
PREFACE
 

ATOP Progress Reports ore prepared a-d circuatsd to make ATIP 
research
findings 
easily svailsbte 
 to GOB personnel and researchers interested In
 
.. .. . ... .. ............. 
 Botswanato farming Ais oyeta.s.eake research findings majOr objective of the Prcgress Report Series
-Oelbole in 
. tiely manner. Thess 
rspor:s
 

not subject to professionl
o ra revie outside
Therafre, dote ad the Francitown tee..
subject to furthar finding. presented in the Prograes
AGRICULTURAL TECHNOISY IMPROVEMNT PROJECT 
revisio end should cot ht Report series aey bected aithoot eission of


th. athora.
 

(ATIP] 
s 
 This Progreso Report present. inioreotic ( the Resarcher ishangd, Farser
-
 -
 -
 Dpta..nted [RMFI) DoubLe PLoughicg Trials crried out in the oillegss o
Metobo, Marepong, 
 ad Matha-qse,, Tutulse Agriculturat District, during 
the
 

PROGRESS REPORT PRG-R7

0clc-td, cr ppiRg Tseason. The report covers the egronomic andord provides acepois of returns to tabour end 

Lhbo,r date
 
o 
 a partial budget


enely is.
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1987 DOUBLE PLOUGHING TRIAL iRM4F)
 

Four farers using ;ttle draught and one using donkey draught power
particlpatud in te Double Ploughing Trial conducted by tie ATIP Froncistown
 
store during the 1586-87 cropping .. on. 
 In thia researcher caneged, 
ri ler aplasantad trial. PLoto sore laid ott so that comparisons could becade 
 between: aI a double pluughing systes, h* ainolo ploughing nyatos

plated on 
 the savea day as 'he double plough triaL, and c) n systaa

involving 
 tOO plots, .ne planted the Jon daubln ploughed plot ens first 

ploughad 
 (to gios an ides uf the opportu-il' cost of ploughing and not
olenting] and 
 tha other planted the sase 
Jei ae tno doubla ploughed plot.

Labour date were 
cotlacted un all operationa. 


The -eu lts Indicated that

yield 

the doubte ploughing system .oe than doubled
on a per hctare basi8, and produced the sane yIlad 
as to hectares 

singlc ploughd. Th. ad.onuag. or the double ploughing systen 
oer planting 

too single ploughed neoctrer es that it reduced cotal 
labour by 43 percent 

for the sase grain yield. Returns to tabour end to traction time sare 
greater for the doauble ploughing system. 

also 
Partil.t budget analysis sheed an

advant g to shifting from ningLa pluhin; ten hectares to double ploughin2 
ore ceccerre. 

DoubLe ploughtg would be useful whure Land is conntrairled since 

in cre.and yield per area 
 or land. TI cyo.ac aLao provided increased 

'sturns to ur and
eleb cvc r ction e n ccop red to the troditi onal y te.
 

ONTRPOUCTIO
 

Tnis trial aes aaically 
 the sase as the nOrought Animal Ronagsment and 

Early Ploughing Trial" performed In :2ggg-y. 
 T.-Lera "ear'y plv Ingu

changed to -doublo ploughing" since it appeared the the otaryed p.ceat.,-- yield in-reno ace due to the fact that plot. w.r aluthed cei.co 

rathec Shun their being plnohed nucrlya
 

Regarding dry seasnc feeding of dreught enile , fraera he participated inthe 1ES5-BE trial. .sre encouraged to harvest crop resdues for frdder and 
feed these to tceir draught anials Just prior to the start or the ig3-g7 
rainy .auon. A significant proportion did 
harvest sona residuos end feed 
thee o L, ir anioals. H0uccr, -his nido uf the -sne.gent tdry .. eanonfeodingj was largely Left to the farmers Jiscration and did not for, 
a najnr 

cu..pant of Ice study in iGg-a. 


OBJECTII(ES 


The objectives of th is PipD 
work sore t. determine ehother: 


(ia.Pleughing one hecter. 
 tice is sore crifttbt, then ploughing toe 
hoctce.s once, 

(bi.ohther 
there is any advantage in IlLoing an Interval of teo rainybetween firat and second pLough:ngo versus allowing a single rain, end 
iui.Chsther it is necessary to start ploughing on the first rins to 


relte the yield advantage of double ploughing. 
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JUSTIFICAT0ON
 

Thee, trial. euro initiated in 1985-86 to r~ootve 
 some rpecific questions

regarding the profitab;ity of doubLa pLoughing (DP) and to help adapt OP
 
into a practical systs. for farew
.-- co. A uscond yeer of ?'e was
 
required to verify results over seons. 

APPROACH
 

t
The agrunosy eurk continued to 
eea na idoan for ipruving the productivity
of the OP 
 system. These Ieproene.;looere 
 hesod on oeroations of
 
operitente In 1984-85. 
The chengeo are discussed belc.
 

The esae five faraero partfiipate 
 in this yenra trial o participated in

1985-66. The e
triuls Was ccndced on Light and 
 edium teturad nil..
 
Thia wtLoled sore specificity in deter.ining shere 
OP could be effective.
 

Two btocks 
 of five plots ore marked out 
on th flields or participating

farmer.. 
 Th, plot. era Ia. by 4u, caking each block 50. by 40 
 in nice.
 
The ploughing and planting saqu 
cue 
for the first block s as foLles 

Rain I Plant plot 1 (traditional check I
 
Plough plnt 2
 
Plvugh plot 4
 

Rain 2 PLant plot 2 (double plc ghed plot)
 
Plant plot (traditional( check 21
 

Rein 3 Plant plot 4 (dnutlo ploughed plot)
 

Plant plot 5 (traditional crock 3!
 

Note:
 
PLough = .nge plouaging lthout planting 
Plantiq 
 = broad ast c!.'nlough under 

The eaqueno wea the 
sae for the second bLock, but started ,iRain 4. 
ALl plaughing es supposed to be !oe 
on soil Int - dryer than optisal

"or planting. All planting for the OP plots wea tu be done on good
enistute, sithin to tc three days after a planting rain. The question of 
fertilisar effects ea, Loft out because thern ea nead to keep the trists 
a. simple n. possible. 

To estimalt plot grain yields, the 
far-ero harnested and threshed shole 
plot

yields under rsearcher supervision. Toe 
grain s sun dried and -eighed by
 
ATIP staff.
 

Th economic focus 
 for these triels was to collect sufficient cpecific
Labour use. Input cost, and harvestud output inforn.tion on the inoiidueL
 
trials to llo the an.lysis of returns to 
lobour and the formulation of
 
budgets used in comparing potential 
intorcyetionl. Tho portier bud;etueareused in coopering OP a Ith the traditional tystu.s optiona I,iorder to 
deterile ehich era economically :paricr. 

Fdder yield data eas collected or alt plots at four Locations, using a 
seapling procedure. Eight easplos 12 e x 2 a) oera collected fro each 
plot. 
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c ,r effect on crop VieId resLts then is teaed by Ieing an intern L of 
one nserue ten rain. between the first end second plea -ings. [The Ltter 

AGRONONIC RESULTS 

is Lily to be small if it exists at all]. White thin set cf trials can
 

give some insight on this question, in retrospect is is perhaps not the bestRainfall acounts for the S Locations are given by month In Table 1. design for producing e definitive answer. Such s design sct d require that 
the preparation ploughing .es Implsmnted such thec both plots cooLd bs 
plantsd on the sees diy, end only the initial ploughing dec. be varind. 

TABLE 1 RAINFALL AMOUNTS BY MONTH FOR ALL LOCATIONS, DOUBLE PLOUGH14G
 

TRIALS. FRANCISTOWN AREA, t9bd-97/0
 
TABLE 2 PLOUGHING AND PLANTING 
DATES, STAND DENSITY 
AND GRAIN
 

--------- PRECIPITATION (M.J ----------
 AND STOVER YELr D2TA, DOUBLE PLOUGHING TRIALS.
 
SEP OCT 
 NOV DEC JAN FEB nAR APR TOTAL FRANCISTOWN AREA, 1986-7
 

Location 1 10 73 71 61 
 47 27 10 0 299 
 BLOCK PLOT PLANT GRA:N
PLOUGH STAND 
 STOVER
 
Location 2 10 60 44 100 40 29 5 0 2B7 
 LOCATION 
 NOR N3R DATE/a DATE/a DENSITY YIELD YIELD
 
Locetion 3 15 
 51 71 R1 112 22 15 0 367 
 (.10O0 (KS/HA) KG O/HA

Location 4 22 36 72 45 1
log 9 0 307 
 PLNTS/HA I 
Location 5 11 99 00 20 56 60 03 321 

1 1 
 1 73 73 
 55.1 t.25
s.Location rumba r corresponds to farier nmbers used In ATOP -rogreoc (Sorghum 
897
 

1 2 73 94 30.5 80.00 897
 
report PR F96-3, V.Oegsetene 1 3 94 S4 23.1 B7.50 777 

1 4 73 101 21.1 227.50 957
 
1 5 101 101 13.5 75.00 538
 

All pLoughin ard plerting as done vsing
5 tcn fermers own animal draught
 
pveer, nqiiien and Locour. Detnt of ploughing and planting, stand 2 1 B
1 66 27. 0 239

vensitle and grain yie.ds 3,e Ainn by plot in Table 2. 
 1 2 66 93 82.9 0 239
 

(SOrgh.u 
 1 3 93 93 60.6 0 239
To addres ton qvottaon of a htnar One [DP) hctare would out yield two V.SeegeLn. 1 4 B6 100 26.9 22.50 897
 
