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PREFACE
 

ATIP Progress Repcrts are prepared and circulated to make ATIP research findings 
easilysystems.available to GOBpersonnel and resparchers interestid InA major objective of the Botswana famingProgress hoport series Is to make research 
findings available in a timely manner. Those reports are not subject to
professional review outside the Francistown team. Therefore, data and findings
presented In the Progress Report series say be subject to further revision and
should not be cited without permission of the authors. 
Findings in this report
 
do not necessarily reflect the official vicws of ATIP, OAR or MIAC.
 

This Progress Report presents Information cn the Researcher Managed, Farmer 
Implemnted (RMFI) Double Ploughing Systems irial 
carried out at six locations
 
in the Tutume Agricultural District, during the 1988-89 cropping season. 
 The
 
report covers the agronomic and laoour data collected.
 

AC'flLEDGENENTS 

The research officers responsible for the Double Ploughing Systems Trial wish
 
to acknowledge the invaluable assistance provided in this trial by the
 
participating farmers and the following ATIP staff:
 

(a). B. Bagai (Senior Tech. Assistant, DAFS, Natobo)

(bl. C. Sibanda (Senior Tech. Assistant, DAFS, Mathangwane)
 
(r.j. D. Moabi (Tecn. Assistant, OAFS, Marapong)

(I. P. Batnshani (Enumerator, OAR, Marapong)
 
(e). Ft.Alacanani (Field Assistant, CAR, larapong)

(f). 

(g). B. Iotswaisc (Enumerator, DAR, M.nangwane)
 
(h). N. Nkhuteleny (Enumerator, DAR, Matobo)
 
(I). P. Samuel (Field Assistant, DAR, Matooo)
 

( N. Monyadzwe (Enumerator, DAR, Mat. :rgwane) 

(j). K. Talibona (Enumerator, DAR, Matobo) 

F
 

File: P3OO.1/FR Fg0-3 - i - September i , 1990 



1g88-1989 DOUBLE PLOUGAINa SYSTES TRIAL 


ABSTRACI 


The 1988-89 Double Ploughing Systems Trial was 
the second year of a trial 
designed to assess the feasibility of three different double plr-9hlng systems
Implemented on large-scale plots. The three systems were for farmers who owned 
their own draught power (largely cattle), for farmers who shared animal draught 
and for farmers without access to 
animal draught. Each system was to be 

implemented at two locations with two replications. Again this year there were
isplemntation and environmetntal problem~s Wnich reduced the value of the trials.
 

Neither of the cxen/oxen double ploughina syntem trials was 
fully Implemented. 
For the plots Implemented, the double plougnu plots produced a 70 percent yield 
advantage and a modest economic advantage over the traditional system (P28.00 
por hectare). In the trzctor/oxen system, DP resulted in a higher yield, but 
y-elds from both systems were rnlativaly low, so the economic advantage of 
double ploughing was limited. Double ploughing did show a marked increase in 
per hectare yields. However, some plots were plartsd late because of an 
unfavourable rainfall pattern, and failed to mature. When all plots (including
ones that failqd to mature) were included in a partial budget analysis, the 

tractor/oxen OP system showed a net loss of P16.00 per hectare. However, when 
only plots that yielded were included, OP showed an inzreased profit of P42. M
per hectare. 

In the tractor/tractor system the traditional 
system produced very low yiclds,
while the double plough system produced yields of 400 to 500 kilograms per 
hectaie on plots that yielded. Because of the poor yield, the traditional 

system showed a loss, I.e., the cost of the singlp tractor hire was not covered. 
On the other hand, a partial budget analysis showed that, in that particular 
year, the tractor/tractor OP system resulted in en 	increased profit of P37.00
 per hectare when all plots- were included, and a Pl15.00 per hectare profit
increase when only plots that reached mat-it it. ,ere included. In this case 
there would be a cot zidurable advantagi to switching from the tradit'onal system
to a cl"ble plough uystem. 

In regards to systems feasibility, from b technical point of view there was 
evidence to 
suggest that all three systems could be implemented in the field, 


At. examination of the traction ploughing times gathered from large pluts,relbtiva to the more common small plots. .,.owed no significant difference 
overall between the time required to plough the different plot sizes. The data 

lead to the hypothesis that there was more variation in ploughing time due to 

draught team capabilities, sol-type, soil moisture, etc. 
. than to variation in 
plot size. This was true unless the smail plot had a shape (long and narrow)
which was particularly difficult, and time consuming, to plough. 

OBJECTIVES 


The objectives of this RMFI work were: 


(a). 	 To test three different ez.,bieploughing (OP) system. on a large-scale,

and to assess their feasibility and profitability in practice, 
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(b). 	To collect labour and input data on operational scale plots, to
 
clarify the relationshnip between small plot laoour data and actual
requirements from large-scale plots.
 

JUSTIFICATION 

Plot level studies in the Tutulne Agricultural District 1nd.cated that OP could
 
profitably boost per hectare Vrnln yields as long as the opportunity cost of the 
first ploughing was minimized (ATIP PH r87-5). Also, an economic analysis
indicated a benefit In switching from two hectares single ploughed (SP2) to one 
hectare OP on farm units with a weeding labour constraint and/or with limited
 
ploughing opportunities (ATIP MP 87-6).
 

Theoretically, 
several practical systems can be envisioned which could minimize
 
the cost of the first ploughing and to 
allow farmers with different resource
 
constraints to implement OP. However, these nave never been tested on a large
scale 	to verify the theory. In order to round out the work 
on bP. to data. It
 
was proposed 
that those s.,stems be given a full-scale test.
 

APPROACH
 

The three systems tested applied to farmers 
in different traction categories 
described below. 

I. 	 For Farmers Who Owned Draught Power (Largely Cattle) 

With the first rains, when the anals were ready to 
plough, the
 
farmer was ti plough/plant an ar-, 
of 25 metres by 50 metres. when
 
tte soil dried slightly be'jw a reasonable moisture level 
for
 
pl.inting, an area of e5 metrG- bv 50 metres was to be ploughed in 
preparation for OP on the next rain. 

On the next rain, l repared plot was to be planted, together with 
ar,adjacent 5 metr ny 30 metre strip, to act as a traditional check 
(TC). As the soil rtisture dropped below the optimu for planting,
another 25 metres by 50 metres strip was to be prepared. This 

system, was to oe continued on subsequent rains into January, with
the farmer planting on good moisture and preparing more land as the 
soil dried. Each OP plot wa- to have an adjacent check plot 5 

metres wide.
 

It was hoped that this trial would allow 	a determination of the 
feasibility of using drying soil moisture 
 periods for land
 
preparation, and to provide somti estimate of the potential benefits
 
on a whole farm level.
 

2. 	 For Far-ers Who Shared Animal Draught 

This assumed a government subsidy on tractor tillage, and that 
tractors were available. In this Ca.d, a tractor was hired to
plough the land, either before the rains or during lhe early rains.
 
before animals were in condition for ploughing. The tractor
ploughed a quarter hectare strip, 25 metres by 100 metres. With the 
first planting rain that animals were available, the farmer planted 
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half of this area (25 metres by 50 metres), x.'us an adjacent 

unploughed area of 25 metres by 50 metres. All of tM.Is land - 0.25 
hectare total - was to be either row planted or broadcast planted 

In the traditional manner at the farmer's d~scretlon. On the second 

rain, the process was repeated using the second half of the prepared 


land. 


As long as there is a Subsidy on tractor ploughing, this system

allows farmers with limited access t. catt1c draught to double 

plough without increasing their direct costs. The double plougning 


should allow them to increase their prrduction and profit from a 


limited ploughed area. 


3. 	 For Farmers Without Access to Animal Draught 


This option also Zsssumed a government subsidy on tractor plowing. 


Before the rains, or on the first rain, a tractor was hired to 
plough an area of 50 metres by 200 metres. With the next rain, half 
of the area was to be re-plougiGd by tractor (50 iinters by 100 
meters), along with an adjacent unploughed area of equal size. Both 
areas - adjacent prepared and unprepared plots -- were planted on 
the same day with the same planting method. This procedure was 

repeated on the second half of the ploughed area, plus on an equal 

adjacent area, with the next rain. As well as allowing an 

assessment of the double ploughing system on a large-scale, the
 
system shed same light on the relative merit of DP with tractors. 


Each 	 of these three Systems was Implemnted by two farmers In different 

villages. 
 All labour and input data were collected to allow budgets to be
 
constructed, and to provide comparative data on labour requirements for large 

and small plots. 


RESULTS 


I. 	 For Farmers Who Owned Draught Power 


The two farmers involved ii. this study had problems this year that 
affected their draught management systems. At location i, a lack of 

labour to help in the field resulted first in a late start in bringing the 
animals to the village. Then, In order to get labour, the farmer entered 
into a draught-sharing arrangement - draught power in return for labour. 
This meant that she could only use her animals to plough her own land 

during alternate planting opportunities. 

