontal:

=



FiZ2.0=2,
Ground surface

"

g This angle is the
' -vew.___ Gdegree of slope
Horizontal level :.”_, ..... .
T o et s e { L '-l.-.a.-'- x-i.!,}..: _:._’J.'f-!..:-_"_f,:.l:f}‘- s S

This is what is measured by an abney level,
One degree of slopc corresponds approximately to a gradient
of 1:60.

To convert degrees of slope to a gradient, divide by 60,
To converft a gradient to degrees of slope, multiply by 60.
(NB This simple rule only holds good for slopes of 20°

or less)

€ege1.Convert a gradient of 1:50 to degrees of slope:=
1. x* 80 = 1.2°
50
(NB There are 60 minutes

Therefore 0,2 degrees
The final answer is ther

in degree
D2 % 6Q minutes = 12
efore 17121).

e.g.ii.Convert a slope of 6° to a gradicent o=

6+60=6 = 6/ = 1 (or 1:10)
60 660 10~

ggqulqﬁ;gg_Q;q@ippﬁguqum_QQQtpp:s

We can calculate gradients from the contours on the
1:50,000 maps. The vertical interval (VI) between two con-
tours on the map is the same as the contour interval, mentioned
above. It is always given in the map key., The horizontal
interval is found by measuring the distance between the two
contour lines, and using the map scale to find the ground
distance, Once we have the horizontal and vertical intervals,
the gradient, percentage slope or degrees of slope can be
calculated as described above.

Por example 7ig.6-3 is a section of a 1:50,000 map,
on which we want to measure the gradient from point A to
point B.

[}

Distance A to B 3cm
Map scale = 1:50,000
Therefore distance A to B

on ground (HI) = 1,500 metres
?§§§loal AR L 5 e 1,060m - 1,040m
= 20 metres.
Gradient = VI = 20
HI 1,500

= 1 or 1:75
™
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Most maps also have other indicators of height above
sea level, They are used for bench marks in accurate surveys.
Those found on the maps in Zambia are as follows:-

Trigonometrical stations

(usually referred to as Trig Stations or Trig points)
are normally marked on the ground by a 1.3 metre concrete
pillar surmounted by & moveable vane, or often in towns, a
ground mark consisting of a cartridge case embedded in cement,
The position and height of a trig point is accurately deter-
mined and may be used as a base point whenever it is conve-
niently situated near the area to be surveyed.

Bench marks

are usually marked only on large scale maps but are
to be found on some 1:50,000 maps., In rural areas they may
be identified by means of a brass plug ecmbedded in concrete.
The height of the Bench mark refers tc the height of the
brass plug and not the ground surface.

Spot Heightsz

There is no visible evidence of a spot height although
occasionally one may find temporary marks on roads., On the
map they appear as black dots with the height written along-
glide,

AND 3IOPES JORFED EXAMPLES

——— ¥ A o e - - P T

Below are five worked example which cover most cases
met with in calculating scales and slopes,

Gase 1
Scale 1:30,000
Length measured on map = 1%mm
Problems - 13mm ¢ 7
Length on ground = ?
Calculation:m 1mm : 30,000mm
1 x 13mm : 30,000 x 13mm
13mm ¢ %90,000mm
= 59,000em,
= 590m,
Case 2

Scale 1:30,000
Length measured on ground = 620m,
Length on map = ?
Problem;= ? : 620m,
Calculationg:— im : 30,000m,

. S : 30,000

30, 000 , 000,

e T 1m

20, 000m

620 x 1 - : 1 x 620m

30,000m



Case 3

Case 4

1em x lcm ¢

620 620m
30, 000m
0.02m 620m
Therefore length on map = 0,02m,
Slope 1 in 800
Height difference = Scms.,
Horizontal distance = 7
Problem Sem : ¢
Calculation 1em : 800cm,
1 x 5cm : 800 x 5 cm,
5cm : 4,000cm,
Therefore llorizontal distance = 4,000cms,
OF = A0l
Slope 1 in 500
Height difference = ?
Jorizontal difference = 30m
Problem T 2 350m
Calculation 1m 500m
. 200
500m 500m
- 1m.
“500m
1x30 1 x 30m
500 .
0.006m = 30m.
Therefore Height difference= 0,06m
Or::é%&éz::
Scale = 1:50,000
Area measure on map = 3 8Q¢.CH,
Area on ground = ?
Problem 3 sg.cm. 3 ?
Calculation 1em : 50,000cmm,

50,000cm x 50,000cm,

1sq.cm, » 2,500,000,0008q,cm.,
3 x 1 sq.cm:3 x 2,500,000,000
I Sq.cm.
3s8q.cm, 7,500,000,000sq,cm,
Therefore area on ground = 7,500,000,0008q,cim.
or = 750,0008q .m,
or = 75 hag

s
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CHAPTER 7

Before we can begin to work closely with maps and solve
various problems we all must learn to speak the same language,
If we learn how to locate ourselves by grid references we will
have a basic key to the language of maps,

When we are dealing with fairly large scale maps such as
the 1:50,000 series the method of locating ourselves by lati-
tude and longitude becomes cumbersome. !Map makers have divised
a quicker and easier method known as grid reference,

The basic principle of a grid reference is very simple,
If we were to consider a point somewhere on this page, we
could define its position by giving the distance horizontaly
from the left hand edge of the page to the point, and the
distance verticaly from the bottom edge of the page %o the
point, This is how grid references on a map work. To make
the measurements of distance from the edges of the map easicr,
lines are ruled at regular intervals on the map. One set of
lines are horizontal and the other set vertical, forming a
grid. The spacing of the grid lines depends upon the scale
of the map.

In Zambia we use the Universal Transverse Mercator
(UTM) Grid which divides the country into sqyuares with sides
of 100km, 10km and 1km. Thicker lines define the 100km and
10km squares.

I8 Ei¥s the Full Srid rofurguce of @ point on e Mep «
(Sce Fig.T-1) - ol
1. Write the grid zone designation, given at the
bottom of the map. e.g. 36L.

2. Write the 100km square identification, using the
key at the bottom of the map. e.g. TA, so that
we now have 36LTA,

3. Pay no attention to the smaller co-ordinate
figures given in the margin, They refer to an
obsolete system. DPay attention only to the
large marginal figures,

4, Take the west (left hand) edge of the square in
which the point lies, and read the figures
printed opposite this line on the north (top)
or south (bottom) margin., e.g. 18, so that we now
have 36LTA18,

5. BEstimate tenths castwards (to the right) from the
edge of the square to the point. e.g. 2, so that
we now have 361,TA182.

6. Take the south (bottom) edge of the square in
which the point lies, and read the figures
printed opposite this line on the west (left hand)
or east (right hand) margin. e.g. 91, so that we
now have 361LTA18291,
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7. TBstimate tenths northwards (up) from the edge of
the square to the point., e.g. 8, so that we now have
36LTA182918, This is the full map reference.

8. Providing all references are on the same sheet, it
is only nccessary to carry out steps 4-7, giving a
sigx figure reference e.g. 182918,

9. In order to refer to a 1km square, a four figure map
reference is given, In this case carry out only
steps 4 and 6 e,g. 1891,

There are two simple rules to help you remember how to
give a grid rcference,

When you enter a house or office that has two floors,
you first enter the ground floor, and secondly go upstairs.
Thus, with map references you first read along the bottom
of the map, and secondly read up the side of the map.

The second rule is about how you write a capital letter
L. 7You first writc the vertical line I, and secondly write the
horizontal line = , Thus, with map references you first take
the vertical grid line and read its number, and secondly take
the horizontal line and read its number.

Identifying a position from a Grid Reference,
1. If the reference is a full one, identify the 100km

square by its letters or numbers. This may need
reference to an index map of the grid for the
whole country, but usually a reference to the
1:250,000 sheets is sufficient (because you will
usually know the approximate area). Then obtain the
appropriate 1:50,000 sheets.

2. Divide the remaining six figures into two halves,
and ignore the last figure in each half, The
remaining figures are found printed against first
a vertical and then a horizontal grid line, and
these are identified.

3. When these are found, use the last figure in each
half to estimate tenths eastwards and northwards.



PART THREE

.

AERIAL PHOTOGRAPHS.
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CHAPTER 8
ABRIAL PHOTOGRAPHS AND STEREOSCOPIC TECHNIQUES

PR — e [ R e ————— s A A 8es

An aerial photograph is one of to-day's most complete
and informative yet most economical, representation of the
earth's surface. /Aerial photography reveals hills and
valleys, soil and water patterns and vegetation types. Air
photos are used in soil surveys, farm planning, conservation
layouts, and dam surveying, as well as having many other
applications.

Most of the aerial photography used in Zambia has been
taken when there is little or no cloud cover, At this time
of year during August or September the land is free from
vegetation cover. This means that more details show up on
the photo, Iost Zambian aerial photography has been taken
with black and white film,

The air photos used in Zambia are usually at scales
of 1:30,000, 1:20,000 and 1:12,000, To take these photos
he aircraft flies at a height of between 9,000 feet (3km)
for 1:12,000 photos, and 18,000 feet (5.4km) for 1:30,000
photos,

In order to take the air photos, the aircraft flies
at a constant spced and height above sea level in a straight
line, from one edge of the area to the other, and as it goes,
a camera mounted in the floor of the aircraft automatically
talres photographs at regular intervals., It is arranged that
each photo overlaps the previous photo by 60%. When the
aircraft reacheg the end of a run, it turne and flies back
across the area on a new run, paralled to the previous run.
Tach of the photos in the new run overlaps those ol the
previous run by 20~309, (sce Mig.8-1).

The Camers,

In order to understand some of the following descrip-
tions and drawings, it is first necessary to learn a little
bit aboul how a camera works.

When a photograph is taken with & camera, the shutter
opens for a short time (usually around 1/1,000 of a second),
allowing light from the subject to pass through the lens
onto the film, Vhen the light touches the film a chemical
reaction occurs in the film, forming the picture.

Light travels in straight lines. Because of this as
the rays of light pass through the camera lens, they cross
over, so that the picture formed on the film is upside down.
(see Fig.8-2).

The distance from the camera lens to the film is called
the focal length of the lens. This is used when calculating
the scale of the photos.

The Scale of the Photographs
Refering to Tig.8-3, the scale of the photograph is
the ratio r : R, or r ,
R



-

FIG 8-1 B 1o A B
e (o _l*
I 60% :
| Endigp |
l :
F 7 e
”\ N A\
e Yo
/ II A /1 \ /1
Fod ) g
oz g
/V\'f'\\ //;\\/l\
/ //ij il T e b
FLet Y Fobsifi sl o 8
b SRS ) s S N
60% Endiap ™ = ' ‘ ﬁ\
30°% Sidelap
FIG 8—2
Ray
Camera
Picture
MR e e L e e e R

Object




| -34-
FIG 8-3

Photo =is

f
|

f (Focal length of lens)

Camera lens — 5 — —-*

H (Height of aircraft above ground)

)

|
|
|
|
|
|
J

Ground




w 35w

We Inow from geometery that as the two triangles each
have a right angle, they are similar triangles. This means
that:

4y = ,f...
R H

Therefore the scale 1S.f.

H

Both of these valuzs can be readily determined. The
focal length of the camera (p) is usually printed on the photo.
The height of the aircraft A3CVT "TA TWVEIL is also usually
printed on the photo (often as a photograph of the altimeter
of the aircraft at the instant the air photo was taken). 1In
order to work out the height of the aircraft above the ground,
the elevation of the ground above sea level must be subtrac-
ted from the height of the aircraft above sea level.

Example

[

Photo number 522 of the Sferenje 1965 flight,1:50,000
sheet 1,230 C4. (NB This is a real example which you can
check if you look at the maps and photos referred to).

Referring to the map, the principal point (centre) of
the photo lies on the 4,850 ft. above sea level contour.
This converts to 1,455 metres above sea level,

The aircraft altimeter on the photo is registering a
height of 4.395km above sea level. This is 4,395 metres
above sea level,

The height of the aircraft above the ground is therefore
4,395 - 1,455 = 2,940 metres.

The focal length of the lens is printed on the photo
as TL153.54mm,

The scale of the photo is the ratio ¢f the focal length
(f) to the height of the aircraft above the ground (H).

e 0
153,54mm : 2,940 metres

Scale
Scale

nnu

The spome units mast be used on each side of the equation,

153,54mn. = 2,940,000 mm
‘s 19,148,

Scale
Scale

un

It is interesting to note the scale quoted on the photo
is 1:20,000.

Usually the scale quoted is only an average scale for
the whole set of photos. It can be seen that the nearer the
aircraft is to the ground the larger the photo scale will be.

MBuilt - Inf Frrors ir Air Photoes.

1. The scale over an air photo is rarely constant.
This is becatvse the top of a hill is nearer to the
camera than the bottom of a valley, Therefore, the
scale of the nill top will be larger than the scale
of the valley,
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2., The photo is flat. The ground is usually undulating
(not flat). Because of this, when the undulating
ground surface is portrayed on the flat photograph,
equal distances on the ground do not always come out
as equal on the photo.

Fig.8~4 is a diagram of a piece of ground where
beaoons have been established at 1km intervals as
chained along the ground surface. However, on the
flat surface of the photo it can be seen that the
distance AB and BC are not equal.

3, If the aircraft does not maintain a steady height
above the ground in flight, the scale of adjacent
photos will differ,

4, If the aircraft tilts from side to side, the scale
will vory from one side of a photo to the other,
(see Fig.8-=5).

5. The same effect is obtained if the aircraft pitches
in flight. (see Fig.8-6).

6., If a wind is blowing from one side, the pilot has
to turn the aircraft into the wind in order to keep
flying along the correcct flight line, If he does
not turn the aircraft into the wind, it will drift
sideways, as shown in Tig.8-7. The photos will
then no longer follow the correct flight line.

If the aircraft is turned into the wind to correct
for drift, the camera must be rotated to compensate
for the attitude of the aircraft., Iig.8-8 shows

how the photos will be ‘crabbed? if this is not done.

Features of the Air Photo

The main features of the air photo are shown in Fig.8-9
The principal point is the centre point of the air photo,
If theaeroplane carrying the camera is flying level, as it
shouldsthen the principal point marks the point on the ground
which was vertically below the camera. (Sec Fig.8-10). This
is an important point to know. When we plot it on a map
it shows us where the photograph was taken.

We locate the principal point by joining the fiducial
marks with a rvler and marking where they cross at the centre
of the photograph, Bither the corner fiducial marks or the
side ones can be used., (see Tig.8-11).

As the aeroplane flies along in a straight line photo-
graphs are taken about every 30 seconds. The ground covered
by each photograph overlaps the next by about 50%. This
means that the principal point of the photographs from either
side will appear at the edges of the middle photograph.

(see Fig.8-12).

By Jjoining the three principal points that appear on a
photo, we can plot the path taken by the aircraft, This is
called the flight line., It is used for sctting up the photos
for stereoscopic viewing, which is covered in the next section.
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STEREOSCOPIC VISION

Sterecoscopy is the production of a three « dimensional
effect from two dimensional pictures. It means that hills
and valleys can be clearly seen on what is usually seen only
as a flat picture.

c

on that object from a slightiy giffercnt position, and
transmits 2 slightly different image to the brain. The

brain thus receives two different pictures of the same object.
But you "see® only ome picture. This is because your brain
has combined the two pictures together, to give you a gingle
three dimensional image of the original object,

When you look at an o?%ﬁ' , each of your cyes focuses

If you close one cye, you see only a two-dimensional
image, with no impression of depth, If you doubt this, try
to thread some cotton through a needle, keeping one of your
eyes closed all the time. You will find it extremely diffi-
cult.

mhus when you look at an object, both of your eyes
focus on to it and in so doing, each eye gets a slightly
different view of the object, and your brain converts the
two different images into the single three dimensional
picture.