Inte plnognnd hotrn the grain yinld of a0ch OP plot non cospored eltn 
 1 
 5 100 100 28.3 7.50 410 

the sue of the yields of its tao reipective check plots. [is, Plot I + Plot 
3 n- Plot 2. Plot I n PLot 5 Is Plot 4, Plot 0 + Plot a ow Plot 7). The 9 933 1 03 91.3 85.00 837
ocerell .e.nn of te DP plots carso the nue of the check plots *e 10to 
 1 2 93 99 9.0 1B2.50 47B 
ks/he ye 104 ks/ha respecticely (glnt. 1. 2 and 3 at location S are ignored [Sorghue] 1 3 99 
 A; 14.1 157.50 299

here bocau.e of aoing the reains of a ant itll in plot 21.large Ahlng a V.egeotLne 41 93 122 23.1 50.00 470 
peire d test or coomprisons, tiera was not1ttehCL difference between 
 1 5 122 122 10.3 0.00 0 
the yield of ova netare DO and tao 1'tna,- ijLe ploghed (lth or 
elIthot p'ots 1,2 end 3 In location 5]. T i is'nohe soon result as obsrred 4 1 1 94 R4 59.8
 
in the 1935-36 trials, though yieLdJsare n-h Lznor in 19BS-97 _e to poor 
 1 2 94 12 37.0 200.00
 
rainfall. [ATIP PR P36-3]. [Sorhhos) 1 3 121 121 55.0 125.00
 

V.Sgeotene 1 4 94Again ignor'ng vo-atlcn 5, the grain y!eLnn of ore hector. OP 
143 22.3 125.00
 

GOorsu I e 51 143 143 11.4 97.50
 
silngl ploughed. ere 109 kg;/n eros 54 kgih 
 resp oetively. This 
 2 
 6 122 122 33.6 105.0c
 

"res.e.. a por tnotern ynl ' ncrese of 101 percent,. Seth cinstnt 
 2 7 122 143 32.1 200.00 
eith the detn free 190I-S0. 

2 3 143 143 1A.1 1.00 

No significant fsrero.ns are aneru e for stand ouits on 
DP corsus S/b 1 1 35 
 36 15.1 250.01 59 
stingt ploughed ploto planted on the -oae days r,psct:,ely. (Millet) 1 


V.Seree 

2 36 92 66.5 302.50 1375

BA 1 3 92 92 11.9 450.00 750 
Pegerds Inn gueston of aetther there : a difference between allnein 5 gap 
 1 4 
of ten rins esus one rain tetaen ftres and second plooghings of the OP 

g 36 137 86.4
 

1 5 137 137 77.0
 
syotos, thin as eoin ed b; conporin the yield of g plot 2's versus the 
nield .if A's. .. yieldn 115.5plot Theoe g-n-rage of 
respectioely nhn location 5 is ignored. 

ond 106.29 k/ta . Dates given es days from 9Spoesbr 1. 199 n day 1. 
whev location 5 is included, b. After oUlnting. found theas had been an old ant hill In plot 2. 

avserage yield. 
 nr. 115 arsus A5 nj/h respectivaly. in 195-6, no 
 Loc. 5, which severely affected crop growth in much of th plot. 
dI ferences in Ira in yiltds ets obsered free all Inh en int e l of .ne 
ors tea rainsn. te Jets sold .ugnno that the effecto observed et 
Location flee a's on rtfect of I ets on's rainfall pattern 
 stch On the question of shather ",erly" ploughIng Is required to produce a benefit

eouorned erlier planting! and does not represent as -l difference due to fros "doubles 
 ploughing, plantings in the second blocks terting from rain 4)the nuober of reins occurring betaemn the first and second pLough'ngs. The ers to be enosined. Unfortunatel, only one fareer sansoed o plent port of 
principi I conclusion Is thlt post-plantlng rainfall ie likely to have e 
 the second block. In this block (Locetion 4, Table ?I, tne in itiel ploughing 
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le done en Ueceeter 30. 1989, end plonting (plots 2 end 31 on 
1997. As can b .n{Text. 21 the OP produced a hignificart yield inoreese 
over the te respective stngle ploughed plot. 

ixilar 0oteroalt ooe wee reporned 
 in both reaesrnher sneged end fencer 

aneged trIoI 
 inntoe preceding 
 [asos Aect ho
(ATOP Annual 
 4]. While the 


nuster of obsrvation- ao toes seson Land prep.ration end 

ine 


pleeting are ree, 

our conclusIn is trao OP on 
 pro:ucen Ignificxnbenetits for per hectee 


groin yieLds :h ee 

enuary. Ai lop u n ceceet tbet far double 


eenheen finl pLoughingaeu:otn in done ax lts
ASIeatzot:tc5aocn 	 0ecUor en
 

is ploughing to produce
 

lenflit thece cut be eufficixnt post planting 
rtiifltl to produce significant
 

STOVEi oIR3L3 


ricing petrol c-Toeht to c o peIP dots scroce One four L-ation her. foraga 

yAid mre exur e o 

aI.OP plot. produced more atoer than their copeni on check plots planted on 

the seen dee (T30 os 427 kg 
 dry meater/m for OP end SP respectixly, DSX 

(b(.There a* sno oifi-ent fference fodder betweens d in yields one hectare 

double plougred A~ds mod the sue of -hir reepectue check plot plus 


fodder produchton on plot 1 1t he hingle plougned). OP fodder yields
 
veeeg..d 733 kg 3M/he verus 
1378 kg CM/he for 2 he sI-S1e ploughd. 

LABOAR EON31EOEAO£3 

Ladsber 

snaring aonr wee rio co ted beceuse bi r cring condo to take plan. In
 
conjunction eIt other actitres end 
 Is thus difficuLt to allocate to a
 

particuLar plot a.urately.of relettvely soell plocs,
Aeccuse tix 13 bp 40
 
aetres. the Isto eas nt oneidered nepreaentstive for aucolute
Ioti-ting 
celuee of dieo required to perfors the field openratrone us a full rheroeOBEPOG~OTRAO 

t"' r11~r1 top~r~r~th:rl~d..*r-n. f.L ac.,.DOUBLE
or larger operotion. Hoee. toe date .e conside red ad uate for sakirg 
ooepanioonis of reletrie tisee required for filtd operattono uxoog dirt
 
tschnologtes terng eaIood dnd The tradtondl ys.e, . Thus this
 

discussion of Lano u hours Is fur compArativ purpuses dod should he 
cotidered as crly as xppseteatiu of thn tans.co.so tniot.ao in t re 
different fialdI uoet th under nach technology. Trio 20511 pLots utrlrued

I I 	 " ,nK 
In these trials t ured a trrher percentge of trrinu sto coparod horoe
plough tie trio eo b. true Is anouret fteld orhustron. Trirefur, the 


ploughing times coon been adjusted to rp-uanueho 5" sn /roa er aoount of 

tu 	 g ti ./l 

As has Bees preorously disussed Lo:astus. lesplot 2 U Orc seradto 


contats an ol as t nil eniu odde 
 thias n epr ceoasr Soaperlno:. The
 
following disecussion based t ses
t creete t Iotafre plt 2 

Location 5, reacted. The soccerettve data for clot 2. r.e. plot 3 the 

coebinecion 
 of psos 1 end 
31,ere elo .eoe d to prensere The ulse in 

the 0danoe. The coaplte ltbour ant,o Se "ussory for
date ps2 aPLeS
returns and thy er ttisl Budget tables fortnsnn rxL V3a sot ore urosentedCoprsnhaenteaens/ 

in Appendic B.
 

Whe, tinLabour rur t eaeeene S y l0t asross 
Locatrons, the earet e 


eceber of pareon 
 hcusreqoired To coepleta she ftroT puir;ntngerhus Inn 

second ploughtag on double ploughed pLoe ls 31 Iarsu [Tebla 3.
27. 
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ete Inuery 


Bececex L pburf1 ploughing inooleed e cerying oceber people working
0? 

with the 
 enima, a betzer .etimate of time epent on the fIrt end neced 

ploughing oxy he obtained fr:, etie. esa of draught tees Li:e ued in
 
plougoing. Ax can be o4n in Te(e A summary 
of Appendix Teblx AD). there
 

e
:4 n aver Ago or three hourcpouoghing for the OP plots, pal hectare Lass tine spent an tzecn
a dIffecenne en'cn .a. nrte ninficnt hot 
which
 

25 percent reduco in tee. ug

ploughingg s.
 

TABLE 3 AVERAGE LABOURTIMES, P1Za3N hC-RS TR HFTA, EUDE 	 :LGcUiNd TPOALS, 

FRPJiCISTCTNAREA, 13B-B7/a
 

am YIELD P uOiH ttdHT SC 3EE3 TOTAL WEED PROC TOTAL 

KGlA TIME TInE T nE PPEP _ TInE TIME 

A"ERAGE 1(6) 7 0.00 2 .33 0.7 30.15 69. " t.E7 104.07 
AVERAGE 2(7] 132 30.30 27.42 0.S0 53.11 55.20 12.15 133.46 
AVERAGE 3(61 74 O.00 27.42 O.5 23:2.7 3b.70 11.25 76.22 

AVERAGE 4 S5 31.02 20.01 0.30 30.63 19.70 37.2 113.76 
AVERAGE t 34 0.0 27.33 C.95 29.16 35.55 1.30 74.03 

AVERAGE2 & 4 139 .2.3 2E.21 0.6O 57.97 37.45 26.29 123.62
AVERAGE3 & S 54 :.30 27.37 0.65 29.2 36.13 19.70 75.12 
CVEELL 	 AVERUGE79 20.36 27.13 0.33 40.33 41.55 17.1 9.99

1 

a.PLOUEiH c Plough Tie Firs: Lcurrrg of Counla Ploghlng 

PLANT = Plough/ELent porottoc
 

BC SEED = Broadcest Secr cefore Planting

TO.'ALF'REP = Sun of PLOGH, IANT snd B SEED 

PROC = 	HRaseting and Threshing Ti.e 
in perencheis is plot nuben fee the as..d set of Plots for f-nesr4. 

