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PRFACE 

ATIP Pro reLr6 Reports are prepared a nd circulatedfindilng to makeCe iLy avaiLabLe to ATIP researchGOB percnrnnel nd r-ieearchers interestedBotswana farming f;yFtemG. 
Itr 

A maeja objectiveI& to if the Progressma Le reeearcri finding Report serlaveve llabte in 
a timely manner. 
 These reports
are nut eubj ect to profeecionat r uviaw aute i deTherefore, dut a the Marhaapye taem.and findioiqf presented Ir the Progress ReporL seriesiEubject t n further rtvv ui or, 
may be 

rnd rihould not bethe cited without permissionuth r. Therefore they do not nece sorily 
of 

refLect 
the officioi views
 
of ATIP, DiMP or MIAC. 



PREDICTION OF SORGHUM AND MILLET PROCESSING TIME
 

FOR USE IN THE ECONOMIC ANALYSIS OF ON-FARM TRIALS
 

Doyle Baker
 

INTRODUCTION
 

One or the mast difficult and expensive tasks in on-tarm agronomic 
experimentation Is collection othe data on tabour Inputs. Few farmers 
have weatchs and era able to record and report the time taken for field 
aparatiori,. Evai farmers who have watches may not understand when timing

tShould begin and end. An a result, the collection of accurate Labour data 
generally require, that wall-tralned enumerators be present to time fled 
operations. This ;everaly lieIta the number of field trials which can be 
conducted each fe .ion. 

A tap pri or Ity for AT1P is to develop low cost procedures for conducting 
on--farm trialt!. A one o ption, havewe been exploring the poseibili ty of 
u inO predi ctud (abour times ror nptrationt which primarity are functions of 
plot o ut ium , (otr the techni cal nrvi ranmenI). To date, we have concentrated 
an pred,d tic n iqiati oan for wiedi no and processing time. Processing time 
rferr to the total time required for harvesting and threshing. 

Use of predicted labour times has three distinct advantages: 

baJ.Spuriol variation ( th,'. not due to the treatments being evaluated) im 
a I i n a tad, a I L ow i a g a mare a ccurate a. Goasmant of the epeci fi c 
of"ct % no far r rofi tabiti ty stemming from the use of different 
)r ic t ic a !j. 

b Th a neei f or erumtr taore to be pruient during at fi at d operations can 
ti n imitiat d If rrslIabta prediction can be made on the besis of date 
which cr(; bo cot lected over a pertod of day or even weeks. 

[c).The marginat coit of Including labour time in the analysis of trial 
Outcomor. can iu (Ir!eatly reduced if the data required for proiction
 
would have beau cotl n: t.id In any event for the agronomi c analysin. 

This paper reporto the reuIt of en attempt to develop a proca alng time 
prediction nquatili sorghum milILet.for and The equation was estimated 
uaing an analy!, I.s of cavar iacia model. The appendix given an example of the 
use of predi cted processing labour time in a partial budget analysis. 

METHODS 

Data r.oliectod by the ATIP Fron;istown Loam from two trials conducted during 
the 1985-8g !,aason wore used to estimate the prediction equation. The two 
Lri als wnrj the Draugnt Manaqement and Early Ploughing Triil and the Hand 
Pt i at t r T r I a b. 

Thea irl-y Fit nu hirig Trial Involved a comparision of double versus single 
PtouqIhin !. participatiitgich farme r pl anted one or two blocks of five 
pI ts, of h IO thrir uru i ngle ptolughad and two were double ploughed. 
Four firmur lantod ana block end one farmer planted two blocks. Harvest 
do eta ,were ( lt t o:t ! j from four i t,jn, including the farm with two btlocka, for 
a totil I f 2? plotr. Plat otands for the 25 plnto ranged from a Low of 
1,800 pt nat p, r hectare to a high of 88,500 plants. Yields ranged from 
three k q!;/h t ta 175 kqg/ha. Procesing times ranged frcm 2.5 hrs/ha to 
155.8 ir F/h . 

The land Planter Tri :jl entailed a comparison of the traditional 
broadr:a!st-,hngln plough rystem, the traditional nystem plus hand gap filling 
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(where nicaaae ry), and row planting with a heirn planter. Two replications
of each rrertment were implemented by thr,3 
 farmers, resulting in a total aif
18 plots. The rimargence 
 stand counts ranged from a low 16,000 plants per
hectare to 98,000 
 plants per hurtre. Yields ranged from 38 
kgs/he to 345
kgb/ha. Processing times ranged from 
10 hrs/he to 50 hrs/ha.
 