By the same line of reasoning, if we take two pictures
of the same area taker from slightly different view points,
for example two adjacenrt air photos with considerable
overlap, let the left cye see one of thesec, and the right
eye the other the brair will react as it normally does, and,
from the slight difference between them, will produce a
three dimensional image of the arca. Tote that the two
images must be differernt; two copies of the same photo will
not do.,

In order to view photos stereoscopically, therefore,
you must be able to focus one eye onto one photo and the
other eye onto the othcr photc simultaneously. Very few
people, however, are akle to use their eyes independently

in this way without instrumentcl aids.

A stercoscope is simply an instrument that scparates
the line of sight of your eyes, thereby allowing each eye
to look at different photo simltaneously as shown in
Fig.8—13.

A pair of overla:rping photographs is put under the
stereoscope. Thus each eye 1is looking at a photograph of the
same area of land, but each photo was taken from a different
position, As far as tne brain is concerned, therefore, there
is no difference to normal vision, when each eye views the
same object from a slightly different position. Your brain
therefore combines the two images into a single three=-
dimensional (stereosconic) picture of the area.

When examining puotographs under a stereoscope it will
usually be apparent that the vertical part of the image, and
hence all heights and slopes, are greatly exaggerated., ™his
is easily explained. "wo eyes G.2cm apart looking down at a
hill from 3km high would obtain impressions differing by such
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very small amounts that the brain would be mmgble to produce
from them any impression of depth. However, when we look
down the stercscope, two camera "eyes” have teen substituted
for our own cyes, and these were 2 or 3 kilometres apart in
the gky, Trom the much greater differences that these reveal
the brain is able to build up a greatly exaggerated impression
of depth. Fortunately this exaggeration is quite regular so
that although S10pes are distoried, relative heights are not,

Kigdq_oﬁ_ﬁtgrquco_q

There are two kinds of stercoscope used by the ILand Use
Branch, The big ones that we use in the office are called
mirror stereoscopes, With these a large area of each photo-
graph can be viewed ot any one time. They are easy to use,
but are heavy, exXpensive, and rathor fragile,

The other kind iy a pocket, or lens, stereoscope. ™Mhese
are cheap and robust, and easy to carry about in the field,
However, they are not as easy to use, and only a small aren
of any photograph may be covered at any time, The mirror
sterecoscope gives a 1:1 image, whereas the pocket sterco~-
Scope gives an image megnified by two times,

Before Viewing photographs under a sterecoscope we must
get the right bhotographs the right way round,

1. Make sure the two Photographs have consecutive
numbers e.g. 422 and 423,

2. Locate the same piece of detail on each photograph
Ce8. 2 ficld ox a dambo,

3., Place the detail on ore photograph directly above
the same dotril on the other "uw SAMT VAY ROTID,
(i.e., when you look underneath the top photo you
gee exactly the same picture on the bottom photo?},
gsec Pig,8-14,)

4. The photo cdges on two sides should be togcther,
If not check that the detail is the same way
round,

5. Turn the photorraphs together so they are like the
10O REC? WAY PO D diagram above,

~

6. Separate the two photographs to left and right,

IJE%iIh%L.t?EEt,Siﬁﬁﬁigﬁlsfiol?o_

Always handle the Stercoscope with care. It is a very
expensive piece of equipment. Never touch the mirrors or
lenses with your fingers, If you do, dirt or grease will be
left on the reflecting surfaces angd will reduce the quality
of the image you sec,

Always put the instrument away in its box overnight
or whenever, you have finished with s
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Using the Stercoscope for Rapid or Occasiona
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Using the Mirror Stercoscope for Prolonged Use.

The method given
photographs are not positioned
brolonged viewing may result,
be interpreted, therefore, the
Once you are familiap with the
initial trouble in preparation

exactly
Where ve
followin
method y

l._Preparing the Stereoscope
This is a personal pre

Son according to their
and is then Perman
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Ty many photos are to
g method should be used,
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eye

is well worth while,

at varies from person
It only has to be



Te

2.

6.

Te

9.

“ 4B -

Ask someone to measure the distance apart of

your eyes. Then set the lenses of the stereoscope
that distance apart, using the sliding scale on
the stereoscope body. sec Fig.8-=16.

Mark a straight line on the desk, the width of
the stercoscope. This may be scribed directly
onto the desk, drawn on a strip of masking tape,
or onto a piece of wood, paper, card or metal,

Place the sterecoscope over the line so that the
line is central bencath the instrument.

Took down the stercoscope using both eyes. You
will probably see two lines.

Turn the stercoscope one way or the other until
the two lines come together to form a single
line. (seec Tig.8=17).

Mark the positions of the four legs of the
instrument, The instrument must always be placed
exactly onto these marks in future.

Look down the stereoscope and close your right
Ve,

Move a pencil along the line under the left<hand
mirror, and mark faintly both edges of the field

of view.

Measure the half-way point between these two marks,
and mark it strongly on the line.

10.Look down the stercoscope using both eyes. Move

11

a pencil along the line under the right-hand
mirror until it coincides with the image of the
mark in the centre of the left-hand field of view,
Mark that point strongly.

The instrument is now set-up according to your
eyesight. The line, marks along the line, and
marks for the instrument legs can be made permanent,
so that you will not have to repeat the above
procedure in future. They may even be scribed into
the top of your desk.

2. Preparing the Photographs

1.

3

Mark the principal point on each photo. This is
done by finding where lines joining the fiducial
marks cross (sec Fig.8=18)

Transfer the principal point from one photo to the
adjacent photos on cach side. This is done by
comparing points of details found on both photos
at or near the principal point (see I'ig.8-19).

Draw a line from the centre of the photo (i.e.

its principal point) through the transferred
principal point of the adjacent photo, to the

edge of the photo. This is called the flight line.
On the opposite edge of the photo make a small

mark where the line would cross the edge if
extended (see Fig.8-20).
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4. Do the same for the other transferred principal
point on the other side of the photo, You may
or may not have a straight line across the photo,
(see Fig.8-21),

P« The photos are now ready for stereo viewing,
VIEWING "F7 PHO™OCRAPHS

What we have done so far is to locate a straight line
exactly along the centre of the field of view of the stereo-

On the photes we have marked the centre of each photo
(the principal point) and the flight line, which is the
exact path the aircraft took betwzen taking one photo (from
above the principal point of that photo) to taking the next
photo (from above the principal point of the next photo).

It will be seen that the area on the right hand side
of one photo, is exactly the same as the area on the left
hand side of the next photo. On the two photos we therefore
have the same area viewed from two different points., This
is what is necessary for stereoscopic viewing,

To view the photographs stereoscopically the principal
point of the left hand Photo must now be positioned over
the centre of the left hang field of view marked on your desk,
The transferred left hand principal point on the right hand
Photo is located over the point where the centre of the left
hand field of view is Seen under the right hand side of the
stereoscope i,e. the right hand mark along the line, The
photographs must now be turned until the flight lines and
their extended marks on the edges of the photos are aligned
along the line marked on your desk. Tmix the photographs in
position with masking tapc over the corners., The photos
should now be set for effortless stereo viewing. You will
find that on looking down the stereoscope, a perfect stereo
image is instantly seen, and prolonged viewing can be carried
out with no eye strain,

Using the pocket Stereoscope for Prol onged Use,

1. Base=line the photos as described above,

2. Tasten the left hang photo to your desk using
masking tape along the left hand edge only.

3. Lay the right hand photo on top of it, and
Position it so that the two flight lines lie on
the same straight line (use a ruler to align the
photos) and the homogeneous points (Principal
point and transferred bPrincipal point) are
approximately 5.5cm apart.

4. Fasten the right hand photo along its right hand
edge with masking tape, Rach print can now be
liften and placed on top of the other in order
to completely examine the entire stereoscopic
overlap (sece Fig.8-22),
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FUTTING CCMPLETE MATCH LINES ON AIR PHOTOS

The preparation of the air photos already described is
all that is necessary for sterecoscopic viewing., If a lot of
photos are in use, the mapping of soil or land capability
boundaries can be eased by putting complete match lines on
the photos., This is merely an extension of the technique
already described, but the area of stereoscopic cover on
each stercopair is enclosed by lines. These lines match with
the lines on adjacent photos and are therefore called "match

lines",
The procedurc is as follows:

1. Mark horizontal match lines 2.5cm from the top and
bottom of each photo. (see Pig.8-23),

2e l'ark the central vertical match line through the
fiducial marks in the centre of the top and bottom
of each photo. (see Fig.8-=24),

3. l'ark the principal point along the vertical match
line of each photo. ™This is done by laying a ruler
between the fiducial marks on the edge of each
photo, and marking where it crosses the central
vertical match line,

4. Transfer the central vertical match line to each
adjacent photo. This is done by locating ground
features at the top and bottom of the line, and
finding the same features on the adjacent photos,
There are then joined by a straight line.

5. Transfer the principal point to each adjacent
photo, either stereoscopically or using ground
features., (sece FPig.8-=26),.

6. Draw a line from the edge of the photo, through
the two principal points. On the opposite edge
of the photo make a small mark where the line
extended intersects the edge.

7. Do the same on the other side of the photo. You
may or may not have a continuous line across the

photo, (see mig,8-27).

8. The photos are now ready for sterco viewing, They
are set under the stereoscope as before, The match
lines give you boundaries for your interpretation.
Anything outside the box will be covered on adjacent

photos,
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CHAPTER 9

-t

INTERPRETATION TROM AERIAL PHOTOGRAPHS

There is much more detail on an air photo than on a
map of the same arca. But the appearance of the detail
can, in fact, be confusing. On a map symbols are used to
represent different features and theil meanings given in a
key,whereas on the photo there are no clearly defined
symbols, but only difficult-to-recognise images.

On a map it is possible to show tiny items of detail
by a large symbol with a greatly exaggerated scale, but
everything on a photo corresponds to its actual size on the
ground, sc that small featurces can be difficult to see,

411 features which arc visible from the air will appear
on the photo. The fact that a photo has so much detail can
infact lead to confusion, especilally in arcas where there is
a lot of detail giving a cluttered appearance to the photo,
Mhus, although & photo has more detail than a map, the
information on the photo may be less easily understandable
than the information shown on a map,

Normally, when looking at an object, we recognise it
by its size and shape, its colour, and other objects or
featurcs associated with it. We have to use the same Pro--
cesses when looking at objects on air photos. However,
objects which we readily recognise on the ground may look
very different on an air photo, so we heve to learn anow
to recognigc familiar features on the photo.

Relief is ghown on a map by contour lines and these
arc absent from the air photo, However, it is possible to
view air photos stereoscopically. This means that we can
actually see the hills rising up out of the picture, and the
valleys as depressions in the picturc. Thus it may be
easier to get a recalistic impression of the relief of an
area from air photos than from a map.

Certain features that are usually shown on maps are
migsing from air photos. These include the exact direction
of north, and the grid lines., A scale is given on all air
photos. It is only approximate, but is accurate enough for
field navigation purposes,

We have therefore to become familiar with the recog-
nition of features on an air photo, and to gain an apprc-
ciation of the scale of the photo and the relationship
between the features at the scale. Once we can do this,
the air photo becomes similar to an immensly detailed map,
and it can be used in the same way for navigation,

Aerial photographs are widely used as a base on which
to plot data about soils and to draw boundaries between kindsg
of soils with or without the aid of 2 stereoscope.
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Air photos are available in Zambia at scales ranging
from 1:80,000 to 1:6,000. Small scale photos give a good
overall impression of a large area, so that broad trends can
be seen. Iew photos are needed to cover a given area, ILarge
scale photos show the area in greater detail. However, for
a large area, very meny photos have to be handled. Suitable
scales for different survey intensities are as follows:

@ Lo

i

1:80,000 — 1:40,000 - Bxploratory and rapid reconnai-
ssance.

1:40,000 - 1:20,000 - TReconnaissance and scmi-~-detailed.

1:25,000 - 1:12,000 -~ Detailed.

Stereoscopic interpretation of aerial photographs gives
s s0il scientist additional clues about the kinds of soil he
is likely %o find and especially about where the soil boun-
daries lie., Therc are, of course, limitations. o one can
tgee’ o soil on an aerial photograph. 4 soil is a three-
dimensional unit of the landscape. It has depth, Trom the
picture the soil scientist can at most see only the surface=
and that imperfectly. He can see the third dimension only
by digging a pit or augering.

Yet the study of acrial photographs gives important
clues about the shape of surfaces, the vegetation, and the
soil colour. Often the pattern of featurcs is repeated over
large arcas, 3y studying examples of landscapes that make
up patterns with a fiecld survey the soil scientist can learn
the locel rclationships between specific kinds of soil and
patterns in the photographs. This helps him in plotting
c0il boundaries accurately and rapidly. It helps him with
reconnaissance soil surveys that are made before detailed
soil surveys of a sclected part of a large area are carried
out,

To be reliablc, the kinds of soil and the soil mpping
anits must be identified from ground obscrvations. The
principle here is not one of feither-ori. Even though we
cannot make a reliable soil map from examining acrial photo=-
graphs alone, the photographs should not be ignored; soll
maps can be made morc accurately and more rapidly with good
photo interpretation than without it.

Txploratory or reconnaissance soll surveys play an
important part in arcas having little soil suitable for
cropping or in areag where the proportion of scils suitable
for cropping is unknown. If sizeable areas of soils suitable
for intensive use are discovered by these surveys, they can
then be covered by more detailed soil surveys for planning
such use. Approximate identification of the kinds of soil
can be made by interpretation of aerial photographs, and
a suitable soil map can be made provided that adequate
cxamples of soil have been studied on the ground,

Thore are manv differences between featurcs seen on
the air photo, and the same features seen on the ground. The
shape on the photo is usually the plan (top view), instead
of the more familiar elevation (side view), ©Not only do
we not ecasily reccognise that view, there is also the fact
that many objects which vary greatly in gside view may have
similar top views on the air photo. 1In this case the size of
the object may help to identify it as well ag its relation
to other nearby features. It is not usually necessary to
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accurately measure the size of an object, but one should
always have an over-all appreciation, or #feecling® for the
scale cf the photos, and this is only gained by cxperience.
It is useful to rcmember what 1cm represents at various
scales (e.g+ lem = 300 metres at 1:30,000;500 metres at
1:50,000 etec), The finger nail of your little finger is
about 1lem wide. You arc thercsfore never without 2 rough
uler in the field!

IVMAGT CHARACTERISTINS WHICY, AID PHOTO_INTERPRETARION

Most oir photos are in black and white., Colour film
is expensive and in fect colour may not make the photos any
easier to interprets On black and white film all colours are
shown as black, white, or shades of grey. We thercfore talk
about the ‘tone" instead of the colour of an object on an
air photo. The tonc of an object on an air photo muy confuse
us when we think of the colour of the same object., Tais is
because black and white film rcacts differently to different
colours to the way our cyes react. Thus, if we look at a
bright red object and a dark blue object, the red one looks
brighter to our eycs. However, on the photograph it is
often the dark blue object that has the lighter tone.

But it is not only colour that affects the tone of an
object on air photos, Smooth surfaces such as roads reflect
a lot of light and so produce light tones on the photo what-
ever their colour. Rough objects, on the other hand, will
appear darlker because they do not reflect as much light.
Different crops growing in f{fields reflect diffcrent amounts
of light due to their different leaf characteristics,
cimilarly different types of vegetation in the bush reflect
different amounts of light. Thus mushitu shows as black,
whilst secondary miombo forecst shows as pale grey.

