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Waterinfiltation is animportant companent of water halance for improving crop production potential in
dryland soil tillage systemsin Botswana, particulady in the eastern region. Hardsetting soils commaon in
arable lands of Botswana often require some kind of tillage such as mouldboard ploughing, chiselling and
ripping to improve waterharvesting and crop growth conditions. The objective of this study was to com-
pare ponded cumulative infiltration, steady state infiltration rate and sorptivity of soils cultivated using
deep ripping. single and double mouldboard ploughing. This study was conducted on Chromic Luvisols
(=zandy leam), Haplic Luvisols (sandy clay loam |, Ferric Luvisols (clay loam ), and Ferric Arenosols (sand )
Infiltration was measured wsing double ring infiltrometer method for 4 b Although infiltration was smal-
ler on traffic line of deep ripping system at all sites, it was only significantly (P < 0L05) different on Fermic
Luvisals and Femic Arenosols. Compared with comventional ploughing, steady state infiltrmtion was
greater but not significantly (P> 0L05) different under deep ripped. Cumulative and steady state infiltra-
tion mate was greater under sandy than loamy soils, smaller under double ploughing compared with sin-
gle ploughed and deep ripped =zoils. Somptivity was not significantly (P = 005) different among tillage
systems but was greater under sandy than sandy loam soils. Information on tillaze and infiltration can

improve implementation of waterharvesting technologies and crop production in Botswana.

Crown Copyright © 2008 Published by Elsevier Ltd. All rights reserved

1. Introduc tion

Patterns of rainfall common in semiarid regions in particular
Botswana are high intensity storms leading to excess water in a
short period of time. Impacts of heavy rainstorms include destruc-
tion of soil structure by raindrops that lead o crusted soil surface
and increased runofl. For certain high intensity rainfalls, runoff can
be as high as 50% and can decrease soil water infiltration [ LEWMP,
1992 and himit water available to crops. The presence of a thin
compacted layer in the topsoil can reduce infiltration rate and en-
hances runoll and soil erosion (Willcocks, 1981; FAD, 1993). Thus,
the ability of a soil to infiltrate rainwater and store it inthe soil isof
great importance in determining the amount of runoff and soil
water storage for crop production (Hudson, 1987; Unger and Skid-
more, 19494). Possible tillage options to reduce runoff and increase
infilration oncroplands are roughened soil surface o increase sur-
face water retention, surface residue management, and ripping or
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subsoiling. That is, change soil surface characteristics as well as
chemical and physical properties in the soil profile.

Maost arable soils in Botswana are characterized by petroferric
dense layers, low organic matber content, low nutrient content
and low pH or are typically ferruginous tropical soils. Hardsetting
soils are generally characterized as massive or structureless and
shrink and set hard on drying, reducing macroporosity that con-
duct water during infiltration process [Willcocks, 1979; Mullins
et al, 1990). Causes of hardsetting or hard-cemented soils are acid-
ity, low fertility and low orgamic matter content, and inappropriate
tillage operations. Textural properties of hardsetting soils range
from loamy sand to sandy clay with low shrink-swell pacity
and can pack to high bulk density values on drying. In consider-
ation of relatively compacted surface soil layers with low infiltra-
tion capacity, low vegetation cover and high intensity rainfall
patterns, runoff potential is high particularly in eastern Botswana.

Mouldboard ploughing (10-20 cm depth) is a conventional soil
tillage practice in Botswana (LEWMP, 1992; Persaud et al., 1992).
Deep tllage (=20 cm soil depth) is often needed on poorly drained
or hardsetting soils to improwve water infiltration and seedbed con-
ditions for plant growth [Baver, 1966; Willcocks, 1981). Further
non-inversion tillage operation such as chisel ploughing or ripping
can decrease soil strength while causing little damage o soil
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structure on fragile soils (Willcocks, 1979). Deep ripping is defined
as a mechanical manipulaton of soil to break up or plerce highly
compacted and root restrictive, im permeable or slowly permeable
soil layers (Baver, 1966, The effectiveness of deep ripping de pends
on soil texture, soil water content, com paction depth, com paction
extent and ripper tine spacing and type. Dry soil ripping shatters
the soil and effectively loosens compaded soils although the costs
increase with depth and soil dryness (Richards et al, 1995; Lacey
et al, 2000 ). Generally, subsoiling clay accomplish very little ben-
efits because of the puddling action of the subsoiler (Willcocks,
1979, Bornman et al., 19849).

