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not well documented. 

This purpose of th i! paper is to evaluate practices occurring in the 
traditional farming system that 
 relate to water conservation and improved
rainfall use efficiency. particularly during drought. Inciuded are early
plowing, double plnwing and land selection. The effects of tnese management
and landscape/soil factors are compared with several 
rainfall variables to
 
determine their relationship to 
grain yield and to rainfall use efficiency.
 

:>AT2RIALS AND HEiE!ODS 

Data for thin study were obtained from eighty farmer implemented trials 
conducted ever a five season period in three village areas. A comparison of
plowing system; was super-imposed onto the farmer's normal practice. Non 
treatment variables were set at a typical leoel or left to the discretion of 
the farner. 

Tillage camparisen. were between large adjacent strips with
 
implementations across farms constituting replications in the analysis.
Harvest outcomes were assessed on a standard sample of 96 m@121@/plot using 
a quadrat sampling procedure (Siebert, 1985).
 

Sole sorghum as used 
 at all sites with all bur three v.Segaolane. 
Plots were broadcast planted at a uniform seeding rate of 6kg/ha. Thinning 
or gap-filiino' was nor done on measured areas as plant establishment was 
considered to be part ,jf the respon;e to treatments. 

Two basic tillage systems were included. These were a broadcast 
fol lowed with a single pLwing (single plow-planting) and an early sole 
plowing with a broadcast and second plowing following some accumulation of 
moisture in the soil 
 profile (double plowing). In addition to the double
 
versus single comparison, 
 there were 38 pairs of early and late 
implemntation of single plow-planting corresponding to the two days of

operations with double plowing. Qarly plow-planting outcomes provide a
 
measure of the opportu.ity cost of solp plowing. 

Soil, landscape ond w-ather were evaluated by research staff. Soil 
texture, soil pH, restricting sub-soil strata and slope were measured at all
sites. Surface drainage ratings were made in consultation with host 
farmers. Double ring infiltration rates were measured on a sub-sample of
sites. Locations in the landscape were determined from aerial photographs.
 
Seven land t-ipe categories were tentatively identified.
 

Five rainfall parameters were calculated for each planting. RF.arable
 
season gives rainfAl from September 1 to harvest, RF.preplw gives rainfall

prior to firsr 
 plowing, RF.crop growth from planting to harvest, RF.plowed 
soil from first plowing to harvest and RF.plw-pit for the period of water 
conservation between early picwing and plow-planting when douible plowing. 

RESULTS AND DIELliJSSiN 

Early plow-planting and early 
plowing have been consistently linked 
with good single plow-plant and double plowing yield outcomes (Table 1).
This relationship is important for area farming. Monitoring of farm 
activities has chwn tat oven though field work can begin in October or 
early November, 
more than 501 of the cultivated area is single plow-planted 
after December 15. On average, following this date, more than 50% of total 
season rainfall has fallen before plowing. Pre-plowing weed growth after
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this date avera jt.us 59 cover of land area re:.ulting, in additional water 
losses and p(o: broadcast single-plow seedbeds. Farrmers who are dependent 
on hired tractic n arv most affected by delayed operations (ATIP, 1986). 

During this study, total season rainfall averaged just above 3 00mr 
(P<0.24). Individual fMid amounts ranged from 200 to 4Ca:m. This was not 
a sufficient range to permit the establishment of a yield response fcr a 
full ranc of seasns. Partiticr nji of season rairfail (REY.ceason) into 
pre-plcwing and crop growti. cosponent gives interesting indications of how 
two tillage systems utilize rainfall (Table 1). Single plow-planting yields 
are only related to rainfall during crc.p prowth. In double plowing, early 
celt plowing Lontributes a moisture conservation phase that along with 
rainfall during crop growth tranclates into the level of grain yield. These 
result 'how that early plowing (plow-planting or sole plowing) and not 
early planting, per cc, result in higher yield. during drought. 

Th p now'ntre-atment in these comparisons should not be considered 
inderelin'y of the date of firr plowing. Double plowing has consistently 
given hijc r irain yield, than single plow-planting planted on the same day,
though thi compariso n does Lot consader that first plowing occurs earlier 
in dcs le plowing. Earlier single 1!ow-plant ing could provide nearly the 
sEc wenefit and be Iess costly to farmers. When the plowing treatment 
Ofect is adjusted for first plowing date, double plowing provides no 
statistically significant benefit. In an tJOVA with the residuals of grain 
yield represe on plowing date as a response to plowing treatment, the 
probability fo signi ficance of the benefit of double plowing is 0.179. 

Re,!t, given in Table 2 show that land type categories, relating to
 
soil tetUr" and depth along with topography, are a major determinant of 
grain yield and of how well rainfall is utilized. Highest kg/ha returns per 
mm of rpca:c rainfall in Table 2 compare reasonably well with expected 
returns in re,-earch station work where levels of management and input are 
much higher. 

NeFktit'v effct, on rainfall utilization are due to alluvial and to 
restric:r urlac:. uv'sol land types. Drainage problems at many alluviel 
rites We:: than O.M slope with sandy clay to sandy clay loam surfaces) 
pe - it eVCL it eroutht. Ihe potential for major water run-on is 
unde: scored by tb.:- frequency of intense showers even during drought. 
Twenty-is':r hnur event -howers of 65mm or more are expected at least once in 
75% of ali seasons (ATIP 1986). Area farmers generally lack the resources 
to provide drainage on theme soils. Nevertheless, management of these soils 
deserves attention 'ecause of the relatively high fertility status they 
pos se. 