Some things absorb a lot of light, and thus reflect
little light; the most common case is water., Such things have
a dark tone on the photo,

Often in day to day life we recognise an object by its
association with other things. Jomebody may wave to us as
they flash past in o car, and we do not get a chance to sec
their face. However, as therc is only cne person we know
personally who owns that type of car, we are able to deduce
who it was, This kind of deduction ieg cxtremely important
in air photo interpretation. Tor example, many schools are
a large collection of buildings with a distinctive playing
field attached. Mines may be identified by their slag heaps
and slime dams,

Windrows show clearly as dark, regular lines across &
field before burning. Chitemene cultivation has distinctive
dot or line patterns. Tiny villages can be first rccognised
by many footpaths converging towards them. River courses
may be secn from the dense Mushitu vegetation along the
water course, or by the sharply defined edge of a fire zone.

It is difficult to make generalisations about air
photo interpretation, because each arca has its own specific
characteristics in terms of vegetation, micro rellef, drainage
pattern, parent material, altitude ete. However, a fow
general statements can be made.
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Bare rock., laterite, or bare soil have a white or very
light grey colour. So do sandy dambo fringes.

Areas of shallow soils often have light grey colours,
with a low tree density (Musuku bush), or can have scattered
very largec trecs.

Ant hills (termitc mounds) appear as round dots on air
photos. Usually thev are very dark or black because they
support dense bushes or trees which absorbd light. Concentra=-
tions of large termite mounds are usually found ncar dambos,
or on dambo zdges - more frequently on clayey soils than on
sandy soils,

An irregular surfoce accompanicd by depressions without
outlets (sink holes) indicates limestone bedrock underneath
the soil, and in mosi cases hecavy textured soils.,

Thicket occurs as black or very dark grey patches on
the photos. This vegetation is often found on heavy soils,
or bordering water courscs,

Mon-made changes in the landscape arc usually casy to
identify e.g. Chitemene fields, villages, gardens etc,

come changes in tone on the photo may have nothing
to do with soil variation. Tor example, bush fires may give
peculiar patterns of grey or black, depending on the length
f time between the date of the fire and the date of the
photography.

sheet erosion registers as a tonal difference appearing
as light patches. Seriously eroded areas not covered by
vegetation photograph light. Light tones, however, arc not
always indications of shcet erosion. 1t should be taken into
account that steeply sloping soils arc morc likely +o erode
than those gently sloping, that in arcas of subdued relief
erosion is likely to occur at the crests of low ridges, and
that eroded areas may be covered by crops or native vegeta-
tion and thercefore will not show up on the photos.

Gullies appear as long scars with definite irregular
borders; they contrast with sheet-eroded areas, which have
more diffusc and smoother outlines. ~Gullics are common in
natural drainage and at the boundaries of fields.

alope = breals can usually be seen under the sterco-
scope, cxcept where the relief is very gentle. Soil boun-
daries often occur at slope breaks and sometimes this is
the only indication of the position of the boundary.

TR TISE OF AERIAL PHOTOCMAPHY TOR LAMT USE SURVEY
Before any member of the Land Use Branch goes into the
field for any reason at all, he should have already studied
the air photos of that areca. This is very important. 1%
means that when the field worker arrives, he is already
somewhat familiar with the area. He knows approximately
how wide the ridges and dambos are. He knows of any promi-
nent hills. He knows whether the slopes are steep or gentle,
how much land has been cleared, how dense the vegetation is,
and whether there are many or few anthills. In other words,
he is not going into an arca unprepared.



The Land Use Branch Provincial Offices have all the air
photos of the Province., The drawing office staff will gquickly
locate any photos you may require. A£11 photos must be signed

out,

Lo

When you have obtained the photos of the area you are to
visit, they should be examined under the stercoscope,. Various
features are then marked onto the photo using a chinagraph
pencil, TFeatures marked will depend upon the type cf survey

you are to carry out. The following colours should be used to
identify different features:-

RED/BROWN — 1/ Boundaries, including farm boundaries,
soil or Land Capability boundariecs,
clearcd land boundariecs.

2/ “oil or Tand Capability code notations.

3/ Red Hatching-lountains and rocky out-
cros,

BIUTE ~ 1/ Dambo fringes and Water courses.,

2/ Mraverse lines and traversc data
(bearings, distances ectec).

GTIEN - 1/ Internal Fences
2/ Grassed Waterways
3/ Slope breaks
4/ Vegetation changes

57 Match lines

BLACK -~ 1/ Crests (Watersheds)

2/ Roads
ORATICG - Graded contour ridges and storm drains
WITT MR ~ Direction of slope.

Before 2 soil or land capability survey is carried out,
the air photos of the area should be match-lined, and examined
under the sterecoscope. This has two purposes, 7ivstly the
surveyor can get a “feelm of tne area, as mentioned above,
Secondly, the route of the traverses can be decided upon, the
augering points detcrmined, and any obstacles noted and
avoided (c.,g, if a land nNover is to be used, wide dambos,
deeply incised rivers or rocky arcas can be noted to be
avoided). The length of cach traverse can be calculated from
the photo scale, and adjusted to form a reasonable days work,

When each days work is ended, the main air photo
interpretation starts, always under the stereoscope. The
days traverses arc marked accurately onto alternate photos,
with the classification rccorded against each pit, Other
features recorded in the field notebook are marked as appro-
priate. A magnifying glass is uscful for the study_of details.
Then,with the aid of your field notebook and general knowledge
of sterco techniques, the scoll boundaries can be identified
and marked,
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Bach arca nmust be "learned® individually by careful
observation and comparison of changes on the photo, and
changes in the soil, and changes on the land., This applics
to even the most expericnced surveyor.

With practice, the air photo ccases to be a meaning-
less jumble of grey tones, and is recognised to be one of
the moet uselful tools the field worker pcsesses. But a word
of warning. Air photo interpretation is o very uscful tool,
but it cannot replace field work. A map and report based on
one day of field work and ten days of office work is not
worth much more than the one day of field work alone. If
there should be any doubt between what is observed in the field
and what is thousht to be seen on the photo, the field
obgervation is always vthe one to rely on.
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Any group of soils of the samec age, derived from similar
parent naterials under the same climatic conditions, will
show progressive variation as one moves from the valley or
dambo bottom, up the slope, over the ridge, and hack down
to the next vbllud. The complete group of soils found in
such a secquence is called a catcna.

This is a very important concept, becousc it means that
within a survey arca, any soils over the same parent material,
occupying the samc physiographic position, are likely to have
gimilar cheracteristics. It is for this reason that it is
possible to inferec with reasonable accuracy what soils occur
between traverses. If so0ils occurced purcely at random, an
extremely intensive survey would be necessary for even a very
small survey arca, Fowever, by recognising the catenas in a
given area, the sgoils betwecn the traverses can be recognised
from air photo interpretation.

Thug, wherever p0891ble, cach traverse shculd be planned
to cover & catcna. ™his means 'h t the Lr?v rees should
run across the ri dges and damvos, i.c. at right angl—*0 to
the topogrhphiCJl strike,

Before going into the field, the ailr photos should be
examined under the stereoscope. The ridge and valley pattern
can then be uctermﬂned, and tne traverses planned to cross
the widges. Any prominent slope breaks, changes in vegeta-
tion, or chun res in landform or tone should be noted, and
the traverses Ulmﬂn >d to cross these features. It can then
be determined in tiie ficld whether these features are related
to changes in solil type, or not.

On large scale survey the 1:50,000 maps can be used in
conjunction with the air photos for traversce planning. ™hese
maps arce usually contoured, so that the ridges and valleys
arc clearly seen, ond trqu““oo can be planned to cross them.
Also, the degree of slope can be calculated from the map by
me“*uwl g the distunce between the contours. "hus steeper or
more ?ﬂllow slopes than usual can bve identified for further
anOuLl gation in the field.

Traversc Bearings

In the ficld, a magnetic comprss is used to indicate the
direction in which %o walk along each traversc., T'nless it
is intereferred with by nearby objects made of iromn, or
electrical egquipment, it always points toothe magnetic north,
A bearing is given as degrees of arc (360° in full circle)
cagt of (or clockwisc from) north,

Having decided upon the direction of your traverse
the traverse must then be plotted onto the 1:50,000 sheet
in pencil. The line of the traverse is exte ndud if nece-
ssary, so that a protractor can be placed on the traverse
line, centred on a point where the traverse line crosses
one of the vertical grid lines. The protractor is rotated
until it rcads the magnetic bearing of grid north for that
areca on the vertical grid line. The magnetic bearing of
the traverse can then be read off,
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st cheougl each 1:50,000 sheet has the difference
between true, grid, and magnetic north printed on it, at
the time of writing, the differences given are known to
be inaccurate, Thus, for cach 1:50,000 sheet used in the
survey you must calculate your own. ‘o do g0, proceed as
follows .-

1. ®™ind a straight length of rozd, or a cut line,
near the centre of your survey. Tocate this on

2. Take the bearing of this road, checking your
esult frem the other end by use of a back

3. Plece a protractor on the map at a point where

notate
the road, rcad on the protractor, ccincides with
the road on the map.

4, Read off the magnetic bearing of the grid line,
and note it down,

T,R, It will pronably be
in each direction with a2 pen
can fit over it,

necessary to extend the road line
cil line so that the protractor

“or each traverse drawn onto the 1:50,000 sheet, you
can now iind a point wherc one of the vertical grid lines
crosses the traversc. Put the protractor on the point,
and rotate it until the magnetic bearing of the grid line
(found above) is on the grid line, then read off the mag-
netic bearing of the treaverse.

On a small scale survey covered by a very few air
photos, thc bearings can be determincd directly from the
photos., Having measured the compass bearing of your road
etcy place the protractor on the road on the photo centred
where the traverse crosses the road, and read off the mag-
netic bearing of the traversc.

Never assume that the top of the photo is north,
The exact orientation of cvery photo will vary duc to the
errors inherent in all air photos.

Trayerse_Distance
vhen walking, a distance of between 8 km and 12 km
through bush forms a reasonable days work. £ spced of
about 2km hour can be ass
200 metres. Over open land, or along foot-paths and
roads, a greater distance can be casily covered. The
exact distance ic often determined by the topography.
A closed box tTraverse starts and finishes at the same
point. If a vchicle can be sent to meet the team at
another point, an open traverse can be used.

When surveying from a Land Rover along or tracks,
measuring distance with the speedometer, over 50 km can
be covered in a day, augering at 500m - 1km, 7This would
be on a rapid rcecconnaissancc type of survey. These
figurcs arc very tentativc as it all depends on the field
conditions, intensity of the survey, and the homogeneity
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The level of the survey dcepends on the usc #p which

it will be put. Most land ca owlllty surveys are uscd for
form proguct planning, and it is usual to carry out the
surveys at a ”Scmlwdeuallud level, The distance between
he traverses, and the distance betwesn cach qurm"*lng along
the traverses, will vary according to the neecds of the
survey, but for a scmi-detailed level, & distonce between
traverses of 500m - 1 laa, and a 1lstance between augering

along the traverses of 200 - 500m is usual. The most usec-
ful spacing ig 600 metres between traverses, with augerings
at overy DOO metres. These distances fit nicely with the
ase of 2 30 metre chain, and aerial photographs at a scale
of 1:30,000.

Cver small areag sgular grid ney be used, but on

r surveys the traverses cen go in different “lT“Cthﬂn,
s0 a3 %o b@st crosga the © pographlc strike, In this casc the
distence between the troverses may be closer than the limits
at some places, and more distant at others. The important
thing is to keep the average distance to the limits sct

for thot survey. N

O H
(6]

On a reconnaissaonce survey {such as the soil survey unit
usually carries out) dlstanco between traverses can be from

1.5 km to 2 km, with augcerings carried out at between 300m
and £00m intervals,

Tsually intervals of 1.5 km x 300 m would be used. On
such a survey, cach augering represcnts 60 ha,

ailed survey with a 600 x 300 grid, ecach
s 18 ha.

1., Yherever o road or cut line is running across the
gatena, then usc it for a traversc to save time
and cffort,.

2. Vhere eccess is very difficult, it is often best
to put in a base line for TLend ‘Jover nccess along
a ridze. You then plan box traverses flo the
basc linc across the catena., e base linc is cut
just gufficiently for the Land lover to pass.
“our men should complete up to 6 km in a day.

3., If nccessary, it is possible to crous almost any
dambo o river (except "8 very big river) with
Juiprls ng ease. Half a kilomcter of sodden dambo

o
{w §

>d by four men in a day by construct-
O 13

can be bridg
u road of logs layed aecross.llowever,

c
ing a Scorgar
only spend the time and effort on this if you are
it is necessary. There is often a
n elsewhere,

really sux
better way 1

4. Plan traverses to start and finish at prominent
features e.g.road corners, VlLlngeu, bends in a
river, ctc, This makes the “ield navigation much
more simple,



5.

Beware of old air photos. Tootpaths become

disused and over grown, while new ones appear.
Villages arc abandoned and rebuilt a few hundred

metres away. New roads are put in. It is as
to avoid the usc of bush fooitpaths as traverse
se you arc absolutely sure you are on the

Traverse lines should be drawn on alternate p
graphs. This leaves the stereo-—pairs cloan f
cubgecquent photo interpretation of the land
canability boundaries, Draw the lines using
sharp, blue, chinagraph pencil.

well

hoto-
OT‘

o



- GF -
CHAPTER 11

THE MEASUREMENT OF DISTANGCE TN MHE TISLD

There are meny ways of measuring distances in the
field, Thosc usually uscd in the Land Use Branch are
pacing, chaining and Jic cyclcometer,

1., Pacing

Pocing means counting how many paces, oOr stcps, you
take whilst walking. If you practice pacing along a known
distance {e.g. 2 chain layed out along tvhe ground}, you
will be able to learn to make each of your paces cxactly
1 metre long. This nccds concentration and practice to
achieve. Once you can do this, it is possible to mcasure
distances very accuratcly by pacing, providing you clways

concentrate on what you arce doing.

Usually, when waliiing yp a hill, we tale smaller
( shorter) paces then when walking down & hill, However,
if you have learnt to pacc exactly 1 metre per step, and
if you concentrate on doing so, you can overcome this
tendency to vary the length of your pace.

‘his ic the mosgi cccurate way of measuring distance
by pacing. However, it can be slow and tiring. In thick
grass it may be impossible. mere high accuracy is not
so important, & quicker method is to walk normally, and
make an allowance for the fact that your paces are not
exactly 1 metre each,

Over any given sort of terrain cach and every pcrson
has o slightly different length of pace., BZvery field officer
should therefore know how many paccs he takes over a given
distonce. Tost poople's paces are less than 1 metre.
Thercefore the number of paces taken rust be converted to the
correect number of metres, ond this conversion depends upon
the individual doing the pacing, and the type oi ground he
is walking on.

In order to woik out your personal conversion factor for
cach type of ground, you should measurc, using & tapec,
chain or cyclcometor, a known distance., 'alk along this
line using your normal walking pacc, and count how many paces
you teke., Do thisc scveral times and work out the average
nuriber of paces you take., The longer the distance, the more
accurate will be your result., Then divide the distance you
covered by the number of paces. This gives you the average
length of one of vour paces. Write this number in the front
of your field neote book.

2, _Chaining

A chain is a le
fixed distances along it, &lach individual link rcpresents
a given distance. T chain is used in conjuction with
tarrows®™ and wequires at least two men to take the measure~
ment,

The chain has o handle at cach end. The front man
pulls the chain along the ground until the handle at the
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back, held by the second man, is level with the starting point,
Phe baok nan holds the handlec on this point, at ground
level, whilst the front man, also holding the chain at ground
level, pulls the chain tight, then places an arrow in the
ground at this point, The front man then wallks along, pull-
ing the chain behind him, When the back man reaches the

arrow in the ground he again holds the handlc at ground

level whilst the front man again pulls the chain tight and
places an arrow in the ground. The back man then emoves the
arrow from the ground and carries it with him.