I deep ripping systems of silt loam textured soils, infiltration
can be increased and has been shown to be directly related to
structural stability (Tisdall and Adem, 1986), bulk density (Fatel
and Singh, 1981) and pore structure (Ankeny et al., 1990% Thus,
tillage alters soil pore size and geomeltry and consequently influ-
ences soill water transmission and storage on silt loam soils (Drees
et al, 1994, Lal et al., 19494}, The effects of ripping are not perma-
nent but long-term correct on may be done using vertical mulch-
ing (Marshall and Holmes, 1979} or using gypsum and liming
(Kichards et al, 19495). Soil surface crusting inhibited seedling
emergence (Summer and Stewart, 1992} while compacted subsoil
reduced root developrment, and low water holding capacity limited
crop establishment and cop vields (Willcocks, 1979; Hamblin,
1985) Although bulk density was greater under no tillage, ponded
infiltration was equal or greater than tilled soils of silt loam exture
(Ehlers, 1975; Sauer et al, 1990}

Hydraulic properties that dominate water entry into the soil
surface and movement in the soil profile are sorptivity, infiltration
and hydraulic conductivity and may be used to evaluate dllage
operations. Infiltration rate was successfully used to characterize
tillage techniques on sandy dayey loam soils (Topaloglu, 1994),
Infiltration rate may be defined as the volume lux of water lowing
into the soil profile per unit surface area of the soil (Hillel, 1980).
Soil infiltration capacity is initially high and tends to constantly de-
crease until it asymptotically approaches a constant rate termed fi-
nal or steady state infiltration rate. The steady state infiltration rate
represents saturated hydraulic conductivity of the soil. When
water delivery to the soil is less than infiltration capacity, the sup-
ply rate determines the infiltration rate. If water delivery exceeds
infiltration capacity, surfaces conditions determine the infiltration
rate and excess water is lost as runoff.

Sorptvity is water uptake by the soil in the absence of gravita-
tional effects (Philip, 1957a) It is a theoretically and physically
based hydrologic parameter that can be rapidly measured in the
field {Smile and Knight, 1976; Walker and Chong, 1986, Sorplivity
provides the water absor ption rates and varies with soil water con-
tent and soil void ratio and thus can be a good indicator of how dll-
age affects soil structure.

The objective of this study was to compare the effect of single
mouldboard ploughing, double mouldboard ploughing, deep rip-
ping, and permanent traffic lines between riplines on infiltration
capadty and sorptivity under different soil by pes.

2. Materals and methods
2.1, Site description

Four sites with different soil ty pes were selected at Sebele near
Gaborone, Tswidi (Pelotshetlha }in Kanye area and Sese near wan-
eng during the 1988(1989 cropping season. The four soil types
were classified as follows: (a) Chromic Luvisols (FAQ, 1998) or
Haplustall {Soil Survey Staff, 1998): (b} Ferric Luwvisols (FAD,
19498) or Faleustall [Soil Survey Stalf, 1998); (¢) Haplic Luvisols
(FAD, 1998) or Haplustall (Soll Survey Stafl, 1998) and {d} Ferric

Arenosols (FAD, 1998), or Quartzipsamments (Soil Survey Staff,
19498) In Sebele, the experiment was conducted at two sites on
Chromic Luvisols (Sebele 1) and Ferric Luvisols (Sebele 2], The soils
in Sebele and Haplic Luvisols at Tswidi developed from granite par-
ent material (DAFS, 1981). Ferric Luvisols (or sandy clay loam soils)
have poor internal drainage while Chromic Luvisols (sandy loam
soils) are well drained (Joshua, 1990} Selected soil propertes at
the experimental sites are presented in Table 1. Soils at Sese were
the Kalahari sands (Ferric Arenosols) that developed from asolian
deposits. They were very deep, sandy in texture, have single grain
structure and well drained.

