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Abstract

This report describes the results of a soil surv?,y earned Lit 1985
and 1988 in the area between Selebi-Phikwe ana Bohenong along ,outse
river.
The objective of the semi-detailed soil invento and T evaluation was to
improve the planning base for agricultural and rural development. Che exercise
is related to uhe need to diversiEy the economic activities in the area, as

the copper-nickel mine is expected to have a limited remaining life.

In a first chapter the environment of the survey area is discue
climate can be described as semi-arid with low and erratic rainfal
centrated in the summer. Considering the calculated length nf the gre'..Ting

period, rainfed agriculture is very marginal in the area, even for dtougau
resistant crops such as sorghum.

Three major geological formations can be recognized : the Complex
with granitic gneisses on the gently undulating to endulating plains 'n

west, rhe Karoo-Supergroup with hasalts and sanastnes in the elstern
characterizing undulating plateaua, Elauce al:ave,n along t)-. Mur n.
The main agra".cul'aaaal production loix tne oaLt1,.;c1010,onall
farm with sori;a_ -- as the main crop, miKed wiH) ef,a-ns ,rnt phi-;ys An,J syl,e

crops. Average yetds are very low-,

In chapter two the sollo of tire sw-vey iLea 'Hnv vo'Le ;11

the ',a-ale or 1./0 000, and clm,shi-it,o to!loA-ing t.Jy
of 197 with amendments mad? by Soil t,1, 14ins ,,---

Projeer Emphasis was pu r on Ore eons Lleve:Thea r'2,v o, .e

Motlout!,,e, which were expected navP a hi3On,,,n Lhar
the npland Foil,
Or the al.luvial deposits sandy soii on ne

Einez. textuted soils 1:ke luvie Xensol-1 wn.In e la Tny
soils in the bacl-swamps nave a cLh7,,7 no*
The upiAnd nnnv Seicbi-Phikwe ,narayern.Le Qu!:1

often a grav,,,:i hiyer In the suto:i, The
plateaux near Bobonong aue also JKiillow .n),t Piny( 1,1.t.nicJ. They a r e,,'-

sociated with sandy soils developed on sandstone.

Chapter three deals with the land exercise for
rigated agriculture.
For rainfed cropping a meth logy based on modallire rho soil wr',el halanak
over a number of years tor rie....rid nnita andar ,7.1rghur.' wa'.3 i,'

moiscure limiced yields whi.ah ate ompared b,x11 between veaus an ny-

tween sites. Tt provides a quantrrative comparison -t t.lAt an to -x-
pected at difierent levels of prohabilltv
It could be cancluded that althougn molature limited yl.
are expected to be slightly higher than in Bobonong, a.ry vein; in

general. Hence rainfed agriculture is not ceeommendea le the t.,1(t,, atea.

Two irrigation systems, namely sprinkler and irrigation, -aeue,

tested for some 25 different arops ,,anging Frem vegalatdes A:cb eahhaw> ann
lettuce to grain crops like maizP rn,'Lading also the :ash e!,on keteon.
Relevant land characteristics were selactea, rated ana matchea with the land



use requirements of the considered land us,: types.

The outcome of the exercise is a crop, la: '7 clqd land use specific quantitative

land index. By comparing the obtainec indices sound decisions on crop

choice, planting time, 'choice of irrigatim system and pcoductIon potential
were taken.
It could be concluded that for maximum crop production centre pivot systems
must be recommended on the sandier soils (arenic luvic Xerosols) which are
predominant in the area. A major limitation for this type of irrigation is the
heterogenity of the lands.
Finer textured luvic Xerosols are the only soils that can be rationally ir-
rigated under sprinkler irrigation.
Most of the proposed crops are not or only slightly limited by temperature at
one or another time of the year. Thus crop rotation is flexible, growing

vegetables during winter and grain crops during summer. It is very unlikely

that cotton, wheat and especially potatoes are high yieLding at omy time of

the year.



1. THE SURVEY AREA

1.1 Location and Infrastructure

The survey area is located in the easter,in part of Botswana along the Motioutse
river from Mmadinare in the west to Bobonong in the south, i.oughly ;)erween

latitudes 21°50' and 22° and longitudes 27045' and 2e°20' see fig. 1 rt1,1 2).

The main centre of population is the mining town oiS elebi-Phikwe, whi,7h has

about 30 000 inhabitants. Other major centres ar. , a:IH.,.re and
Tobane.
A 60km tarmac road. links Selebi-Phikwe with the mai t.-soutIi highway
Serule. This road provides easy access to most of the major populatj.on c.c.nt.re
in eastern Botswana. A railway line from Selebi-Phikwe to Serule joins thY
main railway line from Harare to the RepublLc of South Africa.
Within the basin tarred roads connect bi-Phikwe wttb. Bobonorv, and
Mmadinare. Reliable unsurfaced roaeL 'qq to other lal:gc ;:ettle-

ments. There are no bridges across the Motla :ing in probieurl
the rainy season.
Water supply for industrial, du!::' . .....and agricultural use is a major factor
for future development and expansion. Selebi-Phil:w i c,nnee*ed

Shashe dam Tly an 80 km long plpelint,. Water ïpLimn toy Bor.or.onii 17'w

Mmadinae are i:ominR from wells ._1:1 the baro tn iot oc Ot-

ther vii]agec obtain their water Erom horeno:c7

Fig.1 Location in Botswana
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For agricultural purposes mean data are not very useful and an analysis on a
year to year basis ha q to be made, paying particular attention to the
variability in the length of the growing season and the onset dates.
FAO (1978) estimates that, as a rule, the rainy season and the growing period
starts when rainfall (F) exceeds half the potential evapot.Tnspiratton (ETP),
A humid period occurs when P exceeds full ETP, while th rainy seaqon ends
when P falls again below half ETP. Taking into account s maximum of 100 mm
stored soil moisture, the growing period ends when the soil is completel'v dry,
The length of this growing period Ls an important parameter in the eyaluatioo
of the climate for rainfed agtioniture, For sorghum a growing period of around
80 days is requi red ro nave a good potential yield. A length of growing

per.between60 and 80 days will gille a marginal yield, while less than tf", :Thysof
growLag period will yndicate an unsuitable rainfall patter/A tor ro,ghu,..,

product ion.

A ,7econd parameter that directly influences the on-farm plann g of ;1,4rt'ul
torl operations i Lhe reliability of the onset date of the gLokInc,
as h i s fa:'1_or wi. I rIet errnixu rho practical feasibiLity of ralnfe6
Al)ove menioned wecQ analyzed on a cicade

st:ations Ir. ond a,ouud the survey atea The lesolcs i. tor1 )1,

thILY;ï anJ 3 dnu a r e refering to the longest growing 1eIpo,.1 Ffll a rar
in view of the short- obsrvation periods (less than 25 ye:11-s) the! , -betIld,

care.

