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2 L DESCRIPTION OP THE AREA

2.1 Location, Population and Infrastructure
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2.3 Geology
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2.5 Vegetation

Land Use
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3 SOILS
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3.1 Methods

3.1.1 Soil Survey Methods
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3.1.2 Soils Laboratory Methods
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3.2 Soil Classification
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3.2.2 Diagnostic Properties

Ferralic and Ferric Properties
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3.2.3 Phases
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3.3 Soil Legend

331 Main Units

The :.rst (nitro, the Botswana soil legenti is macettal uL.r:17!, the

,oi: t, t'orm(rd, tne parent mall:ri31, tn Lhe soa uotit in the

sti depth, 4in41go, aoi.1 totoltr afkl soli textur ate des.

The key to the main units reads as follows:

A Soils on Alluvial Deposits
t.'ois on }a t it Egneou:, an6 Metamorphi, Rocks
So.i.H on nIghly 'a1;arous Rortks and Materials

OIL tine grined Sodimentaty Rocks
5;)lis on AciJ ieout and Metamorphic Rocks

on 1.aust:ine Depositb
Very shaflow soilb on Steep hills, Ridges and Es(rarnment

S Joils on coarse-giajned Sedimentary Rocks

The following main units occur in the survey area;

6, t antl S. Soils associated with some of these parent materials will
be uescLibed helo.



3.3.2 Soil Units

Soil unit nwnber.

Soil depth. The
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- Sit- -,racteristics. A characterisation o; , C.;

102 )nr r 1Th 11:1-, S C:-.:L`7,t.271,l. Ir '; 1 Or HMI -\) a 10;1,hu "¡Pi ; ):1)-J
Lorffir, =VA r `: ï1.11 ,fr),Y1 ",f f y'r.'L TH.",

r-:o1vIA:0

- ) 1 i)

YY{Y:

r k`:Lrlg
`.."1 4',f`.`y

o ),:',)())) ,.11; %Va " r ret' 0," " 1%. 'v. 11) v V, 0 %V 'V

yy!Y"' c Tft.` y )1'" uy.yY 'HY yyy

Cy! LrItf " y Y.IT! 1 f. t r sy.fy Yy' .9. 0, I "y1Y,f
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un r, Lo specifiL

A SOILS ON ALLUVIAL DEPOSITS

A15 FAO: Arenj LuitL.sol, petric 1.Am:47 CL();,;

Arni- Haplic Luv15o1 ,1983)
ST Kanhaplac IlapLuialfA_95^;;
Description; Modelat?ly 5h 'eLL drainud, rd61,11 brow. own sandy
olay loam
Topography: Alost
Site: Normal
Profile; PN
Occurrence Mino'c uw,t thc Lotano RivFl , oi
[age. It (,4,--ur s A anc:ion with heavlell ('r, ti'
PorHo Lovisot, the tormer hean ,)n the wa!,;.' (Ind

lattei en the water_ shedding :Cites.
Characteristics: lightly a(_td to neutt_a] sotlt, with weak to very weak
subangnial bltrcf,y rtructur,-,,, and often with a periic phase at 80cm or
deeper
Vegetation: Dehse savann4 of Co:ophospermavx !P)pRpe, Terminalia
proNoidn, Lonc1uoarphu.5 passa and Dichrost3chvs cluerea.

'1974' the FAOUNESCO Legend lor the Soil Map of the World, and
t.:988 7P FACl/UNESCO/ISRI revised legend

S - ,1987)
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SOILS ON ACID IGNEOUS AND METAMORPHIC ROCKS

FAO: phase (1974)
,

ST 1-.J,n.00L

r^1.,t/L:r

opogra phy "

SS* Nv1SiL
Pr

enkt.. t'7.` tt .1 I L.' t

t.st tttlti k,,t ttt.t't..,. ,

tt't t
tt,

11

^/L Ct4a f

t

"

7eddish brown to dark

en3racterlstie8 ,i1.ALL acid, weak '-- blocky structure
pe,11, p!las

G6 FAO: c

Si s,;

Description: E1,2er, wt.,.] -.)1;
iamv t-::1.nd

Topcg.7aphy: Ain,cs1 flat
NOLM6I

Profilel TTi

;...'currence: third o.F tirv,v and 9ICt'H
Y:1';,1 y et .-111.1 ,ttc;,0.4: -r

f:,haracLerAsticsz o:i- S
iL rtt, t Ìluit N",

,. C,:.;:"H t;,6 y 5'5 n5 °I'

b: ,f,wr ,

't.legetati. ot t i "air;
(L1 2'

G6a FAO: Fet7_ Luvit,-)1, pe': f-

Rh4,ci-Fervic

ST

DescripLion: Modkly deep, well drained, dark red to red sandy clay
I55 rm

Topography: ALino-;:=

Site: Noma,
Profile: PN 151, PN L'%4

Occurrence: c.l.Lgh:Ly rv
tare, onase holm, :opt:
Vegetation: Sa,aona C,---phospo7z1cr, MCI,J%C,

,111,1



G8 FAO; owl 1,uv , prtt :,}-1,-1,s1- (1974)
1,av:; sy3 , )

ST I Tvpar Rbodust a Li-

Description Mow ; drained ,
tlrAt:1 ,

Topography atu, 1.;?