The distonce choeined is therefore either:=
1, (The No,of arrows held by the back men + 1) X

length of chain,

or /
2. (The No.of arrows started with - the Yo. of arrows
remaining at the front) x length of chain,

Intermediate distances are taken by subtraction using
the distance markers on the chain.

A metric chain is 30m in length with divisions measurcd
equally from either cnd to the centre.

A third man may be uscd to carry arrows {rom the back
man to the front man.

Always walk in o straight line, going over, not around
anthills etec,

Tie brishtly colourcd bits of cloth onto tThe arrows
so that they can be casily scen in tall grass.

After every ten chain lengths, when : ol
roturns the ten arrows to the front man, rrows should
. be counted to ensurc that nonce have been missed.

3. The Cyclcometcr
The cycleometer is a small wheel mounted on the cnd
of a handle. It is counected to & rovolution counter,
which counts how meny times the wheel goes aromnd. If
the wheel has o circumfercnce of one metre, then it will
go round once for coch metre it is pushed along. The
revolution counter will thus give a reading in metres,

The cycleometer is easy to use, nceds only one man to
operate it, gives & continuous direct reading of distance
travelled, and can cven be pushed along by the surveyor
if he is alone. It is rccommended as the best form of
distance measurcment for most soil surveying, although on
detailed surveys a chain may be more accurate. It is
most important thot the operator knows what he 1is doing.

In the bush, the operator will tend to follow a
twisting course which mcans the distance recorded will
be slightly higher than the truc distance covered,
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This will vary according to terrain and the operator, soO
the allowance nccded to record the true distance has to
be found by cxperiment at the beginning of a survey.
Frrors of up to 10% can be rccorded in rough or uneven
country. On a road the cycleometor will give a true
reading.

It is usually adequate to »ccord distances to the
nearcaet 10 metres for soil surveying. After all, o
chinagraph line is cvout 1mm wide, which on a 1:30,000
nerial photo represents 30 metres. Of course, the accuracy
to which you must work depends on the level of the survey
and the scale of your maps and photographs.



CHAPTER 12

COMPASE WORK
The type of magnetlc compass most frequently uscd by
Tand Use Staff is the “prismatic compassi, It consists of
a Circular metal casc with a glass top, inside which is a
gircular card, graduated in degrees of arc. The card is
free to pivot about a central needlc, and has a magnet
mounted beneath it. The north - sceking pole of the magnet
always points to the magnetic north. The compass is filled
with alcohol or oil to slow down the movement of the card.

vthen the 1id is opened flat 2 fine pointer is seen at
the front of the instrument. The bearing along which the
hair line on the 1lid is pointing can ve read off beneath
this pointer on the inncr scale. ™his is quick, but not
very accurates

Tor more accurate work the 1id is opened vertically,
and the prism above the hendle is flipped over onto the glass
face, In order to find the bearing of on object from his
position, the coumpass man sights through the prism, turning
until the heir linc on the 1id is concurrent with that
obiecct. The bearing con be read dircctly on the scelc
visible inside the prism, The scals is accurate to the
nearest degree, and half degrees (30 minutes) can be
estimated.

mo wallk along & traverse of a given bearing, the
compass mnn signts through the prims, turning until the
bearing hc requires 18 read on the scale., He then notes
which tree or other feature the hair line on the 1id 1is
concurrcnt with, and walks to that voint. Hc repeats the
operation from point to point.

‘hen rcading the scale, note that it reads from xight to
1ert. The short divisions are the single degrees, the long
divigions are at cvery five degrees, and the medium length
divisions are the tens of degrees, coinciding with the number
located immediately beneath. (see rig.12-1).

mor quick and rough troversc work wherc accuracy
to the nearcst onc or two degrees is adequate, the adjustable
ring around the outside of the casc is used. “ach number
on the ring weprescents 10 degrecs. Thus, if the gompass
man wants to wall: on an approximatc bearing of 80" he
loossens the locking screw on the outside of the compass
body, and turns the ring until the figure 8 coincides with
the hair line at front of the compass, and locks -the ring.
e then places the compass £1at in the palm of his hend,
with the prism folded out of the way, and the 1id open
flat. 2y kecping the north mark on the card direcctly
beneath the north mark on the glass face, and walking in
the dircction the hair line on the lid is Bointing, he will
be following a bearing of approximately 80 .
mhe following hints should be observed:=-
1, When using a compass STrND STILL
2. Stand well away from vehicles, mctal roofs, water
tanks, power lines or any other metal objec
Make sure a mon with a soll auger is not standing
next to you. Any metal object may cffect the
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Officevr=in-fhorge of the Police din the Nistrics, the
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A woe! 0 two before the start o£ survey o day should

be gpent cheeldng whe camp site, and v, o i
cirls. Toually o visit is mode 4o the yornoer or
Digtrict WCPPLGMEfJ i ﬁidirlo:_agricultuxal OffiCu:, tho

Police, and the Calel in the ares. "he loecel couwncillor may
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v e
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gach : J Sl T 28 uis own tent, althouh ?Miu ig

e o, ) s | -
no’ that ev urybodv hnes either a

camp preferably boih. Mverybody should
rilso hawve
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Hole with fire
beneath drum

<78

HOT WATER GEYSER

Cut out for filling

/ with water

/ 210 litre drum

Hole deep enough
for a bucket

BUSH SHOWER

"-—-———._Ropg

172" nipple soldered or welded info bucket
V™ 112" gate valve

T ‘Shower rass: (con be made from
atin with holes in the bottom)
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CHAPZER 16

W TACTD APABILITY 00D

0il ond leond ! acterigticn thet arce obgscoved in the
field, heve to bu weccrded in your field nowebook. Theae
-~y

observations a.uce then ussd to cleasgify thie land into a land
capability eloss,

If we tried to write o doscription of every site, "using
normal Tmglish, we would wasto a lot of time, beconc wvery
frustresed, and rapidly f£ill meany noutebeoks. A short-hand

n G £ a codc hag thus been developed fox field

QCor It gongiats of & line,. on bon of whieh, by a
verien of mbery ond letters,; aye reprosentod four s0il and
land cherscteriagtics, and below whlch are rooprescented another

four. The rorangement is as follows =

ective Texture Hindzanca to Tiﬁi*ing
Depth cultivation mnaterial

“Modoratvoly deep with an effective dopth of
and 90cm. Thoe texture of the layer between the surf and
20cm is sand, The texture of she layer bevtween 20cm and 40c¢m
is loamy sand. ‘™c vexturce of the layor between 40cm and
60cm is sandy loam., The texturce of the layer below 6Oem is
sandy cleay loam, ~ravel on the surfece is = lllﬂ*“.“"‘n(‘“ to
cultivation and g“"vﬂl in tac subsoil forms a liniting laver,
The alope of the land is between 14 and 3% and thare is
%1ight grosion. The gpoll is moderstely well drained with
subseil colouxr of dark yzllowish biown

y O

Thatv same description may be written in vour {ield
notebook thus:
2 4 X B C 7

S

The aymbols for each soil or land chaeracteristic ar
arranged ~s shown ahove, so that they may be read off as
shown hcelow:-



mexture of Tayer botween
gurface and 20cn.
Texture of layer boiween
o e P TR B B R R B N ) R 8 % el o and S0
' mgxture of laye
¢ttt 40en and 60¢n,

7 mexture of layer botween
- 60c and 90cm.,
Tindrancs to cultivation
o

Timiting ateprial

2 AYD C84 7

A ET W (10YRA /4
[ ... .. Colour of subsoil

mach of these chorccteristics will now bhe deall with

mhe effeetive depth is the thickness of soil availablce
for actl_LoctOf\ plent root development (which is different
for different crops). It is therefore +the depth at which
hard rocl, hard laterite, o hardpan, & water table, or other
50il conditions arc met which impede root development. 90cm
or more is regorded as sufficient for the normal choice of
crops, fhus only when uuch a layer is met within 90cm from
the ground surxfoce is it regarded as limiting for the crops
considered in the Lend YPse classification sycteri,

"owever, for some crops or forms of Land Tize {tree
rop, irrigation, ete.), A deeper soil may he wvequired,
“hﬁchorc, if a limitirng loayer is found between 90cm and

120cm, its presence should be recorded in your field note-
book.

"he sy ,bolu nsed in the lend use code to indicate the
effective depth are as follows -

Gode gvmbol NDepthh of limiting layer Meme of depth
class

Y Morc tham 900m. Decp

2a 60cn1 - 90cm. oderavely deep

> 50cm - 60cm. Moderavely
shallow,

4, Less than 30c¢m, Shrllow,

S oclin, stones or -

I3
grevel at surface.
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counteved howeve“g an

that plant roots are &
O, clthouph their movon
”'\ 211y uullu, vherefore,

it rn follows .-

-

Lo ey i encountered g
Llhﬂ 50em, and 1f the auger entex
easily, the effective Jdenth is

If o grevel layer is encountered clos;r to the .surface
then 30cm, ond if thoe auger cannot enter the gravel
layer ossily, the sffective depth i depth closs 4.

£ o gravel layer is encountered below 30cm, and if

:

¢ s0il molerial above the gravel layver 1s sand

, vy sand (7)), the effective depth is token
as the cuge ing dopth to the rravel.
If & gravel 1&““r i encounterad below Jtem and if
s0lid wock or laterite sheet iz cncontercd wivhin
whe j”“vn‘ 1”f”“ ahove 90em, the sfvrectiive depth is

sncountoered bhelow 30cm, oand
the soll mave above the gravel loyer is
Ny Tonm (u) or heavier, and if the auger cnters
ihe provel loaver vasily, Uhu effeetive Jdepth is she
cucering depth plus 30cm.

If a sravel leyver is encountexad below 30em; ond
if tho soil moterial above the gravel lover is
loan {B) or heavier, inﬁ if the auger cannot cnter

! m:ﬁv,l lrver ensi the effcective depth is the

i als Rt
el Ll

[FRERe

aueering dcepth plus 100m.

If partially weathered rock is cncounioercd above
50cm, the 2ffective depth is icptu slags 3

weothered rock is encountored below

3 Py elim oyma - L Mk
epth is the augering depih

1f pactinll*
th roctive de

Hem, “the
1]1 e o O cra,

,._.-\_ -
b J

....J

chove conditions are summariscd on the flow chart.
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Many beginere believe that 90cm is far too deep for m
plants, and that o shallow or moderately sh*l?or #01
sufficient for good plant growth. There ar
this is not so, "ha plant roots consist of thick o
anchor the plant, and fine hair roots that cbsorb water and
nutrients from the szoil, “hese hair roots arc almost invisible
and if you null up &« »lant, they brealk off in the soil and
are never seen, On nany plants these go for decper than the
main roots. Sccondly, the soil beneath the rooting depth is

an important stornge spoce for water ond nutrients, that cen
bb broughc up to the rooting depth by capillary action.

i

Teil is e mixture of rock and mincral perticles of
different SiZuS and orpenic matter. ‘hese poerticles have
voen named according to their size.

3and 2, 0mnm - 0.05mm di~mecter

gilwe 0,05mm - 0,002mm diancter

Clay less than - 0.002mm dinmeter

The texture of o so0il is the relotive propovtions of
gand, silt and clay. It is the most impO“*“ﬂ+ single
churhcteristio of & soil, Tany other soil chaorncteristics
depend on the texturc because the teoxture determines the
amount of suriaco aresn proscnt on which reactions can occur,
and the size and volume of spaces in which wator and cir can
INOVE,

In the field the texture is cstimated by
full of the soil, cond adding water until it i
moist to be completely friable (crushed esni ily
but not dripping wei,

aking & hand
ﬂ1¢¢101 ntly
v The 11(.‘4.1’1&) 5

tazf f.".?r—'

i

T™he molst soil moss is then worked in +the hend, o
experience vhe texture class can be determined with s
aCcCcUracy.

nd with
Irprising

el

here are 13 texturc classes ags £o0llows o=

O

A - Cand G - Oracking clay

X - Lioamy sand I - 8ilty clay

B8 -~ Sandy loam J = 3ilty clay loam
C - “andy clay loan K = 8iltvy loam

D - Jlay loam I, - Toam

B sandy clay S = Silt
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Only the first 8 texture classes are common in the
platecau soils of Zambia, As the texture classes arc mode
up of different cverlapping proportions of three differcnt
conponents, the definitions of the classes are rather
cortplicated. Below is a table of the 8 texture classes
commionly found in Zanbia, with a rough descrintion of their
‘compuasition. However, it is rmuch ceasier to rofer to the
"texture triangle® (sec Tig.16-=1).

Jode Symbol Nane . Approximate Composition

i Sand > 85% sand
<107 clay

T T.oany sand 70 - 90% sand
R % 5 B e e < . \5meley . ...
B Sandy loan > 50% sond
S e, 8200 Cloy .
C Sandy clay loan )45ﬁ sand
< 28% silt
s B A e e A crime s amnnll =505 clay
D Clay loan 20 = 45% sond
R - o . k- o W= - SR
E Sandy clay » 45% sand
O - S R Sl S BB e

T Cley < 45% sand
< 40% silt

e B B — 0 R0
G Crocking clay as above

D T S BT W A Aol e W EASERRE s b m . L R T O

o

The following tests are a guide to the texture classes.
However, only experience can really tecch vou the classcs.
Practice with the #Field Texture Iits® which have samples
of ecach class is rccominended ot frequent intervals,

A = Sandi=- Noncohesive., The soil particles do not
stick together or only do so to a slight
degree. Does not form a “rats tailir,

It may just be possible to make a ball but
the ball will collapse very casily.

¥ - Toany Very slightly cohesive., £ f"rats tails
sand:=- may be formed, but will not bend without
breaking and cannot support its own weight,

I/B. Orgenic matter and fine roots may interfere with the
testing of these two texture classes.,

B - Sandy Slightly cohesive. May be slightly
loames= sticky and plastic. Torms o stable ball,
A Trats tail® of penecil thickness will
hold its own weight. The frats tailwd
can be bent but breaks before a 1 -~ shape
is reached,
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"Texture Triangle” showing the percentages of clay(0-002mm & less),
slit(0-002 - 0-05mm), and sand (0-05-2-0mim) in the basic textural classes -



conteining coarge sand may be mistakenly down
sand in the soil can lend to a sandy cloay los

chechking your csiimavion against the
to accurate Lexiture d“termlpﬂtlon.

lead

mined

86 -

C - Sandy cloy Sticky and plastic, with
loam:=-- felt in the wel mass, A
can be bent beyond a U - nqwnp U

breaks bofore o fnll Tirele is reached,

.- Glay loam:~ This texturs
simooth Lc‘llﬂ
of the higl
‘soapy: fé
sehaves the . e
loam; breaking vefore o full cir
is reoched,

E o 3andy elayi«Sticky and plastic. "he moi
iz quite hard to woxl in the ha

n
and sand can casily be felt in the
wet mass., [ rat gaj raclks

when a full cir

B oes Oloy - ‘ticky ond very plasiiec., acd to
work in the hand Yo ox wvery little
gand can be felt. A frats tails
forms a rinpg without cracking.

¢ = Creciing 0lay (sometimes with o clay loam
Cclay - topsoil) which shows crocks on the
xy then lem wids ”nd eAuMndu
ing atleast to 500m depch 0 ot
confude thig with g ultcr cvacka formod
in mony solls r woeer has boen
tonding on the

The fbove ‘rules” are really only guides. A soil
graded, Tine

am being mistalken
clay loom, or oven & c¢lav, Only field expuriepce and

£ wexture kite can

land copabvility code, four

In the Y
and vecoxrded. hese, in order,
15 Texiture of h layer from the surface to 20cm,

"his is the texture of the lirst two cans
augered,

2, TManture of the
igs the texture
fourth cans.