22 Tillgge rreatments and experimental design

This was the first season during which the tllage experiment
was conducted. Tillage treatments were as follows: (1] single
mouldboard ploughing and planting (conventional ; (2) double
ploughing with early spring mouldboard ploughing with first rains
followed by second mouldboard ploughing on the day of planting;
and (3) deep ripping consisted of cultivated strips (riplines) that
were permanently laid out 1.5 m apart and about 40 cm wide
(DLFRS, 1974, 1980; Persaud et al., 1992}, The strips were ripped
to 50-60 cm deep and crops were planted on these riplines. The
area between the riplines was the traffic line and was never culti-
vated except for shallow scraping with a blade harrow to control
wieeds. The traffic lines served as passage area for any field opera-
tion and were al so meant to generate runofl and concentrate rain-
water onto crops planted on the riplines. At Sebele 2 double
ploughing was not done,

The experiment was laid out as randomised complete block de-
sign with two replicates and tllage systems randomised within the
blocks. The size of the plot was 40 m by 15 m. At each site, phos-
phorus was applied at 20 kg ha™' and grain sorghum {Sorghum
bicolour Moech (L.}, var. segaolane) was planted. Tillage, planting
and harvest dates are given in Table 2. Infiltration measurements
wiere conducted once on each replicate. In the deep ripping treat-
meent, infiltration tests were done on both riplines and traffic lines,

23, Infilration tests

Field infiltration measurements were determined using double
ring infilrometers using procedure described by Joshua {1990)
and Green et al. (1986). The infiltration rate was measured by

Table 1

Seleged surbace sail (0-20 om) chemical and physical properfies of Chromic Livisal
[ Sehale 1 ) Ferric Luvisal (Sebels 2 ) Haplic Luvisal | Tawidi) and Ferric Arennsak (Sese )
under dillerent tillege systems in exstem Botswana (data obtasined kom DIFRS
{19800 Perssud &t 2l {1992) Perssud (1990) and DAR 201l laborstory data base)

Sail propeny Sita

Sshale 1 Sebale 2 Tawidi Sesa
pH [CaCk) 50 58 43 65
oC{x) L4 031 050 a1
CBC (emalg ™) b e 65 45 25
P i ppm} 15 23 75 =1
B kg m ) 168 158 1.62 1.60
PAWE {rm m ') a3 a0 84 55
Sand () 745 609 840 928
Sile (TP T4 1037 75 15
Clay (%" 131 284 a5 5.6
Textural class Sandy laam Sandly clay loam Clay loam Sand
Slape (L) a3 35 <10 <110

O, orgamic carban (Walkley and Black 15934} CEC cation exchange capacity
{Rhoades, 1582); P Bray 2 available phosploms (Bray and Koz, 15453 BD, bulk
dendity {lake snd Hartge 1986) and PAWC, plant availsble water capacity.

* Particle siee analysis (Gee and Bauder, 1585}
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Talile 2
Dates af oultural operations and planting density at Sshele 1, Sshele 2, Tawidi and
Seseduring 1988) 1989 qoppng season

Dperation Site
Sebele 1 (5L Sebele 2 (501 Tawidi (CL) Sese (5)

Dates of operation

Dieep rigping 14/00/1388 14001288 12/10/1388 12/10/1338
Meouklbosrd flosgling 207111388 20011/1988  05/12/1388 05/12/1338
Planting 1/12/1988  22012/1988  05/12/1988 05/12/1988
Harvest 190041985 19005/1989  31/05/1585 24/05/1583
Infiltrstion experiments  1S02/1980  11/02/1280 237121988 01/01/1933
Planting Demmity (plants ha ")

Single ploughing 50000 NA 54000 45000
Dentbike plansghing 53000 NA 57000 45000
Thesp ripping 34000 NA 37000 24000

HA, data not svailalde; 51 sandy loam; 501 sandy dlay laam, clay loamand 5 sand_

observing the decreasing water level within the inner ring. Water
in the outer ring was kept at approximately the same level as in
the inner ring to prevent lateral flow to promote vertical water
movement in the soil. Steady state infiltration rates were derived
from plots of curmulative infiltration versus time. Cumulative infil-
tration was described using the following equation deseribed by
Hillel {19807