Sine! (40.miL
Profile zFfl
Ot'f'11,21-1:011Ce .1, Pt,t i .1' ,t

,!` 11», ott °: rt, t "ba.terttc
i.

Vegetat, inn :),,1 W,t.t t, "RUM ' t, ' ...

all 7.1rof.! L ti te , tapt
IUJagros L.}LTtle 6w...

Lhe lage an.1 6O i un awa) Hnt.a.T,P Lsco,, IL' r
villag clue fu hwiii aaanimal disturbance
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4 LAND EVALUATION

4.1 IntroductL

The cofecel-r, eand evaluatior ,vta-,d..,;,ng the eeroitienwut,, of a

(,1 -04,12 1: Opel: j" , ;If I .tu'J rt,

31, "

D be consi± he exerc

0,A.Tfl,LL20'r t:b tn LIFe

Ot 1,31:tt use

.itenrit'ik_aition of the la,ei uoi;

evaJutiLi ind iating o rho individual land charat
evaluarton ot the :iverall land suitabiLity

Two larC ase types aro conside7ol, namoly portable/semi portable sprinkler ir-
ragan and /-,erftre pivot trrigatiott.

Land use requirements are defined in terms of relevant land characteristics.
These 3i-o wasorable properties ot tht- physicai envitonelont i'. 'd to '1P
producti,,it. et land They ate described aud measured during oi ,,uttvey,,
and can be used directly for the land evaluation execitit

The idenc,iftcation oi :no lati6 unft,,. of the Maunatial. ir iroT ,
semd-detuLlec, eoil sulvey, relvRut Lau,: iiewn,tJeau 0h,
prt7tettel dam, .irt:t thu.n 'oto ',io1L :gab'ie wi:hodd
tions, are considered,

mat Hag 1,t'A, i,.7,iittirement. with CicLanc i rn it iuc I v,d

aun numeraliky a nova:, srrr1e t'rom ,) te

lugth(t .,Utferent .iand charactetistics, indtces cm,ee T!,0
teilttp-statei ret:,,.eLs t;ile adaptal'iltty ci 1 'rrnc,f,rn ,r-op to the ',tfapeii.

ii:tbimn of t:tut atea, The soil s; re ao "'njLri nc Iitind
abara,t-otlsiihs uot. inttuene ,trop thioo,:,!) rooltnt,
system. c't:' clic ci or,. Tno laynred cciii it,dex iegronps chttiactett(',(-
whi,:n HfLueneP ol-ov vowtb and vicld rhr00 Cae L(.10!: r,,,zt,,n, or riw
thejr decreases with depth, Fy c,ombioino, tne,to thy-, trtdicet7, i
multipLttative fun,-:::Lon, an overall phyinat laod syrah.i:,ttv
obt,ained, this index is cror., lJnd and land use system spoeiïln,

13



4.2 Land Utilization Ty.pe

A land utilization typt- can he &:,,Itned a:, a tibdivision of tjor

Rind of land use, servin-Fi as the subleat lancl evalli:.t.tion and de

precisly as possible ln fermi, of ntoduce anti rm,nagement,

The land evaluation exercise that is worked out here is aimed to evalvctto land
for currently used irrigat. en systems in Botswana.
Two ypes of irrigation ate wi6epread; (a) Ills potrdnimi
sprinkler litigation and (b) the centre pivot. irtigation.

Portable ar portable sprinkler system

Portable and semi portab]e sprinkler systemc are mostly reiated te iftall
tirtgatlun, with tirigatton units ot maximum a tew hectares.
AL important factor whinh restrains the expLoitation ot bigget cize is

the technical and managerial expertise of the small latmer, and the ,apitai
availability. Considezing capital availability, many farmers are limited by
the number of sprinklers and respective pipe installation.
At the moment, irrigation frequency is low and it musc be assumed that
least. a 7 day period between 2 irtigatton applications ts a normal practie
t independent of the soil type This implies that the soiL water stoing
very important.

Management practices romprise mainly high fertilizer use, weeding, ,:roo
prote,;tion, No addittona etganit: mattei i.;; used; liming j!, not common

practice.

The selei:tion of crops 1; i)as6 en sevetal facvors, like - teciLnicai kow- how

ol the tarmer, suitabiLLtv of climatolosical eondition3 especially tempera-
ture and frost sensirivenest; ), current crop pattern, labou; requiremeats,

yield potential and marketing pos-tibilittes, The following erups ate -ur-
rentLy cJiltivated.

winter crops spring crops .Rommer crops

carrot tomato maize
cabbage potato cowpea

sorghum

A wide tange of othel eropt are potentially suitable under irrigntion in

Botswana. Consequently the following crops are also considered for the
ition.

