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Introduction

In January 1987 a soil reconnaissance survey was carried
lout approximately S0 km south-west of Rundu in  the
Kavango. The two survey areas are zituated close to the
main tarred road leading from Rundu to Grootfoﬁteiﬁ
(Anmexure 1). Smalllgettlemeﬁt areas are located cliose to
the tarrved road thus giving some of the local people the
opportunity to sell wood-carvings.

A large and increasing number of people living in the
area depend on traditional subsistence Tarming. The
environment is only marginaliy suited for agriculture be-
cause of its climate, scils and availability of water,
thus limiting agricultural production in terms of certain
Crops.

Fieldwork (seoil mapping, so0il profile descriptiocn and
s0il sampling) was carried out toc obtain information oan
the existing soil forms, soil series and the main
physical soil characteristics. Soil profiles were des-
cribed to identify the main soil forms. 18 soil samples
were collected and analysed in terms of their chemical
praoperties (l.e. phosphorus —Bray I—, potassium, calcium,
magnesium, sodium —ammonium acetate—, exchangeable zinc -
AMBIC- and pH in KCl).

In addition particle size distributien of all samples was
determined and the textural class was identified. In

this repart a fertilizer was recommended (applying to the
survey area) for sorghum {(Sorghum picolor (L) Moench) and
maize baced on the analyftical results of all 18 soil
samples and general information on irrigation methods and
their application to the proposed scheme at "Myl 30" are
also discussed in the report.

A detailed geographical location map indicating the




different soil forms in the area under investigation was
drawn at 1:10 000 scale and is attached to this report as
fArnexure I. A1l information {(climatic data, spil data
etc.) given in this report might also be applicable to
other agricultural development projects throughout the

Kavango .

Survey area

Sl e S in

Description and location

The proposed settlement scheme which was surveyed 13
located approximately 20 km south-west of Rundu close to
the tarred road which links Grootfontein with Rundu. The
two survey areas to the west and to the east of the
tarred road are located at 189 12°'latitude and 19+« 28°
longitude (see Annexure 1) on the Aeolian/ Inland Sand
Plateau at an average altitude of 1160 to 11628m above
sea-level.

137 ha have been investigated and mapped. The area is
cituated between 30 and 40 km south of the Kavango River
which is the main drainage system in the area.

A prominent feature throughout the Okavango are extensive
areas af large seif dunes which occur on the Inland/
Aeolian Sand Plateau and also close to the survey area.
These dunes are now partly stabilised by vegetation and
were formed under arid conditions by prevailing easterly
winds (LOXTON et.al., 1971), thus allowing water from the
Central Highlands to drain towards the west and north-
west {possibly during a wetter period and similar
climatic conditions as today) causing dissection of thése
dunes which form the main omuramba valleys in the

Okavango (e.g. Omuramba Omataka and Omuramba Fumbe).




There are plans to make water available for irrigation

purposes in the survey area from borehole pumping.

Physiograpiy

Topography, landforms and drainage

Geologically the éurvey area belongs to the Kalahari
Svatem (COOKE, 1964, Outside the Okavango River Valley
the Inlanmd/feolian Sand Plateau consists of sandy plains
with dunes. Over vast stretches only minor variations in
surface topography are visible.

The sand, which may primarily be of Pliovcene age and
which was redistributed during the Pleistocene age
(Quaternary), covers the area in several meters of
reddish~brown to greyish sand of the so called Kalahari
type. Only several hundreds of meters below the sand,
original rock formations can be found.
A forest of large trees grows in the deep sands,
whereas the vegetation of the different omiramba is
almost restricted to shrubs and grass.

The Inland/Aeclian Sand Plateau is an ercsion surface
over which aeolian sands have been deposited. The more ar
less monotoncus sand plain comprises massive seif dune
formations with systems of parallel dunes and omiramba
(compare 2.1). The uniformity and the depth of the sand
cover varies which is due to recent aeolian activities.
The uniformity of the parent materials is the reason why
variations in the main soil characteristics are limited
so0 that the naormal topographic features {formation of
dunes and omiramba (pl.) cannot be linked with soil
differences. The sandy soils which were found in the area
are low in clay and silt—content (<14%) . Major soil

differences only occurred in the omuramba valleys and




their tributaries which are not of significant importance
to the area under investigation.

Two physiographic regions are of a dominant influence
within the Inland/Aeclian Sand Platead and are closely
associated with the survey area these are the seif dune

formations (A) and the so called featureless plains (B):

{(AY: According to LOXTOMN et.al. (1971) the seif dune
formations were classified actording to the physiognony
and the degree of development of the dunes, so that four

dune types can be recognised:

1) Uneven dunes developed along the margin of the
Okavangso River terrace and the sides of the major
tributaries; red and brown sands ocCcur {not applic-—
able to the survey arega).

2y Parallel dune systems which are barely discernibles
predaminanly grey sands occur {not applicabie to

the survey areal.

3) Dune systems are clearly discernible but normally
emall and discontinuous; grey sands O0CCur {not

applicable to the survey areal.

4y Large and prominent dunes where the crests consist
of red and brown sands (not applicable to the

survey areal.

(BY: The flat featureless plains comprise three dominant
morphological areas of which a combination of 2, 2Za

and 2b applys te the survey area:




i) Llarge incipient, poorly defined omiramba within
extensive featureless grey sand areas with a very
diffuse drainage pattern (not applicable to the

survey area).

2) Featureless terrain of grey sands wilth no
omirambha. In small depressions and isnlated low
mounds red and brown sands were fTound (applicable

to the survey areal.

== Diffuse pattern of extensive, very flat and slight
elevations with no significant drainage pattern.
Occasionally incipient omiramba, grey sands and
pedocretes (soils which inter alia have been

cemented or replaced by carbonates {calecrete))

occur. Partly applicable to the survey area.

2b) Faint hummocky relief with small depressed areas
comprising brown and grey sandy soils. No comiramba
occur and a drainage pattern 1is nat developed

(partly applicable to the survey argal.

3) Very flat plain with poorly defined omiramba and
numerous large deep waterholes. Red and brown
sands are dominant (not applicable to the survey

area)l.