A total of 43 obbervati ons are available for estimating the predictionequation. It w a hypothesized that must of the variation in process ng
Labour ti mer could ,e 
 txp1ainad b I the amount of graln harvested. Thererhould be some economis of bcale in harvestl ig, no thu relationship masexpected to be rurvilinear. It was further hypothasized that for any givenamount 
 of Uraln processed, the processing time would be greater If the grain
w1 taesn from a targor nu her of ptr nt (because of the implicitly smatler 
heads).
 

A gene rat function for the prediction equation is
 

where I tu the hours spent harvesting and threshing , Y is the amount of 
3rarr haresteid nd thrshed, nd P is vhs number of plants from which the 
Iraln wa n harveqted . 

To ,ka Into r.rcount the expected scale econom,s In proreasing time, the 
rii atinnsiIhlip in I]) can ba sotlmated as a double log function. The double 
log function to he etstImated ir 

21 il.' - In ia} b (InY I + b2 (I nP + u 

thare tha , , and Pj are the processing hours, yieLd and

vaIrguicI: staInd uco oin
nt, a per" huctare bsis', for plot J ; and u Is r

rtoch at. Ic ta r . t, q us I
Th, t Ion re a r In pareaeter a. E st Imo e of thePiramotarsi can t5e obtainod from single equation ordinary lea t squares 
fOLS}, Ir f'21 1 , the proper specificatlion of the relationship, then the 
dI tl rtrr for h ca rid aI ll he. consi stent . 

Thetrt could h n r. pocifIcation error In (2), In which case single equation
Cl w Il I prnvId hie estimatesa) d or the coofficients. Specification blaa 
will occur if iI , Y and P are functionally rotated to a

rirri (Ih'.irVil)t( One
input. non-observable Input for processing time might bethI I ,nstua!t. of the ptot from tihe threshing floor. Another might be
u-oh crv id u iffr rr.ncn in miriraijmont practIces or management ability. ForeXajMile, .0m., rsrIarm night 
obtain higher stands and larger yietds because
they wnrk rm qui ckLy att planti ng time and when processing).
Sppci. f Icotion ti ar could at occur II, allij o if Y and P are rotated to the 
iii tI at till ng-- Itnti ng tr t .nnts. 

If there a re !;IitIr fircari non-observable inputs associated with management or

trial ,,r specfI 
coveri-!ancn. 

tre .m n , cition bian can be eliminated by using entlysis ofIII an riln y nis of covariance, the variation associated with the
nroIn-obsnrvi.d variabl sr is removed by including Indicator variables for the
 
ii ffsrrrnL fnrmn o r planting trnatmon a. iIder'o 
(3J if -il fritafI + I n(a I + b (tnYj b (ItnP } + u 

Jf r c r I j r 22 f J f 

wher i , y , arind P are the output, yield and plant stand on 
r) r, po j, respect Iv a y ; a1f Is a "farm" variable; a 

r Ipror;tr n ti generoal menn, and a Is a "planting treatment" varf:gle.
If th"rn is no interaction betwen processing efficiency and the initial 
pt anti rig triatment, nquat (31 reduces to:on 

(4)t, f - L (r oar f a . Lnla + l,(afr + b If nIj r" + b2{[nP 1 uj 

0 Ip 
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WihVth(r 2}, [3] or f41 t the proper equation can be etted utIng an F 

C t It. tic to evauat v whether th:re icb ignificant reduction in tie r eidLa I 

LuI, o f t. rv duer to the Inclu ti n of the Ind eator voriablI d. If 

c tritrnt tr, r L i gnif y the 

v' ri atlor, I t would t,upport the c ci ucl n thot far. r L reatent-relotad
 

the farn t iridic veriable iLorit reduceL ref-iduil 

rion--ob . rv tIL input.! affect both the independer;t aid d i:c dert variabilt, 
and t h v ref (;r t,i a I yi o f cov a r i a itc oe u ,t be i !ed t o e I I m na t t b t. 

If ain aniittV t of t ovirIa ic-o m u!, t c u ed, th r re eit robl ir in dai veloping 
a predIt, tio equotio 1. 1, di fferi:t con.tart terf. i t na dfd for each farm or 

tiI I ri treet ent, ut thi, c n f ,tall tw l iout be krwl fur noLw farme or 
tt I n tre t merlt A t u re-eut t, the entire gat of developing a 

pred)ction 1'u tIof, couu[d lie nerted. To det with thiet problem, the form 
or treitc.irt ind c tor v!ratlec car tc dropped 3fter thu equation hitr been 

ettiiltt:d, and-r t'il a new conftjrt citi be celculted aLt ollow ,, 

(5) a( II"'I Yt 1 [ [Pb P) 

whfrer ii
t Y ar)d P sre entered it the ir gnce, I rI c meantC. The ri nat 

pr udictinL1 Cqu tin !a he1; d :rived by taker3 entilOps. 