14



winter crops spring crops

-,/kpea phaeoltt,
tuce -tttlowct

pea
radC'

spii

4,1mmer crops

ege,ptnt
routrinut

Pumi4tre

ti17

c,C+1('`I14'

15

Central system

The cent pivot tystam :/ri Botswana esr,e2iulis; i mo0.m4m st it
suale .o:igat.i.oh schemes, The /rystem ts ct..siF,nett te
large taciius, with low manual labour intens.tty, The rodi,n; vr4rics [rem 300 m
Lo O0 ni. which L)Ltespoflthì cespe.:Tively with il-raet? i,ttnret/ Tr1,;

ha, Technical knowLedge is high,

The ipplcation /ate depenos on .the r,t(Ittis cfthit pivot,d,iC determLnei rv
the mos- .1.i:itant point. Fez. a 300 m pi y rt werago
lOmmil5 sin 'or 40un!tit is used. Fc/ a 5(i0m pivcr, /t eocem i0sijn min
75mm/h), Thue i,rt ocien V.Q avoid e'roeion, hIgh covi -

hecast;a:-, qchemot-,, irrtotion t'roonev'v
applicarion every 21- hours,

The mara;.;omer,.: praetidee are t_ilmoot ,iame tts s:aic ;ntteri
Addirion,t1;,y hund,; tiv ditchet, otl,nttec rtt irilit ,,w-

structed to prevent run-off.

Tn addi,t.tch r thc ;:elecred oop,T., for smE7 -e irrigE /on

propose(1 as o ctop,

4.3 Selection of Land Characteristics

The seection cr :oievant, ;and :hat-acLet,_sti:s dcpen,:ls on tito

which z-c:r.- celared, to t top ptoductien and mamwement,. The tahe dnalftle
considered for, the 1,tflposed land use type,s are t

correct temperature regime
ability tor drainage and aeration

- apacity for water retention
foothold tor roots
absence of floods
nwirient availability
absence of saliniLy and alkalinity
abiUty for lay-out lf field plan
workability of rhe 3ani



Lon between these land qualities and .orresponding land charac-
listed below:

qualities racterit

climate

topography,

ability drainage- ----wetness
and aerL

r----flooding

sinage

tor water

phys cal charac e s cs

fE.e stoniness

physic haracteristics

coars(

rient availability fertility characteristics

\CaCO3

CEC soil

f salinit -salinity

-alkalinity

4.4 Rating of Land Characteristics

4.4.1 General

For 7.m.ci characteristic, critical values in terms of limitation levels
arc for optimal, marginal and unsuitable conditions for the crop
performan. If a land characteristic is optimal for plant growth, it has no
limitation; on the othet hand when the same characteristic is unfavourable tot
plant growth, it has a severe limitation.

16

external qualitie

co-reet temperature
reime

bilitP tot lay out
of ELeld plan

absence of floods

foothold for roots - - \--depth

:texture 'workability



Five degrees of limitations can be retained.

O : - The characteristic is optimE.. the proposed land
li.Lization type.

: - The Maca.:retAstio ts oil for the
prOp0q0, Lo.flo utjization. NTIJ, and i!'-fes proAuciArty tnz: not

tab 20. with yegard to the optima. l_ benefit.

2 : moderate limitation - The characteristic has moderate inf on

p:cductivitv; howeve:- benefit can ' ''e mad- . he use c)

.1.7w-tins profitable.

3 : severe limitation - The characteristi has such an influen,..e ( 5 the

productivity of the land that use beco-es marginal for the dered

land utilization type.

4 : very sevete limitation - Such limitations will not only decrease t

productivity below profitable 3evel, but may even totally Lnhibit
use of tne land.

These iimitatiolt. level can be rated numeral on a normal ,:cale. Tho
relanshlp borween limitation levels and numeral ratings 5s ;iver: tu TablP
2.

R2LATIONSHIP 7...TATa'N LEVELS AND N11AL L T

Limitation level Rating

0 100-98

98-85

2. 85-60

60-45

4 <45

4.4.2 Tempers ! regime

There are thiee main effects of temperature u7.7-. 7,1ant growth:

plant growth ceases below a critical o.mt(-rature

the growth rate varies with temperature

v,.:ry high or very low temperatures have adverse effects
and may kill plants

17



Appropriate laud characteri,,t fo: assessing temperaturE, regime depeuil on

the crop. Some crop, potat,e,-;. cqujr-:. .1 very tst,-ict
rginv Otlwr so:1.e vE-Ter.4II i d),sh tg! a:' t bim11,1;
T,Ider temperature rango ior optim,i1

Table ? p,iyus the ' tem-: :rlues for 1-Ale ).:,n) crops un, r-

ati.on iu Bots t It must Pe umr:ri,,i.ti Hra- Oitot e IN P.: '' 1 Cc ' t!