All described geomorphological units and areas on the In-
land/fAeolian Sand Plateau comprise a different vegetation
pattern, which also might be considered, when classifying

the survey area {(compare chapter 3).




Lo
4.1

Climate

The weather of southern Africa is strongly influenced by
air pressure and wind systems of the southern hemisphere,
i.2. the subtropical high pressure cells over the Atlan-
tic and Indian Dcean, the Inter Tropical Convergence Zone
(1TCZ) and further south the disturbed westerly air
ctream and finally the thermally induced lows over the
interier of the continent (TYSON, 197Ba).

In summer the south Atlantic high is centered off the
South-West African coast and causes south-westerly an-
share winds that blow over cold ocean currents. The
Indian Ocean hHigh is located off the Durban coast from
which air moves in a north-ecasterly direction over warm
scean currents. South of these highs lie the westerlies,
in which midlatitudinal frontal lows form and traverse
gastwards.

Thermal lows also develop over the interior of the cen-
tral s=outhern African continent. The change of these
highs and lows in absolute and relative positions also
determines the weather of the northern and north-esastern

parts of South—-West Africa.

Climatic data applying to the survey area 1s available at
the meteorological station at Rundu (Longitude: 19= 4&4' E
and Latitude 17« 335' ). Rundu has one of the highest
annual rainfalls (600 mm) in SWA most of which oCCuUrs

during the summer months (Table 1). The first showers

1C




occur in September/0ctober and steadily increase reaching
a peak in January after which the rainfall declines tiil
April/May and thereafter 1s a rare O0LCUrTence.

Rainfall during the summer months is highly variable with
a wvariation coefficient of >50% and cccurs in either
isplated high intensity showers associated with thuﬂderé
astorms O ihtermift@ht rainshowers of 2-3 day duration
separated by dry spells lasting from a few days to seve-
ral weeks. During the winter months some drizzle origi-
nates from the cold fronts associated with the mid lati-
tudinal lows. Although the northern zone of SWA 13
characterised by the highest and most reliable rainfall
of the country, years of arable droughts areg common
during which low and poorly distributed rainfall during
the growing SEason CAauses zerious reduction in or complete
failure of crop production.

The mean annual rainfall for Rundu which occurs mainly in
summer is approximately 623 mm; the mean annual tempe—
rature is 22,4+ gnd the mean annual gross Class A pan
evaporation 1is about 2600 mm. Weinert's N—-value is 4,0
and the survey area is classified as semiarid warm,
moisture deficient in all seasons according to  Thorn-—

cwaite's rlassification. A single rain season DCCUrs from

October /Movember %o April. The average duration of the
rain season (number of months) with more tham S50 mm of
average precipitation is 3-6 months. The average number

of rainy days fluctuate between 40-60. Approximately F0%
of the average annual precipitation ocrurs from October
to March. Thne average long—term monthly fainfall figures
for Rundu based on measurements over a period of 38 years
are chown in Table 1 which includes rainfall data from
Tondeoro (34 years observatian period), Rupara (17 years

of observatian) and Shambyu (23 years of ohservation).
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{ RUNDU | TONDORO 1 RUPARA | SHAMBYU
[ 1937/75 | 1931/75 1 1938/75 | 1932/73
|| o vor o e e o o e e e
TaN [ 143,7 145,53 I 140,7 [ 151,1
FEB i 140,7 I 116,0 I 104,33 i 142,1
MAR 1 98,2 25,8 I 89 .7 I 87,1
APR 39,7 | 45,2 I Gé, 2 I 35,2
MaY ! 2,6 : i,8 1 b,2 I 4,5
JUN ; 0,0 I 0,0 ! 0,2 ! 0,0
JuL t 0,1 I 0,0 ! 0,0 i 0,0
AUG [ 0,3 ! 0,1 i 1,6 I 0,6
SEP [ 2,2 I 1,3 [ 3,1 I 2.4
ocT I 17,7 17,6 I 13,9 15,9
NOV 97,7 i 59,9 i 59,6 i 97,1
DEC ie7,7 | B3,1 ! 69,9 b 101 ,4
————————————————— fmm e — | mmm e — i m— | s — [ e
TOTAL | 600,6 | 566,53 i 331,4 1 297.4
Table 1: Longterm average monthly rainfall {emm) for
Rundu,Tondoro, Rupara and Shambyu (after

PAGE, 1980).

Tablie 2 shows the amount of rainy days per month, mea-
sured at Rundu, Tondoro, Rupara and Shambyu. The maximum
rainfall per month within 24 hours for the same stations
are shown in Table 3. Temperature data available is based
on the period from 1948-1975 (27 years) and is shown 1In
Tahle 4.
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1 RUNDU | TONDORO |  RUPARA | SHAMBYU

(1937775 + 1931775 1 1958/75 | 1952/75

| e e E——— J e e } e e
JaN 1 12,4 1 11,9 12,8 i 11,8
FEB | 12,4 | 10,5 | 10,2 | 10,0
MAR L 9,0 I 9,1 I 8,2 | 7,4
APR | 4, | 3,2 | 4,1 2,9
MAY 1 0,5 | 0,4 | C,4 0,4
JUN 1 0,0 I 0,0 | 0,1 I 0,1
JUuL | 0, i 0,0 I 0,0 i 0,0
AUG | 0,1 i 0,1 i 0,2 1 0,2
SER I 0,5 I 0,5 | 0,8 I 0,4
ocT | 3,4 I 3,0 I 3,6 I 3,0
NOV 3 7,64 I 6,3 I 7,5 | 6,3
DEC | 10,0 i 8,4 I 7,6 | 8,3

—————————————————— Y S SRR B
TOTAL | 60,2 | 53,4 | S4,7 i 50,8

Table 2: Rainy days per month (after PAGE, 19B0).