Tne u!,!futne, iif theu prediction (equationr can t. n be chocked by evaluating 

th u Vredicted v vrcu ! actuat prt cvE.ang hour. There should be a higIh and 
Ii gni fi tl t crr o etion l vlct r thu pred irtd e nd actual houre. 

RI19 U 1 TS 

To ifir.e , the explanatory power of Y and P alone, equation (2) was first 

e.tlmated. The retul t; were at. foltow: 

......... d.error t atietic 
Cn htn 2 tlt: it r ntt. S.E. = .3963 

trY .673! .0F74 9. OB75 F[2,40[ = 67.7 
I _ . Oil . . AdJ 707l96 ..-.-.-.-.-... 91 S2 

lU IN tin 

th , w it icr i n proc c!.i in tim wa c ptLai ned. Th ia degree of explanatory 

power w frdirnriLy hiv ncceptatle for predicting proceesinig times for the 

Ju t h, t W inidependent viiriabler, approXimatel y three quarters of 

ft- lLd 

eiconni i irt yri of trial ,. iiowv e r, thv potenti aL problem of 

r,I c-i f t riit i u i t i n r itm iiiti d. 

In a ivcoid iterotirn, equtior ret4 [4a ewtInttd uring 0,1 indicator 

vnriabter for cix of the seveni farim from which data were colt ectedf. 

The hypotheri i of nin fern effect [of 0 for al f) wes tested using an F 

tet . The F val ue ar, 35.0. With 3 and 39 degreet of freedom, this is 

hi (Ihly ci a1 fi cant and therofcre the hypothe;i r of equal farm (or 
Cer,ngl' rnt) effic ,oncy wit! rejected. ExcIu, lon of the farm variables should 

hIof, tLt: ! n timatud co]ficiente;, b, and b 

The thi rd ste wat to erFtimate the full model (quation 3), Including 
indicitor verl eiL r for the varloi, tI Lloge-planting treatme nta. The 

hypothe ii cf r tillage -pei1tIng treattment effects could not be rejected. 
As orginnL Ly lrcI ted, It woulid vot appear that processing time Is related to 

the t ilIaq -- plt n rlrr treatment, other than through plot outcomes and 
unobrnerved Inputi ernci ateud with differencee In farm ci rcuartance . 

Therefore, the modil implci t in equetion (4) would appear to be the best. 

The next etnp in iev Lo ing a prediction equation was to eLiminate the farm 

var1bler., not n eded from the equation stimated uring (41, to imr-rove the 
ef 0 cio ricy of the er.timnti on. The coeff I ciantt for three of the six 

Included farm variables were not significantly different from zero [as 
determired by the t-r. tatiEtics of the farm coefficiente, indicating there 
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- ---- -- -- -- -- -- -- -- -- - --- -- -- -- -- -- -- -- --

ere not SiGnificant intar-farm di fferencea betwein those rrmn and the 
excluded farew. The aquatlin was then re-ustIaae. d without the insignificantFart Indicator variables. Tha results of tile butimation *ere follows:as 


---------- -------.. .a d-error t-itateti tic 
Ccnrtant -. 501' S.E. east. .2069 
InY 
 ,6543 ,0408 1 R.0424 F(5,37 121,P 
Lnp ,1"62 .0478 
 3,.023 AUJ jJ2 .93
 
F1 -.4069 
 .0993 --4.0987
 
FL .9973 .1141
F3 8.7404
4q..... ,4847-------1329 3=5.33i,:3 

The above equtiLn ;houtCi enable reliable prediction for the seven fareMs 
i in civ id Ii the tri at a. Th is was confirmed by comparing thu predi ctedatdat s for iI again st the actual aalue!. The correlation between predictLd
and ictual valuei; exceeded .97. A ataidard deviation was catculated for thedif, rencus )etwiein the predict J 1und actual value an ! only 2 of 43
predicted alues wetreu more than two standard devIaltione from the actuai
vat ui. .I i 2 of 43 ubsitrvatio s fa liUj outside of two standard 
.ivtl; it Iof)In e expcted Gel if tIte re(IIup are normally d IstributadI, no 
u ti leir . wura r.lo vud. 