Table 2 Length of the gr g period and its occurrence (in Z of years)

length of the growing period (days)

4

Table 3 Onset month of the growing period (in number of events)

Station Oct Nov Dec Jan Feb Mar Apr

--------
Bobonong - 1 2 5 8 2 1

'iaines Drift 1 2 8 7 5 3 2

Mogapl - 1 3 5 5 - 1

3 2 6 3 1 1

Se Mikwe - 1 3 8 1 1 i

Tser - 4 6 9 1 3 2

<40 40-60 61-80 81-100

Bobonong 75 20 5

Baines Drift 75 25

Mogapi 69 19 12

Sefhophe 70 18 12

Selehi Phikwe 56 25 13 6

Tsetsebye 76 24



1.2.2 Temperature

Temperature and other climatic parameo x,ept a al

nearest synoptic.station of Frat ' 'e 4),

The mean maximum temperature ra rtom a low ro ,E Hi In

-)ctot,e1 (31.(1°C). The mean min o rure c; L,

19 1.n January. The extreMe r _nimum ,raperatur recoided vr,1 -O

Around srlound frost day are occurring during a:: averagt- mtfy in
znd July: 8 air frost days can be measured Thus care should be taken for

growtli of frost sensitive crops during te winter.
Thi teuTerature regime is suitable for a wide rango crops, uding

ter and summer cereals but excluding equatorial crop.. as

tea.

1.2.3 Other c1zutic paramers

, The relA: Lve humi:,:ity of the air is moderate durin the nig-
but Iuy dating day time, The highest humidity OCC'IT 1_ SentiOr

De-ember tr March (561 - 6ZZ). The towes ....cur at the od or t'Ll.
'r t'1 in Augus t and September (39;

Severe moi
between 61 -
131 of the ye

'Less occL:rs whet' the lew,th o: thc t ncîn perLed

Lys. This occurs in 51 of Llie _oarr. in Pobououg anc, tu

'Lelebi-Phikwe. Marginal yields should be expc-ci.,d.

- SliOt to no moisture stress is expected when the lentb f to.,-.rowitig

is between 81 - 100 days. Tn the t.hj :1St

t:ocos out of 100 around Selebi-Phlkwe ind oe. t n

":1" o tillE gLor'lLng 'H.' .,,11% L!

dad fe-embr o iccary LO

fobonong lmpHeh low
;'ay) and thus yield reduction.

Tit- :-! oi,1:; L,

obratning Hom.;,%.

around Selebi-Phikwe than near Bobonong,

Tht c,,Ifirmd by , o-1.01- gene tudy on th,

Bo(»3w,InJi pr,2:3,nte0 in, fig

cf withirL ,oa, 4F ,i L t--
;eaz7oo O ,L tO t-,L, !rc:LL;(1111-,-. Lito 20 dl;iuzvz

The v:,--,t-ru rAL characteLlzecl H, zone 3.P.=

61 to 80 ..Ilays Aw,1 11 tr LO dly layo.

3 3,?/v

The can be . 'zed as follows

V:v o ft,

LTI,t:: occurs iu 951 of the yee,- t',(,h,

rz Lu zìcli-bi-Pbikwe. No or voty marginal y.:¡,,oL' (dr, b-
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Frost says 1 a r O 0 o O 0 4 3
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1.2. if
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- a r i ons dípod , ;
' '0 s r., n n u - 'n

n StO LUWl0'7,'
in CP..- wei,t,e11-.1 [-viLt,". of the survey ae aridi
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The anoudj t F)I 50 it t1C o be -
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1.3 Geology

Throe 71,_ _Jo; 01 0,s; the Pre -
,;ambr , orip J tthe Ka if r 1' east and
al 1 tqw..

tslot of the Basement cÒmpie rIt or mdgmbtiti, t4n,-.¡JaJtod gn,H:-,o: and

high-grade metUmo:pn a Lt r Pne,-!amb7-la,, notrf(J. ;41%n tile Lim-

popo belt.Sev-!ra't ph,:1:.eQ of metamotphi,,m and foldin ie t.ZIltt the ),,entp'fi]

WSW-ENE trend,
The Procumbrian eok ;ave hee,vided into two ,.,mn:turhi,l, ,onrorm,Ible for-

tl:mod th' nl& t LS Formatron nd to r i t neis: Fotmarion
respectively,
The Banded Gner-s', fmarlon eonsict.s of variable 12,,fniti2ed quartzo-
felspatIrin gnei,7se, nod Interanded amphibolites The c od )tho).ogy

nebpow,ible for a ,_11.Jrac1 erl:.th banded appeatTance on Lln, aeial
trondlino:3 a:e often

I; au!t di i r t o i s r canp') ° -;! i I.. 0)7.1,3 r pc r -

p!-'i 'ca artJ

cot-AP ol TFormatiul,

-H r are
preent.
Tbe 11J11._,rx,f.:( ini,rufte pper-

Lnfl ±5 n p otIs :11 ;-w1,-,1

Ttn: tart ,, ' , tt t tnH t;'2.

/.101:r.S I r ita S a i ,t,t2ttt ittt,t`J tt).

ti; t !a, 010, ;,c Cw-1,16.1.J
are VT,. 3.1.1

'
HAL

temnant4 oU2I:,t1
The K6'noo bt :_!an(Nt-tnL,

'tirctap:5 rt tsm pas'ei the!-,
wo+ t Cr.roc rtt' Tart tj 3 It n(-,st- ' "(Att.:,

baLdn it fault s:-.)btr'b11,-fd

fl,ider ocurr 114! i4round Tobah,- au:2 -:-ecent

c;oltg. tte Motlbut:.>e rrvel

rology

Mo.,,L eastern 1",oLt:.,7,-1-.1-: -Lnzt t impopo but : '

ary ,)etehniait Leo
t tt r 'Mil t. " t.)1

rtte (ir%'
or w,lier 3 I5 -:a,

)n river i- 1,to.est :c:
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tt, /' H2 1 It)
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1.6 Natural vegetati

The vog of Botswana are described 1, (1978) and Timber

1,1 LìO fl. n,

tour,1 Si. r ofy U.LX

car, hr:sL,"
Tly v,gr',;¡iion . p.
tvl,e nc
111.ti ,!1 NJ;',2+ '1).°0 ,

Domin.

-p:

,

¡fluvial soil-

'

:11:',rete

, sc aller
in ,1,,2,1

'

rich sh ".ow soils:

10

i;^



4. Riverine woodland. (Acacia tortilis fringing woodland.)

Woodland of larger trees fringing the banks of the larger
seasonal watercourses.

Dominant species:

Acacia tortilis
Combretum imberbe
Acacia karroo
Ziziphus mucronata

1.7. Agricultural land use

The major part of the area is for traditional grazing by catAle
goats. Heavy pressure on the range around boveholes led Lo the, ,h,taotti)L,
in productivity of grazing. The Eange Ecology Seo,-ion ot Lhe Minisviv
Agrii)ulture (1()89\ gives carryinLL capacitio cf 27-7z1 ha L;7r,J ic. he

SelebI-Phikwe nd of ha/LSU ror, Bobonong

1h çtij ar4 i oirjvad reit
1.;)e),F , and 1-tk 1/1Jjc\

Tbbanr: arh, TAbhonong
Acor.1-thc Lo DonaLh lu90) foc,: types of ing r e distin-
gulsned,

Tarfm-7, w1t:L,7h on cattle production, and
aro raroLv ihvol;red in arable :;rbppih6

- Smaller livestock owners which manage their aniri posts.
They become rarely involved in arable farming.

ii1lO i1IR hiob comhic,o .17:estck
011.t.2 Jrea goroLly tie bc,ul-aop

- Arable smal.:Lok'inp,9 withour livestock, mostl- t--1 by the poorer

(-,ctions Ehe c,-)tamunity,

Tablo L give;-4 ili3Lritot ion ef, It1") EildeLL,

concludeh cqat_ ,:olanton production miK
with cattle and smallstock.