I=ar® (1)

where [ is cumulative infiltration (L), £ is time (T}, and 2 and n are
empirical constants that are specific to soil conditions and depend
on soll texture, molsture contents, bulk density and other soil prop-
erties. Cumulative infiltration was calculated after 240 min. To
determine ¢ and n constants, logarithm on both sides of Eqg. (1] 1a-
ken to abtain:

logily =log(a) +nlogt) (2)

Plotting log(l} versus log(t) enables obtaining values of n(slope) and
logla) from the y-intercept. The value of 2 was obtained from anti-
loga), e

a=10"%" (3}

Integrating Eq. (1), vields instantaneous infiltration rate described
by:

di

— = anr*! 4
ar 14
Inserting values of @ and n into Eq. (4), steady infiltration rate at
240 min of different till age systems were calculated.

24 Sorpovicy

For early stage (<30 min), infiltration calculated using equation
described by Philip (1957a), Le:

=542 (5]

where [ is cumulative infiltration (L), 5, is sorptivity (LTY?) and  is
time (T} Therefore, sorptivity value was calculated from the slope
of a plot of cumulative infiltration, [ versus square root of the
elapsed time, % (Talsma, 19649).

Statistical analyses on all variables were conducted using anal-
ysis of variance (ANOVA] for randomised complete block design
(SAS, 2007 ). The mean separation test used Fisher's protected least
significant difference (Steel and Torie, 1980)

3. Results and discussions
31 Remnfall

Rainfall occurs between October and April (Bhalotra, 1987) and
colncdes with cropping season. Seasonal rainfall during the 1988
1989 cropping season at Sebele 1, Sebele 2, Tswidi and Sese was
584, 573, 503, and 480 mm, respectively (Fig. 1} Totzal rainfall
was within the long-term average rainfzll of 525 mm at Sebele
and 400 mm in the Kanye and Jwaneng area (Bhalotra, 1987). At
Sebele, Sese and Tswidi, rainfall events that were less than
15 mm were 55%, 30% and 39% of total rainfall, respectively. Rain-

200

180 4 N Schels 1 (589 mm)
[ Sebsla 2 (573 mm)
| Tewidi (5032 mm})

160
[ Sese (480 mm)
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Fig. 1. Monthly rainfall &t Sebele 1, Sebele 2, Tawidi and Sese duning the 15881985 crop sexmaon in southeastern Batswana, Number inbradoets are sexonal rainfallat sadh

Site
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fall events that are less 15 mm are prone evaporation under semi-
arid environment and may reduce effective rainfall. Rainfall events
that were greater 40 mm constituted 16%, 9% and 22%, respec-

Tablke 3
The ellect of tllags system an sarg nm grain viskl during 198811989 crapping s=ason
grown an Chromic Liwial (Sebele 1), Hapdic Luvisol { Tswidi) and Ferric Arenosols
(Sese) under diferent tillsge systens in emtern Botswans (adapted from Perdaud
{198:00)

Tillege systam Site

Grain viekl (kgha ™"}

Sabale 1 Taweidi Sede
Single plougling 19562 1452a 2805
Double plougling 2674 15331 2251a
Desp ripping 1680 11422 B54b
LS50 (D05 660 1056 731
O iE) 17 11 22
Fi=F}) - N5 e

L5D, least signilicant dillerence; OV, coellicient ol varistion; N5, not signilicantly
dilleremg (P> Q05) « P <005 e, P< 001 and same letters within esch cohumn
indicate no signilicant differences st P =005,

tively. Rainfall during the experimental period was fairly well dis-
tributed and had potential to support a crop growth Fairly well,