At location 2, the couple delayed In getting started. Than the husband 

died in a traffic p)lalent early In the new year. This tragedy nzurally 

caused a hiatus in planting activities in late January. 


Thus neither of the farmrs were able to use thatir draugaIt animals as they . 

might have chosen for the whole of the season, and so did not really fit 

into the category of farmers to whoa this svtm Should apply. However, 

as they had been involved in the study the previous year, and the problems 

they encountered were not antirely predictable, no switch w. made to
 
other locations.
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Adding to the draught difficulties, there were no planting opportunities
 
In November (i.e., no rainfall events of 10 om or above) at these 
two
 
locations (see Appendix Al). Preliminary ploughing and plough/planting
 
was initiated In December for both locations, but the first planting of
 
the UP plots did not occur until early January. This was unfortunate, as
 
it restricted the number of plots that could be planted subsequently. In
 
the latter part of January and the early part of February. rains were very
 
poor. March and the first three weeks of April were also very dry. This
 
drought period delayed maturity in millet and sorghum (both locations),
 
particularly in crops planted in February. April was also unseasonably
 

cool, which delayed maturity even further. As a result of these
 

environmental factors, crops planted In February generally gave very low
 

yields.
 

None the less, the trials did help to address the two primary objectives,
 

I.e., the feasibility and profitability of the system.
 

Daily rainfall for each location is gi.un in Appendix Al. The dates of 
all operations for each plot at each location are given In Table 1. Plant 
densities and grain yields are given in :able 2. Millet (v. Serere 6A) 
was broadcast planted in the first five plots at bota locations at 2 
kilograms per hectare. However, due to the lateness of the Season, a 
short season sorghum (v.650) was planted (at 4 kilograms per hectare) In
 
plot six and onwards at location 1. The farmer at location I used four
 
oxen for traction while four donkeys were used at location 2.
 

Regarding the feasibility of using good soil moisture for planting and
 

using 	the drying soil moisture period for preparing more land, plots 1
through 5 (at both locations) "ere relevant.
 

There was a rainfall of 19 i= and 17 =t at locations 1 and 2,
 
respectively, on day 106. Plot 1 was plough/planted on day 110 and 111,
 

was in either
 

plot, indicating that ine farmers waited too lril to take advantage of the
 
respectively, at locatins 1 and 2. There no emergence 


go)d soil moisture. Th. plots were later r-,4;:ughed/planted and thus 

were changed to OP plots. Plot 2, the first I, plot, was prepared on the 

same or the following day at both locations.
 

The important points here are that: 

(a). 	 There were four to five days after the rain, at both lc-tions, when 
ploughing could be done with either cattle or donkeys. 

(b)- The opportunity cost of ploughing on at least the last two of those
 
days was zero.
 

At location 1, the first OP plot, and the adjacent TC plot were
 
plough/planted on day 134, three days after a rainfall of 80 mm (unusually
 
high). The next DP plot was prepared (plougheri on day 139, eight days
 
after the rain. Similarly at location 2, the first OP plot and adjacent
 

TC plot were0 plough/plantedmm the on day day).134, throe dzq. afterDP a rainfallwas of 28Tmm (plus previous The net plot prepared 

(ploughed) on day 13, eight day) after tra rain. Thus ploughing with
 
animal tracti on was feasible for at least eight ays after relatively
 

heavy rains.
 

In siummary, then, ploughing with animal draught power was feasible for at
 

least fivc days A.llowing a rainfall of 15 to 2u mmo, with an opportunity
 

cost near zero fir planting on ths last two of those days. Following
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TIME I: PLAT STANDDENSITIESANDCAO VIELDS,OIER/OIERSISTEI, 00U0LEheavier rains (38-80 om), ploughing was possiole at least eight days PLOUGHIiGi1iTEKSTRIAL, FRANCISTOINAREA,tIU-15 
later. Thus the data support the hypothesis thAt following rains of 15 
m or more, It should be possible for farmers, who control their own LOC TREATNENT PLOT STANDDENSITY GRAI1YIELD 

animal draugtt power, to use the first few days for p1it gh/planting and IP(ITSIHA - 10001 iL61RAI 
still have time to prepare land for OP on drying soil moisture. 

TC I' 0.0 0 

I OP It 11.1" stTARLE I: 0ATES
OF ALL rIELoDOPEROTIONS,01./iIEm SVSTEI,DOURLE PLOGHING SISTENITRIAL, 
 I OP 2 .J 32 
FRAUCISTQOA
AREA, IIAR-AS 
 I TC 3 1.0 160
 

IP 
 A 15.3 
 128
 
LOCATION PLOTS OPERATION DATE OF DATEIC9 
 I TC 5 14.8 ItO 

S PLFOGMIPLANT III - I OP 1 20.5 TI 
RE-PLOUGIRER-PLlaT II3 I TC 1 33.0 88 
N lEED-1I1 C a 20.1 35 

1 FIRSTHARVEST 25-C 5 35.3 20 
2 PLOUGH fit 

2.3 PLC4J04IPLAAT III 13 I IC 1 0.0 0 
2.3 NIEEDINO 111 19 	

i 
2 OP 1 42.0 24* 

2.3 FIRST HARvEST 231 288 	 2 OP- 2 17.3 412 
A PLOUG 119 2 TC 3 8.8 400 
40t PLOUG41PLAT .00 155 2 OP a 9.1 128 

1 A.5 VIED 110 114 2 TC E 4.8 100
1 4#0 FIRSTH~iVEST 285 285 
1 8 PLOU4H ISS - A. werepan asRTl rC butvr&lator ChaagRdto OPdoR to zero tralua. 

1 6,1 PLOU* PLART 181 119 BerlsoCe an firstT;I2,R/lALtoparatioa. 
I I+7 %EEO 11A 201 

i.1 FIRST WARvEST 205 285 
I i8. PZOAIPLAIT 1t Iso 	 TA00E3: AVERAGELAR TIRE,PKRSON-mJR5PER HECTARIE. EBLE P.UOGIIAHOIEN/OI SISTER,
1 8$ NEED 20112 20213 SiSTERSTRIAL,PRAKIISTCINAME1,1R88-61 ' 8.1 	 P]lOT 1401801 288 288_________________________________________________ 

2OC YIELD FIRST PLOUGH/ EO
NEED 
 EST 
 TmRFS* 
 TOTAL
 
2 t PLOUG4IPLAVTING 1I 
 AS PLOUGH PLANT TINE TINE : TINE2 	 Aif-PLOUIRE-PL*T 
 ---- HCURSPER kFCTSE -
2 1 NEED 182 WuILE PLSIGHL14SYSTEN 
2 1 FIRST ARVEST 207 
2 
2 

2 
2.3 

PLOUGH 
PLOuGi/PLAkT 

Ill 
II 134 

1 

I 
SHA TOTAL1121 
AvI PERHA 225 

205.2 

51.3 

200.1 

03.0 

211.3 

43.5 

1W.O 

17.2 
11.5 

18.3 

065.4 

112.1 
2 2.W REED 787 ITS 
2 2+3 FIRST.AW80ST 22S 225 2 4 HA TOTAL 848 238.5 314.2 40.8 0A. 71.0 178.5 
2 

2 

4t 

4t 

PLOUGH 

PLOGOtPLAT 

131 

18810 
2 AvG PER HA 212 14.i 71.5 21.A 11.4 71.1 104.2 

2 4.0 8EED tT8 112 OP AVERAGE PER MA 210 60.1 60.8 32.0 17.1 11.0 163.5 
2 4t5 F181 HARiEST 231 208 

TRADITIONAL0STE8 
A. Data da7s from Septuscr 1, 108. I 4A1 TOTAL 304 308.A 227.2 28.0 35.2 S8.8 

I Avg PER kA 91 14.1 08.8 1.0 0.8 148.1 

Information on average labour times for each farmer Is prossanted In Table. 
3 (complete data set In Appendix A2). In the 1987-88 Do--ble Ploughing 

2 

2 

3 RA TOTAL 000 
A0 PER WA 181 

380.8 

15.2 
101.8 

38.5 
21.8 

5.1 
09.2 

11.? 

488.0 

181.3 
Systems Trials, the oxen/oxen systems 'ere compared on the basis of five 
hectare systems (PR F89-1). This inalvsis was not made on a total five 
hectare system basis because neither oT the farmers was able to plant the 
total trial. Hence, the analysis was based on four hactares for one 

TC M1EAREPi1 RE 120 

a. 10.s ad averagesUT 

84.1 48.1 

not Or oralt OuR to rounding. 

