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WLTER CONSERVALION AND USE PATTEENGS I1 THE TRADITIOLAL
CROPFING SYsTRM OF EASTERN BOTSWARA

Sorghusm, Sorghun bicolor 1., grain yield and returr ber me rainfall
were acsessed  as functions of flowing and planting dates, traditional
tillage goyerems, rainfall and land type in farmer implemerted trialsz over a
five fe€ason  period of drought, Land  type tateguries were basged on
characterictics  of 601l profile ang topography,  Tillage tystems included
gingle  &nd  double plowing with bruadcact cseeding, Farly plewing was more
important  thar planting date or Plowing oyetem in determining grein yield
ard  return g rainfall.  Hiph potential giters combining high water holding
tapacity, natural water nir-on potential with surface and internal drainage
produced  tigheot yields and yield returng, Upland deep coarco loary gands
alco pive good yield response under drought in spite of low water holding
Capacity, Restricting  ferric  and calcic pub-goil Strata limit yield
eiponsges  to rainfall and ta double plowing tillage system, Early plowing
benefivg vield responses  for 411  land types., Regressicen models with
signif’ cant variables were constructed  for double and single plowing
systens, Sprreximately 60 pereent of  yield varistion ¢an be explained
through devrer  of Flowing, cecior rainfall and land type, Implicetions for
the traditional ferming rycten arc aiscussed,

A oycrem of broadcasting geed op untilled land failowed by one plowing
(moldboard  or dice)  ie pracriced on nmore thar 95 percent of the area
cultivated in the Fohalapye arca of castern Botswana (MOA, 1985a}), Sorghum,
Sorghuz Licolor (L.} Moench, the dominant crop beth in mixed and sole
plantings, thag produced an average of 161 kg/ha iy monitored plots over five
teasens under  thir Syctes, with a coefficient of variation of more than 12
purcent,

Variable and often low annusl roinfalj (60 year &verage of 465mn for
Mehalaprye) with erratic intra~geaconal dictribution is g major hazard for
rainfed wreduction. The  yield response to rainfall on g District averaga
bacig war  calculaved by Vessen (1987), Average farm sorghun ;rain yields
were  clesely  related (o total season variation but with & heavy weighting
for  January-Febpunro rainfell,  Theee calculations indicate that traditional
yield averager  only  reach 150 kg/ho with an above average Z(Cum (P<0 35 at
Falalapye). buring drenpht, ares yield averages fail to teaci 1C «<g/ha
(FOA:  198%a),

DLFES  (1985) showerd a good linea relationship hetween sorghum regearch
plot  yields and seasonal  rainfall with an incremental increase of 3.49
kg/ha/vn above & mirimum rainfall threshold at 60,000 plants per he., This
correcponds to  oan average return of 2.9 Fp/ha/un at 200my rainfall for a
scason, Thic de approvimately five times the average return measured
on-farn, Gaining & betrer underctanding of the discrepancy between station
and  farm reculte  ae well as of differences occurring between fams ig a
major challenge for the research program of Eotewana.

Soils, weather and SGnagenent  dinteract to  affect £cil moisture and
Cropping poi-ntvial, kxcept  following tillage, curface bulk densities tend
to be  high, thoge of certain Luviecels reach.ng wuore tlan 1.8 (Soil
Conservaricn  Service - Usps,  1987). Plowing wii] temporarily increase
infiltraticn of feveral  soil  types, gc measured by wotting depth in the
50il, by npore than 35% early in the season (ATIP, 1986). The effect of
landscapr  on uoi) MOiGTUr? retention and availability in easctern Botswana ig
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not well Jdocuzented.

This purpose of this paper is to evaluare practices occurring in the
traditional fdarming system that relate to water conservation and improved
rainfall use efficiency, particularly during drought. Inciuded are early
plowing, double pilewing and land selection., The effects of tnese management
ard  landscape/soil factors are ccmpared with several rainfall variableg to
determine caeir relaticnship to grain yield and to rainfall use efficiency.

MATZRIALS AND METHOUDS

Pata for this study were ohtained fron eighty farmer implemented trials
conducted cver a five season period in three village areas. A comparison of
plowing systems was super-imposed onto the farmer's notmal practice, Non
treatment variables were set at a typical level or left to the discretion of
the famer.

Tillage cemparisoens were between large adjacent strips with
implementations acress farms constituting replications in the analysig,
Parvest cutcemes were assessed on a standard sample of 96 m@{2{@/ plot using
a quadrat sampling procedure (Siebert, 1985).

Sole sorghum wasg sed at  all sites with all bu: three v.Segaolane,
Plots were broadcast planted at a uniform seeding rate of 6kg/ha. Thinning
or gap-filliny was nrr done on measured areas as plant establishment was
considered vo be part of the response to treatzents.