TABLE 4 AVERAGE TEAM nLOUGHINS HOURSHRE
 
ANIT
 

P LnUGHT.NG TRIALS. FRANCISTOWN 

AREA, 1AB-B7/a 

FIRST PLOUOGH/ TOTAL
 

YIELD PLOUOH PLANT TEAM
 
K!. OR 09 OR 

/-,A 4,UO OURS S
I S HOUR 

.V SONSLE PLO 54 0 Ide IIa 

AV DOUBLE PLO 109y 15 12e 27b 

AV 2 SINGLE PLO 10D 0 27b 22b 

b
 
a.Witrin coLumns F lleed different tleters
fea- y 


(I J and (s.y( hdiffnr eignifIcantly [P <.011 and
 

(
 
c.Per.ene espt e snnateen I
yn ts./ 


Person t ours requlr d for ploughingo4ere ftrl y conesstent across
 

treeseents. They ceraged 31.0. 26.2, 03.6, 27.4 en 27.3 person hours par 
hectare for the first ploughing on double ploughed plots, the second 
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pLougnIng On 
 doubt. ploughed plots, ploughing 
the firat traditional pitit. ,
and p oughing the second and third plet
check reepectivly. 
This Indilates

that the Labour required 
to doubts plough one hectare Is about the 
sese an 

.hat rqulred to single plough tao hectares. 


Table 5 fimary of Appendix Table A3] provides Inforeation ointhe
Labour hours uaeC in the threa lillege eglss; aingle plough one (plot 3]
banters (SF1], dousLe 
 plough one (plots) hacters DPI. and ningla plough

tao Iplote 1 & 
 3] hnt rtecrs(t s) Tnheaege yields for OP and SF2 are

alsoat squat 
 ith the differne 
 in yields bateen SF1 
 sod DF being


but the differeoca betaeen

signifinsnc. 


SP1 and SP2 is not silnifi nt. As 

ena eapanted 
 that. as a highly significant differance 
blteen preparation

labour for SF! nersus IP or SP2. but not betwee OP 
and SP2. For se.dln 

Libour the 
situ stion
eas reversed eith SP2 
requi ring significantly ( F (
so eeding labour than either SF1 P.
or Tharer o n significant

differen e seeding
teaso 
 labour for SPF 
 end DF. For pronssing cia. 
the 

esee significant difre nce.. bet . SP, 
and S5P2 ALa.. thr s 
 , hinhly 

signiinant diffarensc 
 tctean SP2 
 and botn OP .ad SPI In ttl labour
hOure. ad a aignificent ffaranns Datasan
ylad IF and SF1 totel labout hour02: this peers rasut .the aount or: la 
 rsqu red to p-udune 


the
asprosisetely 

sass sount of gr l
the IF . significantly 

sps. This represents: (P < 0.1] forayste nospared tu tha 5'? Les 

,s .ong total
in 


labour of 43 percent For the 
 ploughed hecea. toe 

the total Labour are -ignifintLy greater 


hoto toubleyield und 

in the OP systm -- opared to ths 


SPI 5y5tem. in tom 
 taseo par rs
in grais yield 
s Ie ..
1. achieved sitm increase 

a .,. incrus n f 102 percent
of 35 paront total
an in labour. 


TABLE t AVERAGE LAOUR TIME, POUqSI/CTRE, 00OBLE
FLUSOING TRIALS, FRANCISTZOx 
AREA, IS-d7/a 

DCTIVITY TIE 

EELD PREP/b NEED PROC/c TOTAL 
OS HSS tgooqs HUoU.FP 

AV SINGLE FL/HA 54o 2de 3he 110 75a. 

AV DOUBLE L1iA 109y 5ib 37e 2g.y I24ye 

AV 2 SINGLE PL/2HA 1g 58 lOb 17y 177b 

s.w;thin cotuane aedno fotloand Si dii~aren t letters(4,ad ] 
 , ] d ff r
[b an n d.iferl ign I,f Ic t Lyfsa only 01I andIr Cs.011 an 
[Pt 0 rlDad
bataeen crescasona ./5 on -iete 

b.PREP TIME = Pruparation Tim itncl nps Atoghtg en 
planting, 

.P C TInE = Pr.casuing Tims I ncLa ahroest ig nn 
threashing. 


RETURNS ANALYDID 


Stare labour is the pritery 
input to a otopoing 0yatee, .p i seftul to iookat 
 gross end net rttrna 
to labour when coparoneatentics technolOgiaa
within the cropping cysts:. T:bta h nuneeriaas data for gros totel caiue

y'odoet ]STVP, peat plenting 
labo costs, 
nt tuteL nalue Arcdunt (ITPb,
end returns to Labour. (CopLate date In Table AS] OT3P see n Lcolatad bytaking the yield times price for sorghum 
in 4stobo in August 19BD. Although
th pris of .a
millet slightly higher then 
tha price 
of eorghue [P.45/kg 


FiltSaWM.Ogg/PR.FB75A 
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P.43/kgI, the 
 sorghum price used
ass for all 
 Lustiots 
to avoid
confusion. 
 Also the 
 198E price aes used 
in 1987 .9 
there aIn insufficient
 
hares t in 1997 to establish a ton.L market ptin. 
 asr.
Cost a tisLcd for

ssd eadaquipment depreciation. NT/P 
Is GTVP minus cost.. GTVP and NTVP
 

ari then dinided by tha tutlo ouster of ofgrasasod at returna hoots labour par hettata toto lbour per hour. The returns to prepration
Nil alsooarstatulated as It eas assed that e.jor n ontraint. on arabic 

cropping .ea inadequate plougting Lobour ad/or 
e Limitad neebr of days
aultable for plougn/plent operations, both 
 of shinh ei. that the ferear
 
eould liks 
 to eaxiiza his/hea 
 returns 
fros the preparation tie 
ehich is
evailabte. 
 In calculeting 
 rturn a to preperetian 
 tie, post planting

lebour, 
 aith the san1ption of bird ering, ea 0.1usd 
et P.E/hort theLabour ed Drought pelief e rats. Tnis poet pleiiting tabor ca aa 
subtrst d fre o tr 5t1e 
 nd NiTR bef or e lculating 
returns to praperattnLabour. gird cering t 
 .sae t Incuded 
 nd n occur

conjunction 
 aIth otar, atities 
 oht nuad Ithus 
 t tens enaeryo I 
opportnity cost. 

ToABI6 AVELERETrDLnUpR, INRJL.uD, 
 D TRIALS, PRCTOWNAREA 1366-37/s
 

oCTIVTTYTETIL 

GOSS ir GRO CT
 

YE.fl PRt kST/PL/c.TTA GTVP/dL oU 
 hToP/e iEJr/f RETI 
 RETJIN RTURN
(SitA Hl.Tis iOBe PIP -e,,A LPuv ffBAIp 1EP2M 

S-mt . FLO 54. 29. 4as 75. 23.2E 17.S2.. 2.56o I.M 0.31 0.17 0.17
 

AV MR.~Frl, 45@ T6.Iy Sit a 1day 46.Tty 24.95a -05Yp Id0 0.28 0.30 0.26 

AV 2 S 12 20 
 19b 177h 45.35 "S0l 3 0.115 1.23 -0.04 -0.13 

5.eitiinfie 
 nns folloed h oiff . ent letters lat) a(i Ipi dife; tiaiirt-tyl (r .< J 
nd [P < .051, rotniclvy. Bsed on p e!.e o oirno tten trL-ointsd2
 

TIME = prenrtion Tie innLudea 
 pto5an 5d planting. 

TO.DE.41 T PAOS TLE incuds eidieq, arnein sJ thrasning.
d.-TP 3-nnee TtoL Vat. Product (yield price) price= - sh F.u~li. 

a.NTVP= ot Totatl PFrodcirt 
quciat nt 

122/P- CSTS) eer CSTS ISmr rectare] = cad - P.20/Sg Tot 4 kg,stintad P. 

FAlE and CET T ---a e of.esn 7Lis b, pLot, a crtlyLig dfrenot tosocaLculatad using th -eras 
lETT 

on eutisoty tims n oaln. 

As is indicated in Table A, both GTVP and NTV sore significantly greetat
fr OF cotpered to SPtechnologies. Whil isee grocs hi not n the twoend oat retutns to labour ante si-ngl oLoughIngnpt hignifiuantly
 

differen t atesn P and S15 I proc dedagrots turn par hour of latourshich wae 54 percent Greater then li retu' n 5P5./3 The double ploughin

s .ste p n.d... . highe 
 groat r-t1-n, 14 eorca.. ar out ... L.. th.

did the treditionl 
 SP1) system with ths rainfail conditions in l9gE-y7.
tP alto onided a not 
 return 
 per cur of tebour 
ehish ass 23 percent

greet at then 
 the SF1 return ond 15 percent greater 
Ln. th 
 SP2 return.
 