13




y . i .
| RUNDU | TONDORO | RUPARA | SHAMBYU
el R } o o e e J e o e e e
TN | 109,0 L B2,0 [ 104,0 j 20,0
FEB | 10&6,2 I 77,0 I 70,0 P 75,0
MAR | 120,2 I 65,3 I 82,0 i 90,3
APR I 74,0 b 75,0 | 87,0 | BC,O
MAY I i9,0 b 18,0 I 35,0 { 10,0
JUN I 0,8 | 0,2 ! 1,0 P 0,1
JuL 1 1,3 ! O, 4 [ 0,0 i 0,0
aUG | 4,3 ! 1.1 l 28,3 | 12,0
SEP I 19,9 1 14,0 | 15,0 =LA
ocT I 47,5 I 42,0 f 25,0 i &0,0
NOY I 103,1 | 63,3 i &0,0 1 &8,0
DEC i 89,1 I 78,5 I 53,0 | 74,7
————————————————— | o [ | o — e | e =
TOTAL | 120,2 b BR,0 I 104,00 | 20,3
Table 31 Maximum rainfall per month (mm) within 24

hours (after PAGE, 1980).
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; . T
[ MAXIMUM | MINIMUM | MAX. + MIN./2
o f o e o e || s oo e e

JAN L 30,9 L 18,4 | 24,8
FEB [ 30,0 18,3 I B4, 4
MAR | 30,3 b 17,3 } 23,9
APR I 30,3 I 15,1 i 22,7
MAY | 28,7 | 10,0 t 19,0
JUM I 26,2 I 6,9 ! 16,3
JUL i 26,7 I &,5 ! 1o, b
AL 1 29,7 1 8,9 ! 19,3
SEP I 33,4 I 13,3 | 23,3
oCT I 35,1 I 17,7 I 24,4
NOV ¢y 32,8 i 18,4 1 29,6
DEC i 33,2 b 18,4 | 25,3
YEARLY | f t

AVERAGE! 306,35 bo14,1 1 ee, 3

Table 4: Average max. and mir. monthly

temperature for Rundu: 1%48- 1975 (£)
(after PAGE, 1980).

The summer months are hot with maximum temperatures above
30°C and occasional extremes above 40G°C (compare Tables &
and 3). Irn winter the days are guite warm with max imum
temperatures exceeding 30 “C, the nights, bowever, are
cold with minimum temperatures of usually below 13°C.
Light to medium frosts are fairly commen from May to
August.

The air temperature regime for the Rundu region is de—

fined by seasonal mean, maximum, minimum and extreme air

15




temperatures and rated according to the specific grain
crop requirements into four suitability classes which are
the same for maize and sorghum but differ to some extent
from millet (Table 2a). Optimum temperatures for c«crop
growth range between 25 - 30%0 for mille:t and 20 — 30 7C
for maize and sorghum and start affecting the graiﬁs
negatively above 3%  and below 15%C,

The summer temperature regime of Rundu 15 characterised
by a seasonal mean of 25"C (Table &), a mean maximum at
3pe0 (Table 4) and a mean minimum of 19°0 (Table ba and
D) . Extreme maximum temperatures may occasionally riss
just about 40%C and exitreme minimum temperatures may fall
beiow 10=(C.

With regard +to crop requirements the air temperature
regime of Rundu is highly suitable for maize, sorghum and
millet. High maximum and low minimum air temperatures do
not inhibit crop development significantly during the
summer {(Table 2b). The winter air temperature regime has
a mean of 199C, a mean maximum of 29°C (Table &a and &b)
and a mean minimum of 99C and light to medium frosts are
common  from May to Augusi. The winter air temperature
regime of the Rundu Region is rated unsuitable for
selected grain craops, mainly due %o their sensitivity to
frost.

More detailed information regarding extreme air tempera-
ture and precipitation regimes at different times during

the day, dry and wet bulb temperatures, relative humidi-

ty, cloud cover, as well as data on the occurrence of
thunderstorms, hail and fog are given in Table &a, &b, 7
and Ba and 8b. All available data takes a reading period

of 34 years (1951-1984) into account.




AIR TEMPERATURE DEGREE OF SUITABILITY FOR CROPS
REBIME high moderate marginal none
measuread
properties 51 &2 53 I\
MILLET
23-30 31-33 34-359 >35
Seasonal mean, 2418 17-16 <13
max imum, minimum SORGHUM
air temperature *C,20-30 31-33 34-35 »35
occurrence of 1918 16—-17 <13
frost MATZE
20-30 31-33 34-35 >33
1e~-18 17-16 <13
Table 2a: Rating of the air temperature regime at Rundu

(after BREYER, 198&).
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AIR TEMPERATURE REGIME DEGREE OF FINAL

OF RUNDU SUITABILITY* SUITABILITY*
SUMMER
Seasonal mean 0 ‘85 51 51 Si
Seasonal maximum w0 32 s52 52 sa
53
Seasonal minimum =G 18 52 52 S

Ococurrence of

frost none - - -
WINTER
Seasonal mean 0 19 352 52 52
Sgasonal maximum «C 29 51 St 51
N

Seasonal minimum =C 7 N N N
Occurrence of

frost yes N N M

(after BREYER, 1986);