Two basic tillage systems were included, These were a broadcast
follewed with a single pluwing (single plow-planting) and an early sole
Plewing with a brecadcast and second plowing following scme accumulation of
moisture in the soil profile (double plowing). In addition to the double
versus  single comparison, there wera 38 pairs of early and late
implementation of single plow-planting cerresponding to the two days of
oparations with double plewing, Farly plow-planting outccmes provide a
meagure ol the opportuaity cost of scole plowing,

Soil, landscape and wearher were evaluated by resesrch staff. Soil
texture, soil pH, restricting sub-s50il strata and slope were measured at all

siteg, Surface drainage ratings were made in consultation with host
farzmers. Double ring infiltration rates were weasured on a sub-sample of
sites, Locations in rhe landscape were determined from aerial photographs,

Seven land type catageries were tentatively identified.

Five rainfall parameters were calculated for each planting. KF.,arable
season gives rainf-ll frosm Zeptember 1 to harvest, RF.preplw gives rainfall
prior teo firsc plowing, R¥.crop growth from planting to harvest, RF.plowed
soil from first plowing to harvest and RF.plw-plt for the period of water
conservation between sarly plewing and plow-planting when donble plowing.

RESULTS AND DISCUSSION

Barly plew-planting arnd early plowing have been consistently linked
with pood singie pluw-plant and double plowing yield outcomes (Table 1).

This relationship {5 ispecrtant for area farming. Monitoring of farm
activities has oChown that  oven  rhough field work can begin in October or
early Noveuber, wxore than 30% of the cultivated area igs single plow-planted
after December 15. On average, following this date, more than 50% of total
seagan rainfall has fallen before plowing. Pre-plowing weed growth after
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thir date averages 59% cover of land area resulting in additional water
logges and poor breadeact cinpgle-plow secdbeds.,  Farmers who are dependernt
on hired traction are moct affected by delayed operatione (ATIP, 1980).

During thic study, total seasen rainfall averaged just ebove 300nr

(Pc0.24). Individual field amounte ranged from 200 to 45Cmm.  This was not
& oufficient ranpe to permit  the ectablishment of a yield response for a
ful! range of geacons, Fartiticning of ceasor rainfail (RF.cgeason) into

pre~plowing and  crop growth comporents gives interecting indications of how
twoe tillage cystews utilize rainfall (Talle 1), Single plow-planting yields
ére only related to rainizall during crep growth, In double plewing, early
gcle plowing cortributes a moisture conservation phase that along with
rainfall during crop prowth tranclatec into the level of grain yield. These
results  chow that early plowing (plow-planting or sole plowing) and not
early planting, per ce, result in higher yields during drought,

The plowing treatment din  these comparisons should not be considered
indefeniintly  of the date of firer plowing. Double plowing has consigtently
piven hRipler yrain yielde than single plow-planting planted on the same dey,
though  thir comparison does rot consider thet firet plowing occurs earlier
in deuble plowing. Farlier single plow-planting could provide nearly the
same  penelit  and  be less coctly to farmers, When the plowing treatment
effect 15 adjucted for firg plowing date, double plowing provides no
statistically gpignificant bernefit, In an ANOVA with the residuals of grain
yield reprecced on plowing date as & responsc to plowing treatment, the
probabilivy fov sigrificance of the benefit of double plowing is 0.179,

Resulte piven in Table 2 show that land type categories, relating to
soil  texturr and  depth along with topography, arec a major determinant of
grain yield and of how well rainfall is utilized. Highest kg/ha returns per
e ol geascn rainfall in Table 2 compare reaconably well with expected
returms  in reccarch sration work where levels of management and input are

much higher,

3

Fegutive effects on rainfell wutilization are due to alluvial and to

restrictel upland Luvisol  land  types. Drainage problems at many alluviel
fites (lers than 0050 slope with candy clay to sandy clay loam surfzces)
peraist eV i drought. The potential for major water run-on is

underscored by the  frequency  of  intense showers even during drought,

Twenty-icur  hour event “howers of 65mm or more ere expected at least once in
754 of all wcecasons (ATIP 1986). Area famers generally lack the resources
to provide drainage on these soils., Nevertheless, management of these so0ils
decerves  attention tecause of the relatively high fertility status they

possess,

Luvisoles with restricting sub-soi? strata are common in the Mahalapye
area, Ferric (within 50-75cm  of surface) and (petro-) calcic (within
€0-90cr of gurface) layere cause problems because because they limit water
storage capability end restrict rooting. Thic explains the failure of these
soils tc respond to additisnal moisture from double plowing., Plinthic
¢onerations  in the  case of ferric Luvicols do not impede water movement ac
nuch es limit root exploration,

The situvations of lower (0.5 to 1.5% slope) to middle (1 to 2% slope)
slopes on well defined pediplains and upland deep coarse loamy sands both
provide for relatively succescful utilization of rainfall though the method
of utilization differs considerably, Grain yield levels on these sites are
higher and more consistent during drought than on other types.
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Coarse deep loamy sands profiles have low (57 volumetric) water kolding
capacities but with a toral water Gtorage spread over more than 3m, Wetting
to depth is more rapid in these soils than in heavier textured sandy loams.
Pooting is also assuwed to be easier. The poor Jand capability rating of
such soils in Botswana should be reconsidered. A positive response to
double plowing indicates the importance of tillage for water infiltration on
these soils in spite of their coarse texture. Under high rainfall, the
limited storage capacity of these soils may reduce the benefit derived from
early plowing.