Post planting 
 lab our hosts per hctare eae almost twice en much for taosingle plouged hect 
ares e for ploughing one toolers teie. 
 Paturns for
 
Erepera tioh 
 oureIs O 
 ut, 
anion included pougning, plough/p lentig. end
bieoccing of sed, inditdted thet ross reurns for IP sare 7t percent
greater then SP1 ane 
 P2Sh.eed o .egoti-a to.eturi
prnerlion houre 
of

labour. 
 est returos 
 for IF prepereto:n 
le our set 2.71 cercent graart

then SF! end 
 SF5 prociddt sga tive 
 1 return. anTons asete hoot of

laboeur cpant 
 on double ploughin 
 eou ecrth considers hi' ore 
In tere@ of
 
return to Labour then the see 
 hour. spent on aingle pleughing either one or
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twn hectares in this comparlson trial. 


It hae been inpothaeId that the t0ll or days the
nuaber ploughing sear 

soil i woist enough 
 to plan: is oneproduction jar li iting
in arab0a agricultura in factor to Increasing
'utme District. 
 If this Is indeed the
O. than eanning returns per 
 tem hour provide a osasure 
or which


would produce th. greatest return for usa 

tachnoLcgy 


the 
 ore farer,'s 

acerca pLoun/pLanting 
 days. Tabla 7
prasants information ( useary or Appendix Table AD1on returns par ta. hour. Calculations oar. ma as 

disussad 
in the Labour rturn. t.t Ion acoca
 

TABLE 7 AVERAGEPETI2PNSUSTOTESA aCUGn:NS 
 SS, IN PULA. DUBLE PLuULNc TRIAL. 
AREA, 1955_ 

_ _ _ _ _ 

TOTAL TOA DT PSLGROSS__O/____.._HOU_____O______L_____T_____.______Y7LD TEtM LSUB-TOTAL NETPLANT GTVP/A LBOUR/c *PNTVP/d RETURNS/aTRACTR__
HR____R____ 
U HURS'SS PULA CST -h --O -R PER R 

AV S14GLE PLO 54o 14. 47. 23.25o 17.U2a 20.5. 0.33 0.11 

AV SCUBaFPLO lO91 27b 6Ee 
 46.76 24.35. 4.06D D.B3 0.52 
AV S:SLE PLO 1-8 
 27b 113b 46.8y 45.41b .38 -0.200--y -0.42 

a.a 
t in c , .L fsi;n bnans tLuaa d by diffnret : lntta l y ( An and P U.Cen( b icN 
ar and M O Aiffeah/d on-Pe I 

tunpari ors bten reaten t./2ob.GTIE = ros Total Value Prnduct (yladn o prtc sh re price = P.45/kg.
c.PCST PLANTING LACUR COSTS = Labour for ae ndg an processing valued at the Labou
Based Drought Roler sale rate of P.3O/hour.

d.NTVP = 'at Total 
 Value Produc' (rTVP - COSTS) m '?STS (pa- zutaJ = ed 

f or t d P 1.P .3 0D/' g 4 kg, e quip ean a t . a te 0.a.GOSU and 'ST PETJVNSto TRACTTPu ere averages of returns by plot, so are slightlydIffarent than reaurns catculaeu using aceragac or actiity S"oante and values. 

The returnsTh.ret to tea foraspantsIgnIfIcantlyy -ao -amhnrurns In doucLa pLougngco, then spent indoule ra gereater.returns fros pouging were bot ot0.Avarag.altha, UPI UP?. greater. bup notor 3 ros returns per
team hour for OP ere 91 percent greater then for SF1 ahi I ra turns to SP2:ear nag. tia "thebeco e of high number of post planting hours, primarilyIaadlnghours, 
 fur UP2. 
 net reburns
percent graoter than SP, 

Tha bo team tineand again nat returns for OP sore 372to teao time 
f7r SP2 sore 
negati, aIth aneb Loss of P.42 per hour. 


PASTIAL RUSSET ANALYSIS PARTIAL 
 BUDGET 
 ANALYSISd 

returns analysis provides n indication of which cropping system 
amongb-use tested provides the greatest recirn 
 to cerious t.Tource. A moreapacifl o n c 0 coap a n b taaan t o systems Is pro ided by a partialbudget analysis. A partial 
budget analysis


tsse Is used to address to:k.bltighbt specific 

[a).dhould a faremr doub e plough rather 
 than single pLough a gien 
hetta-e7 This is a ralevnt question for farers o hacea Liattadae.unt of lend to plough 
 or .he.. e faced with w.dilng Laboo,
constraint. It in also relevant 
:c farmers aith resources 
 to plough 


Pi~SNOCP 
~ *-0 
aa21/yFIlaeilgs,/PR7Su 


at ciaes whan thay would not narsally ptant. 

TA 9N
 
A PARTIAL BUDGETS DOUBLE 
PLOARIN 
INSTEAD OF SINGLE
 

PLOUD I ON 
A SINGLE HECTARE. 
DOUBLE PLUG-IN7 TRIALS.
 
FRANCISTIWN AREA. 
 BRB-B7
 

PAT A: 
 BASIC RUSSET ANALYSIS
 

REDUCED 

LOST
 

Total ltbour hours UP (75.12 hr
ADDED BENEFIT 0 S8 t/hrj/a 
 28.5t
 

Double plough yield (109 kgsa 
43 t/kgJ/b 
 46.87
 
ADDEO COST754

ADDED CoST
Total taboo, hours DP 
(123.62 bra * JR t/hrI/c 75.42
4B.B
 
Oprecatlon. /d1.50
 

Sin~leSigle
REDUCElD BENEFITploughplough plot. (.22(54 kg(/a 

30 

SUB-TOTAL 
 71.71
 
71.71
 

-

3.72 

PART B: SENISITIV:TY 
A.ALYSIS 

YIELDS. RESOURCE USE AND 
VALUATION N
 

thre e yild dffTop he il ifi~i.ernc es/ff40 41.1 9Bttow bhree ie ldt ffer e i
4 - O.
 

3r.f. valued at 29 t/h./i 
Traction costad 

-. 02 
at 53 p/ha; no plouging iabour/j -34.95
T ra ct io n co s te d a t 2 p ha n o p lou g h ing b or/. - 3 .9.
 

TractIce coated at 25 p/he; no p1oughing labtur/c - A.BUa.Average Labour ties for SP trial pluta valued at tha Loboor Based 

Drought Relief 
sage of d .JB/hcur. 

yield for OP trialPraisLingLabourrgte t 
plnts valued at F .43/k thec.Average in
tia fercatonfor UP the 1BS-B6 0triaL pLo bt aluedhareastat aseon.the Labour Based 

rcug t ReLiaf .aga of P .JR/hcr.d.O pr ec t - f qui n
t - 1 -te 

d .t P 1.50 per hectare 

apcughed.
..Average niald for 
 SP 
 trial plots caluad at P .43/kg 
, the
 

prevailing tate 
in Matobo 
for ;ia 1985-8S harest 2easan
f.8.sed on eian yields for three trial. with Lae'aet positive

diffarliu in yliLc bet.o . DIn and UP. 

g.Based en average
Iff.er.ene three
.. In y i eL Js yieLd for trials withbe t. an CP and SP. largest negsti e 
i.Tha BARR gau anbeen price (P 20.55 per 70 kg) for produce,. of

hoaber 2 ofnd tothe inE 
num ter I - r e ia_ 

i.ARAPtractor h rte nra.
 p abcoe the lahalapyw JonkyC hre t.e. 

(b(.IhaoL defa.,r 
 doubt. pleug I tsngla I ctar rather than sligLs ar er d s? T singis rae.tr r merh o r e
 
pLough 
ao etarat? Thib ]wd oni ictr .ecant br arbers he ar.
not land contr ained end t-n onrt
o I. eadino 
 otbucur constratets.
 
Tb. kay trado-uff Cc, 
 thaaa 7farer. is 
the cpportunity cost 
af the
- 11  Daceay/IG/BZ
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fIrst ploughIng, reresned by 
 she yield which onuld
obtained Ir Tirst 	 have beenthe ploughing tise 
as 
 spent ptough/p inting an
additIonaL hectara If 	 Thise teo issues era addrSed
as artar ueSl the tradisional 	 in a partiaL Oudgeting framework etch
system to plant 	 rssuits
presented in
too hectare (on tn 	 Tables B and 9. Each budget
day of Tirt plouIghing and an the day of 
present a the expected charges in


cAts atd 
 benefits 
 associated 
eith the proyosed shIft 
In tILLe t
pLough/pLantlng
total field, to forLatourthe doubts piouqh
or to rainfall systemT,ay be higher.thin 
returns to 
the
In addition, Te ain costssed c osts. and benefits cnidsred are
plntng On 	 Reanurce naliwd grain yield, Labour and
t60 detes sa, bin Less 	 are at epropriane rppeorusty tias,
risky then pienting on a single dete aots. I the
 
due to the erratic rainfalL settirna .Cs of Labour, this in
in this e oiroeent. the Labour Based Drought Relief 


the price raceied by fareers for 

wage. For yields.
 