*=millet, maize and sarghum

8"
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A o= MONTH Fo= HIGHEST MONTHLY DALILY MAX.
Av = AVERAGE G = LOWEST MONTHLY DAILY MIN.
B = DAILY MAX, H = LOWEST MONTHLY DAILY MAX.
¢ = DAILY MIN. I = HIGBGHEST MONTHLY DAILY MIN.
D = MAX. & MIN./2
£ = RANGE
! AIR TEMPERATURE IN =C
B o o B o o o b T S T S T T T T R
{ Average | FREQUENCIES
i Temperature i
| | Average number of days with values
| i
jam— e — e — o o o e e T T T T T T
|OBHOO | L4HOO120HC0 ! »35 + »30 1 <17,5 | <10 1>280 13 or1<-2,3
—— | j———— f———— p————= j————— | ————— f—m— = fmm—m— | mem— | —— |
JANI 21,01 29,11 25,01 3,4 | 17,0 | 0,0 I 0,0 § 3,91 0,010,011 0,0
FEBI 20,21 28,51 24,11 0,9 t 13,5 | 0,0 o 0,0 1 2,31 0,010,010 0O,
MAR] 19,51 28,91 23,91 0,4 | 13,9 | 0,0 i 0,0 1 1,11 0,010,011 0,0
APRI 17,21 28,91 22,61 0,0 | 14,9 1 0,0 { 0,0 t 0,11 0,010,001 0,0
MAY!l 12,31 27,41 12,51 0,0 ! 7,1 1 0,0 | 0,0 | 0,01 1,810,111 O,
JUMI 8,11 23,01 146,81 0,0 i, 1 1 0,0 | 0,0 | 0,0110,610,41 0,0
JuLl 7,31 25,31 16,91 0,0 1 0,8 | 0,0 { 0,0 | 0,0111,8l0,61 0,0
AUGT 10,91 28,41 20,31 0,0 t 12,1 1 0,0 i 0,0 | 0,01 3,710,111 0,0
SEP| 17,11 32,21 26,81 6,1 | 24,8 { 0,0 | 0,0 | 0,71 0,210,010 ©,0
QCcT! 22,01 33,01 27,2112,8 | 24,% | 0,0 | 0,0 | 5,7t 0,010,01 0,0
NOVI 22,31 31,21 26,41 6,8 | 23,7 | 0,0 I 0,0 t 5,11 0,010,001 0,0
DECI 21,81 30,31 26,11 4,7 | 22,2 | 0,0 | 0,0 | 4,01 0,010,011 0,0
_———f f =———— | == === {——— | —~——== [ =————= fm——— |—~——i—~*—l——ﬁl —————
AVt 14,71 29,01 22,8135,1 1179, + 0,0 1 0,0 122,8188,111,21 0,1

Table 6b: Air temperature data for Rundu (1931-1984)
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JANT 21,01
FEBI 20,21
MAR! 19,31
APRL 17,21
MaY ! 12,31
JUNI 8,11
JuLt 7,31
AUGI 10,91
SERP| 17,21
OCTI 22,01
NOVi 22,3
DEC!| 21,81
AV | 16,71

29,11
28,51
28,91
29,91
27,41
25,0
25,31
28,4
32,21
33,01
31,21

25,0119,0
PG 1118,9
23,9117,9
22,56115,1
19,51 9,9
16,81 5,9
16,91 5,1
20,31 6,9
24,8111,0
27,2115,6
B6,4118,1
26,1118,9

22,8113,5

; Air Temperature in “C

121,4
21,3
121,0
19,5
116,8
114, 4
116,3
115, 4
117,7
119, 4
120,6

I Average ! Average

I Dry-Bulb | W&tﬂBulb
| Temperature i Temperature
! at | at

1 20,4
119,7
119,3
117,8
114,0
11,1
110, 4
112,0
(14,7
117,5
119,2

i Relative Humidity %

(g2 197 1S8 149 167 134 | 61185 144
188 199 70 154 174 130 | 68176 148
187 198 167 148 161 129 | 66182 144
(83 197 157 140 1S4 130 1 56171 146
|76 187 1S1 132 152 121 | 446160 132
(73 188 1S4 1289 142 118 | 41154 126
{70 193 1S0 126 lab 118 1 331435 124
IS5 165 136 121 135 110 | 25137 114
145 157 131 120 129 1 8 | 23132 113
150 168 135 126 (41 115 | 30148 117
(67 181 143 136 151 121 | aa4les 132

Table 7: Air temperature data (dry-bulb

humidity

A
B
Cc

i

i

in %) for

Average humidi

Average

Avarage of low

Rundu

£y,

of highest max.

est min.

21
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and wet—-bulb temperature and relati-

- 19849,

(max. humidity)d,

(min. humidity).




I PRECIPITATION IN MM

! | | HIGHEST LOWEST

i i MAaX IN R MONTHLY MAX T MONTHLY MIN

1 AT 24 HRS i AND DATE | AND DATE

[ o | e s s o e || o e e J o o s o o e

bosum o LoMM | DATE | SUM | DATE | SuM | DATE

————— !“m—*ml”"“”wl“““"mm-~“|m~-m*l“"wmm—lmm—~“wi-dwwm——w
JaN | o146 | 109 | 1971/24 | 389 | 1971 i 28 | 1973
FEB | 148 1 106 | 1952/03 t 387 | 1978 | 8 i 1764
MAR | g7 1 120 | 1955/30 | 2467 | 1972 | 15 1932
APR I 38 I 76 | 1967/02 1 180 | 1967 | 0o | 1969
MAY |} 12 1 53 1 1951/15 | 147 1 1931 f 0 | 1982
JUN o | 4 | 1981/01 | 4+ 1981 1 o | 1984
JuL 1 o | 1 1 19461/30 | 1 1 1961 1 o | 1984
AUG | o | G4 | 19869/11 1 & | 1969 | 0 i 1984
SEP | =3 12 1 1974/03 | 23 | 1936 | 0 I 1984
ocT + 20 42 1 1978/26 | g1 | 1991 | 0 I 12460
NOV 1 SB a4 | 1965/16 191 | 1967 | o | 1978
DEC t 85 | 78 | 1951/02 | 267 1 1977 | 71 1968
————— i—_———l-————lF——"———*_l——“——I—--———I———*——l—“———*——

A I 596 | 120 1 1935 | 944 t 1978 1 333 | 1959

Jable Ba: Precipitation data in mm for Rundu

{ghservation period; 1951-1984) .