For Io iaLl rriixcd fairm, ana the -iable kTALn

crop ,:;ee tah.Le 5), Tt ís the stapJe tookt cd: the Iot31

s,...,wre of local beer Sotghum L. usuaLiv -ow).

pea poLs,--)F., 3ch,:ash nir tIen.
Ti e r (.1r I J 7,01, '

be tl L ori
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Number of fa n holders by production mix in the Bobonong region

Planted area for differeLt crops in the Bobonong region
(in 000 ha's) (Botswary.:., Agricultural SraLists)

sorghum pul e 'tall J
za;Jrghicial (mtxec, z, tan°
ms12.
I i 1 1 t: t

beans/pulses

1a 5,.¡!J 4 1N,ntet

j tri":1 t , kak-anrho dt 5 .5101,C "t,V`

`Vilf7 ,1 ' t r 11;; .1111.,;,e,,' ,

35e cl sed tay 5nitaka 11.1, e;a. 55 §:tat" 1. a urtt,!ra-r,

Aro,it,:1 t pl.4nt t2 t) ..1.1V2 ,'.111)7Th

t A -Yratt. o1+ , t cat cra. t he ma itat probi.ka,fr,ta ìa 3,-..t5k la a ,aana,., -
urYir twriha t taki rrut, z-a in CRP 8ola0notqa, -ra,arata,c aaaì aaakk,t:Lasa,..a

is tu:.-,v.ot weeding,
V'LL, la5L:ta kti.lat 1 HiiTcs are kiolay Tataaw T..aathaH, ; t, tk ta,.a ,,Haa

L1 !:01 mato.t

Ta Average yield per ba harwlsted in the Bobonong region (kg/ha
! Uot swadl al tac' st:

1983 1985 1986

--55rOtacm 292 118
maita.; ilC

,k4 L J'H
100 150 50

Tbk "a ,k-au la .-, ) ,..5 t taka,tlairj ' ' ''),- 1, C ' ,,,Iii k 0,1, H- H- i ,%.4 t, n',' LI r .,.- ;.,-k ' kk1.1,:: . .1, f 'C'T .. 011 . ,
'1, 11 1 kill I , ", `k t ;"1.111i '' ' ,.... ' ' C 1. ... - :Ai.", SP.' LI - ,-' ' op , ),, ' 1 ,) '" 2 r. _,1L

r? ;,,,, 11 (-t ;;, i , l' , ,T, ' ',-. rTh 1 , . ' / t) 0 z,
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1983 1985 1986 1988
--

0.5
3.2

] , E°.,

10,5
':', -;

r) 6

r, Q

- 'i . t.) , 3

0 .,
1.0

-',,('

1.7 1.6 1.0

(Botswana Agr:c2ultura1 Statistics)

1983 1985 1986 1988

cattle 1000 50 250 200
cattle+smallstock 2100 300 500 750
cattle+crops 200 400 100 250
cattle+crops+smallstock 1200 3050 2650 2900
crops 100 800 500 800
crop77tock 200 750 950 1250
smalisao , 700 150 400 500
others 300 - 150 150



2. SOILS

2.1 Introduction

A reconnaissance soil survey at the scale of 1/250 000 was carried out by

Venema in 1983 (Venema, 1983 ; Radcliffe, Venema and De Wit, 1990). Although
this soil map gives a general idea on the occurring soil types and their spa-
tial distributio, it is too general for locating potntial irrigable Lands.
The current semi-detailed survey at the scale of 1/50 000 was prepared by Par-
zaneze in 1986 (report not published), and was later qlightiv modified by Mar-
cus and Sinnige. At the same time MacDonald (1990) studiea the azea specifi-
cally for irrigation purposes.

For the current study a free survey method was use d, based on the ideo
tion of physiographic patterns.
The maps are constyncti;d by a combination , Hretation
photographs and satellite imagery with field chec,,, :!souncl Lruth) The pnoro

used wei'e runs 2.!', ano 26 of the 1981 MotIontse BloGL
The majority of. tile ,t,srvations we-,e augerins '/I.CL nave trc,, out of

verifying soil hs_olndacio o6 Lutorprete0 from tne pL,;fogrhpb. rth,

feature were Opa..,i1,-,erl e;Ich ; pnyacgrapr, , Ot%I.
Joil moisture, pce4tIcc cf suria:e. srovie0r,),:k;i,
the ootoot, Lext.uvc , .ttk-ph snJ retcof .,.,nvup.1
MOrP wer.' made 'z'rom pits (oci,ei,Ittivo
Tho rct irat cl tnoe p1'ctL tErc vier, L.,
Ai on tc. \t ,3,1r( cno -n nr ,

n6utc
L.,1

desc u4.7, `4,4r
.19771 1r7

tart r , ,

r.he I , 000 , .7 [4

), t 1.ra I !sat

cJtLceca prt-,1Hfr ULt.rikati.o(,, ex,:t!L,AtioodhiP
capci%y, oho,..3phos m.7 7--

16Lotritory K)v,r7, r-
rBroit, 1.9736n

13



2.2 Soil classification

The soils are classifieo fJ1lowing the FAO-UNES(,0 ;19/4) system wah, amend-
ments made by the Soli Mapping Pioject. as desrined Jn tne Geneval Soil
Legend of Botswana 2Remmei.zwaa 1988, Also the classificatiou eico7ding
Soil Taxonomy CUSD, 1975, 1987 is given, Both systems have ir ,'ommon the
principle of diagnosic horizons. The definitions of diagnustIc hori?..ons anc:
properties can he found in C,oll TaxonomF and in tb,- Legend of the Map of
the World (FAO 19720.
Soils are also correlatecl witl, the Revised Legend of the Soil Map tize World
(FAO/UNESCO/ISRIC, 1988).

gorrt construction

The mapping symbol r maxi;i1u111 of three !.he sir ':t level
e di3tiu;:tiod j!-1 mad:, units adcwLdinp, pafnl
se,-NInJ 1Pvel Loh%Ist, intlo soLl unU:s;, T'Je
e distinetldn charo:fritLc- no:t;o:

t Lone II,: s o. t

2.4 Main unite

"

14

C SOH33 WM1.3(( 1,3 '-( CLN3. O'fq

4r-4 -,,1 o , IL(3 se tC
z t

Ir(31 11)1('`,3!'. ,).

A SOils T ° 33;3 3".

3-3!e Lu'3sm (3 ;3k3C3. (3313 `

t I:CI - 'Os( 31.31,i(31 '3,133c1(.. (or,' S';.(3 eT. (3.: LEeS5.S., H. (3. 'r 131

at1( . (3 t.r3 i k d.() 'n

G 5on acid and HLeflfc.:-,,LL-:t itLdeous sud mci:Jiltort T::mi
'en li malmL\ dLo Ano

quartzites o î se iat,,emenf

B $ 5e 1': tasic iliPfamorphic Inci<s This ,hlio comp" Als
devL21009Li od and
oltraoac

S ttlidat.e:d L0s y coAl
sedlmonta!%, ,e 'k. rhL Loalrd: f t.j saoJ e:oa7
seL f_o a dor!n. of :It J-is Cicîs 17.;-)M the suti,,);c: and !lot finof

sand1.oacau e Ow:o-Au H(ALTL.
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2.5 Soil unile

2.5.1 Genera

ThE soiJ r1.1-t.s a definev7 "o Tal rd the z.o.appiu

WI t r1.6,1 are e,? 'tn-t ,7 g"e "tt t't

Tr tnr ri. a cc,F, .