8.4 14.3 154.0 
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farmer, and three for the otner.1 The average total per hectare TABLE PARTIAL ULTSIS ik.1ITIOTAL TOOEIENOItime for 5: UNIOET OFSIFT FROM SYSTEM 

DP was only 14 percent more than th average 
 for PLOuIi, |IO biJLE PLOlII1total time the SYuBLE S1STEI,METCFAj1LIPLAS PERKECTLO,traditional system. This relatively small differencs was due in part to STTIS TAL, FILUCTI LiE.,loll-Il
the 44 percent saving in weeding time for the OP system. CHAIGEII CMS 

A10IEOFIIIiPULAThe DP system yield per hectare was 70 percent greater than the TC system. OFNIOIM OLEPKTU,1T16
This yield advantage resulted In an average not return from the OP systems

of P39.00 more per hectare than the traditional system tTable 4, complete INCREASES:
 
data set in Appendix A3). This translated to a 16 thebe per hour of REDUCED
cosT 
labour (net) advantage for the DP -yst m. AIDITIOAoLLAOT0I* S.2 

ADDEDBENEFITS 
TABLE4: A 14E A[ uMSTO LABOUR, ST..i, PLOuGING GTP II 1.55WiAvi ?4ETRS.CTARF ET OiEtIVOLEiM OUOLE S1 51 EM 

SSTEMST IAL,F ACISTOVIAREA,lUAl-iD 

TOTAL TP COSTS kTYP lITuItS ADODCOSTTO tAAO 

LOC 1EL LAiRWPULA* PULA PULAI am lET 
 IIE SYSTEM LITLAUIA 


",.A t05 ----Fip ONEHECTARE---- PEI, H E i ADDITTONALEQUIPMEiTCOST 1.01
 
DOUBLEPLOuIkCSISTEI RIIDUCEO
BENEFITS
 

GTVPTRADITIONAL" HAS

I S Ki TOTALi121 805.1 S011.1823.00 401.311.1 0. OR
, 08 
I AVGPEIKU 21 lTI.tT1.3 1.70 5.4 0.51 0.51 METCA"I. 28.1 

2 4 WATOTALeIi TTI.1 OS1.O 1.0.50 363.10 O. 0.41 . ilsourvaluedst Latour Basedrcug Relitefsa8e PO..8/kr.

2 AsGPERriA 111 194.1 5.0 A.3 50.T1 O.01 at
0.41 1. GTIP 1YieldI Price, ittgraitvalted P0.454k1. 

OP AVERAGE 
PERA 29 IM'.1 AW.31 4.411 1.T 0.54 0.51
 

2. For Farmers Who Shared Draught Power 
The dates of all field operations for these two trials are given in Table4 HATOTAL361 S86.1 litA 14.00 TADO 0.21 0.21 6. Laily rainfall data are given by location in Appendix 61. At bothAVGPEIHA it 14.t is 3.50 31.45 0.21 0.21 lc a .iuns, the initial land preparation on the DP plot was undertaken 
somewhat later than optimal The first plantings were done in early2 1 KUTOTAL500 tA4.0 220.00 1O... 214.s0 0.10 0.44 January, and subsequent poor rainfall in January and early February2 AVGPE KU 11 101.3 75.00 0.50 11.50 0.41 0.4 delayed plantings of the second replications into the second half of 
February. Late planting coupled with an early on-set of cold weather
severely limited yields in those replications. At location I, this 

TCA0IFiUAE 121 154.0 ST.33 Liu -t.41 0.1 0.35PEIKU 
second replication produced no grain at all. At location 2, this e. GTIP GrossTotal value Product z pricatl P.45/kti11s wire price I . replication produced a limited quantity of grain. However, maturity was0. COSTSEstitsolsaid css t 4tine z P.lOjk5 : P21plus equipitot cat Betted at PR.50IR. delayed past the point where cattle were allowed into the lands areasFor P there Mor, 2 equipment C.rgei. unattended, and the plants in the second replication were heavily grazed.C. kTvP- mit Toti viu Prouct jGTOP- COSTS). Thus, only gruin yield from the first replications (at both locations) 
produced meaningful data.
 

A partial budget analysis indicated that there was a modest advantage At both locations, the system of tractor ploughing followed by animal
LP28.O per hectare) in snifting from the traditional practice to double 
 ploughing on DP plots appeared both practical, and In this year,
ploughing In the oxen/oxen system (Table 5). 
 beneficial at least for grain yield (see Table 7). In the first 

replication at both locations, planting was followed by a long drought 
period. During this period it appeared that the extra soil moisttre 
stored in the OP plot before planting made all the difference to bothlatesyst using telsted asefive tctares Cuosstlng oflne singl piougneaplot andfour double stand establishiosnt and eventual grain leld. This was similar to resultsplouineo sits. Duo c. in]luaMtitoio proties tils years' systels turaed out to to one Stolle from the tractor/tractor D? systems trials for plots planted during thispicubthd pioughed for togipoutplusfear doutle plots con firmer, aneo il pohi5looplus three period.

cOuttOpioulsod for the otter. Far thenfirst firmr taotraltional coaA lnvolid four plots, Weile 
tnera sere taromplotsfar the second farmer. 
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-- ---------------- 

GPERA1ICS,IabOUGIN, mEPoL9TILL AdDAOLUBATES IF wID 	 TRiATIhT,TRACTR/i0Ei
TRAtIs lAiD-IlocIJILEP,~lOO~ SIST~I, GABLE PLO2AIEG lS~lISTTRIAL, TOI AREA, 

LOCATION REOCATION ofarmers 
OP A DATE-I OPERIO DATEI 	 PLOUGH 
 LOS
 

I12| 12| 

1 HEED 1R1 II 

I 2 dES 2*1 211 


2 PLAA6IIPII ll 1EE 


-2 I PLOUGH Ila 

2 1 PLOA6D/PAD 127 121
 
2 1 NEED 13 11 


1 EvET 2T2 
 I 
lD ITable2 2 PLO-.IPLANT 

2 NEEDIaG 12 	 212 222 

A. 	 Daysfrs Saptiusr 1, 151j. -per 

triatact. Sa test4. 	 Traditional Cli cras at as actplat an the &in dayastam 
for onlaratic(. 

AI SSTEM, PL056*11* 
SISTErSTRIAL, AjA,

TOiLE1: FLANlT00ENSITIE AHELS, TBACTIRIOIER 117011E 
ERAsCISTOuI 1111-01 

TREATMNT REPLICATION SIinvolvedLC 	 DENSITY GSAGAIN IEL 
IPANTSIKA T 10001 l16,#A* 

6P I 12.1 201 

TC I 1.0 20 
P 2 1,.A 0 

TC 2 'S.D 

12.0 0op 
I .0 0 

2 O.0 C2{)C 


OP 2 12.4 fi 
2 	 C 2 2.4 DI 

A. 	 GrUat bycattla 

Additionally, an incident occurred during the planting of replication 2 


at location 2 that had implications for the limited planting opportunities 
faced by animal draught power users. After the rain on day 165, the 
farmer wanted to plant the second replication. However, she was delayed 

until day 170 because she could not find her animals. On day 170, the DP 
plot still tad sufficient moisture for plough/planting 

(there was a 7 Mn
 

rain on day 169), but the TC plot was too hard to till. Hence the TC plot
 

had to be planted some days later (day 181) after the next heavy rain."-l 
This experience highlighted a phenomenon that has been observed 

previously, i.e., that preliminary preparation of the land often has the 

effect of extending the time when planting can be done effectively on 
subsequent rains, and can sometimes enable farmers to plant effectively 
on smaller rainfall events. Taking advantage of this effect might be 

significant for farmers who share animal draught power and often gain 

1990
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access to the animals during non-optmal planting times, from other 

be for sucn farmers to tractor/plough 
an area
 

scenario mlgntfarmers. One
early 	 in the season, on drying soil moisture. Then they might be able to 
capitnlize on the extended planting ont iod to employ the animals of ether 

after the optimal single plougning period had passed on other 

farms. 

Average labour times for the OP and TC systems are presented In Table 8 
(complete data can be found In Appendix 82). If all plots were Included, 
the averagq total time for OP was 109 percent greater than that of the TC 
because of ploughing, harvesting and threshing laocur. However, if only 

harvested plots were compared, the average total labour time for OP was 

73 percent greater.
 

OP s . lelded,.m a notIf only plots producing a yield were included, the 

return of almost P70.00 per hectare more than the trad,.. a. ,ytes 

9, complete data in Appendix R3). If all plots wera Included, -- e 

O a not return of approximately P10.00 per hectare mL.e
DP system provideD;
than the traditional system. Net returns to labour were only three thebe 

were Included, but were 35 

thebe per hour nre if only harvested plots were included. 
hour more for the DP syst-A if all plots 

A partial budget analysis (Table 10) indicated that, if all plots were 

loss of almost P16.00 Incurred In switching frEaIncluded, there was a net 

system to te oouble oloughing syste-. Wwever, if only
 the traditional
harvested plots were included there was a P42.00 advantage to shifting 
from the traditional system to the OP system. T.lis demonstrates the risk 

In using more costly technologies when there is a great deal of
 
uncertainty in the cropping outcome, and Is an important argument for 
timely operations. 