To artaiit a murau en arao predlcrlore equation, the fara indicator varlable 
were dropp, I id ( t I r:nnstant was der!vad Using e(. i tlI n (51. After
tak n eia i 1'or)s, the fi rat predi ctlon equation wee 

(6 1 $ . l t * y0. 1 2 . 0O.1 19 2 

where ii t hortr per hictc r , Y I i, k;!; per hectare of threuiu d rain , and P 
I s pt ont pn r h n t;ta r d i v i d iby 1 , 000 . 

Toa tii u t,, r j f ul n i;.; of ((IJ, the predicted val uec for iH were 
c t q !A ;u -i r d to the i3ctue vaIt uei for H. The correlation':aaffIrIfitt fotr H1 
qid prerdi Latd II dropped to 0.71, it It acce, table.

Hnoe!,Ir r ie rtrIbwt It
tii I r for i e ; l ed,i wa rfectIng the vji idi t ofcorr..lat t cuotofr iitn (xhich 

the 
anumes n normal ty di 5tributed populi tion).

oo'.quelt! it ai lpftar ;an raiik (:orreaution coefficient was calculated. 
Witi fr.'or, i eit ; ! i fi 

It 
i ;ht y t tnnt 0.083 (wi ti 41 dejreen of freedom]. 

T',o 0 1ffir ,,t. , i i t n. It i ot,.t n d predicted ve iue' e alsos calculated 
jrd th( rh trrit f n r, , I '.) orl 'm 1'nta L sr9.1 w 'Wo The ';nan and standardd1!1 (1tI o if th d!ff.ri nce between th actual and predicted valuns were
c'tl:o it.d. Of 43 pr! licted va (rtic only throe feVt more than two standard
 
,Imvii it I r; f rO) I tie i In dif f fj rnca 

D ISCUSS ION
 

A problem in th estia tic.: labour pridi ctlon equetlont r I a the potential for

!pec 
 r C ii n i as due tn farm pecific differences In efficiency.
Therrniae, th" predi ction equatIon was estimated using analysis aof
 
r:o,arI ai::e It N ; iot il'cesrary to include indicator variables 
reprv-,evnt r.I the it l t I t li ( e- pltntir q treatment&. 

It wq; frjn(ti that1 -1'h of tihe rtli inon processin 
9 time could beP I Cir te i ; it r y i'jid n o thur number of p ants I n a plot. A high


li', qr !n if r:;rrl, itL i i wa,a'; oibt irl i; neon the 
 prjdicted and actual value 
for 1)r r f.Pl i qriq i i enii i aifte r t!ei f rc- i ndIcator variable were eliminated 
It i I it) j i te :t(oi ta t -,' r:"tr.lt tedo incfe measurements of !;tand counto,iJ y it s jt!ri, :I y rc -;rdae agronfor m i c trial ., the ned for additionol 
tI t a ;ollectIin to %1t1,e oIntn a cccet processing tim In economic analyain 

t di i ?i t u u t Ly h tt i i i tit I. 

The renul tq n;ri ipre nti nr pr: Iiml nary, In part hiecauso they ire banel on 
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relatively smal t plots. Also, prediction equations should be verified using 
a new data set. If verified, the prediction equation (8 should be useful
 
for the economic onalysi s of 
trials Involving a comparison of broadcasted 
plots. Uae 'f predictad processing times could I n fact preferablebe to use 
of actual timse .-.- as ido from 5av Ings in dota collection -- because 
va ria t I n wi I ch I s no t a c: t a Lt y asaociatad wi th croppi ng outcome , w i L L n o t 
incorrectly I nfl ue rca the a sessment or tri at treatments.
 

It eventually may he possible to use a comparable approach to predict 
pLorghing and w eiding times. Whether this can be done C LL depend on the 

quality of tire prediction equations which be developed using eatsi ly, endcan 

CotmOnly, mausurd arjrrnumic end envi ronmentaI variables. 