f Legtmc; tte ' keei ' t.netr h'errk .1

changes to f. t ,.tswana , Furtner suhd i n on ().-

made v:--iddin¡.; a so tfi Y, to the numher to sepal siN1 Lz 3 oo Lfw.] ,1H -

ferr,t7 characfeistic . It is unavoid,11.)1, ti' ))(o)1t) mappeci ii , t32. o

diffe7 slighL17! from th:.: soil 'mi de,soript ,

The soil unit cle,-.,riptLon cons 1 oi elemnLs ro13o I

so LI no,arato7 isti cs.7! coLout epLL, rexture

tut; csttl.a.tcaCt. s'Iktkkg S e op;,1 d .1.retkr

tet i" get,' et erk r,t"trt, tt C, I rr t rtt

1, '11S ir'rT,.141/E.' o I rto°

SOi/ UV Ptak 1uì ì' tes.c.0 °??: t.tete,t, treetr 'kg ° "et, t rt," tos rt ot t.

t.ge,k":tr Lett'e ' Peel ".7,gt k (AP petle, trik tt Cm t

P0/10 Vnt Crem g A."; ;;...ctme,t t. Pre. tut Hut H. rstt, ,S
rut ,t.c..tmorcrt cu. pc; tce-;

v pt. cs.c '11.51
p c.t; to 3 kl ' I.keek

;26., n, ¡no, terts-u eel ,le,ep
,t; t't sot

Sicr:

- Ott, ,k.kirtAguct. tc.t.s; 6°- te- ,tre cuts,' st, ce; Lue ; H ,;; r en e t t

frtucet; ' ctsus,i p; ,`)7` ROM rtett rtk, "°." kts'ittt, ..,

irk k,nur a 5,55r5 5 5.-5 tc,

CO OW, TKu "o t OC o 6ect st,U C.. tur 55Uì?r-' r H? 'o"'t Co,
no,, , I tOO,n ' o ',Ono n O,Ol" inOt o t n, SI:

rt ' ,(10 1 (,(t. Th.t urnc.ttu ( (,)« 0;
C) L,Ftuoutlat. tOOOO nt, tkt70 g'r 11 tgk' ' uue e

ccrt-Pu'e ;ut sever rcage6 ruripeisc L?'f Hl oto coo,

-; u(s:. c 6 J. ; stet c., c ;cc r ( ctts I t.-1T..t, tt.o. 1.) t.

trr. '30o "rertL 'is Cr L1LC kt, t, t''
m'unkst `grtk ri S itI (tt O.:. i "ek°' r, I hi' nrs ut-e2. csl . . trret° Se,
Ctet.t.kJe. t ()CpfP L(11/11,?''; 1'1(.1 glikt'ket.g-tgt r rS S0'0 t 1.11

ri.10'erg re.t4t t.',./apistk:-", 1, g-Mtet t,11.0 Ig° k °et', g-mIt e ttt, ''s''' H
tik-mt'tr,t 5tIre.tir f4orliti...L y setkrrt'l t 1.,,,P05trt e, H leort

Phases. Phases are derived from m \-!

re,:rj.eCe ..atAct..,.t,cimor,t ;:tc4curics, ;cc. ; t';,,te °c'srp ; ; ect ;us

" pclust, ' 'kg r irkett keCe: Lt./. Itt.tetrte`et t tt kg 7- plr,1 m -se,. es. ucc

Yet.),riet°t trItoes t Wit 1,11,ï se wel-P c Iocl"ci . ettLe. ecc ucc. s. ;;"t;. cri1,0°,
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Deep to very der?p, imperfect y drained, 7r,trH >rown to reddisL.

clay loam to clay.
Flat to gently undulating, normal to water receiving

Characteristics: Structure is moderate to strong coar5t. te vetv C:2aC3C soban-
gular and angular blocky. Consistence is firm ro v..y when moist Con-

tinuous, intersecting slickensides in the subsoil.

Occurrence: Very limited area in inter terrace depressions at Bobonong.

Representative profile 5P94

Vegetation: savanna

A5b FA0(1974): Orthic Solonetz, inc, (0.-tse

FAO;J.988); Haplic inc

ST .3a3c:rthidio

iN'ep impt,zie.ctly wel

ti ,,ircrip, to:owo sand:, clay :,(1:-011

Clat ura,k::a!i.ng wat&o

z '

)

0
Iv v(ty wh ,1

07. NJ Hv:,,,J lo.Hor

lc tiko otc:

Representative profile: SP36

Vegetation: Open savanna

A22 FA0(12)t Entric
FA0(1 ALer[.!,:

ST: Typic Torripsamment

Dc4:!1) -o -O r_v Ic-ep ITO i-1, to somt,bat
yellovtF,h htown sandF co loantv sauW7

Flat to i4,:nts- t LiL2Y1L11, (ruttuvai Lovee),

Chara,7tol-istics: weakly structured ochric horizol a structu,

Occurrence: On natural levees in comple7.7 with A34a (--
petii, taso at SclehL-Phikwe

al -3o cr.c.oc Tob.re on natural 1 it to
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dr clay
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' ----- in valley bottoms at
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reddish brown sand to loamy sand.
Flat to gently undulating,normal.

Characteristics: Weakly developed sandy soils with a gravel layer in the sill.

soil

Occurrence: on natural levees in Se: Fhikwe and lower aces in
Mmadinare.

Representative profile: SP116

on: Tree savanna

A36 FA0(1974): Xeosoi,
FA0(1988): Haplic/Cnrom:,'
ST: UstolliolUstattA, ITypLr *Ir1*

De.:1-, to vy deep, moderately well tb wen ori6a,,,,Ji dark yellowish brown to
dark rduLsh brown sandy Loam, to t:andy City
Fiat tic andulaLing,normal.

Oh.aractristis, struct,u, Li vev;- t, IM"1"Wl *orY ,0
ane,o!n blooky. Tht.,

in

moisr, Clay ,1_,viat:on in Crlo

Crt btoo omp!e;.

C/11A1,e :n10 iini wrietH.'
terLa,J,,

of 'Ita»:,/. L;r

-flo:ondarn2 t!1

mettiY.gneiss or sandstone,
Nar,Loo, 1.iong 1-,v'er In tt, '

Representative profile: SP111

Vegetation.: Riverine woodland and shrub savanna

A36.1 FAOlq',' Arenic luvic
F0(185:Areni: Luvisol

Arenid Ostal.::d

.(ery doep. mc.derately well to well drained, dark brown to reddish,
blown ,04MV sand tt, ,lannv blay loam,

'tndulathw normal,

'0. 1,17' t. Les Thr' sr.rti.:tute e le
r t isuDaitgr:i,e hi u, k: or ;-Tt ro .7.1-J-1 r 1..:-' ,

19

c-s b



coar i.bangular blocky structure. Clay illuviation in the subsoil.

Occurele: Natural levees in Selebi-Phikwe and Mmadinare.
From Tobvr to Bobonong in broad terraces where it is the transition from the
more sLv levee to the finer swale or from the lower slope to the t_eiraces.