TABLED: LARJR TIME, PERHEtTARE, SSTlEN,L-uERAGE HiESO-%-URS TiACTW10,E* fLE 
I.OxUI*NG AREA, I5V'WTEKSI0'. C;AaCISTOIN 1146A-

LCs/ EED TRES TOTAL
HIARvEST
SW ELL HIELD F.-. 
tIjA PLUG'GxPLAINT T!IE TiME TIME TIE 
----- - . . WR PERhECTAE .-----------------...---

ALLPLOTS 

4.. 13. 21.4 121.ATPAVERAGE 12 4.3 25.3 


1 21* 32.4 0.3 1.1 5-1IC AivERAGE 

HARvESTEO
PLOTS
 

b 
OP AVERAGE 121 305 4.3 2i.i 40.3 21.2 a1.l 10.2 

liT
T AIERAcE 0 21.1 AA.1 0.0 2.2 13.0 

lia IrIA U; tot co eXACt tO rcxi~inl. 
a. tr fislvets eradustd. 

File: P300.1/PR F90-3 - 10 - September 10, 1990 



____________________ 

TABLE5: RETuRNS AIDRETURNS STtEM,(OURLEAvERAGE PERwECTAAE TO L.JiO, TAACT(R;A1EI 
PLOUGMITG TILL, AREA,Iidd-SYSTEMS FiAkCISTONN 

TOTAL ATvP COSTS IIP RETURNSTO LAIM 


SISTEM VIELO l OU PULAa hLA b PULA U 051 NET 


PER OAFwiCTiE PEELGIKA ------ ------ Rm -"~uAS PE j 

ALL PLOTS 

DP AVERAGE 152 121. lA.sT 53.50 1IT 0.54 0.12 

SOS 11TC AVERAGE I 10.3 8.5 3.50 .. 0.01 

ARVESTEDPLOTS 

OP AVERAGE II d 300 1T5.5 13T.02 53.50 A0.so 0.13 0.50 

IC AVERAGE42) 35 13.0 15.10 3.0 11.60 0.13 0.15 

A. GTIP : GrossTotal valu Product (yield z pricaJ hulr. price : P.451kg. 

1. CASTS= Tractor rental PSO/Ia, stluateO lsa cost 4kitgla I P.501/ P24,1 

: ValeL GTuP COSTP.C. avIPlot Total Product -

C. luster ofplats harvostPd. 

TABLE10: PARTIALBUDGETANALISSO SIFT FROMTRAODIIAIL M151ENTO TRIACTDiOIEI 

WUBLEPLCUGIG SVSTE, NETCAIGE Ii PULAS PLOAGAI1IPEEHECTAE, DOUBLE 

SYSTEMSTRILL, FROaCISTOAAREA,1191-8 

(vAkGESIN COSTS 

AiDBEIEFTS INPULA 
TRACTOS/AxTA_._. o_FIF OG 4 

OLL uIISTEP PLOTS
FiAT 

INCREASES: 
COSTREDUCED 

m 

TRADITIOILALLANWI 22.15 35.34 


ALOEDBEIEFITS 

(VIP IE SiSTEIb 6A.0 136.30 


DECREAS: 
ADDEDCAST 


AENSVISEE TALR 
 81.52 62M 

ALDIINIALt4J0P%EMT=I5 10.00 10.00 
REDUCED EEF:ITS
 

GT2 TRIII:,LI , 


-1 . 2 02.15lET CHANGE 

A. Latour &IAuIO LAt SxgsadDrog t Relief vale - PA il;ftr. 

b. GTFP: Yiel T Price,vit grain valued at POA.A/kI. 
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3. For Farmers Without Access to Animal Draught 

Location 1: bates of a) I field operations are given by treatment and plot 

In Table 11. All ploughing was by tractor, using a three furrow disk 

plough. In the first replication, sorghum sod (v. Segaolane) was 

broadcast at 4 kilograms per hectare and ploughed down. Rainfall data by 

day are presented In Appendix C1. After planting the first replications, 

there were only two showers, of less than 10 mm each, during the following 

six weeks. Emergence and seedling establisnment were good on the double 

ploughed plot, but poor on the traditional check plot.
 

Due to tne six week drought in January-February, the second replication 

was dry-planted on February 14 lO:y 167). (his was due to the lateness 

of the season. Because of the late planting date, a short season sorghum 

(v. 65D) was substituted for Segaolane. Seed was agan broadcast (4 

kilograms per hectare) and ploughad cown. Tee crops planted In January 

survived to produce soe yield. The crops planted in mid-February did 

survive, but were overtaken by coU1 weather in April. The cold weather 

slowed down the growth process to the extent tnat the crops never produced 

grain. Thus only the first replication produced a yield. Plant stands 

nd grain yields are given in Table 12. 

Location 2: At this location, the.preliminary ploughing was done on 15th 

December, 1988 (day 106). All ploughing was by tractor and moldboard 

plough. The first double ploughed plot and the traditional check plot 

were planted on 5th January, 189 (day 127). Malze (v. Kalahari Early 

Pearl) was planted by hand in the furrow behind the plough. It was planted 

in rows, one metre between rows, and every third row was left empty (skip 

row planting). Seeding rate was approximately 25 kilograms per hectare. 

Seedling emergence was reasonable on the OP plot, but poor on the TC plot. 

The seedlings were later thinned to three or four plants per metre, within 

rows, on the OP plot. 

TABLEI: CATESOF F-.5 OPERATIONS,IV LCATIuk. REFLICATIOIAgI
 

TTIEk'. ';AT'3A!TuTu J IS1T, (005LE
DULE PLOAGHiIG 


&iEA,l00085FLOUGHvIrG:-'EPS !iTIAL,PEANCTATOIN 

6LC~ITIO, ip I tC11IA OPERATION LATE5P LATETC; 

1 piough IDS 

I I Pioughl;lltt 1 5 212 

1 1 leaT iT 

I harvIst0 

I Plougn 1O5 

1 2 Fiou;r;inlt TAT TTb 
IleRa Ib1 4 

1 2 harvest a 

1 Piou;-ip.t 10i 1 1 

25 1e1 IA1 

2 1 oros YT 

2 2 plough 1 " 

2 1 Piouialpiat ITT 1TT 

S 2 vleu MYM 
b
i
SI marxst 


a. LAT freieSiptestir 1, 1tl. b. I I activtT. 
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12: 	 STAND ID SVSTEM, 

PLOUItZ3SiSTErS AREA, 


TABLE PLAIT DENSITIES UAltNYIELDS,TRATOR)ITOLTOA tWIE 
TRIAL, RRANCTSTO1A nlif-S 

LOC COP 	 STAND kATREATMEXI REPLICATION OESITI IRiELB 
_PLAITnA 10001 iG'Ap 


SAoAWYLM OF I 10.0 Sa 
SOR&.UM TO 1 2., Al 
5050eV nP 2 12.6 a 

iuORlmg TO 2 5.1 0 

2AIZE OP 1 6.L 422 
2 MAIZE TO 1 3.2 a 
2 ROTPLAITED OP 2 
2 	 h1TPLAITED TO 2 

There were no furtner planting opportunitius until late February.
Planting of the second OP and TC plots was attempted on 24th February, 
11P59(day 177). However, the soil was too wet and the tractor became 
mired In the mud. By the time conditions were acceptable for planting it 
was March, and too late to plant. Hence only one plartlng date was 
applied at this location. The dates of all field operations performed for 
this planting date are given in Table 11. 

Rainfall data for this location are given in Appendix Cl. For the first 

six weeks after planting, rainfall was very poor, with only one shower of 

10 mo or above. Plants in the TC plot withered and died. Plants in the 

OP plot showed signs of stress, but largely survived, 


There was 150 mm of rainfall in ;ate February, and this was sufficient to 

carry the crop through to harvest. Tnval post- 7anting rainfall was 237 

mi, with 150 mm falling in late aebr-jary, and 56 .n in late April. 


Plant stands, measured on 26th January, 1289 (day 148), were 6,667 and 
3,250 for the OP and TC treatments, respectively. Grain yields were 422 
and 0 kilograms per hectare for the OP and TC treatments respectively. 
The DP treatment allowed the maize seedlings to survive a six week post-


1

planting orought and produced a yield on subsequent rainfal .
 

At Both Locations: The long drought period following early January rains 

prevented the timely planting of the second replications. Rogarding the 
results of the first replications, it was clear that the preliminary 
tillage was beneficial for both stano 5.taolishMient and the survival of 
seedlings through the long post-planting dry period. The effects o? DP 
on seedling establishnent and survival throughout the drought were 
probably due to the existence of a greater amount of stored soil moisture 
at planting in OP plots. (Greater soil s isture at planting is th, 
expected result of preliminary ploughing and improved moisture 
infiltration on ;hat area. between the first and second ploughings). 