A = Average
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! PRECIPITATION IN MM ~ FREGUENCIES |

| PRECIPITATION | | CLOUD

| o e e e e | e e e | e | ! COVER

| | P> i |

I > 0,1 MM [ » 1,0 MM (10 MMI AVERAGE i 0 - B

f e e e | e § e | e I e et j i | | e | oo e R L

i A LB 1 CI A 1B {C1 A 1 D 1 E L F 1 G UHTIIC

f e B oo [ e | e | e | = | e fom e e
JANI 14,2 1 25 | 3+ 11,5 1 19 1 2 4 4,3 | 8,1 1 0,0 1 0,01 0,0 15,315,B8i5.
FEBl 12,8 | 25 1 3 | 11,0 1 2L 1 2 1 4,5 1 8,0 1 0,01 0,0 1 0,1 15,215,613,
MARI 9,6 | 17 L 21 7,6 1 16 1 1 1 2,9 1 5,91 0,1 10,01 0,0 14,415,314,
APRI 4,4 | tO 1 O 1 3,51 10101 1,312,810,010,010,0 12,816,112,
MAYl 2,21 9 101t 1,41 8101 0,41 1,810,010,010,0 11,512,011,
JuNl 1,61 9101 1,01 Sto010,310,310,010,010,0 10,710,710,
JuLl 1,7 1 9101 1,01 S to0 1 0,31 0,110,010,0180,0 10,210,310.
AUGT 1,11 7101 ©0,7 1 &40l 0,1 10,210,010,01 0,0 11,011,110,
sepl 1,1 1 &1 01 0,61 &1 0 0,1 10,810,0610,010,0 11,001,110,¢€
ocTi 4,11 9101 2,81 8101 0,51 4,01 0,010,010,0 12,713,612,
NOVI 8,3 | 14 121 6,51 12t 21 201 7,010,010,010,0 14,115,214,
DECi 10,2 t 21 1 3 1 8,3 1 161 2 1 2,81 6,6 10,01 0,01 0,1 14,515,214,
———] B | mmmm | —mmr | = |~ | —mm— | o B
AVEL 71,4 | | | 55,9 | | 119,5 145,6 | 0,1 | 0,0 | 0,2 12,713,212,

L 1 ! ] Ll [} L I —t L i L L

Tahle 8b: Precipitaticn data for Rundu {(observation period: 1931-1984).

(2] = Average D = Thunder G = Fog J = 20H0O0
B = Maximum E = Hail H = O08HOO AVE = Average
c =  Minlmum F = Snow I = 14HOO

Cloud cover is measured in "OKTAS", i.e. B = Total Cover

Q Nao Cover

H

23




With regard to arable drought freguencies and risks the
question of long-term rainfall trends i an important
issue, i.e. - whether arable droughts are likely to occur
in clusters over a consgcutive number of years or are
likely to increase or decrease in future.

There is no doubt that southern Africa has undergone many
long—term rainfall changes as, for xample, landforms of
wet and dry environments such as dune systems, fossile
rivers and the once huge Pleistocene Lake Makgagikgadi in
Botewana indicate (COOKE, 1978).

Theories that southern Africa is becoming progressively
drier are based on observations of early explorers and
missionaries who report on areas in southern Africa with
heavy rainfall and large amounts of standing water which
are now semi—-arid. The problem of disproving this theory
lies in the limited length of rainfall records.
Quantitative studies on the cyclic nature of rainfall
maihly in the RSA have been publighéd by TYSON (1978)

and DYER (1978).

Potential evaporation. evapotranspiration and the water

Arnual potential evaporation (gross evaporation - A
pan/mm) measured at an open water surface is very high
with 2879 mm and shows marked seasonal differences (Table
5). During summer potential evaporation is as high as

1740 mm and in winter drops to 113% mm. Evapgoration is
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highest in December covresponding ton high air  tempera-
tures and strong winds. The lowest evaporation month iz
June. Evapotranspiration is the reverse of
precipitation, that 1is, the return of moisture fto the
atmosphere by evaporation from land and water surfaces
and by transpiration from plants. Potential evapotranspi-
ration is then the maximum of moisture return to the
atmosphere that could result in a given temperature
regime.

Potential evapotranspiration fTrom a short green grass
surface completly covering the ground and not subject to
any moisture stress follows cimilar annual and seasonal
characteristics. Annual potential evapotranspiration is
1859 mm with 1185 mm in summer and &74 mm in winter.
Potential evapotranspiration and rainfall combined in a
water balance provides a general picture of s01ll
moisture availability to craps (Figure 1). Throughout the
vear potential evapotranspiration is cansiderably higher
than rainfalil, indicating a severe limitation with res-—
pect to soil moisture availability to crops. However,
crops are able to exist on lower than potential evapo-
transpiration rates although their development becomes
increasingly affected with decreasing evapotranspiration

rates due to scil moisture stress.
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& monthly rain

Gross evapora-

Potential

Surplus/

fall tien /A pan potranspiration Deficil
{mm) (mm) [mem} {mm)
Jan. 143,7 217,0 149,7 5,9
Feb. 5| 140,7 179,2 121,1 19,6
March | Ui 98,2 198, 4 134,0 35,8
April 39,7 189,0 18,9 79,2
May 2,6 20%,7 19,4 16,8
June W 0,0 177, 8 94,7 94, 7
fuly 0,1 212,9 120,2 120,
Aug. 0,3 246,0 150, 3 150,0
Sepl. 2,2 288,0 189,5 187,3
Oct. s| 17,7 306,9 211,7 194,0
Nov., ul s7,7 321,0 222,9 165, 2
Dec. 97,7 328,6 226, 6 128,9
Total 600,6 16859,0 1258, 3
Fotential evapotranspiration (max. moisture
return) for Rundu (after PAGE, 1980).
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~igure I: The wster balance for Rundu
(after BREYER, 1986)

flean menthly rainfall in mm
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Figure I: The water balance for Rundu
(after BREYER, 1986)
Hesn monthly rainfall In mm
Mean menthly evspotranspirstion in ma
300
300
250 [(— i
250
200 [— ' —l 260
Evapotrangpiration
150 p— 4 150
100 — —]
160
Deficit
50 — 150
Rainfall
0 — -0
Y N N N DU NN NS SN NN A B
J F H A H J J A S 0 N 1]
Honth

Figure 1: Water balance for Rundu({after BREYER, 19B&4).
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Figure 1: The Waﬁeﬁ balance for Rundu
(after BREYER, 1986)

Hean monthly rainfsll in mm
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Soil temperature regime
The soil temperature regime refers to the c<rop so0il
temperature and it is defined according to the U.5. soil

taxonomy, both employing different soil temperature data.