3.2 Soil properies

Arable farming in Botswana is generally conducted on semiarid
tropical soils. Selected arable soil properties at experimental sites
ineastern Botswana are presented in Table 1. Inherent low fertility,
low pH and crust prone soils result in low crop yields, Organic car-
bon content is typically less than 1% and together with low pH,
makes the soil fragile and susceptible to degradation. Soils were
moderately deep at Sebele and Tswidi and very deep at Sese ([ Table
1). The slope covered a narrow range (0-4%) and under such con-
ditions, continuity of slope and soil surface conditions controls
rainwater infiltration and runofl (LEWMP, 19492). More efficient
useof rainwater and nutrient as well as conservation farming prac-
tices is essential for improving crop production in Botswana,

3.3 Sorghum grain yield

Grain sorghum (5 bicolur L. Moench; Segaolane var.) was used
as test crop in this study. The effedt of tillage systems on sorghum

1EU L L 1 1 1 1 1 1 1 1 160
# Deep Ripping & Deep Ripping
140 4 = Single Ploughing § Double Ploughing 140
= »  Trafic Line ¥ Single Ploughing -
5 120 1 1 = Traffic Line 120
= A
2 o0 4 . . . ’ - 100
® Ferric Luvisols Chromic Luvisols ro.
= Sebele | Sebele 2
£ w ehele i e LT . § -
oE] L N
'-% B — i [=} B - r - 2 . : r
= L @ w
E . o L ] *
3 %1 e " 7 ve - 40
0 - oot I L 20
L0 o :3 v
(Riryrveveww v ¥ ¥ Ll 0
1EU 1 1 1 1 1 1 1 1 1 1 160
Haplic Lovisols Ferric Arenosols
140 4 Tawidi 1 Sese . - 140
E 4204 * Desp Ripping 4 & Decp Ripping . ¥ L 120
= Diouble Ploughing - Double Ploughing &
__!C_; 1004 * Single Ploughing 4« Single Ploughing * L 100
£ Traffic Ling ¢ Tafficline ¥
E e . . .y - 80
2 . sz
= | i . L
% % - * .y &
L "
g .’ . . L 40
L] . : w
o 4 pg 20
N E—— 1 o 'If e — S — 0

Elapsed Time (min)

100 150 200 250 300

0 50 100 150 200 250 300

Elapsed Time {min)

Fig. 2. Infiluation pattems on Chromic Luvisol {Sebele 1} Femic Luvisal {Sebele 23 Haplic Luvisal {Tewidi ) and Ferric Arenaols (Sese) under dillerent tillage systens in

southeastem Dotswana
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grain yield is presented in Table 3. At Tswidi, tillage did not signif-
icantly (P=005) affect sorghum grain yield (Table 3). Tillage sig-
nificantly (P<005) affected grain yield of sorghum at both
Sebele 1 and Sese. At Sebele 1, there were no significant
(P>005) differences between deep ripping and conventional
ploughi ng and was significant (P < 0.05) under ploughing. Sorghum
grain yield was not significantly (P> 0.05) different conventional
and double ploughing at Sese (Table 3) but was significantly
(P<005) smaller deep ripping (Table 3). Compared with mould-
board ploughing, sorghum grain yield was smaller by 26%, 18%
and 65% at Sebele 1, Tswid and Sese, respedively.

2.4 Curmulative infiltration

The influence of tillage on cumulative water infiltration on dif-
ferent soils types is presented in Fig 1 and Table 3. At Sebele 1
(sandy loam), and Tswidi{clay sandy loam) cumulative water infil-
tration was not significantly (P> 0.05) different among tllage sys-
tems, and between tillage treatments and traffic lines (Table 3). At
Sebele 2 (sandy clay loam) and Sese (sand), cumulative infiliration
was also not significantdy (P> 0.05) different among tillage systems
but was significantly (P<0.05) smaller under traffic lines com-
pared with tillage systems. Infiltration was highly variable as indi-
cated by ©V that ranged from 11% o 43% (Table 3) and this
probably explains lack of significant differences between tillage
systems. The aim of traffic line was to generate runof into riplines
where crops were planted. The greatest potential to generate run-
off into ripped soils and increase available soil water for crops was
on sandy clay loam (Sebele 2) and sand {Sese) (see Fig. 2)