7hdLaeteristics H. 1:..:;.,,1 and number) te for the Tni. 1.1

a rel.tictioL beeause only the lowest rating is reta
o': the overall suitability.

18



Table 3

Temperature requirements of the considered crops

19

degree of
limitation

carrot

mean terno ,

growing period

cabbage

o

16-21
21-25

2

25-2(4

3

4-8
29-5

4

<4

.>35

-------
mean temp. 16-21 12-16 8-12 4-8 <4
growing period

lettuce

21-25 25-29 29-35 >35

-------
mean temp. 15-20 12-15 8-12 4-8 <4
growing period

pea

20-22 22-24 24-27 >27

---

mean temp. 15-20 12-15 8-12 4-8 <4
growinEz period

onion

20-22 22-24 24-27 >27

-----
mean temp. 16-21 15-16 14-15
growing period

radish

mean temp. 15-18

21-25

12-15

25-29

10-12 7-10

>25

<7
growing period

spinach

18-20 20-22 22-24 >24

-------
mean temp. 15-18 12-15 10-12 7-10 <7
growing period

phaseolus

18-20 20-22 22-24 >24

---------
mean temp. 20-24 17-20 14-17 10-14 <10
growing period 24-26 26-29 29-33 >33



degree of
limitation

ant---
mean temp.
grow ng 7)eriod

-------
mem
;-rowLng porio

sweet melon
-----------
mean temp,
growing period

watermelon
----------
mean temp.
growing period

0 1 2 4

22-25 17-19 15V-1
25-28 28-32

22-25 17-19 15 )1
28-32

22-25 19-22 17-19 ]5-17 <15
25-28 28-32 32-35 >35

22-25 19-22 17-19 15-77 <15
25-28 28-32 32-35 >35
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Degree of 0 1 2 3 4

Limitation

groundnut

me. nm temp,
grw:ag

18-20 18-16
20-28

16-14
28-30

14-12
>30

<12

me., ,

-owing

22-26 22-20
26-28

20-18
28-30

18-1r,
30-32

<16
>1

rIE,r1 max temp 34-36 36-38 38-40 40-4? >,.2

growing season 34-15 <15

Maize
-------
mean 22-25 22-18 18-16 16-14 <14

growing season 25-30 30-35 35-40 >40

mean min temp 16-18 16-12 12-9 9-7 <7

growing season

safflower

18-24 24-28 28-30 >30

---------
mean temp,
month 1

15-20 15-13
20-22

13-10
22-24

10-5

24-26

<5

>26

mean average 22-28 28-30 30-32 32-34 >36

month 2 to 4

sesame

mean 7 temp 18-20

22-20

18-16

20-17

16-14

17-12

14-12

<12

ason 20-28 28-i0 >3C
mean 24-27 27-28 28-30 30-38
growing season 24-20 20-18 18-16 -, 5

mean max temp 34-36 36-38 38-40 40-42 >42
growing season 34-25 25-25 <15

Soya
-------

mean 22-25 22-18 18-16 16-14 <14

growing season 25-30 30-35 ,5_0 >40
mean min remp 16-15 16-12 12-_,;, 9-:

growing season 18-24 24-28 28-30 >30



degree of

---------
mean
growin son

whit

mean
growing season
mean temp
month 1
mean night ,

mer

P-Lo:

min iwnt:h -

mean min month 2
mean min month 3
mt-In min monto, 4

Lmil

------
mean temp
month 1
mean temp
month 2 to 4

6 season

citrus
---
mean temp
annual
number of months
with mean temp >38
number of months with
mean temperature <11

22

0 1 2 3 4

22-23 23-25 25-27 27-30 >30
22-18 18-17 11-15 :15

17-19 19-23 23-2] 27-30 >3o

17-1E 15-12 12-7 <-;

20-24 2--2.7 2'i-30 30-33 >33
20-17 17014 14-9 <9

12-14 14-16 16-18 18-20 >2o

12-8 8-6 <6

12-14 14-16 16-18 18-20 >20

12-8 8-6 <6

>9 9-7 7-5 <5
>7 7-6 5-5 5-4 <4

>7 7-6 5-5 5-4 <4

>7 7-6 6-5 5-4 <4

20-23 18-20 14-18 14-10 <10
23-25 25-28 28-32 >i3

20-23 18-20 18-16 14-15 <14

23-25 25-30 30-35
<6 6-10 >10

25-30 30-33 33-35 ':',5-35 <38

25-20 20-15 35-1'3 ,12.