The orop soil  temperature regime determines the
suitability of the Kavango (mainly the Rundu area)
with respect toc germination and root development of

selected grain crops, while the soil temperature ragime
according to the U.5. sail taxonomy is an  important
property in the description and clagssification of soil
units.

Sail temperatures are fairly consistent within seasons

but show marked differences hetween summer and winter.

Megan soil temperatures at rooting depth are around 29 <C
in summer and below 25 7L in winter. Differences beiwean
maximum and minimum temperatures are relatively

insignificant.

The crop soil temperature regime is defined by daily
mgan, maximum and minimum soil temperatures at rooting
depth between 0-60 cm and classified intn four sultabi-
ity classes according to crop root requirements. Due to
lack of data, suitability classes are not differentiated
according to the individual crops (Table %). Dptimum sotl
temperatures for root development range between 23~-30 “C
and become detrimental above 40 “C and below i3 *C. it
the mean, maximum and minimum soil temperatures deviate
by more than one suitability class from each other, the
suitability class for mean soil temperature is downgraded
hy ane.

In summer a mean soil temperature of 29 %C, a mean maMdi-

mum of 30 9C and a m=2ar minimum of 27 “C makes the summer
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z0il  temperature regime of the area around Rundu  highly
suitable for selected grain crops (Table 10).

In winter soil temperatures at rooting depth are consil-
derably lower with a mean at 21 °C, a maximum at &3 =
and a minimum at 20 =, making the winter soil tempera-
ture regime only moderately suitable for millet, malze
and sorghum (Table 10). The sail temperature Tegime aftef
the U.5. soil taxoﬂdmy is hyperthermic with a mean tempe-
rature for the entire year of 26 “C over a depth of
0-100 cm and a difference between the mean daily summer

and winter scil temperatures of 7 “U a depth of &0 cm.

SOIl- TEMPERATURE REGIME DEGREE OF SUITABILITY+
measured properties high moderate marginal none
| St s2 53 N
Seasonal mean, maximum, 25 - 30 31 - 35 36 — 40 >4Q0
minimum < 24 — 20 19 - 13 <13

Table 9: Rating of the soil temperature regime at Rundu

{after BREYER, 19846); % = for millet, maize and

sorghum.
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5OIL TEMPERATURE REGTIME " DEGREE OF FINAL,
SUITABILITY* SUITABILITY*
SUMMER

Seasomnal mean <C 29 51

at 0 — &0 um depth

Seasonal maximum =0 30 . Sl =)

at 0O - &0 cm depth

Spasonal minimum =0 27 81

at 0 — 60 cm depth
WINTER

Seagonal mean =0 21 St

at O — 60 cm depth

Spasonal maximum <C 23 Se 52

at 0 — &6C cm depth

Seasonal minimum =C Z20C 82

at 0 - 60 cm depth

Taple 10: Soil temperature regime of Rundu (after BREYER,
1984); #* = for millet, maize and sorghum.

The Aealian Sand Plateau has its typical vegetation;
generally the area at Rundu comprises riparian woodland.
In the survey area this vegetation type occurs on aeolian
sands. Physiognomically this type ranges fram medium to
high open woodland. lmportant constituents of economic
value are Pterocarpus angolensis and Baikiaea plurijuga

(ohahe, mucusi, Rhodesian teak). The dominant tree is
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&.
6.1

Burkea africana {(nuiundungu, wild syringa) with which

Terminalia, Combretum and Grewia species are usually

associated. Other common species  are Lonchocarpus

capassa, OGuibourtia colegspernun {nusibi, ushivi), Ricli-

which is used for carving. In the area under inves-
tigation the better stands of tall trees usually occuyr on
those sandy soils  that have the lowest agricultural
potential. It would appear, that because of the poor
water~holding capacity and nutrient status of these
sands a less luxuriant grass cover develops, which 1is
not as vulnerable to hot burns as the denser sward on
more fertile soil types. The rareg areas of grassland and
wooded grassland in this specific vegetation region occur
only on heavier bottomland soils some of which are

saline.

Sorghum and millet are traditionally important subsis-—
tence food craops in the communal areas of the Kavango.
Pearl millet has a high nutritive value desirable far
human, pig and poultry feeding. The protein content of

pearl millet grain 1s not significantly different from

that of maize, sorghum and finger millet (Eleusine). The
main crops are sorghum (Scrgnum _vulgare), maize (Zea
mays), millet (Pennisefum typhoides), cow peas (Yigua

melon (Cucumis melo) as well as pumpkin  (Curucubita
pepo), sweet reed (Sorghum dochna) and occasionally
groundnuts (Arachis hypogaea) and cabbage (Brassica
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oleraceas.
Lanﬂ preparation for planting under traditional dryland
farming 1is very limited. After the dry season the pre-
viopusly harvested area is usually cleared of weeds and
crop  remains by means of termite activity and grazing
animals and ready for ploughing. Farming operations start
when the soil is moist. For dryland farming this is
ysually after the firet heavy rainshowers infovember oy
December. A seed mixture of mainly sorghum and beans.
melons, matze oOr millet is broadcast over parts aof the
unp loughed field which is then worked into the soil Dy
using the mouldboard plough drawn by oxen or donkeys. The
planting and ploughing operations are repeated several
times between October and January after more rainshowers
until a substantial part of the field is planted or when
the rainfall has ceased.
The seed input by means of the broadcasting method 1s
high compared to the final low plant population. The use
of kraal manure or fertilizer ic extremly uncommon be-
cause farmers complain that it 'burns' their crop unless

there is sufficient rainfall.