2yer between 20cm and 40cm. This
a mixture from the third and

O o
o =
a0

-r;nc_‘r_ 60crn.

o
from tiwe
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Vhere gravel, ¢ unug, boulders, or rook ouicno
oceur av ox within 200%. of the soil surface and are
sufficiont %o hinder O brevent cultivation of the s
ther are indicatoed by the following symboles 7la a
the so0il texture - mbols in the codo L synb
given ‘o Terite mgunum JJllCl“nrl larre and
interfere with culiivasion,

g =« gravels, stoncs or patches of sravel o 3toneg

i~ Germnito mounds,

T« pock or laterite outcrops, includir 7 loose
rock frogiaents and houlde Ie.

The OV"“;J it indieated by a nun
the letter, as follows sme

HROS BHBOY e "Indrance = toverage
e Ione Less than 14
gl Cravel or stones 1 = 54
£2 i i 5 ~ 10%

&3 e i More than 107
I Ternite mounds 1 - 54

al) L ' 5 = 109

ms3 t f liore than 104
2y Rock 1loterite 1 « 5%

outcrops
r, i " 5 « 10%
Ty z n ‘ore than 109

“ravel includes quartz ox other rock fragmente and

concretions hetween 2mm and 75mm 1n dlwmh Cer, ‘Ttones are
fragmente 75mm - 250mm in diamete on113 TS are more than
250mm in dlimcue: Laxzge ogtcrops of rocks or laterite

arc indiecnted by o Séperave mapping unit or o syribol on the

FlaD.
LIVITING MATERIAT,

The nature of e material limid Ling effective soil
depth is indicated by the following 3Vﬁbols;

‘lerdpan, phiwy ig - layar of compact 30il, usua ily
found in thez subsoil of solonetzia (sodi Uﬁ ﬂliLand\
soilg, he loyer iu JL1“= and hard, both when dry
end wet. Tt ig not merely o subs 011 laycer which
iz vorv hard when dry but which would become soft
friable when moist; nor is it o densely packed
grovel or ﬁnrc“ht1onarv laye which is indicated
vy anotho : gymbol,
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I ~ DIaterite., ‘'his includes shoet loterite (ironpan)
or dencely--packed ironstone cone Luulonu suffici~
ently haird o compact to restrict root develop-
ment or seriously reduce i lOluthC“hOlﬂinﬁ capacity.

1 -~ Weatliczed roclk er rock, ‘eathered or partially
decomposed rock sufficiently dense to rostrict
roow devolopment or with sufficiently little

thewrsd roeck present to restriet MOistNrC.—-
ccp101tf as well as hard rocks.

Z «~ “ravel or stones, usually of guartsz.

¥

-

If two Hinds of limiting materinl oceur within the goil
DroJ11o down tTo 1200m, the symbol for the ﬂoss limiting

inl will be given., A water-table is not recorded as a
llmlvllg factor in the upper line of thc code. Tais infore
mation is provided in the symbol for wetncss given in the
lower line of the code.

s0il and lond chairacteristics considered
ded above the line of the code, in the
3C

so far, ore recor
! whot Tfollow are rocowrded below tho line

order given,
@ code,

A2 BB

ORI

The zlope of the land surrounding the b&lp]ln_ noint
or the rverage slope within the mapning unis, is au“mﬂd
using an !/bne level. “lopes are —econdod s pﬁ¢up tage

slopes,

“ince the 'bnev level reads in degroos ond minutes
the reading must be converted to percentage slope weing
the table bulova

Code syinbol Percentage slope Negraas . oand minutes
0 £ 1% £.30¢8
A 1 - 3% 301 - 1%401
19401 ~ 2%
2950 - 49301
n & w 108 49301 ~ %0

n > 124 D 69501

b)
\H
!
\J1
R

i
Ul
i
o
-5

ZROSION

The existence of active crosion is an indicotion af
the risk of further erogion occuring when the lond is under
cultivation, Thercfore any evidence of erosion caking place
a4t or near an augering site should be recorded.

Visible evidence of soil erosion in the vicinity of
the sampling point, or within the mapping unit, is therefore
recorded in ths wo|c. The symbols used are 28 f0llows:-
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- - Mo apparcnt erosion
[ S 5light erosion. Slight lose of topsoil by

sheet erogion

2 - I'oderate erosion, Toss of topsoil bv shcet
crosion ox light gullies at very wide inter—
vals not sufficicnt to interiere with culti-

voeion or a noruel field scale,

53 - Severe or very severe loss of topsoil by sheet
eirosion, oxposing the subsoil; or presence of
many small and or/large gullies sufficient to

hinde:x or prevent normal cultivation,
Sheet erosion is recognised by the following signs:

a) Small heaps of soil around tree trunks,
) Crass tussocks standing on little rounds of soil
a foew centimetres high.
c) OStones ox gravel particles standing on 1ittle
mounds of goil above tho ground level,
d Streaks of sand separated out from the topsoil
(sce Fig,16-2),

o

R1ls and gullice are obvious and easily recognised.

COT.0R

Althouzh written in the code after the wetness symbol,

the soil colour will bHe considered first here, beccuse the
determination of the wetness factorp depends to 2 large extent
on the soil colour

Jolour ieg the nost obvious and easily determined of
soil characteristicg, Although it heas little direct influ-
ence on th: functioning of he 8011, one may infer a great
deal about & soil {iom its colour, if it is considered in
combinetion with other obsarvable features,

“he red colour of soil is usually reloted So iron oxides,
which arc relatively unstable undor moist conditions. Thus
a red colowwr usually inlicates good drainage and good aeration.
“trongly red soils are often found ot convex glopes underlain
by pervious wrocks, Howsver, some red s0ils owg their colour
to inheritance from th: parent material, and not to soil
forming processes.

The vellow colour in soils is also larrely due %o iron
oxides. Yellow colours in the deeper horizons usually indi-
cate a somewhat “o.o2 poorly drained soil thon do ved colours,
Vhere asgociated r»od and yellow soils are develeoped from the
same kind of parent mav.rial, the vellow soils commonly
occupy the less convex and more moist gites,

‘ell-drained vellowish sonds owe theizv colonr 4o the
fact that osmall amounts of organic matter oxr iron oxiles are
mixed with large amounts of nearly white sand,

Grey and whitisch colours of soils ave caused by several
substances, mainly quartz, some types of clay minerals, and
reduced iron compounds. A grey colour frequently indicates
poor drainage,
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Imperfoct_? and boorly draineg coils cre nearly alwevs
mottled with various shades of grey, brown and yellow, C8Pe-
cially within +he zonc of Jl1ctuuilon of the water talle,

20il eolour with the drainage chara \Icier o
maricedly in riost 7na; moian plateay s Soils, ™hig i
Us change as one _OLthu a catena from o 4

201l colour iu neasured by comparison with = chart,
The .ono ¢ “w~u<l1 used is the "unsell colou: chart, 1t
consists of some 175 different coloured pﬁn 3 (or ~Ck1p3u)
Systematically arvang
tions, on cards caprie

l =

Gd according to their ‘unsell nota-

d in 2 loose--leaf book. mhe errange-
ment is bv hue, velue, and chromasthe three "1nhlm veriables

i
i

that combine ,o give q11 colouj - Mue is the dominant

bagic colour, Talue refers to the relative lightness of
the colousw, ‘hroms ig .Uu relative purity or suvrength of

the ooloal.

In the zoil colouxr chart, all colours on a given carg
2re of a consiant Lue, T“bléﬁ ted by the symbol in the upper
right hend Cortier of the cexrd, ‘ustlpally, the colouvrs
Deeome anucce Lulvll" licghter, i.6. their value inecreaseg,
"lorizonially they hecome 1Ls° grev from 18t to right i,e,
their chroma inercases o

?Ae Tunsell ef “'tu thus plvo ¢ numerical notation
for cach colouL. he s;nbol for hue is the letter abbrovia..
ulon er the coloun of the rainbow (R for red, Y7 wellow red,
X _0: vellow) brecceeded by numbers. ithin caca letter
rang the huc becores mors vellow and less ed as the num~
uﬂrg 1nc ase. The middle of the letter fange 18 at bH;
tho zero point coincides with 10 point of the nowxt P‘ddu
hue

The notation for value cong 1sts of numbers from 0, for
absolute black, %o 10 for absolute white,

“he notation for chrome consists of numbers Hoqinning
at 0 for ncusrhl £¥eV, and incre easing as the greynesys
dG cr ea IJC

hue,

8 &
ey

In writing the nsell notetion, the order ig
value, CHLOHL. The leno and hh“oun ATC Written o
frac Llon wibth the value figure on top and the chro

l; e JJu_,J_OWQ

SYF5/8 e 8 = Chroma

5 = Value

________ 5Y? = Hue
In the lang capability code, the colour is written
in brackets, aftes the wetness claasification, thus: (5vp 5/8)
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50il colour names arc also given on the charts, and
if a name is to be uscd then onlv the Correct none given

should be used, ilever malke up your own names,

70 neasure the soil colour in the field, & nicce of
801l is irken from approximotely 50cm depth, or fronm just
above the limiting laver whers this is between 20 - 50cm:

"he samplc is broLcen «O eXposc a clean, untouched face,
moigtened (but not made wet), and the colour ig determined
from the so0il colour chart. “arely will the colour of the
samnle he perfectly motched by any colour in the chart,
The probabilits of hoving a perfect matching of the sample
colour is legss than one¢ in one hundred, It should be
obvious, however, which colours the sample lieg between,
and which is the closest match,

If the sample is mottled, the greyest or palest soil
colour prescnt should be Tecorded, but the other dominant
O be recorded in the remarks colwmn of
your field notebook,
WETHTSS

£
i

The determinaiion of the wetness (or drainoge’ factor
T e soil is one of o most important, yet most difficult,
perations in leand capanility Surveying, If, after g rain-
torm, the so0il droinc freely, then cven iT the 50il pores
have been temporarily full of water;, +the soil will rapidly
return to f“field Capacity ‘. A soil is smaia U0 be at Tielgd
cepacity when all +h- water free to drain under gravity has
draincd away lecving the capillary woter stored in the soil
for plant use, pt field capacity the large pores are full
of air, which is vital for broper root developnﬁnt, whilst
the smaller pores are Tull of water,

oo

B

If, however, a soil does not drein freely after a
rainstorm, it will rentdn waterlogged for on extended period,
This waterlogging is not necessarily scen as standing surface
water, Any brolonged accumulaiion of water in the rooting
region is alge vasorlozging, mhe waterlogging nay either
to due to the slow dowawazrd percolation of water from the
surface, or to a temporary risc in the ground water table,

e effect of wat:rlogging on the plant is 4o restrict
the supply of ~ir ©o Lthe roots, This stunts plant growth,
and if severe ond prolonged will prevont the growth of most
plants altogether, & 801l thet suffers from waterlogging
during the growing secson must thercfore 'be downgraded in

-

the land capability c.essification.

The problem is

thet we do most of our soil surveying
o

|
in the dry season, when almost all S01ls are dry., “he degree
of wetness or the heipht of the water table during the wet
season ( the growing scason) must therefore be infered from

other soil characterictics, "he characteristios that provide
clues to the soilgp drc inage broperties are the colour of

the subsoil, the préscence of and depth of mottling, the
occurence of rusty roo: channels, the vegeivation, the phy--
siozraphic Position, ~ngd occasionally the toxture and the
parent material,



ECT core, there QrC Some
°S that shoylg beo Studieq carcefull
£s ' Trdi colours gf rad to
lrained 801ls have an overall grey,

Wien inspecting 2 o
ceneral goil colour 1
1 draingg Soila ng
Strong brown, ?oo:ly

_.
5
)

=

licates wetness, anqg the depth of M0 €t
ling indica:as L2 dervee of Yetness, Mg Mo Ltles aro often
formed in [ho capillary fringe (zone above the tround waterp
tahle, with almosi full satturation aue to ghe capillary

rise of the water),

doe

£0ttling ig crused by the alterncte wetling ang dﬁying
of a s0i]. In mosgt orf aombia the Potenting €vaporation of
water from the 20il inp & vear oxceeds the rainfall, hisg
Deans that the 5011 ig Subjected g elternate wetting ang
drying Tégimes., TPoorp drainage and the acconpanyinﬁ low
oXygen content in & goil leads 4o reducing conditions, "he
result is that iron angd nangenese occur in +the rediuced state
and the Colipounds formod give the charactoristic grey and
bluigh colour, (ooa drainage leads 1o 800d acration Wit
congsequent OXidising conditions, e oxidiged iron ang
mangancse Compounds arp yellow, req Or brown in colous,

Iir conditions spre bart oxidising and part reducing,
aue to Iluctuating WEURT content oY water table, some of
the iron Wwill be OxXidised anq Colipounds i i yellow brown,
and »od colour wilj be Tormeq, Juite cormonly, underp such
conditionc, Paxrt of ihe matrix jig reduced ang pPat oxidisod,

and the char&cco“isulc colours are mixed, Hiig i nottling,

I the overall conditions are reducing (water lo;god‘,
with Occagional oxidieing conditions, there wily be red op
brown M0%tlos in o BLey matrix, 17 the overnl] conditions
are OXidising (more freely draining*, with OCcasional watop.
logring, there will be grey mottles in 4 7ellow or Dirown
mairix,

Jare muss he talten to Tecognise relje Mottle, Mhese S
mottles Sused by a PrCvious wet Tegime, atily Corieining
2lthoush th . S0ils drainage oharacterietics have changed,

e oy 2L

Other 50il ang lang Teatures SUCh as colonr and vegotation
Can give clue nere,

Colour Chrom g (the lagt nurer in the colour notation)
brovidesg help in determining the wWetness, 1p leacheqg sandy
So0ilg, »Spceially in the hiph rainfall areas, nale colours
whgn accompanieag by low chromas, indicato wetnegs, Ohromas
below 4 ipy 5YR or redder seils aAre not an indication of
weltness,

The Following Symbols aps vsed in tha code to indicate
wetnego charatoristics:

QQQQ_Sj@qql LuUB Class Deseription
= o wetnegs The 8611 ia well 4o

vely well drained, "ate

removed Sufficienily qu

from the 501l surf g

Tooting zone vhat plant gr

ibparance, 7Jn auditicns the Dresence

T

2

e

owth

is not restricteq DY waterm

logging,
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W1 Slight wetness "he s0il ig moderately
well dreined
for short poxd
in-~ heavy odn
watol 1wle riseg
ween oO~)O\w from the ground
surface during the rainy sege
son, U”“lnu'ﬂ is puffici~
ent 11 neded to prevent
the CulLlV tion of deep--
rooting CIrops or Crops
particularly sensitive to
wetness (e.g. ¢ cotton, vire
ginia LOU”OLO Some vegem

tahles

w2 Moderate wetnesg The s0il is lﬂpb?f”Cb¢J
dra lnud. It is wet for
conbl eranle perio F'¢h1r1np
the g Towing scason, “ondlm
tions a:e voo wet fovr normal
dxry l“n'._ Crops unless thege
arce cultivated gn Nigh rid-
zog or beds, o* unlees arti«
icicl drainae £e is brovideq,