0-1 1-2 2-4 4-6 <6

0-1 1-2 2-4 4-6 >5

18-20 20-22 22-24 24-26 >26

18-16 14-12 16-14 <12



degree of
limitation
cotton
-------
mean temp day
vegetatl stage
mean temp day
flowe.L stage
mean tern

flowering tì
mean temp
ripening stage

mean
growing season

cowpea
------
mean temp
growing season
mean temp month 1
mean minimum
coldest month

4.4.3 Topography

The dominant topographic factor that influences the suitability to iirigate au
area is slope. The slope percentage is directly related tc the ability for
lay-out of field plan and to the erosion hazard. The com,idered land use type
does not consider any land levelling. Sprinkler systems can be used on fields
with relatively steep slopes. However on steeper slope,, erosion can become
important without conservation techniques, and thus implio.; additional finan-
cial investment. It must be emphasized that Le selection and rating of land
characteristics/land qualities 19 done with regard to thc 2 proposed irriga-
tion systermz. Other values have to be propo or different land use

turro w irrigation)

Following ratings are suggested:
Table 4

!1SSES3MENT OF TCPOGRAPhY'

a) Portable, mi-portabie system

SlopeZ degree of limitation

23

0-2

2-4 1

4-8 2

8-16 3

>16 4

0 1 2 3 4

>30 30-35 25-20

20-30 30-35 35-40

12-18 18-22 22-27 >27

27-32 32-38 >38

>38

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

22-26 22-20
26-30

20-18
30-32

18-1:,

32-34

<16

>34

>18 18-17 17-16 16-1. <15

>18 18-16 16-13 13-7 <7



4.4.4 Wetness

Wetness limitations are evaluated with regard to flooding and drainage condi-
tions. Following flood classes can be distinguished

Fo : no flooding

Fi : low risk for flooding - 1 out of 5 years and easily correctable;
corresponds with higher floodplains

F2 : high risk for flooding - more than 1 out of 5 year ind

difficult to correct ; corresponds with lower floc jains and
river beds

Whereas sometimes a drainage system is included in the irrigation invetment,f,,
this is not the case in Botswana, Shallow groundwater tables (less than
rarely occur in Botswana. The water balance under irrigation is well con-

trolled, The dralnage conditions, which are directly estimated in th fiel],
should not be assessed too severely. It must be emphasized that a

drained soil favours the leaching of salts.

Following criteria can be proposed

ASSESSMENT OF FLOODINC,

flooding class degree of ation
----------------

FO O

Fi 3

F2 4

b) Centre Pivot System

0-1

1-2 1

2-4 2

4-8 3

>8 4

Slope% degree of limitation

24



Table 6

ASSESSMENT OF DRAINAGE

--------
drainage class degree of limitation

well O

moderately well

imperfect 2

poor

very poor 4

4.4.5 Texture

For irrigation, texture has to be evaluated with
capacity and infiltration rate. The two diffrent propc 1. ion

have to 'oA considered.

Uutiet L 1 otmaJ. martagem,,mt of Lhp portal,lesemi-portabl,? Lcyrtom, thc trtf;Yt

ti_on ts ,ipptoxims,Lely Tbis th3t ttlt J.a'H.: watr
ot mut,t, 'oe h igh enoug!t qtt, ttio Auplic3-tor;

Tho Apprtcorton i t it on s i tor i s oiu .:)111m,h, what that ttat-

riltt,tr,ot) tare c-(c mrit;t1 er,h,,tor And wot
losses,

Under A ,:,,ttlt,c,,t1, mattattNeni t.ysicm, tcr-ittlItior te tly1W,ird ,yorA,

The w3k.,-; ito1,11nc, L%-tpa,tity ir' Jess tztf,ot-:ant, hut Littt t,ot veqult,t's onigh
bat_;1.( in,ft1,rrition rate irt order ro AV0id rJ etot,ion. t\pplicattoi, Inteu-
sitts between mm'h are nor:trrt. tlk:-ttltA he note diat ,he moptent

Lit,tlet lorruar Hio ti availatqo on war.,1 .tapacitv ¡ad hattit

Lion t.attt of botwana s,ALs

Taking account of water losses and irrigation efficiency, the following
ratings can be proposed :

25



* explanation of symbols see appendix 4

Table 7

ASSESSMENT OF TEXTURE FOR SPRINKLER IRRIGATION

26

-------- ------- ---
Textural Infiltration Available Limitation
class rate (cm/h) water (vol%) level
-------

Cm* 4

C+60 4

C+ 605 < 0.1 15 4

C-60 3

C-60s 0.2 20 3

SIC 21 3

SiCL 0.5 2

CL 0.8 19 2

16 1

1

15

'L

fSL
3.5

1

SL

cSL
7 12.5 1

2

LfS 2

11 8-9 2

3

3

cS 4

4



4 lC771-12th

55
'

1-'r ar,t;c'..Sshj NarPt
0,00%. A°. oy\l' f

tCL 5 rrn .117 LC 2; '1, 7 ( R` h'n'k nnkn'e 7 ,ct-

1,20 k °p° '11°' °. .1;.° h r

° th, ..5..).!:CLP10-5' h'hr t;'1 h;1°°"°. k

t h ¿ t h t;"*;C i h hm,1 r'Ifs ' ,,[( 'T
n )1.