I-,,v ix,o:c with rentricting sub-soi? strata are common in the Mahalapye 
area. Ferric (within 50-75cm of surface) and (petro-) calcic (within6
0-90m of surface) layerr cause problems because because they limit water 
storage capability ind restrict rooting. This explains the failure of these 
soils to respond to additional moisture from double plowing. Plinthic 
concretions i the case of ferric Luvisols do not impede water movement av 
much as limit root ex.:ploration. 

The situations 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 successful utilization of rainfall though the method
 
of utilization diffcrs 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 (5% volumetric) water holding
capacities but 
with a total water storage spread 
over more than 3m. Wetting
to depth is more rapid 
in these soils than in heavier textured sandy loams.

Rooting 
is also assumed to be easier. 
The poor land capability rating of
such soils in Botswana should be reconsidered. 
 A positive response to
double 
 plowing indicates the importance of tillage for water infiltration onthese 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 middle slopes possess soil pi_0iles

with sufficient 
 clay content to store water at medium depths but with
adequate 
surface and internal 
drainage to provide a satisfactory air regime
for sorghum. Water 
 run-on from watershed areas on the same field or above
Lhe field contribute to the water status 
in these soils. The combination of
drainage, water storage and water 
 run-on characteristics of these siteswould indicate a 
high potential for production in a range of rainfall

circumstancesi. Farmers would do to 
such 

well focus investments of other inputsas fertilizers into these land types with less limiting soil water 
status.
 

Upland 
 sandy leas are highly variable as are yield outcomes on this
land type. Sub-soil textures vary from sandy loam to sandy clay le3m withconsiderable variation in water holding capacity. Water movement at thesurface is more determined by micro-relief factors than by macro-topography. 

In Table 3, the r-!ative importance of management factors, rainfall and 
type are evaluated
land for single plow-planting, 
 double plowing
combined 
 grain yields. R2 for the regression models are 

and 
good given thatdistribution 
of rainfall during the cropping cycle is not considered.operations are important Early

as is season rainfall in determining grain yield.These results also show that land type categories given in this paper areuseful determinants of grain yield under drought.
 

According 
to these findings, 
 several statements 
can be made forresource poor farmers 
 in the Mahalapye area. Farmers should increase the area plowed early in the season. To achieve this. plowing and planting
operat ion.; can be sepa rated. Sole plowing for later double plowing is agood ption for days in the early season when soil moisture isn't adequatefor plcw-planting. As row planting resources become available, early
pltewing followed 
 by row planting should be 
 encouraged. Double plowing
T:hould not be focui;ed on cer ain upland soils with restricted water storagecapacity. 
 Greater re:;earch attention 
 should be given 
 to targeting for
-;pecific land type situations. 
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Table	I1. C-rrelatIon coefficients for thc relationships between grain 

yield-; a:.2 date,; of 1,lowing, dates- of planting and rainfall paraireters. 

Grain yield 

Managese-i 	 Single Double 

rainfall fa or'i plow-planting plowing Overall 

Date of p]it-, ir " -0.48** -0.41*** -0.41*** 

Date of tc, -0. 44*** 

PF.arabie searon 0.14 0.17 -0.17 

?.F.crop growth 0.44*** 0.30** 0.18 

RF.plowed soil 0.3 "** 
PRF.plw-plt 	 0.24*
 

*P<0.05, **P<0.01, ***P<0.O01.
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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
Alluvial flat 
 33 181 0.11 82 120 
 0.27
 
Lower slope 551 56 1.75 
 627 49 2.08
Middle slope 
 232 67 0.91 
 302 94 1.09
 
Upland sandy loam 
 112 104 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 Luvi:;ol 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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lable 3. Multiple linear regressi.o models fcr on-farm grain yields
 
overall, under traditional plow-planting and under double plowing.
 

Independent variables b( .' s(b) t-value b(O) Model R2
 

Overall model
 
Planting date (Julian) -2.57 0.38 -6.7**A 
RF.arabje veaon (mm) 0.69 0.19 3.7*** 
('.cic Luvircl dummy -80.67 29.57 -2.7* 
Upland deep :oany sand dummy 244.49 33.81 7.2*** 
Middle slope dummy 113.44 25.87 4.4*** 
Lower slope dummy 377.76 36.50 10.3*** 
Plowing treatment dummy 112.00 20.32 5.5*** 

159.0 0.572*** 
Single plow-plantinE model 

Planting date (julian) -2.71 0.42 -6.1*** 
PF.2raL-] r,. ason (mr-) 0.64 0.23 2.8*** 
Upland calci;c Luvisol dmmy -62.85 34.37 -1.8* 
Upland ferric Luvisr! dum-zrmy 98.16 50.95 1.9 

Upland deep loamy cand dummy 225.00 38.57 5.8*** 
Middle rl(pe dummy 123.30 31.79 3.9*** 
Lower slope dum::.y 397.06 43.25 9.2*** 

199.4 0.640*** 
Double plowing model 

Plowing date (julian) -1.33 0.56 -2.4*** 
sF.arableceason (mm) 0.99 0.34 2.9*** 

Upland deep loramy sand dummy 409.20 85.10 4.8**A 
Upland sandy loam dummy 85.97 43.49 2.0* 
Middle slope dw:.my 245.21 53.56 4.6*** 
Lower slope dummy 491.14 69.49 7.1*** 

-100.6 0.603*** 
*P<0.05, **P<O.01, ***P<0.001. 
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