their 
grain in Rltubo is used. 
 The second
 

par- of each 
 table presents a senitiotIy 
 analysis of 
she Lesic budget

taking into 
 ..Count different yields, 
 reaourco 
 use Levels and resour :TABLE 10 PARTIAL BUODET: DSUBLF PLOUGHING INSTEAD OF 	 o 1Iuetions..PLOUSH14G TWO HECTARE, 	 CINGLEJOU9LE PLOUGHING TRIALS, 
As eith the returns analysis, fee unequivocal
FPANCIDTOeN 	 statemeteUEu, 193h-7 -sn be made
 
concerning the artiel 
 budgetanalysis. 
 In considering 
ouube PLoughiny
 

single ploughing one 

PART At ADI C UD ET ploughing teo 


.ues 	 hectare and 
 double ploughingoersus 
singl

double ploughing proides net 


UNALY SIS 	 hectere., the 

and P22 per hectare In the co pa rison 

gains of almost P4i.t single ploughing one and two
 

EDUCED CT
Total Labour hours ISP (177.40 hrs * 38 t/hrj/e 
n
 

67.41 

Seed saving (u Do cosparing
kg B 30 t/kg( 

1 .2b 
DP eith Dpi in this drought Year, the In.ie.eed leboi 
 nos Itthe DP 
 syates (ieuLivng increase
 

Double plough 

in ploughing, 


yield (1Db ngs 

s weeding and processng
 

2 43 t/li)/b 

labo:rI diffe rence 

hers 


Sig-TDTAL 	
the are jut: paid for by
between UP 
theand increased
SPI yields.
nib.48 	 are greatest If the thrae yielde
perforas 	 are topared. then GPauch better, hosever the three pi -ta Were the yield differenceTotal .o..ur...o-	 see
 

JP 1122.62 hrs B 
 s/hr-/oo 

Total L-Ir 	 greenest in
REDUCED REnEFIu 	 Te.our of spi shoe 
 a P21 ret toe 
 for shifting
Increase in 	 hystems. An
for the Labour rate to
a 	 aae uhe uro
shift to DP from SPI, s ge le Produced e net Loss
ehile caling the grain 
at
Teo ei nigle ploug .	 the BAnA producerhectar s usi Al (iDB kl/A 
 4 .44 
 guarntesd price produced a ais iLer negative a1u i for the shift. If
 

traction
a93.2 
 is hired rather
NET GAIN 	 to P35 in than prooided by
the net LOSS if the the ferner, the re is n
22.07 	 ARAP price increase
of PSO
Y--NLYSI 	 she net Loss is per hectare Is used,
less then PI il the trection is alued at P25 per 
hila 

In this tas., the calca of 
nects.
 

grain produted 
 under el'i-her spates is
PART 3. ShlgIrIITY ANALYSIS 

Insufficient to 
pay the rector hire cUst, so ploughing 
 houLd not be ht red. 

NET DADN 

Top hRESOCE 	 1-a cooparingYIELDS, 


/. teo single P:oughed 

thrwe..yil E iffer-enO VALUATIONthe 	 the doubt ploughed end
68M.79 	 eotars system.,
changes
are a no: in nat gemin for the
Bottoe three yield d ferw.o 	 geI of P67 and net Los top and bottom three dif'nrences
/T 	 of P2A 
fros the shift. Veluing in yields
-27.0 	 Lnbour at
 

La our ulued at 53 /h.!	 she urban wage rate increases the 

3 2.13 	 ns gain hY a third, end valuing grain 
at
the BANS 
 rte redutes the net gain slightly.
rain l u d an Z t/kg./ 	 ahen tration is hired rather
2 . 3 


Trrction posted 	 than prooided by the fa-er, there
at P 5,ha; no pluu;hing Labour/i 	 i sa a Iignt increase in he no 'gr an
22.42 

fromchengin tyete.
 

n.A,wregs mcco- time 2SP
ior trial 
pots valuhd at the 
Labour Based
 
of P .0/,our.
Drought Relief eaa 


COaCLUSIOySb.Aee.ae 
 ytL for TP trial 
 plots oalued
pre ailing 	 at P .43/ti, tie
r-t -o etuo- for 
the 15-9h 
 haroest teasonI.n 

atr-y ogro-i 
 tora. cc0tsons
c.Aerege labour tite CP 	

Troe Shone tral. se:
for trial plots value eL the 
Labour Based
 
Drought Relief 
sega of P .32/hour.


d. Average yieLd 
 for 2DSP trial ptos
preailIng 	 alued en P .43/kg,
rote In .etogo for the igs-A the
 
s 

herost .aan. 


a*Based on bT.TIar
vereg yiLd for three 	 dId out eop.or
trials with 	 to t ny eJor OIff-ren-sa
largest positive 	 In thy OP effect,[]her using 
 no interL
differsnce in yield, boteee OP 
of one erso. tso reins netan the first and 

n 
end DSO. 


f.9 	 Snono oLcaghi; and
.eeon s.erse; yields 
 for
difference in yialds between OP 
thres trials with iar;s t nelatio
and 2SP. 


g.nhn ur bn n. i esg iata . 
(..There so nodeoe o opr 
 ther Dat. nitting that 
tha effecta


o.The BAMB 	 of O e
gua ranteed price (P 	 n b aitt ined eoer when
20.55 	par 7D kg( for croducers of the Tirut ploughing it not oneneerlb" asuber 2 s oad ao;ghu inh 196-6. 	
Long etr e is uaffi:e pout plating irnftl to
 

produte e y ntp
I.ARAP tr inter hire 
r te.
 

A aor complate picture of 
the rjiatioe benefit, of 
OP versus SPI
obtained though on-	
or SP2 is
 

I. neLysi. F-o these date, i- appeared that 
double ploughing one hectare required the 
eas scount of 
Labour aS ,Ioug.,in;
 

Frte:0Rw.BA/PR.FB7.SB 
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too heotaras onae only, and that 
OP did significantLy 
re.uc the aaount of
 
deding per hactar enn coopared to t.o 
hectares single pioughad. fha data 

also suggeated that cou Ldfarer3 copout approxtateLy the sale amount of 
grain from one doubLa ploughed nhacrs as fra t.o single ploughed hattara..
T.a 
 prIery tanofit, froa "ha double ploughing syatem, as =opeaed to teo 
aingla ploughed hectiras, as radiced thethat it total aunt of tabour 

raquitid 
to produce , given amount of g.a,, by 43 percentc 

If labour whs a contraint, than Laoour spent on doubla ploughing plots
yielded a highar return par hour than labour on aithon or the Other teo 
aytea.. For tha sale mcount of grain, the net return to taoour enp ercent hiighr for the double 35ploughing systee over to
the hectorea single

ploughad. An Inrease in yield of 102 percen, 
- a chieved hen comparing
DP and . single plougned nectere, For en increa n Labour of only 35 
percent. Return, t- t a houro euo esre greater for tha double plough ing

eystaa. Thus, f the nuber h-r a
of 
 tea cculd be in the fiead iaa 

iltad because 'He ground ass too for
dry plough/ptnnting, then 
the ties 

apent on double plough operation. Sam returning 372 percent 
 oa net return.
than time spent lngla ploughing ne 
 hectare, chile nt ratur-.to traction 

for teo hectares uingla ploughed 
era a negative P.42 per hour, 


Utilioir a partiat budget snelysis ohcus that the everage nat 
qrain fro,

shifting 
 to DR fro SPI is positive, gi t 
 the results are senjitive to 

changes in ages, grain value and hired 
trection costs, aLl or ahi 
h pruduce 

a net Luce from tsc sit, The shift fron single ;Lc-ghing te hectareso 

doLa ploughing one httra is a nora 
position shtft with chan, In labourvalue, crop valu a : .nengIng t hired trant ,r all insutting in net 

poti.e reins. 


1hile the eidence fr c returns onale3is end partial budgeting ondLy tI sa 

not oVerehalaing, cOs
it indicate 
 that, given the conditions faced in 

th93-57,tne unift to double pLoughing fros si-gLe ploughing to- hnerea aearth cunsiuerinn. The shift froe single ploughing one hectore to double 

plougling one hectare 
is Less likely to be profitele. There is er-k that 
the hift froa SPi to OP evuld be detrimental if grain prices decreased or 
labour pries increased, 
 or if traction hire aer reguired. 0oeoosr, on 

'igo' the ahift fru- either OPI or SP2 to UP appears to be Slightly
 
banaficiaL.
 

EiDNOTES 

1. Ba cause of th s.alL plots involved In the apariaent, ID by 40 etrea,
the .. ount of tisa spent turning animalsaa such hignr than If the plote 
are 100 or 125 aet~r Long, a ora coamon Length. Based on Seaure d turn

ti.aa and run tiaa an edjustaert of -14.05 percent ne arrived at to .. count fur the eatra turning tIS.. Hencna, par hettare ploughing and 
planting operation laes iera adjusted doneard by that Factor.
 

2. Steal end Torria -ggast that fTeta of hypotheaes Ith seaningfulLy
paired Obearation. or, saen tu reduce to testing that tha .. an of 
dilffrece i a e pecified number, oftan aro.n (p.1021 True in _st case
 
tn hypotheses being tested was that 'tnean of tn 
 dffrerance in each

paired ccapar son aaong 'ha three 
 trials ads nero. Thia intoload thre
 
sap.rta test. 
 to test all possiba biat-bltohs of 
tha three triaL.
 