Table 8

ASSESSMENT OF TEXTURE FOR CENTRE PIVOT IRRIGATION

27

---------
Textural
class
-------

Infiltration
rate (cm/h)

4

4

< 0.1 15 4

-60 4

;,- 0.2 4

S1C 4

SulA,

CI

0.5
0.8 19

4

4

16 4

4

15 3

3.5 2

fSL 1

7 1

0

O

11 8-9 0

o

fS 12 o

S o

cS 4 o



spring crops

phaseolus 75 cm
potato 50

saffLower 100 c

tomato 100

winter crops

cabbag 50 cm
100 CM

lettuce 50 cm
onion 50 cm

100 cm
3a6 sh 50 cm
spinach 50 cm

4.4.7 Coarse frn t stoniness)

Subsqrface stoniness mu:;t be evaluated mainly in function of water
availability. Unconsoltdated gravels or stones with at least 802 of the

volaw of thP layet mad of stones ei gravels, and with a layer thiximess of
at least 30 cm, are consideted as a barrier for root development.

Table 9

SPECIFIC ROO TING DEPTH FOR DIFFERENT ORf)PF,

crops

summer crops minimwn op rooting depth

28

chickpea 100 cm
cotton 100 cm
cowpea 100 cm
eggplant 100 cm
groundnut 75 cm
maize 100 cm
pumpkin 100 cm
sesame 100 cm
sorghum 100 cm
soya 100 cm
sunflower 100 cm
sweet melon 100 cm
water melon 100 cm



a

urface stoniness

,3t,551.56s 5L7,n'L5i, 6:: 6650(55'
stonine3,7,, ar,) j niy

The two lat:-.0( ,!haract:Fristic:-:, alrPady ronniicc 1:111on
ctc:3:::rw,-turE: is uPlared ro wcroporosicr anC nf i L rn,
whiAL iseva1uaae6 in tunctiou ^I xr ur i55 6n

dlr5tiv 5v °:55, qur555 .,'5515:,55. 555 on-7 , no '65 ,5

Fol ar:

,

ASSESSMENT OF CO SETS

The - -2

ASSE S T

IL .1' 1

o

2

3
> 50 4

29
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Table 12

ASSESSMENT OF THE SURFACE STONINESS (Stones

----------
Z Surface stones degree of limitation

30

o

1

2

3

4

e evaluat on, the lowest rating for either coarse fragme r stones

4.4.9 Cation exchange capaci

rny cloc ,2ar,r.cirv is d Qood patamo!,eL to nrbdi, potentlai
0C e A8 feriii7ei innot
tdo nio.00e management svsto,35, tnc ÍUI. I fl t C(-1r

boi jcie$, important, Soal fertilrj eim be oettmined by r,be
o: ,,,HA to retdt_n added loirrents.

;1 go ron la r wii.a a vinj..4, of !J * ba

ro-:.¡utie up L,;) wheroa medium Ic---mandni, ,cods wth

pr)tatoe,. 3t3,.4cA:6a 4.0-50t;ha) 210kg K2.(,ile. and low lemardino;

.1r; vot.ind, whel 51.:11ai 0kg 1:20ihd. Theeir ligurec bi;Ay thal b K,

lvalianilitv of 0,17meciii0Og scil, 0,12meg1100g soii and 0,nmegi100
recaire%' ovei t.Se too 25olf. onl ThC soil- Ea sed oa dn ideal cat.ion r_at2o-

ìg1- or.41:6 1.coN:), and bonslde-,:inn

iosberive2.v u1ecJ3C(4, 4me:1(100p, ,-,7jA and ,7.occi:10O sci

timai tor cle;, produtioh. A',; under- the irriget_ion management 1-ksf, ro*.:at>r

a common ;.crottice, r6F, highe vCiu f 6meciii0Og ,-o1 sh(lnld be °,..aJned

as minimum rTriimam toi

It should be mentioned that the CC of the top 25cm is evaluated, and n- the

GEU at n-ph, Organi.c matter sn'estantiall:, :'ontributes tz the retent of

nuirents ant.! the CE soil of the upper layer reflects realistical7 the

effective retention.

As rainfall in Botswana is low, and the efficiency of sprinkler irrigation
rather high (up to 752), r,utiert leaching is limited and a low CEC-value

should not be downgraded t =ch.



ollowing critical values are proposed (Table 13)

ASSESE.. CATIC

------

CEC/100g soil degree
-------------

> leg O

-eq 1

4.4.10 Calcium carbonate status

resen( ..rbonates is rel `o

6f t'Pe An unconsolidmo Lovortl

p(11)ot'tiLor, , pocialtv if the lime is fluelv ulm.
ot finely divjAo.:1 r,ay i.

soils, a certain amount of lime is related to a good pH-value.