The average total labour time used on the tractor/tractor double ploughing 
system was more than seven times as great as the total time invested in 
a tracor operated traditional system (Table 13). This was true w'hether 
all plots or only harvested plots were included. A ccmplete set of labour 
data is Included in Appernlix C2. The major differences in time were 
attributable to more weeding time invested in tha OP system, and tkn 

File: 	P3Od.1/P: F90-3 - 13 - September 10, 1990 

harve:tIng and threshing time involved in processing the greater yield 
from the OP system. This is expected because farmers are reluctant to 
Invest a: labour in plots that have such an obviously low yield potential 

as the TC plots had. 

TABLE13: IACEWLASLJTIME,PERSOV-nOuERSPERHECTARE, SYSTEM.TRACOARTLAOTO tOLSLE
 
Pi~us kG SYSTEMS FRIACISTLIoTRIAL, AREA,10-45 

_ 
STATER YIELD PuOuGu aRED TxRESAFiTST j AIRvEST TOTAL 

tG;4.A PLO',J PLANT TIME TIEM TIME TIE 
........................... UP PERFCTARE-------------------

ALL PLOTS 

OP AVERALE 24A .LA 4.1 20.5 12.1 T. !5.1 

TCAvEMAL 11 	 4. 0.0 1.1 0.7 

PLOTS 

OPAvERIE121 A sA' 4.T 5.5 40.1 25.2 22.2 105.2 

hARVESTES 


TCAEPAGE(A 16 	 A.5 0.0 0.6 2.T lT.1 

M. 	 iuI Av oirliesmy not t eIlec a"I to ouSlmi;. 
RSIerk. of ;305 i.IuOtd. 

for all plots, the not return per hectare fur the double ploughing system was 
almost P9.o0 per hectare, while the net return for the traditional system was 
minus P47.00 per hectare (Table 14, sea Appendix C3 for complete data). If only 
harvested plots were considered, the nqt return per hectare for the DP system 

was almost P120.00 per hectare, while it was a minus P31.00 per hectare for the 
traditional system. In this particular year only the OP system pid for the
 
costs of using a tra-..r, with the traditinnal system showing a loss approaching
 
the tractor rental ,%,.lved In the scheme.
 

TABLETA: RETuNM5 HECTARE TO LA&OUi, SWIRM,AvERAGE PER AIDRETLiRS TRkCTOIT1CTO 
DOUBLE SYSTEMS AREA,PLOtYIMS TRIAL,FRAEOiSTOIN T900-B5 

TOTAL GIVP COSTS ITVP RETuESTOLAiROi 
SYSTEM YIELO LARL PULA* PLtAA PULLC CROSS RET 

LKNA H ...... ----- PERHR PERAR-RS PERON HECTARE 

ALL PLOTS 

OPAMEEAOE lAS 55.1 I1.h 02.20 A.Ti TiE S.TE 

TO AiERAZE 11 6.5 	 ..2 SOLO -ABT STE -10
 
nAvSTES PLOTS
 

OPAMERASEI2l 
4 

MT t05.2 2T.5I 52.00 T.A 2.T0 T.TA
 

TC AvERAGE A; 2.52 -31.4 -2.51
Ill 11. 52.00 1.T4 

1. 	 CTvP Crosx Total IliuMPro-uc: tyieloa prical wnre price = P.45!q. 
b. 	 CSTS Trsctor rental PSOinAAddEitIUd90SEatC:t 149;03 Z P.50/i
 

: P)).
 
C. 	 AIVP : Nat TotalalIueProduct GTaP- OOSTSj.0. Nuaer of plots HarvestA. 
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A partial budget analysis indicated that a shift to double ploughing from 
 planting took a Small fraction of the total time (generally less than one
 
the traditional system would create a net gain of P37.00 per hectare if hror per hectare) and no large plot data were collected on row planting.' 
all plots were considered (Table 15). However, if only harvested plots Thus the major labour input which was likely to vary with plot size was 
were considered, there was a net gain of P115.00 per hectare realized from ploughing labour. A set of ploughing times was dev3loped from the trials 
shifting to a double ploughing system. Thus, In this year, shifting to data. It was decided to use traction time rather than labour time because
 
double ploughing using tractor would have been advantageous to the farmer. of the variability between trials with tractor traction involving one
 

person, and animal traction involving two or three people. Table 16
 
provides a sumirary of the characteristics of the data .et developed from
 

4. omparative Labour Times 
 the eight sets of trials data (see Appendix D for the complete data set). 

. Animal traction times were variaole, i.e., relatively nigh standard
 
One of the obJectivrs of this trial wa to clarify the relationship deviations, which could be attributed to type and number of animals being
 
between labour times collec'ed In conjunction with small plots trials and used, condition and training of the animals, soil-type and moisture
 
labour times required for larger plot Implementations. While labour data conditions, etc.
 
have been collected on numerous researcher managed trials, most have been
 
for small pints, 10 meters by AG meters or less. Diing the last two T-tests were run on the mean traction times by traction-type. The means 
years data were collected on larger plot tizes in the Double Ploughing are reported in Table 17. No significant differences were found between 
Systems Trials. Due to the small riaber of observations on each trial it Small and large plot mean traction times for the combined sets of oats. 
was difficult to make meaningful statistical comparisor.s. However, by 
combining data across trials and years it was possible to identify eight There was rne exception to the finding of no significant differences
 
sttudies involving small trial plots, i.e., 
10 meters by 20 meters and 10 between large and small plot traction times. When the mean traction time 
meters by 40 meters. Two of the trials, the OP Systems Trials, involved for large and small plots were compared for the Double Plougning Systems
larger plot sizes, i.e., 25 meters by 50 meters and 50 meters by 100 Trials (1987-88 and 1988-89) data, there was a significant difference 
meters. These studies provided labour data on 249 plots, 177 small plots (P(.b1) between large and small 
plot ploughing times for both donkey and
 
and 72 large plots. 
 cattle traction. It was hypothesized that this difference was due to the 

long narrow shape (5 meters by 50 meters) of the traditional check plots, 
which was difficult to plough in an efficient manner because of the

TABLEIS: ANALtSIS0; SHIFT FROM PARTIALBUDGET TRA£I14A8L SYSTE TO llAClO TlACO turning distances and the tendency to leave -islands" in a long thin plot. 
csLE FLOJWNGSYSTEM,xET CHAISEI PULAiPERHECTARE, PLOIIUGaI These -islands- had to be ploughed individually which was time consuming.DOJUBLE 

SYSTEMSTIAL, FAlCliTON ARlA, 134-1
 
A further comptrison with two other sets 
of data on traction ploughing 

C00G8S It CUT1S times was made. The overall traction times for small and large plot data, 
io BENEFITSIN PULA by traction-type, from the researcher managed studies were compared with 

TRICTORCT01 DOUBLE1 the tractionPLOUGHING mean times from the labour coefficients study (PR G90-2), and 
kLL PLOS HAix TEDPLOTS from tro ploughing labour study (PR F90-1O). The results are reported 

in Table %8. The combined small and large plot traction times were 
Ii1EASES: smgnificmntly (P<.01) less than the corresponding times in the other 

EDUCEDCOST studies except for the tractor traction time In the coefficients study 
TRADITIONLiLABOUR' 2.50 4.48 which was significantly (P(.01) greater.
 

A8003 BEEFITS b 
GTVPsiataSTE 110.10 221.40 Within traction categories, the difference in average ploughing times 

between researcher managed trials and the ploughing labour study may, in 
DECREASES: part, result fra the fact that down-time for macnines and animals was 

A0DE COS included in total ploughing times in tne ploughing Tabour study. Down-
Nil Sisli LABOURi 21.11 19.93 time was not recorded in the totil ploughing time for the researcher 

managed trials. The average plot size For animal traction plots in the

iDU llCiEEI ploughing labour study was 650 to 700 square meters -- slightiy larger 

GliP ltiOIlIllOi hiS 20.18 than the normal researcn plot of 400 square meters, but Smaller tnan the 
1 largest researcher managed plots k1250 square meters).
 

aET CiGE 11.C 113.70 Data in the coefficients study included sane of the researcher managed 

trials (through the 1968-89 Season) and the ploughing labour Study, plusa. tteoar xtluoa at Laour Basta Drought Reif alaa: P.Iiar. data fro'm Hanalapye. This may account for the results of the coefficients 
b. SliP : Yild 1 PrxIc, iti gruin valud at st.€I4. falling the other studies traction.tudy between two for animal 