Because 
 the test used was . peired comparisons test ehere the aean of the

differences es compared to oero (rather than 
testing the di fference of the
 
.ans of th to. trialsj, and b aute tthe di fferance 
 a being comperod In
each peireine test, it eas poesinte to ot)in a sigi ficant 
resuLt between•
 
pair hicch 
 had Lower absolute dirffronce hats.en their es than a pair
aitn . higher ebl.lute diffarance tetween their a eano hut t I a
 
non-signfioceot tout rauLho
 

3. The. percata gee art In port dun to eo 4ihg th e an. t r.S
 
to ivbuur. If the gross end net 
returhs for seen
the hours of iaour, !TVP
 
and NTVP are calculated, 
 tnen tna ;ross end net returns to Labour 
are


On the basis of -hee average figures. t'Ire Is . difference in
 
calculated 


the percentage gain or Los. for OP versus tha dpl cad SP2 syatea-. Thus the 
difference in returns !a partly due to averaging and, because there are aa
fee plate Involved, the .erage. may not reflect tri true relatonshipa
 
among yielda, costs 
and hours of labour whicn ar. 
included in the individual
 
gras and ot returna to tacour celcultiona.
 

FIoaSwM.gggo/P.F97.gg-
 14  Ote:2/1g/7 
 Fide.S.99A/PR.F7.S5 
 - 15  Datee2/10/67
 

http:Fide.S.99A/PR.F7.S5
http:FIoaSwM.gggo/P.F97.gg
http:ratur-.to


- -

BIBLIOGRAPHY APPENDIX A
 

ATOP. ATOP AnnuaL Report Numbe r 4. September 1966. ATOPRD 6-1 
 TABLEAl LA0U R TIMES, HOURSPER HECTARE,DOUBLEPLOUOGHIGTRIALS.PANCWSTIVN 

SteeL. 6.9.0. end J. . rrI., Princtese *nd Procdures ofTo 


second ed., Mcorae Alit a.ck Ce.. NY, 1980. 


Netorich, D., P. ormen, S. leet here,and R. Dray, 18 6Draught 

end EarLy Pteughing TriaL. August 1967, ATOP PR F96 


AREA, 198-07/a
 

stettstices* 
 LOC PLOT YIELD PLOUGH PLANT 60 SEED TOTAL 

KS/MA TIRE TIRE TIME PREP 

1 1 6.25 0.0 25.35 0.75 25.10
Managemeot 
 1 9.99 0.751D 20.0 70.79 

(Rent ad I1 
 87.5 0.D0 28.79 0.75 29.54 

1 4 227.5 43.40 34.39 0.50 79.29 

1 5 75 0.00 33.09 0.75 33.54

2 1 a 0.00 24.43 0.75 25.24 

2 2 0 29.43 19.76 1.50 44.63 


2 3 C 0.0 ii.i. - 1 -3._g 

2 4 22.5 25.79 19.77 1.25 46.@0

2 5 7.5 0.00 14.14 1.50 15.58 

3 1 
 E5 2.30 25.35 0.75 25.10 

3 2 192.5 24.06 40.29 0.25 64.71 

3 3 157.5 0.20 24.49 0.25 24.74 

3 4 
 so 27.50 19.77 0.52 47.77 

3 5 0 3. O 2..49 9.50 24.33 

4 I 0 2.00 37.39 1.00 39.33 

4 2 200 27.07 23.93 U.75 51.15 

4 3 125 0.0O 30.51 0.75 31.25 

4 4 125 22.68 2.21 0.75 59.62

4 5 97.5 0.00 30.09 0.75 30.63 

4 6 
 105 0.00 38.59 1.00 37.09 

4 7 200 36.95 28.21 0.75 43.92
4 8 1 
 0.00 35.09 1.00 37.09 

5 1 250 0.00 27.50 0.50 7-.20 

5 4 3 25.78 24.92 1.Oi 51.73 

5 5 
 0 0.00 24.81 C.75 35.55 

AVERAGE 1(8) 74.2 29.36 30.150.o0 3.79 
,VERAGE 2(7) 132.00 30.30 27.42 0.50 29.11 

AVERAGE 318] 74.20 27.42
0.00 0.95 29.27 
44ERADE 4 35.23 31.02 25.01 0.30 50.63 
AVEPAGE 5 34.00 0.00 27.33 0.35 29.14 
AVERPAGE25& 104.75 30.96 26.21 0.0 57.97 
AVE4AGE 205 54.10 2.73 0.2527.37 29.02 

CVErALL AVE 79.35 30.36 27.10 0.93 40.33 

@.PLOUGH= Ptcun Time First PLlghing of C-ble PLuh:ng 
PLANT = Ptougn/Plsnt Operation 
BC DEED = 8radcast Seed -neror Planting 
TOTAL PREP = Sus of PLOUGH.PLANTand BC SEED 
PROG = Hernesting and Threshing Time 

WEED PROC TOTAL 

TIME TIME TME
 

67.50 1.D0 103.0
 
12.50 56.cS 139.79 
17.50 40.75 87.7

3.00 137.25 219.53 
17.00 350 9.34 
81.00 D.00 105.24 

157.00 0.00 211.69 

2.000.7 67.-4 
17.25 20.50 84.55 
19.00 9.00 42.68 
76.25 6.00 108.35 
S.75 13.20 87.71 

9.75 11.50 45.99 
39.25 14.53 102.52 
72.25 9.0 57.34 
41.75 9.09 so.13 
65.00 9.09 125.45 
91.50 2.50 115.26 

22.50 10.00 00.12 
2C.50 4.0 55.33 
65.00 9.25 109.34 

1.75 17.00 1C2.67
29.00 1.50 54.59 

66.0 23.75 117.75 
21.50 0.00 73.20 
30.00 0.00 125.55 
66.25 7.67 104.07 

S5.29 19.15 133.48 
29.70 11.25 78.22 
13.70 37.25 '13.73 
35.55 10.30 74.03 
37.45 28.20 123.92 
36.13 10.78 75.12
 
.1.55 17.91 59.80 
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TABLE A2 T.AM PL.OUGHINGHOURS/WHCTAREAND -- DOUBLE LU., 23TR3. HING TRIAL. 
FRANCISTN AREA, 1566-87 " TALE A3 umBm TLME,HULMrECTARE.C3 IN RFLOIGDOUO..E TRIA-1LS,, AREA, l& 

TOTAL P ST/a P'JSTiPL 2-M3ss NET ACTIITY TIME PM7T0,RLOCATIION 00q2 6 GROSS NETNT1'F/c TaACTPLOT YIELD TEAM 0662N 2TP/1 L446 TIP/ IETURN5 YIELD EP/aLO PLOT . PO/? TOTAL ,--"1/uLAfOUR 106/d F 3 RETURN RETURN RETURNKS/HA HO545 -- 7U20/88 05JLA OST PL P6 R2 R hM 631R6LA PU MST 9J8 L*,I.R LA240 PIEPIR- IRA 

S016LE PLOGH PLOTS S'NGLEPLO32ED ROTS 

1 3 20 14.5 ,25 37.53 22.14 34.33 I.C03 0.20 1 3 BU 23.54 53.23 67.79 37.63 22.14 34.0 0.43 0.40 0.52 0.431 5 75 16.54 55.50 2.25 21.09 25.55 0.87 0.51 1 5 75 33.34 55.5) 22.34 32.25 21.09 23.55 0.36 0.33 0.33 0.252 3 0 9.60 48.75 0.00 18.53 -2.70 -2.16 -2.47 2 3 C 18.22 2.75 E7.44 0.0 13.53 -2.2 0.23O -0.4 -6.9 -1.142 5 8 7.49 27.00 3.23 10.25 0.53 -0.9 -1.37 2 5 8 15.28 27.30 42.68 3.23 10.23 0.53 0.08 0.01 -0.5 -0.2 
3 3 157.5 20.74 21.25 -5.33 E7.73 8.0 25.23 1.47 1.41 

3 3 157.0 12.25 21.25 67.73 . 65.03 4.27 3.65 
2.41 2.303 5 0 12.25 32.25 0.00 12.26 -2.70 -1.00 -1.22 0 24.22 32.23 67.24 0.23 12.23 -2.70 0.0 23 0 . 0.224 3 125.00 15.25 44.00 53.75 31.92 51.36 1.41 1.25 4 3 125.00 31.23 64.00 115.25 Z3.75 31.2 51.05 0.47 0.44 0.70 0.51

4 5 67.50 15.04 20.50 37.63 5.31 34.33 1.88 1.70 4 5 67.50 10.22 24.50 55.33 37.53 3.31 34.33 0.68 O.b3 0.92 0.234 8 1 18.23 27.50 0.43 13.45 -2.27 -0.56 -0.70 4 a 1 37.03 27.50 64.2t 0.43 12.45 --. 27 0.01 -0.0 -0.275 5 0 17.40 90.00 0.20 34.20 -2.70 -1.97 -2.12 5 5 0 35.58 00.00 13.56 0.30 34.20 -2.70 0.23 -0.32 
-0.34 

AV SINGLE PLO -0.96 -1.0454.10 13.23 46.22 73.26 17.62 22.56 0.33 0.11 AVSINGLEPLO 54 23.22 46.90 75.12 23.25 17.32 20.56 0.35 0.31 0.17 0.07 
DCOLE PLCUH PLOTS 

1 2 60 25.02 5.0 24.A0 20.22 21.70 0.23 
2340LEP4443D P=-.