Representative profile: SP2026

tion: Savann, tree savanna ami shrub savanna

A36.2 FA0(1974): Luvic Xerosol, petric phase
FA0C1928): haplic Luvisol, petriJ: phase
ST; UstalficiTypic Haplarg.irJ

Deep, well drained, dark brown sdndy loams to sandy clay.
(2.ently undulating to almost flat ,norma

Chava:literistfiesi The . -,trilie JS lo weak modiom '),7,cse

blo,:,7 both in the 1-,0(1,-,t%; annJ 'in the i;ubso:i. I , 1.1V t)f
subqoil; o gravel i-lyec :0

the interterticv depression? of the broa' ' .-races along the
Motiootb:o rive? at :leiebt-Pikwe and T,.-)Oano.
Aoo;:', the maio s' i r t i-Phikwe.

witt AJte e.36

:entative profile: SP23

Vegetation: Riverine woodland and open tree savanna

,7- etoE,(

rAo L9dt) Calci L avisol/ 1_11\ it Calcisol
lypicUstLittic dapiargi,j

ftco-e '1' vnt:,- deep, impetfecily o morately well drained, dark brown to
strong btowil sandy ca,e. loam to 1:Liy
ìi. i I ently undulating, uormai

Cha: The stricture is ver,:: weal°, ti weak medium to \!ov, 4-(v11,;

tiocky. Cal i um arDonat: :-:oncewoi.atton 111.1t11x 0; Lar

ot,IIIICIE311 1. 1..M.9 LOCI 11L e e ent i i n ,3

Occurrence: Ai uri me pet trOura'jes at Selehl
":!1 H t r LLYta011 1111^4'4

o tItftioute

ciurc arem Mms.11LiAe
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Representative profile: SP118

Vegetation: Riverine woodland and shrubland

A37a FA0(1974): Calcic luvic
FA0(1988): Calcic Luviso
ST; Typic/Ustalfic Haplargid

Deep to very deep, moderately well to well drained, yellowish brown to yel-
lowish red sandy loams to sandy clay loam.
Gently undulating, normal.

Characteristics: Dark reddish to reddish brown .;andy loam to sandy clay,
The structure oE the topsoil ts very weak Lo weak medium to very coarse suban
guiar blocky and in the subsoil massive to weak coar,3e Lo very coarFe suban-
guiar blocky. A calcic horizon and clay illuviation is present within 125 cm.

Occurrence: In Lieep uniform terraces aLong the MuLicO. river at Boboncio,),.

At deep secondary- tributaries where the parent. mater1 ibbsaI

Representative profiles: SP2031, BE247

Vegetation: Shrub savanna

A39 FAO(1971, hapiic
FA.Oel9EW: dapl;c
ST; ':;0.o1.1:.

Deep,imperfectly to well drained, brown eddish yellow sandy loam to
clay,
Flat to undulating, normal.

Chat.cteristrcb Voy weakly sTcucLuted topsc,LL, structureless subsoil.
developed profile with a cambic-B horizon,

Occurrence: In a very limited area at Seleb1.-PhWec along 1,he Leftlak°Ine
near the confluence with the Mo%loutse river, Along tibotaiaes in Tobauc

Representative profile: SP38

Vegetation: Riverine woodland

2.5.3 Sois basic igneous and metalorphic rocks

B1 FA0(197,4! Eutri Regosol, ilthic phase
FA0(198&), EutLic. Regosoi, phase/ Lep-

Losol
ST: Lithic Totriorthen.!,

21
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lo dark brown sand)) 4.oe1:1 .11:kkq

Undulating to hilLy

Characte Shallow wizb ma,-2 to very weak ,3tructutt,. 6 lithlo
contact wttAif t;;L, Lime Jfter occurs as soFt co6LLings on Lhe
weathered basalt.

Occurrence; Bobonong upland on basalts. In complex with Blb and B6c.

Blb FA0(1974): Calcaric Regosol, lithic/shallow petric
o

FA0(1988): Regosol,lithic shallow petric
Leptosol

ST: I TonAoIrbeni.

Very shallow to ?ssively ned, reddish brown
to dark biown sandy Lio
Ur,dolatmg Ir.ciTh ,

rharacteristics: As areou egregations

rrence: Bobonon: s. In ith Bl a

tcepresentative pt

B6c Calcic luvic Xerosol, pJlrtly po-Lti phase

3)art!,, I.-.ctric phase

rypic

Sha3low to moder3roL-: deep, well drained dark brown to reddish brown, clay
loam
Undulating to rolling, 3hedding.

Cbarastnristics Shr,310v wAk., medium to coarse suban-
gu:lar hi ickv tructuu, 9!. Z1OL Low:!ur': lime in the upper zone
of ttt weatnere'j

-ence: Bob ipland i , in complex with B1 and Bib.

Representative prof BE274



2.5.4 Soils on highly calcareous materials

Cl FA0(1974): Lithosol
FA0(1988): Lithic Leptosol
ST: Lithic Torriorthent

Very shallow (less than 10 cm), moderately well to well drained, dark grayish
brown to brown loamy sands to clay loams.
Flat to undulating, normal to water shedding.

Characteristics: Lithosols on massive calcret:1

Occurrence: In small areas on very eroded limestone at Tobane.

C4a FA0(1974): (lalcic Yerosol irtl potrocalci
FA0(1988): Haplic CaLcisoliPtric Calciol
ST: Ustollic Calciorthid

Shallow to moderately deep, imperfectly to well drained, very dark gray to
reddish brown sandy loams to ciay loam.
Flat to undulating, (slightly) water receiving.

Characteristics; Structureless to very weak subangilla blky in the Lo)il:
Within 50 cm more than 807 calcrete noduleb or ca1,',31us materiai ir

Tho soil matrix is strongly calcareous.

Occurrence: This unit appears in only one limited area near Bobonong in the
Motloutse valley.

C5a FA0(1974: luvic XeroF^1 partly petrocalcic
-(!

FA0(1988): TAlvic Calcisol/Pe alci sol

ST: Typic/Ustalfic Haplargid

Shallow to moderately deep, mor,. tely well to well drained, dark yel_
browr yellowish red sandy , to clay loam.
Flat to gently undulating, (slLghtly) water receiving.

Characteristics: Shallow soils with very weak subangular blocky structure.

Occurrence: In small, very erocieci areas near Tobane.

Representative profile: SP2020

23



2.5.5 Soils on acid and intermediate igneous and metamorphic rocks

24

Glc FA0(1974): Eutric Regosol, shallow petric phase
FA0(1988): Eutric Regosol, shallow petric phase
ST: Lithic/Typic Torriorthent

Moderately deep, moderately well to well drained, dark grayish brown to red-
dish brown sands to loamy sands.
Almost flat to rolling, water shedding.

Chariitistics: Shallow soils with massive to very weak subangular blocky
struture. A gravel layer occurs within 50 cm, often within 25 cm of the sur-
face

Occurrence: Upland on acid ignc :].nd metamorphic rocks. In complex with Gle,
GZe and C,8a.

resentative profile: SP3

ion: Open tree and open shrub savanna

Gle FA0(1974): LiLhosol
FA0(1988) LithiciEutIlc Leptosol
ST: Lithic Torriorthent

VeL shailow, well to ;ome),,,hat exf2essively drained, grayish brown to brown
coarse sand t.o loamy Joaim:, sane.
Undulating, water shedding.

Charartelistis These very shallow soils are structureless to very weak sub-
angular hlocky

Occurrence: Upland on igneous and metamorphic rocks. In complex with Glc, G2e
a, a

ion: Open savanna and shrub savanna

G2e Ft.(-)(1974)! Xerosol, 0-tallow peLti,c.ipetr: plvase
HacL1c/Chromic LovistoL, HajOit
shallow peltrict,i.

ST: Typic/Ustalt:lc haplarg2.c'

MorloratHs deer, mnderatelN, wet: to well drainef, oarse

sancy Loan) to andy loam

Almost f'1;3tt to uudul.t'ilv_, watt shedding to normal.



On the uplands in complex with Glc, Gle.