It must also be accet»od rllati Ct:3 a-nlvc,at_

ari,st,ability, -extur,?: viowev,.1

M_gt.1 'Limo 1.colt,cnt h,N-(grie rnu rt auct reH
t_h irtiiretort 1,t ret I v

otw,.Luf, t 1111 c.t1l air i r imrre:t r t j r rne i i sri ti Hat.

Currently the ,37,is rto. dEtermint,J thr

sequyr, only he Th.CC,7.', sdasses, fielm Hs,serv:.1tou ,att

assesse6,

The tolowcng classes are distin shed, and tentatively correlated with t e
faCCUZ,

31
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Table 14

. ORREl'ION BETWEEN CaCO3 FIELD CLASSES AND CaCO3Z

CaCO3 field class
------------

non alcarecus
slightiv cJIcareou
moderately oalcaeous
strongly calcareou
extreme'Lv calareou

ntl:tu is calculated over the crop rooting depth or to the imper-
VIOUS :jrseet..

ring all previously mentioned aspects of lime content, - wing
a are proposed

Table 15

1F CaCO3 STATUS

4.4.:- Sinit

The amct of bìe salts 5ta a soil affects crop production and
Tolerance 1., is veiv (ron sp,tcltic, Most of tin.' target_

hotswana aie medium salt toieraint t maize, romaIo, '2abbaRer t)oft-ito,

1.1)i0t1, pes rc Thev shoN, rietd ieductions ii, the L:oncintivilo lewds
of4 te cimashosicm.

For practacal reasons, the considered crops are divided into 3 groups of salt
tolerance: sensitive, medium tolerant and tolerant crops (see Table 1('4).

CaCO3 class
-

non calcareous
sitglaty
moderately

.:,-0_castrulyc.sioareou

e'xtrmeltt

---------------------------

CaCO3

0

<2
2.-J9

_10-25

>25

32
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Salinity also affects the suitability for irrigation because the amount of
water, required for leaching, will depend on the salt content of the soil. Un-
der sprinkler irrigation in Botswana, where water is very precious and rather
scarce, leaching possibilities are limited.

The salinity is calculated over the rooting depth or to the impervious layer/

The rating of the salinity status is given in Table 17.

Table 16

SALINITY TOLERANCE AND ALKALINITY TOLERANCE OF DIFFERENT CROPS

1 : sensitive
2 : medium tolerant
3 : tolerant

33

crops salinity alkalinity

chickpea 2 1

cotton 3 3

cowpea 2 1

eggplant
groundnut 2 1

maize 2 1

pumpkin 2

sesame 2 2

sorghum 2 2

soya 2 1

sunflower 2 1

sweet melon 2 1

water melon 2 2

phaseolus 1 1

potato 2 1

safflower 2 2

tomato 2 2

cabbage 2 1

carrot 2 2

lettuce 2 2

onion 2 2

pea 2 1

radish 1 1

spinach 3 2



Table 17

RATING OF SALINITY STATUS

electric conductivity in mmho/cm

degree of limitation 0 1 2 3 4

sensitive <2 2 - 4 4 - 8 8-12 > 12
medium tolerant < 4 4 - 8 8 - 12 12 - 16 > 16
tolerant < 8 8 - 12 12- 16 16 - 30 > 30

4.4.12 Alkalinity status

Exchangeable sodium influences soil structure and permeability ; it has also a
direct effect on the crop yields. The alkalinity status can be measured by the
exchangeable sodium percentage (ESP). As with salinity, the tolerance of the
crops to sodium saturation is very specific. Three classes of crop sensitive-
ness to alkalinity have been established: sensitive, medium tolerant and
tolerant (see Table 16).

For the assessment of alkalinity, the ESP is calculated over the rooting depth
or to an impervous layer.

Table 18

ASSESSMENT OF ALKALINITY STATUS

exchangeable sodium percentage

sensitive < 6 6 - 12 12 - 18 18 - 14 > 24

medium tolerant < 10 10- 18 18 - 30 30 - 50 > 50

tolerant < 18 18- 30 30 - 50 > 50

34
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The layei .1dex is obtained following the equation:
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Some 24 crops are evaluated for 6 different land units. As an example one
crop, tomatoes, will be evaluated for one land unit, namely 3 ferric Luvisol
with petfic, phao (C2O) for sprinklez irrigation. The calcularAon of the dif-
ferent indices is done step by step.



4.6.21 Temperature index
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4.6.2.2 Soil Site index
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Table 25

LAND INDICES FOR SPRINKLER IRRIGATION
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Table 26

LAND INDICES FOR CENTRE PIVOT IRRIGATION
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Tlick infilttatior oi ,,Jatet, and thus this type of irtlgatton 1!-;rtst-
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Shallow rooting vogetablons can produce an acceptable yield, nut graln
crops cannot.
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Soil;nkLragement ImpTovements
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A for drainage Ca mentioned.
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The ma: _Dn of oi it, ,nalowhe,4
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soi] lanagement improvements can be proposed.

