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PREFACE

ATIP Progrecs Reports are prepared and circulsted to make ATIP research
findings eanfly eveileble to gGOB pertonncl end rosearchuers intarested in

Botewana farming systems, A majo- obJective of the Progress Report seriee
fa to make resesrch findings eveflable in a timely monner, Thase reporte
are not tubject to profescionel ruview outeuide the HMahalaspye teom.

Therafore, duto and findingr presented {n the Prugress Aeport serfec may be
subject to further fFevisien  wnd should not be cited without permiecion of
the authars, Therefore they do not necescurily reflect thg of ficioil views
of ATIP, DAR or MIAC.



PREDICTION OF SORGHUM AMO MILLET PROCESSING TIME
FOA USE IM THE ECONOMIC AMALYSIS DF ON-FARM TAIALS

Doyle Bakar

IKTRODUCTION

Dne of the most difficult and expensive taska in on-fara agronomic
experimentation {8 the collection of dats on lLabour inputs, Faew farmers
have wetches and orsa able to record and raport the time taken for field
aperations, Evaen farmers who havu waotches way not undarstand whan timing
should begin and ond, Ag & rasult, the collection of esccurate lebour data
genaraily rogquires that woll-trained enumerators be present to time field
operations, This severely Limits the number of field trials which can be

conducted each season,

A tap priortty for ATIP ja to develop low cost procedures for conducting
on-farm trials, As one option, we havae beon exploring the possibility of
ustng predictod tubour times for operations which primarily are functions of
plot woutcumus {or the technical snvironment), To date, we havo concentrated
an prediction squations for wueding end processing timo, Procensing time
refera to the total time required for harvesting and thrashing,

Usa of pradicted tabour times has three distinct odvantaqges:

{a).3puriocus variation (tha: not duo to the treatments being evaluated) s
elfainatad, allowing o more accuratas accessment of the specific
affacts  on farm profitabitlity stemming from the use of difverent

practices,

{bl.Thes need for onumesrators Lo be presant during all fiald operntions can
be aliminataed If reliable prediction can ba mado on tho besis of date
which coan ba collectod over o poried of deys or oven weoks,

(c).The warginat  cost of including tabour time in thae enalysis of trial
gutcomes can  be greatly roduced {f the data raquired for precfction
would have been collectad in ony avent for the agronamic enelysis,

This papar reports the rosults of an attompt to develop a proceasing time
prediction wequastion for sorghum and milleta, The equacion wos oEtimated
using an analystis of covariance model., The appondix givea an exomple of the
usa of prodicted procensing Labour time in o partial budget analysis,

METHODS

Datn colicctad by the ATIP Fran<istown team from two trialo conductod during
the 1985-86 serason wore used to estimate tho prediction squatinn, The two
trials wary the Draugnt Management and Early Ploughing Trieal and tha Hand
Plantar Trinth,

Thoe farly Pinughing Trial involvod a comparision of double varsus single
ploughing, Fach porticipating farmer plented one or two blocks of five
plots, of a«hich thraa mere singla ptoughed and two werae doublao ploughed,

Four farnnre planted one block and one farmer planted two blocks, Harvest
data wera callected from four sftas, including the farm with two blocks, for
a total af 75 plots, Plant atands for the 25 plots rongad from a lLow of
1,800 plants per hoctare to o high of 88,500 plants, Yiolda rongad from
thras kgs/ha  ta 875 kgs/ho, Processing times ranged frem 2.5 hes/ha to

155.8 hrs/ha,

The Hand Ptantor Triaul entafleod e compnricon of the troditional
broadecast-single plough system, tha traditional nyatnm plus hand gap filling
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{whera nascessary), and row pluanting with a heud planter, Two replications
of each trectment wera fmpltemented by thraee farmars, resulting {r a total of
18 plots, The edergence stand counts ranged from a low 16,000 plants par
hectare to 98,000 plants per hertesrae, Yields ranged from 3B kgs/ha to 345
k3s/ha, Processfng timus rarged frem 10 hrs/ha to 50 hrs/ha,

A total of 43 obsarvations ware opvailable for eotimating the pradiction
uaquatiaon, It was hypathusizaed that wo@ost of the varistion in processing
tabour timn could bae swxplatnad by the uwmount of grain Farvasted. Thera
should be somg aconomiat of scale in harvestiag, so0 the relationship was
axrpactad to be curvitinear. It was further hypothesized that for any given
dmount of graitn processed, the processing time would be greater {f the grain
wox  takan from a lorger number of ploants (bocause of tha fmplicitly smallar
heada},

A gaentral function for the prediction equation is
(1) H <« r(Y,P)

whury H ™ the hours ipent harvesting and threshing , Y {8 the amount of
qra:n harvasted and threshed, ond P is vhe nueber of plents from which the
Urain wos harvosted,