Repr itive profile: SP43, 13E901

Vegetat Shrub savanna a ti.Janna

FAO(1974) Lrvt J - pt-'t
phat,

FAO (1.;t3 Art , /3'1, ' 3.3 \ 'r",'";p3i

X /33N-INC
,333, ,

Ty» f t Pap) s,Ld

t t td c dttd-tE . otc'deL',1 t.^-E y k EEEE "

EE-J -,,tfeE dt-t-rEt,t" 3,"...N,"33.31 "3. "" i r3,y )N3' t .

1",j`,11.3b [1,333,13[1", 33, t _Et

)rP
n°,1

33,1 ; "':" t' t",V, (NJ

di-, tE E , '

a,, drained, yt___L, red
13,

3 ' 3331 ;

. 323 INN` t "TN- IN /3/ 1.1C.

Shrub 6vanna

25

od- Et,,,,,Ed!

Ch -teristics: The strue 4 in general very wea. to coarse suban-
'Iocky massive in . A gravelly layer_ occurF. 75 cm.
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2.5.6 Soils on coarse grained sedimentary rocks

Si FA0(1974): Ferralic Arenosol, lithic phase
FA0(1988): Eutric Regosol, lithic phase/EutTic/Dys-

tric Leptosol
ST: Lithic Torriorthent

Very shallow to shall excessively drained, yellowish brown to yellowish red
sands te oamy sands.
Uncl" hilly, water shedding.

cteLisLics: Shallow structureless soils with a lithic contact within 50

Occurrence: North and we3t of Bobonong in the uplands on sandstones, in com-
plex with . 3a. Sib or Si.(la,

Sla FA0(1974): Ferralic Arenosol
YAi.(198.61. Arecc't: e:ccc Regosol
ST. Typ:H Torr-C,,s4.!mmnl,

?. ly ;W:17.'n,'17,h ,.?Kt,f VOI.Nt .13,e1.3 )U2 o .'J
tt, t, CV, , ,7t,thtc nt-s Wett_.;11 ;5(2t cm

jdonJ,ctjar, to tjVc. w,11-1

stics: The e ive to very weal ledium tc c _aban-
ky.

t2tf.t..rtt7:0"ti,ttPt an' Bobonon with

Slb Arrmic eutLio
ArnIc eczt(i' Tleitt 111,o,,»

'Cvict( TorrtottheAt

gloderaCelv excessivE7 ow to
ro.1 sancts dlii itJaltlY sancl
:o snPdc111,

t.t`tIV-1 I i "tv t i Mc, S t, 3 \,,,` "
L d titLe tu I. 111C.11", 151 3 C1'-'l',,t ' I tt »17;

1 lc Oi tilt .Y.crincc!,

,th and west c coarse nes in complex with



rot snclAy
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o

Representative profile: SP145
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,
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Slla FA0(1974): Arenic luvic Xerosol
F,,V7)(1996): Arani,-;haplic Luvidol

Haplargid.

Very de,,,u), well to sooewhaA excessively drained, red to brown fine and fine-

medium t-andy loams.
Flat to undulating, no:mat

Characteristics: qtrui, _oils wi,th r ation in dept

Ocurrence: Only on Test of Bobonc e river

Sl2a
Av01.ti,



2.6 distribution

Recent alluvial sc-,1 in unit A)

The distributi alluvial soils is shown i-7.
(p) The alluvium :'u of Mmact

t 1Vt-t.rt tsCt4 'H."; l'el;
)»,' ,°-; V7 t` 14'4

f.lt; t, tt". , 1 , 4 H 4 I ,

' . ,

on i

,

', ,,,,` 5, , 1
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LEVEE

RANSITION

TERRACE / DEPRESSION

A22a CAMBIC ARENOSOL

A36.1 ARENIC LUVIC XEROSOL

A O LUVIC XEROSOL

LUVIC XEROSOL / PARTLY PETRIC

. 6: Soil cross section of alluvial deposit

A22a A36.1 A36 A36.1 A22a

TRANSITION

'3()

LEVEE

LEVEE TRANSITIC)N TERRALL. TRANSITION LEVEE RIVER

A22a CAMBIE

A36.1 ARENIC LUVIC XEROSOL

A36 LUVIC XEROSOL

Fig. 7: Soil cros )n. of alluk

A22aA22a I A36.1 A36-A36.2 A36.1
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Soils on basalt (main unit B)

Soils derived from basalt are exclusively found in the eastern part of the
survey area noar Bobonong. The upper and middle slopes of the dissected
landscape are characterized by very shallow te shallow eutric Regosols (BI)
which sometimes can be calcareous (Bib). For the l'.:wer parts, shallow to
moderately deep, fine textured calcic luvic Xerosol',- )36c) with a .!ra,e1 layer

within 100cm of the surface are characteristic. Most of these soils are very
eroded.

Soils on acid igneous and metamorphic rocks main unit G)

These soils mostly developed in situ from siliceous grleisseu, sometimes co]-
1uvial of origin, occur in the western part of the sLudy a:rea. The gentiy un-
dulating to undulating uplands are characterized by krcy qhallow (Les' thau io
cm),sandy, almost structureless lithosols (Gle), asoL.-ed with mo,:ioar. J
deep, sandy eutric Regosols (G1c) with a grave? 1L 50 cw (»f sot-

face. Sometimes clay illuviation can be otl,;cr, Jcpr!-. rt.solLoc. LO

heavier texture, from sandy loam to sandy clay toaN
On the lower slopes the soils are often moderatolv dap 0-i-, deer saId
loams with a gravel layer that can occur deeper ttar ".75b),

Some very deep colluvial. soils, sandy clay loam irt ì)ut wItn a.

sandy topsoil, can also be recognized (G14a).

Soils on edizentary rocks (main unit S)

Soils derived from coarse grained Karoo - sedimentay are found
to B-soils in the eastern part of the area. The soi:-z
are very shallow (Si) tc, moderately deep (Sla,
type of sedimentary rock gives deeper sandy loan ovn,bit;
carbonate accumulation in depth (S12a).
A moderately deep to deep Arenosol, showing an Lnodr, cd
SI3a) occurs in association witb soils

material s.

on h y calcareous mp.e--ia (main unit C)

These soils derived from calcareous materials occur on tc1 d.'7. Karoo

deposlis, often remnants within the gneisses, Tohdt--

The c11s are generally very shallow (CI), rare1.7

anaccumulation ot calcium carbonates ih tne proEib, ,omeamr.?.s
calerete layer can be observed,



) EVALUATION.

3.1 Rainfe. _grice.lture

3.1.1 Mothodole

arid env. eonments like this of the study area, the assessment of land
suitability for vainfed cropping depends on undeistanding the eoi] water
balance throughout the growing season, the interannual variation 10 ,oiL mois-
ture balance, and the impact of periods of moisture stress on tiro') yields.