Data were collected on all phases of the crop production cycle. Generally 
the harvest and threshing labour was directly related to the yield, while
 
the weeding labour was related to highly variable weed burden. Broadcast . hicr coefficients for raner=s crc;;;r; aictities tan ta fount in ATIP FR 0ui-2.
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TABLEI2: CmAiACTERISICSOF TRACTIONP~usCIxG 11ME DATA. lEiAliCkiE KAXAGED 
T
 
8:ALS,FiACICSTOLNAiEAti181-1
 

VAITAlLE C0ZE FkE[QufCt PEOCET
 
PUBLICATIa
 

R F111-3 1 38 12.0 
P1 F81-4 2 i 7.2 
P1FiT-S 3 31 14.5 
P F1T- 4 i8 15.3 
PRF4-11" 5 2A t1.2 

Pi F8-1i P 14 5.6 
PiF8-I 7 44 27.7 
PRFIO-i a 41 t6.5 

PLOTSIZE
 
241 40 t to& 43.4 

tO 1 20 2 Is 1.2
 
Is1 20 1 38 11
 
5 A so 4 11 5.2 

ISA 50 *. 5 51 21 
501 10 6 20 1.1 

FIRSTOfSECONDPLOU IG 

FIRSTPLOMIG I 114 71.0 

SEC4NT 2 26.1
PLOUHING 	 is 


TBCTIO-TiE 
Ouiit I it 20.3 
CATTLE 2 s. 51.5 

TRACTOR 3 12 20.5 
LAi-SCALE 0 PLOTSAILL-SCALE SIZEd
 

0tLL I 111 11.1 
LARSE 2 72 28.0 

T1AL OSERVATlOkS 241 

so
A. 	 Sel Referenlce for czz;Ioa ci~lntoc. 


tendTil,iir ; one Cev;-r1 trrA arOlt 
0. 	 E,c}zs 2 mn. . 

C. 	 EcluzeA cczu0 "-u;:8*]nin;traPsuatr . 
I:clu;.s SIZE1-4.Ti i iu~i PLOT4. 	 SuIlI-scall PLOT r-s Cila SIZE5 A. 

TABLEIT: FLOUOsI2S 5v TPACTIO-TPE A3 LARGE
lEAN TINES FOR SNALL PLOTS, 
,ESEARLR KAAGD TRIALS,iiANCISTIIAREA,2485-85 

14.41LE VILuE MEAN SI0 0E CASES
 
LABEL
 

F0,EBTITEPt'iu.ATTU 11.2721 0.137 24!
 

LO'IES I 21.105j T.i122 51
 
iKALLPLOT 1.04 21.64T5 0.2242 32
 
LARGEPLOT 2.uo 21.1"24 5.740 it
 

CATTLE 2 15.3620 5.7T0 145
 
SALLPLOT 1.00 15.5W 5.0080 111
 
LARGE 2.10 4.4OO 27
PLOT 14.3104 


TRAITOR 3 3.1231 1.431 St
 
SMALLPLOT 1.02 4.22S8 1.5312 28
 

LARGEPLAT 2.00 3.i204 2.8414 is
 
a t-ta$, there sigff an differeLce 


large;1lo 3i ploug;ungtilusvItLim tri81tciLpTpa.
 

a. 	 Using 33no O$ Latit 84l2 and 
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MEANFLOuGAIhG It TRILTION-TIP TIRE 
5TUDIE,FkAkCIST9I4481 

TABLEI8: TINES FORTIEE PLOUGHING 
AREA,i-8
 

VAR1ABLi 	 KEAN' 520 0E* CASES 

bisE?5 

BRSEARiCER TRIALS T.T 51MANAGED 22.223 

COEFFICIENTS PtG55-2) 3.5b
SO! 	 21.543 


IIIST 21
 
PILOUGINLABOVRSToSMTAl TS1-22) 18. 2I
 

CATTLE 

RESEAPUER343A4E0TRIALS 15.365 5.17 14 aST02IPA Gi0-21 


PLUGAIINGJBOJR STUI PR F0 t-0i 21.03 10.5 52
 
CEFFIC24OTi 	 1T.45s 1.31 is
 

TRACTOR
 
RESERC*EMANAG0ED 3.928 1.40 52TRIALS
CL.FP2CINTS IP 00-21STUDI 	 3.249 0.27 18 b 

LAOUOR PR F0-10) FLO-41MGPL STOY 4.23 1.2 8 
'
 

A. 	 All se3221 vi3flina trNctio-TPN Rarm slicificAntc 7 lffirSat IP20.11 Use3dOR A 

t-tiet ccgarizon of too rAsNNTc*3rhlbdOa trI with2 th1 WITISIIOi1321'1S c1t 
teensfreethe Otair t101050261. Thepl0ughIfj i alsoIibour wore 

significa Ty cifferenttP'O.II from tLn man*of the coefficients s1ud yTA. 

Theestlitec varilncfromthmst40di1s MaUSed ' Lo'Lt-At
b. 	 M4l1ruOf £040163 included, each -s A ao nuaarcs OLsarvatSons. 
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14 0 6 
149 3 3 
150 2 3 
163 7 10 

FEBRUARY 165 20 20 
169 2 1 
171 17 2 
172 32 26 
173 7 23 
174 2 4 
177 11 17 
178 8 10 
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197 6 0 
207 10 9 

APRIL 	 234 32 32
 
236 2 0
 
238 f
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RETURNSPERHECTAREAND RETURNSTO LABOUR,OXEN/OXEN SYSTEM. DOUBLE
TABLE A2- LA R TIE. PERSON-UR PEP HECTARE, OE XNTABLE A3: 

SYTEM TRALFRANCISTOWN EOXE/OXEN SYSTEM, DOUBLE PLOUGHING SYSTEMS TRIAL, FRANCISTOWN AREA, 1988-89
PLOU IN R CT AREA, 1988-80PLOUGHING SYSTEMS TRIAL, 

TOTAL GTVP COSTj NTVP RTURNS TO LABOUR

[C PLOT 	 YIELD FfRST PLOUI/ WEED HARVEST THREEH TOTAL LOC PLOT YIELD LABO a PULA' PULA PULA' GROSS NET

KS/HA PLOUGH PLANT TIME TIME TIME TIME KO/HA HOURF -- PERONE HECTARE - PER HR PER HR 

... 	riS PER HECTARE- DOUBLE PLOUGHING SYSTEM
 

DOUBLEPLOUGHING SYSTEM 	 I 0 82.8 0.00 3.50 -3.50 0.00 -0.04 
1 I1 556 253.8 250.20 5.00 245.20 0.99 0.97 

0 82.8 0.0 0.0 0.0 82.8 1 2 372 201.0 167.40 5.00 162.40 0.83 0.81 
1 Is 556 82.8 45.6' 47.4 38.4 39.6 253.8 1 4 128 191.8 57.60 5.00 52.60 0.30 0.27 
1 2 372 42.8 41.0 72.6 19.0 25.8 201.0 1 6 70 135.9 31.68 5.00 26.68 0.23 0.20 
1 4 128 43.C 48.7 63.7 18.0 18.4 191.8 1 S HA TOTAL 1126 865.4 506.88 23.50 483.38 0.59 0.56 
1 6 70 36.8 47.0 33.6 10.6 7.8 135.9 1 AVG PER HA 225 173.1 101.38 4.70 S,6.68 0.59 0.56 
1 5 HA TOTAL 1126 205.2 265.1 217.3 86.0 91.8 865.4 
1 AVG PER HA 225 51.3 53.0 43.5 17.2 18.3 173.1 2 i 0 103.2 0.00 3.50 -3.50 0.00 -0.03 

0 103.2 0.0 0.0 0.0 103.2 2 It 248 242.8 111.60 5.00 106.60 0.46 0.44 
2 i 2 2 472 240.3 212.40 5.00 207.40 0.88 0.86

2 1 248 103.2 70.3 23.4 26.1 19.8 242.8 	 2 4 120 190.5 57.60 5.00 52.60 0.30 0.28
 
2 2 " 472 60.8 76.3 37.1 29.6 36.5 240.3 2 4 HA TOTAL 848 776.8 381.60 18.50 363.10 0.49 0.47 
2 4 128 72.5 64.3 25.3 13.8 14.6 19G.5 	 2 AVG PER HA 212 194.2 95.40 4.63 90.78 0.49 0.47
 