0.16
1 4 228 21.23 140.25 47.23 53.30 35.13 
 1.15 1.73 
 1 2 22 735 a,.23 129.73 2-.43 25.2 31.70 0.23 
 0.22 2.12 0.22
0 0 8 17.18 157.02 0.23 £3.46 -2.70 -3.S3 -3.65 1 4 2B 78.29 140.25 210.53 97.33 53.3 3.13 0.45 0.44 0.57 0.532 4 23 18.48 37.75 2.60 14.25 2.38 -0.75 -3.43 2 2 0 44.22 167.00 211.22 0.23 3.46 --2.70 0.00 -0.01 -1.40 -1.23 2 123 2.13 23.00 75.48 8.74 75.79 3.15 3.03

3 4 50 2a.3 475 215 3 S. 0 3.3 

2 4 23 46.90 37.75 54.55 3.68 14.35 6.98 0.11 0.OB -0.10 -0.16 
344 5 7 3 2.7 21.50 2C.81 102i 2 

3 . 
-. 24 3 2 122 64.71 222M4 2 7.71 7.8 .74 75.229 0.23 3.22 1.2000 Z5 74.o00 6.a0 22.12 a3.30 2.2a 2.18 1.04 a 4 5 47.77 54.75 122.52 21.43 20.81 13.o 3.21 o.75 0.21 -0.544 4 125 73.43 30.50 53.75 11.59 
 '1.35 1.43 1.34 
 4 0 21 51.23 74. 125.23 85.23 23.12 63.JO 0.63 0.06 12 1.074 7 200 :1.58 3.75 20.23 14.73 3- 7.28 2.17 4 4 125 59.2 30.50 -0.12 53.7 11.53 51.05 0.23 0.57 0.71 0.22 

.0520 21.50 O.23 8.17 -2.75 -0.32 -0.43 4 7 260 22.23 30.22 1]72. 23 14.73 23.31 0.24 0.01 1.12 1.07AV DOUBLEPLO 128.75 6S.71 65.6 45.75 04.35 44.36 0.53 0.52 5 4 0 51.73 21.43 73.2 0.00 6.17 -. 70 0.23 -0.24 -3.16 -0.21 

AV00UELE F. 123 7.97 05.65 1 . 4.22 01.2 44.0 0.40 0.38 0.30-. 0.23

TWO6061.6L ''HD P0266 CC05:50CTS07 


TWO015144.A20543 PLOCTS203183c1 1& 3 34 27.07 135.75 40.31 51.53 34.31 -0.42 -0.62
1 1 65 a1 22.22 133.00 34.34 52.64 -0.5322.54 -0.72 
 1 1 & 3 54 25.54 135.75 191.3 2.1 51.23 34.51 0.21 0.18 -0.23 -0.300 16 0 17 1.31 
 1 1 & 5 81 61.34 7.200 132.34 34.S4 50.54 30.54 3.13 0.15 -0.23 -0.35 

2 1 F 3 0 43.-3 12. 75 175.G3 0.03 u0.31 -5.40 0.23 -0.23 -1.12 -1.253 1 & 3 243 24.32 103.50 134.23 23.33 08.6a 2.21 2.33 

2 1 5 8 15.23 102.7 3.23 41.24 -2.18 -2.42 -2.7 

2 1 & 5 8 M0.2 108.20 148.32 3.2 41.04 -2.18 0.2 -0.01 -0.2 -1.03 1 6 5 65 24.30 114.50 36.3555 2 43.51"5 31.15 -. 23 -0.50 13 33 1--.501 .3 -Q.88 0.644 *5.3:5 114.2 9 31.23 0.M 1.30 1.178B jB 0 .3 14 1 3 125 33.85 125.,5 63.:5 47.73 44.35 C.18 0.02 3 21.103 1 S 5 , 114.03 165.23 6.5 43.51 31.15 0.22 0.13 -0.14 -0.234 
4 1 & 3 130 5.4 12.2 1-.23 2. 

4 1 a 5 18 23.77 5.25 37.22 75.13 72.23 0.37 C.21 7..3 4.2 0.2 3.2 3.21 0.01 
6 1 A 88 £3.21 C8625 15.48 27.43 18 32.22 0.3 0. 

4 6 & 8 126 :8.74 3,75 42.:3 37.53 40.18 0.22 3.C7 
0. .5 250 31.15 17 31.50 23.11 12.13 1.23 1. -216O ,' 1 : , 1 . 135 444 &B 106 74.19 5.75 1772.4 57,$ , , 37O L . 1 . 0-15. 37.53 20.18 0.22 0.23 0.11 0.04AV 2 SNGLE PLO 107.65 27.37 11133 46.3 5 4.41 438.0 -0.20 -0.42 5 1 6 5 253 2.56 173.75 243.31 107.50 0.31 I2.10 0.44 0.42 0. 2 0.53 

4V 2 5!LG- PLOI03 b7.3 113.50 177.20 46.3a 45.41 2,3. OA. 0.23 2.04 -0.13 
a.OIVP = Gross Totaln503l5 Orotos ]yield o 6rice] *horo c se P.43/k .5.807 Lasour seeding and 

5 aTPLANTONOLAaOGUCOTS = -eiuedfor SroceOSln4 at the Labour .OS PLT03'4M 1-2t0o T-n ar4'rd. lsu i tfrls.4thg. 

laced0~~ ~ ~ ~ ~.6or.613 ~ ~ ~ 3r415Reifs~ersc.VP S Voloe Oooc: 370 '20ST] -ere COSTS [fer hectare) G,re. Ttal 'SaL-e Prodr' jsLd . noeptnet ToazL [, - pr-oceed - (-r = eo TA Vl Pre ct [i1el--3r5 =1 - t OTpa :t a ced -P.23il f., 4 kg,

P.30o/kg for 4 kg, eqp,22ft astated P1.50. T"
 

e2u;1,nt .tiet d P1.50 
f-56eteTar ,o1. plcxpn d pLcc ircl.d bo e- 4-1r 0oats rd ore sd -ot ]P4.2M3.u. 
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APPENDIX B
 

TMia appendio cont aIns TABLE A2
the antire labour date set incLuding the Location A AVERAGE LABOUR TIME, PERSON HOURS/HECTARE.
DOUBLE PLOUGHING TRIALS, FRANCISTWN AREA,
plt: chinh er, not included in the natn enalynie becocsc of the presence 
 iBBe-87/a

of en old cot hiLL in ,Lot 2 chic h t*d
consideredae to inool 15cc that
 
plot inforeation end its use in comp risons e h plot 3.
 

ACTIVITY TIME
 

YIELD PREP/b CEED PRIC/c TOTAL
 
CO/HA HOURS HOURS HOURS HOURS


TABLE E1 LABOURTIMES. HOURSPER HECTARE,DOUSLEPLOUGHINGTRIALS, AR SINGLE PL/HA ROe 28. 34a 15. 77,a
FRANCISTOWNAREA, 1936-67/a 

LOC PLOT YIELD PLCUGH PLANT O TOTAL WEED PROC 
AV DOUBLE PE/MA 132 57b 37a 32 IDETO3C 50 TOTAL

KG2/Vi TONE TIRE T734 'REP TIE TIME TIME AV 2 SNLE PL/1HA 152p D7E 10DI 03y IBIb1 1 6.25 0.00 25.35 0.75 26.10 67.50 10.2O 103.60

1 2 RU 39.95 30 . 3 
 0.75 70.70 12.50 5 5 a 130.79 h, a a I e , DR di 11ro t Letters3 R7. 1.O 23.73 2.75 29.54 17.50 4.7 7 


A 227.5 43.40 34.33 2.50 

(eDJ and (o~yJ differ ognif'cnn T 6 .Dll nd73.2B 3.00 137.25 218.53 (P 6 .05!, reepectioLy. Based on pa reisa coaparisons0 75 O.U0 33.0 0.75 33.24 17.1r0O 33.20 89.34 betian tretente./2

1 a S.O 04.49 2.75 2.24 21.2 0.25 1C6.24 b.PREP TIME = Preparation Time includes ploughing end2 I 1.40 15.7U 1.50 e4. O.50167.00 211.69 planting.2 3 3 2.20 17.19 1.22 1a.69 4.75 0.00 67.44 .. PROC TIME = Processing Tioe includes ar-esting and2 4 22.5 25.73 13.77 1.25 05.20 17.2- 20.50 94.55 sthrch ing.2 5 7.5 0.20 14.13 .2 1.5.3 . 25 9.23 42.63
 
3 
 1 US 0.22 25.35 2.72 2S.10 7E.22 5.20 10.35
 
3 2 132.5 24.C6 42.33 0.25 14.71 0.75 
 13.25 87.713 a 157.5 0.0 24.43 24.742.25 9.75 11.20 45.29 TA3 2A G TRS TO LABOUR.INPLA COL P. N4T145, 2V2C2T -138 6 /3 A so 27.50 13.77 2.50 '7.77 -5.25 16.50 1022.23 5 0 3.00 21.43 3.50 :4.59 12.25 0.00 57.24 Ttrrv;ry TIME QST,R 2E0 .037.33 1.25 35.33 41.75 2.2 V0.13 'AT 2R.