Traditionat: arable farming as specific crop, draft
DOWETY implement and conservation requirements with
respect to climate, relief, soils, hydrolegical cendi-

tions and vegetation for optimum production. The crop
reguirements considered concern the most caommonly grown
grains in the Kavango, i.e. millet, maize and sorghum.
Draft power and implement requirements refer to the ftra-—
ditionally used animal-drawn single furrow mouldboard
plough and conservation requirements are related %o
measures taken for sustalned production. These
requirements of traditiocmal arable farming can e

expreésed in terms of land gualities (see Table 11).
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Relevant land qualitée% tn consider with reference to
crop requirements  are temperature, wind, day length and
flooding regimes, 501l moisture and oxygen availability
for crops, foothold for roots, chemical soil fertilitly,
5011 salinity and alkalinity. Land gqualities related to
draft power and implements are 01l workability and those
related to conservation are soil resistance to wind  and

water erosion (Table 11}).
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LAND QUALITIES

Air temperature regime

Spil temperature regime mean, maxiloum, minimum soil

Wind regime

Flooding regime

Soil moisture reqime

Oxygen availability

Seedling establishment

Foothold for roots

Chemical fertility
Salinity
Alkalinity

Workability

Erocsion Resistance

Considered Land Characteristics
CLIMATE

mean, maximum, minimum air
temperature during summer and

winter

temperature at rooting depth

during summer and winteyr

mean and maximum wind speeds

during summer and winter
HYDROLOGICAL CONDITIONS

duration and frequency of

flooding during winter & summer
rainfall, evapotranspiration,
available moisture holding
capacity

draining class

crust, stoniness, structure,
consistency

depth

pH, organic carbon, phosphorus and
cation exchange capacity

electrical conductivity

pH

stoniness, rock Qutcrops, consisten—
cy, coarse fragments

silt contents organic carbon,
structure, infiltration rate, slope
steepness/length, texture,

consistency, cementation.

Table 11: Considered land qualities for traditional arable

farming

{adopted from BREYER, 1986).
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7.1

7.
8.
8.1

Topograpghical maps used for mapping in the field were at
a scale of 1:859 000. The Ffinal soil map, however,
accompanying this report (see Amnmexure 1) is drawn at a
scale of 1:10 000, wusing the 1:50 000 scale topographic
series maps as an additional information source. The maps

representing the survey area are No.: 18172 AB & 1819 BA.

Profile description

Various soil profile pits were dug to describe and clas-—
sify the range of soils occurring in the survey area

1977). On the basis of profile descriptions and augering,
three main soil forms (Hutton—, Clavelly- and 0Oakleaf
Form Soils) were encountered and the soil map, including

the legend, was modified accordingly (see Annexure 1).

The aridity of the climate in the Kavango is responsible
for the slow chemical weathering and soil formation of
the sandy soil body. The sparse vegetation cover coupled
with high soil temperature is the cause of the laow orga=-
nic matter content and biological activity in the soil.
Carbonates, gypsum and salts may be present at some level
depending on the penetration depth and intensity of rain-

fall. Generally, all sandy solls are weakly developed.
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Calcification and gypgification are the main soil forming
processes. Under strong winds which promote sand and dust
storms, the upper layer is either blown off or buried
under aesolian deposits depending on the topography.

Sandy soils are generally .poor in plant nutrients and the
nutrients applied to these soils are lost because of
irrigation water. Fertilization of these soils 1g there?
fore a necessary practice. Sandy soils with sand and
loamy sand texture deserve special considerations since
they have a larger percentageefl sand fractions that
adversely affect their agricultural potentialities. Sands
being noncoherent and structureless are erodible. Al
though they have a high specific gravity and low total
porosity, their pores are large and contribute to good
aeration, rapid drainage and low water holding capacity.
The 1low specific surface area of sand is a main factor
affecting their low surface activity and explains dis-
similarities fram clays in their physical behaviour.
Sandy soils are often described as droughty. Their low
available water range, high infiltration rate and rapid
redistribution affect their irrigation practices and
agricultural potentialities. The water transmitting pro-
perties of sands encourage upward water movement when

they are wet and discourage it when they are dry.

Very general and broad soil surveys have been carried out
in the Kavango (e.g. Loxton, Hunting & Associates;
FNMDC/ENOK and Page). However, detailed soil surveys for
small s=scale irrigation purposes did not permit the
inclusion of results from these reports due to the
shortage of detailed analytical data related to the

survey arsa.
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Soil types and main characteristics
During the soil survey three main soil forms were identi-
fied and subdivided into different soil series. Owing fto
the homogenity of the asplian sand 1n the survey area,
the whole region ;ﬁ pedologically homogeneous and most
cpil series occur Tairly extensively (compare soil map in
Armexure  1). The series are mostly the sandy series
within e@ach form and differ mainly in colour. More than
80% of the analysed soils contain sands in amounts above
©0. All of them contain more than &0% coarse fine sand to
finer coarse sand mixtures. The humus content determined
in the topsoils from the different sites is guite low and
the percentages are always less than 3%. The soil
reaction of the analysed samples appeared to be bDetween
4,5 and 7,0 (i.e. strong to slight acidity!).
The rainfall is sufficient for dry cultivation (under
surface watering systems could be organized alsoc for
fruit trees), but run off during heavy thunderstorms and
the  lack of humus makes the shortage of water in high
sandy soils worse than the actual shortage of rainfall.
Dry periads are very commoen hetween the first rains and
they can cause difficulties even though the question of
drought is reduced. Thus there are opportunities for
farmers ta organize more reliable water supplies through
borehcles far example.
A further characteristic of the surveyed soil series is
that nearly | all are eutrophic in their degree of lea-
chimg. This éeems to be the result of the relatively low
rainfall and the high evapotranspiration rate which

saturates the exchange complex of the soil with basic

cations.
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The soils developed on the described parent material were
identified as those series belonging to the Clovelly—,
Hutton~ aned Daklgaf Snil Forms. They are the dominating

group of soils also found in other areas.