2 A HA TOTAL 848 236.5 314.2 85.8 69.5 71.0 776.5
 
2 AVG PER HA 212 78.8 78.5 21.4 17.4 17.7 194.2 DP AVERAGE PER HA 219 183.6 98.39 4.66 93.73 0.54 0.51
 

DP AVERAGE PER HA 219 65.1 
 65.8 32.5 17.3 18.0 183.6 	 TRADITIONAL SYSTEM
 

TRADITIONAL SYSTEM 	 1 1 
 0 82.8 0.00 3.50 -3.50 0.00 -0.04 
1 3 160 160.0 72.00 3.50 68.50 0.45 0.43

1 1 0 82.8 0.0 0.0 0.0 82.8 1 5 140 132.0 63.00 3.50 59.50 0.48 0.45 
1 3 160 76.8 60.4 5.6 17.2 160.0 1 7 64 212.0 28.80 3.50 25.30 '.14 0.12 
1 5 140 50.4 60.4 12.0 9.2 132.0 1 4 HA TOTAL 364 586.8 163.80 14.00 149.80 X.8 0.26 
1 7 54 86.4 106.4 10.4 8.8 212.0 1 AVG PER HA 91 146.7 40.95 3.50 37.45 's 0.2828.0 35.2 586.8
296.4 z7.2 


1 AVG PER HA 91 74.1 56.8 7.0 

1 4 HA TOTAL 364 


8.8 146.7 2 1 0 103.2 0.00 3.50 -3.50 0.00 -0.03 

2 3 400 261.6 180.00 3.50 176.50 0.69 0.67 
2 1 0 103.2 0.0 0.0 0.0 103.2 2 5 100 119.2 45.00 3.50 41.50 0.38 0.35 
2 3 400 115.2 69.6 24.8 52.0 261.6 2 3 HA TOTAL 500 484.0 225.00 10.50 214.50 0.46 0.44 
2 5 100 67.2 40.0 4.8 7.2 119.2 2 AVG PER HA 167 161.3 75.00 3.50 71.50 0.47 0.44 
2 3 HA TOTAL 500 285.6 109.6 29.6 59.2 484.0 
2 AVG PER HA 167 95.2 36.5 9.9 19.7 161.3 TC AVERAGE PER HA 129 154.0 57.98 3.50 54.48 0.38 0.35 

TC AVERAGE PER HA 129 84.7 46.7 8.4 
 14.3 	 154.0 a. GTVP = Gross Total Value Product (ylelo x prlce) where price = P.45/kg.
 

= P2) 	plus equipment cost
b. 	 COSTS =Estimated seed cost (4kg/ha x P.50/kg
a. 	 Totals and averages y not be exact due to oundqupnt hrges and 
0. 	 Was planned as TC treatments but was later changed to OP duc to zero 1 seed= P5/ha.
 

emergence on first plough/plant operation. 
 c. 	 NTVP z Net Total Value Product (GTVP - COSTS).

C. 	 Re-plough/planting was not timed, so an average of the other second d. Was planned as TC treatments but was later changed to DP due to zero 

plough/planting times for the farmer was used as an estimate. emergence on first plough/plant operation. 
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TABLE 82: LABOURTIME, PERSON-HOURS PER SYSTEM, TRACTOR/OXEN SYSIJ4, DOUBLE 
APPENDIX B PLOUGHING SYSTEMSTRIAL, FRANCISTOMNAREA, 1988-89' 

LC REP YIELD FIRST PLOUGH/ WEED HARVEST THRESH TOTAL
TABLE 81: 	 DAILY RAINFALL ANOU4TS, BY LOCATION, TRACTOR/OXEN KG/NA PLOUGH PLANT TIME TIME TIME TIME 
SYSTEM, DOUBLE PLOUGHING SYSTEMS TRIALS, 
FRANCISTOWN AIREA,1988-89 HOURS PER HECTARE-

LOCATION DOUBLE PLOILHINu SYSTEM 
1 2 

DATE - RAINFJLL AMOUNTIN 4M -	 1 1 209 4.5 28.0 44.2 16.2 20.2 113.1 

1 2 0 4.5 27.9 0.0 0.0 0.0 32.4OCTOBER 42 
 2 0 2 1 400 4.0 24.3 44.5 39.2 97.3 209.3 
44 0 46 2 2 0 4.0 21.7 106.8 0.0 0.0 132.6 
50 9 24 
51 16 0 DP AVERAGE PER HA 152 4.3 25.5 48.9 13.9 29.4 121.8 
52 14 2 
57 0 11 TRADITIONAL SYSTEM 
58 12 5

MOVEMBER 63 0 8 	 1 1 20 24.9 58.0 1.2 4.4 88.5 
68 0 	 5 1 2 0 14.1 0.0 0.0 0.0 14.1 

DECEMBER 95 0 	 11 2 1 56 26.6 71.7 0.0 0.0 98.3 
96 0 11 	 2 2 0 32.4 0.0 0.0 0.0 32.4 
98 10 	 18 
99 4 0 	 TC AVERAGE P HA 19 24.5 32.4 0.3 1.1 58.3
101 0 	 30
 
102 	 00 a. Totals and averages may not be exact due to rounding.
104 0 	 14
 

105 9 	 0
 
106 1 	 0 TABLE B3: 	 RETURNSPER HECTAREAND RETURNSTO LABOUR, TRACTOR/OXEK SYSTEM,
116 0 	 13 
 DOUBLE PLOUGHING SYSTEMS TRIAL, FRANCISTOWN AREA, 1988-89 
117 30 0 

JANUARY 125 24 22 TOTAL GTVP COSTS NTVP RETURNS TO LABOUR 
127 3 0 LOC REP YIELD LABOUR PULA' PULA' PULAC GROSS NET 
145 7 0 KG/A HOURS -P PER OE HECTARE-- PER HR PER HR 
149 11 R 

FEBRUARY 160 0 2 DOUBLE PLOUGHING SYSTEM 
165 18 11 
169 0 7 1 1 209 113.1 94.05 53.50 40.55 0.83 0.36 
171 0 6 1 2 0 32.4 0.00 53.50 -53.50 0.00 -1.65 
172 20 4 2 1 400 209.3 180.00 53.50 126.50 0.86 0.60 
173 36 16 2 2 0 132.6 0.00 53.50 -53.50 0.00 -0.40 
174 10 10 
176 71 82 AVERAGE 152 121.9 68.51 53.50 15.01 0.5f 0.12 
177 70 52 
178 5 10 TRADITIONAL SYSTEM
 

MAR 197 1 0
 
APRIL 234 
 30 39 1 1 20 88.5 9.00 3.50 5.50 0.10 0.06 

238 21 30 1 2 0 14.1 0.00 3.50 -3.50 0.00 -0.25 

2 1 56 98.3 25.20 3.50 21.70 0.26 0.22 
TOTAL 440 	 467 2 2 0 32.4 0.00 3.50 -3.50 0.00 -0.11 

a. 	 Days froi Sept 1, 1988 	 AVERAGE 19 58.3 8.55 3.50 5.05 0.15 0.09 

a. 	 GTVP Gross Total Value Product (yield x jr1ce) where price P.45/kg. 
b. 	 COSTS Tractor rental P50/ha, estimated seed cost (4kg/na x P.50/kg = P2), 

and animal traction equipment cost estimated at P1.50/ha. 
c. NTVP = Net Total Value Product (GTVP - COSTS). 
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TABLE C2: LABOUR TIME, PERSON-HOURS PER HECTARE, TRACTOR/TRACTOR SYSTEM, rJOUBLE 
PLOUGHING SYSTEMS TRIAL, FRANCISTON AREA, 1988-891 

APPENDIX C 
 LOC REP YIELD FIRST PLOUGH/ WEED HARVEST THRESH TOTAL 
KG/HA PLOUGH PLANT TIME TIME TIMZ TIME
 

TABLE Cl: 	 nkILY RAINFALL AMOUNTS, BY LOCATION, TRACTOR/ 
TRACTOR SYSTEM, DOUBLE PLOUGHING SYSTEMS TRIALS, - - -- JRS PER HECTARE 

FRANCISTOWN AREA. 1988-89 
DOU4LE PLOUGHING SYSTEM 

LOCATION 

I 2 	 1 1 563 6.6 4.5 0.0 33.6 24.8 69.4 

DATE' -- RAINFALL AkXINT IN M 	 1 2 0 6.6 2.4 0.0 0.0 0.0 9.0 
2 1 422 3.3 9.3 81.9 16.8 29.8 141.1 

OCTOER 	 42 3 0 2 2 0 3.3 0.0 0.0 0.0 0.0 3.3
 

44 0 32
 

50 14 22 OP AVERAGE PE.1 HA 246 5.0 4.1 20.5 12.6 13.6 55.8
 

51 14 0
 
52 9 4 
 TRADITIONAL SYSTEM
 

57 0 11
 
58 38 4 1 1 46 4.5 0.0 
 4.6 2.7 11.8
 

59 0 0 1 2 a 2.9 0.0 0.0 0.0 2.8
 

NOVEMBER-	 63 22 0 2 1 0 11.0 0.0 0.0 0.0 11.0
 

68 0 10 2 2 0 0.7 0.0 0.0 0.0 0.7
 

DECEMBER 	 95 0 11
 
98 0 19 TC AVERAGE PER HA 11 4.9 0.0 1.1 0.7 6.6
 

98 14 12
 
99 6 0 a. Totals and averages may not on exact oau to rounding.
 