To take ¥nto arcount the expected scale economias {n processing tima, tha
rolationchip in {1} csn bn sstimatud as o double log function, The double
tog function to be #stimated {5

(2] ::mj S tnfa) ¢ b1(lnYJl + ba(lnPJ) + uJ

there the H Y. . and P are the processing hours, yield ond

emargunce stand ‘tounts on @ par huctare baujs foar plot j; and u is &
ttochastic torm, Tho equation is linsar in paranestersy, Estimniun of thae
parametary can e obtainaed from single equatfon ordinary leont squares
[oLs), Ir (2] P« the praper specification of the relationship, than the
estinmntas for h1 and h2 mill be consistentC,

Thare could be n spocificatfon arror in {(2), in which case single equation
CLS will oprovide bissed estimates of the coefficiaents, Specification biasg
wilt ncecour iF H , Y and P are  functionally releted tou a

noa nh.arvgole fnput, One non-observable {nput for processing time might be
the  digtanca of the plot from the threshing floor,. Another might be

unobrerved differencan  in management procticen or mansgament abflity, For
example, samn  farmors nmight obtain higher stands and larger yields bocause
they wnrk morae quickly {at planting time ond when processing]).
Specification bian could also occur  if H, Y and P are oll related ta the
foitiat tillage-slanting tront=ents,

If there are stgnificant naon-observablo inputs assoctatad with manegement or
trial treotnenty, specification bins can be aliminated by using analysis of
cavorianca, I nn analysis of covarianca, tha vartation sssociated with the

non-obsnrved variables {5 ramoved by including indicator voriables for tha
different Fnrms or planting traatmancag, Consider

3 Lol 0 vl t b Lny + b P +

{3) “Jf n[nc) n(ar] + ln[Dpl 1[ n_j.'l E(ln_jf) qu
where le, YJ s ond P r are the output, yield ond plant stond on
farm £ an ;:[nz i respoctively; a te o "farm" vorifabla; a

reprasents  tne goneral mean, and up s o "planting treetmant” vorfa le,
I[f thare {§s nuo internction botmwean procassing efficiency and tha initial
planting troatmant, aquation (3] raduces to:

[4) LnH . ' s | b +
i tnfa,") + tnla ) + h1[l"{jr] + EllnPJrl Ul
whera a ER Y Y

0 0 p

Fila:swM,201/pp ne7.3 -

0
[}

Date:2/2/88



-

#hether [2), {3) or {a] ie the proper equation cen be tested ueing san ¥
Btutittrc to evuluate whethee thuere e significent reduction in the residceal
tums  of squeres  due to the inclusion of the incicator verinblesd, 1f

the farm ¢ treetoent tncticator variobles cignificently reduce the residuol
varietion, 1t woutd support the conclusion thst fore 7 treotnent-related
non-obiurvoble inpute affect both the independent and dependent veriables,

and therefore on unulysis of coverfence must be used to climinote biae,

If an anaolysie of covarvance nmutt be uvwed, there 16 8 probler in developing
8 predyction equation, £ different conctant term it naeded for each farm oOr
tillage treetoent, but this conetant  wilt not be known for new ferme or
titleoe treztmentr, Ao retul t, the entire goel of developing a
predictian esuution coutd he negeted, To dosal with this problem, the form
or treateent indtcator varisbtesn can bz dropped sftor the equotion hac been
stimated, and then a new constant can be cplculoated an tollowe

(5) - Wottve Jree )

where H, Y and P aere entered at their gror-tric mesnsC, The final
prediction eguation con be dertved by takirg eantilops.

The usefulnecos of the prediction equation can then be checked by evelusting
the predicted versuc actusl processing hours, There should be e high ond
eignificent carreletion between the predicted end octuel hours,

AESULTYS

To wewnest  the explenstory pomer of Y sand P alone, equation (2) was first
ectimpted, The results were 8t follows!

_________________ b ___.std error  t-stotistic
Contntant L2863 S.E, est, = ,3863
LnY L6735 L0674 9.9875 F(2,40) = 87,7
S Y 1173 1 : L0796 -,7381 Adj R2 = .78

Just  using the twe tndependent vorisbles, epproximotetly threeo querters of
the vorinticn in procetseing time was explained, This degrec of explonatary
pomer would ordinarily be acceptable for predicting processing times for the
economg ¢ snalynis of trial o, Howver, the potential problem of
cpecifrcetion biose remnined.

In 8 second iteration, equation (4] wus ecticmated wusing 0,4 fndicator
variablen for eix of the ceven farms from which doto were collectedfl,

The hypothesis of nu ferm effect {of = O for oll f) wos tested using an F
tent, The F volue wor, 35,6, With 0 and 36 degrees of freedom, this §B
highty etgnificant and therafcre tha hypothesis of osquol ferm (or

aanngemnent ) afficiency wns rejectad, Exclucion of the form voriobles should
biss the satimeted cantficients, b1 and b2.