107

W3 Jever: wetness The soil is poorly +o very

po orlv drained: i,o,i+t is

Vet for most o o1l of the

wwow;n” searon, px cventing
che cultivation of dry

1 2nd crops (without artia

fleisl dTDlﬁ’“';. Culti-

vation of rice, and drv

scason prazing nay be posgi-

ble,

The dlhbneublc features of tre wetness class are given
in the +ta ables, which may or read as o key., 7The ula’ﬂOSulC
features are 1lSLLd “lOub the top of the table. 3y g Sclecting
the observeq LOCLMIOS cading from loft to Il.Jb the

choices are Progress :wwlT narrowed down un<il +tho drainage

class is dete ~*’1:Lned “hls table hage been Pouna To be effo-
ctive in mogt Paxts of Zambia exeert lestern rovinee whore
it is not dpjllcublu
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descriptior

SLert a new poge.

ts of e trave

is a1z

orded in vour

¢ Tollowing information

Pari number

Yeclination

Survew,

oiF
o
et

Mhe
recorded,

Jour notehool,
should also be

ion should

1 0f location ox

finishing point

4

cn

5.1

for e

formotion siould be
¥ code; Clossifie

Tas

T onsis LRE NUNer followed
Tyvp -1 =, et o I e Is dal, ey I - fich e (o e
VY Tne numbor of Pi% along the Lraveraae, ; 612 means

Pit nuther 12 alon; averse number 6

The distance 13 the cumulative distance from the beacon,
At ench changze in benring you start ecording from Zero ogain,

iy B |

Cepability code as

The clﬁsuificaﬁion ein be eithor
ficld or £illed in later in he
1s possible to classify each 50il on
the coursoe recommendad,

be.n desecribed ir

OfflCCo

L

1 Tull

decided
"t
he spot,

upon in the
CXperienca it
ond this ig
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The remaiila colurm ig P obably Jhe moat imno:tcﬂts vet
the most neglected. 1n 1t you should record ths presence of,
and distance alon tite traverse e, ouicrops, gravel, slope
breaks, vesetation changos, soil colour changes, Streams,
gullies, Phyvsiogrephic Doegition (crest, mid slope, lower slope
ete, ) motile colours, ~ravel bercentage, nearvy features such
as hills, dambo ends, cte, footpaths and rocds crossed, cut
lineg, villores, frequencey of outcrops or anthills, ang any

other observable feat

iregs,

It cannot be s

tressed stirongly

enough that tlo Pemnarks coluwmn ig vital and must be used,
The first two pages of a typieal fielg notehook should
thus appear as Tollowsem
PAGT 1 PLGE 2
Matambalilka Turvey, Serenje TR 1
District, 94°nag from corner on GY¥R,
Aren bounded 1y GFR, Chaba- map ref,178512 sheect 133042
talala Ty ‘fulembo r, and to Mumba village,

"akolongo r,

2}

Avgust 197

P

Surveyors A,H,0ther,

Air Photo
fos, 51-56

1:50,000 she

ef: Serenje 1977,

et J"o,133042
Mag to grid declination:
6930 West

450 hoctares OPDTOX,

Semi-detailed survey,

1-1 0m 1 ¥ » ¢ C - .
AT%;IBYQ§) S2e crog

13 600m 2 7 3 ¢ e p
A= (7,5vRe) " S2de

1-4 740m 2 ¥ B @ wm R _
K- (7.5yRy) S2de

slope
break

1-5 900m 1 B ¢ C D e

A=Y, (1oYRzy 52w

lower
slope

filled in
briate sy
standard symbols des

to usin
profor
T, One

g a fi
ma shee
sheet isg
C you must corry 10
on how long vousr Craven
(e.g. pit number, diste
A5 _appropriaic. Where
mbols are simply ringed,
cribed in cha

eld noiebool
t for lond
used for

or 12 ghe

is the use of
capability surveys
every five augering

¢ts with vou each day,

S¢ is. The blani: Spaces on
nce nlong traverse, ete) are
Bymbols nre given, the EPPro=-

£11 the symholgs are the
pter 15,

The use of Proforma sheets a8 two main advantages,
Pirstly, nothing can be forgotten, whereas with g nosve book
it is easy +to leave out one or two ch&racterimtios. Zecondly,

the

reierence,
contain the results of

sroforma gheet can be filed b

ack at the office for eas

Iotebooks are casily los

sgvera

find later on,

sSurveys, which ay

ty, 2nd one notebook may
7 e difficult to
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The disadvantage ol proforma sheets ig that oy have

to coaxry g bully Clipboard and sheeotg With vou in the fielgq,

If you intengd to use bProforna sheets, the sheet shown
overlealf can be typed onto g Stencil in your provincial
office, ang duplicated,
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CHAPTER 1@

LAY CHPARITI MY 5 L'"Tﬁ[“ 2107

The land cln Ssification System ig teoigned to indi-
the relstive ﬂn¢,1u111bf of land for rainted medium and
seole commercinl T“’Wlna " arable land, naize,

tobacco and to “56r extent, peans, sund 1owk“ and
sroundnuts are +th Plin erong con 3ider use of ox o» tractor
cultivation cdequate use of Lbrtllln‘ pesticides ang weed
contirol measupas Gle agsumed, together wlth & high lﬁvol of
Danagenent op technica SUpervigsion, which will ensure that
the ldnd doos not deteriorate under arable use, magp Nnon~-
arable land, it ig tsoumed that grazing will hﬁ the major use,
and that this will be practiced in auch a way <hat the land
does not J”bQE1O“ﬁLu, whether underp intensive orp eXtensive
,,“L‘:-..olfl"“ 0z <1’~' (1 7[,.”.{

L)

It is stressea thot the I3 system only takeg into
account the phyuichi b33 rs on the land, ang that it only
considers economic ‘actors in very broad termo; no social
factors ne calien inte connlle‘“tlnn

e Saoa Primaryv divigion into Your tyves of land -
te A% Le lang

2. Marginal crobnle land,

3- r’“'-aqzinm— 1'_171(

4. "nauitable lang

4 short description of cach type of lang Tollows below-w

It im Luiﬁable for intensive use on o Susitained eege

hormic ha 315 ¢ former ig Tree to choouo unuu 1 op
Scemipercnnial CLopos "he soils in this class Ha e a

certain degree of self concrol, viiich means chey are
bulfered against chonges in the n"1ronm“n+ like too
1ittle or too much rain, The hied cs! longs towm DO~
duction wil] b2 obtaineqd under a suitable crop "o
tion,

2.4 Margingl Arable Tand
It does not Suppoxrt a 1o ong term intensive ume of the
1z nﬂ £0¥r arable Crops without great rislk of POOxY vieldsn

in Wel years, limiteq frecdom of choice of cCrops
or nT,0r o high degree of °nvironmental cont¢ol

]“uaﬁdlctloﬂ 0. 1nm ‘grass or grasg 1or1“o} in the
rotbtrtion ig Len ﬁiTv “eCOﬁhGnlﬁu. The figt income
OVer a period o_ yeals tends to he

Ps, CTazing Tend
This class includes 1and that ig not suitable for

uustalnod arable ¢j Opping, T+ will huhﬂVL;, Suppoxt
attle under g Suitable grazing policy,

("



= 102 -

arable

"his is lond wih too severc limitations .for ars
cropping or SrR2ing, It moy be suitable for wildlife,
reereation, building sites or other non anpricultural
usesg,

s angd ¢ o land clﬁasoa‘ The
Sten alstinguishes 3 clayey ('at) and 4 sandy (1gr)
land clasges, 2ccording to certain site Or s0il limitations.
The distinction between clayey ('¢') =nd sandy{i1) classes
iz & funection of iho Topsoil texture,

'Cr land <lasses have o topsoil texture of sandy clay
loam or heavior
'S' land classes have
or lighter,

& Topsoil texture of sondy loam

n

L short descripiion of eoch land clasga follows helow:e

" Classos 01,81: Good arable 1and

- m

Tond capable of being maintained at a high level of
productivity under an intensive cropping systen,
"here are no Gpceia] limitations, but good monagement
should include nornal 3011l conservation practices,
adequate usc of rertilizers ong lime as well as a
sultable crop rotation,

Classes (2,32 Moderately gqqqmarablq_laqd
Lend c-pable of being naintained a+ a high level of
produceivity vnder an intensive Cropping avstem but
requiring specisd cttention to soil conscrvation or
Crop management hecause of moderate limivetions, or
land capable of being maintained at only 2 moderate
level of productivity due to linitations of depth,
exXiture, wetness etc, TResponse to improvement in
menegement is hish,

.Glgsseq_qj,ﬂjqéﬁqqt Arable land

Land with severe limitations for cultivation which
either greatly increase the cost of production, or
reauce yields to arginel levels, ox severely rcstri--
¢t the range of crops than can be grown satisf&ctorilv.

Class S4: Very poor erable land

Tais class is restricted to deep Barotse sandsg or other
very deep sonds occuring in moderato to high rainfall
areas. These soils are casily cultivated but because
of extremely low fertility ang drcaghtinesm, the range
of crops that can Ssuccessfully be grown is severly
limited. It would be uneconomic to apply improverients
to such soils which would make then Sultoble for medium



or large scalc Ccomnercial farming of geéneral crops,
Tlg oloas hes 0itly one gerious limit&tionr its
texture, o otuer limitation can downgrade +to 54,

l:: oA

C. Lond subclasso:n

Murther Subdivicion of land into Sutclasges is Provie
ded by incluﬂing 8 symbol roflccting the king of limita-

4

tion. 1In Cagses will mo s then one lirmitation viey are
ranl-ed according to theip Seriousnens, pgq S ule not more
than two Symbols are given, oven if there arc Rlore than two
limitations, T™he only two lang capability classes without
limitation arc ¢1 & o1,

Below in a Swamary of thoe IL'"B land capability cla Sle
fication STSTOM 7w

_?ypoqu land Tend elass

C1 /s

ARATLT ?

?03 ,“! 83

LATD \ 34

GRAZING m— > g
U STI AT e >U

Iimitation fop land Sub-classecs,

d = Depth to limiting layer,

¢ = crosion,

& = gravely or stoney topsoil

B = formits moinds = Hindrances to
I' = rock or lateritc cutcrops, ; sultivation,

o
f

o

£ —
5O
Fw

o

W woilticss

C ITEMIA TOR DRTERN IR ARADTE TAND CLANSEe

The information recorded in the Tield notebook ip the
form of {h. LT code is uscd to determine tho lana capabi-
lity class'fication of the soil,

The 101 oy 18 classification 18 determined by the top-
soll texture,

"hen, oach of the items listed ag limitotions above
orc considercd in tuin, The tables that follow are used for
this, wote that if g 301l is downgrad;d, for cxamnple, to gow
and also 4o S2d, thon the classification Will be e¢ither 52wd
or 32dw, dupcnding On which limitation jg conisidered the more
Serious, T jis Nov downgradod two clazpos to 93 becausge of
the twe 1imitatiouu. "™he eclass ig that of the worst
limitation,

The gymbols 51, and 1 refor L0 hindronees o sultis
vation, ‘hug, g2dr Rneans & soil with an effeetive depth
of between 50en and 90cm, with scattered roelkr outcrops
covering betweon 1% ond 5% of the arca. It pomyg "0 mean
an cffective depth of 60cm to 90cn over g limiCing maserial
of roclk,
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,glk

bossible

.WX3? With shallow Soilg

for tho sroup of classes

i

+ Hmoons U and heaviepy, C.8. C + means 7 ¢ angd heavior:s,
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lleving cavriog out a field sur ¥, thHe information nmist
be plotted o Dioduece a hap.  You hove alrcady Zot vour
intended traverse linssg drawn on 2ltormnate air Photos from
Jour traverses Planning, Thilst in t} field you will have
noted wvour Position av a1l times; so that if you deviateg
from the trave:goe line, you wWere aware of this, and mnarked
our position on tho photo, You will also have written in
your ficld note book “he position or 211 featurcs such asg
Villares, paths, Poaas, dambos cte.  frmed with this infor-
mation, vou can now draw tho corrcet line of your traverse
on the photo, and mo-c along it the correet position of cach
augering point,

—

It ia nost inmportant to realise that the distance vou
measure in the fielq will not always convert G0 the ¢Xpected
number of centinetres on the Photo. The seale of ihe photo
is not =lwavs coiisiant (sueo Scetion on built-in crrors of
airwphotos), ond vour chain OI" cyclceometer may have travelled
OvVer ant--hills or outcrops, around thickets ang irses, and
may therefore not 8ive an cxact straicht 1lino measurement,

Then plotting +he pPosition of cach pit, thqreforo, copios
use mist be made of the featuroes noted in tho “enecls columm
of vour ficla nocehook., If o bavh was Croised, and thig path
1s seen on +the air photo, then the noxt pits will be measureq
from the+ known point (i.c. the path). If onc Pit was augered
50m bofore a villase, then on the photo neasure 50m hack
from the village,

Where there e long distancos hotween recognisable
featurecs, the difference botween the ground seale (the
distances neasvred in the field Plotted at the quotcd photo
scale} and the SAN¢ dissanco neasured on the photo, may he

&0

o overcome thig difficulty, the information containecd
on the traverse line i first plotted on a Piece of paper
at ground scalc, "he length of the line on +the pPhotograph
i :

5

Fetd

i3 then neasured, and this distance i drawn on the same sheet
as the zround scale, but at an angle to it, A1l the ground
scale positions oo Plotted on +the photo scale line by
Joining up the cnds of the two scale lincs, ang then drawing
& line from cach tround scale point to the photo seale line,
parallel to the ona line,

’hoto senle line o
rlotted on il

pPhotos ‘Y/,X;/,!

0 150 300 600 1050 1500 1800 metres
Cround scale line
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The positions of the augering points at the photo
gcale cen now be tronsferred to the photo. If the photo
is fairly free of traverse lines, this operation can he
carried out in chinagraph directly on the photo.
ATY TRROR INM PLOTTIFG WHERT AY AUGERIVC WAS CARRITO OUm MAY

DR THE SURVEY USE 285

If you cannot decide where 2 pit should be plotted,
you must be prepared to return to the field +o checlk vour
navigation, when, and only when, you are certalin thaet
cach traversc and pit is properly plotted, you may prick
through the photo with a pin, and write in ink on the back
of the photo the nit number, traversc number,and the soil
clagsification. ™his leaves a permonent record, and means
that the frout of the photo nmay be cleaned Torr Tuture uso
by other officers.

™he photographs and field notcbook are now readv Tor
the photo interpretation of the land capability mep, which
is the cnd result of the survev.

The final phovo intevpretation ig when the land CaApQ—
bility boundarics are drawn onto the altsrnate blanl air
photog. It is always carried out under the stcreoscope.

The interpretation of boundarics is o job Cequiring, above
all else, cxperience. It is only with experience in viewing
air photvos that you learn to recognise the indistines slope
breaks, the slight chenges in vegetation, the various tonal
differences,; and the otlier indications of changes in coil

or land characteristics. It is onlv with cxperience in the
field that you learn what those va.oying patterns actually
mean in & given area,

It ig for that reason that the final photo interpre-
tation ig mnot deslt with in this menual. Mhat skill will
only come with prectice and practice.

A successiul student should, by this stage, bo capahle
of planning and carrying out the field work oi a land
capability survey. At the complciion of the field work he
should be capable of plotting the ficld results accurately
onto the air photos. “hesc should then be talen to the
Planning O{ficcr or %oil “urveyor who should help and guide
the student in the final photo intexpretacion.