Lower slopes and to a lesser extent niddle slopes possess soil pirufiles
with sufficient clay content to store water at medium depths hut with
adequate surface and internal drainage to precvide a satisfactory air regime
for sorghum, Water run-on from watershed areas on the same field or above
the field contribute to the water status in these soils. The coambination of
drainage, water storage and water run-on characteristics of these sites
would indicate a high potential  for production in a range of rainfall
circumstancoa. Farmers would do well to focus investments of other inputs
such as  fertilizers into these land types with less limiting soil water
status,

Upland sandy loams are highly variable as are yield outcomes on thig
land rtype,. Sub-s50il rtextures vary from sandy loam to sandy clay lram with
considerable wvariation in water holding capacity. Water movemen: at the
surface is nore determined by micro-relief factors than by macro-topography.

In Table 3, the rolative importance of ranagement factors, rainfall and
land type are «valuated for single plew-planting, double plowing and
ccabined grain yields. 82 for the regression models are good given that
distribution of rainfall during the cropping cycle is not considered. Early
operations are important as is season rainfall in determining grain yield.
These regults also chow that land type categories given in this paper are
useful determinants of grain yvield under drought,

According to thege findings, several statements can be made for
resource poor farmers in the Mahalapye area. Farmers should increase the
arca plcwed early in  the gseason. To achieve this, plowing and planting
Operaticns can be eparated, Sole plewing for later double plowing is a
good  option  for days in the early season when soil moisture isn't adequate
for plew-planting, As row planting rescurces become available, early
plewing  followed by row planting should be encouraged., Double plowing
thouild not be focused on cor ain upland soils with resrtricted water Storage
capacity, Greater research attention should be given to targeting for
specific land type situations,
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Table 1. Cerrelation coefficientc for the relationships between grain
vields and dater of plowing, daves of planting and rainfell parameters.

Grain yield

Management ot Single Double
rainfiall factors plow-planting plowing Overall
Pate of plant

ing 20, 4E* %A C0.41FRE 0. Li%kE

Date of plovin ~Q bRk
kF.,arable secacon 0.14 0.17 -0.17
FF.crop growth 0. 44#%% 0.30%x* 0.18
R¥.plowed soil 0.37%%%
R¥.plw-plt 0.24%

*P<0,05, **pP¢0.01, ***xp<0,001.
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Table 2. Effects of land type and plowing treatment on sorghum grain yield

and returns to mm. total season rainfall,

Single plow-planting

Double plowing

Land type kg/ha C.V.Z kg/ha/mm kg/ha C.V.% kg/ha/mm
Allvvial flac 33 181 0.11 82 120 0.27
Lewer slope 551 56 1.75 627 49 2.08
Middle slope 232 67 0.91 302 94 1.09
Upland sandy loam i12 104 0.33 179 80 0.53
Upland deep coarse 309 36 1.08 512 34 1.58
loamy sand
Upland ferric Luvisol 232 81 0.65 129 80 0.38
Upland calcic Luvisol 44 223 0.13 45 245 0.14
Mean 181 112 0.60 224 108 0.73
L.S.D. (0.05) 45 0.13 57 0.18
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Table 3. Multiple linear regrecsiorn models for en-farm grain yields
overall, under traditional plow-planting and under double plowing.

Independent variables b(i.

s(b)

t-value

bL(0) Nodel R2

Overall model

lanting date (julian) -2.57
RF.arable ceazon (mm) 0.69
Calcic Luvisol dummy - 80,67
Upland deep oamy sand dummy 244,49
Middle slope dummy 113.44
Lower slope ducmy 377.76
Plowing treatment dummy 112.00

0.38

0.19
29.57
33.81
25.87
36.50
20.32

-6, Th*A

3,7 A%k
~7,7Hk%
7.2%%k%
4 Lxx%
10.3%*x%
5,5k%*

159.0 0.572%**

Single plow-planting model

Planting date (julian) =2.71  0.42 -6,1%%%
PF.erabtlc¢ ceason (mr) 0.64 0,23  2,8*%%%*
Upiand calcic Luvisol dummy -62.85 34,37 -1,8%
Upland ferric Luviscol dumny 98.16 50.95 1.¢%
Upland decp loamy cand dummy 225.00 38.57 5.8%%%
Middle slope dummy 123.30 31.79  3.9%%%
Lower slope dumny 397.06 43,25  9,2%%x
199.4 0.640%*%
Double plowing model
Plowing date (julian) ~1.33 0,56 ~2.4%%*
kF.arable scason (mm) 0.99  0.34  2,9%%x
Upland deep leoamy sand dummy 409,20 85.10  4,.8%*%
Upland randy loar dumny £5.97 43,49 2.0%
Middle slope dumny 245,21 53.56  4,6%%*#
Lower elope dumsmy 491,14 69,40 7, 1kx%
—-100.6 0.603**%*
*P<0.05, **pP<0,01, ***pP¢0,001.
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