The third step wos  to eotimete the full wmodel [equation 3}, including
indrcator voriebtes for the variou. tillege-plenting treatments, The
hypothesits of nu tilloge-plonting tresatment effects could not be rejected,
As  orginally perited, 1t would npt sppear that processing time {5 ralated to
the tiltage-plenting treotzent, cther than through plot coutcomes end
unobeerved fnputs assotisted with differences {in farm circuretances,
Therefore, the model implicit in equation (4] would eppeor to be the best,

The next  ctep {no developing a prediction equation wes to eliminste the farm
vaerinhter, pot nreded from the equation ecctimeted ueing (4), teo improve the
efficierncy of the estimation, Thae coefficients for three of tho Bix
fncluded forc varisbles were not significantly different from zero [ae
determined by the t-ntatietics of the ferm coefficients), indicoting there
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¥ere not sfgnificant intar-farm differencea betwenn those farma and the
¢«cluded farm, Tha aquatian was then ro-estima%ad without the insignificant
fara indicatar varfableas, Tha results of this sstimation woie as follows:

________________ b ____8td srror___t-statistic
Ccnstant -_504" S, E. est, = ,2069
tny .6543 .040R 17,0424 F(5,37) = 121,29
lnp L1762 .0a78 3,7023 Au} R2 = g3
FA -, 4089 .0993 ~4,0987
Fa .34973 L1141 3.7404

3 B, 24897 21329 3,583

The agbove equation shoulcd enable rulinble prediction for the seven farns
invclvaed in  the triants, This was confirmaed by comparing the predicted
aluaas for H wagainst the actual vuluosg, Tho correlotion betwaan predict.d
and actual values wxconeded ,97, A standard deviation was calculoted for the
Yiffrrences batween tha predicted und actual valuas and only 2 af 43
predtctad values were morae than two standard devintions from the actusi
Vol ue, Sinee 2 of 44 obsarvations falting vutsfde of two standard
devintions  mrghi be eapected [(1f the rasidunls are normatlv distributed], no

outiter,: wurg remavad,

Te ountatn a agre Genura. prediction equation, tho farm fndicator variables
sere dropped and g new cnastant was derived using eueytion (51, Aftar
taking antitogs, the Fipal predyction nquation was

(6) H 8208 ¢ yDL1282 . 20,1782

sherp N ti hours per hectarae, Y {5 kit par hectare of *hrashud yrain, and P
ts plants par nectare divy)ded by 1,000.

To evaluatn the uawefulness of (8, tha predictead valuesg for H were
colculated ac? campnrad to the actunl valuas for H, The corrnlation
caafficiant for H and  predicted H droppsd to 0.71, still acce table,
Hoanynr, the dtntributinng for H wat skowed, affocting the validity of the
rtorrslatinn coefficiunt [ehi1ch assumes a normally distributad population],
vonsuguentt g, n Gpmarman rank  correlation coafficimnt was calculoted, It
wias feand 1y hp oo highly stynificnnt 0,83 {wi1th 41 dejrees of freedonm),

Tha iffernnce s Latwoen the actuai and predicted vntues ae-e glso colculated
and thar tranwtormaed *a ol 'minptae nkewnass9, The meon and standard

deviation af tha dtffurnnce be twean the actual and pradicted valugs wera
cal cutarnagdg, 0f 4% predictad values, onty three fel. more than two standard

d241atrons froma the maan diffarenca,

DI5CUSSION

A problem ic the antiwntic.: tobour prediction equations {6 the potontial far

spacilicatiaon biasg due  to form sapecific differancas fn afficiancy.
Therafora, tha prodiction nquation was ostimataed using orolysis of
covarfanue, It LI I not necesnary to include indicator variables

rFapresentyog the 1nittal tiltaga-planting treatments,

It was found that =uch of the ¢artatiaon in processing time could ba
Peplained  on the hasis of yintd and *he number of pltoants in a plot, A high
faqgren of corrolation  was obtained between the pradicted and actual vaolues
far processs ng timn nvwn alftnr tha farm tndicotor vartablaeo were eliminnotad
ang a0 adjuntaod conctant was colaoulnted, Since moasurnments of stand cguntao
and yialds  gens ally nre =ade for agronomic trials, tha nced for additional
data sollection to takn fntn acccount processing time tn econamic analysin

cautd esentuntly he aliyminated,
The results prausantad nra preliminary, in part kncause they are based an
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irulallvely small plots, Also, prediction equations should be verifiasd using
a new data set, If verifisd, tho prediction squsation (8] should be useful
for the «ecaoncmic wsnalysts of trigls invalving a comparison of broadcastaed
pltots, Use nf praditcted procussing times could in fact he prafarable to use
af  actusl tiaes ~~ aside from savings fn data callection -~ hecause
variation whichk ts not actually nssociated with cropping outcomes will not