Good Tuck!
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CHAPTER 20

b

TXERCISE
This chepte» contains Some sample exercises, Muring
a trainir: coursc, the coursc lesn should sive the students
exerciges during the o course., At the cnd of +he coursce a test
can be set to asBess the progress made bv tho students during
the course. ™he CXereises given herc are nerely suggestions.
It is hoped that o coursc leader would devise his OWN GXCI~
ciges along simila- lines,

020

APTED 4
o}
62151,

(=]
]
o]

A map gives 1he negnetic to girid deelination
measured in 1964, “he annual change is 127 mags,

1. What was the hagnetic to grid declination in
19767

2. What wag the nagnetic to grid declination in
19807

Examplec: ﬂonvort 1:100,000 scale to a sinple

atement,
Anchr - 1cm. On map equals 1km, on the
ground,

1, Convert the following scales to Simple statements-
a. 1:250,000

b. 1:500

c. 1°20,000

d. 131,000,000

e. 1:3,000,000

f. 1:5,000

e 1:30,000

CHAPTER 6,

1. The horizontal distance from peg A to peg 2 is 100
« Peg A is 1 metre hlflo than peg =3,

]
i. What is tho gradicnt from A +to B

i S
<1is What is the pexzcentage slope from £ to n»

4

1ii, What is the degree of slope from A to B
2. The distance from peg 0 to pPe3 D is 260 metres,
Peg C is 6.5 metres lower than peg 1.
1. What ig the gradient from ¢ to T
ii, What is tho percentage slope from 0 to D?
iii. What is the degree of slope from ¢ to po
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3.'Aoslopc was reasured with an abney level to be
2 Ay

i. What is the ratio slope?
ii. What is the percentage slope?

If vou {trawvel a horizontal digtonce of 192
metres up thoe slope, how high will vou have
rimen vertically?

[
.
(5
-

¢z to Thie map shown in Tig,7-1,
¢ is the 211 map reforence of Faseba Chibun-
dama villase?
ocs Tapakata hill lie in-
3. What is the name of ho village at 2499%3%

1. Set up the mirror stercoscope
2, Naso-line 4he aerial photographs provided
3. ‘'amine the acrial photographs under: 1, ”he llLTOT

Za mhe pocket

photographs all hills, crests

4, Identify and mark on {ho
X ; cared lands,

dambogs, door

o]
0]
145}
e
@]
=
n
{541
=
o
Q
! "3

CHAPER 40

Plan and mark on the aeriol photographs provided +traver-
8¢S foi a semi-detoiled survey of ihe area,

J

At what averape digtance along cach
Suser?

ravese would you

Mark the augering points on your traverscs,

OVLAPYRR 16
14 During a survey a 1ay r of gravel was cncountered at
the following depthe:-

a. 60cnm
b. 20cn
Cs 300Cm
d. 40cia
e, 20cn

]

> auger entered the gravel layern eagily,
what are the effeetive deptha?

-

ravel, was

b, If partially weatherced rock, not
: o
! ve depths be?

sered what would the e¢ioct

c. IT sheet laterite was encountered, what would the
effective depths be?

£ the auger counld not enter the zravel layer, what
\'C Ttne off 22 bJ BTG | Elt i.,.l’]_ﬁ #
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2. @Give theo wetneag class of the follouln" 80118~

T. Colour at SOcm Te5YR4 /6 Crey motiles holow 7Ocm,
id slope, Uplang VLLCtGulO“ ¥o rusiy root
casnnolu UDS01l texture s Sandy clay loan, .

2. Tolourp at H50em T0YR4 72, 'ed mottles bolow 50cn,

Towern 5lope ‘dembo fringe, Uplang vegetation, 1o
PUsSTy root channelg, Subsoil texture clay

3. Colour at 50cn 10¥75/8, Yo mottleg Lower slone,
18] lﬂnd vegetation, g TUsSTY root ohannels. D=
8011l textura Sondy clay.

4o Colour wt 50cm 2.8¥74.78, Red ang Erey mottles below
60cnm. 174 slope, Upland vegetation, 110 TusTy root
Channelg, ubsoil texture sandy loam,

o Colomi at 50 em 7,5v06 ‘8, Grey motiles below 70cm,
‘cathered yoel at 90 cm. Mid slope, Uplanad VoZew-
aatlon, o rusty root channolo. Subsoil L“KLHPO
sandyr clay,

Ce  Colour a+ 50cm 573 /3 2ed mottles below 50cn,
Tower slone, SPars: forost vesetation, 1o rusty
root channulu. “ubsoil wexture clay,

7« Solour at )OCL 2.5Y3'3, 1o nottles. Tower slope/
dombo fripe " puruy forest Vhw’tublop Yo rusty
root Cuunnblu. ub8011 textuo e Sandy clav,

8. Colour at spep 2.53%7 o mottlesn, Tiovree s1lops
dembo fringe, Dafso forepg t Ve ”“L.JlOQ. ‘usty root
channels in tep 20em, ubsoil we: ¢ sandy elay,

o
La

9. Colour at 50cm 5YR5/8, Tey taint mvey mo- tles below
60c., Uplond vemetation, Mo rlsﬁ? oot channelg,
“Ubsoil textyre sandy Clay loai,

==

10, Colour at 50ci1 2,5v5 7 6. 1o mottles, “1d slope,
ﬁpﬂonﬁ vegeta 1ﬁL. No rusty woot h; nnels “ubsoil
toxture uapw" loan

11. colour at 50cn, 2, 5Y5/6. o mottles, 1ig 3lope,
thgnu vVegeiation, o rusty root Ch”hlel “ubsoil

texXture 1onmv sand,

12, 2olour at 500” 2.5Y5/6, meq mottles below 60em,

A “lope, Tplangd vegesation, Mo rusty 0ot cha nnels,
Tubsoil Yoxture 1oany sand,

3. Cive 4ho lana Capability olwssification of the following
80ilg ;=

o J A o o
Uy (75705 /6)

20 1 AXBC ml - -
0~ - (2.57R4/g
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Department of Arziculture, Washington,
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Pood and Agricul sure Organisation of the Tmited
ations, Romc.
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CLOSSARY_OF mmaug

The purpose of this glossary is +to help students with

unfaniliar worde, In

addition to words used in this manual

some other words commnonly used in goils are included, ag well
25 defini*ions of Some geological terng ofter found in soil

survey reports,

ATUEY LBVERIL

AOIDITY

ACID sor7,

ADSORBTION

ABSORBTION

COMPI.EX

AGGRBGATICN

AT PHOTO

ATR PHOTO
INTERPRETATION

A small hand-helgd instrunent for
measuring slovpes,

The hydrogen ion activity in a solu-
tion, expressecd as a pH value,

A s0il with a pH of less than 7,0
(measured in water) or less than 645
(measured in caleciun chloride),

The attachment of o particle, ion,
or molecule to a surface,

The various substances in the soil
that are capable of absorbing,
These are nainly clay angd hunus,

Formed by wind action,

Fine sediments transported ang depo-
sited by wind,

The process by which otrnospheric airp
enters the soil, The rate and arriount
of neration depends upon the size and
continuity of the bore spaces and the
degree of waterlogging,

vonditions having o Curivinous Supply of
oxXygen.

L cluster of 801l particles forming
2 peéd,

The »rocessg by which pParticles from
g8regates,

L photograph of the carths surface
taken fronm a aeroplane, The ajip
photos used in Zembia are taken with
the camera pointing vertically downe
wards,

The study of aip Photos so ag tg
recognise lang features ang charg.
cteristics by deduction of patterns,
tones ete. on the photo,



il with a pH of more than 7
Wwured in water) or noro a

i
( a "
6.5 (measured in caleium chloride),

ATV IAL SOIT, A general term for thoso 1
developed on fairly recent alluvium,

E'|
o
)

ALTIT IS A sedinent depositod by streams and
varving widely in particle gize,
he stoncs rnd boulders when present
arc usually rounicd o+ sub rounded,
ome of Che most fertila 80ils are
derived fron lluvium of medium op
fine texture,

ATTARRORIG Conditions that arc free of oxygen.
In soils this ig usually caused by
excessive wetness,

ERTON An eleetrically charged element o
group of elenoents cerrying a nega-—
tive electrical charge,

ARATYIT LA Lond suitable for use on a long term
economic vasis for annual 0r semi--
bercnial cultivated cropa,

ARTHOT0OT § Roowe Medium «~ grained sedimentary rocks,
dominantly made up of greins of
sand size, i,e. O.1mm < 2.0mn
diameter,

AL Sedimentary rocls with pParticles
of sand clacss sigze contiining notable
quantitics of feldonar grains, in
addition to quartz, and <o a lesser
extient, micas,

A IOCTAYTOD A group of two or more 2elated soils
W

1th similar drainac~z, parent
material, and posiiion,

ATCTT A tool used fo- poring into the soil
and withdrawing sinll samples for
field or laboratory cxaminations.

AVAITABLE 73 The weight percentaze of water which

CRTAQITY Q 801l can store in g form available
to plants. 7Tt is cqual to the moige
ture content at field capacitv minus
that at the wilting point,

SACKE. A ve Thenever = bearing hag been ‘talen
along a particula-- line, the back
bearing is thoe bearine which would
result by looking along the same line
of sight but Ifrom the opvosite end,
It is thercfore 180° different from
the bearing and the formula ig-
back bearing = bearing & 1800,
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BASALT

; “‘ ﬂn‘,\_

Ihos

CATION

A 11-(\ T PEATT L Ty

Wil sl 3

i
]

CEPITTA TS Tam,

A line either demareated whion s
0X drawn on a map, used as a on
wilich other traverses or lines d,
Precambrian (oldor than 450 million years)

l..?
complex of ignecouy and metrmorphic rocks,

rocly containing .
Joc? not mean bhasic
SEELGE]

Guartz - free igneous
ro1d'nﬁ~x. ‘he torm
or alkaline in +he ch

“enee.,

A fine - graineg bousic igncous roclk

50 Tthat a
future, On

A referense marl: 'uul371'hﬂu
fiven point can be found in
501l or 1lomd capabilit- wwrvoya beacong
usually consist of a long stick Bupported
¥ Lthree other sticks “cthv as legs, or
a blage on g troe,

£ divection inlicoted as an angle measured
clockwize from the direction of north,

P

Cutting = pateh of barlk off a troe to make

2 beacon,
diamctor

— i
wWiiil oy

Hook oL W1noual fragments
freater than 25cm,

nutouornh¢c Limestone with
allel arrangemnont,

In imvure
erystals in a pay

ﬂ_ sequence ol so0ils of b 0U% Lhe gane age,
uorived from similar navent uﬂLL:lﬁ nd
OCPk;lHL under gimila® ulii cic conditions
put havine Aiffernt chn“ “lcblCS due
w0 variationg in sopog:: aﬂd drainace,

ectrically charged cleront o Sroup
ments carrving o nositive “T‘P*wlcul

"he sum total of
< 801l econ agsorh

*Vcwtﬂpﬂhlc cations thaot
"Xpressed in 1113

equivaolents per 100 gramns of seil.
the water held in che Small pores of g
801l that is capable of movement 8fter

the 50il hag drained,

See IrTery gy

L length of motal 1lnhu, usually 20 metres

0> 30 metrosg long, with = hantle ot enc h
end and into_morJﬁuo tags indica Ling

i e TT~ - vy “ s | B e 1 4-1
length, 1zed foy mRasuring distance in tne

fiela,

estricted wi Thin o larzer
Clu?ﬂiﬂ” to mecn‘r on which onoppoﬂ brﬂnch“ﬁ
and trunls have vesn collected and burntg
fLuex a LOW’YO&ﬁ' cultivation the land IU
allowad to to bush,

Cultivation
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CIO“ED T A vrasns

COVELITR

COLT.0ID

COLITTIT

COMPASS (IAGMITIC)

OOETLYE CLoDn

ﬁo'nT-n(Tr-.‘.-\

STNIROL SECTION

JOMYYT aT,apn
A = T N |
CRAB

ARTEP

ERSLAME Y

somposed of brokon fragments of vocks ond
ninerals

o goll with a

han 0,002mm dia..

Those cons tituehb. of clay which give it

its plastic properties. Thev are ,gaduced
oy weathering of Silicates. There are four
main sroups: kaolinite s 11lite, montmorillo-
nite and vermiculite

A small hand held iz strwnent tha+t Bives a
diveet reading of percentage slopes.

A traverse where th- finishing point ig
cccurately identified by reference cither
to & Imown feature or the sterting point
of the traverse,

Sticking togcther
Organic and inorgonic matter with very small

particle size and A correspondingly large
surface area per unit of mass,

A deposit of roclk fra grents and soil
material nocumvlu. 2d at the base of steep
Slopes os a result of grovitational
action,

An instrument for de crmining bearings by
means of a mognoetis ed needle or card that
olways points towords nagnecic north,

A slope that curves inwards

An imaginary line Joining uoaother points
of equal elevation above sca level,

Thot part of the i1l profile which in
denp Soils lies bnt\o n 25cm and 100cm from
vhe surface,

A slope that curves outwards

The effect in asrial photography wherc,

in order to prevent a cross wind b7uw1ng the
alrcraft side ways away from its intended
course, the aireraft turng slightly into
Tthe wind, and thus flys in a crab-likes

attitude. The c<erﬁ in the cireraft

should be rotated to compensate,

Slow mags movement of soil angd s0il
material down steep slops. “he process
taltes place due to rr%v1|w facilitated
by satturation with water
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DEGRTSS (OF ARC)

DIONITE
DOTLRITE
AOLOMITRE

DRAINAGE

ORIFT (air photos)
DRIPT (Soil)
BRPCTITT DEDDY
ELET: "TON

TLUTIATMION
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The top of a ridge

A classification of +the suitability of
of land for tho production of a Specific
Crop or crops,

The orderl: 5 in a

s i P ¥ o v
% arrangenent of aton
Cryetaline i

material,

A wheel, usually with a circumference of
1 mcter, attached %o a handle and a revoe
lution counter, Tsed for measuring
digtences in the field,

A low lying, gently sloping trceless tract
of country which is scasonally waterlogged
by seepage from Surrounding hish ground
assisted by rainfall, ond which frequently
contains the natural drainage channel for
the removal of excess surface run-off,

circle is divided into 360 equal
the angle between two adjacent
is one degrec of arc,

If & full
segments,
divigions

obscrvations (cach Observation represent-
ing from 1ha to 9 ha), mapped at a large
scale. (1:10,000 +o 1:30,000) uscd for
farm Planning and irrigation scheme plann-
ing.

A survey with a high intensity of fielgd
T

A coarse groined intermediate igneous rock
containing little quartz and consisting
mainly of plagioclase,

L medium grained bagiec igneous rock,
Limestones with more than 15" marnesium
carbonate (Mg ¢03)

A neasure of the frequeney and duration
of periods when a soil iz free of sattue
ration,

The effect in acrial photography where a
crocs wind blows the aircraft off course,

Deposits of gravel, sand, alluvium ete,
having been transported from another plece,

The thickness of so0il available for
satisfactory root developmant.
The height of g point or area above sea
level,

Suspension
soilg
solution is

The removal of soil material in
or solution from a layer of the
unually the loss of maverinal in
referred to as “leaching,
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The wearing away of the lang surface by
running water wind, ox other agents,

The erosion pProcess whereby water OCC U=
malates in narrow channels ond, over short
Periods, removes the 801l from thig narrow
Arca to considerable depths,

An crosion PTocess in whiceh Numerous small
channels of only several centimetres in

depth are formed

THe removal o7 g Tairly uniform layer of
80il from the land surface by runoff water,

Visible evidence of crosion at or in the
viecinity of +the Sompling point ig assessed
as clight, moderato or severe,

The conversion of & liquid into o vapour,
without necessarily reaching the boiling
point.