101 0 20 

104 0 10 
105 1 0 TABLE C3: RETURNS PER HECTARE AND RETURNS TO LABOUR, TRACTOR/TRACTOR SYSTEM, 
106 11 26 	 DOUBLE PLOUGHING SYSTEMS TRIAL, FRANCISTOWN AREA, 1988-89
 

116 0 11 
117 20 0 TOTAL GTVP COSTS NTVP RETURNS TO LABOUR 

JANUARY 125 26 21 LOC REP YIELD LABOUR PULA' pt, i PULAC GROSS :.ET 
127 8 0 KG/HA LOURS - PER O.F ;--:CTARE --- PER HR PER HR 

145 8 0
 
149 2 10 DOUBLE PLOUGHING SYSTEM
 

FEBRUARY 	 160 0 2
 
165 0 g 1 1 563 69.4 253.26 102.00 151.26 3.65 2.18
 

169 0 5 1 2 0 9.0 0.00 102.00 -102.00 0.00 -11.31
 

171 0 5 2 1 422 141.1 169.90 102.00 87.90 1.35 0.62
 

172 14 12 2 2 0 3.3 0.00 102.00 -102.00 0.00 -30.54
 

4: 30 14
 
174 10 12 DP AVERAGE PER HA 246 55.7 110.79 102.00 8.79 1.99 0.16
 

176 80 50
 
177 60 52 TRADITIONAL SYSTEM
 

178 0 10
 
MARCH 197 1 0 1 1 46 11.8 20.52 52.00 -31.48 1.73 -2 6t
 

APRIL 234 30 34 1 2 0 2.8 0.00 52.00 -52.0U 0.00 -18.44
 

238 20 22 2 1 0 11.0 0.00 52.00 -52.00 0.00 -4.73
 
2 2 0 0.7 0.00 52.00 -52.00 0.00 -77.84
 

TOTAL 441 460
 
TC AVERAGE PER HA 
 11 
 6.6 5.13 52.00 -46.67 0.78 -7.10 

a. Dat6a 	 days from September 1, 1988. 
a. 	 GTVP = 
Gross Total 	Value Product (yield x price) where price a P.45/kg. 
b. 	 COSTS = Tractor rental P60/ha and estimated seed cost (4kg/na x P.50/kg 

= P2). 
c. 	 NTVP = Net Total Value Product (GTVP - COSTS). 
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APPEILOII - DA1 01 FLOUCMGIGTI $ 	 APPEKiI D - 4TIO PLOU44I4tG%1 'ICkTtInED;0 

P4 ?lQij,? Pt kuvi TILCTIOvPtOUTTMEFIs PLI POTSIZEPLOmui I4ICTIOlPIQIT sOS 	 Ni 15 put P(OTSuo Pktsw4 TEICTIONPL29TIEE I-I I 2 II I 	 20 kBO Pi2TS T P~ 4u Th*CI!OI LU| L U tT EP O TLT F~TI S _ 

2 S I I 1 20 I 

2t I I 11 4 2 1 I5 2 
is I 3 1 2 I4 1 s 1 2 3 

Ii a3 17I 3 1 2 1 4 s 2 

II I IIf 1 1 2 17 1 2 it 1 0 2 3 7 
2 it I 1 1 2 2 14 1 2 2 i I 
2 3 22 3 4 3 I 2 2 2 2 
2 t I 1 2 2 3 3 I1 

I I 	 I 2 12 1 3 1 2 2 a 
I I 	 I 2 It 1 3 I 1 2 13 1 * 3 I 2 1 1 2 2 14 1 

2 2 it I I 1 2 2 to 1 4 1 2 4 1 6 1 2 2 I 
I 2 I 1 2 1 1 4 3 2 12 1 4 2 
2 3 I I 13 1 4 I 2 22 1 21 

1 1 2 20 I 3 1 t12 14 2 21 2 2 I I 
1 1 2 2 11 1 3 4 2 1 20 1 '1 2 2- 4 is I I 2 it I 

S2 I 21 1 3 1 1 I 12 I 4 3 1 2 14 1 1 1 t 

2 2 if I 3 I I I is 1 3 1 4 2 10 I 12 4 I 
I Is I Io I 4 3 2 20 1 1 1 2 14 1 
2 1 14 I 12 1 3 1 2 20 1 1s 2 21 2 

I I 1 I 3 10 2I 21 2 2 

II 2 I 12 I 3 1 1 i 1 2 2s 2 14 
4 1 2 12 I 3 I 2 2 t2 1 A 2 it 1 2 5 2 2 I 

2 20 24 I 2 21 I 114
1 3 
4 3 1 2 43 1 5 2 2 14 2

IsS2 2 is 1 1 5 2 22 22 I 

I 2 13 I 3 1 I 2 IS 1S 	 I I 35 22 
1 I I 23 1 1 s 1 2 15 2

2 to I 

I 2 12 I 3 1 2 1I 

2 2 It I I 1 1 

5 	 2 2 12 2 

2 1 3 1 2 2 13 4 s I 1 I 2I 	 2 2 
""
 2 2 2 14 I 3 I 2 is 3 


2 2 2 is I 3 I 2 4 1 
 22 

2 2 2 13 1 3 1 I 2 13 	 5 3 2 
S 1 2 I 22 12 	 20 2 

2 2 2 13 1 1 1 2 2 12 
s I I 1 	 1 I 24 2

2 2 I 2 II 1 1 1 I 2 II 1 
2 1 4 3 2 1 S I 25 1 	 20 2 

2 2 

2 2 1 2 is 1 3 3 15 
 1 1 3 0 I 1 5 1 I 2 

2 I 22 2
1 	 52 2 i 1 5

2 2 1 3 2 as 122 iO 1 	 521 	 i 1 4 

2 30 12 524 4 2 2 

2 2 I 2 is I A 3 I 2 21 1 5 I 3 s I 2 2
 

2 2 1 2 It I 4 3 I 2 3 s I I 1
 
i 1 3225 22 2 2 14 I 4 3 1 2 it 1 


2 2 2 12 1 3 2 IT 1 5 5 13
 
I 2 25 1 7 	 33

4 3 I 3 12 2 1 2 is I 
5 1 3 1 1 	 2 2 

2 2 1 2 is 1 4 3 1 3 2 t 
2 2 I 1 5 2 14 2 

2 2 I 2 16 4 3 1 2 to 1 	 5 
1 1 5 4 2 20 1I3 1 I 2 13 I 4 3 I 2 14 1 

2 0 2 is 25 4 2 1 20 1 

A. SIRfontcotns at 0n of a;;mccli forcodes. 
stgn4of ap;anol r C dos.a. S04fIootnote 
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2.PPtlOIII - TAr1 PLOMGIVA4INES MTIALiED0 CODESFORIPPENDIa
0:
 

FUR Pblictionco u: I : Pi FA1-3; 2 : P Fi W; I : PR FIT-5; A = P21FIT-7; S = Fi Fil-Pul PLOTSIE PLOaUM*TOI4CTO PLOLJTI2EL$ EdPt NOTSIN P'MIN| TUCTI( Pl~tJTIS ISil 	 ;P1cuis77in ad up-rlpLaj I : FIRF-i tit7 cutout Una plov0a1nll; 
I F4F11-I; a : R F00-2.
 

7 2 
 O S 2 2 2
 

S 2 2 1 2 a i 2 2 2 
 PLOTSIZEtutres) I t02 40; 2 z 1072;1 : S1£ 20: 4 - 5 S0;5 - isA S; I 50A 100.
S 1 14 I S 2 3 5 2
 
7 5 1 12 2 i 1 12 2 2 :
4104L2U0I I: First plaugaini; .ecou ;loUgntaj
I 	 to I 
 4 2
 

A 2 2 2 2 a I 2ILCTIl
1 I 2 2 1 2	 
I :oait; 2 : 4.I; I : Tractor.
 

A 
FLO2TI2E Plo22hinPtim in azurs Far ratters.

A 2
 
S2 	 2 
 LI I: Sull plot tPLOTSHE1I to 47; 2: Large plot (PLOTSiZE5 or 1).3 2
2 2
 

I

1 2 2 

tS
 

2 2 a 2 22 is4 22
 

s 1 2 1 2
 
* S I 2 2
 
A 	 & 22 I 2
 
S 2 2 1 2
A 5 220I 2
 

£ 5 2 21 Is2 2 2
 

S2 	 2
£ 2 20 2
 
I it I
 

I4 2 2 11 2
 

3 4 2
 

I 5 12 1I 125 2 I
 
4 2 it 2
£ 2 2 41 2
 

£ 0 2 12 2
 

* 1 2 1 2
 
* 5 1 2 3 2
 

8 2 2 12 2
 

1 2 2 I 2
 
11 1 32 2
 

A. SonfootoctsAntLpage for etas. 
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