Ratrnui basad on average eonditions have very limited value under thJ.s elivote
as they fail to indicate the risks assoLiated with growing a pa):erculas. crop
on a particular area of latid.
A methodology 'based un modelling the soil water balance over a number di years
for defined land units under a particular crop, and of predicting the impact
of moisture stress on crop yield has been developed Jlachtergaeie and De Wit,
398 Radcliffe, De Wit and Schalk, 1990), The main elements oi .beis soil
moisture balance c-ror- yield model are illustrated it fdg 8,

anderiyin principle ig that the impact. cr rco urc rcs o ro e yield
expressee 117 trIE US,7". uf iele. response tacte. vihlenu r u cpciJic tO

rriaviduaJ crops ane eroT, stages within the gtoweb eyle ef
ThiF, vekatienship is expressed in the following equation (Deerenbd end Klei-
sam. 1979,

(Ya/Ym) = ky(le[ETa/ETml)

where; moisture limited crop yield
petential maximum yield Cbaseri on radiation, temperature
c)nditions)

ky reseonse factor
1T aeival evapotranspiration (based in availabl.e water)
ETm = potential maximum crop evapotranspiration,

ky relates the relative yield decrease -.1.-0'ailim1) tre
ovapottens',,Lcetiou efci (3-jLta/ETm1), The mageltude of cv s normally
ereateer in the tIovering and yield formation peeiods, indicating a greater
seneitivicy to moisture stress at these times. Thrcelgh eombining es,imateb oi
the relative yield decrease through the growtb stages ot the ctop, an ce-
timate e, relative yield decrease and of the 14eisterre limited yiele
'Ye.)1Ym; ever the entere crop growth cycle is MbistOlk' limired veeids
generateC, ny rho model can then be cempared both :)etweei, Years sna )tetweer

,;Itoc, re pievide e quantitative comparison o yie1i1 .hat can be expected at
stato6 level of pTcbabilly on any definea land unli tor whi_ch epitaLl.e

a!An oi rauiraLl data available,

.-ii: eJecor of tne :1;eislui-e balance and o: ret,ieere

!omeuterised by Uc Baveye (1986t ano Inc eesultnf), CY717,C ',)toe;::amm

unde: iurther develoomen: by the Su J. meipr'rn2; od t-ivisurF

roie0, The mo,Jel present.:y 1-1.1F for inJividue. 110e0,0,,leae yoaes
:')eeirst uKing ten day do. IJa reinfell date cic): aoe

dara from celite 1e9cY), Peeeet!vil
cecegnie ce.!ealt ie tn. ,Jeeen6.(ng deceee

32
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ture balance and crop evar)trbnspitio1) are calculated by decade up to the
end of the crop growul:

Essential inpt the model are:

i; actual rainfall data for the ).efetence climatic Ycatior ft;' ..;01.°8d

average deced,,0 PET data for the vef,.,:nce station cal,cula.ted ac.
A.-c-Irding to SMEC (1987!. As the coefficient of variation t rotas annual
PE T is less than 5: J.Bbalotra, 1987), the u' long term Tneal, PET
opposed to values for individual years s nlikeiv to se,stautttiv af-
fect the resu3ts of this analysis,

oi avl_lable water holdiaL, capacity sveraged over the maxisauw
rooting depth
iv) cr_, characteristicc,, such as effectivu rooting depth, tht., crot

coefficient (ko), which dt-termines the rate of evapottanspiratiov Lela-
tiv t PET ano the Yield respoase factor (ky) which the impac.t e

lure. scress on ,'ntca ir.elc.t Thez.e ,harot.,riat.i..s are tern; to7

enLIre co g-owth 20mr,

3.1 Results

The model was run for the most promising and relevant land units listed in
tatoL;
1, ,nouic', be noted that rainfall data for Bobonong and Selebi-Phikwe covered
19 and 15 years respectively.

table 8 Characteristics of land units

soil
depth

BE i74
BE
BT

BE
SP 2004
SP 202,6

SP 2031

34

corteci for gJave content if applicable
ii Luvisl

chromic Luvisol

Bobonong
Bobonong 1.2.

Selebi2hiKwe
Seeii-Phicws
Selebi-Phikwe
Seleb_i-Pnikw
Selebi-Phikwe

0 60 60

t' 50

2 :5 92

1 7U 67

1.95 146
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A3 30 26
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7ino,7', 4 gives more detail on the probability ot achieving threshpld moLtlture
1A.miten in particular planting decades. It coumares the probat)11ty of

'good yici.d. (oeftved as >50Z of t.r, ¡lotentia tiLa-rimup 5nd an
'acceptable' oiefined as >25Z of the notent, ma)Jmum) pot-en-
rial cropping t. ion for the best sojA in Selebi ana 'iq)bonoriE..
The prona'oilic.y for obtaining a 'good' .vield is vcr,' k6AN, T.1-7 r,ohon,

peakLtr;econ6 de,,:ade of November probatj.lity,;S"1 irst
Octobo: anC: tbe seconl of November show n1 0:

Tb. pantns 01 November arc likely to NLC 1-1,11;co cL;wt
ing,;z
Tnt- fot ol!ralnin au accentab].r1 ,yleH

pLe.ntint,' dates it. December. For SeLebi-Phikw tou, oor. L. t.cn
VE:an acceptable farlacr s plant in 01E, pc,c,,101-/c,(

r.,-,,L31HuLi(,s to; obtalming the 7.aire' y3.e.i'd in Bc1' at:o ,

r51 Ar `be ;c,:oai and third depade ot

3.1 Conclusions

,6V /a2,11y
pro:,17,o tni:) t.urvev arefi 13 verY
.'V7ut L:hauces 3bLaiTAI 7L L. 1$,"

,an be erledLo J pLanf-jn,,2,
Novembe-,, tt.. Hie rist7 of crop fallare is i4Iso

Tni-7 io7,rest ctor failute ace a3soclaieC.

37



3.2 Irrigation

3.2.1 Methodology

3.2.1.1 General

The following steps Are to be rm)Aidered for the exercise:

!finit f the use t.,,pcc.:.

awl itzie

iVVJ.uicr rr; of th i ìvida al:C. characteristics
11 tin EnrC;suLrai

Two portabl semi portable sprinkler
L g.r4 r, ron

it4;4,0 4, '0°4 k S 114 t444 4.. ; ;44i. 10"
; 4,4,04 4 040 ; t 444 ; 4 y4t; 040" '4,

i'W: .; ,,,' ," ' '. ` . , ', ', ,; ' . ' rfk, , ' ''Ll ,, i

,)" , , 1 .,`" , ,,,,,, nil' ',-.3hr ,',.'" , ..1k--,TH, .3k ' ,IP',''' 11

dowr "-- of the ., ; ry , k", . ' ,.-. , ,, ' ''',. r ',i,'',,' \k ' 7,',O.L,,,, _a 'I,' '4 4''. - :44141 '4 4 k '` l ,

1'04' ^,`. .'rt ':. rt, `Li L 1V i

L13 IS3 r'3 ) _ Z10 Crrik L' LI I r v

cq's ' .` , b-iee n .

empe a ..' L ' :LEc y:44 1.-;

ton ,it
ellaract 1P,'' ..r-4: pr. odt.t. or,
t;y:1t ert t ni lLk 1. d ye d 3 0 iL ind OIL o t.1.1 e

01 3rtf. ;.t owt L, Leld t tir r oot
r t t depth,. By combir,ir,.g therie t h o

omit i L StPS k S an al.1 land md e 1 lueir

Cl'Op , aft..1 use ,SN'v-M.

38



3.2.1.2. Land Utilization Types

The land evaluation exercise that is worked out here is aimed to evaluate 1P
fcn- cnrrontly a,-;ed irrigation sytem: in Bot3wao,a

Tu ofrigarion arp th,trrLtLnJr portal,
sptidi,k1c,rt tt igat..ci,v,r16 %¡.7

Portable and semi portable sprinkler system

Portable and semi portaY!L. LL R hhh, ...t; 0-f

c nìcr,,A-0- ,) HIA L. srAH

th(,
['

t he Ihhhht""t nt
r. n("`»,,t(

,

n Cot.