! group of rock - Torming silicate minerals,

The ability of » 501l to provide the pro-
Per nutrients in the Proper ammounts for
the growth of plants,

Neference marlks around the edge of an 0 i
photo. B3y joinimgoppositefidutial marks
the brincipal point of the photo may be
located by the intersection of the diago-
nals,

The amount of water held in a soil ofter
gravitotional wateor has drained away,

The path taken by the airerart when taking
ir photos, Tt is plotted by Jjoining
together the Positions of the Principal
points of the photos,

4 coarse-grained igneous rock consisting
of plagioclase, Pyroxene ond olivine,

A coarse - grained rock in which granular
minerals (quartz, feldspars, garnets, ctc)
alternate with bands in which Schistose
Rinerals (mica, chlorite, amphibole, ete)
bredominate, 7he rock splits normally in
slabs more thay 10cm thick,

A coarse-graineqd igneous rock consisting
essentially of quartz, feldspar, and
commonly mica and biotite,

Rock particles measuring from 0,2em to

7.5.cm in diameter,

Land unsuitable for the long~torm broduct-
ion of arable Crope, but suitable For
grazing cattle,
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HOR

TUMIIS

IGNZOTS 200ms

ILTUYIATL 0] zom

ILLUVIATION

I¥CLUeI0NS

INDURATED

4 8eries of vertiea] and horizontal lines
Ol & map used to define positions by mcans
of grid refercences,

The direction from a point of g line
perallel 4o the vertical grid lines on g

Imp of thas area, .

A methed of defining the besition of o point
Ol & map. Vertiecal and horizontal grid
lines are numbared, 3Y quoting the nunibers
of the lines wihich intergect at the point,

on accurate reference of the Position of
thot point ig given,

ater that filils all the unblockeqd pores
of an underlying naterial below the water
table,

GCravel, Stones, boulders, roclk or laterite
Cut~crops occuring within 20en of the soil
surface, or termite mounds in sufficient
quantitiecs to hinder oz 2revent nornmal
~“gricultural Cultivaticn Practices,

L silicate Ninera] widespread in netanorphic
ond igneous rocks,

L rock consisting or crystals of horne-
blende in o parallel arrangerient,

The dorinant spectral (rainbow) colour of g
501l eo,g, red, yellow, ete,

Mhe well deconposod, fairly stable pPart
of the crganic notter of 4 soil,

Rocks which have been forned by the con-
solidaticn of nmolten rock naterianl,

& horigeon that rceceives paterial in S0l
tion or Suspension frop S0ne other part of
the soil,

The ovenent of material fron one horizon
and its deposition in Another horigon of
the sarme o031,

S501ils which Cover less than 20% of the
area of n Happing unit,

S0il naterial ceriented into a hard nass
that will not Soften on wetting,
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The naximun ratoe ot which wator con gnter
o osoil,
Bleetrically chorged aton or group of

.
atTons,

Another none forp laterite,

The suitability of an aren of land for
the production of creops under irrigation,

The artificial cprlication of water +o an
area to rerlace cr supplenment rainfall,

(Barotse sands). Jeep, loose, wind and
water sorted sonds with o very low cloy
and silt content, even ot depth,

Lend is o wider term thon scil, In addi-
tion to soil it includcs gecology: water
supply; locaticn in relaticn to centres
of cormerce, populations, and other land:
the sizge of the arca; plant covers gotie-
vities cf neny reliefs comriunications;
eTC,

The system used in 2ombia te indicate the
relative suitability of the 1~nd for roine
fed rediwn ~nd large seale ox or tractor
cultiveticn under o hig level of nonage-
nent,

L highly weatheregd iatericl rich in sccon=
dary oxides of iron, cluninium or both,

It is nearly devoig of bases and Prinary
silicates, but it oy ceoninin large amourts
of quertz and keolintte, It is cither hord
or capable cf hardcning on cXDosure to
wetting angd drying,

4 distance arcund the world, necasured in
degrees of arc nortn or south fron the
cquator, ;

The renmoval of material in scolution from
the soil,

An explonation of symmbole on a rap,

The degree of intensity of o survey as
deternined by the intonsity of fieold work
and reflected in the scale at which the
72p 1s published, G, feconnaissance,
Seri-detailed, detailed surveys, cte,

A materinl containing the corbonated,
Oxides and hydreoxides of coleitm ang or/
Lagnesiun, used 4o neutralize soil acidity.

£ sedinentary reclk conposcd primarily of

calcium carbonate, IT dolomite (magnesium
carbonate) is present in appreciable quan—
tities it ig called 2 dolomitic linestone,
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LIMITING TAMTIRIAT, tock, latorite, gravel, hardpan, etc,
which is limitine o Crop root develop-
ment,

LOL T T™e textural class name ROP 86371 having
Q.morierate amount of Sand, sil%t, and
clay,

IOMGITIIOT A distance around thec world Measured in
degrees of are engt from a line Joining
(3

the north pole ang south pole and possing
through Greenwich in Liendon, 7,%,

LT3 20Dm “Lend 'se Branch Code®. A short hond code,
used to record the various s3oil and land
haracteristics observed in the Tigld,

FRANDMIC The difference between megnetic north (the

DECLINAION direction a COMPass points) and truc north
(the direction of tho north pole), or hot-
ween magnetic north and grid north (the
dircetion of the vertical grid lines on
topographic naps).

FAGITINIC MOTH The direction in which 4 compass needle
points ot any vplace,

HAPPIVG TINIT Fach seperate soil Or association of Soils
shown on the map and identifieqd by a symbol,

MAP RETELTNCTE Sce GRID RYTRRENAT

IAYGINAT. AVCABLE Tend that will not suppert long term

LAY intensive use for arable crops without

great risk of poor yields, limited frcoo-
aom of choice of Crops,; or much onviron—
mentel control,

MATCH LIyme Linces drawn on ajr photos such that the
line on one photo matches the corresponding
linc on the sterco pair, or on the adjacent
photo from an adjacent run,

A MY T
I'J,,{__ '.LI.n. f

‘ateriol within which large particles are
al

ate

nbedded,

FRTAVORPHIC n00TS Sedinentary rocks which have been altered
by carth movements and/or nolten material.,

METANUARDZ T R A metanorphosed arcnaceous rock in whieh
the constituent grains have reerystalised
and developed an interlocking mosaie
texture, with little or no trace of
cenentation,

HIgs A transarant rock with a perfcet cleavage,
producins flakes that arc flexible and

clastic,
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TIOMBC WCODLAND A two-storcyed woodlangd with an open orp

o

partially closecd canopy of senmi--evergreen

trees 15~20m high, characterised by species

Brachystegin, Isoberlinia, Julbornardia,

and Marguesia.,  The forest iloor ig covered

by a more or less dense cover, "ost Miombo
woadland is secondary regrowth,

MOSAIC A composite photorraphic Tepresentation of
~nd arca made up from individual acrial
Photographs,

HOPPT I N "pots’®or differcnt colour or shades of colour
: interspersed with the dominant gojij] colour,
MID3TONE An argillaccous roclk which does not form g

lastic mass when wet, which mas disinteor-
- - 9

grate when immersced in vater, but does not

fracture along o bedding plane,

JTHGRT, G0Ton- A system of different colourcd papers or
chips, arranged on pages in o loose~leaf
book. Eoch chip is indentified by numbers
and letters representing the hue value, and
chroma of the colour, pil colours nay be
determinead by comparison of = 10ist frag-

ment of soil with the colour chips,

PEUTRAT, 0TI A 8011 with a Py of 7.0 (meosured in
water) or 6,5 (measured in colcium
chloxide),

ORGA™T¢ o mpam Plont or anim-1 materisl, living, dead,
and decayed, occuring in soil,

DYERLAY {aip The area shown on onc photo which is alsg
photos) shown on the adjocenent photo.
O IDATIOIT Chemical combination with oXygen, or the

renovel of aydrogen from o system,
PARTINTG ELPERTET Tha unconsolidated more or leses
weathered mincral O orgonic me

which seil ig develeped,

. chemically

tter from

PLD 41 individuel navural soil eggregate such
as a crunmb, Prism, or block, in contrast to
a clod, which ig a mass of soil brought
about by digging or othor disturbance,

PERCOLAMION “he process whereby wator moves through
the so0il in Tesponse to the foree or
gravity and +the downward pull of soil
Pores.

PH A measure of tha acidity or alkalinity of
the so0il,
PHY”IOGEAPPIC Position within the ralief of an area

POSITION

.

PLATEAU A relatively flat erea of high clevation
underlain by cssentially horizontal strata,
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cterite that has not become hardered,

=

The spaces betweoen the mineral or organic
particles in a soil,

An igneous rock containing conspicuous
crystals in a glassy or fine - grained
matrix,

The amount of water, measured in Mmijj-.
metres, that it is estimated is lost

€ s0il by cvaporation and evapo-
ration each month,

The centre point of an air photo, assumed
to be the point vertically beneath the
aircraft when the Picture was taken,

‘he same as arnaceous rock,

A silicote mineral., The hardest common
mineral,

Metamorphic rock formed from sandstone

The degrec of acidity or alkalinity of
& 8011, usually exXpresscd as pH value,

A survey where cnch fiela recording
fepresents from 45ha, to 150ha, and
mapped at o seale of from 1:50,000 to
1:100,000. (an be used for gencral area
Plenning ang feasibility studiss but not
for projecet or farm ploanning,

DT ION (Chemical)The removel of chemicaly zombined oxXygen

TN ( air photo)

ATSTY ROOT CHAN

SALINITY

SAND

ANDITONT

LS

fror or the addition of hydrogen to 2
systemn, '

fﬂuwirregularitycn?fz1eﬂd surfacc; the
differconce in cloevation betweon the
highest ang lowest points in an area,

Any naturally forneq Hass of mineral
motter forming en essontial part of the
carth's crust,

One of the Bucccssive trips across an
arca taken by the aireraft whilst taking

A
a1x photos,
A deposition of rad oxidiscd iron around
roots and within root channels in a soil,
It is indication gt watcrlogging.

The presence of soluble salts in a soil,

A 801l partiele between 0,05mm and 2,00mn
in diameter,

A sedimentary roeck Consisting of consoli-
dated sand,
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SCALT The ratio of a distance measured on a
mep or 2ir photo, and the corresponding
distance measurcd on the ground.

SCHISE™ A metamorphic rock that contoins an
abundance of orientated platy mineralsg
"he rock can be split with relative ease
prrallel to the flat surfiace of the plates,

o€

w (<

PRI ENTARY Formed by the accurmulation of sediments,
SEDTI LD Material that hes been deposited by

settling from a transportation agent
such as water or ~ir,

STMI=-DETALTED A survey where cach field recording
TIVY represcnts from 10ha to 4A5ha, and mapped

ot a scale of from 1;30,000 to 1450C,000,
Can be used for projeet or farm planning,
out not for intensive schemes such os

]

irrigation projects cte,

AL Thinly lavered sedinentary rock composed
of consclidated mud, eley; of eilt,

=BT 4 801l scperate consisting of particles
between 0.05mm and 0.002mn in diamcter,

S LLTETON A scdinmentory roclk consisting primarily
of consolidated silt particles (o type
of shalce),

S T Pinely layerced, compact mctamorphic rock
which splits readily into shoete,

LOPT BYIAK The position where either o change in
stcepness of slope or fori: of slopc takes
place. oOften corresponds with a change
in soil characteristics.

STOPYH (OTASS The steepness of the slope at o soil
obscrvation site is measured, and accord-

ing to thoe percentage slope is classified
as an A,3,0,D, or T slope,

~OLL The collection of natural bodies occupy-
ing parts of the carth's surface that
support plants ond that haove propertics
due to the intergroted offcct of climate
end living motter, acting upon parcent
material, as conditioned by relicf, over
periods of time,

SCIL HBOUNDARY The division between two soil types in the
field. It is often diffusc as there is
usually a zone of transition between two
soll types.

S0IL: 2CT.0UR Mic dominant colour of the soil in any
given horizon, measurcd on MMunscll standard
colour charts. ™or land capability
clasgification the colour is token of moist
soll at 50cm decep.
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A layer of soil, ApproXimetoly parallel
to the soil surface, with distinet charac=
teristics produccd bv goil forming Pro-

cesses,

4 map showing the distribution of soil

types. £ s0il map is difierent from a

Laud capab.lity map and tue two should not
C'V"

used

A subdivision of a goil serics or other
unit of classification having characterige
tics that cffeet the uss and management of
the so0il but which do not vary sufificiently
to differentiate it as o Scperate secrics,
Cefe @ variation in such things a5 degree
of slope, degree of eérosion, cte,

A vertical scction of the soil through all
its horizons.

Mhe basic unit of 50il classification, con-
Sisting of soils which are essentially
alike in all major profile charncteristics,
except the texture of the surface horigon
and depth of the soil,

The systematic examination, description,
classification, and mapping of soils in an
arca,

The lowest unit in the asoil classification,
becing soils alike in a11 characteristics
including the toxturc of the surface
horizon.

A popular verm used by farmers to refer to
strongly wcid soils,

An instrurncnt for viewing adjacent pairs
of :ir photos similtancously, so as to
obt2inra stereoscopic (three dimensional)
image of the arca,

Thot area of overlap on two adjacent e
phovos that provides a tercoscopic in

a
. :
whea viewed under the stereoscope,

i
nge

Twe adjacent air photos heving a 60% over-
lap so that they ean he viewed under a
stereoscope.

The mental process which fuses the images
of the two cyes into g three dimensional
impression,

Roclk frogments necasuring 7.5cm to 25cm
diemeter

The direction of the general trend or run
of geological or topographic features,
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7w The combination of Primary soil Particles
into units or Peds, which ape clagsifieq
On the basis of shape, gigze “nd distincte

STROCT

ness,
“B30IL That part of the soil balow the Plough
1 VO,
SWTET 5017, L popular + m used by farmers +o refer

o
to n-ar neutral S0ilg,

SYBRITE A coerse grained intermediata igneous rock
characteriged by the Prcsence of alkalj
feldspars,

T The relative broportions of differont Ssized

EToups of soil grains,

TITE ‘a2ir Photos) The effoct where the cirerafs teking aip
Photos roelrg from side 1o 8ide in flight
80 that the bhotos ars Slizhtly obligue
instead of vertical,

TOPOG "’ PTITC AP A mep showing the physieal Teatures of an
aron, C€Specially the relief ang contours
0 the lang,

0RO 2 PHY Mhe physiecal featurcs op configuration of
a land surface,

TOP30IL The upper 20=25¢cm or the goil Profile, with
& concentration of living ang dead organic

matter.,  (may be thinner if ¢rosion ig
Severe)

TRAYERS S A line Crossing an aren on a4 planned bear-
ing that ig followed whilst making soil .-,
cbservations 2t intorvolg clong the line,

TRUE noy The dircetion of the north pole at any
point,

UNSTITADLE LAND Land with too Severe linitations for
either arable Cropping or grazing,

U7 COOnDIMAT: Grid referencos given in the miversal
fronsverse Mercator system, as usog on the
1:50,000 topographic naps used in Zambia,

YATLRY 4 generally clongnteqd depression of the
land surface which containg a strenm,

VATITR The relative lightness of a4 colour

VERNIER SCATT A device fop neasuring Subdivisions of a

Scale by means of a sccond (vernicr) scale
moving in relation to the main geale,

WATBERLOGGTD * Saturated with water,
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The upper surfoce of ground water or
that level below witich the soil is
saturated with water,

A1l physical ang chemical chonges pro-
duced in rocks, at or ncar the carth's

surface, by atmospheric agents,

The medium within which weathering ig
taking place

ort, partly decomposed rock encountered
at depth in a soil profile,

The degree of wetnese within the rooting
range during the rainy season (the growing
season). A poorly drained s0il will
remain fully or partially waterlogged in
the root region for long periods, Thig
restricts the amount of air around the
roots, and rosults in POOr crop growth,
Tour wetness classes are definca in the
land copability system,

The bereentage of wator in tho 80il when
permancent wilting of plants occurs,

e il T —
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