Arenic ferric Luvisol/petric G6

Soil site index
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rh,- sandy c.lay loam rexture more for srnkLet- -1zn,
ton entre pivot. irrigation.

Soil Management improvements

An increase of the CEC value of the topsoil is a major soi'. Hrovement;
organic matter application can be proposed.

Ferric Luvisol/petric G6a

Soil site index

The main limitation is the low cation exchange capaciy uf the top soi:
(4,3 - 4,9 meq/100g soil). Fertili-er lea,:'.hing under h'gh application
rate is possible.
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Layered soil
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48



4.7.3 Influence of soil depth n apability for irrigation

Most of the mapped soil units have a limitation for offictive rcorior
for gc-ain crops. If one considers the cdtitvatior ot sba.iow
vegetables, Ilke cabbage, lettuce am; onloni:', this depth Ilmitar:on
and the land index for those crops will increase.

The hI sh land indices tcr shallow rooting 2rops may gt.v(, r somewh5t
view or the lanc suitability ter irrigati)n, Te or:dor t. MjNLML!.Z,'

an o'cunailon cf the- Land during most part et the veer is ile2nn,.ary,

crop totation,

Mosr vegetabicc can be unitivated in wintet time, but
in same-, Dnring the hottest month,,, empbn Ls iinu i eo na ,)L1

grait ctops, wh.ich .371-2 alI Lleop cnotinc, (,m,.

The overall appreciation of the land cap.ibIlit-v ittdox ;1,Li t n,

morn c,n graln nrops than on vegctabl,?.s, In othet word tnI1

.1,7[J.to inigation because rotati)n Ann fall , cnuh,-;ncv thc

ovei tho vsiU s not ,::Leidibic.

An additional problerl, for vel.,,etables is that with the !i-ed

Mauhatlal, their marKeting will N. very ,lititcnIt,

4.7.4 Choice 1 tIon system

With the high Artific)al water applicutIon intensities f_....ad f

pivot j.i.rig3t_:_cr_ sandy soils arir, plefere6,

C.onsLjoling manoemeh systems and o' in

shouid bo as possib), oyot ,t at

le3st

Technical know how ahJ mAnageriFil skills of the farmer muqf
ing chE Land indices ln tab3etl 25 and 26, one (.311 0C24; ch
laia s its are Less suitable ter centre pivot itrigatio thin tu spthiccl
ittigation,

4.7.5 Choice ,!Atable soils for itrigation

(onsdering the flexibility of crop rotation Csek- soction

proterence to uso sprinkler irrigation, 'me can compre ;-he land 1n,1H,,,

maize Crabl:i' 27).
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TeiNL INDICES FOR MAIZE UN TM -PRINXITT, IARIGATION

_-------_____---

Soil Unit

Table '

-----------_
Land index
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APPENDIX 1: SOIL PROFILE DESCRIPTION AND ANAIYTICAL DATA
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Profile No: PN 154 Soil Unit: G6a

land characteristics 0-25 cm 25-50 cm 50-75 cm 75-100

topography 100

flooding 100

drainage 100

sprinkler
texture

centre pivot

91.5 100 100 100

91.5 72.5 72.5 7 .5

coarse fragments 100 91.5 91.5

surface stoniness 100

CaCO3 status 91.5 91.5 91.5 91.5

CEC soil 87

sensitive crop
salinity

medium tol.crop

tolerant crop

100 100 100 100

100 100 100 100

100

sensitive crop
a kalinity

medium tol.crop

tolerant crop

100

100

100

depth to impervious
layer (cm) 90



Profile No: PN 155 Soil Unit: G2c

land characteristics
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100 100 100

97 80 45
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91.5 91.5 91.5
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100 100 100

100 100 100

100 100 100

100 100 100

100 100 100

100 100 100
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Profile No: MC 50 Soil Unit: G2d

land characteristics

topography
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texture

centre pivot
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surface stoniness

CaCO3 status

CEC soil
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depth to P
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91.5

um tol.crop 100

sensitive crop 100
alkalinity

medium tol.crop 100

tolerant crop 100
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APPENDIX 4: LIST OF ABBREVIATIONS USED

Cm e ,Ailv

md;;sve silty ,,Ar
C460, ±'Inc olav, ,.ert :0)] 1.ruc:ure

very tine clay, blo.qcv cti.uc:tuz:P
C-6C, vettisol str.ucture
(-b0H clay, WLocky s'c.ructure
S%C silty :.lay

'oam
sii

sin: _:oam

and
ioam

SOL L;andy ,.1a) loam
1-SL sand clay loam

coarse sandy loam
z-.andy loam

loamy fire Setall

LS Loamy san6
LcS :Loamy co,t, sand
fS

7 san,
coarse sand
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