-1 TV' kr o ' kP ,

A'A'AAA AL)

n ah.'h
h :11h r, '7 3 ^

ti -A
AAtooLOïr

hp hhht hA.:.ri ï 'tc

JAntral pivot system

The ci,7ìn. S tET Ln ro :c A!.A' A,,

Fcilem!. .yA,A.tr 1,

VJSV :arlIu5.;, with low manir r¡ th. ;.
rq)e rn, whch correspono

79 ha Technical knowledge
The wat e-,-. application rate dcpend,,-, A

mineU r7, MOF.t (1.1t,not ,L m

of Or'un/ i, mint (o! 4Omio/ h r(Ls'e
7L,olmitC, ThLw ut ordel A'SI,TS L 1!1!tC/t4,)11 kdi."

neescary, Uluer euvreat 1Lrige,tio !ceL,10,
i. applL'aLioh every 24 hout,
The management praeti,:e, ere ainricrt z'a.7'LL

Addi.,-.15)nany mal'L Lted ditcr, '1;'
stiucteh to p,:event run-off,

39
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ernal qualities

)graphy

41)

ext

C o r

reg

ab ; :less out

an or"

flooding absence of floods

.nage

i cha)acte:

)1d for

t `

water it' surface stoniness.

coarse fragments

nutrient availability------,---frtility characteristics

CEC soil

absence of salinity salinity

cbsence of alkaline-- -alkalinity

3.2.1.3 t1ection of P rah' teri stics

The seloction ot. relevant la chatacteristics depcnd on tre laud
which are related to :toy, production aud management Ttw qualtvios to be
considereil for the propose'l land use types are

correct temperature regime
ability for duaanage and aerat ion
capacity tor wator retentlor

hi ,1ii
atal LE:11,.. V,°,110 1v

t :.:11.1,:a] IA)

t !a ('

;,! 1) 01 Do 1-111,1

11,,twoo tH land qua_
21.



Fw7 each land r'harar.t3 fni.:3tic,riialvslue; La Ln.w oF J:t111:.s:';3)
are at,:rmand t otLmal,11J nd ,:ror

pe:Ltrn.nc Y. riars::terlsc is c'atima) o]ln' y liS ;10
-ANO' W1',P"; che z,amc' - , orl;,:Yv La:

plan73 na,3 a

Five de limitationq can be retained.

0 nc c T characterist:

1,,,g of. 0 Characteristics

1

'LC ,' ,..113 f

'

2 :

,

r,` kt

3

oi c

iOn3Y,:33, rnrr.1:3"::

Table 10

Relationship between limitation levels and numeral ratings

Limitation level Rcat

O

85-60

60- 5

<45

t nc

2

3

4

41
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').emerature regime

dre three main effects of temperature upon plant growth:

plant growtl, bolow a (! 1-,=i'L temporal
tite gt tì a v,1! wtth temper--itu.:e

_ vor7 111.11 t11A-;ve :Av,asv e,-

alto may k L 1 pid,

1,.<... 5 Nr 'S 01,n y; t.

+.'" 1,!,,r. ° ;i L'

f uLt

o 1 f, cnff,-- f

,

k iJt.i's 4 ' 4, '00 4

M I

Tab e

Tempera re requirements of the consider

irattatIm-

c abb

- -

moan -aomo, S-555

- 35

--
mean temp. F 12
growing period 2'2-24

pea

mean t( 15-20 12-1 8-12 <4

growim iod 20-2 22-24 >27

42
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2

5 <14

22-88
1

44

18-16 16-14 <12

341

34-25 25-15 <15

22 '5

18-20 14-12

22,-26 -815
a

34-36
<15

,



lay

v-ege t >30

1-Amp A:t,'

ItoweS )

wv,

WO,

25-20 <20

35-40 >40

22-27 >27

>26 co-24 24-22 22-20 >20

,
<15

>18 16-13 13-7 <7

-

<36

>18 16-14 14-12 <12

Soil phy Id chemical characteristics.

11S iCt).,,ghnFrItr".- 1°07
,

in t

t'he v-t1,0 LLirj.Lv
rusr).

A.',-LL - r ` ,

t.;ott.tt 7n

The t

46
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! , !!! , 1!!'

,

1;a1,,i. 7 C.
; '!"7 ",y fert,-1

; r.11'

g

Tab le 12

al i

<5

0

a 1 1 1 nu

; r- lve <2

'm to i , <4
1 <+.

tolerant <8
1 <12
I

,

'

7

,1)

811

811

!,

V,

<2

<1

!! <4
1

I '2
!

1

1

,

t

! <8

! <4
;

!

,,

i

1

imperf

1 <16

poo<

j < I<1 x24

'Er!!

sprInki SC,SC1 L,SiL, !!r

fSL,SL

LS

centre pir. '!!! f5L,SL SCL SC

! /1, !UM ddoend,,1 !-r, .
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Land index

combining r..o t.empo tat ut 1 U. 1. e i;btox at-1 th layered
ex, an ove ra :,n;lex 15 obta Laea 04b¡., tt equatior

temperacl.,Lb
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G14-Ss

S.4"1

48 61 65 63 71 63

68 "6 81 66 89 70

63 .6 61 07 89 70

68 75 77 53 84 70

60 63 76 73 31 66 34 89 70

71 ,3 80 74 81 66 88 74

60 3 76 73 81 63 89 70

56 ,91 71 68 75 63 83 65

60 48 53 76 73 51 66 89 70

) 43 63 76 81 66 89 70

46 10 72 77 60 115 67

48 s13 76 81 68 89 70

48 63 76 81 66 89 70

60 48 52 go 63 76 73 81 66 84 89 70

36 29 17 41 29 36 35 36 30 38 39 35

60 48 82 90 63 76 01 56 84 89 70

55 44 47 847 57 69 74 50 76 81 64

47 38 41 71 50 60 64 52 66 70 55

n'.. 37 92 64 81 78 79 84 86 75

65 52 90 63 76 73 81 84 89 Fo

71 37 92 64 81 78 79 84 86 78

78 37 92 64 81 78 79 66 84 86 78

60 63 76 73 89 70

76 '4 81 78 86 78

73 .4 81 78 86 73

54
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3.2.3 Conclusions

a/ choice of 1rr;Lgatio., system

Tt is clear thal '1. soils , except G2e and A.16, the land indices Eot the

centro pivot system are higher char. to thP.sriL ystem. Thl..s can easily

he exptain,id by tic., sandy 1,o;:lnce of 'those soils, T'Ao arenic Xetosols

(A36.1 and q14a) gi.ve values, They )y f,f,. .-Toc-

tivelv -a sandy and loamy sandy roosoil -4.M, ab i ti LrOiitULOA011 r.tto. The top-

soil of the calcic Xeioso.i (1.\,l7r, is sandy loam and tnus less pe,-v,vio.

The Luvic XeiosoL ,f7,0b) has a 1,!,h wateu

lowec due 1-.o a L L wore
Tt-n t. 1,h,71'c-

t tiya n:Thc ef ¡NO '1

IL f 1/46 L' deer, p e :`,(1; y I.krg

711' 3 '3 176 ti^?, t Ci r .1 'i6"6" ,r
1,ivot :1 f "fl- 11_!)1:.

t''A ' ,

, ^ r' :6; °

e ' On!,11`,r-' r' ^
C `3,

in"t, V Of '

F.re, ta fle 3 , 17%.'

b/ choice of most suitable

rnìt t -' - on 1 os

L.C: t L %)1,"'
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