Cumulative water infiltration was greatest under deep ripping,
followed by conventional, double ploughing and was least under
traffic ines at all sites (Fig. 1) Average cumulative infiltration after
4hwas 120, 102, 63 and 55 cm at Sese (Ferric Arenosols ), Sebele 1
(Chromic Luvisols), Sebele 2 (Ferric Luvisols) and Tswidi (Haplic
Luwvisols ), respectively. Notably, Kalahari fine sandy (Sese] and san-
dy loam (Sebele 1) had the greatest average cumulatve infiltration
Sandy soils have larger pores that highly influence infiltration, par-
ticularly under ponded infiltration where gravity forces dominate
water movement. In contrast, soils with loamy texture at Sebele
2 and Tswidi had lower infiltration. In fact Ferric Luvisols at Sebele
2were classified as having poor internal drainage (DAFS, 1981 ) and
had patched water tables in some places within the experimental
plot (see Table 4).

3.5 Infilration rate

Infiltration rate is the amount at which water enters the soil at
the surface (Hillel, 1980} and it determines potential for surface
storage or ponding, soil water storage or runoff during rainfall or
irrigation. Steady state (or final) infilration rates under different

Tabile 4

Four-hour cumulative infilration {om) on Chromic Livisal (Sebele 1) Ferric Livisal
[Sebele 2) Haplic Luvisal (Tewidi) and Ferric Arengsals (Sese) under different il lage
systems in exsten Dotswana

tillage systems in different soils are presented in Table 5. At Tswidi
[texture ), there were no significant (P=005) differences among
tillage systems, and between tillage systems and traffic lines. Also,
lack of significant (P> 0.05) differences between deep ripping and
conventional ploughing was observed at Sebele 2 but infil tration
was significantly (P < 0.,05) smaller on traffic lines. There were no
significant (P> L05) differences between deep ripping and conven-
tional ploughing and between double ploughing and traffic lines at
Sebele 1. At Sese, infiltration rate was not significantly (P> (L05)
different between deep ripping and conventional ploughing, and
between conventional and double ploughi ng but was significantly
(P=005) smaller under traffic lines compared with tilled soil.

Average steady state infiltration rates were 11, 14, 23 and
27emh™" on Ferric Luvisals (Sebele 2), Haplic Luvisols {Tswidi),
Chromic Luvisols (Sebele 1) and Ferric Arenosols (Sese), respec-
tively. Steady state infiltration rates from double ring method
ranging from 3 to 15 cmh ™" are considered moderate to moder-
ately high (Landon, 1984) Infiltration rates on heavier textured
soils [Sebele 2 and Tswidi) were smaller compared with light tex-
tured (Sebele 1 and Sese ) Infiltration rate data can assist in design-
ing waterharvesting systems such as deep ripping by determining
the size of area of traffic lines, the area from which rainwater is
harvested. Except at Sese, infiliration rate on deep rippi ng and con-
ventional ploughing was statistically the same.

36 Sorpovity

Sorptivity values under different tillage and soils are presented
in Table 6. Therewere no significant (P> 0.05) differences between
treatments at Sebele and Tswidi. At Sese, there also no significant
[(P>0.05) among tillage systems but sorptivity was significantly
[(P=0.05) smaller on traffic lines. Average sorptivity values aoss
tillage systems were 388, 452, 235 and 2.52 cm min~ " af Sese

Talbidke 5

Stesdly state (4h) infiltration rate (emh') an Chromic Luvisal (Sebele 1) Ferric
Luvigal (Sebale 2}, Haplic Luvisal (Tawidi) and Ferric Arenasals (Sese ) under differem
lil g svstems in exstemn Batswana

Tillxge Site

Sebele 1 Sehele 2 Tawidi Sese
Dhesp ripging 26348 Q142 14.74a 30.62a
Double ploughing 17530 = 1236a 23.54ab
Canventional 2550 12422 14.72a 27.58b
Traflic lins 1857 131k 0127a 0.74e
L5D {005} 569 622 1455 637
OV (T} 200 1524 21.70 9.70
P|:>]'-:| - . M5 -n

L5, least signilicant dillerence; OV, cosllicient of vanation; 5L, sandy loam; 300,
sy clay losm, clay losm; 5 sand, the same ketter witlin esch column indicste no
sigmilicant dillerences; NS, nat signilicant; « P< 005; <, P 001,