Y.D Pq/2 RIST/RJc2 2o ITAL Gw5P/d LAOUR .'!.;Ti PLEr-m RETURN TRW27.27 23.E3 51.450.75 C5.03 3.0 125.45 .'HA CL 10% n'031S PLtA COST L00) VAl 9h5Ai Paq4 3 125 0.00 22.51 0.75 21.22 61.50 2.50 115.23A 4 125 32.52 26.21 0.75 20.5039.62 10.20 90.12 AV StiflE L so. 43o 77en 28.740 1..9 30- 2.50 .45 0.77 D.67A 5 87.5 0.20 20.03 0.75 20.03 20.50 4.00 55.33
* 6 1;5 2.20 33.25 1.20 37.03 25.00 6.25 10.34 6AV10281 iPL 132 27 E2, I -- I 56.1 0 . 2 . 0 .42 0.=0 .50 1.484 7 200 36.05 26.21 
 0.75 S3.32 21.75 17.00 122.57
A 3 
 1 2.00 36.23 1.2 37.23 76.00 1.50 54.59 AV2 2NE1 62 blU 2 l .35b £3.Ty 4'.77b Ed.!OY 0.42 2.33 0.45 O.3R5 1 250 0.00 27.50 0.53 26.22 22.00 23.75 117.75
9 2 3C2.5 25.73 0!.00 0.50 7.34 -3.50 59.25 
 atltin cL
5 otir't tettos!,e5 and ] c r .'onic tLj (P < .011ad3 450 0.20 24.43 0.25 2..0 2.24 5.25 33.395 4 3 0-5.73 24.22L5. ' 24.21.25 21.53 [ rectl. r.M 51.73 2.23 73.231.13 21, DO 71. j 26=Pornc0b.P T:M4E o corspO1'f5eAp0015=Prmparation T-m -1-ax~s plouGring end plant-g~.
5 5 0 3.00 34.31 2.75 25.5 30.220.r.'c2.22 125.52
2:ote.T c.0o rIoE ,cl44oo cr2, tervonsin nd t00AVE G: 70.26 5.02 25.26 2.791:9 3.15 2.22 7.27 14.72 5 4C
AVERAGE 2(7] 170.33 33.04 2e.36 .Grp = Gross TTctalY', us Pm~dt [yelta apri, 'r rc -- 02.75 57.15 27.2050.5 135.45 . %M at Tctal Vol. Pr<ct GTVP COnS-380S1 err 5 Opor22csoreI= - P.3fl for 4 kG,0VERAGE 13.333(6! DO 2.33 3.75 27.23 33 3 * 2 73.13 ot anmt estinted 50.AVERAGE 4 15.2O 301.2 25.01 3.40 52.23 13.70 37.25 113.73 f.suO andlETREILRIS eo -e of iFtA-Iaby plot,M


AVERAGE 5 34.00 0.0 27.23 2.05 78.13 25.55 OQ,33 74.03 
3
n i 'tly differnt thn T/RNS calcclotnd 

toma aM nL-.rg ott eow3- ofof er EctioisAVERAGE2 A 4 131.32 25.40 25.74 0.77 57.01 3.24 31.93 125.57
 
AVERAGE3 & 5 
 90.C9 2.10 27.11 2.90 27.31 24.20 14.73 76.04
 
OVERALL0322436 79.3, 32.49 27.16 
 0.01 40-3 41.55 17.31 39.90 

a.PLOIGH = PIcugn T-ee First PIcugnng f -orLe Pcou3'g
 
PLANT = Plougn/PLLnt Operetion
 
SC SEED - Ercajcast Seed baroe P ntng
 
TOTAL PREP- S of PLOUH, PtitT ard BC 5E3
 
PROC = Hierestin end Threshing Tire
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-----

TABLE 34 AVERAGERETRNS TO TEAR POLEHIIG HSRS. IN PULA. OLBLEPLOUGING TRIAL 	 TABLE 65 PARTIAL BUDGET: DOUBLE PLOUGHING INSTEAD OF SINGLEPLOUGHING ON A SINGLE HECTARE, DOUBLE PLOUGHING TRIALS.
FRANMCSTN AREA. 1986 R7/a 
FRANCISTW1, AREA. 198a-87 

TOTAL POST POST/i 5;5215 NET
YIELD TEAR RANT OIVP/U LUR/c NTVP/d PTJR G/. 104CT 
 PART A. BASIC BUDGET ANALYSISK$/A 60URS hO'tM PALO COST PALOA YRR PR hO 

AV SINGLE PLO bOx 
 14. 	 13. i3.74. 16.50. 26.04. 1.54 1.32 REDUCES COST
To Gal Labour hours OP (76.3 hrs 4 3B t/hr(/a 29.18
 

AV DOImLE PLO 132 SEb 53. ADDED BENEFIT
55.56 26.16. 53.30 1.03 0.92 
 DouL. pLouh ylbd 1132 kge 6 43 t/kg]/b 56.76 
16 2 

AV 2 SINGLE PLO 	 SUB-TETAL
y 27b 123b 59.52y 45.77b 64.12y 0.60 0.44 	 85.94ADDED COST
 

Total Lateur hours OP (125.6 Nra 0 38 t/h]/c 47.73
DsPrscltiens/d
a.Witin coLtOn.. aes. totLtoed by different tatter. (s.bJ and otffer 1.50
 

significantly (P C .31' and (P < R0,0! BENEFIT
REDUCED

055].respe.tivo. Bassd on paira 
 conparisch. 
 Single pLzugS
betvasn Iraataarte./D yield (90 kg/e3
 

SUB-TOTAL 

67.63
b.GTVP =Gross To.tL Value Product ild .. . = ,pric ] share price P.4a/kc.PCST PLANTSNGLABDURCOSTS = Labour forIeading and processing valued at the Labour NET SA-1

Based Drought Relier eag. rrt of P.3a/,hour.

d.NrP = Not Total Value Product (GTVP - COSTS) usere COTS (;ar hectare] = sosd -
 PART B: SENSOTIVI:Y ANALYSIS 

P.30 'kg for A kg eqipent est leaed5.3FC2S and NET EU to TTOTISN ea a-rars of rturrs 	 -..by plot. so ar si tty

differrnt thsn return calculated uaing NET GAIN
the aserose of activity time and vlues. YIELDS. RESOURCE USE AND VALUATION 

Top three yield I fferences!r 41.02
 
Bottoc threae 
ild dIrenoes/g-

Labour valued et 53 

". - I
h on33.Be I 

t/r./-9 :9.30
Gra vnlue d a29r~ir t/kg./I -


Traction usted st 50 P/ha: no ploughing Labcur/J -40.03 
Trtcsioo costd st 25 P/se; no p hout.hnOeb~our/k -15.33 

a.araga Labour tree for 50 triel plots valued at .heLabour 6s-d

Orougnt Relief ss 
 of P.30/hour.
b. eraga yIld Tur O triet pottaostued et P.AJ/cg, the preea.ling 

forr. a 285-. B hervast h,s .P, 

c.Avrega loaour 
rate in etobo 

t e or OP trill plote valued at the Labour 9ad 
Drought Rolhe ee s of P.3 /huu*

d.Oeprsoieton if qquip; nt asate' s P .53 par hectore ptuu hd. 
e.Avaraoe yietn for SP slt plot .atuad at P.43/g* th reoalling 

rate In Mesoco for 135-OS hero.'tse:sn she 
, 

f.BatId os -''noyields for thrat trials alto 0-toe. po5i5ive

differtnce in il ids betee P snd SP. 

g.Based on euere- yields for three trials ith Ler;nst negative
diffrrnce in fielos bSoaven OP and SP.
 

h.The urban sin-:e ,agerate.
 
l.The 60146 guaren e'd roe (P20.55 per 70 kgj for producers of number

2 aissd curghus 3G0-67.1J.BRAP tractor hi-s roa. 

k.Sllghtly above u' Rehelopys donkey hirs ret., 
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------------------------------------------

------------------------------------------

------------------------------------------

TABLE SB PARTIAL RDOGET: COUBLE PLOUHING INSTEAn 
OF SINGLE
 
PLO'iGH!i3 TWO HECTARE. DOUBLE 
 PLOUGHINi TRIALS,
 
FPANC:STIWN AREA, l6-S7
 

prot 
 te lnbour sned 

PART A: BASIC RU:3ET ANALYSIS 

REDUCED COST 
Total laoour oura 2SP (ISO.SO hra 0 35 t/hr]/s 66.60 
S 1n;Ae (4 k9 B 30 t/k9) 10 

ADDED BENEFIT 
Doubl. Plouon ylald (132 k;s 0 43 :/kg]/s 5B.7B 

SUB-TOTAL 
7B.58 

ADDEI COST 
Total Labour hours oP (125.6 hrs 0 3 t/hrj/c 47.73 

REDUCED BENEFIT 
Two single palgh sctares yield 152 k]/d 59.55 

SUB-TOTAL 
117.39 

NET GAIN 
9.17 

PART B: SENSGTIVITY ANALYSIS 

YIELDS, RES25CE USE AC VALUATICN 
NET CAIN 

Tap three lan diffrences/a 
Sotto; tiire yild dofferanas /f 

57.25 
-70.72 

Labour -tud at 53 t/-./i
3 

Grain ealua at 23 t/kg./n 
Trction nontal at 50 P/ha; no plg0 iin lbso-r/i 

17.41 
1307 

3.02 

*.Aoerage ..our ti.e for 2SP trial aled at 
Orought RAiasf eage of P.3/nour

bAgrae ilLJ for DP trial plots sLld at P.43/k; tIe preoeilang

rate in Natobs for tii 19S-55 harost season. 

.. A.erea Lat 'urtI.e atfor OP trial plot -sli 
thn Lotour S.sd 
orou;ht Relief e.;e of P.3/'our. 

d.Aaersa yltd 
for 2SP trial 
po01 .I..ud at P.43/a , the preailing0rate In toao for the 1955-9S harost -aaaon. 
e.Bsned on asrese yields fo, th raa trill. a th Largeot positie

differencn in yields oetee :P ci1 2GP. 
f.Bsed on ara;a Ilon for tnrae trialsaiti largest regativa
 

difference 
in eiassotatmeen TP and 2S . 
;.The orb~h iiriua-e rate. 
h.Tne SAMS gusranteed price (P20.55 per 70 k;J for producers of number 

2 ei.ed asorhus in 1985-R7.
 
I.ARAP tractor hire rate.
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