ENDNOTES 

.Attempts also h ve bee n 
 made to establish functional relationships 

between weeding timesa and weed burdens (measured as the percent weed 
Coverage, and th" rusher of types of weeds) an the bisi s of weeding times 
C ol cted in Fl Ind N I t rials in Mehelapys during the 1985-88 season. 
lonsaorrabtu rilalIonbhips wa r eutablinhed. 9elected regression results 
are pr o sinted i n D. B aker "Weee Control 0uri"g Drought." ATIP MP 87-14. 

b. Do t a i[s rn t r aI i r1 ni t a t I on and outcome.n ara press ntad in ATIP PR 

FiHG 3 u nd ATI I' H F G 4 . 

c A c:ur vILlInon ruL tio nh Ip ca n al so he represented using a quadratic
 

ftrinCtiI n . !r u prenlim inary netysis, both functional fcrmc were 
HStiMRt"di. The double Log runicti n cut chosen on the bass of a smaller
 
standa rd 
 P rror o: Leh Y',.tIm ated equation, after sLandordln to a common3 

urnit lit th do pun d n nt vajri aILe. The double log form also had a 
higher R'2
 

and F i tatit iC fur the AfIOVA of the regression. 

d.rTh, F otiti ntic far this tesr;t is ba ed on the ratio of: (a) ths 

dif fforeirce i n tlh r.ni dual ;sums of squares for the full and the reduced 
modn dliv lidd by tihe di fferurncv in the number of independent vari abes In 
tle twia IdUIl", to (bi the residual Gums of squares of the reduced model 
divided y tue itrtaber ohn rvatiuns minus one more than the parameters to 
bie aIt Ima t i . Tie dnromrnrLetorn represent the appropriate degrees of 
f r esi Ii oii r t ii F tni q t. 

v.1 n pi r n}pr i at', I iN" woul d be the geosutr Ic means si nce the
 

pr adi c t i qu ien br aeqn t ia n ti"metod in logs. 

. An n d rtu r v ari abtl ca nnot be included for all farms because that 
wil ULd rii k le ua trI x of indnpnndent variables singular, preventing 
i nour-ian,. The cortci ents of the indicator variables for the Included 

rnrvir n
iipr:sr diffr ,nrices from the aucluded farm. 

g.Th" minotoinic tranrsfnrmation enta led adding a constant and taking the 

naturnL I ag. 
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APPENDIX:
 

A PARTIAL BUDGET ANALYSIS
 
USING PREDICTED PROCESSING TIME
 

The valuo of labour time prudiction equations can be illustrated through aSimple 0Aampia based on the rusu tG or a farmer implemunted double ploughtng
tr Ia conducted In Centralthe flog on. A partial budget anaLy ta of double

ploughing requirus a coupartson thuof nt costs and benefits ssociated 
with a !;hi ft to doubLu ploughi ng. ass umeWe will that a farmer IaconsIderi rIJ whvtheo tor doubt plow or to fib 1gle plough a givuon hectare. 

Basad on tri i i iota , It wai founid that the ai er-oa plough rig time, whendone by donke y , w , 13.1 hrti/ho us! rig two workes , with no o ritf cant
(it fferurice hetwrui the first and sicond ploughirig. The average weeding
t imes; urit 19.8 tir /h a for ;Ir,gLa ploughed ploto and 16.1 hours for double 
ploughad 1lotis. Averagoe plant taords were 4,;.6
for 

(xl,000 ) Lrito par hectarew;trrlt pLtou' ring arid 15.1 [ x1 , 000) plants f ,r double ploug'ling. Avera ga
yIl di 9 werr it . !i nijtii for ! in ti, plougining ri nd 173.7 kgni/ha for double 
pLougin ig. hm pritlIctd va ttit! for procronni rig Liman , ulhng (0) are 25.0hrnn/ha for titi j ,irtg p1toughfid plots aend 30.7 hrs/ha for the double ploughd
plotI . V i0tng oraIn t 4"2 t heaba/kg and (abour at 38 thabs/hr, the net gain
ausocatei w ti a ihi ft from .in lje ploughing to double ploughing [for a user 
nr Ofrirn dorkoy tr ri:tio i] would be a s followt;: 

h(iihiir3i I Vofl nr
 
u l;o.d Cr !,t "
 

SP Wedi ri TI -so 
 1q hir s 7.52
 
S1p 11r n t, TI
sc:Of; m. . It r ii 9 .50
 

Added hori fi t:
 
OP Yiio[d 1 :11.I kg; 
 74.69 

GA Il ti 5T --I0 TAL 91 .71 
Adde i f; riF;t
 

oP !;,Ir 0id 
 Plrnitq: 2 X 18 .1 hre 13.70 
)OP W oding Ti ni 10.1 hrs p.12


DP Proc, fs Timu 37.8 
 tirs 14.36
 
Ranuce i HonrfIt :
 

SP YiaLd 
 (9.5 kga 38.49 

LOSS SUB -TOTAL :- 7_73 
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