Talbile &

Sar vty (am min~ " ) an Chromi ¢ Luvisel {Ssbele 1), Ferric luvisal{ Sebele 2], Haplic
Lavisal {Tswidi) and Ferric Arenosoks (Sese) under di ferent tillage systens in eastem
Batswana

Tillage Site Tillzge Site

Sebale 1 {51} Sebela 2 (S0} Tawidi (TL) Seia (5] Sebele 1 (5L} Sebhele 2 (501} Tawidi (CL) Saga ()
Diesp riping 113022 50.13a 73664 132 562 Diesp ripping 387a 261a 2.2 428
Drenbrle ploughing 2132 - 4083 10908 Dranble ploughing A87a - 1.75a 367
Camventionsl 122 548 55 18a 74058 11857 Camventional 4832 243a 2502 370
Traffic line 85.18a a73b 3Zla 733b Traffic line 3062 Q47a 0162 1050
LS50 {05 ) 37.70 3456 6555 257 LSD {305} 184 313 285 0.5
OV (T 1141 20.78 4297 11.13 O (T 1354 3470 5163 9.78
P i=F} NS . NS . PiF} N5 NS NS N5

L50, lexst signilicant dillerence; OV, coellicient ol vanation; 5L sandy loam; 5CL
sanchy clay loam, clay loam; 5 sand; the same letter within e ach calumn indicate no
signilicant dillerences; N5, not sigrilicant; « P< 005, ««, F< 001

L5D, least signilicant dillerence; OV, coellicient of vanation; 5L sandy loam; 500
sanchy clay loam, clay loam; 5, sand, the same letter within each column indicate no
sigmilicant dillerences and N5 not signili ant
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(Ferric Arenosols ), Sebele 1(Chromic Luvisols), Tswidi (Haplic Luvi-
sols ) and Sebele 2 (Ferric Luvisols), respectively, Sorptivity insandy
soils (CV < 13%) was less variable than in sandy loam (CV = 389-
52%) (see Table 5). Sorptivity values were similar between conven-
tional and double ploughing at Sebele 1 (iiii) and Sese (sand). Ex-
cept at Sebele 1, sorptivity was reduced by at least 73%
compared with tillage (see Fig. 3).

Sorptvity was linearly related to void ratio of silty soils (Walker
and Chong, 1986 Since tillage affect surface soil structure, sorptiv-
ity measurements can be used to asses soil compaction or the po-
tential water uptake inarable lands. In this study, sorptivity values
differentiated between cultivated soils and traffic lines (Table 6
and Fig. 4. At Sebele 2 (sany clay loam ), Tswidi (clay loam) and
Sese (sand) the differences between cultivated soils and traffic
lires was large and only marginal at Sebele 1(sandy leam). The dif-
ferences of sorptvity values between soils tilled with tines (deep
ripping) and mouldboard plough {conventonal and  double
ploughing) were small at all sives, Under ponded water infiltration,
sorptivity values were greatest under sandy (Sese and Sebele 1)
than sandy loam soils (Sebele 2 and Tswidi),
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4. summary and conclusions

Cumulatve ponded infiltration and steady state infiltration rate
were similar under deep ripping and conventional ploughing but
greater as compared with double ploughing. On traffic lines, infil-
tration was consistently smaller than on ploughed or o pped soils.
Except on sandy loam soil (Sebele 1) cumulative infiltration de-
creased by at least 73% on traffic lines compared with tillage sys-
tems, Sorplivity was highly variable and was not affected by
tillage. High intensity rainfall and dense Luvisols increase the po-
tential of water loss by runolf on arable lands of eastern Bolswana,

Soils of arable lands in Botswana have low organic matter con-
tent and poor structural stability and the effects of culivation dis-
appear as the soil consolidates during the growing or rainy season.
Using non-inversion tillage methods such as chisel and deep rip-
ping can minimize destruction of soil structure and improve water
infilration over extended periods. Betaining or increasing crop res-
idue on the soil surface or the use of lime and gypsum can reduce
re-compaction of hardsetting soils and increase cop production in
Botswana.
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