fncorrectly influsnce the nssugsment of trial truatmonts,

[t eventually may ba possible to wuse o comparable approach to predict
Ploughtng and weading timas. Whethar this can ba done will dapand on the
qualfty of the pradiction squations which can be developed using eoasily, and

fotmonly, avssured sgronumic end enviranmental variabtles,

EMDNOTES

8,Attampts also have bosn made to vatablish functional roletionships
betwoen wreding times und weaed burdens [(measurad as the percent weod
Coverage and thu number of types of weeds) on thy bssis of weeding timos
coltected n FI and Al trisls in Mehalapye during the 1985-86 scason.,
Aensonable relattionships were eutabliched, Salectod ragressfon raesults
are prasentad 1n D, Baker "Weed Control Ouring Drought," ATIP MP 87-14.

b.Datarls an  trial tmplenentation and outcomns are presantod f{n ATIP PR
FBE-3 and ATIP PR BG4,

Ced curvilinear relationship can also ha represantad using @ quadratic
function, In 0 preliminary analysis, both functiaonal fcrme were
gstianted, The doubla log function wus chnsen on the basis of a cmoller
standard  wrror  o? the astimated oquation, aftar standarding to a common
uny t of thu dependant voriable. Thu double log form also had a higher R*2
and b ostatiutie for the AMOVA of the reqression,

d.The F statistic for this test fs based on the ratio of: (a) ths
differnnce tn the  residual  6cums of squores for the full and the reducad
nodets  divided by the difference in the number of indepandant variables in
tha teo  models, ta (b] the residual sums of Gyunras of the reducod model
Grvided by tha otaber obuervetiuns minus ano more than tho parametars tg
bo  asttmatad, Tha denominators repgresent the appropriatae dagrees of
frendom for the T teat,

A, The appropriasts acuns  would  ha tha qgeomatric mnans since the
prediction nquation hags been nstimated tn toags.

AR fodycator vurtable cannat be inctudad for all forms becsuse that
wauld  aatke tha  natryx af indapendent varfables singuter, preventing
inyurqtan, The conficients of the indicator varfables fo~ the includod
farms oxprass diffawiences from the sscludad farm.

,The mouatonic transfarmntion antoflod adding a constant and taking the
natural lag,
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APPENDIX:

A PARTIAL BUDGET ANALYSIS
USING PREDICTED PROCESSING TIME

The value of ({abour time predictian equstions can be {llustrated through a
Simple ovaiample based an tho results of a farmer implementad double ptoughing
trial caonducted in the Central Regfion, A partial budget analysis of double
ploughing requirug 4 couparigon of the nut costs and banefits ansociated
with a shift to doubls ptoughing, Wo will assumo that a farmer {8
consfdering whethor to doublae plow or Lo single plough n given hectoarae,

Basad an trinls  dgata, tt was found that the everago pltoughing time, when
dons by donkeys., wan 10.1 hrs/ho using twe vorkers, with no significant
difference be twouen the first and secand ptoughing, The nverage weeding
timeus ware 19,8 hrs/ha for “irgle ploughed plots and 16,1 haurs for double

ploughed ptots, Average plant stands were 4,8 (x1,000] pltonts per hectare
for stonglu ploughing and 45,1 [x1,000) plants fur doubloe ploughing, Average
ylolds ware H#9.9% kgs/hs  for tinglu ploughing and 173,7 kgs/ha for double
ploughing, The predictod volues tor processing tiana, using (B8} are 25.0
hra/ha  for the sirgla ptoughed plots end 38.7 hrs/ha for the double ptoughd
plots, Volutng grain at 47 thebe/ky and toabour ot 38 thebe/hr, the naet ga{n
ostoceted with o shift from tingle ploughing to doubla ploughing [for a user
of cwned donkey traction] wauld be as foltows:

____________________________ nges_ . ___ Yelwe _________
Reduced Cost:
SP Waading Tiaoe 19.8 hrs 7.52
Gp Process Tine 35,0 hes 9,50
Addod Hunafit:
0P Yield 173,77 kgs 74,89
GAIN SUL-TOTAL 91.71
Added Cast:
0F Sncand Plough 2 X 18.1 hrs 13.78
DP Weoding Tina 18.1 hry .12
0P Process Tinma 37.8 hrs 14,386
Reduck:i Benefit:
SP fialLd 89.5 kgs 38.49
LOSS SUB-TOTAL 271,73
_______ HET _GAIN____ 18,98

Fita:iGWH,281/PR MA7.3 -8 - Date:2/2/88