Analytical data
18 so0il samples have been collected from the various
fields which are proposed to become utilized (i.e. land
G51 - S5 and land 1 - 123 see Annexure I). Each sample (A
- R) has heen collected from a different field and the
precise location is indicated on the map as well as the
size (in ha) of each field. Analytical data includes
results on: Phosphaorus (in mg/kg; method: BRAY Iy, potas-—
sium, calcium, magnesium and sodium {in mg/kg; method:
Ammonium acetate), exchangeable zinc (in mg/kgj method:
AMBIC), pH in KC! and on the textural class (clay, silt
and sand in %). The results are as follew (see next

nage):




Sample: P K Ca Mg Na Zn pH Clay Silt Sand

(mg/kg) (KC1) (%)
A 3 13 535 38 2 0,24  b,4 b 0 94
B 4 13 378 ae 2 0,07 &, 8 0 o2
C 4 P8 776 b1 2 0,19  &,1 10 2 88
I 3 20 1517 14 2 0,46  bH,4 8 o 9B
£ 2 70 3987 60 3 0,22 7,0 10 4 86
F 3 16 341 &7 3 0,82 6,7 & 2 e
G 3 P4 378 b 3 0,25  &4,6 8 0 9p
H 4 47 b9 51 2 0,60 &H,6 b 0 P4
I a 33 295 55 2 0,31 5,7 8 O 92
J 3 21 387 154 1 0,56 $,7 8 A 88
K s 40 284 72 2 0,81 3,3 b 2 G2
L 3 10 301 77 2 0,71 4,5 B 2 20
M 3 10 308 S0 2 0,3¢ 4,9 & 0 4
N 5 16 241 55 2 0,bb 5,1 6 2 oF
0 3 14 434 68 & 0,14 5,3 & 0 P4
P 3 11 304 &7 2 0,13 5,6 b 0 94
@ 4 o2 248 59 2 0,06 5,3 8 0 92
R 3 8 248 63 2 0,66 5,7 8 0 52

Table 12: Analytical data
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Restrictions on agricultural production due to  soil
nutrient deficiencies are removed simply Dby applying
appropriate fertilizers. The easiest way to increase
production  in most countyries iz to increase the general
use of fertilizers. The problem that arises is that the
cost of using fertilizers 1s never negligible and may be
considerable, or even prohibitive, relative to the
economic resources of farmers. In general it 15 not
economical to attempt to eliminate deficiencies and
maximlse production in the short term Dy massive
applications of fertilizers. Rather, lesser, economic

rates of fertilizer application have to be chosen  with

due allowance for the costs involved, the value of the
Crops, expected responses, risks, other demands on
capital resources, and so on. In other words, fertillizer

rates have to be chosen primarily for the economic
benefit of farmers, the elimination of deficiencies and
the maximisation of production follawing in the long term
from the resulting progressive bulld-up of soil fertility
by fertilizer residues, as has happened with some of the
Righly developed agricultural lands of Eurcpe and North

America.

According to the soil analysis (compare 8.4), fertilizer
recommendations have been worked out to increase the
levels of phosphorus and potassium as well as for the
general applications of nitrogen. The crops referred to

are sorghum and maize under dryland, as well as under




irrigation farming. According to dutspan L.aboratories in
Fretoria the phosphorus level for sorghum and malze
"ghould be about 15-20 (dryland) and 20~3C (irrigation)
mg P kg. Applications of potassium to irncrease the levels
to about B0 to 75 mg K kg are also required. Under irri-
gatiorn sorghum and maize require about 120-130 kg N per
ha per annum. Dry land cultivation needs about &C-100%."

The following applicatior amounts for phosphorus (under
dryiand and irrigation farming conditions) are based on

a recommended increase of up to 2O mg P kg with the use
of superphosphate (10,3%); the potassium applications
take into consideration an increase of up to about 73 mg

K kg with the use of potassium chloride (KC1y; 3507 K -

(see next page):
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9.

?.1.

*For example sample A: 3 ppm P=bd kg P, 17 ppm P=34 kg F;
i.e. 34 kg P x 100/10,85 = 340 kg superphosphate 10,3%/hag
total amount necessary fTor LTand Sz 1700 kg
superphosphate 10,0%; 1 ha = 2 million kg soil, being
15cm deeps

¥For example sample A:l3 ppm K=2b kg K. &2 ppm K=sla4a

ko K iLe.lP4 kg Koox 100/D0 = 248 kg potassium
chloridesha; total amount necessary for land Si; 1840 kg
potassium chloride;g 1 ha = 2 million kg soil, being t3cm
deep.

In irrigation development projects involving sandy soils
the irrigation method must be considered very carefully.
In general surface irrigation mefhods are not the most
suitable for sandy soils whether by basin, border or
furrow. The high permeability and the low water storage
capacity make 1t very difficult to apply the correct
amounts of water. Irrigation of sandy soils may l=ead to
water wastage by deep percolation and low irrigation
efficiencies of less than 30 per cent. Moreover the
vield of crops may also be affected by bad uniform
application. The lowest parts of fields often do not
receive enough water to meet their reguirements whereas
the upper parts are generally over—irrigated. Nutrients
area carried away and micro-elements are freguently
lacking. Usually under normal conditions, surface

irrigation methods are not recommended for sandy soils.
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Sandy soils have a low pore space and a high infiltration
rate. The consequences of these two features on irriga-
tion systems and methods are of great importance. The low
pore space is responsible for a low water holding capaci-
ty. Consequently the freguency of irrigation and labour
requirements are high independent of the irrigation
method used. Labour requirements can be reduced but the
initial cost of equipment is then considerably increased.
The high infiltration rates make surface irrigation very
difficult and an important objective is to avoid losses
when applying water to the fields. The adaptation of sur-
face irrigation, when possible, requires higher invest-
ment costs for increased length and size of canals, canal
linmning, large number of small plots and eventually
special on—farm equipment.

On the other hand high infiltration rates have little
influence on sprinkler irrigation. This method can there-
fore be considered as the best for sandy soils. It will
lead to acceptable efficiencies if properly designed and
managed. Drip irrigation is a promising method but 1its
cost is still quite high. In any case irrigation of sandy

soils requires a good deal of knowledge and skill.
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AIR TEMPERATURE DEGREE OF SUITABILITY FOR CRORS

REGIME high moderate marginal none
measured '
propevties _ 51 82 53 N
MILLET |
23-30 31-33 34-35 >35
Seasonal mean, 24—-18 17—1@ <13
max imum, minimum SORGHUM
air temperature =(,20-30 31-33 34—-35 235
occcurrence of 1?—-18 1é~17 <135
frost MALZE |
| 20-30 31-33 34-35 >35
19-18 17-16 <15
Table 2a: Rating of the air temperature regime at Rundu

(after BREYER, 198&).

17




